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BBepeHue

IlepBoe yTpo TBOpeHHUs
He ocraBnsno coMHeHuUs:
bynymee npounraercs
MeToa0oM BBIYHCICHHUS.
Omap Xavam

BeposiTHO, JOCTOMHCTBA YHUBEPCUTETCKOTO OOpa30BaHUSl MU HAYyKU ONUPAIOTCA
Ha TYMAaHUTapHYIO KyJIbTYypY €CTECTBEHHUKOB U €CTECTBEHHOHAYUYHYIO OCBEJOMIIEH-
HOCTh TyMaHuTapueB. OObBIYHO yueOHBIE KypChl, TOCBAIIEHHBIE KOHIEIIUAM €CTECT-
BO3HAaHU, IETAIOT YIIOp Ha MocjenHee. B 3Toll KHUre clenana nombITKa «yOUTh JIBYX
3ai1IeB»: CBA3ATh MPEICTABICHUSI, XapaKTEPHBIE NI COBPEMEHHBIX (PU3UKHU U TEXHU-
KM, KOTOpBIE 3aHMMAIOTCS BHEUIHUM MHPOM YEJIOBEKa, C MPOLECCOM HAay4HOIro IO-
3HAHMS, IPOTEKAIOIIETO B €r0 BHYTPEHHEM MUPE, ABJISIFOLIEMCS B OCHOBHOM IIpeaMe-
TOM 3a00T r'yMaHuTapueB. Takoil Moaxol MOXKET ObITh MOJIE3€H KaK CTYyJIEHTaM, TaK
u OyIylIMM aclHpaHTaM, KOTOPbIM MPEACTOMT CAaBaTh SK3aMEH M0 (uiaocoduu
HayKU.

[Tpu n3noxxeHnn GakTUYECKOro MaTepuasa aBTOpP ONMUPAJICS HE CTOJIBKO Ha OpHU-
TMHAJIbHBIE TPY/AbI, CKOJIBKO Ha SHIMKIIONEINYECKHE U3IaHUsI U 0030pbI, TOCBAILIEH-
HbIE 3aTPOHYTHIM MpobJieMaM, B MPEANOI0KEHUH, YTO Kypc oOmiei ¢hu3uku mpopa-
0otaH goctatroyHo nmoApoOHo. Ilpu 3tom kKoHuenumu OuHmTeNHa, IlIpénunrepa,
ITenpoy3sa, Jloitya U HEKOTOPBIX APYTUX KCCIEAOBATENIEH MO BONPOCAM KBAHTOBOU
MEXaHUKH, KBAHTOBBIX BBIYMCIICHUI, POITU CO3HAHUS HE OCTABJICHBI O€3 BHUMAHMUS.

B kHure paccmaTpuBarOTCsl HE TOJBKO OJ00pEHHBIE Hay4YHBIM COOOILECTBOM,
HO U aJbTepHATUBHBIC (PEIUTHO3HBIE U «IICEBIOHAYYHBIE)») TIOJXOIbI, YTO MOKA €IlIe
HE CTajo TpaauiMeil Hamero odpazoBanus. Kuura 3aaymana kak yueOHOe mocooue
o Kypey «VcTopus W METOAOJOTHS HAayKU U TEXHUKHU» Ha (PaKylnbTeTe HAHO - U
OMOMEIMIMHCKUX TeXHOJOrui CapaToBCKOTO TOCYAApCTBEHHOIO YHUBepcutera. B
ATOM CBSI3M PAacCCMATPUBAIOTCS MPUHLMUIIBI U BO3MOXHBIE HAIPaBJICHUS peaTnu3aluu
KBAHTOBOTO U HEUPOKOMIIBIOTEPA.

ABTOp MOATOTOBUJI MEPBBIA BapUAHT YYEOHOTO MOCOOUs, HEOOXOAUMOCTh KO-
TOPOro JMKTyeTCA HyXJAamMHu yuyeOHOro mpoliecca. Bece 3ameuanust mo moBoAy HEW3-
OEXKHBIX MOIPEIIHOCTEN U MPEI0KEHUs Oy TyT BHUMATEIBHO PACCMOTPEHBI.

[{envro n3yyeHus: MUCUUILIMHBI «VICTOpUsS M METOA0JIOTHA HAYKH U TEXHUKH,
aBisieTcs: GOPMUPOBAHUE Y CTY/IEHTOB:

- KOMILIeKca Mpo(ecCHOHANbHBIX 3HAHUM U YMEHUHN pa30oupaThCsi B OCHOBHBIX
HarpaBJeHUsIX GU3UKU HA KAaUeCTBEHHOM (HE CBSI3aHHOM WJIH, TOYHEE, ITOYTH HE CBS-
3aHHOM C pacueTaMu) YpPOBHE W YIJIyOJieHHE 3HaHUN O (PU3MUECKHX NpPUHIHUIAX
(GYHKIIMOHUPOBAHUS TEXHUUECKUX YCTPONCTB;

- HAyYHOU KapTUHBI (PU3UIECKOTO MUPA;

! ABTOpCKHIA TTIepeBo pydan MepCUACKOTO M0dTa U MaTeMaTHKa CPeIHEBEKOBL OMapa XaisaMma, caeTaHHbIi
C QHTJIIMICKOTO U MOKAa3bIBAIOIINN MPEIIyBCTBUE JIAIUIACOBA ACTEPMHUHMA3MA, XapaKTEPHOTO IS KilacCHde-
CKOl HayKH.
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- IpeCcTaBiICHUN 0 (PEHOMEHE TEXHUKU U CHCTEME YeIOBEK-MalluHa C UCTIOJb-
30BAHMEM IOHATHHA €CTECTBEHHOI'O U NCKYCCTBEHHOI'O MHTEIIJIEKTA.
3adauamu u3yyeHus: TUCUUIUINHBI SBISIFOTCS:
e (opmupoBaHue U yriayOneHue 3HaHu 0 (PU3NUECKON MPUPOIE MAKPO-, MUKPO- U
Merammpa;
e (opMUpOBaHME 3HAHUI U YMEHUHN CBA3BIBATH (PU3UUECKHUE SIBJICHUS C T€OMETpHUEH
IIPOCTPAHCTBA, B KOTOPOM OHU ITPOUCXOJIAT;
e TpuOOpeTeHNEe HABBIKOB pa3rpaHUUYEHUS CYIIECTBYIOMIMX MPEICTAaBICHUN Ha Ha-
YUYHBIE U HEHAY4HBIE,;
Jucnunnuza «VcTopus 1 METOA0JIOTHS HAYKH M TEXHUKW» U3y4aeTcs CTYyICH-
TaMU JHEBHOIO OTJENECHMs (PaKyJbTeTa HAHO- U OMOMENUUMHCKUX TexHoyorui CT'Y,
00y4aroIUMUCS MO0 CHEUATBHOCTSIM:

200100 MuKpO3JIEKTpOHUKA U TBEPAOTEIBbHAS DIEKTPOHUKA

202100 HanoTexHOIOTHS B DJIEKTPOHUKE

071000 MarepuasioBeieHHE U TEXHOJOTHSI HOBBIX MaTEpUAJIOB

014000 MenunuHckas ¢hu3uka

553400 buomeauunHCKass HHXXEHEPUS

014100 MuKpO37EKTPOHUKA U TIOJTYIPOBOAHUKOBBIE TPHOOPHI

Y HaIpaBJICHUIO

550700 DneKTpOHUKA U MUKPOSJIEKTPOHUKA (08YXYpOo8Hesasn cucmema 00pa3oeanus)
B TeUeHUe 6 yueOHOro cemectpa.

Marepuan IUCUUIIIUHBI ONMUpacTcs Ha paHee MPUOOPETEHHBIE CTYACHTAMH
3HaHUS 0 (PU3MKE, MaTeMaTUKE, TEPMOJMHAMUKE U CTATUCTUYECKON (U3HKE, DIICK-
TPOJIMHAMUKE, KBAHTOBOM MEXaHUKE, SIepHOUN (u3uKe, UcTopuu (HU3uKu, Pu3NKe
TBEPJIOTO Teja, TEOPETUUECKUM OCHOBAM AJIEKTPOTEXHUKH, (PU3UKE TOTYTPOBOIHHU-
KOB, M 3aBepIaeT o0IehU3nISCKy0 OATOTOBKY CTYICHTOB.

[Tpu HanmrcaHny y4e€OHOTO TOCOOUST aBTOP CTOJIKHYJICS C HEMAJIBIMA MHUPOBO3-
3pEHUYECKUMH U METOJ0JOTMYECKUMH TPyAHOCTSIMU. M x0T pakTrueckuii Mmarepua
JlaH B OCHOBHOM B TPaJUIIMOHHOM H3JI0’KEHHUH, HE 000IIIOCh U 0€3 HEOOXOIUMOCTH
OTPENICNIUTh ABTOPCKOE OTHOIIEHHWE K PSYy KIHOUEBBIX MOMEHTOB, KOTOpHIE MpPH-
UJIOCHh U3JIOKUTH HE BIIOJTHE TPAJAUIIMOHHBIM 00pa3oMm. J1ist ynoOGcTBa untaTene Bbi-
JIeTUM TTPUMEHEHHBIC HOBAITUH.

Mertonosornyeckas HOBU3HA.

1) 3akoH OOpaTHBIX KBAAPATOB «HA MalbIlaX» KaK CJACICTBHEC EBKIUIOBOCTH
(hUBHYECKOTO TIPOCTPAHCTBA.

2) KBagpaTypa kpyra u 4ucjo «mn», o ITnatony.

3) HarnsaHoe kaueCTBEHHOE OMMCAaHUE CUCTEMbI «3emitst — JIyHay, uiu moye-
MY MbI BUJIUM TOJBKO OJHY CTOPOHY JIyHBI.

4) TerutoBOM HACOC: TOTUTUBHBINA KOA(PPHUIIMEHT B3aMeH KO3 PHIIMEHTA M0JIe3-
HOT'O JIEUCTBUS, IIPEBBIIIAIOIIETO» €IUHUILY.

5) Teopuss OTHOCHTEIBHOCTH KaK TEOpHUsi aOCOJIOTHOCTH Ha MpHMEpE IMapa-
JI0KCa OJIM3HEIIOB.

6) [Touemy CHHUI CBET MPEIOMIISICTCS CHUJIbHEE, YeM KPACHBIH?




MupoBo33peHYECKass HOBU3HA.

7) 3Hanue u Bepa B Hayke, 1o O.J]. XBonbcoHy. ComocTaBieHUE ¢ BEpOil B pe-
JIUTHH.

8) O BO3MOXXHOCTH 00BSICHEHUSI JCHOMECHA CO3HAHUS B paMKax (DU3HKH.

9) OTHolIeHNE K BHEHAYYHOU MOJIEIM CO3HAHMS C MO3UIMU TOPCUOHHBIX IO-

JeH.

10) OTHolIEHHE K KPUIITHAUTCKOM TpakToBKe co3HaHus Puuapaom Tomriconom
B ero KHUTe «MexaHuCTHIeCcKass 1 HEMEXaHUCTHIECKas HayKay.

11) Yro ecth Oor 117151 yueHOTO?

12) PaccMoTpeHue B3auMOICHCTBHUS TICUXOJIOTHH, (PU3UKH M TEXHUKH B IPO-
0JieMe «KBaHTOBBIA KOMITHIOTEPY.

PA3OEJ 1. HAYYHOE NO3HAHUE
1. UcTopusA, cyOBEKT N 00 BEKT NO3HaAHUA
1.1. Pa3Butue BO BpeMeHNn n 0COOeHHOoCTH Hay4YHoOro I'I03HaHVI'iI2.

Ha iyt 0T BapBapcTBa U TUKOCTU YEJIOBEYECTBO BhIpaOOTANIO 2 BUAA LIMBUIU-
3alMi: TpaJUuLMOHHBIE U TeXHOreHHbIe. [locnennue Bo3HukiIM nos3aHee. B EBporme
310 ObT XV-XVII BB., KOTJ1a TEXHOT€HHbIE OOLIECTBA HAYajdu COBEpLIATh SKCIaH-
CHIO Ha OCTaJIbHOU MUP, KOTOPBIN CTasl CIeA0BaTh UX npumepy. TpaauiimoHHbie 00-
IIECTBA XapaKTEPHbI 3aMEMJICHHBIM TEMIIOM COLMAIBHOTO pa3Buths. K HUM oTHOCH-
muck [peBHsis Muausa, Kurai, Eruner, cpegHeBekoBble rocynapcTBa MyCyJbMaH
Bocroka.

[IpennBepueM TEXHOTE€HHOW LMBWIM3ALMU MOYKHO CUMTATh AHTUYHYIO KYJIb-
Typy. llonucnHas kynerypa /[Ipeenein I peyuu nonapuia noToOMKaM J1Ba BaXKHEUIIUX
JTOCTHKEHUSI (U300PETEHUS) — 0eMOKPAMUI0 u meopemuieckylo HayKy, epBbIM 00-
pa3LoM KOTOpOi ObLia €BKIUAOBA F€OMETPHs. JTH JABa OTKPHITHUSA B cdepe peryns-
MU OOIIECTBEHHBIX OTHOIICHUN M B CrIOco0€ MO3HAHMSI MUpa CTajH MPEANOChLUIKa-
MU JJ1s1 OyAyIIeTo MPUHIMIHAIBHO HOBOTO IIMBMIIM3AIIMIOHHOTO Iporpecca.

BTopoii, 1 oueHb Ba)XKHOW, BEXOM CTAJI0 €BPONEHUCKOE CpenHeBEeKOBbE. C 0co-
ObIM MOHMMaHUEM YeJIOBEKa, CO3JaHHOro 1o odpa3y u nomodbuto bora, ¢ KyibTOoM
MoOBU K YesioBeko-bory, XpucTy, ¢ KyJbTOM UYEJIOBEYECKOTO pa3yMa, CIIOCOOHOTrO
MOHATh U MOCTUTHYTh TallHy 00KECTBEHHOTO TBOpEHbs. I]envto no3znanusa 6 nocie-
oyloujue INOXu Kaxk pas u cuumanacey pacuiugposka npomvicia boicvezo, nnana
00KECTBEHHOT'O TBOPEHMSI, PEATM30BAHHOTO B MUPE — CTPAILIHO €peTUYeCcKas MbICIb
C TOYKHU 3PEHUS TPATULMOHHBIX peNUTruil. Mi3MmeHenue nmpupogHoN Cpeapl MPUBEIIO K
OBICTpOI TpaHC(hHOPMAITUHU COIMATIBHBIX CBSI3EH JIIO/ICH.

% Cremun B.C. Teoperuueckoe 3Hanue. M.: «IIpecc-Tpaauuus», 2000.-744c.
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TexHnorenHasi IMBUIN3ALMA CyIIeCTBYeT uyTh Oosbine 300 yieT, HO OHa oKa3a-
JIach TIOJIBUYKHOM, TUHAMHUYHOM W OYEHb arpeCCMBHOM. EBpormenckas LUBUIM3ALUSA
NOTJIOTUIIAa MHOTHUE TPAJAUIIMOHHBIE O0IIECTBA U KYJIbTYPHI.

TexHOreHHOW UMBWIM3ALUN «IIPOTHBOCTOUTY) NPUHUMUII HEBMEIIATENbCTBA,
pa3BuThiii B mpouwioM B Kutae, y-Baii. C. Iloysn B pabote «Ponb TeopeTnueckoit
HAayKHd B €BPOIEWCKON LMBUIN3ALMNY» TPUBOAWI CBUJIETEIHCTBA €BPOIEUCKUX MHUC-
CHOHEpPOB O pPEAKUHMHM KHTANCKUX MYIPELNOB HA OINHCAHUE EBPOIECUCKON HayKH.
«Mygapenpl HaIIA caMy HWIEI0 HAyKu aOCypJHOM, TOCKOIBbKY, X0oTs [loBemmrento
[TogaeOecHOM M JaHO YCTaHABIWBATH 3aKOHBI U TPEOOBATh WX HUCIIOTHEHUS MO yT-
PO30H HaKazaHWsl, UCMOJHATh 3aKOHBI M MOJYUHSITHCA UM JIaHO JIUIIb TEM, KTO CIO-
COOCH ATH 3aKOHBI IIOHSTHY, a «IEPEBO, BOJA U KAMHHUY», O KOTOPBIX TOJKYIOT MHUC-
TUPUKATOPHI-EBPOTICHIIBI, OYEBUHO, ITUM CBOMCTBOM «IIOHSATIMBOCTH» HE 00Jaaa-
I0T: UM HEJb3s1 TpPeOOBaTh UX UCIIOJTHEHUSY.

Hccnenoanne MbIIUIEHUS TpagulUMOHAIUCTCKUX rpymnm B Cpenneil Asuu,
npoBeneHHoe B Havyaie 1930-x rr. A.P. Jlypus, oOHapy»X U0, 4TO MPEeACTaBUTEIH
ATUX TPYMNN HE MOTYT peliaTh 3a7add, TpeOyroue GOpMaIBHOIO PAaCCYKIACHUS IO
cxeme cuiuioruzma. Ho Te e Moy TpaguiiMoHAIMCTCKUX. O0IIECTB, KOTOPbhIE MOTY-
4aloT MIKOJIbHOE 00pa3oBaHKe, BKIOYAlolee O0yYeHHe MaTeMAaTUKE U JIPyTUM Hay-
KaM, pelllajid 3TU 3a1a4M IOCTaTOYHO JIETKO.

| 0fibig. 5H, |MokycoTeo | Hayka | eunocopua| penuria |

TexHoreHHast KyJbTypa OIMUPAETCS HE TOJBKO HA JyXOBHOCTh, HO M Ha Tejec-
HOCTh 4esioBeka. [Ipeanosiokum; 4To U3BECTHOMY NEPCOHAXy U3 aHTuyTtonuu Opy-
amia «1984y» ynamock Obl peain3oBaTh MpPAYHbIA IJIaH T€HETUYECKOTO W3MEHEHUs
YyBCTBA MOJIOBOM JTH00OBU. J[J1s1 mronei, y KOTOphIX Mcuesna Obl 3Ta cepa dMOIUH,
yK€ HE UMEIOT cMbIcia HU balipoH, Hu llekcnvp, Hu [lymkuH — 171 HUX BBINAJAIOT
L[EJIbIE MIJIACThI YEIOBEUYECKOU KyJIbTYphl. BHE TEIECHOCTH HEBO3MOXKHA JYXOBHOCTD.

Cy1iecTByrOT MHOI'OYMCJIEHHBIE AHTHCIIMEHTUYECKUE KOHLEIMIIMH, BO3Jararo-
[IM€ Ha HAYKy U €€ TEXHOJIOTMYECKHE MOCIIEICTBUAS OTBETCTBEHHOCTh 3a HapacTaro-
e riobanpHble Mpobsembl. KpallHUN aHTHCIHMEHTU3M MO CYUIECTBY HPHU3bIBACT
BEPHYTHCS K TPAaTUIMOHHBIM obmectBaM. Ho Ha 3ToM myTH HEBO3MOXXHO obecrie-
YUTh )KM3HEHHBIMU OJlaraMu TIOCTOSIHHO PacTylllee HaceJeHuE.

BbIxos1 cOCTOUT HE B OTKa3e OT Hay4HO-TEXHUYECKOTO Pa3BUTHsI, a B MpHUIa-
HUW €My T'YMaHHUCTUYECKOW HaMpaBIIEHHOCTH, YTO, B CBOIO OYepe/b, CTABUT IpoodIie-
My HOBOI'O THIA HAYYHOW pallMOHAIILHOCTH, BKJIIOYAIOLIEH B SIBHOM BHJE I'yMaHU-
CTUYECKHE OPUEHTUPHI U LIEHHOCTH.

Takoe TpeOoBaHMEe TOpPOXKAAET psif BompocoB. Kak ckakeTcss BKIIOUYEHHE
BHEIIHKUX ISl HAYKW OPUEHTUPOB HA PA3BUTHE CAMOUN HAYKH, HE MPUBEIET JIU 3TO K
aepopMaIi Hay4YHOW MCTHUHBI, €CTECTBEHHOHAYYHOTO 3HaHUsA? JIJig pereHus Takux
BOIPOCOB HEOOXOIUM aHAIN3 CTIEUU(DUKN HAYIHOTO 3HAHUS.
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3
OTanunTebHbIEe MIPU3HAKY HAYYHOTO MO3HAHUS.
CTpyKTypHBIE XapaKTEPUCTHUKHU JJIEMEHTAPHOTO aKTa JESITEIBHOCTH MOXKHO
IPEACTaBUTh B BUJIC CIETYIONIEH CXEMBI:

CyFEEKTHaA NpeareTHaA [ofkerTHAA]
CTRYKTYPS CTRYKTYPS
WEHHOCTH, .
LM, SHAHWA cpeacTea [ﬁﬁggﬁ:ﬂ]
W HABBIEW AeATENEHOCTI
cYFerT NpEareET, PESYNETaT
AEATENEHOCTH [MCHOAHEIR MATERManN) (MPoaukT Kak

OMNpELENEHHAA LENk]

[[eHHOCTh OTBEYAET Ha BOIPOC, JUISl YETO HYXHA Ta WM WHAs JeATEIbHOCTH?
Llenp — Ha BONpOC: YTO JIOJDKHO MOJYYUTHCS B pe3ynbrare AesTenbHocTu? Llenp —
ueanbHbId 00pa3 MpoayKTa.

N3BecTHO, yTO B MU(ax IPEBHUX HAPOAOB CHJIBI HPUPOBI BCErAa ynoao0is-
I0TCS YesloBeueckuM cuiam. IlepBelil 3Tan — 3ameHa (B MpeacTaBiIeHUM) YelloBeYe-
CKHX CHJI MEXaHUYECKUMH.

Hayka opueHTHpoBaHa Ha MpPEAMETHOE M OOBEKTUBHOE HUCCIIEI0BAHUE JIEHUCT-
BUTEJILHOCTHU. XOTs JINUHbIE IPUCTPACTUS YUEHOI'O U OKa3bIBaroT BiMsgHKUE. Ho Hayka
HE MOXET 3aMEHUTb CO00I0 BCeX (POpM HeIOBEUECKOro Mmo3HaHus (cp.: XBOJBCOH,
CM. HIKE).

B camoit nayke mopanvro-Imuueckue HOPMbL UZPAIOM OZPDOMHYIO DOJIb.
VYueHblii MOXET OomuOaTbCsi, HO HE MOXET MOATACOBBIBaTH (hakThl. OOs3aTebHbBI
CCBUIKH Ha MPEIIeCTBEHHUKOB.

Hayka otnuyaercsi 0T OOBIIGHHOIO 3HAHMS, TaK KaK MOCTOSHHO BBIXOJIUT 32
paMKH MPEIMETHBIX CTPYKTYp HAJIMYHBIX CIOCOOOB M BUAOB OCBO€HUs Mupa. Oc-
HO8HblEe YCMAHOBKU HAYKU. CAMOIIEHHOCTh HCTHHbI U IIEHHOCTh HOBU3HBI.

B cepeanne 70-x rr. XX Beka rpOMKYI0 CKaHAAJIbHYIO U3BECTHOCTh ITpHOOpe-
70 Tak Ha3zbiBaemoe nieno ["ammmnes (bnoxumuka u Heilpodusuosora). Mim Obuio BbI-
JABUHYTO MPEANOJIOKEHUE, YTO PACTUTEIbHbIE MOP(HUHBI U BHYTPUMO3rOBbIE MOp(DU-
Hbl OJIMHAKOBO BO3JICWCTBYIOT Ha HEPBHYIO TKaHb. OH MPOBEN CEPUI0 TPYHLOEMKHUX
UCCJIEJOBaHMM, HO HE CMOT yOEIUTENbHO MOATBEPAUTH 3Ty TMIOTE3Yy U TOrjAa pe-
mics Ha ¢anscudukanuo. Ho Obut pa3zobiadeH Ha crieluaabHOM CHUMITO3UYyME B
Mionxene B 1977 r. OH BbIHYX/I€H ObLT MPUHECTH MU3BUHEHUS U 3asBUJI, 4YTO Ipe-
KpauaeT CBOM 3aHATHS HAYKOM.

* HAVKA, ctepa uenoBedeckoil 1esTeIbHOCTH, (GYHKIMS KOTOPOH — BBIPaBOTKA M TEOPETHUECKAs CHCTE-
MaTH3alusl OObEKTUBHBIX 3HAHUH O IEHCTBUTENBFHOCTH; OJHA U3 POPM OOIIECTBEHHOT'O CO3HAHUS;, BKIIIOUAET
KaK JIeSITEeNbHOCTB 110 MOJIyYEHHUI0 HOBOT'O 3HAHUS, TaK U €€ Pe3ysbTaT — CyMMY 3HaHUH, JIeKallluX B OCHOBE
Hay4YHOU KapTHUHBI MUPA.

CucreMa HayK YCIIOBHO JEITUTCS Ha €CTECTBEHHBIE, OOLIECTBEHHBIC, T'YMaHUTAPHbBIC U TEXHUYECKHE HAYKH.
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CNEUN®PUKA HAYHYHON OEATENBbHOCTW. 3HaHwue - rnaBHblii NPOAYKT Hay4HON
AEATENbHOCTU, HO He eAMHCTBEHHbIN. K nmpoayktam HaykM MOXHO OTHECTU U HayYHbIN
CTUIMb PaUMOHaNbHOCTU, KOTOPBIN pacnpoCcTpaHAeTCca BO Bce cdepbl OeATeNbHOCTU Mio-
Aen; 1 pasnuyHble Npubopbl, YCTAHOBKN, METOANKU, NPUMEHSIEMbIE 3a NpeaenamMmm Hayku,
npexage Bcero B Npon3BoAcTBe. Hay4yHas oeAaTenbHOCTb SBMSeTCS U UICTOYHUKOM HpPaBCT-
BEHHbIX LIEHHOCTe".

XOTS Hayka OpMeHTUpOBaHa Ha NosfydeHne NCTUHHbBIX 3HAHWIA O pearibHOCTU, HayKa
N UCTUHA HE TOXAECTBEHHbI. ICTMHHOE 3HaHMe MOXET ObiTb M HeHay4HbIM. OHO MOXEeT
ObITb NOSIly4EHO B CaMblX pasHbiX cdepax AeATenbHOCTU naen: B OObIAEHHON XU3HWU,
9KOHOMMKE, NOMUTUKE, UCKYCCTBE, B MHXEHEPHOM Aerne. B otnuune ot Hayku, nonyyvyeHue
3HaHUA O pearibHOCTU He ABMIAEeTCA [NaBHOW, Oonpedesnisaiwen uenbo atux cdep ges-
TEeNbHOCTU (B UCKYCCTBE, Hanpumep, Takou rMaBHOW LENbo SBMSOTCA HOBblEe XyAOXecT-
BEHHblEe LEeHHOCTU, B MHXEHEPHOM [erie - TEXHOMNOrnnN, n3obpeteHns, B 9KOHOMUKE - ap-
PEeKTUBHOCTb U T.A4.). BaXXHO noavYepkHyTb, YTO onpegeneHne "HeHay4yHbIN" He fipegnosna-
raet HeraTMBHYH OLIEHKY.

NcTopusa Hayku nokasbiBaeT, YTO Hay4yHOe 3HaHWe He Bceraa siBNsieTCs UCTUHHBIM.
[MoHATME "Hay4HbIN" YacTO NPUMEHSETCH B CUTYaUMsIX, KOTOPble He FrapaHTUPYIT nony4de-
HUEe UCTUHHBIX 3HaHUN, OCOBEHHO Korga peyb uaet o Teopusx. MHorne Hay4dHble Teopumn
Oblnn onpoBeprHyThl. MHorga yreepxgatoT (Hanpumep, Kapn MNonnep), yto nioboe Teope-
TMYeCKoe BbiCKasblBaHME BCerga MMeeT LWaHC OblTb ONpPOBEPrHyThIM B ByayLiem.

Hayka He npu3Haem napaHay4YHble KOHUenuyuu - acmpoJsio2uro, rnaparncuxoJsio-
auro, yeposiozuro 1 T1.n. OHa He NpU3HaEeT 3TN KOHLEeNUUn He NOTOMY, YTO He XO4YeT, a no-
TOMY, YTO HE MOXET, MOCKOSbKY, MO BbipaxeHuto T.-Fekcnu, "npuHMMasa 4to-HMbyab Ha
BEpY, Hayka coBepLuaeT camoybumncTeo”.

[o HegaBHero BpeMeHu Hayka Oblria CBOBOAHOM AeATENbHOCTbIO OTAENbHbIX yye-
HbIX. OHa He Bbina nNpodeccnen n HMKaK cneyuansHO He oMHaHcupoBarnachk. Kak npasu-
no, yyeHble obecneyvBanu CBOI XU3Hb 3a CYET OnnaTthl UX NpenogaBaTenbCckon paboThbl
B yHuBepcutetax. OgHako cerogHsa ydeHsin - aTo ocobasa npodeccusi. B XX Beke nosisu-
NoCb NOHATME "HayuyHbI paboTHUK". Cenvac B Mupe OKono 5 MnH. niogen npodeccuo-
HasbHO 3aHUMalTCA HaykoW. [1ns pa3BuTUA HayKn XxapakTepHbl NPOTUBOCTOSIHME pasfnny-
HbIX HanpaeneHun. HoBble naen U Teopun yTBEPXKOAKTCA B HaNpshKeHHON Gopboe.

KPUTEPUUN HAYYHOI'O 3HAHUSA. KakoBbl e KpUTEpPUU HAyYHOro 3HaHus, ero
XapakTepHble npuaHakn? OgHUM M3 BaXHbIX OTIINMYMTENbHbBIX Ka4yeCTB Hay4yHOro 3HaHWS
SBMSIETCA ero cucreMaTusnpoBaHHoOCTb. OHa SBNSieTCS OQHUM U3 KpUTEepueB Hay4yHOCTMU.
Ho 3HaHuMe MoXeT OblTb CUCTEMATU3MPOBAHHBIM HE TONbKO B Hayke. KynunHapHas kHura,
TenegOHHbIN CNPaBOYHKK, JOPOXHbLIA aTtnac v T.4. U T.N. - Be34e 3HaHWe knaccudpuumpy-
eTcsa n cuctematTmsmnpyeTcda. HaydHasa xe cuctemaTtusauus crneunduyHa. [na Hee cBomn-
CTBEHHO CTPEMSIEHNE K MOSHOTE, HENPOTUBOPEUNBOCTU, YETKUM OCHOBAHMUSIM CUCTEMATU-
3aumn. Hay4yHoe 3HaHue Kak cucteMa UMeeT onpeaeneHHy CTPYKTYpY, afieMeHTaMn Ko-
TOpoK ABNSATCA (PakTbl, 3aKOHbI, TEOPUU, KapTUHbI MUpa. OTaeNbHbIe HayYHble AUCLMI-
NHbI B3aMMOCBSI3aHbl M B3auMo3aBUCUMbl. CmpemsieHue kK 060cHoeaHHOCMU, OOKa-
3amesibHOCMU 3HaHUsl siesiiemcsi 8aXKHbIM Kpumepuem Hay4yHocmu. O6ocHoBaHue
3HaHUA, NpUBEAEHNE ero B €ANHY0 CUCTEMY Bcerga Obino xapaktepHbiM anga Hayku. Co
CTPEMIEHNEM K AOKa3aTeNbHOCTM 3HaHUS MHOrA4A CBA3bIBAOT CaMO BO3HUKHOBEHWE Hay-
kn. MpuMeHstoTCa pasHble cnocobbl 000CHOBaHMSA Hay4yHOro 3HaHus. [iss o6ocHoeaHus
3MMUPUYECKO20 3HaHUS MPUMEHSIFOMCsi MHO20KpamHbie rnpoeepKu, obpauwjeHue K
cmamucmu4eckuMm OaHHbIM u m.n. [Ipu o60cHoeaHUU Meopemu4Yeckux KOHuenyuu

* Apyues A.A., Epmonaes B.B., Kyrarenamse 1.0., Ciyuknit M.C. "KoHIemNIuy cOBPEMEHHOTO eCTecT-
Bo3HaHus". YueOHoe nocobue. — M.: 1999.
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nposepsiemcsi Ux Hernpomueopeyusocmb, coomeemcmeue 3MNUPUYeCKUM OaH-
HbIM, B03MO)XXHOCMb ONuUCbieamb U rnpedcka3bieamb s8/1eHUs1. B Hayke LieHATcs opu-
rmHanbHble, "cymacwegwue" ngen. Ho opmeHTaums Ha HoBaLMXM COYETaeTCd B HeW Co
cmpemsieHUeM 3JIUMUHUPO8amb U3 pe3ysibimamoe Hay4Hol desimesibHocCmu ece
cy6bekmueHoe, cesi3aHHOe CO crieyughukoli camMo20 y4eHo20. B aTom - ogHO mn3 oT-
NMYUIA Haykn OT UckyccTBa. Ecnu 6bl XyOOXHUK He co3fan CcBOero TBOPEHWs, TO ero 6ol
NpocTo He 6bino. Ho ecnu Obl y4eHbIr, NYCTb AaXe BENMKUIN, He co3dan Teoputo, TO OHa
BCe paBHO bbina 6bl co3gaHa, NOToMy YTO npeacTasnseT cobon HeobxoanmbIN aTan pas-
BUTUSI HAYKKN, ABNAETCA NHTEPCYOBHEKTUBHOMN.

METOAbI U CPEACTBA HAYYHOI'O NMO3HAHUA. XoTa Hay4yHasa OeATeNbHOCTb
crneumduyHa, B HEN NPUMEHSAIOTCA NPUEeMbl PacCyXAeHW, NCNosib3yemble NabMn B APY-
rMx cdepax oesaTenbHOCTU, B 00blaeHHON Xn3Hu. Ona noboro Buga yenoBeyeckon gesd-
TENbHOCTU XapaKTepHbl MpueMbl paccyxX0eHull, Komopble NMPUMEeHSIIomcsl U 8 Hayke,
a UMeHHO: UHOyKuusi u 0edyKuyusi, aHasu3 u cuHme3s, abcmpaaupoeaHue u o6o6uje-
Hue, udeanu3ayusi, aHasioa2usi, onucaHue, o6bsiCHeHuUe, rnpedckasaHue; a2unomesa,
noomeepixoeHue, onpoeep)xeHue 1 np.

OCHOBHbIMM MeTOAaMW MONYyYEHUsT SMNUPUYECKOrO 3HAHUSA B HayKe SBNAOTCA Ha-
61100eHue u akcnepumeHm. HabnogeHne - 3To Tako MeTo NOy4YEHUS SMNMPUYECKO-
ro 3HaHWS, NPy KOTOPOM FfTIaBHOE - HE BHOCUTb NPV UCCNefoBaHUi CaMnUM NPOLLECCOM Ha-
onogeHns kakme-nmbo U3MeHeHUs B M3ydaeMyro peanbHoOCTb. B oTnuumne ot Habnwoge-
HWA, B pamMKax 3KCMepuMMeHTa n3yyaemoe siBfieHne CTaBUTCs'B ocobble ycroBus. Kak nu-
can ®.bakoH, "npupoaa BeLlen nyywe obHapyxmBaeT cebs B COCTOSAHMM MCKYCCTBEHHON
CTECHEHHOCTU, YeM B ecTecTBeHHOM cBoboae". BaxXHO nogyepkHyTb, YTO aMNUpuyeckoe
nccrnegoBaHne He MOXET HavaTbCs 6e3 onpeneneHHOn TeopeTUYECKOM YCTaHOBKU. XOT4H
rOBOPSAT, YTO pakTbl - BO3AYX YYEHOro, TEM HE-MEHee, NOCTUXKEHNE pearibHOCTU HEeBO3-
MOXHO 6e3 TeopeTudecknx noctpoenunn. W.MN.IlaBnos nucan no atomy nosoay Tak: "...BO
BCSAKMIA MOMEHT TpebyeTcsa n3BecTHoe obLuee npeacraBneHne o npeameTe, Anst TOro YTo-
Obl 6bIN0 Ha YTO LennaTb (hakThl..." 3agaynm HaykM HUKaK He cBoOATCSA K cbopy dhakTuye-
ckoro matepuana. CeegeHve 3agad Haykum Kk cbopy hakTtoB O3Ha4aeT, Kak Bblpasuscs
A.llyaHkape, "nonHoe HenoHMMaHue UCTUHHOro xapaktepa Hayku". OH e nucan: "Yuye-
HbIlU OO/mKeH opa2aHu3oeamb hakmbl. Hayka cnaraetcsa M3 akTtoB, Kak JOM U3 KUpnu-
yeun. /I ogHO ronoe HakonneHne akToB He COCTABIISIET €LLle HayKn, TOYHO Tak e Kak Ky4da
KaMHen He cocTaBnseT goma'.

HayuHble Teopun HE NOSBRAITCS Kak npsMoe 0606LeHne aMnmpuyecknx paktos.
Kak nucan A.OnHwWTeENH, "HUkakol sioeu4yeckul nymb He eedem om HabnrodeHul K
OCHOGHbLIM rpuHyunamM meopuu”. Teopun BO3HMKAKT B CIIOXHOM B3avMOLENCTBUU
TEOPEeTUYECKOro MBILLNIEHNS U AMNNPUX, B XO4€E Pa3peLLeHns YNCTO TEOPETUYECKNX NPO-
6nem, B npoLecce B3aMMoOeNCTBUSA HAayKn 1 KyNbTypbl B LLENOM.

B xoge noctpoeHus Teopun yveHble NPUMEHSIOT pasnnyHblie cnocobbl TeopeTuye-
CKOro mblwineHus. Tak, ewe Manunen ctan WNPOKO NPUMEHSATb MbICIIEHHbIE SKCMEPUMEH-
Tbl B X04€ MNOCTPOeHus Teopun. B xoge MbICNEHHOro aKcnepumMeHTa TeopeTuK Kak Obl
npourpsiBaeT BO3MOXHbIE BapuaHTbl NoBeAeHns pa3paboTaHHbIX UM Maeann3npoBaHHbIX
ob6bekToB. Mamemamu4eckull aKcnepuMeHm - 3MoO coepeMeHHasi pa3HoeUOHOCMb
MbIC/IeHHO20 3KcrniepuMeHma, npu KOTOPOM BO3MOXHbl€ NOCMNEACTBUS BapbUPOBaHUS
YCINoBWUN B MaTeMaTU4ECKOM MOAENN NPOCUNTLIBAIOTCA HA KOMMbIOTEPaX.

Mpu xapaKkTepucTnke Hay4YHON AeSATENbHOCTM BaXXHO OTMETUTb, YTO B €€ Xoae y4e-
Hble nopotli obpawiaromcs K ¢hunocogpuu. bonblioe 3HayYeHne Ans y4yeHbiX, 0COOEHHO
ANA TEOPETUKOB, UMeeT (UIIOCO(CKOE OCMbICIIEHME CIOXUBLLUMXCA MNO3HaBaTeSbHbIX
Tpaguunn, paccMOTpPeHNe N3y4aemMon pearnbHOCTM B KOHTEKCTE KapTuHbl Mupa. Obpauwje-
Hue K ¢hunocogpuu ocobeHHO aKkmyaJsibHO 8 NnepesiIoMHbIe amarbl pa3eumusi HayKu.
Benukne HaydHble OoCTuxXeHUs Bcerga 6binn cBA3aHbl C BbiABMXKEHUEM (PUITOCOMCKMX
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o606weHun. (Bcerga nn? — A.P.). dunocodusa copencteyeT acpPeKTMBHOMY OMUCaAHUIO,
00BbACHEHMIO, @ TaKKE MOHMMAHUIO peanbHOCTU N3y4aeMomn HayKoW.

Utak, 21asHble uepmol HAYUHO20 3HAHUA: A) YCTAHOBKA HA MCCIICAOBAHUE 3a-
KOHOB MPE0OpPa30BaHUsl 00OBEKTOB U PEalIU3YIOIIasl 3Ty YCTAHOBKY HPEOMEMHOCHb U
00beKmMueHOCMb HAYIHOTO 3HAHMs. 0) BBIXOJ HAyKH 3a PAMKH MPEIMETHBIX CTPYK-
Typ IMPOHU3BOJCTBA W BO3MOKHOCTEH CETOMHSIIHErO0 MX IPOM3BOJICTBEHHOIO OCBOE-
Hus (onepescarowiee pazeumue).

1.2. O cyb6beKkTe no3HaHus

XOoTs TpaauIus U30xKeHus GU3NKHU, KaK U JH000M eCTeCTBEHHON HAYKH, OIu-
paeTcsi Ha 0OBEKT, HAcTajla Topa HAPYIIUTh 3Ty MOHOMOJUIO 00beKTa. JIeHCcTBUTEb-
HO, KaK MOKa3bIBAa€T BBILICIIPUBEICHHAS CXeMa, CyOBEKT SIBISIETCS PABHOIPABHBIM
YYaCTHUKOM TpHUAJbl, Ha KOTOPOW CTPOUTCS HCCIENOBATEIbCKAs -paboTa B HayKe
(puc. 1), ecnu He ckazaTh Ooibie. Jlpyroe nemno, 4to CyObeKT, ONMSATh-TaKud TPAIUITU-
OHHO, MU3y4aeTcsi BHE paMoK (u3uku. [loaTroMy B mpezaenax »Toil yueOHON AUCIIHIM-
JIMHBI MOKHO J1aTh JIUIIIb KPATKHUE MPE/ICTABICHUS O CYyObEKTE MO3HAHUS.

Ocnoenoe 602amcmeo, KOTOPHIM BIAJCET YEIOBEK, KaK BEHEI] Pa3BUTHS JKU-
BBIX CYIIIECTB, 3TO pa3BuTas, 00JiafaroIias CoO3HaHUEM ncuxuka. B Hayke 3TO MOHS-
THUE MPUIILJIO HA CMEHY JYIIIE, U BCICACTBUE CIIOKHOCTH UMEET HEMAJIO ONPE/IECTICHUN,
BBIJICTISIIOIINX OTAEIbHBIE CTOPOHBI ATOr0 MoHsATUS. OmnpeaencHus CO3IalT U pas-
JUYHBIE MOJIENIN TICUXUKKU. HamoMHUM BKpatiie, YTO UMEETCSl B BUY O] MOJEISIMU
1 MOJEIUPOBAHUEM.

Moaenu MOXHO pa3feUTh HAa TPU OCHOBHBIX BHIA: J02UKO-UHMYUMUGHDLE,
Hamyphbie (uzuueckue) u ananozoevie. C HATYPHBIMU MOJACIISIMH MBI CTAIKMBAEMCSI
JI0OCTaTOYHO YacTO: 3TO, HAIPUMED, BBHIKPOIKA, TIPEICTABIIAIONIAs CO00M MOAeNIb Oy-
IYIIEN OJIeKIbl. ITO U YEPTE)K KaK MOJEIb AeTaid. CIOBECHOE OMUCAHUE PUPOJBI -
TOXE MPUMEP MOJICIIMPOBAHMUS, TPaB/ia, TAKYIO MOJIEIb CJIEIYET OTHECTH YK€ K MbIC-
JIEHHO-MHTYUTHUBHOU. K mocienHel KaTeropuu NPUHAMIEKAT TAKKE MaTeMaTHde-
CKHE MOJICJIH.

AHaJIOroBasi. MOJI€JIb JICCTBUTEIIBHO MPEACTaBIsET cO00M HEKUH aHayor, KO-
TOpbIA MO0 (HAKTUUECKH MOXKET 3aMECTUTh COOOM OOBEKT, MOCKOJBKY MPOSBISET
MOBEJICHHE, TTOJI00HOE TTOBEICHUIO 00BEKTA, IMOO OTpakaeT ero CyIIeCTBEHHbIE Uep-
ThI, XOTS ¥ HE BBIMVISAUT KaK TaKOBOW. AHAJIOTOBOM MOJIENIbIO MOXKET SIBISITHCS Tpa-
¢buk, Tabauia, pacrvcaHue 3aHATUN, SKBUBAJICHTHAS CXeMa B 3JIEKTPO- WA PaJIUO-
TEXHHUKE, OTOOpakaromye co00M MOBEACHNE PeaIbHBIX 00BEKTOB, MPOIECCHI IPOUC-
xojasume "Ha caMoM Jienie’, T.e. TaKue KOTOpble Mbl MOKEM BOCHPUHHUMATh C MOMO-
B0 OPTaHOB YYBCTB WJIH MMPUOOPOB.

Mopenb BBIOJHSIET HE TOJIBKO MO3HABATENBHYIO POJIb, HO M BBICTYHAET B Ka-
YECTBE CPENICTBA OOBSICHEHUS, MPEJCKAa3aHusl U IBPUCTUKU. HecMOTpst Ha YCIOBHBIM
XapakTep pasliesieHusl MOJeNIe Ha yKa3aHHbIE TPU BUJA, BAXKHO MOJYEPKHYTH OC-
HOBHYIO MBICJIb: TIPOLIECC TIO3HAHUS BCEI/Ia COMPOBOXKAAETCS MojenupoBanueM. [1o-
CJIe/IHEE CBSI3aHO C XapaKTEepPOM HaIlllel MICUXUKHU, KaK OyJeT MOKa3aHO HUXKE.
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Yro xe OrpaHu4YMBAET MPOU3BOJ B BEIOOpE MOJENU? DTO, NOKAIYH, CTpEMJIE-
HUE K O0BEKTUBHOCTHU, 0€3 KOTOPOI MOJE3HOCTh 3HaHUS BecbMa orpanudena. Ho kak
JOCTUTAETCs OOBEKTUBHOCTh, €CJIM TMO3HAaHUE CYOBEKTHBHO, MOCKOJBKY BEIETCS
cyorekTroM? CyObeKkToM B (priiocopuu U NMCUXOJIOTUH, KaK U3BECTHO, Ha3bIBAIOT He-
KO€ aKTUBHOE Hayajo (M €ro HOCUTENs) B MO3HABATEIHLHOM IMPOIECCE, MPOTHUBOIOC-
TaBIIIEeMOE OOBEKTY, T.€. MPEAMETY WU SIBICHUIO, HA KOTOpbIC HaIpaBjeHa aKTHB-
HOCTh cyObekTa. UTo KacaeTcsi 0OBEKTUBHOCTH, TO O]l HEH MOHMMAIOT HE3aBHCH-
MOCTh OT CyOBEKTa.

Kak ke mpoBepsercs Hezasucumocmov om cydvekma? Kputepuem MOXKET
CIL’KUTb 3KCIIEPUMEHT, MPAKTHKA. B KOHEYHOM HTOTe - 3TO OOILIECTBEHHAS! MPAKTH-
Ka. A cyXaeHue 00 YCIEIIHOCTH BbIOOpa MOJIETH BEIHOCHT COOOIIECTBO CHEIHUAalH-
CTOB. Ycnewino (QyHKuyuonupyowyw n02uKo-uHmMyumueHyl) mooels npouyecca
unu A61eHUsA Puaocodol nepeoKo CKIOHHBL Ha3bleamy UcMuHOoU. VI3 TOIbKO 4TO
CKa3aHHOT'O BUJHO, YTO MCTHHA, OTpa)kasi KOPEHHbIE CBOWCTBAa OOBEKTA, SBISETCS B
W3BECTHOM Mepe MPOYKTOM COIJIAIICHHSI CIIEUAJIMCTOB, T.€. OHA KOHBEHIIMOHAJIBHA.

Taxoil UCTHMHOHN ABIAETCS, HAIPUMEP, 3aKOH BCEMHUPHOIO TATOTEHUS, OTKPHI-
Teii Y. HpIOTOHOM U BKIIIOYAIOIIHI MTOJIO)KEHHUE O TOM, UTO CHJIa IPUTSKEHUS JIBYX
TOYEYHBIX T€J 00pPaTHO MPOMOPIMOHATIbHA KBaIpaTy paCCTOSIHUS MEXAY HUMU. JTO
MBICJIEHHAs], TOUHEE MaTeMaTu4ecKasi, MOJI€Jb TATOTEHUS, C KOTOPOU COTJIACUIIUCH B
KOHEYHOM HUTOTe CIELHMAIUCTBI TOTO BPEMEHH, HO KOTOpasi, Kak MOKa3ajlo JajibHeM-
niee pa3BuTUe (PU3UKU, OTHIOb HE HOCUT a0COJIFOTHOIO XapakTepa, T.K. CIpaBeiIuBa
TOJIBKO JIJIs1 €BKJIMJIOBA IPOCTPAHCTBA. A OJHOM M3 TJIABHBIX XapaKTEPUCTUK E€BKIIU-
JIOBOTO TMPOCTPAHCTBA SIBJISETCS MPSMOJIMHEHHOCTh pacnpocTpaHeHus: cBeta. KoH-
BEHIIMOHAJILHOCTh € 3aKI04YeHa B (OPMyIHpPOBKE 3aKOHOB HbIOTOHA, JeXalux B
OCHOBAaHMH BCEM KJIACCMYECKOW MEeXaHuKH. B camoM nene, B popmMyIupoBKe MpUCYT-
CTBYET YIIOMUHAHHUE 00 MHEPIMAIbHON CUCTEME OTCUYETa, KOTOPOTo HE ObLIO y camo-
ro Hetorona. Ero n1o6aBuiy BOOCIeCTBUY 110 COMIALICHUIO MEXKY CIIEHUATHCTAMHU.

dusnka Kak paMoHaJbHasi KOHCTPYKIUS HACTOJIBKO YBEpOBaJia B MOTYILIECTBO
MaTeMaTHKH, YTO MepecTacT 3aMedarb, YTO MUPOBO33PEHUYECKUE MPOOIEMBI, TOCTAB-
JICHHBIE HEKOTOPBIMU ‘U3 Kopu(deeB (CBS3b MEXKIY OOBEKTOM M CYOBEKTOM, TpPaHC-
NepcoHaNbHAsA MCUXOJIOTHUS), HE MPEOAOICHBl HAa METa(pU3NYECKOM YPOBHE JIO0 CUX
nop. HekoTopele U3 HUX YCHENIHO PEIIAOTCS MAaTEMaTUYECKH, T. €. KOHCTPYKTUBHO.
OT0 He 03HAayYaeT, OJJHAKO, YTO B MOJOOHBIX MpobdIeMaxX TOCTUTHYTO IIyOOKOE MOHU-
Manue. OaHako (u3uKa 1Mo OOJIBIIMHCTBY MPOoOJieM 3aHUMaeT 0ojiee YEeTKYHO MO3HU-
LMI0, YEM TICUXOJOTHUSl. ITO CBSI3aHO OTHIO/Ib HE CTOJIBKO C «OOJBIINM UHTEIIEKTY-
aJbHBIM MOTYILIECTBOM» (DU3UKOB, CKOJILKO C OOJIbIIIEH MPOCTOTOM (KaK 3TO BUAMUTCA,
o KpailHel Mepe, cediyac) ee mpeaMmera (OCTaroOIIerocsi, TeEM HE MEHee, BechMa
CJIO’KHBIM U MPOTUBOPEUYUBLIM). Eciu 6 ¢husuke unu nr060ii Opyzoui ecmecmeeHHOu
HayKe 00beKm «ycmpoen» npouie cyoveKkma, mo 6 nCUxoa02uu nO3Harwuil cyov-
eKm 6 Hauboee ClONHCHBIX 60ONPOCAX CMAIKUBAEMCA C HEOOX00UMOCMbIO UCCTle-
0oeambu ceb, a cebdst oH (cmaBa Oory!) ucuepnaTh HE MOXKET.

OTe4ecTBEHHBIN CIEUUATUCT 110 MAaTEMAaTHYECKOMY MOJIEIMPOBAHUIO €CTECT-
BEHHOTO ¥ MCKYCCTBEHHOTO MHTE/UTeKTa B.A. Jlehesp® cHuTaeT, UTO «ECTECTBEHHO-

> JlepeBp B.A. Pedprexcus. — M.: «Koruro-Lientpy, 2003. — 496 c.
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Hay4Hasl TPAJULKs, OKOHYATEIbHO CIOXKUBLIAsACA B 1-i mosioBuHEe 20 B., COAEPKUT B
CBOEH OCHOBE JIBa CKPBITHIX MIOCTYJIATA:

Teopus 00 00BeKTe, UMEIOIIASCS Y HCCIIEOBATENs, HE SIBISIETCS MPOAYKTOM
JEeSTEILHOCTH CAMOT0 OOBEKTA.

OOBeKT He 3aBUCHUT OT (haKTa CYIIECTBOBAHUS TEOPUU, OTPAXKAIOIIEH ATOT
00BEKTY.

B ncuxosioruu cymiectByeT 3akoH BeOepa-®dexHepa, riacsmuvi, 4To peakius
OpraHOB YYyBCTB Ha BO30YXJE€HHUE (CTUMYJ) HMEET JOTapu(PMHUUYECKHI XapakTep.
DTOT 3aKOH, KaK U NPEIbIAYIINHI, IBISETCS 00BEKTUBHBIM, XOTSI OH U IPUMEHSIETCS K
cyobekTy. OTKyna ke 374eCh BO3HUKAET OOBEKTUBHOCTH? OHA MPOUCXOIUT U3 TOTO
OOCTOATENBCTBA, UTO JJISl BCEX CYOBEKTOB XapakTep IMOJIyYeHHOHM 3aBUCUMOCTH (3a-
KOHA) OJIMHAKOB, T.€. HE 3aBUCUT OT KOHKPETHOIro cyOobekTa. YTo KacaeTcsi KOHBEH-
LMAJBbHOCTH 3TOT0 3aKOHA, TO OHA MPOSBIIAETCS B BBIOOpE JOrapupMUIECKOil 3aBu-
CUMOCTH, @ HE CTEIICHHOW, KOTOpask TOXKE U3BECTHA JUIS TEX XKe LEJIEH. DTOT CTEIEH-
HOM 3aKOH NOJIy4HJI Ha3zBaHMe 3akoHa CrtuBeHca no umenu amepukanna C.C. Cru-
BEHCA, OMUPABILErOCs Ha MCUXO(PU3UOJOTUUECKUE UCCIIEI0BAaHNUs, KOTOpbIE OOHAPY-
’KUBAIOT BECbMa CUJIbHYIO UHANBUAYAJIbHYIO U3MEHYUBOCTD:

Paccmotpum 3akoH BebGepa-®dexnepa Oosiee mogpoOHO, MOCKOJIBKY 3TO MPAKTU-
YECKU €IMHCTBEHHBIA KOJIMYECTBEHHBIN 3aKOH, KOTOPHIMA HCIIONB3YETCS B IICUXOJIO-
I'MH, BBIPAKEHHBINA B BUI€ PYHKIIMOHAIBHON 3aBUCUMOCTH. O CTaTUCTUYECKUX METO-
nax oOpabOTKH HaOMIOJEHHW S HE TOBOPIO, MOCKOJbKY OHHM HE CHEUU(PHUHBI I
TICUXOJIOTUH U 00CITY>KMBAIOT LIUPOKHUI CIEKTP HAYK U HAOJIOCHUN.

Urak, 3akon BeOepa-dexnepa — 310 norapupMuyeckas 3aBUCUMOCTb CHIIBI
omymienuss E (BHyTpeHHUN MUp) OT (U3HUECKOW MHTEHCUBHOCTH pasjapaxkutens P
(BHEUIHUI MUD):

E =klogP+c, (1.1)

rae k U ¢ - KOHCTaHThI, ONpeAesieMble KOHKPETHOM CEHCOPHOM CUCTEMOM.

Yro kacaeTcs cTeneHHoro 3akoHa CTHUBEHCa, TO OH CBSI3bIBAET TE K€ MEPEMEH-
Hble E U P CTeneHHON 3aBUCUMOCTBIO BHUIA

E=pP”. (1.2)
31ech [ - XapaKTEpUCTUKA KOHKPETHOM CEHCOPHOM CUCTEMBI, a 0 < ar<1.

Ha nmpaktuxe ucnonb3yrotcst 06e 3aBucumoctu. CootHomienue (1) mpumeHser-
Csl B MEJULUHCKON AUArHOCTUKE MPU KOJIMYECTBEHHOW OLIEHKE MOTEPU CIyXa U BHI-
pakaeTcs B nermoenax (16): 116=20*logy0E1/E,, e E; — HopMasbHas 4yBCTBUTEIb-
HOCTh, a E, — monmxkenHas.

Crenennoit 3akoH (1.2) npumeHnsiercs B yCTpONCTBax sl onpeaesenus Gporo-
rpaguuecKkoil BbIIEPKKU — SKCIIOHOMETpaX, BCTPOEHHBIX B (hoToanmaparsl. Jis npu

MEHSIEMBIX B aHAJIOTOBBIX (hOTOAMMapaTax 3KCIOHOMETPOB « = 0,56.
[TockonbKy B IpUBEACHHBIX MPUMEPAX Peub UIET 00 OpraHax YyBCTB (pelenTopax)
PA3IHYHON MOJANBHOCTH®, TO B [IEPBOM CIIydae PasmpakHTENIEM SIBISCTCS 3ByKOBOIX

® MOJJAJIBHOCTD, KaTeropws, BHIPaaromiasi OTHOLICHHE TOBOPSIIETO K COXCP/KAHMIO BHICKA3BIBAHIIS,
OTHOIICHHUE TIOCIIEIHETO K JCHCTBUTEIBHOCTH. MOAILHOCTh MOXKET UMETh 3HAaUCHUE YTBEPIKICHHS, IPUKa-
3aHUs, MOXKEIaHuI U JIp. BeIpakaeTcs crenuanbHBIME (opMaMH HAKIOHCHHA, WHTOHAIIUEH, MOJAIbHBIMA
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CUTHAJ, U CUJIa OUIYIICHUSI XapaKTEPU3YyETCsl YyBCTBUTEIBHOCTHIO K 3TOMY CUTHAIY,
T.€. K 3BYKY, @ BO BTOPOM - 00 MHTEHCUBHOCTH CBETa M COOTBETCTBYIOIIEH CBETOBOM
YyBCTBUTEJIBHOCTH.

3akon BebOepa-dexHepa mMoka3bIBaeT, 4TO (PYHKIMOHAIBHBIE COOTHOIICHUS,
KOTOpBIE B KOHKPETHBIX CIIy4asiX MOTYT IIPEBPATUTHCSI B YUCIIOBBIE, MOKHO 3aIIMCaTh
Ha «TPaHMUIIe» BHEIIHETO M BHYTPEHHEro MHpOB. B «riyOuHE» BHYTPEHHEro Mupa
TaKUE COOTHOIIICHHUS HE TTOJTYUYCHBI.

Hanpumep, HET KOJIMUECTBEHHOM CBSI3U MEXKAY MHTEHCUBHOCTBIO «IYIIIEBHOW
00N ¥ CWJION BBI3BABIIETO €€ CTUMYJa (HAalpuMep, M3MEHOW OJM3KOTO YEeIOBEKa).
Urto kacaeTcst 00JiM, TO HE CYIIECTBYET MOKAa KOJUYECTBEHHOM CBSI3U U MEXK]y. TeJec-
HOM OOJBIO M CHJIOM BBI3BABIICTO €€ BO3ACHCTBHSA, T.C. IJII OOJM 3aKOH, aHAIOTHY-
HbII1 3akoHy Bebepa-dexHepa, He HaliIEH.

Koauuecmeennvie coomuowienusn 011 «4UCHO» HCUXUYECKUX AGNEHUIl NO-
Jayuumsp noka He yoaemcsa. CBSI3aHO 3TO B 3HAYUTEIBHON MEpE C TEM, UYTO MOHATHE
«TICUXHUKa» JaJeKo He MpocToe. 37eCh HAI0 pa3nudaTh GUiIocoPckoe U KOHKPETHO-
HAay4YHOE€ COJIEp>KaHUE ITOTO MOHSTHUS, XOTS JaK€ B KOHKPETHO-HAyYHOM OMNpeeIie-
HUU (DeOUHUITUN) TOHATHUS «IICUXUKA» BPSAJ JIM MOXKHO IOJHOCTBIO OOOMTHCH O€3
(bu10coCKOro ero OCMBICIICHUSI BBUY IPEACIHHO OOLIETO XapakTepa 3TOr0 MOHS-
Tusl. BeposiTHO, HenmuiHe OyIeT HalIOMHHUTD, YTO OCHOBHOM Bompoc ¢Guiaocoduu, Kak
OH TTIOHUMAETCS B IMAJICKTHYECKOM M UCTOPHUYECKOM MaTepHaIM3Me, - 3TO BOIIPOC 00
OTHOIIICHUHU CO3HAHUS K OBITHIO, MBIIUICHUS K Matepuu. PazneneHue mupa Ha 3TH
JIB€ CYIIHOCTH B 3allaJHOM TpaJullMd HAYaJloCh, KaK yXe OoTMeyanoch, ¢ Jlekapra
(myamusm).

[IpaBna, nake B MUAIEKTUYECKOM MaTepHaln3Me MpU3HABAIACH ITPaBOMEp-
HOCTb pa3JieJieHHuss MUpa HAa MaTEepUi0 U CO3HAHWE (WM IIUpPE: TICUXUKY) TOJBKO B
paMKax OCHOBHOTO Bompoca ¢guiocoduu. BHe 3TUX paMOK UX MPOTUBOMOCTABJICHUE
cHuMaeTcs. Jlpyras mpuduHa CHATHS TaKOTO IMPOTHUBOIIOCTABICHUS - YXOJ U3 OOIIe-
CTBEHHOI'O CO3HAHMS JTUPEKTUBHOIO JHUAJIICKTUUYECKOrO MaTepualii3Ma BMECTE C €ro
(hopMYyJIMPOBKOI OCHOBHOT'O BOIpoca (Hhriiocohum.

Kcratu o ¢opmynupoBkax. MHOrue MOHSATHS, ¢ KOTOPBIMH IIPUXOIUTCS
BCTPEUAThCS MPU M3YUCHUH PA3IMYHBIX HAyK, MEPEKOYCBAI B HAIIM YYSOHUKHU W3
bunocodckoil uTepaTyphl HEAABHETO MPOILIOTO, OCHOBAHHOW OMNSATH-TaKH Ha JHa-
JIEKTHYECKOM U MCTOpUUECKOM Matepuanuisme. He Bo3paxkas mpoTUB TOTO, YTO UCTO-
PUYECKH YHOMSHYThIC YUCHHUSI COCTABWIM OMPEACIICHHYIO BEXYy B pa3BUTUM (PUIOCO-
¢bun, aBTOp 3TOM KHUTU oOpalaeT BHUMaHUE YUTaTeIel Ha HeJOCTATOYHOCTh TaKUX
OTIPENENICHUI 1 HaMEpPEeH 3TO B CKOPOM BPEMEHHM MOKa3aTh.

JlekapToB Ayanu3M MOPOJAUII B Hallle BpeMs NCUX0(U3NIECKYIO MTPoOIemMy, KO-
TOpasi B 0011IeM CMBICJIE CTABUT BOIIPOC O MECTE MICUXUYECKOTO B MPUPOJIE, a B OoJiee

CJIOBaMH (Harlp., «BO3MOKHO», «HEOOXOJUMOY, «JIOJDKEH»); B JIOTMKE TAKHE CJI0BA Ha3bIBAIOTCS MOJAIbHBI-
MU OTIepaTopaMu, C X MOMOIIBIO YKa3bIBAETCS CIIOCO0 MOHUMAHHA CyKISHHH (BBICKa3bIBaHUN)

3necs: MOJAJIBHOCTD (ot mat. modus — crnoco6) — 01HO U3 OCHOBHBIX CBOMCTB OINYIICHUMN, UX KauecT-
BEHHAs XapaKTepUCTHKa (I[BET B 3pEHUM, TOH U TeMOp B CIIyXe, XapakKTep 3amaxa B 00OHSHUM U T.I1.). Mo-
JAJIbHBIC XapaKTEPUCTUKHU OIIYIIICHUHA OTPa)KalOT CBOWMCTBA 0OBbEKTUBHOM PeabHOCTH B CHEHU(BUIESCKH 3a-
KOJIUPOBaHHOH (opMe (IIMHA MM 4aCTOTa CBETOBOM BOJIHBI OTPaykaeTcs Kak I[BET, YaCTOTa 3BYKOBBIX BOJIH
KaK TOH | T.I.).
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Y3KOM CMBICJIE SBJISAETCSA MPOOJIEMOM COOTHOIIECHUSI TICUXUYECKUX U (PU3HOJIOTHYE-
CKHUX (HEpBHBIX) MpolieccoB. JJis MCTOJKOBaHUS MCUXO(U3UIECKON MPOOIEMbI HC-
MOJIB3YIOT TaK Ha3bIBAEMbBIA MCUXO(PU3MUECKUI Mapaiean3M, COTJIACHO KOTOPOMY
NCUXHYECKOe U (PU3MYECKOe MPENICTABIAIOT COOOM CaMOCTOSITEIbHBIE KOMIUIEKCHI
IPOLIECCOB, KOPPEIUPYIOMIMX MEXIy CO00H, HO HE CBA3aHHBIX MPUYUHHO-
CJICICTBEHHBIMU OTHOIIICHUSMH. Takoe TONKOBAaHWUE MPUYMHHO-CIEACTBEHHBIX CBS-
3eil, BepHEe UX OTCYTCTBHS, SIBJISETCS OJHOM M3 YepT MOCTHEKIACCUYECKON HAYKH
(B.C. CrenuH), Kak Ha3bIBAIOT HAYKy HAIIErO BPEMEHH - 3MOXHU MOCTUHAYCTPHUAIIb-
HOT0, NH()OPMALIMOHHOTO OOIIECTRA.

CnoXXHOCTh TIOHATHS «IICUXUKa» BHJIHA HAa IpUMEpE ero omnpeaeneHus (aedu-
HULMK). Jl0CTaTOYHO MOCMOTPETh, KAK MEHSJIOCH OINPENEICHHE 3TOr0 MOHATUS Ha
MPOTSHKEHUH TIOCIEAHUX JECITU-TISITHAALATH JIET B HAIIUX NICUXOJOTHYECKHUX CIIOBA-
psX, 4TOOBI OJYYUTh 00 3TOM HaJJIeKallee NpeICTaBICHNUE.

N3Bectabiii ncuxonor K. FOHr nucaint:

«Hawa ncuxuxa nuws wacmo npupoosi, u matiHa ee 6e32paHuyHa, nO3MoM) Mol
He ModceM 0amb NoJHoe onpeoelienue HU NCUXU4ecKomy, Hunpupoode. Mol mooxcem
JUWDb 3AA671AMb, YMO 6EPUM 8 UX CYWECMB8O8aHUe U ONUCLIBAeM, KAK yMeeM, - J)y-
uiee u3 mo2o, Ymo Mol MOMHCEM, - KAKUM 0BPaA30M OHu Oeticmayiom .

[Icuxuka o @periny u FOHTY AenuTces Ha CIeayrOmue «OTAEIbD:

Co3zHanue (3ro 1 cymneparo),

becco3narenbHOe (KOJJIIEKTUBHOE — CYTEP-UJ U UHIUBUAYAIBHOE — W]T).

KomnnektuBHOE O0€CCO3HATEIBHOE «HACEIEHO» T.H. ApXeTHIAMM KOJIJIeKTHBHO-
ro 0ecco3HaTeJbHOr0, KOTOpbIie, Kak ycTaHOBWI K. FOHr ¢ moMoIIbt0 M3BECTHOTO
¢usuka B. Ilaynu, npeactaBisitoT coO0M HEYTO BPOJE NEPENABAEMBIX 110 HACIEACTBY
«popm», 3aMONHIEMBIX B IPOLECCE NHIUBUYAIBHON KU3HH YEJI0OBEKA, OCOOCHHO HE
pPaHHUX €€ CTaJMsIX, COACPXKAHUEM TOH KyJIbTYphbl, B KOTOPOl BOCIUTAH 4YEJIOBEK.
APXETHIIBI PEJICTABIISIIOT COO0M B M3BECTHOM CTEIICHU «MEPHYIO JIMHEHKY», C KOTO-
pOIl YEOBEK CPABHMBAET BCE BCTPEYAIOLIUECS HA €r0 KU3HEHHOM IIyTH HOBBIE IS
Hero siBieHus. «EMKOCTB» KOJUIEKTMBHOTO O€CCO3HATEIbHOIO COM3MEpPHMA C OIbI-
TOM BCEro 4esoseuecTBa. Mccienys BHEIIHWNA MHp, YEJIOBEK IMPOECLHUPYET HA HETO
MMEIOLIYIOCS. B €r0 paclopsiKeHUHM CHCTEMY IepBooOpazoB-apxeTunos. [lomydaro-
necs: «0ObEKTUBHBIE» MPEICTaBICHUS HOCAT TE€M CaMbIM I€YaTh KOJUIEKTUBHOTO
OMbITa YEJOBEUECTBA, OCBOOOIUTHCS OT KOTOPOrO IOJHOCTHIO  YEJIOBEK-
MCCJIEI0BATEIb HE B COCTOSIHUH.

OpHako OCHOBHOE OOraTCTBO, KOTOPBIM BJIaJICET YEJIIOBEK — €ro IMCUXUKa — Tpe-
Oyer ompeneneHus, 1aTb KOTOPOE AOCTATOYHO CI0XKHO. OJIHaKO OOOMTHCH COBCEM
0e3 onpeaeneHuss — 03HaYaeT co3JaTh HEHYKHYIO Pa3MbITOCTh MOHATHIO, YTO B JIIO-
00l HayKe He MPUBETCTBYETCS. byZieM Moab30BaThCs CIAEAYIOIUM «pabounuM» ompe-
nenenuvem: Ilcuxuxa - 3mo cnocoOHOCHLb K 60CHPUAIUIO, MOOCIUPOBAHUIO U Pezy-
Uposanuio (henomenos sHympennezo u gnewtnezo mupa)’.

B ueM HaM BUISATCS MPEUMYLIECTBA 3TOTO ONPEAEIICHUS 110 CPABHEHUIO C CY-
niecTByommuMu? Bo-niepBbIX, B TOM, 4TO OHO HE MPUBSI3aHO K Kakoi-mubo dumocod-

" Kapn I'ycras FOHT. Apxernn 1 cumBoit. — M.: Renaissance, 1991, c. 27.
8 Pokax A.T. IIpeaMeT MCHXOIOTHE ¢ TOUKH 3peHns hU3HKa: 0 CHXHUKe 6e3 quamara // M3sectus CapaTos-
ckoro yHuBepcuteta, 2001, Nel, C. 75-82.
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CKOHM CHCTEME, a COAEPKUT (y>KE ONpeeICHHbIE HAMU WJIM IIUPOKO PACIPOCTPAHEH-
HbI€) OOIIEHAYYHbIE TEPMHUHBI, C KOTOPHIMH MOXHO MpaKkTU4YecKu padoTaTh. Bo BTO-
PBIX, 3TO OIpPEACNICHUE COJIEPKUT T€ K€ BO3MOXKHOCTH, KOTOPhIE (MO0 YMOJIYAHHIO)
COJIEPKUT OIPEIEICHNUE B3SITOE U3 MCUXOJOTHUYECKOTO CIIOBAPSA , TOBOPSIIEE O «HE-
OTUYXJ1aeMOI» OT CyObeKTa KapTHHE MUPA.

3agymaeMcs, 3a4€M aBTOPbI IPUBEAECHHOTO ONPEIEIECHUS TaK €r0 YCI0XKHUIU?
[To-BuammMomy, 3aTeM, 4YTOOBI OTCTPOUTHCS OT «IICUXUKH» KOMIIbIOTEPA, T.€. OT CHC-
TE€M HCKYCCTBEHHOTO MHTEJUIeKTa. Jlymaercs, 4To 3Ta mpoliemMa «pa3Bs3Ku» (WM
Ha000POT CBSI3M) C HCKYCCTBEHHBIM MHTEJJIEKTOM B HAIlIEM BapHaHTE pellaeTcs npo-
CTO: €CIIM peub UAET 00 UCKYCCTBEHHOM IICUXHMKE», TOUHEE 00 MCKYCCTBEHHOM HH-
TeJUIEKTE, MHIIEM «HCKYCCTBEHHAS HJTH HCKYCCTBEHHO CO3IAHHAS CIIOCOOHOCTH...» .

[Icuxuka - Takoe CBOMCTBO, KOTOPOE HE JAETCS YEJIOBEKY OT POKIEHHS B I'O-
TOBOM BHJE, a opMHUpYyeTCs (Ha OCHOBE ONPEIECICHHBIX 3aJaTKOB) IO BIUSHUEM
BOCIUTAaHUA U 00y4€HUs1, BO3ACHCTBHS 00111eCTBA U IPUPOIHBIX CHJI.

WNHTepecHBIM SIBISIETCS BONPOC O JOKAIM3ALMU IICUXHUKHK. YHalie Bcero ncuxu-
YECKHE MPOSBIEHUS CBA3BIBAIOT C ACATENBHOCTHIO TOJOBHOIO Mo3ra 4esoBeka. On-
HaKO MCCIIEIOBATENN HEUPOPU3UOIOTHUECKUX OCOOEHHOCTE MO3ra, B TOM YHCIIE
naypeatsl HoOeneBckoii npemun Pomkep Yomkorr Creppu(1913-94), Kapn Ilpu-
opam u Jxon Dxkia3 (1903-97) HEOAHOKPATHO yKa3bIBaJM Ha OTCYTCTBHE MPAMOM
CBA3U INCUXHYECKUX SBJICHHN C MO3TOBBIMHU Ipoleccamu. Bce MOMBITKM MOTYy4YUTh
BHYTPEHHIOIO KapTHHY CO3HAHUs, BEIBECTH 00pa3bl CO3HAHUS BOBHE, CKAXKEM HA K-
paH TENEBU30pa, HEM3MEHHO KOHYAJINCHh HEYHA4eil: MpU MOAXOAE CO CTOPOHBI HEM-
POPU3UOIOTUU CO3HAHUE «YCKOJIb3aET» OT UCCIEA0BATENS U MOSIBIISIETCS «HEU3BECT-
HO KaK», HEOKUJIAHHO, UMEPJIKEHTHO.

Psin ncuxudeckux siBACHUN (T.H. TICU-(EHOMEHBI) YKa3bIBAET B TO K€ BPEMs HA
«J1aJIbHOJICUCTBYIOMIMID XapaKTep MCUXUKU (TenenaTus, HaanMep)“. [Tonyuaeres,
YTO JIOKAJIM3ALUI0 TICUXUKHU yKa3aTh TpyAaHo. He 3a0ynem, yTo u B 00pa3oBaHUM BOC-
NpUATUH (Yepe3 OLLYIIECHMs) YYaCTBYET BEChb OPraHU3M, a HE TOJIbKO I'OJIOBHOM MO3T.
Benp BoctpusiTue mpeAcTaBisieT coOol HEKui oOpa3 BO3JEHCTBHUSA, KOTOPOE HCIIbI-
THIBAeT CYOBEKT CO CTOPOHBI OKPYKAIOIIEH Cpeibl UM IPYroro YyeaoBeKa.

2. PDnsnyeckoe no3HaHue

2.1. 3HaHue n Bepa B pusunke
Jlekuto ¢ TakUM Ha3BaHWEM MPOYENT aBTOP MOMYJISIPHOTO MHOTOTOMHOTO
yueonuka pusuku Opect lanmioBuy XB’0JIbCOH, IPeABapssi U3y4eHUE Kypca pusu-

® Tlcuxonorus. Crnosapk. / ITox obwmeii penaxuueii A.B. Ilerpockoro nu M.I. SIpomesckoro. Coct. JLA.
Kapnenxo. Uzna. Bropoe. - M.: [lonmutuzaar, 1990. - 494 c.

10 A T. Pokax. Ot ¢u3uku k ncuxuke. Caparos, 2004, 197 c.

I Cm. cratsio “Parapsychological phenomenon” B kommsroTepHoii snmuknoneun “Enciclopedia Britannica,
2008”. K maparcuxolorHuecKiuM sABjIeHusM (ricu-peHoMeHaM) CTaThs OTHOCHT: clairvoyance, telepathy, or
precognition (sicHOBU/EHHUE, TENENaTHs, WIN NpeacKasanue). Jlaiee oTMedaeTcs, 4TO Hay4YHBIN MHTEpeC K
ATUM U3APEBIIC NU3BECTHHIM SBICHUSAM IMOSBUIICS HEIABHO.
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ki B IlerporpajackoM yrmBepcuTere ocenbio 1915 roma'’. BermoMmHEM, 9TO B 3TO
BpeMs Oblla B pasrape nepBas MupoBas BoiiHa, Cankt [letepOypr Obul epeuMeHo-
BaH B [leTporpan, a u3BecTHbIi mpodeccop roBopuT o Bepe. OTCroa MOXKHO Tpe-
CTaBUTb, Kakoe 3HaueHue yxaenssn merononoruu ¢uszuku O.J1. XBoabcoH. [TocMoT-
pHUM, YTO OH IHIIIET.

Hem, koneuno, Huxkaxoii Ha006GHOCMU 8X00UMb 8 AHANU3 PAZIUYHBIX PUNOCO G-
CKUX Y4eHUll, 8eCbMd pA3HO00OPA3HbIX U cy2yOo Opye Opyey npomueopedawux. Y nac
mema y3Kas U CpagHUmMenIbHO npocmas. 3nanue u éepa 8 gusuke. Becvma eeposmno,
ymo 6vl1800bI, K KomopwviM Mmul npudem, mutatis mutandis (¢ coomeemcmeyrowumu
usmeHnenuamu — A.P.), omnocames u ko MHO2UM OpY2UM HAYKAM.

C nep6ozo 632n150a u npu OMCYmcmeuu 80yMUUB020 OMHOUWEHUS K 8ONPOCY,
MOdHCcem NoKa3amuvCs, Ymo 3HaAHue U 8epa 08e COBEPULEHHO pasiuyHble 00aacmu no-
3HAHUSA, CMPO2O Pa3cPaHUdeHHble U HUYe20 00we20 mexcdy coboll e umetowue. Ho
CMOUm JULb HEMHO20 NOOYMAMb, YMOObl NOHAMb, YMO 3HAHUE U 6epa MeCHO nepe-
NIeMaromcs U 4mo Hem 603MONCHOCHU, CKOJIbKO-HUOYOb MOUHO, ONpeoeiums ux

2PaHUYbI.
Komneuno, ne mpyono npusecmu epybvie npumepvl 4ucmo2o 3HAHUSL U YUCTNOU
2;
gepwvl. Bol 6ce snaeme, umo cecooms cybboma, ..., wemy paeusiemcs (a+b)” evt snae-

me, kax uumaemcs 3axon Oma, 8vl 3Haeme, YMo 8 CHieKie CUHUL Y4 NPerOMALemCsl
3HAYUMENbHO CUNIbHee, YeM KPACHbBIU, YMO MASHUMHAS CMPeNKa OMKIOHAEeMCs JJleK-
MPUYeCKUM MOKoM. B smux npumepax yucmoeo 3uanus eepa He uzpaem HUKaKou po-
au. Haobopom, eepa 6 bBoea, 6 penucuo3nvie 0oemamsl — 60M CyUau YUCMOLL 8epbl.

Tosepxnocmuoe paccyscoenue n1e2ko Modicem Npugecmu K HAUBHOU MbICIU,
Ymo HAayKa u ecmv ma 001acms, 8 KOMOPOU 3HAHUE CMOJIb Jce HePa30elbHO YapCm-
gyem, Kax 6epa 6 peaucuu. A nocmaparocs noxazamo, Ymo 3mo HeepHo, YMo 0aice
He MakK-mo 1e2Ko MOYHO YKa3ams, 20e COOCMBEHHO 8 Hauleli Hayke 001acmb Yucmo-
20 3HAHUSL He nepeniemandacs Ovl ¢ 8epoll.

Acno, npedcoe 6ce2o, umo 3HaHue U 8epa Cymv YACMHble CAYHaAU mo2o0, 4mo
Mbl Ha3vleaem yoexcoeHuemM Ul Y8epeHHOCmbI0, KOmopble AGIAI0MCs KaK Obl 00uWuUM
ux 3Hamenamenem. Yem onu omauuaromes opye om opyea? 9mo 0080JbHO NPOCMO.
Bepa umeem xapaxmep uucmo cydveKmue@Hbwlil, OHa NOKOUMCS HA OCHOBAHUSX,
00CMAMOYHbIX MOILKO 6 CYOBLEKMUBHOM OMHOWEHUU, M.e. O0CMAMOYHBIX O MO20
auya, komopoe eepum. M Hem 603modcnocmu coename 6epy 0053amenvHoll 0718 Op)-
20eo nuya. Ilosmomy 6e3paccyoHou u becyeibHOU A61emcs BCAKASL NONbIMKA Ha-
CUTbHO 3ACMABUMb K020 JUOO0 8epumbv 80 4mo aubo. 3HaHue maxaice C653aHo ¢ CyOb-
eKMUBHOU YBEPEHHOCIBIO, 8 MO JHCe 8PEeMs OHO, NOHAMHO, 001a0aem U 00beKMUEHOU
00513ameIbHOCMbIO, U HOIMOMY MOdHCEM ObIMb Nepedasaemo om 00HO20 TUYda K Opy-
20MY.

Mooicro Oviio 6b1 ckazamy, WMo 3HAHUE OMHOCUMCSL K 00CHL08EPHOMY, d 8epd
K HedocmosepHomy. Bnpouem, s dymaro, ymo 3mo ynpoujenHoe onpeoeieHue epsio
JIU 8bIOEPAHCANIO Dbl CMPOSULL KPDUMUYECKUL AHATU3.

2 0.]1. XBobcoH. 3Hanue U Bepa B Bu3nKe. BeTynuTenbHas KIS, NPOUNTAHHAS B HAYAE OCCHHETO Ce-
Mectpa 1915 r. Ilerporpan. Usnanue @ .K. derrepreitna, 1916, 16 c.
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...BbL10 6b1 CMewno npednonodicums, Mo 5, 6CI0 HCU3HL NOCEAMUBUIUL HAYKE,
CMAn ymMansime pojib 3HaHusl. Bnoine AcHO u HeCOMHEHHO, YWmo 3HAHUe — MO C8emoy
Hawiel HCU3HU, 3Mo OJisl HAC UCTMOYHUK BbICULUX HACIAHNCOCHUL, 8 HeM Mbl MONCEM
Hao0esamvCs Hatimu Y0081emeopsowue Hac Omeemvl Ha 3anpocbl HAUe20 Nblmiu8020
yMa, xcenaroujeco RO3HAMb OKPYIHCAIOUWUIL HAC MUD, O/ M020, YmoObl XOMb CKOJlb-
KO-HUOYO0b NpUOIUUMbBCS K NOCNeOHel 3a6emHOU yelu, K gblculell U3 6cex cyujecm-
8YIOWUX NPOOIeM, K pa3cadKe mailHvl HaAUulez0 coOOCmeeHH020 ovimus. M ece-maxu s
cKadicy: He cledyem Npeyeeiutuéams 3HAYeHUs 3HAHUSL U HeoOX0O0UMO BbIACHUMDb
POJIb MECHO C HUM C8A3AHHOU 8€pbl.

Paccyxnas o ToM, U3 KakUX UCTOYHUKOB Oepercs 3HaHue, aBTop Jlekuuu ot-
MEYAET, YTO TAKUX MUCTOYHUKOB JiBa. Ilepewiii — 3mo Hawt JUUHbBII ONbIM. MBI 110-
3HAEM BHEIIHUN MUpP 4Yepe3 MOCPEJICTBO HallMX OpraHoB 4dyBcTB. [IpaBna, mHorna
OHM Hac 0OMaHbIBatOT. [103TOMY MEpBHI UCTOYHHUK 3HAHUS IIEIMKOM OCHOBAH Ha JI0-
BEPUU K caMOMy cebe. A 3TO YK€ IEMEHT BEpBhl.

BTopo# uCTOYHUK 3HAHMS — 3TO YCTHOE WM MUCbMEHHOE COOOIIEHUE APYTOro
auna. Takoe 3HaHUE TOXKE OCHOBAHO Ha JOBEPUH, HAa Bepy B CYOBEKTHBHYIO J00OpO-
COBECTHOCTbh UCTOYHHMKA U B OOBEKTHUBHYIO MPAaBUIBHOCTh coolutaemoro. B cpeaneit
IIKOJIE TPYAHO OTJIMYUTH 3HAHUE OT BEPHI, JOBEPUE K YUUTENI0 O€3rpaHUyuHO, Jaxe
Oecco3HaTtenbHO. JloBepue cTyneHTa K mpodeccopy. yxke He Oe3rpaHuuHO; K HEMY
MIPUMEIINBAETCA KPUTUUECKUN aHaJIU3 U, UHOTJA, HEKOTOPBIN, BECbMA IMOJIE3HBIA U
JKEJIATeNIbHbI CKEeNTULIMU3M. TYT 3J€MEHT Bepbl BBICTYHAEeT B 00Jiee CO3HATEIbHOU
dhopme.

BcnomHMM, KakK IIATKO BCE TO, YTO B OOBIIEHHOMN U3HU Mbl Ha3bIBAEM 3HAHU-
€M, Kak OBICTPO MEHSIETCSl COACPAHWE ATOTr0 3HAHUA. JHAHUE JIOJHKHO OBbUIO OBl
OTOXJECTBIATLCSA C UCTUHOM, HO TYT SIBJSIETCS BEJIMKUN BOMPOC: YMO mMaKoe ucmu-
nHa? Bl TIETHO cTanu Obl UCKATh OTBETA Ha 3TOT BONPOC Ha CTpaHuiax EBaHrenb-
CKOTI'O IpEeAaHusl.

Tax rae e B hu3MKe Mbl UMEEM 3HAHUE U KaKYIO POJib B HEH Urpaet Bepa?

Coneprxanue GU3UKH MOXKET OBITH PA3ICICHO HA TPU YACTH:

1) sBieHMsT Ka4yeCTBEHHOTO XapakTepa (IaHHble HaOIt0eHN, HO O6e3 uX B3a-
MMHOU CBSI3H);

2) 3aKOHBI KOJINYECTBEHHBIE;

3) oObsICHEHHS: a) IOTUYECKHE CIIEJICTBUS YK€ U3BECTHOTO, 0) TUTIOTE3HI.

Ha puc.1.1 cuMBoIMYecKkr NMOKa3aHO, KaKyl0 pOJib UTPAIOT 3HAHWUE U BEPA B
TPEX IJIABHBIX YacTsAX (PU3HMKHM, HOMEpa KOTOPBIX OTJIOKEHBI 10 ocu adcuucc (OM).
[Tonoxum, 4to opauHaThl NpsiMoi FE cooTBETCTBYIOT MOTHOMY 3HaHHIO WM MOJTHOM
Bepe 0e3 mpumecH Jpyroro sneMenTta (1.e. FE=yb0exnennocts — A.P.). Ilpsimeie AD
n CE cxematnuecku mzobpaxaror, kakue poiu urpatot 3Hanue (AD) u Bepa (CE) B
yYKa3aHHBIX Tpex YacTsx ¢uzuku. B nepBoil yactu 3nanue (OA) He BIIOJHE roCmloI-
CTBYET; K HEMY MpUMeIBaeTcs HekoTopoe konumaecTtBo Bephbl (OC). Bo BTOpOIt Hac-
T Bepa (LH)

N
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Puc.1.1. Ponb 3HaHUS ¥ BepHl B 3-X COCTaBHBIX YacCTAX (PU3MUECKOTO MO3HAHUS, COTTACHO
O.[. XBosbcOHy

y)Ke 3HauYMTeIbHO mpeobnanaet Haja 3HanueMm (LK); makowen, B ywactm (3D)
3HaHWE NaJaeT A0 Hyjs, a Bepa (DE) rocnoacTByeT u TOIBKO €10 JE€p>KUTCS BECh Ha-
YUHBIA MaTepHua 3TOi YacTu (PU3UKH.

JUi IOsSICHEHUS! HAYHEM C IIEPBOM YacTH, B KOTOPOM Mbl UMEEM JIEJI0 C (paKTa-
MU Ka4eCTBEHHOI'O XapaKTepa: pacCMaTPUBAIOTCS Pa3HOIO poja sSBIICHUS, YCIOBUS
MX BO3HHMKHOBEHHS, U BOOOIIE ONMMCHIBAIOTCS CBOMCTBA BellecTBa. SICHO, 4UTO B Imep-
BOI1 yacTu Bepa (1oBepHe) UTPaeT HEKOTOPYIO POJlb:

Bropast wacte ¢u3uku — 370 00JaCTh KOJIMUYECTBEHHBIX 3aKOHOB. 3]1€Ch, Kak
0TOOpaXeHO Ha PUCYHKE, Bepa YK€ 3HAUMTEJIbHO IpeodiiaaeT HajJ 3HAHUEM. 3aKOH
HA ONBITE TIOJTBEPKIACTCS BCET/AA JIMIb MPUOIU3UTENHHO, B peAeax OMMUOKN Ha-

OsroieHnii. 3aKOH BCEMUPHOTO TATOTEHHUS, KaK U3BECTHO, BbIpaykaeTcs (popmyioi

UL

r

Ho, HECMOTpsI Ha BCe MOATBEPKICHUS 3TOTO 3aKOHA TOM YaCThIO aCTPOHOMUHU,
KOTOpasi Ha3bIBAETCSI HEOECHOM MEXaHUKOM, Mbl BCE-TaKU HE MOXEM JIOCTHYb Oe3yc-
JIOBHOM YBEPEHHOCTH B TOM, YTO NpHBEAEHHas (popmyia HE JOJHKHA ObITh 3aMEHEHa
IpYTrOu, BUIa

=

r

r7€ o - BECbMa MaJlas BEJIMYMHA.

Wrak, Bbl BUINUTE, YTO B 3aKOHBI MBI JOJKHBI M1 MOYKEM ITOYTH TOJIBKO BEPUTH,
U 4TO, CIICA0BATEIbHO, BO BTOPOW M3 BBIIICYKAa3aHHBIX YacTel (PM3WMKU Bepa Urpaet
YK€ OCPOMHYIO POJIb.

[lepeiinem k TpeTbeil yacTu (PU3UKHU, KOTOpas 3aHUMAETCS OOBSICHEHUEM SIBJIE-
HUM. 31ech OOBICHEHHE MOXKET CBOJUTHCSA K JOKA3aTENbCTBY, YTO JIAHHOE SIBJICHUE
MIPEACTABIISIETCS JIOTUYECKUM CJIEAICTBUEM TOT0, UTO YK€ paHee ObLIO M3BECTHO U B
HayKe yTBepAmIoch. OObsICHEHNE CBOJUTCS K TOMY, UTO Mbl HOG0E A6leHUe 102Uy e-
CKU C6A3bl6AeM C memM HAYUHLIM MAMEPUATIOM, KOMOPLLIL Yiice panbuie 0bli HAll-
OeH. J10CTOBEpHOCTH BhIBOJA Oy/AET MOJIHAS, €C/IM OH cAelaH 0e3 JOTMYeCKHX OIIu-
00K, HO JJOCTOBEPHOCTh OOBSICHEHHSI IIPU 3TOM OyJIEeT Ta ke, YTO M UCXOTHOTO MaTe-
puana. CieoBaTeabHO, YaCTh 32 HE UMEET ISl HAC CAMOCTOSITEIbHOTO 3HAYEHUS.

1
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TI'nasnas cywnocms puszuxu kax nayku 3axnouaemcs ¢ wacmu 3b, 6 no-
CMPOEHUAX, 0CHOBAHHBIX HA ONpedeneHHbIX cunome3ax. B 3Tol 001acT Mbl UMe-
€M UCKIIIOUUTEILHO TOJIBKO YUCMYI 8€py. DTO BUJIHO U3 TOTO, YTO OAHY U TY K€ T'H-
NoTe3y OJIHA YYEHbIE TPUHUMAIOT, T.€. B HEE BEPAT, a IPyTrue YUeHbIC €€ OTBEPraloT,
B HEE HE BEpST.

Hcue3HoBeHME TUNOTE3bI BOBMOXKHO B JIBYX Cllydasix. Bo-TiepBbIX, 3TO Mpouc-
XOJIUT, KOTJla OTKPBIBACTCS SIBJICHUE, KOTOPOE 0€3yCIOBHO MPOTUBOPEUUT THIIOTE3E.
3areM OBIBAIOT Cllydad, KOTJla THIIOTE3a MOCTEIEHHO MPUOINKACTCS K JOCTOBEPHO-
CTH, U TOTJIa Mbl UMEEM JI0CTOBEpHOE 3HaHHE. Cr0/la OTHOCUTCS TUIIOTE3a BPALLECHUS
3emun BOKpYT cBoed ocu U BOKpyr ComHua. C nepBbIM CllydyaeM CBsI3aHA TMIIOTE3a
00 s¢dupe. Benmmuaiimuii pusuk BTopoit momoBuHbl XIX ctonetuss Bunbsam Tomcon
(mopa KenbBuH) nucai, 4To Mbl 00 3¢upe 3HaeM Oosblile, yem 0 Matepun. C Tex mop
MPOLLIO KaKUX-HUOYIb ABAALATH JIET, U B3I Ha 3(UpP COBEPIICHHO U3MeHWIcs. B
Hacrosimiee Bpems (Hauaino XX Beka — A.P.) apupom B Hayke COBCEM HE MOJIb3YIOTCS.

O/HaKoO UCTHHHAS CYNIHOCTh (U3MKU 3aKitoyacTcs MMeHHO B vactu 3b. Hc-
TUHHAs HayKa HE 3aKJII0YAeTCs B MEpPEYHE SIBJICHUM WM 3aKOHOB, a B MOCTPOCHUU
TEOPUH SIBJICHUH, T.€. B COEIMHEHUH OOJIBIIIOT0 KOJUYeCTBA (PAKTOB M 3aKOHOB B O/I-
HO CTpPOMHOE IIeJIoe, JTOCTOMHOE Ha3BaHUS HAy4yHOro. 37aHusl; (yHIaMEHTOM €ro
CIIYKUT OIpeAeseHHas runoresa. M3 cka3aHHOTO, TO-BUJIUMOMY, SICHO, KaKyl0 pOJb
UTPAacT B HAyKE BEpa M KAaKyI0 CPABHUTEIBHO MAJIYIO POJIb UTPAET JICUCTBUTEIBHOE
3HAHHUE.

Oxkono cepeaunbl XIX Beka Ha mouYBe OBICTPHIX M JAEUCTBUTEIBHO OOJBIINX
YCIIEXOB €CTECTBEHHBIX HAYK pacliBesl MaTepuain3M, Mojlaratouiuii, 4to Bce 0e3 uc-
KJIFOUEHUsI HAOJ0/laeMble SIBIEHHS BO3HUKAIOT TOJBKO Onarogaps pa3HOOOpa3HbIM
cBoiictBaM Marepuu. Crofia e ObUIH OTHECEHBI BCE SBJICHMS JKU3HU, IICUXUKH, CO3-
HaHuA. Toraa-To NOsSBUIIACH MPEIECTHAS UJIES, YTO MBICIH CYTh TAaKHE K€ BbIJCICHHUS
MO3Ta, KakK, HalpuMep, Keldb €CTh BblaeleHrne nedeHu. Pazym uenoBeka (a uesnose-
yecTBa? — A.P.) orpanunueH, nMmeer cBou mnpenenbl. He TpyIHO yka3zath Ha psii BO-
MIPOCOB, JISJKAIIUX BHE 3THX MPEAEIoB. BOT HEKOTOpBIE U3 HUX.

[IpobGnema nmpocTpaHCTBa U BPEMEHU; BOIIPOC 00 UX KOHEYHOCTH U OECKOHEY-
HOCTH, OJMHAKOBO HEMOCTHXMUMBbIM, OJMHAKOBO MPUBOIAIINN K HEpa3pelInMbIM
MIPOTUBOPEUUSIM.

[TpoGnema Ku3HU; BOIIPOC O PA3HUIE MEXKTY KUBBIM U MEPTBBIM.

[IpoGaema co3HaHUs, HATMYHOCTh KOTOPOTO KAXKIbIM M3 HAC SICHO OLIYIIAETCS.

[Ipo6Gyiema cBOOOIBI BOJIH.

MoskHo ObLT0 OBbI YKa3aTh U Apyrue. MHOro TailH 4ea0Be4YeCTBOM pasraJaHo;
cHpaluBaeTcs, He OyAyT JIM U 3TU MPOOJIEMBI pa3pelieHbl cO BpeMeHeM? DTO BOIPOC
Bepbl. HO, HECOMHEHHO, CYIIECTBYIOT MpEEibl, 32 KOTOPhIE pa3yM 4YesloBeKa IMpo-
HUKHYTh HE MOXeT. HauBHOM U onacHoW omuOKoM cleayeT, odTOMY, TPU3HATh OT-
pULIAHUE TPAHCLEHAEHTHOTO, T.€. JIEXKAILEr0 BHE MPEAEIIOB MO3HABAEMOT0, a, CIEA0-
BAaTEJIbHO, U OTPULIAHUE BCETO CBEPXBECTECTBEHHOIO. lIpencraBnsercs Beanyanien
HEJIETIOCTHIO BCSKAsl MOMBITKA MEPETSIHYTh CBEPXBECTECTBEHHOE B 00JAaCTh €CTECT-
BEHHOI'0, T.€. BOCHPUHMUMAEMOr0 HAaIlllMMH OpraHamMu 4yBcTB. CroJla OTHOCATCS CIU-
PUTH3M, OKKYJIbTHU3M M T.I. 3a0myxnaeHus. Ho, kak camoloBieroIas CyIIHOCTb,
TPAHCUEHAEHTHOE, HE TO3HABAEMOE ONIBITOM, ECTh IIPEIMET BEPHI.
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Ecnu BBl NOHANM pOJIb BEPHI B HAYKE, KOTOPYIO HAaWBHBIE JIFOJU OTOXKAECTBIIS-
I0OT CO 3HAHUEM, TO BBl MPEUCIIOIHUTECH TEPIUMOCTBIO KO BCEMY, UYTO COCTABIIAET
IpeAMET BEPHI, U, MOABEPrasi CIIOKOWHOMY aHaJIN3y BAallld JINYHBIE [TEPEKUBAHUS, 110-
CTaBUTE BEpy Ha mojobaromiee el Mecto. S XoTen MOBIUSATh HA Bac, YTOOBI Bbl HE
IpUAaBalii HAYKE TOTO 3HAYEHUSI, KOTOPOE OHA HE UMEET. 3HAUCHUE HAYKU TaK BEJIU-
KO, YTO OHO HE MOKET OBbITh BHIPAKEHO HUKAKUMU CIOBAMHU. DTO TOT CBETOY, O€3 KO-
TOPOT0 Mbl OKpYKeHbI Oe3Hae)kHON TeMHOTOM. Ho octeperaiitech, 4TOOBI 3TOT CBe-
TOY HE CHITpa AJISl BaC POJib TOTO OTHA, B KOTOPOM rMOHET HOYHas 6abouka. Coxpa-
HUTE B ce0€ 3TOT UyAHBIA Jap — CIIOCOOHOCTh BEPUTH, 0€3 KOTOPOrO >KM3Hb HEBO3-
MO>KHa.

TakoBO B COKpanleHHOM H3J0KeHHH coepskanue jexkuuu O.J[. XBOiabcoHa,
NepeaHHasl HaM Kak 3crtadera yepe3 MOYTH CTOJeTHE. A B Halle BpeMs I HAYKH
ATO CPOK HeMaublid. TeMIibl mo3HaHMsI BBICOKM Kak HUKoraa. Tem QoJsiee, MOXKHO C
YIIOBJIETBOPEHUEM KOHCTAaTUPOBAaTh, YTO PACCYKIEHUS H3BECTHOI'O POCCHUICKOIO
YUEHOT'0 U Ie/1arora, BOCIUTATENs] HECKOJIbKUX MOKOJEHUI OTEYECTBEHHBIX (PU3UKOB
HE yCTapeiau U B OCHOBHOM CIIPABEIUIMBBI U B Halle BpeMs. M 310 HECMOTps Ha To,
47O (hU3MKa NEepEKuiIa 3a ITH TO/bl PEBOJIOLUIO, HAYaJI0 KOTOPOU yKe B TE€ TOAbI 3a-
xBaTuia O.J]. XBOJIbCOH.

K BbICKa3aHHBIM UM MBICIISIM MbI Oy/IEM HEOJHOKPATHO BO3BPAILIATHCA B J1ajb-
HEUILIEM.

Kaxnasa Hayka mmeeT CBOM OOBEKT U3YUEHHS U MOJIb3YETCS] COOCTBEHHBIMH
MeToAaMH 11l u3ydeHus: oobekra. Hayka o npupone, pusnka, KOHEYHO, HE UCKITIO-
yeHue. Pusuka — Hayka, U3ydyarolas NpocTeHIre 1 BMECTE C TeEM Hauboliee o0Iire
CBOMCTBA M 3aKOHbI JBM)KEHUS OKPY’KalOMIMX HAC OOBEKTOB MaTEPHAIbHOIO MHUpA,
TaKue Kak MOBEJAEHUE TeJl MOJ ACUCTBUEM CHJI, BKIIIOYAsl MPOUCXOKIACHUE STUX CHJL.
@u3rKa MOCBAIICHA M3YYECHHMIO CTPYKTYpbl MaT€puud M B3aUMOJACHCTBUIO MEXKIY
byHIaMEHTAIBHBIMUA COCTABHBIMU YacTsIMU HaOJI01aeMOil BcenieHHon. dusuka nme-
€T JIeJ10 C HEOOJIBIINM YUCIOM (DyH/IaMEHTAJIbHBIX 3aKOHOB.

3aKoH B KJIaCCUYECKON (pU3MKE OOBIYHO TPAKTYETCS KaK yCTaHOBJICHHAs 3aBU-
CUMOCTb MEKIy NEPEMEHHBIMU BEJIMYMHAMU, U3MEPSIOIIUMU OINPEACIEHHBIE CBOM-
CTBa. 3aKOHBI MPUPOJBI U3BECTHBI IBYX BHUAOB: 1)yTBEp)KI€HUE CUMTAETCS YHHUBEP-
CaJIbHBbIM, €CJIM B HEM TOBOPHUTCS, YTO IOJIOKEHUE, CIIPABEIIIMBOE MPU HEKOTOPBIX
OTIPEICTICHHBIX YCIIOBUSAX, MOKET OBITh CIPABEIJIMBO M MPU HEKOTOPHIX JAPYTUX yC-
JIOBUSIX; 2)3aKOH MOKET OBITh BEPOSITHOCTHBIM.

JIIst MOCTHKEHHSI CBOMCTB OOBEKTA MCHOIB3YIOTCS METO/bl, KOTOPbIE MOYKHO
KpaTKO pa3/eliuTh Ha JKCIEpUMEHTANIbHbIe U TeopeTudeckue. llepBbie CBs3aHbI C
YyBCTBEHHBIM BOCIPUATHEM OOBEKTa U MPEABAPUTEIBHBIM O0bSICHEHUEM OCOOEHHO-
CTel 3TOro BOCHpUATHSA. BTOpbIE — C TEOPETHUECKUM OOBSICHEHUEM, KOTOPOE MpPH-
3BaHO JIaTh €My OOJIbIIYI0 OOIIHOCTh, YEM 3TO CIOCOOEH ClieNiaTh AKCIEPUMEHT, U
no3BoJiAeT 00BsACHUTH ero. [lepBblil BUA Mccie0BaHUs CBSI3aH B OCHOBHOM C Opra-
HaMH 4yBCTB, BTOPOM — ¢ ydacTueM pasyma (puc. 1).

IKCNERUMEHRM
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00BEKT edpus CyOBEKT

METOJbI

Puc. 1.2. B3aumogeiictBue cyObekTa ¢ 00bEKTOM B MPOLIECCE TOZHAHUS

B xope skcneprMeHTa Mbl aneIMpyeM K OpraHaM 4yBCTB, a MPU TEOpPETHYE-
CKOM pacCMOTpEHUH - K pazymy. CkazaHHOE HE 03HAYAET, YTO Pa3yM HE NMPUHUMAET
y4acTHsl B IEPBOM Iporiecce. ITO U 00lyMbIBAHUE SKCIIEPUMEHTA, U MPEABAPUTEIb-
Hasi 00paboTKa, W cUCTeMaTHU3alusl pe3yibTaToB, KOTOpas IMPOU3BOJAUTCS TENepb
OOBIYHO C TOMOUIBIO KOMIbIOTEPA (T.€. MPHUOOpPa UCKYCCTBEHHOI'O MHTEIIEKTA).

Bormpoc, eHTpanbHbIi JUlsl 3TONW KHWUIU, CHOCOOHA U pu3uKa 00bACHUNb U
AGICHUA PA3yMa, — HE JIOJDKEH Ka3aThCsl YYKEPOAHBIM WIH Ja)Ke KOIIYHCTBEHHbIM,
IOCKOJIbKY Pa3yMOM Mbl N0 OoJblliel YacTH, MOJb3YyEeMCsl KaK M3HAYaIbHO JIAHHOW
IPUPOIHON CHOCOOHOCTBIO. DTa CIOCOOHOCTh, BEPOSTHO, MOKET OBITh yCOBEPUICH-
CTBOBaHA MyTeM €€ (PU3NYECKON MHTEPIPETALNH, KaK ITO YKE UMEJIO MECTO JJIs HC-
KYCCTBEHHOI'0 MHTEJUIEKTAa, peaju3alns KOToporo Obuia Obl HEBO3MOXKHaA 0Oe3 ycre-
XOB ()yH/IaMEHTAJIbHON U MPUKIAAHON QU3UKU.

[TosToMy HaMm TIpeACTOUT caeaaTh 0030p KOHIENTYyalbHON 0a3bl COBPEMEHHOM
(r3MUEeCcKO HAYKU U CBSI3aHHOM C HEWl TEXHUKHU U OTBETUTH HA BOIIPOC, Oaem iU co-
6peMEHHAsn Pu3uKa, 603MONHCHO, CAMAA PA3GUMAA U3 €CHIECIEEHHBIX HAYK, OmeEem
HA 6ONPOC 0 «(MEXAHUZMAX» PA3YMHOIU deamenbHocmu yenogeka. Vlnu mareprans-
Hasl IPUPOJIa U MCUXUUECKUE SBJICHUS MPEICTABISAIOT cOO0M JBE CaMOCTOSITENIbHbIE
JUIS U3YYEeHHSI CYIIHOCTH, KaK M BO BpemeHa Jlekapra.

2.2. l[eomeTpus npocTpaHCTBa UMM 3aKOH OOpaTHbIX KBaapaToB
«Ha nanbuUax»

OTHU JABE NEKAapPTOBBIX CYIIHOCTH OTJIMWYAKOTCS CBOMCTBOM IPOTSKEHHOCTH B
IIPOCTPAHCTBE: ISl MAaTEPUU ITO CBOWCTBO SIBJISICTCS CYIIECCTBEHHBIM, JUI CO3HAHUS
— Her. [lox nmpocTpaHCTBOM MOHUMAETCS TPEXMEPHOE JIEKAPTOBO MPOCTPAHCTBO, OII-
penensieMoe TpeMst (IpOCTPaHCTBEHHBIMU) KOOpAMHATaMH. BakHO, TakuM 00pa3oMm,
YTO TpPEACTaBlIAeT cOOOM MPOCTPAHCTBO, B KOTOPOM pa3BOPAYMBAIOTCS IMPOIECCHI
MaTepuaibHOW TPUPOABI, M3ydyaemble (pu3mkoi. PaccMOTpUM OJMH CpPaBHUTEIHHO
MPOCTON CydYail, MoNb3ysCh ISl €r0 aHajlu3a MUHUMAIbHBIM HAOOPOM MHCTPYMEH-
TOB, K KAKOBBIM OTHECEM OpTaHbl YyBCTB (3pE€HUE) U CIIOCOOHOCTh JIOTHYECKH paccy-
’K/1aTh, OJB3YSICh MUHUMAJIbHBIMH 3HAHUSIMH ITKOJIBHOTO Kypca (QU3HKH.
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JIns 3TOro mpoBeneM MBICIEHHBIM WIM HAaTypPHBIM DKCIIEpUMEHT. B kadecTse
00BEKTa pacHoIOKUM Iepe]l COOON KUCTU PYK Ha pa3HOM pacCTOSIHMM OT ria3. He-
TPYZHO COIJIACUTBHCS C YTBEPKIACHUEM O TOM, UTO OymyKaillias K rjaa3aM KUCTh PYKH
Ka)keTcst HaM Oosblie. Tak Kak Mbl 3HA€M, YTO KUCTU Y HAC OJINHAKOBBIE, B YEM MBI
MOKEM YOEIUThCs, COBMeEUIas JaJoHU PYK, HEOE3BIHTEPECHO IPOaHAIU3UPOBATH
npuyuHy 3Toro ¢akra. OHa JEKUT B 00IACTU ONTUYECKUX SIBJICHUI U Kacaercs T.H.
reoMeTpUUYecKoil onTUKHU. M3 MKOJIBbHOTO Kypca (U3MKHU U3BECTHO, YTO IIPH OIpee-
JICHHBIX YCIIOBUSAX (3/1€Ch BBIMOIHIEMbIX) BEIMUYMHA U300paKeHUs MpeameTa o0part-
HO IPOIMOPLMOHAIBHA €r0 PacCTOSHUIO OT HaOmoaaTens. B taHHOM ciyyae paccTos-
HUE€ OTCUUTBIBAETCS OT XPYCTAJIMKA IJa3a, NPEACTaBISIOEr0 COO0M C TOUKU 3pEHHS
ONTHKH JIBOSIKOBBIITYKIIYIO JINH3Y.

X0/ CBETOBBIX JIy4eil oKa3zaH Ha puc. 1.3.

a ) 1 pAlpel
-X P = — A4 T [ <
- » 2
J R - B
=2 D!

v

Puc. 1.3. Pucynoxk, niumocTpupyromui o0paTHYIO IPOIOPIIMOHATIEHOCTE pa3Mepa H300paKeHus
paccTosHUIO 10 00BEKTa

Jlano: nBa ommuHakoBoi BeicoThl D mpeamera AB m CD pacmonoxens! Ha pas-
HOM paccTosiHuu R, 'Ry 0T nmuH3bI (BBIMYKIIOH) C onTUuYecKkuM 1eHTpom O,

Tpebyercs n0KasaTh: Pasmepsl ux n3obpaxennitA'B'=0B* u C'D'=0D? 06-
patHO mpomnopiuoHanbHbl paccTosHusM AF (R;) u CF (Ry) HCXOIHBIX MPEAMETOB 110
nuH3bI (10 okyca TuH3bI F).

J[okasareabCeTBo: 3anmiem Tanrenc <AFB=R/R, =A'B*/F u

Tanrenc <AFD=R/R,=C'D'/F.

Bripaxkas teneps F n3 000ux paBeHCTB U MPUPABHUBAS TTOJYYCHHBIC BhIpAXKE-
HUS, TIOJyYUM F=A'B'*R,/R=C'D'*R,/R, OTKyJ1a A'BY/C'D'=R,/R,, 10 ectb BesH-
YUHBI W300paXeHUH 00paTHO MPOITOPIIMOHAIBHEI PACCTOSHHUSIM TIPEAMETOB JI0 JIUH-
3B

Ecau MBI uMeeM Jienio ¢ ABYXMEPHBIM MPEIMETOM, TO €ro Iiomaab (U cuia
BO3JICHCTBUSI HA IJIa3 — IMICHUXOJIOTMYECKHI TEepMHH) OOpaTHO MPOMOPIHMOHAIbHA
KBaJpaTy PacCTOSHUS 10 JIUH3BIL.
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[TockonbKy mpaBmiia MOCTPOCHHS U300paKEHUS B JIMH3E€ OCHOBaHBI Ha EBKIH-
JIOBOM T€OMETPHUH, TO MOIYYaeM, YTO JUIsl STOM FeOMETpUHU 3aKOH OOpaTHBIX KBaJpa-
TOB SIBJISIETCS «CBOMCTBOM IIPOCTPAHCTBAY.

Ananu3 puc. 1.3 noareBepaaeT U3BECTHBIN (PAKT, yHOMSHYTHIN BBIIIE, O TOM,
YTO BEJIMYMHA U300pakeHUs 00beKTa 0O0paTHO MPOMOPIIMOHANIbHA €r0 PAaCCTOSHUIO
oT nuH3bl. [IocKONBKY Hall OOBEKT ABYMEPHBIN, T.€. Mbl BOCIIPUHHUMAEM €ro IUIO0-
ab, TO MOXKEM, UCXOJS U3 TE€X K€ PacCyX JAEHUH, CKa3aTh, YTO IUIOLIAAL U300pa-
KEHUs1 00beKTa 00OpaTHO MPONOPLUMOHANBHA KBAJpaTy PacCTOSIHUS OT JIMH3bL. B ca-
MOM JeJi€, IJIOMAb PaBHA IPOU3BEICHUIO IIMPUHBI 0OBEKTA HA €r0 BBICOTY, IPUUYEM
KOKJIBI U3 COMHOXXHTEJICH MO BEIWYMHE OOpaTHO MPOMOPIHUOHAICH PACCTOSHUIO.
[Tonyyaem «Ha manblax» MOMYJAPHBIA B (PU3HKE 3aKOH OOpaTHBIX KBagpaTOB, rja-
CSIIUI, YTO CHJIa B3aUMOJICHCTBUS MEXKY TeJIaMH 0OpaTHO MPONOpPLUHOHATbHA KBa-
paTy pacCTOSIHUS MEK]1y HUMH.

Kaxkue xe Tena B3auMOACHCTBYIOT B HaileM ciy4ae? DTo- (OCBEIlIeHHas ) ja-
JIOHb U a3 HaOmoaaTens. [lockonbky nHGOPMAIIMIO MBI TTOJy4aeM OT ria3a, UMEeT
CMBICJI OIICHUTh BO3JIEUCTBHE OO0BEKTa Ha TJa3 HaOmogatens. Kak Mbl TOJNBKO 4TO
YCTAaHOBWJIM, CHJIa TaKOTO BO3JECUCTBHUS OOpaTHO MPOMOPILIMOHATIBHA KBaJpaTy pac-
crosaHusa. HampammBaercsa aHamoruss ¢ (GOTOMETPUYECKUM 3aKOHOM, MO KOTOPOMY
OCBEILIEHHOCTh KpaHa 0OpaTHO MPOINOPLUOHAIbHA KBAPATy PACCTOSHUS OT UCTOY-
Huka cBeta. dortomerpuueckuii 3akoH ObLT u3BecTeH eile Kemnepy. A HpioToH,
JKUBIIUHN MO3/IHEE, HABEpHsKAa ObUI B Kypce ATOr0 OTKpbITUS. M3BECTHO, UTO paHHME
TPyAbl TEHUSI MEXAHUKHU OBUIM MOCBSIIEHBI ONTUKE. 3aKOH BCEMUPHOTO TATOTCHUS,
KOTOPBIM MbI YCHEIIHO MOJb3yeMcs 0 CUX MOp, ObUT chOopMyIHpoBaH He Oe3 BIIUS-
Hus TpyaoB Keriepa, B TOM 4HClie W €r0 ONTHYECKUX TPYHAOB. OTKPBITHIM 3HAYH-
TEJIbHO MO3Ke 3aKoH KysoHa, onuchIBaromui B3aUMOACHCTBUE TOUECUHBIX AJIEKTPU-
YECKHUX 3apAJI0B, TOXKE J1a€T BhIPAXKEHUE JJISl CUJIBI B3aUMOJICUCTBUS Yyepe3 KBaapaT
PACCTOSIHUSI MEXK]Ty B3aUMOACHCTBYIOIIMMHU 00BbeKTaMu (3apsiaamu). UTo ke olIiero
MEXIy STUMH (PU3NYECKHMMH 3aKOHAMH, YCTAHOBJICHHBIMH B PA3IMYHBIX 00JIACTAX
Halle HayKu?

MOoXHO HaZI€IThCs, YTO OJMHAKOBas MaTeMaTudeckas (opMa Ha3BaHHBIX CO-
OTHOIIIEHUH HMMEeT IIyOOKyIo (u3mdeckyro npupony. M sta mpupona cBs3aHa co
CBOMCTBaMH C€aMOI'0 NPOCTPAHCTBA, B KOTOPOM M Pa3BOPAUYMBAIOTCS ONUCAHHBIC
B3aUMOJEHCTBUS. I 3T CBOMCTBA MOPOAUIIM COOTBETCTBYIOIIEEC MATEMaTHUYECKOE
onucanue. Kak, mo-BuauMomMy, 10rajajics YuTaTelb, peub UAET O €BKIUIOBOM IPO-
CTPAHCTBE, O KOTOPOM €r0 aBTOP, BEJIUKUN TPEUECKU MaTEMaTUK TOBOPHIL: BCE, UTO
BUJIHO, BUJHO T0 mpsimMoid. [lepeuncnennble QpuU3nyecKue 3aKOHBI UMEIOT MECTO B
MPOCTPAHCTBE, B KOTOPOM CBET PACHpOCTPaHSAETCA MPSAMOJIMHEHHO. DTH 3aKOHBI U
00pa3yloT KapKac KJIacCUYeCKON (PU3UKHU.

3akoH OOpaTHBIX KBaJApaTOB, €CJIM TOBOPUTH O €r0 MaTEeMaTHYECKON CTOPOHE,
MOKET UMETh OCOOCHHOCTH B 00JIACTH MaJIbIX PAcCTOSIHUM, TJI€ CHJIa B3aUMOICHCT-
BUA OBICTPO pacTeT. Takue ycloBUs peanu3yroTcs MPU B3aUMOJICHCTBUU CBETA C Be-
IIECTBOM, B KOTOPOM XapaKTEPUCTUUECKUE PACCTOSHHS CPABHUMBI C JJIMHOM CBETO-
BOM BOJIHBI (WJIM MEHbILE €€). MOKHO 0KHJaTh, YTO BOJIM3M BELIECTBA WJIM BHYTPH
HEro CBET UMEET JPYrue 3aKOHbI PacCIpOCTpaHEHUs, a, CIEIOBATENbHO, TaM CYIIECT-
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BYET JPYroe MPOCTPAHCTBO, B KOTOPOM PEAU3YIOTCS U ApyTrHe B3auMoAeicTBus. B
JanbHEHNIIeM Mbl YBUAUM, YTO 3TO MHTYUTUBHOE OXUJaHUE ONpaBAbIBaeTCs B (pusu-
K€ MUKPOMHUpA, MPOSBISIONIECHCS B aTOMHBIX U SIIEPHBIX MpOIleccax, U B TECHO CBsI-
3aHHOM ¢ Hel (U3HMKe MeraMmupa, K yciayraM KOTOpOd BCsl BCEJICHHAs.

2.2.1. BbiOepxxku u3 «Hayvan» Eeknuda u KoMMeHmapuu

B xnure EBknuna "Havana" maremartuka BeicTynana, numet M. Knaiin, "...kak
ujeaibHas BEPCUS TOTO, YTO COCTABIUIO COAEPKAHUE M3BECTHOIO HAM PEATBHOIO
mupa...". Kaxnaa kaura "Havan" naunHaetcs ¢ onpeaenenuil. B neppoii kaure "Ha-
yan" NpUBEIEHBI MTOCTYJIATHl U aKCUOMBI, 32 HUIMH PAaCIOJIOKEHBI B CTPOTOM MOPSIIKE
TEOpEeMbl U 33Jla4yll Ha MOCTPOCHHE (TaK, YTO JOKA3aTeIbCTBO WJIU PEUICHUE Yero-
100 MOCIENYIOUIEro OnupaeTcs Ha mpeapiaymme). TaM ke BBeleHbl 23 npeaBapu-
TEJBHBIX OINpECTICHUs] 00bEKTOB I'€OMETPUU: HAmpuMmep, "TOuka €CTh TO, YTO HE
uMeeT vacteil"; "nuHUS - nnuHa 06e3 mupuHbl"; "MpsMas JUHUA €CTh Ta, KOTOopas
PABHO PacCIojOKeHa 0 OTHOILIEHHUIO K TOYKAaM Ha Hel'. BbIIM BBEICHBI ONPEACICHUS
yria, TWIOCKOCTH, KBajparta, Kpyra, cepbl, MPU3Mbl, TUPAMUJIbI, MIATA NMPABUIBLHBIX
MHOTOTPaHHUKOB H JIp.

3a omnpeaeneHusIMHU CJIEIOBAIM 5 U3BECTHBIX MOCTylaToB (TpeboBanuit) E. k
MOCTPOCHUIO Puryp B reoMmerpuu: 1) OT BCSAKOM TOUKH JO BCSIKOM NPYyrod TOUYKH
BO3MOKHO MPOBECTH TOJIBKO OAHY MPAMYIO JIMHUIO; 2) OTpaHMYECHHYIO IPSIMYIO JH-
HUIO BO3MOXKHO HEMPEPHIBHO MPOAO0HKATH 110 MpsiMoit; 3) U3 Besikoro meHTpa u Besi-
KM PacTBOPOM BO3MOXKHO OMUCaTh Kpyr; 4) Bce mpsimbie yriiel paBHBI MEXIY CO-
ooii; 5) Ecnu npsimast, magatomniast Ha B MpsiMble, 00pa3yeT BHYTPEHHUE U IO OJHY
CTOPOHY YTJIbl, MEHBIIUE JBYX MPSAMBIX, TO IPOJIOJKEHHBIE 3TU JIBE IPSIMBIE HEOTpa-
HUYEHHO BCTPEYAIOTCSI C TOM CTOPOHBI, TJI€ YIJIbl MEHbIIIE ABYX MPAMbBIX. [IAThIi mo-
CTyJIaT UMEET CTOJIb BaKHOE 3HAYEHHE, YTO OH MOJIyYWJ CIELHAIbHOE HAWMMEHOBA-
HUe "TATBIN OCTyNaT EBKIIMIA 0 nmapauiebHbIX "

Takue yrBepxkacHusa EBkinaa, Kak "mpsMas - KpaTdauiiee pacCTOSTHUE MEXTY
ABYyMsl TOUKaMu'", ""uepes Jro0ble TpU TOUYKHU, HE JIeKAIME Ha OJTHOM MPSAMOM, MOXKHO
MIPOBECTH IJIOCKOCTh, U MPUTOM TOJBKO OAHY'" M MOCTYJNAT O MapajuiedbHbIX ObUIH
Ha3BaHbl KaHTOM "anpuOpHBIMU CHUHTETUYECKUMU CYXIECHUAMH" (CM. ATpUOpHBIE
CUHTETUYECKUE CYXKJICHHUS), SABISIIOUIMMUCS 4YacThi0 "OCHalIeHUs" Hallero pasyma.
ITo I'.C. Kmmtoremro (1763), Bocnpusitue akcuoM EBkinia (1 B OOJbINEH CTENEHN aK-
CHUOMBI O MMAPAJUIEIBHBIX) KaK YEro-TO0 JOCTOBEPHOIO OCHOBAaHO HAa YEJIOBEYECKOM
OTBITe, HOO aKCUOMBI OTMMPAIOTCS HE CTOJIBKO Ha OYEBUIHOCTH, CKOJIBKO Ha OIBIT. A
st Kanra BooOI1e ObLT HEMBICIIMM MHOM CITOCOO OpPTaHW3aIlMH OIBITa, YeM IeOMeT-
pust EBximnia u mexanuka Herotona. Takum oOpa3om, co BpemeH "Havan" EBxinna u
dakTuyecku 10 KoHIA 19 B. 3akonsl okpyxcarouiezo nac uzuueckozo npocmpan-
cmea Makpomupa Osiiu, kKak nonaran M. Kiaiin, "...ecezo auwmbs meopemamu 2eo-
mempuu Eexnuoa u nuuem oonvuie...".

A TIOCKOJBKY akCMOMa O MapaJUIeIbHbIX MOJHOCTHIO HE3aBHCHUMa OT OCTallb-
HbIX, TO BO3MOYKHO 3aMEHUTH €€ MPOTUBOIOJIOKHON aKCUOMOM U BBIBOAUTH CIEACT-
BUSI U3 BHOBb CKOHCTPYMPOBAHHOM aKCHOMATHYECKON CUCTEMBI. DTO MPUBEIIO K CO3-
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JAHUIO HEEBKJIMIOBBIX F€OMETPUI, B KOTOPBIX aKCHOMa O MapajUIelbHbIX HENPOTH-
BOPEYMBO 3aMEHSAETCS Ha JIPYTyI0 aKCHOMY, a/ICKBATHYIO CBOMCTBAaM MPOCTPAHCTBA,
HaJl KOTOPBIM CTPOUTCA JIaHHAS! HEEBKIIM0BA TEOMETPHUSI.

Xots counHenne EBkiuaa npenHa3Havanoch A u3ydyeHus GU3nyeckoro mnpo-
CTPaHCTBA, CTPYKTypa CaMOr0 COYMHEHHS, €r0 OCTPOYMHE WU SICHOCTb H3JIOKEHHUS
CTUMYJIMPOBAIN aKCHOMATHUYECKUA-IECIYKTUBHBIA MOAXOJ HE TOJBKO K OCTAJIbHBIM
00JacTsIM MaTEMaTUKH, HO U KO BCEM eCTeCTBEHHbIM HaykaMm. Uepe3 "Hauana" EBk-
JUa MOHATUE JIOTHYECKOW CTPYKTYpPBI BCEro (PU3MUECKOTO 3HAHUS, OCHOBAHHOTO Ha

13
MAaTCMaTUuKE, CTAJIO JOCTOSHUCM UHTCIUICKTYAJIbHOTO MUpa .

Krnaccuueckas ¢pusnka UMeeT AeN0 ¢ €BKIUAOBBIM MPOCTPAHCTBOM, IPOCTPAH-
CTBOM TIPEIMETOB, COM3MEPUMBIX C pa3MepamMH YeJIIOBEYECKOTO Tesa, B KOTOPOM Ha-
I OPTaHbl YyBCTB MO3BOJISIIOT HaM OOXOAUTHCA 0€3 yCHIMBAIOIIUX UX MPUOOPOB.
DTO NMPOCTPAHCTBO TPEXMEPHO, HHOTJA ABYMEpHO. CUMBOJIOM €r0 MOXET CUUTAThCH,
HaIpUMep, YUCIO 7. ITO YUCIO ObUIO M3BECTHO JPEBHUM Ipekam. Bot npumep reo-
METPUYECKON 3a/1au Ha OMpeJIeTICHUE Yucia 7, npeajarasimiics B Akagemun [na-
TOHA.

Paccmotpum kpyr ¢ nentpom O, HanmokeHHbIH HAa MHOTOyrobHUK ABEFCD.
Tpeyronsuuk BEO npsimoyronbHbil paBHOOEpEHHBIN, a TpeyroabHuk FOC mpsimo-
yronbHbii ¢ yriiom OFC 60, a FCO 30 rpagycoB. CuuTasi, 4TO 0L HATOKEHHO-
ro kpyra c¢ reatpom O paBHa miomaau npsmoyroiasHuka ABCD, tpebyercst HallTH
yucao 7. Pemienue 3ToM 3amauu, ¢ KOTOPOM CIPABIISIIOTCS CTApUIME IIKOJBHUKH, S
TPEOCTaBJIAIO BBITONHUTE unTaTeaaM. OTBET TaKoB: 7 ~+/2 ++/3.

K cBoemy yauBieHuto, s OOHAPYKHJI, UTO C 3TOH 3a7avyeil HE3HAKOMBI He
TOJIKO IIKOJIFHBIC YUUTENSI MaTeMaTHKH, HO M MperojaBaTesid By30B. A 3ajada 3Ta
npuMeYaTelibHa TeM, YTO B HEil MCHOJIb3YIOTCS «TpeyroidpHuku Ilnatona», mon xo-
TopbiMu [111aTOH MOHUMAIT IPSAMOYTOJIbHBIE TPEYTOIBHUKU C YTJIaMH B 45 , a TakxKe C
yriiamu B 60 u 30 rpagycoB npu runorenyse. [natoH cuutan, 4yTo Ha TaKUX Tpe-
YTOJIBHUKAX JACPKUTCS MUP.

Yro nano ocHoBaHue I[1natony ass Takoro yTBepXkAEHUS, U TIOYEMY B OCHOBY
MHpa OH KJIaJI TEOMETPUUECKYI0 PUTYpPY, a HE YHUCIIO0, KaK 3TO Jenai, Hanpumep [1u-
¢arop, kotoporo Ilnaton nounran? Cesi3aHO 3TO, MO-BUIUMOMY, C TEM, YTO JIpEBHE-
IpEeYECKUE MATEMATHUKU CTOJKHYJIUCH C UppaIMOHAIBHBIMU YMCIIAMH, CYIIECTBOBA-
HUE KOTOPBIX OBLTO HEpPa3phIBHO CBSI3aHO C TpeyrojbHUKaMu. biaromaps stomy 006-
CTOATEJILCTBY CEPHhE3HO MOIIATHYJIACh Marus (HATypaJbHBIX) YHCEI, TOCIOICTBO-
BaBIasl CPEIU IPEBHUX MaTEMATHKOB. J{a ¥ TOIBKO JTU cpeau TpeBHUX?

B3 «EBxmumy, crates C.B. CHIKOBa M3 KOMIBIOTepHOH sHImKitoneun «Mcropust dprrocodum» (MHHCK,
2002).
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Puc. 1.4. 3agaua [1matoHa s BEIYUCIEHUS YUCIA 7T

He xenas uMmeTh Je/0 ¢ TakKUM OOBEKTOM KaK HMPpalMOHAIBHOE YHCIIO, Ha-
npumep +/2,+/3, ApeBHUE CTaIU HCIOJIB30BaTh TPEYTONLHUKM - 00JIee TapMOHHYHBII
00bekT. OHaKO, KaK Mbl YBUJIUM B JlajbHEHIIEM, Marusl HaTypalbHbIX YHCEN CHOBA
BEepHyJach B (U3MKY, KOIZa CHEeJalld IEPBbI€ MOMBITKA OOBICHUTHh ONTHYECKHE
CIIEKTPbl XUMUYECKUX AJIEMEHTOB. [IO0CKONBKY CIIEKTpaJbHBIM aHAIN3 OKa3aJCs Ba-
’KEH HE TOJIBKO ISl OOBSCHEHUS MUKPOMHpA, MUPa ATOMOB U MOJIEKYJI, HO U Mera-
MHpa — MHPA TATAKTUK. A yTIIbl MEXAY XUMUYECKHUMU CBA3SMH B OPTaHUYECKUX BE-
IIECTBAX M JaXe B MOJEKYJIE BOJBI, PABHO KaK M YIJIbl M INIOCKOCTH B KPUCTAJIIO-
rpaduu - pazBe 3TO HE OT3BYK TpeyroiabHukoB Ilmarona? Mel BuauMm, Takum oOpa-
30M, YTO Marusi 4MCeNl U TPEYTrOJbHUKOB HE KaHyJa B JleTy u oka3zanach JOCTOMHOMN
BHUMAaHUsI COBpeMEHHOW Hayku. [[03TOMy He XOTenoch Obl C MOPOTra OTMAaXUBATHCS
OT MPOCTHIX, KAKYITUXCS MOPOH HAMBHBIMH MPEACTABICHUN APEBHUX 00 YCTPONUCTBE
IIpUPOBI, MUpaA. Bellb B HUX - IOMCKH €AUHOTO B IIPUPOJIE, IIOUCKHU €€ IIepBOHAYala,
OT KOTOPOTO COBpeMeHHas ()M3MKa B HEKOTOPBIX CBOMX pa3zeiiaX JajeKo yIuia, HO
MEUTaeT BEPHYTHCS.

2.3. Ponb matemaTtukm

['oBopst 0 reomeTpun HU3NUECKOTO MPOCTPAHCTBA, MBI HaYaju Pa3roBop o hu-
3uKke ¢ MmateMaTtukd. O 4eM 3To cBUIETENbCTBYET? Benpb dur3uka Bo Bcex CBOMX Yac-
TSIX TECHO TMEPEIUIeTeHa ¢ MaTeMaTUKOM, KOTOPYIO MCIOJIB3YeT, MO BbIpakeHuwo P.
deifHMaHa B KaueCTBE anmapara TEOPETUYECKOro MCCIIEA0BaHUs U S3bIKa JIJII CBOUX
paccyxaenun. Ho nemno He TonbKO B 3TOM. MareMaTuka >KMBET U CBOEU CaAMOCTOSI-
TEJILHOW JKU3HbIO, HACKOJIBKO MOTYT OBITh CAMOCTOSITCJIBHBIMU OTJIEJIbHBIC HAYKH,
BHOCSIIIIME CBOM BKJIaJ B KYJbTYpYy OOIIECTBA U MUTAIOIIUECS €0 MAaTePUAIBHBIMU U
JyXOBHBIMH IIEHHOCTSAMH.

Bomnpoc emie u B IpyromM: KakoBa NpHpoja MaTeMaTUKH U YTO 3TO 3a Hayka -
€CTEeCTBEHHAas WJIM ryMaHHUTapHas. /[eno B TOM, 4TO KOrja MaTeéMaTHhKa C BBICOKOM
TOYHOCTBIO MPEJCKA3bIBACT (PU3NUYECKUE SBICHUS, ITO KAKETCS Moa4ac 4yJoM. Tak,
Harpumep, J. LlIpénunrep roBopui 0 «rocnoJHe KBaHTOBOM MEXaHUKE», KOTOPas
cTaja TaKOBOW B PE3yibTaTe yAAauyHO MOAOOPAHHOIO MAaTeMaTUYECKOro ammapara,
aJICKBaTHO OMUCHIBAIOIIIETO TO, YTO MPOUCXOIUT HA CAMOM JeJIe.
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A YTO 0O3HA4YaACT <<HpOI/ICXOI[I/ITb Ha CaMOM I[eJ'Ie»? ﬂBHO Hu 110 YMOJ'I‘-IaHI/IIO Ju (eIt

O9THUM IMOHUMACTCA B CCTCCTBCHHLIX HAYKaX TO, UTO PCTUCTPHUPYCTCSA HAIMMHU Opra-
HaMH YYBCTB. I[a;xe ABJICHUA MHUKPOMHpPA, HEC BOCIIPMHUMACMBIC HCBOOPYKCHHBIM
riia3omM, MOI'yT CTaTb BUAUMBIMU C IIOMOIIBIO HpI/I60pOB. A 410 ABIg€ETCS KpUTCPUCM
WUCTUHHOCTA MaTEMAaTUKHU? HO-BI/II[I/IMOMy, COOTBCTCTBUC (I/IHOFI[a, BIIPOYCM, OYCHb
MU POKO IIOHI/IMaeMOC) IMPU3HAHHBIM pPAHCC PC3YyJIbTaTdM W HHTYHUTHBHOC YYBCTBO
HUCTHUHHOCTH.

Was fruchtbar ist,

Allein ist wahr.

«JIMIb NII0I0TBOPHOE BEPHO», - MHCAN Beaukui ['ere. A T.H. 4yBCTBO
WCTUHHOCTH — OTKYJIa OHO U TJI€ «IIpokuBaeT»? Ero He Haljems B J€KapTOBOM IIPO-
CTPAHCTBE KOOPJIMHAT, XOTs, Ka3ajaoch Obl, /lekapT mpuyacTteH Kk Maremaruke. Tak,
I7Ie K€ OKUBYT» MaTeMaTHYE€CKUE MCTUHBI, KOTOPbIE BOBCE HE OO0S3aHbI OBITH CBS-
3aHHBIMHU C MaTepHel. DTo yke He res extensa (Bemu npoTsHKeHHbIE), a res cogitans
(Bemm MeIcismue), cornacHo Jexkapty. BripoueM, Marematuka 37€ch — HE HCKITIOYE-
Hue. B ¢u3nke UCTUHHOCTH pacCyXJIEHUN CYIIECTBYET TOXE HE B IMPOCTPAHCTBE KO-
opauHaT. Tak 3aueM ke QU3NKEe Hy)KHA dyKas ernapxusi? YK He CBOJUT JIM OHA CYUe-
ThI C MAaTEMaTUKOM, KTO IJ1aBHEE?

JlymaeTcsi, 4TO OCHOBHOM Bompoc He B 3TOM. CoBpeMeHHas (u3HKa cTana J0-
poroii Haykoi. Ha ee ocHOBe BhIITycKaeTcsl caMasi, ObITh MOKET, HAYKOEMKasi Mpo-
IYKIUST — U3MEPUTENIbHAS TEXHUKA, KOMIBIOTEPhI, OT KOTOPBIX 3aBUCUT Oyjyliiee
MUPOBOW HUBUIM3aUUU. [ pU3MUecKux McciaenoBaHuil CTPOSTCS JOPOTrOCTOSIINE
YCKOPHUTENN 3apSKEHHBIX YACTHII, [IEHA KOTOPHIX COM3MEpPUMa C T'OJIOBBIM OOJIKe-
TOM HEKOTOpPBIX cTpaH. [loaToMy oueHb XxoueTcs 3HaTh, Tyaa i uaeM? M npuMeHuTh
K 9TUM OIICHKAM KOJIMYECTBEHHBIE METO/IbI.

Hocnymaem U. Kanra: «C cambix panHux epemen, 00 Komopulx npocmupaenm-
CsL UCMOPUA 4ell08eYeCK020. Pasyma, Mamemamuka nowaa 6epHviM nymem HaykKu )
O00CMOUHbBIX YOUugieHus: OpesHux epekog”, "...no umo xacaemcs c8oUCMBEeHH020 (hu-
nocouu cnocoba nO3HAHUA U3 NOHAMUL 8 CPABHEHUU CO CBOUCMBEEHHbLIM Mamemd-
muke cnocobom cyoums a Priori na ocHo8aHuu 0OHO20 UL KOHCIPYUPOBAHUSL NO-
HAMUU, MO OOHAPYHCUBAEMCS MAKAsL 21YO0KASl PA3ZHOPOOHOCHb PUIOCODCKO20 U
MaAmemMamuyecko20 NO3HAHUsL, KOMOpas, npaeod, ece20a Kak Obl Yy8CMBE06aNaCh, HO
HUK020a He ObLIa cBeOeHd K OMYemauebiM KpUmepusmy ™.

Brpouem, 0 B3auMOOTHOLIEHUU (PU3UKU ¢ (ustocopueil, MaTeMaTUKON U C
JIPYrUMHU HayKaMH y Hac enle 0yneT BO3MOXKHOCTh MTOTOBOPUTh. A ceiluac BepHeMcs
HEMOCPEJICTBEHHO K (PU3HKE.

PA3OEN 2. PUSUKA MAKPOMUPA

Y% Kanm M. Counnenus B mectu tomax. T. 3. M, 1964. C. 84.
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3. MexaHun4eckas KapTuHa mupa

IlepBasg HayuyHas KapTHUHA MUpa ObUIa ocTpoeHa B 18 B. Tpynamu KonepHuka,
lanunes, Kennepa, HetoToHa 1 X mociaeaoBaTenei, cpeid KOTOPBIX TOXkE ObLIO He-
MaJIo BBIJAIOIIUXCS MATEMATUKOB.

3ameHa HeOecHBIX cep ApHUCTOTENs KEIICPOBbIM ABMKCHUEM IUIAHET IO 3JI-
JUNTUYECKUM OpOUTaM BBIJIBUHYJA Ha TMEPEIHUN IJIaH BOIPOC O CUJIAX, YACPKHU-
BAIOIIUX IUIaHEThl Ha opOutax. Ppaniy3ckuil ¢unocodp u marematuk P. [ekapt
(1596-1650) npeanoaoKui, 4To BCe IPOCTPAHCTBO MEKIY TEIaMH 3arlOIHEHO TOH-
yaifiieil Mmatepueil. Buxpu 3Toro BemiecTBa yAep>KMBAIOT IJIAHETHI HA UX OpOUTAaX, a
BCE B3aMMOJICVCTBHUS MEPENAIOTCA IIyTEM MPSIMOTO KOHTAKTA.

B xonne 1600-x rofoB B Hay4HBIX Kpyrax AHIJIMHM CTalM OOCYKJIAThbCS allb-
TEPHATUBHBIE TEOPHUH TATOTEHUA. [I0CKOJIBKY OBIIIO M3BECTHO, YTO CBET OCHIA0JIAETCA
MIPOTIOPLIMOHANIBHO KBAAPATY PACCTOSHUS, HECKOJIBKO aHTJIMUCKUX YUYCHBIX, BKIIHOYas
3. l'annes (1656-1743), P. I'yka (1635—-1702) u K. Pena (1632—-1723), npeanosioxu-
JIM, 4TO MOTJIa Obl CYILIECTBOBATh HEKasl MOJO00HAs CHJIa B3aUMHOI'O MPUTSKEHUS TElL.
Hu onvH U3 HUX, OTHAKO, HE JJaJI MATEMATHYECKOTO PEUIEHUS 3TOU MPOOIIEMBI.

B 1684 I'anneit mocetun W. Herotona (1643—1727), aro6sr oOcyauTh mpooIie-
My TATOTEHUS, U, YBUJIEB, YTO TOT OJIM30K K €€ PEIICHUI0, HACTOSUT HAa YCKOPEHUU pa-
6ot. Crnenyromue Tpu rojga HeloTOH mpu mojyiepkke ['amiest mouTd HENnpephIBHO
TPYIUIICS HaJl 3TOM npobiemoit. O0beMHUB uccheaoBanus ["anunes Haa magaronu-
MU Ha 3eMJie TeJlaMH U KEIUJIEPOBBI 3aKOHBL TIFIAHETHBIX JBUKEeHHM, Hbl0TOH co3man
CTPOTYIO TEOPHUIO TATOTCHHS, NEUCTBUTEIbHO oObenuHuBiyto ComHIile, 3eMio u
IIJIAHETHI B €IMHYIO CUCTEMY.

HbI0TOH M3I10KUI CBOU OTKPBITUS B Mamemamuyeckux Hauaniax HamypaibHou
gunocoghuu (Philosophiae naturalis principia mathematica, 1687). Bce naOmronac-
Mbie B COTHEUHOU cucTeMe SIBJICHUS BBIBOAWINCH B KHUTe HbhlOTOHA ¢ MaTemMaTuye-
CKOM TOYHOCTBIO U3 HECKOJIBKUX OCHOBHBIX MPUHIIMIIOB U 3aKOHA BCEMUPHOTO TATO-
TEHHUS.

Knura I — maTemaTnueckoe onucaHue ABMKEHUS] CBOOOAHOTO Teja MOJl BIMS-
HUE JICUCTBYIONIUMX HA HEro CUJI — YTBEPKJAeT HOBBIC MPUHIUIBI MexaHuku. OHa
HAaYMHAETCS C OMPEJETeHUs] TOro, YTO TENeph HA3bIBAIOT MHEPLHUEH, MAacCO U UM-
MyJIbCOM, a 3aTeM (DOPMYIUPYET TPU 3HAMEHHUTHIX HHIOTOHOBBIX 3aKOHA JIBIKCHHUS.

Kuura II — o ger>keHun tenn B cpee ¢ CONPOTUBIEHUEM — B OCHOBHOM OIIPO-
BEPraeT Teopuro Buxpeu Jlexapra.

B Kuwure 111 HpioToH mpuMeHseT CBOIO TEOPHUIO TpaBUTAIMK (HAaKTHIECKU KO
BceM TenaM COJHEYHOUM cucTeMbl — K IUlaHeTaMm, JIyHe U IpyruMm CoyTHUKaM, K KO-
MeTaM, — JIJIs KOTOPBIX UMEJIMCh TOYHbIE HAOIOICHHMS.

Hepaspemmmoe npoTtuBopeurne MEXy MOHSATHEM O TATOTEHUU U JEHCTBUEM
CWJI Ha PACCTOSIHUU KpailHe 3aTpyIHAIO pacnpocTpanenue Teopur HetotoHa. TeM He
MeHee, B COOCTBEHHOM CTpaHE OH MpoIIe] MyTh OT OJUHOKOTO 3KCUEHTPUYHOIO
npodeccopa Tpunutu-komienxa B KemOopumxke 10 npesuaeHta JIoHA0HCKOro KOpo-
neBckoro odmecta (1703—1727). XoTs U MEIJIEHHO, €T0 MaTeMaTUYECKUE TEOPUHU
yCKaJIA KOPHH.
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Cam HpioTOH HE MOT OOBSICHUTH OCOOCHHOCTEH NBHXKEHUS BceX wieHoB Coul-
HEYHOU cucTeMbl. HEBO3MOXKHO OBLIO TOYHO aHAJIUTHUYECKU PEIIMTh 3a]ady O JBU-
KEHUU YK€ TPEeX B3aMMHO MpUTATHBAIOIIMXCS Tel. Jake nmpuOimkeHHoe ee perie-
HUE TpeOOBaJIO0 MHOTUX MECSIIEB U JJaXKe JIET KpOMOTIMBBIX BhiunciaeHul. [lokonenue
TaJaHTJIMBBIX KOHTUHEHTAIBHBIX, B TIEPBYIO Oouepe/ib (PpaHIly3CKUX, MATEMATUKOB —
takux, kak Anexcu Kion Kuepo (1713-1765), XKaun a'Anaméep (1717-1783), Jleo-
Hapz Jitaep (1707-1783), XKozed Jiyn Jarpanxk (1736-1813) u [Ieep Cumon Jla-
miaac (1749-1827), — ycnenrHo pa3pemmio, B OOJIBIICH WM MEHBIICH CTEIICHH, PSLI
po0JeM, Kacaromuxcs ABMKeHUs Tel B COJTHEYHOM CUCTEME, IPUMEHSS U pa3BUBas
HBIOTOHOBY TEOPHIO

Kemniepa 3aKOHBI - SMIIUPUYECKUE 3aKOHBI, ONMUCHIBAIOIINE JBUKEHUE IJIAHET
Bokpyr Connna. Ycranosnensl U. Kennepowm (J. Kepler) B Hau. 17 B. Ha OCHOBE Ha-
OJIFOZIEHUH TTOJIOKEHUHN IUIAHET OTHOCUTEIBHO 3Bé3)115.

[Tepssiit K. 3. Bce nnaneTsl ABMXKYTCS MO 3JUIMIICAM, B OTHOM U3 (POKYCOB KO-
TopbIX HaxoauTcs: CoHIe.

Bropoii K. 3. Ilnomaau, onucslBaeMble paJinycaMu-BEeKTOpPaMHU IUIAHET, IPO-
IIOPLIMOHAJIbHBI BPEMEHH.

Tperuit K.3. KBagpatel nepuoioB oOpaiieHuii OTHOCATCS Kak KyObl UX cpe-

HUX paccrosiHuii ot CoJHIA.
[TepBrie aBa K. 3. 6pu1M ony6nukoBansl B 1609, tpetuii - B 1619. K. 3. cbirpanu Bax-
HYIO poJib B ycTaHoBieHHH M. Hpl0TOHOM 3aKOHA BCEMUPHOTO TATOTECHUS. Pemenue
3a/layu O ABMKEHUU MaTE€pUaIbHOU TOUKU, B3aMMOACHCTBYIOIIEH IO 3TOMY 3aKOHY C
HETMOABMKHOW LIEHTPAJbHON TOYKON (HEBO3MYLIEHHOE KEIJIEPOBCKOE ABUKEHHE),
MPUBOANT K (popMyIHpoBKe 00001mEHHBIX K. 3.

1. B HEBO3MYIIEHHOM IBUKEHWU OpOMTA JBUKYILEWUCS TOYKH €CTh KpHUBAs
BTOPOTO MOPSAKA, B OTHOM U3 (POKYCOB KOTOPOW HAXOJIUTCSA LEHTP CHJIbI IMPUTSKE-
HUSL.

2. B HEBO3MYIIEHHOM [JBWKEHUU IUIOIIA[b, OMNMUCHIBAEMasi paauyCcoM-
BEKTOPOM TOYKH, U3MEHSETCS IPONOPLIMOHAIBHO BPEMEHMU.

3. B HEBO3MYIIEHHOM 3JUIMNITHYECKOM JIBH)KEHUM JABYX TOYEK IPOU3BEICHHUS
KBaJpaToOB BpeMEH OOpaIlieHnii Ha CYMMBI MacC IIEHTPAIbHOW U JABMKYIIEHCS TOUYEK
OTHOCSITCS KaK KyObl OOJIBIINX MOIYOCEi X OpOuUT:

T me+m _a’

2 - 31
T, m,+m, a,

(2.1)

rae Ty u T, - mepuobl oOpanieHus TOYeK ¢ MaccaMy My U My, IBUKYIIUXCS BOKPYT
HEHTPAJIbHON TOYKH C Macco My Mo 3JUIMICAM € OOJBIIMMU MOJTYOCSAMHU a; U ap CO-
OTBETCTBEHHO.

Tpetuit 3akoH, B 4aCTHOCTH, TMO3BOJIAET MPHUOIMKEHHO OINPESTsTh MacChl
MJIaHeT, oOnanarmmx crnyTHuKaMmu. [lycTs crmyTHHK ¢ Maccoit m, oOpaiaercs o
AIUTUTICY ¢ OOJIBIIION TOYOChIO a; BOKPYT IUIAHETHI C MAacCOM mj, KOTOpasi, B CBOIO
ouepenb, MBIWKETCS BOKpyr COJHIIA MO SJUTMITHYECKOW opOuTe ¢ OOJBIION MOmy-

5 Jur.: Hy6ommH I'. H. HeGecnast mexanuka, 2 uzn., M.. 1978.
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OChI0 a;. Toraa ecnu U3 HaOMIOICHUI U3BECTHHI 3HAUEHUS a; U Ay, & TAKKE BEJIMUUHBI
nepuooB oOpaiieHuid mianetsl Bokpyr Comnuua (T;) U cyTHHKA BOKPYT IJIAHETHI
(T), TO pu ycnoBUU my>M, U3 TPETHETO 3aKOHA MOYKHO OINPEACIIUTh BEJIMUYMHY M; B
eauHuIax Mmaccol CosHIla my:

ael)(e) ¢

bbbt HayuyHO 00BsACHEHBI (POPMBI OPOUT IUIAHET CONIHEUHOUM cuctembl. C Tex
NOp MPOTSKEHHOCTh MUPA YBEINYMIIACh HA MHOTO MOPSAJIKOB BEIUYUHBI, HO MIPOCTO-
Ta U SICHOCTh MEPBOM HAyYHOW KAapTHHBI 3aBOPaXUBAeT, XOTsS B HAadalle, HAJIO MpHU-
3HaTh, TAM TOXE XBaTaJI0 3a00T: U BHyTpUHAYYHAs! KOHKYPEHIIUS, U LIEPKOBb.... Jla u
cama MexaHHuKa Obljla IOCTPOEHA JIOTUYHO M TOYHO He cpa3y. OHa Bce Bpems yiayd-
manach TpyJlaMHu TaJIaHTJIMBBIX HcclienoBarenieid. Ot ypaBHeHuil HploTOHA 10 ypaB-
HEeHUM ['aMHIIbTOHA MTPONIIIO HEMAJIO JIET.

3.1. YpaBHeHus NamunbTOHa

B pamkax kiaccMuecKkod MEXaHUKW 3aKOHBI MPHUPOJBI BBIPAKAIOTCA C TMTOMO-
1IbI0 YpaBHEHUW ['aMunbpTOHA: (KAaHOHWYECKUE YPaBHEHUS MEXAaHHUKH) - AuddepeH-
[IUATBHBIX YpaBHEHUI ABM)KCHUS TOJIOHOMHON MEXaHUYECKON CUCTEMBl B KaHOHHYE-
CKUX IIEPEMEHHBIX, KOTOPBIMU SIBJIAIOTCA S 000OUIEHHBIX KOOPIMHAT i U S 0000LIEH-
HBIX UMITYJIbCOB Pj, TJI€ S - YUCIIO CTENEHEH CBOOOIbI CUCTEMBI.

Boienenst V. P. Tamunsronom (W. R. Hamilton) B 1834, Jinst cocrapnenus
ypaBHEHUs ['aMUIIbTOHA HAJI0 B KA4eCTBE XapaKTEPUCTUUYECKON (DYHKLMU CHCTEMBI
3Hath ["amunbToHa dynkumo H(gi, pi, t), rae t - Bpems. Toraa, ecnu Bce AEUCTBYIO-
1€ Ha CUCTEMY CHJIbI IOTEHINAIIbHBI, ypaBHEHUs [ aMUIIbTOHA UMEIOT BU

dqg. dp.
4 _oH , Py __H (j=12,..,5), (2.3)
dt  Jp; dt aq.

J

Tae q;, p; - POCTPAHCTBCHHBIC KOOPIMHATHI U MMITYJILCHI COOTBETCTBEHHO,
a s - YuCIo cTeneHeil cBo0o bl cucteMbl. DyHKIMs ["amMmunbpToHa
H(qjlpj):TJrUl (24)

rae T - KHHETU4YeCKasd, a U - IOTCHIIMaJIbHasA OHCPI'HUU.

Jlo mosiBIEHHMs ypaBHEHHUM BJIEKTPOAMHAMHKM MakcBenna 3TH ypaBHEHUS
MPECTABIISUIUCH OJIHBIM CBOJIOM 3aKOHOB IpUpoibl. Hayano TakoMy noaxofy /aj B
XVIIl B. Ucaak HproTOH, KOTOPHBI CHOPMYITHPOBAI €0 CIEIYIONUM 00pa3om: « 51

. TIOJIO3PEBA0, YTO [BCSIKOE SIBIICHUE MPHUPOJIBI| MOXKET OBITh IETUKOM OIMHCAHO

' TAMWJIBTOH Vumeam Poyan (1805-65), wupnaHickuii MaTEMATHK, HHOCTDAHHBIA HIICH-
koppecnionneHT IletepOyprekoit AH (1837). Jlanm Tounoe ¢popMambHOE H3I0KEHHUE TEOPHUH KOMITIICKCHBIX
yucen. [locTpoms cucremy umcen — KBaTEepHUOHOB. B MexaHuke nan oOIiuii NpUHIMI HaUMMEHBILETO
JEHCTBHUSL.



33

NEUCTBUEM OMPEAECICHHBIX CUJI, MOCPEICTBOM KOTOPBIX YACTHUIBI TEN ... JIUOO MpHU-
TATUBAIOTCS APYT K APYTY, CBA3BIBASCH B MPaBWIbHBIE (DOPMBI, TUOO OTTAIKUBAIOTCS,
YAQISSCH APYT OT APYTay.

B XIX B. ¢usuk, pusnonor u ncuxosor I'epman ['enbMrosibil BeIpas3uil 1Mo100-
HbI€ B3MJISI/IBI CICAYIOIUMH CIIOBaMHU: «3afadyeil (PU3MKHU SIBISETCA CBEJACHHE BCEX
SABJIECHUN TPUPOJIBI K CUJIaM NPUTSKEHUSI U OTTATKUBAHUSL, UHTEHCUBHOCTh KOTOPBIX
3aBUCHUT OT PACCTOSIHUS MEXKIY MATEPUATBHBIMU TeJIaMU. TOJIBKO pElInB 3Ty 3a/1a4y,
MBI MOKE€M OBITh YBEPEHBI B IO3HABAEMOCTH MPUPOIB». SABIeHNEM TTpUpos! [ enpm-
rOJIbL] CUUTAII, PA3YMEETCS, U )KU3Hb.

Tpynamu co3mareneid MeXaHUKH HAOJIOJICHUE U IKCIIEPUMEHT CTAHOBSITCS He-
OThEMJIEMOM YacThlO HayKu. PaHbliie pyuHoil Tpya cuutaics yaeiaoMm pabos. Temnepn
Oyarojapsi SKCIEPUMEHTY U €ro MaTeMaTUYECKOMY OMUCAHUIO CTAJM CYUTATh, YTO
MHUp COCTOUT U3 B3aMMOJICHCTBYIOIIMX YACTHUII, HAXOSAIIUXCS B HEMIPEPHIBHOM JIBH-
*KeHuH. Bece nmelicTByrole NpUYUHHO-CIIEICTBEHHBIE CBSI3U COTBOpPEHBI borom. Ot-
KpbIBasi 3aKOHBI (DYHKIIMOHUPOBAHMS MHUpPA, CO3/1aHHbie borom, ydeHble CMOTYT
MpeacKa3biBaTh COObITUSL B OyaymieM. [losiBisitoTCS JOCTaTOYHO COBEPIICHHBIE Me-
XaHUYECKUE MPUOOPHI: TEPMOMETPHI, OAPOMETPHI, JorapuMUUYECKUE TUHEHKH, Ma-
ATHUKOBBIE YacChl U Jp.

Yacel, m1o/100HO KoMIbIOTepaM B XX B. OKa3aJIMCh NMPUYUHON TEXHOJIOTHYE-
ckoro mnpopsbiBa. [IpaBna, B IpeBHOCTH aBTOMAThl YXKE€ MPUMEHSIIUCh, OCOOEHHO B
Kurae. Yacbl cuMBOIM3UpOBaIM COOOM MOJENs MUpa B LEJIOM. Mup cuMTascs 3aBe-
JIeHHbIM borom, kak yackl, ¥ jajibiie (GyHKIMOHUPOBAI caM Mo 3akoHaM WM naH-
HbIM. Takoil MoAX0/l B PEIUTUM Ha3bIBaeTCs Aeu3MoM. [1o100HbIe B3IIsI bl OBLIN Xa-
paktepubl s Moranna Kemnnepa, Pene Jlexkapra, Xpuctuana Bonbda («yuurtesns»
M.B. JlomonocoBa) u ap. U3 uaen 60xecTBEHHOro MpeaoIpeaeaeHus poauioch Qpu-
J0COCKOE TEUCHHE NETEPMUHU3MA U PEAYKIMOHM3MA. SIpKUM TEXHUUYECKUM BO-
IJIOIIEHUEM MEXAaHMYECKOTO MOIX0/1a CTaja BBIYUCIHUTENbHAS MallllHa, KOTOPYIO
co3nan Yapnws3z beooumx (1792-1871). Ero mammua npou3Boanuiia BEIYUCICHUS ObI-
CTpEE YeJIOBEKa, MOIJIa UTPATh B IIAXMATHI, IIAIIKA U JIP. UTPHI.

B kauectBe nepBONpUYNHBI SBJIEHUN, IO oBOAYy Kotopou WM. HeroTOH roso-
pUWII: TUIIOTE3 HE JeNar0, BhICTyMan no-npexHeMy bor. [TogoOHas anamorus xak Obl
3aMMCTBOBaHA U3 CLIECHUYECKOTO OCHAIIECHUSI aHTUYHOW Tpareinu, B KOTOPOil B XOJe
JICUCTBUSA MOT y9acTBOBAaTh «OOT M3 MAIIUHBDY, YCTPAHSIBIINN IPOTUBOPEUHS], KOTa
OHM 3aXOJMJIM TaK AAJIEKO, YTO UX Pa3pellieHHe CTaHOBUIIOCH, Ka3aloCh Obl, HE MO
cuity uesoBeky. Kak Mbl yBUIMM U3 JajdbHEHINEro, HayKa MOCTEINEHHO OTXOAMIA OT
ujen 0ora u yke B MEXaHHCTUUYECKYIO dIOXYy He KTO MHOM, kak Jlamnac, oTBeuas Ha-
MOJIEOHY MO MOBOAY CO3JaHHOM MM MOJIEIN BCEICHHOMW, 3asBUJI, YTO TUIOTe3a Oora
emy He noHagoOunacek. Eme HploTOH, Kak oTMeueHO BbIlle, 3agBisil: «['unore3 He
nenato». Ho Tak i 310 6610 Ha camom aene? Mccnenys atot Bonpoc, C.M. BaBuios
cuutan HeroToHa MactepoMm runore3. B dyem ke aeno? Bo3MoxkHO, Takoe yTBEpAKIe-
HUE TIOHao0mI0Ch HhI0TOHY, 4TOOBI OTMEKEBATHCS OT T.H. CKPBITHIX KaueCTB, IIPU-
nuchbiBaeMbIX npupojge. OH mpennoyen CBEICHUE MPUPOJHBIX 3aKOHOMEPHOCTEU K
HekuM npuHimnaMm. OaHaKo, BO-MEPBBIX, MPUHIIUIIBI BECbMa HAIIOMUHAIN TUIIOTE3HI,
a BO-BTOPBIX, HE PACKPBIBAJIM MPUYUH SIBIICHUI, OTBEYas B OCHOBHOM Ha BOIPOC
«KakK?», HO He «1oyeMy?». B camom nerne, BONPOC 0 NpUYUHE TATOTEHUSI OCTABAJICS U
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octaetcs noHbiHe (!) oTKpbIThIM. HpI0TOH mucan: «J{0BOJIBHO TOTO, YTO TSITOTEHHE HA
caMOM JieJie CYIIECTBYeT M JEHCTBYET COTJIACHO M3JI0)KCHHBIM HaMHM 3aKOHaM H
BITOJIHE JJOCTATOYHO ISl OOBSICHEHHUS BCEX JIBUKECHUN HEOCCHBIX TEJ U MOPSI».

[IpocTpancTBO M BpeMs B MexaHuke HbroTOHA OB OT/IENIEHBI IPYT OT JApyTa,
T.€. CYIIECTBOBAJIM HE3aBHCHUMO, M paccMaTpUBAIMCh Kak abcomtotHbie. M 31O He-
CMOTpPS Ha TO, 4YTO, KaK OBLJIO TMOKa3aHO caMuM HBIOTOHOM, HHKaKOMY COOBITHIO
HEJIb3s MPUITHUCHIBATh a0COIIOTHOTO TOJIOKEHHS B MPOCTPAHCTBE, MO0 3aKOHBI JIBH-
KEHUSI OJIMHAKOBHI B MHEPLIHAIBHBIX cucTeMax. Ho 3To mpoTuBopeumnsno ujee adbco-
moTtHOro bora, m Hel0TOH ocTaBmi B cujie abCOFOTHOE TPOCTPAHCTBO (CYIIECTBO-
BaBIIIEE €I Yy APUCTOTEIIA), @ TAKKE aOCOTIOTHOE BPEMS.

3.2. OCHOBHbI€ NOJIOXKEHUA MeXaHN4YeCKOU KapTuUHbl MUpPa.

Bpemsa cuumaemcs obpamumeim (max nocmpoenst ypagHers,)

Bce npoyeccovr 0emepmunuposanul

lIpocmpancmeo u epems abcontomHuvl U He C8A3AHBL C OBUNCEHUEM Meil

Bce popmur 0sudicenus mamepuu pedyyupyromes Kk Mexamuyeckomy O8UiICe-
HUIO

Ipunyun oanvroOelrcmeus: cuibl pacnpocmpaHsiomcs 8 nyCmom NpoCmpat-
cmee MCHOBEHHO.

N3BecTHBII NEpCUCKUI MO3T CpeAHEBEKOBbd Omap Xailam CBOM I'€HHUAJIbHbBIC
MPEAYYBCTBUSI HAa TEeMy JACTEPMHHH3MA HEOJHOKPATHO OOJEKal B MOITHYECKYIO

bopmy:

B nercTBe X0AMM 32 UICTUHOMW K YUUTEIISIM,

[Tocne — XOaAT 32 UCTUHOW K HAILIUM JIBEPSIM.

I'me >xe nctruHa? MbI NOSABUINCH U3 KaILIH.

Cranem — npaxoM. BOT cMbIcT 3TOM cKka3ku, XausiM.

«HenmoctaTkny MEXaHWYECKOW KapTHUHbBI MUPA.

1.OTcyTCcTBME NPUYUH NPUTSKEHUS TEN.

2.Cuibl (MPUTSHKEHUS) YUTSHBI TOIBKO PaaraibHbIC.

3.HescHo, uto ecTh Macca cama 1o cebe, a He B «OTHOIICHUSIX.

Urak, mexaHndeckass KapTHHAa MHpA OIHWCHIBACTCS CHUCTEMOW YPaBHECHUH H
HMEET MPEACKA3aTeNIbHYI0 CHITy. B cHrily 3TOro npu aeTanbHOM pacCMOTPEHHH KakKo-
ro-J100 SBJICHUS IPUHSTO TOBOPUTH O €r0 «MEXaHU3Me». 3a/1aul MEXaHUKHU 00ycIlo-
BWJIM CYILLIECTBEHHBIN MPOTPECC B MATEMATUKE, XOTS MAaTEMATHKA 10 CBOEH CyTH HE
ABJISIETCSI €CTECTBEHHOM Haykoil. OTKpbITHE TU(DPEPEHIIMATBHOTO U UHTETPAIBLHOTO
MCYUCJIEHNI HAXOAWIOCh B TECHOM CBSI3U € 3aJja4aMy MEXaHUKHU U ONTUKU. Bripoyewm,
10 TAKOMY MOBOJY ObLJIO ObI YMECTHO TOBOPUTH O JIyX€ BPEMEHU, KOTOPBIN BIUSII HA
TBOPYECTBO MHOTHX y4yeHbIX. Tem Oonee uro Jlammac, Ilyaccon, 'amunbToH paspa-
0oTanu MaTeMaTHYECKHU armapar, BRIXOIALIUI 3a paMKH MOTPEOHOCTEH MEXaHUKH.
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BcnomuuMm, HanpuMmep, MOHATHE MOTEHIMana. MateMaTUKU YyTKO YJIaBIMBAIM JAyX
BPEMEHHU.

Cucrema ypaBHeHui — 310 xopoiuo. Ho rae ke, cripocurte Bbl, COOCTBEHHO (Pu-
3uka? Jla u B uem oHa mpossisieTcsi? KonnuecTBeHHbIE COOTHOIIEHUSI — 3TO CKOpee
10 BEJIOMCTBY MaTeMaTHKU. A TJe K€ KauyeCTBEeHHbIe? A TO, 4yero A00poro, HEKOTO-
pbie coBpeMeHHbIe (PuiIocodbl COBCEM YX NpUMYT (U3UKY 3a OECKaueCTBEHHYIO
Hayky! Jla 1 MOXHO JiM IBUTATh (PU3UKY BIEpe] HA OCHOBE OJIHUX JIUIIh MaTeMaTH-
yeckux Mmojeneit? Beap mporpecc B €CTECTBEHHBIX Haykax He 00xomuTcst 0e3 m30-
Operenuii. A n3o0perenus B (pU3MKE HE JETAIOTCS, KaK MPaBUIIO, HA OCHOBE MaTeMa-
TUYECKUX COOTHOIIEHU. HyXHbI KaueCTBEHHbBIC PACCYXJICHUS, BaXKHbIC JJI MOCTa-
HOBKH JKCIIEPUMEHTA, KOTOpPhIE U ACNA0T (U3UKY CaMOCTOATEIbHON Haykou. bes
HUX HEBO3MOXHO JeNaTh W300pETeHHUs], T.K. TPYIAHO CPOpMYIUpOBaTh HPOTUBOpPE-
Yusi, KOTOPBIC TOKHBI pa3peniaTh H300pETEHUS.

I1. Opendecr nucan: «Pusnka Npocrta, HO HEyJTOBUMa». Brpoyem, Tak i yx
HeynoBuMa? J{7ist MpOsICHEHHs 3TOTO BOIIPOCa, pACCMOTPUM Ha KaY€CTBEHHOM YPOBHE
OJIHY JJOBOJIBHO IIPOCTYIO MOJIENIb MEXAHUYECKOTO JIBUOKEHUSI.

3.3. Cucrema 3emns - JlyHa

Ota HauOoiiee OyM3Kasg K HAM IUIAHETHAs CUCTEMa ObLIa MPEIMETOM MpH-
ctaibHOTO BHUMaHuA M. HpoTOHAa Ha MpOTSXEHUM MHOTUX JeT. To, 4To yJanoch
clenaTh B 3TOM OTHOLICHWH, €r0 HE BIIOJHE yAOBIETBOpWIO. OOWH W3 ACIEKTOB
po0JieMbl YKa3aHHBIX HEOECHBIX TEJI, KOTOPHI HAM HE YAalI0Ch HAWTH U3J105KEHHBIM
B JIOCTYITHOHM (hopme, OyJIeT ONMCcaH HUXeE.

3aKOH BCEMHUPHOT'O TATOTEHHUS OMUCHIBAET (POpMY OpOUTHI IJIAHETHI U CaMO €€
(opOuThl) cymiecTBOBaHUE. A Kak OOBACHUTH TOT (hakT, yTo JIyHa, Hampumep, moBep-
HyTa K 3eMJI€ OJIHOW CBOEW CTOPOHOI? BOT TyT-TO Ba)KHO IMOHATH SIBJICHUE CHayasa
KaueCTBEHHO, CO3/1aTh (PU3MUECKYIO0 MOJIEIb SBJICHHS, 4 HA €€ OCHOBE MOXHO CTPO-
UTh U MOJENIb MaTeMaTuyeckyro. [lompobyeM MpenyoXuTh HEKYI KayeCTBEHHYIO
MoJenb BMKeHUs JIyHbl, iMesi B BUY MTOCTaBICHHYIO 3aJa4y. DTO 3a0/IHO MPOJI0JI-
KUT yKE HAUaTylo HaMU JIMHUIO «(PU3MKa Ha majabliaxy, JOCTAaTOYHO MOIMYJISIPHYIO B
¢bu3HuKe, TpUYeM HE TOJIBKO 3JIEMEHTAPHOM.

1 ) —
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Puc. 2.1. MoHETBI B HCXOIHOM II0JI0KEHUN

Bo3bpMeM 1B€ MOHETBI OJMHAKOBOTO JIOCTOMHCTBA, UMEIOLIUE, CIIEIOBATEIIBHO,
oauHakoBble quaMmeTpel. Ha puc. 1 moka3zano nx mcxogHoe nonoxenue. M3 pucynka
BHJIHO, 9TO 00€ MOHETHI OPHUEHTUPOBAHBI (00 ATOM TOBOPUT HAIMPABIICHUE CTPEIIKH)
onnHaKoBO. Termeps 3aCTaBUM MOHETY | KaTUThCsI IO MOHETE 2 0€3 CKOIBKECHHS TaK,
9TOOBI MOHETA TPOIIIA ITYTh B TIOJIOBUHY OKPYXKHOCTH TI0 MOHeTe 2. CrpammBaeTcs,
B KaKOM TIOJIOKEHUH OKa)XKETCS MOHETAa 2 OTHOCUTEIBHO CBOEU HayaabHOM YTIIOBOM
opueHTanuu? HeTpyaHO HEMOCPEICTBEHHO, OMBITHBIM IyTEM YOEOUTHCS, YTO 9Ta
OpHUEHTalMs OTPaKEHa Ha PUC. 5, TO €CTh OHA COBIIA/IAET C UCXOJHOM.

[Tonyuaercs, 4yTo, MPONASA MOJOBUHY OKPYKHOCTH IO MOHETE 1, MOHETa 2 mo-
BEpHYJIaCh Ha TOJIHBIN 000pOT BOKPYT cBoeil ocu. Kak Takoe morio npousoitu? Cu-
Tyaluo nosicHser puc. 6. Ternepp MoHeTa | HE UMEET BO3MOKHOCTH BpAIIaThCs BO-
KpyT' COOCTBEHHOI'O IIEHTPA, a MOKET COBEPIIATh BPAIIATEILHOC JIBUKEHUE TOJIBKO
BOKPYT LIeHTpa MOHETHI 2. [lociie mpoxokIeHHs MTOTYyOKPYKHOCTH MOHETHI 2 MOHETA
| oka3piBaeTcs B YIJIOBOM OTHOILIEHHWH IMOBEPHYTa OTHOCUTEIBHO CBOEIO MCXOJHOTO
MOJIOKEeHUS He Ha yrou 360 rpaaycoB, Kak paHbliie (puc.S), a Ha yroa 180 rpamycos.
[Ipu s3ToM MoHeTa 1 Bce Bpems MOBEPHYTA K MOHETE 2 OJIHOM CTOPOHOM. ITO 00BsC-
HSET U NPEIBIAYIIAN pe3ysbTar. TaM MOHETa HE TOJIBKO Bpallaiach BOKPYT LEHTpa
MOHETHI 2, HO M KaTWJIACh MO 3TOW MOHETE, YTO MO3BOJIUJIO €/ BpalaThCs BJBOE ObI-
CTpee, 4eM B cilyuae, MpeCTaBICHHOM Ha puc. 6.

f

Puc. 2.2. MoHeTHI B KOHEYHOM TI0JIOKEHUA
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a §)

Puc. 2.3. JIBmxeHnue MOHETHI | ¢ 3aKperieHHOM OChbl0, BpaIllaloLIelcss OTHOCUTENBHO LIEH-
Tpa MoHETHI 2. MoHeTa 1 He coBepIIaeT KaueHUs 0 OKPYKHOCTH MOHETHI 2.

Kak npuMeHuTb, CIPOCUTE BbI, PACCMOTPEHHBIN MPUMEP K ABWKEHUIO JIYHBI?
UTo B 3TOM cllydae MOXET BBINOJHATH pojib (PUKcaTOpa OCH BpallleHHs, HE MO3BO-
nuBiiero MoHere 1 (ananory JlyHbl) Bpamarbcs BOKpYr coOCTBeHHOU ocu? OTBeT
TakoB. JKEeCTKOM CBSI3U B IBHKCHHUH IIJIAHET, KOHEUYHO, HET, HO aHAJIOT JKECTKOM CBS3H
BO3MOEH. UM MOXET MOCIIYKUTh HECOBIAICHUE IeHTpa Macc JIyHbI ¢ ee reoMeTpu-
YeCKMM LEeHTpOM. KOHEYHO, HECOBIAIEHUE I[EHTPA MAcC ¢ F'€OMETPUUYECKUM IICH-
TPOM JIeTYe OKUIATh OT TeJla MEHEe MPaBWIbHON reomeTpuueckoi ¢popmbl. M Takue
tena B CoHeuHOM crucTteme cymecTByIoT. 1o ®@oboc u Jleiimoc — cmyTHrKH Mapca,
KOTOPBIE TOXKE IMOBEPHYTHI OJJHOM CTOPOHOM K LIEHTPAIIbHOMY TEIY.

@dusnueckas MOAENIb NpemiokeHa. UTo ke ocTraeTcs Ha O MaTreMaThye-
ckoii Monenu? E¥ mpumercs 3aHATHCS pacdueToM HEOOXOJMMOM BEIMYHMHBI IKCIICH-
TpucuTeTa JIyHBI, T.€. OTKJIOHEHUS LIEHTPA Macc OT FEOMETPUUECKOTO LEHTPA HAILIETO
HeOecHOro cryTHUKA. M €ciiu BelMMurMHa SKCICHTPUCUTETAa OKAKETCS B Pa3yMHBIX
npejiesiax, TO Halla Ka4eCTBEHHAs MOJIENIb MOJATBEPAUTCS KOJIMYECTBEHHO U, TEM Ca-
MbIM, MOJIYYUT OKOHYATEIbHOE MPaBO HAa CyllecTBOBaHuE. i mpeBpalleHus npea-
JI0’KEHHOUW MOJIeSIM U3 KaueCTBEHHOM TMIIOTE3bl B KOJUYECTBEHHYIO TEOPUIO HEOOXO-
JIMMO pacCUYUTaTh, XBAaTUT JIM U3BECTHOTO U3 JAPYTUX HAOIIOJACHUHN DKCIEHTPUCUTETA
Jlynsl (JIyHa BBITSHYTa 10 HaNpaBJICHUIO K 3eMJI€ TOJ BIUSHUEM IMPUTHKEHUS I10-
CIIeAHEN) ISl peayin3allii BCETO SIBJICHUSI OJJHOCTOPOHHEH «IOBEpHYTOCTH» JIYHBI K
3emsie. CrelyeT OTMETUTH B 3aKJIIOUYEHHUE, YTO aBTOP MOKA HE HAIEN B JIUTEPAType
JPYTOTO MPOCTOTO OOBSICHEHUS SBIICHUS «OJTHOCTOPOHHOCTUY B JIBHOKCHUH JIyHBI.

3.4. leTepMUHU3M N OTKITOHEHUS OT Hero

Knaccrnueckass MexaHuka, 0 KOTOPOW IIa pedyb A0 CUX NOp, OJHO3HAYHO BbI-
BOJAUT CIJEACTBHE W3 NPUYMHBI U JEMOHCTPUPYET JAETEPMUHU3M (IPHUYUHHO-
CJIEICTBEHHYIO CBsi3b). OIHAKO, KaK 3TO ObUIO 3aMEUEHO Ha MpUMEpe 3aKoHa o0paT-
HBIX KBaJIpaTOB, MOTYT CYIIECTBOBATh MPEAEIIbHBIE CIy4au, B KOTOPBIX CONEPKUTCS
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HEKUU HaMEK, YTO MPOIIECCHl MOTYT MPOUCXOAUTh U He Tak. [lompoOyem HailTu yka-
3aHME HA BBIXOJ 3a MPEIEIbl AETEPMUHU3MA BHYTPH CAMOW KJIACCHYECKON MEXaHUKH.

Marematuueckue TpyAHOCTH HAUMHAIOTCA 3[ECh IPU PACCMOTPEHUU IpoldIie-
Mbl MHOTHX Tell (0oJblie AByX). PaccMOTpUM MO3TOMY KaueCTBEHHO TakK Ha3blBae-
MYIO OMIIBSIpJIHYIO ITpoOsieMy. B pemieTky U3 jKeCTKO 3aKpEIICHHBIX 1IapOB BIETAET
map, o0naJaroMil onpeneaeHHON (TI0 HaPaBJICHUIO U BEJIMYMHE) HAYaJIbHOU CKO-
pocThio. VcnbITaB HECKOJIBKO CTOJIKHOBEHUMH, OH BBUIETAET U3 CUCTEMBI C HEKOU (13-
MEHUBIICHCS MO0 CPAaBHEHHUIO C HAYAJIbHOM) CKOPOCTHIO. 3aPUKCUPYEM ITY KOHEUHYIO
CKOpOCTb U MONpoOyeM MOBTOPUTH IKcnepuMeHT. Kak MokHO Gonee TIiaTenabHO Co-
OJr0/IeM HavyallbHbIe M TPAaHUYHbBIC YCIOBUS U YOEIUMCS, YTO Ha BBIXOJIE€ 3HAUYEHUE
CKOPOCTH IIOBTOPHTH HE yhaeTcs. boisee Toro, pasopoc oT SKCEpUMEHTa K IKCIEPH-
MEHTY OY€Hb OOJIBIION, TAK YTO TOBOPUTH B 3TOM OIIBITE O MPUUNMHHO-CICHACTBEHHOM
CBSI3U CTAHOBUTCS 3aTPYJHUTENIBHBIM. B JaHHOM cily4yae 3TO CBA3aHO € TEM, 4YTO HU-
YTOKHO MAJIOE OTKJIIOHEHHE B HAYAJIbHBIX U IPAHUYHBIX YCIOBUAX Ha BXOZE IPHUBO-
JIUT K OOJIBLIINM M3MEHEHHUSM Ha BBIXOJl€ cUCTeMbI. M XOTs MpUYMHHO-CIIECTBEHHAS
CBS3b KQUECTBEHHO U MPOCIIEKUBACTCS, IPAKTUYECKU PEAIN30BATh €€ KPalHEe CII0XK-
HO, €CJIM BOOOIIE BO3MOKHO.
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Puc. 2.4. IIpumep, WILTIOCTPUPYIOIINN TPOCTOM JETEPMUHU3M (M OTKIIOHEHUE OT HETO).
JIBIOKyIUiiCS Iap OTCKAaKUBAET OT yNPYyrol MOBEPXHOCTH APYTUX (HEMOBHKHBIX) IAPOB OECKO-
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He4yHOH pemeTku. CaMoe HE3HAYUTENIBHOE OTKJIOHEHUE OT HAa4aJIbHOM TPAEKTOPUH 3aMETHO YCHUIIU-
BAETCs IIPU MHOTOKPATHBIX COYAAPEHHUX, HapacTas ¢ KaKAbIM COYIapEHUEM.

st Toro 4toOBI MpeAcKa3aTh TPACKTOPHUIO JBUIKEHHUS Iapa, Mbl JIOJKHBI
3HATh MEPBOHAYAJILHOE HAIMpPABIECHUE €T0 JBUKEHUS C KOJOCCAIBbHON TOYHOCTHIO.
Ecnu map asuxercst co ckopocthio 100 km/4gac, TO 4yTOOBI MOCIEA0BATENBHO MPE/I-
CKa3aTh €ro MyTh B TEUEHHE Yaca, HAM HAJ0 3HATh W3HAYaJIbHOE HAIPaBJICHHE €ro
IBWKEHUs (B rpajlycax) ¢ TOUHOCTBHIO B JIBA MIJLJIMOHA 3HAKOB Tocie 3amsTon. Jlis
3aMiCcH TaKoro 4yucia norpedosanock Obl Oonee 700 cTpaHull. A eciau y4ecTb elle u
JIBIDKEHUE IapOB, HAIPUMED, UX KOJCOAHMSI OTHOCUTEIHHO MOJI0KEHUN PaBHOBECHS,
3a/1a4a CTaHEeT enle MeHee 0003pumoil. CkazaHHOE HAM MPUTOJUTCS MPU PacCMOTpE-
HUU SIBJICHUM MHUKPOMHPA, TJ€ HEPEIKO MPUXOIUTCS YUUTHIBATH OTPOMHOE YHCIIO
YaCTHII.

4. TepmoauHaMuKa

JeqaTenbHOCTh )KMBOM MaTe€pUU, XOTSI U OCHOBaHA
Ha 3aKoHaX (PU3UKH, YCTAHOBJIEHHBIX K HACTOAIIEMY
BPEMEHU, MOIYMHSIETCA J0 CUX IOp HE H3BECTHBIM
JIPYTUM 3aKOHaM (DU3UKH. ...
IOpsun Lllpeouncep

Peub molinér o pasnesne MpUKIAAHONW (GU3MKK WM TEOPETHUECKOW TEIUIOTEeX-
HUKH, B KOTOPOM HCCJIEAYyEeTCs MpEeBpallieHue IBWKEHUS B TEIUIOTY M HaoOopoT. B
TEPMOJAVMHAMMUKE PACCMAaTPUBAIOTCA HE TOJIBKO BOMPOCHI PACHPOCTPAHEHHUS TEIIIOTHI,
HO U (pU3MYECKHME U XUMHUYECKHE U3MEHEHHs, CBSA3aHHBIC C TOTJIONMIEHUEM TETUIOTHI
BEIIIECTBOM, a TaKXKe, HA00OPOT, BBIJICIICHUE TEIUIOTHI B X0/1€ PU3UUECKUX U XUMUYe-
CKHUX IIPEBPALLICHUU.

TepmoauHaMuKka HaXOIUT MIUPOKOE MPUMEHEHUE B (PU3NUECKON XUMHUHU U XHU-
MHUYECKOM (pU3MKe TIpU aHaimu3e (U3UYECKUX M XMUMHUYECKHX IMPOIECCOB, B COBpE-
MEHHOM (DU3MOTIOTUM U OMOJIOTHH, B ABUTATEIECCTPOCHUH, TETUIOTEXHUKE, aBUAIIMOH-
HOW W PAKETHO-KOCMHUYECKOM TexHuke. [lepBoHaYalbHO B TEPMOJMHAMUKE MHOTO
BHUMAHUSI YACISUIOCh 0OPAaTUMBIM MPOIECCaM U PAaBHOBECHBIM COCTOSIHUSIM, TaK YTO
00Jiee TOAXOAIINM JJIsl Hee Ka3ajloCh Ha3BaHUE «TEPMOCTATHKa», HO O1azodaps C.
Appenuycy (1859-1927) u I. Dupunzy (1901-1981) nonyuuno eéecoma ocHnoséa-
menvHYI0 pa3padomkKy ee npuUMeHeHUue K aGHaau3y CKOpOCmell XumMu4eckux peakx-
yuil (XUMUYECKOW KUHETHUKE).

B nacTosiimee Bpems ri1aBHOM MpoOIeMON B TEPMOJIMHAMUKE SIBIISICTCS €€ TIPU-
MEHEHHE K HEeOOpaTUMBIM TIPOIeccaM, M YKe TOCTUTHYTHI OOJIbIIINE YCIIeXH B TIO-
CTPOSHUU TEOPHUH, MO IMHMPOTE OXBATa CPABHHUMOU C TEPMOAMHAMUKONW OOpaTUMBIX
IIPOLIECCOB.
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4.1. QHeprus

Jlist Tol ¢u3nuecKkoil BeIMYMHBI, KOTOPYIO MBI Telepb Ha3blBa€M JHEPIHEH,
JI0JITO€ BpeMsl YMOTPeOJsiIcs TEPMUH <CKUBasi cuia», BBeaeHHbIH M. HproToHOM
(1643—-1727). Ho MOCKOJIBKY «KHBYIO CHIIY» MOKHO OBLIO CIyTaTh ¢ OOBIYHOW CH-
JIOM, MOCTIEAHIOI MPUXOAUIIOCH JJIS SICHOCTH HAa3bIBATh «MEPTBOM CHIION», UTO HEIb-
351 PU3HATh yNauHbIM. CneyuanvHvlili mepmun «IHepeus) 0wl 6éeoen ¢ 1807 T.
HOnzom (1773-1829).

OpHuM U3 BUIOB SHEPTHUH SBISETCS paboTa, KOTOpasi COBEPIIAETCS, KOTAa Te-
JIO IBUXKETCS, MPEOA0JIeBast AEMCTBUE HEKOW CHIIBL. [[puMepomM MOXKET CIyKUTh TO-
Jladya HacOCOM BObl B BOJOHAMNOpHYI0 OamnHio. O Boje B OalllHE TOBOPST, YTO OHA
MMEET MOTEHIMANIbHYIO0 dHepruto. biarogapsi rpaBUTAIMOHHOMY MPUTSKEHUIO 3EM-
JM CYIIECTBYET BO3MOXHOCTh OOpPaTHOro MpeoOpa3oBaHMs 3TOM PHEPrUM B KUHETHU-
YECKYIO, T.€. B DHEPTHUIO JBMXKEHUS BOJIbI, TeKyIel o Tpydam. Koria Bosa B TpyOe B
KOHIIE KOHIIOB OCTaHaBJIMBAETCS M3-32 BHYTPEHHETO TPEHUS, WJIM BSI3KOCTH, 3Ta
SHEPrusl OKA3bIBAECTCS MPEBPATUBIILICICS B TEIUIOTY, T.€. TEIJIOBYIO SHEPTHUIO, KOTOpast
pacceuBaeTcs B OKpYKarolen cpee.

Eme B 1620 ®. bakoH BbICKa3zaa MPEANOJ0XKEHUE, YTO TEIIOTa €CTh MPOCTO
napyrasi ¢popMa ABUKEHUS, HO JUIIb B 1789 3TO ¢ HECOMHEHHOCTHIO ycTaHOBWI b.
Tomncon (Pymdopa), Habmronas 3a BBIACICHUEM  TEIUIOTHI MPU PacCBEPIUBAHUU
CTBOJIA MYIIKHU. JIONOJHATEIBHBIM OATBEPKACHUEM SBIIMCH ONBITHI X. J[3BU 1799.

OTH ONBITHl U HAOIIOJICHUS] TOBOPUIIA O TOM, YTO TEIUIOBAsk U MEXaHUYeCKas
SHEPrusi — OJIHO U TO K€ M YTO, BEPOSTHO, MOKHO HAWTH AKCIEPUMEHTAILHO MeXa-
HUYECKUN HKBUBAJICHT TEILJIOTHI, T.€. KOJIMYECTBO pabOThl B MEXAHUYECKUX E€IUHU-
11ax, SKBUBAJICHTHOE JJAHHOMY KOJIMYECTBY TEIUIOTHI B TEIIJIOBBIX €IUHUIIAX.

MexaHu4YeCKUil IKBMBAJIEHT TEIUIOThI. 3aMETUB, UTO TEMIIEpaTypa BOAbI B
MEJUIIMHCKONW KOJIOE TIOBBIIMIAETCS, €CIIM €€ HECKOJIbKO MUHYT BCTpsIXuBaTh, FO.
Maiiep B 1842 BpIUMCIIMII MEXAaHHUYECKUW SKBUBAJIEHT TEIUIOTHI 110 PA3HOCTU YAENb-
HBIX TEIUIOEMKOCTEH BO3/yXa MPH MOCTOSHHOM JIaBJIEHUU M MOCTOSTHHOM 00beme. B
Ty MOPY TOYHBIE 3HAYCHUSI ITUX YAEIbHBIX TEIJIOEMKOCTEH elle He ObLIM W3BECTHHI,
a TIOTOMY €ro pe3yJbTaT ObLT HE COBCEM BEPHBIM, XOTS W MPABUIBHBIM IO MOPSJIKY
BennuuHbl. B 1845 k. [Ix0ysb TOUHO U3MEPHI KOJUYECTBO TEIJIOTHI, MOJIy4aeMOe
Py TIPE0OPa30BAHUU MEXAaHUYECKOW pabOThl B TEIUIOBYIO YHEPTUIO, U YTOUYHUI pe-
3ysnbTatr Maiiepa.

PaGora. Eciin HEKOe BEIIECTBO HAXOAMUTCS MOJ OTPAHUYMBAIOIIAM BO3IEHCT-
BHEM BHEITHEH CHJIbI, HanmpuMmep aTMocdepHoro aasieHus P, To npu U3BMEHEHUU €ro
o0beMa V, ckakeM pacliMpeHuH, BCIAEACTBUE ABMKEHUS IPOTUB JEHCTBYIOLIEH CUIIbI
coBepiaeTcs padora. [lonHyro coBepiiaeMyio paboTy MOXXHO HAMTH Kak ILIOIIAIb
3aBUCUMOCTH CHJIBI OT COOTBETCTBYIOILIETO pa3Mepa, Kak Moka3aHo Ha puc. 2.1, rae
MJIOMIAIBI0 yYacTKa, BBIJEICHHOTO PETYIIbIO, MpeACTaBiIeHa padoTa, coBepiiaemast
razoMm mnpu pacmupenun ot Vi 1o V,. Takoil cnocob ee ompeneneHus HEOOXOINM,
MIOCKOJIbKY JIaBJICHUE MOXET MeHsThbcs. [Ipu manom u3MeHeHun oObeMa JlaBJieHUE
HAMHOTO HE M3MEHHUTCS, TaK YTO MaJlo€ KOJUYECTBO COBEpIIaeMOil paboThl Oyzder
paBHO:

(1) AW = Pdl.
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CrnenoBaTenbHO, TIOJIHAS COBEpIIaecMasi padboTa
!
W = jﬁd V.
M
[Ipu ObICTPOM CXATUU raza HEKOTOpask 4acTh padOThI, COBEPIIAEMON HaJ HUM,
MOXKECT 3aMCTHO ITOBBICUTEH €I'O TeMnepaTypy. ECJ'II/I ra3d HaxXOJUTCA B TGHJIOI/ISOJ'II/IpO-
BaHHOM COCY,ZIC (I/IJ'II/I CXKHNUMACTCA CTOJIb 6I)ICTpO, YTO HEC ycneBaeT XO0THA 6I>I JaCTHUYHO
OoTAaTh CBORO TGHJIOTY), TaKOC U3SMCHCHUC O6T)CMa HAa3bIBACTCiA aI[I/Ia6aTI/I[IeCKI/IM. EC-
JIN K€ a3 HC TGHJIOI/ISOJII/IPOBaH, TO HpOI/ICXOI[I/IT TCIJ100TAA4Ya, U Ia3 COXpaHSIGT TCM-
neparypy okpyxatoiei cpeapl. Takoe n3aMeHeHne 00beMa Ha3bIBAETCS U30TEPMUYE-
CKHM.

[MpupawieHne o
SHTpONUN AS
Cp

T

T1 To

Puc. 2.5. TIpupamienue SHTPONUU KaK POCT HEYMOPSAOYSHHOCTH CHCTEMBI

«ITone3noctb» 3nepruu. [lonHoe nmpeodbpazoBanre pabOTHI B TEIJIOTY BIIOJIHE
BO3MOXKHO, HO 0OpaTHBIN MPOILIECC IPeoOpa3oBaHusl BCel TEIUIOTHI B SKBUBAJICHTHYIO
el paboty HeBo3MokeH. K Takomy BbIBOAy emie B 1824 mpuien myTeM TeopeThde-
CKHX paccyxaeHuil ¢ppanmysckuii pusznk Hukons Jieonap Canu Kapno (1796-1832).
PaccmarpuBasi monHbIA HUKI OOpAaTUMbBIX M3MEHEHUH paboyero Teiaa B TEIMIOBOU
MaIllfHEe, B KOHIIE KOTOPOTO ATO TEJIO BO3BPAIAETCS B UCXOJHOE COCTOSTHUE, OH TO-
Ka3ai, yto MakcumaibHblid KIIJ[ mpeoOpa3zoBaHus TEMIOTHl B pabOTy 3aBUCUT HE OT
npupobl pabodero Tena, a TOJIbKO OT MaKCUMAJIbHOM TEMIEpaTypbl, IPU KOTOPOU
MOJIBOAUTCS TEIJIOTA, U OT MUHUMAJIbHON TEMIIEpaTyphl, IPU KOTOPOM OHA OTBOIMT-
cs1. [lomHoe mpeoOpazoBaHue TEIIOTH B paOOTy OBLIO ObI BO3MOXKHO JIMIITL B TOM
cirydae, €ciiu Obl MUHUMAaJIbHAS TeMIlepaTypa Obljla paBHA a0COIIOTHOMY HYJIIO, TPU
KOTOPOM pabodee TeI0 He UMENO0 Obl HUKAKOH TEIJIOBOM SHEPIHH.

Ha cymiecTBoBaHM€e aOCOIIOTHOTO HYJIS YKa3bIBA€T 3aKOH PACIIUPEHHUS ra3oB.
[Tockonbky mpu oxaxaeHun ot 0 1o -1° C rassl cKUMaroTes Ha 1/273, MOXHO mpej-
CTaBUTh ceO€ HEKUH «HIeaTbHBIN» Ta3, KOTOPBI HE KOHJIECHCUPYETCS, KaK peaabHbIC
ra3pl, HO C TIOHIKEHHEM TEMIIEPaTyphl MPOJOIIKAECT CKUMATHCS, TIOKa ero 00beM He
YMEHbLIUTCS 10 HyJs npH 273° C. DT0 GbUIO ObI AGCONIOTHBIM HYJIEM TEMIIEpPATyphl
JUTSL TETIJIOBOM MalIMHBI, pa0OYMM TEJIOM KOTOPOM sIBIsieTCs uaeanbHbli ra3. [Ipose-
151 ropaso 6osee ciaoxkHbie paccyxaenus, Y. Tomcon (Kenbpun) (1824—-1907) noka-
3aJl, YTO 3TO JEUCTBUTENHLHO a0CONIOTHBIA HYJIb TEMIEPaTyphbl, U BBEJ HA3BAHHYIO
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€ro UMEHEM «TEPMOJMHAMUYECKYIO» LKAy Temieparypbl | (wkary KenbBuHa), B
COOTBETCTBHHM C KoTopou T = 273,16 +t°C.

4.1.1.lepeoe Hayano mepmoOuHamuku. Jns Tordppuga Buiabremnma
Jletionuna (1646—1716) 6bUI0 YK€ HEOCIIOPUMBIM, YTO B KOHCEPBATUBHOM CHCTEME
(mog00HOM rpaBUTALIMOHHOMY TOJII0) CYMMa KMHETHYECKON U MOTEHLIUAIbHON SHEp-
THil OCTaeTCS HEM3MEHHOU, Kakue Obl IpeoOpa3oBaHus OAHOU B IPYTyIO0 HU MPOWC-
xonunu. [Ipoctoit npumep — MasiTHUK, KHHETUYECKAasi SHEPTHSI KOTOPOTO MEepUOIuYe-
CKU TEPEXOANUT B MOTCHIUAIBHYIO U 00paTHO, IPUUYEM 3TO MOTJIO OBbI MPOJA0IKATHCS
10 OECKOHEYHOCTH, €Cclii Obl SHEPIHsl HE paccenBaliach U3-3a TpeHus. OgHaKko ume-
€TCsl TPEHHE B TOJIBECE, a TAaK)KE COMPOTUBICHHE BO3yXa, TOXKE OOYCIOBICHHOE
TpeHueM. [loaToMy MasiTHUK, B KOHIIE KOHIIOB, TEPSIET KUHETUYECKYIO DHEPIUIO CBO-
€ro BUJIUMOTO JIBXKEHHUSI, HO OTIBITH PyMdopaa u 1pyrux yuyeHbIX CBUACTEIbCTBOBA-
JIM O TOM, YTO 3HEPTUs JIMIIb IPEBPALIAETCSA B TEIUIOTY, U B PE3YJIbTATE 3TOTO MOBBI-
[IaeTcsl TeMIiepaTypa MasiTHUKA M OKpy»Katolen cpepl. Takum 06pa3om, CTporo re-
puoanyYecKkre KoieOaHus MasTHUKA MPEBPAIAIOTCS B XaOTUYECKOE JIBUXKEHUE €T0
MOJIEKYJI M MOJIEKYJI OKPY’KarOIIEH CPEbI.

Bce uznokeHHoe HaxoauT oOlee BhIpaXKCHHE B MEPBOM Haydajie TePMOJMHA-
MUKH — 3aKOHE COXpaHEHHs 3Hepruu. COoraacHO 3TOMY. 3aKOHY, BO BCEX TaKHX Ipe-
00pa30BaHUSIX SHEPIUs HE BO3HUKAET U HE MCYE3AET, OHA JIUIIb MeHsAeT popmy. Ha
9TO yKas3an B 1837 3amedarenbHbId, HO ITOYTH HEM3BECTHBIM MbIcauTens K. Mop B
cBoeii cratbe O npupooe mennomor (On the Nature of Heat): «IIpu moaxosammx yc-
JIOBUSIX DHEPTUS MOXET MPOSIBISATHCS KaK JBUKEHUE, CIUMAHUE, 3JIECKTPUUYECTBO,
CBET, TEIUIOTa U MAarHeTU3M». 3AKOH COXPAHEeHUs IHepzuu 0blil YemKo chopmynu-
posan 6 1847 I'epmanom Ienvmzonvyem (1821-1894), Ho U mociie 3TOr0 yHHBEP-
CaJIbHBIN XapaKkTep 3aKOHA HE cpa3y MOoay4duil npusHaHue. B 20 B. ero mpunuiocs eie
Oosnee 0000IINTH, BKIIOUYMB B HETO TEOPETHUYECKH YCTAHOBJICHHOE A. DUHIITEHHOM
coorHomernne E = mc® mexxay mMaccoit M u sneprueii E (C — ckopocTsb cBeTa), U3 Ko-
TOPOrO CIAEAYET, YTO CyMMa MacChl U SHEPTUH OCTAETCS HEU3MEHHOM.

4.1.2.Bmopoe Ha4yario mepmMoOuUHamMuKu. XOTs MOJIHAS SHEPTHUS U30JIAPO-
BAHHOW CUCTEMBI OCTAETCS NTIOCTOSIHHOW, Menioma nepeoaemcs om Hazpemoii yac-
mu cucmemsl K 0071€e X07100H01l, U, €CIIH 3TU YaCTH HE U30JIMPOBAHBI IPYT OT JApyra,
X TEeMIIepaTypd, B KOHIIE KOHIIOB, CTAHOBUTCA OJMHAKOBOM. J/[aHHOE IOI0XKEHUE,
M3BECTHOE HaM W3 ONbITa MOBCEIHEBHOM >KM3HU, MHOTJA HA3bIBAIOT «HY/1€6bIM) HA-
Yan10M mepmMoOUHAMUKU.

B pesynbTaTe Takoro BeIpaBHUBAHMS BHYTPEHHUX TEMIIEPATyp U30TUPOBAHHAS
CUCTEeMa MEepeXOoaUT B CBOE Hanboyiee BEpOSITHOE COCTOSIHUE, B KOTOPOM JIBHXKEHUE
IIPEIEIIbHO XaOTHYHO. Takoe camMOINpOM3BOJIBHOE CTPEMIIEHHE K COCTOSHUIO C Hau-
BBICIIEI CTENEHBIO XA0TUYHOCTH €CTh, HHAYE T'OBOPS, CIMPEMICHUE K MAKCUMALb-
HOUl IHMPONUU, KOMOPYIO MONCHO PACCMAMPUBAMb KAK MepPYy «Decnone3nocmu
IHepeuu B TepMoJuMHaMuueckon cucrteme. CyTh BTOPOro Havajlia TEPMOJWHAMUKH,
chopmynupoBanHoro B 1850 Pynonshom Knayszuycom (1822—-1888), u coctout B
TOM, YTO B M30JIMPOBAHHOMN CUCTEME BHYTPEHHEE paclpe/elIeHre YHEPTUU CaMOIpO-
M3BOJILHO BCEr/la U3MEHSETCSl TaK, YTO SHTPOIHUS JOCTUIaeT MaKCUMaJIbHOTO 3HaYe-
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HHS IEHOW YMEHBIICHUS ITOJIE3HOM 4acTy SHEpPruu. B cuily 3TOro HEBO3MOXKEH BEY-
HBIi IBUTATENb BTOPOro poja (mepreryym-mobuie I1).

HeoGpaTtuMoe HapacTaHWe SHTPONHUHU B TEIJIOBBIX MPOIECCAX HEMOHATHO TEM,
KTO TOJIbKO Hayaj 3HAKOMHUTBLCS C TEPMOJMHAMHKON, HO €ro HETPYJIHO OOBSCHUTH,
omnupasich Ha Teopuro BeposiTHocTed. IIpeacTaBum cede ABE UTpalIbHBIE KOCTH, Jie-
JKallie BBEpX IecTepkamMu. Eciin Mbl TOTpsiceM WX, MPEXKJie YeM CHOBA BHIOPOCHUTD,
TO BEPOSTHOCTH BBIMAJCHUS JIBYX IIeCTepok Oymer mana — 1:36. Takum oGpazom,
MOHO CKa3aTbh, YTO OECIOPSIA0YHOE JIBHKECHHE (IIEPEMELIMBAHNE) UTPATBHBIX KOC-
TeH, MOJJOOHO Xa0TUYECKOMY JIBHXKEHUIO MOJIEKYJI, COOTBETCTBYIOIIEMY UX TEILIOBOM
SHEPTUHU, OKA3bIBACTCS MPUYUHON MEepexoja U3 MEHEE BEPOATHOTO COCTOSIHHS B 00-
Jee BepoATHoe. Eciu ke y Hac MUJUIMOHBI UTPaIbHBIX KOCTEH (ATOMOB U MOJIEKYI,
JUISL KOTOPBIX TMPOBOJSATCS TEPMOJUHAMHUYECKUE PACUYEThI), TO BEPOSITHOCTH OJIHO-
BPEMEHHOTO BBINAJICHUS BCEX IIECTEPOK CTOJb HUUTOXKHO Majia, YTO CUCTEMA MPOCTO
HE MOXKET HE MEePEeUTH B OJIHO 13 00JIee BEPOSTHBIX COCTOSHUM.

Ecau temmora — GecriopsiouHoe KoyieOaTeIbHOE JNBUKEHHUE MOJICKYJI, TO NP
OXJIQXKJIEHUH SHTPOIIHS CUCTEMBI JIOJDKHA YMEHbIaThes. Korna e TerioBoe JBHxKe-
HUE TTOJIHOCTBIO TIPEKPATUTCS, CUCTeMa OyIeT Mpu aOCOJIFOTHOM HYJIE TeMIIepaTyphl.
EcrecTBeHHO IIPEANONIOKUTD, YTO IMPU TAKOM TEMITepaType SHTPOIIHS paBHA HYIIIO.

4.1.3.Tennosol Hacoc. IlogymaeMm omHako, 00s3aTeIbHO JH IPEBPAIATh
BCIO DHEPTUI0 «OECKOHEYHOT0» pPe3epByapa B MEXaHUUYECKYIO pabOTy WM TEIIOBYIO
sHepruto? He gocTaTouHo JM JUIsl MPAKTUYECKUX HYKJ MOJE3HOTO HUCMOJb30BAHUS
JUIIb YacTU 3TOro pesepByapa? Hampumep, myTeM OTHSTHUS DHEPTUU OT XOJOUIIb-
Huka? JleHCTBUTENBHO, TAaKUE TEIUIOBBIC, MAIIMHBI CYIIECTBYIOT U HOCST Ha3BaHUE
TETUIOBBIX HACOCOB.

[TpumepoM siBisieTCss OBITOBOM XOJOAWILHUK WM KIMMaTHYECKasl yCTaHOBKA,
paboTaromue Ha HarpeB. Heckonbko necsaruiietnit Hazan B naptuiinoi nmedatn CCCP
ITyMeNIM OaTajJuu 10 3TOMY MOBOAY, B KOTOPBIX BUIHBIC YUCHBIC «KJICHMUIN I030-
poM» U300peTaTeseii TEIIOBOTO Hacoca — KOJJICKTHB HHYKEHEPOB IO PYKOBOICTBOM
I1.K. Omenkosa.™.

B kagecTBe mpuMepa pacCMOTpHUM cllydail, KOTJIa TeMIleparypa Hapy»HOTO
Bo3nyxa 1,=0°C, a BHyTpH JOMa TEIUIOBOM HACOC TOJDKEH MOJISPKUBAThL TEMIIEpa-

' BEUHBIM JBUTATEJIb (nar. perpetuum mobile — neprneryym mobuie), 1) Beunsiit aurarens 1-ro po-
Ja — BOoOpaxkaeMasi, HEeTIpEPBIBHO IEHCTBYIONIasl MalllMHA, KoTopasi, Oyy4H pa3 3alyLIeHHOH, CoBepIla-
na 66l paboTy 0e3 Moy4eHus: SHepruu u3BHE. BeuHslil nBurarens 1-ro poga mMpOTHBOPEYUT 3aKOHY CO-
XpaHEeHHUS U MPEBPAIICHUS SHEPTHU U II03TOMY HeocyliecTBUM. 2) Beunslii aBurarens 2-ro poga — BOOO-
pakaemasi TEIUIOBas MallMHA, KOTOpas B Pe3yJbTaTe COBEPILEHHUS KPYroBOTo mpolecca (LMKIa) HOIHO-
CTBIO TIPe00pasyeT TEIUIOTY, MOIYy4aeMyI0 OT KaKOT0-TH00 OJHOTO «HEHCcYepnaeMOoro» UCTOUYHUKA (OKea-
Ha, aTMoc(ephl U T. I1.), B paboTy. JlelicTBre BEYHOTO JBHUTATENS 2-TO POJia HE IPOTUBOPEUUT 3aKOHY CO-
XpaHEeHHsI W TIPEBpAlleHUs PHEPruH, HO HapyllaeT BTOPOE HAa4alo TEPMOAMHAMHKH, M TO3TOMY TaKOH
neuratens HeocymectBuM. (Cm. Hampumep SBopckuit b.M., Cenesznés 10.A. CrnpaBodHoe nocoOue 1o
¢bu3MKe U TOCTYNAIIUX B BY3bl U caMooOpazoBanus. 13, 4-e. — M.: «Haykay, 1989, 576 c.).

'8 O nerxombIceHHOI MOrOHE 3a HayuHBIMU ceHcauusm //IIpasaa, 1959, 22 HosGOps.

"Uyno" He cocTosuioch. Emie pa3 o JEerkOMBICICHHON MOTOHE 3a Hay4HbIMM ceHcanusmu //IIpaBma, 1987,

Nel73, 22 uroHs.

IToka obcyxmaeM - 3a pydesxoM npousBoaat //M3sectus, 1987, Ne38, 7 deppais. O dyme, KOTOpOe BCe-TaKH

onu10 //Texuuka - Momozexu, 1988, Ne9, ¢.22-24.
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Typy 1,=+20°C. [{ns1 37X 3HaueHUIl TemmnepaTyp MaKCUMaJbHBIA OTOMUTEIbHBIN KO-
3¢ PUIIUECHT paBeH:
T, 293K
CT,-T, 293K -273K

[Tonmy4yeHHass BEIMYMHA O3HAYAET, YTO MOJIB3YSCh TEIIOBBIM HAcocoM, pado-
TArOIIUM 32 CYET DJIEKTPUYECKON YHEPIUH, IUTAONIEN JBUTaTEIb, Mbl MOKEM «HaKa-
4yaTh» B moMenieHue B 14,5 pa3 Oousbliiee KOJIMYECTBO TEIUIOTHI, YEM MOTYYMIN ObI
IIPH TOH K€ 3aTPATE SHEPIUU OT «OOBITHOTO» HIEKTPOHATPEBATEIBHOrO Ipubopa’’.

bena pannux uccnenonareneit storo sisnenus (IL.K. OmenkoB u ap.) cocrosiia
B TOM, YTO OHU HEOCTOPOKHO Ha3BaJM T.H. OTONMUTENbHBIN KOd(hduimeHT kospdu-
MEHTOM I0JIE3HOTO AEHCTBHS, KOTOPBIM COTJIACHO BTOPOMY 3aKOHY TEPMOIUHAMUKH
HE MOXKET ITPEBBILIATh CAUHULLY.

4.1.4.Tpembe Ha4yano mepmMoOuHamuku. YtoObl HalTH aOCOMIOTHOE 3HA-
YeHUE HIHTPONUHU, HEOOXOIUMO 3HATh TEINIOEMKOCTh MPU a0COJIOTHOM HYJIE TEMIIe-
paTtypbl. I3MepuB TEIIOEMKOCTh MHOTHX BEILLECTB IIPU TEMIIEpaTypax, OYeHb OIHU3-
KHX K a0comoTHOMY Hymto, Banstep Hepuet (1864—1941) npuiien K BBIBOAY, UTO
TEIUIOEMKOCTh BCEX KPUCTAJUIMYECKUX BELIECTB MPU aOCOIIOTHOM HYJIe TEMIEpaTy-
pBI paBHa HYJ0. JTa «TEIUIOBast Teopema HepHcTay Tenepb Ha3bIBAa€TCSA TPETHbUM Ha-
4ajoM TEPMOAMHAMUKU. Ee 3HaueHue B TOM, UTO OHA MO3BOJIIET CPABHUBATH MEXKIY
cO0O0i SHTPONUM Pa3HbIX BELIECTB, TAK KaK BCE OHM PaBHbI HYINIO NPU aOCOIIOTHOM
HYyJIE TEMIIEPATypBI.

4.2. TepmoanHaMmnyeckme PyHKLUN N IHTponNus

145.

¥ max

4.2.1.BHympeHHsis aHepaus. Korga kK cuctemMe MOoABOIUTCS HEKOTOPOE KO-
JUYECTBO TEIUIOTHI A Q, 3a CUET 3TO# TEIIOTHI, Kak ObLIO TTOKa3aHO paHee Ha MpUMe-
pe uukia KapHo, MoXXeT OBITH COBEpIIIEHA JIUIIb onpeiesienHas pabora AW, Ttak 4To
YacTh MOJYYECHHOUW TEIIOBOM DHEPTHH CUCTEMa TepseT. ITU JIBE€ BEIUYUHBI, BOOOIIE
TOBOPsI, HEOJMHAKOBBI, U, CJIEI0BATEIFHO, CUCTEMA JINOO TepseT, Tu00 MpuodpeTaeT
DHEPTUI0, PAaBHYIO UX pa3HOCTH. [Ipennonoxum, 4To 3Ta pa3HOCTh SHEPTHUM OCTaeTCs
B CHCTEME B BUJE T.H. BHyTpeHHel sHepruu E. Torma mocnemnsisi ypenuuutes ot E
1o (E + dE), npuuem

{2) dE = 00 — oW,

rae §Qu & W — 6eckOHEUHO MaJjible MPUPAILCHHUS.

Boobiite roBops, 3TH MpupaIieHus He SBISIOTCS HE3aBUCUMBIMU (ITOYEMY OHH
1 0003HAYCHBI 37IcCh CHMBOJIOM § B oTimune oT npupamieHus dE). Tak, moriomieHue
TEIIOTHl OOBIYHO COTIPOBOXKIACTCS M3MEHCHHEM 00beMa U, CJICIOBATEIIbHO, COBEp-
IeHUEM pabOoThI TPOTHUB BHEIIHETO JaBieHus. M1 Ha000poT, ecinu TomycKaeTcs pac-
HIUPEHUE, TO OHO OOBIYHO COMPOBOXKIAETCS TOTJIONIEHUEM TEIUIOTHI, OTOMPAEMON y
OKpYyXaromen cpeapl. Hukakue orpaHudeHusi, HajaraeMble peajibHO Ha CUCTEMY, HE
MOTYT MOJHOCTBIO MCKIIFOUUTh TAKOTO B3aUMOJICHCTBUS, HO MBICJICHHO MOKHO TIPE/I-
CTaBUTH cebe uacabHyI0 TeTUIOM30JsIni0 (6 Q = 0) Wi CTPOro BHITOJIHSAIOIICECS
ycioBrue mocTossHHOTO oO0beMa (SW = 0), Tak e Kak B TCOPETUYCCKON MEXaHUKE
BBOJIATCS TOHATHS WICATHLHO TIAIKAX U UACAUTHHO TBEPABIX TEN. TOJBKO B HICATh-

9 dusuka. Yue6Hoe nocobue mus 10 kmacca. ITox pen. A.A Ilunckoro. M., 1995. C. 197
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HBIX YCIOBUSX, Koraa 6 Q m § W He3aBUCUMBI APYT OT ApyTra, mpuparienne & Q wim
5 W MOXXHO paccMaTpuBaTh Kak MOJIHBIN TuddepeHimal, Toraa Kak ux pasHocts dE
BCer/a sIBJISIETCSl TAKOBOM.

4.2.2.9Hmponus™. Ternoas sueprus §Q', KOTOpast He Modicem Gvims npe-
oopazoeana ¢ pabomy, NpONOPIUOHATFHA HIXKHEN TemnepaType T, Tak YTO MOKHO
sarmucath 6§ Q = TdS, rue dS — npupamenue saTpornu S cuctemsl. Kak u E, Benmau-
Ha S SABJSETCS XapaKTEePUCTUKON CaMOM CUCTEMBI, a IOTOMY MBI 0003HauaeM ee Mpu-
paireHue OykBoii d, a He S .

O603HaunB yepe3 §W paboTy, KOTOPYIO MOKHO MOJYYUTh 3a CUET TEIUIOTHI
& Q, MOKHO HAITMCATh

{3) O = 00 — 00'= 80 — TS,

Ecnu pabouee Teno B pe3yibTaTe HEKOETO TEPMOJIMHAMUYECKOTO TIpoliecca He
BO3BPAIIAETCSA B UICXOJHOE COCTOSTHUE, TO 3HAUUTENIbHAS YaCTh SHEPI'HH OKa3bIBACTCS
OecroJie3HON ¢ TOYKU 3pEHHSI COBEpIICHMs] PabOThl, 1 BHYTPEHHSSI SHEPTUS YBEIU-
YHBACTCSI Ha COOTBETCTBYIOINYIO pa3HocTh JE. YBennmdeHwe BHYTPCHHEH >HEPIHU
MOKET MPOSIBUTHCS B N3MEHEHUH (DPM3UYECKOTO COCTOSHUS pabodero Teja, Hampumep
B MEpEXO0ie U3 TBEPJOrO B KUAKOE COCTOSIHHE (TUIABJICHUM) WU U3 )KUJKOTO B Ta30-
oOpaszHoe (ucnapeHun). Takasi TenaoBask SHEPTUsl Ha3bIBAETCS TEIIOTOM TIJIaBJICHUS U
TEIJIOTOM TapooOpa3oBaHUsl COOTBETCTBEHHO. lIoBBIllIEHWE BHYTPEHHEH 3HEPIUH
MOET OBITh CBSI3aHO TAK)KE ¢ XMMHUYCCKUMHU U3MEHCHHAMU (IHUCCOIMAITUEH, pa3phl-
BOM CBSI3€H) M JJaXkKe C JCJICHUEM SIep.

JI. bonbiiMaH TOKa3all, YTO PHTPOMUS S MPOMOPIIMOHANIbHA JIoTapudmMy Bepo-
ATHOCTU COCTOSIHUAW , a KOI(DPHUIIMEHTOM TIPOTOPIIMOHAIBHOCTH CIIYKHUT MOCTOSH-
Has bonprmanak : S=klnw.

4.3. TepmoaMHaMuKa HepaBHOBECHbIX NpoLieccoB

To ke, yTo U TepMOAMHAMUKA HEOOpaTUMbIX IpoueccoB. Kiaccuueckas tep-
MOJAMHAMHUKA JTa€T MOJIHOE KOJMYECTBEHHOE OIMCAaHWE PABHOBECHBIX (OOpAaTHMBIX)
poueccoB. {15 HEpaBHOBECHBIX MPOLIECCOB OHA YCTAHABIMBAET JINIIb HEPABEHCTBA,
YKa3bIBarOUIMe HampasiieHHus npoueccoB. OcHoBHas 3anaya THII — konudecTBeHHOE
M3Yy4YEHUE HEPABHOBECHBIX MPOLIECCOB, ISl COCTOSIHUN, HE CUJIBHO OTJIMYAIOIIUXCS OT
paBHOBeCHOrO. Cucrema IeauTCs Ha 4acTH, KaxXaasi U3 KOTOPhIX COCTOUT M3 J10CTa-
TOYHO OoJIbLIOTO YMcia yacTull. K 3TuM yactaMm npumensitorcs 1-e m 2-e Hadana
TEPMOJUHAMHUKHN 00paTUMBIX IporeccoB. YacTu cucteMbl OOMEHUBAIOTCS MEXKIY CO-

20 3HTPOIIUS (ot rped. entropia — MOBOPOT, mpeBparierne) (00bIdHO 0603HauaeTcs S), GYHKIMS COCTOS-
HUSI TEPMOJIMHAMHUYECKON CHCTEMBbI, U3MEHEHUE KOTOPOil S B paBHOBECHOM IMpOIECCE PABHO OTHOIICHUIO
KonrgecTBa TermoTel dQ, COOOIIEHHOTO CHCTEME WJIM OTBEIEHHOTO OT Hee, K TEPMOAMHAMHYECKON TEMITe-
parype T cucrembl. HepaBHOBeCHBIE TIPOIIECCH B M30JUPOBAHHOW CHCTEME COMPOBOXKAAIOTCS POCTOM JH-
TPOIIMHU, OHU TPUOIMKAIOT CUCTEMY K COCTOSHHIO paBHOBECHS, B KOTOPOM S MakcuManbHa. [loHsTHE «OH-
Tpomus» BBeaeHo B 1865 P. Kitaysuycom. Craructudeckas pu3nka pacCMaTpUBAET SHTPOIMIO Kak MEpy Be-
POSTHOCTH NpeObIBAaHHUS CUCTEMBI B JJaHHOM cocTosiHud (BonbiiMana nmpunimn). [ToHATHEM BHTpONHMN IIH-
POKO TMOJIL3YIOTCS B (PU3UKE, XUMUH, OMOJIOTHH U TCOPHH UH(HOPMAITHH.
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00l MOTOKaMHU MacChl, UMIYJIbCa U YHEPTHUH Yepe3 IPaJUCHTH TEPMOIUHAMUYECKUX

napaMeTpoB.
VYpaBHeHue Oaanca SJHTPOINUHU S:
p‘;—f:—divas ‘o 2.5),

r7€ o - JIOKaJbHOE MPOU3BOJICTBO PHTPOIMHU HA €IUHUILY 00beMa B €AUHUILY
BpPEMEHH, J;  MJIOTHOCTH MOTOKA SHTPOIUU, KOTOPAsk BBIPAXKAETCS Yepe3 MIOTHOCTH
MOTOKA TEIUIOTHI, TOTOKA AU Py3ur. DHTPOIHUA, B OTIIMYUE OT MACChl, SHEPTHHU U
MMITYJIbCa, HE COXPaHSIETCs, & BO3PACTAET CO BPEMEHEM B 3JIEMEHTE 00BbEMa BCIIEACT-
BHE HEOOpPATUMBIX TPOIECCOB (CKOPOCTh BO3pacTaHus 0003Ha4YaT o ). [lomoxu-
TEJIHOCTh MPOU3BOACTBA AHTponuu (o >0) Boipaxaer B THII 3axkon Bo3pactaHus
SHTPOIIUH.

[Ipou3BOACTBO PHTPONUU OMPEAEIAECTCA TOJIBKO HEOOPATUMBIMH TIPOLIECCAMHU
(manpumep, auddy3ueii, TerIonpPoOBOIHOCTHIO, BI3KOCThIO) U PABHO:

a:Zin (2.6),

rae Ji — noroku (Hanpumep, AU y3MOHHBIN NOTOK, TEIUIOBOM MOTOK), a Xj —
CONPSKEHHBIE UM TEPMOJUHAMUYECKUE CUJIbL, T.€. TPAJHEHTBl TEPMOJIUHAMHYECKUX
[1apaMeTPOB, BBI3BIBAIOIINE OTKIIOHEHUE OT PAaBHOBECHOTO COCTOSIHHUSI.

4.3.1.®eHomeHonoau4eckue ypasHeHus.. THII ucxoaut U3 TOroO, 4TO MpHU
MaJIbIX OTKJIOHEHHSX CUCTEMBI OT TEPMOJMHAMUYECKOIO PAaBHOBECUS BO3HHUKAIOIIUE
MOTOKH JIMHEWMHO 3aBUCAT OT TEPMOJMHAMUYECKUX CHJI X U ONMHUCHIBAIOTCS (heHOMe-
HOJIOTMYECKUMHU YPAaBHEHUSIMHU TUTIA

Ji :ZLika (2.7),

rae Li — kunetndeckue (peHomeHomorndyeckue) Kod3hGUIUESHTHI, U KOd -
(UIIUEHTHI TIEPEHOCA, KOTOPBIC PACCUYNUTHIBAIOT WITH OMPEACIISIOT OMBITHBIM ITYTEM.

B npsiMbIX mIporieccax TepMoaMHAMUYECKas CHIa X BBI3BIBACT MOTOK Ji, HAIIP.
IPaMeHT TEMITepaTyphbl BEI3BIBACT MOTOK TEIUIOTHI (TEIUIONPOBOIHOCTD), 2pAOUeHm
KOoHuenmpayuu - NoToK BemlectBa (uddy3uto), epaduenm ckopocmu - IOTOK UM-
myJibca (KOTOPBIN OTMPEIeseT BIA3KOCTh), JEKTPUISCKOE MMOJIE - DJCKTPUICCKUNA TOK
(3TIEKTPONIPOBOHOCTH). TaKHe MPOIECChl XapaKTePU3YIOTCS OHCArepPOBCKUMHU KHHE-
THUYECKUMH KO3 (PHUIIeHTaMH, TPOMOPIMOHATEHBEIMU KO3(DPUIIMEHTaM TETUIONpo-
BOJHOCTH, TUDPy3UH, BI3KOCTH, SIEKTPOIPOBOJHOCTH, KOTOPBIC TAKKE HA3BIBAIOTCS
KHHETHYECKUMU KOd(PduUlineHTaMu Wik Koddduimentamu nepenoca. Tak Harpumep
2paouenm memnepamypsl MOXKET BBI3BIBATH MOTOK BEIIECTBA B MHOTOKOMITOHEHT-
HBIX crucTeMax (TepMmoaunddy3us), a TpaIueHT KOHIIEHTPAINH - IIOTOK TEIIOTHI.

B cranmonapHOM COCTOSTHUYM BEJIMYMHA MPOU3BOJICTBA SHTPOTIMN MUHUMAJIbHA
MPU 3aJIaHHBIX BHEIIHUX YCJIOBUSIX, MPEMATCTBYIOMUX JOCTH)KCHHIO PABHOBECHS
(Teopema IIpHUrOKHHA?', COTIACHO KOTOPOM 6 COCMOAHUU MEPMOOUHAMUUECKOZO
PasHosecus npouzeoo0cmeo IHmponuu paeno Hyaw). OnHa U3 OCHOBHBIX TEOPEM

2! Ynpst Pomanosmd Ipuroxus (1917-2003), Genbruficknii U3MK POCCHIACKOTO MpOHCXoxaeHns. Jlaypear
HoGenesckoii npemun o xumuu (1977 1.) 3a BKJIa1 B TEOPHIO TEPMOJUHAMUKH HEOOPATUMBIX IPOLIECCOB).
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THII — teopema Omcarepa®’, fokasannast uM B 1931 r. OHa ycTaHAaBIMBAeT CBOICTBA
CUMMETPUU KHHETUYECKUX KOA(P(PUIIMEHTOB:
Ly =L (28)
€CJIM HET MarHUTHOTO IOJISI U BpAalIeHUs] CUCTEMBI Kak 1enoro. Eciu ke Ha
CUCTEMY JECHCTBYET MarHuTHOE nojie H wim oHa Bpamaercs ¢ YriioBOW CKOPOCTBIO
® , TO, corjiacHo Teopeme OHcarepa,

Ly (H) = L (=H); Ly (@) = Ly (-@) . (2.9)

3nech KMHEeTHYeCKHEe K03 duimeHTs! Lix IMEIOT TOT 3K€ CMBICI, 4TO U B (2.7).

Teopema OHcarepa sBIIsI€TCS CIEACTBUEM MHUKPOCKOIIUYECKOM 0OpaTUMOCTH,
KOTOpasi BEIPAYKAETCS] B MHBAPUAHTHOCTU YPABHEHUM JIBUKEHUS YACTHILL, U3 KOTOPBIX
COCTOUT CHCTE€Ma, OTHOCHUTEIBHO OOpalieHus BpeMeHH. MHBapuaHTHOCTH OTHOCH-
TEJIbHO OOpAaIlleHHs] BPEMEHHU 03HAYAET, YTO MIPU U3MEHEHHUH HANPaBIIEHUS CKOPOCTEM
BCEX YacTHI] Ha oOpaTHOe (P OJHOBPEMEHHOM M3MEHEHUH HaIpaBJi€HUS MarHUT-
HOTO TIOJISl ¥ YIJIOBOM CKOPOCTH BpalleHUs] Ha OOpaTHbIE) OHU OYIyT JBUraThCsa 00-
PATHO MO CBOMM NPEKHUM TPACKTOPHSIM.

THII naet TeopeTHdecKy0 OCHOBY ISl MCCIEAOBAHUSI OTKPBITBIX CHCTEM, I10-
3BOJISIET OOBSACHUTh MHOTHME HEPaBHOBECHBIC SIBICHUS B MPOBOJHUKAX, HAIPUMEP
TEPMOIJIEKTPUYECKHUE SIBICHUS, TaJIbBAHOMATHUTHBIC SIBJICHUS U Ap. BIBOJ 3aKOHOB
TEPMOJUHAMHUKN HEPAaBHOBECHBIX MPOLECCOB U3 3aKOHOB MEXAHUKHU (KJIACCUUECKOH U
KBAHTOBOI) U MOJy4€HHUE BBIPAKEHUHN JJI1 KHHETHYECKUX KO3(PHUIIEHTOB yepes na-
paMeTpsl, XapaKTepU3YIOIIHUE CTPOCHUE BEIIECTBA, BXOAAT B 3aJa4y HEPaBHOBECHOMN
CTaTUCTUYECKON TEPMOJIUHAMUKHU.

4.4. CuHepreTuka

Ha3BaHnue cmHepreTmka mpoOHUCXOIMT OT rpedeckoro ciopa Synergetikos (co-
BMECTUMBIN, COTJIACOBAHHO JIGMCTBYIOIINM) U CIIYKUT JJi1 0003HAUYCHUSI HaIpaBiie-
HUS B HayKe, CBS3aHHONO C M3yYEHHEM 3aKOHOMEPHOCTEH MpPOCTPaHCTBEHHO-
BPEMEHHOI'O YIOPSIIOYEHNSI B pa3HOOOpa3HbIX cuctemax. TepmuH BBeneH I'. Xake-
HoM (H. Haken) B Hauane 1970-X rr. u oTpa)kaeT TOT (hakT, YTO MPOLECCHI YIOPSIO0-
YeHUs] B MaKpOCKOIHMYECKOM CHCTeME BO3HUKAIOT Oyarojapsi B3auMOJIEHCTBUIO
00JIBILIOTO YMCHIa 3JIEMEHTAPHBIX MOjACHCTEM. BO3ZHMKHOBEHHE CUHEPIeTHKH Kak ca-
MOCTOSITEIBHOTO HAIIPaBJICHUs CBSI3aHO C TEM, UYTO TMOBEIEHUE Pa3HOOOpa3HbIX (u-
3UYECKUX, XUMUYECKHX, OMOJIOrMUYECKUX U JIPYTUX CUCTEM OIMHUCHIBACTCS CXOTHBIMU
MaTeMATHYECKUMHU MOJEIISIMU U JUISI TAKMX CUCTEM XapaKTEpHbI OJHU U TE XK€ sIBJIE-
HUS camoopeanusayuu. ITO MO3BOJISET LIMPOKO UCIIOIb30BaTh PE3YIbTaThl UCCIIENO0-
BAaHUSI OJJHUX OOBEKTOB MPU aHATIU3E IPYTHUX.

Camoopranusanmsi — caMOIPOU3BOJIbHOE (HE TpeOyrolllee BHEUIHUX OpraHu-
3YIOIMX BO3JICUCTBHI) YCTAHOBJICHHE B HEPABHOBECHBIX JMCCUIIATUBHBIX CpeAax yc-
TONYMBBIX U PETYIAPHBIX CTPYKTYp. IlepBbie uccnenoBanus sSBJICHUS CAaMOOpPraHu3a-
uuu O0biu iposeniensl W.P. IlpuroxxunsiM u ero kosuieramu B 1960-¢ rr.

22 Jlapc Oncarep (1903-1976), amepuKkaHCKHH (DH3UK-TEOPETHK HOPBEKCKOTO MPOUCXOKIeHMs. Jlaypeat
HoGenesckoii npemun 1o xumud (1968 1.) 3a BKJIa1 B TEOPHIO TEPMOJUHAMUKH HEOOPATHUMBIX MPOLIECCOB.
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Haubonee u3BecTHBIN M HATJIAIHBIA MPUMEpP CaMOOPTaHU3AlMKA — BOSHUKHOBE-
HUE KOHBEKTHBHBIX PEIIETOK (COTOBOM CTPYKTYPbl KOHBEKLUH) C IIECTUIPAHHBIMU
A4eliKamMH, s4eiikaMu beHapa, IpH MOJOTpeBE TOPHU3OHTAIBHOIO CJIOSI KUAKOCTH
cHu3y. [Ipy momorpese CHU3Y IUIOCKOTO CJIOS >KMJIKOCTH Pa3BUBAETCS T.H. KOHBEK-
THBHAsl HEYCTOMYMBOCTB, CBSI3aHHAS C TEM, YTO MOJIEKYJIIPHBIM TEIUIONIEPEHOC HE B
COCTOSIHUM OOECIEeUnTh TEMIEPATYPHBIN OajaHC MEXy HarpeTod HUKHEW MOBEpX-
HOCTBIO M OXJIQXKJICHHOM BEPXHEW IMOBEPXHOCTHIO CIIOS. BCIUIbIBarOIN BCIEACTBHE
JCUCTBUS apXUMEJOBON CHUJIBI HArpeThIl (0o0Jiee JIErKuil) 3J€MEHT KHJIKOCTH BBITEC-
HSET XOJOJIHYIO JKMJIKOCTb, 3aCTaBIssA €€ ABUTAaThbCs BHU3. B pe3ynprare B cioe yc-
TaHABJIMBAETCS CTALIMOHAPHOE BPAIICHUE JIEMEHTOB KUAKOCTH, KOTOPOE MpU BU3Yya-
JIM3alUU BBITVISAUT KaK CTPYKTypa YIOPSAOYEHHBIX BIOKEHHBIX POJIMKOB WJIM BAJIOB.
XapakTepHblii MaclITad 3aBUCUT OT TOJIIMHBI CJIOSI U MApaMETPOB KUJIKOCTU B TEX
KUIKOCTSX, TI€ CYILIECTBEHHA 3aBUCHMOCTh MapaMeTPOB OT TEMIIEPATYPBI, CYLIECT-
BYIOIIIME HA HAa4YaJbHBIX dTallaX Pa3BUTUSA HEYCTOMYMBOCTU BAJIbl C PA3JIMYHOU OPHU-
eHTauue B pesynbrare 3¢ (¢eKkrTa B3aMMHONM CHHXPOHM3ALMU O00pa3yloT CBSI3aHHOE
COCTOSIHME — PEILETKY C IIECTUTPAaHHBIMU stueiikamu. Bo30yxkaeHus ¢ Jo0bIMU ApY-
MMM MaciiTabamMu (OTJIMYHBIMU OT HaOJII0JaeMOro) MOMAABISIOTCA B pe3yJbTaTe
KOHKYPEHIUU.

[TapamMeTpsl yCTAHOBUBIIMXCS MAKPOCKOIIMYECKHUX CTPYKTYpP HE 3aBUCHAT (B He-
KOTOpBIX MpeJenax) OT U3MEHEHMsI HayallbHbIX -ycaoBHi. OHU 3aBUCAT JHIIL OT
CBOWCTB HEPAaBHOBECHOM AMCCUIIATHUBHOM Cpezpl. B 3TOM cMbIcie Takue auccuma-
THUBHBIE CTPYKTYpPbl €CTECTBEHHO Ha3BaTh aBTOCTPYKTYpaMu, MOJOOHO, TOMY Kak yc-
TaHOBUBILKECS KOJieOaHUs B JAMCCUMNATHUBHON CHCTEME C BHEIIHMM HCTOYHUKOM
SHEPIruM Ha3bIBAIOT aBTOKoJieOaHUsIMU. Jlpyroil mpuMep — caMONpOU3BOJIbHOE 00pa-
30BaHUE CIUPAIbHBIX BOJH B IByMEPHOM XMMHUYECKOM PEAKTOPE, B KOTOPOM IPOTE-
KAIOT aBTOKAaTAJTUTHUYECKUE peakuy Tuna peakuuu benoycosa-KaboTHHCKOTO.

Teopuu camoopraHu3alUy MPEICTABIAIOT COOOM pa3jen HEeIMHEWHOW TuHa-
MHUKH HEPABHOBECHBIX CPEJl M1 OCHOBBIBAECTCS HA CPABHUTEIHHO HEOOJIBILIOM YHUCIIE
6a30BbIX Mojeneil. [Ipoctetimuii (MOHOTOHHBIN) Tiporiece hopMooOpa3oBaHus, ycTa-
HOBJICHHsI CTATUYECKUX CTPYKTYP OIMCBHIBACTCS T.H. IPAJUEHTHBIMUA MOJECIISIMH.

4.5. QuTponusa n nidopmauma

TEOPUA NMHOOPMALMM- pa3aen MareMaTUKH, MCCIEAYIOMMNN MPOLECCHI
XpaHeHus, Ipeodpa3oBaHus U nepenayu MHpopMauu. B 0CHOBeE ero JIeXUT omnpee-
JIEHHBIN crioco0 U3MepeHus: KoJmyecTBa HHpopMalui. Bo3HUKIIAs U3 3a7a4 TEOPUU
CBA3U TeOopHsl MH(POpMALMK MHOTAA PAacCMATPUBAETCS KaK MaTEeMaTUYEeCKas TEopus
cucteM mnepeaaun uHpopmauuu. Onupasch Ha OCHOBomojararouryro padory K.

?3 IMTEPATYPA

[ennon K. Pabomur no meopuu ungopmayuu u kubepnemuxe. M., 1963

KonmoropoB A.H. Ilpobremvl nepedauu ungpopmayuu. M., 1965

Arnom A.M., Srmom .M. Beposimnocms u ungpopmayus. M., 1973

lamnarep P. Teopus ungopmayuu u nadexcunas ceéaso. M., 1974

Uucap U., Kepuep . Teopus ungpopmayuu: meopemovl koouposanus 0Jisk OUCKPEMHbIX cucmem 6e3 namsamu.
M., 1985
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lennona (1948), teopus mH(pOpMaLNUK yCTaHABIUBAET OCHOBHBIC T'PAHUIBI BO3-
MOXKHOCTEH CHCTEM Tepenayn uHpopMalnu, 3aaeT UCXOJHbIC IPUHIIUIIBI KX pa3pa-
OOTKM U TPAKTUYECKOTO BOIUIOMICHUS. 3J€Ch pacCMAaTPUBAETCS SAPO TEOPUU HH-
dbopmai — cBoiicTBa MH(MOPMAITMOHHBIX MEP U UX MPUIOKEHUS K aHAIU3y CUCTEM
nepenayu uHGopMaIuu.

OcHoBHBIE CBOIMCTBa UHPOPMALIUA MOKHO OMHCATh C MOMOIIbI0 MaTeMaTHye-
CKOM MOJeNH, OTpakarolleil MHOTHE XapaKTepHbIe OCOOEHHOCTH MH(OPMAIMOHHON
MepBbI, KaK OHa OOBIYHO TIOHMMAETCSI HA MHTYUTHBHOM ypoBHe. McTounuk nHpopma-
MY ¥ KaHaJ CBS3H, IO KOTOPOMY Tiepenaercss nHpopMalys, MOKHO MOJICTUPOBATH,
WCIIOJIB3YysI BEPOSITHOCTHBIC TMPEACTABICHUS. DHTPONHUS HCTOYHHWKA HWH(POpMAIUN
paBHa norapupmy (3pPeKTUBHOTO0) YUCIa COOOIICHNI, KOTOPHIE OH MOPOKAAET. ITO
— Mepa CJIOKHOCTH OIHMCAHMS MCTOYHWKA (MM, KaK WHOTJIA TOBOPAT, Mepa Heompe-
JIEJICHHOCTH CcOo00IIeHus1). Takoe TOHUMaHUE YHTPONUKM TECHO CBSI3aHO C MOHSATHEM
SHTPOIUHU, UCTIOJIB3YEMbIM B TEPMOJIMHAMHUKE.

TpynHocts nepenaun MHGOPMAIMKM 3aBUCUT OT YMCJIa BOBMOXHBIX COOOIIe-
HUMN, KOTOPBIEC JOJKHBI OBITh PACIO3HAHBI MOdy4YaTesaeM. Ecii 5To 4ucio HeBEIHKo,
TO TIPOLIECC Mepeayrl MEHEe CJIOXKEH, YeM IMPHU OOJIBIIOM YHCIIe BO3MOXKHBIX CO00-
nieHuit. Harmpumep, 4To0bl pa3iuyuTh ECATh BO3MOKHBIX COOOIIEHU, HEOOXOIUMO
nepeaarbh TOJbKO OoAHYy necarnunyto mudpy (0, 1, 2,..., 9), a nnsa pazmuuenus 100
BO3MOXKHBIX COOOIICHUN MOHAM00ITCs yxke aBe aecsatudanbie mudps (00, 01, 02,...,
99). Kaxnas nonoiaHuTeIbHas 1udpa Mo3BOJSAET YBEIUUUTH YUCIO PACIIO3HABAEMBIX
coobuienuii B 10 pa3. Takum oOpa3oM, KOIUYECTBO HHPOPMALIUK, HEOOXOIUMOM ISt
TOTO, YTOOBI MBI MOTJIM pa3nu4uTh N cOOOIIEHUH, pacTeT, eciu TOBOPUTh Ha MaTe-
MaTHUYECKOM s3bIKe, Kak jJorapudm yucia N, T.e. kak log N.

duznueckn nepeaady WHPOpMaIUMi MOKHO MPEICTABUTh KaK MHIYITUPOBAHUE
B IIPUEMHOM YCTPOHCTBE TpeOyemMoro Gpu3ndeckoro coctossaus. OTIpaBUTEIh HAMe-
peH Tepeaarh cooduienue noaydarento. CyTh Mepeiadu 3aKI04aeTcsl B BOCIPOU3Be-
JICHUU Ha BBIXOJIC KaHAJIa CBSA3U MEPElaHHOTOo cooOmieHus. B MoMeHT niepengaun oT-
MpaBUTEh BHIOUPAET HYKHOE COOOIIEHNE U3 CIIHCKA BCEX BO3MOXKHBIX COOOIICHUH.
[TomyuaTens 3apanee He 3HaeT, Kakoe W3 HUX OyzeT BeiOpaHo. (Ecnu 661 oH ObLT 00
ATOM 3apaHee MHPOPMUPOBAH, TO HUKAKOW HEOOXOJMMOCTH TOCHUIATH COOOIICHHE
He Obuto Obl.) KaHamn cBSI3W BHOCUT B MpoIleCcC Mepenadyn MHPOpMalUuUd CIIyYaiHbINA
IITyM, KOTOPBIM UCKa)KaeT COOOIIECHUE M TEM CaMbIM 3aTPYIHSET ero mpouTeHue. B
Hayajie mpoliecca CBA3M MoJaydyaTelb HAXOAUTCS B MOJIHOM HEOIPEAEIEHHOCTH OTHO-
CUTEJILHO TOTO, KaKoe COOOIIEHNEe BHIOpaHO M3 CIIMCKA BO3MOXKHBIX. K KOHITy CBSI3U
MOJIy4aTelll0 CTAaHOBUTCS 3TO U3BECTHO, T.€. CTAHOBUTCS U3BECTHO TOYHOE OMHMCAHHE
BBIOPaHHOTO COOOIIICHMUSI.

CnocoOHOCTh KaHasla CBSI3U TepeaaBaTh MHGOPMAIMIO XapaKTepU3yeTcsl He-
KOTOPBIM YHUCJIOM — MPOMYCKHOM CIOCOOHOCTHIO (€MKOCTBIO), paBHOM Jorapudpmy
3 GeKTUBHOTO YuCIa COOOIECHNH, Pa3InIMMBIX Ha ero Beixoze. [Iporecc mepenayun
uH(OpPMAIIMU MOXKHO CUUTATh HAJIC)KHBIM, €CIM CKOPOCThb Mepeaadydl COOOIICHHI
MEHBIIIE MPOMYCKHOW CIOCOOHOCTH KaHaia. B mpoTMBHOM ciydae HaaeKHas Tepe-
naya MHGOPMAIMK OKa3bIBA€TCS HEBO3MOKHOU. OCHOBHOW pe3yjbTaT TEOPUM WH-
dbopmari COCTOUT B YTBEPXKICHUU: €CIIM DHTPOIUS UCTOYHUKA MEHBIIE MPOITYCK-
HOH CIIOCOOHOCTHM KaHaja, TO Ha €ro BBIXOAE HCXOMTHOE COOOIEHHE MOXKET OBIThH
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BOCITPOM3BEJICHO CO CKOJIb YTOJHO MaJION ONMIMOKOW; €CIIM K€ DHTPOIHUS UCTOYHUKA
MPEBBIIIAECT €r0 MPOMYCKHYIO0 CIIOCOOHOCTh, TO OIMIMOKY CAENaTh MaJoid HEBO3MOXK-
HO.

TpynHOCTB TIepeaun COOOIICHUS HE 3aBUCUT OT €ro COJIeP)KaHuUs; IepeIaBaTh
OeccMBICIIEHHBIE COOOIIEHNS HE MEHEE TPYIHO, YeM OCMBICIeHHbIe. Hampumep, umc-
70 23 B OJTHOM KOHTEKCTE MOXET OBITh IIEHOW 0HOTO Oappens HeTH, a B APYroM —
HOMEpOM TOOeanTENs 3ae3/1a Ha ckaukaxX. CMBICT COOOIICHHUS 3aBUCUT OT KOHTEKCTa
¥ CEMaHTHUKH, & TPYJHOCTh €ro Mepeaadyn ONpPEnesseTCs TOJbKO MePEYHEM BO3MOXK-
HBIX COOOIIEHUH (M UX BEPOSITHOCTEN).

JIroOyro cuctemy mepenadn nHPOpPMaIUA MOKHO CUHUTATh COCTOSIIEH U3 TPEX
yacTel: MUCTOYHUKA COOOIIEHUM, KaHalda CBA3M U MPUEMHOro ycrpoiictea (puc. 1).
Hampumep, nipu pasroBope 1mo TeiaedoHy UCTOUYHUKOM SBJISIETCS TOBOPSIINNA, CO00-
IIIEHUEM — eT0 peub. KaHajaoM CBs3M CIy’KaT MpoBOAA, EPEIAIOIINEC SKTPUISCKHUMA
CUTHAJI OT TOBOPSIIIIETO K CIYIIATEIO — MOJIy4aTelt0 COOOIIECHHUS.

Mexay oTInpaBUTENIEM COOOIICHHS M KaHAJOM CBS3U MOTYT HaXOJUTHCS YCT-
poiicTBa (0603HaUeHHBIE Ha pUC. 1 KaK KOIUPYIOIIUE), Mpeodpasyrommue coo0IeHre
B (dopmy, yIOOHYIO JUIsl Mepeadyu Mo KaHaly CBs3H. Jlekoaupytoiiee yCTpOHCTBO,
YCTAHOBJICHHOE Ha JIPYTOM KOHIIE KaHalla, BOCCTAaHABIMBAET IIPUHATOE COOOIIICHHE.

Koavpytowee
—_— ——» | Kanan | —
CooblweHue WP%BO

Puc. 2.6. [lepenava uadopmanmm

ITo kaHaTy CBSI3W MOXET TEepPeaaBaThCS caMmas pa3audHas HHOpMAaITUs: TeKCT,
KUBas pedb, My3bIKa WJIW H300pakeHus. J[J KaXA0ro MCTOYHHWKA MOXHO yKa3aTh
nepeveHb COOOIIEHUH, KOTOPhIE OH MOXET reHepupoBath. Harpumep, HCTOUHHK Te-
nerpaHBIX WM TEJIEKCHBIX COOOIIEHUN TepeaaeT TONbKO OYKBBI U HE COJIECPHKHUT,
CKa)kKeM, HOTHBIX 3HAKOB. Eclii Mo KaHay CBSI3M NEpenaeTcs KuBasi pedb, TO CUTHA
JUIIAETCs NOoJIe3HOTo coAepskanus rmpu yactote Boime 20 000 I'u, BepxHero npezaena,
BOCITPUHUMAEMOTO YEJIOBEYECKUM CIIYXOM. ITUMHU (aKTaMH MOKHO BOCIOJIb30BaTh-
Csl IPY MMPOEKTUPOBAHUY BXOJ1a KaHAJIa CBS3H.

5. AnekTpoAMHaMMUKa U ONTUKA

Co BpeMeH aHTUYHOCTU OBLIM M3BECTHBI CIIOCOOHOCTH TEN K DJICKTPU3AIHU U
HamarHnunBanuio Panec Muserckuii (7-6 BB. 10 H.3.) Q)K€ CUUTANL, YTO MArHUT
UMEET Iylry. A 2JICKTpUYECKUE CBOMCTBA SHTapsl (IO-TPEUECKH, DJIEKTPOH) UMEIOT
pa3BUTHE B COBpEMEHHOM 3JiekTpoHuKke. Kak cramo u3BecTHO B ocHOBHOM B XIX B.,
MarHUTHBIC CUJIBI UMEIOT HE pajualibHbIA XapakTep. Brnpouem, kKak yke 4aCTUYHO
OTMEYaJIOCh, U JIEKTPUYECKUE, U MATHUTHBIE CHJIbI YOBIBAIOT OOPATHO MPOMOPIHO-
HaJIBHO KBaJpaTy paccTosiHUs. B cuily paHee cka3aHHOTO0, 37€Ch Mbl UMEEM IPOsIBIIE-
HUSI CBOMCTB €BKJIMJIOBA MPOCTpaHCTBA. Bompoc 3akitovaercst TOIbKO B TOM, 00 Ka-
KUX MAbIX PACCMOAHUN 3AKOH 00pamublx Keaopamoe eepen. Bnpoyem, 3TOT BO-
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IIPOC BBIXOJUT 34 PAMKH KJIACCUYECKOM AIEKTPOAVMHAMHUKH, HO HE 3a PAMKH HAIIETO
Kypca, ¥ Mbl BEpHEMCSI K HEMY B JaJIbHEUIIEM. DIEKTPUUYECKUE U MAarHUTHBIE, A TaK-
K€ ONTUYECKHUE SIBICHMS MCCIENO0BAIM MHOTHE M3BECTHbIE ydeHble. Ha3oBem muib
HeKkoTopele uMeHa: ['mnbbept, Kynon, Opcren, Amnep, ['tolirenc, ®penens, Aparo,
T. FOHr u psan npyrux. BenencrTsue KpaTKOCTH HAIIETo W3JIOKEHUS OCTAHOBUMCS Ha
IIOUCTUHE PEBOIIOLMOHHOM BKJIa/I€, BHECEHHOM B HAayKy OO0 3JIEKTpUYECTBE, MarHe-
TU3ME U CBETE I'CHUAJbHBIM aHIJIMHCKUM Y4YeHbIM-caMOy4ykou Maitkiiom Papaneem
(1791-1867), KOTOPBIH MOYYHII BITOCIICACTBHH TEOPETHUECKOE 0000IICHHUE B TPYAax
Jlxerimca Kiepka Makcpeiia (1831-1879).

M. @apaneii ObUI, TO-BUAMMOMY, MEPBBIM, KTO OpOCHI BBI30B HBTOHUAHCKOMN
KapTUHE MHpa. Bennkuil aHrauiickuil GU3NK-3KCIIEPUMEHTATOP BBEJ MOHITHE TMOJIS
(27IEKTPUYECKOT0, MArHUTHOTO, 3JIEKTPOMATHUTHOTO) (POPMAJIBHO, KaK 3TO Jelalld B
TEOPUU MEXAHUKHU U 10 Hero. OH BHEPBBIE OMMCAN CHJIOBBIC JIUHUU IIOJISI KAK HEUTO
peaNbHO CYILIECTBYIOIIEE U JOKA3aJl IPaBOMEPHOCTh TaKOro noaxoja. OH OTKpbUI y
NEPEMEHHBIX TOJIEH CIIOCOOHOCTh «IPOTAJIKUBATH» APYr Apyra 4epe3 MycToe IMpo-
CTPaHCTBO, OPOXkKAasi CBOEro poAa (OecrenecHyo) BosHy. OH ke BbICKa3aji Ipeamno-
JIO’)KEHHE, YTO CBET MOXKET COCTOSATh M3 TAKMX BOJH. B TO BpeMs rocrnojicTBoBajia
TOYKA 3peHUsl (HbIOTOHUAHCKUHU MOJXO0M), UTO JMEKTPOMArHUTHBIE IOJII BCETO JIMUIb
yJI0OHbIE BCIIOMOTATENIbHbIE MATEMAaTUUECKUE TTOHSATHUS JJIsl ONUCAHUS «HACTOSALLIEI
HBIOTOHHMAHCKOW (PU3NYECKON PEaIbHOCTH - IEUCTBUS HA PACCTOSHUU (IaJIbHOJEHCT-
BUs) ToueuHbIX yacTuil. [locie ombiToB Papanes pusnka BHOBb BEpHYJIACh K JeKap-
TOBBIM HI€sIM OJIM3KOIEUCTBUS, OT KOTOPBIX OTOILIA B MexaHuke HproToHa.

He xaxercs nmu Bam, uto JimHus JlekapT - HBIOTOH B HCTOpUM HAYKH HANIOMU-
HaeT JuHuo Jlemokpur - [1naTton?

5.1. YpaBHeHuss MakcBenna

CronkHyBUIMCH ¢ 0OHapykeHHbIMU DapaneeM >KCIEepUMEHTAIbHBIMU (pakTa-
MU U ¢ 0ojee paHHUMU OTKPHITHSIMU A. M. AMriepa u Apyrux uccrienoBaTenei, Be-
JTUKUR moTnanackui Gu3uk u MaremaTuk Jxerimc Knepk MakcBemn 3aaymaics Hajl
MareMaTuyeckor GOpMON YpaBHEHMIA, OMIMCHIBAIOIINX AJICKTPUUECKUE U MAaTHUTHBIC
I10J151, @ TAK)KE UX B3aMMHOE IIPEBPALLICHUE.

Y cTaHOBIIEHUIO ypaBHEHU MakcBeiia MpeamecTBOBAI Psifl OTKPBITUN 3aKO-
HOB B3aMMOJICHCTBUH 3apsKEHHBIX, HAMArHUUYEHHBIX M TOKOHECYIIUX Ted (B YaCTHO-
ctu, 3akoHOB Kynona, buo - CaBapa, Ammnepa). B 1831 M. ®dapaneii oTKpbLI 3aKOH
AIEKTPOMAarHUTHOM MHAYKIMU U IPUMEPHO B TO K€ BPEMs BBEN MOHATUE DJIEKTpUYE-
CKOI'0 M MarHMTHOIO MOJIEH KaK CaMOCTOSTENbHBIX (pu3nyeckux cyocraniuil. Onu-
pasicb Ha apaeeBcKoe MPEACTABICHHUE O MOJe U BBEIS TOK CMEIIECHUs], paBHO3HAY-
HBI 10 CBOEMY MarHUTHOMY JAEHCTBUIO OOBIYHOMY 3JeKTpuueckomy Toky, Jlx. K.
Makcsemn (J. C. Maxwell, 1864) chopmynupoBan cuctemMy ypaBHEHUH, Ha3BaHHYIO
BIIOCJIEJICTBUM yp-HUsIMU MakcBesia. M. y. QyHKIMOHAIBHO CBSI3BIBAIOT AJIEKTpUYE-
CKHE€ U MarHUTHBIE TOJIS C 3apsSAaMH M TOKAaMH M OXBaThIBAIOT COOOM BCEe M3BECTHBIC
3aKOHOMEPHOCTH MAaKPO3JIEKTPOMArHETU3MA.
BrnepBbie 006 ypaBHeHusix MaxkcBenia ObII0 0JI05K€HO Ha 3aceganuu JIOHTOHCKOTo
Koponesckoro oOmiectBa 27 oxt. 1864. IlepBonauanbHo MakcBemn mnpuberan K
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BCIIOMOTATENIbHBIM MEXaHHUeCKUM MojessiM "adupa”, Ho yxke B "Tpakrare 00 3mek-
TpuyectBe U marHetusme" (1873) aaeKTpOMarHUTHOE IOJIE PacCMaTpPUBAIOCh Kak
CaMOCTOSATENbHbIN, (Qu3nueckuii 00bekT. Dusnyeckass OCHOBAa ypaBHEHHM
MakcBesia - TpuUHIMI OJM3KOACUCTBUS, YTBEPKAAIOUIUN, YTO Mepenaya 3JIeKTPO-
MAarHUTHBIX BO3MYIIECHUI OT TOYKH K TOYKE MPOUCXOAUT C KOHEUYHON CKOPOCTHIO (B
BaKyyMe CcO CKOpPOCThIO cBeTa ¢). OH MPOTUBOIOCTABIISIICS HbIOTOHOBCKOMY MpPHH-
LIy TaJlbHOJEUCTBUS, CBOASIIEMYCSI K MTHOBEHHOM MEpenade BO3ICUCTBUN Ha JIIO-
6oe paccrostHue MaTeMaTHUeCKUM anmnapaToM TEopur MakcBeiia MOCTYX U BEK-
TOPHBIN aHaIN3, MPEACTABICHHBIM B MHBAPUAHTHON (opMme uepe3 KBaTepHUOHBI [ a-
MuipTOHa. Cam MakcBels1 cuuTai, 4To €ro 3aciiyra COCTOMT JUIIb B MaTeMartnye-
ckoM odopmiteHnu uaei Dapanes.

Henp3sa ckazaThk, uTo MakcBen padoTan B TEOPETUUECKOM OTHOILLIEHUU Ha al-
COJIFOTHO ITyCTOM MecTe. Tak B HayKe He ObIBaeT. YK€ CyIIeCTBOBAIM YPAaBHEHUS ad-
pO- ¥ THAPOMEXAHUKH, TEOPUS MMOTEHIINAJIAa B MEXAHUKE U, HAKOHEIL], OTAEIbHBIE IMO-
MBITKM MaTtemMaTudyeckoro onucanus onbiToB Dapanes, caenanueie apyrumu. Ho
MTOJTHOW KapTUHBI 3JIEKTPOMArHUTHOTO IOJsl HE onucail HUKTO. BeiBonbl MakcBenna
OB PE3yJIbTATOM COOCTBEHHBIX TEOPETUYECKHUX IOCTYJIATOB — OTYACTH (husmye-
CKHMX, OTYACTU MaTEeMaTUYECKUX, a TE-TO - JaKe ICTETUYECKUX. MaKCBeITy yAanoch
BBIYUCIIUTh CKOPOCTh, C KOTOPOM 3JIEKTPOMArHUTHOE TI0JI€ JOJDKHO OBLIO pacrpo-
CTpaHATHCS B MpOCTpaHCTBE. M OHa B pe3ynbTaTe 0Ka3ajaach paBHOW CKOPOCTH CBETA,
HE3aJ10JITO 70 ATOro u3MepenHon A. dwuzo (1819-1896).

Kpome Toro, sinekTpoMarHuTHbIE BOJIHBI MHTEpGEPUPOBAIM U 00JIaganu CIo-
COOHOCTBIO TOJISIPU30BaThCs, Kak U CBET. [loMrUMO OOBSICHEHHSI CBOMCTB BUIMMOTO
CBETa, JIJIs KOTOPOTrO JIJTMHBI BOJIH JIOJKHBI ObUIH JIeXKaTh B Juarna3oHe 4 - 7*10°7 M,
MakcBe npejcka3ai CylleCTBOBAHME AJIEKTPOMArHUTHBIX BOJIH JAPYTUX JJIMH, MO-
POXKIAEMBIX CYIIECTBOBAHUEM JJICKTPUYECKUX TOKOB B MpoBoAHUKaX. CyllecTBOBa-
HUE TIPeICKa3aHHbIX BOJH ObLI0 ycTaHoBieHo . ['epiiem B 1888 1.

Cucrema ypaBHeHuid MakcBemia B cuctremMe CU BBRITISIUT ClieayromuM oopa-
30M.

rot H :]+@,
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divD = p,

divB=0.

3meck E - JEKTpHYECKOE, a H - MarHUTHOE MOJs, B - MarHUTHAas WH-

OYKIUs, j - IUIOTHOCTH DJICKTPUYECKOTO TOKA, D - dJIeKTpuueckas MHAYKIHUS, o
- IJIOTHOCTD AJICKTPUUECKOTO 3apsiaa, t - BpeMs.

VYpaBaenus Makcemia B ¢opme (2.10) He oOpa3yroT MOJTHON 3aMKHYTOU
CUCTEMBI, TTO3BOJISAIONIEH PACCUNTHIBATH JIEKTPOMArHUTHBIE MTPOIIECCHI MPU HATHYUN
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MaTepHaanoﬁ CpcAanl. Hx ciaeayer AOIOJHUTL COOTHOHICHHAMMU, CBA3BIBAIOIIUMU
BXOAIIUME B UX COCTAB BCKTOPHBI, KOTOPBLIC HC ABJIAIOTCA HC3aBUCUMBIMU. CBs3b Me-
KAy BCKTOpPaAMH OIIPCACIISACTCA CBOMCTBaMH CpCabl U €C COCTOAHHUCM. HOCJIC,ZIHI/IQ
YpPaBHCHUA HA3BIBAIOTCSA YPAaBHCHHUAMH COCTOAHUA WK MAaTCPUAJIbHBIMH YPABHCHU -
MH.

HepBoe YPAaBHCHHUC CBA3BIBACT U3MCHCHUS JJICKTPHUYCCKOT'O IIOJII C TCKYIIU-

MM 3HAYCHUSIMHU MAarHUTHOTO MOJISI U 3JEKTPUYECKOTO TOKA, TOrAa Kak BTOPOE, Ha-
000pOT, OMHUCHIBAET U3MEHEHUSI MATHUTHOTO IMOJS B 3aBUCUMOCTA OT BEIUYHHBIL
ANEKTPUIECKOTO ToJIsA. TpeThe ypaBHEHUE, TPyOO TOBOPS, MPEACTABIAET COOOM 3aK0-
TUPOBaHHYIO (hOPMY 3aKOHA OOpATHBIX KBAJIPaTOB, MOKA3hIBAOIIYIO, KaK dJIEKTpUYe-
CKoe 1moJjie (B JaHHBI MOMEHT BPEMEHH) JIOJDKHO OBITh CBSI3aHO C paclpeeieHUEM
3apsaaoB. UTo ke KacaeTcs 4eTBEPTOrO YPaBHEHMS, TO OHO TOBOPUT TO JKE CaMOE€ O
MAarHUTHOM I10JI€, C TOW JIMIIb PAa3HULIEH, UTO «MArHUTHBIC 3apsAbD) - OTIACIIbHbBIC
«CEBEPHBIE» U «IOXKHBIC» TOJIKOCHI YACTHUI] - HE CYILIECTBYIOT. Ha 3TOM Bompoce crie-
uanbHo octaHaBiuBaercs B.JI. ['mH30ypr [5], korma roBoput o 3amadax, CTOSIINX
nepea coBpeMeHHo# gu3nukoil. OH, 0JIHAKO, HE UCKIIIOUAET BO3ZMOXHOCTH OTKPBITHS
MarHuTHOTO MOHOIIOJISI B OyAyIIeM.

OTH YeThIpe ypaBHEHHUs YTBEPKAAIOT: (1) 2JIEKTpUYECKOE MOJIE TPOUCKXOIUT OT
AIEKTPUUYECKUX 3apsiioB U BbIpakaeTcs depe3 3akoH Kyrnona, (2) He cyliecTByeT
M30JIMPOBAHHBIX MAarHUTHBIX MOJIIOCOB, 4 MEXKAY MOJKOCAMU MarHuTa JEUCTBYIOT KY-
JIOHOBCKHE CUJIBL, (3) 2JIEKTPUYECKUE MOJII MOTYT IMTPOU3BOIUTHCS U3MEHEHUEM Mar-
HUTHBIX TOJIeH TI0 3aKOHY dJeKTpoMarHUTHOW mHaykiuu Dapanest u (4) mupKynu-
pPYIOIIME MATHUTHBIE TOJS MPOU3ZBOIATCS H3MEHEHUEM DIIEKTPUYECKUX TMOJEH U
ANEKTPUYECKUMU TOKAMU 10 3aKOHY AMIIepa, ONMUCHIBAIOIIEMY B3aUMOJIECHCTBUE HU3-
MEHSIOLIMXCS TIOJIEH.

MaHunyaanust 4eTbIpbMs YPABHEHUSMH ISl AJEKTPUYECKUX U MarHUTHBIX
roJjier nmpusena MakcBesia K BOJTHOBBIM YPAaBHEHUSM ISl MIOJIEH, PELICHUSIMU KOTO-
PBIX BBICTYIIAJIA PACHPOCTPAHSAIOLIMECS TAPMOHUYECKHE BOIHBI. JleTanpHas Marema-
TUYECKasi MPOpadOTKa cOYeTanach y HETO M C KaUeCTBEHHBIM MOHUMAHUEM: H3Me-
HSIOIIMECS] MArHUTHBIC TOJS TOPOXKIAIOT TMOJS DJIEKTPUYECKUEe W HA00OpOT. ITO
MPEJINOJIarajg0 BO3MOKHOCTh MOSIBICHUS AJIEKTPOMArHUTHOIO MOJiA, B KOTOPOM Me-
HSIIOIIEECS DJICKTPUUECKOE MOJIE BEJIO K POCTY MEHSIOUIErOCs MarHUTHOTO TOJSL U
Ha000POT.

DJIEKTPOMArHUTHBIE BOJIHBI HE MPEJICTABIISUIM COOOM KaKOTrO-TO (PU3HYECKOTO
CMEUIEHUS, KOTOPOE PacpoCTPaHsIIOCh Yepe3 cpeay MoAoOHO 3BYKY WIIM BOJIHAM Ha
BOJI€; BMECTO ITOT0 MMEJIO MECTO PaclpOCTpaHEHHE KOJeOaHUM AIEKTPUUYECKOTO U
MAarHUTHOTro noJie. HempocTeiM sBISI€TCST B 3TOM CBSI3M OTBET HA BOIIPOC, YTO XK€
KOJIeOJIeTCS B DJIEKTPOMArHUTHBIX KoyieOanusax? [ToHATHO, 4TO OTBET BPOJIE€ TAKOTO:
KOJICOJIIOTCSI BEKTOPHI JIEKTPUUECKOTO0 U MAarHUTHOTO TOJIEH - BPSJ JIM MOKHO CUH-
TaTh GU3NIECKUM. A €CThb JIU IPyTOit?

BomnnoBoe YpPaBHCHHC Makcaeiia ITOKa3bIBAJIO, YTO CKOPOCTH BOJIH ¢ OIIpCac-
JIACTCA KOM6HH&I.[HCI>1 KOHCTAHT B 3dKOHAX J3JICKTPO- U MAIrHUTOCTATHUKHU, TOBOPA CO-
BPEMCHHBIM A3BIKOM:
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TaJIbHO HaiJIcCHHOE 3Ha4YeHHe KOTopoul coctaBisger 8,85*107°, a 4, - MarHUTHas

IPOHHIIAEMOCTh CBOOOIHOrO TPOCTPAHCTBA, MMeromas Bemnanny 1,26%10°%. 3mave-
HUE 3TOM U MpEeABIIYIUX BeauynH Aatorcs B cucteme CHU.

BBbI4KCIICHHAsT OTCIOA CKOPOcTh okono 3*10° MerpoB B cexyHmy cormacoBa-
Jach C U3BECTHOM Y€ B TO BpeMsi CKOpocThio cBeTa (ombiThl A.M. ®u30). B cBoel
nexuuu B Jlonponckom KoponeBckom obmiectBe «JluHamMuveckas T€opusi dJIEKTPO-
MarHUTHOTO MOJIsH», MpouyuTaHHOM B 1864 rony, MakcBes 3asBUII:

Mbi umeem cunbHvie 0CHOBAHUA OJisl 3aKIIOYEHUS O MOM, YMO C8em KAK MaKo-
801, BKIIOUAS MENN080€ U T0O0e Opyeoe U3NYUeHUe, ABNAeMCsL JNLeKMPO-MACHUMHbIM
go3MyujeHuemM 6 ¢opme B01H, PACAPOCMPAHAIOUUXCA NOCPEOCBOM DJIeKMpOo-
MA2HUMHO20 NOJISL 8 COOMBEMCMBUU C DNEKMPO-MACHUMHBIMU 3AKOHAMU.

XOT NOHUMAaHHE CBETOBBIX SIBJICHUW IPETEPHENO CO BpeMeHu 1860-x romos
IyOOKHE TEPEMEHBbl B PE3yJIbTaTe OTKPHITHUS KBAHTOBO-MEXAHUUYECKON MPUPOJIbI
CBETa, MOJEJb JIEKTPOMAarHUTHBIX BOJH MakcBemia [yl MHOTMX CUTYalMil coxpa-
HSIET MOJIHYIO aJIEKBATHOCTb.

KBanTOoBO-MexaHWYeCKasi MPUPO/Ia CBETa OCOOEHHO MposBIsAeTCS B (HOTOI -
(dekTe, KOTOPBIN pa3jesieTcsl Ha BHYTPEHHUN W BHEIIHUNA U (TENeph 3TO MOXKHO yKe
CKa3aTh) DJIEKTPOHHBIN 1 HOHHBIN. [loHnManue npupoabl hoTodPdekTa, B TOM YUCIE
¥ HEeJIaBHO OTKpHITOro B CapaTOBCKOM YHUBEpcUTETE HOHHOTO (GoTodddexra, cylie-
CTBEHHO CBSI3aHO C Pa3BUTHEM (PU3UKH HOIYIPOBOJHUKOB, MPAKTUUECKHUE PE3YNIbTa-
Thl KOTOPO# SIBHJIMCH, 110 cioBamM HoGeneBckoro naypeara JK.M. Andeposa, ogaum
U3 TpeX KPYMHEUIUX TeXHUYECKUX AocTixeHuit 20-ro cronerus.

VYpaBHeHuss MakcBesuia HECKOJIBKO HANlOMMHAKOT ypaBHEHHWs | amuiabTOHA
TEM, YTO ONPENEIAIOT CKOPOCTH U3MEHEHUS AIEKTPUUYECKOr0 U MarHUTHOTO ToJieid. B
3aBUCUMOCTH OT MX TEKYIIMX 3HAYCHUH B JIFOOOU 3aaHHBI MOMEHT BpeMeHu. Cre-
oosamenvno ypasnenus Makceenna A6aa0mcea no cymu 0emepMuHUCMCKUMU —
TOYHO TaK K€ KaK ¥ CUCTEMa ypaBHEHUN B OOBIYHOW raMUIIbTOHOBOU Teopuu. EqnH-
CTBEHHOE, XOTSl M Ba)KHOE, pa3jiMuue B TOM, YTO ypaBHEHHUsI MakcBelljia MoJIEBbIE, a
HE KOPHYCKYJISIPHBIE. DTO O3HAYaET, YTO JJISI OIMUCAHUS COCTOSIHHUSI TaKOW CHUCTEMBbI
HE00X0MMO 0€CKOHEYHO MHOTO MapaMeTpoB (BEKTOPHI MOJISI B KaXKIOW TOYKE IMPO-
CTpPaHCTBA) BMECTO BCETO JIUIIb KOHEYHOTO YHCIia MapaMeTpoB (BMECTO TPEX KOOp-
JIMHAT TIOJIOKEHUSA U TPEX KOMIIOHEHTOB MMITYJIbCa KaXKJAOW YaCTHUIbI) B KOPIYCKY-
nspHOM Teopun. Takum oOpaszoM, (pazoBoe MPOCTPAHCTBO B Teopunu Makcsesia Oec-
KoHeuHOMepHO. Ha ocnoee meopuu Makceenna nona paccmampueaiomcs yauce He
KaK mamemamuyecKue npuOAGmKu K peaibHblm 4aCmunyam Hol0moHo60ll meopuu,
HO KaK camocmosamenvbHo cyuiecmeyioujue o0vekmul. J[eiCTBUTEIBHO, caM aBTOP
ATOM TEOPHUHM TMOKa3all, YTO KOT/ia MOJid PACHPOCTPAHSIOTCA B BUJE HEMATEPHUATIbHBIX
AJIIEKTPOMATHUTHBIX BOJIH, OHU MIEPEHOCAT C COOO0M AHEPrut0. ITOT PakT ObLT IKCIIe-
PUMEHTAJIBHO MOATBEPKIAEH ['epiiemM, CyMEBIIMM 3aperucTpUpPOBATH SIEKTpOMAT-
HUTHBIC BOJIHBI, XOTS 3TO OOCTOSITENHCTBO J0 CHUX TMOP MPEICTABISAETCS YAUBUTEIh-
HBIM. 3apsKEHHBIE YaCTHUIIbl B MAKCBEJJIOBBIX YPABHEHUSAX OTHOCSITCSI, CTPOTO T'OBO-
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psi, K 00J1aCTH KBAaHTOBOM AJIEKTPOJMHAMUKH, XOTS U TaM TpHU OOpaIeHUH C HUMHU
BO3HUKAIOT OMPEACICHHBIE TPYITHOCTH.

MakcBena yCTaHOBUJI, YTO PAJUOBOJIHBI PACIPOCTPAHAIOTCS CO CKOPOCTHIO
ceeta. Ho oTHOCUTENIBHO Yero u3MepsTh 3Ty ckopocTh? Cam MakcBenn npeaiarai
3TO JIeJIaTh OTHOCUTENBHO 3upa. Ho oT runmoTessl adupa cranm 0TKa3bIBaThCs MOCIE
onbITOB Maiikenscona 1 Mopnu B 1887 r. B aTux ombiTax ObLIO JOKa3aHO, YTO CKO-
POCTb CBETa OJJMHAKOBA BJIOJIb U MONEPEK HAIIPABJICHUS BpPaILLlCHUS 3€MJIM. DTO O3HAa-
qaso OTCYTCTBHUE yBieueHUs 3(pupa B pe3yabTaTe BpalieHus 3eMian. Ddup okazaics
HEIOIXO/ISIICH CUCTEMOM JIsl OTCUYETa CKOPOCTH CBETA, T.€. YTPATHII CBOIO POJIb a0-
contota. U3 ¢puzuxu ucueszano abcontommuoe. Quzuka cmanosunacy peiimueucm-
CKoIl.

PA3OEN 3. PENATUBUCTCKAA ®U3UKA

6. Teopusi OTHOCUTENBbHOCTU

Korna xyk mon3eT mo KpuBOMYy CYYKy, OH HE 3a-
MEUaeT, YTO CY4OK KPUBOM. S MMeJ cuacThe 3aMETUTh
TO, YETO HE 3aMEYaeT XKYK.

A. Diinwmetin. U3 paseosopa c cvinom, 1919

O KpUBU3HE IPOCTPAHCTBA

Mexanuka HproToHa Obula pa3BHTa, Kak YK€ OTMEYaIOCh, JJI1 €BKJIMI0BA
ITPOCTPAHCTBA, B KOTOPOM CBET PACIIPOCTPAHSAETCA MPSAMOJUHEWHO. 1 Ha 3TON OCHO-
BE BBOAUTCS MPEACTABICHHUE O TIPSIMOM, KaK KpaT4yaillleM pacCTOSSHUU MEXy TOUKa-
Mu. Ho cBeT He Bcerna pacupocTtpaHsercs 1o npssMor. Ha rpanuiie cpen OH UCHBITHI-
Ba€T NPEJIIOMJIEHUE, KOTOPOE MOXKET K TOMY K€ YIPABIATHCA IEKTPUUECKUM U Mar-
HUTHBIM MOJAMHU. biaromaps TpyaaM OWHIITEHHAa acTPOHOMBI OpPraHW30BaJIM Ha-
OJII0/IEHUE U 3aMETUJIH, YTO CBETOBOM JIy4 UCKPUBIISIETCS U B MOJI€ TATOTCHUS.

HeoOxoaumMo y4HTHIBaTH OTKJIOHEHHUS OT €BKJIMJAOBOM TeoMeTpuu. llepBbiM
9TO caenan B camoi reomerpun Hukonaii MBanosuu JloGaueBckuii (1792-1856). B
1926 r. oH MOCTPOMI FEOMETPHUIO, OTIIMYAOILYIOCS OT €BKJIMI0BOM TOJBKO MOCTYJIa-
TOM O HapaJuIeIbHbIX NPsAMbIX. OH IPEANONIOKUI, B OTIMYME OT EBKIMIa, 4TO yepes
TOYKY, PACIIOJI0KEHHYIO B INIOCKOCTH BHE MPSIMOM, MOKHO MPOBECTH HE OJIHY, KaK y
EBKinia, a HECKOJIBKO NPSIMBIX, HE TIEpeceKaroux JaHHy0. HeoObIuHbIN OIX01 HE
ObLT mpu3HaH Kosuieramu JlobaueBCcKoro, MOCKOIbKY CHIIBHO omnepeskal BpeMs. JIuiib

24 IUTEPATYPA

bop H. Atomuas ¢usuka u yenoBeueckoe nmoznanue. M., 1961

Bopu M. ®usnka B )KU3HU MOeEro MmokojeHus. M., 1963

I'epaex @. AnpbOepT DiiHmTelH. JKU3Hh BO MM HICTHHBI, TyMaHu3Ma U Mupa. M., 1966
OnHmreitn A. CoOpanue HayuyHbIX TpyAoB. M., 1967

Bbopu M. DiiHmTeiHOBCKAst TEOPHUST OTHOCUTEIBLHOCTH. M., 1972
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B Havasie XX B. ObUIO MOKa3aHO, YTO OH YIOBJIETBOPSET mMpeoOpazoBanusiM JlopeHia
U JICCTBYET MPHU CKOPOCTIX OJM3KUX K CKOPOCTH cBeTa. ['eomerpus JlobaueBckoro
OMKCHIBAET CUTYAIMI0 HA MOBEPXHOCTSIX OTPUIIATEIHLHON KPHUBHU3HBI, HAIpUMeEp, Ha
ncesaocdepe. [locnennss BaxHa sl aCTpOHOMUU U acTpodu3uku. B coBpemeHHOM
(uU3MKe COOTBETCTBYIOIIUE MPOIECCHl OMHUCHIBAIOTCS B OOIIEH TEOPUU OTHOCHUTEIb-
HOCTH. MpICcau momoOHBIe TeM, uTO BhIckazail H.M. JloOGaueBckuii, MOSABHINCH He-
CKOJIbKO JieT crycTsi y bonbsin (B 1832 r.). K HeeBK/IMI0BOM TeOMETpUM TPHUIIET U
I'aycc (1777-1855), Ho He pemancs myOIMKOBaTh CBOM uccienaoBanusd. Puman (1826
- 1866) co3man aApyroil TUI HEEBKIUAOBON reOMETpUH, CTIpaBeNIuBbIi Ha chepe. B
3aBUCHUMOCTH OT TOT'0, KaKOW THUI MOBEPXHOCTEH MbI OEpPEM 3a OCHOBY, MOXKET HU3MeE-
HUTBCS U yucio z. B xoHie 60-x — Hauvane 70-x rr. XX cronetust acTpoHomsbl [1y-
KOBCKOW 00CEpBAaTOPUM UMEJM MPOEKT ISl CBSA3U C BHE3EMHBIMHU ITUBHIM3ALMSIMU.
OH 3akirovalicsi B CKAaHUPOBAHUM MHUPOBOTO MPOCTPAHCTBA ABYMS JIydaMU MOIIHBIX
Ja3epOB, YaCTOThl KOTOPBIX OTIUYAIUCh B «IW» pa3. Takum oOpa3oM, «BU3UTHAs
KapTOYKa» 3eMHOW IHUBUJIM3ALMU JIOJDKHA ObLIa coaepxkaTh B cede »To umcio. Ilo-
CKOJIbKY 5-i moctynaT EBkiauaa onupaercs Ha IJIOCKOCTh, TO UMEHHO IJIOCKOCTH B
€BKJIMJOBON I'€OMETPUU SIBJISIETCS MTOBEPXHOCTBHIO C HYJIEBOW KpuBu3HOU. [TosTomy
MOHO CKa3aTh, 0000111as HAa TPEXMEpHBINA ciay4ai, uto Mexanuka Horomona ovina
C030aHa 0711 NPOCMPAHCMEa ¢ Hy1eeoll KpueusHoi. VI, eciiu coBpemeHHas pu3uka
paboTaer ¢ MpOCTPaHCTBAMH HEHYJIEBOM KPUBU3HBI, @ 3TO MPOUCXOJIUT KaK B MUKPO-,
TaK U B MEramMupe, NOsIBISIETCS] U HEOOXOMMOCTh B HOBOM MexaHuke. [lo-Buaumomy,
paHbIIIE IPYTUX 3TO NOHT A. DUHILITEHH.

OTHOCUTEILHOCTH B hHU3UKE

Teopun OTHOCHTEIBHOCTH 00pa3yIOT CYIIECTBEHHYIO YacTh TEOPETUYECKOTO
0a3uca coBpeMeHHOM ¢u3uku, CyIIeCTBYIOT JBE OCHOBHBIC TEOPUH: YacTHAS (CIeIu-
anbpHas) u obmas. O6e ObuM co3nanbl A. DitHIITEHHOM, YacTHas — B 1905, oOmiast —
B 1915 rT.

B coBpemenHoil  ¢pusuke vactHas teopust oTHocutenbHocTH (TO) BmecTe ¢
KBAaHTOBOWM MEXaHUKOW HUIpaeT TAaKylO K€ pOJib, KaKyl0 paHblIe Urpajga MEXaHUKa
Hprorona. HpIOTOHOBCKasi MexaHWKa XOpOILIO OINKChIBaja IMOBEJACHUE OOBEKTOB
CpPeIHUX Pa3MepoB, IABIKYIIUXCS CO CKOPOCTSMH, HAMHOTO MEHBIIMMHU CKOPOCTH
CBETa, HO HE MOIJIa OMKUCATh JIBI)KEHUE OYEHb MAJIbIX 00BEKTOB, TAKUX, KAaK AaTOMBI U
BXOJSILIMIE B COCTAB aTOMOB YaCTHUIbI UJIM K€ YaCTHUIIbI, U3 KOTOPBIX COCTOSIT KOCMH-
YECKHUE JTy4d. DT HECOOTBETCTBUS CTaJM MPOSIBIATHCS B Haudane 20 B., U CpelICTBa
UX TIPEOJOJICHHS] OKa3aJuCh MOUCTHUHE PEBOJIIOIMOHHBIMU: KBAaHTOBAas MEXAHUKA,
paccMaTpUBAaKOIIas MOBEJACHUE OYEHb MAJIbIX YACTHII, OTBEPIJia HbIOTOHOBCKHM Jie-
TEPMUHU3M, a YacTHas TEOPHUS OTHOCUTEIHLHOCTH, MPUMEHHMAas K OBICTPO JIBHIKY-
IIIUMCS T€JIaM, OTBEPTJIa HhIOTOHOBCKOE MPEICTABICHHE 00 a0COTIOTHOM BPEMEHHU.

HproToHOBCKass MeXaHUKaA MO-TIPEKHEMY MPUMEHSETCS B MPAKTUUECKUX pac-
yeTax M B TeX pas3fenax acTpOHOMHH, TJIe paccMaTpuBaeMble OOBEKTHI — TUIAHETHI,
CaMOJIEThI, aBTOMOOMJIA — JIOCTATOYHO BEJIMKU M JIBUXKYTCSI CO CKOPOCTHIO, HAMHOT'O
MeHbluel ckopocTt cBera. Ho kak yactHas TO, Tak 1 KBaHTOBasi MEXaHUKA OYEHb
BaXKHBI ISl TEOPETUYECKOTO MBINIIEHUST Pu3nka, TeM 0ojee YTO MX MPaBUIbHOCTh
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ITOATBEPKIAAETCA MHOTOYMCIIEHHBIMHU dKcIiepuMeHTaMu. Ha amux meopusax ocrnogwi-
6aemcsa noUmu 6cs COBPEMEHHAsA A0EPHAA u3uKa.

B 10 xe Bpems oOmas Teopus otHocurenbHocTH (OTO), HecMoTpst Ha ee or-
POMHOE TEOPETUYECKOE 3HAYCHUE, UMEET MOKa JI0BOJIBHO Y3KYIO 00JIacTh MpaKkTUye-
CKOT0 NMPUMEHEHUA. DTO B OCHOBHOM TEOPHS TATOTEHUS U MHEPLIMH, 3aMEHSIOIIAS
HBIOTOHOBCKYIO TEOPHUIO TATOTEHHS B TOYHBIX pacyeTax OYEeHb OOJBIINX CHUCTEM
(mtanerapHoro macmrada u 6osee). OHa MO3BOJIAET B paMKaX (PU3UKU U aCTPOHOMUU
paccMmaTpuBaTh CTPYKTypy Bceenennoii kak 1ienoro. OTO Bkiouaet B ce0si YaCTHYIO
TO kak yacTHBIN ciTydail ¥ MOTOMY HPUTOJHA JJIsI ONUCAHUS BCEX SABJICHH, KOTOPbIE
MIPaBUJILHO OMMCHIBAOTCS Kak Teopueil HprotoHa, Tak u yactHoi TO. IIpu 3Tom Bce
npaktudeckue oTanuusi OTO cBsi3aHbI TOJBKO C TPABUTAIIMOHHBIM TTOJIEM.

HcTokn BO3BHUKHOBEHUS TEOPUU OTHOCUTEIBHOCTU KOPEHSTCS B HPOTUBOpE-
YUU MEXAY HBIOTOHOBCKOM MEXAaHUKOW M DJIEKTPOMArHUTHOW Teopuei [[x. Mak-
cBesuia, BeIsiBUBIIEMCs B KoHie 19 B. Co3zpanuto yactHoi TO, paspemiaroiieit 3To
MIPOTUBOPEYHE, Mbl 00513aHbI HE TOJIbKO DUHINTEHHY, HO Takke [ Jlopeniy u A. Ily-
ankape. Imenno Jlopenn u Ilyankape co3ganu mMaTeMaTHYECKUM amnmapar 4YaCTHOU
TO. bnaromaps DWHIITENHHY, TIIyOOKO MOCTUTIIEMY €€ (DU3UUECKUN CMBICI, YacTHas
TO monyuuna 6sicTpoe U Bceodiiee npusHanue. Cpeau Oosiee MO3AHUX MCCIEeI0Ba-
TeJIel, BHECIINX CYIIECTBEHHBIN BKJIAJ B pa3BuTHe yacTHON TO, cneayeTr ynoMsiHyTh
I'epmana MunkoBckoro (1864—1909). MuHKOBCKMH pa3BHJI KOHIICTIIHIO YEThIPEX-
MEpPHOI'0 MPOCTPAHCTBEHHO-BPEMEHHATO KOHTUHYYMa, B KOTOPOM BPEMEHH&SI KOOp-
JIMHATa pacCMaTPUBACTCSl KaK PaBHOIpPaBHAs ¢ MPOCTPAHCTBEHHBIMU KOOPIMHATAMU;
OH TMPEUIOKUIT TaKKe YI0OHYI0 T€OMETPUUYECKYI0 MHTEPIPETAIIUI0 YPaBHEHUM YacT-
Hou TO.

3acnyra co3ganust OTO npuHaIIECKUT UCKITIOUUTENBHO DUHIITEHY. OH BBEN
B (pM3MKYy HOBBI MaTeMaTUYECKHI anmapar — TEH30pHOE MCUMCIIEHUE, pa3paboTaH-
Hoe [' Puyum u T. JleBu-UuBuroi. B MaTeMaTn4ecKkoM OTHOIIEHWM TEOpHUs OKa3a-
J1aCh BEChMa CJIOKHOM, MPAKTUUECKUX BHIBOJOB M3 HEE OBLIO MaJlo, a IPOBEPUTH UX
myTeM HaOmoAeHu 0110 TpyAHO. B oTiimuue ot wactuot TO, koTopas Teneppb moy-
TH TOJTHOCTBIO uccienoBana, OTO eme ganeka ot 3Toro. OTO crana nonyspHOM HE
TOJIBKO cpeau (PU3UKOB, HO M B HIMPOKHX CJIOSX OOpa30BaHHBIX JIIOJIEH, KOT/Ia Ha-
omonenus 3a 3arMenreM Comnna B 1919 noareepauiau ee mpeacka3aHue, COrIacHO
KOTOPOMY CBET OT JaJIeKUX 3Be3J, mpoxoasmmii BOim3u ConHIla, TOKEH UCTIBITHI-
BAaTh OTKJIOHEHUE.

Ha OTO 6a3upoBanych MHOTOUYHCIICHHBIC TIOMBITKU CO3IaHUS €IMHBIX TCOPUI
T10JIs1, OXBATBHIBABIIUX HE TOJBKO IPABUTAI[MOHHBIC, HO TaKXKe DJEKTPOMATrHUTHBIC U
npourie ¢pu3UUECKue siBJeHUs. Takue MOMbITKH, OJJHAKO, UMEIU Majio ycrexa, a Imo-
cJ€ CMEpPTHU OWHILITEWHA, KOTOPBIA M CaM MPEANPUHSIT PsIi TAKUX MOIBITOK, aKTHB-
HOCTh B 3TOM HANpPaBJICHUU CHU3UJIACh. DU3MKHU, YBEPEHHBIE B BO3MOKHOCTH CO3/1a-
HUS €IMHBIX TEOPH, OOBSICHSIIOMUX BCe PU3UUECKUE SIBJICHUS, TIOJIaraloT, 4To 0oJiee
nepcrektuBed cuHTe3 OTO ¢ kBaHTOBOM Teopueil. PensiTUBUCTCKasi KBAHTOBas TE€O-
pusi, B HEKOTOpPO Mepe oO0beauHuBINas 4acTHY0 TO ¥ KBaHTOBYIO TEOpHIO, HOOH-
Jach 3aMETHOr0 yCIiexa B MOJATBEpkaeHun Teopun 3iekTpona 1. Jupaka (1928). U
XO0TA pa3paboTKa oduell peaasmusucmcKoil K6AHMOGOI meopuu euie JaneKa oT 3a-
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BEpIIICHUS, €CTh OCHOBAaHUE HANIEATHCSI, YTO UMEHHO C €€ Pa3BUTHEM OYIyT CBS3aHBI
JanbHEHNIINE YCIEXH TEOPETUUECKON (PUBUKHU B LIETIOM.

6.1. A. SUHWTENH U MeXAYyHapOoAHbIN rog (hM3nku

MEXIYHAPOJHBIN 'Ol DUHIITENHA. 100 1et Hazan B HeMELKOM bu-
suueckoM skypHaie «Annalen der Physik» Obutn omyOmukoBaHbl 4 cTaThbH ITOTOJIC
HEM3BECTHOTO y4eHoro 26-metHero Anpbepra DiHmTeitHA. B Ty mopy oH paboTan
TEXHUUYECKUM HUCHbITaTeNieM 3 kiacca B OepHCKOM maTeHTHOM BegoMmctse (I1IBefima-
pusi). B nepeoit ceoeit cmampe oH 00bACHNI (KBAaHTOBYIO) MPUPOY CBETA M. BHEIII-
Hero goroaddexTa, Bropas H0Ka3biBaja CyIIECTBOBaHHE aTOMOB, a TpeThs «K anek-
TPOAVMHAMUKE JIBIXKYIIUXCSA Cpel» Oblia MOCBSIIEHA CIeUalbHON TEOPUU OTHOCH-
TEJIBbHOCTH (Ha3BaHUE MPUILIO MO3AHEE) U MEPEBEPHYyJA CYIIECTBOBABIIME CO Bpe-
MeH HbroToHa B3riisiibl Ha npocTpaHcTBO U BpeMs. Ecnu HeloTOH cuuTan Bpems Te-
KYIIIUM PaBHOMEPHO OT OJIHOIO MTHOBEHHUSA K Apyromy, To JIeWOHUIl paccMaTpuBal
BpeMs Kak SI3bIK, KOTOPBIN MO3BOJISIET CBSI3aTh MEXKy cO00i pa3Hbie coObITHS. B Mu-
pe 6e3 coObITHil, T.€. U3MEHEHUI He OyJeT U BpeMEHU. DWHINTEHH MPUOTUZWICA K
TpakToBKe JIelOHuUIa, HO HE 3aMMCTBOBAJI €€ MOJHOCThIO. B CBsI3U cO cTONb 3HAYU-
TEJIBHBIM BKJIAJIOM OJTHOTO YeJIOBEKa B UCTOPHIO HayKu OpraHuszanus 00beTMHEHHBIX
Hanwmi o0bsaBuiIa 2005 roa rogom DHHINTEHHA ¥ HU3UKHA BOOOIIIE.

Xpononozuuecku nepevimu ObUIU UCCIECAO0BAHUS DWHIITEWHA IO MOJEKYIISIp-
HOM (u3uke (Hadaso UM ObUIO moJioxkeHO B-1902 r.). OHu moCBsIIEHBI MPoOIeMe
CTATUCTUYECKOTO OMUCAHUS JBUXKCHUSI aTOMOB M MOJIEKYJI M B3aUMOCBSI3H JIBUKEHUS
U TEIIoThl. B 3TX paboTax DWHINTEHH TPUILEN K BbIBOJAM, CYIIECTBEHHO pacIlu-
PAIOIIMM PE3yIbTaThl, KOTOPhIC ObUTM TOJIy4eHbI aBCTpUuiickuM pusrkoM JI. bomibii-
MaHOM M aMepukaHckuM ¢usukom [[x. ['m60coM. OHM U MOCITYKUIM MaTEpUaTIOM
JUTSI TIOKTOPCKOW CTETeHH, KOTOpyto 3. nomxy4yui B 1905 r., onmyOIuKOBaB COOTBETCT-
BYIOIIYIO paboTy B sxypHaie «Annalen der Physik» («<HoBoe onpenesnenue pa3mepos
MOJIEKYT»). B 1leHTpe BHMMaHus DUHIITEHHA B €r0 UCCIEAOBAHUSIX 110 TEOPUU TETl-
JIOTHl HAXOAWJIOCH OpOyHOBCKoe aBuxkeHue. B crarbe 1905 B ToM ke KypHayie OH
MpUAAT 3aKOHYCHHYI0O MaTEeMaTUYECKy0 (JOpMY CTaTUCTUYECKOMY OOBSICHEHHUIO ITO-
O SBJICHUSI, PEACTABICHHOMY paHee MOJbCKUM Gu3nkoM M. CMOITyXOBCKUM. 3aKOH
OpOYHOBCKOTO. JIBIDKEHUSI DUHINTEHHA ObUT MOJTHOCTHIO MOATBEPKIeH B 1908 ombi-
tamu (panity3ckoro ¢pusuka XK. Ileppena. PaboTel no mosekynsipHoi puU3uKe J0Ka-
3bIBAJIN TIPABUJIBHOCTD MPEJCTABICHUN O TOM, YTO TEIUIOTa €cTh (hopMa SHEPTUU He-
YIOPSAIOYEHHOTO JBUKEHUSI MOJIEKYJ. OTHOBPEMEHHO OHU HOOMEEpHcoaiu amo-
MUcCmuueckylw 2unomesy, a TPENJIOKEHHBbIA OWHIITEHHOM METOJA ONpeaesieHus
pasMepoB MOJIEKYJ U ero (Gopmyia Jjisi OpOyHOBCKOTO JBM>KEHHS TIO3BOJISUIA OIpe-
JICIIATD YKCJIO MOJIEKYJ. Bmopasa cmamosa B «Annalen der Physiky» («O momnexyisp-
HO-KMHETUYECKOW TEOPUHU TEIla, BBHI3bIBAIOIIETO JABUKEHHE YaCTHI], CYCIICHIHPO-
BAHHBIX B MOKOSIIIEHCS KUJTKOCTH).

Ecnu paboTsl 1o Teopur OpOYHOBCKOTO JBYKCHHS MPOIOJKIIN M JIOTHIECKU
3aBEPIIMIIN TPEANICCTBOBABIINE PAOOTHI B 00JIACTH MOJISKYJISIPHOU (DU3HKH, TO pa-
OOTBI IO TEOPUH CBETA, TOXKE 0a3MPOBABILIMECS HA CACIAHHOM PaHEE OTKPBITHH, HO-
CUJIM PEBOJIIOLIMOHHBIN XapakTep. B cBoeM yueHnn DWHINTENHH onupalcs Ha rUnoTe-



59

3y, BbIIBUHYTYIO B 1900 M. [InaHKOM, O KBAaHTOBAaHUHU HEPTUU MATEPHAIBHOIO OC-
muuiaropa. Ho DiiHIITEHH moien aanblie W MOCTYJIMPOBal KBAaHTOBAHUE CaMOIO
CBETOBOTO M3JIy4YECHUS, paccMaTpuBas MocieqHee KaK MOTOK KBAHTOB CBETa, Uiu (o-
TOHOB ((pOTOHHAsI TEOPHsA CBETA). ITO IMO3BOJLUIO MPOCTHIM CIOCOOOM OOBSICHUTH
dboToanexkTpuueckui 3pPexT — BrIOMBaHUE JIEKTPOHOB U3 METajla CBETOBBIMU JTy-
yamu, siBlieHue, oOHapyxeHHoe B 1886 I'. I'epuiem u He ykianpIBaBiieecs B paMKH
BOJIHOBOM TeOpuHU cBeTa. J[eBATh JIET CIyCTs MpeyioKEHHAs DWHIITEHHOM HHTEp-
npertanus Obliia MOATBEPXkKACHA UCCIEAOBaHUIMU aMEePUKaHCKOTO (pu3mka Musuinke-
Ha, a B 1923 peanvHocmb ghomonos cTania oueBUIHONU ¢ OTKpbITHEM PdekTa Kom-
NTOHA (paccessHue PEHTT€HOBCKUX JIydei Ha AJIEKTPOHAaX, c1ab0 CBSI3aHHBIX C aTOMa-
MH). B 4ncTO HAyYHOM OTHOLIEHUM T'MIIOTE3a CBETOBBIX KBAHTOB COCTaBMJIA LETYIO
AIOXY. IMmo ovina mpemova cmampa 3. B 1905 B ynomsanyTom xypHaie. be3 Hee He
MOIJIM Obl MOSIBUTHCA 3HaMeHUTas Mojieinb atoma H. bopa (1913) u renuansHas ru-
noTe3a «BoJiH Matepumn» Jlyu ne bpoins (Hauano 1920-x ronos).

B tom xe 1905 6buna onybnukoBaHa 4-a padoma Jitnwmenna «K snekmpo-
ounamuxe osuxcywmuxca mea» (Zur Elektrodynamik der bewegter Karper). B nei
M3Jlarajach CreluaibHas TEOpUs OTHOCUTEIbHOCTH, KOTOpas 0000I1ana HbIOTOHOB-
CKH€ 3aKOHBI JIBJKCHUSI U TIEPEX0/IniIa B HUX MPU MAJIBIX CKOPOCTSX ABMKeHUs (V <<
C). B ocHOBe Teopum Jsexanu JBa IOCTyJaTa: CHEWUAIbHbll NPUHUUN OMHOCU-
menvHocmu, SBISIOMNNCS 00001IEHNEM MEXaHMYECKOI0 MPHUHIIUIIA OTHOCUTENIBHO-
ctu ["anunes Ha mo0bie pu3nyeckue siBJIeHUs (B JIIOOBIX MHEPIHUAIBHBIX, T.C. JIBU-
KYIIUXCSl 0€3 YCKOpEeHMs, cUCTeMax Bce (PM3MYECKUE MPOLECChl — MEXAHHYECKHE,
ANEKTPUYECKHUE, TETUIOBBIE U T.A. — MPOTEKAIOT OJJUHAKOBO), U IPUHIIUI NOCTOSHCTBA
CKOPOCTHU CBETa B BaKyyMe (CKOPOCTh CBETa B BAKyyMe HE 3aBUCUT OT JBUKEHUS HC-
TOYHHMKA WJIM HaOItonarens, T.e. OJMHAKOBA BO BCEX MHEPIHUANbHBIX CHCTEMAaX U
paeHa 3*10™ cm/c). DTo mpUBENO K JTOMKE MHOTMX OCHOBOIIOJIATAIOIIMX TTOHSTHIL
(a0COMIOTHOCTH MPOCTPAHCTBA Y BPEMEHH), YCTAHOBJICHUIO HOBBIX MPOCTPAHCTBEH-
HO-BPEMEHHBIX TPEJICTABICHUN (OTHOCUTEIBHOCTh JJIMHBI, BPEMEHHU, OJHOBPEMEH-
HOCTH COOBITHI). MUHKOBCKHM, CO3/IaBIITMI MaTEMaTHUYECCKYIO OCHOBY TEOPHUU OTHO-
CUTEIIbHOCTH, BBICKA3aJd MBICIb, YTO MPOCTPAHCTBO M BpEMs JTOJKHBI paccMaTpH-
BaThCsl KaK €IMHOE 1eioe (0000IIeHne eBKINI0BA MPOCTPAHCTBA, B KOTOPOM POJIb
YETBEPTOr0 U3MEPEHUSI UTPaeT Bpemsi). Pa3HbIM 3KBUBAJIEHTHBIM CHCTEMaM OTCYETa
COOTBETCTBYIOT Pa3HbIE «CPE3bD» NPOCTPAHCTBA-BPEMEHHU.

Ncxons U3 cienuanbHOW TEOpUH OTHOCUTENbHOCTH, DUHINTEIH B ToM ke 1905
OMKPbIl 3aKOH 63AUMOCEA3U Maccol U Inepzuu. E2o mamemamuueckum evipasice-
nuem sensemca snamenumasn Gopmyna E = mc’. U3 nee ciemyer, uto mo0oii me-
PEHOC PHEPrUM CBS3aH C MEPEHOCOM Macchl. DTa (opMmyra TPAKTyeTcd TaK ke, Kak
BBIPa)KEHHE, OMUCHIBAIOIIEE «IIPEBPAILEHUE» MACChl B 3HEpruto. IMEHHO Ha 3TOM
MPEAICTABICHUH OCHOBAHO OOBSICHEHUE T.H. «JIeeKTa Macchl». B Mexannueckux, Te-
IJIOBBIX U AJIEKTPUUYECKUX MPOIECCaX OH CIUIIKOM Mall U IOTOMY OCTAeTCs He3aMe-
yeHHbIM. Ha MUKpOYpOBHE OH MPOSBIISIETCS B TOM, YTO CyMMa MacC COCTaBHBIX Yac-
TEl aTOMHOTO siipa MOXKET OKa3aThCsl OOJbllle Macchl Aapa B LeiaoM. HemocraTok
MAaccChl MPEBPALIAETCS B SHEPTHIO CBSI3U, HEOOXOAUMYIO JUJISl yJEp>KaHUsI COCTaBHBIX
qyacTteil. Amomuas Inepzusa ecmv He YUMo UHOE, KAK NPECPAMUBUIAACA 8 IHEPLUID
macca. IpuHIMN 3KBUBAJIEHTHOCTH MAacChl M 3HEPTHM MO3BOJIWJ YIIPOCTUTH BCE 3a-
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KOHBI coxpaHeHusi. O0a 3aKOHA — COXPAHEHMS] MACChl U COXPAHEHHUS SHEPIUU — JI0
ATOTO CYIIECTBOBABILUE Pa3/IeNIbHO, MPEBPATUIINCH B OAUH OOIIMIA 3aKOH: JIJIsl 3aMK-
HYTOM MaTepHAIbHOW CHUCTEMbI CyMMa MacChl U SHEPIHUU OCTAETCS HEU3MEHHOU MpH
TMOOBIX Mpolieccax. 3aKoH DUHIITEHA JIEKUT B OCHOBE BCEH siIepHON (DU3BUKHU.

6.2. YacTHan Teopud OTHOCUTEJNIbHOCTU

OcCHOBHBIEC MPENICTABICHUS HHIOTOHOBCKOW TEOPUM 3aKJIIOYAIOTCS B CIIEIYIO-
meM. Ilpocmpancmeo u épema paccmampueaiomca Kak a0coiionmHuvle u nepeuy-
Hoble. ADconlomnoe npocmpancmeo 00OHOPOOHO U U3OMPONHO. DTO O3HAYAET, UTO
BCE €r0 TOYKH, KaK U BCE HaIlpaBJICHUS B HEM, paBHOIpaBHbI. [lapaiensHbie THHUNA
HE CXOIATCA M HE PACXOMATCS, a 3TO 03HAYAET, UYTO pacCMaTPUBAETCS, KaK yKE OTMe-
4aJuoCh, €6KAUO060 NPOCMPAHCME0, CBOMCTBA KOTOPOTO MOJTHOCTBHIO OMUCHIBAIOTCS
€BKJINJIOBOI T€OMETPHEIA.

Pacnipoctpanenue csera. HactHas TO BO3HUKIIA B pe3yibTaTe IPOTUBOPEUHS
MEXAY HBIOTOHOBCKOW MEXaHUKOW M MAKCBEIUIOBCKOW AJIEKTPOMArHUTHOW TEOPHUEH
ceeta. CornacHo Teopuu MakcBenia, CBET IPEACTaBIsIeT COOOM ANEKTPOMarHuTHbIE
Kosie0aHus1, KOTOPbIE B BUJIE BOJIHBI PACIPOCTPAHAIOTCS. C ONPEAEICHHON CKOPOCTHIO.
CKOpOCTh CBETa B MaT€pUAIbHBIX CPEIaX MEHBIIE, YEM B BaKyyMe.

Bo Bropoii nonoBuHe 19 B. ObLIO NPUHATO MCKATh MEXAHUUECKUE MOJEIHN NS
Bcex (pusmueckux siBiaeHuil. Tak, cBeTOBble KOJI€OaHUs paccCMaTPUBAIUCh KaK KoJie-
O0aHUsT HEKOTOPOU (PU3MYECKOU cpelbl — «CBETOHOCHOrO 3¢upay. IIpennonaranocs,
4TO 3(prp HEMOABUKEH B A0COIIOTHOM MPOCTPAHCTBE HBIOTOHOBCKOM MexaHuku. I1o-
TOMY B MPHUHUUIIE MPEACTABISUIIOCH BO3MOXHBIM B OIBITaX CO CBETOM BBISIBUTH
JBUKEHUE 3eMJIM OTHOCUTEIBHO 2(Hpa, T.€. ee adcoyoTHOe ABMKeHue. [Ipu 3Tom,
ecnu 3eMIIsl IBHKETCs B 3(hUpe CO CKOPOCTHIO V, @ CBET — CO CKOPOCTHIO C, TO CBET,
JBIDKYIIAKCS B TOM JK€ HANpaBJICHWM, YTO U 3€MJIs, JIOJKEH, COTJIACHO MEXAHUKE
HproToHa, nepeMeniatbCsi OTHOCUTEIBHO 3€MJIM CO CKOPOCTBIO (C - V), a CBET, JIBU-
KYIIUNCA B MMPOTUBOIIOJIO0KHOM HalpPaBJICHUH, JOJKEH UMETh OTHOCUTEIIBHO 3€MIIN
CKOpOCTb (C + V).

IlepBas moIBITKa U3MEPEHUS CKOPOCTH JIBMXKEHMSI 3€MIIM OTHOCUTENIBHO CBE-
TOHOCHOTO 3(upa O6bia caenana A. Maiikenbconom B 1881. DToT «9dupHBI» 3KC-
NEPUMEHT OH BIOCJIEICTBUU ¢ OOJIBILIEH TOYHOCTHIO MOBTOPHII BMecTe ¢ D.Mopiu, a
IIOTOMY TEIeph 3TU DKCIEPUMEHTHI HAa3bIBAKOTCS ONbITaMu MaiikenbcoHa — Mopiu.
OnbIT OCHOBaH Ha CPAaBHEHUM CKOPOCTH CBETA B JIBYX B3aMMHO MEPHEHIAUKYISIPHBIX
HarpaBieHusX. [logpoOHOCTH OmbITa Mbl paccMaTpuBaTh HE OyJIeM, HO €ro pe3ylib-
TaT UMEET OTpOMHeNIIee 3HadeHne. OH NO0Ka3aj, 4YTO CKOPOCTh 3€MJIM OTHOCUTEIBHO
a¢dupa B m000i MOMEHT He TpeBblmaeT 1 km/c. OgHaKo, KaK U3BECTHO, CKOPOCTh
3emun Ha opOuTe cocTaBisieT 0koio 30 KM/C, a MOCKOJIbKY HalpaBlIeHUE €€ JABUXKe-
HUSl U3MEHSIETCS] Ha IPOTUBOIOIOKHOE KaX]ible 6 Mec., TO €€ CKOPOCTh B JIFOOOM 3a-
JAHHOM HAIIPABJIEHUU JOJDKHA U3MEHSATHCA HA MPOTSHKEHHUH MOJIYroJa IPUMEPHO Ha
60 xm/c. [losTomy ObLT clenaH BBIBOJ, YTO CKOPOCTh CBETa OTHOCHTEIBHO MpHOOpa
MPAKTUYECKH HE 3aBUCUT OT JIBIXKEHUS MPUOOpa OTHOCUTENBHO 3(pupa — pe3ynbTar,
KOTOPBII COBEPIICHHO HE corjacyeTcsi ¢ MexaHnukoi HeioTona. 3atem Oblia BBINOJ-
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HEHa cepus emie 00J1ee TOUYHBIX OIBITOB, M PE3YJIbTAT HEM3MEHHO OCTaBaJICS OTPHIIA-
TEJIbHBIM.

DTO HEOXKUJIAHHOE OTKPBITUE OOBSACHSIOCH MO-pa3HoMy. [Ipeamnonaranock, 4To
3emuis TOJKHA KaKUM-TO 00pa3oM yBIEKaTh 3a cO00M okpyxaromuit a¢up. OnHako
TUIO0TE3a «YBJIEKAEMOTO 3(Pupa» MPOTUBOPEUUIa HEKOTOPHIM aCTPOHOMUYECKUM Ha-
OmrofeHusaM (TakuMm, Kak 3Be3qHas adeppanus). k. dutiypkepansa (1851-1901) u
He3aBucUMO OT Hero ['. JIopeHI| BrIcKa3aiu MpeanoyioKeHUe, YTo ABUKEHUE MPUOO-
pa (wim mo0oro apyroro mnpeaMera) B 3¢upe AOJKHO BBI3BIBATH COKPAIICHUE €T0
pa3MepoB Ha BEJIMYUHY, HEOOXOIUMYIO JIJIsi TOTO, YTOOBI CKOMIIEHCUPOBATh OXKHUIae-
MbIi 3¢ dexT. OmHAKO 3Ta TUNOTE3a O COKPAIICHUU Pa3MEpPOB, H3HAYAIBHO 0a3Upo-
BaBIIAsICSI HA HBIOTOHOBCKUX MPECTABICHUSIX, OKA3aJIaCh B MPOTUBOPEUYUH € MOH-
(¢uurpoBaHHBIM OIBITOM Maiikenscona — Mopmu, BeinoaHeHHbIM B 1932 P. Kennenu
n J. TopupmaiikoM. B. Putiy BeICTynIUI ¢ yTBEPKIACHUEM, YTO CKOPOCThH CBETA B Ba-
KyyMe Bcerja JI0JbKHA ObITh paBHa ¢ HE OTHOCUTEIBHO 3(upa, a OTHOCUTEITHHO HC-
TOYHUKA CBETA, HO 3TO MPOTUBOpeuYmiIo onbiTaM P. Tomaiieka (BbIIIOJIHEHHBIM C HC-
MOJIb30BaHUEM COJIHEUHOI'O CBETA U CBETa 3Be31 B 1924 B nyxe omnbiToB Maiikenbco-
Ha — Mopin), a TakKe aCTPOHOMHUYECKUM HAOIIOACHUSIM OPOUT JABOMHBIX 3BE3I.

Bce pasnoobpazue smux HadA00EHUII MOHCHO C6ECMU K 0OHOMY NONOMHCe-
HUIO, C KOMOPbIM HE CO2ACYemCcA HU 00HA U3 YROMAHYMbIX 2UnOme3: Hadawoae-
Masa CKOpocmv céemda, UCHYCKAEMO20 OGUICYUAUMCA 6 6AKYYME UCHIOUYHUKOM, He
3aeucum om OGUIHCeHUsn Haoalwoamensn. IT0 MOJ0KEHUE IBHO MPOTUBOPEYUT HBIO-
TOHOBCKOW MEXaHHKE.

[IpocTpaHCTBEHHO-BPEMEHH 'bl€ MarpaMmebl B yacTHOM TO.

[TpoTuBopeune 6n110 pazpenieHo yacTHOM TO, OCHOBHBIE TTOJIOKEHUSI KOTOPOU
CJIENYIOT U3 SMIIMPUYECKOTO 3aKJIIOYeHHs] 00 MHBAPUAHTHOCTH CKOPOCTH CBETAa,
MPUHIUMIIA OTHOCUTENbHOCTU [I'anmunes M MOAu(UIMPOBAHHOTO BTOPOTO 3aKOHA
Hrrotona. JlomkHbl OBITH Takxke MOAUGUIIMPOBAHBI U YPAaBHEHUS MPEOOpa30BaHUIA
lanunes.

YrobObl cornacoBaTh yTBEPXkAEHHE OO0 HMHBAPUAHTHOCTU CKOPOCTU CBETa C
KJIACCUYECKUMH TpeoOpa3oBaHusiMu [ amuies, mocienHue HY>KHO H3MEHHUTh Tak,
4YTOOBI CKOPOCTB CBETA BO BCEX MHEPIHAJIBHBIX CUCTEMaX OTcueTa Oblia OJHOU U TOU
xe. [IpocTpaHCTBEHHO-BpEMEHHEIE IMarpaMMbl, IPEACTABICHHbBIE HA PUC.8, OKa3bI-
BAIOT, YTO U3 ATOTO ciieayer. Ha HUX Mbl BUAMM MHUPOBBIE JIMHUU ABYX HaOmoaare-
neid P m Q, ¢ KaXAbIM HU3 KOTOPHIX CBs3aHA MHEpLMalbHas cucteMa orcuera. Ha
BEpXHUX IHarpammax nokoutcs P, a Q ABMKETCS BOpaBO CO CKOPOCTHIO V. B Mo-
MEHT, Korga Q mpoxoauT MuMoO P, Tam BCIbIXMBAET jaMmIiia U cBeTOBbIE Jyun L u R
pacxoJsATCs BIEBO U BIPABO CO CKOPOCTHIO €. [I0CKOIBKY CKOpOCTH B 000MX Hampas-
JIEHUSIX PABHBI, JTy4Yd HAKJIOHEHBI IO OTHOIIEHUIO K BEPTUKAIN OJWHAKOBO. Ha Huxk-
HUX JUarpaMMax MpeACTaBJICH CIydai, KOraa MyTeM HaJIekKaIlero npeoopa3oBaHus
ObLT OCYIIECTBIICH MEPEX0/1 K IPYroi MHEpLUHUAIbHON cucTeMe oTcueTa, rae Q moko-
UTCs, a P IBMKETCS BIEBO CO CKOPOCTHIO V. JIeBas nuarpaMma COOTBETCTBYET MEXa-
Huke HproToHa: nmammna Habmiogatens P Temeps qBukKeTCs BMECTe C HUM CO CKOpO-
CTBIO V M, CIENOBATEIbHO, CBETOBOM Jyd L, pacnpocTpaHsSIOMUKCS BIEBO, UMEET
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CKOpOCTh (€ + V), Toraa Kak jyd R, pacnpocTpaHstonuiicss BpaBo, UMEET CKOPOCTh
(¢ - v). OTO paznuuue npeAcTaBiICeHO Pa3HbIM HAKJIOHOM Jy4eH.

HblOTOHOBCKAA PenatmBucTckas

A A
P /qQ P /q
R R

B cucteme otcyeTa, cBsizaHHOMN ¢ P

HblOTOHOBCKaS PenatuBUCTCKas

A

Q
4 R

B cucTeMe oTcYeTa, CBA3aHHol ¢ Q

Puc. 3.1. [IpyHUMO MHBAPUAHTHOCTH CKOPOCTU CBETa MPEACTaBIIET COO0H OCHOBY TEOPUHU
OTHOCHUTENIbHOCTH, TOTJja KaKk B HbIOTOHOBCKON TEOPHH CKOPOCTb CBETA 3aBUCHUT OT CKOPOCTH Ha-
omoparens. B MoMeHT npoxoxaenus Habmonatens Q Mumo Habmogarens P mocieaHuii BKIto4aer
namny. CseroBble yun L u R pacxoasitcst BineBo u BripaBo. Kak HbIOTOHOBCKasl, Tak M pEISITUBUCT-
CKasl MarpamMMbl IOKa3bIBalOT, YTO B CUCTEME OTcyeTa, cBs3aHHO# ¢ P, L u R pacxonsarcs ¢ pas-
HBIMH CKOpPOCTSIMH. B cucreme ke orcyera, cBsizaHHOU ¢ Q, ckopocTh Jiyda L Ha HBIOTOHOBCKOU
auarpamme OoJjiblne, yeM Jyya R, Torjga kak Ha pensiTUBHCTCKOM nuarpamme nyuu L u R pacmpo-
CTPaHSAIOTCA C OJUHAKOBBIMHU CKOpPOCTSIMH. J[J1s1 coriacoBaHUs HbIOTOHOBCKHX U PENITUBUCTCKUX
pe3yabTaToOB NOTpeboBaIMCh MpeodpazoBanus JlopeHna. 31ech H300pakeHbl MUPOBBIE JIMHHUH, A HE
reOMEeTpPUYECKUE TPAEKTOPHH.

OpaHaxo NMpUBEIEHHOE PaCCyKICHHE MPOTUBOPEUUT TPEOOBAHUIO TTOCTOSTHCTBA
CKOPOCTU CBeTa C B JII0OOW MHEpHHAIBbHON cucTeme orcyeta. [IpencraBieHHas ke
CIpaBa JuarpaMma — PeSITABUCTCKAsI — COOTBETCTBYET CIIy4aro, KOTJia 3TO TpeOoBa-
HUE BBITIOTHIETCS. B HOBOI crcTeMe oTcueTa CKOPOCTH 00OMX CBETOBBIX JTydel paB-
HbI ¢. [ToaTOMY MPOCTpaHCTBO-BpeMs JOHKHO OBITH MOABEPTHYTO TaKUM IIPeoOpa3o-
BaHMSIM, YTOOBI CKOPOCTh CBETA OCTAIaCh HEM3MEHHOW. DTOMY YCJIOBHUIO YJOBJIETBO-
psitoT nnpeoOpazoBanus JlopeHia.
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AnpbOepT DiHIITEHH

KOHHGHHI/IH IIPOCTPAHCTBA-BPCMCHMU.

To, kKakuM 00pa3oM MPOCTPAHCTBEHHBIE KOOPJIMHATHI X, Y, Z U BpeMsl t BXOIAT
B ypaBHeHUs mnpeoOpa3zoBanuil JlopeHua, HaBeno I. MUHKOBCKOTO Ha MBICIb, YTO
IIPOCTPAHCTBO U BpPEMS CIIEYyET pacCMaTpHUBaTh HE TaK, Kak B MexaHuke HploTOHa C
€€ TPEXMEPHBIM E€BKIIMJIOBBIM MPOCTPAHCTBOM U COBEPIIEHHO 00OCOOJIEHHOW Bpe-
MEHHSM KOOpPJIMHATOM, a BCErJa BMECTE, B BUJC HEKOW UeThIpEXMEPHOU KOMOWHA-
nuu. HoBas KoHLeNuusi OKaszajlach OYEHb IUIOAOTBOPHON M Ojarogaps HarisgHOU
reOMETPUYECKON MHTEpHpEeTalid BO MHOLOM CIIOCOOCTBOBAJIa PA3BUTHIO TEOPHH.
(Taxoe mpocTpaHCTBO-BPEMS YACTO HA3BIBAIOT MIPOCTPAHCTBOM MUHKOBCKOTO.) BMme-
CTO TOr0 YTOOBI paccMaTpuBaTh (U3MUECKYIO CUCTEMY KaK COBOKYIMHOCTb YAaCTHIL B
IIPOCTPAHCTBE, €€ CIAEAYET NPEICTaBUTh KAK COBOKYITHOCTh MUPOBBIX JIMHUM YaCTHII
B IIPOCTPAHCTBE-BPEMEHHU, KOTOpAs OMMCHIBAET IOJHYIO HCTOPHUIO CUCTEMBI. Kak u
€BKJIUJIOBO MPOCTPAHCTBO B MexaHuke HbloTOHA, MpocTpaHCcTBO-BpeMss MUHKOBCKO-
ro OJIHOPOJHO, U30TPOIHO U 00JIa1aeT AOMOJIHUTEILHBIMU CBOMCTBAMU CUMMETPHH,
BBITEKAIOIIUMU U3 NpeodopazoBanuii JIopeHua.

I'naBHBIE cieacTBusa yacTHOU TO.

MHorue pesynabtarhl yacTHo TO BhITEKaOT W3 TpeodpazoBanuil JlopeHiia.
Huoke mpuBOASTCS JIMIIB CAMU PE3YJIbTAThI, & HE X BBIBO/I.

Omnocumenvnocmo epemenu (OTHOCUTEIHLHOCTh OJHOBPEMEHHOCTH). B Teo-
PHUH (OTHOCHTEIILHOCTH HE CYIIECTBYEeT aOCOJIFOTHOTO HBIOTOHOBCKOTO BpeMEHH. B
npeoOpa3oBanusx [anunes Bpemst octaetcs 6e3 n3amMenennid. 13 ¢popmyn npeodbpazo-
BaHuii JlopeHna ciemyer, 0JJHaKO, YTO BPEMs B pa3HBIX CUCTEMax OTCYETA TEUET I10-
pazHOMYy.
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Puc. 3.2. OTHOCHTENBHOCTh OAHOBPEMEHHOCTH PYIIUT MPEICTABICHUS O BPEMEHH KaK HE
3aBHCSILEM OT JIBIXKEHUS B KakoW-mubo cucteme orcuera. CoOBITHS, OJHOBPEMEHHBIE B OIHOMU
CUCTEME OTCUETA, HE SIBJISIIOTCS TAKOBBIMU B JIPYroif, U Ha000poT. B cucreme orcuera, cBA3aHHOM ¢
P (B xotopoit Q paBHOMEpHO ABUXKeTcs BIpaBo OT P), codbite D mpoucxoaut paHblie 0JHOBpE-
MeHHBIX coObIThil E, F, G, a cobpitiie H — mo3xe Hux. B cucreme orcuera, csizanHoii ¢ Q (B KOTO-
poit P nBmxetcs paBHOMepHO BiieBO oT Q), coowitust E, F, G Gonee He sABIAIOTCS OAHOBPEMEHHBI-
Mmu; coobiTre D mpoucxoaut nocie F, a coositre H — panbiie F.

Ha puc. 3.2 npencrapiieHsl 1B€ MPOCTPAHCTBEHHO-BPEMEHHEE TUarpaMMbl. Ha
o0enx 0ToOpakeHbI OJTHU U T€ K€ COOBITHS; HO OJIHA COOTBETCTBYET CUCTEME OTCUE-
Ta, CBsi3aHHOM C P, a Apyras — cucreme, cBA3aHHOU ¢ Q U ABMXKYILEHCS OTHOCUTEIIb-
HO P. Takum 00pa3oM, OHM COTIACYIOTCS C PENSATUBUCTCKUMHU AUarpaMMamu puc. 4
(cipaBa), HO 371eCh BMECTO OJIHOM OCH X uMeroTcs aBe — st P u Q. Ocu 1 MupoBsbie
touku D, E, F, G u H uzo0OpakeHbl Tak, 4TO UX MOJIOKEHUSI HA 00€nX TruarpaMmax
coryacyrorcs ¢ npeodpazoanusiMu Jlopenia. Ha puc. 5,a, B cucreme, riie P mokout-
cs1, mupoBble TOukH E, F n G nexar Ha TOPU30HTAIBHON JIMHUY, @ 3TO O3HAYAET, YTO
BCE TPU MPEACTABICHHBIX COOBITHS MTPOUCXOAT B OJHO BpEMs B pa3HbIX MecTax (0/-
HO U TO e t, HO pa3Hble X). CoObiTiie D HacTymaer panblie Apyrux, a coositue H —
nosxe. Ha puc. 5,0, B cucreme, riae Q mMOKOUTCS, MUPOBBIE TOYKH, COOTBETCTBOBAB-
[IIME B TPEBIIYIIEM CIydae OJJHOBPEMEHHBIM COOBITHSM (IIPU OJHOM M TOM K€ 3Ha-
YEHUHU t), TETIEPb COOTBETCTBYIOT COOBITUSIM, TPOUCXO/ISIIIIUM MPU PA3HBIX 3HAYCHUSX
t. Paccmotpum auarpammy. CoObitust E, F u G Gonee He SABISIOTCS OJTHOBPEMEHHBI-
MU: cHavana npousoiiaeT G, 3atem F u, Hakonen, E. CoGwsiTrie D mo-mpexxaemy mpo-
n3oizaeT passiie E, HO mo3xe F, XOTA B npenplayiem ciiydae OHO, KaK U CIEIYET U3
npeobpazoBanuii JlopeHila, mpoucxoauso pansiine F. AHamorndno BeayT cedsi cCoObI-
tua H n G. Takum 00pa3oM, OTHOCUTENbHA HE TOJILKO OJHOBPEMEHHOCTH COOBITHH,
HO U TOPsIAOK UX HacTymieHus. PaccMorpum cobbitust D u E, a Takke coowitust G u
H. Kaxnas mapa coObITHII MMeeT Ha JICBOW AuarpaMme OJMHAKOBYHO aOCIIHCCY X,
YKa3bIBAIOIIYI0 Ha TO, YTO Mapa COOBITHI MPOUCXOJMUSIa B OJJHOM M TOM K€ MECTe.
Bce atu coObiTHs Teneps OyAyT MPOUCXOAUTh B pa3HbIX MecTax (puc. 5,0). Koneuno,
TO )K€ CaMO€ MPOUCXOAUT U B HBIOTOHOBCKOW TEOPHUU. YTOPATOUYEHHOCTh COOBITHIA
oT mpomnworo K oyaymemy Hapymaercss B TO manexo He Bcerna. HexkoTopeie coObI-
THSI UMEIOT BIOJIHE ONMPEACICHHBIN MOPSAI0K, BHE 3aBUCUMOCTH OT HCHOJIB3YEMOU
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JJIA UX OIIMCaHusA CUCTEMbI OTCUCTA. HaHpHMep, OIIBIT ITOKA3bIBACT, YTO COOBITHS Ha
MI/IPOBOI?I JIMHUKX HCKOTOPOI'O H3.6J'II-0I[3.T€JI$I HOJIKHBI ITPOUCXOIUTH B OIIPCACIICHHOM
IMOPAOKE, U ABa H&6J’II-OI[&TCJI§I BCCrAa COrIacATcC: 110 IMOoBOAY IIOpsAAKa CO6I>ITI/II>1, IIpu

KOTOPBIX OHH o0a IMPHUCYTCTBOBAJIN.
A

CaeToroit
KOHYC
Gymywero

0 -

X

Yy CeaTosoii
KOHYC
NPOLLCTo

Puc. 3.3. CBeToBO# KOHYC Ha IPOCTPaHCTBEHHO-BPEMEHHOMW iarpaMMe WUIIOCTPUPYET He-
KOTOpBIE CIIEJCTBUSI TEOPUU OTHOCUTEIBHOCTH IJIsl MOHATHS BPEeMEHHU. B HBIOTOHOBCKOH Teopuu
BpeMs aOCOJIOTHO. B TEOpHH OTHOCHUTEIBHOCTH BpEMSI MEXKIY COOBITHSMU U HUX TOCIEOBATENb-
HOCTb 3aBUCAT OT cUCTeMbl oTcueTra. CBeTOBOM KOHYC Oyayiero, ucxoasmui uz touku O BBepx
(mpu ¢ukcupoBaHHOM t — cepa, COOTBETCTBYIOIIAs PACIPOCTPAHEHUIO CBETa BO BCEX HAIpaBIie-
HUSX Ha paccTosiHue Ct, HayaBmemycsi B MOMeHT t =0, u3 Touku O), npeAcTaBiseT COOBITUS, KOTO-
pBIe JODKHBI CIydnuThesi ocie coobitus O. CBETOBOW KOHYC MPOIIIOTO MPEICTABIISET COOBITHS,
KOTOpBIE JIOJKHBI MPOoU30iTH paHee O: OH COCTOUT U3 TOYEK, OTKYAA cBeT HocTUrHET O B MOMEHT t
= 0. Bce Touku BHE I[BOI\/’IHOFO KOHYCa NpCACTaBJIAIOT CO6BITI/I${, KOTOPLIC B 3aBUCUMOCTHU OT CUCTC-
MBI OTCYETa MOT'YT CIYYUThCS KaK paHblle, Tak U mo3xe coobITus O.

Ha puc. 10 npencrasieHa npocTpaHCTBEHHO-BPEMEHHAs AUarpaMMa UCTOPUH
CBETOBOM BCIIBIIIKH, Mpom3oineAmeid B mupoBoid Touke O B MmomeHt t = 0. Cnycts
BpeMs t CBET pacHpOCTPAHUTCS Ha pacCTOssHUE Ct BO BceX HaIpaBJiICHUSAX U OyAeT Ha-
XOJIUThCA HAa MOBEPXHOCTH cepbl paanycoM Ct. Mictopus 3Toii cepsl Ha quarpamMmme
HMMEET BUJI KOHYca ¢ BeplInHOM B Touke O. DTOT KOHYC (BEpXHUI Ha puc. 6) Ha3bIBa-
eTcst KoHycoM Oyaymiero. CoObITus, CBET OT KOTOPBIX JOCTUTHET TOYKH O B MOMEHT
t = 0, oOpa3yroT KOHYC MPONLIOTO (HIKHUM KOHYC Ha puc. 6). OH BBITISIUT TOYHO
Tak e, Kak KoHyc Oyayuiero, Ho oOpaiieH Ha3ad. Bmecre koHychl mponuioro u Oy-
TyIEero - o0pa3yloT IBOWHON KOHYC C BEpPIIMHON B MPOCTPAHCTBEHHO-BPEMEHHSH
Touke O, Ha3bIBAEMbII «CBETOBBIM KOHYCOM.

JIroboe cobbITHE, pacrosararoiieecs BHYTpU KOHyca Oyaymiero, Bcerna (Bo
BCEX CHUCTEMax oTcuera) mpoucxoauT mocie coowitus O. IToatomy cobbitue O Mo-
KET, B MPUHIUIIE, OBITh ero mpuuuHoOu. JIroboe coObITHe, Jexkaliee BHYTPpH KOHYyca
MPOLLIOro, Bceraa npoucxoauT a0 coobitus O. [ToaToMy OHO MOXKET, B NPUHIIMIIE,
obITh ipuunHOK O. JIro6oe coObITHE, JiekKallee BHE CBETOBOIO KOHYCA, MOXKET IMpo-
UCXOJIUTh KaK 110, Tak ¥ nocyue O, B 3aBUCUMOCTH OT CHCTEMBI oTcuera. [loatomy
MeXAy HUM U coObiTieM O He MOXET ObIThb MPUYMHHO-CIEACTBEHHOU cBsizu. Cam
CBETOBOI KOHYC He MeHsieT (opMmbl Mpu npeodpazoBanusax JlopeHua, T.e. BBIMISAUT
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OJIMHAKOBO BO BCEX CHUCTEMax OTCUETAa, U OTO COTJIACYeTCS C OMBITHBIM (haKTOM, Ha
KOTOPOM OCHOBBIBaeTcsa dyactHas TO, a UMEHHO, YTO CKOPOCTh CBETa B BaKyyMe HE
3aBUCHUT HU OT JABUKEHUSI UCTOUHUKA, HU OT JIBM>KCHHS HAOIIOAATEeIs.

Coxkpamenue durtiypkepanbia — JlopeHia (JiopeHieBo cokpaiienue). U3 mpe-
oOpazoBanuii JlopeHia cpasy ke CleIyeT, YTO M3MEpEHHas /JIMHA JBMXKYIIErocs
00BbEKTa OTJIMYAETCA OT €r0 JJIMHBI, U3MEPEHHOMU, KOT/1a OH TTOKOUTCS

PaccMmoTpum cTepikeHb, KOTOPBIN TTOKOUTCS B HEKOTOPOM CHCTeMe OTCYeTa, U
MyCTh €ro JUIMHA, U3MEpPEHHas B 3TOM cucteme, paBHa L. Ecnu mosoxkeHue KOHIIOB
CTEp KHSI U3MEPUTh OJIHOBPEMEHHO B CUCTEME OTCUETa, KOTOpasi ABUKETCSI OTHOCH-
TEJIbHO TIEPBOIM CO CKOPOCTHIO V (B HAIMPABJICHUU JJIMHBI CTEPKHSI), TO BBIICHUTCS,
9TO PACCTOSHUE MEXKIy KOHIIAMH CTepXHS paBHO Yyxe He L, a L/y, rame

Y=1/v1- vé /e , @ C — CKOpOCTh cBeTa. TakuM 00pa3oM, BCIECACTBUE BHKEHUS
M3MEpEeHHas JUIMHA CTEPKHS COKpallaercs B y pa3. BenuunmHa y oyeHb OnM3Ka K
€AUHUILIE, €CIIH CKOPOCTh CTEPKHS MaJla [0 CPABHEHUIO CO CKOPOCTBIO CBETA, U PE3KO
BO3pAacCTaeT, KOrja ero CKOpocTh MpuOIMKaeTrca K C. IOTUM 0€30 BCAKUX JOMOIHU-
TEJbHBIX TUIOTE3 O MOBEICHUH OOBEKTOB OTHOCUTENIBHO a0COIIOTHOTO MPOCTPAHCT-
Ba WJIM O CBOMCTBax 3Qupa OOBICHSAETCA OTPHULATENbHBIA pe3ynbTarT omnbiTa Maii-
KesbcoHa — Mopiu. JIopeHIieBo cokpaiieHrue o0bSICHACTCS TOJBKO OTHOCUTEIBHBIM
IBUKEHUEM OOBEKTOB. TO K€ OTHOCHTCS M KO BCEM JIPYTMM BOIIPOCAM, paccMaTpu-
BAEMBIM B paMKax 4yacTHOU TO.

3ameyieHue BpeMeHU. Tak Ha3plBaeMO€ 3aMEJIEHHE BPEMEHU WM 3aMejle-
HUE XOJa JBIXKYILINXCS YacOB, — SIBJICHUE, aHAIOTUYHOE PACCMOTPEHHOMY BBILIE CO-
KpameHuto JUIMHbBL. OHO COCTOUT B U3MEHEHUM B y pa3 JUIMTEIBHOCTH U3MEPSEMBIX

BPEMEHHBIX MPOMEXYTKOB. 3/1€Ch €CTh [1Ba BAJKHBIX CIEACTBHUSA, OJHO M3 KOTOPBIX
MMEET HEMOCPEICTBEHHOE MPUIIOKEHUE B (PU3HKE.

PaccmoTpum, kak u nipexe, AByx Hadmogateneit P u Q u aBa coowitust D u E,
Hanpumep, B ucropuu Q. IlIpeanonoxum, 4to B cucreme orcuera, rae Q MoKOUTCsS
(cuctema Q), codsiTue E mpoucxoaut t cexkynaamu nosxe coowitst D. Toraa B cuc-
Teme, rae nokoutcs P (cuctema P), 3T 1Ba COOBITHS TPOUCXOIAT B TOUYKAX, pasfie-
JIEHHBIX paccTosinkeM Vy t, a E mpoucxoaut nociie D He uepes t, a uepes y t CeKyH.
2

v
1-— > 1, Bpems Mexy IByMs COOBITUSMU, U3MEPEHHOE

c

ITockonbky Beerna y =1/

B cucTemMe P, rie coOBITHS MPOMCXOMAT B Pa3HBIX TOYKaX, BCErjaa OOJbINE, YeM B
cucteme Q, rIe OHU MPOUCXOIAT B OJHOM Todke. CKopocTh HaOmogaTens Q B cuc-
TeMme P ecTh MpOCTO OTHOCUTEIIbHASI CKOPOCTh ABYX CUCTEM OTCYETA.
PensaruBrucTckoe 3aMeniieHHEe BPEMEHH OBLIO SKCIIEPHMEHTANIBHO IIOJTBEP-
KJICHO MHOTUMH ONBITAMH, M3 KOTOPHIX HanOoJiee HATJISIAHBIM SIBISIETCS CIIEAYIO-
i, B kocMudecKkux Jiydax MpUCYTCTBYIOT MIOOHBI — HECTAOUIILHBIC DJIEMEHTAPHBIC
YaCTHUIIbI, KOTOPhIE MOXKHO TaK)Ke MOJIy4uTh Ha yckopuTene. Kak mokassiBaroT j1abo-
paTOpHBIC PKCTIEPUMEHTHI, CITYCTs BpeMs t = 2%10°° ¢ mocire POXKICHUS 3TH YaCTHUIIBI
pacrajialoTcss Ha dJEKTPOHBI U HEUTpuHO. PoXKmaroTcs ke MIOOHBI B atMocdepe u3
JIPYTUX KOCMHYECKUX YaCTHUI[ Ha BBICOTE OKOJIO 10 KM U JABMXKYTCS K 3e€MJIe CO CKO-
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pocthio V = 0,998cC, T.e. mouTH cO CKOpPOCThIO cBeTa. OHAKO ABMXKYIIAICS C TaKOU
CKOPOCTBIO YacTHI[a, COTJIACHO HhIOTOHOBCKOM MEXaHHKE, MOKET JI0 CBOErO pacrajia
npoitu paccrostHue Vi, paBHoe Bcero 600 m. CrnegoBaTesibHO, MIOOHBI HUKAK HE MOT-
71 OBl TOCTUYb 3€MHOM MOBEPXHOCTH, €CIIA MPUHITH BO BHUMaHUE BBICOTY, HA KOTO-
PO ATH YacTHUIBI poXxAatoTcsa. TeM He MeHee, OHM OOHApPY>KUBAIOTCS HA YPOBHE MO-
psi. OOBACHSIETCS 9TO MPOTUBOPEUUE TEM, YTO BPEMs KU3HU ONPEIEISIIOCh B CUCTE-
Me OTCYETa, IJIe MIOOH MOKOUTCA. B IeHCTBUTEILHOCTH K€ MIOOH JIBUYKETCSI OTHOCH-
TEIbHO 3eMJIA C OOJBIION CKOPOCTBIO M BCJIEACTBUE PEISITHBUCTCKOIO 3aMEJICHUS
BPEMEHH MHTEPBAI MEXAY COOBITHUSIMU €r0 POXKICHUS U pachajia pa3iddeH AJis CUc-
TE€MBI OTCUETa, B KOTOPOM YacTHIlAa MOKOUTCS, U CHCTEMBI, B KOTOPOI OHA JABUYKETCS C
OompITI0i cKOpocThiO. [Ipy mepexoae OT CHCTEMBI TTOKOSI MIOOHA K CHCTEME, B KOTO-
POM OH JIBUKETCS CO CKOPOCTHIO nopsiaka 0,998C, BpeMst KU3HU MIOOHOB BO3PacTaeT
ot t 1o yt, T.e. npumepHo B 16 pa3. M3MepeHHoe J1abOpaTOPHBIMU. METOJAMU Pac-

CTOSIHUE, TTPOXOJIMMOE MIOOHAMH OT POXKIACHUS 10 pacmnana, coctaBuT Vy t = 16*600

M, T.c. 0koJI0O 10 kM. DTUM U OOBICHAECTCS BO3MOKHOCTH HAOJIOACHUS MIOOHOB Ha
YpOBHE MODS.

[Tapamokc yacoB (Wim OJIU3HEIIOB).

B nHauvanpHbIl nepuos cyuiectBoBanus yacTHOM TO Oonblioe BHUMaHHE yie-
JIAJIOCh OAHOMY M3 €€ CIIEICTBUM, TaK HAa3bIBAEMOMY NApPaJOKCy 4acOB, WU MapagoK-
cy OJU3HEIOB, — MOXaTyH, HanboJiee MOpPa3uTEILHOMY M3 BCEX CIEACTBUMN TOU TEO-
pun. Kaxxymuiicss napagokc Hepas3pelnM, €ClIM OCTaBaThCs Ha MO3ULUAX MEXaHUKU
Herorona.

s

orcyetaSy

\'Z‘J Yachi 1, cuctema

Puc. 3.4. Ilapagokc uacoB, WM MapajgoKCc OJM3HENOB WIIIOCTPUPYETCS MPOCTPAHCTBEHHO-
BpPEMEHHOW quarpaMMoil. MUMO MOKOSIIMXCS B CUCTEME S14acoB 1 paBHOMEPHO BHKYTCSI BIIPABO
gachkl 2 (KOTOpPBIE MOKOSATCS OTHOCHTEIBHO CHCTEMBI Sp) M BCTpeuaroTcst ¢ yacamu 1 (coObrtre D).
CoOpiTue E 3akmiogaercs B TOM, YTO 4achl 3, ABMXKYIIHECS BJIEBO (M TOKOSIIUECS B S3), MPOXOMIST
Mumo 4dacoB 2. Korma gacer 3 mpoxoast mumo 4acoB 1 (coObitue F), mpomexyTok BpeMeHH, 3ape-
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TUCTPUPOBAHHBIN YacamMu 1, oka3pIBaeTCsi OOJBIIE CyMMBI MPOMEXKYTKOB, 3apPETUCTPUPOBAHHBIX
yacamu 2 Mexy coobiTusiMu D u E u vacamu 3 mexay coositusmu E u F.

PaccmaTtpuBaemoe siBlIeHHE CYIIECTBEHHBIM 00pa3oM CBs3aHO ¢ 3ddexTom 3a-
MEJUICHHsI BpEMEHH, KOTOPOE 3/1€Ch IPUXOAUTCS YUUTHIBATh NBAXKbL. 1IycTh nmeroT-
cst yacel 1, 2 u 3, pacnosyio’keHHbIe ciaeayomum oopa3zom. Yackl 1 HaxoaaTCs B OKOE
OTHOCUTEJIBHO MHEpLHUAIbHOU cucTeMbl oTcuera S1. Co CKOPOCTBIO V OTHOCUTENBHO
OTOM CHCTEMBI BIIPAaBO PAaBHOMEPHO JBHIKYTCS 4achl 2, ¢ KOTOPBIMU CBs3aHa JApyras
MHEpLHMAIBbHASL cucTeMa oTtcuera S2. Hachl 3 IBHKYTCS PaBHOMEPHO BJIIEBO CO CKOPO-
CTBIO V OTHOCUTEIBHO cucTeMbl oTcyeTra S1. C 3TUMU YyacaMu CBS3aHa TPEThs UHEP-
nuanpHas cucrema orcuera S3. [IpocTpaHCTBEHHO-BpEMEHHas AMarpamma sl JaH-
HOTO ciy4as npencrasieHa Ha puc. 11. CoOsitus D, E u F takoBsl: D — yacker 2 npo-
XOIAT MUMO 4acoB 1; E —vacel 2 u 3 npoxomdar apyr mumo apyra; F —udacsl 3 npo-
xomaT muMo 4acoB 1. Ecim Bpems mexny D u E, usmepennoe yacamu 2 B cucreme
orcueTa S2, TIe OHM MOKOATCS, PABHO t, TO BCIEACTBHUE 3aMEJICHUS BPEMEHH BPEMSI
MEXIy STUMU COOBITHSIMU, U3MepeHHoe B S1, OyzaeT paBHO y t.- AHaJIOTMYHO BpeMs

Mexny E u F, uamepennoe yacamu 3 B cucteMe orcuera S3; FAe OHU MOKOSITCS, TOXKE
PaBHO t, a BpeMsi MEXKIy 3TUMH COOBITUSIMHU, U3MEPEHHOE B S1, OMATH-TaKH JTOJKHO
ObITh paBHO y t. Takum oOpazom, mojgHOE Bpemsi MeXkay coObiTusiMu D u F, uzme-

penHoe yacamu 1 B cucrteme S, paBHO 2y t, a UISMEPEHHOE YacaMmu 2 B cucteme S2 u

yacaMHu 3 B cucTeMe S3 — BCEro JIUIIb 2t.

UtoOsl myuriie pa3o0parhCcsi BO BCEM ITOM, MPEAMNOIOKUM, YTO Yachl 2 CHUH-
XPOHU3HUPOBAHKI ¢ yacaMu | U WX MOKa3aHUs COBMAJAIOT B MOMEHT BCTpeuH (COObI-
te D), a yacel 3 TOYHO TaK K€ CUHXPOHM3UPOBAHBI C YacaMu 2 NI MOMEHTa UX
BcTpeun (cobObithe E). Torma gacel 3 He MOKaXyT TO K€ BpeMsl, 4TO U Yachl 1, B MO-
MEHT uX BcTpeud (coObiTre F), a Oyayt oTcraBath Ha Bpems 2y t - 2t wim 2(y - )t
Pa3uuna B nokazanuax yacos 1 u 3 B MoMeHT coObITHA F MOeT ObITH BEChMA 3HA-
YUTEIHLHOMN, €CJIM TOUKH BCTPEUYH JOCTATOUHO yAAJICHBI IPYT OT Apyra.

OTOT JHOOONBITHBIM Pe3yJbTaT MOXET MOKa3aThCsl JIOBOJBLHO aOCTPAKTHBIM,
MIOKa B PACCMOTPEHUE HE BXOAUT YEJIOBEUECKUN (paKkTOp. 3aMEHHUM 4Yachl 2 U 3 OJIHU-
MU YacaMu, MMOMEUICHHBIMU Ha 0OPTY KOCMHUYECKOTO KOpalJsi, YHOCSIIETO B 3BE3/I-
HbIE JIaJli OJTHOTO W3 OJM3HEI0B, OpaT KOTOPOTO BMECTE C dacamu | ocraercs Ha
3emite. [IpeneOpexem Ha Bpemsi OpOUTAIBHBIM JABUKEHUEM 3e€MJIM U YCKOPEHUSIMU
KOCMHUYECKOT0 KopalJisi B MOMEHTHI, Korja oH nokumaer 3emiro (D), moBopaunBaer
Hazan (E) u BosBpamaercs (F). Ecnu, x nmpumepy, kopabib myTemiecTByeT K OJu-
xKauuie usBectHOU 3Be3ne Anbda lleHTaBpa, paccTositHUE 0 KOTOPOW COCTABIISIET
4,2 CBETOBOTO T0JIa, @ CKOPOCTh Kopabiis paBHa 99% cKoOpocTH CBeTa, TO OT CTapTa
KOpaOJIsi 10 €ro Bo3BpalleHus Ha 3eMIIto MporaeT okojo 8,5 rona. O1HaKO HA CaMOM
Kopabse mpoiiaer numb 14,5 Mmecsana. M ecnu k Havaily myTemiecTBHs OJIM3HELaM
Ob10 10 10 JIeT, TO K ero 3aBeplICHUI0 3eMJIIHUHY OyzaeT 18 ¢ MmojoBHHOM, a ero
Oparty acTpoHaBTy — uyTh Oosbiie 11. Ilpu Gosee IIUTETBHBIX MyTEIIECTBUSIX pa3-
HUILIA BO3PACTET. DTOT BBIBOJ CYIIECTBEHHO HE M3MEHMTCS, €CIM Y4YECThb, YTO MPHU
B3JIeTe, TTOBOPOTE U MOCAAKE KOPAOJb JOJDKEH Pa3roOHATHCS U TOPMO3UThH MOCTENEH-
HO, 2 HE MTHOBEHHO, KaK B TOJILKO YTO pa3oOpaHHOM cirydae. [[ero He B yCKOpEHUSIX,
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a B pa3IMuYuy MUPOBBIX JIMHWUN OJIM3HEIOB: KPUBU3HA OJAHOW W3 HUX 3HAYUTEIHHO
OoJIbIIIE, YEM JPYTOM.

Kazanoch Obl, IpUBEEHHBIE PACCYXKIACHUS MOXHO CUMMETPUYHO MOBTOPUT,
npearnoiaras, YTo aCTPOHABT HAXOJAUTCA B MOKOSIIIEHCA CHCTEME, a 3€MJIIHUH — B
nBrKyIencs. Torna okazanock Obl, YTO OOJIBILE MTOCTAPEET ACTPOHABT — 6 IMOM U
3akaoyaemca napadoxc. OaHaKo 3To He Tak. 3eMIITHUH (¢ yacaMu 1) Bce Bpemst oc-
TaeTcs B MOKOE B MHEPIMAIBHOM cucTemMe oTcuera S1, a acTpoHaBT (¢ yacamu 2 u 3)
B IIPOLIECCE ITyTEHIECTBUS MEPEXOAUT OT OAHOU MHEPLUUAIBHONW CUCTEMBI K JPYTOM.
Takum 00pa3om, OJIM3HELBI HAXOIATCS COBCeM HE 6 CUMMEMPUUHBIX NOAONHCEHU-
Ax*. JleTanbHbIl aHATH3 ITOKA3HIBACT, UTO [BIKCHHE 3EMISIHHHA, C TOYKH 3peHUA
aCTPOHABTA, OTJIMYACTCS OT JABMIKCHUS ACTPOHABTA C TOUKHU 3PEHUS 3€MIISIHHHA. A
MO3TOMY M HE MOJIy4aeTcCs, YTO MPU MOBTOPHOM BCTPEUYE ACTPOHABT CTAHET CTApIIIEC
3EMJIIHMHA, KaK 3TO MOKET IMOKa3aThCsl, €CIIA MPOBECTU BCE PACCYKAEHUS C TOUKU
3pEeHUs aCTPOHABTA, CYMTAIOLIETO0 CBOK CUCTEMY HENOABWKHOU. Ha 3ape teopuu oT-
HOCHUTEJIbHOCTH HEKOTOPBIE YUEHBIE MBITAIUCh U300pETaTh IOIOOHBIC MapaiOKCHI,
BbIJIBUTasl BCErJa KAUeCTBEHHbIE apI'yMEHTHI, OCHOBAHHBIC HA UHTYUTHUBHBIX HBIOTO-
HOBCKUX IPEJICTABICHUAX O BpeMeHHU. KOTMYeCcTBEHHBIN aHAIN3 I0JKEH MPUBOINUTD
K MPaBWJIBHOMY BBIBOJY, YTO OJIM3HEI-aCTPOHABT IPH ITOBTOPHOM BCTpeye OpaTheB
OKQXKETCA MOJIOXKE. Pe3ynprar 3TOT OJHO3HAYEH W ABJISACTCS INPSIMBIM CIEACTBUEM
repecMoTpa MpeJCTaBiIeHUul 0 BpeMeHHU, KOToporo Tpedyet yactHas TO u HeoOxo-
JAMOCTh KOTOPOTO MOATBEPKAAETCSI MHOTUMM APYTUMU dKcriepumenTtamu. [loner k
Anbde IlenTaBpa octaeTcsi 3a TPaHbIO COBPEMEHHBIX TEXHUUYECKUX BO3MOXKHOCTEH,
OJIHAKO IKCIIEPUMEHT, TOJTBEp X Aaroniuid 3pdext Onm3Henos, Bce ke 0bur B 1971
npoaenad. s 3Toro ObLIM UCIOJIB30BAHBI OYEHh TOUHBIC ATOMHBIE Yachl, YCTAHOB-
JIeHHBIE Ha 00pTy camouiera. [loneTsr OCyeCTBISINCH BOKPYT 3€MJIM B BOCTOYHOM H
3amaJHOM HANpaBIICHUSX, MOKA3aHMUs 4YacOB 3aTE€M CBEPSIIUCH, U TOJIYyYEHHBIE pe-
3yJbTaThl B 000MX Clydasix ObUIM OYE€Hb OJM3KHU K MPEJCKa3aHUsIM TEOPUH OTHOCH-
TEJIbHOCTH.

PenstuBucrckas AMHaMuka.

Bce onncanHble BbILIE SIBIEHUSI OTHOCITCA K «PEISITUBUCTCKON KMHEMATHKEY,
T.€. MOTYT OBITh BBIBEJICHBI U3 MpeoOpazoBaHuil JlopeHiia, KOTOPHIMUA BMECTO TIPE00-
pazoBanuii ['anuies cBsizanbl B yacTHOM TO pa3nnyHbie MHEPIUATIBHBIE CUCTEMBI OT-
cueta. Ho 4ToOBI 3aBepIIUTh MEPEX0/l K TEOPUH OTHOCUTEIHHOCTH, HYKHO HANTH 3a-
MEHY BTOPOMY 3aKOHY HbroTOHA. MBI JOJKHBI IEPEUTH K PEIISITUBUCTCKON TUHAMMHU-
K€, pacCMaTpUBAIOLICH BIIMSHUE CWUJI HAa ABWXKEHUE Tes. HOBBIM 3aKOH IBUKECHUSA
JOJIKEH YJIOBJIETBOPATH CIEAYIOIIUM TPEOOBAHUSAM.

1. Ero ¢opma nomkHa coXpaHSAThCS MpH MpeoOpazoBaHusx JlopeHia, nHaye
BO3MOKHBI TaKH€ 0COObIE MHEPIIMAIBHBIE CUCTEMBI OTCUYETA, B KOTOPHIX 3aKOH UMEET

 He BUJHO HUKAKOM JPYroil MPUYMHBI TIOX0OHON acCHMMETPHH, KPOME HEOJMHAKOBBIX CKOPOCTEH pa3HbIX
CHCTEM OTCUETa IO OTHOIIICHHIO K CKOPOCTHU CBeTa. B camoMm jiene, CKOpOCTh acTpoHaBTa OJIMKE K CKOPOCTH
CBETa, HEXEJIN CKOPOCTh 3€MIISIHMHA, TIO3TOMY BpPEMs B CICTEME aCTpPOHABTA T€UET MEJICHHEE, UeM Ha 3eM-
ne. B 3ToM u TonbKO B 3TOM - HepaBHoNpaBue cucreM. Ho Toraa mosydaercsi, 4TO CKOPOCTh CBETa UMEET
HEKHUil aOCOIOTHBIN XapaKTep W SBISICTCS aHAIOTOM aOCONIOTHOTO MpocTpaHcTBa HrioToHa. BoT modemy,
BEpOSTHO, DUHINTCHH HA3bIBAJl HHOTIA CBOIO TEOPHIO HE TEOPHEH OTHOCUTEILHOCTH, a TEOPHEH abCOIMIOTHO-
CTH.
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Haubosee MPOCTON BHUJ, YTO MPOTUBOPEUMIIO Obl MPUHIHUITY PABHOIPABUS WHEPIHU-
aJIbHBIX CUCTEM OTCYETA, HA KOTOPOM OCHOBAHA BCs TEOPUSI.

2. IIpu cKOPOCTAX, MAJIBIX 110 CPABHEHUIO CO CKOPOCTBIO CBETA, HOBBII 3aKOH
IBWKEHUSI JIOJDKEH IEPEXOJUTh BO BTOpPOW 3akoH HploTOHa, MHAue BO3HUKIIO Obl
IIPOTUBOPEYME C ONBITHBIMU JAHHBIMU JUIA IBUKEHUS C MAJIBIMA CKOPOCTAMH, KOraa
BTOPOU 3aKOH HBIOTOHA BBINOJIHACTCS.

OTux AByX TpeOOBAaHUI JOCTATOUHO, YTOOBI O0JIeE NN MEHEE OJHO3HAYHO YC-
TaHOBUTbH HOBBIM 3aKOH JBHKCHHS.

Macca 1 3Heprus.

Paznuuust Mexay HbIOTOHOBCKUMU U PEISITUBUCTCKUMU YPABHEHUSIMU JIBUKE-
HUSI TIPOSIBJISIFOTCSI U B PA3JIMUMAX CIIEICTBUM, U3 HUX BbITekaronux. Korjaa sty pas-
JIUYUS SKCIIEPUMEHTAIBHO O0OHAPYKUBAIOTCS, TO OKAa3bIBACTCSI, UTO OHU COTJIACYIOTCS
C PEISATUBUCTCKUMHU YPAaBHEHUSIMU.

ITepBoe, 4TO HYXIaJOCh B MOATBEPKIACHUH, — 3TO 3aBUCUMOCTh MAacChl OT
ckopocTd. Yactuiia, IBHXKYIAsICSA ¢ OYeHb OOJIBIIONW CKOPOCTHIO, COTJIACHO YacCTHOM
TO, nBuxercs NMPUOMM3UTEIIBHO TaK XK€, KaK U B HHIOTOHOBCKON MEXaHHUKE, HO €€
Macca JIOJKHa CISAYIOIUM 00pa3oM 3aBUCETh OT CKOPOCTH:

m=mgy =mg! 1-v%/c?,

rJIe My — Macca YacTUIlbl, U3MEPEHHAasl B CUCTEME, B KOTOpPOH yactuna (mycThb
Jake BPEMEHHO) TTOKOUTCS; Macca My Ha3bIBAETCS MACCOM MOKOS WM COOCTBEHHOM
Maccoil. C 3Toil KBa3MHBIOTOHOBCKOM TOUYKH 3PEHUSI Macca BO3pacTaeT C yBEIUYEHH-
€M CKOPOCTHU U CTPEMHUTCS K OECKOHEYHOCTH TIPH MPUOIMKEHUN CKOPOCTH YaCTHIIBI K
CKOpPOCTH CBeTa. JTO HE MapaJIOKC, a JIUIIb PE3yJIbTaT «HbIOTOHOBCKON» MHTEpIpE-
TalUU PEIATUBUCTCKOTO YPaBHEHUS.

[Ipu mManbIx CKOpPOCTSX, pas3jaras KBaApaTHbIA KOPEHb B psifl, MOIy4aeM MpU-
OJIM>KEHHO

mzmm+(m0v2 fZ)fr:2+...,

r7Ie MHOTOTOYMEM 0003HaYEHBI YJIEHBI 00JIe€ BHICOKOTO MOPSIKa MAJIOCTH, YEM
(v/c).

N3menenne Macchl ¢ I3MEHEHUEM CKOPOCTH BIEpBbIe HaOmoaanock B. Kayd-
MaHOM, a 3aTeéM OBbUIO TOJATBEPXKIACHO 00Jiee TOYHBIMU ONMBITAMH. PensTuBUCTCKAS
3aBUCUMOCTh MAacChl OT CKOPOCTH IOATBEPKAAETCS U IKCHEPUMEHTAMHU HA YCKOPH-
TEJISAX, KOTOPhIe TPOCKTUPYIOTCS ¢ YYETOM ATOM 3aBUCHMOCTU U MHauye He padoTaiu
OBL.

Eme oaHO BaxkHOE CIEACTBHE U3 PEISITUBUCTCKOM (DOPMYINbI — SKBUBAJICHT-
HOCTbh Macchl M 3Hepruu. JHeprus E, Bxoasmias B pelsiTUBUCTCKUAN 3aKOH COXpaHe-
HUSI DHEPTUHU, OOBIYHO 3aMUCHIBACTCS B BUJIE MACChl M, YMHOKEHHOM Ha &

E=mc? = ijr:E.

DTO BBIpaKEHUE MOKHO Pa3JI0KUTh TaK K€, KaK U BBIPAKEHUE JJI MACCHI:
_ 2 1 2

E=myc® + (A)muv +uns
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Bropoii unen coBmagaeT ¢ 00bIYHON (HOPMYIIOH 1Ji1 HBIOTOHOBCKOM KMHETHY €-
CKOM 3HEepruu (MHOTOTOUYMEM 0003HAUEHBI YJIEHBI, KOTOPHIE CTAHOBSTCS CYIECTBEH-
HBIMH JIMIIIb TPY OYE€Hb OOJBIINX CKOPOCTSIX). DTH JiBa PAaBEHCTBA UHTEPIIPETUPYIOT-
Csl CIIEIYIOIIMM 00pa3oM: Macca Tejla U3MEHSETCS TOYHO TaK e, KaK M dHepTus, 3a-
KJIFOUECHHAsl B TEJE, PUYEM BBIPAKECHHUE NJISI SHEPTUU JOJDKHO COAEPIKATH MOCTOSIH-
HOE CIIAraeMOE — TaK HA3BIBAEMYIO YHEPIHIO TOKOS MoC’, COOTBETCTBYIOIIYIO MAcce
MOKOST; IPU 3TOM COOTHOILIEHHUE MEXKIY MAacCO M HEPTUEN UMEET BHUJ IPSIMOM MpO-
MOPIHOHANBHOCTH ¢ KO3 HIreHTOM C°,

N3 5KBUBaJIEHTHOCTH MAaCChl U YHEPTUU BBITEKAET MHOT'O ciencTBH. OqHO U3
HanOoJiee BIECYATIISIIONIMX — AHHUTWISALUMS Napbl YaCTHI] U MOJIHOE MPEBPALEHUE UX
CyYMMAapHOM MAacChl B U3JIyYEHHE C COOTBETCTBYIOIIEH dHEpruen. Takass aHHUTAIALUS
HaOIroAaeTCs 1S mapbl 3JIEKTPOH — MO3UTPOH (JIEKTPOH 3apsDKEH OTPHULATENIBHO, a
MO3UTPOH TOJIO)KUTENBHO) U ISl Tapbl MPOTOH — AHTUIIPOTOH. DKBUBAJIEHTHOCTHIO
MAaccChl U SHEPTUU OOBICHIETCS MPOUCXO0KIECHUE SHEPTUU 3BE3/], OHA JIEKUT B OCHOBE
MIPUHLNIOB MOJIYYEHUsI aTOMHOM SHEPIUU U CO3AaHUS SEPHOTO OPYXKHUS, HUCIOIb-
3YIOLIETO JEJICHUE U CUHTES AIEP.

Taxk, sHeprus, uznydaemasi 3B€3/1aMU, U SHEPIHs B3pPbIBa BOJOPOJAHONU OOMOBI
UMEIOT OJIMHAKOBOE MPOUCXO0KJAeHHE. YeThIpe sapa BOAOPOJa MOTYT OOBEAUHUTHCS
1 00pa3oBaTh OJIHO SAPO TeNUs, MPUYEM Macca sjpa refius OyneT MEHbIIIE MacChl ye-
TBIPEX siJIEp BOJOPOJA, B3AThIX OPO3Hb. M30bITOMHAs Macca BHICBOOOXKIAE€TCS B BU-
Jle M3ITyYCHHs, SHEPIHs KOTOPOTO CBA3aHA C 3TOH Maccoif cooTHomenneM E = mc?.
Bonb1iol sHepreTHYecKuil BEIXO/T TAKUX UCTOYHUKOB SHEPTUU OOBICHIETCS TEM, UTO
MHOKHTEIb C° B 9TOM ypaBHeHHH odeHb Bennk — 9*10™° (m/c)?. TIpeBparenne Bomo-
poia B Teluid pa3IMYHBIMHU ITYTSMH - SIBJIIETCS OCHOBHBIM HCTOYHHUKOM 3BE3JIHOMU
SHEPrUHr, a TAKKE IHEPIUHU, BHICBOOOKIAEMOM MPHU TEPMOSIEPHBIX B3phIBaxX. JHEP-
rUsli aTOMHOU (HE BOJOPOIHOM) OOMOBI U PEaKTOPOB aTOMHBIX AJIEKTPOCTAHIIUNA 00Y-
CJIOBJIEHA PEAKIMEN IeTICHUs SAEp: AP0 ypaHa WM ILTyTOHUS PACUIEIIISECTCS Ha JIBE
WM O0oJiee YacTH, CyMMapHas Macca KOTOPhIX MEHbBIIIE MacChl HCXOHOTO SI/Ipa, a U3-
OBITOK PHEPTUU BBIIETSETCS YACTHYHO B BHJIEC M3IyUYCHHUs], & YACTUYHO B BUJC KUHE-
TUYECKON PHEPTUU TPOJYKTOB JCIICHHUS.

MHoXecTBO Apyrux npuioxkeHuid yactHoil TO mpakTuuecku BO Bcex obnac-
TAX COBPEMEHHOW (PU3MKHN yOEeIUTETHHO MPOJEMOHCTPUPOBAIHN €€ MPABWIBHOCTh H
MPEBOCXOICTBO HaJ Teopuer HproTOHA Tam, rie mpenckazaHus 3TUX JABYX TEOPHUM
CYIIIECTBEHHO pa3nuyHbl. [lanee mMbl nepeiinem k o0o6meHuto yactoor TO, HeoOx0-
JUMOMY JUISl aICKBATHOTO PACCMOTPEHUS SIBJICHUS TATOTEHUSI.

6.3. OOLwWan Teopuss OTHOCUTESIbLHOCTH

JlenicTBUE 3alaHHBIX CHJI ONMCHIBAETCS BTOPBIM 3aKOHOM JABMKEHUs HbroTOHA
UM COOTBETCTBYIOIIMMH PEISITUBUCTCKUMH 3aKoHAMH. OJHAKO HMCTOYHUKHU CHII
JOJDKHBI OBITH ONMMCAHBI JOMOJIHUTEILHBIMU THIIOTe3aMH. B Teopun HeroToHa cuia
rpaBUTALMU JAETCA HBIOTOHOBCKUM 3aKOHOM BCEMHUPHOI'O TATOTEHUS, COTJIACHO KO-
TOPOMY JTIOOBIC B TeJIa MPUTITUBAIOTCS APYT K APYTY C CUIION, MPSMO P OMOPIIHO-
HaJIbHOW MPOU3BEJICHUIO UX TPABUTAIMOHHBIX MacC U OOpaTHO MPOMOPIMOHATBHOMN
KBaJpaTy PacCTOSHUSA MEXY HUMU.
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Ecnu rpaButaniionHbie Macchl AByX Teld A U B paBHbl M 1 Mg, a paccTostHue
Mexay HUMHU R, TO cuia paBHa:

F=galls ‘;“f =

R

rne G — HBIOTOHOBCKAS TPABHTALMOHHAS MOCTOSIHHAsA, paBHas 6,6726%10
M/(kr*c?).

DTOT 3aKOH MOXKHO MPEACTaBUTH B MHOU (opMe, eciu BBECTH MOHSTHE OIS
CUJI: HAIIPSHKEHHOCTh TPABUTAILIMOHHOTO TOJISI, CO3aBa€MOro TeJIOM A, B TOUYKE, Ha-
XOJSIICHCS Ha paccTOSIHUM R OT Hero, paBHa cuiie, AEHUCTBYIOIICH HA €IUHHUYHYIO
NPOOHYIO MaccCy, MOMEUIEHHYIO B 3TY TOUKY:

Ea = GMA/R%.

HproTOH mokasain, 4To IpUTSHKEHHE OJHOPOIHOTO C(HEPUUYECKOTO Tea MOKHO
BBIYUCIISATh, MPUHUMAs, YTO BCSA €r0 Macca cocpeforoueHa B 1eHTpe cdepsnl. Ilo-
CKOJIbKY 3eMJisi UMeeT MPUOIU3UTENbHO chepruueckyro hopmy, HaNpsKEHHOCTh CO3-
JTaBa€MOTO €10 TPAaBUTAI[MOHHOTO T0JIsl HA €€ MIOBEPXHOCTHU PaBHA:

g = GMseumd (Renms)® ~ 9,81 m/c?.

DTO — IPOCTO YCKOPEHUE CHUIIBI TSHKECTH, T.€. CKOPOCTh YBEIUUYEHUS CKOPOCTU
MaJaroero Tena.

Bripaxkenue s HapsKEHHOCTU TPABUTAIMOHHOIO TOJIS, CO37aBaeMoro Te-
JOM A, XapaKTepu3yeT ero CrocOOHOCTh BO3JCUCTBOBATh C CHJION MPUTSKEHUS HA
npyrue tena. Cuna ke, [eHCcTBYyIoIas Ha JJI000€ Apyroe Teio, paBHa MPOU3BEICHUIO
HaIPsHKEHHOCTH 1OJIs1 Ep HA Maccy aToro Tena:

F= EAM By

YTO COTJIACYETCSI C MEPBBIM W3 TPHUBEJACHHBIX BbIIIE BBIPAKECHUN I CUJIbI
MPUTSHKCHUS MEXAY AByMs TenaMu. M3 3aKOHA COXpaHEHUs UMITYJIbCa CIEAYET, YTO
BCE OTH PACCYKJICHUSI OCTAIOTCS CIIPABEJIMBBIMU, €CITU JIBA TeJIa IOMEHSITh MECTaMHu.
Takum o0pa3om, HaNpPsHKEHHOCTh TPABUTAIIMOHHOTO TOJISI, CO3/IlaBaeMoro Tejaom B,
paBHa Eg = GMg/R?, a crura, IeifcTByIomas Ha Te10 A €O CTOpOHbI Tea B, pasua F =
EgMa. [loBeneHue cucTeMbl U3 HECKOJIBKUX TEJ MOKHO OOBSICHUTH, PACCMOTPEB CH-
JIbl, IEUCTBYIOILIME HA KaX0€ TEJIO CO CTOPOHBI BCEX APYTHUX.

C cOBpeMEHHOM TOYKHM 3pEHUS 3aKOH BCEMHUPHOTO TArOTeHUs HbhloTOHA nmeeT
JIBa HEJIOCTATKa, OJIMH OYEBUJIHBIN, Apyroi — Oosiee ToHKHM. OYEBUAHBIA HEIOCTA-
TOK COCTOUT B TOM, YTO 3aKOH HEMHBAPHUAHTEH OTHOCUTEIHHO MpeobpazoBanmii Jlo-
pEHLIa U, cliefoBaTeNbHO, MpoTUBOpeYnT yacTHou TO. Cuiia, KOTOPYIO aeT 3aKOH
Hprorona B KaXIbli KOHKPETHBIH MOMEHT BPEMEHH, OMNPEAEISIETCS PACCTOSHUEM
MEXJIy TE€JIaMHU, CYIIECTBYIOIIMMH B 3TOT MOMEHT BpeMeHU. Ho MBI y>Ke BHJIeNIH, YTO
paccTosiHME MEXIy JABYMS TelaMU B JaHHBIA MOMEHT 3aBUCHT OT CUCTEMBI OTCUETA,
B KOTOPOW MPOBOJISITCS U3MEPEHUS, KaK U CaM «JaHHBIH MOMEHT.

MoXHO0, KOHEUHO, MOJIU(PUIIUPOBATH 3aKOH BCEMUPHOTO TATOTEHHS TaKUM 00-
paszom, 4ToObl OH coryiacoBaiics ¢ yactHor TO. U psg mogoOHbIX MoauduUKanuil ObLT
OPEAJIOKEH BCKOpe nocie co3ganus yactHou TO. OgHako BCe OHM, Kak U TEOPHs
HeroToHa, cTpananu npyruM, 60jee TOHKMM HEIOCTAaTKOM, U30aBUTHCA OT KOTOPOTO
yAQJIOCh JIMIIB B 0011el Teopuu oTHOcuTenbHOCTH (OTO). DT Moaudukanuu mnpe -
CTaBJISIOT Ceiuac JIMIb UCTOPUYECKUN UHTEPEC U pacCMaTpPUBATLCA 3/1€Ch HE OYIyT,

»
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a 00 yImOMSIHYTOM HEJ0CTAaTKe, MPEI0)KEHHOM DWHINTEHHOM, M CPEICTBE M30aBiie-
HUS OT HETO Oy/IeT CKa3aHo B CJEAYIOIIEM pa3Jieie.

I'paBurannonHas u uHepTHAsA Macchl. [[oHATHE MacChl BBICTYNAJIO BBILIE B
IBYX pa3HbIX aclekTax. B 3akoHaxX ABUKEHUS, HBIOTOHOBCKHUX W PEJSITUBUCTCKUX,
KOTOPBIE€ OIMHUCHIBAIOT JECHCTBUE 33/IaHHBIX CUJI, MACCa XapaKTEPU3yeT CONMPOTHUBIIE-
MOCTb T€JIa — €r0 UHEPLHUIO — M0 OTHOLIEHUIO K CHJIaM, CTPEMSILIUMCS U3MEHHUTh €T0
IBIKEHHUE. B 3TOM ciiyyae Maccy Ha3bIBalOT HHEPTHOU. B HBIOTOHOBCKOM K€ 3aKOHE
BCEMHPHOTO TATOTEHHUS Macca BBICTYIACT KakK (paKTOp, OMPEACIISIONINI TpaBUTAIU-
OHHBIC CHUJIbl, BBI3BIBAEMBIC JTAHHBIMU TEJIAMH, U 3]IECh MAacca Ha3bIBACTCS I'PaBUTA-
LIIMOHHOU. 1 HeT OCHOBaHMM 3apaHee MpearnoaaraTb, YT0 3TH MACChl CBA3aHbI MEKIY
coboii. lHora, 9T00BI MOTYEPKHYTH Pa3Inune MKy HUMH, TPABUTAIIMOHHYIO Mac-
Cy Ja)€ Ha3bIBAIOT I'PAaBUTALMOHHBIM 3apsiAoM. MIMEKTCsA, OJHAKO, OY€Hb TOYHBIC
AKCIIEPUMEHTANIbHBIC JAHHBIE, CBUJICTEIILCTBYIOIIME O TOM, YTO 00€ MacChl MPOIOP-
[IUOHAIBHBI APYT APYTY, TpUYEeM KOI(PPUIIMEHT MpONOpUUOHATHLHOCTH JUIsl BCEX U3-
BECTHBIX BEIIECTB OJMH U TOT ke (MoJ00pOM YJTOOHON CHUCTEMBI €AUHUI] OH MOXKET
OBITh CJIeJIaH paBHBIM 1).

OnHuUM U3 TaKMX CBUAETEIBCTB, U3BECTHBIM, 110 KpailHEN Mepe, elie CO BpEMEH
[anunes, sBisieTcst PakT OJUHAKOBO OBICTPOrO MaJCHUs BCEX Tel (eciu mpeHeopeyb
COMPOTHUBJIICHUEM BO3/lyXa). BOJBINONW CBUHIIOBBINA TPYy3 CHIIbHEE TPUTATHBACTCS
3emiiel, UeM MaJICHbKUM TPY3UK, U BCE KE OH He nadaem ¢ 01bUulUM YCKOPEHUEM,
NOCKONbKY 051bWian cuna Komnencupyemcesa u 0savuieil unepyuei. OnsATb-TaKy,
CBHUHIIOBBI M CTAJIBHOW T'PY3UKH, YPABHOBCHICHHBIE HAa BECAaX W, CJENOBATENIBHO,
VMMEIOIINE PABHBIE TPABUTALIMOHHBIE MACChl, MAIAI0T C OJUHAKOBBIM YCKOPEHUEM U
MMOTOMY UMEIOT TAK)KE PABHBIE MHEPTHBIE MACCHI.

ITycte m,, M, — uHeptHbIC, a M, Mg — rpaBuTaliMiOHHBIE Macchl Ten A u B.
O603HauuM Fa u Fg rpaBuTaliuoHHbIEC CHIIBI, JEHCTBYIOIIUE HA 3TH TeJld CO CTOPOHBI
3eMJIM W BBI3BIBAIOIINE JIBHXKEHUE C YCKOPEHMSIMU aa U ag, U IPUMEM, 4YTO, KaK U
npexze, g = GMaewm! (Raewnn)” - VI3 3KOHA IBUKEHHUS IOydaeM

Fa = Maaa; Fg = Maas,

a 13 3aKOHA BCEMUPHOTO TSATOTEHUS

Fa= gMA, Fg= gMB

HaGnronenus mokas3sIBaloT, 4TO BCE TeJa MaIal0T ¢ OAMHAKOBBIM YCKOPEHHUEM,
T.€. ap = ag. [loaTOMY, IpupaBHUBas NMONAPHO BeIpaXeHUs Wil Fa 1 Fg, monyyaem

mA/MA = mB/MB,

YTO U TpeOOBaJIOCh, @ UMEHHO: OTHOIIICHUE TPaBUTAIIMOHHON MacChl K UHEPT-
HOW OJIMHAKOBO JJISl pa3JIUYHBIX TEJ.

BriepBbie TOUHBIE M3MEpPEHUS, TOATBEPAUBIINE MPONOPIHUOHAIBHOCTh TPaBU-
TAIIMOHHOW ¥ MHEPTHOM Macc, ObUIN BBIMIOJIHEHBI P. DTBelieM ¢ COTpyJJHUKaMU B Ha-
yane 20 B. Cnycts 70 ner P. /lukke B [Ipunctone u B.b. bparunckuii B Mockse enie
OOJIBITIE TTOBBICUIIM TOYHOCTh TAKUX M3MEpEHUI. Bechl, K KOTOPHIM MOIBEITNBAINCH
TPy3bl U3 PA3THMYHBIX MAaTEPUAIOB, OBLIM CTOJb YYBCTBUTEIbHBI, YTO €CJIU ObI OTHO-
IIEHUE TPABUTAIMOHHON MAacChl K MHEPTHOM ISl STUX MATepUANIOB ObLIO HEOAWHA-
KOBBIM, TO M3-3a TPABUTAIIMOHHOTO Bo3xaeicTBUs ComHIa ObUT OBl 3apETUCTPUPOBAH
3¢ (exT, UIMEHSIIOMUNCS HA MPOTSKEHUU CYTOK B COOTBETCTBUHU C BpaIllEHUEM 3€M-
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M BOKpYT cBoeii ocn. Ho B nmpenenax morpemsocta mopsaka 1*107 rakoit sddexr
He ObLT 0OHAPYIKEH.

OTHOCHUTENBHOCTh UHEpLHUU. [pyroit o0t Hegoctatok Mexanuku HbroToHa,
BBISIBJICHHBIN B 19 B., — B 3HAUMTENIbHOM Mepe Onaromaps O. Maxy (1838-1916) —
CBSI3aH C TEM, YTO OHA Oa3upyeTcs Ha MOHATHUIX a0COIIOTHOTO MPOCTPAHCTBA U abCo-
JIOTHOrO BpeMeHU. OCHOBHAsl TPYIHOCTb, K KOTOPOW 3TO MPUBOJWIIO, COCTOSIIA B
TOM, YTO Hem HUKAKUX IKCHEPUMEHMAIbHBIX MEeM 0008 uoeHmudurayuu Hu npo-
CMpAancmea, Hu épemenu. Bce MBICIMMbBIE U3MEPEHUS — TO UIMEPEHUA OMHOCU-
MeNbHBIX NOJI0NHCEHUIL, 0BUINCEHUTI U Ompe3Koe epemenu. 1louemy Obl, cripamuBan
Max, BMECTO PaBHOMEPHOI'O JIBH>KEHHSI OTHOCUTEIBHO aOCOIIOTHOTO MPOCTPAHCTBA
B KauyeCTBE KPUTEpHUs UHEPLUAIBHOM CHCTEMBI OTCUETA HE PACCMATPUBATHL PABHO-
MEpPHOE JBHKEHUE OTHOCHUTENIBHO YIAJIEHHBIX 3Be31? Max mbITancs U3MEHUTH HbIO-
TOHOBCKYIO MEXaHHKy TaKMM 00pa30M, 4TOOBI COrJIacoBaTh €€ C ITUMH cooOpaxke-
HUSIMHU, OJHAKO CTOJKHYJICS C TPYAHOCTSIMH, MPOUCTEKAIOIIMMU IJIIaBHBIM 00pa3oM
U3-3a TOTO, YTO €ro MOAU(UKAIMKN HE ObUIM JTOCTATOYHO PEBOJIOLMOHHBIMU. HacT-
Has TO He oTBeuana TpeOoBaHMsIM Maxa — OHa «BCEro JUMIb» 00beauHUIa abco-
JIOTHOE MPOCTPAHCTBO U a0COJIFOTHOE BPEMsI B aOCOJIOTHOE MPOCTPAHCTBO-BpEMS,
IPOTUB KOTOPOTO MOKHO ObUIO OBl BBIIBUHYTH TE K€ BO3PAKEHUS, UTO U POTHUB a0-
COJIFOTHOTI'O IPOCTPAHCTBA U BPEMEHU 110 OTAEIBHOCTH.

Mpeicap Maxa 0 KenaTelbHbIX U3MEHEHUSIX B MEXAHUKE MOXKHO KPaTKO BbIpa-
3UTh B IIPUHLMIE OTHOCUTENBHOCTH MHEPLUU», KOTOPBIM DWHIITEWH, HAXOIUBIIHN K-
sl O/, CUJIbHBIM BiMsiHUEM Maxa, chopMyIMpoBall B CIEAYIOIIEM BUAC: He MOMCEm
Oblmov UHEPYUU OMHOCUMETbHO NPOCMPAHCIMEA; eCb JIUWLL UHEPUUA MACC Opye
OmHOCUmenbHo Opyza. AHaIW3 HTOTO TOJIOKEHUS MPUBEN DWHINTEWHA K BBIBOLY,
YTO C YYETOM I'PABUTALMOHHOIO MOJISI MOKHO PACCMAaTPUBATH KAK OTHOCUTEIIBHOE HE
TOJIBKO PAaBHOMEPHOE IBWKECHHE, HO U ABMKEHHE YCKOPEHHOE. DTO O3HAYAET, YTO
rajnieeBcKasi MHBAPUAHTHOCTh TPEIbSIBIISIET CIUIIKOM KECTKHUE TPeOOBAHUS K JK-
BUBAJICHTHBIM CHCTEMaM OTCHETA. DWHIUTEHH BBIABHUHYJ IOJIOKEHHUE, YTO «3aKOHBI
(U3HUKH T0JKHBI ObITh IPUMEHUMBI B CUCTEMAaX OTCUETa, JBUKYIIUXCS KaK YTOIHOM.
Hcxoas u3 3Toro, oH ‘CHopMyIupOBal HPUHUUN IKEUBAIEHNMHOCMU, CO2NACHO KO-
mMopomMy Cuibl 2paAGUMAUUN U CUTIbl UHEPUUU HEB03MOINCHO pAa3iudume no pe-
3Y1bmamam J10Ka1bHbIX MEXAHUUECKUX ONbINOG.

Ha 3To#1 0OCHOBE OH IPEJIOKUIT HOBYKO TEOPHIO, B KOTOPOU MPONOPIMOHAIb-
HOCTh TPaBUTALIMOHHON W MHEPTHOW MAacCC OKa3bIBajJach HEOOXOIUMBIM CIIEJICTBUEM,
a HE CIIy4allHOCThIO, KaK B MexaHuke HproroHa. UTo ke kacaeTcss MaxOBCKOM KPUTH-
KM TIPECTaBICHUNH 00 aOCOJIIOTHOM MPOCTPAHCTBE U aOCOIIOTHOM BPEMEHU, TO OHA
YYUTHIBAJIACh BBEICHUEM IIOJIOKEHUS, YTO CBOMCTBA MPOCTPAHCTBA-BPEMEHU JOJIK-
HbI BBITEKATh U3 paclpeeieHUs] BEECTBA, a He ObITh HE3aBUCUMBIMH OT HETO.

[IpuHIMI >KBUBAJICHTHOCTH. HBIOTOHOBCKMM 3aKOH IBM)KEHUS U COOTBETCT-
BYIOILMI PEISTUBUCTCKUI 3aKOH BBINOJIHSIOTCS TOJBKO B MHEPLHMAIBHBIX CUCTEMAX
orcyera. Eciu e n3MepeHus: MpoBOASITCS OTHOCUTEIBHO HEKOTOPOU JIPYrOM CUCTe-
MBI, TO B 3aKOH HEOOXOAMMO BBECTH HOBBIE CIaraeMble, YTOOBl y4e€CTh YCKOPEHHOE
IBUKEHHE. Tak, B CUCTEME OTCUETA, BPALIAKOUIECKUCS OTHOCUTEIBHO WHEPIUAIBHOM,
JIOTIOJIHUTENBHBIE ClIaraeMble MPEICTABISIIOT COO0N HEHTPOOEKHYIO U KOPUOIUCOBY
CUJIbl MHEPLMH. Y Ka3aHHBIE JOIOJHUTEIbHBIEC YWIEHBI COAECPKAT B KAYECTBE MHOXKU-
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TEJSl UHEPTHYIO MacCy. JTU CUJIbl HA3bIBAIOT CHJIAMHM MHEPLUH, a BCIEICTBHE dKBHU-
BaJICHTHOCTH MHEPTHON M TPABUTALIMOHHON MacC OHU BXOJAT B 3aKOH JBWKEHUS Ha-
paBHE C I'PAaBUTALMOHHBIMU CHJIAMH. JTO 3aKJIIOYEHHE, BAXHOCTb KOTOPOTO OMNH-
IITEHH MOHSUI 3a HECKOJBKO JIET IO TOTo, Kak cpopmynuposan OTO, ects oaHO U3
BBIPAKECHU ITPUHIMIIA YIKBUBAJICHTHOCTH.

OWHIITENH NPOWJUIIOCTPUPOBAN JaHHBIM IPUHIUI 3HAMEHUTHIM MBICIICHHBIM
AKCIIepUMeHTOM B JU(Te. (OCyIIECTBUTh TAaKOH SKCIIEPUMEHT OBLIIO ObI TEXHUUECKU
CJIO)KHO, HO OH MOMOT'aeT MOHATh CYTh TEOPHUH.) DTOT HKCIEPUMEHT IMPOBOIUT yUe-
HBII, KOTOPBINA, HAXOASICh B TU(TE, BHIIOIHAET YETHIPE OIbITA!

1. JIudt crout Ha moBepXHOCTH 3eMJIU. YUEHBIN B TU(PTE BBIMYCKACT U3 PYKH
IPy3 ¥ BUJIUT, YTO OH C YCKOPEHHUEM MaIA€T Ha MOJL.

2. JIndt cBoOOAHO MagaeT B MUPTHOM MmIaxTe (M3 KOTOPO OTKa4YaH BO3AYX JJIs
YCTPAHEHHs] €r0 CONPOTUBIICHUS). YUEHBI CHOBA BBIIIYCKAET U3 PyK TPy3, HO, MO-
CKOJIBKY Temepb U JUPT, U IPpy3 HAXOAATCA B COCTOSIHUM CBOOOJHOIO MaJiCHUs, IPy3
«3aBUCAET» TJIE-TO MEXKIY MOJIOM U MOTOJIKOM JH(Ta (CHJIaMU MPUTSHKEHUS Tpy3a K
Ty U Tey Y4EHOTO MOKHO TIPeHeOpeyb).

Crnenyromue ABa ONBITA BBIIOJHSAIOTCS B KOCMUYECKOM IIPOCTPAHCTBE, AAJIEKO
OT 3eMJId, TJIe BCEMH IPABUTALIMOHHBIMU MOJISIMU MOYKHO TIpEHEOpeYb.

3. JIudt yckopsieTcst BBepX B BEPTHUKAIbHOM HANPABICHUH C MPUKPEIIEHHBIM
K HEMy paKeTHbIM jaBHraTeneM. Ecim yckopenue mmdra pasHo 9,8 M/c®, To, Koraa
YUEHBIU BBIITYCKAET IPYy3, OH OOHAPYKUBAET, YTO TPy3 NAJAET C TAKUM K€ YCKOPEHU-
€M, KaK U B [IEpBOM ombITe. B 0TCyTCTBUE CUII TPY3 HE JOJKEH MPUOOpETaTh yCKOpe-
HUA, HO OJlarojapsi yCKOPEHHOMY JIBMO)KCHHUIO JU(TA YYEHbIH BUIUT, 4TO TPYy3 C yC-
KOpPEHUEM NaJaeT BHU3.

4. JInpt HaxoauTCs B KOcMOce O€3 YyCKOpPEHHSs, HO MO-TPEKHEMY HAJIEKO OT
3emun. [lockonbKy 3aMeTHBIE TPABUTAILIMOHHBIE MOJS OTCYTCTBYIOT, KOTJa YUYEHBIH
BBIIIYCKAET U3 PYK BTOPOM Tpy3, MOCIEAHUN «3aBHCAET», KaK 3TO OBLIO BO BTOPOM
OIBITE.

Kak siBCTByeT M3 ONBITOB, JEHCTBHE IPABUTALMOHHOIO ITOJISI TOYHO TaKOE XK€,
KaK ¥ CWJI MHEpPLUH, O0YCIIOBIEHHBIX YCKOPEHHBIM JBMKEHUEM JTU(Ta. ITO U €CTh
HEIOCPEICTBEHHOE BBIPAKEHHE ITPUHIIMIIA SKBUBAJIEHTHOCTH.

OcHoBHble ciaencteus OTO

BaxHO MOHSATH, YTO 32 HEOOJIBIIMMHU UCKIIFOUECHUSAMH SMHIITEHHOBCKAs TEOPHUSI
MpEACKA3bIBACT TE )K€ SABJICHUS TPaBUTALMU, YTO U HHIOTOHOBCKasA. Takum oOpa3om,
BCE SIBJICHUS, XOPOILIO ONKUCHIBAEMbIE HbIOTOHOBCKOW TEOPHUEH TATOTEHUs, CTOJb K€
xopouo onuckiBaroTcst OTO. Kpome Toro, OTO cHumaeT Bo3pakeHuss Maxa npoTus
HBIOTOHOBCKHMX KOHLIETIIIMIM a0COIIOTHBIX TPOCTPAHCTBA U BPEMEHHU.

B To xe Bpems Bce npeackazanus yactHoi TO HemocpencTBEHHO MOTYT OBITh
nosyuensl u3 OTO, nockonbky OTO Britouyaer B cedst yactHyto TO Kak yacTHBIN
Cllydaid, KOT/la TpaBUTALMOHHBIM MOJIEM MOKHO IpeHeOpeyb. Bee ke HeKOoTopbIe BhI-
BoJibl OTO oTnuuaroTcst OoT mpeAcKa3aHuii HbIOTOHOBCKOUM Teopuu. lIpenckasbiBae-
MbI€ 3P (PEKThI, B KOTOPHIX MPOSBISETCS PA3NUYUE MEXAY 00eMMH TEOPHUIMH, 3a4ac-
TYIO CIUIIKOM MaJjibl, YTOOBI UX MOXHO OBLJIO OOHAPYXHUTh CYIIECTBYIOIIUMH METO-
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JaMH, HO TaMm, TJIe 3TU pa3Iudusl Bce ke OOHApyKUBAIOTCS, Yallla BECOB CKIOHSIETCS
B nosib3y OTO. Onumem teneps Tpu Kiaccuueckux onbita no nposepke OTO u co-
OTBETCTBYIOIIUE HKCIIEPUMEHTAIIbHBIE PE3YIIbTATHI.

Cwmemienue nepurenusi opoutsl. CornacHo 3akoHam Kemiepa, mianetst Cod-
HEYHOU CHCTEMBbI JIBHXKYTCS IO AJUIMIICAM, B o01IeM (OKyce KOTOPBIX HAXOIUTCS
ConHue. 9T0 HE BIOJIHE COOTBETCTBYET HBIOTOHOBCKOM TeopuH. [11aHeThl HE TOJIBKO
npuTsaruBatoTcs CoJIHIIEM, HO U NPUTITUBAIOTCA APYT K APYTY, XOTA U TOpa3ao cia-
oee, ueM k CoJHITY, TOCKOJIBKY UX MacChl HAMHOTO MeHbIe Macchl Comuania. Ho ecnu
Y4€CTh 3TH MAaJIble B3aMMHBIE BO3MYILEHHS, TO HAOJIOJAAEMOE JBHKECHUE ILJIAHET
BIIOJIHE COIVIACYETCsl C MPEACKa3aHUSIMU HBIOTOHOBCKOM TEOPHM, 32 UCKIIOYECHHUEM
Manbix geraneil. Hanbonee u3BecTHOE M MOAPOOHO MCCIEAOBAHHOE PACXOKICHHE
MEXIy TEOpUEH U SKCIEPUMEHTOM — TaK Ha3bIBAEMOE CMEIICHHE Nepuresins Mepky-
pus, peructpupyeMoe ¢ Hadana 19 B., Ha 43 yrioBble CeKyHbI 3a cTo Ilepurenuit —
TOYKa MaKCHUMaJbHOro mnpuoOimxeHus ranetsl K ConHily. M3-3a BO3MyIIAIOLIETO
JNEUCTBUSL APYTUX IUIAHET MOJIOKEHUE TMEPUTEIUSl CIErKa M3MEHSAETCS MPU KAXKIOM
OpOUTATILHOM NPOXOXKJIECHUU IJIAHETHl uepe3 3Ty Touky (puc. 12). Ognako HabIto0-
JaeMoe CMEIlIEHUE Tepurenns OOJbIIe MPeICKa3bIBAEMOI0 HbIOTOHOBCKON TEOpHEH.
[Ipennaranuce pazHple 0OBSCHEHHS 3TOTO, B TOM UYMCJE TUIIOTE3a O CYIIECTBOBAaHUU
BHYTpH opOuTH MepKypus HEKOH Jpyroii miaHeTsl (Ha3BaHHOU Bynkanom) u Moau-
¢duKaims 3aKOHa BCEMUPHOTO TIATOTEHUS, HO KaXXJ0€ U3 HUX MPUBOAMIO K HOBBIM
MPOTUBOPEYMSAM C JAHHBIMH ACTPOHOMMUYECKUX HaOmonaeHui. Teopus DilHmTeitHA
oObsicCHUNIA cMelleHue nepurenuss Mepkypust 0e3 Kakux-IHOO JIOMOJHHUTENbHBIX
npeanoyioxkeHut. B ciaydae apyrux miaHeT 3ToT 3(PekT oKa3pIBaeTCs CIUIIKOM Ma-
JIBIM, U €0 MOKa HE yIAeTCSI U3MEPUTh.

lNnaHeTa

cMelwleHne
nepurennsa

Puc. 3.5. CMmemienue nepurenus iaHeThl — 3TO U3MEHEHHE MOJIOKEHHS €€ AIUTUITUYECKONH OpOUTHI
otHOcUTENbHO ConHua. C NaBHMX MOP M3BECTHO PACXOXKACHHE MEXIY NMPEACKa3aHUSAMU HBIOTO-
HOBCKOH TEOpUHU M pe3yibTaTaMu HaOmoIeHui 3a nepurenueM Mepkypus. To, 4TO 3TO OTKIIOHE-
HUE YAaJIoCh OOBSICHUTh BO3AECHCTBHEM Ha IUIAHETY CHJIBHOIO IpaBUTanMoHHOro mnons CosHua,
SBWJIOCh OJJHUM U3 BaXKHEHIINX CBUIETENLCTB B Iosib3y OTO.
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Otkinonenune cpera. Jpyrum npeackazanuem OTO sBnsieTcs UCKpPUBIEHUE
CBETOBOIO JIy4a WM APYroro 3JIEKTPOMAarHUTHOTO M3IyYEHUS NPHU IMPOXOKICHHUU
BOJIM3M MacCUBHOTO 00bekTa, HanpuMep ColiHIa. AHAJIOTMYHOE OTKJIIOHEHUE CIIEy-
€T U U3 HBIOTOHOBCKOM Teopus TsaroteHusi, Ho OTO npeackaspiBaeT BBOE OOIbIINIMA
s dext. (B coorBercTBUU ¢ OTO nyd J0JIKEH OTKJIOHATHCS K 0OBEKTY Ha paccTosi-
HUE, MPONOPIMOHATIBFHOE €r0 Macce U OOPaTHO MPOIMOPIMOHATEHOE MUHUMAIBLHOMY
PACCTOSIHUIO MEXIY HUM U Jy4doMm.) M3 aTOrO Cienyer, HampuMmep, YTO €CIu HEKHi
acCTpOHOM, HaxoAsImuicsa Ha 3emiie, (PUKCUPYET MOJOKEHHE KaKoi-HUOYAb 3BE3/IbI,
HaxoJIAIIEeNCs MPAaKTHYEeCKU Ha OJHOM JuHUM ¢ CoJHIEM (TakK, 4TO CBET OT 3BE3[bI
MIPOXOJIUT B HEMOCPEACTBEHHOM O1m30cTH 0T COJIHIA), U 3aTEM JIENAET TO K€ camoe
B JIpyroe Bpems roja, korna CoJiHIe HAXOAUTCS B APYrod 4acTH Heba M KOrja €ro
JEHUCTBUEM HA CBET OT 3BE€3/bl MOXHO MpPEeHEOpeUb, TO OH OOHAPYKUT, YTO CBET OT
OJIHOM M TOW K€ 3BE3/Ibl MPHULIEN 10 ABYM CJIETKA Pa3INYaIOLIMMCS. HallpaBICHUSIM.
Ecnu Connue HaOmonaercss Ha GOHE 3Be3[, TO T€ U3 HUX, KOTOPbIE OJINKE BCErO K
ConHiry, TOJKHBI OOHAPYKUBATh HAMOOJIbIIIEE paIUaTIbHOE CMEIIEHHE OT HEro OTHO-
CUTEJILHO CBOETO IMOJI0XKEeHUs B 0TcyTcTBHEe COJIHIIA B TAaHHOM YacTu HeOOCBOA.

Opnnako HaAONIOJICHHE 3BE3J/, HAXOMSIIMUXCS BOJU3U COJTHEUHOTO IUCKA, 3a-
TPYAHEHO, TOCKOJIBKY COJHEYHBIN CBET HE MO3BOJISIET UX BHIETh. Takas BO3MOX-
HOCTh TIOSIBJISIETCSI BO BpEMs MMOJHOTO COJHEYHOTO 3aTMEHHs, KOTJa 3Be37bl BOIU3U
JIMCKA CTAaHOBSITCS BUAMMBIMU Ha HeO€ U UX MOXXHO cororpaduponarts. Ecnu uepes
HECKOJIbKO MECSILIEB ClIeJIaTh HOUBIO HOBYIO (pororpaduro, koraa CoaHIE HAXOIUTCS
JaNeKo, TO MOKHO CPaBHMUTH JIBa MOJIOKEHMSI 3Be3/bl. Pa3nuuue, npeackassiBaeMoe
TEOPUEH, JOCTATOYHO BEIIMKO U COCTABIAET 1,74 yriioBOMl CEKyHAbI JJIsl 3B€3/, CBET
KOTOPBIX MPOXOAUT BOJM3HU COMHEYHOrO AucKka. Takas BenmnunHa 0e3 0COOBIX CIIOXK-
HOCTEI MOKET ObITh 3apETUCTPUPOBAHA.

[lepBbie HaOMIOIEHUS 110 TPOBEPKE MpEICKa3aHUi DUHIITEWHA TPOBOIUIIUCH B
nepuo nojHoro 3atMenus ComHia 29 mas 1919 nBymst OpUTaHCKHMU IKCIICTUITHSI-
MU, OJTHA U3 KOTOPBIX OazupoBaiachk Ha o. [IpuHcunu BOIM3M 3amaHOTO TTOOEPEKbS
Adpuku, a apyras — B bpasuiuu. Pe3ynbpTaThl HaOMIOACHUN MOATBEPANIN TIPEICKa-
3aHHS TEOPUH, & BECTb 00 ATOM yCIiexe cieyajia ¢ TOW MOopbl uMsi DWHINTEHHA BCe-
MUPHO U3BeCTHBIM: Ha camom nene pe3ynbTaThl U3MEPEHHI ObLIM HE OYEHb TOYHBI-
MH, U 3a TOCJIEAYIOIINE MOJBEKAa COCTOSTHUE JIE] KapAUHAIbHO HE YJIYyYIIWIOCh: Ha-
OJIFOICHHS OCTABAIIUCH YEPECUyp CIOKHBIMU B TEXHUYECKOM OTHOIICHUH.

Cutyanus CyniecTBeHHO U3MeHuIach ¢ Hadana 1970-x romos Gyarogapsi mosiB-
JICHUIO paguouHTEep(HEepOMETPOB C OUCHB OOJIBIION 0a30i, B KOTOPBIX UCIOJIB3YIOTCS
COBMECTHO paboTalolre pagnuoTeNIeCKONbl, PACIOIOKEHHBIE HA Pa3HbIX KOHTHHEH-
Tax ¥ OTCTOSIIIME JAPYT OT Apyra Ha ThICAYM KuioMeTpoB. Habmoaenus B paauoaua-
MAa30HE MOTYT MPOBOJUTHCS B JHO0OE BpeMsi, a HE TOJIbKO BO Bpems 3arMmeHui. Co-
BMECTHO paboTarore paJuoTeIeCKONbl, PaClONOXKEHHbIE JAIeKo APYr OT Apyra,
MO3BOJISIIOT OYE€Hb TOYHO M3MEPSATHh HAMPABJICHUE HAa UCTOYHUK paauocurHana. Ilo-
CKOJIbKY Ha MPOTSKEHUHU TOJla B MpPEeaxXx HECKOJbKUX rpagycoB oT ConHua (mpu
HaOMIOACHUH C 3€MJTH) TPOXOIUT EBIA P MOIIHBIX KBA3U3BE3IHBIX HCTOYHUKOB
panuousnydyeHus (KBa3apoB), ObLIO MPOAETAHO HECKOJBKO ThICAY M3MepeHuil. Pe-
3yJbTaThl MOJATBEPKIAIOT MPEACKA3aHUsI TEOPUHM DUHINITEHHA B Mpejiesiax MOrPeIIHo-




78

ctu 0,1 - 0,2%, T.e. ¢ TouHOCTHIO, B 100 pa3 Gosiee BHICOKOM, YeM B MPEKHUX IKCIIE-
pPUMEHTaX MO HAOJIIOJACHUIO 3BE3]] BO BpEMsl 3aTMEHUM.

['paBuTanimonHoe kpacHoe cMmemienue. Eme ogno cneacteue OTO, Ha koTOpoe
yKazasl DUHIITEHH, — 3aBUCUMOCTh HaOI01aeMoi sHeprun (hoToHa (4aCTUIIBI CBETA)
OT €r0 MECTOINOJOKEHUS B T'PABUTAIIMOHHOM Ioyie. Tak Kak >HEeprusi Mporopiuo-
HasbHa YacToTe (1Mo 3akoHy Ilmanka E = hv), HaOmromaemas 4actora TOXeE JIOJKHA
3aBUCETh OT MECTOIOJOXKEHUs. Tak, Hanpumep, (OTOH, COOTBETCTBYIOIINI HEKOTO-
PO CEKTpaIbHOW JIMHUM B CIIEKTPE U3IyYEHHUsI KaKoro-to aroma Ha CoJHIle U BIIO-
CJIEICTBMM TOTJIOIIECHHBIA Ha 3emMJjie, JOJDKEH B MOMEHT NPHXO0Aa Ha 3€MIII0 UMETh
gacToty, Ha 1/400 000 MeHbIITyI0, YeM Y TaKOTO k€ (POTOHA, ICITYIIEHHOTO TAKUM XKe
aToMOoM Ha 3emie. B mpuHIumne 3To pasnudyre MOXHO ObLJIO Obl OOHAPYKUTH CHEK-
TPOCKONMYECKUMHU METOJIAMH, €CIU Obl HE psii MEIArIuX (PakTopoB (TaKUX, Ha-
pUMep, Kak JOIIEPOBCKOE CMEUIEHUE YAaCTOThI BCIIEICTBUE IBHXKCHHMS M3ITydaroIle-
ro aToma), KOTOpbIE MOKa YTO 3aTPYIAHAIOT OJJHO3HAUHYIO MHTEPIIPETALMIO pe3yibTa-
TOB HaOMroAeHUs 3a COJTHIIEM.

B 1959 P. Ilayna c cotpynHukamu B ['apBapCKOM YHUBEPCUTETE MPOBEN IKC-
NEPUMEHT, OCHOBAaHHBIN Ha BO30YKICHUH B 3€MHBIX YCIOBUIX U3JTy4YEHUSI HEKOTOPO-
ro aroMa ¢ 4acCTOTOM, 33/1aBA€MOU C OYEHb BBICOKOM TOYHOCTBIO. Y CIIEXY 3KCIIEpH-
MEHTa MEIIAIA TPYAHOCTH UCKJIIOUEHUS HEKOHTPOJIUPYEMOTO U3MEHEHHs 4acTOTHI,
0OyCIIOBIIEHHOTO OTJauel m3iydaromiero atoma. Ho3aHee 3agaua Oblia perieHa uc-
MOJIb30BAaHUEM H3JIYYarOUIEro aToMma, 3aKpeIyIEHHOTO B PEHIETKE HEKOTOPOro Kpu-
CTajyla: B 3TOM Clly4yae OTAady NMPUHHUMAET Ha ce0s BeChb KPUCTAI, a MOTOMY OHA
CTAHOBUTCSI PEHEOPEKUMO MAJIOH.

B pe3ynbrare oka3aaoch BO3MOXKHBIM PETMCTPUPOBATH U3MEHEHHS B YACTOTE
M3IIyYEHHMS], «I1a/Ial0IIEeT0» B IPaBUTALMOHHOM I0JI€ B mpeaenax Bcero auuib 30 m.
Pe3ynbTaTel NOATBEPKIAIOT IPEACKA3AHNS DUHIITEWHA C TOYHOCTBIO A0 1%.

3agep:kka BpeMeHH pacnpocTpaHeHusi cBera. Emie ogHO mnopnaromieecs
JKCIIEpUMEHTaNbHON npoBepke ciencrsue OTO, cBA3aHHOE C OTKIOHEHHEM CBETA,
ObLJI0O 0OHAPYXKEHO TOJIbKO B 1964. DTO 3aMeieHUE CBETa B IMOJIE TSATOTEHUS, BIEP-
BbIe nipeackazanHoe U, Ilanupo n3 MaccauyceTckoro TeXHOJIOTUYECKOTr0 NHCTUTYTA
(CIIA). Manmupo yka3an Ha TO, 4TO BOIM3U OOJBIIOTO Tena, KakuMm siBisiercs CotH-
1€, CBET U PaJAMOCHUTHAJ JAOJKHBI HE TOJIBKO OTKJIOHSATHCS, HO M PACHPOCTPAHSITHCS €
MeHbIIel ckopocThio. [lyig curnaina, npoxozsiiero BOau3u CoiHila, BpeMs 3aJepKKU
MOXKET JIOCTUrath 20 MKC, 4TO JIETKO OOHApy UTh COBPEMEHHBIMU TEXHUYECKUMU
cpenctBamu. lllanupo ¢ coTpyaHUKaMU U3MEPUIM BpeMs MPOXOKICHHSI CUTHAJIOB,
OoTpaxKeHHBIX OT Mepkypus u Benepsl, a mo3gHee npoBenu 0oJiee TOUHbIE U3MEPEHUS
C ‘ABTOMaTUYECKUMH MEXIUIAHETHBIMU CTAHLUUSIMHU cepur «BUKHHI», KOTOpBIE CO-
BEpUIMIN MOCaAKy Ha Mapc, a Takke JBUrajuch no opoute Bokpyr Mapca. Pe3yinb-
TaThl U3BMEPEHUN C MOMOIIbIO ATUX KOCMUYECKUX alnapaToB MOATBEPIUIN TPOBEPKY
[Tanupo npeackazannit OTO ¢ Tounoctsio 0,1%.

['paBUTaIIMOHHBIC BOJHBI. ['paBUTallMOHHAs BOJHA — 3TO KOJeOaHUs IpaBUTa-
LMOHHOI'O MOJs, KOTOpBIE, MOJAO0HO CBETY M JAPYTUM 3JEKTPOMArHUTHBIM BOJIHAM,
MOTYT MepeHOCUTh 3Hepruto. B teopun Helotona et Huuero mompobuoro, Ho OTO
MIPEACKA3bIBAET CYLIECTBOBAHWE IPAaBUTALMOHHBIX BOJIH, PACHPOCTPAHSIOLIUXCS CO
CKOpOCThIO cBeTa. JIroboe Bpariaromieecs HECUMMETPUYHOE TENIO, a TaKXKe CHUCTeMa
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TIBYX WIH 00Jiee Tell, MBIKYIUXCS OJHO OTHOCUTEIHLHO JPYTOro, JOJKHBI W3JIy4aTh
IpaBUTAIIMOHHBIE BOJIHBL. OJIHAKO M3-3a MAJOCTU TPaBUTAIMOHHBIX CHJI MO CpaBHE-
HUIO C AJIEKTPOMATHUTHBIMH, @ OTYACTH U3-3a HEKOTOPBIX CJIEICTBUI TEXHUYECKOTO
XapaKTepa, BHITEKAIONIMX U3 MPUHIMIIA SKBUBAJICHTHOCTU, OOHAPYKUTh I'pPaBUTAIIU-
OHHbIC BOJIHbI COBPEMEHHBIMU TEXHHUYECKUMHU CPEJICTBAMH HAMHOIO CJOXKHEEe, YeM
anekTpoMarHuTHele. CylIecTBYET, OJHAKO, YOSAUTEIbHOE KOCBEHHOE TOJITBEpPKIe-
HUE CYIIECTBOBAaHHUS T'PABUTAIIMOHHBIX BOJIH, a Takxke npeackazanuit OTO, kacato-
IIUXCSl KOJIMYECTBA DHEPTUU, NEPEHOCUMOIN IPaBUTAIIMOHHBIMU BOJIHAMHU. DTH JaH-
HbIE MOJYyYEHBI B MPOLIECCE UCCIEAOBAHUS 3HAMEHUTOrO TENEPh ACTPOHOMHYECKOIO
o0bekTa — aBoMHOro mynscapa PSR 1913+16, otkpeitoro B 1975 P. Xancom u /l.
Teitmopom B o6cepBaTopun Apecu6o (ITyapro-Puko).

[lynscap mpezacTaBisger co0oil OBICTPO BpalAONIYIOCS HEUTPOHHYIO 3BE3Y,
TEHEPUPYIONIYIO HAMPABJICHHBIN My4OK PaAUOBOJIH, MOI00HBIHN JTy4dy BpalllalOIIeTrocs
npokektopa. [Ipu perucrpanuu ux Ha 3emiie (GUKCUPYETCS UMITYJIbCHOE U3IIyYCHHE
C IIEpUOJOM, PABHBIM IEPUOIY BpAILLCHUS HEUTPOHHOM 3Be3lbl. [[BOWHON myJsbcap
COCTOUT M3 JIBYX BpalllarONIMXcsi BOKPYT OOIIETo LIEHTpa Mace 3Be3/, IIPU ITOM OJIHA
3Be3/la — pajuomnyjbcap, a apyras — Ju0o TOXKe HEUTpOHHas 3Be3/a, JIMOO Oemblii
Kapiuk. JIBuKeHue mysbcapa 1Mo €ro opouTe MOXKET OBITh C OOJBIIONW TOYHOCTHIO
MPOCJIEKEHO MYyTEM HM3MEPEHHUS BPEMEHHU MPHUXOJa  paaHuouMMyJibcoB. (CoriacHo
OTO, eciu cuctema U3Iy4yaeT rpaBUTALIMOHHBIE BOJHBI, TO OpOUTA MyJIbcapa JI0KHA
HEMHOTO U3MEHSThCA. PerynspHeie HaOmoaeHus 3a myiabcapom PSR 1913+16 yGe-
JTUTEILHO TTOKA3bIBAIOT, YTO OH MU3JIy4YaeT IPaBUTALIMOHHBIC BOJHBI C MPE/ICKa3bIBae-
Mol OTO MHTEHCUBHOCTEIO.

MHOX€eCTBO OTMEUEHHBIX BBIIIE Pa3HOOOPA3HBIX SKCIEPUMEHTOB U HaOJt0/1e-
HUN 1aeT oOled TEOpUH OTHOCHUTENbHOCTH Ty OCHOBY, KOTOPOW OHAa HE MMeNa J0
1960-x romoB u Oyrarogapsi KOTOPOW TATOTEHHE TEMEepPh OKA3aJloCh B TJIABHOM PYyCie
coBpemerHoi ¢usuku. [Ipodaembr OTO U TArOTEHUS HAUTH OTPaKECHUE B M3BECT-
HOM mepeuHe naypeara Hobenesckoit npemun B.JI. ['mn30ypra «Kakue mpoGiembi
bu3uKY U acTpOPU3HUKH TIPEACTABISIIOTCS OCOOCHHO BaXKHBIMU U MHTEPECHBIMU B Ha-
qane XX| Bexa?»?°

% I'ums6ypr B.JL. Ycnexu pusnueckux Hayk, 1999, 169, c. 419.
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PA3OEN 4. ®USUKA MUKPOMUPA

7. KBaHTOBas MexaHuka>'

Dynoamenmanvnan uzuueckas meopus OUHAMUYECKOZ0 NOBEOCHUA 6CeX
INEMEHMAPHBIX (PopM eeutecmea u U3NYUEHUS, A MAKHCEe UX 63AUMOOCUCMEUIL.
KBanToBasi MexaHWKa MpENCTaBIsAECT COOOW TEOPETHUECKYI0 OCHOBY, Ha KOTOPOW
CTPOUTCSI COBPEMEHHAs TEOPHUsI aTOMOB, AaTOMHBIX SJI€p, MOJIEKYJ U (PU3NYECKUX TeT,
a TaK»e DJIEMEHTAPHBIX YaCTHI], U3 KOTOPBIX BCE 3TO COCTOUT.

KBanToBasi MexaHuka ObUIa CO3/1aHAa YYEHBIMH, CTPEMHUBIIMMUCS TOHSATh, Kak
YCTPOEH aTOM. ATOMHBIE MPOIIECCH B TEUEHHE MHOTHUX JIET U3y4yaidu PU3UKH U OCO-
OCHHO XMMMUKHU; MPU U3JI0KEHUU JAHHOTO BOIpoca Mbl OyaeM, HE B/IaBasCh B MOJ-
POOHOCTH TEOpHUH, CIAEAOBATH UCTOPUUECKOMY XOAY Pa3BUTHUS MPEIMETa.

7.1. AcTopua KBaHTOBbIX NpeacTaBfeHun

3apo:xnenue Teopun. Korga 3. Pesepdopn u H. bop npemnoxunu B 1911 rony
AIEPHYI0 MOJIeJb aToMa, 3TO ObUIO MOJ0OHO uyay. B.camom gene, oHa Obuta mo-
CTpO€Ha W3 TOro, 4TO ObLIO M3BECTHO yxke Oosiee 200 ser. D10 ObLIA, B CYLUIHOCTH,
KOIIEpHUKAHCKass MoJeinb COJHEYHOW CUCTEMBI, BOCIPOU3BEACHHAS! B MUKPOCKOIH-
YeCKOM MaciuTade: B LIEHTPE HaXOJIUTCA TsKeJas Macca, BCKOpE MOJy4YrBIlasi Ha3Ba-
HUE 4]1pa, BOKPYT KOTOPOM BPAILAOTCs AIEKTPOHBI, YUCIOM KOTOPBIX OMPEEISIOTCS
XUMUYeCKue cBoiicTBa atoma. Ho mano Toro, 3a 3Toi HarjsigHON MOJENBIO CTOsUIa
TEOpHsi, KOTOpasi MO3BOJIMIIA HAYaTh PACUY€Thl HEKOTOPHIX XUMUUYECKHUX U (PU3UUECKUX
CBOMCTB BEIIECTB, IO KpalHEW Mepe, MOCTPOCHHBIX U3 HAaUMEHbIIMX U Hauboiee
npocThix aToMoB. Teopust bopa — Pesepdopnaa coneprkana psj moji0KeHUH, KOTOPbIE
3/1€Ch MOJIE3HO HAIIOMHUTB, ITOCKOJIbKY BCE OHM B TOM WJIA MHOM BHJIE COXPAHWINCH
Y B COBPEMEHHOW TEOPHUH.

Bo-nepBbIx, BakeH BOIIPOC O MPHUPOAE CUJl, CBA3bIBatomux arom. C 18 B. ObLIO0
M3BECTHO, YTO AJIEKTPUUYECKHU 3apsDKEHHBIE Tela MPUTATMBAIOT WA OTTAJIKUBAIOT
ApYT Ipyra ¢ Cuiaoi, 00paTHO MPOMOPLHUOHAIBHOMN KBaJpaTy PacCTOSIHUS MEX]y HU-
Mu. VMcnomnp3yst B kauecTBe MPOOHBIX TeJ alib(pa-yacTHIlbl, BO3SHUKAIOLIUE B PE3yJib-
TaTe paMOaKTUBHBIX MpeBpaiieHuii, Pesepdopa mokazan, 4To TOT K€ camblid 3aKOH
AIEKTPUUECKOro B3auMozeiicTBus (3akoH Kysona) cnpaBemivB B Maciitadax, B
MUJUTMOH MUJUIMOHOB pa3 MEHBIIUX TE€X, JUIsl KOTOPBIX OH OBbLI MEPBOHAYAIBHO JKC-
MEPUMEHTAIBHO YCTAHOBJIEH.

Bo-BTOpBIX, HY’)KHO OBUIO OTBETUTH Ha BOMPOC O TOM, KaK JIEKTPOHbI ABUKYTCS
Mo opOuTaM moj ACHCTBUEM 3TUX CUJ. 3]1eCh BHOBBL OmnbIThl Pesepdopna, kazanoch
Obl, MoKa3bIBaiau (M bop MpUHSI 3TO B CBOEH TEOpUHU), YTO 3aKOHBI ABMkeHUs Hblo-
ToHa, chopmynupoBanHbie B ero Hauamax (Principia Mathematica, 1687), MoxHO

" IUTEPATYPA: Buxman 3. Ksauropas dusuka. M., 1977. Jlxxemmep M. DBOJIONMS HOHATHIH KBAHTOBOIA
Mexanukn. M., 1985 Murman A.b. KeanToBas dhu3uka mis 6omsmix u MasieHpkuX. M., 1989. Bonkosa E.JI.
u ap. KBanToBas MexaHHKa Ha IEPCOHATTEHOM KoMIbIoTepe. M., 1995.
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WCIIOJIB30BATh JIJISi ONUCAHUS JABWKEHUS YaCTUIl B 3TUX HOBBIX MacmTabax MHUKpPO-
MUpa.

B-Tperbux, BcTaBas BONPOC O CTAOMJIBHOCTU. B HBIOTOHOBCKO-KYJOHOBCKOM
atome, kak U B CoJIHEUHOU cucteme, pa3Mepbl OpOUT MPOU3BOJIBHBI U 3aBUCAT JIMIIIb
OT TOro, KakuMm oOpa3oM cuctema Oblia NMEpPBOHAYATILHO MpPHUBEACHA B JIBHXKCHHUE.
OpnHako Bce aTOMBI OJTHOTO BEIIECTBA OJJMHAKOBBI U K TOMY K€ CTaOWJIbHBI, YTO CO-
BCEM HEOOBSCHUMO C TOYKH 3PEHUS CTAphbIX IpelcTaBlieHuid. bop BeIckazain npemmno-
JI0’)KEHUE, YTO aTOMHBIC AJIEKTPOHBI CIEYET pacCMaTpUBaTh KakK ABUXKYIIUECS BO-
KpyT sijpa JIMIIb MO ONPEJEeICHHBIM OpOUTaM, KOTOPHIM OTBEYAIOT OIpEJEICHHbIE
SHEPreTUYECKUE YPOBHH, MPUUEM OHH JIOJKHBI MCIYCKAaTh KBAaHT HHEPIUHU B BUJEC
CBETa, Mepexo/isa C OpOUTHI ¢ OoJiee BRICOKOW PHEPTrUeii Ha OPOUTY C MEHBIICH DHEP-
ruei. Takue «ycjaoBHsS KBAaHTOBAHUS» HE BBITEKAIM HU U3 KAKUX HKCICPUMEHTAJb-
HBIX JIAaHHBIX WJIU TEOPHl; OHU OBLIM MPUHATHI KaK MOCTYJIaThI.

Ha ocHOBE 3THX KOHUENTYaJbHBIX 3JEMEHTOB, JOMOJHEHHBIX TOJIBKO YTO pa3-
BUTBHIMU B TO BpeMs npeactaBieHuamMu M. [lnanka u A. DiHIITENHA O IPUPOJE CBE-
Ta, bopy yaaiock KoiIM4eCTBEHHO OOBSICHUTH BECh CIEKTP U3IYYCHHUS] aTOMOB BOJIO-
poJia B Ta30opa3psiiHON TpyOKe U JaTh KaueCTBEHHOE OOBSICHEHHE BCEX OCHOBHBIX 3a-
KOHOMEPHOCTEW NEpHOINIECKOi cuctembl 35ieMeHToB. K 1920 npuiuio BpeMst B35Thb-
csl 3a MpoOJieMy CIIEKTpa M3TyueHHUs OoJiee TSHKEIbIX aTOMOB U BBIUUCIUTH UHTEH-
CUBHOCTh XUMUYECKHX CHJI, CBSI3bIBAIOIIUX ATOMbI B COCTMHEHUSX.

Ho 3mech mimmosus ycnexa nomepkia. Ha noporsbkenun psina et bop u npyrue
HCCJIEIOBATENN 0e3yCneutHo nulmaiucy paccuiumams CneKmp 2ejus — Cienyrole-
ro 3a BOJOPOJAOM IPOCTEUIIEro aTomMa ¢ AByMs 3iekTpoHamu. CHavasia BooOI1e HU-
Yero He MOoJIy4ajoCh; B KOHIIE KOHIIOB, HECKOJIbKO HCCIeAOoBaTeNel pa3IuYHbIMU
crocodamMu pemrwi 3Ty 3a7ady, HO OTBET OKa3ajiCsd HEBEPHBIM — OH MPOTHUBOPEUMIT
AKCIIEPUMEHTY. 3aT€M BBISICHWIOCH, YTO 8000U{€ HE6O3MONHCHO HOCHPOUMb CKOMb-
KO-HU0YO0b npuemnemyro meopuro xumuueckoz2o ezaumooeiicmeusn. K nagany 1920-
X royioB Teopusi bopa ucuepmnana cebs. [Ipunuio BpeMs mpu3HaTh CIpaBeAIUBOCTD
MIPOPOYECKOro 3aMeuanusi, kotopoe bop eme B 1914 cnenan B nuceMe Apyry B MpH-
CYIlIEM €MY 3aMBICIIOBATOM CTHJIE: «S CKIIOHEH moJiaraTh, 4TO MpoljemMa CBs3aHa C
UCKIIFOUUTENTHHO OOJBIIUMU TPYJHOCTSIMHU, KOTOpPBIE MOXHO OyNIeT Mpeo/oyeTh,
JIUIIB TOPA3I0 JAJbIIE OTOMIAS OT OOBIYHBIX COOOPAKEHHH, YeM TPeOOBAJIOCH JI0 CHX
Mop, ¥ YTO JOCTUTHYTHIN paHee ycrex Obul 00yCIIOBIIEH UCKIIOYUTEIHHO TPOCTOTON
paccMaTpPUBABILUXCS CUCTEMY.

IlepBble maru. [lockonbKy ucrnosnb3zoBaHHass bopom KoMOWHalMs CYHIECTBO-
BaBIUX paHee MPeCTaBICHUIN U3 00J1aCTU JIEKTPUYECTBA U MEXAHUKH C YCIOBUSIMH
KBAHTOBAHMS MPHBEJIa K HEBEPHBIM Pe3yJibTaTaM, BCE 3TO HY>KHO ObLIO MOJHOCTHIO
WM YacTUYHO U3MEHUTb. OCHOBHBIC TOJIOKEHHS Teopuu bopa ObUIM NMpUBEICHBI
BBIIIIE, a JIJI1 COOTBETCTBYIOIIUX PAacueTOB ObLJIO JOCTATOUYHO HE OUYEHb CJIIOKHBIX BhI-
KJIaJIOK C MCIIOJb30BaHUEM OOBIYHOM anreOpbl M MaTeMaTHdecKoro aHanusa. B 1925
Mostofoit Hemerkuii pusuk B. eitzenOepr mocetun bopa B Konenrarene, e mpo-
BEJl C HUM JIOJTHE Yachkl B Oecefax, BBIACHSS, YTO W3 Teopuu bopa 00s3aTenbHO
JIOJKHO BOWTH B OyAYIIYIO TEOPHUIO, & OT YETO B MPUHITUIIC MOKHO U OTKA3aThCA.

Bbop u I'eiizenOepr cpaszy ke COrJIaCHIINCh, YTO 6 Oydyuieii meopuu 00A3amens-
HO 00ICHO 0blMb NPEOCMABNICHO 6C€ HENOCPEOCMEEHHO Habntvdaemoe, a BCE HE
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nojaaronieecs: HabIOJEHUIO0 MOXKET ObITh U3MEHEHO WM MCKIIIOYEHO U3 paccMoTpe-
Hus1. C camoro Havaina ['eli3eHOepr cumTa, 4yTo CIeAyeT COXpPaHUTh aTOMBI, HO OpOU-
Ty 2JIEKTPOHA B aTOME€ CUUTaTh aOCTPakTHOW MJieel, OCKOJIbKY HU OJIMH SKCIIEpU-
MEHT HE MO3BOJISIET ONPEAEIUTh AIEKTPOHHYIO OpOUTY IO pe3yjbTaTaM HU3MEpEHUN
Harnojo0ue Toro, Kak 3TO MO>KHO CAENaTh AJis OpOUT Iu1aHeT. YuTaTtenp MOXKET 3aMe-
TUTh, YTO TYT €CTh ONPEICICHHAs HEJIOTUYHOCTh: CTPOrO TOBOPS, aTOM CTOJIb K€ HE
HaOJI0JJaéM HENOCPEACTBEHHO, KaK U AJIEKTPOHHbIE OpOUTHI, U BOOOIIE B HallleM
BOCITPUSITUU OKPY’KAIOIIEro MUpa HET HU OJHOrO OILIYIIEHHS, KOTOPOE HE TPEOOBAIIO
Obl pa3zpsicHeHUs. B Hamm nHu Qu3uKK Bce yalle HUTUPYIOT MU3BECTHBIN adopusm,
KOTOpBIH ObUT BIEpBbHIE MTPOU3HECEH DiHIITEHHOM B Oecene ¢ [elizendeprom: « Ymo
UMEHHO Mbl Habwoaem, Ham 206opum meopua». Takum o0Opa3oM, pa3Inyue MeExX-
1y HaOI0AaeMbIMH U HEHAOJIOIAEMbIMU BETUYMHAMHU HOCUT YHCTO MPAKTHYECKUI
XapakTep, He UMesl HUKaKoro 00OOCHOBAaHUS HU B CTPOTOM JIOTHKE, HU B IICHUXOJIOTHH,
IpUYEM 3TO pazjinuue, Kak Obl OHO HU IPOBOAMIIOCH, JOJKHO PACCMAaTPUBATHCS Kak
4acTb CaMOU TEOPHH.

[Toaromy reii3eHOEproBCKUi Mi€an TEOPUH, OYUIIEHHON OT BCEro HEHaOIo-
JAEMOT0, €CTh HEKOE HaIlPaBJIEHUE MBICIIH, HO OTHIO/b HE [10CIEA0BATEbHBIN HAYY-
HbI noaxoxd. Tem He MeHee, OH JJOMUHHPOBAJ B aTOMHOW TEOPUM IOYTH IOJIBEKA
IoCJIe TOr0, Kak ObUT BIEpBbIe chopMynrpoBaH. Mbl yke HAIOMHHAIU O COCTABHBIX
AJIEMEHTaxX paHHel Mozenn bopa, Takux, kak 3akoH KyJloHa [UIsl SJIEKTPUYECKHUX CHUJI,
3aKOHBI TUHAMUKU Hpl0TOHA 1 00bIYHBIE MpaBuiia anreOpsl. [lyreM ToHKOrO aHanusa
['eit3enOepr mokasall, 4TO MOKHO COXPaHUTh M3BECTHBIC 3aKOHBI AJEKTPUUECTBA U
JUHAMUKH, €CIIM HATH HaJjexallee BblpakeHue ais AuHamuku HproToHa, a 3atem
M3MEHUTH TpaBujia anreOpel. B yactHocTH, ['eii3eHOepr BbICKa3al MbICIb, YTO, IO-
CKOJIbKY HH TIOJIO)KEHHE (, HU UMIYALC P 3JIEKTPOHA HE SIBJISIOTCS U3MEPUMBIMU Be-
JUYMHAMHU B TOM CMBICJIE, B KAKOM UMM SBIISIFOTCS, HAPUMEP, MOJIOKEHUE U MM-
MyJBC aBTOMOOWJIS,, MBI MOXEM IpPH KEJTaHUM COXPAHUTh MX B TEOPHH, JIMIIL pac-
cMaTpuBas Kak MaTeMaTUYECKUE CUMBOJIbI, 0003HayaeMble OyKBaMH, HO HE KaK YHC-
na. OH NpuHsI A p U q anredpandeckre npaBuiia, COrJacHO KOTOPHIM MPOU3Bee-
HUE pq HE COBMAJAAET C IipousBeaeHueM qp. I'elizeHOepr nokaszani, 4To MpOCThIE pac-
YEeThl ATOMHBIX CUCTEM JAlOT MPUEMIIEMBIE PE3YNbTATHI, €CIIM IPUHATH, YTO JJIA I0-
JIO’KEHHUSI U UMITYJIbCA P BBINOJIHAETCS COOTHOLIEHUE

ap— pa=ih/2z (4.1)
rae h = nocrosauas [Tnanka, y)ke U3BECTHAS U3 KBAHTOBOM TCOPUH M3ITyUCHHUS U

¢burypupoBasias B Teopuu bopa, a P ‘E [Mocrostnnas ITnanka h npencrasiser
co00¥ OOBIYHOE YHUCIIO, HO OYE€Hb MaJIoe, MPUOIU3UTEIHHO 6,610~ JIx*c. Takum
o0pa3oM, eciii P ¥ ( — BETUYUHBI OOBIYHOTO MacuTada, ToO pa3HOCTh MPOU3BEICHUN
pg u qp Oyaer kpaiiHe Majia MO CPABHEHHUIO C CAMUMHU dTUMHU MTPOU3BEIACHUSMH, TaK
9TO P ¥ (| MOKHO CUMTATh OOBIYHBIMU YHcliamMu. [locTpoeHHas jyisi onvcaHust siBiie-
HUW MUKpOMHpa, Teopus [ efizeHOepra mouTu MOJTHOCTHIO COTIACYETCSl ¢ MEXaHUKOM
HbioToHa, KOrma ee MPUMEHSIIOT K MaKpPOCKOIUYECKUM OOBEKTaM. YK€ B CaMbIX
panHux pabotax ['eitseHOepra ObUIO MOKa3aHO, YTO HPU 6CEll HEACHOCMU (u3uye-
CK020 CO0€pIHCAHUA HOB0II Meopuu OHA NPeocKa3vleaem cyuiecmeosanue Ouc-
KPDEmHbIX IHEP2eMmuUYecKux COCMOAHUI, XAPAKTEPHBIX JUIsl KBAHTOBBIX SIBICHHI
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(Hanmpumep, Ul UCIIyCKaHUsI CBeTa aToMoM). B Gosiee mo3mHel paboTe, BBITIOTHEH-
HOU coBMecTHO ¢ M. bopuom u II. ﬁopﬂaHOM B ['érTunrene, I'eizenOepr pa3Bui
(dbopMallbHBI MaTeMaTHueckuil anmapaTt Teopuu. [IpakTrdeckue BBIYMCICHUS OCTa-
JIUCh, OJIHAKO, KpaifHe clIoXHBIMU. [Tocie HECKOMBKUX HEAeNb HAPsHKEHHOW padoThI
B. Ilaynu BeiBen dopMmysy AJid SHEPreTUYECKUX YPOBHEH aroma BOJOpOAa, COBIA-
naroiryto ¢ popmynoi bopa. Ho npexe yem ynanoch ynpoCTUTh BHIYUCICHHUS], TTOS-
BUJIMCh HOBBIE M COBEPILICHHO HEOKUIAHHBIE HJICH.

YacTtuubl 1 BoJHbL. K 1920 ¢usuku ObUIH YK€ JOBOJIBHO XOPOIIO 3HAKOMBI €
JBOMCTBEHHOM IIPUPOJOM CBETA: PE3YIbTAaThl OJHMX 3JKCIIEPUMEHTOB CO CBETOM
MOHO OBIIIO OOBSICHHUTH, TIPEAIOaras, 9YTo CBET MPEJCTABISAET COOOM BOJIHBL, a B
JPYTUX OH BeJ ce0s MoA00HO MOTOKY YacTHIl. [I0CKOJIbKY Ka3aloCh OY€BUIHBIM, YTO
HUYTO HE MOXET OBITh B OJTHO U TOXKE BPEMs M BOJHOM, U YaCTUIIEH, CUTYallUsl OCTa-
BaJIaCh HETIOHATHOM, BbI3bIBas rOpsiuMe CIOPHI B cpese cnenuanuctoB. B-1923 ¢gpan-
my3ckuil ¢pusuk JI. ne bpoiins B omyOJIMKOBaHHBIX UM 3aMETKax BbICKa3asl Mpe/o-
JIO’KEHUE, YTO CTOJIb MapaJOKCATIbHOE MOBEJACHUE, MOKET OBbITh, HE SIBJISIETCS CIEIU-
(UKo cBETa, HO U BEIIECTBO TOXKE MOXKET B OJHHUX CIIy4asX BeCTU ceOs moj00HO
qyacTUIlaM, a B JIPyrux noAaoOHO BojHaMm. Mcxonst U3 Teopur OTHOCUTEIHHOCTH, JE
bpoiuns 1okasan, 4ro €ciu MMIYJIbC YaCTULBl PaBEH [, TO «aCCOLMUPOBAHHAS» C
9TOM YaCTHUIICH BOJIHA JOJDKHA UMETh JUIMHY BOJIHBI A = h/p. DT0O COOTHOIICHHE aHa-
JIOTHYHO BIIEPBBIC MoJydeHHOMY IlmaHkoM u DHHImTEHHOM cooTHoIIeHuo E = hy
MEXAYy dHEPTUEr CBETOBOrO KBaHTa E M 4acTOTOM v COOTBETCTBYIONIECH BOJIHBIL. Jle
bpoiinbs mokazan Takxke, 4TO 3Ty TUIOTE3Y MOYKHO JIETKO MPOBEPUTH B IKCIIEPUMEH-
TaX, aHAJOTUYHBIX OMBITY, NEMOHCTPUPYIONIEMY BOJIHOBYIO NMPUPOAY CBETAa, U Ha-
CTOMYMBO MPU3bIBAJI K MPOBEACHUIO TaKMUX OMBITOB. 3aMETKHU J¢ bpoilns nmpuBiekiu
BHUMaHue DuHmTenHa, U K 1927 Knunron [IpBuccon u Jlectep xepmep B Coenn-
HennbIx IllTaTax, a Takke J[>xo3ed ToMcoH B AHIIMU TOATBEPAWIM JJIsI DJICKTPOHOB
HE TOJBKO OCHOBHYIO ujero e bpoiss, Ho u ero dopmyny 1jisi ITUHBI BOJHBL. B
1926 paboraBmmuii Toraa B I{ropuxe aBcrpuiickuii ¢uszuk IpBuH Llpénunarep, mpo-
cibllaB 0 pabore ae Bpouns M mpeaBapUTENbHBIX pe3yjIbTaTaX JKCIEPUMEHTOB,
MOATBEPKIABIIUX €€, OMyOJUKOBAJI YEThIPE CTAaThU, B KOTOPBIX MPEACTABHII HOBYIO
TEOPHIO, SIBUBIIYIOCS POYHBIM MAaTEMATHIECKUM OOOCHOBAHHEM 3TUX UCH.

7.2. YpaBHeHue LpeauHrepa

Takasi cuTyanusi UMEeT CBOM aHaor B UCTOPUU ONTUKUA. OHON YBEpEHHOCTH B
TOM, YTO CBET €CTh BOJIHA OINPEACICHHOM [JIMHBI, HEJOCTATOYHO I AECTAIbHOTO
onycaHusi noBefeHust cBeta. HeoOXoaumo ele HamucaThb UM PEIINTh BBIBEJCHHbBIC
Ilbx. MaxkcBemiom nuddepeHnuanbable ypaBHEHUS, MOAPOOHO OMHUCHIBAIOIINE TIPO-
LIECCHI B3aMMOJICHCTBUS CBETA C BEIIECTBOM M PACHPOCTPAHEHHME CBETA B IIPOCTPAH-
CcTBE B BUJE 3ekTpomarHuTHoro nosst. lpénunrep nHammcan auddepeHumnansHoe
YpPaBHEHHE U1l MATEpUAIIBHBIX BOJH 1€ bpoiis, aHanoruyHoe ypaBHeHUsM Mak-
ceeia s ceera. CrauvoHapHoe ypaBHeHue lllpénuHrepa st OAHOM YaCTHIBI

MMeEET BU
2
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rie M — macca yactuiel, £ — ee mosHas sHeprus, V(X) — moTeHInaapHas dHep-
rusi, H - raMuiIbTOHWAH, @ ¥ — BEJIMWYMHA, ONMHUCHIBAIONIAS BJECKTPOHHYIO BOJIHY
(BonHoBas ¢yukuus). B psae padot Llpéaunrep nokaszan, Kak MOKHO HUCIIOIb30BaATh
€ro ypaBHEHHUE ISl BBIUUCIICHHS SHEPreTUYECKUX YPOBHEN aToma Boaopoaa. On yc-
TAHOBUJI TAKXKE, YTO CYIIECTBYIOT MPOCThie U PPEKTUBHBIE CIIOCOOBI MPUOIUKEH-
HOTO PEIICHHS 3a7a4, HE MOAJA0IINXCS TOYHOMY PELIEHUIO, U YTO €r0 TEOPHs BOJIH
MaTepuu B MaTEMaTUYECKOM OTHOIIIEHUH MOJIHOCTHIO 9KBUBAJIEHTHA alre0pandecKkoi
Teopun Habo1aeMbIX BeinurH [ 'eiizen0epra u Bo Bcex Ciydasix IPUBOIUT K TEM Ke
pesyabtatam. II. lupak u3 KeMOpuIKCKOro yHHUBEpCUTETa MOKa3aj, YTO TEOPUHU
I'eitzenOepra u llpénuurepa npeAcTaBiIstOT cOOOK JUIIb JBE U3 MHOXECTBA BO3-
MOXHBIX (popMm Teopun. Teopus npeoOpa3oBanuil {upaka, B'KOTOpOH BaKHEMILIYIO
poJib urpaet cootHomenue (1), odecrneunna acHy0 001IyI0 (HPOPMYIUPOBKY KBAHTO-
BOW MEXaHUKH, OXBATHIBAIOIIYIO BCE OCTaJIbHbIE €€ (hOPMYJIUPOBKH B KAUECTBE YaCT-
HBIX CITy4aeB.

Bcekope Jlupak qoOuics HEOXKUAAHHO KPYITHOTO ycIexa, MpoJeMOHCTPUPOBAB,
KakuM 00pa3oM KBAHTOBAasi MeXaHUWKa 0000IIaeTCsl Ha 00JacTh OYEHb OOJBIIUX CKO-
pocTeit, T.e. mpuoOpeTaeT BUJ, YIOBJICTBOPSIONIMI TpeOOBAaHUSAM TEOPUHU OTHOCH-
TeNbHOCTU. [lOCTENEeHHO CTallo SICHO, YTO CYIIECTBYET HECKOJIBKO PEISTUBHUCTCKHUX
BOJIHOBBIX YPaBHEHUM, KaXXJI0€ M3 KOTOPBIX B CIIy4ya€ MAaJIbIX CKOPOCTEH MOXKHO
anmnpoKCUMUPOBaTh ypaBHeHUeM IIpénuHrepa, U 4TO 3TU YpaBHEHUS OMHUCHIBAIOT
YaCTHUIIBl COBEPIIICHHO pPa3HbIX THIOB. Hampumep, 4acTUIlbl MOTYT MUMETh pPa3HbIN
«CIIAHY»; 3TO NpeaycmarpuBaercs teopuen upaka. Kpome Toro, cormacHo pensitu-
BHUCTCKOM TEOpUH, KaXKI0W M3 YaCTHUI IOJKHA COOTBETCTBOBATh aHTUYACTHIIA C MPO-
THUBOIIOJIOXKHBIM 3HAKOM JJIEKTPUUYECKOro 3apsana. B To Bpems, koraa Beiuia padbota
Jlupaka, ObUTM M3BECTHBI TOJBKO TPU AJIIEMEHTApPHBIE YaCTUIIbl: (DOTOH, DJIEKTPOH U
npoToH. B 1932 Obuia oTKphITa aHTUYACTHUIIA JIEKTPOHA — MO3UTpoH. Ha mpoTske-
HUW HECKOJIBKUX MOCIEAYIOIUX NECATUICTHI ObUIO0 OOHAPYKEHO MHOTO JAPYTUX aH-
TAYACTHUI], OONBIIMHCTBO U3 KOTOPBIX, KaK OKa3aJiOCh, YIAOBJICTBOPSIN YPAaBHECHUIO
Hupaka um ero o6o6menusm. Co3znannas B 1925-1928 ycunusiMu BBIIAIOTITUXCS
(M3UKOB KBAaHTOBasi MEXaHWKA HE MpeTepriesia ¢ TeX MOp B CBOMX OCHOBAaX KaKHX-
00 CYIIECTBEHHBIX U3MEHEHUH.

IMpunoxenusi. Bo Bcex pazaenax Gu3nuku, OMOJIOTHH, XUMUN U TEXHUKH, B KO-
TOPBIX CYIIECTBEHHBI CBOMCTBA BEIIECTBA B MaJbIX MaciiTabax, Terneph CUCTEMATHU-
Yyecku oOpalaroTcsl K KBaHTOBOM MexaHuke. [IpuBenem Heckoiabko npumepoB. Bee-
CTOPOHHE HMCCJIEJOBAHA CTPYKTypa JJIEKTPOHHBIX OpOUT, HamboJiee yAAICHHBIX OT
saapa aToMOB. MeToibl KBAaHTOBOM MEXaHUKH OBUIM TPUMEHEHbl K MpodiiemMaM
CTPOEHHUS MOJIEKYJI, UTO MPHUBEJIO K PEeBOJIIOUUU B XUMUU. CTpyKTypa MOJEKya 00Yy-
CJIOBJIEHA XMMHUYECKUMH CBSI3IMH aTOMOB, M CETOJHS CIIOKHBIE 3a/1a4d, BO3HHUKAIO-
K€ MpU MOCIEeI0BATETLHOM NPUMEHEHUH KBAaHTOBOW MEXaHUKH B ATOW 00JacTH,
pemaroTcs ¢ MOMOIIbI0 KOMITbIOTEPOB. bosbllioe BHUMaHue MPUBJIEKIN K cede Teo-
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pHUs KPUCTAJNIMYECKON CTPYKTYPBI TBEPABIX TE€I U OCOOEHHO TEOPHUSI DJICKTPUUECKUX
CBOMCTB KpUCTAILIOB. [IpakTHueckre pe3yabTaThl BICUATIISIOT: IPUMEPAMH UX MOTYT
CIIY)KUTh M300pETEHHE JIa3€POB U TPAH3UCTOPOB, a TAK)KE 3HAUUTEIIbHBIC YCIEXHU B
0OBSICHEHUH SIBJICHUS CBEPXIPOBOIUMOCTH.

MHorue po6JieMsl elie He pelieHbl. ITO KacaeTcsl CTPYKTYPhl aTOMHOTO Sipa U
(U3UKHU dJIeMEHTapHBIX YacTHUIl. BpeMsi oT BpeMeHH 00CyXIaeTcsi BOIIPOC O TOM, HE
JIeXKaT JIM MpoOemMbl (PU3UKHU AJIIEMEHTApHBIX YacTHIl 3a IMpejeraaMyd KBaHTOBOM Me-
XaHUKH, TOJJO0OHO TOMY, KaK CTPYKTypa aTOMOB OKa3ajiach BHE 00JIaCTH IPUMEHUMO-
ctu nquHamukd HproroHa. OmHaKo 10 CMX MOp HET HUKAKUX YKa3aHWl Ha TO, YTO
MPUHINNBI KBAHTOBOW MEXAaHWKU WU €€ 0000IIeHUs B 00JacTH AMHAMUKH. TOJIEeH
r7Ie-TO OKa3aJauch HEMPUMEHUMBIMU. bo/iee noniyeeka Kkeanmoeas mexanuka ocma-
emcs HaAYYHbIM UHCHIPYMEHMOM C YHUKAIbHOU «00bACHAIOWEN CnOCOOHOCMbIO)
U He TpeOyeT CYIIECTBEHHBIX M3MEHEHUI CBOEW MaTeMaTU4yecKOd CTpyKTypshl. Ilo-
INMOMY MONHCEM NOKAZAMbLCA YOUBUMEIbHBIM, YMO 00 CUX NOP 8€0YMCA OCHIDbIE
dedamul (CM. HUHCE) NO NOBOOY PUUUECKO20 CMBICIA KEAHMOBOU MEXAHUKU U €€
HCTOJIKOBAHMSI.

7.3. O bn3n4eCKOM CMbICIIe KBaHTOBOW MeXaHWUKN

KopnyckynsipHO-BOJIHOBOM AyaJiu3M, CTOJIb QUEBUIHBIA B 3KCIIEPUMEHTE, CO3-
JaeT OJIHY M3 CaMbIX TPYJHBIX MpoOsieM (PU3NYECKOW WHTEepIpEeTalud MaTeMaTuye-
ckoro (opmanu3Ma KBaHTOBOW MexaHUKH. PaccMoTpum, Hampumep, BOJHOBYIO
(GYHKIUIO, KOTOpasi ONMUCHIBAET YACTHUILY, CBOOOJHO ABMXKYIIYIOCS B IMPOCTPAHCTBE.
TpaauuoHHOE IPEACTABIECHUE O YaCTULE, IOMUMO IIPOYETO, IIPEAIIOIAraeT, YTO OHA
JBUXKETCS 10 OINPEIICIICHHON TPACKTOPUHU C ONIPEAECIICHHBIM UMITYJILCOM p. BonHOBOM
(GyHKIMM TPUTTHCHIBAETCS IJMHA BOMHBI e bpoiins A = h/p, HO 3TO XapakTepucTHKa
TaKOM BOJIHBI, KOTOpasi OECKOHEYHa B MPOCTPAHCTBE, @ IOTOMY HE HeceT MH(opMa-
LM O MECTOHAXO0K/ICHUH YaCTHUIIbl. BOIHOBYIO (DYHKIIHIO, JTOKATU3YIOUIYIO YACTHUILY
B ONpEJEIeHHOW 00JaCTH MPOCTPAHCTBA MPOTSHKEHHOCTBIO A X, MOXHO MTOCTPOUTH B
BUJIE CYNEPHO3ULMH (ITAKETa) BOJH C COOTBETCTBYIOLIMM HA0OPOM MMIYJILCOB, U €C-
JIM UCKOMBIM AMANa30H MMITYJIbCOB PaBEH Ap, TO AOBOJBHO IPOCTO MOKA3aTh, YTO
IUIS1 BEJIMYUH A X UA P IOJKHO BBITOJIHITHCS COOTHOIIIEHUE

AX*Ap <hldr.

DTHUM. COOTHOIIIEHHEM, BIEPBbIE MOJy4YeHHbIM B 1927 I'elizeHOeprom, BhIpaxa-
€TCsl U3BECTHBIN NPUHLIMII HEOIIPEAECICHHOCTH: YeM TOYHEE 3a/1aHa OJHA U3 JBYX IIe-
PEMEHHBIX X U P, TEM MEHbIIE TOYHOCTb, C KOTOPOU TEOPHs MO3BOJIIET ONPEIEIUTD

JPYFYo.

Puc. 4.1. BonHOBOI1 maker
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Cootromenue ['eitzenbepra Moryio Obl paccMaTpUBaTHCS MPOCTO KaK HEIOCTA-
TOK TE€OpHUH, HO, Kak rnokazanu ['eitzendepr u bop, oHO COOTBETCTBYET TITyOOKOMY U
paHee HE 3aMeYaBLIEMYCS 3aKOHY MPHUPOABI: J1aK€ B NMPUHLHUIIE HU OAUH SKCIIEpH-
MEHT HE IMO3BOJIUT ONPEIEIUTh BEIUYUHBI X U P PEATbHON YaCTHUIBI TOUHEE, YEM ITO
nomnyckaet cootHomieHue ['eiizenoepra. ['eiizendepr u bop pazonuiich B HHTEpIIpe-
Taluu 3TOTo BbIBOAA. ['eiizeHOepr paccMaTpuBall €ro Kak HallOMUHAHUE O TOM, YTO
BCE€ HAILIA 3HAHUSA 10 CBOEMY IPOUCXOKIACHUIO — IKCIIEPUMEHTAIIbHBIE U YTO IKCHe-
PUMEHmM Heu30eMdCHO GHOCUmM 6 ucciedyemylo cucmemy eo3myuienue, a bop pac-
CMATPUBAJI €TO KAK OZPAHUYEHUE MOUYHOCMU, C KOMOPOU CaM0O npPeocmagieHue o
60JIHE U YacCmuye NPUMEHUMO K MUPY AMoMmda.

['opazno Oosiee IIMPOKUM OKAa3bIBAETCS CIIEKTP MHEHHM O HPHUPOAE Ccamoi
CTaTUCTUYECKON HEOIPEICIICHHOCTU. B 3THX HEONpeneIeHHOCTAX HET HUYETO HOBO-
ro; OHM MPHUCYIIU MOYTH KaXKIOMYy U3MEPEHHIO, HO OOBIYHO CUUTAIOT, UYTO OHU 00Y-
CJIOBJICHBI HEJIOCTATKAMU HCIOJIb3yEMbIX MPUOOPOB WIIM METOAOB: TOYHOE 3HAUYCHUE
CYILIECTBYET, OAHAKO HANTHU €ro MPAaKTHYECKU OYEHb TPYIHO, U IOTOMY MBI paccMart-
pUBaEM IOJIYYEHHBIE PE3YyJIbTAThl KAK BEPOSITHBIE 3HAYEHUS € MPUCYIIEH UM CTaTH-
CTUYECKOU HeomnpeaeneHHoCThio. OqHa U3 1Ko Gu3nko-huiIocodCKkoil MbICIH, BO3-
TJIABJISIBIIASICSL B CBOE BpEMs DUHINITEHHOM, CUMTAET, UTO TO KE CaMOE UMEET MECTO
U 1711 MUKPOMHPA, U YTO KBAHTOBAsi MEXAHHKA C €€ CTATUCTUYECKUMU PE3YIbTaTaAMHU
JIaeT JIUIIb CPEAHUE 3HAYEHUS, KOTOPbIE ObLIN ObL ITOJIy4eHBI IPU MHOTOKPATHOM T10-
BTOPEHUM PACCMATPUBAEMOTr0 SKCIEPUMEHTA C HEOOJBIIUMH PA3IuYUsIMHU U3-3a HE-
COBEPILICHCTBA HAIIEro KOHTPoJIs. [Ipn TakoM BO33pEHUN MOUHAA meopus Karcoozo
0MOeIbHO20 CIYUasn 6 NPUHYUNE CYULeCmEyem, npochno OHA euie He Hall0eHa.

Hpyras mkoJia, ICTOpUYECKH CBA3aHHAsi ¢ UMEHEM bopa, CTOMT Ha TOM, Ymo
UHOCMEPMUHUIM NPUCYW, CAMOU RPUPOOe Geuiell U YUMo KEAHM 084 MEXAHUKA —
meopus, HAUJIAYYWUM 00pPaA30M ORUCHIGAIOWAA KAXHCOBLIL OMOCIbHBLIL cayuail, a 6
HeonpeoeneHHoCmu (QU3UYECKO GeIUYUHbl HAXO00Um OmpAadceHue ma mou-
HOCMb, C KOMOPOU ImMa _GeUYUHA MONCEM ONPedeaimsca U UCHOIb306AMbCA.
Muenue 60apIMHCTBA (PU3UKOB CKIOHSUIOCH B TIonb3y bopa. B 1964 JIx. bemn, pa-
ooraBmuii Torga B IIEPH’e (OKeneBa), mokasan, 4yTo B MPUHIMIE ATy MpoOIEeMy
MOYKHO PEIIUTh 3KCHEpUMEHTanbHO. Pesdynbrar benna sBuiicsd, moxanyi, BaXHEU-
muM ¢ 1920-x rofoB CIBUTOM B TTOMCKaX (DM3MYECKOTO0 CMbBICIIa KBAHTOBOM MEXaHH-
KH.

Teopema benna, kak cenuac nazvigatom smom pesynomam (cm. Ilpunoscenue
5), ymeepiicoaem, umo Hekomopwle NpedCKa3anus, cOeNaHHble HA OCHO8E KEAHM 0-
601l MEXAHUKU, HE603MOMICHO 60CNPOU3BECU NYMEM 6bIUUCICHUII HA OCHOGE Ka-
KOU-1u00 mouHoil, 0emepmMuHUPOCAHHOI Meopuu ¢ nocaeoyiouum ycpeoHeHuem
pe3yavmamog. 110CKOJIbKY JBa TAaKUX METOJa BBIUMCICHUN JTOJKHBI JaBaTh Pa3HbIC
pe3yJbTaThl, MOSBISETCS BO3MOXKHOCTh IKCIIEPUMEHTAIBLHON NpoBepku. M3mepenus,
BBITIOJIHEHHBIE B 1970-X ronax, yoeIuTeIbHO MOATBEPAWIN aJeKBATHOCTh KBAHTOBOM
MEXaHUKH .

%8 CKPBITBIE [TAPAMETPbI - rumoteTHy. IONOJHHUT. IEPEMEHHbIC, HEM3BECTHBIC B HACTOSIIEE BPEMS,
3HAYEHUS! K-PBIX JOJDKHBI IOJHOCTHIO XapaKTepU30BaTh COCTOSHUE CUCTEMbI M ONpeeNsaTh e€ Oynymee 60-
Jiee II0JIHO, YeM KBAaHTOBOMEXaHU4Y. BEKTOp cocTosiHus. Ilonararot, uto ¢ momouipto C. M. OT CTaTUCTUY.
OIIMCAaHUSI MUKPOOOBEKTOB MOKHO TEPEUTH K JUHAMHUY. 3aKOHOMEPHOCTSIM, TPH K-PBIX OJHO3HAYHO CBs3a-



87

N Bce xe ObuTO OB TPEKIEBPEMEHHO YTBEPXkKIaTh, YTO SKCICPUMEHT IOIBEN
OKOHYATENbHYIO YepTy noj Jaebatamu bopa u DitHIITEHA, TOCKOIBKY TaKOro poja
npo0JIeMbl HEPEAKO BO3HUKAIOT KakK Obl 3aHOBO, B JIPYTOM SI3bIKOBOM OOJIMYbE Kax-
IIBIIA pa3, Korja, Ka3ajloch Obl, BCe OTBETHI yke HaieHbl. Kak Ob1 To HU ObLIO, OCTa-
I0TCA U JPYTrUe roJIOBOJIOMKH, HAIOMHHAIOIIME HaM, YTO (PU3HUYECKUE TEOPUU — ITO
HE TOJBbKO YpPaBHEHHUS, HO U CIOBECHbBIE OOBSICHEHUS, CBS3BIBAIOIINE KPUCTAIBHYIO
chepy MaTeMaTHUKU ¢ TYMAHHBIMH OOJIACTSIMU SI3bIKa M YyBCTBEHHOI'O ONBITA, U YTO
3TO 3a4acTyIO U €CTh CaMO€ TPY/IHOE.

7.4. KBaHTOBasa MexaHuka atoma>’

Henocratku teopun bopa, 0CHOBaHHON Ha MEXAaHHUKE KIIACCHYECKUX YACTHI] C
JIOTIOJIHEHUEM B BHJIE KBAHTOBBIX IMOCTYJIATOB, BBICBETHIN (DYHAAMEHTAIbHYIO MPO-
0JieMy MpPaBUIIBHOTO OMUCAHUS JABMXKEHHUS 3JIEKTPOHOB HAa MaJIbIX PAcCTOSHUSX, Ha-
npumep, BHyTpu atoMa. Onupasich Ha TO, YTO CBET UMEET KaK KOPIYCKYJIIPHBIE, TaK
U BOJIHOBBIE CBOWCTBAa (B HEKOTOPBIX SIBICHUSX, HapUMep, mnpu (otosddexre, oH
BeJIeT ce0s Kak MOTOK YacTHI], & B HEKOTOPBIX, HAIPUMEDP; NPU UHTEPPEPEHLINU, KaK
BoJHa), JI. 1e bpoitns (1892—-1987) B 1923 BbIABUHYJ TUIIOTE3Y O TOM, YTO KOPITYC-
KYJIIPHO-BOJTHOBOW AYaJIN3M CBOMCTBEH TakKe M BEHIECTBY. [I0CKOIBKY KBaHTOBas
TEOpHs TIPUIUCHIBAET CBETOBBIM (oTOHAM TpH (HOTO3(PdeKkTe KOPIMYCKYIIPHOE IIO-
BEJICHHE, MOKHO JIOMYCTUTh, YTO 3JEKTPOHBI B aTOMaxX MOTYT BECTH ce0sl Ha CBOUX
«opbutax» nmogoOHO BojHaM. Jle Bpoilnb mpuien K BEIBOAY, YTO C ABUKEHUEM JIHO-

HBI BO BpEMEHH caM¥ (h13. BEIMYMHBI, 3 HE UX CTaTUCTHY. pactupezeneHus. C. M. OOBIYHO CUMUTAIOTCS pasdl.
TIOJIST WIIM KOOPJAWHATHI M UMITYJILCBI. 00JIee MEJIKHX, COCTABHBIX YacTel KBaHTOBBIX yacThil. OIHAKO TOCIe
OTKPBITUSA (TEOPETUIECKOTO) KBAPKOB (COCTABHBIX YACTHUI[ aJPOHOB) 0KA3aJ0Ch, YTO UX MOBEJECHUE MOIUH-
HSIETCSl KBAHTOBOW MEXaHHUKE, KaK M MOoBeJeHHe caMux aapoHoB. CornacHo TeopeMe ¢oH Helimana, Hu ofHa
Teopus co C. 1. He MOXKET BOCIIPOU3BECTH BCE CIEICTBUS KBAHTOBOW MEXAaHHKH, OJIHAKO, KaK BIIOCIIEJCTBUH
BBIICHIIIOCH, Jl0Ka3atenbcTBO. JIk. o Heiimana (J. von Neumann) ObUIO OCHOBaHO Ha MPEIIOJIOKEHUSX,
BOOOIIE TOBOPSI, HEOOsM3aTeNbHBIX I 000l Moaenu C. 1. BecoMblil apryMeHT B MOJIb3y CYIIECTBOBAHUS
C. n. BeiaBunynu A. OunmreiiH (A. Einstein), b. [lononsckuii (B. Podolsky) u H. Pozen (N. Rosen) B 1935
(t. H. DiiHmTelHa - Tlomonbckoro - Po3eHa mapagokc), CynHOCTh K-pOTO B TOM, YTO HEK-pbIe XapaKTepH-
CTUKH KBAaHTOBBIX YAaCTHII (B YACTHOCTH, MPOCKIINN CITMHA) MOXXHO U3MEPATh, HE TIOJIBEprasi YaCTHUIIHI CHIIO-
BOMY BO3JIeHCTBHIO. HOBBIM CTHMYJIOM K 3KCIIEpHM. IPOBEpKE Napajokca DifHmTeiHa - [logonsckoro - Po-
3eHa cTajiu Aoka3aHHble B 1951 bemnna HepaBeHcTBa [2], K-phble Al BO3MOXKHOCTH MPSIMOM KCIIEPUM. MPO-
Bepky TUITOTE36I 0 C. TI. TN HEPAaBEHCTBA IEMOHCTPHUPYIOT OTINYHE MPECKa3aHi KBAHTOBOW MEXaHUKH OT
mo0bIX Teopuit C. 1., He JOMYCKAIOIINX CYIICCTBOBAHUS (PH3. MPOIECCOB, PACIIPOCTPAHSIONTUXCSI CO CBEPX-
CBETOBOH ckopocThio. [locTaBieHHbIe B psjie 1abopaTopuii MUpa SKCIIEPUMEHTHI TIOTBEP VA TIpeIcKa3a-
HUSl KBAHTOBOW MEXaHUKH O CYIIECTBOBAHUH 00JIE€ CHIIbHBIX KOPPEISAIHI MKy YaCTUIIAMH, YeM IpeJICKa-
3BIBAIOT JIIOOBIE JIoKanbHbIe Teopun C. 1. Beas cormacHo Teopusim C. 1., pe3ylIbTaThl SKCIIEPHUMEHTA, IPOBe-
NEHHOTO HAJ OAHOW W3 YaCTHIl, ONPEASISIOTCS TOJIBKO CAMUM 3THM JKCIIEPHMEHTOM M HE 3aBHUCST OT pe-
3yJIBTaTOB 3KCIIEPUMEHTA, K-PhIii MOKET IIPOBOJIUTHLCS HAJT Ip. YACTHIICH, HE CBA3aHHOH C NMEPBOW CHIIOBBIMH
B3alMOJEHCTBUAMMU.
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00ro BU/Ia YaCTUI] MOXKHO «aCCOLIMUPOBATH» PACHPOCTPAHEHUE BOIHBI, €CIH MPUITH-
caTh YACTHIIE C MACCOM M U CKOPOCTHIO V JITTUHY BOJIHBI

A =h/mv.

DKCHEpUMEHTAIBHBIM TIOATBEPKICHUEM BOJIHOBBIX CBOWCTB YaCTHI[ SBUJIOCH
otkpbiToe B 1927 Knuntonom J[3Bucconom (1881-1958) u Jlectepom [Ixepmepom
(1896-1971) siBnenue audpaxiy SJIEKTPOHOB. YTIOBOE pPaCHpeiCiiCHHE SJIEKTPO-
HOB MPH OTPAKCHHUHU ITydKa JEKTPOHOB OT MOBEPXHOCTU KPUCTAITIA MOYKHO OOBSC-
HUTH JIMIIH Ha OCHOBE BOJTHOBBIX MPEACTABICHUHN, IpUYeM HaOII01aJI0Ch COTJIacHe C
MOCTYJIMPOBAHHBIM Ji¢ bpoiiieM COOTHOIIEHHEM MEXIy JJIWHOW BOJIHBI KU CKOPO-
CTBIO.

Pa3pabotka xBaHTOBOM MexaHuku B. I'eiizenoeprom (1901-1976), O. llpé-
nuHrepom (1887—1961) u npyrumu TeopeTUKaMu B MEPUO/I, MOCICIOBABIINN 32 BbI-
CKa3aHHOU ne bpoiuieM runore3oi, MpuBea K IMPOSICHEHHUIO CUTYallUH C TEOPUEU
bopa. Hanpumep, B Teopuun bopa ycnoBue «CTaliMOHapHBIX COCTOSIHUI

mMv*2ar =nh

HOCHWJIO XapaKTep MPOHU3BOJILHOTO TpeOoBaHUs. Tenepp e OHO BBICTYMAET KakK Tpe-
OoBaHue, YTOOBI HA TIEPUOJAUYECKON OpOUTE AICKTPOHA YKIALIBATIOCH IIEJ0€ YUCIIO
JUTMH BOJIH A€ bpoiins. Pa3pelmeHHbIMU OKa3bIBaIOTCSI UMEHHO T€ OPOUTHI, KOTOPHIE
YOBJIETBOPSIIOT 3TOMY TPEOOBAHMIO.

[Ipu pemennn BoHOBOTO ypaBHeHus LIpéaunrepa miisg atoma BOJIOpoJia ecTe-
CTBEHHBIM 00pa30M BO3HUKAIOT TPU KBAHTOBBIX UMCJIA, OOBIYHO 0003HAYAEMbIE CHM-
Bostamu N, | 1 M. 3aeck N — mesToe Yrciio, MPUHUMAROIIEe 0Bl 3HAYCHHSI, OOJIBIIIHE
0, KOTOpO€ Ha3bIBAETCS TJIABHBIM KBAHTOBBIM YHCJIIOM 3JIeKTpoHA. OHO COOTBETCTBY-
eT 9yKciy N, 0003HaYaBmIEMy pa3InyHbie 0opoBckue opouThl. Yucno | (opoutambHOE
KBAHTOBOE YHCJIO) TOXKE 1I€JI0€ U MOXKET MPUHUMATH JItoObie 3HaueHust ot 0 g0 (N —
1). OHo xapakTepu3yeT OpOUTAILHBII MOMEHT UMITYJIbCA 3JEKTPOHA U TECHO CBs3a-
HO ¢ n B Mozeiu bopa. M3 pemienns BOJTHOBOTO ypaBHEHHS CIIEAYET, YTO pasperie-

HBI TOJIBKO 3HAYEHUSI OPOUTATHFHOTO MOMEHTA UMITYJIhCA DJICKTPOHA, PABHBIC:
h
o=l +1) —.
v 27

[Ipu 7 = 1makcumansno momyctumoe 3Hauenue | paBHO Hymo, W, cienoBa-
TEJIbHO, OPOUTATILHBIII MOMEHT UMITYJIbCa AJIEKTPOHA TOXKE JOJIKEH OBITh PaBEH HY-
JI1O.

TpeTbe KBAaHTOBOE€ YHCJIO M| HA3BIBAECTCS «MAarHUTHBIM KBAHTOBBIM YHCIIOM» U
HUIrpacT BaXXHYHO POJIb, KOT'ld 4TOM HaXOJUTCS B MArHUTHOM I10JIC H. B sTtom ciy4dac
KBaHTYCTCsI HC TOJIBKO 0p6HTaHBHBIﬁ MOMCHT HUMIIYJIbCA Pg, HO M €ro IPOCKIMs Ha
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HarpaBjeHWe MarHUTHOTO 1oJs. [Ipoekiinsa KBaHTOBOTO YKcia | Ha HampaBiieHHE MO~
ast H Taxoke 1o/mKHa OBITH HETbIM YHCIoM, M. Takum 06pa3om, M; MOKET MPUHAMATH
(21 + 1) snauenwmii: +l, (1 — 1), (I - 2), ..., —(I — 1), —I. B pamkax mouenu bopa 3to co-
OTBETCTBYET 3aJIaHUIO yria © HaKJIOHA IIOCKOCTH 3JCKTPOHHON OpOMTHI OTHOCH-
TEJIbHO HAIPaBJICHHUS MArHUTHOTO IO, KaK IMMOKa3aHo Ha puc. 4.2:

cos® =my/l.

Ecmu | = 3, To cymectByet (2| + 1), T.e. 7 pa3sau4HbIX AUCKPETHBIX 3HAUCHUN
yIi1a, KOTOPhIE MOTYT COCTaBIISITh OOPOBCKHE OpOUTHI ¢ HanpasieHuem H (puc. 9,0).

AH
H

A .
3

-3 6

Puc. 4.2. KBanTOBbIE YHCIIa COTJIACHO BOJHOBON MexaHuke IlIpénunrepa. a — kBaHToBOE 4HCIIO |
XapakTepu3yeT OpOUTaIbHBIE MOMEHT MMIYJbCa 3JEKTPOHA; MATHUTHBIM KBAaHTOBBIM YMCIOM M|
Hapsiny ¢ | onpenensiercst yroi @, O KOTOPBIM JJIEKTPOHHAsI OpPOUTA HAKJIOHEHA K HATIPABICHUIO
marautHOro oyt H. 6 — ipu | = 3 kBanTOBOE YMCcIIO M| TpuHUMaeT (21 + 1) BO3MOXHBIX 3HAYCHUH,
B JIaHHOM cCi1y4ae 7.

Eute onHO cieacTBUE MpaBUil KBAHTOBAHUS My COCTOUT B TOM, YTO MarHUTHBIN

MOMEHT 4 MOKET IPUHHUMATh 3HAYCHUS
u =lehldzmec=1pu,,
r7e BeJMYMHA, TaK Ha3bIBaeMbIii MarHeToH bopa, paBHa 9,27 10 Jx/Tn. U3mene-
HUE OHEPTUH AJIEKTPOHA, O0YCIOBIEHHOE B3aUMOICCTBUEM €T0 MOMEHTA C MarHUT-
HBIM M0JIEM, PaBHO:
AE = uoHm,.

Takum 00pa3oM, MarHUTHOE TOJI€ MPUBOJUT K PACHISTIJICHUIO YPOBHEH U yBe-

JUYEHUIO YKCIIa TIEPEXOJI0B U CIIEKTPAIbHBIX JUHUH, T.€. K dpdekTy 3eemana.
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7.5. MpuHuun 3anpeTa Naynu. Nepuogunyeckas cuctema
anemeHTOB. TBepaoe Teno

B T0 Bpems, korna GopMupoBaIuCh UACH KBAHTOBOW MEXaHUKH, I OOBsICHE-
HUSl XapaKTePUCTUK JTMHEHYATHIX CIIEKTPOB aTOMOB ObliIa BBIIBUHYTA THIIOTE3a CITU-
Ha 37eKkTpoHa. CrekTpockomnus 0oJjiee BHICOKOTO pa3pelieHus mokasaia, YTO MHOTHE
JIMHUU TIPEACTABIISIIOT COOO0W TyOJIeThI, KOTOPhIE HE yIaeTCs OOBSICHUTh, UCXOS U3
OpOUTANBHOTO JBUKEHHUA AJIEKTPOHOB. OCOOEHHO MOKa3aTeIbHbI TpUMEP — AyOsIeT
KeNThIX JUHUN Hatpust 589,0 u 589,6 HM, KOTOPBIN YETKO pa3lieNsaeTcs Jaxe mpo-
CTBIMH CIIEKTPOMETPUUECKUMHU MPUOOPAMHU.

Jl51s 00BbACHEHUST 4acTOTO MOSABIICHUS AyOJIETOB B JIMHEHYATHIX criekTpax J[x.
VYnenb6ek (1900-1988) u C. I'ayncmut (1902—-1978) BeiaBunynu B 1925 mpeamnoso-
KEHUE, YTO 3JEKTPOH MMEET COOCTBEHHBI MOMEHT MUMITYJIbCa, WIH CIIMH, T.€. €ro
MO>KHO MPEICTaBUTh ce0€ BPALAIOLUIUMCS BOKPYT COOCTBEHHOM OCH OJTHOBPEMEHHO C
BpallleHUEM 10 OpOUTe BOKPYT s1pa, aHAIOTUYHO BPAILlEHUIO 3€MJIU NIPU €€ ABHXKE-
Huu BOKpyT CousiHna. CuH XapakTepu3yeTcs elle OJHUM KBaHTOBBIM 4uCiIoM, S. Io-
CKOJIBKY BEKTOp CIMHOBOT'O MOMEHTa MMITyJibca umeeT (25 + 1) pa3nuyHbIX OpUEH-
Tanui, a HabIr0JaeMasi KpaTHOCTh SHEPreTUUECKUX YPOBHEH paBHA IBYM, umeeM (2S
+ 1) =2, wiu s = 1/2. [Ipoekuu BeKTOpa S Ha HEKOE BbIIEJICHHOE HaIlpaBiieHuE (Ha-
IIPaBJICHUE BHEIIHEIO0 MATHUTHOTO IOJISI) XapaKTEPU3YIOTCsS CIIMHOBBIM MarHUTHBIM
KBAHTOBBIM UYHCIIOM Mg, KOTOpPOE MOXET ObITh paBHO Nnb0 +1/2, nubo -1/2. Bpa-
HIAIOUIMICA BOKPYT COOCTBEHHOW OCH 3JIEKTPOH MOAOOEH KPOIIEYHOMY MArHuTy ¢
MarHuTHBIM MOMEHTOM

ek

4mmic

5

B xoHeuHoM uTore nosydaetcs 4 HE3aBUCUMBIX KBAHTOBBIX UMCJIa, XapaKTepHU-
3YIOIIUX COCTOSIHME SJICKTPOHA B aToMme: N — IjlaBHOE KBaHTOBOe 4mcio; | — opOu-
TaJbHOE KBAHTOBOE YMCIIO; M; — OpOUTAIbHOE MAarHUTHOE KBAaHTOBOE YHUCIO; Mg —
CIIMHOBOE MAarHUTHOE KBAHTOBOE YHCIIO.

XOTsl KBaHTOBAsI MEXaHWKa TMO3BOJISICT, €CJIA 33/IaHbl KBAHTOBBIE YMCIIa, OIpe-
JCATh DHEPTHIO COCTOSIHUS W TPOCTPAHCTBEHHOE PACIPEICICHHUE DJICKTPOHHOM
IJIOTHOCTU BEPOSITHOCTEW (3ameHstoniee opoutsl B monenu bopa), nns ukcanuu
YHCIIa 3JIEKTPOHOB B KAXKIOM COCTOSIHHH TPEOYIOTCS TallbHEUIITNE TIPEITOI0KCHHUSI.

B 1925 B. Iayan (1900-1958) chopmysrpoBan «IPUHIMIT 3alpeTa», KOTO-
pBIiA Cpa3y BHEC SICHOCTh B OYCHb MHOTHE aTOMHBIE siBIcHHUS. OH TPEIIOKHII MPO-
CTO€ TIPABWIO: 6 KAMHCOOM OMOENbHOM KBAHMOBOM COCHOAHUU MOMCEm HAXO-
OUmMbCA MONLKO OOUH IJIEKMPOH. DTO O3HAYAET, YTO HAOOp YHMCes, OTBEHAIOIINUX
naanuaeiM N, | 1 My, 3aBucut ot N. Hanpumep, npu N = 1 Bo3MosxHo Juiib | = 0; crieno-
BaTebHO, M = 0 M ¢AMHCTBEHHOE Pa3IMUUe COCTOSHHUI CBSI3aHO ¢ Mg = +1/2 u -1/2,
B taGnuie npuBeneHpl BOZMOXHOCTH, OTBEYAIONTUE pa3iudHbIM N. OTMETHM, YTO B
nepBoi «oboouke» (N = 1) umerorces 2 3JeKTPOHA, B CleayolIel obomouke (N = 2)
UMeeTCs 8 DJIEKTPOHOB, 00PA3YIOIIMX JIBE MOT000JI0UKH, U T.1. MaKCUMaIbHOE YHC-
JI0 JIEKTPOHOB B 1mog0000uke paBHo 2(2| + 1), a MakcuManbHOE YHCIIO TIOA000II0-



91

2
YEeK COCTaBJAECT N. I[J'I}I KaXXJ10ro N rMoJHOCTHIO 3allI0JJHEHHAs 000JI0UKa COJACPIKUT 2n
OJICKTPOHOB.

Tabnuna 4.1. BO3MOXHOE YUCJIO 3JIEKTPOHOB
B JAHHOMU OBOJIOYKE
n | m, m; Yucno >nekTpoHOB B | UHCIO 2IEKTPOHOB B
OA000JI0UKE 3aI0JIHEHHOM 000JI0UKE
1 0 0 +1/2 2 2
1 0 0 -1/2
2 0 0 +1/2 2
2 0 0 -1/2
2 1 -1 +1/2
2 1 -1 -1/2
2 1 0 +1/2 6 8
2 1 0 -1/2
2 1 1 +1/2
2 1 1 -1/2
3 0 0 +1/2 2
3 0 0 -1/2
3 1 -1 +1/2
3 1 -1 -1/2
3 1 0 +1/2 6
3 1 0 -1/2
3 1 1 +1/2
3 1 1 -1/2
3 2 -2 +1/2
3 2 -2 -1/2
3 2 -1 +1/2
3 2 -1 -1/2
3 2 0 +1/2 10 18
3 2 0 -1/2
3 2 1 +1/2
3 2 1 -1/2
3 2 2 +1/2
3 2 2 -1/2

CootBercTBue npuniumna [layam skcrepuMeHTy ObLIIO TIOJITBEPKIACHO OTPOM-
HBIM YHCJIOM CIICKTPOCKOIMYCSCKUX HAOJFOACHUMN, a TaAK)KE MHOTOYHMCIICHHBIMH JaH-
HBIMH DJICKTPOHHON TEOPUU METAIJIOB, PU3UKHU SAEPHBIX TIPOIIECCOB, HU3KOTEMIIEpa-
TYPHBIX SIBIIEHUW. DTO OAWH U3 Hanbosiee PyHTaMEHTAIBHBIX O0BEANHSIONNX TTPUH-
IIUTIOB (PU3UKH, OTKPBIBIIMKA MyTh K TOHUMAHUIO DJIEKTPOHHON CTPYKTYPHI CJIOKHBIX
atomoB. [IpaBna, npuniuniom [laynu onpenesnsercs JUIIb BO3MOKHOCTh 3aIOTHEHUS
Pa3JIMYHBIX AJIEKTPOHHBIX 000JI0UEK, a JJISI MPOBEPKHU (PAKTUUECKOTO 3aMOJIHEHUS TEX
WM UHBIX COCTOSIHMM HEOOXOJUMBI JIaHHBIE, MOJyYeHHBIC HA OCHOBE ONTHYECKUX U
PEHTIEeHOBCKUX CreKTpoB. Ho B aTomax BIUIOTH 70 aproHa ¢ Z = 18 xaxapIit 10101-
HUTEJIbHBIA JICKTPOH MPOCTO J00ABIISIETCS B HU3IIYIO U3 HE3AMOJHEHHBIX M0J000-
jgodek. OTCTyIJIEHHUsS OT ATOTO TOpsiAKa HaOII0Ia0TCsa y 0ojiee CI0KHBIX aTOMOB,
000JI0YKH KOTOPBIX YACTUYHO MepeKphIBatoTCs. KBaHTOBas MexaHMKa OOBSICHSIET TO
OTCTYIUICHUE TE€M, YTO B MEPBYIO OUEPEAb 3AMOIHSIIOTCS COCTOSIHUS C CaMOM HU3KOM
SHEpPruei.
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JleTanpHbBIM aHAIN3 3JIEKTPOHHOW CTPYKTYPBI M PACIPENEIICHUS JJIEKTPOHOB C
TOYKHU 3pEHUsI KBAHTOBOM MEXaHWKU W npuHiumna [laynu B Oosee TsHKENbIX aToMax
BecbMa ciokeH. J{iast coctostaus 1S (N = 1, | = 0) Bo3MOKHO TOJIBKO chepruecKu
CUMMETPUYHOE pactipesiesieHre (mpruueM HamboJiee BEpPOATHBIM OKa3bIBAETCS MOJIO-
’KCHHE DJICKTPOHA B IIcHTpe atoMa). B coctosiauu 2p (N = 2, | = 1) MOMEHT MMITyJIbca
AJIEKTPOHA YK€ HE PAaBEH HYJIO, U TI0O3TOMY MaKCUMYM IUIOTHOCTH HAaXOJIUTCA Ha He-
HYJIEBOM PACCTOSIHUM OT sjipa. PacnipeneneHue 37IeKTPOHHON TUIOTHOCTH 3aBUCUT OT
KBAaHTOBOI'O 4Yucja M B COOTBETCTBUU C TPEOOBAHMEM KBAHTOBAHMSI KOMIIOHEHT MO-
MEHTa UMITYJIbCa BAOJb HAIIPaBIEHUS MAarHUTHOTO ITOJIS.

Ilepuoguyeckass cucreMa 3JeMEHTOB. UUCIO 3JEKTPOHOB, HAXOIAIIUXCS B
000JI0YKax HEUTPaIbHOrO aToMa, PABHOE YMCIY IMPOTOHOB B €ro siApe, Ha3bIBAaETCS
aTOMHBIM HOMEPOM 3jeMeHTa. lleproauyeckas cucremMa 3JI€eMEHTOB, NPEAI0KEHHAS
B 1869 JI.U. MenneneersiM (1834-1907) — sTo Tabiuiia, B KOTOPOM 3JIEMEHTHI pac-
M0JIaratoTCsl B MOPSKE BO3PAaCTaHUS aTOMHOIO HOMEpa U PacCHpesesstoTcs Mo Iie-
pHOJaM TakK, YTO aTOMBI CO CXOJHBIMU XUMUYECKUMU CBOMCTBaAMH MOMANAIOT B OJIHY
u Ty ke rpynny. Hanpumep, rpynna, copepkaiiasi reauii, HEOH, aproH, KpHUIITOH,
KCEHOH U PAaJIOH, COCTABJISIET IPYINIy HHEPTHBIX T'a30B; 3TO aTOMBI C 3all0JIHEHHBIMU
AJIEKTPOHHBIMU O00JIOUKaMH, a W3 3alOJHEHHOM OOOJOYKM MOYTH TaK K€ TPYIHO
yIaJIUTh 3JEKTPOH, Kak U J0OaBUTh B Hee JuuHui. Kpome Toro, 3tu ra3el — ogHoO-
aTOMHBIE, UX MOJIEKYJIbI IPEICTABISAIOT COOOM OAMH aTOM.

XUMHUYECKHE CBOMCTBA ATOMOB B 3HAYUTEIBHOM CTENEHU ONPEACISIOTCS
BHEILIHUMH 3JIeKTpoHaMu. [IpocToil xapakTep Tabaulbl BILIOTh JO aproHa (aTOMHBIMA
HOMEp KoToporo Z = 18) o0ycioBieH TeM, 9TO Tpu J00aBICHUH OYEPEIHOTO IJICK-
TpOHA BILIOTH 0 Z = 18 mocienoBaTeIbHO 3aMOMHIECTCS HU3IIAs M0000I09Ka. 3Ha-
YUTENHFHOE e YCIOKHEHHE TabmuIsl mocne Z = 18 00bsAcCHAETCS YCIOKHEHUEM T10-
CJIEI0BATEIBLHOCTH 3aMOJIHEHUs oAoOonodek. /i ciayyas, korga uMeercs 00Jboe
YHCIIO 3JIEKTPOHOB, TOYHBIE PEUICHUS! YPABHEHUN KBAaHTOBON MEXAaHUKH MOITYYUTh HE
yZaeTcs, U UCHOJB3YIOTCS IIPUOIMKEeHHbIE MeTObl. OHO U3 NPUOIMKEHUH COCTOUT
B TOM, YTO aTOM C €IMHCTBEHHBIM 3JIEKTPOHOM CBEpX 3alOJIHEHHOM 000JI0YKH, Ta-
KOM, kKak HaTpuii, Z =11, paccMaTpuBaeTcsi Kak «OJHOAIEKTPOHHBII» aToM. U nei-
CTBUTEJIbHO, yIpolieHHas Teopust bopa (MonuduumpoBanHas ¢ y4eToM 3HaYeHUs N =
3 ISl COCTOSIHMSL 3JIEKTPOHA) JAAa€T JOBOJBHO TOYHBIC 3HAUEHMS ISl SHEPTHU YPOB-
Hel (HO He TS paclIeIICHUS TUHUN).

JanbHeiee ucciaeg0BaHue CTPYKTYPbI aTOMOB. B HacTosiiee Bpems JeK-
TPOHHAs CTPYKTYypa aTOMOB B MIPUHIUIIE MOJIy4HIIa CBOE€ OOBSICHEHUE, XOTS CBOMCTBA
MHOTO3JIEKTPOHHBIX aTOMOB YAA€TCsl paccuuTarh Julb npubamxeHHo. KBaHToBas
MEXaHUKa OOBSCHSAET BCE U3BECTHHIE CBOMCTBA OT/AEIbHBIX aTOMOB. AKTUBHO M3y4a-
eTcsl B3aMMO/JICCTBHE aTOMOB, OCOOEHHO B TBEP/IbIX TEJax.

7.6. NMoyemy cMHUN CBET NPeriIoMAIAeTCA CUribHee, 4YeM KpacHbIn? Mpu-
Mep NPUMEHEeHUS KBAaHTOBOW MEeXaHUKU U TeOPUN IfleKTpoMarHetusma

B3aumoaeicTBHE 3JIEKTPOMATHUTHOI0 M3JIyYEeHHS ¢ BellleCTBOM.
OnTnyeckuii 1UANMAa30H.
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PaccMOTpUM KOHKPETHBIN MPUMEP, KOTOPBIA TpeOYyeT BBIACHEHUS NpUYHUH. M3-
BECTHO, YTO B IPO3pPavyHOIl MpU3Me CBET MPEIOMIISETCS HEOJUHAKOBO: (DUOJIETOBBIN U
CUHUH CHJIbHEE, YEM KpAacHbIM. B 4eM mprumHa 3TOro sIBJICHHS, KOTOPOE JIFOAH Ha-
OJIFOJIAIOT YK€ MHOTHUE THICSYENICTUS B BUAE PAAYTH U JPYTUX IPUMEPOB Pa3IOKEHUS
BUJIMMOT'O CBETA HA [IBETOBBIC JIy4YH?

3akoH npenomiieHus cBeta u3BecteH (CHemmyc, [exapr):

sing’_ n,
sing’” n,
Ie ¢ - Yyroj HajJeHus, a ¢ - yroJl IpeJOMICHHUS JIy4a;

n, 1 n, - IIOKa3aTcJjIk HPCIIOMIICHUA COOTBECTCTBYIOIIUX CPCA.
3anuiieM U3BECTHBIE COOTHOIIICHUS:

n:E:,/,ug

\Y
ﬂ:i.gzll(BaKy}/M),
nv n

k= n% = nk (BakyyMm).

31ech ¢ - CKOpPOCTh CBETA B Cpelie, A - NIMHA BOJHBI, a v - CKOPOCTh CBE-
Ta B BaKyyme, k - BOJIHOBOE UWCJIO, & - OTHOCHUTEHbHAS IUAJICKTpUYECKAs, a 4 -
MarHuTHas TPOHUIIAEMOCTb CPEJIbI.
[Ipennonaraercs, 4To cpejia He MOXKET U3MEHUTD YaCTOTY BBIHYKIAIOIICH CHIIHI,
a MEHSET JUIMHY BOJIHBL. B crekne N =1,5, MOATOMY YMCIIO BOJH HAa €IMHMITY JTUHBI
1/ 4 B crekie B 1,5 pasa Goibliie, 4eM B BaKyyMe.

Tabnuna 4.2. Jlucniepcusi mokaszaTessi IpeJOMIICHHUS CTEKIIA.

Ber 1, A A, MKM v*10M 'y n
Bvoxanit YO | 3610 0,361 8,31 1,539
TemHo- 4340 0,434 6,92 1,528
roiryooi

Kenrorit 5890 0,589 5,10 1,517
TemHo- 7680 0,768 3,91 1,511
KpacCHbIN

K 12000 1,20 2,50 1,505
HNansauit UK | 20000 2,00 1,50 1,497

B TaGauiie nmpuBeeHbl TaHHBIC IS CTEKJIA «IIMHKOBBIA KPOH» U3 CIPaBOYHHKA
no ¢usuke. Jucnepcus Takosa, uTo N ysenuuuBaercd Ha 0,06 Ha kaxasie 1000 A
YMEHbIIIEHUS JJIMHBI BOJIHBI.

IToyemy n MeHsieTcsl € YACTOTOM?
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PaccMOTpyM  MpOCTYrO MOZENb «MOJIEKYJbl CTEKJIa». XOTS KBaHTOBO-
MEXaHUYECKOE OMMCAHUE SIBISIETCS €IMHCTBEHHO MPABWIBHBIM, KOE-YTO MOKET MpO-
SCHUTh U KJIACCUUECKHH (2JIEKTPOMArHUTHBIN ) MOIXO/I.

JIro6oe BemecTBO UMEET MOJIOCHI PE30HAHCA C U3IYUYEHUEM, MPUPOJIa KOTOPHIX
HOCHUT KBAaHTOBBIM xapakTtep. OJHAKO dKCHEPUMEHTAIBHO HAOIIOATh UX MBI MOKEM
BHE 3aBUCUMOCTH OT XapakTepa Teopuu. [t crexna (HeOKpaleHHOr0) 3TH MOJIOCHI
nexat B YO obnactu criektpa. [103TOMy CTEKII0 U Po3pavyHo B BUAUMOM 00JIacTH.

PaccMoTpeHne ycTpoHCTBa «MOJIEKYJbD» KaK COBOKYIHOCTH T'apMOHUYECKUX
OCLIJIJISITOPOB (3JIEKTPOHOB), MPUKPEIIEHHBIX K SIIPY «IPYKAHON» TaeT

2
4zNq” : 1 (2.12)

OF —O

rae M — macca, a N — 4yncino ocHMIUTMPYIOIIUX YacTUll, ( — 3apsi OCLHMILISATOpA,

® o — KPyTOBasi YaCTOTa PE30HAHCHOT'O MOIMJIOUIEHUS, @ — TEKyIlas KPyroBasl 4acTo-
Ta.

nf=g=1+ R

Yucno octmnisTopoB B Gopmyse (2.12) N paBHO YHCiIy DJICKTPOHOB Ha BHEIII-
Hel 000JI0UKe aToMa, T.€. BAJCHTHBIX 3JIEKTPOHOB. JIJIMHA BOMHBI BUAMMOTO CBETA B
cpeziHeM B 5 pa3 Goublie, 4eM Ao, a 4acToTa B 5 pa3 MeHblie, yeM o o (1000 A). ITpu
BO3pacTaHUd o pacter (cM. 2.12) n°-1, T.e. n. TIo3TOMY (PHONCTOBBIH U CHHHIl CBET
JOJKHBI UMETh N OOJIBIIE, YeM KPACHBIN, UYTO HAXOJUTCS B COTJIACUU C OIIBITOM.

Puc. IlpenomiieHue nyda pa3iIudHON JUIMHBI BOJIHBI B IIpOo3padyHoi mpusme. CrneBa CMHHUN
Jyd (ToKazaTenb IPeoMIIeHUs Ny), cripaBa — KpacHbIH (Ny, TprdeM N1>>N,). BombmeMy noka3zareito
MIPEJIOMJICHHUS | COOTBETCTBYET M OOJIbIlIee OTKJIOHEHHE Jyda Ha BBIXOJE NMPHU3MBI K €€ OCHOBAHUIO.
BcenomoraTenbHbIMHA TMHUSAMHY ITOKa3aHbI EPIICHIUKYIIAPBI K COOTBETCTBYIOIIUM T'PaHSAM.

Hano ckasarb, 9T0 3aKOH MPEIIOMIICHHS HUYETO HE TOBOPHUT 00 MHTCHCHBHOCTHU
IPEIOMIIEHHOTO CBETA, a OHA TOXKE 3aBHCHUT OT JUTMHBI BOJIHBI.
® =D ™, Tae o — MmoKa3areib MOTJIOMICHUS.

N3BeCTHO, YTO ONTUYECKUN UAMa30H CTOUT B PSAAY APYTHX YaCTOT 3JIEKTPO-
MarHuTHOro usnydeHus. Ho oH 3aHMMaeTr ocoboe MooXeHue, uMess HauOOoJIbIIne
KO2(DPUITMEHTHI TOTJIOMICHUS AJIEKTPOMArHUTHOTO W3IydeHHs (CBeTa). DTO CBUjE-
TEIBCTBYET O 00Jie€ CHIIBHOM B3aMMOJCUCTBUM AJICKTPOMATHUTHOTO H3IYYCHHUS C
BEIIIECTBOM MMEHHO B ONTUYECKOM U MPUMBIKAIOIINX K HEMY Juarna3zoHax. Eciu Msl,
nepeisi K KBAaHTOBOMY PacCMOTPEHHUIO, OLIEHUM 3HEPruto (OTOHA, TO OHA COCTABUT
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1,5 - 3 3B. M3BeCTHO, 4TO 3TO AUaNa3OH 3HEPTUU BAJIECHTHBIX 3JIEKTPOHOB, MPOSB-
JSIFOIIMIACS B (PU3MYECKUX B3aUMOJCHCTBUAX U XUMHUYECKUX peakiusx. T.0., Haubo-
Jiee CHJIBHOE TMOTJIONICHNE U 00JIaCTh AUCHIEPCUH PACIIONOKEHBI B ONITUYECKOM U CO-
CEIHUM C HUM YnbTpauosieTOBOM auana3zoHax. OcTajbHblE AUAMa30HbI AJIEKTPO-
MarHUTHOTO U3JIY4EHHUs MOKa3bIBaIOT Oojiee ciaboe B3aUMOJICHCTBHE C BEIIECTBOM.
3T0, C OJHOW CTOPOHBI, PEHTTEHOBCKUI U » - IUaNa3oH, C IPYyroi — TEIJIOBbIE U pa-

JTMOBOJIHBL.

KonnuecTBo 371€KTpOHOB, HACENAIOIMUX IIyOokne 0000ukH, magaet. CregoBa-
TEJIbHO, B3aMMOJICICTBUE BBICOKOOIHEPIETUYHBIX 3JIEKTPOMATHUTHBIX H3ITyYCHUMN C
BEIICCTBOM IajaeT (1o SKCIIOHCHIIMAILHOMY 3aKOHY) ¢ pOCTOM dHEpruu kBaHTa. Ha-
MIPOTHUB, MBI JIOJ>KHBI KOHCTATUPOBATh, UTO JIEKTPOMATHUTHOE U3TYYCHUE OOJIBIINX
JUIMH BOJH HAaXOJMUTCS BHE OOJAacTH pE30HaHCHOTO B3ammojenctBus. IlosTomy pa-
JTUOU3Ty4YeHUe C1ab0 MOTJIOMIAETCs BEIECTBOM, UMEIOIIUM CBSI3aHHBIC AJICKTPOHBI
(IMPNEKTPUK) U CUIILHO MOTJIONIAETCS MTPOBOJHUKAMH, OCOOCHHO METaJlllaMH, KOTO-
PBIMH OHO €lIe U CUJIbHO oTpakaeTcsi. CooTBeTCTBYIOMIME GOpMYIbI 7151 KO uIiu-
€HTA MOTJIOLICHHS U OTPaXKEHMsI UMEIOTCS elle CO BpeMeH JIopeHna.

Takum oOpa3oMm, pu OOBSCHEHUU CIIEKTPAIBHON 3aBUCUMOCTH TPEIOMIICHUS
CBETa MbI MPUIIUIH K HEOOXOAMMOCTH KBAaHTOBO-MEXaHUYECKOTO MOIX0/a, OTBEYar0-
IIEro 3a MPUPOAY @,, KOTOPBIA YyBCTBOBAI elle HbOTOH, HO KOTOPBIN CTal BO3MO-

»keH He B X VIII, a B XX B.

Pestome: BzanmojelicTBre 3JIEKTPOMAarHUTHOTO U3IYUYEHHUSI CO CPEJOM C TOUKH
3peHus Teopuu MakcBeiia OMUCHIBAETCS HEKOTOPHIMA OCHOBHBIMH 3aKOHOMEPHO-
CTSIMU, KOTOPBIE€ B ONITUYECKOM JIMANa30He JOMOIHSIIOTCS PE30HAHCHBIM TOTJIONICHU-
€M, OMpeNeseMbIM KBAHTOBBIMU 3aKOHOMEpHOCTSIMH. KOpoTkoBOJIHOBOE (peHTTe-
HOBCKOE€ M raMMa) U3JTy4yeHHe UMEET MEHBIIHNN KOd(DPHUITUEHT MOTIIOICHUS B CpeIe,
OTIpENIEAEMbIi KBAHTOBBIM CTPOCHHEM CpeIbl (DJICKTPOHHBIC YPOBHH JHEPTHH).
B3anMozeiicTBue ¢ JIIMHHOBOJHOBBIM HW3JIydeHHEM (HAlpuUMep, paadoarana3zoHa)
MOET OBITh PACCMOTPEHO B KJIACCHYECKOM (MaKCBEJUIOBCKOM) TIOJIXOJIE M OTpee-
JISIETCS B 3HAYUTEIHHOW CTETICHH HAIMYMEM CBOOOHBIX M CBS3aHHBIX 3apsioB (DJICK-
TpoHOB). CaMoe OOJbIIOE MOTJIONIEHHE MOXET HaXOJIUThCS B YIbTPadHuOIETOBOM
(Tme pacmosiokeHa @,) Wi BUAUMOM JHAMMa30HAX YacCTOT. DTO TMOJIOKEHHUE TIOJIOCHI

CHJILHOTO OIITHYECKOI'0 MOTJIOIIEHHUS MOXKET JaTh TOJILKO KBAaHTOBO-MEXaHHMYECKOE
paccMoTpeHue (30HHasE TEOpHs TBEPJOTO Teja), JOMOTHEHHOE aHAJIM30M JJIEKTPOHOB
B TBEPAOM TeEJIE KaK OCLIUJUIATOPOB C MO3ULMHU IJIEKTPOAMHAMUKN MakcBeiuia. Takoun
KOMIUIEKCHBIN TTOAXO0J] HEOOXOAUM MOTOMY, YTO Pedb HAET O MOBEJACHUU CBSI3aHHBIX
3JIEKTPOHOB.
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8. AToMHoe Aap0o°~°

Anpo npencrasisieT co00M NEHTPATBHYIO YacTh aToMa. B HeM cocpe1oToOueHbI
MOJIOKUTEIIbHBIA ANEKTPUUYECKUH 3apsi]l U OCHOBHAS YacTh MAcChl aTOMa; M0 CpaBHE-
HUIO C PaJINyCOM 3JIEKTPOHHBIX OPOUT pa3Mephl si/ipa Malbl: 10 °-10 " m. Snpa Bcex
aTOMOB COCTOAT U3 MPOTOHOB UM HEUTPOHOB, UMEIOIIUX MOYTH OJUHAKOBYIO Maccy,
HO JIMIIIb IPOTOH HECET JJIEKTpUYEeCKHil 3aps. [loaHOE 4MCIo MPOTOHOB COBNAAAET C
aTOMHBIM HOMEpPOM Z aToMa, KOTOPHI B CBOIO OYEpPE/lb PABEH YUCIY AJIEKTPOHOB B
HEUTpaJIbHOM aTtoMe. SljepHble 4acTHIlbl (MPOTOHBI U HEUTPOHBI), Ha3bIBAEMBIC HY-
KJIOHaMU, YACP>KUBAIOTCS BMECTE OUYEHb OOJBIIMMHU CHIIAMH; 110 CBOCH MPUPOJE 3TU
CWJIbl HE MOTYT OBITh HHU 3JEKTPUYECKUMHU, HU TPABUTAIMOHHBIMH, a TI0 BEIUYHHE
OHHM Ha MHOTO MOPSKOB MPEBBIIIAIOT CUJIbI, CBA3BIBAIOIINE IIEKTPOHBI C SIPOM.

8.1. UcTopua oTKpbITUN

IlepBoe mpezacTaBiaeHre 00 MCTUHHBIX pazMepax sApa AaBaiu omnbIThl Pesep-
dbopaa no paccesHuio aib(pa-4yacTUll B TOHKMX MeTaTMYeCKuX (osbrax. YacTuilsl
IIyOOKO MPOHUKAIU CKBO3b AJIEKTPOHHBIE O0OJIOUKM U OTKJIOHSIUCH, TPUOINKAICH
K 3apsSHDKEHHOMY SIJIpY. DTH OIBITHI SIBHO CBUAETEICTBOBAIN O MaJIbIX pa3Mepax LeH-
TPaJIBHOTO fAJIpa M yKa3aJId Ha CHoco0 ompeaelieHus saepHoro 3apsnaa. Pesepdopa
YCTaHOBWJI, YTO allb(a-yacTHUIIbl TPUOIHKAIOTCS K LEHTPY MOJIOXKUTENBHOIO 3apsiia
Ha paccTosiHue npuMepHo 10 % M, a 9T0 MO3BONAIO eMy cleliaTh BBIBOJ, UTO TAKOB
MaKCHUMaJIbHO BO3MOKHBIN pajinyc sapa.

Ha ocHoBe Takux npenmnosioxkeHur bop moCTpousi CBOXO KBAHTOBYIO TEOPHIO
aToMa, YCIEIHO OOBSACHUBIIYIO JUCKPETHBIC CHEKTpalbHbIe TUHUHU, (DOTOdIPdeEKT,
PEHTI€HOBCKOE H3JIyYCHHE U MEPUOAUYECKYIO0 CUCTEMY 3IeMEHTOB. OQHAKO B TEO-
puu bopa s1po paccMaTpuBaIoCh Kak MOJIOXKUTEIbHBIM TOYEUHBIN 3apsil.

Snpa GOJBIIMHCTBA aTOMOB OKa3aJIMCh HE TOJIBKO OYEHb Majlbl — HA HUX HUKAK
HE JIECTBOBAJIM TAKUE CPEACTBA BO30YXKICHUS ONTUYECKUX SBJICHHM, KaK JyroBOU
MCKPOBOW pa3psi, IuiaMs U T.I. YKAa3aHWEM Ha HAJIMYME HEKOM BHYTPEHHEN CTPYK-
TYpBI SiApa SIBUIIOCH OTKpbITHE B 1896 A.bekkepeneM pannoakTuBHOCTH. OKa3anocs,
YTO ypaH, a 3aTeM W pajaui, MOJOHHUM, PaloH U T.I. UCIYCKAIOT HE TOJBKO KOPOTKO-
BOJTHOBOE€ 3JICKTPOMATHUTHOE M3JIYyYEHUE, PEHTI€HOBCKOE U3IYYEHUE U DJIEKTPOHBI
(6era-myun), HO U OoJiee TsHKENbIE YaCTHUIlH (ayibda-Iydn), a OHH MOTJIU UCXOJHTh
JMIIb U3 MACCUBHOW yacTH atoMa. Pesepdopa ucnosp3oBai ajb(a-4yacTHIIbl paaus B
CBOMX OIIBITaX MO PACCESHUIO, KOTOPBIE MOCIYKUIN OCHOBOW (hOpMUPOBAHUS MIPEI-
CTaBJIEHUN O siiepHoM atome. (B To Bpemsi ObUIO M3BECTHO, YTO aib(a-4acTUIBI —
3TO aTOMBI T€JINs, JULIEHHbIE CBOUX 3JIEKTPOHOB; HO HA BOIPOC — MOYEMY HEKOTO-
pble TsDKEJIble aTOMbI CIOHTAHHO MCITYCKAalOT UX, OTBETA elle He OblIo, KaK He ObLIO
Y TOYHOTO MIPEICTABIICHUS O pa3Mepax sjipa.)

OTkpbITHE M30TONOB. V3MepeHus: Macc «KaHaJOBBIX JIydei», MPOBEACHHbIC
Jxozedpom Tomconom, dpeHcrucoM ACTOHOM U JPYTUMHU UCCIENOBATENSIMU C TO-

% JIMTEPATYPA: Aizen6yx JI., Burnep E. Cmpykmypa sopa. M., 1959. Tlpecton M. @usuka sdpa. M.,
1964. Kyx Ul. Cmpyxmypa amomnvix sadep. M., 1967. Jletin A. Teopus sopa. M., 1967. ®ensanu B. K.
Onexmpomacnumuas cmpykmypa soep u Hykiornos. M., 1967. lllupokos 0.M., IOxuna H.I1. Aoepuas ¢usu-
ka. M., 1980. Pobeptcon b. Cospemennas gusuxa 6 npuxiaonvix nayxax. M., 1985
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MOIIIbI0 00JIee COBEPIIEHHBIX MACC-CIEKTPOMETPOB U € OOJIbIIEH TOYHOCTHIO, JaJIU
KJIF0Y K CTPOEHHUIO s]Ipa, a TaKkxke aToma B 1ieioM. Hanpumep, n3aMepeHnre OTHOIICHUS
3apsfia K Macce MoKaszauo, 4To 3apsij sapa BOJIOpOja, MO-BUAMMOMY, MPEACTABIISIET
co0Ol eAMHUYHBIN MOJIOKUTENbHBIN 3apsAJl, YUCICHHO PAaBHBIA 3apsiiy AJIEKTPOHA, a
macca m, = 1837m,, rae M, — macca 351eKTpoHa. I'esnii MOT JaBaTh MOHBI C IBOMHBIM
3apsA/IoM, HO €ro mMacca B 4 pasa mpeBblliajia Maccy Bogopojaa. Takum oOpa3oM, BbI-
ckazanHas paHee B. [IpayTom rumoresa o ToMm, 4TO BCE aTOMBI IOCTPOEHBI U3 ATOMOB
BOJIOpOJIa, OblJIa CEpbe3HO MOKOJIeOIeHa.

CpaBHuBas Ha CBOEM Macc-CIieKTporpade Maccy aroma HEOHa C M3BECTHBIMU
MaccaMu ApPYTUxX 3yneMeHToB, ToMcoH B 1912 HeoxumaHnHO OOHAPYXKHII, YTO. HEOHY
BMECTO OJIHOM COOTBETCTBYIOT JiBe mapabosbl. PacueTsl Macc yacTHil moKas3aiu, 4To
oJlHa U3 mapabon oTBe4aeT yactuuaM ¢ Maccod 20, a apyras — ¢ maccod 22. OTo
SABWJIOCh MEPBBIM CBUIETEIBCTBOM TOIO, YTO ATOMBI ONPEAEIEHHOTO XMMHYECKOrO
JJIEMEHTa MOTYT HMMETh PAa3JIM4YHbIE MaccoBble 4YMCiA. IIOCKONBKY H3MepeHHOe
(cpeanee) maccoBoe 4MCIIO OKa3zajnoch paBHbIM 20,2, TOMCOH BbICKa3al Mpenoso-
YKEHHE, YTO HEOH COCTOMUT M3 aTOMOB JABYX TUIOB, Ha 90% c Maccoit 20 1 Ha 10% ¢
maccoii 22. [Tockonbky 00a THIla aTOMOB B IPUPOJE CYLIECTBYIOT B BUJIE CMECH U UX
HEJb3s Pa3IeIUuTh XUMUYECKHUM ITyTEM, MACCOBOE YMCJIO HEOHA OKA3bIBAETCS PABHBIM
20,2.

Hanuuue aByX THIIOB aTOMOB HEOHA HABOJMJIO HA MBICIIb O TOM, YTO U IPYTHE
AJIEMEHTBHl MOTYT TPEACTaBIsATH coOoi cmecu aromoB. llocienyromue wmacc-
CHEKTPOMETPUUYECKHE U3MEPEHHUS NMOKA3AIH, YTO OOJBIIMHCTBO MPUPOIHBIX AJIEMEH-
TOB TMPEJCTABISAIOT COOOM CMECH OT JABYX A0 JIECSATH Pa3IMYHBIX COPTOB aTOMOB.
ATOMBI OTHOTO U TOTO K€ JJIEMEHTA C Pa3IMYHOM MacCOW Ha3bIBAIOT U30TONAMHU. Y
HEKOTOPBIX 3JIEMEHTOB CYILECTBYET TOJIbKO 0OUH U30MION, YTO TPEOOBAIO TEOPETH-
YEeCKOro OOBACHEHHMS, KaK U ¢haKm pazHoil pacnpocmpaneHHOCmuU 3J1eMEeHmos, a
TaK)XE Cyu{ecmeosanue paouoaKmueHoCmu Jullb y OnPe0eneHHblX 6eujecme.

B cBs3u ¢ OTKpBITHEM HM30TONOB BO3HUKJA MpodiieMa CTaHAapTH3alUH, I0-
CKOJIbKY XMMHUKH paHee BBIOpali B KauecTBe cTaHaaprta «kuciopom» (16,000000
aTOMHBIX €IMHHULl MacChl), OKa3aBIIUNCA CMECHIO YEThIpeX M30TONOB. B urore On110
PEIIEHO YCTaHOBUTH «(PU3NUYECKYIO» IIIKAIly Macc, B KOTOpOi HamboJjee pacrnpocrpa-
HEHHOMY M30TOIy Kuciaopoaa npunucsiasiocs 3HaueHue 16,000000 a.e.m. OgHako B
1961 mexny XxuMukamMu ¥ (pU3MKaMH ObLTO TOCTUTHYTO COTJIAIIEHUE, COTJIACHO KO-
TOpoMy Hambojee pacnpoCTPpaHEHHOMY H30TONY yIiiepoa-12 ObUIM TPHUIKCAHBI
12,00000 a.e.M. ITockonbKy 4ucio aTOMOB B 1 MoJie u30TONa paBHO YUCITy ABOraapo
No, mosryqaem

1

Ny 6,025-10%°
OTMeTHM, 4TO B aTOMHYIO €UHUIlY MAacChl BXOJAUT Macca OJHOTO AJIEKTPOHA, a
Macca caMoro JIETKOTro U30Tora Bojopoaa nmouty Ha 1% Oomnbiie 1 a.e.M.
OTkpbiTHEe HeliTpoHa. OTKPHITHE U30TOMOB HE MPOSICHUIIO BOMPOC O CTpOe-
HuU sapa. K aTomy BpeMeHU ObLIM M3BECTHBI JIMIL MPOTOHBI — sIpa BOJOPOJA H
AJIEKTPOHBI, & TIOTOMY €CTECTBEHHOU ObLIa MOMBITKA OOBSICHUTH CYIIIECTBOBAHHUE U30-
TOTIOB PA3IMYHBIMA KOMOWHAIIUSMH ITUX MOJIOKUTEITHHO U OTPHUIATEIIEHO 3apsHKEeH-

lae M= =1,66-10727 k.
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HBIX YacTuil. MoXHO ObUIO OBl AyMaTh, 4TO siipa coaepkar A MPOTOHOB, Tne A —
MAacCOBOE YHCIO, U AZ 3meKTpoHOB. IIpH 3TOM MOJHEI MOTOKHTEIBHBINA 3apsT COB-
najaeT ¢ aTOMHBIM HOMEpOM Z.

Takas mpocTtas KapTuHa OJJHOPOIHOTO sApa MoHAYaly HE IPOTUBOPEUMIIA BbI-
BOJY O MaJIbIX pa3Mepax sipa, BbITEKaBIIeMy U3 omnbiToB Pesepdopna. «EcrecTBen-
HBII Paiyc» JIIEKTPOHa Iy = €°/mc? (KOTOpBIil MOMyYaeTCsl, ECIH IPUPABHSTH DIICK-
TPOCTATHYCCKYIO YHEPIUIO €7/Fy 3apsiaa, PaCIPEAeICHHOTO 10 chepHuecKoil 0607104-
Ke, COOCTBEHHOIl SHEPIrHH SIEKTpoHa MC?) cocraBmsier fo = 2,82*10 " m. Takoit
JIEKTPOH JOCTATOYHO MaJl, 4TOOBI HAXOMUTBCS BHYTPH suapa pammycoMm 104 M, xoTs
MMOMECTHUTH TyJa OOJBIIOE YUCIIO YacTHI] ObUTO OBl 3aTpymHuTeabHO. B 1920 Pesep-
dbopa 1 Apyrue ydeHble pacCMaTPUBAIN BO3MOXXHOCTH CYIIECTBOBAHUS YCTONUIMBOU
KOMOMHAIIMK W3 MPOTOHA U 3JIEKTPOHA, BOCIPOU3BOISIICH HEHTpaTbHYIO YaCTHUIY C
Maccoii, mpuOJIU3UTEILHO paBHOM Macce mpoTtoHa. OgHAKO M3-3a OTCYTCTBUS DJIEK-
TPUYECKOTO 3apsijia TAKUE YACTHUIIBI C TPYJAOM IMOIaBAIUCH Obl OOHAPYX)eHUI0. Bpsin
JU OHU MOTJIM OBl U BBIOMBATH DJIEKTPOHBI W3 METAUIMYECKUX MOBEPXHOCTEH, Kak
AJIEKTPOMATHUTHBIE BOJIHBI pU (hoToIPdeKTe.

JIume coycTsl JeCATHIETHE, TTOCIE TOrO0 KaK €CTECTBEHHAs paJuOaKTHBHOCTH
Obla TIIyOOKO HCCliefoBaHa, a PaJuOaKTUBHOE H3JIYUYCHHE CTAId LIUPOKO MpUMeE-
HSATb, YTOOBI BBI3BIBATh UCKYCCTBEHHOE MPEBPAILIEHHUE aTOMOB, OBLJIO HAJI€KHO YCTa-
HOBJICHO CYIIECTBOBaHUE HOBOW cocTaBHOM yactu siapa. B 1930 B. bore u I'. bekkep
3 ['MCEHCKOro yHUBEpPCHUTETa MPOBOJUIN OOJyUeHUE JUTUS U Oepuiuius anbda-
YacTUIIAMHU U C MOMOIIBI0 cyeTurka ['elirepa perucTpupoBajii BO3HUKAIOIIECE MPU
ATOM MpoHHUKaroIiee u3inyueHue. [10ckobKy Ha 3TO U3IyUYeHHE HE OKAa3bIBAJIU BIIUS-
HUSI JIEKTPUUECKUE W MArHUTHbBIC TOJS M OHO 00J1afano OOJbIION MPOHUKAIOIICH
CIIOCOOHOCTBIO, aBTOPHI MPUIIUIM K BBIBOJY, YTO MCIYCKaeTCs >XECTKOE ramma-
m3nydyenue. B 1932 @. XKonuo u U. Kropu noBTOpHIIN ONBITHI C OEpUILIUEM, TPOITYC-
Kasi TaKoe MPOHUKAIOIIee H3IydeHue yepe3 mapaguHoBbiid 0710k. OHU OOHAPYKUIIH,
4TO U3 MapaduHa BHIXOJAT MPOTOHBI C HEOOBIYHO BBICOKOW PHEPTHUEH, U 3aKITIOUNIIH,
YTO, MPOXOJS uepe3 napauH, raMMa-u3ydeHue B pe3yJbTaTe pacCesTHUS MOPOXKIa-
eT npoToHbl. (B 1923 6b110 yCTaHOBIEHO, YTO PEHTIEHOBCKUE JIYYH PACCEHBAIOTCS
Ha AJIEKTPOHAX, JIaBasi KOMITOHOBCKUM 3 (DEKT).

JIx. YenBuk moBTOpMII SKcriepuMeHT. OH Takke UCIOIb30Bal mapadua u uo-
HU3AIMOHHYI0. KaMepy (puc. 4.3), B KOTOpOH coOupancs 3apsii, BOSHUKAOIINN TIPH
BBHIOMBAHUU DIIEKTPOHOB U3 aTOMOB, U3MEPSLT MPOOET MPOTOHOB OTIAUH.

Anbda-vacTrubl MpoHUKkaKLWes nany4eHne

N
=
\

MonoHwuia Bepunnuin
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Puc. 4.3. Dxcniepument Yensuka. Cxema mpoiiecca, B KOTOPOM ObUT OTKPBIT
HEUTPOH

YenBuK HMCHOIB30BAI TaKKe ra3000pa3HbId a30T (B kamepe Buibcona, rie
BJIOJIb Clie/la 3apsHKEHHOW YacTHIbI MPOUCXOJUT KOHJEHCAIMS BOJSIHBIX Karleliek)
JUTSI TIOTJIOIICHUS M3yYeHUS M W3MEPEHHs Tpodera aTOMOB OTaadu a3orta. [Ipume-
HUB K pe3yibTaTaM 00OHX HKCIIEPUMEHTOB 3aKOHBI COXPAHCHHS SHEPTHUH U UMITYITh-
ca, OH MpHUIIET K BBIBOJY, YTO OOHApPYKEHHOE HEUTPAIbHOE HU3IyYEHUE — ITO HE
raMma-u3aydeHre, a TOTOK YacTHUI[ C MacCoM, OJM3KOH K Macce MpoToHa. YeaBuk
MOoKa3ajl TakXKe, YTO M3BECTHBIC MCTOUHMKH TaMMa-U3Jy4eHHUs] HEe BBIOMBAIOT IIPOTO-
HOB.

TeM cambIM OBUIO MOJTBEPIKJICHO CYIIECTBOBAaHHWE HOBOM YacCTHUIIbI, KOTOPYIO
Teleph Ha3bIBAIOT HEUTPOHOM. PacriensieHne MeTauIM4ecKoro OSpHiids MPOUCXO-
JTAJIO CIICTYIOIIUM O00pa3oM:

3He+§ Be— 152(:+[1]H.

Anbda-gacTHIlbI *He (3apsn 2, MaccoBoe YHUCIIO 4) CTAIKUBAIUCh C SApPaMHU
oepmwusa (3apsn 4, MaccoBoe 4yuciio 9), B pe3ysibTaTe 4ero BO3HUKAIM YIJIEPOJ H
HEUTPOH.

OTKpbITHE HEUTPOHA SIBUJIOCH Ba)KHBIM IIaroM Brepen. Habmromaembie xapak-
TEPUCTUKU SJIep TENepb MOXKHO ObLIO MHTEPIPETUPOBATH, paCCMATPpUBAsi HEUTPOHBI
Y IIPOTOHBI KaK cocTaBHble yacTu saep. Ha puc. 4.4 cxemaTtnyecku rnokazaHa CTpyK-
Typa HECKOJIbKUX JIETKUX sIACP.
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Puc. 4.4. Cxema CTpYKTYypHbI IISTH JIETKUX sJIEP

Heiitpon, xak teneps u3BectHo, Ha 0,1% Tspkenee nportoHa. CBOOOAHBIE HEl-
TPOHBI (BHE sijpa) MPETEPHEBAOT PAJMOAKTUBHBIN pacmaj, mpeBpamiasch B MPOTOH U
ANEKTPOH. JTO HANIOMUHAET O MEPBOHAYAIBHOM THUIOTE3€ COCTABHOM HEWUTpaIbHOMN
yacTulibl. OJIHAKO BHYTPHU CTAOWIJIBHOTO $]Ipa HEUTPOHBI CBSI3aHBI C TPOTOHAMU U Ca-
MOIIPOU3BOJIBHO HE PACIaIatOTCA.

SAnepuas cBsa3b. [lepBoHavanbHoe npennonoxkenue [Ipayra o Tom, 4yTo BCE
aTOMHBIE MacChl JIOJDKHBI OBITh IIEJIBIMA KPAaTHBIMA MacChl aToMa BOJIOPOJia, OYCHb
OJIU3KO K UCTUHE, B YaCTHOCTHU, MPUMEHUTEIBHO K n30TonaMm. OTKIOHEHUs KpaliHe
MaJlibl, Bcerna He Oonee 1%, a B GonbmuHCTBE ciiydaeB He 6omee 0,1%. JeranpHoe
M3yYEHHE MacC M30TOMNOB JOBEJAECHO A0 BBICOYAWINIEW CTENEHU COBEPIICHCTBA: IO-
IPEIIHOCTh U3MEPEHHUS B HACTOSINEE BpeMs, KaKk MPAaBUIIO, HE MPEBBIIIAET HECKOIb-
KHX MAJUTHOHHBIX.

VY CTaHOBJIEHO, YTO YUCIO HEUTPOHOB MPUMEPHO COBMAAACT C YUCIOM IMPOTO-

HOB B aTOME, T.€.

N=A-Z=Z, EH%A.

B peiicTBuTENbHOCTH B 00JIe€ TKEIBIX S]IpaX MMEETCS HEKOTOPBIA M30BITOK
HEUTPOHOB. [1OCKOIBLKY HEUTPOH HE 3apSKEH, CUJIbI, yICP>KUBAIOIINE HEUTPOHBI U
MIPOTOHBI B SIZIPE, MO CBOEH MPUPOAE HE SBISIOTCSA JIEKTPOCTATUYECKUMU; KPOME TO-
ro, OJHOMMEHHBIE 3apsjbl OTTAIKUBAIOTCA.. TO 0OCTOATENHCTBO, UTO SApa OYCHD
TPYJITHO PacCIICNHTh, YKa3bIBAET HA CYIIECTBOBAHWE OOJBIIUX CUJI SAECPHOTO TPUTSI-
xeHus. HecMOTpsi Ha MajoCTh PacCTOSIHUM, TPAaBUTALMOHHOE MPUTSHKEHUE MEXIY
HYKJIOHAMH BCE )K€ CIUIIKOM CJ1a00, 4TOOBI 00€CTIeUnTh CTA0OMIBHOCTD SJIpa.

CornacHo DWHIITEHY, TIOJHASL SHEPTHS NU30JIUPOBAHHON CUCTEMBI COXPAHSIET-
cst, a Macca SBISIeTCs OHOM 13 dopM sneprum: E = mc®. UTo6bI pacIienuTh Takyio
CBSI3aHHYIO CUCTEMY, KaK SIAPO CTAOMJIBHOTO aTOMa, Ha COCTABJISIOIIUE €€ HEUTPOHBI
Y TIPOTOHBI, € HEOOXOAUMO COOOIIUTH SHEPTUI0. DTO O3HAYAET, YTO Macca HEUTpo-
HOB U NMPOTOHOB MPEBBIIIAET MACCY SApa Ha BETUYMHY

AM = ZMy + NMp-Mp 7,

rae My M, — macchel cBOOOIHOTO IPOTOHA M HEUTPOHA, a Ma 7z — Macca szpa ¢
3apsiioM Z W MAacCOBBIM YHUCJIOM A. DTa pa3HUlla MacC, BbIpaKEHHAs B €IUHHUIIAX
SHEPTUU, Ha3bIBaeTCs dHeprueit csizu. Koadduiment ais nepecyera Takos:

I'a.e.m. =931,14 M»B,

rne 1 MqB = 10° 5B. Takum o0Opa3om, 3Heprus cBsi3u Eg = A Mc? ecTb JHEP-
rHsi, He0OX0auMast JJIsl pacIlerICHUs Spa Ha OTAEIbHbIE HEUTPOHBI U TPOTOHBI.

Cpenusisi SHEPIUs CBSI3H, MPUXOIAIIASCS HA OJUH HYKJIOH, Eg/A, m10BOIBHO pe-
TYJIIPHO U3MEHSETCS C YBEIMUYEHUEM YHKciia HyKIOHOB B siape (puc. 3). Cambim Jier-
KHM SIPOM IIOCTIE TIPOTOHA SBIISIETCSL ASHTPOH “1H, paciiemenue KoToporo tpedyer
suepruu 2,2 MaB, T.e. 1,1 M»B Ha nykion. Anbda-dactura ,He cBszaHa ropasmo
CUJIBHEE, UEM €€ COCEIU: €€ DHEPrus CBA3U cocTaBisieT 28 MaB. YV saep ¢ MaccoBbIM
YUCJIOM, TIpeBbIIatomuM 20, CpeaHss SJHEPTUs CBS3H, IPUXOIAIIAACST HA HYKIIOH, OC-
TAE€TCA MOYTH MOCTOSIHHOM, paBHOW npumepHO 8 M»1B.
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10

Puc. 4.5. Cpennss sueprus cBs3u Ep/A,
MPUXOJAMIASCA HA OJUH HYKJIOH, 3aBUCUMOCTH OT
Yrclia HyKJIOHOB B s1ipe A.

DHeprus CBA3M AP HAa MHOTO MOPSIKOB BEJIMYHMHBI IPEBBIIIAECT SHEPTUIO CBSI-
31 BaJICHTHBIX 3JIEKTPOHOB B aTOME U aTOMOB B MoJiekyJie. YTOOBI yJanuTh U3 aToMa
BOJIOPOJIa €r0 €AMHCTBEHHBIN AJEKTPOH, JOCTATOUYHO 3Hepruu 13,5 3B; nnsa ynane-
HUS K€ BHYTPEHHHUX AJIEKTPOHOB B CBHUHIIE, CBSI3aHHBIX HaunbOosee MpoyHO, HEOOXO-
nuMma 3Heprus, paBHas 0,1 MaB. CnegoBaTenbHO, BCE sIEpHbBIE MPOLIECCHI CBSA3AHBI C
SHEPIrUsIMH, 3HAYMTENIBHO MPEBBIIAIOIIUMU T€, C KOTOPHIMA Mbl HUMEEM [I€JI0 B
OOBIYHBIX XUMUUECKUX PEAKIUSIX HJIM MPU OOBIUHBIX TEMIIEpATypax U JABICHUSX.

EctrecTBeHHasi paiuOaKTUBHOCTb. C SIBIICHUSI €CTECTBEHHON PaguOaKTUBHO-
CTH Hayvajach siaepHas ¢usuka. Anbda-, OeTa- U raMMa-U3Iy4eHHs, UCIyCKaeMble
YpPaHOM, UMEIOT SIAEPHOE MPOUCXOKICHHUE, TOrAa KaK ONTHYECKUE U PEHTI €HOBCKUE
CHEKTPbl COOTBETCTBYIOT 3JIEKTPOHHOM CTpPYKType atoma. AJjb(a-yacTUlbl OKa3a-
JUCh SipamMu renus. bera-4yacTuibl 0 CBOEMY 3apsiay U MAacCe UICHTUYHBI DJIEKTPO-
HaM 00O0JIOYKH aToMa, OJHAKO MX SJEPHOE MPOUCXOXKIECHUE ObLJIO YETKO MPOAEMOH-
CTPUPOBAHO M3MEHEHMEM 3apsia pacnaaarouierocs sapa. Kpome toro, sHeprus ram-
Ma-U31y4YEHHs] 3HAUUTEIBHO MPEBBIIIAET SHEPTUI0, KOTOPYIO MOTYT U3Iy4aTh 3JIEK-
TPOHBI U3 BHYTPEHHEH 000JIOUKH aTOMa, CJIeI0BATEeNIbHO, 3TO MPOHHUKAIOLIEE U3Tyde-
HUE UMEET ANEPHOE MPOUCXO0XKICHUE.

HekoTopsie BcTpeuaromuecss B MPUPOJIE IEMEHTHI ¢ OOJIBIIUM aTOMHBIM HO-
MepoM (ypaH, TOpUM, AKTUHUI ) UMEIOT PaJMOAKTHUBHBIE U30TOMbI, B PE3yJIbTaTe pac-
naja KOTOPbIX 00pa3yroTcs Apyrue paiuoakTUBHbIE U30TOMBI (TaKKUe, Kak pajauii), a B
KOHEYHOM WTOre CTa0WJIbHBIA CBUHEL. Bpems XKH3HU «POAMTENHCKOT0» M30TONa B
Ka)XJIOM CJydyae CPaBHMMO C BO3pPacTOM 3€MJIM, KOTOpBIM oueHuBaercs B 10 mup.
net. [Ipeanonaraercs, 4To B nepuoja 0Opa3oBaHUS 3eMJIM CYIIECTBOBAJIO OOJBILIOE
YUCJIO PAJIUOAKTUBHBIX BEILIECTB, OJHAKO KOPOTKOXKHBYILHME DJIEMEHTHI YK€ JTaBHO
NPEBPATWINCh B CTAOUJIbHBIE KOHEYHbIE MPOAYKThI. BO3MOXKHO, HEKOTOpPHIE U3 U30-
TOMNOB, KOTOPbIE HA3BIBAIOT «CTAOUIILHBIMIY, B ICUCTBUTENBHOCTH PACNaaloTCs, O/l
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HAKO MX NEPHOJBI pacnaja («BpeMEHa KU3HU») CTOJIb BEIMKH, YTO CYIIECTBYIOIIUMHU
METOJIaMH UX HE YJIae€TCs U3MEPUTb.

Baxxnast posib paiMOaKTUBHOCTH B (PU3UKE siipa CBA3aHA C TEM, YTO PaJHOaK-
THBHOE M3JTy4yeHHE HeceT MH(OPMAIIUIO O TUIAaX YaCTUIl U SHEPTeTUYECKUX YPOBHEM
anpa. Hampumep, ucnyckanue anbha-4acTHI] U3 siipa U OTHOCUTENbHAs yCTOWYU-
BOCTh 00pa3oBaHMs U3 ABYX MPOTOHOB M JBYX HEUTPOHOB KOCBEHHO YKa3bIBAeT Ha
BO3MOXHOCTh CYIIECTBOBaHUS alib(ha-yacTull BHYTPH siJipa.

Pa3nuune Mexay eCTeCTBEHHOM M MCKYCCTBEHHO HABEACHHOW PaJMOaKTHUBHO-
CTBIO HE OYEHb CYLIECTBEHHO ]ISl IOHMMAHHUSI CTPOCHHUS sApa, OJHAKO U3YUYEHUE €C-
TECTBEHHBIX PaJUOAKTUBHBIX PAJIOB MO3BOJWIO CAEJATh BAKHBIE BBIBOJBI OTHOCH-
TEJIbHO BO3pacTa 3€MJIM M UCIOJIb30BaTh TAKUE JIEMEHTHI B KAU€CTBE MCTOYHUKOB
OoMOapAMpyIOIMX YacTUL 33J0JIr0 A0 TOro, Kak ObUIM M300pETEHBbI YCKOPUTEIH
YacTHL.

HckyccrBennbie npespameHus sigep. ONbITE ¢ €CTECTBEHHO PAJIHOAKTHB-
HBIMH JIEMEHTAMM IIOKA3aJIM, YTO Ha CKOPOCTh PAJMOAKTUBHOI'O paclaia Helb3s 0-
BIUATh OOBIYHBIMH (PU3NYECKUMHU CPEICTBAMU: TEIUIOM, JaBJIEHUEM M T.N. Takum
o0Opa3oM, MOHaYally Ka3ajloCh, YTO HET KAaKOro-iuoo 3p¢GEKTUBHOIO METo/a uccie-
JIOBaHUS CTPYKTYPhI €CTECTBEHHO CTAOMIBbHBIX M30TOMNOB. OHako B 1919 Pezepdopa
OOHapyXWJ, 4TO SApa MOXKHO pACIIEIUIATh, OoMOapaupys UX anb(a-uacTULAMMU.
[lepBBIM pacLIEIVIEHHBIM 3JIEMEHTOM ObLT 30T, KOTOPHIN B BUJE ra3za 3aIlloJIHAJ Ka-
Mepy Buiibcona. Anbda-yacTuibl, HCITyCKaeMble TOPUEBBIM UCTOYHUKOM, CTaJIKHUBAa-
JIUCh C AapaMH a30Ta, MOMIOUIAINCh UMHU, B PE3YyIbTaTe YEro UCIMYCKAINCh ObICTphIE
npoToHsl. [Ipu 3TOM nporcxoamnna peakius

N+ He - o+lH

B pesynbraTe Takol peakuuu aToM a30Ta MPEBPAILACTCA B aTOM Kuciaopoaa. B
3TOM IPUMEPE SHEPIUM CBSI3U SJEP aHAJOTWYHBI TEIULY, KOTOPOE BBIAECISAETCS MpHU
XUMHUYECKON PEaKLMH, XOTs M 3HAYUTEIBHO MPEBBIIIAOT €ro. BrociaeacTsBuun anano-
TUYHbBIE PE3YNbTAThl ObUIM TIOTYUYEHbl 1 CO MHOTUMHM JIPYTUMH 3JeMeHTaMu. Mcnos-
3ysl pa3jIMYHbIE METOJIbI, MOXXHO M3MEPUTh PHEPTUU U YIJIbl BBUIETA MCIYyCKAEMbIX
3apSKEHHBIX YAaCTHIl, 4TO 00ECIEYUBAET MPOBEAECHUE KOJUYECTBEHHBIX dKCIIEPUMEH-
TOB.

CrnenymollluM IIaromM SIBUJIOCh OTKpbITHE, caenanHoe J[k. Kokpodrtom u .
Yonrornom B 1932. OHM yCTaHOBUIIM, YTO UCKYCCTBEHHO YCKOPEHHBIE ITyUYKU IIPOTO-
HOB ¢ ’Hepruei 120 k3B (T.e. 3HAUUTENHLHO MEHBIIEH, YeM y alib(a-4acTHI] B ONbITAX
Pesepdopra) ciocoOHBI BBI3bIBATh PACIICINIEHUE AaTOMOB JIMTHUS B MpOIlecce

JLi+] H - JHe+3 He.

JIBa sinpa renust (anb(a-4yacTUIBI) OJHOBPEMEHHO BBUIETAIOT B IPOTHUBOIIO-
JIO)KHBIE CTOPOHBI. [IprunHa, 110 KOTOPOU 3Ta peaKLUs MPOTEKAET IPU HUZKOM IHEP-
I'MH, 3aKJII0YaeTCs B IPOYHOM CBSI3M alib(pa-yacTull; npu J00aBI€HUU MPOTOHA K Mac-
ce siapa 'Li cooGIIaeTcs SHeprus, KoTopas OYTH PABHO3HAYHA MAacCaM ABYX alb(a-

yacTtull. OcranpHas 3Heprusi, Heo0XoauMasl JJis IPOTEKaHUsl PEeaKIMu, YepraeTcs U3
KHHETHUYECKOU dSHEPTUH 00MOApIUPYIOIIMX MTPOTOHOB.
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Bce u3BecTHBIE 3JIEMEHTHI M BCTPEUAIOIIUECS B IPUPOJIE U30TOIBI MOTYT OBIThH
«MCKYCCTBEHHBIM» IYTEM IPEBPAICHBI B COCEIHUE JIEMEHTHI. Bce 3TH HOBBIC H30-
TOITbI OKa3bIBAIOTCS PAIMOAKTUBHBIMU, OJIHAKO B Pe3yibTaTe MOCISAYIOIIETo pacma-
Jla OHM TpeBpaIlaloTcs B CTAOMIbHBIC M30TOMbI. bl MOTyYeHBl HOBBIE JIEMEHTHI,
BILTOTH JIO DJIEMEHTA C MOPSAIKOBBIM HOMepoM 103; Bce OHM OKa3aluCh PaguOaKTHB-
HBIMU C OTHOCHTEJIFHO KOPOTKUM IEPHUOJOM Mojiypacnaga. B Hacrosiee Bpems u3-
BecTHO cBhIme 1000 u30TOIOB.

8.2. Mogenu saigpa

JHepreTu4ecKkue ypoBHHM sijiep W siiepHble MoJeJIn. V3ydyeHne sAepHbIX pe-
aKIMi yOeIUTEeIbHO MPOAEMOHCTPUPOBAJIO CYIIECTBOBAHUE 3HEPreTHUYECKUX YPOB-
HeH sfep. DT ypOBHU IPEICTABIIOT OO0 COCTOSIHMS siipa C ONPEAEIEHHON dHEp-
rMeil, KOTOPbIM IPHUIMCAHBI ONPENEICHHbIE KBAaHTOBBIE YMCIA, KAK M DHEpreTuye-
CKMM YPOBHAM aroMa. I1o aHanorum ¢ ONTUYECKOW CHEKTPOCKOMMEN MCCIIETOBAHUE
U3JIy4ECHHM, UCITyCKAEMBIX SAPOM IPH NEPEXOAAX MEXKIY IHEPIE€TUUECKUMH YPOBHSI-
MU, Ha3bIBaeTCs siAEpHON criekTpockonuel. OHaKo, Kak MOXKHO BUAETh U3 puc. 4,11
paccTosiHUE MEXAYy SHEPreTHUEeCKHMMU YPOBHSMHU siI€p 3HAYUTENIbHO OOJblle, YeM
MEXY 3JEKTPOHHBIMHM YPOBHSIMH aTOMOB, a K SJIE€PHBIM H3Iy4YEHHUSM, KPOME JJICK-
TPOMAarHUTHOT'O, OTHOCSITCS TAKKE U3IIy4€HHUS 3JICKTPOHOB, IPOTOHOB, alib(ha-yacTHIL
Y YaCTHI] IPYTUX THUIIOB.

250
10B{d,p) 118
200
150
i'l 10B(d,p)1 1B 10g{d,p) 1B
100
50 198{(d,p) 18
14N(d,p}15N et ptic 14 15
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Pric. 4.6. CriekTp MpOTOHOB, BO3HMKarommX B peakiun ' B(d,p)*'B. Bemmunma Np —
YHCIIO TPOTOHOB, P — mMmynbe npoToHa. Caadble MMKU OTBEYAIOT IPUMECSM a30Ta, KPEMHHUS U

yriepoaa
O cylecTBOBaHUM Y siIpa NUCKPETHBIX YHEPreTUUYECKUX YPOBHEN CBUIECTENb-
CTBYET TO, UTO BO30Y>KJIEHUE SApa, NPUBOASIIEE K UCIYCKAHUIO U3TyYEHHUs], IPOUC-
XOJIUT JIUIIb MPU OMPENENIEHHbIX SHEPrUsX 00MOapIUPYIOMIMX YaCTHUIl, a TaKkKe TO,
YTO HHEPTUU MCITYCKAEMbIX YaCTHUIl COOTBETCTBYIOT MEPEXOAaM MEXKIYy ONpe/esieH-
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HBIMH YpOBHsIMH. Hampumep, MOXKHO M3MEpPUTH YHUCIO MPOTOHOB, 0Opa3yIOLINXCS
npu 6omOapapoBke 00pa-10 MOHOPHEPTETUUECKUMU JIEUTPOHAMU B pe3yibTaTe pe-
Ak

YB+fH 5 B4IH,

Y ONPENIETUTh UX UMITYJIbCHI IO OTKJIOHEHUIO B MArHUTHOM T10JIE. 3apEerucTpu-
POBaHHBIN CIEKTP MPOTOHOB U3 MUILIEHH, COJIEPKaIIeii OOp ¢ MpUMecsMU yriepoa,
a30Ta U KpEeMHUS, U MpeAcTaBieH Ha puc. 4.6. OcTpble, pe3Kue MUK SICHO TOKa3bl-
BAIOT, YTO 3HEPIUs SApa KBAHTYETCS OJOOHO SHEPTUU aTOMA.

Ha puc. 4.7 mpuBeacHa cxeMa SHEpPreTHYecKux yposHeil sapa 6op-11 (V'B),
mpUyYeM SHEpruM Bo30ykaeHus BoIpakeHbl B MaB. HepaBHoMepHOCTH pacmpenene-
HUS SIICPHBIX YHEPreTUUECKUX YPOBHEW, HE XapakTepHas Uil pacIlpelesIeHUsl aToM-
HBIX SHEPreTUYECKUX YPOBHEH, 00ycoBiieHa OoJiee MIIOTHOM yIakoBKOU anaep u 6o-
Jiee CWJIbHBIM B3aUMOJCHCTBHEM yacTull BHYTpHU siapa. C BO30YX JACHHBIX YPOBHEM,
OTBEYAIOLIUX AAPY 1B, ooMOapaupyemomy aeiTponamu c sueprueit 1,51 MaB, mo-
I'yT IPOUCXOAUTH NEPEXO0/Ibl Ha 000N U3 YPOBHEW, pacIOIOKEHHBIX HUXKE, COMpPO-
BOXKJIAeMBbIC HCITyCKaHMEM MPOTOHOB. ECiy Mociie nemyckaHus poToHa sapo B oc-
Taerca B BO30Y)KJIEHHOM COCTOSIHUM, OHO MOXET 3aTe€M paclajaTbCs, MEepexons B
HaWHU3IIEE, KOCHOBHOE» COCTOSHHUE C UCITYCKAaHUEM OJHOTO WJIM HECKOJIBKUX TaMMa-
KBaHTOB.

{10,49)

1,51
9,235

10E + 2H —1H
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— 4,46

|
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Puc. 4.7. YposHu suepruu sigpa 'B. Duep-
r'Hst BO30YXIEHUS siipa 1B BbIpa’keHa B M1B.
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B Hacrosimiee Bpemsi mocienoBaTeNbHOE U €AMHOE OOBICHEHHE MPUYHUH BO3-
HUKHOBEHHMSI DHEPTreTUUYECKUX YPOBHEH SiZIEp OTCYTCTBYET, HO €CTh Psii TEOPHii, MO-
3BOJIIIOIIMX OOBSICHUTH HEKOTOpHIE siBlieHUA. OfHA U3 HUX — «MOJIENIb 000JI0UEK»,
KOTOpasi, 3aMMCTBOBAB U3 aTOMHOM (hU3UKU TpesicTaBieHre 00 000JI0YeUHOM CTpoe-
HUU aToMa, IPUMEHUJIA €€ K aHalnu3y KOH(Urypaiuii HEUTPOHOB ¥ MPOTOHOB BHYTPH
aJpa.

B 1932 Jx. bapTierT 3aMeTui1, 4TO BCe CTAaOWIIBHBIC S7pa, PACIIOIOKCHHBIC
mexay “He u °0, oTHOCATCS K MOCITIEI0BATEIBHOCTH

‘He+n+p+n+p+..,

TOr/a Kak Mexkay O u *°Ar aHAOTHYHAs TOCIEIOBATEILHOCTD IPHOOPETaeT
BH/]I

YO+n+n+p+p+n+n+...

OH BbICKa3all MPENOJIOKEHHE, YTO 3TU MU3MEHEHHsI B TOCIEIOBATEIbHOCTU
OTpaXaroT MOPSIOK 3arO0JHEHUs 000JI0YeK HEUTPOHAMH U MpoToHaMH. [Ipunimn 3a-
npera [laynu neicTByeT B ciydae SIAEPHBIX YACTHUI] TOYHO TaK K€, KaK U B CIIydae
AJIEKTPOHOB, @ B MOJIEJIM 000JI0OUEK OH MPUBOIUT K TOMY, YTO Ha MEpPBON 000JI0UYKE
MOTYT HaXOJUTHCS TOJIBKO JIBa MPOTOHA U JIBa HEWTPOHA, HA BTOPOM — MO IIECTU
o0erx JacTuil (3aMoJiHeHa Y 16O) Y Ha TPEThEH MO JeCATH (3all0IHEHA Y 36Ar). Hanu-
Yye NEPUOIUYHOCTU B CTPYKTYpE SAJI€p NPOSABISETCA W JAJIbIIE, XOTS U C HEKOTOPBI-
MU OTCTYIUICHUSIMU. CyIIECTBOBAHUE OMPEAEICHHBIX «Marndueckux uucem» (2, 8, 20,
28, 50, 82 u 126) HEUTPOHOB U MPOTOHOB B sIPaX, KOTOPHIM COOTBETCTBYIOT IMUKH
KPUBOU DHEPTUM CBS3H, MOKHO OOBICHUThH Ha OCHOBE MOJIU(DPUIIMPOBAHHON MOJEIN
00o0si0ueKk (Ha3bIBa€MOM MOJENbI0 HE3aBUCHMBIX YaCTHIl), KOTOpas MO3BOJIAET Ipa-
BWJIBHO TMpEJCKa3blBaTh CHUHBI U MAarHUTHBIE MOMEHTHI siiep. Hampumep, criunbl
AJIep C 3al0JIHEHHBIMU 000JI0YKaMHU, KaK U IPEACKA3bIBAET 3TA MOJIEIb, PABHBI HYJIIO.
OpnHako, HECMOTpPSI HA MHOTHE JOCTOMHCTBA, MMEIOLIUECS BAPUAHTBI MOJIETU 000J10-
YeK BCE XK€ HE OOBSCHAIOT BCEX SACPHBIX SBJICHUHN, YTO HEYAMBUTEIHHO BBUIY
CJI0KHOM CTPYKTYpHI Apa.

CocTaBHOe SIp0 ¥ MO/IeJIb Kamiu. B 6osee TshKenbIxX sapax ynucio HyKJIOHOB
HACTOJIbKO BEJIMKO, YTO MHOTHE HaOJt0/[aeMble 3aKOHOMEPHOCTU TOBEICHUS ITHUX
s/iep Jydllle BCEro. BOCIPOU3BOJATCS MOJEIBI0 KalUld. DTy MOJENb NPEIJIOKUI B
1936 H. bop, 4T00bI 00BICHUTH OOJBIITNE BPEMEHA KM3HU BO30YXKACHHBIX siiep, 00-
pa3yIoIIMXCcs TPHU 3aXBaTe MEJIEHHBIX HEUTPOHOB. (B gaHHOM ciydae moJi BpeMeHeM
KU3HU TIOHMMAETCS BpeMsl ¢ MOMEHTa BO3OYXKIEHHUS siipa O MOMEHTAa MOTepU UM
SHEPruM BO30YKJICHUS B pe3yJibTaTe UCITYyCKaHUs U3Ty4yeHus.) BpemeHa xu3Hu oxa-
3aJIMCh B MUJUIMOH pa3 00JIbIIe BpEMEHU, HEOOXOAUMOT0 HEUTPOHY, YTOOBI MEepeceyb
sapo (107 ¢). DTo CBHACTENBCTBYET O TOM, YTO BO3OYKICHHOE SAPO HPEACTABIISICT
c000I HEKYIO CUCTEMY («COCTaBHOE SIIPO»), BpEMsl CYIIIECTBOBaHUS KOTOPOH HAMHO-
ro 0oJibllle BpeMEHU ee 00pa30BaHMUS.

Bop BbICKa3an mpeanonokeHue, YTo s/iepHasi peakius NpOTEeKaeT B JIBE CTa-
nuu. Ha mepBoli magaromasi 4acTuila BXOJAUT B SIIPO-MUIIEHB, 00pa3ysl «COCTaBHOE
SAIpO», TJ€ B MHOTOYHUCJIIEHHBIX CTOJIKHOBEHUSIX TEpSET CBOI MEPBOHAYAIBHYIO
DHEPIUIO, PaCIpPEALIIsIsa €€ CPeIn APYTMX HYKJIOHOB sapa. B pesynprare HU y OJTHOU
M3 YacTHUIl HE OKa3bIBAETCA PHEPruu, HEOOXOAUMOM sl BbUIETa U3 siapa. Bropas
CTaaMsi, paclaj COCTABHOIO s/Ipa, MPOHUCXOAMUT CIYCTS HEKOTOpPOE BpeEMs, KOIJAa
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SHEPrusl CIy4yalHO CKOHIEHTPUPYETCS HA OJHOW M3 YACTHUI] WIM MOTEPSETCS B BUJEC
ramMMma-u3iaydeHusi. C4uTaercs, YTo BTOpas CTaJvs HE 3aBUCHUT OT JIETAJIEH MEXaHU3-
Ma 00pa3oBaHMs COCTaBHOro sipa. Buj pacmana ompenensercs JUilb UTPOM BO3-
MOHBIX BapHaHTOB.

B kauecTBe mpoCTOM aHAJIOTMK 3TOM KapTUHE ANECPHOM peakiuu bop npemino-
KHUJI pACCMOTPETh MOBEACHUE Karuik. Mexay MOJEKyJIaMy TaKOW Karliu AEHCTBYIOT
CUJIbI, CBSI3BIBAIOIIME UX JIPYT C APYTOM U NPEMSATCTBYIOUIME MCIAPEHUIO, IOKAa HE
OyneT moaBeeHO Terio u3BHE. [losBiIeHNE eiie OAHOW MOJIEKYIIbI, 001 aromei 10-
MOJIHUTENbHON KHHETUYECKON YHEPTUEH, IPUBOJIUT B PE3YJIBTATE €€ CTATUCTUYECKO-
ro nepepacnpeiesieHus K YBEIUUEHUIO TEMIIEPaTyphl KAk Kak uenoro. Cnycrd He-
KOTOpPOE BpeMsl CiTydaiiHasi KOHIIEHTPALKs SHEPTUU HA KaKOW-TMOO MOJIEKYJE MOXKET
MPUBECTHU K ee ucnapenuto. Teopus bopa Obl1a neTanbHO pazpaboTaHa W MO3BOJIUIIA
MOCTPOUTH MOCJIEIOBATEIIbHYIO KapTUHY Pa3HOOOPA3HBIX SJIEPHBIX PEAKIUi, B TOM
YUCJIE PEAKUUNA MO JICUCTBUEM HEUTPOHOB M 3aPSKEHHBIX YACTHUI] POMEKYTOUHBIX
sHepruii (BioTh A0 100 M»B). Tlone3npiMu OKa3anuch BBEJICHHBIE MO aHAJIOTHH T10-
HATHS SIACPHOW TEMIEpaTyphl, YAECIbHON TEINIOEMKOCTH M UcnapeHus yactuu. Ha-
MIpUMEp, YTIJIOBOE PACIHpPEIEICHUE «UCIIAPUBIIMXCSI» YaCTHUI[ OKA3aJlOCh HE 3aBUCS-
MM OT HaIlpaBJICHHS NAJArOIIECd 4YacTUIIbl, T.€. U30TPOIHBIM, TTOCKOIbKY BCSl MH-
dbopmaliisi 0 EpBOHAYATLHOM HAIIPaBJICHUU TEPSETCS HAa CTAJlUU CYIICCTBOBAHUS
COCTaBHOTO Spa.

KanenbHast Moziens okazanach OCOOEHHO IIEHHOW MpU OOBSICHEHUU SIBJICHUS
NEeNeHus Anep, Koraa i pas3Bajia sapa ypaHa Ha JBE NMPUMEPHO PABHBIE YACTH C
OOJIBIIIUM BBIJICJIEHUEM SHEPIUU JI0CTATOYHO TOTJIOUIEHUS] OJHOTO MEJICHHOTO HEeM-
TPOHA. DJIEKTPOCTATHYECKOE OTTAIKMBAHUE ITPOTOHOB BBI3BIBAET HEKOTOPYIO HECTA-
OWJIBHOCTB si/Ipa, KOTOpasi OOBIYHO MEPEKPHIBACTCS 3a CUET SAEPHBIX CUJI, 0OecCTieyu-
BAIOIIMX 3HEPruto cBA3U. Ho npu MOBBILIEHUN SAEPHON TeMIepaTypbl ChepruuecKoi
«KaruIm» B HEM MOTYT BO3HHKHYTH KOJIeOaHUs, B pe3yJbTaTe KOTOPBIX Karuis aedop-
mupyetcs B amuncousi. Eciau nedopmarus siapa OyaeT npoaonKaThesi, TO dIEKTPO-
CTaTUYECKOE OTTAJIKMBAHUE JIBYX €r0 IMOJIOKHUTEIIBHO 3apPSKEHHBIX MOJOBUH MOKET
B0300J1a/1aTh, ¥ TOTJa TIPOM30UIET €T JICJICHHUE.

Pa3meps! u popma siapa. Briepssie pa3mepsl sipa npaBuibHO oueHun Pesep-
dop1, KCTIONB30BaB IIJIsl TOM e paccesiHue anb(da-dactuil. Ero nmepBeie sKcniepu-
MEHTBI TTOKA3/TH, YTO Pa3Mepsl 3apsKEHHON dacTH siapa — mopsiaka 10 M=10 du
(®epmu). bosee mo3zaHue U 0osiee TOYHBIE AKCIEPUMEHTHI MO3BOJIMIN YCTAHOBUTH,
YTO paguyc siapa NpUOIU3UTENBHO MPONOPIUOHAIICH A" u, crenoBatenbHo, MWIOT-
HOCTb SJICPHOTO BellecTBa mouyTu nocrosinHa. (OHa kosnoccanbHa: 100 000 T/MM3.)

C OTKpBITHEM HEHTpPOHA CTajl0 SCHO, YTO OH MPEICTaBIsieT cOOOM MieanbHOE
CPEACTBO UCCIEAOBAHUS SAPA, MOCKOJBKY HEHTpaIbHbIE YaCTHIII, MPOXO/Isl Ha 3Ha-
YUTEILHOM YJIaJICHUH OT sJIpa, HE UCTIBITHIBAIOT OTKJIOHEHUS MOJI ICHCTBUEM 3apsiia
anpa. JpyruMu cioBaMH, HEUTPOH CTAJIKUBAETCS C SJIPOM, €CJIU PACCTOSIHUE MEXKY
UX LIEHTPaMU OKa3bIBAETCS MEHBILIE CYMMBI UX PaJNyCOB, a B MPOTUBHOM CIIy4ae HE
OTKJIOHSIeTCSI. ONBITHI M0 PACCESHUIO MTyYKa HEUTPOHOB MOKA3AIM, YTO PAUYC sAlIpa
(B mpeanonoxeHnu chepuieckoit Gopmbl) paBeH:

R = r,AS,

rae
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ro=1,4*10" m=1,4 dm*

Takum o6pazom, paauyc sapa ypana-238 paBeH 8,5 ®wm. [lomyuenHnoe 3Haue-
HUE COOTBETCTBYET PANNYCY NEUCTBUA SECPHBIX CUJI; OHO XAapaKTEPU3YET PacCTOsI-
HUE OT LIEHTpa Spa, Ha KOTOPOM BHEIIHWNM HEHUTpaJIbHbI HYKJIIOH HAYMHAET BHEP-
BbIE «OILLYIIaTh» €ro Bo3aeucTBUEe. Takas BeIWYMHA paauyca sapa CpaBHUMA C pac-
CTOSIHUEM OT IIEHTpa sifiep, Ha KOTOPOM MPOUCXOJUT paccesHue aiab(ha-yacTull u
IPOTOHOB.

Paccessinue anbda-yacTHil, MPOTOHOB M HEUTPOHOB Ha SApax OOYCIOBICHO
NEUCTBUEM SIIEPHBIX CHII, CIEAOBATEIbHO, TAKHE M3MEPEHHS PAaTUyCOB SJI€p AAOT
OLICHKY paJuyca JICUCTBUS SIAEPHBIX CUJl. B3auMoaencTBre Ke 3IEKTPOHOB C sIApamMu
[IOYTH TOJHOCTBIO OIpEAENsIeTCs AIEeKTpuueckuMu cuiaMu. [losTomy paccesHue
AJIEKTPOHOB MOKHO MCHOJB30BaTh JUIsl U3yyeHus (OpMbl pacnpeeieHus 3apsaa B
Anpe. DKCIIEPUMEHTBI C JJIEKTPOHAMU OYEHb BBICOKHMX JHEPIUM, MPOBEICHHBIE P.
Xogcrenrepom B CTaHPOPACKOM YHUBEPCHUTETE, JAlIH ACTAJbHYI0O HH(POPMALUIO O
pacupeeseHuu MOJIOKUTENBHOTO 3apsiaa 1o paguycy saapa. Ha puc. 6 npeacrasieHo
YTJIOBOE PACIPEACIICHUE PACCESHHBIX SIpaMH 30J10Ta AJIEKTPOHOB ¢ 3Hepruei 154
M>b>B. BepxHss KpuBas XapakTE€pU3yeT YIVIOBOE DPACHPEAEICHUE, PACCUUTAHHOE B
IIPEAIIOJIOKEHNUH, YTO TOJIOKUTENBHBIN 3apsi] CKOHLIEHTPUPOBAH B TOUYKE; OYEBU/HO,
YTO JKCIIEPUMEHTAJIBHBIE JTaHHBIE 3TOMY IPEIIIOJIONKEHUIO HE COOTBETCTBYIOT. [ 0-
pazzo Jydlee COoriache JOCTUIaeTCs B IPEIIIOIOKEHNN O PABHOMEPHOM pacIipesie-
JIEHUU TIPOTOHOB MO 00beMY sifipa (HYOKHSSA KpuBasi). OQHAKO «paauyc 3apsjia» oKa-
3bIBaeTCA MpuMepHO Ha 20% MeHbIle paanyca «SIAEPHBIX CHUID), IIOJyYEHHOTO Ha OC-
HOBE JIaHHBIX TI0 PACCESHUIO HEUTPOHOB.. DTO MOXKET O3HAYaTh, YTO pACHpPEEICHUE

MIPOTOHOB B SIJIPE OTJIUYACTCS OT PaCIpeleIeHUs HEUTPOHOB.
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Vron paccesHus

Puc. 4.8. YriioBoe pacripeneicHue s
paccestHusl JJIEKTPOHOB ¢ dHeprued 154 M»oB
Ha sApax 30i0Ta. N — YHCIO PacCEesHHBIX
AJIEKTPOHOB; 1 — paccesHHe Ha TOYEUYHOM 3a-
psne, 2 — paccesHHE Ha PaBHOMEPHO paclipe-
JEJICHHOM 3apsizie.

311 dm=1 Depmu=10"m.



108
8.3. AApepHble cunbl

Manplii paanyc HEUCTBUS SIACPHBIX CUJI BIEPBbIE OTUETIMBO OOHAPYKHUIICS
y)Ke B ONbITax Mo paccessHuto Pesepdopna. Anbda-dactuiipl, TpruOIMKaBIIUECS K
neHTpy sapa 10 10 M, MCIbITEIBATN NeiiCTBHE CUUI, 3HAK M BETHYHHA KOTOPBIX OT-
JUYAIIUCh OT OOBIYHOTO AJIEKTPOCTATUYECKOTO OTTaNIKMBaHuA. bosee nmo3nHue skcme-
PUMEHTHI C IPUMEHEHHEM HEHUTPOHOB IMOKa3aJId, YTO MEX]Yy BCEMU HYKJIOHAMU CY-
HIECTBYIOT OOJIBIINE KOPOTKOJEHUCTBYIOIINE CHIIBI. DTH CHJIbl OTIUYHBI OT XOPOLIO
M3BECTHBIX AJIEKTPOCTATUYECKUX M T'PABUTALIMOHHBIX CHJI, HE MCYE3AIOIINX JAKE Ha
OUYEHb OOJIBIIUX PACCTOSAHMSX. SIIepHBIE CUIIBI ABIISIIOTCS CHUJIAMU MPUTSKEHUS, YTO
npsIMO clieAyeT U3 (akTa CyIIECTBOBAHHS YCTOMUMBBIX sII€p, BOMPEKU 3JIEKTPOCTa-
TUYECKOMY OTTAJKMBAHHMIO HAXOASIIMXCA B HUX MPOTOHOB. SJEpHBIE CUIIBI MEXKIY
000 Tapoil HyKJIOHOB (HEMTPOHOB U MIPOTOHOB) — OJIHU U TE K€; ITO MOKA3bIBAET
CPaBHEHUE SHEPIeTUYECKUX YPOBHEM «3EPKAJIBHBIX SIE€P», OTIAMYAIOLIUXCS APYT OT
Apyra TeM, YTO B HUX MPOTOHBI 3aMEHEHbl HEHTpoHaMH U HaobopoT. B mpenenax
CBOETO pajuyca JCHCTBUS SACPHBIE CUJIbI JOCTUTAIOT OYEHB OOJBIION BEIMYUHBI.
DJIEKTpOCTaTUYECKasi MOTEHUUAJIbHAS SHEPrusi JIBYX MNPOTOHOB, HAXOIAIIUXCA Ha
paccrostrnn 1,5 10 M apyr ot apyra, cocraBisier Beero suus 1| MaB, uto B 40 pas
MEHBIIIE SACPHON MOTEHUUATbHON 3HEPTuu. SnepHble CUIbl Takke OOHApYKMBAIOT
HAaCBIIIEHNE, MOCKOJIbKY JaHHBIA HYKJIOH B COCTOSIHUM B3aWMOJICHCTBOBATH JIUIIb C
OrpaHUYECHHBIM YUCJIOM JIPYTUX HYKJIOHOB. OTCIOfa OBICTPBIN MEPBOHAYAIBHBIN POCT
(c yBenuueHueM A) cpeHel SHEPTruu CBSI3U, NPUXOAAIICICS HAa OJUH HYKJIOH (puC.
3), 1 OTHOCUTEIBHOE MOCTOSIHCTBO ATOW 3HEPruu B nanpHenmeM. (Eciau Ob1 kaxkablii
HYKJIOH B3aUMOJIEMCTBOBAJI CO BCEMH HYKJIOHAMH B JIp€, TO SHEPIUs CBS3U, MPUXO-
JSIIIASICS HA OJTUH HYKJIOH, BCE BPEMst POCIIa ObI MPOITOPITUOHAIBHO A.)

Iloxka umo nem yooei1emeopumenbHoil meopuu A0EPHHLIX CUl, U NpodiieMa
MHTEHCUBHO M3YYaeTCsl HKCIIEPUMEHTAIbHO U TeopeThdecku. OTHAKO MHOTHE UIEH,
JeKalle B OCHOBE «ME30HHOW TEOPUM SAJIEPHBIX CHID»Y, OIMyOsHMKoBaHHOUM B 1935 X.
KOxaBoii, okazaimch B COTJIaCHM C dKCIIepUMEHTaIbHbIMU (akTamu. FOkaBa BbIIBU-
HYJI TUIIOTE3Y, YTO MPUTSKEHUE, YIEPKUBAOLIEE HYKIOHBI BHYTPH Sipa, BO3HUKAET
Oyaroiapsi HAIMYUIO «KBAHTOB» HEKOETO TOJIsI, aHAJOTHYHBIX (POTOHAM (CBETOBBIM
KBaHTaM) 3JIEKTPOMATrHUTHOTO MOJISI U 00ECIeUnBAOIIMX B3aUMOJEHCTBUE ICKTPH-
YECKUX 3apsAoB. M3 KBAaHTOBOM TEOPHM MOJS CIEAYET, YTO PAAUYC NEUCTBUS CUIIbI
00paTHO IPOIOPIIMOHATIEH MAacCe COOTBETCTBYIOLIEIO KBAHTA; B Cllydae 3JIEKTpoMar-
HUTHOTO MOJsl Macca KBAaHTOB — (JOTOHOB — paBHA HYJIO, U paguyc ACHCTBUS CHUI
O0eckoHeueH. Macca Keanmoe sa0epno2o nona (HA36aHHBIX «ME30HAMU»), BHIUUC-
JIEHHAsl TI0 AKCIIEPUMEHTAIIbHO U3MEPEHHOMY PaJInyCy AEHCTBUA SEPHBIX CHJI, OKa-
3aiack mpumMepHo B 200 pa3 0oJibIlie MacChl AJIEKTPOHA.

[Tonoxxenue Teopun FOkaBwl ynmpounsiock nocie toro, kak K. Augepcon u C.
Hennepmeiiep otkpoeuin B 1936 HOBY1O yacTuily ¢ maccoil mpumepHo 200 31eKTpoH-
HBIX MacC (HbIHE MMEHYEMYI0 MIOOHOM), KOTOPYIO OHU OOHApYXHJIM C MOMOUIbIO
kamepbl Bunbcona B kocmuueckux Jiydax. (B 1932 AHOepcoH OTKpBUI «IIO3UTPOHY,
MIOJIOKUTENBHBIN 3JIEKTPOH.) BHauae ka3anoch, 4TO KBaHTHI SJIEPHBIX CHUJI HAWJEHBI,
OJIHAKO TIPOBEICHHBIC 3aT€M IKCIIEPUMEHTHI OOHAPYXWIH 00ECKypaKuBaroriee 00-
CTOSITENIBCTBO: «KJIFOY K S/IEPHBIM CHJIAM» HE B3aMMOJEHCTBYET ¢ Anpamu! Ota 3amy-
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TaHHAs CUTYAIUs MPOSCHIIACH JIIIb [OCTIE TOro, Kak B 1947 C. IMaysmr’” oGHapy-
KW YaCTHUILy C MOAXOSAIICH Maccoi, KoTopasi B3auMOJICHCTBYET C siApamMu. JTa yac-
Tula (Ha3BaHHAs MA-ME30HOM, WM MTUOHOM) OKa3ajiach HECTaOMJIBHON M CaMOTpO-
M3BOJIBHO pacrajaiach, IpeBpamiasch B MIOOH. [I1-Me30H MOAXOAU HA POJIb YaCTH-
el FOKaBbl, 1 ero cBoicTBa ObUIM BO BCEX JAETANAX M3Yy4eHbl (U3UKAMU, UCIIOJIB30-
BaBIITUMHU JIJIS TUX IEeJIeH KOCMHYECKHE JIyYH U COBPEMEHHBIC YCKOPUTEIIH.

XOTs cyliecTBOBaHUE MU-ME30HOB U 000JIpHIJIO CTOPOHHUKOB Teopun FOKaBbl,
HA €€ OCHOBE OKa3aJoCh BECbMa TPYJIHO MPABUIIBHO IMPEACKa3aTh TaKue JCTaTbHBIC
CBOMCTBa SIICPHBIX CHJI, KaK WX HACBIIMICHUE, SHEPTHH CBS3M M DHEPTUU SICPHBIX
ypoBHEW. TpyaHOCTH MaTeMaTHYECKOrOo XapakTepa HE TMO3BOJMIA TOYHO YCTAaHO-
BUTH, YTO UMEHHO TpeacKa3biBaeT 3Ta Teopusi. Cutyanus emle 0ojee yCI0KHUIACh
MIOCJIE OTKPBITHSI HOBBIX THIIOB ME30HOB, KOTOPBIC, KaK CUNTACTCS, UMCIOT OTHOIIIE-
HUE K SICPHBIM CHJIaM

8.4. TexHU4YecKoe nNnpuMeHeHne AAepHbIX peakumn

YnpaBIisieMblil TEPMOSIICPHBIN CHHTE3 HCIIOJIB3YeT CIETYIOIINE PEaKIiH,
uayime npu Temmeparypax 107 — 10°K:
d+d—>°He+n, d+d->t+p; d+t=>'He+n.

[Tocnenusass ux 0003HAYEHHBIX pEaKIUN HIAET C BBIJACICHHEM 3Hepruu 17,6
M>»B. Cuntes renust u3 Bojaopojaa npoucxoaut Ha CoiHile, obecrieunBas dHEpPTrUeit
Haie cBeTwi0. [lomo0HbIe peakiuu UCTIOIB3YIOTCSA U B BOAOPOIHON O0MOE, B KOTO-
poit TpeObyemasi BbICOKasl TeMIIEpaTypa CO3/1aeTcs 3a CUET B3pPhIBa «3arajiay - aTOM-
HOM OOMOBEL.

YPAH (nat. Uranium), U (uutaercs «ypan»), paAHMOaKTUBHBI XUMHUYECKHM
AJIEMEHT ¢ aTOMHBIM HOMepoM 92, atomHast macca 238,0289. Axkrunoua. [Ipupoanslii
ypaH COCTOHT M3 cMecH Tpex n3otomnos: 238U, 99,2739%, ¢ mepHooM moiypacnaia
T, = 4,51-109 ner, 235U, 0,7024%, c nepuosom nonypacnana 7T, = 7,13-108 ner,
2%34U, 0,0057%, ¢ neprooM nonypacnana Ty, = 2,45-109 ner. 238U (ypan-1, Ul) u
235U (axtunoypan, AcU) ABIAIOTCS POJOHAYATBLHUKAMU PaJHOaKTUBHBIX PanoB. U3
11 MCKyCCTBEHHO MOJYYEHHBIX PAJUOHYKIHUJIOB C MAacCOBbIMU yuciamu 227-240
nonroxusymmit 233U (71/2 = 1,62-1095eT), oH moTydaeTcsl PH HEHTPOHHOM 00ITy-
YEHUU TOPUS.

B ypaHoBoii rpyrme umeetcs Tpu AeaSImuXcs nzotona: “*°U,*Pu u U .

“*U mosyJaercs pa3eIieHUeM U30TOMOB, “PPu - B peakTopax, B KOTOPbIX
HCXOIHBIM ChIphEM SIBIIICTCS “*U !

()
g, Uy, B (235mun)

l

%2 Cecuun Maysmnn (Powell) (1903-69), anrnuiickuii pusuk, naoctpanusiii unen AH CCCP (1958). Paspa-
0otan MeTon saepHbIX hoTorpadudeckux amynbeuid. OTKpbul (1947) mu-Me30HbI B KOCMHUYECKHX JTydaX.

OnuH U3 MHUITMATOPOB CO3MaHM EBpomneiickoro IeHTpa SIepHbIX UcciienoBannii. HoGeneBckas nmpemus
(1950). 3omnoTast menans um. Jlomonocoa AH CCCP (1968).
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Kpome peakiuii ¢ yuactueM ypana, CyIecTBYET €Ille TPpYIINa sIepHBIX peak-

IIUI C y4aCTUEM TOPUS:
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COKpaIHGHHaH CXCMa BBITTIAJUT TaK:
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22Th 4+ N> Th>—>*Pa—>—>2U nm

B B
238U + n_)239U _)239 Np_)239 Pu ]
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Puc. 4.9. ATomMHast 3JI€KTPOCTAHIIMS B pa3pe3e

9. dnemeHTapHble YacTULbI>

[To-Buammomy, elie HEeJaBHO MOXKHO OBLIO MOAyMaTh, YTO COCTAaB MaTepUu
HEBeposTHO TpocT. Best Bumumas marepusi Bo Beenennoit — Ha 3emMiie U B KOCMOCE —
COCTOUT U3 (HyHIAMEHTAIBHBIX YACTHUI[ TPEX Pa3HBIX BUJOB: AJIEKTPOHOB U JIBYX TH-
OB KBapKOB.

OTH TpU YacTHIBl (KaK W APYTHE OMHMCHIBAEMbIC HI)KE) B3aMMHO TPUTATHBA-
IOTCSl U OTTAJIKUBAKOTCA COOTBETCTBEHHO CBOUM 3apsiddm, KOTOPBIX BCEro YETHIPE
BUJIa IO YUCITY (YHAAMEHTAIbHBIX CHJI HNPUPOABL. 3apsibl MOKHO PACIOIOKUTH B
MOPSIIKE YMEHBIIEHUSI COOTBETCTBYIOIIMX CHJI CIIEIYIOIIUM 00pa3oM: IBETOBOM 3a-
psan (CWIBL B3aMMOJCHCTBUSI MEXKIY KBapKaMHM); dJCKTPUUSCKUHN 3apsiy (dJIeKTpuue-
CKHME€ U MArHUTHbBIE CUJIbI); CJIa0bIi 3aps]l (CHJIbI B HEKOTOPBIX PAIUOAKTUBHBIX MPO-
1eccax); HakoHel, Macca (CUJIbl TATOTEHUS, WM TPABUTAIMOHHOTO B3aMMOJEHCT-
Bust). CJI0BO «IIBET» 3/71€Ch HE UMEET HHUEro OOIIEro ¢ 1BETOM BHAMMOTO CBETa; ATO
MPOCTO XapaKTEPUCTHKA CHIIBHOTO 3aps/ia U CaMbIX OOJIBIITUX CHIL.

3apsaabl coxpaHAaomcsl, T.€. 3apsl, BXOASAIIMN B CUCTEMY, PaBEH 3apsay, U3 Hee
BBIXOZAIIEMY. ECiM CyMMapHbIM 3JIEKTPUYECKAN 3aps] HEKOTOPOrO YMCla YaCTHIL]
710 UX B3aUMOJICHCTBHS PaBEH, CKaxkeM, 342 eIMHUIIaM, TO OH U TIOCJI€ B3aUMOJEHCT-

% JIMTEPATYPA: Ham6y E. Kapku: Ha nepeiHeM Kpae (U3UKH 3JeMEHTapHbIX dacTuil. M., 1984,
Okynb JLB. afy... Z (snemenmapnoe ssedenue 6 pusuxy snemenmapnvix yacmuy). M., 1985
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BUS HE3aBUCUMO OT €ro pe3yibrara OyaeT paBeH 342 equHuIaM. TO OTHOCUTCS U K
JIPYTUM 3apsijiaM: IIBETOBOMY (3apsily CUJIBHOTO B3aUMOJICHCTBHS), ClIaOOMY U Mac-
coBoMy (Macce). YacTuilbl pas3iMyaroTCs CBOMMH 3apsjiaMH: B CYIIHOCTH, OHH H
«ECThb» ATHU 3apsibl. 3apsJibl — ATO KaK Obl «CIIpaBKay O MpaBe OTBEYATh Ha COOTBET-
CTBYIOIIYIO CUJy. Tak, TOJBKO Ha IBETHBIC YACTHUIbI JEHWCTBYIOT I[BETOBBIC CHJIBI,
TOJIBKO Ha AJICKTPUYECKHU 3apSKCHHBIC YaCTHUIIbI IEMCTBYIOT JICKTPUUECKUE CUJIBI U
T.71. CBOMCTBa YaCTHUIIBI ONPEICIAIOTCS HauOObIeH CUIION, MEeHCTBYIOIIEH Ha Hee.
ToNBKO KBAPKHU SBISIOTCS HOCUTEIISIMU BCEX 3aPSIOB U, CIEAOBATEIIBHO, MOABEPKE-
HBI JICUCTBUIO BCEX CHUJI, CPEIM KOTOPBIX JIOMUHHUPYIOIICH SBIISIETCS I[BETOBAsI. DJICK-
TPOHBI UMEIOT BCE 3apsi/ibl, KPOME LIBETOBOTO, a JOMUHUPYIOIIECH NJI1 HUX SBJISCTCSA
3JIEKTPOMArHUTHAsl CHUIIA.

Hauobonee ycmouniuuevimu 6 npupooe 0Kazvlearomcsa, KakKk npasuno, Helii-
mpanvHbvle KOMOUHAYUU Yacmuy, B KOTOPBIX 3apsj 4aCTUI] OJJHOTO 3HAKA KOMIICH-
CHUpYETCSl CyMMapHBbIM 3apsi/IOM YacTHI[ JIPyroro 3HaKa. JTO OTBEYAET MHUHUMYMY
sHepruu Bcer cucteMbl. (TOYHO Tak e JIBa CTEP)KHEBBIX MarHWTa PacIoJiararoTcs B
JIUHUIO, TIPUYEM CEBEPHBIH IMOJIIOC OJTHOTO M3 HUX 00pallleH K F0KHOMY TOJIIOCY JPY-
roro, YTO COOTBETCTBYET MHUHMMYMY SHEPTMM MAarHMTHOTO TOJis.) ['paBuTanus xe
SIBJISIETCSl UCKJIFOYEHUEM M3 3TOTO MpaBUJIA: OTPUIATEIBHON MacChl HE CYIIECTBYET.
Her ten, koTopsie majgaiu Obl BBEPX.

CrnemyeT OroBOpUTHCS, YTO pedb HE HUJIET 00 SKBHBAJICHTHOM Macce KBa3uya-
CTHIl B TBEPABIX TEJIaX, KOTOPast MOKET ObITh OTPULIATCIIBHOU (ISl IBIPKU) U, TAKUM
o0pa3oM, «IajaTh» BBEPX.

9.1. UcTopua n kpaTtkum o630p

DJieMEeHTapHbIE YaCTHUIIBI — B TOYHOM 3HAUYEHHUH HTOTO CJI0BA — MEPBUYHbBIC, HE-
Pa3JI0AKUMBbIE YACTHULIBI, U3 KOTOPBIX, MO MPEANOI0KEHUIO, COCTOUT BCA MaTEpUsi. ITO
«IEepBOOOPaA3HBIC CYITHOCTHY, ONPEICIISIIONINE BCe HAOII0aeMble CBONCTBA MaTEpH-
aJIbHOTO MHUpa, UAEs, 3apOJAUBIIASACS HA PAaHHUX ATarax pa3BUTHUSI €CTECTBO3HAHUS U
BCET/1a UTPaBIlasi BAXKHYIO POJIb B €r0 PA3BUTHH.

[TonsiTue aneMeHTapHON YacTUIlbl CHOPMUPOBATIOCH B TECHOM CBSI3M C yCTa-
HOBJICHHEM JIUCKPETHOCTU XapaKTepa CTPOEHUS BEIIECTBA HA MHKPOCKOMAYECKOM
ypoBHe. OOHapyxeHue Ha pyoexe 19-20 BB. MeIpb4YalIIUX HOCUTEJCH CBOWCTB Be-
IIECTBA — MOJIEKYJI U aTOMOB — U YCTAHOBJIEHUE TOTO (paKTa, YTO MOJEKYJIBI COCTOSIT
M3 aTOMOB, MO3BOJIMJIO BIIEPBBIE ONMUCATh BCE HAOJIOAAeMble CBOICTBA BEIIECTBA.
OTKpBITHE COCTABHBIX YacTEH caMHX aTOMOB U SJIep MO3BOJIMIIO YMEHBIIUTh YHUCIIO
«MEPBOYACTHUID JI0 3: JEKTPOH, IPOTOH U HEUTPOH. 3aTeM K HUM A00aBuics u ¢o-
TOH.

BrnocnenctBun y0enunuch B OTPpaHUYEHHOW NPUMEHUMOCTH K MUKPOMUPY
BBIPAXKEHUS «COCTOUT U3 ...».

B coBpemeHHOI (Gu3MKE CMBICT TEPMHUHA «DJIEMEHTAPHBIC YACTHIIBD» MEHEE
CTPOTHIl: 3TO OOJIbIIIAs TPYIINA METhYANIIINX HAOIIOJAEMBIX YACTHUIl MATEPUH, HE SB-
JSIOMIMXCS aTOMaMH WJIM aTOMHBIMHU SJ[paMH, KPOME MPOTOHA, KOTOPBIN SBJISIETCS
ApOM aToMa BOAOpOa. JTa IpyMia 4acTUll OKa3aiach BecbMma oOmupHoi. [loMmumo
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4-X yKa3aHHBIX, K HEll OTHOCATCSl nu-ME30HBI (TT), MIOOHBI (u)34, may-nenToHsl (1),
HEWTPUHO TPeX BUIOB (Ve, Vy, Vi), T.H. CTpaHHbIE YacTHULBI (K-ME30HBI ¥ THIIEPOHBI),
OYapOBAaHHBIC YACTHIIHI M KpacuBbIe (TipesiecTHhIC) yacThilbl (D- u B-mMe30HBI 1 COOT-
BETCTBYIOIIME OapHOHBI), Pa3HOOOpA3HbIE PE30HAHCHI, B T.4. ME30HBI CO CKPBITHIM
OYapOBaHUEM M TMPEJIECTHIO (MCU-YaCTHUIIBI U UNCUIOH-YACTHULIBI) U, HAKOHEI, OTKPbI-
Thie B Havaje 80-X IT. MpoMeKyTouHbIe BekTOopHbIe 0030HBI (W, Z) — Bcero OoJee
350 yacTuil, B OCHOBHOM HECTAOMJIBbHBIX. YHCIIO AJIEMEHTAPHBIX YaCTUIl HEMPEPHIBHO
pacrer.

OnextpoH ObuT OTKPHIT JI. Tomconom (1897), 3atem Pesepdopn B 1911 1. 1io-
KazaJl, 4To 3apsij COCPEeIOTOYEH B KOMIAKTHBIX 00JacTsIX — siapax, a B 1919 r. oH 00-
HAPYKHUJI CPEN YacCTHII, BRUICTABIIMX M3 sijipa, MpoToH. Heittpon Ob11 OoTKpHIT Ye -
BUKOM B 1932 r. Hcrtopus oTkpbITHA KBaHTOB: [lmank, OWHIITEWH, MAJUINKEH B
1912-15 rr., KomnTon npu paccesHun Y-KBaHTOB Ha AJEKTpoHax B 1922,

Hetitpuno npennonoxun B 1930 r. B. Ilaynu nnst yctpaneHus! TpYIHOCTH ¢ [3-
PaAMOAKTUBHBIM paclaJoM M 3aKOHOM COXPAHEHHSI SHEPIMH. ODKCIIEPUMEHTAIbHO
CYLIECTBOBAaHHE HEHUTPUHO OBLIO MOATBEPkKACHO (ycTaHOBIEHO) B 1956 r. Paitnecom
u KoysHowm.

C 1930 no navana 1950-x rr. u3ydeHue 3J€MEHTAPHBIX YACTHUI[ OBLIO CBSA3aHO
C UcclieIoBaHNeEM KocMuueckux Jiyueil. B 1932 r. Kapiaom AHI[epCOHOMES ObLT 0OHa-
pYyXeH Mo3uTpoH (mepBasi aHTHyactuia). Ero cymiecrBoBaHue BBITEKAET U3 TEOPHU
HNupaxka (1928-31 rr.). B 1936 r. K. Angepcon u C. Hegnepmeiiep oOHapyKWIId TIpU
HCCIIEIOBAHUM KOCMUYECKUX JIydel MIOOHBI 000uX 3HakoB. B 1947 r. rpynmnoii [1ay-
smra *%(S. Powell) 6buti OTKpBITHI T° 1 70 -Me30HBI B 274 pa3s TsuKelee deKTPOHa,
UTPAIOIINE BaXXHYI POJIb BO B3aUMOJIEHCTBUM HEWTPOHOB C IPOTOHAMMU B sapax. B
1935 r. ux cymectBoBanue npeanoaoxun Xuadku FOkaga.

Komner 40-x — Hayano 50-X TT. 03HAMEHOBAIHNCH OTKPHITUEM CTPAHHBIX YACTHII.
Ieppbie uacTuipl 1ol rpymsl K™ u K -Me30HBI, A-THTIEPOHBI OBUTH OTKPHITHI B
KOCMHYECKHX JIy4ax, MOCIEAYIOIHNE — Ha YCKOPUTEISX 3apspKeHHbIX yactul. C Ha-
qayia 50-X YCKOpPHUTENH CTAaHOBSTCS OCHOBHBIM MHCTPYMEHTOM HCCIIENOBaHUS 3JIe-
MEHTapHBIX YACTHUIl. Y CKOPEHHBIE TPOTOHBI M AJIEKTPOHBI BHI3BIBAIOT MOTOKHU JPYTUX

4
¥ MIOOHBI, ycrapesmee nassanue MIO-ME3OHBI; B k1acc Me30HOB He BXOAT. MIOOHHI (1), HecTa-
OUIIBHBIE TIOOXKHUTETBHO () M OTPUIATENBHO (L°) 3apsKCHHBIE DIEMEHTAPHBIE YACTHIIBI CO CITMHOM 1/2

H Maccou okoio 207 QJICKTPOHHBIX MAaCC U BPEMCHEM KHU3HU ~ 10-6 C, OTHOCATCA K JICIITOHAM.

*"AHJIEPCOH (Anderson) Kapn JIosux (3 centsops 1905-11 smBaps 1991), amepukaHcKuii (H3HK,
wieH Harnwonansnoit AH (1967). Oxkonunn Kamudopruiickuit Texnomorndeckuii MHCTUTYT (1927). Oc-
HOBHBIE TPY/Ibl IMOCBSIIEHBI PEHTIEHOBCKAM U raMma-Iiydam, (pU3NKe KOCMHYECKHX JIy4deH, Qu3nke diie-
MEHTapHbIX YacTHLl. OTKPBUI B KOCMUYECKUX JTydax no3uTpoHsl (1932) u mroons! (1936). B 1933 otkpsin

POKIICHUE 3JIEKTPOHHO-TIO3UTPOHHOM Taphl U3 raMMa-kBaHTa. Hobenerckas npemus (1936). Menans um.
3. I'peccona (1937), um. JIx. Dpukcona (1960).

% TAYDJUI (IToysmnn) (Powell) Cecun ®pank (1903-69), anrmuiickuit pusuk, MHOCTpaHHbIH uren AH
CCCP (1958). Pazpaboran meton aaepHbIX (ororpadpuueckux smyascuid. OTkpsut (1947) mu-mMe30HbI B
KOCMHUYECKHX JydaX. OfMH W3 MHUIMATOPOB CO3MaHus EBponeickoro meHTpa siiepHbIX HCCIIET0BAHMUM.
Hoo6enesckas mpemust (1950). 3omoTas memans um. JlomornocoBa AH CCCP (1968).
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YacTHL], KOTOPbIE PErHCTPUPYIOTCS C MOMOLIBIO CIOXKHBIX JIeTeKTopoB. B 90-x rr.
sHepruu cocTasisiiii coTHU 9B (1 Teicsum k 2000 T.).

C pocToM 3HEpPruM PErucTpUpyroTcsi Bce Oojiee TshKeble YacTHIlbl. B Tom
YUCJIE HEYCTOMYNBBIE — PE30HAHCHI, KOTOPBIE COCTABISIOT OCHOBHYIO YaCTh AJIEMEH-
TapHBIX YACTHII.

B 1974 r. Op1mun oOHapyxeHbl MaccuBHBIE (3-4 MPOTOHHBIE MAcChl), B TO K€
BpPEMsSI OTHOCUTEIIBHO YCTOMYMBBIE YACTHUIIBI 71CU-YACTULBI, BPEMS KU3HU KOTOPBIX B
10° pa3 Goublie BpeMEHH KH3HH Pe30HaHCOB. OHM OKA3BIBAIOTCS TECHO CBA3aHHBIMM
C HOBBIM CEMEUCTBOM 3JIEMEHTAPHBIX YaCTHUI[ — OYAPOBAHHBIX, IEPBbIE MPECTABUTE-
JI1 KOTOPOTO ObLIN OTKPBITHL B 1976 1. (D-Me30HBI U Ag-OapHOHBI).

B 1977 r. 6p11u OTKpBITHI e1iie Oosiee TsKenble yacTHIlbl (okoso 10 macc mpo-
ToHA) — UNCWIOH (Y) — YacTHII aHOMAJbHO YCTOWYUBBIC JIsI YaCTHUI] CTOJb OOJIb-
mwmx Macc. OHH SIBIJTCH MPOBO3BECTHUKAMH MPENIECTHRIX (KpacuBhIX, beauty - kBaH-
TOBOE YHMCJIO) YACTHII, TIEPBbIC MPECTABUTEIN KOTOPBIX OTKPHITHI B 1981-83 rr. (B-
Me30HbI) U Ap-Oapuonbl — B 1992 .

B 1962 r. 6bU10 BBISICHEHO, YTO B MPUPOJIE CYLIECTBYET HE OJHO, a, IO Kpau-
HEW Mepe, ABa HEUTPHHO: Ve U Vy, @ B 1975 T. ObUI OTKPBIT T-J1E€NTOH (IIOYTH 2 MacChI
MPOTOHA), HO B OCTaJbHOM IOBTOPSIONINN CBOMCTBA JCKTpOHA M MIOOHA. Bckope
CTaJIo SICHO, YTO CYIIECTBYET Tay-HEUTPUHO V..

Haxkownern, B 1983 1. Ha NPOTOH-aHTUIIPOTOHHOM KOJUIAWIEPE OTKPBITHI CAMbIE
TSDKETIBIC IEMEHTAPHbIC YaCTUI[BI: 3apSDKCHHBIE IPOMEXKYTOUHBIE 6030HBI W' (My
~ 80 I'5B) 1 HeHTpaIbHBIH POMEeKyTOUHbIH 6030 Z° (My =91 I'B).

Takum oOpazom, 3a 100 ¢ TUIIHUM JIET, TPOLIEAIINX MMOCIE OTKPBITHS JIEK-
TPOHA, BBISIBIIEHO OOJIBIIOE YHCIIO Pa3HOOOPAa3HbIX MUKpoYACTUIL. JJIs UX ONMHUCAHUS
KpOME 3JIEKTPUYECKOTO 3apsiia, MacChl, MOMEHTA KOJIMYECTBA JBMKEHUS MOTpeOOBa-
JIOCb MHOTO HOBBIX XapaKTEPHUCTHK: CHIPAHHOCHb, Ouaposanue, kpacoma. Jns ux
OMHCAaHUS TIOHAIOOWIaCh KBAHTOBAas MEXAaHHMKA, TEOPUS OTHOCHUTEIHLHOCTH. 3aTeM
MOHAA00MIach KBAHTOBAas TEOpHUsS TOJIA, KBAaHTOBAs SJEKTPOJMHAMHKA, KBAHTOBAas
me3zoauHamuka (FOxaBa). B KBaHTOBOHM 3J€KTpOJMHAMUKE TMOSBUTIACH TEOPHsI TIepe-
HOPMUPOBKH.

Crnenyrommii miar — KanuOpoBoUHbIe MoJst SIHra-Mmuiiica, KOTOpble BKIIOYAIOT
B ce0s1 CHMMETPHIO B3aUMOICHCTBUS.

9.2. Buabl matepun B MUKpoMupe

OO0bIuHas MaTepusi 00pa3yercs U3 AIEKTPOHOB U KBAPKOB, TPYNIHUPYIOLINXCS B
00BEKTHI, HEUTpPaAJIbHBIE N0 LIBETOBOMY, a 3aTEM M IO dJIEKTpUUecKkomy 3apsiay. L{Be-
TOBas CUJIa HEUTPAIM3YeTCsl, O UeM MoapoOHee OyIeT CKa3aHO HUXKE, KOT1a YaCTHULIbI
00beuHsAI0TCS B TpUILIETHI. (OTCIO[a U CaM TEPMUH «IIBET», B3ATHIN U3 ONTUKU: TPU
OCHOBHBIX IIBETa MPH CMELIECHUH JatoT Oenblid.) Takum oOpa3om, KBapKH, i KOTO-
PBIX I[BETOBAs CHJIa SBIISIETCS IJIaBHOM, 00pa3yroT Tpuruietsl. Ho kBapku, a oHM HOJ-

3 TIPOMEXXYTOYHBIE BEKTOPHBIE BO30OHBI, yactuier W, 70 ¢ maccamu ropsinka 80 u 90 B —
MEPEHOCUYHKH CIIa00ro B3anMOJAEHCTBHUS. DKCIIEPUMEHTAIBHO OTKPHITH B 1983.



115

pa3neNroTcsl Ha U-KBapku (OT aHTil. up — BepxHui) u d-kBapku (oT anri. down —

L2 _1
HIDKHHM), UMEIOT €lle M DIEKTPHYECKMH 3apsi, paBHbIA - U-kBapka u - d-
KBapka. /[Ba U-kBapka ¥ oauH (-KBapK JarOT 3JIEKTPUYECKUi 3apsia +1 u oOpas3yror
IPOTOH, a OJIUH U-KBapK M JBa (-KBapka JMAIOT HYJEBOW 3JICKTPUUYCCKHUH 3apsit U 00-
pPa3yrOT HEMTPOH.

CraOuibHble TPOTOHBI M HEUTPOHBI, MPUTATHUBAEMbIE JAPYT K JAPYTYy OCTATOY-
HBIMU IIBETOBBIMU CHJIAaMH B3aUMOJCHCTBHS MEXKY COCTABISIONIMMU UX KBapKaMu,
00pa3yloT HEWTpajdbHOE MO IBETY sA/po atoma. Ho siapa HECyT MOJOXKHUTEIbHBIN
AIEKTPUUYECKUN 3aps]l W, MPUTATUBAS OTPULIATEIIBHBIC SJIEKTPOHBI, Bpallalomuecs
BOKPYT siipa Hamoj00ue miaHeT, oopamaronuxcs Bokpyr CoiHila, ctpeMsTest oopa-
30BaTh HEUTPAJIbHBIM aTOM. DJIEKTPOHBI HA CBOUX OpOUTAaX yIaJIeHbI OT siIpa Ha pac-
CTOSIHUS, B JICCSATKH THICAY pa3 MPEBBIIIAOIIUE PAIAYC SAPA, — CBUIAETEABLCTBO TOTO,
YTO YJEPKUBAIOIIUE UX AJICKTPUUECKUE CUJIBI ropa3fo ciabdee saepHbix. biarogaps
CUJIE LIBETOBOTO B3auMoAeucTBHs 99,945% wmacchl aroMa 3akiIlQYEHO B €ro siape.
Macca u- u d-kBapkoB npumepHO B 600 pa3 Oosibliie Macchl 3JeKTpoHa. [loaTomy
AJIEKTPOHBI HAMHOTO JIeTYe W TOJABWXHee siaep. VX ABMKEHUEM B BeElIeCTBE 00Y-
CJIOBJIEHBI SJIEKTPUYECKUE SIBICHUS.

Cy1iecTByeT HECKOJIBKO COT MPUPOJHBIX Pa3HOBUIHOCTEM aTOMOB (BKJIIOYas
M30TOIIBI), PA3TUYAIONIUXCS] YUCIIOM HEUTPOHOB U ITPOTOHOB B SIAPE U COOTBETCTBEH-
HO YHCJIOM JJIEKTPOHOB Ha opOutax. Camblil MPOCTON — aTOM BOJAOPOAA, COCTOSIITUI
U3 si7jpa B BUJI€ MPOTOHA U 00paIaroerocss BOKPYT HEr0 €MHCTBEHHOTO AJIEKTPOHA.
Bcest «Bunumas» Marepus B IpUpoJie COCTOUT U3 aTOMOB U YACTUYHO «Pa300paHHBIX)
aTOMOB, KOTOpbIE Ha3bIBAIOTCSI HOHAMU. MIOHBI — 3TO aTOMBI, KOTOpbIE, MOTEPSB (MU
MPUOOPETS) HECKOJIBKO AJIEKTPOHOB, CTAIM 3apsKCHHBIMU yacTuliamMu. Matepusi, co-
CTOSAIIAS TOYTH U3 OJHUX MOHOB, HA3bIBACTCS IJIA3MOW. 3BE3/bl, TOPAIINAE 32 CUET
UIYIIUX B HEHTPaxX TEPMOSJICPHBIX PEaKIMi, COCTOAT B OCHOBHOM M3 IIa3Mbl, a TO-
CKOJIBKY 3BE3]IbI — caMasi paclipocTpaneHHas ¢opma mMaTepun Bo BceneHHol, MOKHO
CKa3aTh, UTO U BCs BceneHHas COCTOUT B OCHOBHOM M3 IIa3Mbl. TouHEe, 3BE3/IbI —
ATO TPEUMYIIECTBEHHO MOJHOCTHI0O MOHU30BAHHBIA Ta3000pa3HbIl BOIOPO, T.€.
CMECh OT/ENbHBIX MPOTOHOB U AJIEKTPOHOB, a CTAJIO OBITh, U3 HEE U COCTOUT MOYTHU
Bcs BuanMas Becenennas.

Ot10 — BuauMas marepusi. Ho Bo BeenenHnoil ectsb eme HeBuaumasi Mmarepusi. U
€CTbh YaCTHIIbI, BHICTYIAIOIINE B PO HOcuTeNel cuil. CylecTBYIOT aHTUYACTHIIBI U
BO30Y)KJIECHHBIC COCTOSTHUSI HEKOTOPBIX YacTHIl. Bce 3TO MPUBOIUT K SIBHO Ype3Mep-
HOMY U300UJIHIO «3JIEMEHTApHBIX» YacTHUIl. B 3TOM M300MIMK MOKHO HaWTH yKa3a-
HUEC Ha JCHCTBUTEIBHYIO, ICTUHHYIO MPUPOY dJIEMEHTAPHBIX YaCTHUI[ U CHJI, JEHCT-
BYIOIIMX MeXAy HUMHU. COTrjacHO CaMbIM IMOCJEIHUM TEOPHUSM, YaCTHUIIBI B CBOECH
OCHOBE MOTYT MPEACTABISATh COOON MPOTSKEHHBIE T€OMETPUUYECKUE OOBEKTHI —
«CTPYHBI» B JECATUMEPHOM MPOCTPAHCTBE.

HeBuaumbiii mup. Bo BcenenHoll nmeeTcs He TOJMBKO BHAMMAasi MaTepus (a
TaKK€ YEPHBIE JbIPbl U «TEMHAsI MAaTepUsH), HAIPUMEDP XOJIOJHBIE IJIAHETHI, KOTOPbIE
CTaHyT BUJUMBIMH, €CIIK UX OCBETUTH). CylIeCTBYET U MOMJIMHHO HEBUIUMASI MaTe-
pusi, IPOHU3BIBAIOIAs BCEX HAC U BClo Beenennyto execekynaHo. OHa npeacTaBisieT
co00¥ OBICTPO ABIKYIIMICS Ta3 U3 YaCTHIl OJHOTO COPTa — AJICKTPOHHBIX HEUTPUHO.
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DNEeKTPOHHOE HEUTPHUHO SIBISETCS MApTHEPOM 3JIEKTPOHA, HO HE MUMEET 3JIEK-
Tpuyeckoro 3apsna. HelTpuHO HeCyT JIMINL TaK Ha3bIBaeMbIM cialbiit 3apsa. Mx
Macca MoKosl uype3BbidaitHo maja (oHa Menblne 0, 000015 maccel anekTpona). Ho ¢
IPaBUTAIIMOHHBIM TIOJIEM OHU B3aMMOJEHCTBYIOT, MTOCKOJIbKY 00J1a/1al0T KUHETHYe-
cKoM sHeprueil E, kotopoit cooTBeTcTBYeT 3(hPeKkTrBHAS Macca M, coriacHo Gopmy-
j1e DiHITeHa E = mcz, r7e C — CKOPOCTh CBETA.

Tabmuua 4.3. ©YHAAMEHTAJIBHBIE YACTULIbLI

Yacruma Mac One IBeTo- Cna-
ca MoKos, KTPUYECKHI BOU 3apsn OBl 3apsi
M>bB/c? 3apsn
KBAP-
KU
U-KBapK 350 +2/3 Kpac- +1/2
HBIN, 3€JICHBIM,
CUHUHI
d-xBapk 350 -1/3 Kpac- -1/2

HBIN, 3€JICHBIM,
CUHMM

JIETI-
TOHBI
Diek- <0,0 0 0 +1/2
TPOHHOE HEUTPH- 00015
HO
Diek- 0,51 -1 0 -1/2
TPOH 1

KiroueBast posib HEUTPUHO 3aKIIFOYAETCS B TOM, YTO OHO CIIOCOOCTBYET TIpe-
BpAIlCHUIO #-KBAapKOB B -KBapKH, B Pe3yJIbTaTe Yero MPOTOH MPEBPAIIAeTCsl B HEH-
TpoH. HeHTpHHO UrpaeT poib «UriIbl KapOropaTopay A 3BE3THBIX TEPMOSICPHBIX
peaKii, B KOTOPBIX YEThIpE MPOTOHA (S7pa BOAOPOIa) OOBEIUHSIOTCS, 00pa3ys siI-
po renusi. Ho mOCKONbKY SIpo reiusi COCTOUT HE U3 YETHIPEX MPOTOHOB, a U3 JIBYX
APOTOHOB W JBYX HEUTPOHOB, JJI TAKOTO SIICPHOTO CHHTE3a HYHO, YTOOBI JBa U-
KBapKa MpeBpaTHINCh B ABa 0-kBapka. OT MHTEHCHMBHOCTH MPEBPAICHUS 3aBHCHUT,
HACKOJIBKO OBICTpO OyIyT TOpeTh 3Be3Abl. A MPOLECC MPEBPALICHUS OIMpeneseTCs
CIa0bIMH 3apsilaMd W CHJIaMH CJIa00TO B3aMMOJACWUCTBUSA MEXAYy yactunamu. llpu
ATOM u-KBapk (dJIeKTpuyeckuil 3apsia +2/3, cnalblil 3apsg +1/2), B3auMonencTBys ¢
3NEKTPOHOM (dJIeKTpHYecKuii 3apsy -1, cnaGwiid 3apsm —1/2), obpasyer d-kBapk
(anexTpudeckuit 3apsa —1/3, cnadwiil 3apsag —1/2) U ANEKTPOHHOE HEUTPUHO (DJIEK-
Tpuyeckuit 3apsa 0, crmalwiii 3apsin +1/2). L[BeToBwie 3apsabl (MM MPOCTO I[BETA)
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IBYX KBapKOB B 3TOM ITIpoLiecCe KOMIEHCUPYIOTCs 0e3 HEUTpUHO. Poib HEUTpHUHO co-
CTOUT B TOM, YTOObI YHOCUTh HECKOMIICHCUPOBAHHBIN Ci1a0bIi 3aps. [loaTtomy cko-
POCTh MPEBPAILEHUS 3aBUCUT OT TOT0, HACKOJIBKO ci1a0bl cialdbie cuibl. Eciu Ob1 oHU
ObLIM cllabee, YeM OHU €CTh, TO 3Be37bl BOOOIE He Topenu Obl. Eciu ke o Obuin
Obl O0JIee CUIIBHBIMU, TO 3BE3/bl JJABHO ObI BHITOPEIIH.

A 410 xe HelTpuHO? [10CKOJIBbKY ATH YacTHIBI KpaiHe cilabo B3aWMOJICHUCT-
BYIOT C JIPYI'MM BEILIECTBOM, OHU MOYTH Cpa3zy YXOASAT U3 3BE3[, B KOTOPBIX POIU-
muchk. Bee 3Be3n1bl CUAIOT, UCITyCKasi HEUTPUHO, 4 HEUTPUHO THEM M HOYBKO IIPOCBE-
YUBAIOT HAIlKM TeJa U BCIO 3emMiito. Tak OHM CTPaHCTBYIOT 1O BceleHHOM, moka He
BCTYIISIT, MOKET ObITh, B HOBOE B3aUMO/ICUCTBUE.

IlepeHocunku B3aumMoaeicTBUIA. 3a CUET YETO BOSHUKAIOT CUJIbL, IEHCTBYIO-
[IMe MEXJy 4YacThllaMu Ha paccTosHuM? CoBpemMeHHas (U3MKa OTBEYAET: 3a CUET
oOMeHa apyrumu yactunamu. [IpencraBere cebe ABYX KOHBKOOEXKIIEB, IepeOpachl-
Baroruxcst MssuoM. CooO1asi M4y UMITYJIbC PU OPOCKE U MOTydast UMITYJIbC C IPU-
HATBIM MSYOM, 00a MOJYy4yaroT TOJYOK B HAIPaBICHUU JIPYT OT npyra. Tak MOXKHO
OOBSCHUTh BO3HHUKHOBEHHE CWJI OTTalkuBaHusi. Ho B KBaHTOBOM MexaHUKe, pac-
CMaTpHBAIOIIEH SBJICHUS B 00JACTH MUKPOMHUpA, JOMYCKAIOTCA HEOOBIYHBIE paCTs-
KEHHE U JeJOKaIn3anusl COOBITUN, YTO MPUBOIUT, Ka3ajloCh Obl, K HEBO3MOKHOMY:
OJIMH U3 KOHBKOOEXKIIEB OpocaeT M4 B HANpaBICHUH Om IPYroro, HO TOT TEM HE
MeHee Modicem 3TOT MsU noitmats. HetpynHo coobpasutk, 4yTo, Oyb TaKOE BO3ZMOXK-
HO (2 B MUpE 3JIEMEHTAPHBIX YACTHUIl 3TO BO3MOXHO), MEXIY KOHBKOOEKIIaMU BO3-
HUKJIO OBl IPUTSHKEHHUE.

YacTunpl, 6arogapsi o0OMEHY KOTOPhIMU BO3HUKAIOT CHJIbI B3aUMOJICUCTBUS
MEXy YEThIPbMS PACCMOTPEHHBIMU BBIIIE€ «YACTHIIAMHU MaTepUM», HA3bIBAIOTCS Ka-
TUOPOBOYHBIMUA yacTUlaMH. KaxaoMy U3 4deThIpex B3aUMOJEUCTBUI — CUIIBHOMY,
ANIEKTPOMATHUTHOMY, CJIa0OMY M TPaBUTALMOHHOMY — COOTBETCTBYET CBOW HaOOp
KaTMOPOBOYHBIX dYacTHil. YacTHIIAMHU-TIEPEHOCYMKAMU CUJILHOTO B3aMMOJICHCTBUS
ABJISIIOTCS TJIIOOHBI (MX BCEro BoceMb). DOTOH — MEPEHOCUUK 3IEKTPOMArHUTHOTO
B3aUMOJICUCTBUS (OH OAMH, a (DOTOHBI MBI BOCHPUHHMMAEM Kak CBeT). Yactuiamu-
NEePEHOCUUKaMH CJ1a00r0 B3aMMOJICHCTBUS SBISIOTCS MPOMEXKYTOUYHBIE BEKTOPHBIE
6030HbI (B 1983 11984 6bimu oTKpeITEl W -, W-6030HBI U HeliTpanbHbli Z-6030H).
YacTuien-nepeHoOCUHMKOM TPABUTALMOHHOIO B3aWMOJECUCTBUS SIBIIACTCSA IOKa €IIIe
TUIMOTETUYECKUN TPaBUTOH (OH JOJKEeH ObITh 0JuH). Bee 3Tu yacTtuibl, kpome (oto-
Ha U FPAaBUTOHA, KOTOPbIE MOTYT MpoOeraTh 0ECKOHEYHO OOJNbIINE PACCTOSHUS, CY-
HIECTBYIOT JIMILIb B Mpolecce oOMeHa MeXay MaTepualbHbIMU YacTUIAMU. DOTOHBI
3anoJHsAI0T BeeneHHyto cBETOM, a TpaBUTOHBI — IPAaBUTAILIMOHHBIMU BOJTHAMU (TOKa
€IIE C IOCTOBEPHOCTHIO HE OOHAPYKEHHBIMH).

O yacrtuue, cnocoOHOW HCIyCKaTh KadHMOpPOBOYHBIE YACTHUIIbI, TOBOPST, YTO
OHa OKpY)K€Ha COOTBETCTBYIOILIUM IOJieM cuil. Tak, 3JIeKTPOHBI, CIIOCOOHBIE UCITYC-
KaTh (DOTOHBI, OKPYKEHBI SJIEKTPUICCKUMU M MarHUTHBIMH TIOJISIMH, & TAaK)Ke CJIa0bl-
MU U TPABUTAIIMOHHBIMU NOJIsIMU. KBapKkH TOKe OKpYKEHbI BCEMH 3THUMU MOJISIMU, HO
€II€ U MOJIEM CHIBHOIO B3auMoecTBUs. Ha yacTHIbl C IBETOBBIM 3apsi0OM B IOJIE
LBETOBBIX CHJI IEUCTBYET LBETOBas cuja. To ke caMOe OTHOCUTCS K APYI'MM CHJIaM
npupozsl. [103ToMy MOXKHO CKa3aTh, YTO MUP COCTOMT W3 BELIECTBA (MaTEpHUAIbHBIX
94acTHIT) ¥ 1OJsl (KamnOpoBOUHBIX YacTull). O0 3TOM moipoOHee HUXKE.



118

AHTHBenecTBO. Kax/101 yacTuie 0TBEYaeT aHTUYACTHIA, C KOTOPOU 4acTUIla
MOKET B3aUMHO YHUUYTOXKUTHCS, T.€. «AaHHUTHUIIMPOBATHY, B PE3yJIbTAaTE Yer0 BHICBO-
0oxnaercst aHeprus. «Hucrtoit» sHepruu camoit o cede, 0JIHAKO, HE CYIECTBYET; B
pe3ysbTaTe aHHUTHIISIIIUU BO3HUKAIOT HOBBIE YaCTHUIIbI (Harpumep, GOTOHbI), YHOCS-
IIKe 3Ty YHEPTHIO.

AHTHYacTuIa B OOJIBIIMHCTBE CIydaeB 00J1ajaeT MPOTUBOIOIOKHBIMU TIO0 OT-
HOIIIEHUIO K COOTBETCTBYIOIICH YaCTHUIIE CBOMCTBAMU: €CJIM YacTHIIA MO/ JEHCTBUEM
CUJIBHOTO, CJIA00T0 WJIM AJIEKTPOMATHUTHOTO IOJIEH JABMXKETCS BIEBO, TO €€ aHTUYAC-
Tuia OyaeT ABurathes BipaBo. Kopoue roBopsi, aHTHYACTHIIA KUMEET IPOTUBOTIOIOXK-
HbIE 3HaKM BCEX 3apsoB (KpoMe MaccoBOro 3apsaa). Eciu yactuna coctaBHas, Kak,
HaIlpuMmep, HEUTPOH, TO €€ aHTUYACTHI[A COCTOUT U3 KOMIIOHEHT C MPOTHUBOMOJIO K-
HBIMHU 3HAaKaMH 3apsaoB. Tak, aHTUAIIEKTPOH UMEET JIIEKTPUYECKHUM 3apsn +1, cia-
Oblii 3apsan +1/2 w Ha3bIBaeTCsl MNO3UTPOHOM. AHTHUHEHUTPOH COCTOUT U3  U-
AHTUKBApKOB C JJIEKTPHYCCKUM 3apsaoM —2/3 U O-aHTHKBapKOB C DIICKTPUYECKUM
3apsaoM +1/3. VICTUHHO HEWTpasibHBIE YAaCTHUIbI SBISAIOTCA CBOMMH COOCTBEHHBIMU
aHTUYaCTUI[AMU: aHTUYacTUla (OTOHA — (POTOH.

CoryiacHO COBPEMEHHBIM TEOPETUUECKUM IIPEICTaBICHUAM, CBOSI aHTUYACTHLIA
JOJDKHA OBITH [T KaX/I0M CYLIECTBYIOIIEH B Mpupoje yacTuipl. I MHOTHE aHTHYAC-
THUIBI, B TOM YUCJIE€ O3UTPOHBI U aHTUHEHTPOHBI, JEHCTBUTEIBLHO ObUIN MOTYYEHBI B
naboparopuu. CleACTBUS 3TOTO0 HCKIIOYUTEIBHO BaXKHbI U Jie)KaT B OCHOBE BCEil
AKCIIEPUMEHTAIbHON (PU3MKKU 31eMeHTapHbIX YacTull. COrlIacHO TEOPUU OTHOCH-
TEJIbHOCTH, MAcCa U SHEPTUsl SKBUBAJIICHTHBI, U B OMPENEIECHHBIX YCIOBUSAX SHEPIUs
MOKET ObITh MpeBpalieHa B Maccy. [1oCKoJbKy 3aps coXpaHseTcs, a 3apsa BaKkyyMa
(mycToro mpocTpaHCTBA) paBeH HYJIIO, U3 BaKyyma, Kak KpOJUKU W3 LUIAIbI POKyC-
HUKa, MOTYT BO3HUKATh JIIO0ObIE Mapbl YACTULl U AHTUYACTULL (C HYJIEBBIM CyMMapHbIM
3apsiIOM), JIUIIL Obl SHEPrUs ObLIA IOCTATOYHOM JIS CO3JaHUS UX MACCHI.

Tak, B skcnepuMeHTaxX OIHOIO W3 OOBIYHBIX CETOJHS TUIIOB 3JIEKTPOHBI 3a-
CTaBJISIFOT CTAIKUBATHCA C IMO3UTPOHAMM, CO3JaBasi SHEPTUIO C HYJIEBBIM IOJHBIM 3a-
PSAAOM, KOTOpasi MOXKET PEaln30BbIBaThCSA B BUJE JIFOOOM Mapel yacTHlla — aHTHYaC-
THUIA, JIMIIb OBl €€ XBAaTaJlo JIJIs CO3/1aHus UX Macchl. TOYHO Tak ke B JIIOOOM JIpyroM
DKCIIEPUMEHTE CO CTOJIKHOBEHMSIMHU YACTHIL SHEPTHSI MOKET BOZHUKATh B BUJI€ HOBBIX
YacTHUIl JTIFOOBIX THUIIOB, €CJIM OHM 00pa3ylOT Maphl ¢ HYJIEBBIM CyMMAapHBIM 3apsiIOM.
Takum 00pa3oM, yCKOPUTENH YacTHIl HE TMPOCTO 30HAMPYIOT CTPYKTYpPY MaTepuu, a
CO3Jal0T HOBbIC BUJIbI MAaTEPUH, B TOM YUCIIE U TaKHE, KOTOPHIX, BO3MOXKHO, YXKE HE
ObLTO co BpemeHu bolibiioro B3phIBa, AaBiiero Hayayio Hamiel BeeneHHoi.

Hokonenns yacTum. DKCIEPUMEHTHI Ha YCKOPUTENSAX MOKA3alld, YTO YETBEP-
Ka (KBapTeT) MaTepuaIbHbIX YACTHUI] IO KpailHell Mepe ABaXK/lbl MOBTOPSETCA MpHU 00-
Jic€ BBICOKHMX 3HAYEHUSX Macchl. Bo BTOPOM MOKOJIEHUM MECTO 3JIEKTPOHA 3aHUMAET
MIOOH (¢ Maccoi, mpumepHo B 200 pa3 60bleil Macchl 3JIEKTPOHA, HO C MIPEKHUMHU
3HAYEHHUSAMM BCEX OCTAIBHBIX 3apSAJ0B), MECTO JEKTPOHHOTO HEUTPUHO — MIOOHHOE
(KOTOpOE COIMYTCTBYET B CIA0BIX B3aUMOJACUCTBUAX MIOOHY TaK K€, KaK AJIEKTPOHY
COMYTCTBYET 3JIEKTPOHHOE HEHTPHUHO), MECTO U-KBapKa 3aHMMAaET c-KBapk (ouapo-
samnHulil), a d-kBapka — S-KBapK (cmpannulil). B TpeThbeM IMOKOJICHUN KBAPTET COCTOUT
U3 Tay-JIENTOHA, Tay-HEHUTPUHO, t-KBapka u h-kBapka.
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Macca t-xBapka mpumepHo B 500 pa3 Oosbliie Macchl camoro Jjierkoro — d-
KBapKa. DKCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO CYIIECTBYIOT TOJIbKO TPH THUIA JIeT-
KUX HEUTpuHO. Takum o0pa3oM, 4ETBEPTOE MOKOJICHHE YACTHUIl UM HE CYIIECTBYET
BOBCE, WJIM COOTBETCTBYIOIIME HEUTPUHO SIBISIOTCS OUYEHb TSKEIBIMUA. ITO COTIIACY-
€TCSl ¢ KOCMOJIOTUYECKUMH JIAHHBIMU, B COOTBETCTBUM C KOTOPBHIMHU MOTYT CYIIECT-
BOBAaTh HE 00JIee YEThIPEX TUIIOB JIETKUX HEUTPUHO.

B skcnepuMmeHTax ¢ YacTHIIaMU BBICOKUX SHEPTrUid 3JIEKTPOH, MIOOH, Tay-
JENTOH U COOTBETCTBYIOUIME HEHUTPUHO BBICTYMAIOT Kak 00OCOOJICHHBIC YACTHIIBIL.
OnHu He HeCyT LIBETOBOTO 3apsifa U BCTYNAIOT TOJIBKO B CJIa0BIEe U ANEKTPOMArHUTHBIE
B3aMMOJICICTBHS. B COBOKYMTHOCTH OHU HAa3bIBAIOTCS JIENMOHAMU.

KBapku sxe moa JeHCTBHEM IIBETOBBIX CHJ OOBEAMHSIOTCS B CHIIBHO B3aMMO-
JEUCTBYIONIUE YACTHUIbI, MPe00Iafaoye B OOJbIIMHCTBE 3KCIEPUMEHTOB (DU3UKU
BBICOKHX dHEpruid. Takue 4acTHIIbI Ha3bIBAIOTCS a0poHamu. B HUX BXOMST JBa MOJ-
KJlacca: 6apuonsl (Hampumep, MPOTOH U HEUTPOH), KOTOPHIE COCTOAT U3 TPEX KBap-
KOB, U Me30Hbl, COCTOSIIINE U3 KBapKa U aHTUKBapka. B 1947 B kocMuueckux Jiydax
OBLIT OTKPBIT MEPBBIM ME30H, HA3BaHHBIA MUOHOM (WJIM MU-ME30HOM), U HEKOTOPOE
BpEMs CUMTAJIOCh, YTO OOMEH 3TUMHU YacCTUIAMU — TJIaBHAS MPUYMHA SIIEPHBIX CHUJL.
Oco00# U3BECTHOCTHIO B (PU3MKE AJIEMEHTAPHBIX YaCTHI] MOJIb30BAIMCH TAKXKE aJIpo-
HbI OMETa-MUHYC, OTKPHITHIE B 1964 B bpykxeiiBeHCKOW HallMOHAIBHON Tab0opaTOpHUu
(CIIA), u mxen-ncu-dyactuna (J/y -Me30H), OTKpbITasi OJJHOBPEMEHHO B bpykxeit-
BeHEe U B CTAHPOPICKOM LEHTpe JUHEHHBIX yckoputeneil (Toxke B CILIA) B 1974.
Cy1iecTBOBaHME OMEra-MUHYC-4acTHUIIbI ObUIO Tipeacka3ano M. ['esui-MaHHOM B ero
Tak HazbiBaeMoul «SUz-Teopum» (Apyroe Ha3BaHHE — «BOCBMEPUYHBIN MYTh»), B KO-
TOPOIl BIEpBBIE OBLJIO BBICKA3aHO MPEANOJIIOKEHHE O BO3MOXKHOCTH CYIIECTBOBAHMS
KBapKOB (M OBLIO aHO UM 3TO Ha3BaHue). JlecsATUNETHE CIYCTS OTKPHITHE YaCTHUIIBI
J/y TOATBEPAMIIO CYIIECTBOBAHUE C-KBapKa M 3aCTaBUJIO, HAKOHEIl, BCEX MOBEPUTH
U B KBaPKOBYIO MOJIEJIb, U B TEOPHIO, O0OBEIUHUBIIIYIO DJICKTPOMAarHUTHBIE U Clla0bIe
CHWIIBI (CM. Huice).

YacTuilbl BTOPOTO M TPETHEro TMOKOJCHHsS] HE MEHEE PealibHbl, YeM IEepPBOTO.
[IpaBma, BO3HUKHYB, OHU 32 MUJUIMOHHBIC WM MIJUTHAPAHBIC TOJIM CEKYHJIbI pacra-
JAr0TCSl Ha OOBIYHBIC YACTHIIBI MIEPBOTO IMOKOJICHUS: SJICKTPOH, dJIEKTPOHHOE HEH-
TPHUHO, a Takke u- U d-kBapku. Bompoc o TOM, modeMy B MPUPOE CYIICCTBYIOT He-
CKOJIBKO ITOKOJIEHUH YaCTHLL, 10 CUX IIOP OCTAETCs 3araJikou.

O pasHBIX MOKOJICHUSX KBApPKOB M JICNTOHOB YAaCTO TOBOPSAT (YTO, KOHEYHO,
HECKOJbKO JKCIEHTPUYHO) KaK O Pa3HBbIX «apoMarax» 4acTull. HeobxoammocTh ux
00BACHEHUS Ha3bIBACTCS TIPOOIEMOM «apoMarta.

9.3. None u BewecTBO

OIHUM U3 NPUHIUIIHATBHBIX PA3JIMYUN MEXAY YaCTUIIAMU SIBJIACTCS pa3Inyue
Mexay Oo3zoHamu U (pepmuoHamMu. Bce yacTuubl JeisTcs Ha 3TU JBa OCHOBHBIX
kiacca. OiMHaKoBbIe 0030HBI MOT'YT HajlaratbCs APYT Ha APyra WIA NEPEeKpbIBATHCS,
a oIMHAKOBble (epMHOHBI — HeT. HanoxeHne mpoucxoaut (WM HE MPOUCXOMIUT) B
JUCKPETHBIX JHEPreTUYECKUX COCTOSHMSAX, HA KOTOPbIE KBAHTOBAS MEXAHHUKA JEIUT
IpUPOY. DTU COCTOSIHUS MPEACTABISAIOT COOON Kak Obl OTAENbHbIE SYEHKHU, B KOTO-
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pbI€ MOKHO IMOMEIIATh YacTULbl. Tak BOT, B OAHY SYEMKY MOKHO IIOMECTHTH CKOJIb-
KO YTOJJHO OJINHAKOBBIX 0030HOB, HO TOJILKO OJJUH (PEPMHOH.

B xauecTBe npuMepa pacCMOTPUM TaKHUE STYEHKH, U «COCTOSHHUSY, IS DIICK-
TPOHA, BPALAIOLIErocs BOKPYT siapa aroma. B otimuune ot ninanetr ConHEYHOH cuc-
TEMBI, 3JIEKTPOH IO 3aKOHAM KBaHTOBOW MEXaHUKHU HE MOYKET 00palaThCs MO 000
AITUNTUYECKON OpOUTE, I HEro CYLIECTBYET TOJBKO JUCKPETHBIN psAl pa3pelieH-
HBIX «COCTOSIHUN JBHXKEHUs». Habopbl TaKuX COCTOSHUMN, IPYNIHPYEMbIE B COOTBET-
CTBUH C PAaCCTOSIHMEM OT DJIEKTPOHA O sapa, Ha3bIBAIOTCA opoumanamu. B nepBoi
opOUTaNM MMEIOTCS J1BA COCTOSIHHS C pa3HbIMHM MOMEHTaMU HMIyJbCa M, CIEA0Ba-
TEJIBbHO, JIBE PA3pPEIICHHbIE TYEHKHU, a B 00J€€ BBICOKUX OPOUTAIAX — BOCEMb U 00Jee
AYEEK.

[TockonbKy 3J€KTPOH OTHOCUTCS K (DepMUOHAM, B KaXIAOW SYEHKE MOXKET Ha-
XOJIUTBCS TOJIBKO OJMH 3IEKTPOH. OTCIO/1a BBITEKAIOT OYEHb BAKHBIC CIEACTBUS —
BCSl XMMMsI, ITIOCKOJIBKY XMMUYECKUE CBOMCTBA BELIECTB ONPEACIIAIOTCS B3aUMOJIEH-
CTBUSIMHM MEXKIy COOTBETCTBYIOIIMMHU aTOMaMH. ECiau HITH MO NEpUOINYECKON CHUC-
TEME 3JIEMEHTOB OT OJHOTO aroMa K JIPyromy B IOPSAKE YBEJIUYEHUS HA CAUHUILY
qyclia IPOTOHOB B siAApe (UMCIIO AJIEKTPOHOB TOXKE OYJET COOTBETCTBEHHO YBEIUYH-
BaThCsl), TO MEPBBIE J1BA IJIEKTPOHA 3aliMyT MEPBYIO0 OpOUTAIIb, CIEIYIOIINE BOCEMb
pacnoJioKarcsi Ha BTOPOW U T.A. DTUM IOCIEA0BATEIbHBIM HU3MEHEHUEM JJIEKTPOH-
HOM CTPYKTYpPBI aTOMOB OT 3JIEMEHTA K 3JIEMEHTY M 00yCIIOBJIEHbI 3aKOHOMEPHOCTH B
X XUMUYECKUX CBOMCTBAX.

Ecnu Ob1 251eKTpoHBI ObUTM 0030HAMU, TO BCE AJIEKTPOHBI ATOMA MOTJIHU ObI 3a-
HUMAaTh OJIHY U Ty K€ OpOuTab, COOTBETCTBYIOIIYI0O MUHUMAIbHON 3Hepruu. Ilpu
ATOM CBOMCTBA BCEro BelllecTBa BO BceeleHHo# Oblin Obl COBEPILIEHHO IPYTUMU, U B
TOM BUJIE, B KOTOPOM MBI €€ 3HaeM, BcenenHas Obuia Obl HEBO3MOXKHA.

Bce nentoHbl — 3JEKTPOH, MIOOH, Tay-JIENTOH U COOTBETCTBYIOIME UM HEW-
TPUHO — ABJSIOTCS pepmMuoHamu. To ke MOXKHO CKa3aTh O KBapkax. Takum oOpazom,
BCE YaCTHUIIBI, KOTOpbIE 00Pa3yIOT «BEIIECTBO», OCHOBHON HAIOJHHUTEIh BceeneHHoMH,
a Tak)Ke€ HEBHJIMMbIE HEUTPUHO, SBJIAIOTCA (epMUOHAMHU. JTO BECbMa CYUIECTBEHHO:
(bepMHOHBI HE MOTYT COBMEIIATHCA.

B To ke BpeMs Bce «KanMOpPOBOYHBIE YAaCTHUIbD», KOTOPHIMH OOMEHHBAIOTCS
B3aUMOJICHCTBYIOIINE MAaTEpUAIbHbIE YACTULBI U KOTOPBIE CO3JAIOT MOJE CHII (CM.
gvluLe), SIBISIIOTCS 0030HAMM, YTO TOKE OUEHb BaXHO. Tak, Hampumep, MHOTO (oTo-
HOB MOTYT HaXOAMUTHCS B OJTHOM COCTOSIHUM, 00pa3ysi MAarHUTHOE 10JIe BOKPYT Mar-
HUTA WIH 3JIEKTPUYECKOE TT0JIE BOKPYT JIEKTPUUECKOTO 3apsaaa. biarogaps stomy ke
BO3MOYKEH J1a3ep.

Cnun. Paznuuue mexay 6030HaMu U hepMUOHAMH CBSI3aHO C €Ie OJHOM Xa-
PAKTEPUCTUKON AJIEMEHTAPHBIX YaCTULl — cnunomM. Kak 3TO HU yAMBUTEIBHO, HO BCE
(dbyHIaMeHTaIbHbIE YaCTHUIl UMEIOT COOCTBEHHBI MOMEHT MMIYJIbCa WM, MPOIIE
rOBOpsI, BpallatoTCs BOKPYT CBOEl ocM. MOMEHT MMITyJibCa — XapaKTEpUCTHKa Bpa-
LIATEJBHOIO JIBUJKEHHS, TAK K€ KaK CYMMApHBI MMITYJIbC — IOCTyHaresibHOro. B
JOOBIX B3aUMOJICHCTBUSAX MOMEHT UMITYJIbCA U UMITYJIbC COXPAHSIOTCS.

B MukpomMupe MOMEHT HMMITyJbCa KBAaHTYETCS, T.€. NIPUHUMAET JAUCKPETHBIC
3HaYCHUA. B MOAXOASIIMX €IMHHUIIAX U3MEPEHUs JIENTOHbI U KBAPKU MMEIOT CIIHH,
paBHbIN 1/2, a KaMMOPOBOUHBIE YACTHUIIBI — CIIMH, paBHBIN 1 (KpoMe rpaBUTOHA, KOTO-
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PBIN SKCTIEPUMEHTABHO MTOKA HE HAOIIOMANICSA, & TEOPETUUECKH JTOJDKEH UMETh CITHH,
paBHbIH 2). [T0CKOIBKY JICITOHBI M KBapKH — ()EPMHUOHBI, @ KaIMOPOBOYHBIC YACTHUIIBI
— 0030HBI, MOKHO TIPEITOIOXKHUTh, YTO «(PEPMHOHHOCTDY» CBs3aHa CO CIIMHOM 1/2, a
«0030HHOCTBY» — cO cnuHOM | (wim 2). JIeHCTBHTENBHO, U SKCICPUMEHT, U TEOPHUS
MIOJITBEPIKAAIOT, YTO €CJIM Y YACTHUIILI IMOJIYILEIbIH CIIMH, TO OHAa — ()SPMHOH, a eCJIH
LIEJIBIIA — TO O030H.

9.4. KannbpoBoU4Hble Teopun

Bo Bcex cimywasx cuibl BO3HHKAIOT BCIEACTBHE OOMEHa OO30HAMHU MEXIY
dbepmuonamu. Tak, [IBETOBAas CHJIa B3aMMOACHCTBHS MEXAY JIByMsl KBapKaMu (KBap-
K1 — ()epMHOHBI) BO3HUKAET 3a cyeT oOMeHa riatooHaMu. [1o100HbIM 0OMEH TTOCTOSIH-
HO MPOUCXOJUT B MPOTOHAX, HEUTPOHAX M aTOMHBIX siapax. TOYHO Tak ke (POTOHBI,
KOTOPBIMU OOMEHHMBAIOTCS 3JEKTPOHBI M KBApKH, CO3JAIOT 3JIEKTPUUECKUE CHIIBI
MPUTSDKEHUS, YIAEP/KUBAIOLIUE 3JIEKTPOHBI B aTOME, a MPOMEKYTOUYHBIE BEKTOPHBIC
0030HBI, KOTOPHIMH OOMEHHMBAIOTCS JIENTOHBI U KBapKH, CO3/AalOT CHUJIBI CJIabOro
B3aUMOJICUCTBHS, OTBETCTBEHHBIE 3a MPEBPALIEHUE IPOTOHOB B HEUTPOHBI IIpU TEP-
MOSIZIEPHBIX PEAKIMAX B 3BE3/1aX.

Teopus Takoro oOMeHa u3sIlHA, IPOCTA U, BEPOSATHO, IpaBwibHAa. OHA Ha3bI-
BaeTcsl Kaaubposounoi meopuei. Ho B HacTosAIee BpeMsl CyILIECTBYIOT JIMILb HE3a-
BUCHMBbIE€ KaJTUOPOBOYHBIE TEOPUU CHUIIBHOTO, CJIa00r0 M 3JEKTPOMArHUTHOIO B3au-
MOJCHCTBUN M CXOAHAsI C HUMH, XOTSI KO€ B-YEM U OTJIMYAIOIIASACS, KAIUOPOBOUHAS
Teopus TpaBUuTauuud. OJHON M3 BAXKHEUIINMX (PU3MUECKUX MPOOJIEM SIBISIETCS CBEIE-
HUE 3TUX OTAEIBHBIX TEOPUI B €IMHYIO U BMECTE C TEM MPOCTYIO TEOPUIO, B KOTOPOU
BCE OHU CTaJIX Obl pa3HBIMU ACMIEKTaMH €IMHON PEAIbHOCTU — KaK IPaHy KpUCTala.

[Ipocreiiiield 1 camoi cTapor U3 KaTUOPOBOYHBIX TEOPUH SIBISETCS KaauOpo-
BOYHAsS TEOPUS IEKTPOMATHUTHOIO B3aUMOJACHCTBUA. B Hell 3aps 3JIeKTpoHa CpaB-
HUBaeTcs (KaauOpyercs) ¢ 3apsioM APYroro 3JEeKTpoHa, yJaleHHOro ot Hero. Kak
MOKHO CpaBHUBAaTh 3apsaabl? MoHO, Hampumep, NpUOIU3UTh BTOPOM 3JEKTPOH K
IIEPBOMY U CpPaBHUBATh UX CWJIBI B3auMojelcTBUs. Ho He MeHseTcs u 3apsj dJIeK-
TPOHA IIPU €0 NEPEMEIIECHUH B IPYI'YIO TOUKY IpocTpaHcTBa? ENMHCTBEHHBIN CIIO-
co0 POBEPKHU — IIOCJIATh OT OJIMKHETO 3JIEKTPOHA K JAJIbHEMY CUTHAJI U TOCMOTPETD,
Kak OH cpearupyer. CUTHAJIOM SBISIETCS KanuOpoBoyHasi yactuia — (GoToH. UToOsI
MOKHO OBIIO MPOBEPUTH 3apsi]] Ha YAAJICHHBIX YaCTHUIIAX, HEOOXOAUM (POTOH.

B MaremaTH4ecKOM OTHOILIEHUM 3Ta TEOPUS] OTIMYAETCS YPE3BBIYANHON TOY-
HOCTBIO M KpacoToi. M3 onucaHHOro BhIlIE «KAITMOPOBOYHOTO MPUHIIMIIA» BHITEKAET
BCsI KBAHTOBAs JIEKTPOAMHAMUKA (KBAHTOBAsI TEOPUsI FJIEKTPOMATHETU3MA), a TaKXKe
TEOpUS JIEKTPOMATHUTHOTO 1ol MakcBelia — OJJHO U3 BEJIMYAWIINX HAYYHBIX JOC-
TrKeHui 19 B.

Ilouemy »e CTOJIb MPOCTOM MPUHUMUI OKAa3bIBAETCS CTOJIb IUIOAOTBOPHBIM?
Buanmo, OH BbIpa)kaeT HEKYKO COOTHECEHHOCTh pa3HbIX 4yactel BceneHHo, mo3Bo-
7511 IPOBOJUTH M3MepeHus BO BceneHHon. B MaremaTndyeckoM IUIaHE IOJIE MHTEP-
MIPETUPYETCSA TEOMETPUYECKH KAaK KPUBU3HA HEKOTOPOTO MBICIIUMOIO «BHYTPEHHETO»
IIPOCTpAaHCTBA. M3Mepenue ke 3apsana — 3T0 U3MEPEHUE MOJHOM «BHYTPEHHEU KpH-
BU3HBI» BOKPYT YacTulibl. KannOpoBouHble T€OpUU CUIBHOTO U €1a00ro B3auMOEH-
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CTBUH OTJIMYAIOTCS OT 3JIEKTPOMATHUTHON KaJIMOPOBOYHOIN TEOPUU TOJIBKO BHYTPEH-
HEll TEOMETPUYECKON «CTPYKTYpOW» COOTBETCTBYIOIIEro 3apsiaa. Ha Bompoc o Towm,
IJIe UMEHHO HAaXOJMTCs 9TO BHYTPEHHEE IIPOCTPAHCTBO, IBITAIOTCS OTBETUTH MHOTO-
MEpHBIE €IMHBIE TEOPUU TOJIs, KOTOPBIE 311ECH HE PACCMATPUBAIOTCA.

@du3nka 3IEMEHTapHBIX YAaCTHI] IIOKa HE 3aBepuicHa. Elie naneko He SCHO,
JOCTAaTOYHO JIM MMEIOIIMXCS JAaHHBIX I MOJHOTO IMOHUMAaHUS MPUPOJBI YaCTUL U
CHUJI, @ TAaK’K€ HCTUHHOM IPUPOJBI U Pa3MEPHOCTH ITPOCTPAHCTBA U BpeMeHU. HyxHbI
JI HaM JUIS OTOr'0 3KCIIEPUMEHTBI C DHEPTUSAMHU 10" I'B nmn xe OyAeT A0CTaTOYHO
ycunuit Mbiciu? OTBeTa noka HeT. Ho MOXHO cKka3aTh C yBEPEHHOCThIO, UYTO OKOHYA-
TelbHAsl KapTUHA OyJIeT MpocTa, U3AIIHA U KpacuBa. Bo3MOXXHO, YTO MPUHLIUMHAAIB-
HBIX UJCH OKaXeTCS HE TaK MHOTO: KaJMOPOBOYHBIN MPUHIUI, MPOCTPAHCTBA BBIC-
IIMX Pa3MEPHOCTEN, KOJIJIAIIC U PACIIMPEHUE, A IPEXKIE BCETO — FTEOMETPUSL.

Tabmuna 4.4. ©YHJIAMEHTAJIbHBIE B3AI/IMOI[EI71CTBI/I}I
Bzau OTtHO- P Ile- Mac Cou
MO-JICHICTBHE |CHTEIbHASI WH- |aINyC PEHOCUHK ca MOKOS |H TIepeHOC-
TEHCHUBHOCTD Ha | IECTBUS | B3aUMOJIEH- IIEPEHOCUYH- |YHKa
pacctosuuu 10° CTBUS xa, MaB/c?
B3
Cun 1 < Titro- 0 1
BHOE 108 cem  |om
Dnek 0,01 O do- 0 1
Tpo- TOH
MArdimuTHOC
Cna- 10 < w* 804 1
6oe 10 em 00
A 804 1
00
Z° 911 1
90
I'pa: 1078 0 I'pa- 0 2
BUTA- BUTOH
IIMOHHOE
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PA3OEN 5. PUSUKA METAMUPA

10. AcTpoHOMMSA U acTpodmanka "

HeymeHnue nzyuats yenoBeka
3aCTaBJISIET U3y4aTh BCE OCTAJIBHOE.
b. Ilackanw

10.1. NMpoucxoxaeHne ConHe4YHOU CUCTEMbI

BBuny ncuesHoBeHMs] Kypca aCTPOHOMHMH W3 MPOTPaMM CPEIHEro M- THOJIaB-
JSFOIIEro OONBIMMHCTBA CHEIUATBHOCTEH BBICIIETO O00pa30BaHUS IalvM  BHadaje
HEOOXOJIUMBIEC CBEICHUS IO MPOUCXOXKICHUIO HEMOCPEICTBEHHO OKPYKAIOIIEH Hac
gacTtu Beenennoit — CoTHEYHON CUCTEMBL.

10.1.1.@opmuposaHue u cyobba ConHua

bubnust (BeTxuil 3aBeT) AaeT KapTUHY COTBOpPEHHUsI MHpa. Ta KapTUHA MHPO-
3/1aHUsI, KOTOPYIO JAaET COBpEMEHHas (PU3MKA M aCTPOHOMHUS OKa3ajach M30BITOYHOM
JUIsl TIEpBOHAYAIIBHBIX HaMeTOK. Ho 3aaymaeMcst, Tak Jid 3TO, €CJIM YYECTh TaK Ha3bl-
BAEMbIl aHTPOMHBIN MPUHIUII, COIVIACHO KOTOPOMY BCE, YTO CYLIECTBYET IOJIKHO
OTBEYATh BO3MOKHOCTH CYIIIECTBOBAHUS YEIOBEKA.

Cy1iecTBOBaHUE KE YEIIOBEKA CBSI3aHO C HU3KOAHTPONMIHBIMU IPOLIECCAMU B
OpraHu3Me€ U BBICOKOOHTPONHIHBIMU B OKpyKaromieM Mupe. VICTOUHHMK OpraHude-
ckoi xu3Hu 1ys yenoBeka — Counnile. OHO 00pa30BalIoCh M3 ra3oIbUIEBOrO 00JaKa
MyTEM TPAaBUTALIMOHHOIO CXKaTus U pazorpena nociieqHero. OHO mpoaosikano Obl U
JAJbIIE CKUMATHCS, €CIU Obl MPH ONPECICHHOM JIABJICHUU U TEMIIEpAType B UTPY
HE BCTYyNUJI Obl IPYyroil ICTOYHUK SHEPTHH — siIEpHbIEC peakuuu cuate3a He u3 H. bes
TepMosiiepHbIX peakiuii CoJiHile ObI0 ObI HAMHOTO MEHBIIE U ropsiyee, 4Yem cenyac
U <OKUJI0» OBl MEHBIIIE.

['paBuTanus — rinaBHas cuiia B ooOpazoBanuu ComHia. XoTsi OHO CBETHIIO OBl U

0e3 TEpMOSIEPHBIX PeaKLUii, €ero cBeueHue ObLI0 Obl TyOUTENIbHBIM AJI HaC.
ComHiie yxe mpocyniectBoBaio 5 mupa jaeT. Uro xaer ero naneiie? B Ommkaiimme
5-6 MJIp]T JIET OHO HAYHET Pa3yBaThCs M MOMVIOTUT 3€MIII0, IPEBPATUBILIKCH B Kpac-
Horo ruranta. Kak Anpnebapan B co3Be3auu Tenblia W berenbreiize B co3Be3IHUH
Opwuona. IlnoTHOE s1pO yBEMMUMUBACTCS B pa3Mepax. ITO MPOTOTHUIT OyAyIIero 0emo-
ro kapymka. Takux B Maeudom mytu 10%. OT rpaBUTAIIMOHHOTO KOJUlarca Oernble
KapJIMKU «cracaer» ToJIbKo npuHuuIl [Taynu, TpuMeHEeHHBIN K JIEKTPOHAM.

benblii kapauk npuTArMBaeT 000J0YKY KpaCHOTO TMTaHTa, IOKa He MpeBpalia-
eTCs B 3BE3/1y pa3MepamMu ¢ 3eMJTt0 (HACTOSIIHUMN OeNbIi KapjuK), KOTOPhINA, IO MEpe
OCTBIBaHUS, PEBPATUTCS B YUEPHBIN KapIIHK.

%8 IMTEPATYPA: IlIknosckuit U.C. 36e30w1: ux poscoenue, wcusnb u cmepms. M., 1984.
TopoOarnkuii B.I'. Hosonooobnwie u nosvie 36e3061. M., 1974.

Haiicon @., Tep Xaap /1. Hetimponnvie 36e30ul u nyavcapst. M., 1973.

Jlureparypa (mononnutenbHas) nana B [lpunoxennn 1.
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Ho He Bce 3Be3/bl MOBTOPSIOT XKU3HEHHbIM NyTh CosiHLIAa. BuHON ToMy «Iipe-
nen Yanapacekapa» (1929). 1,4M | — npenen Yanapacekapa, yrousenssii JIJL. Jlan-
nay, e M — macca ConHua,

A KaK cnoxurest cynpbda 3Be3zbl Maccort 2M 7 B HeKnid KpUTHYCCKUI MOMEHT SIAPO
nocturHet npezaena Yanapacekapa v npuniun 3armpeta [laynu yxe He cMoxkeT obec-
NEYUTh MPOTUBOAABICHHE, HEOOXOAMMOE JIJIsi KOMIIEHCALMUA BO3POCIIMX CUJI TPaBU-
Taluu. SIpo MOXKET KOJUIAIICUPOBATh BHYTPb, UTO MPHUBEAET K MOBBIIICHUIO JaBJIe-
HUSI U TeMmneparypbl. HauyHyTCS MHTEHCHBHBIE SEPHBIE PEAKIMU M KOJIOCCAJIbHAS
SHEPrus BbIACTUTCS B (hOpME HEUTPUHO, KOTOPHIE HArPEIOT BHEIIHIO 00O0JIOUKY U
3aTeM MOCJeAyeT I'PaHIMO3HbII B3phIB. 3B€3/a IPEBPATUTCS B CBEPXHOBYIO.

A 4TO NPOU3OUJIET Jlajiee CO BCE el KoJulancupyromum siapom? OHO IpeBpaTUTCs B
HEUTPOHHYIO 3BE€37y, B KOTOPOW HACTYNIUT HOBOE PaBHOBECUE, OCHOBAHHOE Ha IpH-
MeHeHuHu npuHiuna Ilaynu k HelTpoHam (Z1aBlieHHE HEUTPOHHOTO BBIPOKICHUSA ).
Ecnu HeliTpoHHAas 3Be371a IO Macce MpeB3oieT ené oquH npenen (Jlanpay-
Omnmnenreiivepa-Boikosa) 2,5M , To, ckopee Bcero, Mbl HOJTyIMM YEPHYIO JBIPY. ITO
00J1acTh MPOCTPAHCTBA-BPEMEHH CO CTOJIb CUIIBHBIM TATOTEHUEM, YTO JJAXKE CBET HE
CIOCOOEH BhIpBAThCs 3a €€ mpeienbl (BTOpasi KOCMHUYECKas CKOPOCTh 00JIbIle CKOPO-
ctr cBeta). UepHas apipa Maccoii B 10°M o BO3MOXHO HaXOAUTCS B LICHTPE HAILIErO
MuieqHOro myTH.

10.1.2.@opmuposaHue CosiHe4YHOU cucmems!

Bompoc o ToM, kak oOpazoBanach CojiHeUHasi cuUcTeMa, MOoXalyH, Hanbosee
TPYJHBII B MJIAHETOJNIOTUH. /{151 OTBETa Ha HEro y Hac MokKa Majo JaHHBIX, KOTOpPbIE
MOMOTJIM Obl BOCCTAHOBUTH MPOTEKABLIME B Ty NAJEKYIO 3IOXY CIOXHBIE (pusnye-
CKHE U XxuMuyeckue npoueccol. Teopus popmupoBanusa COTHEUHON CUCTEMBI JTOJIXK-
Ha OOBACHUTH MHOXECTBO (PAKTOB, BKJIIOYAS €€ MEXaHUYECKOE COCTOSHHE, XUMUYe-
CKMHM COCTaB M JAHHbIE U30TOMHOM XPOHOJIOTUM. [Ipy 3TOM KenaTenbHO ONUpPaThCs
Ha peaJibHbIe SBJICHUS, HA0JF01aeMble BOIM3U (POPMUPYIOMIUXCSA U MOJIOJIBIX 3BE3].

Mexanuueckoe cocrosinue. [Inmanersr ooOpamarorcs Bokpyr CoJiHIIa B OJHOM
HAIpPAaBIICHUH, 110 MOYTH KPYTrOBBIM OpOUTAM, JIEKAIIUM [TOYTH B OJHON IUIOCKOCTH.
BOApIIMHCTBO M3 HMX BPAILA€TCS BOKPYI CBOEW OCH B TOM )K€ HANPABJICHUH, YTO U
Connue. Bce 310 ykas3biBaeT, yTo MpeAiIecTBEHHUKOM COJHEYHOH CUCTEMBbI ObLI
BpAIAIOIIMNCS TUCK, KOTOPBIM €CTECTBEHHO 00pa3yeTcs MpH CKATHUH CaMOTpaBUTH-
pYIOIIEN CHCTEMBI C COXpPAaHEHMEM MOMEHTA UMITYJIbCa U CJIEIYIOLUM U3 3TOr0 yBe-
JUYEHUEM YTJIOBOM CKOpOCTH. (MOMEHT UMITyJIbCa, UM YTJIOBOH MOMEHT TUIAHETHI,
— 3TO MpOU3BEACHUE €€ Macchl Ha paccTostHue oT CoyHIIa M HA OpOUTAIBHYIO CKO-
poctb. MoMeHnT CoJiHIIa ONpEENsieTCsl €ro OCEBbIM BpallleHUEM U MPUOIU3UTEIBHO
paBEH MPOMU3BEICHUIO MACChl HA PAIMYC U Ha CKOPOCTh BPAILEHUS; OCEBbIE MOMEHTHI
IJIaHET MPEeHEeOPEKUMO MaJlbl. )

Comntie coaepxut B cede 99% maccel CoJTHEUHOM CHCTEMBI, HO TOJIBKO OK. 1%
€e MOMEHTa UMITyJbca. Teopusi AOKHA OOBSCHUTH, MOYeMy OOJbIIasi YacTh MAcChl
cucTeMbl cocpenoToueHa B CoaHIE, a MOJABIAIOMAs YaCTh MOMEHTA UMITYJIbCA — BO
BHEIIHMUX IUIaHeTax. VMeromuecs: Teoperuueckue monein ¢popmupoBanus ConHed-
HOM CHCTEMBI YKa3bIBalOT, uTo BHaudaje CoJiHIlE Bpallajoch 3HAYUTEIHHO ObICTpEe,
4yeM ceiyac. 3aTeM MOMEHT ummyJjibca oT Monogoro CoJiHIa nepenancs BHEIIHUM
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yacTssM COJIHEUHOW CUCTEMBbI; aCTPOHOMBI IMOJAararT, YTO T'PABUTAIMOHHBIE U Mar-
HUTHBIE CUJIBI 32TOPMO3WIIU BpaleHre COJHIAa M YCKOPWIH IBUKEHUE TUIAHET.

Ve JBa BeKa M3BECTHO MPHUOJIM3UTENBHOE MPABUIIO PETYJISIPHOTO pacmperie-
JIeHUs TUIaHeTHBIX paccTossHuit oT ConHua (npaBuiio Tuiuyca — bone), HO 0OBsicHe-
HUA €My HeT. B cucTeMax CyTHMKOB BHEUIHUX IUIAHET MPOCJIECKHUBAIOTCS TE KE 3a-
KOHOMEPHOCTH, YTO U B IJIAHETHOW CUCTEME B IEJIOM; BEPOSITHO, MPOIECCHl uX (hop-
MUPOBaHUS UMEIH MHOTO OOIIIETO.

Xumnueckuii cocraB. B ConHeunoit cucreme HaOMI01aeTCsA CUITBLHBIA TpaIu-
EHT (pa3Inune) XMMUYECKOro coctaBa: Onu3kue K COJIHIlY MIAHEThl U CHYTHUKH CO-
CTOSIT U3 TYTrOIUIABKMX MAaTEPHUAJIOB, & B COCTaBE JAJICKUX TEJI MHOTO JIETYyYUX HJie-
MEHTOB. DTO 03HA4YaeT, 4TO B 310Xy GopmupoBanus COIHEYHOW CHUCTEMBI CYIIIECT-
BOBaJI OOJIBIIION TpaaueHT TeMreparypbl. COBpeMEHHbIE acTPOPU3INUECKNE MOACIH
XUMUYECKON KOHJICHCAIIMU MPEANoJiaraloT, YTO UCXOAHBIN COCTaB MPOTOILIAHETHOTO
oOnaka ObLT OJIM30K K COCTaBy Mex3Be3aHoU cpeapl u ColHia: mo Macce 110 75% Bo-
nopona, 1o 25% renust u meHee 1% Bcex MPOYMX 3IEMEHTOB. ITH MOJAENIH YCIEUIHO
O0OBSACHSIOT Ha0JII0/1aeMble BapuaIlui XUMHUECKOTo cocTtaBa B COJIHEUHOH crcTeMeE.
O XUMHYECKOM COCTaBe JAIEKUX 0OBEKTOB MOXHO CYAUTh Ha OCHOBAaHWHU 3HAYCHMUS
WX CpeJHEH TUIOTHOCTH, a TaK)Ke IO CIEKTpaM UX MOBEPXHOCTH U aTMocdephl. 3Ha-
YUTEJIBHO TOYHEE JTO YJaJoch Obl CAeNaTh MyTeM aHaju3a OOpa3IoB IIAHETHOTO
BEIIIECTBA, HO TIOKAa y HAC €CTh TOJIbKO 00pa3iisl ¢ JIyHbl u MeTeopuThl. Uccnenys me-
TEOPUTHI, Mbl HAUMHAEM MOHUMAaTh XMMHUYECKHUE MPOIECCHl B MEPBUYHON TyMaHHO-
ctu. OIHaKO MpolIeCcC arJIoOMepali KPYIHBIX IUIAHET U3 MEJIKMX YacTHIl TTOKa OCTa-
€TCSl HESICHBIM.

N3oTonHble qaHHbIe. M30TOMHBIN COCTaB METEOPUTOB yKa3bIBaeT, 4yTO (Pop-
mupoBanne CosiHeuHOM cuctembl mpoucxoauio 4,6 + 0,1 mupa. neT Ha3zaa U ITAIOCH
He 6osiee 100 MiTH. JieT. AHOMaJIUU U30TOMOB HEOHA, KMUCJIOPO/Ia, MAarHUs, JIFIOMUHUS
U JIp. DJIEMEHTOB CBUCTEIBCTBYIOT, YTO B MPOIIECCE KOJUIANca MEX3BE3THOTO 00ia-
Ka, nmopoausiero CoqHEYHYI0 CUCTEMY, B HErO MOMAJId MPOYKThI B3phIBA OJU3KOM
CBEPXHOBOM 3BE3/bI.

Teopuu popmupoBanus. Hayunsie Teopun popmupoBanuss ConHEUHOHN cHc-
TEMbl MOKHO Pa3/ieJIUTh HA TPU KATETOPUU: IPUIMBHBIC, AKKPEIIMOHHBIE U HEOYJIsAp-
Hele. [locneanue npuBiekaroT ceiiyac HauOOIbIINI UHTEpEC.

I[IpuauBHas Teopusi, MO-BUIMMOMY, BIIEpBBIC MpesyioxkeHHas broddonom
(1707—1788), HEMOCPECTBEHHO HE CBSI3BIBACT MEXIY CO00M (POPMHUPOBAHUE 3BE3IbI
u mwianet. [Ipennonaraercs, yro nposereBmas MmuMo CoJiHLIA Apyras 3Be3/1a MyTeM
MIPWJIMBHOTO B3aUMOJICUCTBUS BBITSHYJA U3 HETO (WK U3 ce0si) CTPYIO BEIIECTBA, U3
KOTOPOTo ChOPMHUPOBAIUCH TUIAHETHI. JTa UJIEs CTAJIKUBACTCS C MHOKECTBOM (hU3H-
YECKUX TPo0JIeM; Hampumep, BHIOPOIICHHOE 3BE3/I0M ropsiuee BEIMIECTBO JIOJDKHO
pachbUIsITCS, @ HE KOHJIeHCHpoBaThcs. Celuac NpUIIMBHAS TEOPUSI HEMOMYJISPHA,
MMOCKOJIBKY HE MOXET OOBSICHUTh MEXaHHUeCKrue 0CO0eHHOCTU COTHEYHOU CHUCTEMBI
Y TIPEJICTABIIICT €€ POKIEHNE KaK CIIy9aitHOE U KpaliHe PeIKOe COOBITHE.

AKKpeHHuOHHAsl TeoOpHs Ipeanonaraet, yto monogoe CoHIe 3aXBaTUIIO Be-
IIECTBO Oyylllel TUIAHETHOM CUCTEMBI, MPOJIETasi CKBO3b MIIOTHOE MEK3BE3/IHOE 00-
nako. JleMCTBUTENbHO, MOJIOJbIE 3B€3/bI OOBIYHO BCTPEYAIOTCA BOJM3H KPYITHBIX
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MeX3Be3IHbIX 0071aK0oB. OIHAKO B paMKaX aKKpEHMOHHON TEOPHH TPYIHO OOBICHUTH
IPaJUeHT XMMHUYECKOIO COCTaBa B IJIAHETHOM CHCTEME.

Haubonee pazpaGorana u oOmenpuHsTa ceiiyac HeOyJsipHasi THIIOTe3a,
npegnoxenHas Kantom B kon1e 18 B. Ee ocHOBHas uzaes cocTouT B ToM, uto CosHie
U IUIaHeThl (POPMUPOBAIUCH OJHOBPEMEHHO W3 €IMHOrO Bpallarolerocs obiaka.
Cxxumasich, OHO MPEBPATHIIOCHh B IMCK, B LIEGHTPE KOTOpOro odpazosanock CoiHIE, a
Ha nepudepun — rianersl. OTMETUM, YTO 3Ta UAES OTIMYAETCs OT TUIIOTe3bl Jlama-
ca, COIIaCHO KOTOPOM cHayasa u3 obsaka copmupoBanoch CoJHIe, a 3aTEM M0 Me-
pe ero cxkatus LEeHTPOOE)KHas CHIIa OTPbIBAJIa C SKBATOpPA ra30BbI€ KOJIbIA, CKOHIACH-
CUpOBaBIIMECS MO33KE B IU1aHeThl. ['unoresa Jlamiaca ctaakuBaeTcs ¢ TPy IHOCTIMU
bu3znuecKoro xapakrepa, KOTopble He yaaercs rnpeooniets yxe 200 jer.

Hanbonee ynauHblii COBpeMEHHBIM BapuaHT HEOYJSIpHOM Teopuu. co3man A.
Kamepon ¢ komteramu. B nx Mozenu npoTomiaHeTHas TyMaHHOCTb ObljIa IPUMEPHO
BJIBO€ MACCHBHEE HBIHEIIHEN IIIaHETHOU cucTeMBbl. B Teuenue nepBbix 100 MuH. et
¢opmupoBasiieecss CoJHIIE aKTUBHO BBIOpAchIBAJIO M3 HEE BEIIECTBO. Takoe HoBe-
JIEHUE XapaKTEepPHO JJII MOJIOABIX 3BE€3Jl, KOTOPBIE 10 UMEHM IIPOTOTHIIA HA3bIBAIOT
3se3gamu tuna T Tenbua. PacnipeneneHue naBieHUs U TeMIlepaTyphl BEIIECTBA TY-
MaHHOCTH B Mojenu KamepoHa XOpowo coryiacyercs ¢ TPagueHTOM XUMHYECKOTrOo
coctraBa COJIHEUHOHN CUCTEMBI.

Takum oOpa3oM, Haubosee BeposITHO, 4TO CoJIHIIE U IUIaHEThl CHOPMHUPOBa-
JIUCh U3 €IMHOTO C)KUMAroIIerocs: ooyaka. B neHTpalbHON €ro 4acTu, Il INIOTHOCTb
U Temneparypa ObUIM BbILIE, COXPAHWIMCH TOJBKO TYrOIUIaBKHE BEILECTBA, a Ha Ie-
pudepun COXpaHWINCh U JIETY4YUE; 3TUM OOBSICHAETCS TPAAUEHT XMMHUYECKOrO CO-
ctaBa. B cooTBeTCTBUU € 3TOM MOJENbIO (POPMUPOBAHUE MIIAHETHOM CUCTEMBI TOJIXK-
HO COIPOBOK/IaTh PAHHIOKO 3BOJIIOLIMIO BcexX 3Be3/ Tumna CoJiHua.

10.2. ActpoHOMUSA

ActpoHomus nojonuia k 20 B., o0oramieHHass Kak HOBBIMH OOBbEKTaMU, TaK U
METOJIaMH MX UcCcaeaoBaHus. JInaupyromas pojib aCTpOMETPpHH U HEOSCHOM MeXaHH-
KM YMEHBIIIWIACK, HO OCTaach 3aMeTHON. CTpeMUTEIhHO pa3BUBANIaCh acTpodU3H-
Ka. ACTpOHOMBI BBISICHSIIM cocTaB COJIHEUHOM CHUCTEMBI, €€ CTPOCHUE M XapaKTepu-
CTHKHM OOJIBINMX W MaJbIX TeJl. OHM NMO3HAKOMMJIMCh CO MHOTHMMH SIBJICHHSIMH Ha
CouHile, X0TS ¥ HE MOHUMAJIM TTOKa MEXaHU3MOB BBIJICJICHUSI €r0 TUTAaHTCKOM SHEP-
rud. OHM U3MEPHIIM PACCTOSHUS J0 OMMKaWIIUX 3Be31 U, B 00IIEeM, IIPEACTaBIISIN
pacupeaeneHre 38e3/1 B Hallel ['anakTuke. Y4yeHbIe BBISICHWIM, YTO HEKOTOPBIE TY-
MaHHOCTH Ta30BbI€, IPYTHE COCTOSIT M3 MUPHAJ 3BE3/, a TPETbU COAEPKAT U TO, U
Ipyroe. Y HUX YK€ MOSBUIUCh MOITHBIE, XOTS U HEIOCTATOYHO COBEPIIICHHBIC HOBBIC
MPUOOPHI TSI U3YYEHUS (PU3UUECKOTO COCTOSHUSI, paclpeieJIiCHUs U JIBIXKCHUS pas3-
JIMYHBIX 00BEKTOB BO BeelleHHOM.

JIBAJILIATBIN BEK
ActpoHomuro 20 B. MOKHO pa3AelIuTh Ha JBa Nepuoja — 10 U nocie Bropoi
MHPOBOM BOWHBI. B IepBhIi NEPUO MOSBICHNE MOIIHBIX TEJIECKOIIOB U APYTUX MPH-
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00pOB J1aJI0 aCTPOHOMaM BO3MO’KHOCTh HAOJOJaTh clladble U JalleKue OOBEKTHI, a
HOBBIE€ Hay4HbIE TEOPUHU, B OCOOCHHOCTH TEOPUSI OTHOCUTEIBHOCTH U KBAaHTOBAsl Me-
XaHHMKA, MO3BOJIMJIM MHTEPIPETUPOBATH 3TU HAOIIOACHUA. YJAlOCh MOHATh MeXa-
HU3MBI BblIeNeHUs 3Heprun y CoJIHIA U 3BE3[l, a TAK)KE UX DBOJIIOLUOHHBINA IYTh OT
poxaenust 10 cmepTH. Eie Oosiee rpaHIno3HBIMUA ObUIM OTKPBITUS B KOCMOJIOTHM:
yIaJIOCh MHOTO€ Y3HAaTh O MUPE, B KOTOPOM IIPOTEKAET KU3Hb 3BE3]l U MUJLINAPIOB
3BE3JHBIX CHCTEM, NOJIOOHBIX Hamlel ['anakTuke, 0 poKACHUM U BO3MOXHBIX Bapu-
aHTax ABOJIOUMU 3TOro Mupa. HoBble (akTbl MOTPEOOBAIM U3MEHUTH HE TOJIBKO
CMBICII cJioBa «BceneHHas», KOTOpoe Mpex/ie UCIIONIb30BaIM JUILb I 0003HAYEHUS
Hamrel ["amakTuku, HO U MacmTabbl BPEMEHU B aCTPOHOMHM C MUJUIMOHOB Ha MUJI-
JUapabl JIET.

Bropont nepuon actpornomun 20 B. Ha4ascs, KOTJa yYE€HbIE BEPHYIHUCHh K CBO-
UM NPEPBAHHBIM BOWHOM 3aHATUSM C HOBBIMHU HJIECSMU M OKHUJIAHUSMH, BOOPYKEH-
Hbl€ HOBOW Te€XHUKOH. OCOOEHHOCTH 3TOr0 MEpHoAa COCTOSAT B paclIMpPEeHUH Juara-
30Ha HAOIIOACHUN 3a MpeJeNbl ONTUYECKOr0 U B OBICTPOM POCTE; C pa3BUTHUEM KOC-
MOHABTHKH, JOCTYIHBIX JUIsl 00001IeHHsI HAaOMI0JaTeNIbHbIX JaHHBIX. bplia co3maHa
CTpOIHas TEOpHs 3BOJIIOLMM 3BE3[ U JOKA3aHO, YTO B KOHLIE XKU3HU 3BE3/bl C HEU
MOTYT MPOUCXOJAUTHh HEOOBIYHBIEC U OypHbIE SBJICHUS. ACTPOHOMBI NPUOIU3HINCH K
OTBETY Ha BAKHEUILME BOIIPOCHI KOCMOJIOTHH: KaKOBBI pa3Mep U Bo3pacT BceneHHou,
KaK 3BOJIIOLIMOHUPYIOT FaJaKTHUKU U Ja)ke Kakas cyabOa oxxuaaer Bcenennyto. Bme-
CTe C reou3MKamMu U CHEUHUATUCTAMU [0 KOCMHUYECKOW TEXHUKE OHHM HM3y4aloT B
0JIaronpUATHBIX YCIOBHSIX 00BEKThl COJHEUHON CHCTEMBI, MOdy4asi JaHHbIE 00 HX
COBPEMEHHOM COCTOSIHMM W MIPOIIIOM. ACTPOHOMBI HAOJIIOAIOT POXKACHUE 3BE3]l B
JAJIEKUX O0JIaKaXx, 3apOXAAIOIIHECS B OKOJO3BE3IHBIX I'a30-IIbUIEBBIX JUCKaX IJa-
HETHBIE CUCTEMBI U aKe camMH 3TH TiaHeThl. K koHIly 20 B ¢ HOMOLIBI0 HA3€MHBIX U
OpOUTANBHBIX TEJIECKONOB aCTPOHOMBI Y3HAJIM IMOYTH BCIO UCTOpHIO BeeneHHoil.

10.3. Kocmonorus

Paznen actponoMuu u acTpou3UKH, W3YUYAIOIIUN MPOUCXOKIACHUE, KPYITHO-
MacIITa0HYIO CTPYKTYpY U 3Bommonuio BeenenHoi. J[anHble 17151 KOCMOJIOTHH B OC-
HOBHOM TIOJIYYAalOT W3 aCTPOHOMHYECKUX HaOmronmeHuid. [[ns mx wHTEprpeTanuu B
HACTOSIIIEE BPEMsI UCIOJIB3YETCsl O0Iasi TeOpusi OTHOCUTEILHOCTH A. DUHINTEITHA
(1915). Co3nanue 5TO# TEOPUU W MPOBEACHUE COOTBETCTBYIOIIUX HAOIIOACHUI TTO-
3BOJIMIIO B Havasie 1920-X ro/I0B MOCTaBUTh KOCMOJIOTHIO B Psii TOYHBIX HAyK, TOTa
KaK J0 3TOr0 OHa cKopee Oblia obaacTeio punocoduu. Celiuac CIOKUIUCH ABE KOC-
MOJIOTUYECKHE IIIKOJIbI: AMIIUPUKU OTPAHUYMBAIOTCS WHTEpHpeTanuend HaOIroa-
TEJIbHBIX JIAaHHBIX, HE DKCTPANOJUPYsI CBOM MOJICJIM B HEU3yUYECHHBIE 00JIaCTH; Teope-
TUKHU TIBITAIOTCA OOBICHUTH HaOogaeMyto BceelleHHY0, UCTIONb3Yysl HEKOTOphIE TH-
MOTE3bl, OTOOPAHHBIC TIO IPUHIIUITY MPOCTOTHI U AeraHTHOCTH. [lIupokoit u3BecTHo-
CTBIO TOJB3YETCs Cceldac KOCMOJIOTMYecKass MOJEidb BoJsbIioro B3phiBa, COrIACHO
KOTOpOM paciupeHue BeelleHHoM Hauaaoch HEKOTOPOe BpeMs TOMY Ha3aj U3 OYeHb
IJIOTHOTO U TOPSYEro COCTOSHUS; 00CYKIaeTCs U CTallMOHapHas MoJielib BeeneHHOH,
B KOTOPOI OHA CYIIECTBYET BEYHO M HE MMEET HU Hauaja, HU KOHIIA.
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10.3.1.Kocmornoauyeckue OaHHbIe

[Tog KOCMOJIOTMYECKUMH JAaHHBIMU MMOHUMAIOT PE3YJbTAaThl SKCIIEPUMEHTOB U
HaOJII0ACHUI, UMEIOUIME OTHOUIEHUE K BCeleHHO! B 1IeJIOM B IIMPOKOM JIMAIa30He
MPOCTPAaHCTBA U BpeMeHH. JIrobasg MbIcaMMas KOCMOJIOTMYECKass MOJEIb JOJDKHA
YAOBIICTBOPSATH ATHUM JMaHHBIM. MOJKHO BBIIECITUTH 6 OCHOBHBIX HAOJFOMATEIBLHBIX
(bakTOB, KOTOPHIE TOKHA OOBSICHUTH KOCMOJIOTHSL:

1. B 6onpmmx macmtabax Beenennast oqHOpOHA U U30TPOITHA, T.€. TaJTaKTUKU
U WX CKOIUICHHUS paCIpeelieHbl B MPOCTPAHCTBE PABHOMEPHO (OJHOPOIHO), a UX
JIBMYKEHUE XAOTUYHO W HE HMMEET SIBHO BBIJICJICHHOTO HAINpaBiieHUs (M30TPOIHO).
[Mpuniun KomnepHuka, «CcIBUHYBIIEro 3eMIII0 U3 LIEHTpa MUpay, ObL1 0000IlEH ac-
TpoHOMaMu Ha COJIHEYHYIO CUCTEMY U Hally ['alakTHUKY, KOTOPBIE TAKXKE OKA3aJIuCh
BIIOJIHE psIOBBIMH. [103TOMY, HCKITIOUAst MENTKME HEOJHOPOJHOCTH B PaclpeacICHUN
rajakTUK U UX CKOIUICHUH, aCTPOHOMBI CUMTAIOT BCeneHHyIo Takoi K€ OAHOPOIHOMN
BE3/¢, KaK U BOJIM3H HAaC.

2. Beenennas pacmupsiercs. ['anakTHKy yoansitoTes Ipyr OT apyra. 9To oOHa-
PYKUJT aMepUKaHCKUil acTpoHoM J. Xa06n B 1929. 3akon XabOna rjmacut: yem
Janbllie TaTaKTUKa, TeM ObICTpee OHa yaanseTcs oT Hac. Ho 3To He o3Hayaer, 4To Mbl
HaxoJuMcs B LieHTpe BceneHHoii: B r000i Ipyroil rajlakTUKe HaOII0JaTeNN BUASAT
TO ke camoe. C MOMOIIbIO HOBBIX TEJIECKOMOB aCTPOHOMBI YIIIyOmIHch Bo Bcenen-
HYI0 3HAYUTEIBHO JIajblile, yeM Xa00J1, HO ero 3aKOH OCTaJICsl BEPEH.

3. IIpocTtpaHcTBO BOKpYT 3eMJIM 3al0JIHEHO (DOHOBBHIM MHKPOBOJHOBBIM pa-
nuousnydeHueM. OTkpbiToe B 1965, OHO CTano, Hapsay C rajakTUKaMH, TJIAaBHBIM
00BEKTOM KOCMOJIOTHH. ET0 BaKHBIM CBONCTBOM SIBJISIETCSI BBICOKAsi U30TPOMHOCTD
(HEe3aBUCHMOCTh OT HaIpaBJICHUS), YKa3bIBaIOIIas Ha €ro CBA3b C JAJICKUMHU O0Jiac-
TaMu BceneHHOW M MOATBEpIKIAroIas UX BBICOKYIO OAHOPOAHOCTh. Ecim Obl 3TO
OBLIIO M3TydeHHE Hamle ["anakTuku, To OHO oTpakasio Obl ee cTpyKTypy. Ho akcrie-
PUMEHTHI Ha OaJlJIoHaX W CIyTHHKAaX J0Ka3aju, 4TO 3TO U3IyYE€HUE B BBICIICH cTeme-
HU OJHOPOJIHO M MUMEET CIEKTP U3IyuyeHHUs] a0CONIOTHO YEPHOro Teja ¢ TeMIlepaTy-
poi okoiio 3 K. O4eBUAHO, 3TO PEIUKTOBOE U3TyUYCHUE MOJIOJION U Topsiuei BeenmeH-
HOM, CHJIbHO OCTBIBILIEE B PE3YJIHTATE €€ PACIIUPEHHUS.

4. Bo3pact. 3emiid, METEOPUTOB M CaMbIX CTApPbIX 3BE3]] HEMHOTMM MEHbBIIIE
BO3pacTa BceneHHoM, BEIUMCIEHHOTO 10 CKOPOCTH €€ pacuiupenus. B cooTBeTcTBUM
¢ 3akoHOM Xa00sa BceneHHas BCIOAy pacuIupsieTcsi ¢ OJMHAKOBOM CKOPOCTHIO, KO-
TOPYIO Ha3bIBaIOT nocmosannou Xabona H. 1o Helt MOKHO OlleHUTh Bo3pacT Bceenen-
Hoit Kak 1/H. CoBpeMmeHHbIe n3MepeHus H nmpuBoasAT K Bo3pacty BceeneHHO# 0KoJo
20 mupna. ner. MccnenoBaHus NPOAYKTOB PaJWOAKTUBHOIO pacraja B METEOPUTaX
JAI0T BO3pacT okoJjio 10 mipA. JieT, a camble CTapble 3BE€37bl UMEIOT BO3PACT OKOJIO
15 mupa. net. o 1950 paccTosiHus 10 TalaKTUK HEIOOIEHUBAINCH, YTO TIPHUBOIUIIO
K 3aBBILICHHOMY 3HAa4Y€HUIO // 1 MajioMy Bo3pacty BcelleHHOM, MEeHbIIEMY BO3pacTa
3emun. YToObl pazpeminTs 310 npotuBopeune, I'. bouau, T. IN'ong u @. Xoiin B 1948
NPEAJIOKUIN CTALIMOHAPHYI0 KOCMOJOTHYECKYH0 MOJENb, B KOTOpoW Bo3pacT Bce-
JIEHHOU 0E€CKOHEUEH, a 0 MepE €€ PACUIUPEHHS POKIAETCS HOBOE BELIECTRO.

5. Bo Bcel HaOmromaeMon BceeleHHOM, OT OJM3KHX 3BE3J 10 CaMBIX JAJIEKUX
rajakTHUK, Ha Kaxnable 10 atomoB Bonopona npuxonures 1 arom renus. Kaxercs He-
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BEPOSTHBIM, YTOOBI BCIOJY MECTHBIE YCIIOBUSI OBLIIM CTOJb OMHAKOBBI. CHUIIbHAS CTO-
poHa mMozenu bosblIoro B3peiBa Kak pa3 B TOM, YTO OHA MPEACKA3bIBACT BE3AE OJH-
HAaKOBOE COOTHOUIEHUE MEXK/y T€JIMEM U BOAOPOIOM.

6. B obnactsax BeeneHHol, ynaneHHbIX OT HAC B MIPOCTPAHCTBE U BO BPEMEHH,
0O0JIbIIIE aKTUBHBIX TAIAKTUK U KBAa3apoOB, YEM PSJIOM C HAMHU. DTO yKa3bIBaeT Ha HBO-
JIFOUMI0 BCEIeHHOM U MPOTUBOPEYUT TEOPUHU CTAIMOHAPHON BeeneHHou.

10.3.2.Kocmornozauyeckue moodesnu

JIrobass KocMosornyeckas MoJelnb BceneHHoU onupaeTcss Ha ONpeeiIeHHYIO
TEOPHIO FpaBUTALMU. Takux T€OpUil MHOTO, HO JIMILIb HEKOTOPBIE U3 HUX YAOBJIETBO-
pAIOT HaOMIOAaeMbIM SIBJIEHUAM. Teopus TsroreHus HploTOHa HE yI0BIETBOPSET UM
naxe B npenenax ConHeyHoi cuctemsl. Jlydie Bcex coriacyeTcs ¢ HaOJIOACHUSIMU
oO11asi TeopHsi OTHOCUTENBHOCTH DWHIITEIIHA, HA OCHOBE KOTOPOM PYCCKHI MeTeo-
posior A. ®puaman B 1922 u Genbruiickuii a06at u matematuk XK. Jlemerp B 1927
MaTeMaTUYECKH ONucanu pacmmpenue BeeneHHoil. M3 KOcMOIOrn4eckoro npuHIU-
14, MOCTYJUPYIOIIEr0 MPOCTPAHCTBEHHYK) OJHOPOJHOCTH W HM30TPONHOCTH MUDA,
OHHU TNOJY4YHJIM Mojenb bonbiioro B3peiBa. X BbIBOA moATBepauiics, koraa Xa0dou
OOHapyXUJI CBSI3b MEXKJYy PACCTOSIHUEM U CKOPOCTBIO pazderaHus rajiakThuk. Bropoe
BAKHOE MPEJCKA3aHUE 3TOM MOJenH, caenanHoe I'. ['aMOBbIM, Kacajaoch PEIUKTOBO-
ro U3JIy4yeHus, HabJoJaeMoro celyac Kak ocTaTok 3moxu bosbiioro B3peiBa. Jpy-
M€ KOCMOJIOTMYECKHUE MOJIETM HE MOTYT TaK € €CTECTBEHHO OOBSCHUTH 3TO H30-
TpONHOE (DOHOBOE U3ITYyUYEHUE.

I'opsiunii Boaboi B3pbIB. COracHo KOCMOJIOTUYECKOM Mozenn Ppuamana
— Jlemetpa, Bcenennas Bo3HHMKIIA B MOMEHT boJbIoro B3peiBa — 0k0J10 20 MiIpA. JIeT
Ha3zal, U €€ pacUIMpeHHe MPOAOJIKAETCS O CHX IMOp, MOCTENEHHO 3aMeIsisich. B
MepBOE MIHOBEHUE B3pbIBa MaTepusi BceneHHON nMena 0€CKOHEUYHbIE MIIOTHOCTh U
TEMIIEpaTypy; TAKOE COCTOSIHUE Ha3bIBAKOT CUHTYJISIPHOCTBIO.

CornacHo o011eli TeOpUU OTHOCUTENILHOCTH, FPABUTALIUS HE SBIISETCS peallb-
HOM CHJIOW, a €CTb MCKPHUBJICHHE MPOCTPAHCTBA-BPEMEHHU: YeM OOJIbIlIE MIOTHOCTD
MaTepuu, TEM CHJIbHEC WCKPUBIICHHE. B MOMEHT HayalbHOW CHHTYJSIPHOCTH HC-
KpHUBJICHUE TOXE OBUIO 0eCKOHEYHBIM. MOYKHO BBIPA3UTh OCCKOHEYHYIO KPHBU3HY
IIPOCTPAHCTBA-BPEMEHHU APYTHMMH CIOBaMH, CKa3aB, YTO B Ha4aJbHbIII MOMEHT MaTe-
pHUs ¥ IPOCTPAHCTBO OJTHOBPEMEHHO B30pBaJIMCh Be3le BO Beenennoii. [1o mepe yBe-
JTu4YeHus: o0beMa MpOCTPAHCTBA paclIupsrolieiics BeeneHHoM mI0THOCT, MaTepuu B
Helt magaer. C. Xokunr u P. Ilenpoy3 nokaszanu, 4To B IPOILLJIOM HENPEMEHHO ObLIO
CUHTYJISIPHOE COCTOSIHME, €CJIM O0IIas TeOpUs OTHOCUTENbHOCTH MPUMEHUMA IS
omucaHus GU3NIECKUX MTPOIIECCOB B OUEHb paHHEH BceneHHOoM.

YtoObl n36ekaTh KaTacTpo(hUUECKON CUHTYJSIPHOCTH B MPOILJIOM, TpeOyeTcs
CYILLIECTBEHHO U3MEHUTh (PU3HKY, HAIPUMED, MPEANOJIONKUB BOZMOKHOCTH CAMOIIPO-
M3BOJIBHOTO HENPEPBIBHOIO POXKAECHUS MaTepuu, Kak B TEOPUM cTauuoHapHOM Bce-
nenHoi. Ho actpoHommuueckue HaOMIOEHUS HE AAIOT JUIS 3TOr0 HUKAKUX OCHOBA-
HHM.

Yem Oonee paHHUE COOBITHS MBI paccCMaTpHBaeM, TEM MEHbIIE ObUT UX MPO-
CTPaHCTBEHHBINM MacHITal; Mo Mepe MPUOIKEHUS K HaYally paclIMpeHUs] TOPU3OHT
HaOmrogaTens cxkumaercs (puc. 1). B cambie mepBbie MTHOBEHHUSI MacIiTad Tak Mad,



130

4YTO MBI YK€ HE B IIPaBe MPUMEHSTH OOIIYI0 TEOPHIO OTHOCHTEIBHOCTHU: JIJISl OMHUCa-
HHS SIBIICHUH B CTOJIb MAJIBIX MaciiTabdax TpeOyercsi KBaHTOBasi MexaHuka. Ho kBaH-
TOBOM TEOPUU TPABHUTAIMH TTOKA HE CYIIECTBYET, IOATOMY HUKTO HE 3HAET, KaK pas-
BHBATHCH COOBITHS 10 MoMeHTa 10 ¢, Ha3bIBAEMOro miankosckum épemenem (B
YeCTh OTIIa KBAHTOBOW TEOpHH). B TOT MOMEHT IJIOTHOCTh MaTepHU JOCTUTAJIA HEBE-
positHoro 3uadenns 10%° kr/cm®, KOTOpoe Hemb3s CPABHUTE HE TOIBKO C MIOTHOCTBIO
OKpy’KaloImX Hac Tei1 (MeHee 10 r/cm®), HO axe ¢ IIIOTHOCTHIO ATOMHOTO siapa (OK.
10" kr/cm®) — HanGoubleil MIOTHOCTHIO, JOCTYIHONH B maboparopun. Hamommnwm,
yto | a. e. M. — 1,6605655(86)-10_27 KT, a JTHHEHHbIH pasmep siapa 107 m. [Tosromy
JUIS. COBPEMEHHOM (PM3MKU HA4YaJIOM pacIIupeHus: BeeneHHoM CIy)KUT TIaHKOBCKOE
BpeMsI.

Moaenw Boneloro B3pLIBa
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Puc. 5.1. Monenu Bosbiioro B3peiBa MpencTaBiICHbl TPeMs BaXKHEMIIMMU THUIAMM: CTaH-
JApTHOU OTKPBITOW MOJEIBIO, CTAHAAPTHON 3aMKHYTOM U MoJenbio Jlemerpa. Ilo ropusonranu or-
JIO’)KEHO BpEMs, M0 BEPTUKAIN — PACCTOSIHUE MEXKIY JIOOBIMHM JIBYMSI JOCTATOYHO YIAJIEHHBIMU
ApyT OT Apyra (4ToObl HCKIIOUUTH MX B3aUMOJecTBUE) rajakTukamMu. KpyxkoM oTMeueHa Haia
amoxa

Ecnu 61 Bceenennast Bcerma pacmupsiiach ¢ HBIHEITHEH CKOPOCTBIO, BBIpa-
KEHHOW MOoCTOssHHOM Xa006ya H, To 3To Havyayoch Obl 0KoJio 20 MIIpJ. JIET Hazad U
MPOUCXOUIIO TaK, KaK MOKa3aHO AMAroHaJbHBIM MyHKTUpOM. Ecnu pacumpenue 3a-
MEIJISETCSI, KaK B OTKPBITOM MOJEIN MPOCTPAHCTBEHHO OE3rpaHUYHOTO MHpA WU B
3aMKHYTOM MOJIENTM OTPaHUYEHHOTO MUpa, TO Bo3pacT BeenenHnoil Menblue, yem 1/H.
Haunmenbimii BO3pacT y 3aMKHYTOW MOJIENH, pacluIipeHrne KOTOPOH OBICTPO 3aMe-
JIAEeTCs U cMeHsieTcs cxkatuem. Mogaens Jlemerpa onuceiBaeTr BceeneHHyr0, BO3pacT
KOTOpPOM 3HAUUTENBHO O0JIbIIe, UeM 1/H, MOCKONBKY B €€ UCTOPUU €CTh AJTUTEIbHBIN
MEPUO/I, KOT/Ia PACIIMPEHUS MOUTH HE mpoucxoauino. Moaens Jlemerpa u oTKphITas
MOJIEINIb ONTUCKHIBAIOT Beenennyto, KoTopas Bceraa 0y1eT pacimpsThCsl.
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BoT npu Takux yCIOBHSIX HEMBICIMMO BBICOKOM TEMMEPATYPbl U IUIOTHOCTH
cocTosiochk poxkaeHue Beenennoil. [lpuuem 310 MOTIo ObITh POKIECHUEM B IIPSIMOM
cMBbIciie: HeKoTophle KocMmouoru (ckaxem, f.b. 3enpaoBuu B CCCP u JI. [lapkep B
CILIA) cuMTtanu, 4YTO 4acTULBl U TaMMa-(hOTOHBI OBUIN POXKJIEHBI B Ty 3IOXY I'pDaBU-
TalMOHHBIM ToJiIeM. C TOYKHU 3peHUsl PU3UKU, 3TOT MPOIECC MOT COCTOSATHCS, €CIIH
CUHTYJIAPHOCTH OblJIa aHU30TPOIHOM, T.€. TPaBUTALIMOHHOE I0JI€ ObUIO HEOJHOPO-
HBIM. B 3TOM cilydyae npwINBHBIE TPABUTALOHHBIE CUIIBI MOTJIM «BBITAIUTE» W3 Ba-
KyyMa peajlbHbI€ YaCTHIIbI, CO3/1aB TAKUM 00pa30M BellecTBO BeeneHHOM.

N3yyas mporeccsl, MPOUCXOAUBIIME Cpa3y Mociie bonibloro B3pbiBa, MbL MO-
HUMAaeM, 4TO Hallu (pU3NYecKre TEOpHUHU elle BeChMa HECOBEpIICHHBI. TerioBas 3Bo-
JOUHMs paHHel BcelleHHOM 3aBUCUT OT POXKIEHUS MACCUBHBIX 3JIEMEHTAPHBIX YaCTHII
— aJIpOHOB, O KOTOPBIX fifepHasl (U3MKaA 3HAET emnle Mano. MHOTrHe U3 3TUX YaCTHI
HECTaOWJIbHBI U KOPOTKOXUBYIIH. [lIBeitnapckuii ¢puszuk P.XarenopH cuutaer, yTo
MOXET CYLIECTBOBATh BEJIMKOE MHOXECTBO aJIPOHOB BO3PAaCTArOUIMX MACC, KOTOPBIE
B M306WIHE MOTIH (POPMHUPOBATHCS IIPH TeMrepaType mopsiaka 10K, korna rurant-
CKasl IJIOTHOCTh U3JIyYEHHUs MPUBOAMIIA K POKIAECHUIO aJPOHHBIX I1ap, COCTOSIIMNX U3
YAaCTULIBI U AHTUYACTULIBI. DTOT IMPOLECC JOJKEH ObUI Obl OrPAaHUYUTH POCT TEMIIE-
paTypsbl B IPOLLIOM.

CorylacHO Ipyroil TOYKE 3pEHMs], KOJUYECTBO. TUIIOB MACCUBHBIX 3JIEMEHTap-
HBIX YaCTHLl OIPAaHUYEHO, ITO3TOMY TEMIIEpaTypa U INIOTHOCTh B IEPUOJ aJIPOHHOU
3Pl JOJIKHBI OBUIM 1OCTUTaTh OECKOHEYHBIX 3HaYEHUN. B npuHILIHIE 3TO0 MOKHO ObI-
710 ObI TPOBEPUTH: €CIIM Obl COCTABIIAIOIINE aiPOHOB — KBAPKH — ObUTH CTAOUIIbHBIMU
YacTUI[AMHU, TO HEKOTOPOE KOJUYECTBO KBAPKOB M AHTUKBAPKOB JOJKHO OBLIO CO-
XPaHUTBCA OT TOM ropsueit smoxu. Ho MoMCK KBapkOB OKa3aycs TIIETHBIM; CKOpee
BCET0, OHU HECTAOUILHEI.

[locne mepBoii MWILTUCEKYH[bI pacluupeHus BcenenHol cuibHOE (siA€pHOE)
B3aUMOJICVCTBHUE IIEPECTATI0 UIPATh B HEH ONPEACIIAIONIYIO POJIb: TEMIIEpaTypa CHU-
3UJIaCh HACTOJIBKO, YTO aTOMHBIE sJipa NepecTaiu paspyarses. Janpueiimme Gusu-
YEeCKHUE MPOLIECCH ONPEACISIINCH CIa0bIM B3aUMOAEHCTBUEM, OTBETCTBEHHBIM 3a PO-
KICHUE JIETKUX YaCTULl — JIenMoOHO8 (m.e. 31eKMpPOHO8, NO3UMPOHO8, ME30HO8 U
Helmpuno) TOJ NeUCTBUEM TeIIoBoro uinydeHus. Korja B xolie pacuiMpeHus: TeM-
TepaTypa M3NyueHHs OoHM3MIachk npumepHo 10 10'°K, nenTonnbie mapsl mepectaiy
POXKJIAaThCA, MIOYTH BCE MO3UTPOHBI M 3JIEKTPOHBI AHHUTUIMPOBAIN; OCTAJIUCH JIUIIb
HEUTPUHO U AHTUHEUTPUHO, (POTOHBI U HEMHOI'O COXPAHUBIIMXCS C MPEAIIECTBYIO-
LU SMOXH MPOTOHOB U HEUTPOHOB. Tak 3aBeplIniIach JIENITOHHAS dpa.

Crnenytomas (aza pacmmperus: — GOTOHHAs dpa — XapaKTEPU3yeTCss aOCOIIOT-
HBIM Mpeo0iaJaHueM TEIUIOBOro M3iydeHus. Ha KakIplil cOXpaHMBIIMIICS MPOTOH
WM 3JIEKTPOH TMPUXOJIUTCA MO MUuapay ¢GpotoHoB. BHawane 3To ObuiM ramma-
KBaHTBI, HO 10 Mepe paclupeHus: BceneHHoM OHU TEpsUId SHEPTUI0 U CTAHOBUIIKCH
PEHTT€HOBCKUMHU, YJIbTPapUOIETOBBIMU, ONTHUYECKUMHU, MH(PpPaAKpaCHbIMU M, HaAKO-
HEll, celyac CTaJd PaJlOKBaHTaMH, KOTOPbIE Mbl IPHHHUMAEM KaK YEPHOTEIBHOE
(hoHOBOE (PEIMKTOBOE) PATUOUBITYICHHE.

Hepemennsbie npodjembl kKocmosiorun boabmoro B3peiBa. MoxxHO OoTMe-
TUTh 4 NpoOJEMBI, CTOSIIME celyac Mepes; KOCMOJOTHYecKord Monaenpo bonbmoro
B3pbIBA.
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1. IIpobnema CUHTYISIPHOCTH: MHOTHE COMHEBAIOTCS B IPUMEHUMOCTH 0011ei
TEOPUU OTHOCUTEIBHOCTH, NAKOLIEH CUHTYISPHOCTh B mpouuioMm. IIpenmararorcs
aNbTEpHATUBHBIE KOCMOJIOTHYECKUE TEOPUHU, CBOOOHBIE OT CUHTYJISIPHOCTH.

2. TecHo cBsizZaHa ¢ CUHTYJISPHOCTBIO TIpoOsiemMa M30TPONHOCTH BceneHHoM.
Kaxercst cTpaHHBIM, YTO HAYABUIEECSA C CUHTYJISIPHOIO COCTOSIHUSL PACIIMPEHUE OKa-
3QJI0Ch CTOJb M30TpPONHBIM. He HCKII0YeHO, mpaBia, 4TO aHU30TPOIHOE BHAYAJE
pacIIMpEHNE MOCTENEHHO CTAJIO U30TPOITHBIM IO IEMCTBUEM TUCCUIIATUBHBIX CHIL.

3. OmHopoxHas Ha caMmbIX OOJBIIMX MacmiTabax, Ha MEHBIINX MaciiTadax
BceneHHas BecbMa HEOAHOPOJHA (TajakTUKH, CKOIUIEHUS TajakTHK). TpyaHo 1o-
HATh, KaK OJIHA JIMIIb TPaBUTAIIUSI MOTJIa MPUBECTU K MOSIBIICHUIO TAKOM CTPYKTYPHI.
[To3TOMYy KOCMOJIOTH H3Yy4aroT BO3MOXKHOCTH HEOAHOPOAHBIX Mojeneil bosbmioro
B3pbIBA.

4. HakoHell, MO’KHO CIIPOCHUTh, KakoBO Oynayiiee Beenennoid? st orBeTa He-
00X0JMMO 3HaTh CPEHIO0 INIOTHOCTh MaTepuu Bo Beenennoii. Ecnu ona npeBocxo-
IUT HEKOTOPOE KPUTHUYECKOE 3HAUEHHUE, TO T€OMETPUS IPOCTPAHCTBA-BPEMEHH 3aMK-
HyTasi, ¥ B OyaymieM BceneHHas HempeMeHHO coxMeTcsi. 3aMKkHyTasi Becenennas He
MMEET IPaHull, HO ee 00beM KOoHeueH. Eciii mII0THOCTh HuXe KpuTHieckoi, To Bee-
JIEHHAs1 OTKpPbITA U OyaeT pacmmpATbest BeuHo. OTKpeitas Beenennas OeckoHeuHa U
MMEET TOJBKO OJHY CHUHTYJISIpHOCTh BHauase. [loka HabmoneHust Tydiine corjaacyroT-
Cs C MOJIEJIBIO OTKPBITOM Beenennou.

IIpoucxoxaeHue KPynmHOMACIITAOHON CTPYKTYPbI. Y KOCMOJIOTOB Ha 3Ty
npo0JeMy eCcTh IB€ MPOTUBOMOJIOKHbBIE TOUKH 3PEHHUS.

Camast paguKalibHasi COCTOMT B TOM, YTO BHavaJsie OblT xaoc. Pacimpenue pan-
Hel BeenenHoi nmponcxoawino KpanHe aHW30TPOIHO U HEOJHOPOIHO, HO 3aTEM AMC-
CUIIATUBHBIE MPOLIECCHl CTIaJAWIM AaHU30TPONUIO U MPUOIU3WIN PACUIMPEHHE K MO-
nenu Opunmana — Jlemerpa. Cyanba HEOTHOPOAHOCTEW BeChbMa JIOOOMBITHA: €CIU
HX aMIUIATYJia Oblia OOJIBIION, TO HEU30SKHO OHH JOJDKHBI ObUIH KOJUTATICHPOBATh B
YepHbIE JBIPHI C MACCOMU, OMPEEIsieMOil TeKyIuM ropuzoHToM. Ux dhopmupoBanue
MOIJIO HA4aThCsl MPSAMO- € TIJIAHKOBCKOIO BPEMEHH, TaK 4TO BO BceneHHo Moriio
OBITH MHOJKECTBO MEIIKHX YEPHBIX IBIP ¢ Maccamu 10 10 r. Oxnako C. XOKHHT mo-
Ka3all, YTO «MUHU-ABIPBD) TOJKHBI, U3TTy4dasi, TEPSATh CBOK MACCY, U JI0 HaIlEW 3MOXU
MOTJTH COXPAHMTHCS TONBKO YEpHBIE ABIPHI ¢ Maccamu 6omee 10™° T, uto cooTBerct-
BYET Macce HEOObILIOM ropHI.

[lepBHUYHBII Xa0C MOI COAEpKaTh BO3MYILEHHS JHOOOr0 MacimTabda U aMILIu-
TyJAbl; HauboJiee KpyIMHbIE U3 HUX B BUJE 3BYKOBBIX BOJIH MOIJIM COXPAHUTHCA OT
AMoXH paHHel BceneHHOM 10 Apbl M3Ty4YeHUs, KOTJIa BEIIECTBO OBLIO €I11€ 10CTaTOu-
HO IOpSYUM, 4TOOBI UCITyCKaTh, MOTJIONIATh U paccenBaTh u3inydeHue. Ho ¢ okonyva-
HUEM 3TOM 3pbl OCTHIBILAS IJIa3Ma peKOMOMHHMpOBAja U MepecTana B3auMOICHCTBO-
BaTh C W3JIyueHHeM. JlaBlieHHe W CKOpPOCTh 3BYKa B ra3e yINalu, BCJIEACTBUE YETrO
3BYKOBbBIE€ BOJIHBI MPEBPATWINCH B yIAPHBIE BOJIHBI, CKUMAIOLIUE a3 U 3aCTaBIISIO-
[IME €ro KOJUIAIICUPOBATh B FAJIaKTUKU M UX CKOIUICHUs. B 3aBUCMMOCTH OT THIA UC-
XOJIHBIX BOJIH PacyeThl IPEICKa3bIBAIOT BECbMA PA3IMUHYI0 KapTUHY, 1aJIEKO HE BCe-
r7la COOTBETCTBYIOIIYIO HaOmomaeMoil. s BpIOOpa MEXIy BO3MOKHBIMH BapHaH-
TaMU KOCMOJIOTHYECKHX MOJIENICH Ba)KHOU siBisieTcs oaHa (uiocodckas uies, us-
BECTHAsI KaK AHMPORHBII NPUHYUR: C caMoro Hadana Bcemennas momkHa Oblia



133

MMETh TaKWE CBOMCTBA, KOTOPHIE MO3BOMIIA CPOPMUPOBATHCS B HEW rajakTHUKam,
3Be3/1aM, TJIaHETaM M pa3yMHOM KU3HHU Ha HUX. MHadue HekoMy ObLIO ObI 3aHMMAThCS
KOCMOJIOTHEH.

AJbTepHATHBHAS TOYKA 3PEHHUS COCTOUT B TOM, YTO 00 MCXOJHON CTPYKType
Bcenennoit MoXHO y3HaTh He OoJiee TOTo, 4TO JaroT HaOmroaeHus. CorjiacHO ATOMY
KOHCEPBATUBHOMY IOJIXO/y, HEJIb3sl CUMTATh IOHYIO BCEleHHYI0 XaOTHYEeCKOM, IMO-
CKOJIBKY ceilyac OHa BeChbMa M30TPOIHA U OJAHOpPOJHA. Te OTKIOHEHUSI OT OJHOPO-
HOCTH, KOTOpPBbIE MBI HaOJI0/IaéM B BUJE TaJIaKTHK, MOTJIM BBIPACTH MO/ JECHCTBUEM
IPaBUTAIIMN W3 HEOOJBITNX HAYAIBHBIX HEOJHOPOIHOCTEH IMIOoTHOCTH. OMHAKO WC-
CJICIOBAHUS KPYITHOMACIITAOHOTO pachpeiesieHns TalakTUK (B OCHOBHOM IIPOBe-
nennbie JIx. Iubncom B [IpuHCcTOHE), KaXkeTcsl, HE MOJATBEPKIAIOT ATy Unew. Jpy-
ras MHTEPECHAas: BO3MOKHOCTb COCTOUT B TOM, UYTO CKOIUICHHSI YEPHBIX ABIP, POAMUB-
IITUXCSI B aJPOHHYIO APy, MOTJIM CTaTh UCXOTHBIMH (PIIyKTyarusMu 1t GopMupoBa-
HHS TaJIaKTHK.

OTkpbiTa Win 3aMkHyTa Beestennas? bivkaiiiime rajlakTuKU yIQJISIIOTCS OT
Hac CO CKOPOCTBIO, IIPOMOPIIMOHATILHON PACCTOSHMIO; HO O0JIce JajeKue He IMOTUU-
HSIFOTCSI ATOM 3aBUCUMOCTH: MX JIBUJKCHUE YKa3bIBACT, UTO pacliMpeHue BceneHHou
CO BpeMEHeM 3ameisieTcs. B 3aMkHyTONM Moaenu BceneHHOoM 1Mo IEMCTBUEM TATO-
TEHUS PaCUIMPECHHUE B ONPECICHHBIII MOMEHT OCTAHABIMBACTCA U CMEHSIETCS CXKaTH-
eM (puc. 2), HO HaOJIOJICHHUS MOKA3bIBAIOT, YTO 3aMEIJICHUE TaJaKTHK IPOUCXOIUT
BCE JK€ HE TaK ObICTPO, YTOOBI KOrAa-J1r00 MPOU30IIIa MOJIHASI OCTAaHOBKA.

Yem Oouibllie BpEMEHH MPOIILIO OT HaYala pacIIupeHusi, TeM OoJibInasi 00J1acTh
CTAHOBUTCS JOCTYIMHOM 1Jig HaOmoAeHus. B HacTos1ee BpemMst CBET MPUXOAUT K HAM
OT 3BE3/], KBa3apOB U CKOIUJICHUM TaJaKTHK, YJAJCHHBIX Ha MUJLIAAPIBI CBETOBBIX
JIET, HO B paHHUE 3MOXU HAOJII0aTedb MOT BUJIETh TOpa3o MEHbIyI 00iacTh Bee-
JeHHOU. B pa3nuynHbie 3MO0XU JOMUHUPOBAIU pa3Hbie POPMbI MATEPUU: XOTS TOMHU-
HUPYET BEIISCTBO aTOMHBIX siiep (HYKJIOHOB), 10 3TOro, korjaa Beenennas Oblia ro-
psiueii, TOMUHUPOBAJIO U3IydeHue ((POTOHBI), a eIle paHbIIe — JETKHUE dJIEMCHTApHbBIC
YaCTHIBI (JICTOHBI) U TAKETbIC (AAPOHBI).
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Puc. 5.2. CrannaptHas monaens boiapnioro B3pbiBa: Bpemsi OTIOKEHO MO BEPTUKAIH, a pac-
CTOSAHUSA — IO TOPU3OHTAJIH. FOpI/ISOHTaJ'IBHBIe JIMHUHU OTMCYAIOT XapaKTCPHLIC MOMCHTBI 3BOJIIO-
[IUU, a OTCEYCHHBIE UMU TPEYTOJbHUKH MTOKA3bIBAIOT 00J1acTh BeeneHHoi, 1ocTynHyto Habmoaare-
JIFO B 3TOT MOMCHT

YroOnl Beenennas Obula 3aMKHYTa, CpeIHAS IUIOTHOCTh MAaTEPUU B HEU JTOJIK-
Ha MPEBBIIATH ONPEICIICHHOE KpUTHYECKOE 3HaueHue. OIeHKa MIIOTHOCTA BUIUMO-
ro U HEBUJMMOTIO BEIIECTBA BECbMa OJIM3Ka K 3TOMY 3HAYEHUIO.

Pacnipenenenue ranakTuk B MPOCTPAHCTBE BeCchbMa HeoqHOpoaHo. Hama Mect-
Has rpynna TraJlakThK, BKiIrodaromas Mieunsiii [lyte, TymanHocTs AHApOMEIBI U
HECKOJIPKO TajJlaKTUK MOMEHBbIIIE, JISKUT Ha Tepudepur OrpOMHON CHUCTEMbI Tallak-
THK, n3BecTHOU Kak CBepxckoruienue B Jlere (Virgo), eHTp KOTOPOTO COBIAAET CO
CKOIUUICHUEM TalakTuK Virgo. Ecnmu cpemnsisi mIoTHOCTh MHpa Belvka U BceenenHas
3aMKHYTa, TO JOJHKHO OBIJIO OBl HAOTIOJATHCS CHIIBHOE OTKJIIOHEHUE OT U30TPOITHOTO
pacHIMPEHUs, BBI3BAHHOE MNPUTSHKCHUEM HAIIEM U COCENHUX TallAKTUK K LEHTPY
CrepxckomieHus. B oTkpeiToii BceneHHON 3TO OTKIOHEHME He3HauuTenbHo. Ha-
OJIFOICHHSI CKOPEE COTJIACYIOTCS C OTKPBITON MOJIEIBIO.

bBoJib1110¥1 HHTEPEC KOCMOJIOTOB BBI3BIBAET CONECPKAHME B KOCMUYECKOM BELIE-
CTBE€ TSDKEJIOr0 M30TOIa BOJAOPOJA — JAEHTEpHs, KOTOPhIM o0pa3oBalicsl B XOJe saep-
HBIX pPEaKlUil B MEepBble MTHOBEHUs Mociie bosbiioro B3peiBa. CoaepkaHue aAeuTe-
pHsl 0Ka3aJa0Ch YPE3BbIYAWMHO YYBCTBUTEIBHO K IJIOTHOCTH BEIIECTBA B Ty JIIOXY, a,
cle0BaTeIbHO, U B Hally. OJIHAKO «JACHTEPUEBBIN TECT» OCYIIECTBUTH HEJErKo, H0O
HY>KHO HCCJIEJIOBATh MEPBUYHOE BEIIECTBO, HE MOOBIBABIIEE C MOMEHTAa KOCMOJIOTH-
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4EeCKOr0 CUHTE3a B HEAPax 3BE3[, I/Ie AEUTepHil Jerko cropaer. M3yuenue npenens-
HO JAJIEKUX TaJIaKTHK IOKa3ajo, 4TO COJAEP)KaHUE JAEUTEepUsi COOTBETCTBYET HU3KOU
IUIOTHOCTU MaTEpUU U, CIEI0BATEIBbHO, OTKPBITON Mozienu BeeneHHoi.

10.4. HepelleHHbIe Npo6rieMbl KOCMOJIOrnu

AJIbTepHATHBHbIE KOCMOJIOTHYeCKHe MoJeau. Boobiie rosops, B camoM
HayvaJie CBOETO CyllecTBOBaHUs BceeneHHas moria ObITh BeCbMa XaoTUYHA U HEOTHO-
pOJHA; CJEeAbl 3TOTO MBI, BO3MOXHO, HaOJIOJaeM CEroJHsA B KPYMHOMAaCIITaOHOM
pacnpeneneHun BemecTsa. OJHAKO MEPUOJT Xaoca HE MOT JIUThCA J0JIro. BrIcokast
OJTHOPOJHOCTh KOCMUYECKOTO (DOHOBOTO M3ITyYEHHsI CBUAETEIBCTBYET, YTO BCenen-
Has OblIa OYEHb OJHOPOJHA B Bo3pacTe 1 MIH. JIeT. A pacueTbl KOCMOJOTUYECKOrO
AJIEPHOrO CUHTE3a YKa3bIBAIOT, YTO €CIIM OBbI 10 UCTEYEHHUH | ¢ Mmocie Havajia paciiu-
pPEHUS CYIIECTBOBAIM OOJBIIME OTKJIOHEHHUS OT CTaHJApTHOM MOJENH, TO COCTaB
Bcenennoii Obu1 ObI COBCEM HMHBIM, Y€M B AeHCTBUTENbHOCTU. OJTHAKO O TOM, YTO
OBLIO B TEUEHHUE MEPBON CEKYH/IbI, €11Ie MOXKHO criopuTh. Kpome cranmapTHoit Mojie-
a1 bousbiioro B3psiBa, B NPUHLUIIE CYIIECTBYIOT U aJIbTCPHATUBHBIE KOCMOJIOTHAYE-
CKHE MOJICIIN:

1. Mognenb, cHMMETpUYHAsE OTHOCUTEIIBHO MAaTepUU U aHTUMATEPHUH, MPEIIIO-
JlaraeT paBHOE IPUCYTCTBHME ITUX JABYX BUIOB BelllecTBa BO BceneHHon. X0Tsa oue-
BHUJIHO, YTO Hama [ aJlakTMKa NPAaKTUYECKU HE COJNEPKUT AHTUBEIIECTBA, COCEIHUE
3BE3/IHbIE CHUCTEMbI BIIOJIHE MOTJIA OBl LEINKOM COCTOSITh U3 HEro; MpU 3TOM UX H3-
Jy4deHue ObUIO0 Obl TOYHO TAKMM K€, KaK Y HOpMaJbHBIX TaJlakTUK. OqHaKo B Oojee
paHHUE ANOXHU PACIIMPEHHUs, KOTJa BEUIECTBO M aHTUBEUIECTBO ObUIH B 00JIE€E TECHOM
KOHTAaKTe, UX aHHUTWJISALUMS JOJKHA Oblla pOKIaTh MOIIHOE raMMma-u3nydenue. Ha-
OJIto/IeHHsI €ro He 0OHAPYKHUBAIOT, UTO JEIAET CUMMETPUYHYIO MOJIENb MAJIOBEPOSIT-
HOM.

2. B Mogenu Xo0101HOro bonbiioro B3peiBa NpeAnoaaracTcs, YTo paclIupeHHe
HavyaJoch IpH TemrepaType abcomoTHoro Hyis. [IpaBaa, u B 3TOM ciiydae siZiepHBbIi
CUHTE3 JI0JKEH IPOUCXOANUTD U Pa30rpeBaTh BEUIECTBO, HO MUKPOBOJIHOBOE (POHOBOE
U3ITyYEHHUE YK€ HEJb3s MPSMO CBA3BIBATH C BOJBIINM B3pHIBOM, @ HY’KHO OOBSICHATDH
KAaK-TO MHAa4Ye. JTa TEOpHUs NMPHUBJIEKATEIbHA TEM, YTO BEIIECTBO B HEH MOJBEPIKEHO
dbparMeHTaIy, a 3T0 HEOOXOAUMO I OOBSICHEHUS] KPYMMHOMACIITAOHOW HEOHO-
poaHocTu Beenennoi.

3. CranmoHapHas KOCMOJIOTMYECKasi MOJIeNb MPEANoaraeT HeMpepbIBHOE PO-
*71eHue BemecTBa. OCHOBHOE IMOJIOKEHUE ITOM TEOPUH, U3BECTHOE Kak MneanbHbIii
KOCMOJIOTHYECKUI MPUHIINI, YTBEPKIAET, yTo Beenennas Bceraa Obljia U OCTaHETCS
TaKoi, kak ceituac. HaGmtoieHus onpoBepraroT 3T0.

4. PaccmaTpuBarOTCA U3MEHEHHBIE BAPUAHTBI SMHIITEHNHOBCKOW TEOPHUH T'PABU-
tanuu. Hanmpumep, teopus K. bpanca u P. /lukke u3 [Ipunctona B obimem cormacy-
eTcs ¢ HabmoaeHusiMu B ipenenax ConHeuHoi cuctemsl. Monens bpanca — Jlukke, a
Takke Oonee pamukanbHas monenb @. Xoina, B KOTOpOW HEKOTOpble (yHIaMEH-
TaJIbHBIE TTOCTOSIHHBIE U3MEHSIOTCSI CO BPEMEHEM, UMEIOT IIOYTH TAKUE K€ KOCMOJIO-
THYECKHE MapaMeTPsl B HAILY 3I10XY, KaK U MOJIelb bobmoro B3peIBa.
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5. Ha ocnoBe monu¢uumpoBanHoil »itHmTeliHOBCKo Teopun K. Jlemerp B
1925 noctpoust KOCMOJIOTHYECKYIO MOJIENb, 00BEANHSIIONTYI0 BOsbI1I0I B3pBIB C JI1H-
TeNbHON (pa30il CIIOKOMHOIO COCTOSIHUSI, B TEUEHUE KOTOPOH MOIIM (POPMUPOBATHCS
TaJJaKTUKU. DWHINTEHH 3aMHTEPECOBAJICS 3TON BO3MOYKHOCTBIO, YTOOBI 0OOCHOBATH
CBOIO JIIOOMMYIO KOCMOJIOTHYECKYIO MOJIETb cTaTU4YecKol BcenenHoil, Ho korna Obl-
JI0 OTKPBITO paciiupenne BeeneHHoMH, OH IyOIMYHO OTKa3aics OT Hee.

10.5. TemHas aHeprusa

HecMmoTtps Ha BrnewaTsoIKE YCIIEXH KOCMOJIOTHMH, SIBJIEHHME pa30eraHus ra-
JAKTHUK, IPOUCXOJAIIEE CO CKOPOCTBIO, PAcTyIUEH 0 Mepe yHajeHUs OT. HEKOEro
LIEHTPa U BMECTE C TEM OT HaOIIOAATENS, HE MTOJIYyUYUJIO IT0KA Pa3yMHOTO OOBSICHEHMUS.
AcTpo(U3UKHN HAIIKMX JAHEW MBITAIOTCS OOBSICHUTH 3TOT (PEHOMEH CYILIECTBOBAHUEM B
IPUPOJIe HOBOM, paHee HE U3BECTHOU CyOCTaHIIMHN — TEMHON YHEPTUU-MATEPHH.

BcemupHOoe aHTUTATOTEHHE — HOBBIM (PM3MUECKUIl ()EHOMEH, OTKPBITHIA B ac-
TPOHOMUYECKHX HAOIIOJIEHUAX HA PACCTOSHUAX B 5-8 MIIp/. CBETOBBIX JIET. AHTHUTS-
TOTEHUE MPOSIBISET Ce0sI KAK KOCMUYECKOE OTTaJIKUBAHKUE, HCTIBITHIBAEMOE TAIEKUMHU
raJlaKTUKaMH, IMPUYEM OTTAIKMBAHUE CWIBHEE T'PABUTANMOHHOTO IPUTSHKECHHS Ta-
JAKTUK APYyT K Apyry. [1o 3Toil npuunHe ob11ee KOCMOJIOTHYECKOE paCIIMPEHHE MPO-
HCXOJUT C YCKOPEHUEM.

OO011ast kKapTuHA PacIpPOCTPAaHEHUS! CBETA TIO3BOJISIET BBISICHUTD, IPH KaKUX yC-
JIOBUSAX B PACIIUPSAIOLIEMCS MUPE MOYKHO U3MEPATH HE TOJBKO CKOPOCTH, HO U YCKO-
peHus TalakTuK. TakuM myTem ObLI0 HAJAEHO ", YTO 10 PacCTOSIHUM IPUMEPHO B 7
MJIPA. CBETOBBIX JIET 3TH YCKOPEHHUs HOJIOKUTEIBHBI: CKOPOCTh YIAJIECHUs T'AJIAKTUK
BO3pacTaeT co BpemeHeM. Ho Ha emie 0osee gajlekKux pacCTOSIHUAX YCKOPEHHE , Kak
0Ka3aJ0Ch MEHSET 3HaK — TaM OHO OTPULIATENIbHO U, 3HAUUT, HA ITHUX CBEPXOO0JIBLINX
PacCTOSIHUSAX CKOPOCTh pa3z0eranus rajJlakTUK YMEHbIIAeTCs.

AHTUTATOTEHHE CO3JAETCS HE TaaKTUKAMM MJIM KaKUMHU JIHOO IPYyTrUMH Tena-
MU MPUPO/JIbI, @ HE U3BECTHOM paHee POpMOI HIHEPrurn-Macchbl HAOIIOIAEMOI BCEIeH-
HOIl. Ha MakpocKonmrueckoM ypoBHE TEMHAsI SHEPTHUs OMKMCHIBAETCS KaK 0CO00ro po-
71a HempephIBHAS Cpefa, KOTopasi 3alojHsIEeT BCE MPOCTPAHCTBO MUPA; 3Ta cpena 00-
JAAET MOJOKUATEIBHON INIOTHOCTHIO U OTPULIATENIBHBIM JIABICHUEM.

dusznyecKkas npupoaa TEMHOU SHEPIUU U €€ MUKPOCKOIIMYECKas MpUpOaa He-
M3BECTHBI — ATO OJIHA U3 CaMbIX OCTPBIX MpoOJeM (yHIAMEHTAIbHOW HAYKH HAIIUX
nuen (cMm. Tlpunoxenue 2).

% A.M. Yepenamyk, A.JI. Uepuaun. CoBpeMeHHast KOCMOJIOTHs — Hayka 06 3Bomomuy Beenennoii / B 3amu-
Ty Hayku (o1B. pena. D.I1. Kpyriskos); Komuccust mo 6opsde ¢ mxeHaykod u (danbcudukariped Hayd. Uc-
cnen. PAH. —-M.: Hayka, broyut. Ne4. — 2008, c. 187. (Beirycku Orosuterens «B 3ammrty Haykm» ecth B MH-
TEpHETe).
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PA3OEN 6. PUSUKA U COZHAHUE

11. HekoTopble BONpoChbl NO3HaHUA B COBPEeMEHHOM
¢unsuke

B aTOM pasnerne pedb MOMIET 0 MO3HABATEILHBIX BO3MOXKHOCTSX COBPEMEHHOMN
(bU3MKH, HAIIPABJICHHBIX IVIABHBIM 00pa30M Ha OOBACHCHHE SBJICHUH MHUKPOMHPA, U
npo0semMe o0bsicCHeHNs (PEHOMEHA CO3HAHUS C TIOMOIIBIO (YU3UKH.

11.1. Kowka LLipeanHrepa unum Kak MoXeT CyLeCcTBOBaTb CTaOUIIbHbLIN
MMUP Ha HECTAaOMNBLHOM OCHOBaHUU

Yr1o maer KBaHTOBas TECOPpHUA NJHA IMO3HAHUSA

Krnaccuueckas ¢u3nka B COrJacuu €O 3/IpaBbIM CMBICIIOM PacCMaTpUBAET O0b-
€KTUBHBIA MUP CYILECTBYIOIIMM BHE HAOI0gaTENs. DTO BEPHO HE TOJBKO JJIs MeXa-
HUKU HpIOTOHA, HO M 11 MOJXOJ0B B 3JIEKTPOJAMHAMHUKE U TEOPUU OTHOCUTEIBHO-
ctu. IIpouecchl mpoUcXoasaT HE3aBUCHUMO OT HAcC, Ja M. CaMU MbI TEJIECHO SIBISEMCS
YacThIO 3TOrO0 MHUpa U, CJIEI0BATEIbHO, OAYMHAEMCS ero 3akoHaM. KBaHTOBOE omnu-
CaHUE SBJIAETCS TOYHBIM, XOTS U PAAUKAIBHO OTJIMYAIOIIMMCA OT KJIACCHYECKOTO.
Kpome Toro, BEposITHOCTHBIN XapaKTep ONHCAHMS HE BO3HMKAET HA MHUKPOYPOBHE,
T.K. JBWKEHUE aTOMOB, MOJIEKYJI ITPOMCXOAUT NETEPMUHUPOBAHO, a MOSABIISIETCS, B
pe3ysibTaTe HEKOTOPOTO 3araJoyHOro KpymHOMAcCIITaOHOTO ACHCTBHS MO MEPEBOILY
IIPOSIBJICHUI MUKPOMMPA Ha A3BIK, JOCTYIHBIA HamuM omrynieHusM. Camo cyiiecTt-
BOBAaHHME TBEPIBIX TEJN, YIPYrOCTh M JIPYyrM€ CBOWCTBA MAaTEpUaJIOB, XWMHUUYECKHE
CBOMCTBA, LIBET BEUIECTBA, yCTOMYUBOCTh HACIEACTBEHHOCTH — 3T U MHOTHE JIpyTHE
3HaKOMbIE HaM SIBJICHUSI HEBO3MOKHO OOBSICHUTH O€3 MPHUBJICUEHUSI KBAHTOBOM TEO-
pun.

Bo3MoxHO, 4TO W (PEHOMEH CO3HAaHUA €CTh HEYTO, YTO HEBO3MOXHO OOBsIC-
HUTH 0€3 MPUBJICUYCHUS KBAHTOBBIX MpeAcTaBieHui. [[ns Toro yToObl OCHOBATEIBHO
yIayouThbest B pritocopckrie BOMPOCH! U MOHATH, KaK BeJeT ce0d Hall MUP U KaKOBO
CTPOEHHUE «pa3ymay, T.€. «HaC caMux», cleAyeT OJrkKe MO3HAKOMUTBCS C BOZMOKHO-
CTSIMU KBaHTOBOM Teopuu. U 37ech cyliecTBYIOT pa3Hble Touku 3peHus. [locnenona-
tenu Hunbca bopa yTBepaaroT, 4To OOBEKTUBHOW KapTHHBI PEANbHOTO MHUpPA HE
cyuiectByeT. CaMoro no cede HUUEro HeT, a PEaIbHOCTh BOSHUKAET TOJIBKO B CBSI3U C
pesysabratamu n3mMepeHuil. KBaHTOBass MeXaHMKa Hy)XKHa TOJIBKO KaK BBIYMCIIATEIb-
Has nporeaypa. [103uTUBUCTCKUIN B3Il MHOW: OOBEKTUBHAS (U3MUECKasi peajib-
HOCTb MOXXET OBITh OINKMCaHa KBAHTOBBIM cocTOsiHuEM. CyIEeCTBYeT TOYHOE ypaBHE-
Hue lllpeaunrepa, KOTOPOE ONMUCHIBACT MOJHOCTHIO MPUUUHHO OOYCIIOBICHHYIO 3BO-
JIOIUIO 3TOr0 cocTossHuA. CaM M3MEpUTENbHBIN MPUOOP, B KOHEYHOM CUETE, TOXE
COCTOUT W3 KBAHTOBBIX COCTABIISIIOUIMX U MO3TOMY JOJHKEH 3BOJIIOLIMOHUPOBATH B
coOoTBeTCTBUM ¢ ypaBHeHMeM llpenuHrepa. MoXHO NpeaIIoNokKUTh, YTO U CaMU Ha-
OJr0J1aTeNM TIOCTPOEHBI U3 KPOXOTHBIX KBAHTOBBIX YacCTHULl. SIBJIETCS JIU CO3HAHME
HEOOXOAMMON YacTbiO Ipolecca u3MepeHusi? JIMib HEMHOrHME OTBEYAlOT Ha ITOT
BOIIPOC ITOJIOKUTENBHO.
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ATOMBI MOTJIM HU3JIy4aTh CBET TOJBKO OINpPENeJICHHOr0 Habopa 4acToT, B BUE
YEeTKUX CHEKTpalbHbIX TUHUNA. Ho cucTema moseii u yacTHil B KJIaCCUYECKON TEOPHH
JOJKHA OBITh HECTAOMIIBHOM: DHEPIUs «IepeTeKaeT» OT YacTHUI] K IMOJISIM, KOTOpbIE
UMEIOT OeCKOHEYHO OOJIBIIOE YHMCIIO CTeneHel cBoOoAbl. Tak 4To, Kak IMOKa3aiu B
cBoe BpeMms Peneit u Jlxunc (1900 r.), Bcst SHEprus yacTull TOJKHA OBITH 10 KOHIIA
«BBICOCAHA» MOJIEM. JTOT (U3NYECKU aOCYpAHBINA pe3yabTaT MOJYYWUJ Ha3BaHUE
«ynpTpadroseToBoil KatacTpodbl», MPU KOTOPOH 3HEprusi 0€30CTaHOBOYHO MepeTe-
KaeT BO Bce 0osiee BHICOKOYACTOTHBIE KOJEOAHUS TOJIsA, B TO BpeMs KakK B JCHCTBU-
TEJILHOCTU IPUPOAA HE BEIEeT ce0s TaK pacTOUUTEINIBHO.

A
NHTEHCUBHOCT

Peseit- >xuHc

Yacrtora

Puc.6.1. PacxoxneHne MeXTy MHTEHCHBHOCTBIO HM3ITy4eHHsS aOCOJIOTHO YEpHOTO Tela B
kiaccuyeckoi teopun (Peneii-/[kuHc) M HabmtogaeMoil MHTEHCHMBHOCTBIO HpuBenu Ilmanka k
KBaHTY JIEHCTBUS

B otnmnume ot npeackazanuu Penes u >xuHca, MaKCUMaIbHOE 3HAYEHUE SHEP-
MU IPU JaHHOM TeMIEpaType NPUXOJUTCSA Ha OINPEICIICHHYIO JJIMHY BOJIHBI U I1O-
ATOMY IIBET HATPETOIO TEJIA 3aBUCHUT OT €r0 TEMIIEPaTypPhl.

JKCNepUMEHT € IBYMS IIEJISAMU

PaccMoTpuM ‘«apXeTUNUYHBIN» KBAHTOBO-MEXAHUYECKUN HKCIIEPUMEHT, MpPH
KOTOPOM MYYOK 5JIEKTPOHOB, CBE€Ta WJIM APYIHMX «BOJH-YACTHID» HaIpPABISIETCS
CKBO3b JIBE Y3KHE IIEJIM Ha PacloJIOKEHHBIN 1033y HUX 3KpaH. Korma oTkpeiTa He
OJlHa, a JBE LIEIH, HAOJIIOJAETCs BOIHOOOpPA3HOE pacipe/iesieHhe MHTEHCUBHOCTH.
KapTuHa 0CBEIIEHHOCTH MpHU ABYX IIETSAX CUIBHO OTJIMYHA OT TOW, KOTOpas HabJto-
JaeTes Mpu OJIHOM 1ienu. B Tex Toukax, I/ie OCBEIIEHHOCTh MaKCHUMallbHa, OHA Mpe-
BOCXOJMUT OCBEIICHHOCTh IIPU OJHOM IIENU HE B JIBa, & B YEThIpe pa3a. B Toukax mu-
HAMYMa OHa MajaaeT A0 HyJd (mpu AByX mensx). Kak mMorino ciaydutbes, 4To, Mpe-
0CTaBUB (DOTOHY aIbTEPHATUBHBIA MAPIIPYT, MBI B IEHCTBUTEILHOCTH BOCIIPETISIT-
CTBOBAJIM €0 MPOXOXKJICHHUIO MO JTIOOOMY U3 MapLIpyTOB?

Ecnu npunsTh B kauecTBe «pa3Mepay (GOTOHA JJIMHY €T0 BOJIHBI, TO B MacCIIITa-
0ax (poroHa BTOpas 1IeTb HAXOIUTCA OT EPBOM Ha paccTosiHuU 0K0s10 300 pazmepoB
(doTOHA. A HIMpPUHA KaXKJOU 1€ COCTABIISIET OKOJIO JIBYX pazMepoB ¢otoHa. Kakum
o0Opa3zoM (oToH, MPOXOJs Yepe3 OJHY U3 JIBYX IleNied, y3HAET O TOM, OTKPBITA WU
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3aKpbITa apyras menb? B HeKoTopoM cMbIciie Kaxaas 4acTulla IPOXOIUT cpasy ye-
pe3 o6e e u uHTepdeprupyeT cama ¢ coooi (Mpu Majiol HHTEHCUBHOCTH CBETA).

a)

f)

Puc. 6.2. Tenu orOpacbiBaeMble TIEperopokoit ¢ (a) ueTelpbMs U (b) ABYyMs NmapajienbHbI-
mu mensivu (o kaure 1. Joiya «CtpyKkTypa peaabHOCTHY, pUC. 2.7)

bop, mo-BuauMoMy, cuMTan, 4TO COCTOSIHUE CHCTEMbI MUKPOYACTHUI] MEKIY
M3MEPECHUSIMU HE 00JaJaeT HaCTOsIer (U3NYeCKOH « peadbHOCThIO, a JCHCTBYET
JUIIb KaK CBOJI 3HAHWM HEKOro cyOBheKTa 0 paccMaTrpuBaeMoi cucteme. Torma BoJ-
HOBasi PyHKITUS TPEeBpAIIaeTCA BO YTO-TO CYyOBEKTHUBHOE HIIU LIETUKOM CYIIIECTBYET B
yme ¢usuka. [loaromy bopy mpurnuiocs paccmMaTpuBaTh MUP Ha KJIACCHUYECKOM YPOB-
HE KaK JIEWCTBUTEILHO 00JIaIatolinii 00beKTHUBHOM pearbHOoCThio. Ho B cocTosTHUMSX
Ha KBaHTOBOM YpPOBHE, KOTOPBIE, Ka3aJlOChk Obl, JIeKaT B OCHOBE BCETO, HUKAKOW pe-
aJTBbHOCTH OH HE yCMATpPHUBAIL.

Takas xapTuHa OblIa Hempuemiema AJid DUHIITEHA, KOTOPBIM ObLI TIIyOOKO
yOekKeH B TOM, YTO OOBEKTHUBHBIM (PU3UUECKUN MUP OJKEH JEUCTBUTEIBLHO CYIIe-
CTBOBaTh, Ja)K€ Ha MUKPOCKOMMYECKHUX MacIlTa0ax KBaHTOBBIX sIBJICHUU. B cBomx
MHOTOYHMCIIEHHBIX JUCKYCCUAX ¢ bopomM DUHINTENH NbITaNCA 10Ka3aTh, HO HEYIA4YHO,
YTO KBAaHTOBOM KAapTHHE MPUCYIIYM BHYTPEHHHUE MPOTUBOPEUUS, U YTO 3a KBAHTOBOM
Teopuen JoKHA CTOATh Kakas-To Oojiee riyOokasi cTpykrypa. Bo3MoxKHO, BeposT-
HOCTHOE TMOBE/ICHUE KBAaHTOBBIX CHUCTEM CIYXKUT MPOSBICHHUEM CTATUCTHUYECKUX d(-
(heKkTOB O0JIee MaJbIX KOMIIOHEHTOB CHUCTEMBI, O KOTOPBIX MBI HE pacrojaraém Hemo-
cpeacTBeHHBIM 3HaHHMeM. [locinemoBaTenu DitHiTeliHa, B ocodeHHoCcTH JlaBua bowm,
Pa3BUJIM BBICKA3aHHYIO UM UJICI0 O CKPBITHIX MEPEMEHHBIX, COTJIACHO KOTOPOM Mapa-
METPbL,  TOYHO OIPEICIISAIOIINE CUCTEMY, HE JIOCTYIHBI HAM HEMOCPEACTBEHHO, U
KBAaHTOBbBIEC BEPOSITHOCTH BO3HUKAIOT M3-3a TOTO, YTO 3HAYEHUS 3TUX MMAPAMETPOB HE-
M3BECTHBI 10 u3MepeHus. CoryiacyeTcs JId TEOPUsSl CKPBIThIX MEPEMEHHBIX CO BCEMHU
HabmogaeMbiMu (pakTaMu KBaHTOBOM ¢u3uku? [1oxoxe, 4TO OTBET Ha 3TOT BOIPOC
JIOJDKEH OBITh YTBEPAMTENBHBIM, HO TOJBKO €CJIM 3Ta TEOPHs IO CYIIECTBY HEIO-
KaJbHa B TOM CMBICJIE, YTO CKPBITBIC MapaMeTpbl AOJDKHBI UMETh BO3MOKHOCTH
MTHOBEHHO BJIMSTH Ha 3JIEMEHTHI CUCTEMBI B CKOJIb YTOJHO Jlaliekux o0iacTsax. Takas
CUTyallMsi HE MOHpaBHJIach Obl DUHIITEHHY, OCOOEHHO B CBSA3M C BO3HHUKAIOIIMMU
TPYAHOCTSIMU B CHEUATIBHON TEOPUH OTHOCUTEIBHOCTH.

Komka HIpexunrepa



140

JIro6ast yacTh M3MEPUTENHLHOTO YCTPOMCTBA cama SBJSIETCS 4acThio (u3uue-
CKOI'O MHpa M COCTOUT U3 TEX XKE CaMbIX KAHTOBOMEXaHUYECKUX KOMIIOHEHT, ITOBE-
JI€HHE KOTOPBIX JOJDKEH UCCIIEN0BAaTh U3MEPUTENbHBIN Npubop. B n3BecTtHoM cMmbic-
Jie U3MEpPEHNE COCTaBHAasl CUCTEMa MPOU3BOAUT Haj co0oil. IIpoTuBopeune B cka3aH-
HOM OCOOEHHO SIPKO MPOSIBISIETCSI B MBICIIEHHOM DKCIIEPUMEHTE, MIPENJIOKEHHOM Op-
BrHOM llIpenunHrepom.

[IpencraBpTe cebe repMeTUUYHBI KOHTEHHED, Yepe3 KOTOPbI HU BHYTPb, HU
Hapy>Ky HE MPOXOAUT HU OJHO BHEIIHee Bo3zaeilcTBue. [Ipeanonoxum, 4to BHYTpH
KOHTEHHEpa HaXOJUTCS KOIIKa, a TaKKe YCTPOKWCTBO, MPUBOAMMOE B JCHCTBUE (3a-
MyCcKaeMoe) HEKOTOPHIM KBaHTOBBIM COObITHEM. Ecin 3T0 coObITHE POUCXOTUT, TO
YCTPOMCTBO pa3dMBaeT aMITysly ¢ CHHHUJIBHOW KHUCIOTOM, U Komika ruoHet. Ecnu co-
OBITHE HE TTPOUCXOUT, KOIIIKA MPOJ0JIKAET KUTh. B nepBoHavansHo# Bepcuu Illpe-
JIMHTEpa KBAHTOBBIM COOBITHEM, 3aITyCKAIOUIUM YCTPOUCTBO, OBLIT pacmaa paaruoak-
TUBHOTO atoMma. BriGepem Bcien 3a IleHpoy3oMm B KauecTBE KBAaHTOBOTO COOBITHS,
3aIlyCKaIOIEro YCTPOHCTBO, (POTOH, KOTOPHIM, Momnagas B (OTOIIEMEHT, IPUBOIAUT
€ro B JieicTBUE. JTOT (POTOH OTpaxkaercs OT moirynocepeOpeHHoro 3epkana. Otpa-
KEHHE OT 3epKaja paclleIuisieT BOJHOBYIO (DyHKUHUIO (POTOHA Ha JIBE YAacTH, OJHA U3
KOTOPBIX OTPakaeTcsl, a BTOpasi MPOXOJIUT CKBO3b 3epKalio. [[1s BHemHero Habmoaa-
TeJs KOLIKA JEWCTBUTENBHO €CTh HE UTO MHOE KaK JIMHCITHAsi KOMOUWHAIUS KUBOU U
JOXJION KOIIEK, U TOJIbKO KOTJa KOHTEHHep OyAET, HaKOHEl, BCKPBIT, BEKTOP CO-
CTOSIHUSI KOLIKH KOJUIAIICUPYET B BEKTOP OAHOTO M3 3TUX JABYX cocTosiHui. C apyrou
CTOpPOHBI JIJIsl BHYTPEHHEr0 HaOoaarens (3alllMIeHHOro HajiexanuM o0pa3omM oT
NEUCTBUSA CUHUIIBHOM KHUCJIOTHI) BEKTOP COCTOSIHHS KOIUKH KOJUIAIICUPOBal OblI ro-
pa3o paHbllle M JUHEWHAas KOMOWHAIMs BHEIIHEro HaOIrojaTenss He uMesna Obl
CMBICIIA.

Pa3im4HbIe TOUKH 3pEHUS HA CYIIECTBYIOIYI0 KBAHTOBYIO TEOPHUIO

Hepenko roBopsrt, 4t0 TpyAHOCTU C MHTEpIIPETAIIUEH Hcue3nn Obl, eciiu Obl
MbI 00Jiee TOJIHO Y4JIM TpeOoBaHUS OmbITa. [[edCcTBUTENBHO, MOTHOCTHIO HU30JIHPO-
BaTh COAEPKUMOE KOHTEHHEpa OT BHEUIHEr0 MHpa HEBO3MOKHO. CiegoBaTebHO,
BEKTOp COCTOSIHUS OyJ1eT UCKaKeH. MOXKHO PUITH U K IPYTOil TOUKE 3pEHUS O TOM,
YTO 3aKOHBI KBAHTOBOM JIMHEHHOMN CYNEpHO3UIIUA HEMPUMEHUMBI K CO3HAHUIO (peyb
UJET 0 ABYX Habmonmarensx). Tak D. Burnep nmpenmnonoxumi, 94To JMHEHHOCTh ypaB-
Henus Llpenunrepa MoXKeT HapyIIaTbCs AJIs CYIIECTB, HAJIEICHHBIX CO3HaAHUEM (WU
MIPOCTO SKMUBBIX CYUIECTB), U ATO YpaBHEHHUE IMOJICKUT 3aMEHE HAa HEKOTOPYIO HEJIU-
HEWHYIO MPOLIEAYPY, COMIACHO KOTOPOH Ta WM MHAs U3 aJlbTePHATUB JOJDKHA OBITh
oTOpOIIIcHA.

CymiecTByeT Apyrasi TOUKa 3peHusi, CBsI3aHHas B YEM-TO C IpeabIAyLIeH, KOTO-
pasi CBOJAMUT POJIb CO3HAHUS K Apyromy (MpOTHUBOMOJIOKHOMY) mnpeaeny. Ona Obuia
BbIJIBUHYTA JI)koHOM Ywunepom B 1938 r. u monyuuna Ha3BaHUE COYYaCTBYHOLIEH
(mapTUCUTIaTOPHOI) BCEJIEHHON. DBOJIOLUS CO3HATENbHOM KU3HU Ha HAIIeH TIaHeTe
00OyCJIOBIIEHa TOAXOMSIIUMH MYTAIlUSIMH, TPOUCXOJUBIIMMH B Pa3INYHOE BpPEMS.
[IpeanonoxuTensHO 3TO ObUTM KBAHTOBBIE COOBITHS, TIOATOMY OHU MOTJIU OBI COCY-
IIECTBOBATh KAaK JMHEWHbIC CYNEPHO3UIIMU 10 TE€X MOp, MOKa HE JOBEIH 3BOIIOLHIO
JI0 MBICTISIIIIUX CYLIECTB, CAMO CYIIIECTBOBAHHE KOTOPBIX 3aBUCUT OT BCEX «IIPaBUJIIb-
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HBIX» MYTallui, IMEBIINX MECTO B CBOE BpeMs. IMEHHO Hallle MpUCyTCTBUE, COTJIAC-
HO 3TOU HJIE€, BBI3BIBACT K KM3HU HAIIIE MTPOILIOE.

JIpyras Touka 3peHus, TOXKE M0-CBOEMY JIOTHYHAs, HO IPUBOJSAIIAS K HE MEHEE
CTPaHHOM KapTHHE — TaK Ha3blBacMas KapTHHA MHO>XECTBEHHOCTH MHUPOB, BIIEPBBIC
BbIBUHYTast Xbio DBeperToM (1957). 3nech Mup BHYTpEeHHEr0o HaOI0qaTeNsl COnoc-
TaBJISIETCS C MUPOM BHEWIHETO. TPYIHOCTh 3TOW TMIOTE3bl COCTOUT B TOM, YTO HET
pa3pabOTaHHON TEOPUM CO3HAHUS, XOTSI U HSKOHOMUYHOCTh THUIIOTE3bI TOXKE IOJ| BO-
MPOCOM (3KOHOMUS MbIIIEHUS, 110 Maxy? — A.P.).

BriBOg U3 CKa3aHHOrO, KOTOpPBIA MBI zeiaeM BMecTe ¢ [leHpoy3zom, Moxer
ObITh TakuM. Ha cyOMHKPOCKOTMYECKOM YPOBHE KBAHTOBBIE 3aKOHBI ACHCTBUTEIHHO
paboTarT, HO Ha YpPOBHE KPUKETHBIX IIAPOB JEUCTBYET KJIACCHYECKAs MEXAHUKA.
I'ne-To Mexay HUMU HAXOJUTCA 3aKOH, KOTOPbIM HaM HEMPEMEHHO MOHAI00UTCH,
€CJIM MBI XOTUM TOHSITh, Kak (DYHKIIMOHUPYET HAIIl Pa3yM.

Kpowme Toro, ciemyer npusHath, 4T0, HECMOTPS Ha OE3yNpeuHyio paboTy ee Ma-
TEMaTUYECKOro ammnapara, oObSICHEHHE KBAaHTOBO-MEXAaHWYECKUX (MUKpPOCKOIHYE-
CKHX) COOBITHI HE SBIJISIETCS €IMHCTBEHHBIM U MPEJCTAaBISAET cO00il mpobiiemy.

11.2. 3aKOHbI cOXpaHeHus B pusunke

Tak Ha3pIBalOT (PU3UUYECKUE 3aKOHOMEPHOCTH,. COTJIACHO KOTOPBIM UYHCIEHHBIE
3HAYEHUS HEKOTOPBIX (PU3MYECKHX BEITUYUH HE M3MEHSIOTCS CO BPEMEHEM B JIFOOBIX
IIPOLIECCAX WJIM B OIPEAEIIEHHOM KJIacCe MPOLECCOB. 3aKOHBI COXPAHEHHUS TAIOT UHO-
I'/1a BO3MOXHOCTb CIEJIATh 3aKJIFOYEHUE O MOBEJEHUN BO BPEMEHU CHCTEMBI, IS KO-
TOPOM HEU3BECTEH WIM CIIMIIKOM CJIOKEH ONMCHIBAIOLINN €€ JUHAMHUYECKUN 3aKOH.
Baxneimmmu 3C, cripaBeUIMBBIMU -1 JTIOOBIX M30JIMPOBAHHBIX CUCTEM, SIBIISIOTCS
3aKOHBI COXPaHEHUS SHEPIUH, UMITYJIbCA, YTIIOBOIO MOMEHTA, 3IEKTPUUYECKOTO 3apsi-
na. O 3aKOHax COXpPaHEHHsI YHOMHHAJIOCh W PAHbIIE. 3€Ch MOABOAUTCS UTOI CKa-
3aHHOMY.

bonpmoe 3HaueHne 3C MMEKT B KBAaHTOBOM TEOPHUH, B YACTHOCTH B TEOPHUH
aneMeHTapHbIX 4acTull. OHU ONpenensioT npaBuia 0TOopa, COrIacHO KOTOPbIM He-
BO3MOXKHBI T€ peaklnu, Kotopble BenyT K HapymeHuro 3C. Ilepeuncnennsie 3C
cCIpaBeUIUBbI B (PU3MKE Makpomupa (cM. HUKe Marepuan o teopeme Hérep). B no-
MOJIHEHHE K HUM B TEOPHUH AJIEMEHTAPHBIX YaCTHI] BOSHUKIO MHOTO ClieU(PUUIECKUX
3C, Mo3BOJMIONIMX HHTEPIPETUPOBATh HAONIOAAEMbIe Ha ONBITE IpaBuia OTOOpA.
TaxoB, HarlpuMep, 3aKOH COXpaHEHUsI OAPMOHHOTO YKCJIA, BBITOIHSIOUINIICS C OUEHb
BBICOKOW TOYHOCTBIO BO MHOTHX BHJaX (yHIaMEHTaJIbHBIX B3auMoaencTeuid. Cytie-
CTBYIOT U npuOmkeHHble 3C, BBIMOIHSAIOIIMECS B OJHUX BUIAX B3aUMOACUCTBUNA U
Hapylaromuecs B Apyrux. Hanmpumep, 3aKOH COXpaHEHMs] CTPAHHOCTH, W30TONUYE-
CKOI'O CIMHA , MPOCTPAHCTBEHHON YETHOCTH CTPOrO BBIIOJIHAKOTCS B IpPOLECCAX,

% Msoronuueckuit cnun |, Takke HasbBaeMblil M300apUYECKUM CIIMHOM, WJIH, U30CITUHOM — 3TO CBOMCTBO,
KOTOPOE SIBIISICTCS] XapaKTEPHBIM I CEMEHCTB CBSI3aHHBIX CYOATOMHBIX YACTHII, OTIMYAIONINXCS TIPEUMY-
MIECTBEHHO TI0 BEJIMYMHE UX 3JEKTpHUecKoro 3apsna. CemMelcTBa MOTOOHBIX YACTHI] U3BECTHBI KaK U30CIIH-
HOBBIE MYJIBTHILIETHI C YHCIIOM uiieHoB 21+1: ceMeiicTBa ¢ AByMs yacThIlaMu Has3biBaroT aybneramu (1=1/2),
CEMEICTBA C TpeMs YaCTUI[AMHU - TPUILICTAMH, U TaK Jlajiee.
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IIPOTEKAIOIIMX 3@ CYET CWJIBHOTO B3aMMOJAECHCTBHS, HO HAPYLIAIOTCS B IPOLECCAX
c1aboro B3aUMOJEHUCTBUSA. DJIEKTPOMArHUTHOE B3aMMOJCHCTBUE HAapyIlIaeT 3aKOH
COXpaHEHUSI U30TONNYECKOro cnuHa. 3C TECHO CBS3aHbl CO CBOMCTBAMU CUMMETPHUHU
¢dusudeckux cuctem. [Ipu 3TOM cuMMeTpUs MOHUMAETCSI Kak UHBAPUAHTHOCTH (hU3H-
YECKUX 3aKOHOB OTHOCUTEIHLHO HEKOTOPOM TpyMHIbl MpeoOpa3oBaHU BXOMSIIMX B
HUX BeIWYMUH. T.0., €CIM U3BECTHBI CBOMCTBA CUMMETPUU CUCTEMBI, MOKHO HAWTH
st Hee 3C 1 Hao0oPOT.

Tak CoOXpaHEHHE PHEPIUU CBA3aHO C OAHOPOJHOCTBIO BPEMEHM, T.€. C HHBAPU-
AHTHOCTBIO (PM3MUYECKUX 3aKOHOB OTHOCHTENIFHO M3MEHEHHUs Hadajia OTCUYeTa BpeMe-
HU. CoXpaHEHHE UMITYJIbCA U MOMEHTa CBSA3aHbl COOTBETCTBEHHO C OJHOPOIHOCTBIO
IIPOCTPAHCTBA (MHBAPHUAHTHOCTh OTHOCUTEIBHO MPOCTPAHCTBEHHBIX CABUIOB) U U30-
TPOMHOCTHIO MPOCTPAHCTBA (MHBAPUAHTHOCTh OTHOCUTENBHO BpALEHUH TPOCTpaH-
ctBa). [losTomy mpoBepka MexaHuueckux 3C SBISETCS MPOBEPKOI. COOTBETCTBYIO-
X (yH/IaMEHTAJILHBIX CBOMCTB IPOCTpaHCTBa-BpeMeHu. JloJroe BpeMsi CUUTaIOCh,
YTO KPOME TMEPEUHUCICHHBIX AJIEMEHTOB CUMMETPUHU MPOCTPAHCTBO-BpeMs 00J1aacT
3epKaJIbHOW CUMMETpPUEH, T.€. MHBAPUAHTHO OTHOCUTEIHHO OOpalieHus (MHBEPCHUH)
BpeMeHu. Torna momkHa Oblia Obl COXpaHSATHCSA MPOCTPAHCTBEHHAs! YeTHOCTh. O/1Ha-
KO B 1957 1. OBUIO SKCHIEPUMEHTAIILHO OOHAPYKEHO HECOXPAaHEHWE YETHOCTU B Clla-
O0M B3aMMOJIEHCTBUH, MMOCTAaBUBIIEE BOMPOC O MEPECMOTPE B3IJISAAO0B Ha IIyOOKHE
CBOICTBa reOMETpUU Mupa. B cBSI3U ¢ pa3BUTHEM TEOpPUU TPABUTALUK HAMEYAETCS
JTaTbHEUIIUNA MEepecMOTp B3MISIAOB HA CUMMETPUIO MPOCTPAHCTBA-BpEeMEHU U (PyH-
nameHTanbHbie 3C (B YaCTHOCTH Ha 3aKOHBI COXPAHEHUS SHEPTUH U UMITYJIbCA).

Teopema Hérep yTBEepx)aaeT, 4To AJI BCAKOW (PU3MUECKOW CHCTEMBI, ypaBHE-
HUSI IBUXKEHUSI KOTOPOU MOTYT OBITh MOJYYEHBl U3 BAPUALIMOHHOTO MPUHIINIA, KaX-
JOMY OJIHONApaMETPUUYECKOMY HENPEPHIBHOMY MNPEeOOpPa30BaHUIO, OCTABISIOIIEMY
BApUAIIMOHHBIN (YHKIIMOHAT WHBAPUAHTHBIM, OTBEYAECT OJIMH 3aKOH COXPaHECHHSI.
TeopeMa Mo3BOJIAET BHIMKUCATH COXPAHSIONIYIOCS BEIMYUHY. Y CTAaHOBJIEHA B paboTax
YYEHBIX TéTTUHTeHCKOM mikoJbl [laBuna ['mnsbepra, @enukca Kneiina, u Ommu Hé-
tep. Teopema Hérep mpencrasisier coboil camoe yHUBEpCAIbHOE CPEACTBO, MO3BO-
JSIOIIEE HAXOAUTh 3aKOHBI COXPAHEHHUs B JIArPAaH)KEBOM KIIACCHUYECKON MEXAaHHKE,
TEOPHUH T0JIsl, KBAHTOBOU TEOPUU U T.[I.

11.3. AKcnomaTtu4yeckoe noctpoeHme hnusn4eckux Teopmmn

AKcuomamuyeckana meopus — 3T0 TEOPUsl, pe3yJIbTaThl KOTOPOIl BBICTYMAIOT
KaK (CTPOTHE CJEICTBUS €IMHOM CUCTEMbl (YHIAMEHTAIbHBIX (PU3MUYECKUX Mpe.-
CTaBJICHUN — akcuoM. B oTinune oT maTtemaTuku (pU3MKa HE cpazy CTPOUTCS B BHJIE
akcuoMarnyeckoro ¢popmanusma. Ecnu B MaremaTrke cuctemMa 0ObeKTOB M CUCTEMA

CocTaBisIoNIe YacTUIBl aTOMHBIX SA€P, HEUTPOH M MPOTOH, (YOPMUPYIOT M30CIHMHOBBIA ayOIerT,
TaK KaK OHHM OTJIMYAIOTCS TOJIBKO MO 3JEKTPUIECKOMY 3apsly U BTOPOCTETIEHHBIM CcBoiicTBaM. O HUX OOBIY-
HO TOBOPST KaK O Pa3jIMYHbIX BEPCHSX, WIN 3apSAOBBIX COCTOSHUIX TOTO K€ CAMOro 00bEKTa, Ha3BaHHOI'O
HYKJIOHOM. M30CIUH HYKJIOHAa paBeH OJHOW BTOpod. BenmnumHy m3ocnuHa HaiiieM, BBIYMTAs €AUHULYY W3
qucia 4ICHOB B €r0 MYJIbTUIUIETE U 3aTeM eI pe3ynbTaT Ha JBa. | 1aBHOE 3HaueHHEe M30CIHMHA B (U3UKE
COCTOUT B TOM, YTO, KOT/1a YaCTHUIIbI CTAJIKUBAIOTCS WM pacHalaroTcs 110J BIMSHUEM CUIBHOI'O B3aUMOZEH-
CTBUSI, UX MU30CIIUH COXPAHIETCS.
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aKCHOM JIJIsl HUX MPSIMO OEpyTCsl B KAUECTBE UCXOHBIX JIAHHBIX TEOPUH, TO B (DU3UKE
UCXOJIAT U3 ONPEACICHHOTO 3amaca 3KCIIePUMEHTAIBHBIX (DAKTOB U HEKOTOPOH COBO-
KYITHOCTH 3aKOHOMEPHOCTEH, IMOJMEUYCHHBIX B 3TUX (hakTaX. YYaCTHUKU H3ydaeMOu
00JacTH SBIIGHUH MOTYT CYIIECTBEHHO Pa3MyaThCs. JTH yYACTHUKW CHAYajia OITH-
CBIBAIOTCS PA3IMYHBIMH TCOPETUYCCKHMMU CXEMaMHM, KOTOPBIC YacTO HE BIIOJIHE CO-
TJIACYIOTCS MEXKIy COOOH W, KpOMe TOro, SIBJSIOTCS MpUOImKeHHbIMH. Ha Takom
JTare TeOpHs €Ille He MOJrOTOBJICHA K €¢ MPEICTaBICHUIO B CTPOrOl aKCHOMaTHYe-
CKoit hopme.

JIuip Korja yCTaHOBJICHBI TJIaBHBIC 3aKOHOMEPHOCTH, YIPABIISIONIUE TAHHOM
00J1aCThIO SIBJICHHM, BBISICHCHA CTEIICHb WX OOIIHOCTH M TOYHBIE 3aKOHOMEPHOCTH
OTJICJICHBI OT TPHOJIFIKEHHBIX, CTAHOBUTCS I€JIeCOO0pa3HbIM BBIPA3UTh MX B BHJIC
CUCTeMbI (yHJIaMEHTAIBHBIX aKCHOM M IMPEJACTABUTH OCHOBHBIC PE3YJIBTAThl TCOPUU
KaK CTPOTHE CJICJCTBUS M3 3TOH CUCTEMBI aKCHOM. TakuMm 00pa3oM, «eCiii B MaTeMa-
TUKE MBI aKCHOMAaTU3UPYeM, YTOOBI MOHAThH, TO B (PM3WKE HAM HY)KHO CHadvaja Io-

HATb, YTOOBI akcuomatusupoBaThy (FO. Burnep).

HOCHGHOB&TCHBHOCTB «onepaum“l» IIOKAXXCM Ha IIPHUMEPC (bOpMI/IpOBaHI/IH KBaHTOBOM T€O-
PHH TI0JIs, KOTOPOE MPOoUcXoamito B cepenuHe 1950-x rr. CHavyana BRIOMpAIOTCSI HCXOAHBIE (Pr3mue-
CKHC O6L€KTBI, B TCpMHUHAX KOTOPLIX H UACT ﬂaﬂbHeﬁHlee pa3sBUTHE TCOPHU. 3aTem HaxXoauTcCia (a
MHOTJ]a U CTPOUTCS 3aHOBO) MaTeMaTHMYECKHUH amnmapaT, IPUTrOAHBIN A onucaHus o0bekToB. U,
HAKOHCII, ITOCJICAHUEC ABA JTalla — q)OpMy.HI/IpOBKa CHUCTEMBI aKCHUOM H BBIBO/ CJ'IG,Z[CTBI/Iﬁ 13 HUX.

JIrobas ¢pusnueckas Teopusi Kak KBAHTOBAsI, TAK M KJIACCHYECKasi MOXKET OBITh MPE/ICTaBICHA
B (popme nokanpHBIX HaOmoaaeMbix. B ocHoBe AKTII (akcrmoMaTnueckoil KBAHTOBOW TEOPHUH TTOJIs)
JIexar 3 AKCHUOMBI, KOTOPLBIC ABJIAAIOTCA OJHUMH U TEMU KC IJIA pa3JIUMIHBIX HaHpaBHeHHI;’I 3TOU TEO-
pun.

1. Akcuoma peHHTHBHCTCKOﬁ HWHBApUAaHTHOCTU (HeI/I3MeHHOCTB (I)I/IBI/ILIGCKI/IX 3aKOHOB OTHO-

CUTENBHO MpeodpazoBanuii JIopeHIia) 1 HHEPIUAIBHBIX CUCTEM;

2.AKcuoMa JOKaJIbHOM NPUYMHHOCTH TpedyeT, 4TOObI HEKOe COObITHE, Ipouciealee B pu-
3UYECKON CUCTEME, MOTJIO TMOBJUATL HA MIOBEJEHUE CUCTEMBI JIMIIb B MOMEHTBI BPEMEHH, CIIEAYIO-
K€ 32 OTUM COOBITHEM;

3. AKCHOMa CIIEKTPAIBHOCTH, KOTOpasi yTBEPAKAAET, SHEPTUU BCEX JOMYCTHUMBIX COCTOSHUI
CUCTEMBI (€€ CHEKTp PHEPIrUi) JOJKHBI ObITh MOJOKUTENbHBI. JTa aKCMOMa yTBEpXKAaeT QpyHIa-
MEHTAJbHBINH (PAKT MOJOKUTEIHLHOCTH MacCc BCEX YacTHI], MOJTBEpXkJaeMblidi Bceil (uznueckoin
IIPAKTUKOM.

12. XBaTUT N apceHarna pu3nkm ansa onnMcaHusa XXU3Hu m
CO3HaHua?

12.1. B pamkax TpaguLIMOHHOWN HayKu
Ku3nb u coznanme. locrtarouen jim pusnyeckuii moaxoxn?

AHanu3upysi 3TOT BOMPOC, OJAUH U3 CO3AaTeNed KBAHTOBOM MEXaHUKH DpPBUH
penunrep («Yto Takoe ku3Hb? OU3NUYECKUIN ACTIEKT KUBOU KIETKUY») CYUTAET, UTO
«J1eATEeJIbHOCTh )KMUBOM MaTepuH, XOTS U OCHOBaHA Ha 3aKOHAX (PU3MKH, YCTAHOBJICH-
HbIX K HACTOAILIEMY BPEMEHH, HO, NO-BUAUMOMY, IMOJYUHAETCS 10 CUX MOp HE W3-
BECTHBIM JPYTHM 3aKOHAM (PU3HUKH, KOTOPBIE, OJHAKO, KaK TOJIHKO OHH OYAYT OTKPHI-
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ThI, JOJDKHBI OYJIyT COCTaBUTh TaKylO K€ HEOTHEMJIEMYIO YacTh HAYKHU Kak U Iep-
Bbie». C Touku 3peHus llpeaunrepa, «amcu3ns — 3T0 yNOpAIOYEHHOE U 3aKOHOMEP-
HOE MOBEJEHNUE MATEPHH, OCHOBAHHOE HE TOJIbKO HA OJHOW TEHJCHIIUU NEPEXOAUTh
OT YHOPSAOYEHHOCTH K HEYNOPSAOYEHHOCTH, HO M YAaCTHYHO Ha CYIIECTBOBAHUU
YHOPSIIOYEHHOCTH, KOTOpas MmojaepkuBaercs Bce Bpemsi». 1 eme. «Korna mbl cun-
TaeM MaTepuro xuBoi? Toraa, Korja oHa MPOJIOJBKAET «AENIaTh YTO-IH00Y, IBUTATh-
Csl, y4acTBOBaTh B OOMEHE BEILIECTB C OKPY’KAIOIIeH cpefioi U T.1. - BCE ATO B TeUe-
HUE JUTUTEIFHOTO OTPE3Ka BPEMEHH, YeM, M0 HAlIUM OXHJIaHUSM, MOTJIa Obl J1eNaTh
HEOJTyIIEBJICHHAs MaTePHs B MOJOOHBIX YCIOBHSIX).

«MBI BpaBe Opearnoiaratb, 4YTo KUBas Marepus NOJYUHSAETCS HOBOMY. THUITY
¢usnueckoro 3akoHa. Mnu Mbl JOMKHBI Ha3BaTh €ro CBEPX(PU3MUECKHM 3aKOHOM?
Her, s He aymaro 3toro. HoBblii MpUHIMI — NOJIMHHO (PU3NYECKUN 3aKOH: HA MOM
B3IJIS1, OH HE YTO MHOE, KaK OIMSATh-TaKH MPUHLIUI KBAHTOBOU TEOPHUI).

«B OCHOBe OpraHu3Ma JEXKHUT «TBEPAOE TEJIO» - AlEPUOAUYECKUN KPUCTAILI,
oOpa3yomuil HacaeACTBEHHOE BEUIECTBO, HE MOABEPKEHHOE BO3/IEHCTBUIO Oecropsi-
JOYHOTO TEIJIOBOTO JIBMJKEHUS». DTO «HE Ipy0O€ uenoBeyeckoe H3Jenue, a Ipe-
KpacHEUIUN TIeIeBp, KOrjaa JU00 CO3JaHHBIM MO0 MUJIOCTH TOCIOJHEH KBaHTOBOM
MEXaHHUKN.

W3 nmpuBeneHHbIX nuTaT ciaexyet, urto O. llpenunrep cuuraer, yto (usmka
MOKa HE MOXET 00BACHUTH KU3Hb. CriocOOHa 11 OHa OOBSCHUTH, IO KpailiHEel Mepe,
KOMITOHEHT HW3HU - CO3HaHHWE? DTUM BOIpocoM 3anumaiics P. IleHpoy3 B kHure
«HoBBII yM KOpOJIsI», KOTOPAasi UMEET XapaKTEPHBIM NMOA3aroyioBOK «O KOMITBIOTE-
pax, MBIIIUICHUH U 3aKOHAX (PU3UKK.

The Emperor’s New Mind — na3panue kauru [IeHpoy3a nepekiimkaercs ¢ Ha-
3panreM KuurH [.-X. Angepcena (1805-1875), nByxcoTiaeTre KOTOPOTO MIUPOKO OT-
Medasoch He Tak gaBHo, The Emperor’s New Clothes. B cBoeii kaure (ToyHee - BO
BCTYyIUIEHUU K Hell), [leHpoy3 yTBepxaaer, 4To sBJIEHUE CO3HAHUS HE MOXKET OBITh
OMHCaHO B paMKaX COBpPEeMEHHOH ¢u3uku. «OIHAKO S HU B KOEM Cllydyae He yTBep-
’KJ1a10, - MUILET OH, - YTO [TOHMMAaHKE 3TOr0 (heHOMEHa HEBO3MOKHO B paMKax 3TOrO
MOJIX0J1a — IPOCTO COBPEMEHHAs HayKa €llle HE IOCTHUIJIa YPOBHS, HEOOXOAUMOrO IS
pelIeHUs TaKOW 3a1aun.

[Tenpoy3 ctaBui nepen coboii 2 emnu.

IlepBas — cTpeMIIeHHE NTOKAa3aTh, YTO MATEMAaTUYECKOE MBILUICHHE — A, CJIEA0BATENb-
HO, U YMCTBEHHAsI IEATEITbHOCTh B IIEJIOM — HE MOKET OBITh MOJHOCTHIO OMUCAHO TIPU
ITOMOIIM «KOMITBIOTEPHOI» MOJIENIN pasyMma. Bropas uenp — nokasaTh, 4TO CETOAHS B
(dur3UYecKol KapTHHE MHUPA €CTh CYIIECTBEHHOE «Oesioe MATHOY», @ UMEHHO: OTCYTCT-
BYET «MOCTHK» MEXKIYy CYOMUKPOCKOITMYECKUM YPOBHEM KBAaHTOBOW MEXAHUKHU U
MaKpOMHUPOM Kiaccuueckor pusuku. Teopusi, koTopasi B OyylieM BOCIIOIHUT 3TOT
npo0eJ, T0JKHA OyJIeT B 3HAUUTEIbHOM CTENeHH TOMOYb MOHATh (PU3NYECKHUE OCHO-
BbI (peHomeHa cozHanus. [Ipoctop mist HaHoTtexHosorui (?1 — ALP.).

12.2. BHeHay4Hble noaxoAabl

HexoTopble anbTepHATHBHBIE TOYKH 3pEHUSI HA BO3MOKHOCTH 00bsiCHeHHs (e-
HOMEHA CO3HAHMSI.
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PaccmoTpum aBe nmo3unmu no 3toMy Bonpocy. OqHa U3 HUX NPUHAMIEKUT Pu-
yapay JI. ToMIicOHy 1 u3NI0KeHa UM B KHATE «MeXaHuCTUYecKas U HEMEXaHUCTHYE-
CKasl Hayka». BTopas nmpuHaaJIe)KUT OT€YECTBEHHBIM HCCIIEIOBATESIM 3TON MpooIie-
MBI ¥ TIpejicTaBjeHa B pabotax JI. B. JleckoBa. Haunem ¢ nepBoii.

Onucanue sIBICHUN MPUPOJIbI, BhIpaKeHHOE B unciax u ¢opmynax, P. Tomm-
COH HA3bIBAET MEXAHUCTHUYECKUM. OH KPUTHUKYET «MEXaHUCTHUUECKUI» MOIXOM 3a
OTPBIBOYHOCTH, OTOPBAHHOCTH OJTHUX OOBSCHEHUN OT IPYTuX (CM. IMyHKT 00 aKCHO-
MaTH3aliK, U3JI0KEHHBINA BBIIIE, U3 KOTOPOTO CIEIYET, UTO 3TO HE COBCeM Tak). OH
CUUTAET, UTO B MPUPOJE WIM B YCTPOWCTBE HCKYCCTBEHHOTO HMHTEJUIEKTA, JOJIKHO
CYIIIECTBOBATh «HEUYTOY, CIIOCOOHOE:

1) paznuyaTh Cpeid pPa3sHOOOpPA3HBIX MAaTEepUAIbHBIX 00pa30oBaHUM OIpene-
JICHHBIE, B BBICIICH CTENEHU a0CTPaKTHBIE OPTaHW30BAHHBIE CTPYKTYPHI;
2) yCTaHaBIIUBATh CBSI3U MEXAY CO3HAHHMEM U 3TUMHU MaTepHallbHbIMH oOpa-

30BaHMSIMU. B 4aCTHOCTH OHO JAOJDKHO U3MEHSATH COACPKUMOE CO3HAHUSA B COOT-
BETCTBUH C U3MEHEHUSMH, KOTOPBIE MIPETEPIICBAIOT JIaHHbIE a0CTPaKTHBIE CBOM-
CTBa C XOJIOM BPEMEHM U B Ipoliecce TpaHcHopMalyi MaTepralibHbIX 00pa3o-
BAHUU.

ABTOp CUMTAET, YTO ATO «HEUYTO» IMPEACTABISET COOON KAaKOe-TO COBEPIICHHO
HEU3BECTHOE COBPEMEHHON HAayKe CBOWMCTBO MNpUpoasl. Peup, kak nwumier paiee
ToMIICOH, HJIET O CO3HAHMH, a MONBITKM COBPEMEHHON HAyKu OOBSICHUTH CO3HAHUE
MPSMO WJIM KOCBEHHO ONMPAIOTCS HAa AHAJIOTHI0 MEX]Yy YEJIOBEYECKUM MO3TOM H
KOMITBIOTEPOM. 3aMETHM, YTO B MICUXOJOTUU MOJOOHBIA MOAXO0/ HA3bIBAIOT MeTado-
pPOM KOMIIBIOTEPA.

He cnyuaitno P. Tomnicon oOpaimaercs K OJHOMY U3 HaIpaBJIEHUN COBPEMEH-
HOI TICUXOJIOTUH, BO3HUKILIEMY elle B nepBoil nmojoBuHe XX Beka, TOUHEE K (PyHK-
[IMOHAIBHOMY OMXeBHOpU3MY. B pamkax OMxeBHOpHU3Ma €CTECTBEHHEE MPEICTaBIIS-
IOTCS pacCyKIeHHs] 00 HMCKYCCTBEHHOM HHTEJUIEKTE, MOCKOJIbKY (EHOMEH ecTecT-
BEHHOT'O MHTEJUJIEKTA TaM HE UCIOJIb3YETCA.

Kpome Toro, nutupyroTcs cioa iaypeata Hobenesckoit mpemun FO. Burnepa
(Wigner, Eugene Paul), xoTopblit npuBiiekaa MPUHIMITEI COBPEMEHHON (U3MYCCKON
TEOpPUU JJIA ONpPABIAHUSI MHTEPAKTUBHOW MOJENMU co3HaHusA. OH yTBepxkAaa, 4To B
(dbr3MKe IpUYMHHAS CBSI3b HUKOT/Ia HE UMEET OJHOCTOPOHHETO XapakTtepa. CrenoBa-
TEJIbHO, €CJIM CO3HAHME PeallbHO, TO OHO JIOJKHO BO3ZEiCTBOBaTh Ha Mareputo. Ilo-
TOMY, cunuTaeT Burnep, coBpeMeHHbIE 3aKOHBI (PU3UKHU TIO MEHBIIIEH Mepe HEMOJIHBI,
MIOKa OHU HE PacHpoCTpaHsoTCs Ha chepy MEHTANIbHbBIX sABJIeHUN. [IpaBuinbHee ObLIO
OBl CKa3aTh, YTO OHM HETOYHBI, IPUUEM UX HETOYHOCTh TOJBKO BO3pPACTAET C BO3paC-
TaHUEM POJI, KOTOPYIO UTPAET KU3Hb B PACCMATPUBAEMBIX SIBJICHUSX.

PaccmoTpum 2-y10 KOHIIENIMIO, aKTUBHO MOJJIepKUBaemMyto npodeccopom JI.
B. JleckoBbIM 13 MOCKOBCKOTO rOCYJapCTBEHHOIO YHUBEPCUTETA, HAIIMCABIINM pas3-
nen o (pU3MYecKol KapTHUHE MUpa B y4eOHOM MOCcoOWH 1Mo ucTtopuu U ¢unocoduu
Hayku' . OH HAYMHACT C KOHUENIHMH (H3MYECKOro BaKyyMa, U3 KOTOPOTO COTIACHO

4 Ounocodus Hayku / o pen. C.A. Jlebenera: YueOHoe mocobue A By30B. — M.: AkageMHU4ecKuii mpo-
exT; Tpukcra, 2004. — 736 c. dunocodus COBpeMEHHOTO €CTeCTBO3HAHUS: Y 4eOHOe mocodure JIst By30B /
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Teopun bonpmioro B3psiBa poaunace BeeneHHas. DTo HE TOT BaKyyM, KOTOPBIA ObLI
OTKpHIT B 1644 r. yuenukamu ['anunes 3. Toppuyemu u B. BuBnanu. 910 coBceM
JIPYTOH IJIACT pPeabHOCTH — (PU3NYECKUN MM KBAHTOBBIM BaKyyM, OTKDBITBIN (T€O-
petudeckn) I1. lupakom B 1928 r. Viias B 0651acTh OTpUIIATENIbHBIX SHEPTUH, T]IE 3a-
HATHI Bce ypoBHU ¢epmuoHOoB, I1. upak cuurtan, 4yTo HaxondllMecs HAa HUX DJIEK-
TPOHBI 00Pa3yIOT KBAHTOBBIN BakyyM (T.H. «BakyyMHOe Mope» [upaka). OgHako, ec-
JIM HA 3TO «MOPE» HANPaBUTh UMITYJIbC TaMMa-U3ITy4YCHUS, TO OJIYYUBILIHE €TO AJIEK-
TPOHBI MPUOOPETYT MOJOKUTEIIBHYIO SHEPTUIO U NEPEUTYT B peaiabHbli Mup. B «Mo-
pe» OCTaHETCA «IBIPKay.

B 1980 r. A.E. AkumoB, kak cuurtaeT oH cam u JI.B. JleckoB, mpennoxui Ho-
BYIO TEOPETUYECKYIO0 MOJIENIb KBAHTOBOIO Bakyyma. [Ipenmnomaraercs, o 3TOM ruro-
Te3€e, 4TO BceneHHast HaloJHEeHa CBEPTKAaMU U3 KPYTOBBIX BOJIH JJIEKTPOHOB U ITO3H-
TPOHOB, HEUTPUHO M aHTUHEHUTpHUHO. Takas cBepTKa 00JIaJaeT HYJIEBHIM 3apsioM,
HyJeBoi Maccolt (?) u HyneBbIM criuHOM. Ee AkuMoB Ha3Ban guroHoMm. duUTOHHAS
MOJIE/b, 110 YTBEPXKACHUIO €€ IIPUBEPIKEHIIEB, II03BOJIAET I0-HOBOMY IMOJOWUTH K
(GyHIaMEHTaIbHBIM B3auUMOJCHCTBUAM. Tak 3JIeKTpOMarHuTHOE IOJIE paccMaTpUBa-
€TCsl KaK pe3ysbTaT 3apsaJ0BON MOJIIpU3alnU (PU3MUECKOT0 BaKyyMa, KOTJa 3JIEKTPO-
CTaTUYECKOE TOJIE 3apsAI0B YMEHBIIUT B3aMMHYI0 HEUTPAIU3ALUIO 3JIEKTPOHOB U MO-
3UTPOHOB B (DUTOHAX U 3TU 3aPSUKEHHBIE YAaCTUII HAYHYT PACKauWBaThCS OTHOCH-
TEJIbHO MOJIOKEHUS PABHOBECHSL, TIOPOXKIAs JIIEKTPOMATHUTHOE I10JIE.

Ecnu Ha KBaHTOBBIN BaKyyM JEHCTBYET HE 3apsil, a Macca, TO cucteMa (puTo-
HOB MPUOOPETET MPOJOJIbHYIO CIIMHOBYIO OPHUEHTALIMI0, KOTOpas OyJIeT COOTBETCTBO-
BaTh I'PAaBUTALIMOHHOMY TON0. TakuMm 00pa3oM, UMEET MECTO MPUHUMUIIUAIBLHO HO-
BbIM BUJ (PYHIAMEHTaJIbHOTO B3aMMOAEHCTBHUS — KPY4YEHUE Bakyyma. ODTOT THI
B3aMMOJICHCTBHI HA3bIBACTCSI TOPCUOHHBIM (tOrSiOn — KpydeHue, aHr. ).

CymecTtBoBaHME TOPCHOHHBIX Tosie mocTtyiaupoBan B 1922 r. D. Kapran.
CnuH oH He yuuThIBaJI. [103TOMY OH HE MOT NPABHUJIBHO OLICHUTh KOHCTAHTHI B3au-
MojelicTBUi. DTa 3amada Oblna perieHa, o MHeHUto JleckoBa, B 1980-x rr. I'.N.
[unoBbiM ¢ ucnosb3oBanueM reometpun ['.P. Puuunm (yuenuka Pumana), kotopas
coJiep KaJia yIriIOBbIE KOOPAUHATHI.

@u3NYEeCKUe CBOWCTBA TOPCHUOHHBIX IOJEH YHHUKAJIbHBI (€CIIM PacCyKICHUS
BepHbl! — A.P.). Bo-nepBbIiX, B3aMO/I€MICTBUE TOPCUOHHBIX KBAaHTOBBIX BUXpEW HO-
CHUT HE dHepreTuueckui, a nupopmarmonusii (? — A.P.) xapaktep u, ciie10BaTeIbHO,
Ha HUX HE PACIpPOCTPAHACTCS BBITEKAIOIIMI U3 TEOPUH OTHOCUTEIBLHOCTH MPHUHIIUI
MaKCUMaJIbHOCTH CKOPOCTH CBeTa (CYIIECTBYIOIIUN I niepenadu sHeprun). Mx un-
TEHCUBHOCTh HE OOpaTHO MPOIMOPLMOHAIbHA KBaJpaTy PacCTOSHHS. A MOCEMY 3TO
UJCANbHOE CPEJCTBO CBSI3U Ha MEX3BE3JHBIX paccTosHUsAX. 3nech npodeccop Jlec-

Mox o6mr. pen. mpod. C.A. Jlebenesa. — M.: DAUP-TIPECC, 2004. — 304. Cwm. taxxke: JI.B. Jleckos. CoBpe-
MeHHasl Hay4Has KapTuHa mupa // O ¢ H 0 B bl ¢unocopur Hayku. ¥ 1 e O Ho e 1o c 0 O u e
nas Bys3oB/ ITon pen. C.A. Jlebenesa.- Mocksa: Akamemuueckuii ITpoext 2005; Exate-
punOypr: lenosas kaura 2005, C. 269-270.

Kpurnueckne 3aMedanus o NOBOIY M3JI0KEHHS GU3HIECKONM KapTHHBI MUpPA B 9TUX KHUTAaX CM. B )KypHa-
ne «IIpupoma» Ne3 3a 2006 r. B crathsax J.I1. Kpyriskosa «Tak xkyma »xe Mbl uaem? wim Brepen, B cpenae-
BekoBbe!» U 10.J]. MannHa «CeMaHTHYECKHH BaKyyM».
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koB ccbutaercs Ha H.A. Ko3sipeBa, M.M. JlaBpenTbeBa u A.®. Ilyraya, sskoObl cTa-
BUBIINX 3KCIIEPUMEHTBI, MOATBEPKAAIOIINE YKA3aHHBIE MOJIOKEHUS.

OObsicHSIETCS M UHEPIUA Teja - BO3MYIIEHUEM «(OUTOHHOTO MOPS», TPUBOISI-
MM K ero nojsipu3anuu mno macce (? — A.P.). Orcroga u paBeHCTBO UHEPTHOM U rpa-
BUTALIMOHHBIX Macc, UMEIOIIUX «OOUIUI 3HaMEHATEIb» B BAKYYMHOM Mope (MCKpUB-
JIeHUE U KpydyeHue pusnyeckoro Bakyyma). B skcnepumente HabimonaroTes (1o ciio-
BaMm JI.B. JleckoBa) 311€KTpOTOPCHUOHHBIE MOJIS.

[Ipu wncnosb30BaHUM YHNOMSIHYTHIX YYE€OHHKOB, HAlMCAHHBIX MpenojaBaTeIsiMu
MI'Y, nonpacraromasi Hay4Has 3uTa OyAeT MoJyd4aTh HeJOCTOBEPHYIO HH(OPMALIHIO O
coBpeMeHHOU kapTuHe mupa. He Oepych 3a moipoOHbIN aHAIU3 TUIOTE3bl TOPCHOHHBIX
noJiel, Ho OJHO OpocaeTcsl B IJa3a; TOPCUOHHBIE MOJIS, TPOHUKAIOLINE, 10 MBICIH MX
anoJioreToB, ckBo3b COJIHIE, 3BE3[Ibl, MOYEMY-TO 3aJCPKUBAIOTCS B I0JIOBaX JIOACH.
MexaHHU3M Takoro B3aMMOJEHCTBHUS C MO3IOM HE PAacCKpbIBAETCs, 3aTO IOCTYJIHPYETCA
YyThb JI1 HE OECKOHEYHAsI CKOPOCTh PACIpOCTPAaHEHHsI U CIIOCOOHOCTh TepeaaBaTh MbIC-
mu Ha paccrosHue (A.E. AxumoB). Takum 00pa3oM, OJHOBPEMEHHO «PEHIAIOTCA» U
npo0yieMbl CO3HAHMS, MBIIUIEHUS, oOMeHa HH(popManuel 0€3 TEeXHUYECKHX CPENICTB.
[IpoOnema sIBHO BBIXOJUT 32 paMKu (U3UKH, OXBATHIBAsI TICUXOJIOTHIO U JIpyTHe HAyKH.
Yem He nanauesn? Kcratu, npekpacHslil npuMep MceBI0HAYYHOTO N0IX0/1a, KOT/Aa Mpei-
Jaraercs JIEKapCTBO cpa3y OT Bcex «Oose3Hei» mo3HaHus. [Ipuyem, U 3T0 XapaKTepHO
IUISL NEATENBHOCTH IICEBIOYUYEHBIX, €0 HE OTPaHUYMBACTCS OJHOW OTPACiIbI0 HAYyKH.
Kazanocs Obl, 3TO XOpOI110, KOT/Ia peub UAET O MEXKIUCIUILUTMHAPHBIX HUCCIIETOBAHUSIX.
Ho ... HacTopaxuBaeT J€rkocTb HEOOBIKHOBEHHAsI U OTCYTCTBUE JI€TaIbHOU aprymeH-
tanmu. CchUTaroTCS MpaBAa Ha TO, YTO TEOPHUIO TOPCHOHHBIX Toyie paspadortam I'.1.
[IIunos. HacTopaxxmuBaeT 0JJTHAKO TO, YTO OH B CBOEH MOCIEAHEW KHUTE ITPOAEMOHCTPH-
pOBaJl HE UHTEPIPETALIMIO CBOUX MPENKHUX PACUETOB, a ANEIUISIIUIO K ... KPUIIHAU3MY.
OTO 0/IMH U3 JIIOOUMBIX MPUEMOB HCEBAOHAYYHOTO MOJIX0Ja — YXOJ OT PallMOHAIBHOTO
OOBSICHEHHSI B IOJIb3Y UppalMOHAIbHOIO, MUCcTHYEeCKOro. M B 3TOM miaHe o6a aibTep-
HatuBHBIX noaxona (P. Tomimcona u JI.B. JleckoBa) moxoxmu.

MOo>KHO 3aMeTUTh, UTO W (Opus, CBSI3aHHAS C TOPCUOHHBIMU TOJISIMHU B U3JIAHUSIX
o ¢punocopun HAyKW NOCTETICHHO CXOUT Ha HeT. Tak B yueoHoM mocobuu 2006 roga B
pazjiesne, MOCBSIIEHHOM (PU3UYECKON KapTUHE MHPA, TOPCHOHHBIE MOJI TOJIbKO Ha3Ba-
HBI, HO UX COJIepKaHue He packpbiTo. A B yueOHuke 2006 roga 3TOT pa3aen OTIaH yxke
apyromy ¢uznky (JI.A. ['puboBy, KOTOPBIH B OTJIMUKE OT aBTOpPA MPEXKHUX BHITTYCKOB JI.
B. JleckoBa, TOpCMOHHBIMU MOJISIMU HE YBJIEKAETCS M U3J1araeT 3TOT pas3Aell ¢ TPaaULIU-
OHHBIX AJi1 (PU3NYECKON HAyKHU nosnunﬁ)“. «Kpacuas» meuta 0 TOPCHOHHBIX IOJISX,
najouka-BeIpyvyasioyka ucyesia, mo KpaHel mepe, u3 yudeOHUKOB 1o ¢unocodhun Hay-
KU, BBUIY CBOEU SBHOM MH(OJIOTMUYHOCTH, HEIOKA3aHHOCTH M, KOHEUHO, HE B MOCIIE/I-
HIOIO OYepeb, O BIUSHUEM KPUTHKU aBTOPUTETHBIX YUEHBIX. [[03TOMY moap30BaThCA
y4eOHBIMU ocoOusiMu 10 ¢unocopun Hayku no. pea. C.A. Jlebenesa myuiie nocines-
Hux JieT usganus (mocne 2006 r.). [lpaBna v camMux amoJIoreToB TOPCHOHHBIX MOJEH
(A.E. Akumosna u JI.B. JleckoBa) yxe HET B JKUBBIX.

‘2 BeesieHne B HCTOpHIO U huIocoduio Hayky : yuebHOe mocobue st By3oB / of pen. C. A. Jlebenesa. 4-¢
3., mepepad. u gom. M., 2006. 736 c.; dunocodus eCTECTBEHHBIX HAYK : yaeOHOE MOCco0we IS By30B / IO
pen. C. A. Jlebenera. M., 2006. 560 c.
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Ectp ocHOBanusa nymatpe 3amevaet JI.B. JleckoB (M 37ech y Hac HET MPUYHH
€My BO3pa3uTh, IOCKOJIbKY B JIJAHHOM BOIIPOCE 3TOT TAJAHTIMBBIA (U3UK U MOIYJIs-
pH3aTOp CTOMT Ha HAyYHBIX OCHOBAX), YTO MMEHHO CIIOXHBIC CTPYKTYPbI KBAHTOBOT'O
BaKyyMa M €CTb Ta IIEPBOOCHOBA, KOTOpas ONpEAEIIsieT CBOMCTBAa Mupa B 1esioM. Oc-
HOBBIBAsACh Ha ATOW MJiee, YWIEP OLICHWJI MUHUMAJIbHYIO 3HEPIHI0 (DIyKTyanui
KBAHTOBOT'O BakyyMa. /{1l 3TOro OH MCIOJIb30Baj IJIAHKOBCKUE MAcIITa0bl U MOJY-
ann E=10% r/em® = 10M° spr/em®. D10 mo3BoHIIO YTBEpKIATE, YTO HALI MHP IIOTPY-
’KEH B OKEaH SHEPruM, a HaOII0gaeMble COOBITHS HAIIEr0 MUpa — JIMIIb PSOb HA €T
MTOBEPXHOCTH.

KommenTapuid. PaccyxieHrst 0 KBAHTOBOM BaKyyme CYIIECTBOBAIM JIO THUIIO-
Te3bl TOPCUOHHBIX TMOJICH U BOILIM Oaraxx coBpeMeHHOH (pusuku. TopcruoHHBIC MO
KaK MOJIEJIb KBAHTOBOI'O BaKyyMa — HE MpHU3HAHA MOKAa COBPEMEHHBIM (PU3NYECKUM
coobuiectBoM. Tak naypeatr Hobenesckoit npemun B.JI. ['uH30ypr, roopui 06 3Tom
CIIOKOMHO, KaK O HaxyBarelbcTBe M Kypwi JI.B. JleckoBa, KOTOPOro OH CUMTAET
CEPBE3HBIM YUYEHBIM, 3a TO, YTO TOT HOJJAJICS Ha «IpoBoKauuio». [lo-Buanmomy,
Onmkaiiiiee Oyayliee pacCTaBUT Bce 1O cBOUM MecTaM. Ho 3HaTh 0 Takoi AMCKycC-
CUU HAJIO.

PA3OEN 7. KOHUENUWNA TEXHUKA

IIpuponnomy Beenennas tecHa,
HcKycCTBEHHOMY 3aMKHYTOCTb HY)KHA.
U. B. I'eme

13. UcTopusa, 3aKOHOMEPHOCTU U couuaribHas posb
TeXHUKHU

CnoBO «TEXHHMKa» MPOUCXOIUT OT TPEUYECKOTO CJIOBA «TEXH 3» - HCKYCCTBO,
MacTEepCTBO, YMEHHE. DTO CUCTEMa UCKYCCTBEHHBIX OPTraHOB ACSATEILHOCTH OOIIECT-
Ba, Pa3BUBAIOIIASICS ITyTe€M UCTOPUYECKOTO Mpoliecca ONpeIMEUUBaHUs B IPUPOTHOM
Martepuaie TpyAOBbIX (DYHKIIMI, HABBIKOB U 3HAHUU, ITyTEM MMO3HAHUS CUJI U 3aKOHO-
MepHocTel pupoabl. [lociaeaHee TPOYHO CBA3BIBACT TEXHUKY C (PU3UKOM, a TaKKe C
COIIMAJIbHBIMU (HayKaMu. TexXHuKa (BMECTE C JIOJbMH, CO3JAIOIINMU €€ U TPUBOLIS-
IIMMU B J€HCTBUE) 00pa3yeT COCTABHYIO YaCTh MPOU3BOJIUTEIBHBIX CHJI OOLIECTBA U
SIBJISIETCS TIOKa3aTesieM TeX OOIEeCTBEHHBIX OTHOIIECHUM, TPU KOTOPHIX COBEPIIACTCS
TPy, COCTABIISIET MaTepUaIbHBIN 0a3KC KaXK10M 0011ecTBEeHHOHN (hopMaliuu.

Texauka — 1)COBOKYITHOCTh CPEIICTB YEIOBEUECKOU IEATEIBHOCTH; 2)CTIOCO0
UCIIOJTHEHUS.

TexHosiorus (3am.) — NPUIOKEHUE HAYYHOTO 3HAHUSA K MPAKTUYECKUM LEIAM
YeJI0BEYECKOW KU3HU WU U3MEHEHHE YEJIOBEYECKOTO OKPYKEHHSI.

Texnosorus (pocc.) — COBOKYITHOCTh METOJOB U3MEHEHUsI COCTOSTHUSA (MaTepua-
na).

CoBpeMeHHy10 TexHUKY (T.) MOXXHO pa3lienuTh Ha cleayromue GyHKIUOHATb-
HBIE OTPACIIN:
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IIPOU3BOJICTBEHHAs TEXHHKA, T. TpaHCIOPTAa U CBSA3M, 1. Hay4dHBIX HCCIEIOBa-
Hult, BoeHHas T., T. nponecca o0ydenusi, T. KynbTypsl v ObITa, MEAUIIMHCKAS] TEXHU-
ka u T. ynpaBneHus.

TexHrKa MOXET ObITh MACCUBHON - MOCTBI, TYHHEJH, MTPOU3BOACTBEHHBIEC I10-
MEIICHUSI, KEJIE3HbIE TOPOTH, CPEJCTBA paclpocTpaHeHus uHpopManuu (tenedoH,
paano, TeNEeBUCHUE) U aKTUBHOM - opynus (U3UYECKOr0 M YMCTBEHHOTO TpyAa, a
TaK)Xe KU3HEJEATEITbHOCTH YEJIOBEKa (OUKH, CIyXOBBIE allllapaThl, IPOTE3bI), MAILIN-
HbI B IPOU3BOJACTBE, TPAHCIIOPTE, BOCHHOM JIEJIe, anmnapaTypa ynpaBiIeHUs MalllHa-
MU, TIPOU3BOJICTBEHHBIMHU, COMAIIBHBIMA U SKOHOMUYECKUMU ITPOLIECCAMH.

3aKOHOMEPHOCTU TEXHUKH HE CBOAMMBI K COLMAIBHO-3KOHOMHYECKUM 3aKO-
HOMEPHOCTAM. MCXOOHBIM IYHKTOM B COLMOJIOTMYECKOM HCCIEAOBAaHUU Pa3BUTHS
TEXHUKH BBICTYNIAET aHAJIU3 €€ B3aUMOOTHOILLIEHUH C YEJIOBEKOM B MPOIIECCE TPYAA.

Hcroprst TEXHUKHA MOKET ObITh MOJIpa3/ieieHa Ha TPU 3Tara: OpyAusi py4HOIro
Tpy/Ja (MHCTPYMEHTHI), MAIlIMHbI (HA YPOBHE MEXaHU3allUK), aBTOMAThL (MAIIMHBI Ha
ypOBHE aBTOMAaTU3AINH ).

13.1. KpaTtkasi uIcTopusi TeXHUKWU: OCHOBHbIE 3Tanbl U uaeun

Peun molizier 0 pa3BUTUM BO BPEMEHU CHCTEMATUYECKUX METOJIOB U3rOTOBIIE-
Hua Bewend. Ha 3anage Oosnee NpUHAT TEPMUH «TEXHOJOTUsD - KOMOMHAIUS Tpeye-
ckoro techné, «uckyccTBo, pemecio» u «l0goS» «CioBo, peuby, MpUUeM, 3TOT Tep-
MHH IIEPBOHAYAIIBHO IIPUMEHSIICS K U3SALIHBIM UCKYCCTBaM, U JIMIIb BIIOCJIECICTBUU —
U K IPUKIATHBIM. B AHTIIMM TEpMUH «TEXHOJIOTHS MOSIBUJICA B 17-0M CTONETUUN JJIs
o003HaueHus MPUKIAAHBIX UCcKyccTB. K Hauvamy 20-0ro cTONETHS TEPMHUH OXBATHII
pacTylni IUana3oH CPeACTB, ITPOLECCOB, U UJIEN B JIOMOJHEHUE K NHCTPYMEHTAM U
MaligHaM (MeXaHu3MaM).

Hctopus TeXHUKU — 3TO TAKXKE U UCTOPUSI Pa3BUTHUS 4UeJIOBEKa M OOIIECTBA.
Hcnonb3yst cBOM pallMOHAJIBHBIC CITIOCOOHOCTH MO U3MEHEHUIO OKPY’KAIOIIEH Cpebl,
YeJIOBEK CTOJIKHYJICS U C JPYTMMH MPOOJIeMaMu, PEIlIeHHEe KOTOPhIX HEMOCPEICTBEH-
HO HE TPeOOBaOCh JIJIsl BBI)KUBAHUS U MMPOU3BOJICTBA OOTaTCTBA

Hame paccmorpenue OyneT BKIIOYATh TPU CTOPOHBI: COLIMANIbHAs MOTPEO-
HOCTb, COIMAIBHBIE PECYPCHI, U MTOAJACPKUBAIOIINN COLMANbHBIA uaean. OTCyTCTBUE
00010 U3 ATUX (PAaKTOPOB CTABUT IOJ COMHEHUE TEXHUYECKOE PAa3BUTHE.

Jpyroii acrieKT TeXHOJIOTUH - CTIOC00 Mepeaadn TEXHOJOTUYECKUX HOBIIECTB.
OT0 — TPYMHO YyJOBUMas MpoOjemMa, ¥ HEOOXOJUMO MPUHATH SIBJICHUE OJHOBPEMEH-
HOTO W/ TMapajuIeIbHOTO M300peTeHUs B ClydasX, B KOTOPBIX HET JIOCTATOUYHBIX
CBUJIETEIHCTB MPEEMCTBEHHOCTH. MeXaHU3M Mepeiadll HOBIIECTB ObLT YpE3BBhIYATHO
YIYUILEH B MOCIEIHUE CTOJIETHUS C IOMOIIBIO MPECCHI U APYTUX CPEACTB CBS3HU U IY-
TEMIECTBUN K UCTOYHHUKY HOBIIECTB. TpPaJUIIMOHHO, OJHAKO, TIaBHBIN CIIOCO0 Tepe-
Ja4yu ObLT CBSI3aH C reorpauiyecKuM MepeMerieHueM U3JIeIMid 1 MacTePOB, UX U3TO-
TOBUBIIUX. BaxkHo, 4TO, Oy/b TO MEpEeMEIICHUE PEMECIEHHUKOB PaHHUX ITMBHJIN3A-
M WJIA TBOPILIOB HEMEIKOM pPaKEThl, Ub€ OIBITHOE 3HaHUWE Mepenuio kak k Coer-
ckomy Coro3y, Tak u k CoenuHenHbiM [IITaTtam, - 3TH mponecchl MPOABUHYIHN pac-
IPOCTPAHEHUE HOBBIX TEXHOJIOTHIA

TexHuka B IpeBHEM MHpe
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Kamennsiii Bek (10 3000 mo H.3.) )KuBOTHBIE MHOT/IAa MCHOJB3YIOT €CTECT-
BEHHbIE MHCTPYMEHTHI THIIA MAJOK WJIM KaMHEH, U CyIIeCTBa, KOTOPbIE CTalK BIIO-
CJIEICTBUHM JIIOJIbMH, HECOMHEHHO JIEJIaJIi TO K€ CaMO€ B TEUEHUE COTEH ThICAYEIe-
TUN TIepe] MEPBbIM TMTAaHTCKUM II1arOM MOSBJICHUS X COOCTBEHHBIX MHCTPYMEHTOB.

Heonutuueckas peBoJironusi. OXBaTbIBa€T KOHEII MOCIEAHETO JIEIHUKOBOTO
nepuojaa, mpudsmsurensbHo 15 000 - 20 000 et Ha3am, KOrjaa HEKOTOPBIE U3 YEIOBE-
YEeCKUX OOIIMH Havally JIeJIaTh Mepexo]l OT JIUTEeNbHOro nepuoaa IlaneokamenHoro,
i CTaporo KaMEHHOTO BEKa, I/ie TOCIOACTBOBANIA IUKOCTh, K 00JI€e OTIaKEHHOMY
o0pa3y HU3HH C UCIIOJIb30BAaHUEM CEJIBCKOTO X0341iCTBa. JTO BpeMs nepexonaa kK He-
OJINTHYECKOMY Tepuoay, win HoBoMy kaMeHHOMY BEKY, IPUBEILIEMY, B KOHEYHOM
CYETE, K MOBBIIICHUIO YUCIIEHHOCTU HACEJICHUS, K POCTY pa3Mepa OOIIMH, U K Hayany
TOPOJCKOU KU3HU.

I'oponckasi peBoawnus (npumeprno 3000-500 mo H.3). [IpubausurensHO
5000 net Ha3aa HayaCs BAaXKHBIM KyJIbTYPHBIA MEPEXO]T B HECKOJIBKUX MOIXOISIINX
reorpau4eCcKux CUTyalUsiX. DTO BBIIBUIO HOBBIE MOTPEOHOCTH U PECYPCHI U CO-
MPOBOKAAIOCH CYHIECTBEHHBIM MPOJBHKECHUEM B TEXHOJIOTHMHU. Tak MOSBWIKNCH TO-
pona.

Texunueckue gocrukennsi I'peunu u Puma (500 mo 1.3, — 500 n.3.) Ycnexu
Puma B dunocodun v penuruu, NOTUTUIECKUX U IOPUINUECKUX YUPEKICHUAX, TO-
33UM U JpaMe, BOMUIONIE KOHTPACTHUPOBAIN C OTHOCHTEIBHO OIPAHUYEHHBIM BKJIA-
JIOM B TEXHOJIOTHIO. Jlaxke B OCHAIICHUU BOOPYKEHHBIX CHJI U CTPOUTEIIBCTBE, B KO-
TOPOM OHU MOKa3aJlu OOJBIIYI0 U300pETaTeIBHOCTh U 3CTETUUYECKYIO UYBCTBUTEIb-
HOCTb, UX paboTa MpeacTaBiisiia O0JblIe 3aBepllieHre 00Jiee paHHUX JUHUN pa3BU-
THSI, YEM KapJUHAJIbHOE HOBIIECTBO. DTOT OYEBUIHBIN MapalOKC KIACCUYECKOIO Te-
puozia ApeBHEro MHupa TpedyeT OObICHEHHS], U UCTOPHUS TEXHOJIIOIMH MOXKET oOecre-
YUTh HEKOTOPHIE KITFOUU K PEIICHUIO MPOOJIEMBI.

CpeaneBexoBblii mporpecc (500-1500).

TricsiueneTre Mexy KpaxoM 3araJHOM PUMCKON UMIIEPUH B 5-OM CTOJETUU
Halllel 3pbl U HAYAJIOM KOJOHHAJIBHOTO pacumupenus 3anaaHoil EBponbl B koH1Ee 15-
Or0 CTOJIETHUS OBLJIO U3BECTHO TPAIUIIMOHHO Kak CpeTHEBEKOBbE, U TIEpPBasi MOJIOBUHA
ATOTO MEPUOJA COCTOUT U3 MATH TeMHBIX BEKOB. MBI TEIEph 3HAEM, YTO 3TOT MEPHUOT
HEe OBbUI TAKUM COIMATBHO 3aCTOMHBIM, KaK 3TO Ha3BaHUE MpeAnoaraet. Bo-nepsoix,
MHOTHE M3 YYPCKIECHUN OoJiee TO3AHEH MMIEPUM MEPEKITH Kpax M TIyOOKO To-
BIIMSUIM Ha (POPMHUpPOBAHME HOBOW IMBUJIM3AIIMU, KOTOpas pa3BUBajach B 3ariaJHON
EBpomne. Xpuctruanckas 1epkoBb ObliIa BBIJAOIIUMCS YUPEKICHUEM ITOTO THIIA, HO
PUMCKHE KOHIICTIIMM 3aKOHAa M aJIMUHHCTPAIMU MPOAOJKAIU OKa3bIBaTh BIIMSHUE
HaMHOTO TI03)K€ yXOJla PUMCKHUX JIETHOHOB W3 3alaJiHbIX obyacteil. Bo-BTOphIX, U
yT0 OOJIee BaXKHO, TEBTOHCKHUE (MparepMaHCKue) MIeMeHa, pacnpoCTpaHUBIIMECS HA
OoJibIIIyI0 YacTh 3anaaHod EBpoIibl, HE NMPUILIA ¢ MyCTBIMU PyKaMU: B HEKOTOPOM
OTHOIIIEHUY WX TEXHHKA MPEBOCXOIUIA Ty, KOTOPOU obnaganmu kaToiuku. OHu ObuH
moabpmu JKene3Horo BeKa, U XOTS MHOTO€ O MPOUCXO0XKICHUH TSHKEJIOro ITyra OcTa-
€TCS HESICHBIM, 3TH IJIEMEHA CTaIM MEPBBIMU JIOJIbMH C JJOCTATOYHO MPOJBUHYTHIMU
KEJIE3HBIMU OPYAUSMU, YTOOBI IPEANPUHATh CUCTEMATUUYECKOE 3aCEJICHNE 3aCaXEeH-
HOI nepeBbsiMHu CpeaHenoTIaHACKON HU3MEHHOCTH CeBEpHOM U 3amaaHoi EBporsl,
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TSDKETIBIC TTOYBBI KOTOPOW Pa30MIIM CeThCKOXO3SHCTBEHHBIE METOJIBI MX TPEAIIeCT-
BEHHHUKOB.

3axBaTuMKU NPUOBUIH, TAKUM 00pa3oM, Kak KOJOHH3aTOpbl. OHU, BO3MOXKHO,
OBLIIM paclEHEHbI KaK «BapBapbl» OPUEHTUPOBAHHBIMU HAa PuM skutensmu 3anagHoi
EBpomnbl. B Teuenne 500 neT HOBasg HUBUIM3ALUA pOCia B CHIIE MU Hadalla SKCIIEpH-
MEHTHPOBATh BO BCEX ACMEKTaX YEJIOBEYECKOW aAKTHUBHOCTH M BO3BpAILlaTh 3HAHUS U
JOCTHXKEHUS IpeBHET0 Mupa. McTopusi cpelHEBEKOBOI TEXHOJIOTUHU, TAKUM 00pa3om,
B 3HAYUTEIBHON CTENEHU MCTOPUS COXPAHEHHUs, BOCCTAHOBJICHUS, U MOJIU(PUKALINI
Oonee paHHUX MOCTIKEeHHH. Ho K KoHIy mepuozaa 3amajHasi MUBUIM3AIMS Hadaida
MIPOU3BOJIUTH HEKOTOPHIE 3aMeYaTeNIbHbIE TEXHOJOTMYECKUE HOBIIECTBA, KOTOPHIE B
JanbHENIIeM NpUoOpenr KapAUHAIIbHOE 3HaYEHUE.

IosiBaenue 3anagnoii Texnonoruu (1500-1750). TexHoMOTHYECKAS UCTOPHS
CpenHeBeKOoBbsl OblIa OJTHUM M3 MEPUOJ0B MEIJIEHHOTO, HO CYHIECTBEHHOIO pa3BH-
TUd. B mocnenyronuii nepuoa TeMIn M3MEHEHHU 3aMETHO YBEIMYMJIICS M ObUT CBA3aH
C TJIYOOKMMHU COLMAIbHBIMU, MOJUTUYECKUMH, PEIUTHO3HBIMU, M HUHTEIUICKTYallb-
HBIMU [I€pEBOpPOTaMU B 3anaaHoi EBporie.

[TosiBIeHNE >THUYECKUX TOCYAApCTB, pacKkoyl XxpuctuaHckou LlepkBu mporec-
TaHTCKUM IpeoOpazoBaHreM, PeHeccaHcoM M COMPOBOKAAIONICH ero Hay4YHOH peBO-
JIIOLIUEH, SKCTIAaHCHS €BPOTICHUIIEB HA PYTUe KOHTUHEHTHI OOHAPYKMUBAET B3aUMO/ICH-
CTBHE C Pa3BUBAIOLIECHCS TEXHOJOTHEW. DKCIAHCUS CTaja BO3MOYKHOW IMOCJE TOrO,
KaK MPOTrpecc B BOEHHO-MOPCKOM TEXHOJOTUH OTKPbLI OKEAHCKHE MapIIpyThl 3ana-
HbIM HaBuratopam. [IpeoOpa3zoBaHre OAMHOYHBIX PEHIOB OTKPHITHS HOBBIX 3€MEJb B
UMIEPUAIN3M U KOJIOHUQJIM3M CTaj0 BO3MOXXHBIM C TOSIBIICHUEM HOBOW OTHEBOI
MOIIIM. MaHEeBPEHHBIE CyJla C BO3POCIIEH OTHEBOM MOIIBIO, KEJIEC3HbIC OPYAUs Jalu
€BPOMEMCKMM 3aBOEBATENSIM pelIAIollee MPEUMYILECTBO, YBEIUYEHHOE IPYyTrUMU
TEXHOJOTUYECKUMU TOCTUKECHUSIMHU.

Pedopmarius, He SBISACH HEMOCPEICTBEHHO TJIaBHBIM (DAKTOPOM JIJIsi UCTOPHH
TEXHOJIOTHH, OJTHAKO OKa3aJia Ha Hee BiusHuE. Tak, HOBbIE CIIOCOOBI MIEYaTHOTO JIeJia
CIIOCOOCTBOBAIM PACIIPOCTPAHEHUIO BCEX TOUEK 3PEHHUS, YTO BHECJIO CBOM BKJaJ B
PENUTHUO3HbIE TIEPEeBOPOTHI. MHTEIeKTyanbHOE YCKOpEeHHe, BhizBaHHOEe Pedopmariu-
ell, 3aKOHYWJIOCh YCUJIEHHEeM MpodecCHoHann3Ma U TaKUM 00pa3oM CTUMYJIHPOBAJIO
HMHJIYyCTPUAIBHYIO: U KOMMEPUYECKYIO AESATEIbHOCTh M TEXHOJIOTMYECKUE HOBIIECTBA.
He cnygaitno MHOTHE U3 M300peTaTeneil U yu4eHbIX 3TOro Mmepruoaa ObUTM KaJbBUHU-
CTaMH, IypUTaHAMH.

IIpombinuienHas pesosawonus (1750-1900). TepMuH HETOYEH, TIOTOMY YTO
[IpombllisieHHass PEBOJIOLMS HE MMEET SICHO OIpPEAENICHHOrO Hayalla MJIM KOHIIA.
OTOT TEPMHUH JOJIKEH TaKMM 00pa3oM HCHOJIb30BAThCS ¢ HEKOTOPOW OCTOPOKHO-
CTBIO, KOJIb CKOPO Mbl UMEEM MPOAOJIKAIOIIEECS YCKOPEHUE MPOLIECCOB UHyCTpUa-
JU3alMK, KOTOPasi MEPEXOIUT B Hallle COOCTBEHHOE BPEMSI.

20-0e cTos1€THE

PasButue texuuku ¢ 1900 no 1945. HenaBHIOO MCTOPUIO TPYJHO OMNKUCATH,
M3-32 Macchl Marepuaia U MpoOJeMbl pa3iIHueHUsl CYIIECTBEHHOTO U BTOPOCTENEH-
HOTO. OTHOCUTENIPHO HEJIABHEW MCTOPUU TEXHOJOTHUH, OJHAKO, OMUH (PaKT BBIICIS-
€TCs SICHO: HECMOTPS Ha OIPOMHBIE JAOCTH>KEHUs1 TexHosioruu Kk 1900, crienyromiue
TECATUIICTHS 3aCBUJIETEIHCTBOBAIM €II€ OOJBITNI MPOrpecc, MPOU3OMIEAIIHMA, K TO-
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My k€ U 10 00JIee IMMPOKOMY CIIEKTPY, YEM BCS MPEABAPUTENBHO 3apErUCTPUPOBAH-
Hasg uctopua. CaMOJNET, pakeTa U MEXKIUIAHETHBIE HCCIEAOBaHUSA, SJIECKTPOHHUKA,
sJiepHasi SHEPrusi, aHTUOMOTUKHU, UHCEKTUIUIbI, © Macca HOBBIX MaTepHaIOB ObLIH
BCE M300pETEHBI U Pa3BUTHI B ATO BPEMs, UTO CO3AAJI0 OECHPELEIEHTHYIO COIUAb-
HYIO CUTYAIIMIO, TOJIHYI0O BO3MOXKHOCTEH W OMACHOCTEH, KOTOpble ObLIO TPYAHO BO-
00pa3uTh BIUIOTH J0 HBIHEIIHETO CTOJIETHS.

Mup B nepuon 1900 - 1945 61 BO BJIaCTH JBYX MHUPOBBIX BOWH, B CBS3U C
yeMm, HaunHas ¢ 1945, mosBunack 3a00Ta, Kak n30eKaTh HOBOW MUPOBOI BOWHEI. [10-
I'PAaHUYHBIN ITyHKT - B3PBIB MEPBOM aTOMHOI 00MOBI B Astamoropao (Hero-Mekcuko)
B utose 1945.

B xome 3THX BOIH TEXHOJIOTHYECKOE JIMICPCTBO IMepenuio oT BenmukoOpwura-
HAW U Jpyrux eBponerckux rocyaapctB kK CoenunennsiM llltaram. XoTs MHOTHE
Ba)KHbIE N300peTeHus Obutn caenansl B EBpornie, umenno Coeaunennsie Hltatsl nanu
’KU3Hb MHOTUM U3 HUX, JJOBEIS 10 KomMMepdeckoro ycrnexa. Kak Oputo ¢ BennkoOpu-
TaHuell B [IpOMBIIITIEHHON PEBOIOLIMH, TEXHOJIOTNYECKas KUBYYeCTh COETMHEHHBIX
[IItatoB B 20-0M CTOJIETUU MPOSABUIIACH HE CTOJIBKO CHEIM(UYCCKUMH HOBILIECTBAMH,
CKOJIBKO MX CHOCOOHOCTBIO MPHUHATH HOBBIE WAEH U3 JHOOOI0 MUCTOYHMKA. boisbiioe
BJIMSTHUE Ha TEXHUYECKOE pa3BUTHE, OCOOCHHO B BOCHHOM 00JaCTH OKa3aJlo MpOTH-
BoctosiHre CoeanHeHHbIX mTatoB AMepuku U CoBerckoro Coro3a B epuoj X0I0/1-
HOW BOWHBI, JJIMBIIEHCS COPOK JIET.

JIBe MUpOBbIE BOMHBI OBLIIM CaMU 1O ce0€ BaXKHbIMU MHCTPYMEHTAMH KaK TeX-
HOJIOTUYECKUX, TaK U MOJUTHYECKUX M3MeHeHuM B 20-om crometuu. beicTpoe co-
BEPILICHCTBOBAHHUE CAaMOJIETA - MOPA3UTENbHAS WUIFOCTpPAUUs ATOTO Mpolecca, B TO
BpeMs Kak IMOSIBJIEHUE TaHKa B NIEPBOil BOMHE U aTOMHON OOMOBI BO BTOPOW MOKa3bl-
BAET T€ K€ CaMbl€ MPU3HAKHU PEAKLMU 00IEeCTBA MOCPEACTBOM PA3BUTHS TEXHOJIOTHU
Ha CPOYHBIM BOEHHBIN cTUMYJ. ['0BOpAT, uTo IlepBas MupoBas BoliHa Obljia BOMHOU
XUMHUKOB BCIIEJICTBHE OTPOMHOM POJIM B3PBIBUATHIX BEHIECTB U SOBUTOIO raza. JTU
JIBE€ BOWHBI CTUMYJIMPOBAIH PA3BUTHE TEXHOJOTUU, YCKOPUIM MTpeoOpa3oBaHUe «Ma-
JIOW HAyKW» B «OOJBIIYIO HAyKy», C aKIIEHTOM Ha OOJBIINX UCCIIEI0BATEIHLCKUX KO-
MaHJ1aX, CIIOHCUPYEMBIX IMPAaBUTEIBCTBAMHU U KOPIIOPAIUSIMH.

XOTsl 3HAYEHUE MPOU3ONIICANIUX MPEeoOpa3oBaHUIl HENb3sl MPEYyBEIMYUBATH U
NOTPEOHOCTH B HE3aBUCUMOM M300peTarese, Kak MoKa3ald HeJJaBHUE UCCIIEIOBaHMS,
COXPAaHSETCs, HE OCTAeTCs COMHEHMM, YTO U3MEHEHHE B MaclITabe TEXHOJIOTHYECKUX
NPEANPUATAN UMENIO NaleKo UAYIIUE MOCIENCTBUS. DTO ObLIO OJHO W3 Hauboiee
BAXKHBIX IpeoOpazoBaHuil 20-0ro cToieTHsi, HOCKOJIbKY U3MEHWIIO KaueCTBO UH]IYCT-
PUAIBHOM U COLMAJIbHOM OPraHU3alMU. DTOT NPOLECC YTBEPAUI TEXHOJIOTHIO, BIEP-
BBI€ B €€ JJIMHHOM UCTOPUH, KaK BaXKHOE 3BE€HO, 3aCIyKUBILIEE yBa)KEHUE OOIECTRA.

TexHHKa B KOCMHYECKYI0 30Xy
MHorue mocaeBOeHHBIE Tl OBLTH MTPOBEACHBI MO/ CEHBIO SIEPHOTO OPYKHUSI,
Jake MPU TOM, YTO OHO HE HWCIIOJIb30BAJIOCh B BOWHE C 3TOTO BPEMEHH. ATOMHOE
OpY’>XKHE TIOJIBEPIJIOCHh BaXKHOMY pa3BUTHIO: OOMOBI pacmiericHus 1945 r. ObLm 3a-
MEHEHBI 00Jiee MOIIHBIMU OomMOamu cuHTe3a B 1950 r; u k 1960 . pakeTsl ObLIN TO-
TOBBI K JJOCTaBKE 3TOT0 OPYXKHS B JAHANa30HE THICSY KUJIOMETPOB. JTa HOBas BOCH-
Has TEXHOJIOTHS MMeNa He TOJJIA0Ieecs pacyeTy BIMSHUE Ha MEXKIyHapOIHBIC OT-
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HOILIEHUS, TIOCKOJIbKY BHECJIAa BKJIaJ B MOJSPU3ALMIO MUPOBBIX OJIOKOB BOEHHOU MO-
I, OIpPENEssl OCTOPOKHOCTh B BEJCHUM MEXIYHAPOAHBIX N1, KOTOpas OTCYTCT-
BOBaja paHee B 20-0M CTOJIETHH.

SlnepHast 3Heprus HU B KOEM cilyyae He Oblla €IMHCTBEHHOM TEXHOJOrHYe-
cKoil HoBUHKOM mocsie 1945 r. Crosib ke BIEYATIAIOMUMHI ObLIIN JOCTUXEHUS B XU-
MHUYECKOW U MEIULMHCKON TEXHOJOTHH, TPAHCIOPTE U CPEACTBaX CBSA3H, KOTOPBIE
HEKOTOPbIE KOMMEHTATOPHI MOCIEUINIIM Ha3BaTh «BTOPOM MPOMBIIIIEHHOW PEBOJIIO-
nuei». beicTpoe pasButHe 31eKTpOHHONW 00pabOoTKM MHGOpPMAIIMU CO3/1aJ0 HOBBIA
MUP KOMIBIOTEPHON TEXHOJIOTHH, JUCTAHIIMOHHOIO YNPAaBIICHUS, MUHUATIOPU3ALIUH,
Y MTHOBEHHOH cBsi3H. Elie 0osee BbIpa3uTeIbHBIM ISl TOTO Meproia ObUT BBIXOJ B
OKOJIO3EMHOE MPOCTPAHCTBO. METObI paKETHOM TEXHUKH, CHa4yanaa IPUMEHEHHOU B
BOOPYKEHUH, ObLIIM PA3BUTHI ISl 00ECIIE€YEHUsI TPAHCIIOPTHBIX CPEJCTB, JJis 3aIycKa
CIIyTHUKOB U JIYHHBIX W IJIJAHETAPHBIX UCCIEAOBAaHUN U, B KOHEYHOM cuete, B 1969,
JUI1 TOCTAaBKM TEPBBIX Jtojel Ha JIyHy M 0Jaronoigy4yHoro Mx BO3BpallleHUsA. DTO
YIUBUTEIBHOE JOCTHKEHHE CTHUMYIMPOBAIOCH YACTHYHO MEXITYHApPOIHBIM HIEOJIO-
ruaeckuM copeBHoBaHueM: ToJabKO Coerckuil Coro3 u CoennneHHble LTaTel nme-
JM U PECYPCHI U JKEJaHHe, YTOObI BbIIEPKAaTh OTPOMHBIE PACXOAbl, TEM CaMbIM, OII-
paBIbIBasi OMMCAHUE 3TOTO MIEPUOJIA KAK «TEXHOJIOTMH KOCMUYECKOHN 3PBI».

Snepuas 3Heprus. IlepBbie aTOMHBIE OOMOBI IPECTABISIIN TOJIBKO CPABHU-
TEIBbHO IpyOyI0 GOopMy SAEPHOTO PACIIEIUIEHUS, OCBOO0XKIasi SHEPTUIO PATUOAKTHB-
HOTO MaTepuaia HEMEIJIEHHO U B3pbIBasch. HO ObLIO OBICTPO OLIEHEHO, YTO 3HEPIHs,
0CBOOOXK/IEHHAsI B Tpelesiax KPUTHYECKOW aTOMHOM OaTapeu, mMacca rpadura, mo-
TJIOHIAIOUIET0 HEUTPOHBI, UCIYCKAEMbIE Pa/INOAKTUBHBIM MaTE€pUajoM, MOIJIA AaTh
BBICOKYIO TEMIIEpaTypy, KOTOpas B CBOKO OUYepe/lb MPOU3BOJAMIA Hap ISl BpalllCHUS
TypOUHBI, 4YTOOBI TAKUM 00pa30M MPeoOpPa3OBbIBATH SACPHYIO SHEPTHUIO B DJIEKTpUYE-
CTBO TOAHOE K ymnoTpeOneHuto. Ha 3Tom mpuHIMIE B pa3BUTHIX WHIYCTPUATIBHBIX
CTpaHax ObLIM MOCTPOEHBI SJIEPHbIE JIEKTPOCTAHIIMM, U CUCTEMA BCE €Ile MPOXOAUT
0TpabOTKy, MOCKOJIbKY MOKa aTOMHAsi SHEPTusl HE BIOJHE OIpaBjaajia OOJbIIME Ha-
J€XKJIbl, BO3JIaraéMble Ha HEE KaK SKOHOMUYHBIM NCTOYHUK 3JIEKTPUYECTBA U CO3AET
OTpOMHBIE TPOOJIEMBI. 00CTyKMBaHUS. OJHAKO Ka)KETCS BEPOSITHBIM, YTO YCHIIMS,
MOCBSIIEHHOE AKCHEPUMEHTaM 10 0oJiee MPSMBIM CHOCO0aM YIpaBJiICHUS SIACPHBIM
pacuUIeIIEHHEM, B KOHEUHOM CUETE, JaayT CBOU PE3YJIbTATHI.

AJIbTEPHATHBBI HCKONIAEMOMY TOILIMBY. fIIE€pHBII CUHTE3 MOXET CTaTh Ha-
CYLIHOM HEOOXOJIMMOCTBIO YK€ B Hayalle Halllero BeKa, MOCKOJIbKY YHEPreTUYECKUe
MCTOYHMKHU B BUJE MCKOIMAEMOTro TOIUIMBA M ACINAIIMXCS MATEPUATIOB MOTYT 3aKOH-
YUTHLCS B TEUEHUE HECKOJbKUX fecaTtuneTuii. Camasi mpuBiieKaTellbHAs albTepHATHUBRA
- AHeprus, MojayyeHHas U3 YIpaBiIsieMON peaklMd CUHTE3a, KOTOpas MCIOJIb30Baja
OBl BOJIOPO U3 MOPCKOW BOJIbI, (haKTHUECKH O€3rpaHMYHOr0 UCTOYHUKA. Jpyrue uc-
TOYHHKHU SHEPTUHU, KOTOPhIE MOTYT pacCMaTpUBATHCS B KaueCTBE aJIbTEPHATUBBI UC-
KOITa€MOI'0 TOIUIMBA, BKIIFOYAIOT PA3JIMYHOIO POJA COJHEUYHBIE SITYEHKH, TIOTyYaroIIHe
sHepruto oT CoJHIA ¢ MOMOIIBI0 XUMUUECKON WK (U3NUecKol peakuuu tumna ¢o-
TocuHTe3a. COJIHEUHBIE STYEHKH 3TOr0 BUAA PETYIIAPHO HUCIIONb3YIOTCA Ha CITyTHUKAX
U JPYrUX KOCMUYECKHUX annaparax, rJe NOTOK 3Hepruu oT COoJIHIIA MOXKET UCIOJIb30-
BaThCs O€3 IOMEX CO CTOPOHBI aTMOC(EPHI TN BpallleHUs: 3eMIIH.
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I'azoBasi TypOuHa. ['a3oBas TypOrHa MOABEPIIACH CYIIECTBEHHOMY Pa3BUTHIO
HA4YMHAs C €€ MEPBOM YCIEUIHOW SKCIUTyaTallii B KOHIIE BTOpoM MHpPOBOM BOWMHBI.
BrICOKOE OTHOIIEHME MOIIHOCTH K BECY 3TOrO THUIIA JABUTATENS CIIENAO €ro uacasb-
HBbIM YCKOPHUTEJIEM JJI1 OTpbIBAa caMoJjeTa OT 3eMiu K 1960-biMm rr. [lepBriii caMorer,
MPEBBICUBIIHI CKOPOCTh 3BYyKa NosiBWIICA B 1947, u k koHIy 1960-X cBEpX3BYKOBOM
MOJIET CTAJI PEATBbHOCTBIO, XOTS M HE Cpa3y Hadyall UCIOJb30BATHCS HA TPAKIAHCKUX
ABHAIMHUSX.

MartepuaJusbl. Kocmuueckast 3pa nopoauiia HOBbIE MaTEpPHAIIbI U PACKPbLIA HO-
BbI€ ITyTH UCIIOJIb30BAHUS ISl CTapblXx MarepuanoB. Hanpumep, oOmmMpHbIA auamna-
30H MpUMEHEHUI OblT HaiineH A ruactMacc. CTEKIOBOJIOKHO HAYyalo HMCIOIb30-
BaThCs 711 Ky30BOB aBTOMOOMJIEH U KOPITYCOB MAJIbIX CYZOB. YTJIEPOAUCTOE BOIOK-
HO TMOCTYKUJIO 3aMEHOM MeTajlylaM JJisi BBICOKOTEMIEPATYPHBIX JIONACTEH TYpOUH.
HccnepoBanre KepaMHK IMO3BOJIAJIIO TOJYYHTh MaTepualbl, CTOUKHE K BBICOKHM
TeMIiepaTypam Jijisi OOIIMBKH KOCMHUYECKUX KOpaOIiei.

ABTOMaTH3anus U komnbTep. C KoHIIa BTOpoil MUPOBOI BOMHBI HaYalach
pa3paboTKa METOJIOB YINpaBJIEHUS, aBTOMAaTU3aIlMU U KOMIbIOTepu3auu. Ku3HeH-
HOM 4acThi0 00OpYIOBAaHUS CTaJl KOMIBIOTEP, U OCOOEHHO AJIEKTPOHHBIN LUPPOBOIA
KOMIIbIOTEp, M300pereHue 20-ro crosietusi, TEOpHUs KOTOPOro Hauajna pa3paldarbl-
BaThCsl €I AHTJIUHCKUM MaTeMaThKoM U u3oOperarenem Yapnb3zom bebOumxem B
1830-x rr. l{udporoii komnbroTep Mapk | 3apaboTan B ['apBapackomM yHUBEpCUTETE
B 1944 r. PanHue KOMMBIOTEPHI, OJTHAKO, ObLIN OOJBITUMU U JOPOTUMU MAallIMHAMM.
KoMIbIOTEpHYIO TEXHOJOTHUIO PEKOHCTPYUPOBAT TpaH3UCTOP. TpaH3UCTOp - BTOpOE
13 KIIIOUEBBIX M300peTeHnil KocMuuecKoi apbl. OH ObL1 n300peTeH [Jxonom bapau-
HOM, YourepoMm bparreitnom u YuneamoM [lokmu B 1947 r.

[ToTennman 1uis ajanTalyy U UCTOJIb30BAHNS KOMITbIOTEPA KaXKETCSI HACTOJb-
KO OOJIbIIMM, YTO MHOTO KOMMEHTAaTOPOB YIOJOOWIM KOMIIBIOTEDP YEIOBEYECKOMY
MO3TY, U HET COMHEHHS, YTO YEJOBEUECKHE aHAJOTUN ObLIIM BaKHBI B €M0 Pa3BUTHH.
B fInonumn, rie KoOMObOTEP U APYyTas AIEKTPOHHAS TEXHUKA CAEIAIN TUTAHTCKUE YC-
nexu ¢ 1950-bIX, MOJHOCTHI0O KOMIIBIOTEPU3UPOBAIN U aBTOMATU3UPOBAIN (HaOpuKu
K cepenune 1970-b1X, HEKOTOPHIE U3 HUX MPUMEHSUIA POOOTOB B U3TOTOBIICHUU JIPY-
rux pobotoB. B Coeaunennspix IlITaTax XxumMudeckas mMpOMBIILIEHHOCTh IEMOHCTPH-
pyeT MOpa3uTelibHble MPUMEPHI MOJHOCThIO ABTOMATHU3UPOBAHHOIO, YIPABIISIEMOTO
KOMITBIOTEPOM MTPOU3BOCTBA.

B mMenuiinHe u HayKax O )KHU3HU KOMITBIOTEP CTajl MOITHBIM HHCTPYMEHTOM HC-
cleoBaHus U HaOmoaeHus. Tenepb MOKHO KOHTPOJIUPOBATH CIOKHBIE JEHCTBUS U
nedenne. MccnenoBanue B OMOJIOTUM CTaIW MPOBOJUTH MPHU MOMOIIM COBPEMEHHBIX
METOJIOB U HHCTPYMEHTOB, KOTOPhIE HAYaJIl OTKPBIBATh TallHbI ()OPMUPOBAHUS KIIET-
KM 1 BOCIPOM3BOJICTBA Yepe3 caMmoKkonupyroume cpoiictBa moiekyn JJHK Bo Bcex
KUBBIX OpPTaHM3Max M TaKUM 00pa3oM HCCIEoBaTh MPUPOAY KU3HU HEMOCPEACT-
BEHHO.

HccaenoBanue kocmoca. Pakera, koTopasi urpajia KpUTHYECKYIO POJib B pe-
BOJIIOIIMM BOCHHOM TEXHUKM C KOHIIa BTopoil MupoBoi BOWHBI, mpuoOpena Oonee
KOHCTPYKTMBHOE 3HAYEHHE B AMEPUKAHCKMX M COBETCKMX KOCMUYECKHUX IpOrpam-
Mmax. [lepBsiii 3axBaTeiBaromuii war ocymectsuia CnytHuk 1. lllap, HaunHeHHBIH an-
napaTypoil u Becsmmii 83 Kuiorpamma, 3anyiieHsblid B kocMoc CoBeTckuM Coro3oM
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4 oxTs0psa 1957, cran nepBbIM UCKYCCTBEHHBIM CITyTHHKOM. JTO JOCTHUKEHHE YCKO-
pPWIIO TaK Ha3bIBaEMYI0 KOCMUYECKYIO FT'OHKY, B KOTOpoi noctuxeHus ctopon (CCCP
u CIIIA) cnepoBanu Apyr 3a ApyroM B ObICTPOM mocienoBaTebHOCTH. OHM MOTYT
OBITh YIOOHO CTPYNIHUPOBAaHbI B YETHIPE XPOHOJIOTHYECKH NEPEKPBIBAIOLINXCS CTa-
auu. lepBast ctanus, yBeJIMUEHUE TATU PAKET, CIIOCOOHBIX K BBIBEACHUIO CIIyTHUKOB
Ha OpOUTY JUIs LieNiell CBSI3U, HAOJIOEHUs TOrO/Ibl, i1 KOHTPOJISI BOEHHON MH)OP-
Malyu, U B TONOTpapUuecKUX U Ie0JIOrMYecKUX HabmoaeHusx. Bropas cragus Ha-
YMHAJIACh C YCIIEIIHOIO BBIBO/IA HA OPOUTY CITyTHUKA 3€MJIM COBETCKOIO KOCMOHABTA
KOpus I'arapuna 12 anpens 1961, B kocmuyeckom kopabse Boctok 1. DTOT mosjer
IIPOJIEMOHCTPUPOBAJl MAacCTEPCTBO MPEOJOJICHUS MPOOJIEM HEBECOMOCTH M Oe3orac-
HOTO BO3BpAIleHUs B aTMOchepy 3eMITu.

Tpetbst ctagus Obuta JIyHHOI nporpammoil. CHOBa, EPBOE JOCTUAKEHHUE OBLIO
coBeTckoe: cnyTHUK JlyHa-1, 3amymennsii 2 saBaps 1959, cran nepBbIM HMCKycCCT-
BEHHBIM TE€JIOM, KOTOPOE BBIIJIO U3 IPAaBUTALMOHHOIO MPUTSKEHUS 3€MIIU, IIPOJIETe-
70 MuMo JlyHbI, ¥ BBIILIO Ha OpOUTY BOKpYr CoJHIA KaK UCKYCCTBEHHAs IUIAHETA.
[lepBas msrkas nocanka Ha Jlyne Obuta caenana JIynoit-9 3 deBpans 1966; ato ycr-
POWCTBO HECTIO KaMephl, KOTOPbIE Mepeaanu neppbie potorpaduu nosepxHoctu Jly-
Hbl. K aToMy BpeMeHu ororpadguu ¢ 01M3KOro paccTosiHus ObUIN ClIe]aHbl almapa-
tamu Peiinmxkep 7, 8, 1 9. A B 1966 - 1967 cepust U3 NATH aMEPUKAHCKUX JTYHHBIX
OpOUTANBHBIX anmnapaToB choTorpadupoBagyd NOYTH MOJIHYIO MOBEPXHOCTh JIyHBI €
HU3KOM OpOUTHI B MOUCKE MOAXOASAIIMX MECT i mocaaku. AMepukanckuidi CypBeit-
ep 1 coBepmmn MATKYI0 nocanaky Ha Jlyne 2 utoHsi 1966; 310 gano MHOTO JOMOIHHU-
TEJIBHOU MOJIe3HON MH(pOpMAK O TYHHOM TTOBEPXHOCTH. TeM BpeMeHeM HapacTtalia
MOIIHOCTbh PAKETHBIX ABUTaTenel, n K KoHy 1960-pix B CIIIA nmosBunace orpomHas
108-meTpoBas pakera CatypH V, BecuBmas 2 725 TonH. [Iporpamma Amomion goc-
turaa KyiasMuHauu 20 urons 1969, xorna Heiin ApMerponr u Oa8uH ONIpUH BBI-
Opanuck u3 ayHHOTrO Moayis Amnosuiona 11 Ha moBepxHocTh Jlynsl. [Iporpamma uc-
cnenoBanus JlyHsl Obia ipekpaiiena B 1972.

YerBepras cTagus HCCIEAOBaHHA KOCMOca Oblla HalpaBlieHAa Ha UCCIeN0Ba-
Hue rianer ConHeuHoM cucteMsbl. Tak, uccienoBanus BeHepbl MPOU3BOIUINCH KaK
aMEpUKaHCKUMU, TaK U COBETCKMMHM pakeTamu B nepuof 1962 no 1978 rr. Uccneno-
BaHMEe Mapca npoBOAMIIOCH MPEXKAE BCEr0 aMEPUKAHCKUMHU pakeraMu MapuHep u
Buxunr. B nauane 1980-six CIHA oOcrnenytoT armocdepy u cinytHuku HOnurepa u
CarypHna, B pe3yJbpTaTe 4ero Oblja oOHapyKeHa MpeABapUTENIbHO HE U3BECTHAs KOH-
¢durypanus konen Bokpyr FOnurepa, aHanoru4Hsix TakoBbiM Ha CatypHe.

B nauvane u cepenune 1980-p1X BHUMaHME aMEPUKAHCKONW KOCMHUYECKOW MPO-
rpaMMbl OBLJIO COCPEIOTOUEHO, MPEXKIE BCEro, Ha pa3padoTKe TPAHCHOPTHOTO Cpe/l-
CTBa MHOTOKpaTHOTro ucrnosb3oBanus [llaTTn (OykB.: yenHOK) AJig OOMIMPHOro opOu-
TaJIbHOTO MCCIIEIOBAHUS.

Kocmuueckas nporpamma CIIIA mnepenecna orpomubiii yaap B 1986, xoraa
KOCMHUYECKHI YETHOK B30PBAJICS CIYCTA /3 CEKyHIBl IOCIE CTapTa, YHECS KU3HU
CEMHU KOCMOHABTOB. bbUIM M JIpyrue pazouyapoBaHUs, CBSI3aHHBIE B YACTHOCTHU C BbI-
BOJIOM Ha OpPOUTY KOCMHYECKOTO Tejeckoma Xab0m ctomMmocThio 1,5 mupa. moia-
poB. MexXIutaHeTHbIE UCCTIEA0BaHNUsA, K BOCXUIICHUIO U MPOPECCUOHATBHBIX U JIO0U-
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TEIbCKUX aCTPOHOMOB, MEpeaal KpacuBble, HHPOPMATUBHBIE H300paKEHUS APYTUX
IUTAHET.

Puc. 7.1. [lepenonupoBka opoutansHoro teneckona Llarri, nexkadps 1993. Buansl purypst AByx
aCTPOHABTOB, Pa0OTAIOIIMX B KOCMOCE, U Ha 3a/iHeM (PoHe — 3amaiHoe o0epexbe ABCTpaIINU.

B nawane xkocMuU4ecKOM 3pbl MOKHO TOJBKO CMYTHO IMOYYBCTBOBAThH €€ BO3-
MO>KHOCTH.
Bocnpusitue TeXHUKH

Hayka u texnmka. PesynpTaToM 3TOTO 0030pa UCTOPUM TEXHUKH SIBISETCS
MPOSICHEHHUE Pa3 Nyl MKy HayKOW U TeXHUKOM. MicTopus TexHuku OoJiee IIMHHA,
YeM UCTOPUS HAYKU U OTIAUYAETCS OT Hee. TexHo102usn - CUCTEMAaTUYECKOE U3YUEHUE
CIOCOOOB JieNIaTh BEIHU; HAYKA - CUCTEMAaTUYeCKasl MOMbITKA TMOHITh U UHTEPIPETH-
poBaTh Mup. B TO Bpemsi Kak TEXHOJIOTHUSI 00ECIIOKOEHA U3TOTOBIEHUEM M UCITOJIb30-
BaHMEM OpYJWii, HayKa IOCBsIIeHa Oojiee KOHIENTYyalbHOMY MOHMMAHHUIO OKPY-
xKaromen cpefpl. HaBbIkK cueTa pa3BWIIMCH TOJBKO C MOSBJICHUEM OOJIBIIUX MUPO-
BBIX [ITUBMJIM3AIIMH.

Mo>XHO cKa3aTh, YTO HayKa HauyuHaiach Npudau3zutensHo 3a 3 000 net A0 H.3.,
TOr/la KaK TEXHOJIOTHs, KaK Mbl BUJICIH, SIBJIICTCS CTOJIb e CTapoi, KaKk U caMo 4e-
JoBeuecTBo. BHauane oHu pa3BUBAIMCH He3aBUCHMO. KOoHEeUHO, ObLIM TOUKH TIepece-
YeHUs, TUMa UCIOJIb30BaHUS MATEMaTUYECKUX 3HAHUM B CTPOUTEILCTBE 3JaHUM U
HPPUTAIIMOHHOM paboTe, HO B OCHOBHOM (DYHKIIMH YYEHOT'O M T€XHOJIOra, UCIOIb3Ys
9TH COBPEMEHHBIC TEPMUHBI PETPOCIIEKTUBHO, B IPEBHUX KYJIbTypaxX OTIUYAIIHCH

Cutyanusi Hauajga U3MEHSATHCS B TEUYEHUE CPEIHEBEKOBOIO MEPUOJIa Pa3BUTHUS
Ha 3amnaze (500-1500 H.3.), KOorga U TEXHUYECKOE HOBIIECTBO, U HAYYHOE MOHUMAaHUE
B3aMMO/ICHCTBOBAJIM CO CTUMYJIaMU KOMMEPUYECKOIO HUCIOJIb30BaHUSA B TOPOACKOU
KynbType. B Hadane 17-oro cromerus, ¢uiocod ectectBozHanmst Opsncuc bakon
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MEPEUHCINI TPU OOJBIIMX TEXHOJOTMYECKMX HOBIIECTBA - MArHUTHBIA KOMITAC, KHU-
rornevyaTaHue M MopoxX - Kak 3aMETHbIC JOCTHXKEHHUSI COBPEMEHHOIO YEIOBEKa, KBa-
TU(GUIMPOBAB SKCIEPUMEHTANBHYI0O HayKy B KadyecTBE CpEACTBA YBEJIMUYEHHUS TOC-
NOJICTBA YEJIOBEKA HaJ Npupoaoil. [lonuepkuBas MpakTUYECKYIO pojib HAyKU, bakoH
NpU3bIBAT K TApMOHU3AIMK HAYKH U TEXHHUKH, yOekKJash yUeHbIX M3ydaTb METObI
PEMECIICHHUKOB, a MOCIEAHUX — K M3yYEHHIO HayK. bokoH, Hapsany ¢ JlekapTom u
IPYTMMH COBPEMEHHHUKAMH, BIIEPBBIC YBHJEI, YTO YEJIOBEK CTAHOBUTCSA XO3SIMHOM
MPUPOJIBI.

Cor03 HayKd ¥ TEXHHUKH, TTPEIIOKCHHBIM bAKOHOM, OBIIT OCYIIIECTBIICH HE CKO-
po. 3a nocnenytomme 200 €T, B CTPOUTENBCTBE JaXE KPYIHBIX COOPYKEHUM; Ha-
IpUMEp KEJIE3HBIX MOCTOB, MAPOBBIX JBUTATENCH U TEKCTUJIBHBIX MAIlWH, 00X01u-
JIUCh MOYTH 0€3 CChUIKM Ha Hay4yHble MpuHUUIbL. Ho opranuzanuu jitoneid,; BAIOXHOB-
JIeHHBIX TpuHIUNaMu ¢unocopuu brkoHa, koTopsiii chopmupoBasi Koposaesckoe
obuiectBo B Jlonnone B 1660, mposiBIsIM ycuiusi, YTOObl HAIPABUTh HAYyYHOE HC-
CJIEIOBAaHUE K IIOJIE3HBIM pe3yJibTaTaM, CHAadaja, yJydllas HaBUTFALUI0 U KapTorpa-
¢uto, ¥, B KOHEYHOM CUE€TE, CTUMYJIUPYS UHAYCTPHUAIbHOE HOBIIECTBO U MOUCK MHU-
HEpaJbHBIX pecypcoB. [1o100HbIE OpraHU3alui yYEHBIX Pa3BUBAINCH B JPYIHX €B-
pOIENCKUX CTpaHaX, U ydeHble 19-0ro croneTtus ABULAIUCH K NPOPECCHOHATUIMY
TeXHUKOB. TakoBbl ObuH JINOUX 13 I'epManuu, 0JUH U3 OTLIOB OPraHUYECKONH XUMHUH
Y TIEPBBIA CTOPOHHUK NMPUMEHEHUS MUHEPANbHBIX ya0OpeHuil, 1 Maiikn dapanei,
OyiecTAIIMIA OpUTAaHCKUHN YyUYEHBIN-3KCIIEPUMEHTATOP B 00JIACTU AJIEKTPOMArHeTU3Ma,
MOATOTOBUBIIIME OCHOBAHUE, HA KOTOPOE CTyMmuJ nzodOperarens Tomac A. DIUCOH U
MHOTHE JPYTHE.

[Tocne ero 1OCTHKEHUM TPUMEHEHUE HAYYHBIX TPUHIIUIIOB K TEXHOJIOTUHU OblI-
ctpo pocio. [locnennee npuBeno k TexHuyeckoMmy panuoHanmmsMy @Ppenepuka B.
Toitiopa B opranu3anuu padoyux MpU MacCOBOM MPOM3BOJICTBE. DTO 00ECIEeUnIIo
MOJIelib, KoTopasi Oblia mpuMeHeHa ['enpu ®opioM Ha ero aBTOMOOMIBHOM cOOpOU-
HOM 3aBOJIE M YKa3aJo IyTh K Pa3BUTHI0 MAaTEMaTUYECKOro MozaennpoBanus. Crano
MPOSIBIISATHCS HE TOJIBKO OJHOCTOPOHHEE BIMSHUE HayKU Ha TEXHUKY, HO U 00paTHOE
BIIMSIHUE, TOCKOJIBKY TE€XHOJIOTHS CO3/aBaja HOBbIE MHCTPYMEHTBI U MEXaHU3MBI, C
KOTOPBIMU YY€HbIE OBbLJIM CHOCOOHBI JAOCTUTHYTh HMOCTOSHHO YBEIMUYMBAIOIIETOCs
MOHMMAaHUS €CTECTBEHHOro Mupa. [logoOHbIe COOBITHS MPUBENN TEXHOJIOTHIO K €€
coBpeMeHHOMY 3(PhEeKTHBHOMY YPOBHIO pabOThl Ha OCHOBE HMCIOJb30BaHUS TOCTH-
YKCHUH HayKH.

Kputuka texnuku. K cepenune 19-oro croneTus, HETEXHOJIOTH ObLIN MOYTH
€AMHOJMYIIHO OYapOBaHbl YyJeCaMM HOBOW UCKYCCTBEHHOW OKpYXKarOIIECH Cpensl,
pacTyuiei BOKpyr Hux. bosbiias nmpomelnuieHHas BeicTaBka B JIongone B 1851, ¢ ee
MHOKECTBOM MalllMH, Ka3ajochb, OblIa KyJIbMHUHALUEH MPOPOYECKOTO MPOrHO3a
®poHcuca bakoHa 0 pacTyiieM rocrnoicTBe YelOBEKa HaJl Mmpupoaor. Mapkc u OH-
reJibC, MPUAECPKUBAICH PAAUKAIBHO OTIMYHON NOJUTUYECKON OpUEHTALMH, PUBET-
CTBOBAJIM TEXHOJOTHYECKHUM MpPOTpecc, MOTOMY YTO B UX Ija3ax 3TO JOJHKHO ObLIO
OPUBECTH K 00s3aTeNbHON MOTPEOHOCTH B COLIMATUCTHYECKON COOCTBEHHOCTH U
yIPaBJICHUH MPOMBIIIIEHHOCTHIO. TOUHO Tak ke paHHuE oOpasiibl Hay4HOU (paHTa-
ctuku tuna JKrons BepHa u Yasica ¢ uHTEpecoM HUCCIEAOBANIM BO3MOXKHOCTH, OT-
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KpPbIBa€MbIE COBPEMEHHOW TEXHUKON M NMPHU3HABAIM 00AsTHME TEXHUKU B HEKOTOPBIX
U3 CBOMX IPOU3BEICHUN.

Hpyroii nucatens pomanuct Ongoc Xakcian u300pa3ui o0IIeCTBO OyvKanIie-
ro Oyayiiero, B KOTOpOM TeXHHUKa ObLIa TBEPAO BO3BEIECHA HA MPECTOJ, depica Jiio-
oeil 6 (huzuueckom Komgpopme ne moibKo 6e3 3HaHusA, HO maKxice u 6e3 ce0000ul,
Kpacomul, uiu mMeop4ecKo2o0 nomenyuala, orpadbJeHHbIMA Ha KaXKI0M BUTKE JIWY-
HOTO CYIIECTBOBAHHUS. DXO TOTO KE CAMOTr0 MPEICTABICHUS HAILIO OCTPOE APTUCTH-
gyeckoe BeIpaxkeHue B punbMe Tenepewnue spemena (1936), B kotopom Yapnau Yan-
JuH n300pa3ui 3¢ ekt 00e3TMurnBaHus Ha COOPOYHON JTMHHUH MacCOBOTO MPOU3BO/I-
cTBa. TakuM HACTPOECHUAM JaBaM MUY MEXAYHAPOIAHBIE NOJIUTUYECKHE U IKOHO-
muueckne ycinoBus 1930-b1x, Korma 3anagHeiii Mup ObUT TIOTpYKeH B bonbmyro ae-
IIPECCHUIO.

Kak 310 HM mapagokcanbHO, CITACEHUE OT JJIMBIICUCS AECATUIECTAE SKOHOMMU-
YECKOW JIETPECCUM U YCHEUIHOM 3alllUThl 3anaJHoi JeMOKpaThuu BO Btopoit Mupo-
BOU BoliHE HE MPUHECIIO BEPBl B TEXHUKY. Y KACAIOIIKME TOTEHIMAIBHBIE BO3MOKHO-
CTH SIIEpHOM BOMHBI ObLTM MOKa3zaHbl B 1945, u pa3geneHue Mupa Ha BpaxaecOHbIE
0JIOKM IIPEOTBPATUIIO JH00YI0 Takyto 3idoputo. Podept Onmnenreiimep mnocie UcIbl-
TaHUsl aTOMHOU 60MOBI B Jloc-AsiamMmoce BBICTYIUIJI IPOTUB PELICHUS CO3[aBaTh Tep-
MosiiepHyt0 00oMOy. TemMa TeXHONIOrMYecKON THPAaHUH 10 OTHOIICHUIO K UHJIMBUIY-
JIBHOCTH 4YE€JIOBEKA U €ro TpaJWLMOHHOMY 00pa3y JKHM3HM Oblia BbIpaxkeHa JKakom
OmmoneM U3 yauBepcutera bopo, B ero kaure Texunonocuueckoe obwecmeo (1964).
DIUTI0NIb YyTBEPAKIA, YTO TEXHHKA HACTOJBKO PacIpOCTPAHWIACH, YTO YEJIOBEK Te-
neph KU1 B 00CTAHOBKE TEXHUUYECKOTO OKPYKEHUS, a HE MPUPOJIBI.

TexHooruyeckas awieMma. I9TO - AWIEMMa MEXIY, C OJHOM CTOPOHBI,
CBEPX3aBUCHUMOCTBIO )KU3HH B PA3BUTBIX CTPAHAX OT TEXHUKH, U, C IPYTOA CTOPOHHI,
yIrpo3a TOT0, YTO TEXHUKA MOHU3UT KAa4E€CTBO XU3HH B COBPEMEHHOM OOIIECTBE U
Jla’ke MOJIBEPTHET OMACHOCTH QOLIECTBO HEMOCPEICTBEHHO.

JdKoJioruyeckuii 6ananc. TpeThbs rnaBHas nmpodieMa COBPEMEHHOTO TEXHOJIO-
TMYECKOro OOLIECTBA - ITO COXPAHEHUE IKOI0ZUUECKO20 pagHogecus. YenoBek 1o-
BpEXKJaJl OKPYKAIOILYI0 Cpelly B TE€YEHHE MHOTUX CTOJIETHHM, YHUYTOXKAs Jieca U 3a-
HUMAsICh CEJIbCKUM XO3SIMCTBOM CIIMIIKOM MHTEHCUBHO. M XOTS ObUIM MpEApUHSTHI
HEKOTOpBIE 3aLUTHBIE MEphI, TUNA YUYPEXKIACHUS HAIMOHAJIBHBIX MapKOB, OOIBILION
IIPUPOCT HACEJIEHUS M WHTEHCUBHOCTb HMHAYCTPUAIU3ALUU YCKOPSIOT BCEMUPHBIN
DKOJIOTHYECKUNA KPU3UC. DTOT KPU3UC BKJIIOYAET OMACHOCTH, CBSI3AHHBIE C pa3pylie-
HUEM 5KBATOPUATIBHBIX JIECOB JOXKISIMH, HEOPEHKHOM IKCIUTyaTallMe MOoJe3HbIX UC-
KOIaeMbIX, TOOBIBAEMBIX OTKPBITBIM CIIOCOOOM, 3arpsi3HEHHEM OKEaHOB paJHOaK-
TUBHBIMHU OTXOJaMHU U aTMoc(epbl NMpoayKTamu cropanus. OHO BKIIIOYAET U30BITOK
OKHCIIOB CEPBI M a30Ta, MPOU3BOASAIINX KUCIOTHBIN JT0Kb, U YIJIEKUCIIBIN ra3, KOTO-
PBI MOKET IOBJIMATH HA BCEMUPHBIM KJIMMAT 4€pe3 TaK Ha3bIBAEMbIM NTAPHUKOBBIN
s ¢ekr. CymiecTByeT OMacHOCTh HEPA30OPUNBOTO UCTIOIB30BAHUS MTECTUIIUIOB.

B3aumopeiictBue Me:kay 00IIECTBOM M TeXHHMKOU. Bo-niepBbIX, HENb3s HE
MPU3HATH, YTO OTHOIICHHS MKy TEXHOJIOTHEH U OOIIECTBOM SIBISIOTCS CIIOKHBIMHU.
JIr060# TeXHOJIOTHYECKH CTUMYJ MOXET BbI3BaTh Pa3HOOOpa3ue COLMATBHBIX OTBE-
TOB, B 3aBUCUMOCTH OT TaKMX HENPEACKA3YEMBbIX IEPEMEHHBIX, KaK PA3IUYUA MEXKIY
YeJI0BEYECKMMH XapaKTepaMH; TOYHO TaK K€ KaK TPyAHO 3apaHee BbIOpaTh KaKylo
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100 OMpEENIEHHYIO COLIMANIbHYIO CUTYaIINI0, YTOOBI IPOU3BECTH KEIaeMbIil TEXHO-
Joruyeckuii oteet. JIrobast «reopusi U300peTeHUs», MOITOMY, JOHKHA OCTaBaThCs
Ype3BbIYANHO MPEABAPUTENBHON, U JII000E MOHATHE «(DUI0COPU» MPUMEHUTEIHHO
K UCTOPUU TEXHOJIOTUU JOJDKHO YYECTh IIMPOKUN IUAa30H BO3MOYKHBIX UHTEPIpE-
Tauuil. I 1aeHblil ypoK ucmopuu mexHoa02uu cOCHoum 6 mom, Ymo oHa He umMeem
HUKAKOU MOYHOU RPOZHOZUPYIOUiell UEeHHOCHLU.

Bo-BTOpBIX, onpeneeHne TEXHOJIOTUN KaK CUCTEMATHYECKOIO0 M3YyYEHHS! Me-
TOJOB JEJIAaTh BEIH, ONPEAEIISIET TEXHOJIOTHIO KaK COLMAIIBHOE SIBJICHUE.

TexHuka u oOpasoBanue. B paHHUX TBHICSYENETUAX YEIOBEYECKOIO CYILECT-
BOBaHUS, peMecio ObUIO MPUOOPETEHO B JOJITOM U TPYAOTIOOMBOM MaHepe, KOria
YUEHHUK 00CIIy>KHBaJl MACTEPa, U TEM CaMbIM MIOCTEIIEHHO 00ydJasicsi TalfHaM pemMecra.
Takoil oObluaii B TpaJULIMK YaCTO OOJBIIE CBA3BIBAJICS C PEIUTHO3HBIM PUTYAJIOM,
YeM C NPUMEHEHHEM PallMOHAJIbHBIX HAayYHbIX TpUHIMNOB. O0yyeHue peMeciy yKo-
peHWIOCh B 3amajHOW LMBUIM3alUMU B (OpME YUYEHHUYECTBA, KOTOPOE BBIKHIIO
BILIOTH 110 20-T0 CTONETHUS KaK CTPYKTypa JJis epe/laud TEXHUUYECKUX HaBbIKOB. Bee
Oonee u OoJsiee, 0JJHAKO, 00yUYeHHUE HOBBIM METOJIaM TPEOOBAIO JOCTYIA U K O0IIeMy
TEOPETUYECKOMY 3HAHHUIO. DTO YCKOPHJIO KOHBEPIEHIUIO MEXKLy HAYKOM U TEXHUKOU
B 19-oM 1 20-0M cTOJIETUSX U CO3/1aJI0 CIOKHYIO CUCTEMY 00pa30BaTENIbHbBIX YUpexK-
JAEHUH OT MPOCTOr0 0OOyUEHHUs B MIKOJAX K MPOJBUHYTOMY HCCIEIOBAHUIO B YHUBEP-
cuterax. OpaHIy3cKUe U HEMEUKHUE aKaJIeMUU ObLIM B ATOM JI€JI€ BIEpPEAH, B TO
BpeMs kak BenukoOpurtanus B 19-oMm Beke HecKoabko orcraBasia. Ho k 20-omy cro-
JIETUIO BCE MPOABUHYTHIE MHAYCTPHAJIbHBIE CTpPaHbl, BKIIIOYas BHOBb NPHOBIBIINX
Mo100HO SAnoHUY, TPU3HAIN BEAYIIYIO POJIb TEOPETUUYECKOTO TEXHUUECKOTO 00pa3o-
BAHUS B JOCTMKEHUH KOMMEPYECKOW U UHIYCTPUATIbHON KOMIIETEHTHOCTH.

[Tomyyanock, 4TO TPAAUIIMOHHO OOpPa30BaHHBIN 3aIaHbI YEIOBEK OTKA3bIBa-
€TCs MPU3HABaTh, YTO TO WJIM MHOE IIPOU3BEINEHNE UCKYCCTBA HAXOAUTCS BHE €T0 I0-
HUMaHHs, HO 0OJpO MPHU3HAET, YTO OH HE MOHUMAET, KaKk padOTaloT ero paguonpu-
E€MHHK WJIU cucTeMa HarpeBa. AHrimiickuil nucatens Aptyp Kéctnep xapakrepuzo-
BAJI TAKOI'O COBPEMEHHOI'0 YEJIOBEKA, W30JIMPOBAHHOIO OT TEXHOJIOTUYECKOU OKpY-
JKarolle cpenbl U Blajcolero ee 0jaraMu 6e3 MOHUMaHUs, KaKk «rOPOJACKOro Bap-
Bapa». Bce xe pactymias pacipoCTPaHEHHOCTh TEXHOJIOTUM «YEPHOIO SIIUKA», B KO-
TOPOM TOJILKO YTOHYEHHBIN SKCIEPT CIOCOOEH MOHSTH YPE3BBIYATHO CIIOKHBIE MPO-
IIECChI B DJIEKTPOHHOM O0OpYIOBaHMH, JENAET BCe 00Jiee TPYIHBIM M30ekKaTh MOJI0-
KEHHUsI TaKOro «BapBapa». PaBHO kak mpyono nepeouenumsv 6a)cHocmb mex Ouc-
UUNIUH, KOMOpble 00ecneuugaiom MOoCmopl MeHCOYy IMUMU 08YMA KYIAbmMypamu, u
30ech MOIHCHO YBUOEMb, CKOJIb ANCHA POJIb UCHOPUU MEXHUKU.

KauectBo »ku3Hn. YeTBepTras TeMa B OTHOUICHUSX MEXAY TEXHUKON U oOle-
CTBOM - KayecTBO *U3HU. OcTaercs Mano COMHEHMH, YTO TEXHOJIOTUs MpuHecaa 0o-
Jiee BBICOKMH YpOBEHb KW3HU JIOJISM B Pa3BUTHIX CTpaHaX, TAK K€, KaK 3TO IMO3BO-
JWIJIO CYIIECTBOBATh OBICTPO YBEIMYMBAIOIIEMYCS! HACEJICHHUIO U B PAa3BUBAIOLIUXCS
CTpaHax. JTO - MEPCIEKTUBA YIYUIICHUS >KU3HEHHOTO YPOBHs, KOTOpas JENaeT Io-
BBILLICHHE TEXHUYECKON KOMIIETEHTHOCTH OY€Hb IIPUBJIEKATEIBHBIM I 3TUX CTPaH.

OpHako ’keJaTeNbHbI YPOBEHb MATEPUANBHOTO OJIAromnoixydust 1 BO3MOXKHO-
CTH JOCYyTra JJIsl pa3BICKaTENbHBIX IIeJIel KaK KPUTEPHI MOJHOTHI KU3HU B JHOOOM
YeJI0BEYeCKOM OOIIECTBE MMEET ApYyrue, eiie 0ojiee BakKHbIC, MPEANOCHUIKU, THIA
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oOnagaHusi CBOOOON B 3aKOHOIOCIYIITHOM COOOINECTBE M PAaBEHCTBA TEpen 3aKo-
HOM. CB0OOJIa M PaBEHCTBO - TPAJAMIIMOHHBIE KayeCTBa JEMOKPATUUYECKUX OOIIECTB,
M BO3HHUKAET BOMPOC, CIOCOOCTBYET JIM TEXHOJOTUA UX TpuoOpeTeHuto. KoHnewyHo,
OUYEHb OTCTAJIbIE PEKUMBI MCIIOJIH30BAIN TEXHOJOTUYECKUE YCTPOMCTBA Uil TI0/1aB-
JICHUSI UHAUBUIYaJIbHON CBOOOIBI M 00ECrieYeHs] TOBUHOBEHUSI TOCYIaPCTBY: BHJIE-
Hue kommapa JIxopmka Opysmia «Teicsiua OEBATHCOT BOCEMBAECST UYETBEPTHIN»
(mancano B 1949), ¢ ero sKkpaHaMu TeJIEBU30pa U UCKYCHBIMHU IBITKAMH, 00CCIICUH-
JI0 TUTEPATypPHYIO JEMOHCTPAIIMIO 3TOH AeicTBuTenbHOCTH. HO TOT pakT, 4TO BBHICO-
Kasi TEXHUYECKasi KOMIIETEHTHOCTh TPeOyeT BHICOKOTO YPOBHS 00Opa30BaHUs, BCEISIET
HaJEXK]y, 4TO OOIIECTBO, KOTOPOE SBIIETCS 00pa30BaHHBIM, HE OYJET JOJTO. BBIHO-
CUTh OTPAaHWYCHUS HAa WHIUBUIYAIbHYIO CBOOOMYy W WHHIIMATHBY, HE HMEIOIINC
BHYTPEHHETO OTIPaBJaHUs.

Jlaxxe B TO BpeMsl KaK yrpo3a TEXHUYECKOIO0 CAMOYHMUTOXEHUSI OCTACTCS U
MpoOJIeMbl YIPABJICHUS HAPOJOHACEICHUEM M HJKOJOTUYECKOW HEYCTOMYHMBOCTHIO
TpeOYIOT PEIICHHMs], YEJIOBEK HAIlleN K4 OT €ro COOCTBEHHOTO OyAyIIero B BHUJE
MOMCKa TyTel B TIIyOMHBI OECKOHEYHO MpuBiekarenbHol Bcenennoii. [loka ermie
TOJIbKO HECKOJIBKO TIPOBU/ILIEB OIIEHWJIM OOTAaTCTBO 3TOM BO3MOXKHOCTH, U UX MIPOCK-
ThI CJIMIIKOM JIETKO NMPHU3HAHBl HE YeM MHBIM Kak Hay4HoOW (aHtactukoil. B stom
KOHTEKCTE CTOMT BCIIOMHHTH ciioBa Aptypa Kiapka, ofHoro u3 Hanbosee npoHuiia-
TEJIBHBIX COBPEMEHHBIX MPOBHUJIEB, B ero [Ipogusax 6yoywezo (1962): on mpemno-
Jlaraj, 4YTo BCE3HAIOUIUE CYIIECTBA, KOTOPhIE MOTYT Pa3BUTHCS U3 HAIIUX CKPOMHBIX
Hayaj, «MOTYT 3aBHUJIOBaTh HaM, rpesch B SIPKOM mociecBeueHun Co3naHusi; Mo-
CKOJIbKY MBI 3HaJ U BceelleHHy10, Koria oHa Obla MOJIOJ0M.

13.2. OcMmbicneHne ¢peHOMeHa TEXHUKUN

Odunocodus Texuuku BozHukIa B XIX cronerun. [lepBbiM BBea B 000pOT 3TO
cioBocodeTanne HeMenkuil punocod Dpuer Kamm B cBoet kuure, uzganHoi B 1877
r., «OcHoBHBIC HarpaBiieHusi ¢unocopun TexHuku. K ucTopun BO3HHUKHOBEHUS
KYJIbTYpbl C HOBOW TOYKHU 3peHHus». B KoHIEe Toro ke Beka pycckuil nHxkenep [L.K.
OHrenpmerep GpopMyupyeT 3a1a4uu ¢puaocoGuu TEXHUKHA B cBoeil Oporope «Tex-
Huyeckuit utor XIX Bexa» (1898 r.). Ero paboTtsl Ob1TH 0nyOIMKOBAHBI M HA HEMEII-
KoM si3bike. OMIHaKo TOJBKO B XX B. TEXHHKA, €€ PAa3BUTHE U 3HAUYCHUE NJIs OymyIie-
ro o0IIecTBa CTAHOBSTCS MPEIMETOM CUCTEMATUYECKOTO H3yUeHUSI.

[IpaBna TexHWKa B IEJIOM HE SBIBICTCS MPEAMETOM HM3YYCHHS TEXHHUYECCKUX
mucuminH. KoHeYHO, MHOTHE €CTeCTBEHHBIC HAyKW BBIHYKJCHBI MPUHUMATH BO
BHHMaHHE TEXHHUKY, HO JEIAIOT 3TO CO CBOCH, €CTECTBCHHOHAYYHOW TOYKU 3PCHHS.
3aT0 psa OOIIECTBEHHBIX HAYK M, MPEXKJIE BCETO, COIMOJIOTHS U TICUXOJIOTHS, 00pa-
IAIOTCS K aHAJIN3Y TEXHUYECKOTO Pa3BUTHA.

Texnnka oTHOCUTCA K chepe MaTepHATIbHON KyJIbTYphl. T€M HE MEHee, Kak
XOpOIIIO HU3BECTHO, MaTepHalIbHAsI KyJIbTypa CBSi3aHA C JyXOBHOW CaMbIMU HeEpas-
PBIBHBIMH Y3aMH.

Wtak, TeXHUKA Mpe/oiaraeT:

COBOKYIMMTHOCTh TEXHUYECKUX YCTPOMUCTB U CUCTEM;

NESTETHLHOCTD 110 CO3AHUIO ATHUX YCTPONCTB;
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TEXHUYECKUE 3HAHUS U UX IPOU3BOJICTBO.

O TexHuyeckoM 00pa3oBaHMH. TeXHHKA BO3HUKIIA BMECTE C BOZHUKHOBECHU-
€M 4eJIOBeKa U JI0JT0 pa3BUBAJIACh B OTPBIBE OT Kakoil Obl TO HU ObLIO Hayku. Jla u
cama Hayka JIoJroe BpeMsi He uMenia oco0oro craryca. Jlaxxe y Apuctorens HET crie-
[IUAJIBHBIX TPYJIOB MO TEXHHUKE, MOCKOJIbKY OHa ObljIa OT/ENIEHA OT TEOPETUUYECKOTO
3HaHUA. B3aMMOOTHONIEHN HAYKU U TEXHUKW Pa3BUBAIMCh HEPOBHO. BHauae Hay-
Ka MHOTO€ B3sJIa OT YMEJBIX JItojieH (Y MacTepoB-UHKEHEPOB 31oxu Bo3poxkaeHus),
a 3aTeM TEeXHHKa CTaja OpPraHM30BBIBAaTHCS MO o0Opa3iy Hayku. Hauamacw caiieHTH-
buKkanysa TEXHUKUd U TEXHU3AlMs HAyKd. TakuM 00pazoMm, B XOJ€ HCTOPHUECKOTrO
pa3BUTHUSI TEXHUUECKOE JEHCTBUE U TEXHUYECKOE 3HAHUE CTaIM OTACNATHCSA OT MHupa
Y Marn4yecKkoro ACHCTBHS.

Bo3Hukia He0OX0AMMOCTh MAaCCOBOTO 00yUYEHUsI peMeciy (a He OT OTLa K Chl-
Hy, KaK pasblie). OyHgameHTanbHbId TPy HEMEIKOTO MHXXeHepa ['eoprus Arpuko-
71 «O TOpHOM Jienie U MeTautypruu B 12 kaurax» (1556) Obut o cyTu niena nepBoit
IIPOU3BOJCTBEHHO-TEXHUYECKON SHIUKIIONEIUEN U BBINOJHSI POJib IEPBOro yuyeo-
Huka. B Poccun oiHUM 13 nepBbIX y4eOHBIX 3aBeI€HUH 1Ji MOATOTOBKH MH)KEHEPOB
obu10 ['opHOE yumnuine, yupexaennoe B 1773 r. B IlerepOypre. Biusinue npeobpa-
3oBaHuil [letpa | u 31eck ckazanocs. Hay4yHast opueHTauus ToJIbKO HaYMHaNa npoou-
BaTh ceOe I0pory.

[lepBpiMU MONyHAyYHBIMH Y4eOHUKaMM ObLIM yuyeOHUKH 1O MexaHuke. [lo-
TpeOOBAIOCH MOYTH CTOJIETHE, YTOOBI MOJYTEOPETHUECKOE OMHCAHUE BCEX CYLIECT-
BYIOILMX MAIllMH C TOYKU 3pEHUS] HauepTaTelIbHOM reoMeTpuH, 3anoxeHHoe ['acna-
pom Momnkem (ocHoBaBmUM B 1794 r. [onntexnudeckyro mkony B [lapuxe u sB-
JSOIIKMMCST aBTOPOM HayepTaTesIbHOM FEOMETPUH) B MPOrpaMMy OOYUYEHUsI MHKEHE-
poB B IlaprkCKol MONUTEXHUYECKOM IIKOJIE, MPEBPATUIIOCH B MOJJIMHHYIO TEOPHUIO
MEXaHU3MOB U MalllMH.

Bropas crymnenp panroHasbHOTO 0000IIEHUsI TEXHUKH 3aKItouanach B 0030pe
U 0000IIEHNH BCeX CYIECTBOBABLIMX oO1acTeld peMecieHHONW TeXHUKH. «OOmias
texHojorus» Moranna bekmana u gpanity3ckas « QHIMKIONEAMSD - 00pa3Lbl TAKUX
y4eOHUKOB-0030POB.

TexHuyeckue Hayku, KOTOpble (POPMUPOBAIUCH MPEXKIE BCEro KaK MpPUIIOKE-
Hue o0JjacTeil eCTECTBO3HAHUS K Pa3IMYHBIM KJIaccaM MHKEHEPHBIX 3a/ay, B cepe-
auHe XX B. 00pazoBain 0coOblil Kilacc HAyYHBIX AUCLMILIMH, HE TOJBKO OTJIMYArO-
IIMXCSI OT €CTECTBEHHBIX HAYK MO OOBEKTY M MO BHYTPEHHEW CTPYKTYpE, HO TaKKe
00J1aTafoIINX TUCIUIUTMHAPHON OpraHu3aIue.

Hakonel, BpICIIIyIO0 Ha CETOAHS CTYNEHb PAIMOHAIILHOTO 0000IEHUSI B TEXHU-
Ke MPEACTaBIseT COO0M CHUCTEMOTEXHUKA KaK IMOMNBITKAa KOMIUJIEKCHOTO TEOopeThye-
CKOro 0000IIEHUSI BCEX OTpaciiell COBPEMEHHOM TEXHUKH M TEXHMUYECKUX HAyK MpH
OpUEHTAlLlMM HE TOJHKO Ha €CTECTBEHHBIE HAYKH, HO U Ha TyMaHUTapHbIE, 0a3UpyIo-
11asicsl Ha CUCTEMHOM KapTHHE MUPA.

Bot nepedenb QUCHUIUIMH U3ydaeMbIX Oy aynuM cucteMoTexHukoM B CIIIA:

OOmiasi Teopusi cucTeM, JIMHEHHas anredbpa U MaTpPUIbl, TOMOJIOTHS, TEOPUS
KOMIUIEKCHOT'O MEPEMEHHOT0, HHTETpajJbHbIe MPeoOpa3oBaHus, BEKTOPHOE HCUUCIIE-
Hue, nuddepeHInanbHble ypaBHEHUS, MaTeMaThdecKasl JIOTHKa, TeopHus rpados,
TEOpHs LIeNeH, TEOPUS HAEKHOCTH, MATEMATUYECKAs] CTATUCTHKA, TEOPUS BEPOSTHO-



162

CTEH, JIMHEWHOE, HEMMHENHOE U AUHAMHUYECKOE ITPOrPaMMUPOBAHUE, TEOPUS PETYIIH-
poBaHusl, Teopusi HH(POpMaLUU, KUOEPHETHKA, METObI MOJICIMPOBAHUS U ONTUMU-
3alMM, METOJ0JIOTUS IPOEKTUPOBAHUS CUCTEM, IPUMEHEHUE WHKEHEPHBIX MOJIEIIEH,
IPOEKTUPOBAHNE, aHAJIU3 U CUHTE3 II€Tel, BBIYUCIUTENbHAs TEXHUKA, OMOJOrHye-
CKHE M  COLUAIbHO-IKOHOMUYECKHE, DKOJIOTUYECKME U  HMH(POPMAIMOHHO-
BBIYHCIINTEIIBbHBIE CHCTEMBI, IPOTHO3UPOBAHUE, UCCIIEIOBAHUE ONIEpaLlUi U T.JI.

W3 nepeyHst BUIHO, HACKOJIBKO IIMPOKA MOJArOTOBKA COBPEMEHHOI'O NHKEHEpa-
cucTeMOoTeXHHUKa. OJHAKO IJIaBHOE ISl HETO - HAYYUTHCS MPUMEHSTH MOJTYYEHHBIE
3HAHMS JJI PEUIEHUS ABYX OCHOBHBIX CUCTEMOTEXHUYECKHUX 33/a4: 00eCrieueHHe MH-
TErpalyy 4acTeH CJIOXKHOM CUCTEMBI B €IMHOE LIEIOE U YIIPABJICHUS IIPOLIECCOM CO3-
JaHUS TAKOH CUCTEMBI.

13.2. ABTOMaTU3auus

IIepBOHAYaIBHO 3TO MHTETpalls CTAHKOB B MOJIHOCTHIO aBTOMAaTUYECKYIO, a B
HEKOTOPBIX CIIydasX CaMOpETryJMpYIOIIyIocs cucrteMy. llepenoBbie cTpaHbl PUCTY-
MAJIM K aBTOMAaTH3aldH MPOMBINUIEHHOCTH B Hadase 1950-x romos. 3apoauBHINCH
KaK KOHIIENIMs MPOU3BOJACTBA, CErOJHS aBTOMATH3AlMsl O3HAYaeT MHOIO OOJIbIIE,
yeM KoopauHaiusi (yHKIIMOHUPOBAHUS psija CTaHKOB. B Hacrosiiee BpeMs OHa
OCYILIECTBIISIETCSA HA BCEX YPOBHIX MPEANPUHUMATEIBCTBA U TPOU3BOACTBA. Bpsia mu
HaWJETCs BUJ JEATEIbHOCTH — COLMAIBHON MM AKOHOMUYECKOW, HE TI0/IBEPKEHHBIN
B TOW WJIM MHOW CTENEHU BHEAPEHHIO ABTOMATHYECKH YIPaBJISEMBIX YCTPOMCTB WA
cucreM. llepedyeHp HalpaBIIeHN aBTOMATH3allUH BKIIFOYAET, HAIIPUMED, 3aIIYCK U aB-
TOMATUYECKOE MUJIOTUPOBAHUE JIETATENIbHBIX aIlapaToB, MPOU3BOJCTBO aBTOMOOU-
JIeH, yNpaBlieHWE JBUKEHHEM TPAHCHOPTA M €ro MapUIPyTHU3ALMI0, MEAUIUHCKYIO
IUArHOCTUKY, UTPY B IIAXMAaThl U aBTOMAaTUYECKOE OOHOBIIEHHE OAaHKOBCKOTO OanaH-
ca B COOTBETCTBUU C YKa3aHUSMHU, TOCTYMAOMIMMHI OT KOMIIBIOTEPA, KOTOPBIM MOKET
HAaxOJIUThCSA HAa PACCTOSIHUM BO MHOI'O KHJIOMETPOB.

C TexHUYEeCKOW TOYKH 3pEHHMS, aBTOMATU3AlMs MOXKET paccMaTpPUBATHCS Kak
MOCJIETHUM 3Tal NMPOMBIILICHHON peBotounu. [IepBbIid 3Tar 3T0M PEBOIFOLUU MOXK-
HO OBUIO OBl OXapaKTEPU30BATh CIOBOM «MEXAHH3AIMA»; KIIOYEBBIM (PAKTOpOM Ha
ATOM 3Tane ObLJI0 UCIIOIb30BAaHUE MEXaHU3MOB U MalllMH BMECTO MycKyJjoB. Ha npo-
TSOKEHUHM OJHOTO CTOJETUS J0JS (PU3NYECKOro TpyZa YeloBeKa U )KMBOTHBIX B MPO-
MBIIIJICHHOCTH U CEJIbCKOM XO03sIiicTBE CHU3MIAch ¢ 90 no npumepno 10%. Manose-
POSITHO, UTO aBTOMATH3alMs U3MEHHUT 3TO COOTHOUIEHUE, TOTOMY YTO OOJIBIIMHCTBO
moei O0JIbIIe HE CITy)KaT B KaUeCTBE BbIOYHBIX >KMBOTHBIX WJIM MPOCTHIX UCTOYHU-
KOB 3HEpruu. Bee yaiie JIroau ynpasisiFOT MEXAHUYECKOW CUJIOW U DHEPTUEU U IEW-
CTBYIOT KaK CBSI3YIOLIEE 3BEHO MEX]y MEXaHU3UPOBAHHBIMU OINEpaALUsIMH, B KOTO-
pPBIX aBTOMAaTH3aIMsl OCYIIECTBUIIA U elle OyJIeT OCYIIECTBISATh pPa3UTENbHbIC Mepe-
MEHBI.

OoOparHas cBsaA3b. BaxHeimel XapakTEpUCTUKOW aBTOMAaTH3AIMU SIBISETCS
CHOCOOHOCTh MAIllMH K CaMOpPETYJIUPOBAaHUIO, YTO CTAJO BO3MOXKHBIM Ojaromaps
TeXHHKE 0OpaTHOM cBsizu. OOpaTHast CBs3b, COENMHEHHAs ¢ OBICTPOI U aBTOMAaTHYe-
CKO#1 00paboTKOI nH(pOpPMALIMK, — BOT B UYEM CEKPET IIMPOKOTO PACTIPOCTPAHEHHS U
YCIIEXOB aBTOMAaTU3ALUH.
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[Tpumenenue npuHIMNA OOpaTHOW CBsI3U 10 HacTyruieHus 20 B. HOCWIO CITy-
yaiiHbld Xapaktep. I[lojiokeHne CWIIbHO WM3MEHWIOCh BO Bpemsi BTopoili MuUpOBOU
BOMHBI. CHCTEMBI YIIPABICHHUS HACTOIBKO YIYUYIIWIM MAHEBPEHHOCTh M TOBBICHIH
CKOPOCTb CaMOJIETOB, YTO OOBIYHBIE CIIOCOOBI OOPHOBI C HUMH OKa3aJIUCh yCTapeB-
muMu. HaydHble 1 MHKEHEPHBIE CUIIBI MIEPENOBBIX CTPAH COCPENOTOUMIIMCh HA pa3-
paboTKe aBTOMATHU3UPOBAHHBIX CUCTEM.

OOpatHy1o CBsI3b B OOJIBIINUX MacilTabax MepBoi Hayajga UCMOJIb30BaTh Mepepa-
OaTbIBarolas MPOMBIIITIEHHOCTh U 3Hepretuka. K cepenune 1950-x romos B CIIA
ObUIHM MOYTH MOJHOCTHIO aBTOMATHU3UPOBAHBI HEKOTOPHIE HedTenepepadaThIBatOIINe
3aBOJIbI M HECKOJBKO aTOMHBIX 3JEKTpoCTaHLMil. Takoe IHaepcTBO OOBACHAETCA
MPUPOJION ITUX OTPACIICH MPOMBINIJICHHOCTH; HE(TENPOMAYKTH U Ta3bl, HAPUMED,
MOTYT JIETKO TPAHCIIOPTHUPOBATHCS O TpyOam, a aTOMHBIE 3JIEKTPOCTAHLUUU TPEOYIOT
JVCTaHIIMOHHOTO YIIPABJIEHUS PEAKTOPOM.

[TpOMBIIIUIEHHOCTh HACTOMYMBO U3BICKUBAET MOXOIbI, KOTOPHIC MO3BOJIUIIN ObI
MIPOU3BOJINTh BHICOKOKAUYECTBEHHBIE MTPOAYKTHI IPU HU3KOW CTOMMOCTH. 3HAYUTEIb-
HbIE yCIeXy ObUIM IOCTUTHYTHI 1) B pa3paOoTKe aHATUTHYECKUX MPUOOPOB, MO3BO-
JSIOMIMX KOHTPOJMPOBATH TEXHOJOTMYECKUM PEKUM U aHAIM3UPOBATh XUMUUYECKUN
COCTaB ra30B U KUJIKOCTEH B COTHSAX TOUYEK BHYTPH TEXHOJOTMYECKOW YCTaHOBKH, 2)
B pa3paboTKe W KOHCTPYMPOBAHUHU PA3HOOOPA3HOTO. aBTOMATHYECKH YIIPABIISIEMOTO
o0opynoBaHus, 3) B UCIOJIB30BAHUU OOJIBIIUX KOMITBIOTEPOB JIJISl YIIPABJICHUS TEX-
HOJIOTUYECKUMHU TIporieccaMu, 4) B ONTUMM3AIUKM MPOU3BOAUTEILHOCTH MPOMBIIII-
JIEHHOTO 000pYAOBaHMUS.

Haubonee sipkue OOCTHXKEHHUS B YIIPaBICHUHM MPOLECCAaMU ObUIM PE3yIbTaTOM
HCIIOJIBL30BaHUs IU(PPOBBIX KOMITbIOTEPOB. [{1poBbIe KOMIBIOTEPHI MOTYT OBIThH 3a-
MPOTPaMMUPOBAHBI TaK, YTO OyAYT CHPABIATHCS M C HENPEIBUACHHBIMU CUTYaIIM -
MH, KOTOpPBIE MOTYT BO3HHKHYTh B TEXHOJOTHYECKOM mpouecce. [Ipu a3Tom aBTOoma-
TUYECKH YTIpaBIsieMOe 000pYyIOBaHUE MOXKET (PYHKIIMOHUPOBATH C UCKIIOUUTEIHHO
MaJIbIMA JIOMyCKaMU M HEMEJIJIEHHO PearupoBaTh HAa OTKIOHEHHUS OT MPaBHIIBHOTO
TeueHus npouecca. CoBpeMEHHBIE TEIEMETPUUECKUE CPEACTBA MO3BOJISIIOT UHTETPHU-
pPOBaTh 3TU KOMITHIOTEPHI B €IMHYIO MH(POPMAITMOHHYIO CUCTEMY YIIPaBJICHUS PECyp-
caMu

JIuckpeTHOE MPOU3BOACTBO. DTOT THUIl MPOU3BOACTBA BKIIOYAET, KAK MPABU-
710, TPU MIUPOKUE KAaTEropuu: 1) moToyHoe (MaccoBO€) MPOU3BOJICTBO — MPOLECC, KO-
TOPBIN MOAXOAUT ISl U3TOTOBIIEHUS B OOJIBIIMX KOJMYECTBAX OJIHOM M TOM e JeTa-
JIM WK TIPOAYKTA, KaK, HapUMED, MPU MPOU3BOACTBE IMyTOBUIL UM aBTOMOOUJICH, 2)
MEJIKOCEPUITHOE TIPOU3BOJACTBO — M3TOTOBIICHUE AETAJEH WM MPOAYKTOB MAPTHUSIMHU
OT HECKOJIbKMX COTEH J0 HECKOJBKHMX TBICSIY €XKEroJHO (CKakeM, MUKPOCKON WIIU
OXOTHUYbE PYXbE) U 3) 3aKa3HOE WM IITYYHOE MPOU3BOJICTBO — U3rOTOBJIIEHUE Jle-
Tajgell Wi NpOAYKTOB OT OAHOTO WJIU JIBYX IO HECKOJBKHX COTEH (Hampumep, peak-
TOp WJIM KPYIHAas THApaBiIndeckas TypOuHa). [loTouyHOE TIPOM3BOICTBO XapaKTepHu-
3yeTcsl MPEAONPEICTICHHON MOCIeI0BaTeIbHOCTIO ONepaluii, THIAaTeIbHO pa3pado-
TaHHBIX C IIEJIbI0 00E€CTICUNTh MUHUMAIBHYIO CEOECTOUMMOCTh MPHU MPUEMIIEMOM Ka-
4YecTBe; ITH omepanuu TpeOyroT Oosiee criennaIn3upoBaHHOTO 000PYAOBAHUS U JIET-
4e aBTOMATU3UPYIOTCA. MEIKOCEpUUHOE M IUTYYHOE NMPOU3BOACTBA MMEIOT MPEPbI-
BUCTBIM XapakTep, HE MPHUAEPKUBAIOTCS JKECTKO KaKOH-T1M00 HEM3MEHHON MOCe10-
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BaTEJIbHOCTH OIEpalfii, HCIONb3YIOT YHHUBEpPCAIbHOE OOOpYIOBaHUE, 3aHUMAIOT
3HAYUTENIbHO 00Jiee NJIUTENIbHOE BpeMs, UMEIOT 00Jiee BBICOKYIO CE0ECTOMMOCTh U
MEHBIIE NOJAI0TC aBTOMATH3ALUY.

Yeunus no aBTOMaTu3anuy HEKOTOPBIX ONEPALMM IIOTOYHOIO U MEIKOCEPHI-
HOTO IPOU3BOJCTB HAYaJIMCh C Pa3pabOTKM CTAHKOB C YHUCJIOBBIM INPOTrPaMMHBIM
ylpaslIecHHEM. YHCIIOBOE YIPABICHHE C IOMOLIBIO NPEIBAPUTEIBHO 3alpOrpaMMHU-
POBaHHBIX NEP(OIEHT 3aMEHWIIO HACTPAUBAEMbIE BPYUHYIO KYJAQUKH U XPAlOBHKH,
KOTOpBIE€ IO TOW MOPHI YIPaBISsLIU paboToi cTaHKoB. C MOSABICHUEM MHUHHUKOMITHIO-
TEpPOB CTaJI0 BO3MOXKHBIM mpsimoe nudposoe ynpasienue (ITLY). ITIY npeacraBius-
€T co00ii IIEHTPaATM30BaHHOE YIIPABJICHUE C MOMOIIBI0 KOMITBIOTEpa TPYIIO CTaH-
KOB M o0ecrieynBaeT paboTy HEOOJBIINX aBTOMATU3WPOBAHHBIX CHCTEM MEXaHUYe-
ckoil oopabotku. Korna B cepenune 1970-x romoB cTaiau JOCTYIHBI MUKPOIPOIIEC-
COpBI, MOSIBUJIOCH KOMITBIOTEPHOE YHMCIOBOE YIPABIEHUE, YTO MO3BOJHIO CO3/1aTh
CTaHKH, KOTOPBIE YIPABJBUIACH OTAECIBHBIM MHKPOIIPOLIECCOPOM, JITONMYCKABIINUM IIE-
penporpaMMHUpOBaHUE, U OKa3aIUCh 3KOHOMUYECKH 3 dexTuBHbIMU. B 1960-x romnax
CTaJIi JOCTYNHBI pOOOTHl — NEPETPOrPAMMHUPYEMbIE MHOTO(YHKIIMOHAIbHBIE MaHU-
nyJsaTopbl. POOOTEI MO3BONIAIOT 00ECTIEUUTh MOJHYI0 aBTOMAaTHU3allio, OCOOEHHO B
TaKUX BUAAX ACSITEIBHOCTU, KOTOPBIE SBJSIOTCS OMACHBIMHU WU TPeOYIOT TOUHOCTH
Y BBICOKOM CTEIIEHU NOBTOPSEMOCTH OIEpalnii. DTH TEXHOJOTUH IIPUBEIU K 3HAYU-
TEJIbHBIM yCII€XaM B 00J1acTH 00pabOTKHU MaTepUajioB, YTO, B CBOIO OYEPE/lb, ITOCITY-
U0 BaKHBIM ()aKTOPOM B pa3BUTUHU aBTOMATU3ALIMH CKIIAJICKOTO X0341iCTBA.

VYcnexu B MHOOPMAMOHHOW TEXHOJIOTHH, OCOOCHHO B MHTEPAKTUBHOW Ipa-
(uKe, CBA3M, CUCTEMAX YyINpaBiieHUs 0a3aMu JaHHBIX U B IPUKJIAJHOM MPOrPAMMHOM
oOecreyeHnu, MO3BOJMIN Pa3BUTh JBa BAXKHBIX HAIPaBJICHUS — MPOEKTUPOBAHUE C
nomoibio KommnbioTepoB (CAIIP) W mpou3BOACTBO C MOMOIIBIO KOMIBIOTEPOB
(ACVYII). CooTBETCTBYIOIINE CUCTEMBI OTKPBIBAIOT MEPCIEKTUBY 3HAYUTEIBHOTO TO-
BbIIIEHUS 3((HEKTUBHOCTH MHKEHEPHO-TEXHUYECKOTO U IPOMBILIEHHOTO TPY/Aa.

BJIMAHUE ABTOMATU3ALINN HA SKOHOMUKY U OBIIECTBO.

Byaymee apromaTuzanuu. XoTs TPYJIHO POTHO3MPOBATH BO3MOYKHOE BIIMS-
HUE aBTOMAaTH3alui Ha MPOMBIIUIEHHOCTh U c(epy oOCTyKUBaHUS, OJHO KaKETCS
HECOMHEHHBIM: (TEHIAEHUMUS CO3JIaHHus M PACHPOCTPAHEHMS] ABTOMATU3HPOBAHHBIX
CUCTEM COXpaHUTCsA. BMecTo Toro uroObl pazpabaThiBaTh y3Jibl U KOMIIOHEHTHI, a 3a-
TEM HUX COFJIACOBBIBaTh M CTPOUTH ABTOMATUYECKYIO CUCTEMY, MpEANoYTeHue Oyaer
OT/JaHO. pa3paboTKe camoil cuctembl. KOHKpeTHbIE 00JaCTH TEXHOJOTHM, a TaKKe
Pa3IMYHBIX TEXHUYECKUX TUCUUIUINH, KOTOPbIE Pa3BUBAIOTCS IO OTAEIBHOCTH, OYy-
IyT CONMMKATHCS.

[IepBas mpOMBILUICHHAS PEBOIIOLHNS CO3/1ajla HOBYIO CpENy ISl YEITOBEYECTBA.
[IpuBens KpecTbsiH C MOJIEH U PEMECIEHHUKOB M3 MaJlbIX MAacTepCKUX Ha (adpukw,
OHa o0ecreunia KOHIIEHTPAIUIO U LEHTPATU3aL1I0 YeJIOBEUECKUX YCUIIUN U TEeM ca-
MBIM — MaccoBO€ Mpou3BoACcTBO. HukTo, 1 MeHee apyrux P. Apkpaiit u J[x. Yart, He
OyMaJld, YTO OHU COBEPIIMIIN LIUBUIN3aLMOHHBIN IEPEBOPOT, HO UMEHHO 3TO U IMpPO-
M30LUI0 B JEHCTBUTEIBHOCTH. BIlMsHME HOBBIX MAallMH HAa MOBCEJHEBHYIO >KU3Hb
UMeJo Topaszo Oosiee PeBOJIIOIMOHHBIN XapakTep, YeM caMHi MalluHbl. PeBomonus,
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CBSI3aHHAs C aBTOMATH3alMel, Takke OOellaeT MpUBECTH K Oosiee TIyOOKHM COIIH-
QJIBHBIM IOCJEJICTBUSM, YEM TE€ WJIM MHBIE TEXHOJIOTUYECKUE YCOBEPILICHCTBOBAHUS.

CounmanbHble M3MeHeHMs. J[BecTu JIeT Hazaj, Korjga OOJIBIIMHCTBO JIFOJCH
pabotanu ot 60 1o 70 4 B HEENIO, YTOOBI CBECTH KOHIIBI C KOHIIAMHU, BOIIPOC O TOM,
4TO JeJIaTh CO CBOOOJHBIM BpeMEHEM, He BO3HUKaN. CerogHs, Koraa JUisl MpOMBIII-
JIEHHOCTH cTaja npuemiieMoil 40-yacoBas pabouas Heaensl, MHOTHE pabodne UMEOT
B HECKOJIBKO pa3 Oouiblie CBOOOJAHOIO BpeMeHH, ueM ux aenbl. [lo Mepe pacnpoctpa-
HEHUS aBTOMAaTH3alliu MHIUBUyaJbHasl MPOU3BOIUTEIBHOCT TaKKe OyIeT Bo3pac-
TaTh, ¥ KOJIMYECTBO YEIOBEKO-UYACOB, 3aTPAaYMBAEMBIX HA KOHKPETHYIO paboTy, OydeT
yMeHblIaThCsA. Takum 00pa3oM, CO BpEMEHEM Mbl MOKEM NOJIy4YHTh 30-4acoBylo pa-
00uyI0 HECIIO.

HoBas peBomrouust npuBeAeT K TpaHchopMali MHOTHX 4epT oOuiecTBa. 3a-
IpeT JAETCKOTO TPyJa M 3aKOHBI, PEryJIHpYIOIIHe 3apaboTHYIO IUIATy, MPOAODKH-
TEIbHOCTh U YCJIOBUS TPY/1a, IBOJIOLIMOHUPOBAJIM TaK, YTOOBI 3aIIUTUTh YEJIOBEKA OT
HKCTPEMAJIbHBIX BO3/ECUCTBUI MPOU3BOACTBEHHON cpeibl. ABTOMAaTu3alus yKe Ha-
qasia 0CBOOOXKIaTh JItOJIEH OT MPOU3BOJACTBEHHOM 3aBucuMocTd. Korna pabouas cuna
NEPEMECTUTCS C 3aBOJIOB B YUpEXKIEHUs (2 QYHKIIMHM CAaMUX YUPEKIECHUN NepenayT K
paboTe Ha a0My), 0ObIYHBIE TPO(ECCUOHATIBHBIE COIO3bI TOKE M3MEHATCS WU MOSs-
BATCSA HOBBIE€ MPO(COI03bl, YIOBIECTBOPSIOMINE CHEIUPUUIECKUM TPeOOBaHUIM «HO-
CMUHOYCIMPUAIbHBIX) TPYISIINXCS.

HckyccTBO U KyJlbTypa TPAJAUIIMOHHO 3aBHCENN OT MaTpOHaXXa MPUBUIETUPO-
BAHHBIX COLIMAIBHBIX cl0€B. C MosABIEHHEM BCE OOJBIIETO CBOOOJHOTO BPEMEHU U
JCHEe)KHBIX CPEICTB Y HIMPOKHX CJIOEB HACENEHHUS KyJIbTypa M MCKYCCTBO 3aiiMyT B
KU3HU Jrofiel Oosiee 3aMeTHOE MecTo. OKaXeTcsl 3aTpOHYTHIM Jake 00pa3oBaHUE.
HNudopmaninoHHbIe CUCTEMBI, TPOrPaMMUPOBAHNE U MAITUHHBIE SI3BIKH YXKE TIOIBEIIH
HAC K MPOPHIBY B TEOPUH U MPAKTHKE OOYUCHHMSI, YTO O3HA4aj Obl TaKOil MPOPHIB BO
Bcex cdepax oOpa3oBaHUS, KYJIbTYpPhl U OOIIECTBEHHOW AECSATEIHHOCTU, — 00 ITOM
MO>KHO TOJIBKO ra/iaTh.

N3meHennst B 9KOHOMHKe. 3/1€Cb OTMETUM JIMIIb, YTO SKOHOMUYECKOE Hepa-
BEHCTBO MEXJly CTpaHaMH, Ha4aJlo KOTOPOMY MOJIOKUJIa epBas MPOMBIIIIEHHAs pe-
BOJIIOIIMS, TIO-BUIUMOMY, OyI€T BO3pacTaTh, ObITH MOXKET, YCKOPEHHBIMU TEMIIAMU U
C IPYTUMU roCcyAapCTBaMU-THIEPAMH.

14. UcKyCCTBEHHbIW MHTENNEKT — MH(OPMaLIMOHHas
OCHOBA TeXHUKu™

14.1. HekoTopble onpeaeneHus
I[aI[I/IM CHa4daJla HCKOTOPBIC OIIPCACIICHU .

PACCYJIOK U PA3VYM, cootHocutenbHble TOHATUS (unmocoduu; y U.
KanTa paccynok — cnmocoOHOCTh 00pa3oBaHUs IOHATHH, CYXICHUM, MPaBUI; pa-

“ JINTEPATYPA: Beiiyenbaym Joc. BO3MOXHOCTH BEIYUCITUTEIHHBIX MAITAH W YEJIOBEYCCKUAN pazyM. M.,
1982. EdbumoB E.N. Pewamenu unmennekmyanvrolx 3aoau. M., 1982. Hnmennexmyanvhvie npoyeccol u ux
mooenuposanue. M., 1987. Kouaparos A.U. Dnexmponnwiii pazym. M., 1987.
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3yM — CIIOCOOHOCTh 00pa3oBaHus MeTadhu3ndeckux uiaen. JlnamekTuka paccyaka
U pa3dyma pasBuTa [ereiem: paccylok Kak HU3IIAsg CIIOCOOHOCTh K aOCTpaKTHO-
AHAJIMTUYECKOMY PACWICHEHUIO SBJISIETCSA MPEABAPUTEIIBHBIM YCIOBUEM BBICIIETO,
«pa3yMHOT0», KOHKPETHO-IHAJIEKTUYECKOT0 MOHUMaHUs. Paccyiok Hepenko mo-
HUMAIOT KaK CIIOCOOHOCTH ONEpUPOBATH TOTOBBIM 3HAHUEM, Pa3yM — KaK TBOpYe-
CTBO HOBOT'O 3HAHHS.

MHTEJUIEKT [nar. intellectus pa3symenue, monumanue]. MpicauTenbHas
CIIOCOOHOCTh, YMCTBEHHOE Haudajio y yejaoBeka. MCKyCCTBeHHbIH MHTE/VIEKT —
pasznen ungopmamukuy, 3aHUMAIOIIHICS pa3paboTKOl METO0B MOJIETHUPOBAHUS H
BOCITPOU3BEJEHUS ¢ TOMOIIBI0 DBM TBOpUeCKO# AESITEIBHOCTH YEIOBEKA.

Tenepb paccCMOTPUM TEMY TJIABHI.

14.2. UcKyCcCTBEHHbIN UHTESNSEKT

Ot1o pazaen uHOOPMATUKU, U3YYAIOUIUN MPUHIMIMBI JICHCTBUS WHTEIUICKTY-
anbHBIX MamuH. MccnenoBarenu, paboTaroniye B 5TOM HaPaBJICHUH, HAICIOTCS JOC-
TUYb TAKOTO MOHUMAHHS MEXaHU3MOB MHTEJUICKTa, IPU KOTOPOM MOKHO OyJIIeT cOo-
CTaBJIATh KOMIIBIOTEPHBIE MPOTPAMMBI C Ye106e4eCKUM Ulu OoJiee biCOKUM YpOe6-
Hem unmennekma. OOIUNA MOIX0]] COCTOUT B pa3pa0OTKE METOJOB PEIICHUS 3a]1ad,
JUISL KOTOPBIX OTCYTCTBYIOT (POpMaJIbHBIE aJTOPHUTMBI: MMOHUMAHHUE €CTECTBEHHOTO
A3bIKa, 00yUYEHHUE, I0Ka3aTeIbCTBO TEOPEM, PACIIO3HABAHUE CIIOKHBIX 00pa30B U T.1.
TeopeTnueckne MCCICIOBAHUSA HAINPABIICHBI HA M3YyYEHUE MHTEIUIEKTYAJIbHBIX MPO-
LIECCOB M CO3JaHUE COOTBETCTBYIOIIMX -MATEMATHUYECKUX MOJEIEH. DKCIEPUMEH-
TallbHbIe paOOTHI BEAYTCS MyTEM COCTABJICHUS] KOMIBIOTEPHBIX MpOrpaMM M CO3j1a-
HHS MAILIMH, PEIIAIONINX YaCTHBIC MHTEIUIEKTYAJIbHBIE 3a1a4M UM PA3yMHO BEAYIIIHNX
ce0s B 3aaHHON cuTyanuu. CUcTeMaTHYECKUE HCCIEIOBaHUs B 00JACTH MCKYCCT-
BEHHOT'O MHTEJUICKTa HAYaJUCh JIUIb C MOABJICHUEM U(PpoBOTrO KoMIbloTepa. Ilep-
Basi HAy4YHasl CTaThs 10 UCKYCCTBEHHOMY MHTEJUICKTY Obuta omybnukoBaHa B 1950 A.
Trropunrom. Himke OyyT ykazaHbl OCHOBHBIC HAaIPABJICHHS MCCIIEI0OBAHMM B oOac-
TH UCKYCCTBEHHOI'O MHTEIIJIEKTA U COOTBETCTBYIOLIAE METOBI.

Houck. Korga xkoMneroTEP C UIPOBOM NPOTPAMMOM JOJDKEH CHENATh XOM, Y
HEro OOBIYHO MMEETCsI BHIOOP M3 HECKOIBKUX BO3MOXKHBIX X0J0B. Kaxkmblii ero xon
MOKET UMETh PAJl Pa3JINYHbIX CIEACTBHUM, 3aBUCAIIMX OT OTBETHBIX XOJOB NapTHEPA,
a KaXJ0€ CIEACTBUE MOXKET MPUBOJIUTH K IPYTUM BO3MOKHBIM XOJIaM U T.JI.

['naBHas mpoOsieMa MOWCKa B YCIOBHUAX TAKUX «IEPEBHEB BO3MOMXKHOCTEI» —
T.H. KOMOUHATOpHBIN B3pbIB. ECciu Ha Kaxk10M ypoBHE noucka umeercst 10 BO3MOX-
HBIX BapuaHTOB, TO 10 ypoBHel noucka naroT 10 MunamapaoB BO3MOKHBIX BapyaH-
TOB, TIOJIHOCTBIO MPOBEPUTH KOTOPBIE 3a MPUEMIIEMOE BpeMsI HE CIIOCOOHBI JlaXKke ObI-
CTPOJICUCTBYIOIINE KOMITbIOTEPHI. [[09TOMY IpOorpaMMUCTy NPUXOIUTCS MPUOETaTh K
«@BpUCTUKaM» (TIpolielypaM, HE OCHOBAHHBIM Ha (POpMaIbHO JOKA3aHHOM aJTrOpUT-
Me), KOTOpbI€ MO3BOJIMIU Obl OTBEPTHYTH MPEOOIANIAIONIYI0 YacTh aJbTEPHATHUB,
WHOM pa3 Jaxke C PUCKOM YITyCTUTh HAWIYUYITUW OTBET. TakuMm 00pa3oM, €ciii HET
BPEMEHU MepedpaTh BCE BApUAHTHI UTPHI 10 KOHITA, TPOrpaMma J0HKHA PEIIuTh, KO-
r/1a el Hy>)KHO TIPEKPaTUTh TIOUCK, M MPOaHATM3UPOBATH MTO3HUITHIO TTPUOIMKEHHO.
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O mporpecce B JaHHON 00JaCTH MOXKHO CYAUTh IO yClieXaM KOMIIbIOTEPHBIX
oporpamMm Juis Urpsl B ImaxmaTbl. Hampumep, ojlHa M3 MEpBBIX IIAXMATHBIX IPO-
rpaMM aHaJIM3UpoBaia 7 Haubosee BEPOSITHBIX XO/I0B, 7 BEPOSITHBIX OTBETHBIX XO/0B
Ha 3TU XOJIbl, 7 CIEAYIOIIMX OTBETHBIX XOJ0B U 7 OTBETOB Ha Ka)KJblil U3 HUX, a BCE-
ro 2401 oxoHuUaTeNbHYIO TO3ULMIO. B aHann3e 0CHOBHOro MaccuBa 3THX MO3UIMI HA
camoM Jiene He Ob110 HeoOxoaumocTu. Eciin HaliieH o1MH OTBETHBIN X0/, HEUTpalu-
3YIOUIUI TaHHBIA MEPBBIA X0, TO HE3a4e€M UCKaTh Apyrue 3pQEeKTUBHBIE OTBETHBIC
XOJIbI. DTOT BBIBOJ ObLT 000OIIEH B TaK HA3BIBACMYIO a/l1bha-oema-3epucmuKy st
COKpAIlleHHsI TIOMCKa, KOTOpas MPUMEHSETCS BO BCEX COBPEMEHHBIX IpPOrpammax
Pa3IMYHBIX UTP.

Henau n moauean. J{ias JoCTHREHHS] HEKOCH 1€ YacTo TpeOyeTcsl HAalTH 1mo-
CJIEI0BATEIbHOCTh JEHCTBUN, OCHOBAHHYIO HAa HH(OpPMaLMK O TOM, KaKOBBI HEOOXO-
JTUMBbIE MPEIBAPUTENBHBIE YCIOBHS U MOCIEICTBHS YCIEIIHOTO BBIMOJHEHUS TEX WU
MHBIX aeiicTBuil. Ha 0OCHOBe aHayiM3a TOTO BIMSIHUS, KOTOPOE OJHO JEHCTBUE OKa3bl-
BaeT Ha yCJIOBUS YCIIEIIHOTO BBIMOJIHEHUS APYTUX JNEHCTBUM, Oblila CO3/1aHa KOMIIb-
I0OTepHasl IporpaMmMa JUisi aBTOMAaTU3HPOBAHHOTO IPOEKTUPOBAHUS 3JIEKTPOHHBIX
CXEM.

IIpeacrasienue 3HaHusA. MHOTME TPYIHOCTH NPU CO3AAHUM MAILWH, BBIIIOJI-
HSIOIIMX OIpPEACIICHHbIC MHTEIUIEKTyaJIbHbIC 3a7a4M, CBS3aHbl C BOIIPOCAMHU O TOM,
KaKyro MH(GOpMAIMIO0 AOKHA MMETh MPOrpaMmMa, KakuM o0pa3oM Ha OCHOBAHHMH
ATOM MCXOJIHON MH(POPMALMH MOTYT OBITh C/EJIAHbI TaJbHEHIIINE BBIBOABI M KaK 3Ta
nH(popManus T0JKHA XPAaHUThCA B KoMmmbioTepe. HeoOX0AMMOCThIO PEIIeHHs] ITUX
npo6JsieM ObUIM BBI3BAHBI K JKU3HU HCCIENOBAHUS, LI€Jb KOTOPbIX — OTBETUThH HA BO-
poc, YTO Takoe 3HaHHe. MHOrue aHajJoru4Hble MpoOIeMbl UCCAEAYET SMUCTEMOIIO-
THsL.

3AKINKYEHUE

®duszrka Kak oOpazel «IpOABUHYTOW» HAYKH COACPKUT B ce0e KIACCUUECKUU U
HEKJIACCUYECKUM KOMITIOHEHTHI. Duiiocodueit Ooyee minm MeHee OCBOCHA Kiaccuye-
CKasi 4acTh (DU3UKKW M JEJAlOTCS TOMBITKA OBJAJIEHUS HEKJIACCUYECKON YacThIO,
IJIaBHBIM 00pa3oM Ha YPOBHE CHCTEMATH3alMU. YKA3aHHOE COCTOSIHUE 3aTPYAHSIET
U3JI0KEHUE HEKIACCUYECKON YacTh (pU3MKHM «Ha nanbliaxy». [loaromy ¢uszmka yacto
UJET 1O IyTH MaTeMaTU3alMH, XOTS 3Ta TEHACHIMS UMEET CBOM KOPHH B KJlacCUYe-
ckoi yacth. OHAKO MyTh MAaTEMATH3alHH MO3BOJISET JIErYe€ OTBETUTh Ha BOIIPOC,
KaK MPOTEKaeT TO WIM UHOE (PU3UYECKOE SBJICHHE, a HE MOYEMY OHO MPOUCXOIMT.
Kpome Toro, maTemarrka He oOpaniaeTcsi K MpOCThIM M HATJIAIHBIM (PU3UYECKUM 00-
paszaMm, 4YTO 3aTPyAHSET H300pETATEIbCKYIO0 NESITEIbHOCTh B HayKe, OCOOEHHO Ha
YpOBHE HOBBIX (pr3mdeckux sBieHuid. [lorpeOHOCTD B HArISITHOCTH U BOOOIIE (pr3u-
YECKOM MOJICIUPOBAHUYU COXpaHAETCS B (HU3NUYECKOM (KakK U MOYTH B JIO00M ApyToit)
HaykKe.

B cBsI3u ¢ BO3HUKAIOMIUMU TPYJHOCTSMH BO3HHKAET BOMPOC, YEM K€ MbI Kak
CyOBEKTHI MMO3HAHUS pacrojlaraéM JUisl CBOEH MO3HABATENIbHON JeaTeabHOCTH. Ove-
BHUJIHO, YTO OJHUX OPraHOB UyBCTB MAJIO — HY)KEH €IlE U aHATUTUYECKHUM aIapar,
YTO TOKE JOCTATOYHO U3BECTHO. HO 3TO ele He Bce KOMIOHEHThI IICUXUKH, KOTOpast
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U MPEJCTaBIAET cO00M TMIaBHOE OOTaTCTBO MO3HAIOUIETO0 CyObeKTa. AKTUBHYIO POJIb
B MpOIIECCE MO3HAHHUS HUTPAIOT CTPYKTYPhl KOJUIEKTUBHOTO O€CCO3HATeNbHOro, 0e3
KOTOPBIX HEBO3MOKHA TBOpPYECKas JeATEIbHOCTD.

KynapTypHO 0OYyCIOBIEHHBIE apXETUIIbl KOJUIEKTUBHOTO OECCO3HATEIbHOTO
CO37aI0T Ty M3MEPUTEIBHO-OIEHOYHYIO CETKY, KOTOPYIO MO3HAIOUUN CyOBEeKT Ha-
KJIaJbIBAaCT Ha M3y4yaeMbld MUp C TEHACHIIMEH HaBA3aTh €My 3TU CTPYKTYyphl. Ilo-
CKOJIbKY, OJHaKO, HayKa MpEeTeHAyeT Ha OOBbEKTUBHOCTb PACCMOTPEHUS, 3Ta camas
OOBEKTUBHOCTh JOCTUTAETCA KaK KOHBEHLIMOHAIBHOCTH - COTJIAIICHHE COOOIIEeCTBA
cnequanucToB. Cornacue ¢ AEMCTBUTENBHOCTBIO TOCTUTAETCS TEM Jydlle, YeM IOJI-
Hee yaaeTcss u30exaTh MPOM3BOJIa B OICHKE. Brpodem, mpou3Boi Ooublie TPO3UT
00I111eCTBEHHBIM HayKaM, 4YeM (PU3UKe, B KOTOPBIM KPUTEPUEM UCTUHBI (aI€KBATHOCTH
MOJIEJIN) BBICTYIAET M0 OOJBIIOMY CUETY IKCIIEPUMEHT.

B mexaHuke Mbl TakuM 00pa3oM OCBOOOXKIaeMcCsl OT CyObEKTUBH3MA, IIPOU3-
BOJIa, TIOCKOJIbKY POJIb HAOJIIOAATeNsi TaM OTHOCHUTEIIbHO HEBEJIMKA, a U3ydaeMble
MIPOLECCH UMEIOT HATJISIIHOCTh, OCKOJIBKY pPa3Mepbl CUCTEMBI COIIOCTABUMEI C pa3-
MepaMH YEJIOBEYECKOr0 TeJla M OpPraHoB 4YyBCTB. 1103TOMy B MEXaHHUKE JieT4ye IMpo-
CJIe)KUBAETCS MOCJIEI0BATENLHOCTh COOBITUI BO BPEMEHH M, Y€pe3 3TO, MPUUYUHHO-
CIEACTBEHHAs CBA3b. HO M B MeXaHUKE MOSBISAETCS MPAKTUYECKOE OTKIOHEHUE OT
Ha0II0AaeMO MPUYMHHOCTU (JIETEPMUHU3MA), YTO HNPOWLTIOCTPUPOBAHO HA MpUMeE-
pe OmibspAHbIX mapoB. Kpome Toro, B paMKax MEXaHUKH CYIIECTBYET MOJie TAroTe-
HUS, IPOUCXOXKICHUE KOTOPOrO HESICHO W JUISl TATOTEHUs HET UHOM MOJEIH, 3a HC-
KJIFOUEHUEM MAaTeMaTHYECKOM.

Emie MeHplIy0 HarsiAHOCTh JIEMOHCTPUPYET 3JIEKTPOMAarHutHoe mose. Bo-
MIPOC O TOM, YTO KOJIEOJIETCS B AJIEKTPOMATHUTHBIX KOJIEOAHUSAX OocTaeTcs 0e3 OTBETa:
MIPOCTO MOCTYIUPYETCS KOJEOOMIascs cyOCTaHIUsl KaK CaMOCTOSITENIbHBIA BUJ Ma-
TEpUH.

N mexanuyeckue, U JIEKTPOMArHUTHBIE MTPOIECCHI UMEIOT MECTO B €BKIUIO-
BOM IIPOCTPAHCTBE, B KOTOPOM CBET PACIPOCTPAHSIETCS O NMPSMOM, a CHUJIa BO3AECHCT-
BUsI 00paTHO MPOTMOPIIMOHANIbHA KBaApaTy paccTostHus. Ho BOMM3HM GonbIux Mace u
Ha OYEHb MAJIBIX PACCTOSHUSIX B3aUMOJICHCTBUE TIEpECTaeT ObITh €BKIMOBBIM, a CBET
pactpocTpaHsaThCA TI0 npsiMoit. Y 3akoH 00paTHBIX KBaapaToB TOXKe Hapymaercsa. Ha
ypOBHE aTOMHOTO $jpa UMEIOT MECTO CHUJIbHBIC U Clladble B3auMOJEUCTBUS ¢ OoJee
CUJIBHOM 3aBUCHMOCTBIO OT PACCTOSIHUSI, Y€M ATO HAOJI0/1aeTCs B €BKIUIOBOM IPO-
ctpancTBe; Camornoooue (CKeMIIMHT) MaTepUH 3/1€Ch HAPYIIAETCs B CBA3U C MEPEX0-
JIOM OT KJIACCHYECKHX K KBAaHTOBBIM 3aKOHOMEpHOCTSIM. Hapyiiaercs 11 B MUKpOMHU-
pe (MUpe KBaHTOBBIX SBJICHUI) opMasbHas JOTUKA, KOTOpas BaXkHa ISl O3HAIOLIe-
ro cyobekra? Ha nmepBbIx mopax KakeTcsl, UTO Ja: Hy>KHbl cymMacuieamnue (He noa4u-
HSIOIIMECS JIOTUKE) SIBJICHUS, K BBIIBIXKEHUIO KOTOPbIX Mpu3biBain Hunbe bop Ha 3a-
pe KBAaHTOBOM MexaHUKU. Ho mo Mepe BrICTpamBaHUs CBS3EU C OCTAJILHBIM MUPOM
nmpaBa (opMaIbHOM JIOTUKHA TIOCTETICHHO BOCCTAHABJIMBAIOTCS, YTO JIEJIACT BO3MOXK-
HBIM HUCCIIEJOBAHHE KBAHTOBBIX SIBIICHHII C MOMOIIBIO YelIOBeUeCKOoro paszyma. Ilo-
3HaBa€MOCTh MHpa (PU3UKa COMHEHHUIO HE MOjABepraer. ITo BOoOIIe OJUH U3 (CKPbI-
TBIX) IOCTYJIaTOB HAYYHOT'O UCCJIEIOBAHHUSI.

[IpaBaa, BO3HHKAET BOMPOC, MOKHO JH C MOMOIIBI0 (PU3UKU OOBSCHUTH CaM
pasym. Ha aToT Bompoc (pusnka naet oTpuriatenbHblil otBeT. He 00bsicHseT pusuka u
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¢dbenomeH (oprannyeckoil) xu3zHu. OuU3nKu AymMaioT, 4To 3TO BpeMeHHoe siBieHue. Ho
eclid B OyAylIeM TaKoe NOCTHKEHUE POU30IIET, TO MO3HAIOIINN YEI0BEYECKUH pa-
3yM OKaXkeTcs ciabee M03HAaBaeMOil €CTECTBEHHOM M MCKYCCTBEHHOW MpHUpoabl. 1 'o-
TOBUTCS JIM HayKa K BBIXOJly M3 TOTO MOJIOKEHUA? BeposATHO, 1a, eciau UMETh B BULLY
TEXHUYECKHE HAYKH U B IIEPBYIO OYEpEAb T€, KOTOPBIE 3aHUMAIOTCSI HCKYCCTBEHHBIM
MHTEJUIEKTOM. BO3MOXHOCTH TEXHUYECKOTO MHTEIUIEKTA 10 OTAEIBHBIM ITapaMeTpam
YK€ MPEBOCXOIAT YeJI0BEUYECKUI pa3yM. M 1oka He HaCTYIHII IIPEEI COBEPIICHCTBY
TuX cucteM. CoBpeMEHHasi TEXHUKA — 3TO aBTOMAaTU3UPOBAHHBIE, KOMIIbIOTEPHU3U-
POBaHHBIE CUCTEMBI. DTO HAPCTBO CUCTEMHOTO MOJIX0/1a, KOTOPBII ONMHUPAETCS YKE HE
Ha OJHY HayKy, Kakoi ObI MpOJBUHYTON OHA HU ObuIa. ['yMaHuTapHbBIE HAyKU (SI3bI-
KO3HaHHUE) TOKE UAYT B 1en0. HayuyHoe 3HaHME CHOBA (CIYCTS ThICSAYEIETHS!) CTaHO-
BUTCSl KOMIUIEKCHBIM. BEHIIOM BO3MOXHOTO YK€ HE SIBISIETCA TOJBKO «TOCHOIHSSA
KBaHTOBas MexaHuka» (BeipaxkeHue J. [lIpeaunrepa), XoTs U e€ pe3epBbl €€ HEe 10
KOHIIA UCII0JIb30BAHBI.

Ilo3HaBaresbHBIE TPYAHOCTH HENPEPBIBHO ITOPOKIAOT «AIBTEPHATUBHYIO»
HayKy, NceBIoHayKy. OTaenbHble KONEOMIOMNECsS YUEHbIE CTPEMATCS B JIOHO IEpK-
BU, XOTs OOTr 1js1 yU4€HOro - yallle BCEr0 HEMO3HAHHBIE 3aKOHOMEPHOCTH, (eui€) He
OXBa4YECHHbIE TNPUUYUHHO-CIECACTBEHHOM CBSI3bI0, YTO OOBIYHO HENMpHUEMIIEMO IS
LEpKBU. DTOT mporecc crap kak mup. OgHako oOpalleHHe K Oory He YKpeIuiser
npouecc no3HaHus. Jla U caMo XpUCTHAHCTBO HE MOOUIPSAET YNOTpeOJIeHne UMEHU
I'ocnognero Beye.

CrtpemieHue K nporpeccy, HaJlo AyMath, HEOOPATUMO, HO TPEOYeT MOCTOSHHO-
ro aHaJlu3a MPOUJIEHHOTO MyTH, YTOOBI HE 3aryOUTh MOIIIHOM TEXHUKON CaMy KU3Hb.
ABTOp HaJIeeTcs], 4YTO PAaCCMOTPEHHBIN MaTeprall Ha 3TO U HaIIPABJIEH.

MPUNOXEHUA

1.1. TekcTbl NOo acTpodusnke U KOCMOJSIOrun

B npunoxxenuu gaHpl B aipaBUTHOM MOPSAKE HEKOTOPHIE MOHATUS U TIOSICHE-
HUS K HUM, CBSI3aHHBIC C pa3jiesioM S nocobus (Pusnka meramupa).

M.1.1. HemTpoHHas 3Be3ga™

3Be3/1a, B OCHOBHOM COCTOSIIIasi U3 HEHUTpoHOB. HeHTpoH — 3TO HelTpanbHas cybaToMHas
4acTHLA, OJHA W3 IIABHBIX COCTABIIIOIIMX BEUIECTBA. [ MIIOTE3y O CYHMIECTBOBAHMM HEHWTPOHHBIX
3B€3] BBIABUHYIN acTpoHOMbI B. baane u @. IIBukku cpa3y nocie oTkpbITHs HeliTpoHa B 1932. Ho
MOATBEPAUTD ITY TMIIOTE3Y HAOIIOACHUSIMH Y1aJI0Ch JIUIIb [TOC]I€ OTKPBITHUS MyJIbcapoB B 1967.

HeiirponHsie 3Be3/1bl 00pa3yioTcs B pe3yibTaTe IPaBUTAIIMOHHOIO KOJIIarca HOPMAaJbHBIX
3B€3]] C MacCcaMH B HECKOJBKO pa3 0oJblie colHeYHOH. [IM0THOCT HEUTPOHHOMN 3Be3/bI OJM3Ka K
IUIOTHOCTH aTOMHOTO si/pa, T.€. B 100 MJH. pa3 BbIlIe IUIOTHOCTH 0ObIYHOTO BemecTBa. [loaromy
IIPU CBOEM OTPOMHOM Macce HEUTPOHHAS 3BE3/1a UMEET PAINYC BCEro 0Kojo 10 kM.

*“ JIMTEPATYPA
Haiicon @., Tep Xaap /1. Hetimponnwie 36e30ul u nyavcapwt. M., 1973
Jlunynos B.M. Acmpogusuxa nelimponuwix 36e30. M., 1987
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N3-3a Masioro paguyca HEUTPOHHOM 3BE3/Ibl CHJIA TSHKECTH HA €€ MOBEPXHOCTH YPE3BbIYAM-
HO Besvka: mpuMepHo B 100 miipa. pa3 Beiiie, uem Ha 3emiie. OT KoJuiarnca 3Ty 3Be31ly YACp:KUBAET
«JJaBJIEHUE BBIPOXKJICHUS» IIJIOTHOTO HEUTPOHHOI'O BEILIECTBA, HE 3aBUCSIIEE OT €r0 TEMIIEPATYPBHl.
OpHako ecim Macca HEUTPOHHOM 3BE€3/1bl CTAHET BBILIE IPUMEPHO 2 COJIHEYHBIX, TO CHJIA TSHKECTU
IIPEBBICUT 3TO JIaBJICHUE U 3B€3/1a HE CMOXKET IPOTUBOCTOATH KOJLIAICY.

Y HEWTPOHHBIX 3B€3Jl OYCHb CUJIBHOE MATrHUTHOE II0J€, JOCTUTaKOIIee Ha IOBEPXHOCTU
10*%-10" I'c (anst cpaBHenus: y 3emui okouio 1 I'c). C HeHTpOHHBIMU 3BE37aMH CBSI3BIBAIOT HebeC-
Hbl€ OOBEKTHI JIBYX Pa3HbIX TUIIOB.

Iyabcapsbl (paguonynbeapbl). OTH 00BEKTHI CTPOrO PETYISPHO H3ITY4al0T UMITYJIbCHI pa-
JUOBOJIH. MexaHu3M M3JIy4eHHs 10 KOHIIA HE SICCH, HO CUUTAIOT, YTO BPALLAOIIASCS HEUTPOHHASA
3Be3/]a U3JIy4aeT pajuoilyd B HAIpaBJICHUU, CBI3aHHOM C €€ MarHUTHBIM I10JIEM, OCb CUMMETPUU
KOTOPOTI'0 HE COBIIAJAET C OCHIO BpalleHus 3Be31bl. [103TOMy BpanieHue BeI3bIBaET IOBOPOT PAIHO-
Jy4a, IEpUOINYECKH HAMIPABIISIIOLIET0Cs Ha 3EMITIO.

PentrenoBckue nBoiiHbie. C HEUTPOHHBIMU 3BE31jaMU, BXOASAIIMMHU B IBOWHYIO CUCTEMY C
MAaCCHBHOW HOPMAJIbHOM 3BE3/10M, CBA3aHBI TAKXKE ITYJIbCUPYIOIINE PEHTI€HOBCKHE UCTOYHMKU. B
TaKMX CUCTEMax ra3 ¢ IOBEPXHOCTH HOPMAJIBHOM 3BE3/bl NIaJacT HA HEUTPOHHYIO 3BE3/y, pa3roH -
SCh 10 OrpOMHOI ckopocTH. [Ipu ynape o moBepXHOCTh HEUTPOHHOM 3Be31bI ra3 Beinenser 10-30%
CBOEH SHEPruu IOKOs, TOrAa KaK IIPU SIEPHBIX peaKLUsAX 3TOT IoKa3areip He nocturaet u 1%. Ha-
rperasi 10 BBICOKOM TeMIepaTypbl MOBEPXHOCTb HEUTPOHHOM 3BE€3/bl CTAHOBUTCS HCTOUYHUKOM
PEHTTEHOBCKOTO M3iny4eHus. OqHaKo MajeHue raza He IPOUCXOJUT PAaBHOMEPHO IO BCEH IOBEPX-
HOCTH: CHJIbHOE MarHUTHOE I10JI€ HEUTPOHHOU 3BE3/bl 3aXBaThIBACT NAAAIOIIUN HOHU30BAHHBIN I'a3
Y HaIpaBJIe€T €ro K MarHUTHBIM IIOJIOCaM, KyZa OH U NaJacT, Kak B BOPOHKY. [loaToMy cuiibHO
HarpeBaroTCs TOJIBKO palloHbI MOJIIOCOB, KOTOPbIE Ha Bpalllaloleicsl 3Be3/1€ CTAHOBSTCS UCTOYHU-
KaMH PEHTT€HOBCKHUX UMIIYJIbCOB. PainoMMIybChl OT TAKOW 3BE3/bl YK€ HE MOCTYNAOT, IOCKOJIb-
KY paJuOBOJIHBI OTJIOUIAIOTCS B OKPYIKAIOIIEM €€ ra3e:

Cocras. InoTHOCTE HEUTPOHHOMH 3Be3/1bI pacTeT ¢ rayouHoil. Ilog cinoem aTmMocdeps! ToI-
IIMHON BCEr0 HECKOJIBbKO CAaHTUMETPOB HAXOJUTCS KUAKAs METajulnyeckas 000JI0uKa TOJIIMHON
HECKOJIBKO METPOB, @ HI)KE — TBEpAAsi KOpa KHIIOMETPOBOM TOJIIMHEIL. BemecTBo Kopsl HallOMUHa-
€T OOBIYHBIM METasll, HO TOpa3/io IUIOTHee. B Hapy)XHOH 4acTu KOpBI 3TO B OCHOBHOM XEJIE30; C
IITyOMHON B €ro COCTaBe yBEJIMYMBAETCs /10J11 HEHTpOHOB. Tam, rae mioTHOCTh TOCTUTAET OKOJIO
4*10™ r/cM®, oS HEATPOHOB YBETHUUBACTCS HACTONBKO, YTO HEKOTOPBIE M3 HHX YXKE HE BXOJIT B
COCTaB siziep, a 00pa3yroT CIUIOIIHYIO cpeny. TaM BeIIecTBO MOXO0XKEe Ha «MOpe» U3 HEUTPOHOB U
AJIEKTPOHOB, B KOTOPOE€ BKPAIFICHBI s/Ipa aTOMOB. A MpPU TJIOTHOCTHU OKOJIO 2%10* r/em (TutoT-
HOCTh aTOMHOTO si/ipa) BOOOIIE MCYE3al0T OTAEIbHBIE SApa M OCTACTCs CIUIOUIHAs HEUTpOHHas
(OKUJKOCTH» C MPUMECHIO IPOTOHOB M 3JIEKTPOHOB. BeposTHO, HEUTPOHBI U MPOTOHBI BEIYT ceOs
IIPU 3TOM KaK CBEpPXTEKy4asl )KUJKOCTb, MOJO0HAs KHUIAKOMY T'€JIMI0 U CBEPXIPOBOASIIIM METa-
JlaM B 3€MHBIX JIa0DOpaTOpHSIX.

IIpu emie Gosee BBHICOKMX IUIOTHOCTSAX B HEHTPOHHOH 3Be3ne oOpasyioTcs Hamboliee He-
oObIuHbIe POpMBI BelecTBa. MOXKeT ObITh, HEHTPOHBI U MTPOTOHBI paclaaloTcs Ha erle 0oiee Mel-
KM€ YaCTUUBI — KBAPKU; BOZMOXKHO TaKXK€, YTO POKJIAETCS MHOTO IH-ME30HOB, KOTOpbIE 00pa3yroT
TaK Ha3bIBA€MbII TMOHHBIN KOHJICHCAT.

N.1.2. HoBas 3Be3pga®

[Tepemennas 3Be31a, JIEMOHCTPUPYIOINIAs BCIBIIIKY UM OYeHb OBICTpOE ycuiieHue OJecka,
3a KOTOPBIM CJIEAYET €r0 MEIJIEHHOE OCiablieHHe BIUIOTh JI0 MOJHOTO yracanus. HoBwlie 3Be3fbI
OTHOCSITCS K OOJIBIIIOMY KJIACCY 3B€3J1, Ha3bIBAEMBIX KaTaKIN3MHUYECKUMU NIEPEMEHHBIMHU. J[peBHIE
ACTPOHOMBI HCITOJIb30BAIM TEPMHUH «HOBBIE» ISl 0003HAYCHHUSI HEOECHBIX O0OBEKTOB, KOTOPHIEC JI0
BCIIBIIIKY HE ObUTM BUTHBI HEBOOPYKEHHBIM TTIa30M. Bce BCIBIXHYBIIHE 3BE3/IbI, KAK «HOBBIEY, TaK

* JIMTEPATYPA
Top6ankuii B.I'. Hosonooobwvie u Hoswvie 36e30b1. M., 1974
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U «CBEPXHOBBIC», OHU Ha3bIBaJM «HOBBIMHU 3Be3laMu» (nova stella — mat.). Bo Bpemst BCHbIIKU
CBEPXHOBOM BCSl TEPMOSIIEPHAsI YHEPTHS 3BE3/[bl BHE3AITHO BHICBOOOXKIAETCs. 3Be3/a, UCIbITaBIIAs
B3pBIB KaK CBEPXHOBAs, IIOJIHOCTBIO MEHSETCA: OT HEee ocTaeTcs 100 uepHas AbIpa, JIM00 HEHTPOH-
Hasi 3Be3Ja, 1100 BooOiie Huuero. B mocneanem ciiydae 3Be3zia OykBalbHO pasiieTaeTcs U MpeKpa-
IIa€T CYLIECTBOBAHUE.

Benbimka. Benbiika HOBOM — 01HO U3 Hauboliee ApaMaTHUeCKUX COOBITHI B aCTPOHOMUHU.
Hogas, BcpixayBmast B 1975 B co3Be3nuu Jlebens, mouru nocruria spkoctu Jeneba (spuaiiineit
3Be3bl B Jlebene) u coxpaHsiia TaKyl0 SpKOCTh OKOJIO TpeX CYTOK. XOoTs 0yieck OONBIIMHCTBA HO-
BBIX YCWJIMBAETCSl PUMEPHO B MUJUIMOH pa3, OJIeCK 3TOro HEoOBIYHOTO 00bekTa ycuimics B 100
MJIH. pa3. HoBble JOCTUTalOT MakCUMaJIBHOTO 0Jiecka 3a HECKOJIBKO YacOB M HaXOJSITCS B CTaJHU
MaKCUMyMa pa3inyHoe BpeMs. «BhICTpbIe» HOBbIE COXPAHSAIOT MAKCHUMAIBHBIN OJIECK OT HECKOJIb-
KHX 4acoB 70 1-2 cyTok, a 3aTeM ObIcTpo ociabeBaroT. «MeasieHHbIe» HOBbIE HE TaK OBICTPO YCH-
JMBAIOT CBOM OJIECK, JOJIbIIE HAXOIATCA B MAaKCUMYME M ropas3fo MeJUleHHee racHyT. Hampuwmep,
Hogas I'epkyneca 1934 naxoauiace B MakcuMyMe OJieCKa MOYTH TPU MecsIa, 3aTeM OBICTPO oclia-
Oena B TEUEHHE MeECsIa, TOCIIe YeT0 HEMHOTO YCHIIMIIA CBOM OJIECK M MPOJOJDKIIIA MEIJICHHOE OC-
nabneHue B TeUeHHE HECKOJbKUX JieT. Jlpyras oueHb MeJUIeHHas HOBas BCbIxHyna B [lenbdune B
1967 u Haxomauiack B CTaIMM MaKCUMAaJIBHOTO OJiecka modtu roj. beicTpoe ocnabieHue u mocie-
nyrouee HeOonpioe ycunenue 0iecka Hosoit I'epkyneca 1934 u npyrux moJoOHBIX HOBBIX TOBO-
puT 00 00pa30BaHMUU MaJBIX TBEPABIX YaCTHUYEK B BEIIECTBE, BEIOPOIIEHHOM 3BE3/I01 MPH B3PHIBE.
OTU YaCTHYKH KOHJICHCUPYIOTCS B MHUKPOCKOIHUYECKUE YIIIEPOJHBIC 3€PHBIIIKH, MOTIONIAIOIINE
CBET.

DBOJIOIMS CIIEKTPa HOBOM 3BE3/IbI BO BPEMS BCIIBIIIKYU CIIOXKHA U UHTepecHa CIEeKTphbI, Mo-
Jy4YeHHbIE B NIEPUOJ YCHIIEHUs 0JieCcKa, OKAa3bIBAIOT, YTO PACILIUPSIOLIMECS CJIOU ra3a COXPaHSIOT
BbICOKYIO Temnepatypy (40 000-50 000 K). B MmoMeHT AOCTH)XEeHHUS MakcUMyMa Oyiecka Temrepa-
Typa rasa najgaet 10 10 000 K, a cniekTp jauiib HEMHOTO OTJIMYAETCSl OT CIEKTPOB OOBIUHBIX 3BE3/.
VY OBICTPBIX HOBBIX JIMHUU TOTJIOMICHUS YIIEpO/aa, a30Ta U KHCIOpPOJAa JOBOJIBHO CHIIbHBIE M BHa-
qajie CMEUIeHbl TOJIbKO B KOPOTKOBOJIHOBYIO 00J1acTh. M3 3TOTO Cienyer, uTo Hab01aeMoe Bellle-
CTBO JBM)KETCSI B HAIIPABJICHUU 3€MJIU CO CKOPOCTHIO HECKOJIBKO COTEH M ThICSY KUJIOMETPOB B Ce-
kyHay. Cpa3y mociie MakcuMyma OJiecka paciupstonieecs 00JIako ra3a CTAHOBUTCS TTPO3PAYHBIM,
MIO3BOJISISt aCTPOHOMAaM BUETh HE TOJBKO MPUOIMKAIOIINECs, HO U yJAJISIONIUECs ero 4YacTu: oba-
KO pacIIupsieTcsi BO BCE CTOPOHBI OT LEHTPAIBHOTO 00bEKTa. B CrieKTpe MOSBIAIOTCS MIMPOKUE U
SpKUE€ SMHCCUOHHBIE JIMHUM BOZOPOAA M JIPYTUX AJIEMEHTOB. AHAJIU3 CHEKTPOB MOKA3bIBAET, YTO
npumepHo 0,001% wmaccer 3Be31s1 (uto coctasiser or 10 o 100 macc 3emun) BbIOpackiBaeTcs B
MPOCTPAHCTBO M YTO COCTAB BEIECTBA CHIIBHO OTJIMYAETCS OT TOT0, KOTOPBIN HAOII0AAETCsl B aTMO-
cpepe Connua. [1o OTHOLMIEHUIO K COAEPKAHUIO BOAOPOJA OTMEUAETCSl OYEHb MHOTO Tefus, a TaK-
&Ke yriaepoja, a3ora, KUcIopojga M MHorga HeoHa. CyllecTBYeT KOPPEJSALHs MEXAYy CKOPOCThIO
BCIIBIIIKA U CTENICHBIO M30BITKA ATHX 3JIEMEHTOB: OBICTPBIE HOBBIE BEIOPACHIBAIOT OOJBIIE YIIIEPO-
7a, a30Ta U KUCJI0POJa, YeM MeJUIeHHbIe. Uepe3 HeCKOJIBKO JIET Ha MECTe BCIIBIIIKA HOBOM MOYHO
HaOMroAaTh pacmmpsonieecs: oosako. [lomHas sHeprust TakoW BCHBIIIKH (T.€. SHEPTHS W3ITyICHUS
TUTIOC KMHETUYECKasi SHEPTUsl BHIOPOIIEHHONW 000JI0UKK), paBHA SHEPTHH TEPMOSIEPHOTO CHHTE3a
reusl U3 BOJOPOJia ¢ MacCoid, paBHOM Macce 3eMJIH.

Cucremsbl HOBbIX. HaOmroeHus mpu momMouy O0NbIINX TEIEeCKONOB MMOKa3alH, YTO KaTak-
TU3MHUYECKHE TIEPEMEHHBIE COCTOSIT U3 IBYX 3BE3/ — INIABHOW 3BE3/bI M CITyTHHUKA, OOPAIAOIINXCS
BOKpPYT OOIIEro LIEHTpa Macc Moj AeHCTBHEM B3aMMHOTO MPUTKEHHUS. OOBIYHO CITyTHUKOM CITY-
XKUT 3Be3/1a pazMepoM ¢ Comuiue. ['maBHOM 3Be3/101 sABIseTCS MaJleHbKUM M ropsyuil Oenblil Kap-
JIMK: €ro Macca OJM3Ka K COJTHEUHOM, a paJinyCc MPUMEPHO PaBEH 3€MHOMY. DTO O3HA4YaeT, YTO €ro
TUIOTHOCTh OY€Hb BEJIHKA — B HECKOJIbKO MIJUTHOHOB Pa3 BBIIIE IJIOTHOCTH BOJBI (HAIIEPCTOK TaKO-
IO BEIeCTBa BECUT OoJiee TOHHBI). bernble Kapiuku SBISIOTCS MOCIeAHEN cTaueil 3BOIOINHN 3Be3]T
tuma Connia. Hamruue Genoro kapivka B TBOWHOM CHUCTEME yKas3bIBaeT Ha €€ OOJBIION BO3pacT
(0AMH M3 KOMIIOHEHTOB CHUCTEMbI UMEJ JOCTATOYHO BPEMEHHM, YTOOBI JONTH 1O KOHIIA CBOEH 3BO-
JIFOTIHH ).
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Opomronus 38e37 Tuia CoHIla HAYMHAETCS ¢ MEJUIEHHOTO IIPEBPALeHHs BOJOPOa B TeIuil
B sape 3Be3nbl. [Ipumepno yepe3 10 mupa. ner, korga SapoO CTaHOBUTCS MOJHOCTHIO T€ITUEBBIM,
BHEUIHHUE CJIOM 3BE3/Ibl PACHUIMPSAIOTCS, U OHA IpeBpalaercsd B KpacHblid rurant (CosHile Ha 3Toi
CTaJIMU SBOJIOIMH YBETUYHUTCS TaK, YTO BBIIJET 3a mpeenbl opouTsl 3emin). B xone nanbHeiimeit
9BOJIIOLIMU TEJIUM IpPEeBpaIlaeTcs B yriepoj, KUCIOpO U, BO3MOXKHO, HEOH. SIApo 3Be3bl CTaHO-
BUTCS BCce OoJiee MIIOTHBIM, a BHEIIHUE CJIOU PACHIUPSIOTCS Bce OOJIbIIIe, IOKA HE PacceloTes B Mpo-
CTpaHCTBE. B 3TOT MOMEHT BOKPYT 3Be3/1bI 00pa3yeTcst ra3oBas 000JI0UKa, PACHIUPSIONIASACS B MIPO-
CTPaHCTBO U Ha3blBaeMasl «IJIaHETApPHON TyYMaHHOCTBIO». B sape 3Be3zbl, cTaBiieM OelbIM Kapiiu-
KOM, TEPMOSIIEPHBIE PEAKIIMH OO0JIbIIE HE TPOUCXOAT.

[Tono6HbBIN X0/ ABOMOLMU JTOJKHA ObUTa Obl MPOMTH U TJaBHAs 3Be37a B CUCTEME KaTak-
JTU3MHAYECKON TiepeMenHoi. Ho, mockonbky oHa oOpaiaeTcss BOKPYT IpYrol 3BE3JIbl, €€ pa3Mep He
MOJKET MPEBBICUTH PACCTOSHUS A0 3Be3bl-CyTHUKA. Korma BHeUIHUE ciiou I1aBHOM 3Be3[bl pac-
LIUPSAIOTCS, CIIYTHUK MONAJAeT B HUX, TOPMO3UTCS, U JIBE 3BE3/bl HAUMHAIOT MEIJIEHHO 110 CIHPaIH
commxarbes. DTO MPOJOIHKAETCS IO TEX MOp, MOKa TIaBHAas 3Be3/ja He cOPOCUT 000JI0UKY U HE CTa-
HeT OenbIM KapjiuKoM. ACTPOHOMAaM yJanoch OOHApYXUTh KOPOTKONEPUOANYECKHE 3aTMEHHBIE
JIBOMHBIE 3BE3/Ibl, OKPYKEHHbIE TAKUMHU PACIIUPSIIOMIUMHUCI 00JIaKaMU Tasa.

B xoHI1e 3TOM CTanuu 3BOJIIOLUY CIIYTHUK €lIe HE U3MEHSETCs, a IJlaBHasl 3Be37a, cOpocuB
000II04Ky, MEeIJICHHO OcThiBaeT. OHAa COCTOUT U3 YIJIEPOTHO-KUCIOPOIHOIO SApa, OKPYKEHHOTO
TOHKUM cjioeM renus. [Ipogomkast 3BOIOLIMOHUPOBATh, CIYTHUK B KOHIIE KOHIIOB TOKE JIOCTUTAeT
cTaauu pacmupeHus. Ero BHENTHUE CIOM paciyXaroT O TaKOW CTEIeHU, yTo Oesblid KapJIuK Hauu-
HaeT CAMPATh CO CIyTHUKA 000JOUYKY M MPUTATUBATH ee K cebe. Ocenaromuii Ha ero MOBEPXHOCTh
ra3 o0pasyer Bce Oosiee TOJICTHIM CI0W, OCHOBaHHE KOTOPOIO CXHUMAETCS U HarpeBaeTcs, MoKa He
JOCTUTHET TEMIEpaTypbl TepMOsIepHOro Bozropanus. [lockosbKy najaaroliee co CllyTHUKa Bellle-
CTBO B OCHOBHOM COJIEP>KUT BOJIOPO/1, 000JI04Ka O€I0ro KapJiuKa CTaHOBUTCS TOTOBA K B3PHIBY.

IIpuunna Benbimku. [locine MHOTHX JIET aKKPELUMU HUKHSS 4acTh BOJOPOJHOIO CJI0s CTa-
HOBUTCS HE TOJIBKO rOpsAYei U IUNIOTHOU, HO U «BBIPOXKJIEHHOW»; ATOT TEPMHUH 03HAYaeT, YTO aTOMBI
U 3JIEKTPOHBI B ra3e Tak CXKaTbl, YTO BEAYyT ceOs Kak B Meraie. Takoil ra3 mpu HarpeBaHUU HE
pacumpsiercs. Korja HauMHaIoTCs TepMOsJIepHble peakluy, ra3 ObICTPO HarpeBaeTcs, U CKOPOCTb
peaxkuuii 0T TOro BO3pacTaeT — MPOUCXOIUT B3PHIB.

CKOpOCTbh M MOIIIHOCTH B3pbIBa 3aBUCAT OT XMMHYECKOro cocTtaBa obosiouku. Eciu B Helt
peo0d1aatoT BOAOPO U IeJIUi, TO B3pBIB IPOUCXOAUT MeanaeHHo. Ho eciu B 000s10uke MHOTO yT-
JEpOAA M KHUCIOpOJa, TO PEAKIUSA CUHTE3a C Y4aCTHEM BOJOPOJA, YIIEpoJa, a30Ta M KUCIOpoaa
UJeT ObICTpee: yriepos UrpaeT B Hell posib KaTanuzatopa. Yem Oosiblie yriepojia, TeM UHTEHCHB-
HEE U MOILHEE B3pbIB. JTO TEOPETHUUECKOE NPEICKa3aHue, cenanHoe B Havaie 1970-x ronos, noa-
TBEPJMIIOCH HAOIOACHUSIMU XUMHUECKOTO COCTaBa 000JI0UEK, COPOIIEHHBIX MEIJIEHHBIMU U OBICT-
PBIMH HOBBIMH 3BE€3/1aMHU.

Kapuaukossie HoBbIe. [Ipy BCIIBIIKE KapIMKOBOW HOBOM €€ CBETUMOCTH 3a HECKOJIBKO Ya-
coB BozpacTtaer rnpumMepHo B 100 pa3 u coxpaHsAeTCsl B 3TOM COCTOSIHMM HECKOJIBKO CyTOK. IIpuun-
HOM TakoW OTHOCUTENHHO cJIab0M BCHBIIIKM CUMTAETCS HE TEPMOSACPHBIM B3PHIB, a HEPEryisip-
HOCTh aKKpellMu BeleCTBa HOPMaJbHOW 3Be3]Ibl Ha Oelblii Kapauk. Bo3MokHO, 3Be3/1a TepsieT Be-
IIECTBO.[TOPLHAMHU, a MOXKET ObITh, I'a3 HAKATUIUBAETCS B aKKPEIIMOHHOM JIMCKE, a 3aTeM MOPLUIMU
MoTajlaeT Ha MOBEPXHOCTh Oenoro kapiauka. M3ydeHue Takux BCHBIIIEK MO3BOJISIET MOHATH AETaIN
rpolecca aKKpeIy BellecTBa.

N.1.3. Nynebcap™®

AcTpoHOMHYECKUN OOBEKT, WCIYCKAIOMIMM MOIIHBIE, CTPOTO MEPUOIUYECKHE HMITYIIbChI
NIEKTPOMAarHUTHOTO M3Jy4EHHUsS B OCHOBHOM B pajuouana3zoHe. JHEPrus, U3jlydaeMasi B UMITyJIb-
cax, COCTaBJIACT JINIIb MATYIO JOJI0 €ro MOJHOW 3Hepruu. 11ouTn Bce u3BeCTHBIE MyIbCaphbl HAXO-

*® TUTEPATYPA
Haiicon @., Tep Xaap /1. Hetimponnwie 36e30ul u nyavcapwt. M., 1973
Cwmur @. I'. Ilynvcapur. M., 1979
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JiTcs B Hawed ['amakTuke. Y KaxkI0ro IyJibcapa CBOM MEPUOJ MYJIbCALUN; OHU JIEKAT B IUAIa30HE
oT 640 UMIyIBCOB B CEKYH]ly IO OJIHOTO MMITyJibca Kaxabie 5 ¢. Ilepuonabl GonbIIMHCTBA MybCa-
poB coctaBistoT oT 0,5 10 1 ¢. ToyHble U3MEPEHUs MOKA3bIBAIOT, YTO OOBIYHO MEPUOJ MEXTY M-
MyJbCaMU BO3pacTaeT Ha OJHY MUJUIMAPAHYIO JOJII0 CEKYHAbl B CYTKH; KaK pa3 3TOr0 CleqyeT
OKUJATh IPU 3aMEAJICHUH BPALLECHUS 3B€3/1bl, TEPSIIOIIEH SHEPTUIO B IPOLIECCE U3ITYUEHHUS.

OTtkphITHE TTYJIECAPOB B 1967 OBLIO OOJBIITON HEOKUTAHHOCTBIO, TOCKOJIBKY TAaKHE SIBJICHUS
HE MPEeJCKa3bIBAINCh paHee. Beckope crano siCHO, YTO 3TO SBJIEHHUE CBS3aHO JMOO C pajnaibHbIMU
MyJIbCcalusiMu, JIN0o ¢ BpamieHueM 3Be37l. Ho Hu oObIuHbIC 3BE3/1b1, HU Jaxke Oelble KapJIuKy HE MO-
I'yT €CTECTBEHHBIM 00pa30M IyJIbCUPOBATh C TaKOM BbICOKOM yacToToi. He MOryT oHM M Bpamars-
csl Tak OBICTPO — IEHTPOOEKHAs CHIIa PA30PBET UX. DTO MOXKET ObITh TOJBKO OUYEHB INIOTHOE TEJI0,
cocrosiiee u3 BeuecTsa, npeackaszannoro JI/. Jlangay u P. Onnenreiimepom B 1939. B s3ToM Be-
IIeCTBE Spa aTOMOB BIUIOTHYIO MPHKAThI APYT K Apyry. CkaTh BEIIECTBO /10 TAaKOM CTEHEHU MO-
KET TOJIbKO TUTAaHTCKasl CUja TSKECTH, KOTOPOH 00JaJaroT JUIIb OY€Hb MACCUBHBIC TEIA, TaKHE,
Kak 3Be3[bl. [Ipu OrpoMHON MIOTHOCTH SIZICPHBIE PEAKIMHU MPEBPAIIatOT OOJNBIIMHCTBO YACTHI] B
HEUTPOHBIL, IO3TOMY TaKHUE TeJla Ha3bIBalOT HEUTPOHHBIMU 3BE3/1aMHU.

OObrunble 3Be31bl, Takue, Kak CoONHIIE, COCTOAT M3 ra3a co CpelHel TIOTHOCTHIO YYTh
0oJbIIIe, YeM Y BOJBI. benblii KapiiuK ¢ Takoi ke Maccoi, Ho nuaMerpoM okoio 10 000 kM umeeT B
LEHTPE IUIOTHOCTH 0K0JI0 40 T/cM°. Y HEHTPOHHOM 3BE3/IbI Macca TOKE GIM3KA K CONHEYHOM, HO ee
nuameTp Bcero okoisio 30 KM U MIOTHOCTH 0K010 200 MIIH. 1/cm®. Ecym Gbl 10 TaKoil IUIOTHOCTH
CKaTh 3eMITI0, TO ee uaMeTp cocTaBui Obl 0kosio 300 M; MpH Takoi MIIOTHOCTH BCE YEIOBEYECTBO
ymecTuiioch Obl B Hamepctke. [lo-BuaumoMy, HEWTpOHHas 3Be3[a MOXKET 00pa3oBaThCsl U3 IICH-
TPaJIbHOM 4YacTH MAacCHBHOM 3B€3/Ibl B MOMEHT €€ B3pbIBa KaK CBepXHOBOH. [Ipu Takom B3pbIBE
000JI0YKa MaCCUBHOM 3BE3]IbI COPACHIBACTCS, @ PO CKUMACTCS B HEUTPOHHYIO 3BE31TY.

Haubonee neranbHo uccnenoBan mouiHblid mynscap PSR 0531 + 21, pacnonoxeHHbIN B
KpaGoBuanoit TymanHoctu. Dta HeWTpoHHas 3Be3na aenaeT 30 00OpOTOB B CEKyHAY U €€ Bpa-
LIAIOIIEECs MarHUTHOE T10JI€ C MHIYKIUEN 10" I'c «paboTaeT» Kak TMTaHTCKUI YCKOPHUTENb 3apsi-
YKEHHBIX YaCTHI], COOOIIasi UM SHEPTHIO JI0 10% 5B, uro B 100 MiH. pa3 Oosblie, 4eM B caMOM
MOIIHOM yckopuTele Ha 3emie. [loiaHast MouHOCTh u3inydeHus 3toro nynuscapa B 100 000 pa3 BbI-
e, yeM y Connua. Menee 0,01% 3Toli MOIIHOCTH IPUXOJIUTCS HA PaJUOUMITYJIbChI, OKOJI0 1% u3-
Jy4aercsl B BUJIe ONTUYECKHX UMIYIbCOB U 0K0s0 10% — B Bue peHTreHOBCKOro u3inydeHus. Oc-
TaBIIASICSl MOIIIHOCTb, BEPOSITHO, IPUXOINUTCS Ha HU3KOYACTOTHOE PaJOU3IIyd€HUE U BHICOKOIHEP-
TMYHBIE 3JIEMEHTAPHBIE YaCTULBl ~ KOCMUYECKHE JTYUH.

JUIMTEeNbHOCTh paJMoOUMITYJIbCa Y TUIUYHOIO IyJbcapa cocTaBisieT Bcero 3% uHTepBaia
BPEMEHM MEXIy HMITyJlbcaMu. [locnenoBaTenbHO MPUXOASIIME MMITYJIBCHl CHIIBHO OTJIIMYAIOTCS
JPYT OT JApyTa, HO cpeausis (00o0meHHas) popma UMITyIbCa Y KaKI0TO MyJIbcapa CBOSI U COXpaHsi-
eTcs B TeueHHe MHOTHUX JieT. AHanu3 (OopMbl UMITYJIbCOB MOKa3ajl MHOTO MHTEpecHOro. OOBIYHO
KKl UMITYJIBC COCTOUT U3 HECKOJIBKHUX CYOUMITYJIbCOB, KOTOpbIE «Ipei(yIOT» BIOIb CPEIHETO
npodmiis UMMylnbca. Y HEKOTOPBIX MyNbcapoB ¢opMma cpeaHero mpopuis MOKET BHE3AalHO Me-
HATBHCSA, IEPEXO0/I OT OJHONW YCTONYMBOM (POPMBI K IPYroi; Kak/1as U3 HUX COXpaHsIeTCs B TeUEHUE
MHOTHX COTEH HMMITYJIbCOB. MIHOr/1a MOIHOCTH MMITYJICOB MaJaeT, a 3aTEM BOCCTAHABIMBACTCS.
Takoe «3aMupaHe» MOKET AJTUTHCS OT HECKOJIBKHUX CEKYH/]I 10 HECKOJIBKUX CYTOK.

Hpu nmoapoOHOM aHanM3e y CyOMMITYJIbCOB OOHApPYKUBAETCsS TOHKAs CTPYKTYpa: KaKJbIi
UMITYIIBC COCTOUT U3 COTEH MUKPOUMIYIbCOB. O0IacTh U3IYy4eHHsI TAKOTO MUKPOUMITYJIbCa Ha MO-
BEPXHOCTH Iyabcapa umeer pasmep meHee 300 M. [Ipu 3TOM MOIIHOCTH M3JIydyeHUs CpaBHHUMA C
COJIHEYHOM.

Mexanu3Mm JelicTBus nyJabcapa. [Toka cymiecTByer JuIib NpuOIKeHHas KapTUHA AeHCT-
BUA MyJbcapa. Ero oCHOBOW CIy>KUT Bpaliaromiasicss HeHTpoHHas 3Be37ja ¢ MOIIHBIM MarHUTHBIM
noJsieM. Bpamaromeecss MarHuTHOE I10JI€ 3aXBaThIBAET BBUICTAIOLIUE C MIOBEPXHOCTH 3BE3/bl A1Ep-
HbI€ YaCTULIBI U YCKOPSET UX J0 OYEHb BBICOKHUX SHEPTUH. DTH YACTHUIIBI UCIYCKAIOT AJIEKTpoMar-
HUTHbIC KBaHTHI B HAIIPABJIIEHUH CBOETO JBMKECHHUA, (POPMHUPYS BpAIlAOLIHECs MyYKH U3ITydeHHS.
Korna nmy4ok oka3blBaeTcsi HaNpaBICHHBIM Ha 3€MJII0O, Mbl IPUHUMAEM HUMITYJIbC M3aydeHus. He
COBCEM $SICHO, TI0YEMY 3TU MMITYJIbCHl UMEIOT CTOJb YETKYIO CTPYKTYPY; BO3MOXHO, JIHIIL HEOOIb-
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mMe 00JIACTH MOBEPXHOCTH HEHTPOHHOM 3Be3/1bl BEIOPACKIBAIOT YACTHUIIBI B MAarHUTHOE 1ose. Yac-
TULBI MAaKCUMAaJIbHO BBICOKON PHEPTUU HE MOTYT OBITH YCKOPEHBI MO OTJECIBHOCTH; [10-BUIUMOMY,
OHH 00pa3yloT IyUKH, COJepKaIie, BO3MOxHO, 10'? 4acTHI, KOTOPBIE YCKOPSIOTCS KK SXHHAS
4acTULIA. JTO IOMOTaeT MOHATh U PE3KUE TPaHUIbl UMIYJIbCOB, Kbl U3 KOTOPBIX, BEPOSTHO,
CBSI3aH C OTJEJIbHBIM IIyYKOM YacTHL.

OTtkpbiTHe. [lepBblli Tynabcap OTKpbUIH ciaydaiiHO B 1967 actponombl KemOpumKckoro
yHuBepcutera [x. bemn u 3. Xproum. McnbIThiBasi HOBBIM paJiMOTENIECKOI € anmnapaTypou ajs pe-
TUCTpAlUi OBICTPONEPEMEHHOTO KOCMUYECKOTO0 U3Ty4YEHHs, OHU HEOXHJaHHO OOHApYXKHIIU Iie-
IIOYKH MMITYJICOB, IPUXOIALIMX C YETKOW NEepUOAMYHOCTHbIO. IlepBbIil mynbcap UMeEN MEpPUOL
1,3373 ¢ u gurenbHOCTh uMItysbea 0,037 ¢. Yuenbsie HazBanu ero CP 1919, yto 3HaUuT «KeM-
Oopumkckuil mynbscapy (Cambridge Pulsar), umeromuii nmpsimoe Bocxoxxaenue 19 1 19 mun. K 1997
YCUIIMSAMU BCEX PagUOaCTPOHOMOB MuUpa Obuio OTKphITO Gonee 700 mynbcapoB. MccnenoBanue
IIyJIbCApPOB MPOBOJUTCS C IOMOILBIO KPYIHENUIINX TEJIECKONOB, MOCKOIbKY JUISl PETUCTPALIUU KO-
POTKHX UMITYJILCOB HEOOXOAMMA BBICOKAsI YyBCTBUTEIHLHOCTb.

Crpoenne myiancapa. HeilTpoHHbIE 3B€3/1bI UMEIOT KUAKOE SAPO U TBEPAYIO KOPY TOJILIU-
HOM ok. 1 kM. [ToaToMy MO CcTpyKType mynbcapbl O0JbIlIe HAITOMUHAIOT TUIAHETHI, YeM 3BE3/1bl. bbI-
CTpO€ BpallleHUE MPUBOJUT K HEKOTOPOU CILTIOCHYTOCTH IyJbcapa. M3inydeHrne yHOCUT SHEPIrHio U
MOMEHT MMITYJIbCa, YTO BBI3bIBAET TOPMOKE€HHE BpauieHus. OnHAaKO TBepJas KOpa HE MO3BOJISET
yJbCcapy MOCTENEHHO CTAaHOBUTHCA ceprueckum. 1o Mepe 3amenieHnst BpalieHusl B KOpe Hakar-
JTUBAIOTCS HANPSDKEHUSI U HAKOHEIl OHA JIOMAeTCs: 3Be3/]a CKauKOOOpa3HO CTAaHOBUTCA 4yTh OoJee
chepruuecKkoil, ee IKBaTOpUaAIbHBIA paguyc ymMeHbimaercs (Bcero Ha 0,01 MM), a CKOpPOCTh Bpalle-
HUs (B pe3ysbTaTe COXpaHEHHs] MOMEHTAa) HEMHOTO BO3pacTaeT. 3aTeM BHOBb CIIEAyeT MOCTEIIEHHOE
3aMeJUICHUE BPALLEHUS U HOBOE «3BE3J0TPSICEHUE», IPUBOJISAIICE K CKAUKy CKOPOCTH BpAIllCHHUS.
Tak, uzy4ass U3MeHEHUsI MEPUOJIOB MYyJIbCAPOB, YAACTCS MHOIO€ Y3HATh O (pU3HKE TBEPAOH KOPBI
HEHUTPOHHBIX 3Be3]]. B Hell MpoucXoasT TEKTOHUYECKHE [TPOLECCHl, KaK B KOPE IUIaHET, U, BO3MOXK-
HO, 00pa3yIOTCsl CBOM MUKPOCKOITMUECKUE TOPBI.

JABoiinbie myabscapsl. [Tynscap PSR 1913+16 ctan nepBbiM, 0OHapyX€HHBIM B JIBOIHOMN
cucreme. Ero opbura CUIBHO BBITSIHYTa, IO9TOMY OH OY€Hb OJIM3KO MOAXOJHUT K CBOEMY COCEnY,
KOTOPBIA MOXET OBITh TOJIHKO KOMITAKTHBIM OOBEKTOM — O€JIbIM KapJIMKOM, HEHTPOHHOMW 3BE310M
WINA 4epHOH JIbIpoi. Bricokast cTaOMIBHOCTh UMITYJIBCOB ITyJIbCapa MO3BOJISET MO JOIIEPOBCKOMY
CMEILIEHUIO YacTOThl MX IMpUXOJa OYEHb TOYHO M3ydaTh €ro opoOuTanbHoe ABMKeHue. [loaromy
JBOWHON mysbcap ObLI MCIOJIB30BAaH JUIsl MPOBEPKU BBIBOJOB OOIEH TEOPUU OTHOCUTEIIBHOCTH,
COIJIACHO KOTOpOH OoJibliasi 0ch €ro OpOMUTHI JIOJIKHA MMOBOPAYMBATHCS B oI MpUMEpPHO Ha 4[1;
MMEHHO 3TO U Ha0I01aeTcs.

N3BecTHO HECKOJIBKO JIECATKOB JBOMHBIX MynbcapoB. OTKpbITEIA B 1988 mynbcap B ABOM-
HOM cucteMe coBepmaet 622 obopora B cekyHay. Ero cocen ¢ maccoii Bcero 2% conHe4Hoil, Bepo-
ATHO, OB KOTZa-To HOpMasibHOM 3Be3foi. Ho mynbcap 3acTaBuil ero «IoxyAeTb», 4acTb Macchl
NepeTsiHyB Ha ce0sl, a yacThb — MCIAapUB U «CIyB» B KOCMHUYecKoe MpocTpaHcTBO. CKOpo mysbcap
OKOHYATEJIbHO YHHUUTOXKHUT COCEla U OCTAHETCsl B OJIMHOYECTBE. BuaANMO, 3TUM MOXKHO OOBSICHUTH
TOT (haKT, YTO MOJAABIIAIONIEE YUCIO MyJIbCAPOB — OJMHOYKHU, TOTJa KaK HE MEHee MOJOBHUHBI HOP-
MaJIbHBIX 3BE€3]1 BXOJIUT B IBOITHBIE U 00JI€€ CI0KHBIE CUCTEMBI.

Paccrosinme 10 myabscapos. IIpoxoas ot mynbcapa 10 3eMiH, paAHuOBOJIHBI IPEOAO0IEBAIOT
MEXK3BE3/IHYI0 Cpelly; B3aUMOJIEHCTBYsI B HEl cO CBOOOJHBIMH 3JIEKTPOHAMH, OHU 3aMEJUISIOTCS —
yeM Oouiblile JUIMHA BOJIHBL, TEM CHJIbHEE 3aMeasieHne. M3MepHB 3a/lepKKy JJTMHHOBOJIHOBOTO M-
MyJIbCa OTHOCUTEIBHO KOPOTKOBOJHOBOTO (KOTOpasi JOCTUraeT HECKOJbKUX MUHYT) U 3Has IUIOT-
HOCTb MEX3BE3/IHOM CpPEebl, MOXKHO ONPEIEIIUTh PACCTOSIHUE JI0 MyJIbCApA.

Kaxk mokassiBatoT HaOMIOACHUS, B CPETHEM B MEXK3BE3IHON cpene mpuxoauTcs okoso 0,03
3JIEKTpOHA Ha KyOmdeckuil cantumerp. OCHOBaHHBIE HA 3TOW BETMUMHE PACCTOSHUS JI0 MYJILCAPOB
B CPEIHEM COCTaBJISIOT HECKOJIBKO COTEH CBETOBBLIX JieT. Ho ecTh u Oomnee ynaneHHbIE OOBEKTHI:
YIOMSHYTBIN BbIle ABOWHOM mynbcap PSR 1913+16 ynanen Ha 18 000 cB. ner.
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M.1.4. CBepxHoBas 3Be3ga”’

B3pbIB, KOTOPBIM 03HAMEHOBAaHA CMEPTH 3Be3/bl. MIHOra BCIBIIKA CBEPXHOBOM NpPEBbIIIA-
€T 10 SIPKOCTHU T'AJIAKTUKY, B KOTOPOH OHAa IIPOU30IILIA.

CBepxHOBBIE JETAT Ha /IBa OCHOBHBIX THMA. Tun I oTiinyaercs aepuunutom Bogopoaa B O1-
TUYECKOM CIIEKTPE; II0ITOMY CUUTAIOT, YTO 3TO B3pBIB OEJIOr0 KapiuKa — 3Be3/bl, 110 Macce Oau3-
koi k COoNHITy, HO MEHBIIIEH Mo pa3Mepy u Oosee TUIOTHOW. B cocTaBe 6emoro kapiawka mo4Tyd HET
BOJIOPO/1a, TOCKOJBKY 3TO KOHEUYHBIM MPOAYKT SBOJIIOIMUA HOpMaibHOM 3Be3/bl. B 1930-x rogax C.
Yanapacekap mokasail, 9To Macca 0e1oro Kapjauka He MOXKET OBITh BBIIIE ONPEICICHHOTO Ipeaea.
Ecnu oH HaxomuTcs B ABOMHOM cHCTEME C HOPMaJIbHOM 3BE3/10M, TO €€ BEIIECTBO MOXKET IepeTe-
KaTh Ha MOBEPXHOCTH Oenoro kapnuka. Kornma ero macca mpeBbicHT npeaen Yanapacekapa, Oeabii
KapJIMK KOJIIANCUpyeT (CKUMAETCs1), HarpeBaeTcsl U B3pbIBACTCA.

B cnexTpax cBepxHoBbIX Il THma HabmromatoTcs uHUM Bogopoaa. [lostomy cumraror, 4yTo
3TO PE3yJIbTaT B3pbIBA HOPMAJbHBIX 3BE3/ C BHEIIHUMH CIOSMHU, OOraTeiMu BoJopojoM. M3iyue-
HUE 3Be€3]1 00YCIOBIEHO TEPMOSJIEPHBIMH PEAKLUAMU, IPOUCXOIALUIMMH B UX LIEHTPAIbHON YacTH.
OTH peaklMy pa3orpeBarOT 3BE3JHOE BEIIECTBO, YBEIMUMBAs JaBJICHUE Ha BHEIIHUE CIOU U YAEP-
KHUBas 3BE31y OT KoJujjarca Ioj AeWcTBUEM COOCTBEHHOH rpaBuTanuu. [locTeneHHO TOIUIMBO B
LIEHTPE 3BE€3/1bl UCTOLIAETCS, U Y HEe 00paszyeTcs sipo, JUIIEHHOe NCTOYHUKA Tema. Ecnu ucxoa-
Has Macca 3Be3/1bl mpeBblinaeT Maccy CousHna Oosee ueMm B 10 pa3, To Macca ee siipa MOXKET IPEeBbI-
cuth npenen Yanapacekapa U OHO CTPEMUTEIBHO KOJUIANICHPYET, cOpachiBas Py STOM BHEIIHHE
CJIOM 3BE37bl B BUJE B3pbIBa CBEPXHOBOU. CaMO AP0 MOKET IOCII€ ITOTO CTaTh HEUTPOHHOM 3BE3-
JIOW — MaJIEHbKUM CBEPXILJIOTHBIM 0OBEKTOM, COCTOSIIIUM B OCHOBHOM U3 HEUTPOHOB.

Ceepxnoas Il Tumna Bcbixayna 23 despans 1987 B cocenneli ¢ Hamu ranaktuke bonbiioe
MaremnanoBo O6naxo. Eit manmu nms fna llenToHa, nepBbIM 3aMETHUBIIETO BCIBIIIKY CBEPXHOBOMN
C TIOMOIIBIO TEJIECKONa, a 3aTeM W HeBOOpykeHHbIM r1azoM. (Ilocrieanee momoOHOE OTKpHITHE
npuHaiexxuT Kennepy, yBuaeBiieMy BCIBILIKY CBEpXHOBO B Haiel ['anaktuke B 1604, He3anon-
ro /10 u300peTeHus Teneckona.) OTHOBPEMEHHO ¢ ONTUYECKOM BCIBIIIKOM cBepxHOBOM 1987 cre-
nuanpHbie aetekTopbl B SAnonuu u B mrt. Oraiio (CHIA) 3apeructpupoBaid MOTOK HEUTPUHO —
AJIEMEHTAPHBIX YaCTHL], POKIAIOIINXCS IPY OYEHb BBICOKHX TEMIIEpATypax B IPOLECCE KoJularca
sJipa 3B€3/1bl U JIETKO MPOHUKAIOIIUX CKBO3b €€ 0007104YKy. XOTS MOTOK HEUTPUHO ObUI HCIYILEH
3BE37J01 BMECTE C ONTHUYECKOMN BCIBIIKOW puMepHO 150 ThIc. n€T Ha3an, OH JOCTUT 3€MIIM ITPaK-
TUYECKU OJTHOBPEMEHHO ¢ (DOTOHAMHU, JI0Ka3aB TEM CaMbIM, YTO HEHTPUHO HE 00JIajaeT Maccou u
JBMIKETCSI CO CKOPOCTBIO CBETA. DTU HAOIIOA€HUS MOATBEPANIM TaKXkKe MPEANOTI0KEHNE, YTO OKOJIO
10% macchbl KOJIIanCUPYIOLIEro siipa 3Be3/bl U3JIy4aeTcsl B BUJI€ HEUTPUHO, KOTJIa CaMo AP0 CxKHU-
MaeTCsl B HEUTPOHHYIO 3B€3/ly. Y O4YEHb MACCHUBHBIX 3BE€3]l IIPHU BCIBILIKE CBEPXHOBOU siipa CiKH-
MaloTcs 0 elle OONBIIMX MJIOTHOCTEW M, BEPOSITHO, NMPEBPAIIAIOTCS B YEpHBIE ABIPBI, HO cOpoc
BHELIHUX CJIOEB 3BE3/Ibl BCE K€ IPOUCXOIUT.

B nameii I'anaktuke KpaGoBuaHas TyMaHHOCTH SIBJISIETCS OCTAaTKOM B3pbIBa CBEPXHOBOM,
KOTOpBIN HaOmonanu kuraiickue yuensle B 1054. MzectHslit actponom T. bpare Taxke HaOmr01a71
B 1572 cBepxHOBYIO, BCIBIXHYBIIYIO B Hamlen ['amaktuke. Xots cBepxHoBas LllenTona crana nep-
BOI1 GJIM3KOI CBEpXHOBOM, OTKpBITON nocie Keruepa, COTHU CBEpXHOBBIX B JIPYTUX, Oosiee TaieKux
raJlaKTUKax OBUTM 3aMEUEHBI TIPH MIOMOIIH TeJIecKomoB 3a nocieanaue 100 ner.

B ocrarkax B3pbIBa CBEpXHOBOI MOYKHO HAWTH YIiepoJl, KUCIOPOJ, JKeIe30 U Oosee TsxKe-
Jipie AeMeHThl. Crie10BaTeNnbHO, 3TH B3PBIBBI UIPAIOT BAXKHYIO POJIb B HYKJIEOCUHTE3€ — MPOLECCE
00pa3oBaHMs XMMUYECKHX 3JeMEHTOB. Bo3MokHO, uTo 5 Mupa. neT Hazaa poxaeHuo CoaHeYHOH
CUCTEMBI TOXX€ IPEIIIECTBOBAJ B3PbIB CBEPXHOBOW, B pe3ysbTaTe€ KOTOPOTO BO3HHUKIU MHOTHE
AJIEMEHTHI, BolleAue B cocTaB CoJHIA U IJIAHET.

* TUTEPATYPA
Ickosckuii FO.IT. Hoswie u ceepxrnosvie 36e3061. M., 1985
[xmorckuit U.C. Cgepxrogule 36e30u1. M., 1976
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M.1.5. YepHas gbipa®

OO6nacte B MPOCTPAHCTBE, BO3HUKIIAS B PE3yJbTaTe MOJHOIO IPAaBUTAIIMOHHOTO KOJUIArca
BEIIECTBA, B KOTOPOIl I'pPaBUTAIMOHHOE MPUTSHKEHUE TaK BEJIMKO, YTO HU BEIIECTBO, HU CBET, HU
Apyrue HOCUTEIH HH(POPMAIIMK HE MOTYT €€ MOKHHYTh. [103TOMy BHYTpPEHHSISI 4aCTh YEPHOU JIBIPHI
MIPUYMHHO HE CBS3aHa ¢ OCTalIbHOM BcenenHoil; mpoucxoasinue BHYTPH YePHOU AbIPbI (hU3NUECKHE
IIPOLIECCHI HE MOTYT BJIMSTH Ha Ipoliecchl BHE ee. UepHas JpIpa OKpYyKEHa MOBEPXHOCTHIO CO CBOM-
CTBOM OJTHOHAIIPaBJICHHON MeMOpaHBI: BEIIECTBO M H3JIyu€HHE CBOOOIHO MajlaeT CKBO3b Hee B
YEPHYIO JBIPY, HO OTTY/la HUYTO HE MOXKET BBIMTH. DTy OBEPXHOCTh HA3bIBAIOT «TOPU30HTOM CO-
ObITHIY. [I0CKONIBKY 10 CUX TIOP UMEIOTCS JIUIIb KOCBEHHbIE YKa3aHUS Ha CYIIECTBOBAHUE YEPHBIX
JIbIP HA PACCTOSIHUSIX B THICSYM CBETOBBIX JIET OT 3€MJIM, HAIlE AaJIbHEHIIIEE U3JI0KEHHE OCHOBBIBA-
€TCsl TJIaBHBIM 00pa30M Ha TEOPETHUUECKUX Pe3yiIbTaTax.

UYepHble AbIpbl, IpeICKa3aHHbIE O0ILIEH TEOpUEH OTHOCUTENBLHOCTH (T€OpUEN TpaBUTALIUU,
npeniokeHHoi DiiHmTeitHoM B 1915) u apyrumu, 6ojee COBPEMEHHBIMU TEOPHUSMU TATOTCHHS,
ObuTH MaTemaTHdecku oOocHoBaHbl P. Ommenreiimepom u X. Chaitnepom B 1939. Ho cBoiicTBa
MIPOCTPAHCTBA U BPEMEHH B OKPECTHOCTU ATHX OOBEKTOB OKAa3alHCh CTOJIb HEOOBIYHBIMH, YTO ac-
TPOHOMBI U (PU3HUKHU B TeUEHHUE 25 JIET HE OTHOCUIIMCH K HUM cepbe3HO. OJIHAKO aCTpOHOMHUYECKHE
OTKpbITUS B cepeanHe 1960-x romoB 3acTaBWIM B3MVISIHYTh Ha YEPHBIE JABIPHI KaK HA BO3MOXKHYIO
¢bu3nUecKy0 peanbHOCTh. VX OTKpBITHE U U3Yy4YE€HHE MOXKET MPUHIUIHAIBHO M3MEHUTH HAllu
IIPEJICTAaBICHMSI O IPOCTPAHCTBE U BPEMEHHU.

OO0pa3oBanue 4yepHbIX AbIP. [Ioka B Hepax 3Be3/Ibl IPOUCXOAST TEPMOsIIEPHBIEC PEAKIIUH,
OHH TOJJIEP>)KUBAIOT BBICOKYIO TEMIIEPATYPY U AABJICHUE, IPEHATCTBYS CXKATHUIO 3BE3/1bI O] ACUCT-
BUEM COOCTBEHHOM rpaBuTanuu. OJHAKO CO BpEMEHEM fepHOE TOIUIMBO HCTOLIAETCS, M 3BE3/a
HAa4YMHAET C)KMMATbCA. Pacuerhl MOKa3bIBalOT, YTO €CJIM Macca 3Be€3/lbl HE IPEBOCXOJUT TPEX Macc
ConHnia, TO OHa BBIMIPaeT «OUTBY C I'paBUTALME»: €€ TPaBUTALMOHHBINA KoJutarc OyJeT OCTaHOB-
JIEH J1aBJIEHUEM «BBIPOXKJACHHOIO» BEILIECTBA, M 3BE€3/1a HABCET/1a IPEBPATUTCS B O€NbIN KapiIuK WU
HelTpoHHyto 3Be31y. Ho eciiu macca 3Be3/ibl 00liee TpeX COMHEUHBIX, TO YXKEe HUYTO HE CMOXKET OC-
TaHOBUTH €€ KaTacTpo(PHUUECKOro KoJularca M OHa OBICTPO YHIET MOJ TOPU30HT COOBITUM, CTaB
yepHO# AbIpoil. Y chepuueckoit yepHON IabIpbl Macchl M ropu30HT cOOBITHI 00pa3yer cdepy ¢ Ok-
PYXHOCTBIO IO 3KBAaTOpY B 277 pa3 OOJbIIEH «PaBUTAIMIOHHOIO pajnyca» 4epHOU IbIpel Rg =
2GMIc?, rae ¢ — CKOpOCTh cBeTa, a G — nmocrosiHHas TAroTeHus. UepHas aplpa ¢ Maccoit 3 coiHed-
HBIX UMEET IPaBUTAIMOHHBIN paguyc 8,8 Km.

Ecnu actpoHoM Oyzer HaOmonaTh 3B€37ly B MOMEHT €€ MPEBPAIIECHUs] B UEPHYIO JBIPY, TO
cCHayaja OH YBHUJIUT, KaK 3B€3/a Bce ObICTpee U OBICTpEe CHKUMAETCS, HO IO Mepe MPUOIINKEHUS e
MIOBEPXHOCTU K I'PAaBUTALMOHHOMY PAaJNyCy C)KaTHE€ HA4YHET 3aMeUIATHCA, IIOKa HE OCTAHOBUTCS
coBceM. [Ipu ATOM mpUXOASAIINN OT 3BE3/bI CBET OYJET clladeTh U KPaCHETh, IT0KA HE MMOTYXHET CO-
BCEM. DTO MPOUCXOAUT MTOTOMY, UTO B OOphOE ¢ TMTAHTCKOM CHIION TSXKECTU CBET TepseT IHEPTHUI0
1 eMy TpeOyeTcs BCe OOJbIie BpeMeHHU, YToObI JocTUYb HabmoaTesns. Korma moBepXHOCTh 3BE3/IbI
JOCTUTHET TPABUTALMOHHOTO Pajiyca, MOKHHYBIIEMY €€ CBETYy MOoTpedyeTcss OeCKOHEeUHOe BpeMs,
9YTOOBI JOCTHMYb HaOIroAaTens (M Mpu 3TOM (HOTOHBI MOJHOCTHIO MOTEPSAIOT CBOIO AHEpruto). Cie-
JI0BaTEJIbHO, aCTPOHOM HHMKOT/Ia HE JOXJIETCSl 3TOr0 MOMEHTa U TeM Oojiee He YBUAMT TOTO, YTO
MPOMCXOIUT CO 3BE3JI0M MO TOPU30HTOM COOBITHI. HO TeopeTrdecku 3TOT MpoIiecc UCCIeN0BaTh
MO’KHO.

Pacuer naeanuzupoBaHHOTO cEepUUECKOTO KOJIIarca MOKa3bIBAET, YTO 32 KOPOTKOE BpeMs
3Be3/1a CKUMAETCS B TOUKY, TJie JOCTHTaloTCsl OECKOHEUHO OOJIbIINE 3HAYEHUS IJIOTHOCTH U TATO-
TeHus. Takylo TOUKY Ha3bIBaIOT «CUHTYJSIPHOCTHIO». bonee Toro, o0mumii MaTeMaTH4eCKUil aHAIN3
MOKa3bIBAET, YTO €CJIM BO3HUK FOPU30HT COOBITHIH, TO Naxe HechepruuecKuil KoIanc NpUuBOAMUT K
cuHrynsgpHocTu. OHaKO BCe ATO BEPHO JIUIIIb B TOM Cllydae, €ciid 00111asi TEOpUsi OTHOCUTEIbHOCTH

8 IMTEPATYPA

UYepenainyk A.M. Maccel uepruvix Ovip 6 060tiHbix cucmemax. Ycnexu GU3NIecKUXx Hayk, T. 166, ¢. 809,
1996
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MPUMEHUMA BIUIOThH O OYCHb MAJICHBKUX MPOCTPAHCTBEHHBIX MACIITA0OB, B U€M MEI MTOKA HE YBe-
peHbl. B Mukpomupe neHCTBYIOT KBAaHTOBBIE 3aKOHBI, 2 KBAHTOBAash TEOPHs TpaBUTALIMU TOKA HE
co3mana. SIcHo, 4TO KBaHTOBBIC (D(PEKTHI HE MOTYT OCTAHOBHUTH C)KATHE 3BE3/bI B YCPHYIO JBIPY, &
BOT MPEAOTBPATUTD MOSBICHUE CUHTYIISIPHOCTH OHU MOTJIH OBl.

CoBpeMeHHast TeopHs 3B€3HOM SBOJIOLMU W HAIIM 3HAHUS O 3BE3JHOM HaceneHuu [anak-
THKH YKa3bIBalOT, 4To cpeau 100 mupa. ee 3Be3n M0JDKHO ObITh mopsnaka 100 MIIH. YepHBIX JBIp,
00pa30BaBIIMXCS TPU KOJUIANICE CaMBIX MAaCCHUBHBIX 3Be37. K ToMy ke depHbIe JBIPbl OYCHD OOJb-
II0M MacChl MOTYT HaXOJUTHCS B siIpaxX KPYIMHBIX FAIAKTHK, B TOM YKCJIE U HAlICH.

Kak yxe oTMe4asioch, B Hallly SMIOXY YEPHOU JBIPON MOXKET CTaTh JIHIIb Macca, 6oyee Yem
BTpOE€ MpeBbIIIaloNIas conHeyHy. OqHako cpasy mocie bosbiioro B3pbiBa, ¢ KOTOPOro OkK.-15
MJIPJ. JIET Ha3aJl Ha4aJloCch paciipeHrue BeeneHHoM, MOTIIN POXKAaThCs Y€PHBIE ABIPHI JTF000H Mac-
cbl. CaMble MaJICHbKUE U3 HUX B CHUJIY KBAaHTOBBIX 2(PPEKTOB TOIKHBI ObUIM MCHAPUTHCS, HOTEPSB
CBOIO MAacCy B BHJIC M3JIYYCHHS M MMOTOKOB 4acTuil. Ho «nepBuYHbIE YepHBIE ABIPBD) C Maccoi 00-
nee 10" T MOTJIH COXPaHHTBCS 10 HALIKMX JHEHA.

Bce pacuers! komarca 3Be3]1 ISNa0TCs B IPEANOIOKCHUH CIIA00T0 OTKIOHCHUS OT chepu-
YEeCKOW CHMMMETPHUM U TMOKAa3bIBAIOT, YTO TOPU3OHT coObITHl popmupyercs Beerma. OnHako mpu
CHJIBHOM OTKJIOHEHUH OT CPEPUUECKON CUMMETPUH KOJUIAIIC 3BE3/IbI MOXKET IMIPUBECTH K 00pa3oBa-
HUIO 00JacTu ¢ OECKOHEYHO CUJILHOM I'paBUTAallMEl, HO HE OKPYKEHHOW TOPU30HTOM COOBITHII; ee
HA3BIBAIOT «T'OJIOW CHHTYJISIPHOCTBIO». DTO YK€ HE YepHas JbIpa B TOM CMBICIIC, KaK MBI 00CYKIalIn
BbIie. du3nyeckre 3aKOHbI BOJIM3HM TOJIOM CHUHTYJISPHOCTH MOTYT MMETh BECbMa HEOKUIaHHBIN
BUJ. B Hacrosiiee BpeMs rojias CUHTYJISIPHOCTh pacCMaTPHBAETCs KaK MaJlOBEPOSITHBIM OOBEKT,
TOTJIa KaK B CYIIECTBOBAHUE YEPHBIX JIBIP BEPUT OOIBIIMHCTBO acTPO(PU3UKOB.

CBoiicTBa 4epHBIX ABIP. {151 cCTOpOHHETO HAOIIOAATENSI CTPYKTYpa YSPHOM JIBIPHI BHITIIS-
JUT Ype3BbIYaiHO MPOCTOi. B mporiecce kosnarnca 3Be31bl B YEPHYIO AbIPY 32 MAIYIO TOJIO CEKYH-
161 (TI0 YacaM yIaJeHHOTO HAaOII0IaTeNs) BCe €€ BHEHIHIE OCOOCHHOCTH, CBS3aHHBIE C HEOTHOPOI-
HOCTBIO MCXOJHOW 3BE€3/Ibl, U3TYYalOTCs B BUE TPABUTAIMOHHBIX M AJIEKTPOMArHUTHBIX BOH. O6-
pa3oBaBIIAsICSl CTallMOHApHAsI YepHas JbIpa «3abbiBaeT» BCIO MHGOPMAINIO 00 MCXOJIHOU 3BE3IE,
KpOME TPeX BEIMYMH: MOJIHON MacChl, MOMEHTA MMITYJbca (CBSI3aHHOTO C BPAILlEHUEM) U DJIEKTPU-
4yecKoro 3apsna. 3yuas yepHyto IbIpy, YK€ HEBO3MOXKHO y3HATh, COCTOSUIA JIU UCXOJIHAS 3BE3/1a U3
BEIIECTBA WJIM aHTHBEILECTBA, MMeNa JIn OHA PopMy cHrapbl Uiu ONHMHA | T.M. B peanbHBIX acTpo-
(bu3NYECKUX YCTIOBUSIX 3apsyKeHHas depHas Jplpa OyJIeT NpUTATUBATh K ce0e U3 MEX3BE3THOM cpe-
JIbl YaCTHIIBI MPOTHUBOIIOIIOKHOTO 3HAaKa, U €€ 3apsAl ObICTpO cTaHeT HyneBbIM. OcTaBIIMiics CTa-
[IUOHAPHBIA OOBEKT MO0 OyJEeT HEBPAIIAIOIICHCS «IIBAPIIIIMIBIOBON YEPHOU IBIPOIT», KOTOpast
XapaKTepu3yeTcs TOIbKO MacCoH, TMOO0 BpaIAIOIEiCs «KepPPOBCKOM YepHOU IBIPOil», KOTOpas Xa-
pakTepu3yeTcs MacCol 1 MOMEHTOM UMITYJIbca. ENMHCTBEHHOCTh YKA3aHHBIX BBIIIE TUIIOB CTAIlHO-
HapHBIX YepHBIX JIbIp ObLIa JT0Ka3aHa B paMKax o0Iiel Teopun oTHOcUTeNnbHOCTH B. M3pasnem, b.
Kaprepowm, C. Xokunrom u /1. PobuHconoM.

CornacHo 001Iei TEOpUH OTHOCUTEILHOCTH, MPOCTPAHCTBO M BPEMSI UCKPUBIISIOTCS TPaBU-
TAIIMOHHBIM TIOJIEM MACCHUBHBIX TeJl, TPHYeM HauOOJIbIIIee UCKPUBIICHUE TTPOUCXOAUT BOJIM3H Uep-
HbeIX JbIp. Korna ¢Gu3uku roBopsT 00 MHTEpBajaX BPEMEHHU U MPOCTPAHCTBA, OHU UMEIOT B BUAY
YHUCJIa, CANTAHHBIC C KaKUX-THO00 (U3MUECKUX YacOB M JIMHeeK. Hampumep, posib 4acOB MOXKET UT-
paTh MOJIeKyJa ¢ OMpeeJIeHHON YacTOTON KojaeOaHui, KOJTMYECTBO KOTOPHIX MEXKIY ABYMS COOBI-
THSIMH MO’XHO HAa3BaTh «MHTEPBAJIOM BPEMEHH». 3aMedaTeNIbHO, UTO TPaBUTAIUs IEHCTBYET Ha BCE
(du3MYeCKre CUCTEMBI OJJUHAKOBO: BCE YaChl MOKA3bIBAIOT, UTO BPEMsI 3aMEJUISIETCS, a BCE JIMHEUKHU
— YTO MPOCTPAHCTBO PACTATHUBACTCS BOJIW3M YEPHOW NBIPHI. DTO O3HAYAET, YTO YepHAas JIbIpa MC-
KpPUBIISIET BOKPYT ce€0sl TEOMETPHIO IPOCTPAHCTBA U BpeMEHU. Banu oT 4epHOii IBIPHI 3TO UCKPHUB-
JIEHWEe MaJio, a BOJIM3U TaK BEJIUKO, YTO JyYH CBETA MOTYT JBUTATHCS BOKPYT HEE MO OKPYKHOCTH.
Bnanu ot uepHOil ABIpHI €€ 1oJie TATOTEHUs] B TOUHOCTH OMUChIBaeTcs Teopueit HproToHa aiis Tena
TaKoOW e Macchl, HO BOJM3M TpaBUTAIMS CTAHOBUTCS 3HAYUTENILHO CHIIbHEE, YeM IpeACcKa3bIBaeT
HBIOTOHOBa Teopusl. JIro0oe Teno, majaroiiee Ha YePHYIO ABIPY, 3aI0JIT0 10 TIEPECEUCHHSI TOPU30H-
Ta coOBITUI OyNeT pa30pBaHO HA YaCTU MOUIHBIMU NMPUIMBHBIMU I'PAaBUTALIMOHHBIMU CHJIAMH, BO3-
HUKAIOLMMU W3-3a Pa3HULbI IPUTSKEHUS HA PA3HBIX PACCTOSHUSIX OT LICHTpA.
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UepHast apipa BCerjia roToBa IMOTJIOTUThH BEIIECTBO WM U3JIYyYEHHE, YBEJIMYUB 3TUM CBOIO
Maccy. Ee B3anmMoaeicTBrue ¢ OKpyKarluM MUPOM ONPENEIAETCS IPOCTHIM NPUHIUNIOM XOKHH-
ra: 1jiomiajib TOPU30HTA COOBITHI YEPHOW ABIPHl HUKOTJA HE YMEHBIIACTCS, €CJIM HE YUYUTHIBATH
KBAaHTOBOT'O POXKIACHUS YACTHII.

JUx. bekerncreitn B 1973 mpeamnonokui, 9YTo YepHbIE IbIPBI TOAUMHSIOTCS TeM XKe (usnde-
CKHM 3aKOHaM, 4To M (pU3HUECKUe TeJa, UCIIYCKAIOIIKe U MOTJIOMAoNIne U3llydeHue (Moenb «ab-
COJIIOTHO 4YepHOro Tenay). [lox BausHueM 31oi uaen XokuHr B 1974 nokazan, 4To 4epHbIE AbIPHI
MOTYT UCIyCKaTh BEIIECTBO U U3Iy4yeHHE, HO 3aMETHO 3TO OyJIeT JUIIb B TOM cllydae, eclid Macca
camMoil 4YepHOM JbIpbl OTHOCUTENIBHO HEBEIMKA. Takue 4epHble JbIPbl MOTJIM POKIATHCS cpa3y IO-
cie bonbioro B3pbIBa, ¢ KOTOPOTO HAayaloch pacluupeHue BcenenHoil. Macchl 3TUX NEpBHUYHBIX
YEePHBIX JBIP JOJDKHBI OBITH HE OoJiee 10" r (kax y HEOOJIBIIIOTO acCTePOU/Ia), a pa3mep 10" M (Kak
y NMPOTOHA WJIM HEHTpoHA). MoMIHOE TpaBUTAIIMIOHHOE 10Jie BOJIM3M YepHOU ABIPHI POXKAAET Taphl
YacTULa—aHTUYACTHIIA; OJJHA U3 YACTHI] KaX10i napbl IOIJIOUIaeTcs AbIpOi, a BTOpas UCHYyCKaeTcs
Hapyxy. UepHas Jpipa ¢ Maccou 10" r nomKHO BecTH cefst KaK Telo ¢ TeMIlepaTypoi 10" K. Upnes
00 «MCHapeHu» YEPHBIX JBIP MOJHOCTHIO MPOTHBOPEUUT KIIACCHUECKOMY MPEICTABICHUIO O HUX
KaK O TeJlaX, He CIOCOOHBIX M3JIy4aTh.

Ilouck yepHbIX abIp. Pacyersl B paMkax oOIIEl T€OpUM OTHOCUTENBHOCTH DHHIITEHHA
YKa3bIBalOT JIMIIb HA BO3MOXHOCTh CYIECTBOBAHMS YEPHBIX JbIP, HO OTHIOJb HE JOKA3bIBAIOT UX
HAJIMYHUS B PEATbHOM MHUPE; OTKPBITHE HACTOSIICH YEPHOU JBIPBI CTAJI0 OBl BAKHBIM IIIATOM B pa3-
BUTUU Pu3uKU. [loMCK M30MPOBAaHHBIX YEPHBIX ABIP B KOCMOCE 0€3HAIEKHO TPYJEH: MBI HE CMO-
KEM 3aMETUTh MAJICHbKUI TeMHBII 00beKT Ha (hoHe KocMuueckoit uepHoTsl. Ho ecTh Hamexma 00-
Hapy>KUTb YEPHYIO JbIPY MO €€ B3aUMOJCIHCTBUIO C OKPYKAKOUIMMU aCTPOHOMUYECKMMHU TEJIaMH,
10 €€ XapaKTePHOMY BJIMSHUIO HA HUX.

CBepXMacCHUBHBIE YEPHBIE IBIPbI MOTYT HAXOAUTHCS B LIEHTPAX rajakTUK, HEMPEPBIBHO MO-
xwupas TaMm 3Be3/bl. CKOHIICHTPUPOBABUIMCH BOKPYT YEPHOW JBIPHI, 3BE3/Ibl TOJKHBI 00pa30BaTh
LEHTpaJIbHBIE MMUKH SIPKOCTH B fAJIpax rajakTUK; UX MOMCKU celdac akTUBHO Bedytcd. pyroi me-
TOJ1 TIOUCKA COCTOUT B U3MEPEHUM CKOPOCTH JBIMKEHUS 3BE€3]l U ra3a BOKPYT LIEHTPAJIbHOTO 00BEK-
Ta B rajakTuke. ECM M3BECTHO UX PACCTOSIHHE OT LIEHTPAIBLHOTO O0BEKTa, TO MOXKHO BBIUHCIHUTH
€ro Maccy U CPEJHION MJIOTHOCTh. Eciin 0HAa CyIIECTBEHHO MPEBOCXOAUT IJIOTHOCTh, BO3MOKHYIO
JUIS 3BE3JHBIX CKOIUJICHMIA, TO TIOJIAralT, 4TO 3TO YepHas AbIpa. ITUM criocobom B 1996 Ix. Mo-
paH C KoJuleraMu Ompenenuin, 4yTo B 1ieHTpe rasiakTuku NGC 4258, BeposiTHO, HAXOAUTCS YepHAst
nbipa ¢ Mmaccoit 40 MIIH. COTHEYHBIX.

Haubonee nepcrneKTHBHBIM SIBISIETCS IOMCK YEPHOM JIBIPHI B IBOMHBIX CHCTEMax, IJie OHA B
nape ¢ HopMaJlbHOU 3Be3/10i MOXeT oOpalaThcst BOKpYr o01ero neHtpa mace. Ilo nepuoanyecko-
My JIOTUIEPOBCKOMY CMEIIEHUIO JIMHUHM B CHEKTPE 3BE€3/lbl MOXKHO MOHSTh, YTO OHA OOpalaeTcs B
rape ¢ HEeKMM TeJIOM U JaKe OLIEHUTh Maccy mocienHero. Ecim sTta macca mpeBbIlIaeT 3 Macchl
ConHila, a 3aMeTUTh U3NyYEHHE CaMOr0 Tejla He YAAaeTcs, TO OYeHb BO3MOKHO, UTO 3TO YepHasi Jbl-
pa.

B xommakTHOW NBOWHOM cHUCTEME 4YepHas Jblpa MOXKET 3aXBaTbIBaTh ra3 C IMOBEPXHOCTH
HOpPMaJIbHOM 3Be3/1bl. JIBUTAsCh IO OpOUTE BOKPYT YEPHOU ABIPBI, 3TOT ra3 o0pa3yeT IUCK U, MPH-
OJIMKasICh 110 CIIHUPAJIM K YEPHOM JIbIpE, CUIILHO HAarpeBaeTcsl U CTAHOBUTCS MCTOYHUKOM MOIIHOTO
PEHTTeHOBCKOTO M3NydeHus. BeICTphble (hIyKTyalluu 3TOTo U3Ty4eHUs JOJKHBI YKa3bIBaTh, YTO Ta3
CTPEMUTENBHO ABUXKETCA [0 OpOUTE HEOOJBIIOT0 Panyca BOKPYT KPOXOTHOTO MAaCCHBHOTO 00BEK-
Ta.

C 1970-x Tom0B 00HAPYKEHO HECKOJIPKO PEHTTEHOBCKMX HCTOYHUKOB B JIBOMHBIX CHCTEMax
C SIBHBIMU MPU3HAKaMU MPHUCYTCTBUS YepHBIX Jblp. CaMON MEepPCHEeKTUBHOM CUMTAETCS PEHTTEHOB-
ckas nBoriHast V 404 JleGens, macca HEBUIUMOTO KOMIIOHEHTa KOTOPOM OIEHWBAETCSI HE MEHEE YeM
B 6 macc ConHua. [pyrue 3amedaresbHble KaHAMAATHI B YEPHBIE JIBIPbl HAXOMASTCS B JIBOMHBIX
pentreHoBckux cucremax Jlebeap X-1, LMCX-3, V 616 Enunopora, QZ Jlucuuku, a Takxe B
PEHTTeHOBCKUX HOBBIX 3MeeHocel 1977, Myxa 1981 u Ckopmmon 1994. 3a uckmouennem LMCX-
3, pacnionioxxeHHoi B bombmom MarennanoBom O0ake, Bce OHU HaxoaaTcs B Hamied ["amakTuke
Ha paccTosiHUsIX nopsiaka 8000 cB. et oT 3emiu.
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MN.1.6. F'paBUTaUNOHHbIN konnanc™

BricTpoe cxxaTue u pacnaa Mex3Be3HOro 00JaKa WK 3Be3/bl MO JeHCTBHEM COOCTBEHHON
CHJIBI TATOTEHUS. | paBUTAIIMOHHBIN KOJUIAIIC — OYEHb BAYKHOE acTpo(u3nyuecKoe SBICHHE; OH yda-
CTBYeT KaK B (hOpMHUPOBAHHUH 3BE3/1, 3BE€3/IHBIX CKOILJICHUH U raJlakTUK, TaK U B THOEIN HEKOTOPHIX
U3 HUX.

B Mex3Be3AHOM IMPOCTPAHCTBE CYIIECTBYET MHOKECTBO OOJIAKOB, COCTOAILIUX B OCHOBHOM
13 BOIOPOJA IUTOTHOCTBIO 0Kosto 1000 at/cm®, pasmepom ot 10 10 100 cB. er. MIx cTpykTypa H, B
YaCTHOCTH, TJIOTHOCTh HENPEPHIBHO M3MEHSIOTCS O] JACWCTBUEM B3aUMHBIX CTOJIKHOBEHUH, Ha-
rpeBa 3BE3/IHbIM M3JIy4CHHEM, JABJICHUS MAarHUTHBIX nosied u 1.4. Korga miaotHocTs obnaka wim
€ro YacCTH CTAHOBHUTCS HACTOJBKO OOJIBLION, YTO IpaBUTAUsS MPEBOCXOAUT T'a30BOE JIaBJIeHHE, 00-
JAKO HAYMHAET HEYJAEPKUMO CKHMATHCS — OHO KoJulancupyer. HeGonpiiie HayalbHBIE HEOIHO-
POIHOCTH TJIOTHOCTH B IIpOLIECCe KOJIIArca YCHIJIMBAIOTCS; B pe3yibTare 00J1ako (hparMeHTUupyer,
T.€. pacrnasiaeTcsl Ha YacTH, KaXJ1asi U3 KOTOPBIX MPOJI0JIKAET CKUMATHCS.

BooO1ie roBops, mpHu C:kaTUU ra3za BO3pacTalOT €ro TemrepaTrypa U JaBlICHUE, YTO MOKET
IIPEMSITCTBOBATh JanbHelemMy cxxaTuio. Ho moka o0nako npo3pauHo A UH(ppaKpacHOro U3iyde-
HUS, OHO JIETKO OCTBIBAET, U CXKaTHe He npekpaiaercs. OHaKo 0 Mepe HapacTaHUs IJIOTHOCTH
OTJENbHBIX (ParMEHTOB UX OCTHIBAHUE 3aTPYAHSETCS M BO3PACTAIOLICE JaBICHUE OCTaHABIHBAET
KOJUIAIlC — Tak o0pa3yeTrcs 3B€3/1a, a BCS COBOKYITHOCTh IPEBPATUBUIMXCS B 3BE3/bl (PparMeHTOB
o0yaka o0pa3yeT 3Be3/IHOE CKOILICHUE.

Komnanc obnaka B 3B€3/ly WK B 3BE3HOE CKOILJICHUE IIPOJOKAETCS OKOJIO MUJIJIMOHA JIET
— CpaBHHUTENIBHO OBICTPO MO KocMmuueckuM Mmacmtadbam. Ilociae sToro TepMmosigepHble peakilui,
IIPOUCXOJSIINE B HEAPax 3BE3/bl, MOAJECPKUBAIOT TEMIEpPATypy U JaBJIEHHUE, YTO MPEMATCTBYET
CKaTHIo0. B Xo7e 3TuX peakiuil ierkue XuMHUeCKUe dJIEMEHTHI NPEeBpaIlaoTcs B 6osee TSKeTble ¢
BBIJICJICHHEM OTPOMHOM 3HEPTruu (110100HOE MPOUCXOIUT MIPU B3PHIBE BOJIOPOIHOM O0MOBI). Bhine-
JMBLIASICSL PHEPTUS NTOKUIAET 3BE€34Y B BUJE M3JIydeHUs1. MacCUBHBIE 3BE3/bl U3Iy4alOT OYEHb MH-
TEHCUBHO U CKUTAIOT CBOE «TOPIOYEE» BCETO 32 HECKOJIBKO JI€CATKOB MUJUIMOHOB JIET. 3BE€3/1aM Ma-
JIOW Macchl XBaTaeT MX 3amaca TOIUIMBAa Ha MHOTHE MMJUIMApJIbl JIET MEIJIEHHOro ropenus. Pano
WM TIO3/IHO Y JIF0OOM 3BE3/1bl TOIUIMBO-3aKaHYMBAETCSI, TEPMOSIIEPHBIE PEAKIIMH B sJIpe IpeKparia-
IOTCSl ¥, JIMIIEHHAsi MCTOYHUKA TelJjla, OHa OCTAeTCsl B MOJHON BJIAacTH COOCTBEHHOW IpaBUTALIUHU,
HEYMOJIMMO BeAylIeil 3Be31ly K ruOenu.

Koananc 3Be3n masioii Macenl. Eciiu mocsie notepu 0007049KH OCTaTOK 3Be3/1bl HIMEET Mac-
cy MeHee 1,2 CONHEYHOM, TO ero rpaBUTAllMOHHBIA KOJUIANC HE 3aXOAMT CIHUIIKOM JaJeKo: Jaxke
JUIIEHHAs MCTOYHUKOB TEMJIa CKUMAIOLIASACSA 3BE3/a IOJIy4aeT HOBYIO BO3MOXHOCTH COINPOTHB-
naThCs rpaBUTalMU. IIpu BBICOKOI MJIOTHOCTH BEIIECTBA 3JIEKTPOHBI HAYMHAIOT MHTEHCHUBHO OT-
TaJKUBATbCSA JPYT OT Jpyra; 3TO CBSI3aHO HE C MX AIEKTPUYECKUM 3apsioM, a C UX KBaHTOBO-
MeXaHUYeCKUMHU cBOMcTBaMHU. Bo3HuKarolee npu 3TOM JaBi€HHE 3aBUCUT TOJBKO OT IUIOTHOCTH
BEIIIECTBA U HE 3aBUCHUT OT €ro Temreparypbl. Takoe CBOHCTBO JIEKTPOHOB (PU3UKU HA3BIBAIOT BbI-
pokaeHueM. Y 3Be3]] Majoi MaccChl JaBJI€HHE BBIPOXKIEHHOTO BEIIECTBA CIIOCOOHO COMPOTUBIATH-
cst rpaBuTaiu. C)kaTtue 3Be3bl OCTAHABIMBAETCS, KOTJIAa OHA CTAHOBUTCS pa3MepoM NpUOIIN3H-
TenbHO C 3emitto. Takue 3Be3/bl Ha3bIBAIOT OENIBIMU KapJIMKaMH, OCKOJIBKY CBETAT OHHU cl1abo, HO
UMEIOT Cpa3y IOcCIe CKATHsI JJOBOJIBHO ropsiuyio (6emnyro) moBepxHocTh. OfHaKko Temneparypa oOe-
JIOTO KapiHKa MOCTENEHHO CHIKAETCS, M 4Yepe3 HECKOJIbKO MUJUIMAP/AOB JIET TaKyl0 3BE3Nly YKe
TPYJHO 3aMETUTH: OHA CTAHOBUTCSI XOJIOJAHBIM HEBUIUMBIM TEJIOM.

Koananc maccuBHBIX 3Be31. Eciau Macca 3Be31bl 6onee 1,2 CONTHEYHOM, TO NaBJICHHUE BhI-
POKIEHHBIX DJIEKTPOHOB HE B COCTOSIHUM COIPOTHUBIISATHCS TPaBUTALMH, U 3BE37a HE MOJKET CTATh
OenbiM KapiaukoM. Ee HeynepKuMblil Kosiarnc npoAosiKaeTcs, oKa BEUIECTBO HE TOCTUTHET IJI0T-
HOCTH, CPaBHEMOI1 C IIIOTHOCTBIO aTOMHBIX szep (mpumepro 3*10™ r/em®). TIpu stoM Gomburas

* MTEPATYPA
[xmoBckuit U.C. 3ge300b1: ux poscoenue, scuszub u cmepms. M., 1984
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YacTh BEIECTBA MPEBPAIACTCS B HEHTPOHBI, KOTOPbIE, MOJOOHO 3JEKTPOHAM B OEIOM KapIMKe,
CTaHOBATCA BBIPOXKIECHHBIMU. JlaBileHUE BBIPOKIECHHOIO HEUTPOHHOI'O BELIECTBA MOXKET OCTAHO-
BUTH C)KaTHE 3BE3JIbl, €CJIM €€ Macca HEe MPEBbIACT MPUOTU3UTENHHO 2 conHeyHble. OOpa3oBaB-
n1asicst HOUTPOHHAA 3Be31a uMeeT nuameTp Beero okono 20 km. Koraa crpemurensHoe ckaTHE HEH-
TPOHHOM 3BE€3/bl PE3KO OCTAHABJIMBAECTCS, BCS KUHETHUUECKAsl YHEPTUsl IIEPEXOAUT B TEILJIO U TEMIIE-
paTypa NMOAHMMAETCA A0 COTEH MWUIMApIOB KEIbBUHOB. B pe3yibraTe NMpOMCXOAWUT I'MIaHTCKAs
BCIIBIIIKA 3BE3/bl, €€ BHEUIHHE CJIOM C OOJBIION CKOPOCTHIO BBIOPACBIBAIOTCS HAPYXKY, a CBETH-
MOCTb BO3pacTaeT B HECKOJIBKO MUWJIIMAPIOB pa3. ACTPOHOMBI Ha3bIBAIOT 3TO «B3PBIBOM CBEPXHO-
BOit». [IpuMepHO yepe3 Toj APKOCTh MPOAYKTOB B3phIBA YMEHBINACTCS, BRIOPOIICHHBIN ra3 1mocre-
IIEHHO OXJIAX/IAeTCs, IEPEMELINBACTCS C MEK3BE3JHBIM Ia30M U B CIECAYIOIINE SIIOXU BXOIUT B CO-
CTaB 3BE€3Jl HOBBIX IOKOJICHUHN. BO3HMKINIAsA B XOJ€ KoJularica HEUTPOHHAs 3Be3/a B IEPBbIC MUJI-
JIMOHBI JIET OBICTPO BpaLIAeTCsl U HAOIIOAAETCS KaK IEPEMEHHBIN N3Iydarenb — IyJIbcap.

Ecnu e macca xoJutancupyrolien 3Be3/bl 3HAUUTENbHO MPEBBILIAET 2 COJHEYHBIE, TO CXKATHE HE
OCTaHAaBJIMBAETCs HA CTaJIMA HEUTPOHHOM 3BE€3/1bl, @ IPOAOJDKAETCS IO TEX I0p, IIOKA €€ paguyc He
YMEHBIIUTCS 10 HECKOJBKUX KHUJIOMETPOB. TOrna cuiia NpUTSKEHUs Ha ITOBEPXHOCTH BO3pACTaeT
HACTOJIBKO, 4YTO Ja)Ke Jy4 CBETA HE MOXKET ITOKUHYTH 3Be31y. CxKaBIIyIOCS 10 TaKOM CTEIIECHHU 3BE3-
1y Ha3bIBAIOT Y€pHOU JpIpoi. Takoil acTpOHOMHYECKUH OOBEKT MOKHO M3y4yaTh TOJIBKO TEOPETH-
YECKH, UCIIOJIb3Ys OOIYI0 TEOPUIO OTHOCUTEIBHOCTH DHHINTEIHA. PacueTsl MOKa3bIBAIOT, YTO CHKa-
THE€ HEBUJUMON YEPHOM JIbIPbI MPOJIOJIKAETCSI, TI0KA BELIECTBO HE JOCTUIHET OECKOHEUHO OO0JIBIION
IJIOTHOCTH.

MN.2. Pas6eraHue ranakTuK U TeMHasi 3Heprusa>

AHTUTATOTEHHE JIEHCTBYEeT Ha paz0erarouiyecs rajakTUKd U cTpeMuTcs emé Oosee oTaa-
JUTh UX JIPYr OT JIPYra; U3-3a 3TOr0 PaCIIMPEHHUE BCEICHHOW IPOUCXOJHUT C YCKOPEHHEM. Y CKO-
PEHHOE KOCMOJIOTUYECKOE pacIIMpeHre ObIII0 0OHApY)KEHO B MPSMBIX aCTPOHOMHYECKUX HaOIIo-
JICHUSX Ha PACCTOSHUAX B HECKOJIBKO MHUJIIMAPIOB CBETOBBIX JIET, IOYTH Y Kpast BUIUMON Bceenen-
HoW. CkopocTH pa30erarouiuxcs rajakTUK U pacCTOSIHUA 10 HUX B paciuupsitorneiics BeenenHoi
U3MEPSIOT yXKe MOYTH CTO JieT. Ho u3MepuTh yCKOpEeHHe TalakTHK BIEPBBIE yIaJI0Ch JUIIb 1ECAThH
JIeT Ha3aj B pe3yJbTare JUIMTENbHBIX CUCTEMATUYEeCKUX HAOMIOCHUH, TPOBOIUBIINXCS ABYMS He-
3aBHCHMO pabOTaBUIMMH I'pyHIaMH acTPOHOMOB, OJHON M3 KOTOPBIX pykoBoauau bpaiian IlImuar
n Anam Paiicc, apyryto Bosrnasisr Con Ilepamarrep. M3yuanuch nan€kue CBEpXHOBBIE 3BE3[BI
OIPEACIIEHHOTO THIIA.

HaGmntoneHus Belnch Ha caMbIX MOIIIHBIX COBPEMEHHBIX aCTPOHOMHUYECKUX HHCTPYMEHTAX —
KOCMHMYECKOM Telieckorne «Xa00m» 1 KpyImHEeHITuX Ha3eMHBIX pediiekTopax. ITo MO3BOJIMIO O0HA-
PYXUTh U U3MEPUTH TOHKAN PEIATUBUCTCKUN 3PPEKT, MPOSBISIIOMINNICA B 3aBUCUMOCTH BUIUMOM
SPKOCTU UCTOYHHUKA OT €r0 KPaCHOTO CMEIIeHUs. DTOT A3PPEKT onpeensieTcs yCKOPeHUEM, ¢ KOTOo-
PBIM JIBHJKETCS MCTOYHHMK CBETA, U CTAHOBUTCSI 3aMETHBIM TOJIbKO Ha OOJBIIHMX PAcCTOSHUSX, Ha
KOTOPBIX KPAaCHOE CMEIIeHHE (OTHOCUTEIBHOE YBEIMUCHHUE JJTMHBI BOJHBI B HA0JII01a€MOM CIIEKTpPE
MCTOYHUKA) MpUOIMKaeTcs K equHuIe. Tak OblJIo 0OHApYKEHO, YTO KOCMOJIOTMYECKOE paciInpe-
HUE TPOUCXOJUT C MOJIOKUTEIBHBIM YCKOPEHHEM — CKOPOCTH pa30eraroliuxcs rajlakTHK BO3pac-
TarT CO BPEMEHEM.

Y ckopeHne yKka3bIBaeT Ha CUILY, KOTOpas ONPEAEISAET IBUKEHUE Tell. DTOW CUIION HE MOKET
OBITh IPUTSHKEHNE KOCMUYECKUX TEJI APYT K APYTY: B3AUMHOE TSATOTEHUE TalaKTHUK CIIOCOOHO JIMIb
TOPMO3HTh UX paz0eraHue. A yCKOpATb 3TO JIBMKEHUE MOXKET JIMILIb CHJIa TPOTUBOMOIOKHOTO 3Ha-
Ka — OHa W Ha3bIBAECTCS BCEMUPHBIM AHTUTATOTeHHEM. PU3NYECKUI MCTOYHHMK AHTUTATOTECHHS -
TEMHast SHEPrusi, KOTOpask MPOSABISAET ce0sl B MUPE TOJBKO Ojaroiaps CBOMCTBY CO37aBaTh aHTHUTS-
roTeHue. B ocTallbHOM OHA HEBUIMMA M HEYJOBMMA: HE M3JIy4aeT U HE IOIJIONIAeT CBETa, HE pac-
cenBaet ero. Ilo MakpockonmuyeckuM CBOMCTBaM TEMHasi SHEPTHs 1M0100Ha 0COOOr0 Pojaa CIUIOINI-
HOM Cpefie ¢ MOJIOXKHUTEIbHON IIOTHOCTBIO U OTpULIATENbHBIM JaBieHueM. UTo kacaercss gpusude-

%0 AJI. Yeprun TeMHast SHEPrUs ¥ BCEMUPHOE aHTHTSrOTeHHe // Yemexu ¢usmaeckux Hayk, 2008, T. 178,
Ne3, ¢. 267-300.
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CKOHM NPUPOJBI U MUKPOCKOIIUYECKON CTPYKTYpPhl TEMHOM 3HEPTUU, TO OHH OCTAIOTCS IOJHOCTBIO
HEU3BECTHBIMM.

B npocreiimeit (1 kak Kaxxercs, caMoil IpaBAONoOA00HOM) €€ UHTepIIpeTalluy TEMHAs YHEP-
TUsl CBSI3BIBACTCSI C KOCMOJIOTMUECKOM MOCTOSHHOW OiiHmTeiHa. ['mmore3a 06 yHUBepcaabHOM
KOCMHYECKOM OTTAJKMBAaHMM Oblla BbIBMHYTA DifHmTelHOM B 1917 roay, Korja OH BIEpBBIC
IPUMEHWI CBOIO TOJIBKO YTO CO3JIaHHYIO OOIYIO TEOPUIO OTHOCHUTEJIBHOCTH K 33Jaye O MUpPE Kak
LIETIOM.

B noxxone k kocMosiorun DUHIITEHH ciie1oBall JaBHEeH HAaTYphUI0co()CKO Tpaauiium, KO-
TOpas NpunuchiBaiga BeeneHHON uaeanbHyl0 CUMMETPUIO B IIPOCTPAHCTBE (OJHOPOAHOCTH U U30-
Tponuio) U Bo BpeMeHU. CUMMeTpHUsl BO BPEMEHU O3HAYaeT, YTO BEYHOCTh U HEM3MEHHOCTh — He-
OTheMJIEMBIE aTPUOYTHI CYIIECTBOBaHUS MHUpPA. B COOTBETCTBMM C 3TUMH OOIIMMH B3TJISAAMU
OWHIITEWH NOCTPOUII TEOPETUUECKYIO MOJIEIb OAHOPOJHOTO U MPUTOM CTATUYECKOIO — BEYHOIO U
HEM3MEHHOTO — Mupa. CTaTUYHOCTH, OJJHAKO, HE BBITEKAJIa HEIIOCPEACTBEHHO M3 OOLIeH Teopuu
OTHOCUTENIBHOCTU. i1l TOro, 4roObl MPUAATH 3TO CBOWCTBO CBOEH KOCMOJIOTMYECKOH MOJIENH,
OUHIITEHHY MPHUILIOCH MPUOETHYTh K JIOTIOJHUTEILHOMY MPEAINONIOKEHHIO O CYLICCTBOBAHUU B
IIPUPOJIE BCEOOIIETr0 OTTATKUBAHUS, CIIOCOOHOIO KOMIIEHCUPOBAaTh U YPaBHOBECUTh BCEMUPHOE Tsi-
roreHue Bo BcenenHoll kak 1iesnioM. TonbKO Mpu TakoM yCJIOBHM BEIIECTBO MUpa, a C HUM U BCS
Bcenennas Moy HaXOOUTHCSI B COCTOSIHUM MTOKOSL.

OTO TpeArnonokeHrue noTpedoBago MOAU(PHUINPOBATh ypaBHEHHUS OOIIEH TEOPUH OTHOCH-
TEJIbHOCTHU, JOOABUTh B HUX JOMOJIHUTENIBHOE cllaraeMoe. DWHIITEHHOBCKOE aHTUTATOTEHHE Mpe -
CTaBJICHO W ONHCAHO B OOIIEH TEOPHH OTHOCUTEIHHOCTH BCETO OAHON BEIMYMHON — KOCMOJIOTHYE-
CKOW TIOCTOSIHHOW A, KOTOpasi BCIOAY M BCerja oanHaKoBa. HecI0KHO MOHATH, 3a4eM, JUIsl KaKOH
e DWHIITEHHY MOHAI00MIIOCh BCEMUPHOE aHTUTIATOTeHHE. Tpy/aHee mpeacTaBuTh cebe, Kak, Ka-
KUM IyTEM OH CMOT HalTH Ty IPOCTYIO U €CTECTBEHHYIO (hopMy, B KOTOPOIl OH peaau3oBaji 3Ty
uae0. DWHIITEHH U caM HE MOT OOBSCHHUTD 3TOTO, XOTS M MBITAICS OOBSICHUTD «M3BUIIMCTBHIA U HE-
POBHBII IIyTh» PACCYKAECHUN, KOTOPBIN IIPUBET €r0 K UJIe€ KOCMOJIOTMYECKOU IMOCTOSSHHOMN. Tonbko
ceifluac Mbl HAUMHAEM MOHMMATh 3HAUYEHUE U TIIyOMHY €ro WAEU: 3TO ObUIO TEOPETHUECKOE IMpe-
CKa3zaHHe HeOoObIYaiiHOM IITyOUHBI M CMEJIOCTH.

Uepes msath et nocie DuHmTelnHa, B 1922 1., A.A. @puaman qokasai, yTo HaJIU4YHe aHTH-
TATOTEHMS HE UCKII0YAET BOJIIOLUN MHUPA, €CIU TOJIbKO HE TpeOOBaTh CIEUUAIBHO, YTOOBI MEXKIY
KOCMUYECKUM TMPUTSKEHUEM W OTTAJKMBAHHWEM BCErja CYIIECTBOBAJIO CTPOrO€ paBHOBECHE.
®puaMaH NOCTPOUI KOCMOJIOTHUECKYIO MOJIEIb, KOTOpast 00J1a/1aia 0THOPOJHOCTBIO M U30TpONHEi
B IIPOCTPaHCTBE (Kak y DWHIUTENHA), HO He OblUla OBl CTaTUYECKOW, - MOJENb paclIupsomencs
Bcenennoii. Ota Mo/eIb OMMCHIBAETCS TOYHBIMM PEILIEHUSIMH YpaBHEHHUH 001Ieil TeoOpruH OTHOCH-
TEIBHOCTU U COAEPKUT KOCMOJIOTUYECKYIO IIOCTOSHHYIO B KauecTBE CBOOOIHOTO (pU3MUECKOro mna-
pamerpa. UnciieHHOEe 3HaUY€HUE KOHCTAHThl HE BBITEKAECT U3 TEOPUH, OHO NMOMJIEKUT U3MEPEHUIO B
CHeIHaTbHBIX KOCMOJOTHYECKUX HAOIIOIEHUSX.

Teopus @puamana ¢ TEM 3HAUEHUEM KOCMOJIOTUYECKON IMOCTOSIHHOM  , KOTOPOE BBITEKAET
U3 MOCJIETHUX MHpa U TOJTHOCTHIO COTJIACYyeTCs CO BCEM HAOOPOM COBPEMEHHBIX aCTPOHOMUYECKUX
cBeneHuil. Ha e€ ocHOBE CTPOUTCS CErOAHAIIHSAS «CTaHAAPTHAS MOJIENb» KOCMOJIOTUH (B aHTJIOS-
3p1uHOM JuTepatype HasbiBaemass A CDM cosmology (CDM — ot anrnwmiickoro Cold Dark Matter)).

BozBpamasce kK NpeaplcTOpUM HOBEWIIUX OTKPBITHH, 3aMETHM, 4YTO ODHHIITEHH BBICOKO
oueHun teopuro Opuamana (xots u He cpasy). CuiibHOE BIEUATICHUs Ha HEro MPOU3BENN TaKKe
acTpOHOMMYECKHE HcciaenoBanusa O. Xa00ia, B KOTOPBIX TEOpHsl paciupsitomeiicss Beenennoii Ha-
1ia — o o0IeMy MHEHHIO — MpsMOoe HalOuro1aTeNnbHoe noATBepxkAeHue. Ho ecnu peanbHbI MUp
HECTaTHUEH, 3a4€M HY’KHa KOCMOJIOTMYECKas MOCTOsIHHASL? DUHIITEWH MOTEPSII TOX0XKE UHTEPEC K
ujiee BCEMUPHOrO OTTAJIKUBAHUS U MPEIOKII 3a0bITh O KOCMOJIOIMYECKON MOCTOSHHOM 10 Tex
I0p, MOKAa B €€ MO0JIb3Y HE MOSIBATCS, [0 €ro CIIOBaM, «10CTaTOYHO BECKHUE IMIMPUYECKUE OCHOBA-
Hus». B Heckonpkux m3ganusax Teopun nons Jlanmay u Jludmmna MOXKHO TPOYECTh O KOCMOJIOT H-
YEeCKON MOCTOSIHHOM: «...HET HUKAKUX HACTOSTEIbHBIX U YOCAUTEIbHBIX OCHOBAHHH ... JUISI TAKOTO
BHJIOM3MEHEHUS ypaBHeHUH TaroteHus». Kak roopur B.JI. T'mn30ypr, «JI.J. Jlangay maxe cibl-
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aTh HE XOTeN 0 A - 4ieHe, HO JOOUTHCS OT HEero MPUYMHBI TAKOW TO3HUIIMA MHE HE yIalIochy». B
T€ %€ TObI IPOTUB UIEU KOCMOJIOTMYECKOM MOCTOSSHHOM pe3ko BbicTynan B. [Taynu.

HHuTepec kK KOCMOJIOTUYECKOM KOHCTAHTE BO3HUKAN B Pa3HbBIC TOJBI B CBS3H C MPOOIEMOit
Bo3pacta Mupa. OueBuHO, 4TO BeenenHas kak 1esnoe He JTOJKHA ObITh MOJIOXE HAaceNSIoumX eé
ACTPOHOMHUYECKUX Teld. MexIy TeM MO MepBOHAYAIbHBIM (CUJIBHO 3aHMKEHHBIM) OLIEHKaM, OCHO-
BaHHBIM Ha JaHHBIX Xa00ma 1930-1940-x rogoB, BO3pacT MUpa MoJydajcs OMUM3KUM K 2 MIIPI. JIET.
Ho 310 MensbIie reomoruyeckoro Bo3pacra 3emun. [lozaHee Bo3pacT Mupa OLIEHHWBAIHU yxke B 7-9
MJIpJ. JIeT (IOCJie MCTIPABICHUS CHUCTEMaTH4YecKol OmMOKHM B JaHHBIX Xa00isa). OgHako Bo3pact
CaMbIX CTapbIX 00pa30BaHMU B HAICH TaJaKTHKE — IAPOBBIX CKOTUICHHUH 3BE3]] — aCTPOHOMBI OIIe-
HUBAJIU, KaK MPaBUJIO, BEMMUUHON 12-15 mupa. ner. Mmes KocMoJIoTHuecKoi moCcTOsSHHOM oberana
pElIeHre 3TOTO TSKEIOTO MapaoKca, eCim, Kak oTMedanoch emeé B 1988 r., Bceobiiee oTTankuBa-
HUE CUJIbHEe COOCTBEHHON I'paBUTAIIMH BEILIECTBA B COBpeMeHHOM BceneHHOM.

B cranmapTHOM MOJENU IUIOTHOCTh TEMHOM YHEPIHHU ONPEAEIISETCS KOCMOJIOTMYECKON MO~
CTOSIHHOM, ¥ MO3TOMY 3Ta IVIOTHOCTh MOCTOSIHHA BO BPEMEHU U UJ€AIbHO OJIHOPOJIHA B IPOCTPAH-
ctBe. bornee Toro, MIOTHOCTH TEMHOM SHEPTUM UMEET OJMHAKOBOE 3HAUYEHHE BO BCEX CHCTEMax OT-
cyéra.

[InoTHOCTH — IJTaBHAs KOJIMYECTBEHHAs] XapakTepucTUKa TEMHOM sHepruu. Eciaum B34Th 3a
Mepy Maccy aromMa BOJIOPOJia, TO BEJIMUMHA IUIOTHOCTH TEMHOM 3HEPIUU COOTBETCTBYET MPUCYTCT-
BHUIO B K&KJOM KyOUUYECKOM METpe MPOCTpPaHCTBA TPEX aTOMOB BOJOpoa. st Toro 4rods! mpe -
CTaBUTh ce0e CUIIy aHTUTATOTECHHUS, KOTOPYIO CIIOCOOHA CO3/1aTh aHTUTPABUTHPYIOIAs cpeaa ¢ Ta-
KOM IUIOTHOCTHIO, BOOOpA3HM, UTO JBA HEUTPAIBHBIX aTOMa BOJ0PO/a MOMEIIEHBI B MPOCTPAHCTBO,
B KOTOPOM HET HMYEro, Kpome TEMHOM sHepruu. Ha 3Tu aTombl AEHCTBYIOT IBE CHUJIbI: HBEOTOHOB-
CKasl CHJIa MX B3aUMHOTO MPUTSHKEHUS U SUHIITEHHOBCKAs CUjla OTTaIKMBaHUs. OKa3bIBaeTCs, YTO
AHTUTITOTEHUE CUJIbHEE TATOTEHUS, €CIIU PACCTOSHUE MEXKAY aToMaMu O0JIbIlie TOTyMeTpa.

[lo HEKOTOpBIM JIaHHBIM Ha A0 TEMHOM 3Hepruu npuxogutcs 70% MOIHON MIOTHOCTH
Mmupa. Tak 4To TEMHAs SHEPTHUs MPeICTaBIsAeT cOO0M TTIaBHBIN BH]I YHEPTUU/MACCH B HAOII0JaeMOi
Bcenennoii. [IoHATHO, YTO MpH TaKUX YCJIOBHUSX CO3/1aBA€MOE TEMHOW SHEPTrUE aHTUTATOTEHUE
JOJKHO JOMHHHUPOBATH B JUHAMUKE KOCMOJOTMYECKOrO pacuiupeHus. B mpupope CyiecTByroT
eni€ Tpu BUAA KOCMUYECKOM sHeprun. OIHA U3 HUX - 3TO TEMHAs MaTepus, Ha KOTOPYIO TI0 TEM K€
JAHHBIM MPUXOAUTCS OKOJIO 25% MOJHOW MJIOTHOCTH MHUPA; KaK MPEAINoaraeTcsi, OHa COCTOUT U3
TUIIOTETHYECKUX HEPENATUBUCTCKUX («XOJIOAHBIX») CTAOMIIBHBIX DJIEMEHTAPHBIX YACTHII, HE Y4acT-
BYIOILIMX B CUJIbHOM SIZIEPHOM B3aUMOICHCTBUU.

N.3. NMapapokc AnHwTenHa-NMoagonbckoro-Po3eHa

Jlorudeckasi cuTyalysi, BOSHHUKIIAs MPU aHAIN3€ MBICIIEHHOTO SKCIIEPUMEHTA, MPEATI0KEH-
Horo B 1935 A. Ditamrerinom, b. [Togonsckum (B. Podolsky) u H. Po3enom (N. Rosen) ¢ menbro
pasrpaHUYeHHs ABYX BO3MOXKHBIX HHTEPIpETAIfii BOJTHOBOW (DYHKIIMM B KBAaHTOBOW MEXaHUKE:
cTaTHCTUYecKas MHTeprperauus (OWHIITEHH) - BOJIHOBas (p-1ius Ja€T BEPOSITHOCTHOE OMMCAHUE
aHcaMmOJs TOXKAECTB, MUKPOCHCTEM (KBaHTOBOTO CTATHCTHYECKOTO aHCamOIisl); KOTEHrareHcKas
untepupetauus (H. bop)-BonHoBas ¢-1ust 1aéT BEpOATHOCTHOE ONKCAHUE WHIMBUIYaTbHOM MHUK-
pocucTeMbl. B COOTBETCTBUM C MEPBBIM YTBEPKIACHUEM BBIBOJBI KBAHTOBON MEXaHHKH HENb3s OT-
HOCUTb K MHJIMBHUIYAIIBHOW MHUKPOCHCTEME, ITIOCKOJIBKY OHM HOCAT CTaTHCTHY. XapakTep, BTOPOE -
[IPeIIoJiaraeT, YTo BOJHOBAs (-1Hsl 1aéT MaKCUMaIbHO MOJHOE OMHMCAHNE WHIANBUIYAIBHOTO MHUK-
poripoliiecca U TaKoe ONMCAHUE HE MOXKET OBITh JIeTepMUHUPOBaHHBIM. Ha ombiTe 00e 3TH no3umnuu
HEPa3IMYUMBI, T. K. BEPOATHOCTHBIE MPECKa3aHMsI MOTYT OBITH MPOBEPEHBI TOJILKO B PE3YNIbTATe
CTaTUCTUY. 00paOOTKU cepUU HAOIIOIEHUH.

Llenb mpeIoKEHHOTO MBICIEHHOTO SKCIEPUMEHTA - OTOXKJECTBUTh U3MEPEHUE C WHAMBH-
IOyaJIbHBIM HAOII0JaTeIbHBIM aKTOM, YTO MOTJIO OBl TIPUBECTH K MPOTHUBOPEUMIO, YKA3BIBAIOIIEMY
Ha HCIIOJIHOTY KBAHTOBOMCXAaHUY. OIMUCAHUA. HpeIIBapI/ITeJIBHO GBIJII/I IMPUHSATEI ABa YCIIOBUA:

1) mist MOTHOTHI HEK-poi (HU3. TEOPHH HEOOXOIUMO, YTOOBI KaXKIBIM AJEMEHT (H3. PEeaTbHOCTH
HUMCJI COOTBCTCTBUC B TCOPHUU,
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2) ecnu, HE BO3MYLIasi CUCTEMY, MOYKHO C OINPEAEIEHHOCTBIO (T. €. C BEPOSATHOCTBIO, KaK YrOJHO
ONMM3KOM K eIMHHUIIE) MpPEeACcKa3aTh 3HAUYE€HHWE HEK-poil (U3. BEIMUYUHBI, TO CYLIECTBYET 3JEMEHT
(bu3. peaTbHOCTH, OTBEUYAIOIINI STOW BETUIHHE.

UToOBI MOSCHUTH XOJ PacCyKJEeHUN aBTOPOB mapanokca DIIP, paccMoTpuM cleayromuil MbICIEH-
HBIN SKcniepuMenT. [TycTs HemoABMKHAS MeTacTaOniIbHAs YacTUIA C HYJIEBBIM CIIMHOM pacrajaeT-
Csl Ha JIB€ Pa3Jl. YaCTHIIbI CO CIIUHOM 1/2 (Harmp., 3MeKTpOH U No3UTpoH). [Ipomyckas vactuny 1
(anexTpon) uepe3 ycranoBky llltepna - ['épnaxa (cm. IllTepna - I'epnaxa onsiT), MOXKHO Ompese-
JUTH IpOeKLHUIo e€ cniHa S1z Ha HanpaBJIeHUe Z MarH. 1oJisl B ycTaHOBKe. Eciin oHa MooKuTeNnb-
Ha, TO JUIsl BTOPOH YacTHIIbI (TO3UTPOHA) COOTBETCTBYIOIIAS TPOESKIUS CIIMHA S2; OJKHA OBITH OT-
puLaTeNbHa, T. K. OJHBIA CIIMH CUCTEMBbI coXpaHsercs. T. 0., 3HaueHUE Sp; MOKHO YCTaHOBUTh, HE
BO3CHCTBYs Ha yacTuily 2. COrfacHO yCJIOBHUIO 2, CYIIECTBYET 3JEMEHT (U3. PealbHOCTH, OTBE-
YaIOIIMI TPOCKIMH CIIUHA So;.

B To0 xe Bpems1, eciiu MarHuTHOE 1oJsie B ycraHoBke llTepHa - ['épnaxa Obls10 OblL OpUEHTH-
POBAHO BOJIb OCH X, TO YCTAHOBJICHHOMY C IOMOIIBIO MPUBEAEHHOTO PACCYXICHUS 3HAUCHUIO
MPOCKIIUU Soyx TOXKE OTBEYANl ObI deMeHT (u3. peanbHOoCcTH. OHAKO HAOII0IaeMbIe S; U Sy HECOo-
BMECTHBI, T. €. HE MOTYT OBITh W3MEpPEHBI OJHOBPEMEHHO, T. K. COOTBETCTBYIOHIUE ONEpPaTOphl HE
KOMMYTHPYIOT:

Otcrona, coriacHo ycloBUIO 1, nenaercs BBIBOJ O HEMOJIHOTE KBAHTOBOW MEXaHUKH, T.K.
mape IEMEHTOB (U3. pPeaTbHOCTH {S2;, Sox} HET COOTBETCTBHUS B TEOPUHU.

OTOT BBIBOJ, OJJHAKO, HEMPABOMOUEH, T. K. U3MEpEHUsl HaOII0AaeMbIX TUIIA SZ U Sy TpeOy-
10T B3aMMHO MCKJIIOYAIOIIUX 3KCIIEPUM. YCTaHOBOK (cM. JlOMOJIHUTENbHOCTH NpuHIUN). DakTHye-
CKU MPETIOKEHHOE PaCCMOTPEHHUE JOIMYCKaJIO JOMONHUT, TUIOTe3y: ecnu A u B mo otnensHOCTH -
3JIEMEHTHI pealib-HOCTH, TO mapa {A, B} - Takxe 3J1IeMEHT peabHOCTH, YTO HE BCEI/a CIIpaBeIu-
BO.

[Tapamoxc DI1P, HecMOTps Ha OMMOOYHOCTh 3aKITFOUCHUH, TIOCTABUII HOBBIE BOIIPOCHI, OTBE-
Thl Ha K-pble, BO3MOXHO, OyAyT MOJYy4eHbl JUIIb B Oyaymied Teopun Mukpomupa. B wactHoCTH,
ecnu niapa {A, B} He ecTb anemMeHT (pu3. peasibHOCTH (B CHITy HECOBMECTHOCTH HAOI0/IaeMbIX A U
B), T0, BO3MOXHO, 3TO 00BACHSAETCSA TEM, UTO CYLIECTBYIOT KaKHe-TO JIOMOJHUT, (HEHa0III01aeMbIe)
MIEpEMEHHbIE (CKpBIThIE TTapaMeTpbl), K-pbie HE ONMMCHIBAIOTCS KBAaHTOBOM Teopuel u (ukcamnus K-
PBIX TO3BOJIUT MOJIyYUTh OoJiee NETaIbHYI0 KapTUHY Mupa. B TakoM ciydae Ha Gojee riryOokoM,
CyOKBaHTOBOM, YPOBHE ONHMCAaHHUE MOTJIO ObI OBITH JE€TEPMUHHUPOBAHHBIM, a KBAHTOBOE OIKCAHUE
JIOJPKHO BOCCTaHABIUBAThCS IOCIIE YCPETHEHUS IO CKPBITBIM IapamMeTpam, T.e. CpeIHUe 3HAaYeHUs
B TakoW TEOpPHH JOJHKHBI COBHAAATh C KBAHTOBBIMM CPEIHUMH. AHAIMU3 3TOW MpoOIeMbl IPUBEN
JUx. benna (J. Bell) B 1964 x BbIBOy O CYIIECTBEHHO HEJIOKAJIBHOM MPUPOJIE TEOPUN CO CKPBITHIMU
napamerpamu (cMm. bena HepaBeHCTBa), YTO, B CBOKO OY€pE/lb, MOCTAaBUIIO HOBBIE BOINPOCHI, Tpe-
Oyrolue pa3penieHus.

JIut.: DiinmreitH A., CoOp. Hayd. TpyaoB, T. 3, M., 1966; bop H., ATomMHas ¢usuka
M 4eJ0BEYeCKOe Mo3HaHue, nep. ¢ annt., M., 1961; ¢on Heitman k., Maremarnueckie OCHOBBI
KBAaHTOBOI ME€XaHUKH, nep. ¢ HeM., M., 1964; Mangensiitam JI. U., Jlekuuu no ontuke, Teopun
OTHOCHUTEJIBLHOCTH U KBaHTOBOW MexaHuke, M., 1972; Canbepu A., KBantoBas mexaHuka u pusuka
ANIEMEHTAPHBIX YaCTHII, Tiep. ¢ aHri., M., 1989; ®dunocodckue rccnenoBanus OCHOBaHUN KBAaHTO-
Bor mexanuku. (K 25-netuto mepaBenctB bemna), M., 1990; Peibakos 1O. II., Tepnenkwmit . I1.,
KBanToBas mexanuka, M., 1991; [luckyccuoHHble Bonpockl kBaHTOBOW (usuku. [Tamsatu B. B. Ky-
peikuHa, M., 1993.

N.4. HepaBeHcTBa benna

Bensia HepaBeHCTBA, ClpaBeIUBBIE IS JIFOOOW KJIACCUY. CTATUCTUY. CUCTEMBI, B K-pOil
HEBO3MOXKHO PaclpOCTPAHEHUE CUTHAJIOB CO CKOPOCTHIO OOJIBIIIE CKOPOCTH CBeTa (TpeboBaHue Jo-
KasbHOCTH); ycTaHoByieHbl J[x. C. bemtom [1]. [TomydeHsl ¢ menbo MpoIeMOHCTPUPOBATH OTINIHE
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NpeJCKa3aHUi KBAaHTOBOW MEXAaHMKHM OT TMPEACKa3aHUN JI000M TEOpUH CKPHITBHIX I[apaMeTpoB,
YIOBJIETBOPSIOLIECH TPEOOBAHUSAM CIIEL. TEOPUHU OTHOCUTEIIBHOCTH.

Ilyctb B Hek-poii Touke 1 uzmepsiercs BennunHa Aa, a B TOUKE 2, OTAEIEHHON IPOCTPaHCT-
BEHHOMNOJOOHBIM UHTEPBAJIOM OT 1,- BenuuuHa Bb, npuuém obe BenrunHBI MOTYT MPUHUMATh 3HA-
4yeHus 1, a MHACKCH a, b 03HAa4Yal0T 3aBUCUMOCTh ATHX BEJIMYMH OT HANPABJICHUS B MPOCTPAHCTBE.
[Ipenmonoxum, 4To ornpenes. pe3yabTaT U3MEpeHus A, KpoMe HampaBleHUs a, 3aBUCUT OT 3Haye-
HUSL HEK-POTrO CKPBITOTO mapamerpa A, a pe3yiapTaT usMepeHus B - ot HanpaBieHus b u toro xe
A, JTOKaTM30BaHHOTO B 00J1aCTH MPOCTpaHCTBa-BpeMeHHn (2, 00pa30BaHHON MepeceuyeHuEeM CBETO-
BBIX KOHYCOB Iponuioro To4ek 1 u 2. "JIokaJbHOCTB'" CKpBITBIX IapaMETPOB O3HAYAET, YTO A HE
3aBucHT OT b, a B He 3aBucuT oT a. [ToaToMy r00BIe KOppensiuu Mexay A u B Moryt ObITh 00Y-
CJIOBJICHBI TOJIBKO OOIIMM MPOILIbIM, B K-poM 3aaaHbl K. D10 yTBepkaeHne, OUYEeBUAHO, BEPHO IS
T000H KIIacCHY. PEIATUBUCTCKON CTaTUCTHY. CUCTEMBI.

B xBaHTOBOI MexaHuKe, HE MPEANoaraleil CylecTBOBaHHE CKPBITHIX MapaMeTpoB, b. H.
B 00111€eM ciiydyae He UMEIOT MecTa. [loaToMy sKcriepuMeHTanbHas poBepka HapyuieHus b. H. sBU-
J1aCh MOIIHBIM CPEICTBOM MPOBEPKU KBAHTOBOW MeXaHUKU M e€ mHTeprperauuud. IlocTaBieHnHble
SKCIIEPUMEHTHI TUMa DiHmTelHa - [logonsckoro - Po3ena (cM. DitHiirelina - oponsckoro - Po-
3€Ha MapajJioKC) C MapamMu 4acTHIl - (JOTOHOB U HYKJIOHOB [2, 3] yOeauTeNbHO CBUIETENbCTBYIOT B
10JIb3y KBAHTOBOM MEXaHHKHU B €€ KOIEHIareHCKON MHTEPIpPETAaluu NPOTUB TEOPUU CKPBITHIX Ia-
pametpoB. B aTux skcnepumentax ponb Aa. Bb. Aa,, Bb urparot npoekiuu crnrHa 4acTHUIlbI Ha TO
WM MHOE HampasiieHue, onpeaensiemoe npubdopom. Hapymenue b. H. cBs3aHO ¢ TeM, 4TO NOBOPOT
OJTHOTO MPUOOpPA, PETUCTPUPYIOIIETO YAaCTHUILy, COTJIACHO KBAHTOBON MeXaHUKe, MEHsIeT nH(popMa-
LU0 O CUCTEME H. CJIEI0BATENIbHO, ONPEEIIEHHBIM 00pa30oM BIHUSET Ha BEPOSTHOCTb PETUCTPALIUU
YacTHULIBI Jp. MPUOOPOM, HECMOTPSI HA TO, YTO HUKAKOTO MAaTEPUATLHOTO HOCUTENS STOTO BIUSHUS
(yacTuIbl WK TOJIs) HE cyliecTByeT. CBsI3aHO 3TO C TEM, YTO IPU U3MEPEHUU B KBAaHTOBOW MeXa-
HUKE MMPOUCXOTUT PEAYKIIHS BOJTHOBOIO MaKeTa.

C TOoYKM 3peHHs U3JI0)KEHHOT0 BhIBOJA b. H. 3TO 03HayaeT HapylleHue JOKaJIbHOCTH (ITOHU-
MaeMoil bensioM kak BbINOJIHEHUE TpeOoBaHMs, YTOObI U3MEpPEHHE, IPOU3BOIMMOE B TOUKe A, HE
BIIUSUIO HA Pe3yJbTaThl U3MEPEHHUsI, TPOU3BOANMOro0 B TOUKE B; He myTaTh ¢ JTOKaJIbHOCTHIO B KBaH-
ToBoi Teopuu noss!). IloaToMy psin aBTOPOB Ha3bIBAET 3TO CBOMCTBO KBAHTOBON MEXaHUKH «HEJO-
KaJIbHOCTBIOY.

N.5. NMepcoHanuu

YuyeHnlit Kparkue cBegeHus

Andepo  XKopec | Poceniickuii pusuk, akagemuk PAH (1991; unen-koppecnonnent, 1972,
WanoBuu (p. 15 |akagemux AH CCCP, 1979), Buue-mpesuaent PAH (¢ 1991; Bure-
mapta 1930, Bu- | npesugenr AH CCCP ¢ 1990). Ilpencenarens Ilpesnauyma Jlenunrpan-
TeOCK) ckoro (Cankr-IlerepOyprckoro) Haydroro meatpa PAH ¢ 1989.

Oxonunn JlenuHrpaackuii snmekTpoTexHudeckuit MHCTUTYT (1952). Oc-
HOBHBIC TPYJbl B 007acCTH (U3UKH MOTYIMPOBOAHUKOB, TOTYIMPOBOIHHUKO-
BOHM 1 KBAaHTOBOW 3JIEKTPOHUKHU, TEXHHUUECKON (PU3MKU. Y4yacTBOBaJ B CO3-
JaHUM OTEUECTBEHHBIX TPAH3UCTOPOB, (HOTOIMOIOB, TEPMAHUEBHIX BHI-
MpsMUTENEH BEICOKON MoITHOCTH. OOHAPYKUIT SIBJICHUE CBEPXUHIKEKIINH B
rerepocTpykrypax. Co3fan «uaealbHbIe» MOTYPOBOIHUKOBBIE T€TEPOCT-
pykTyphlL. [Tonokun Hagamo HOBOMY HampaBlIeHUIO — TeTepoIepexoiaM B
nostynpoBoiHuKax. Jlennnckas npemus (1972), 'ocynapcTBeHHast mpeMust
CCCP (1984). Hobenesckas mpemus (2000).

Apucrorens JpeBHerpeueckuii punocod u nexaror, poauics B Crarupe B 384 mnu 383
(384-322 no H.3.) 70 H.9., yMep B Xankune B 322 no H.3. [loutn nBamanate et ApuUCTOTENb
yuuics B Axkagemun [1natoHa u, mo-BUIuMOMYy, KaKoe-TO BpeMsl TaM Ipe-
nojgaBas. [lokuHyB AkagemMuio, ApUCTOTENIb CTajl BOCHUTATENIEM AJIeK-
cannpa Makenonckoro. Kak ocnoBarens Jlukes B AduHax, mpomomKas-
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IIEr0 CBOIO JCATEIbHOCTh MHOTHE CTOJIETHS TOCIE €ro CMEepTH, ApPHUCTO-
TEJIb BHEC CYIIECTBEHHBIN BKJIAJ B aHTHUHYIO cucTeMy oOpasoBanusi. OH
3a7yMaj U OPraHU30BaJl IIUPOKOMACIITA0HbIC €CTECTBEHHOHAYYHBIC H3bI-
CKaHUs1, KOTOpbIe PUHAHCUPOBATT AJICKCAHAP. DTU UCCICIOBAHUS TPUBEIH
KO MHOTUM (pYHIAMEHTAJIbHBIM OTKPBITHSIM, OJHAKO BEJIWYANINNE JTOCTHU-
XKEeHUSI APUCTOTENSI OTHOCSTCS K 00s1acTi rtocodum.

Apxumen
(ox. 287-212 1o
H.3.)

Bennuaiimuii 1peBHErpe4ecKuil MaTeMaTUK U MEXaHUK. Y POKEHEIl Ipe-
yeckoro ropoga Cupaxyssl Ha octpoBe Cunmnus, Apxumen Obu1 IpH-
OJIVDKEHHBIM YIPaBIISBLIEr0 ropoAoM Laps ['mepona (u, BEpOsTHO, €ro
POACTBEHHUKOM). B ncropun Qu3nku Apxumen U3BECTEH KaK OJWH U3
OCHOBOIIOJIO)KHUKOB YCIIEIIHOTO NPUMEHEHHUS] TEOMETPUU K CTATHUKE. U
ruapocratuke. B I kaure counnenust O pasnosecuu niockux ¢uzyp OH
IIPUBOJIUT YHCTO F€OMETPUYECKUN BBIBOJ 3aKOHA pbryara. [lo cyrtu, ero
JI0Ka3aTelbCTBO OCHOBAHO HA CBEIECHUM OOILEro cilydyasl pblHara ¢ Iuie-
4aMu, OOpaTHO MPONOPLUOHATIBHBIMU MPHIIOKEHHBIM K HUM CHJIaM, K
4aCTHOMY CJIy4ar PaBHOIUICYErO pblYara M paBHBIX Cul. Bce mokasa-
TEIbCTBO OT Hayaja M OO KOHL@A IPOHU3aHO HACEH I'€OMETPUYECKON
CUMMETpPHHU.

CpenHeBeKOBbBIE JIATUHOS3bIUHBIE YYEHBIE BHEpPBbIE yciblianu 06 Ap-
xumezne B 12 B., Korja nosiBUIKCH JIBa IEPEBO/IA C apaOCKOT0 Ha JaThbIHb
ero counnenus 06 uzmepenuu kpyea. B 1269 nomuHukanen Bumbrensm
u3 Mepbeke mepeBern ¢ APEBHETPEYECKOro BECh KOPITyC paboT Apxume-
na.

bapaun [IxxoH
(1908 - 1991)

Awmepukanckuil ¢pusnk, wied HanmonansHoit akanemun Hayk (1954), uno-
cTpanHblil wieH Akanemuu Hayk CCCP (1982).

B 1968-1969 6511 npe3uieHToM AMEPUKAaHCKOTO (PU3HMUECKOro O0IecTBa.
Oxonunn Buckoncunckuii u IlpuHcToHCKuit yHuUBepcuTeTbl. OCHOBHBIE
pabotbl B obnmacti ¢u3uku TBepaoro Tena. Coznan mepBbIi TpaH3UCTOP
(1948, coBmectHO ¢ Y. bparreitnom). Oqun u3 aBTopos (1957) Muxkpocko-
MIUYECKOIl ~ Teopun cBepxmpoBoauMoctu (teopust bapauna-Kynepa-
Mpuddepa). Ipennoxun Meron 3p¢HeKTUBHOIO raMUIbTOHUAHA (MOJEIb
TyHHeJMpoBaHus bapanHa) B Teopuu TyHHEIUPOBaHUS.

bapanH — equHCTBEHHBIN yUeHBIH, IBaXK/bl y1ocTOeHHbIM HobeneBckoit
upemud 1o gusuke (1956, coBmectHo ¢ V. bparreitnom u V. lllokmny;
1972, coBmectHo c¢ JI. Kynepom u Jlx. Hlpuddepom).

biaoxunues Jmut-
puii IBanoBu4

(1907-1979)

Unen-koppecnongeHT AH CCCP (1958) u AH VYkpaunst (1939), I'epoit
Conmanuctuyeckoro Tpyma (1956). OguH U3 pyKOBOIUTENEH CO3MaHUS
nepBoil B mupe ADC. Tpyasl 10 KBaHTOBOM MEXaHHMKE, aTOMHOM U sJliep-
HOM (u3MKe, TEOPUH SAECPHBIX PEAKTOPOB, (U3HUKE IJIEMEHTAPHBIX YaCTHII,
Mmetoponorun Qusuku. Jlenunckas npemus (1957), I'ocymapcTBeHHbIE
npemun CCCP (1952, 1971). On siBujcs ocHOBaTeaeM Kadeapsl TEOpeTH-
4yecKol U siepHoi ¢pu3uku B CapaTOBCKOM rOCYHHBEPCUTETE

bop Hunsc
(1885 —1962)

Brinaromuiics natckumii ¢pusuk, Hobenesckas npemust o ¢usuke, 1922 r.,
OJIMH M3 co3JaTeneil coBpeMeHHON (M3MKKU aToMa U aToMHoro sapa. Oc-
HoBarenb (1920) u pykoBogutenr MHCTUTyTa TeOopeTHUYECKON (U3UKH B
Konenrarene (Mucturyr Hunsca bopa); coszpatens MUpOBOM HaydyHOU
mkonel; nHOCTpaHHb wieH AH CCCP (1929). B 1943-45 pabortan B
CILIA. Co3gan Teopuio aToMa, B OCHOBY KOTOPOM JIETJIM IUIaHETapHasi MO-
nenb aroma Pesepdopna, kBaHToBbIe TpeAcTaBieHus [lnanka n DUHIITEH-
Ha U NPEJI0KEHHBIE UM MOCTYJIAThI, Ha3bIBaeMbIe MocTynaramu bopa.
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bparreitn  Yourep
(1902 - 1987)

Awmepukanckuii pusuk; oTkpsli (1948) coBmectHo ¢ k. bapnuaom TpaH-
3ucTopHbIi 3¢ ekt u coznan nepseiii Tpanzuctop. Jlaypear HobGeneBckoit
MIPEMHH 32 CO3[]aHHE MOITYIIPOBOHUKOBBIX TPAH3UCTOPOB U U3yYeHHE (HU-
3UYECKUX NPUHIUIOB UX aelcTBus (1956, coBMectHo ¢ [Ix. bapaunom u
V. Hlokimn).

OOpazoBanue MoNydns B YHHBEpcUTeTax Youia-Yosura (mrar BamwmHr-
TOH), Apu3oHbl U MunHecoTsl. [IpenogaBan B pa3nuyHbIX YHUBEPCUTETAX
CHIA. HccnenoBan moBEpXHOCTHBIE CBOMCTBA MOJIYIPOBOIHUKOB (OIpe-
JieJIeHue CKOPOCTH PEKOMOMHALIMK M paclpesiesieHle MOTEeHLuala Ha Io-
BEPXHOCTH TOJIYIPOBOAHMKA). Psim paboT MOCBAIIEH M3YUEHHIO MOIYIPO-
BOJHHMKOBBIX CBOWCTB OKHCH MEIIH, UCCIIEJOBAHUIO ONTHYECKHX CBOMCTB
TepMaHUEBBIX TUIEHOK, M3MEPEHHIO MPOBOAMMOCTHU O] ACHCTBUEM 00IY-
YyeHUsl ajnb(ha-yacTUIaMU.

['amunpTOH
Yuneam Poyan
(1805-1865)

Wpnanackuit MareMaTUK U (U3MK, UHOCTPAHHBIM 4YJI€H-KOPPECIIOHJAEHT
[TerepOyprexoit AH (1837). C 1827 roxga npodeccop dyOGmmHCKOrO YHU-
BEPCUTETa U JUPEKTOpP acTpoHOMHUYECKOW oOcepBaTopuu. [lan TouHOE
(bopManbHOE U3I0KEHHUE TEOPUH KOMILIEKCHBIX uncell. [loctpoun cucremy
yrcesl — KBaTEPHUOHOB. B MexaHuke Jan oOmuii NpUHIUI HAUMEHBIIETO
JeUcTBUS. Y CTaHOBUJI QHAJIOTHIO MEX/y KIaCCUYECKOM MEXaHUKOH U reo-
METPUYECKOI ONTUKON, OCHOBAaHHYIO Ha MPHUMEHEHUHU T.H. XapaKTepPUCTH-
yeckoll ¢yHkuuu (pyHxuuu ['amunbToHa). AHanIOrus MexJy KOpPIYCKY-
JIIPHOM U BOJIHOBOM ONTHUKOM, pa3BuTas ['aMUIBTOHOM, 10JIr0O€ BpeMs Obl-
J1a IOYTH 3a0bITa, U ToNbKO yepe3 100 met ee ucnonsizopan J. Llp&aunrep
IIpH pa3pabOTKe CBOEM BOJTHOBON MEXAHUKH.

I'um3bypr  Bura-
nui JlazapeBnu

p.- 21.9(4.10).1916,
Mocxksa

Breigaromuiics coBeTckuii M poccuiickuii ¢usuk, akagemuk AH CCCP
(1966; unen-koppecnoraeHt. 1953). Oxonunn MOCKOBCKUN YHHUBEPCHUTET
(1938). C 1940 padoraer B Puznyeckom uunctutyre AH CCCP. OcHoBHBIE
TPYJbl IO TEOPUHU PACHPOCTPAHEHUS BOJIH B MOHOC(EpE, paguoacTpoOHO-
MHH, BOIIPOCAM IPOUCXOXKAECHUS KOCMHUYECKHUX JIy4el, TepMOJAMHaAMUYe-
CKOI TEOpHH CETHETO3JIEKTPUUECKUX SIBJICHHM, TEOpPUU CBEPXIPOBOIUMO-
CTH, OIITHKE, TEOPUH M3IyueHus, acTpousuke u ap. B 1940 I'. pa3pabo-
Taj KBaHTOBYIO Teopuio 3gdekra UepeHkoBa - BaBuioBa u Teopuro ue-
PEHKOBCKOT0 m3nyudeHus B kpucramiax. Cosmectno c¢ JI. JI. Jlangay co3-
nann (E€HOMEHOJIOTUYECKYIO TeOpHuIo cBepxmpoBoaumoctu. B 1950-51 pa-
6oTan Haja npobiemamu TepMmosaepHbIx peakuuil. C 1958 uccnenyer Bo-
MPOCHl TEOPUM SKCUTOHOB M KPHUCTAJUIOONTHUKH, pazpaboTall TEOPUIO Mar-
HUTOTOPMO3HOTO KOCMHMUYECKOTO PAaJUOM3IY4YECHHUS U pajnoacTpOHOMUYE-
CKYI0 TEOpHUIO IMPOMUCXOXKICHHUS KOCMHYECKHMX Jydeil. ['ocymapcTBeHHas
npemust CCCP (1953), Jlenunckas npemus (1966). Jlaypear HoGeneBckoii
npemun 2003 1. 32 pabOTHI MO CBEPXITPOBOIUMOCTH.

Ieiizentepr Bep-
uep (1901-1976)

BcemupHo n3BecTHBIH HeMeEUKUH (QHU3UK, CO3AaTeNnb MAaTPUYHOM KBaHTO-
BOI MexaHukH, naypeat HoGeneBckoii npemun 3a 1932 ron. Pa6otel oTHO-
CATCSl K KBAHTOBOW MEXaHUKE, KBAHTOBOM AJIEKTPOAMHAMUKE, PEISTUBUCT-
CKOI1 KBaHTOBOM TE€OpPUU IOJISI, TEOPUH SApa, MarHETU3MY, (PU3UKE KOCMU-
YEeCKUX JIydeid, TEOpUU IJIEMEHTApHBIX YacTHll, (puiIocoduu ecTecTBO3Ha-
Hus. Bmecre c [Tonem [Jdupaxkom B 1928 rony I'eitzenOepr BbIIBUHYI HIEIO
OOMEHHOTO B3aMMOJEHCTBHUSA, BBeAs oOMeHHble cuibl. B 1932 poxy npu-
11eJ1 K MPOTOHHO-HEUTPOHHOM MOJIENU Spa, BBEJ MOHITHE U30TOIMUYECKO-
IO CIIMHA, M0Ka3aJl, 4To SAepHble CUiIbl Hacklmaromue. B 1943 rony Been B
KBAaHTOBYIO TEOPHIO TIOJII MATpuIly paccesHus (S-matpuity. B rogsr 2-i
MHUpPOBOW BOWHBI BO3IVIABIISI HEMEIKUH MPOEKT CO3/1aHUsl aTOMHOW OOM-
Ob1. B mociiennue roapl yeunus ['eitzenOepra OblIM HaIlpaBiIeHBI HA CO37a-
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HUE enuHOoM Teopuw moiisa. MHTepecHbl paboTel ['elizenOepra B oGnacTu
¢bunocopun GU3NKU, TEOPUH MMO3HAHUS, MHOTHE U3 KOTOPBIX TEPEBEICHBI
Ha PYCCKHH s3bIK. ['eii3eH0epr ObLI MOYETHBIM YJICHOM MHOTHX aKaJeMHUI
HAyK U HAYYHBIX OOIIECTB.

e bpoiinb Jlyn
(1892-1987)

OnuH U3 co3parenield KBAHTOBOM MEXAaHUKH - BCEMHUPHO HM3BECTHBIN yde-
HBIA, YbHU PabOTHI B OOJIACTH TEOPETHUECKOW (PU3MKH, a TaKkKe BBLAAIO-
LIUICS TUTEPaTypHBIN TaJaHT MTyOOKO U3MEHUIIU COBPEMEHHYIO (PU3UKY U
IIOCTaBWJIM €0 B OAMH PSII C CAMBIMH BBIJAIOLIMMUCS YYEHBIMH HAIIETO
BpemeHH. OH NEpBBIM MpHILET K BBIBOAY, YTO Iyalu3M BOJHA-4aCTHUIA -
SIBJICHUE NPUPOABI, @ HE YXUIIPEHUS MAaTEMaTUKOB Ul MPEOJOJICHUS Ka-
KHX-TO pacxoaumocTeil. Ero pacderbl BOJHOBBIX CBOWCTB YacTHI] ObLIH
MOJITBEPKIEHBI AIKCIIEPUMEHTANBHO (IH(PPAKIUS SJICKTPOHOB).

JIyu ne bpoins naypeatr HobeneBckoit mpemun 3a 1929 roga o ¢usnke 3a
OTKPBITHE BOJIHOBBIX CBOMCTB 3JIeKTpoHa B 1923 rony.

Hupax ITons
(1902-1984)

Brinaromuiicss aHrIuickuii PU3MK-TCOPETUK, OJWH M3 OCHOBATENel KBaH-
TOBOM MexaHukH, 4ieH JlonmoHckoro koposeBckoro obimiectBa (1930).
Yuuncs B bpuctonsckom, 3atem B KeMOpumxckoM yHUBEpCUTETaX (OKOH-
gt B 1924). C 1932 npodeccop Kembpumkckoro yausepcurera. OcobeH-
HO B&)XHBIM pe3yabTaToM Teopuu JI. ObUIO TO, YTO OHA MpeAcKa3bIiBaia
CYIISCTBOBAHHME YACTHIIBI ¢ MAcCOW, paBHOM Macce 3JIEKTPOHA, HO 00Ia-
JAIOIIEH TONOXKUTENbHBIM 3apsiioM. JI. mHoctpanHwiii wieH AH CCCP
(1931). Hobenerckas npemust (1933).

Kopounes Cepreii
[TaBnoBuu

(1906/07-1966)

Poccuiickuil yuensiii 1 koHCTpyKTOp, akagemMuk AH CCCP (1958), nBax-
nel ['epoit Commanuctuueckoro Tpyna (1956, 1961). Ilon pykoBoacTBOM
KoposieBa co3nanbl GamucTudeckue U reo(u3n4YecKUe pakeThbl, IepBble
WCKYCCTBEHHBIE CIYTHHKH ~3€MJIM, CIIYTHHKH DPa3JIUYHOTO Ha3HAYCHHUS
(«Onextpony, «Monnus-1», «Kocmoc», «30Ha» U 1p.), KOCMHYECKUE KO-
pabnu «BocTok », «Boexon », Ha KOTOPBIX BIEPBbIE B UCTOPUH COBEpIIIE-
Hbl KOCMHYECKUI ITOJIET YeJIOBEKa M BBIXOJ| YeJIOBEeKa B KocMoc. JIeHuH-
ckas npemus (1957). PenpeccupoBan B 1938-44; Haxoauics B 3akitoye-
nuu Ha Konbime (1938-40); 3arem paboran B Kb B Mockse (1940-42) u
Kazanu (1942-44).

Jlanmay Jle [la-
BHUJOBUY

(1908 — 1968)

Beinaronuiics coBerckuit gpusmk, naypeat HobeneBckoil mpemuun 1962 r.,
akaneMuk AH CCCP (1946), I'epoit Conmanuctuueckoro Tpyma (1954).
Poansca B cembe nmHxeHepa-HedTsHuka. Ilocne okonwanus JleHuHrpan-
ckoro yuuBepcutera (1927) acnupant JlenuHrpajackoro (usMKo-
TEeXHUYeCcKoro uucturyra. B 1927 6pu1 komanauposan B [lanuio k H. bo-
py, B Anrimroo u lIBeinapuro. B 1932 Bo3riaBuin TeopeTHYecKHil OTAemn
YKpauHCKOTO (PU3UKO-TEXHUYECKOro MHCTUTyTa B Xapbkose. C 1937 - B
uHctutyte pusndeckux npodiem AH CCCP. C 1947 npodeccop MI'Y. B
1941 coznman Teopuro cBEPXTEKYUYECTH KUAKOro reaust. B 1950 coBmecTHO
¢ B. JI. I'ma30ypromMm mocTpous MoIy(PEeHOMEHOIOTHUECKYIO TEOPUIO
cBepxnpoBoauMoctd. B 1940—65 omybaukoBan coBmectHo ¢ E. M.
JInpmmueM QpyHaaMeHTaNbHBIN Kypc TeopeTndeckoit ¢puznuku (JIeHnHckas
npemust, 1962). JI. coznan MHOTOYHCIEHHYIO KOy (PU3UKOB-TEOPETHUKOB.
K uncny ero yuenukos npunamiexar M. 5. [lomepanuyk, A. b. Murnain,
N. M. JIubumi, A. A. A6pukoco, E. M. Jlubmmu, 1. M. XanatHukoB u
np. Umenewm JI. na3zBan uncruryt teopernueckoit pusuku AH CCCP.

MenaeneeB Jmur-
puii IBanoBUY
(1834-1907)

Pycckuii XumMuK, pa3HOCTOPOHHUI yueHbld, nenaror. Otkpsut (1869) ne-
PHOIMYECKUI 3aKOH XMMHUYECKHX JIEMEHTOB — OJMH M3 OCHOBHBIX 3aKO-
HOB ecTecTBO3HaHMsA. OctaBui cB. 500 meyaTHBIX TPYJOB, CPEIU KOTOPBIX
kiaccnueckne «OcHoBbl xumuny» (4. 1-2, 1869-71, 13 uzn., 1947) — nep-
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BO€ CTpPOMHOE H3JIOKCHHE HEOpraHW4YecKoW XuMuu. ABTOp (dyHIaMEH-
TAJIbHBIX HMCCJIEIOBAHUN 1O XMMHH, XUMHUYECKOW TEXHOJIOTHH, (pu3mKe,
METPOJIOTHH, BO3AyXOIUIABAHUIO, METEOPOJIOTUHU, CEIbCKOMY XO35HCTBY,
HKOHOMHKE, HAPOJHOMY MPOCBEUICHHUIO U JIP., TECHO CBSI3aHHBIX C MOTpPEO-
HOCTSIMU Pa3BUTHSA NPOU3BOAMUTENBHBIX cuil Poccun. 3anoxuin OCHOBBI
TEOPHH PACTBOPOB, MPEUIOKUI MPOMBIIUIEHHBIH CIIOCO0 (PpaKIMmOHHOTO
paznenenus HedTH, n300pen Bu 0e3bIMHOIO MOpPOXa, IponaraHIupoBal
UCTOJIb30BAaHNE MHUHEPAIbHBIX YHOOpPEHHIA, OpOIICHHE 3aCyIUIMBBIX 3e-
Menb. OMH U3 HHUIUMATOPOB co3/1aHus Pycckoro xuMuyeckoro o0uiecTBa
(1868). IIpodeccop Ilerepbyprckoro ynupepcutera (1865-90), ymen B
OTCTaBKy B 3HAaK MPOTECTa MPOTHUB IMpUTECHEHUs: cryaeHdectBa. C 1876
wyieH-KoppecnonaeHT [lerepOyprckoit AH, B 1880 BeigBuraics B akaze-
MUKH, HO ObLT 320aJUIOTUPOBAH, YTO BBI3BAJIO PE3KH 00IIEeCTBEHHBIH Mpo-
tect. Opranuszarop u nepsblii aupexrop (1893) I'maBHO# namaTel Mep u
BecoB (HeiHe BHUU metponorun um. MenpeneeBa).

[Taynu Bonbdranr
(1900 — 1958)

[IBeiiapckuii (HPU3HK-TEOPETHUK, aBTOP KIIACCUYECKHX PAbOT MO KBAHTO-
Boll Mexanuke. OkoHuma yHuBepcuteT B Mionxene (1921). B 1921-22 611
accucteHToM y M. bopna B ['érTunrene, B 1922-23 -y H. Bopa B Konen-
rareHe. B 1923 nouent ynuBepcutera B ['amOypre, B 1928 mpodeccop
Beiciero Texuuueckoro yunnuia B Lropuxe. B 1940-46 npurnamieHHbIi
npodeccop B MHCTUTYTE (PyHAAMEHTAJIbHBIX MccleqoBaHuill B [IpuHcTOHE
(CIIA). PaboTa 1o 00BSICHEHHIO aHOMAIBHOTO 3eeMaHa dddekra mpusena
I1. x dopmynupoBke (1925) BaxHeiilIero KBAHTOBOMEXaHUYECKOTO MPUH-
nuna (mpunuun [aynu_). Jlokasai, 4To Bce YacTHUIbI C MOIYLENbIM CIU-
HoMm momguuHstoTces npunuuny IL. (1940). Bmecte ¢ I1. Mopaanom u B.
Ieiizenoeprom I1. 3amoxusi OCHOBBI PEISITUBUCTCKOW KBaHTOBOM TEOPHH
nons (1929), B pazpaboTke KOTOPOH OH 3aTeM MPUHSI aKTUBHOE ydacTHe.
[Tpu obcyxnennn ocobennocrer B-pacmnana I[1. BEIIBUHY TUIIOTE3Y O CY-
mectBoBannu HedTpuHo (1930-33). I1. mpuHamIexar Takke pabOTHI MO
ME30HHOM TEOpUHM SIIEPHBIX CHJI, Psii 0030pOB MO BaKHEHIIMM BOIPOCAM
COBPEMEHHOW TEOpeTUYeCKON (M3UKHU, CTAThbH 10 MUCTOPUM U (huiocopuu
Hayku u ap. Hobenesckas npemus (1945).

Tlnauk Maxkc
(1858 —1947)

Hemeuxunii ¢pusuk-reoperuk. Pogmicsa B cembe topucta. Yuuics B MioH-
xeHCckoM (1874-77) u bepnaunckom (1877-78) yHuBepcuTeTax; ciyman
nexruu I'. Tenpmronsiia, I'. Kupxroda. C 1880 mpusar-gomneHT MioHXEH-
ckoro yauBepcuteTa. [Ipodeccop yausepcutetoB B Kune (1885) u bepnu-
He (1889). Unen bepnunckoit AH (1894, B 1912-43 e& nHenpeMeHHBIN CEK-
peraps). [Ipe3unent OGmecTBa numneparopa Bunsrensma (c 1948 - OGme-
crBo M. Ilnanka). BBeaenue kBanTa AeicTBUS N OBLIO HAYAIOM BIIOXH HO-
BOH, KBaHTOBOM (u3uku. B psae crareit u nekuwii I1. o6cyxnan ¢punocod-
CKHE€ U MeToJojiornyeckue mnpobiaembl ecTecTBo3HaHus. [l.- umen-
koppecniorneHT IlerepOyprckoit AH (1913), mouérnsiit unen AH CCCP
(1926), unen Jlongonckoro kopoisieB, obmiectBa (1926). HobGenerckas
npemust (1918).

Pezepdopn Opuect
(1871-1937)

OCHOBOITOJIO)KHUK HAyKH O CTPOEHUU aToMma M aToMHoro siapa. Pomuiics B
Hogoii 3enananu, npodeccop pusuku Monpeanbckoro, ¢ 1907 r. Manue-
crepckoro, a ¢ 1919 r. Kem6pumxckoro ynusepcuteToB. OH OTKpbUI TPH
BHJIA PAJMOAKTUBHBIX JIydyell U coBMecTHO ¢ Coau co3aan TEOPHUIO paguo-
aKTHUBHOCTH, 3a KOoTopyio B 1908 r. ymocroen HobGenmeBckoil mpemuu mo
xumun. B 1911 r. npemnoxu saepHyo MoJenb cTpoeHus aroma. B 1919
BIIEPBBIE OCYIIECTBUWII SIIEPHYIO PEAKIMIO C MPEBPAIICHUEM XUMHUYECKUX
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ynemMeHToB. [TouetHriii wiien AH CCCP.

depMu DHPUKO
(1901 — 1954)

Brinaromuiicss uranbsHCKui GU3MK, BHECIINN OOJIBIION BKIIAJ B PA3BUTHE
COBPEMEHHOM TEOPETUYECKONM W OKcnepuMeHTanbHOW ¢usuku. [locne
okoHuaHus B 1922 Iluzanckoro ynuBepcurera yuwics B I'epmanuu u Hu-
nepnangax. B 1926-38 rr. npodeccop Pumckoro ynusepcurera; @. okazan
OosblI0e BIMAHUE HA (JOPMHUPOBAHUE UTAIBSIHCKOW HMIKOJBI COBPEMEHHON
¢usuku. B 1938 on smurpupoBan u3 dammucrckod Mramuu. B 1939-45
npodeccop KomymOuiickoro yHHBEpCcHUTETa, PYKOBOIMI HCCIEIOBATEIb-
ckumu padoramu CIHIA B ob6iacTu MCHosib30BaHUs siaepHOU sHepruu. C
1946 mpodeccop Umkarckoro ynupepcurera. @. MpUHUMAN JEATEIHHOE
y4acTHe B CO3JIaHMM OCHOB KBaHTOBOH ¢um3uku. B 1925 on paspaboran
CTaTUCTUKY 4acTHll, noxuuHstomuxcs npuHuuny Ilaymu. B 1934 coznan
KOJINYECTBEHHYIO TEOPHIO [F-pacmnazia, OCHOBAaHHYIO Ha IPEAIOJIOKEHUH
B. Ilaynu o0 TOM, 4TO /3 -4aCTULBI UCITYCKAIOTCS OAHOBPEMEHHO C HEUTPU-
HO. B 1934-38 rr. @. ¢ coTpyaHUKamMu H3y4yaad CBOWCTBA HEHUTPOHOB M
MPAKTUYECKH 3aJI0KHJI OCHOBBI HEUTPOHHOH (PM3HKH; BIIEpPBBIC HAOIIOAIT
UCKYCCTBEHHYIO PaJMOAKTHBHOCTh, BBI3BaHHYIO OOMOapIMpOBKON Hel-
TPOHAMU psijia 3JIEMEHTOB (B T. 4. ypaHa), OTKPbUI SIBJICHUE 3aMeICHUS
HEHUTPOHOB M co3Aal Teopuio 3Toro sieneHus - (HoGeneBckas mnpemus,
1938). B nexabpe 1942 @. BrepBbie yIaI0Ch OCYIIECTBUTH SISPHYIO IIETI-
HYIO PEaKLHI0 B TOCTPOEHHOM UM IIEPBOM B MUPE SIIEPHOM PEAKTOPE.

[MuonkoBckui
Koncrantun Opny-
apJI0BUY
(1857-1935)

Poccuiickuii yueHblii W M300peTarenb, OCHOBOIOJIOXHHUK COBPEMEHHOU
KOCMOHaBTHKH. Tpyasl B 00acTH a’po- U PaKeTOJAMHAMMKH, TEOpUH Ca-
MoJieTa U Aupuxkadis. B neTcTBe moYTH MOTHOCTHIO MOTEPSI clyX u ¢ 14
JIET YYHJICSI CAMOCTOATENBHO; B 1879 sKcTEpHOM can 2K3aMeH Ha 3BaHME
YUUTENs, BCIO KU3Hb Mpenojasai pusuky u maremaruky (¢ 1892 B Kany-
re). BnepBeie 000CHOBaJI BOZMOKHOCTh MCIIOJIb30BAaHMS PAKET IS MEX-
IUTAHETHBIX COOOIICHUH, yKa3ajl palllOHAJIbHbIE IIyTH Pa3BUTUS KOCMOHAB-
TUKH M PAKETOCTPOEHUS, HAILIEN PsIi BAXKHBIX MH)KEHEPHBIX PELIEHUIN KOH-
CTPYKLMHU PAKET M >KUAKOCTHOTO PAaKETHOro JBUrareis. TexHudeckue
unaen I[{nomKOBCKOro HaxoAAT NPUMEHEHHE IIPU CO3JAHUU PAKETHO-
KOCMHMYECKOW TEXHUKH.

Moxmn Yunpam
(1910 - 1989)

AmepukaHCKui (PU3MK, OAMH M3 co3JaTeNeil TpaH3UCTOpa, aBTOpP TPYAOB
o (gusnke TBEepAoro Tena (pusznka MoIynpoBOAHUKOB, peppOMArHETH3M,
IJTACTUYHOCTh METAJIOB, TEOpUs JAUCIOKaiuii), jmaypear Hobenesckoit
npemus (1956). B 1948 oTkpbn TpaH3uCTOPHBIN 3D PEKT.

pénunrep  Op-
BuH (1887-1961)

ABcrpuiickuii pu3MK, OJUH U3 co3aarenell KBaHTOBOM mexaHMKH. OKOH-
gt Benckuii ynusepcutet (1910). C 1911 pabGortan B dusmueckoM HH-
ctutyte Benckoro yHuBepcuteta. B 1933-35 mpodeccop Oxcdopackoro
yHHBepcuteTa, B 1936-38 - yauBepcurera B ['pare, B 1938-39 - B ['enre, ¢
1940 npodeccop Koponesckoit akanemun B Jly0nune, 3aTeM TUPEKTOp OcC-
HOBaHHOTO UM MHcTuTyTa BhIcmX ucciaenoBanuii. C 1956 mpodeccop
Benckoro ynusepcurera. OCHOBHbBIE TPYABI IO MaTeMaTHUECKOH (usuke,
TEOpUU OTHOCUTEIBHOCTH, (hu3uke aToma M O6uodusmuke. Baxxueimiei 3a-
ciyroit I1I. sBrnsercs co3gaHue UM BOTHOBOM MexaHuKH (koHer 1925 - Ha-
gano 1926). YcraHOBUI CBSI3b BOJHOBOW MEXaHHKHU € "MaTpU4YHOM Mexa-
mukoit" B. Teitsen6epra, M. bopua u I1. Mopnana u mokasan ux dusude-
CKyl0 TOXaecTBeHHOCTh. HoOeneBckas mnpemus (1933). MuoctpanHBIiI
yineH AH CCCP (1934)..

OnucoH Tomac
Ansa (1847-1931)

" |AMepuKaHCKU n300peTaTens U NpeANpHHUMATENb, OPraHU3aTop U py-
KOBOJUTEIb IEPBOM aMEPUKAHCKON IPOMBILIICHHO-UCCIEN0BATEIbCKON
naboparopun (1872, Menno-Ilapk), mHOCTpaHHbIi mouyeTHbIN uineH AH
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CCCP (1930). Jlna nmeATenbHOCTH DIMCOHA XapaKTEPHBI MPaKTUYECKas
HaNpaBICHHOCTh, PAa3HOCTOPOHHOCTH, HEMOCPEICTBEHHAs CBS3b C IPO-
MBIIIEHHOCTBI0. ABTOp cB. 1000 m300peTeHmii, rIIaBHBIM 00pa3oM B pas-
JUYHBIX OOJACTSIX AJIEKTPOTEXHUKHU. Y COBEPIICHCTBOBAN Tejerpad u Te-
nedoH, nammy HakaauBanus (1879), uzobpen ¢onorpad (1877) u ap., mo-
CTPOUJI TEPBYIO B MHPE DJIEKTPOCTAHLUIO OOIIECTBEHHOTO MOJIb30BAHUS
(1882), oOHapy»xui siBIeHHEe TepMOMOHHOM dmuccuu (1883) u MH. ap.

OiHmTeiiH ~ Anb- | Benukuii GU3UK - co3qaTenh TEOPHUH OTHOCUTEIBHOCTH, OJIMH U3 CO3/1aTe-
Oeprt (1879-1955) | sieii KBAaHTOBOW TEOPUHU U CTATHCTUYECKOM (usuku. Pomuics B ['epmanun,
¢ 14 net »xwun, yuuicsa u padotan B llIBeiiiapuu cHavana npenojaBaTesieM
B IIIKOJIE, 3aTe€M 3KCIepToM maTeHTHoro Owpopo. Ilocrne onmyOnmkoBaHus B
1905 r. Tpex BhIIAOIMIMXCA padOT MO CEHATIBHOW TEOPUU OTHOCUTEIBHO-
CTH, CTaTUCTHYECKOW (u3uke u doTodnekTpudeckoMy 3¢ dexry B 1909 r.
npuHAT npodeccopom Llropuxckoro ynusepcurera, ¢ 1914 mo 1933 rr.
npodeccop bepnunckoro ynuepcuteta. B 1933 r. B 3HaKk mportecTa mnpo-
THUB TUTJIEPOBCKOTO PEXHMMa OTKA3aJICs OT F€PMAHCKOI0 MOJJIAHCTBA U OT
3BaHus wieHa [Ipycckoit Akanemun Hayk u smurpuposai B CIIA, rae no
KOHIIAa ku3HU padoran B UHctutryTe (pyHIaMeHTaIbHBIX MCCIIEIOBAHUN B
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BOMPOCbHI NO KYPCY

. OcobenHocTH (HPU3MUECKOTO TTO3HAHUS

. 3HaHHe U Bepa B HayKe

. F'eomeTrpus (pu3nyeckoro NpocTpaHcTBa

. Ponp MatemaTuku B (pU3NYECKOM MCCIIEJOBAHUU

. 'aMuIbTOHMAH U €ro poJib B KJIACCUYECKON MEXAHUKE

. [Touemy Jlyna oOpaiieHa ogHOM CTOPOHOH K 3emiie?

. «OTKJIOHEHUS» OT IPUUYUHHOCTH B KJIACCUYECKON MEXaHUKE

. TernoBble mporecchl U TEpMOIUHAMUKA

9. IlpeBparieHus 3HEPTUr B TEPMOANHAMUKE

10. DHTpONMS U €€ 3HaYCHHE B HAyKe

11. TepmoauHaMKKa HEPaBHOBECHBIX IporieccoB. Teopema OHcarepa

12. Cunepreruka

13. Toku cMmemnieHus U ypaBHEHUsT MakcBesia

14. CeetoBble BOJIHBI U 3GUP

15. Iloctynarsr CTO

16. OTO u ee sxkcniepuMeHTaNbHAas IPOBEPKa

17. DiHIITENHH — CO3/1aTeNb TEOPUU OTHOCUTEIILHOCTH

18. [Touemy A. DiiHIITEiH HHOTAA Ha3bIBaJ TEOPUIO OTHOCUTEILHOCTH TEOpHEH
abcontoTHOCTU?

19. Db dext 6Gnmu3HEIOB

20. nepTHas u rpaBUTallMOHHAs Macca

21. CBs3p MEXy MacCOW U SHEPTUEHN

22 OnTuveckre CreKTPbl M JUCKPETHOCTh SHEPTUH

23. Uctopus co3iaHust KBAHTOBBIX IIPEICTABICHUN O MaTEPUH

24. O pu3nyeckoM CMBICIIE KBAHTOBON MEXaHUKU

25. KBaHTOBas MexaHUKa aToMa

26. Ilpunuurn Tlaynau u ero nmposiBIeHUs: B MUKPO U MEraMupe.

27. Iloyemy CUHUH CBET NPEIOMIISIETCS CUIIbHEE, YEM KPACHBIN?

28. CtpoeHue aTOMHOTO sjipa

29 AnepHblie cuibl

30. DneMeHTapHBIC YaCTHIIBI: ME30HHI.

31. Knaccudukanus sneMeHTapHbIX YaCTHIL

32. Komka [Ipeaunrepa

33. AkcroMaTu4eckoe MocTpoeHune (hru3ndeckoi Teopuu

34. Victopust acTpou3UUECKUX OTKPHITUN

35. ®opmupoBaHUE U KU3Hb 3BE3]1

36. [Ipoucxoxnenue Beenennou

38. Heperennslie npo06aeMbl KOCMOJIOTHH.

39. YepHble IbIpBI U TEMHASI MaTEPUS

40. CnocoGHa 11 (pu3MKa onucaTh co3HaHHE?

41. AnprepHaTuBHbBIE (TICEBIOHAYYHbIE) TEOPUU B (pr3HKe

42. Penurno3Hsle KapTUHBI MUpa

43. Hayunas ¢usudeckas KapTuHa MUpa

44. Vctopus pa3BUTHs TEXHUKU

45. CouunanbHasi poJjib TEXHUKU

46. ckycCTBEHHBIN U €CTECTBEHHBIM HHTEIICKT
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47. Ilcuxuka 4enoBeKa U €€ poJib B HAyYHOM I103HAaHUU

48. BO3M0OXHOCTH NCKYCCTBEHHOI'O MHTEIIEKTA

49. UckyccTBeHHBIE OpPraHbl YyBCTB U UCKYCCTBEHHBIN MHTEILJICKT

50. Moert 11 COBpeMEHHasi TEXHUKA BOCIIPOU3BECTH MHTEIUIEKT YeIoBeKa?

51. BzaumopaelicTBre BUIMMOTO U3JIyUYEHUS C BEILIECTBOM

52. [lpunmun 3anpeta [laynu B kocMosioruu

53. KBapku ¥ rIr00HbI

54. 3aKOHbBI COXpAHEHUSI © CUMMETPHUSI

55. Muxkpo- u meramup. OOmire nporeccs

56. BupTyasibHble 4acTHUIIbI

57. Buibl B3aMMOJIEHCTBHI B IPUPO/IEC

58. 3akoH 0OpaTHBIX KBAIPAaTOB B (hU3UKE

59. Ontuueckue CeKTPbl U KBAHTOBAsE MEXaHHUKA

60. 3aK0H COXpaHEHUs IHEPTUU- MACCHI

61. KBanToBasi ICUXoJ0Tus

62. Ponb co3HaHUs1 B KBAHTOBOM MEXaHUKE

63. KBaHTOBBII KOMIIBIOTED

64. IckyccTBEHHbIE HEHPOCUCTEMBI U HEHPOKOMIIBIOTEP.

65. Jlatite mpumep pU3NIECKOTO IKCIIEPUMEHTA, CBUICTEIHCTBYIOMIETO B MOJIB3Y
MHOT'OMHPOBOM KOHUEIINN DBEPETTA.

TEMbI PE®OEPATOB

1. Tepmonnnamuka u uapopmanus. 2. llpunnun 3anpera [laynu B MUKpO- U Meramupe.
3. Kuznp ¢ nozunmit ¢pusuku. 4. SAnepusie cuisl. 5. Actpodusuka. Hepemennsie npoOiemMsl. 6.
®uszuka u pazyMm. Bo3sMokHOCTh 00bsiICHEHUA. 7. AfbTepHaTUBHBIE (TICEBJIOHAYYHbIE) TUIIOTE3bI B
¢uzuke. 8. Co3HaHME YeTOBEKA U HUCKYCCTBEHHBIH mHTe/ueKT. 9. Temuas marepus. 10. Hayka,
NICEBJIOHAYKa U PEJIUTHSI O IPOUCXOXKACHUN U ycTpoiicTBe Mupo3aanus. 11. Teopust oTHOCUTENbHO-
ctu win abcomoTtHocTH? 12. CunbHoe K cnaboe B3aumoaencTBus. 13. Henoctmwkumas s dextus-
HOCTb KBaHTOBOM MexaHukH. 14. KBanToBas MexaHuka u cozHanue. 15. Kapku. 16. EcrecTBeHHBIiH
Y UCKYCCTBEHHBIM MHTEIUIEKT. 17. MOXeT M TeXHUKa cAeaTh To, 4Yero Mmoka He 3HaeT gusuka? 18.
Wctopust pazButus TeXHHYECKOro odpa3oBaHus. 19. KBaHTOBbIE BBIYMCIEHUS M KBAHTOBBIH KOM-
nerotep. 20. Peann3anyuy MoJeliM CO3HaHUS Ha KBaHTOBOM KoMibrotepe. 21. HelipokommbroTepbl
CErOJIHSI.





