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IpeauciaoBue

Yuuth MyIpoCTH HE Takoe JIEJ0, 3a KO-
TOpOE MOXHO ObLTO OBl OpaTbesi C Jer-
KHM CEpALIEM WU 04ePTs FOJIOBY.

Dnuxmem

B cooTBeTcTBUUM C TOCYJIapCTBEHHBIMH OOpa30BaTEIIbHBIMH CTaHIAP-
TaMH W y4eOHbIMU TUIaHaMU Kypc «KoHIenuuu COBpEeMEHHOrO0 €CTECTBO-
3Hanus» (KCE) ceituac untaercss B BhICIINX YUeOHBIX 3aBefieHUsXx Poccuu
BCEM CTYyJCHTaM T'yMaHUTAPHBIX U SKOHOMHUYECKHUX creruaibHocTed. UTo
KacaeTcs JIEKIIMOHHOM COCTaBJIAIOIIEH 3TOTO Kypca, TO B HACTOSIIIIEE BpeMs
CO3/IaHO OOJIbIIIOE KOJUYECTBO YYEOHHMKOB U YYEOHBIX MOCOOMI C TaKUM
Ha3BaHUEM (aBTopam u3BecTHO 0kojio 100). OgHako MpoBeACHUE CeMUHAp-
CKHMX 3aHSITHUH, HA KOTOPBIC, KaK MPaBUJIO, BBIHOCITCS MPOOJIEMHBIC U JIUC-
KYCCHOHHBIE BOIIPOCHI, CBSI3aHO C OOJIBIIMMH TPYAHOCTSIMHU B TTOAOOpE CO-
OTBETCTBYIOIIEH JuTepaTypbl. MHOTrME MaTepHalibl MOKHO HAWTH JIUIIbL B
CIICLIMAJIBHBIX KHUTAaX M Hay4YHOU nepuojauke. VX TeopeTnyeckuii ypoBeHb
00BIYHO OYEHb BBICOK W TpeOyeT ajanTallud K YPOBHIO MOJTOTOBKH CTY-
neHToB. Kpome Toro, B OMOIMOTEYHBIX (POHIAX ATH U3IAHUS TPUCYTCTBY-
I0T B €IMHUYHBIX DK3EMIUISpaxX, 4TO HE MO3BOJIIET 00ECTICYUTh J1a)Ke B MHU-
HUMAaJIbBHOW Mepe MoTpeOHOCTH yueOHOoTro mpoliecca. B cBs3u ¢ 3TuM u3na-
HUE KOMIIAKTHOTO Y4e€0HOTO MOCOOHs, COJepkKallero HeoOXOAUMbINH MH-
HUMYM MaTepuanoB kK cemuHapckum 3aHsaTusMm 1o KCE, sBmsercs akty-
aJIbHBIM.

B 2000 r. ogauM u3 aBTOpoB, bpaxe P. A., Ob110 M3AaHO TaKOE MOCO-
Oue I CTYJEHTOB I'yMaHUTApPHBIX CIEIUMAIbHOCTEH, COAepIKalllee Mare-
puainsl Bcero Kk 5 cemunapam. TakoBa crienuduka kypca KCE Ha rymanu-
tapHoM (akynbrere Yl TV, rie Ha ceMuHApCKUe 3aHATHS OTBOAUTCS 16
qyacoB (8 3aHATUH, U3 KOTOPBIX MEPBOE — BBOAHOE, TMOCIICIHEE — 3a4eT-
HOE U €IIe OJHO OTBOAMTCS IMOJI KOHTPOJIbHYIO padoTty). Kumkka cpasy xe
MOJTyYryia TOMYJIIPHOCTh, U HE TOJBKO y CTYJIGHTOB I'yMaHUTapHOTo (a-
KyJbTETa, HO U Y CTYJEHTOB YKOHOMHUYECKHX crenuanbHocTen. [1o kpaii-
Hel Mepe OHa «3aKphIBajia MPOOIEMY» IO PSAIY TEM.



Hacrosimee mnocobue paccyuTaHO Ha CTYACHTOB SKOHOMHUKO-
MaTeMaTU4YecKoro ¢akyiabTeTa U (haKysapreTa HHGOPMALIMOHHBIX CUCTEM U
TexHosorud Yal' TV, y KOTOpeIX Ha CEMUHApCKUE 3aHATUS OTBOIUTCA 10
68 yacoB — nBa cemecTpa no 34 4daca. B cooTBeTCTBUU C 3TUM mocoOue
pazouTto Ha nBe yactu. M3 15 tem neproit wactu 10 tem (1 — 5, 7, 12 — 15)
noarorosieHo bpaxe P.A., octansubie (6, 8§ — 11) — MedraxyTauHo-
BbIM P. M. OOmiee penaktupoBanue nocodus BeinoiaHeHo bpaxe P. A. As-
TOPBI HAJCIOTCA, YTO KHUTA OYJIET MOJIE3HOM HE ToJIbKO cTyAeHTam Yl TY
U CTyJEHTaM JAPYIMX BY30B, HO MU LIMPOKOMY KpYyry uyMTareseil, uHrepe-
Cyronxcs npoodjeMaMu COBPEMEHHOTO €CTECTBO3HAHUS.

P. A. Bpasxce
P. M. Megpmaxymounos



BBenenue

ThI Bce MbITAaCIbCS TPOHUKHYTh B TAHBI CBETA,
B 3anauy OwiTus ... K uemy, mMoit npyr, Bce 3107

Omap Xavisam

Jns dero OyAyliuM MeEHEIKepaMm, MapKeTojoraMm, ayJIuTopaMm WId
crequanucTaM 1no MHGOPMAIMOHHBIM TEXHOJIOTUSM B SKOHOMHUKE — BO-
o0111e BCeM, KTO coOupaeTcsi paboTaTh B 3TOM 00J1aCTH, — U3y4aTh €CTECT-
BO3HaHue?

Bo-nepBriX, BO H30€kaHUE Y30CTU ClielMaIbHOrO oOpazoBanus. Kak
roopwi KoszeMma IlpyTkoB: «Cnermuanuct mnomodeH dutocy». [lelicTBu-
TEIbHO, COBPEMEHHBIM SKOHOMHUCT C BBICIIUM YHUBEPCUTETCKUM 00pa3o-
BaHHUEM JIOJDKEH OBITh IIMPOKOOOPA30BAHHBIM YEJIOBEKOM, 00JadarolIuM
HE TOJIbKO MPO(PECCUOHAIBHBIMU 3HAHUSIMHU, HO U UMEIOUIUM SICHOE Mpe.-
CTaBJeHUE 00 YyCTpOMCTBE OKpYy»Karollero mMupa. Takum o0pa3om, meppas
3ajava, crosawmas nepeg kypcom KCE, — sto dopmupoBaHue B CO3HAaHUU
CTYJEHTOB COBPEMEHHOM €CTECTBEHHOHAYYHOU KapTHUHbI MUPA.

Bo-BTOpBIX, METOABI €CTECTBEHHBIX HAYK OKa3aJMCh YpE3BbIYANHO
IUIOJJOTBOPHBIMU JIJIsl PEILIEHHUs, Ka3aJI0Ch Obl, YUCTO SKOHOMUYECKUX MPO-
0seM. DTO cTano 0COOEHHO MOHATHBIM B KOHIIE XX B. B CBSI3U C Pa3BUTHEM
CUHEPreTUKM — HAayKH O CAMOOPraHW3alluu CJIOKHBIX HEPABHOBECHBIX
cucrteM. OCHOBHOM NPHUHIUIT CUHEPIETUKH — TMPHUHIUIT YHUBEPCAIBLHOTO
ABOJIIOLIMOHU3MA — TJIACUT, YTO JIt00asg OCTATOYHO CIJIOKHAs, HEJIMHEMU-
Has, JACCUNATUBHAsI, OTKPBITAs] AUHAMUYECKAsT CHUCTEMA TATOTEET K CAMO-
OpraHu3aluy. XapakTep 3TOM CaMOOpraHU3alUy HE 3aBUCUT OT MPUPOIBI
CHCTEMBI, a OIIPENEIIACTCS €€ CUMMETPUEH, T.€. CTPOCHUEM U BUJIOM JECUCT-
BYIOLIMX B HEW cBsA3ed. I10aTOMy HCHONIb3yeMble B CUHEPIETUKE METOJbI
HEJIMHEMHOW AMHAMUKHU, TEOpUU KaTacTpod, Teopuu (pakTalioB, CIIEK-
TPaJIbHOTO, B TOM YMCJIE, BEUBIIET-aHAIN3a XOPOLIO 3aPEKOMEHI0BAIIN ce0s
U B SKOHOMHUYECKOU cepe. Bpsan nu KTo CTaHET OTpULIATh, YTO MpEANoa-
raemMble SKOHOMHYECKHE PEIICHUs, OCOOCHHO €ClM pedb UAET O KPYMHBIX
IPOEKTax, Jydlle BHayaje «OObIrpaTh» Ha MAaTEMaTHYECKUX U KOMIIbIO-
TEPHBIX MOJEIAX, IPEKIE YEM IIyCKATHCS B PUCKOBAHHBIE DKCIIEPUMEHTHI C



peanbHbIMU (PUHAHCOBBIMU NOTOKaMH. [103TOMY /J11 MOATOTOBKH BBICOKO-
KBIM(QUIIMPOBAHHBIX SKOHOMHUCTOB 3Ta BTOpas 3ajaya Kypca HE MeHee
BA)KHA, YEM I1€pBasi.

[Ipouiecc mo3HaHuUsl 3aKOHOB MPUPOAbI He Jerok. HeoOxoaumo BHaya-
Jle HaKOIMUTh B CBOEM CO3HAHUU JOCTATOYHO MOJAPOOHBIN HabOp MpecTaB-
JeHU 00 yCTPONCTBE OKPYKAlOUIEro MHUpPa Ha CaMbIX Pa3JIMYHBIX CTPYK-
TYPHBIX YPOBHSX €r0 OpraHu3aluu: OT MUKpoMHpa A0 Mmeramupa. Jlumsb
3aTEM CTaHOBUTCS BO3MOXKHBIM MCCIIEIOBAHUE CYLLECTBYIOIIUX B MUpE 3a-
KOHOMepHocTel U ux cucreMarusauus. [loatomy kype KCE MbI Takxke yc-
JIOBHO pAa3Jeiviy Ha JBE YacTU. B mepBoi Aaercs OTBET Ha BOIPOC «KaK
ycTpoeH mup»? Bo BTopoii 00bsCHsIETCS, MOYEMY OH YCTPOEH UMEHHO TaK.

Ha cemMuHapckux 3aHATHAX, MOAKPEIUIAIOLIMX IIEPBYIO 4acTb Kypca,
oIPOOHO pacCMaTPUBAETCS HBOJIIOLUS B3IJISIIOB HA MPOCTPAHCTBO, BPEMS
U JIBIDKEHHE — OCHOBHBIX MOHATHUN, 0€3 KOTOPHIX HEBO3MOKHO OMHCATh
CTPOEHUE U CBOWCTBA MaTepuU. HECKOIBKO CEMUHAPOB MOCBAIIECHO BEllle-
CTBY U TOJIIO — JABYM (opMaM MaTepHUH, UX B3aUMONPEBPALLEHUIO B X0/
sBoNMoLMK BceenenHoll. 3akaHuMBaeTCsl mepBas 4acTh MOCOOMsS 0OCyXie-
HUEM TAKUX BAXHEUIIUX IOHATUH, KaK IOPSANOK U Xa0C, CHMMETpHUs], UH-
dbopmanus, sHTponus. JlenaeTcss BbIBOJA, YTO CaMOOPTaHU3ALMs BO3MOXKHA
TOJIBKO B OTKPBITBIX CUCTEMAX, IIOABEP/KEHHBIX BHEILIHUM BO3ICUCTBUSM.

B koHile mocoOus TMpuBENEeH OOIMIMPHBIA, XOTsS JajJeKO HE MOJHBIN
CITMCOK JINTEPATYPHI IO KAKAOMY ceMHUHApy. OH MOMOKET CTyJ€HTaM MpH-
BJI€Yb JOMOJIHUTENbHYIO MH(OPMAIMIO MPU MOJATOTOBKE K 3aHATHIO. JTO,
OJIHAKO, HA B KOEM Mepe HE OrpaHUYMBAET CAMOCTOSTEIbHBIN IIOUCK UHTE-
pecyronieit ynrarens HHPOpMalMU B MOHOTpadusiX, MepuoAMYECcKOn neyva-
TH, pa3IMYHbIX Katajorax u Internet.



Y HCTOKOB yYeHHUsI 0 TAPDMOHUHU MHPa

Bce anemeHThl MUpO31aHHs rap-
MOHHYHO CBSI3aHbI MEXKIY COOOM.

Luyepon

1.1. 3oJ10TOC CeueHMeE

Haunewm uznanexa... pesuss ['peuusd, VI B. 1o H. 3. [Iugarop Camoc-
CKMI — 3TO MMS U3BECTHO KaXXKJIOMY IIKOJIBHUKY IO €r0 3HAMEHUTOU TEO-
peme: «lludaropoBsl ITaHbI HA BCE CTOPOHBI PaBHBI». YK€ B paHHEW FOHO-
ctu ITudarop nposiBUiI HEAIOKUHHBIE CIIOCOOHOCTU K Pa3IMYHBIM HayKam
U, KaKk Torja ObUIO MPUHATO, OTIPABUIICS COBEPUICHCTBOBATH CBOM 3HAHUS
B Eruner. 31ech OH MpOXKUI AOJTUX 22 TOA U 31€Ch, Y €TUIETCKUX Kpe-
L[OB TIOJy4HJI CBOM 3HAHUA B 00JIaCTU F€OMETPUU U aCTPOHOMUM.

VI B. 10 H. 3. — 3T0 3mo0xa OypHBIX NEPCUACKUX BOIH. Boiicka
Kupa Il 3axBatuiivi OOLIMpHBIE TEPPUTOPUU OT APMEHUU HaA CEBEPE [0
Erunra Ha tore u or Appuxu 1o Muaun c 3amaga Ha BocTok. Erumer 3a-
BoeBbIBal chlH Kupa II Kam6uc. [Tudarop nonan B miuen k KamOucy u 6n11
BBIBE3€H Ha TEppUTOpUI0 BaBwmiionnu, rae nposen eme 12 mer. B Basuio-
HUU OH UMEJN BO3MOXHOCTb IMO3HAKOMUTHCS C OOpsI0BOM MUCTUKOMU Iep-
CHUJACKMX MaroB M MaTEMaTUYECKUMHU 3HAHUSAMHM XAIJCHCKUX MYJPELOB.
XanaesMH TPEKU Ha3bIBaJIM CEMHUTCKHE HapoIbl. HekoTopeie aBTOpHI yBe-
pstot, uro IIudarop nodsiBan takxke u B Uuauu. B 3T0M HMYEro HEBO3-
MOYHOTO HET, TaK KaK €€ 3HAYMUTENIbHAs 4YacTh TOTJA TAaKXKe BXOAWiIa B
rpoMaanyo Ilepcuackyro aepxany.

Ha ponuny Ilugarop BepHyics yxe 3penbsiM yenoBekoMm. [lopa Obuio
003aBOIMTCSI yUEHUKaMH U, BOT, B ropoje KpoToHn (Tenepsr 310 ceBepHas
yacTh UTanuu, a Torna — tepputopus pesueit ['peunn) on co3gaeT cBoro
KONy, WM nudaropeiickuii cor3. CratyT coro3a OblUT BecbMma CYpOB.
[Ipexxe yem ObITh B HEro NPHUHSTHIM, MPETEHACHT JOJIKEH ObLI MPONTH
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TPEXJIETHUM UCIIBITATEIIBHBIN CPOK, OTKA3aThCA OT IPUHAIICIKALLETO EMY
UMYILECTBA B IOJIb3Y COI03a, MPUYUYUTHCA COONIIOAATh MHOKECTBO MPABUJI
U 3aMpeToB. 3aTeM CIEeA0BaJIO MATUIIETHEE O0yUYeHHE B KAUECTBE yUEHHUKa
HU3IIEN CTYNIEHU — aKyCMAamuka, T. €. ciiymaTens. AKyCMaTUKU HE BHUJIE-
JY CaMOro Y4YuTess, a MOTJIM TOJIBKO CIIyLIaTh €ro rojoc M3-3a 3aHaBeca.
VY4eHuKky, yCcrnemHo 3aKOHYMBIIME OOyYeHUE HAa HU3ILIEH CTYIEHHU, MOCie
JOTIOJIHUTENIBHBIX UCTIBITAHUM NIEPEBOAWINCH HA BBICIIYIO CTYIIEHb. Tenepb
OHM CTAaHOBUJIUCH Mamemamurxamu (0T rped. mathematike — TOJIHOE 3HA-
HUE).

Yro ke 3TO 3a MmoJIHOE 3HaHue, koTopoMy yumi [ludarop? B ocHoB-
HOM OHO CBOJMJIOCH K JIBYM OCHOBHBIM IOJIOKEHUAM. [IlepBoe — 370 yue-
HUE O MemeMncuxo3e — IEePEeCeNICHUN NYIIHA IIOCIE CMEPTH B MHOE TEJIO.
Bropoe — yueHHe 0 ueThlpex MNEepPBOOCHOBAX (CTUXMSIX) MHUPO3AAHMS:
OrOHb, BO311yX, Boja U 3emiid. O0e koHuenuuu B VI B. 10 H. 3. ObLIM upes3-
BBIYAHO pacrpoCTpaHEHbl B MHAMMCKUX (UIIOCOPCKUX HIKONAX. DTO SIB-
JSI€TCS JOTIOJIHUTENbHBIM KOCBEHHBIM CBUETENBCTBOM TOTO, yTO Iludarop
B MHuu ObIBall.

Pazymeercs, npeBHUE MBICIUTEIN HE ObUIM CTOJb HAWBHBI, YTOOBI
CUMTaTh, YTO BCE cyllee OYKBaJbHO COCTOMT U3 ITHX NEPBOIJIEMEHTOB.
[IpocTo, BBUY OTCYTCTBUSI pa3pabOTaHHON HAayYHON TEPMUHOJIOTUM, OHU
Ha3bIBAJIM 3eMJIeH J11000€ TBEPI0€ COCTOSTHUE BELIECTBA, BOAOW — JKUJKOE,
BO3JlyXOM — ra3000pa3Hoe, a OTHEM — TO, YTO TENEepb HA3bIBAIOT ILIA3-
MOH. JIeNCTBUTENBHO, 3TH YETHIPE arperarHble COCTOSIHUS BEILLECTBA I10JI-
HOCTBIO OIPEACIISAIOT J00bIe €ro Bo3MOokHbIe popMbl. [Tudarop pemmn ux
0003HAYUTh KAKUMH-TO 3JIEMEHTAPHBIMU CUMBOJIAMH. TakOBBIMU OH CYH-
Tan yucna. Paccyxaan oH npuOIM3UTEIBHO TaK: BCE TeIa OrPaHUYEHbI MO-
BEPXHOCTSIMH, TOBEPXHOCTH OTrPAaHUYEHBI JIUHUSMU, JINHUU COCTOSIT U3 TO-
YeK, a TOYKH MOXXHO nepecuutarb. [loaromy, no Mmuenuto Iludaropa, ner
HUYero OoJsiee AIEeMEHTAPHOTO, YEM YHCIIO.

Bor oH u 0003HauUMsl yNOMSIHYTHIE BbIIIE B

nepBoocHOBHI Iuppamu 1, 2, 3, 4. Toraa v

Bca Bcenennas, conmepxkamas B cebe Bce ‘
NIEPBOOCHOBBI, MOXET OBbITh 0003HauYeHa kD

kak 1 + 2 + 3 + 4 = 10. IMeHHO aecarky
[Tudarop n3dpans CMMBOJIOM CBOETO COI03a, A
3ameyaTiieB €€ B BHUAE T'€OMETPUYECKOrO
obpaza — newmaepammul (puc. 1.1).

Nzyuyas mnenrtarpammy, Iludarop u
€r0 yYEHHWKH BCKOPE BBIACHMIHM, YTO OHA  pyc | | [lenrarpaMva — CHMBOI

COCTOHUT U3 HOI[O6HBIX TPCYIrOJIbHUKOB BHU- HI/I(I)aFOpeI\/’ICKOFO COIo3a
na ABC u BCD. Torna
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AC _BC

BC DC

Tak xak BC = AD, 10
AC_ AD. 0
AD DC

T. €. boavwasn wacmv AD ompeska AC max omHocumcs K e20 MeHbulell
yacmu DC, kak Oonuna éce2o ompe3ka OMHOCUMCA K e20 0obuieli yacmu
(Tak Ha3pIBaeMoOE 30JI0TOE CEUEHUE).

O603HauuB AD = @, a DC = 1, nponopiuto (1.1) MokHO mepenucaTh
B BUJIE

D=1+—,

OTKy,Z[a cneﬂyeT KBaI[paTHOG ypaBHeHHe
D -Dd-1=0,

MOJIOKUTETBLHBIN KOPCHb KOTOPOT'O
@:%(1+\/§)z1,618. (1.2)

Takum oOpaszom, Jj1si pa3OUeHHs KOro-J1u00 Tena B 30J10TOM CEUCHHH, He-
00X0UMO, 4TOOBI €ro OOoJbINas YacTh MPEBBINIATA MEHBIIYIO MPUOIU3H-
TesbHO B 1,618 pas.

OTa mpomnopiys Halula CBO€ MPAKTUYECKOE BOIUIOIICHUE B JAPEBHE-
IPEUYECKUX APXUTEKTYPHBIX COOPYXEHHSX M TBOPEHUAX BBIJAIOIIETOCS
ckynbnropa @unust (B 4ecTh KOTOPOro 30JI0TOE CeUYeHHE M 0003HAYaeTCs
oykBoii @). 3arem, nocine ynanaka JlpesHei ['peruu u 3axBara ee Pumom,
HalJIeHHasl TpeKaMu MPOMOPIHs OblIa UCMOJb30BaHA PUMCKHUM apXHUTEK-
topoMm Butpysuem (I B.), a B amoxy Bo3poskjaeHus: 3aHOBO BOCKpEIIIeHa Be-
nukuM Jleonapao na Bunuu. IMEHHO OH BBEJN TEPMHH «Sectio aurea» —
3onoTtoe ceuenne. CoBpeMeHHUK W JipyT JleoHapmo, MoHax (paHIMCKaH-
CKOro opJieHa, npodeccop Teosorur U Marematuku Jlyka [lavonu HazBan
3osi0TO€ cedueHue «Divina proportione» — B0XECTBEHHOW MPOMOPIIUEH,
HalvcaB O HEW MOJHYIO BOCTOPKEHHBIX IMUTETOB KHUTY, WJLIIOCTPUPO-
BaHHYI0 JleoHapno. BIOXHOBIEHHBIE ATOM KHUTOM, 30JI0TOE CEYEHUE HC-
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MOJB30BaJI MHOTHE APXUTEKTOPBl U XYJIOKHHUKH 3MO0XU Bo3poxaeHwus:
Muxkenankeno, [lamagno, borruuernnu, ropep u ap.

1.2. Yuciaa ®PudoHAYYH M UX CBA3H C 30JJ0THIM CEYCHHEM

CpenneBexoBass Mramus, 1202 r. HMHTepecyrommuiicss MaTEMaTHKON
kynen Jleonapno IMuzanckuii no mpo3suiuyy @uboHayuu (COKp. OT CTapo-
utan. figlio bonta natura — cbeIH 100pOM MPUPOBI), pelIas 3a1ady O pas-
MHO>KEHUH KPOJIMKOB, HAXOUT YMCIOBYIO TIOCTIETOBATEIBHOCTh BH/IA

{F }:0,1,1,2,3,5,8,13,21, ... (1.3)

Yucna @ubonayun (1.3) okazaamch TECHO CBSI3aHBI C 30JI0THIM Cede-
HueM. JJis mokaszaTenbeTBa 3TOro akrta pacCCMOTPUM TMOCIET0BATEILHOCTD
IEMHBIX po0ei Buaa

1
®1=1+1:%;
1 1
o, -1+ 3,
1+ 2
1
D, =1+ 11 :é;
1+—1 3
1+
1
D=1+ 11
1+
1+ 1
1

1+—

B cuny 6eckoHeYHOM TTOBTOPSEMOCTHU MpeIeIbHOW OECKOHEYHOM T1eTI-

HOH JIpobu @ MOXKeM 3amucaTh SKBUBAJIGHTHOE BhIpakeHue: @ = 1+ + 1
2

/®. Otkyna @ — @ — 1 = 0. Pemenue 3Toro KBaJgpaTHOTO ypaBHEHUS HaM
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HaM YK€ U3BECTHO: D = (1 +4/5 ) / 2 = 1,618. CpaBHuBas mMpHOIIKAIOIINE K

@ KOHEYHBIC OCITHBIC ,IIpO6I/I, 3aIlIMCaHHBIC BBIIIC, C YHCJIaMU cI)I/I60Hf:1‘I‘{I/I,
BUIHUM, YTO

cb:lim@.

n—>0 Fn

B Teopun nenHsix apobeil Joka3bIBaeTCs, YTO IEMHbIE IpoOH ¢ orpa-
HUYEHHBIM YMCJIOM 3BEHbEB HanOoJee MEIJIEHHO CXOIATCS K CBOMM Hppa-
[IMOHAJIFHBIM TIpe/iesiaM, BhIpakaeMbIM OECKOHEUYHBIMHU LEMHBIMU IpO0si-
MU, eciau oOpasyrouue uX Hudpbsl OAUHAKOBBI, MPUYEM TEM MEAJICHHEe,
4yeM 3Tu U psl MeHbIe. CreoBaTeabHO, 30J10TOe cedeHne npeacTaBIIs-
eT c000i Takoe MPPALMOHAJBLHOE YUCI0, KOTOPOe TPyAHee BCero aim-
MPOKCUMHMPOBATH CXOASILIEHCH MOCIeA0BATEIbHOCTHI0 PALIMOHAIbHBIX
yucen, a yucjga OudoHaAYYM ABJISIOTCH MOCIEI0BATEIBHOCTHIO YHCe,
OTHOLIIECHUS COCEJHUX YJIEHOB KOTOPOM MeAJICHHee BCero CXOAATCH K
ITOMY PALMOHAJIBLHOMY YHCIY.

1.3. Poasb 30s10TOrO0 ceuenuss u yuces OudoHavumn
B popM00Opa30BaAHUU OHOJIOTHUYECKHX 00bEKTOB

Oxka3anoce, 4TO MPONOPLUHUH 30JI0TOrO0 CEUYECHHS IHUPOKO MPUCYTCTBY-
10T B CTPOCHHH KUBBIX OPTAaHU3MOB.

1. Kak moka3an BeNMKUN HEMEUKHA MaTeMaTUK MW acTPOHOM
N. Kerutep (1571—1630), KOIUYECTBO JICTIECTKOB Yy I[BETOB, MMEIOIINX
dbopmy TpaBUIILHON PO3ETKH, paBHO unciiaM PuboHauuu OO, €CIu OHU
pacnoJyiararotcs B JIBa Apyca, yaABOeHHbIM ynciam Oubonayuu:

N, =kF, (k=1,2). (1.5)

Hampumep, 1BeThl pacTeHUN CEMEMCTB OCOKOBBIX (OCOKa, LIMMEPYC), 3Ja-
KOBBIX (TIIIIEHUIIA, POXKb, OBEC) M POro30BHIX (pOro3) BOoOIEe HE MUMEIOT
JIENIECTKOB. ApouaHbIe (Kajljla, SMUHUYM, [IAaHTEAECKUs) UMEIOT 1o | Jerne-
cTKy. HexoTopelie rybouBeTHbIe (IIyCTBHIPHUK, IIaidei) — Mo 2 JenecTka.
JluMHOXapuCcOBbIE (TUIPOKIIEHUC) U MAapaHTOBbIE (Ta/IMUsI) — MO 3 JIeTecT-
ka. MakoBbIe (Mak, YUCTOTEN), KPECTOLBETHHIE (CyperiKa, KalycTra, peauc,
penbKa), THAPAHTHEBbIE ()KACMUH), MAaCIIMHOBbBIE (CUPEHB) — M0 4 JIenecT-
ka. Po3onBeTHbIe (IIUMOBHUK, SOJIOHS, TPYIlIA, CJIMBA, BUIIIHS ), BEPECKOBBIC
(pompoaeHapoH, OarylibHHK), THIKBEHHbIE (ThIKBa, apOy3, NIbIHS, Orypen),
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nacjaeHoBbie (kapTodenb, ToMaT, Iepel), JKUMOJIOCTHBIE (0y3uHa, KaJluHA)
— 1o 5 nenectkoB. JIykoBble (JyK, OroMepus), JHIeHHbIe (JTUIHS, THOIb-
NaH, TeXIUsl, KyleHa), UpUcoBbIe (MpUC, TIIaIUoayc, madpan) — 1o 6 Je-
NecTKOB. [[BETHI CITOKHOIIBETHBIX PACTCHHI MOTYT UMETh 8 KPaeBbIX I[BET-
KOB — JlenecTKoB (kocmest), 13 (raitmspaust), 21 (pomarika OOBIKHOBEH-
Has), 34 (kanenayna), 55 (MOACOIHYX).

2. @Qunnomaxcuc (ot rped. phyllon — nucr, taxis — NMOPSIAOK) — pac-
MOJIO)KEHUE JHUCThEB Ha CTEOJSAX MOKPBITOCEMEHHBIX pacTeHuu (puc.
1.2) — xapaxmepuszyemcs Opobvlo, 8 uuciumene KOMopoU YKA3bl8Aemcsl
KOIUYeCmeE0 JIUCMbEe8, KOMOopble HYICHO HPOUmu, 4mobvl 000pamuvcs 00
Oonee MON00020 IUCMA, HAXOOSAUe20Csl Ha MOU Jice Opmocmuxe, a 6 3Ha-
MeHamele — Yucio 060pomoe oKpy2 cmeois, Komopoe npu dmom mpeoy-
emcs cogepuumo.

Jnst 6onpIIMHCTBA pacTeHUil (DUIUIOTAKCHCHBIE TPOOU BBIPAKAKOTCS
oTHomIeHneM uncen Oubonayun, B3SATHIX Yepe3 OTHO:

13
5

n

> D2,

b

F+2 gé
—_— . 1,

w | oo

>
27

F |1

n

Puc. 1.2. ®unnorakcucHble criupain Ha puMepe BepObl (a) u kieHa (6). JIuctbs pac-
1oJaraloTcst Ha opmocmuxax (0T Tped. orthos — NPAMON U stichos — psin)

Tax, Hanpumep, 3TO oTHOIIEeHUE paBHO 2/1 y Gepesbl u nunsl, 3/1 — y
BepObI, 5/2 — y s07I0HU, TPYIIN U APYTUX PO3OIBETHHIX, 8/3 — y OapOa-
puca, 13/5 — y ob6nenmxu. Ho u3 BCAKOro mpaBmia €CTh UCKITIOUCHUS.

CkaxxeM, (DUIUTOTAKCHC SCEHSI, KJIEHA, CHPEHU XapaKTepU3yeTcs HE OTHO-
meHueM urcen dubonavyum, a otHomenuem uucen Jlroka ({L,}:1, 2, 3,4, 7,
11,18, ...): {Ly2/ Ly} = 4/1, npuueM B 3TOM ciiydae UMEeTCs ABE CIIUpan
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CO B3aMMHO MPOTHUBOMNOJOXHBIM HANPABIECHUEM 3aKPYUMBAHHS U CYNpO-
TUBHBIM PacoJIOKeHHEM JIUCTheB (puc. 1.2 6). Bopouewm, uncna Jlroka, Ha-
3BaHHBIC TaK MO MMEHU MPEAJIOKMBIIETO UX (PPAHIy3CKOIO MaTeMaThKa
®. Jlroka (1842—1891), obmamaroT TeM e caMbIM CBOMCTBOM, YTO U YHC-
na Gubonayuu: ux oTHOWEHUS (OOJBIIETO K MEHBIIEMY) O MEPE YBEIU-
YEHUS! HOMEpa TaK)Ke CTPEMATCS K 30JI0TOMY CEYEHUIO (TOJBKO HECKOJIBKO
obicTpee, yeM oTHomieHus yrcen dubonayun).

OWIIOTAKCUCHBIE CIUPAIM BO3HHUKAIOT HE TOJIBKO B PACTUTEIHLHOM
mupe. OHu BcTpeyaroTcs B popMOOOpa30BaHUM YEIIyH PbIO U MPECMBI-
KaIOIIMXCS, B PACHIOJI0KEHUH IIyNaIblEB MEAY3, B CTPOCHUH PAKOBUH o-
pamunugep — OTpsia MPOCTENIINX U3 KJIacca KOPHEHOKEK. DTH 3aKOHO-
MEPHOCTH MPOSIBISIIOTCA YK€ Ha YPOBHE OEIKOBBIX MOJIEKy. B o-
CHOUpPAIAX IMOJIUNENTUAOB PACIOJIOKEHHE aMUHOKHCIOTHBIX OCTATKOB IIO
XOJly CIIMPAJIM OMKUCHIBAECTCS YNCIAMU BUJA

32+ D (1.6)

B uncnurene storo psga crost uucna JIroka, a B 3HaMeHaTele — 4ucia
duboHaUYH.

3. Y NOKPBITOCEMEHHBIX PACTEHUN CEMENCTBA CIOKHOLBETHBIX, TAKUX
KaK MOJCOJIHYX, OAYBAHUYMK, pOMaIllKa, CEMEHa COOpaHbl B KOP3UHKY ILIO-
CKOH WJIM MONyIIapoBUAHON (hopMbI. B pacmonoxeHun ceMsiH MOXHO 3a-
METUTh JBa CEMENCTBA CIUpajieH, pac-
KPYYHBAOIIMUXCSA B MPOTUBOMNOJIOKHBIC
CTOPOHBI M NEPECEKAIOIIMUXCA IOA Y-
JamMu, OJIM3KUMHU K TIpsAMBIM (puc. 1.3).
[ToxoxxuM 00pa3oM pacmoOKEHBI ce-
MEHa B IIMIIKAaX XBOWHBIX PACTECHHM.
OTHollIeHHE Yncaa JUIMHHBIX [MapacTuX
K YUCIIy KOPOTKHMX IapacTUX MPEICTaB-
JsIeT U3 ce0st ApoOu CIeAyIOIIEeTro BUA:

Puc. 1.3. Pacmonoxenune ceMsH B Fn 1 23 5 8 13
KOpP3UHKE IOCOJIHYXa IO napacmu- F [ Ta 5: gv g» g: @ (L7)
xam (OT Tped. para — BHE, OKOJIO U n

stichos — psin)

Hanpumep, s eBponenckoun -
CTBEHHHIIBI M CHOMPCKOrO Keapa 3TO OTHOIICHHWE PaBHO 8/5, pa3iaMyuHbIX
BUI0B cocHbl — &/5, 13/8, 21/13, eBponetickoit enu — 13/8. Y moaconny-
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Xa BCTpEYAIOTCAd COpTa C OTHOIIEHWEeM uyucia mnapactux 55/34, 89/55,
144/89.

1.4. EcTecTBeHHOHAY4YHbI€ OCHOBbI TAPMOHUM

Yro ke ABiIseTCS NPUYMHOM TOTO (PakTa, YTO B KUBOM NMPUPOAE HO-
MUHHPYIOT OPONOpIUU 30J10TOro ceueHus (cM. BoipakeHus (1.5) — (1.7))?
W3 ¢u3ukn M3BECTHO, UYTO J1H00As cucmema, 8bl8eOeHHAs] U3 COCMOSIHUS
PAasHoBecUsl, CmpemMumcs nepeimu 8 COCMosiHue ¢ MUHUMAIbHOU c80000-
Hoii snepeueti . Ilosmomy 6 xo0e mopdozenesa coeOuHumenbHvie MKaui,
omoensowue 00OHU YACMU HCUBO20 OP2AHUIMA OM OpPY2UX, pacnoaazarom-
csl @ Mecmax, 00ecneduusaowux Opeanusmy MUHUMAIbHbLE 3ampamsl SHep-
euu 8 npoyecce dtcusnedeamenvrocmu. OpraHu3Mbl, HE yIOBIECTBOPSIONTUE
ATOMY TPUHIIMITY, BRIOPAKOBBIBAIOTCS IO JEHCTBUEM E€CTECTBEHHOTO OT-
6opa. Kak xe mpupoja HaxoauT
ONTAMAILHEIE MECTA JUIS JIMCTb- F(x)
€B U CEMSIH y pacTeHHl, Kamep B )
pPaKOBMHAX MOJIIIOCKOB, CyCTa- : .
BOB Y TTO3BOHOYHBIX YKUBOTHBIX U N
T.1.7 CuTyauuio 37eCh MPOSICHS- | \R_HT_

|
|

"I
'
\

e

€T W3BECTHas U3 MaTeMaTUKH
TeopemMa 00 ONTUMAIBHOM IIIaro-
BOM IIJJaHE TOMCKa SKCTpeMyMma
HeusBecTHOUM (GyHkimu. Cornac-

HO 3TOM TeopeMme, IPU 3aJaHHOM
P » 1P . Puc.1.4. Haxoxnenne MUHUMYMa (QyHKLIUH
IUCJIC TIIaroB MOUCKa, SKCTPEMYM — p» (x) mo ¢puboHayuneBoMy ImjaHy 3a n = 3

HaXOJUTCA C MMHUMAIBHOM II0-  iyara. OGnacts 3a1anus ¢yukiwu [a, b] pas-
I'PEIIHOCTBI0 METOJIOM 30JIOTOTO  GuBaercs Ha Fi.y = Fs = 5 paBHBIX OTPE3KOB.
ceueHusi. CyTh METOJIa COCTOUT B 3aTeM IOMIaroBo, C HOTPEIIHOCTBIO O, HAXO-
TOM, YTO OOJIaCTh IOUCKA JIEIUT- AUATCH Xmin-
¢ Ha [, paBHBIX OTPE3KOB, IIe

n — 4ucio maroB. Puc. 1.4 wiumocTpupyeT NpuMEeHEeHHE 3TOTO METoAa TS
OTBICKaHHUSI MUHUMYyMa HEKOTOpor (QyHKIuH F (x), KaKOBOW MOXET OBITH,
HampuMmep, CBOOOJHAs SHEpPrusi OMOJIOrHMYecKoil cuctemsbl. [lpupoma He
UMEET BO3MOXKHOCTH OECKOHEUYHO JIOJITO MCKATh MECTa €€ MUHUMYMOB JIJIs
CTBIKOBKHM TIap KaKUX-TMOO OpraHoOB Teia, IMOATOMY IOCTymHaeT 1mo ¢Gpuodo-

L s

[
|
|
b x

N

" Iox cBOGOIHOI SHEPTUEU CUCTEMBI IOHNMAETCS T YaCTh €€ BHYTPEHHEN SHEPTHH,
3a cueT KOTOpPOH MOXKET coBepiiatbes pabora. CienoBaTenbHO, HEPAaBHOBECHAS! CUCTE-
Ma CTPEMHTCS MEPEHTH B TAKOE COCTOSIHME, B KOTOPOM €W NPHUAETCS COBEPIIATh Hau-
MEHBIIYI0 paboTy HaJ IPYTHMHU TeIaMHU.
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Hay4yueBoMy IU1aHy. [1o 3ToM ke npuYnHE B CTPOCHHUH KUBBIX OPTaHU3MOB
Y BCTPEYAIOTCS TAK 4ACTO IIPONOPLUU 30JI0TOTO CEUECHHUS.
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Kapruna mupo3aanusi B peJIuruv U HayKe

Bce penurum, uckycctBa M HayKa SIBJISIOTCS BET-
BSIMU OJHOTO JI€PEBA.

A. Dunwmenin

2.1. Kocmoronunueckne Mmu(bl IpeBHEr0 Mupa

B pomenmux 10 HaC NMUCbMEHHBIX MAMSATHUKAX, MOBECTBYIOIIHUX 00
yKJIaJie KU3HU, 00ps/iax U BEPOBAHMSIX JIIOJICH, HACEISBILIUX LEHTPHI IPEB-
HUX LHUBWIM3AIUH, 0C000€ MECTO 3aHUMAIOT KOCMO2oHuYeckue mugul. B
HUX OIKCHIBAIOTCS MPEJCTABICHUS APEBHUX O TOM, KTO U KaKMM 00pa3om
co37aJ1 OKPY’KaIOIIMM MUp: HEOECHBbIE CBETUJIA, 3€MJTI0, PACTEHHUSI, KUBOT-
HBIX U JIOJEH.

He umess BO3MOXKHOCTH MOJPOOHO HMCCIIENOBATh ATH MPEICTaBICHUS
BO BPEMEHHOM M TeorpaguueckoM MacmTadax, cCocpeloTOUMM 3/€Ch Hallle
BHMMAaHUE JUIIb HAa YK€ CIOKHMBUIEHCA KO 2 — 3 TBICAYEIETUIO 10 H.D.
mudosnoruu JlpesHero Erunrta, BaBunonuu u otyactu JlpeHeit I'penuu,
TaK Kak MMEHHO OHA OKa3aja HEIOCPEICTBEHHOE BIUSHUE HA BO3HUKHOBE-
HUE Cpa3y HECKOJIbKUX MUPOBBIX PEJIUTHUI.

Mudosorus Apesnero Ermnra gocturiia CBOEro pacuBeTa B 3IIOXY
Cpennero mapctBa (2-e TbIC. 70 H. 3., ipuMepHo 10 X VI B.). ImeHnHo ToT 12
Eruner 3aBoeBasn Cuputo, [lanectuny u apyrue tepputopuu. Llentpom ero
KYJIbTYPHOM U MOJUTUYECKON KU3HU CcTal [ eIronosib, pa3BajJuHbl KOTOPO-
ro Tenepb HaxojsATcs 61u3 ropoaa baansOek B JIuBane. B «Kuure mosna-
HUs ABJeHUN Pa n HU3BepKeHUsT A1ona» — 3J10T0 3Mesl, MPOTUBHUKA COJI-
HEeYHOTO 60ra Pa — roBopuTcs:

—Cnymaire! 4 TOT, KTO BOoccylecTBOBaI Kak Xerpa (0JHO U3 UMEH
Pa), BocymiectBoBan S, 1 BOCCYIIECTBOBAIM CYIIIECTBOBAHMS BCE MOCIIE TO-
ro, Kak BocyuiectoBaj 1. MHOrue cyuiecTBa BbIILIA U3 YCT MOUX.
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OT10 OBUIO BpeMs, Korja emie He OblIo Heba U 3eMIIM, KOT/la He ObLIO
HU BO3/yXa, HU BETpa, HU JIEPEBHEB, HU JKUBOTHBIX, a ObUI JIHIIb OJWH
Hyn — Bcenenckuii xaoc 1 HeObITHE. M OBUIO MHE BCE ATO HENMPUSITHO CO-
3epIarh, MOCKOIBbKY HE OBLI0O MHE MeCTa JUIsl TOTO, YTOOBI ONEpeThCsl Ha
yTo—HUOY1b. U Toraa pasmMeiciaun S B cepjilie CBOEM, 3alyMaB COTBOPUTH
MUD, 3aMIOJIHEHHBI 00TaMu, JTIOJIbMH, )KUBOTHBIMU U PACTCHHUSIMH.

N coenunuics ¢ pykou CBOEH CKaTOM, COBOKYNIMWIICA S ¢ TEHBIO CBOEH
Y U3TUI s ceMsl B COOCTBEHHBIN POT, 3a4aB TaKUM 00pa3oM B camMoM cebe
nereil. [lotom Beitutony1 S Ha cBeT cbiHa [[ly, 6ora Bo3ayxa, a MOTOM U3-
peirHya S nous Tegpuym, craBuiyro cynpyroit I11y. /.../

[Tocne sToro codpai S uneHsl CBOM, MOJUI UX ClI€3aMH, U POJIUIUCH
monu u3 cie3 Mmoux. Coznan S u cyiecTB 3eMHbIX — 3BEpeH, NTHIL, PhIO.

Hanee moBecTByeTCs 0 TOM, 4TO OT [lly n Teghrnym poauiauck 0Or 3eM-
mu ['e6 u 6orunsa Heba Hym, KOTOphIE, B CBOIO 0o4Yepeb, mpoussenu Ocupu-
ca — 0Oora yMmuparouei u BoCKpecarolle mpupoibl, ero cecTpy u OJHO-
BPEMEHHO XeHYy Mcudy — OOTHHIO IJIOJ0POUs, BOJbI U BeTpa (1300pa-
’Kajaach B BUJIC KEHIIUHBI C TOJIOBOM WK poramu kopoBbl), Cema — Oora
NyCTbIHU, Opata u youiiusl Ocupuca, n Hegpmuoy. Tak nosiBunachr 3Hame-
HuTas renuvononbekas «Benmukas JleBsitka O6oroB» Bo riaBe ¢ Pa, moio-
KUBIIIAas HAYaJI0 ETUTIETCKOMY MTAaHTEOHY OOTOB.

B npyrux meHTpax IpeBHEETUNIETCKOW IIUBUIIM3AINH OBITOBAIA CBOH,
MECTHBIE TPEACTABICHUS O MPOUCXOXKIACHNH BCeleHHON M TIaBEHCTBYIO-
iee MoJ0KEHUE 3aHUMaJld CBOM OOTH, BIOCIEJICTBUU YacTO OTOXIECTB-
JasieMble ¢ reauonoyibckuM Pa. Tak, B Memguce — cronuue JlpeBHero
napctBa (3-€ ThIC. A0 H. 3.) — CUUTAJIOCh, YTO BECh MUP, OOTH, JIFOJIH, TO-
polla U XpaMbl, KU3Hb M CMEPTh — BCE 3TO BO3HHUKJIO MO MBICTU Oora
Ilmaxa, BeIpaxkeHHoU B ero cioe. B Dnedantune (2—1-e ThIC. 10 H. 3.)
YTBEPXKAAIHU, YTO BECh MHUP H JIOACH BBUICTIMI OOT — TOPIICUYHUK XHYM Ha
TOHYapHOM KpYyTe.

B BaBujionckoit mugosorum (3 — 2-¢ ThIC. JI0 H. 3.), KaK U B JIPEB-
HEETUIETCKOM, TaK)Ke CUUTAIOCh, YTO B Hayaye BPEMEH CyIIecTBOBan Xa-
oc. Ero oJMIETBOPSIIM MY>KCKOE€ Hayaino — Ancy u xkeHckoe — Tuamam.
Ot ux coro3a poauiiach neppas mapa 0oros: Jlamwmy u Jlaxamy, OT KOTOPBIX
y’Ke TOSIBUIIMCH OOTHHS JTF0OBH | 1ionopoaust Hwmap, 60or Betpa Mapoyk,
oor Conuua llamaw v np. 6oru. boru 60pojuch ¢ Xa0COM 3a HaBEJCHUE
nopsiaka B mupe. Onu youu Ancy. 3ateMm Mapoyk paccek Teno Tuamam Ha
JIB€ YaCTH ¥ CIeNal U3 HUX HEOO U 3eMITIO.

OpnepxaB mobenxy, 60TM NPUHSIIUCH MUPOBATh. JJIsl TPUTOTOBIICHUS
SICTB U HAIIUTKOB UM MOHAJA00MINCH CIyTH. [lepBoHaYaIbHO OHU CTalu Jie-
JIaTh UX U3 MsCa U KOCTEH OJIHOTO M3 CBOMX coOpaTbeB, Oora Kuwuey, KOTO-
poro youIu 1o MoI03PEHHI0 B H3MeHE 1 mocoOHnuecTBe Tuamam. OmHaKo,
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MIOCKOJIBKY OOTH OBbLIN YK€ B U3PSAIHOM MOJIIUTUH, U3 3TOM 3aTE€M HUYETO
HE BBIILIO, TOJIBKO NEPENOpPTHIIM MaTepuan. Torna 6or Ja Bbuienui Oosee-
MEHee YJauHbI IK3EMIUIIp U3 TJIMHBI U BJOXHYJ B HEro 4acTh CBOEH Oec-
cMepTHOU nymu. Tak mosiBUIICSA MEpBbINA YEIOBEK 10 UMEHHU Adana, 4yTo Ha
aKKaJICKOM (aCCUPO-BaBUIIOHCKOM) SI3bIKE OYKBaJIbHO O3HAYaJI0 «U3 TJIH-
HBD.

[To moBOAYy NMPOUCXOXKJIEHUS KEHIIMHbI TOBOpUTCS ciaeayromee. On-
HaXbl Y BEpXOBHOIro Oora Owuku pa3doiienoch pedpo. UToOwI ero BbLIE-
YUTh, OH CO3/aJI CIEUANbHYIO «TOCHOXY pedpa» — Hun-mu, KoTopas yc-
NENIHO crpaBuiach ¢ 3aaaded. CIoBoO mu MMENO U Jpyroe 3HayeHue —
«J1ar01Las KU3HbY.

Ot Adanvr 1 Hun-mu npou301LIId Bce ocTaiabHble dtoau. Ho oHu Benun
ce0st COBCEM HE TaK, KaK pacCUUTHIBAIM OOTH: ObUIM HEMOCIIYIIHBI U CBOE-
HpaBHbL. Torga Ouku pelrId YHUYTOKHUTh BECH JIIOJICKOM pOJ, HACIIaB HE
3emutto notorn. OaHako 100peIil 0or Ja npenynpenna OJHOro MpaBeIHUKa
0 UMEHU Ymuanuwmum O TOTOBSIIEMCS HABOJHEHUH, BEJEJI €My IO-
CTPOUTH OOJIBLION KOBYET U Pa3MECTUTh TaM CBOIO CEMbIO, CKOT («BCSIKOMN
TBapH TI0 Mape») U 3amachl MPOJOBOILCTBUSA U KOpMa Juist ckota. 06 3TOoM
noipoOHO MOBECTBYETCS B «Jmoce o ['mibramenie», HO yKe U3 MPUBEICH-
HBIX OTPBIBKOB SICHO, YTO MHOTHE BaBUJIOHCKHE MU(DBI ObLIM MO3JHEE HUC-
MoJIb30BaHbl B bubnuu.

JlpeBHerpeueckast mudgoJsiorusi (2 — 1-e ThIC. 10 H. 3.) MOJOXKE
JPEBHEETUIIETCKON M BaBWJIOHCKOM, HO BO MHOI'OM Ha HHX IMOX0xa. B pas-
HOE BpeMs M B pa3HbIX pailoHax [[peBHel ['perum ObITOBaM pa3ivyHbIE
B3IJIS/IBI HA TO, Kak ObUT cOTBOpeH Mup. JlJis Hac 37ech MpeAcTaBiIseTCs
HAaMbOIee MHTEPECHBIM PAHHMUH, TAK HA3BIBAEMBIN nenaceuyeckuti Mug.
Bot kak moBecTByeTCsl B HEM 0 MUpo3JaHuu. B Hauane BpemeH Jgpunoma,
OOTHHSI BCEro CyIlero, BOCCTajia OOHAXKEHHOM U3 BEYHOTO OE3rpaHUYHOIO
TeMHOro Xaoca, rje mnepemenianbl ObUIM BCe Hadajia Oyayliero Mupa —
3eMJIsl ¥ BOJIa, BO3AYX U OTOHb, U OOHAPYKUJIA, UTO €/ HE Ha YTO ONEPETh-
s, TOATOMY OHa OTJIeNnjIa HeOO OT MOpS M Havajla CBOW OJMHOKUM TaHeIl
HaJ[ ero BoJIHaMH. B cBoeM TaHIle OHa MPOJIBUTajiach K 0Ty, U 3a €€ CIIH-
HOW BO3HHUKAJ BETEP, KOTOPBIN €l MOKa3aJICsl BIOJIHE MPUTOIHBIM, YTOOBI
HayaTh TBOpeHHe. OOepHYBIIMCh, OHA IMOWMAalia 3TOT CEBEPHBIN BETED,
cXkaja €ro B CBOMX JIQJOHSIX — W TEpe] €€ ria3amMu MpeAcTal BEJIUKUM
3meit Oguon. Iepunoma miAcana Bce HEUCTOBEH, oka B Oguorne He NPO-
OyJIMIOCh JKEJIaHWe, U OH He OOBWJI €€ Teo, YTOObl 001aaaTh €. 3aTeM

* (V)
CoriacHO aHTUYHBIM TIPEIaHUSIM, TIeJIaCTaMHU Ha3bIBAIM Ce0sl IPEBHEUIIINE KUTE-
U bamkaHCKOTO TOJIyOCTpOBa, OCTPOBOB DTEWCKOTO MOpS U 3aIaJHOTO MOOEpPEkKbs
Maunoii Azuu.
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oOepHynach OHa B roiyOKy, cella Ha BOJHBI U cHecna Muposoe Aiiyo.
Oguon obepHyIcs cemb pa3z BOKpYT Sliilia U BRICH)KHBAII €T0, TIOKA OHO HE
packonoisiocs. M3 3Toro Muposoro fliina 1 1mosiBUiaoch BCe, 4YTO CyLIECTBY-
€T Ha CBETE: COJIHIIE, JIyHA, TUTAHETHI, 3BE3/Ibl, 3¢MJISI M €€ TOPBI, PEKH, pac-
TEHUS ¥ )KUBOTHBIE.

Bosropausumcs, Oguon o0bsiBun ceds TBOpLioM BeeneHHoid. 3a 1o
Deépuroma yaapuia ero majakoi 1Mo rojose, BbIOMIa Bce 3yObl M M3THAA B
MpaydHoe MOoJ3eMHOe HapcTBO — Auo. 13 3tux 3y00B, sIKOObI, U IPOU30LL-
79 oM (IO IPYTOi BEPCUH OHU CUMTAINUCH POXKACHHBIMH U3 3€MIIN).

[IpencraBnenue 06 Aude, Kak IApCTBE MEPTBBIX, MOJPOOHEE OMUCAHO
B Oosiee MoO3aHEM, oaumnutickom mughe TBopeHus. Tyna 3esc, BEpXOBHBIM
Oor — rpoMoBepkell, BouapuBimiica Ha OnuMIle, HU3BEPTaeT BPaXJI0BaB-
IIMX C HUM YyJIOBUII U TUTAHOB, a TAK)XKE T€X, KTO MPHU KU3HU OBLT KECTOK,
301 u Oecromaned. Ho mouemy noOpble JF0IM TOJDKHBI TIOCTIE CMEPTH Jie-
JHTH Ty XK€ y4acTh, 4TO U rpetHuku’? [loaromy Hapsay ¢ Auoom BO3HHKa-
eT MPEACTaBICHUE O IPEBHETPEUECKOM pae — Jaucuyme, T1I€ KUBYT TyIIN
NIPaBEIHUKOB.

2.2. KapTriHa MUpPO31aHUs B XPUCTHAHCTBE

Ha ocHoBe accupo-BaBWIIOHCKOW MH(OJIOTMHM K Hayaly 1-ro TeIC. 10
H. 3. cpelu eBpeiickoro HaceneHus [lamecTuHbl BO3HUK uyoausm — MOHO-
TEUCTUYECKasl PEJUTHsl C KyJbTOM Oora fIxee wiu, uHaue, Mezo6vi, 4TO B
MEPEBOJIE C APEBHEEBPEUCKOro o3HauaeT Cywuu vnu aowui.

XPpHUCTHAHCTBO TMOSABWIOCH B Hadayle | B. TaMm K€, BHadaje Kak CEKTa
BHYTpPH HyJlau3Ma, CpeId YTHETCHHbBIX CJIIOEB HACEJIEHUs, BEPUBILIUX B MPU-
xoll meccuu (OT Ap. — €BP. Mawiuax — MOMA3aHHMK), HUCIOCIAHHOTO 00-
TOM U JIOJDKEHCTBYIOIIETO HABEYHO YCTAaHOBUTH CBOE CIIPABEIIMBOE LIAPCT-
BO. TakoBbIM cnacutesieM i Hux cran Mucyc w3 Haszapera, ropona B ce-
BepHoil [lanectune — l"anuiien, KOTOPOro cuuTaiu OOro4eIOBEKOM, POXK-
NeHHBIM /[egoti Mapueu mytem HenopowyHoro 3adatus ot Ceamozco /[yxa
LI'ocnoonus. 1locne My4eHU4EeCKO CMEPTH Ha KPECTe BO UCKYIUIEHHE IPEXOB
YEJIOBEYECKHUX M IOCJEI0BABILETO 3a 3TUM BOCPECEHHsI U BO3HECEHHS Ha
He00 Hucyca cranu HazbiBaTh Xpucmoc (ot rped. Christos — moma3aH-
HUK).

CBsillleHHON KHUTOW XpuUcTHaH siBisiercss bubOnusa (ot rped. biblia —
KHUTH), cocTosimas u3 Bemxoco 3asema (1o cytu nyaeiickoui Topet — I1s-
TUKHWXKUA MouceeBa, IepeBeICHHON BHa4YAJIe HA TPEYECKHM, a 3aTEM U Ha
npyrue si3biku) u Hosoeo 3aeema (xxuzneonucanus Mucyca Xpucra, npu-
3HABA€MOTO JINIIb XPUCTUAHAMHU ).
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Bort kak onuceiBaercs B Tope u Berxom 3aBere corBopenue mupa bo-
T'OM 32 LIECTh THEU:

1. «B nauane corBopua bor He60 u 3emitro. 3emiis ke Obia Oe3BUIHA
U TbMa Haj 6e3aHoro, u Jlyx boxkuit Hocuiicst Hajg Bogoro. U ckazan bor: na
oyner ceet. U cran ceer. U yBuaen bor cBer, 4To OH XOpOIl, U OTACIIHI
bor cset ot TeMbI. 1 Ha3Ban bor cBeT AHeMm, a TbMy HOubto. 1 ObuL1 Beuep u
ObLIO YTPO: J€HBb OJIUHY.

Taxum 00pa3zoM, B niepBbIil 1eHb TBOpeHust bor coznan Caer.

2. «W ckazan bor: na Oyner TBepAb MOCpeau BOJABI, U Ja OTIAEISET
oHa BoAy OT BoAsl. [M ctano Tak.]. M co3nan bor TBepap, U OTAEIUI BOLY,
KOTOpas IoJ TBEPABIO, OT BOJbI, KOTOpas HaA TBepAbto. U crano tak. U Ha-
3Bas bor TBepap HeOoM. [U yBuaen bor, uto 3To Xopoio.] Y 6su1 Beuep, u
OBLJIO YTPO: JI€Hb BTOPOM.

U ckazan Oor: ga cobepercst Bojia, KoTopas 1moji HeOoM, B OJTHO MECTO,
u na seurca cyma. W crano tak. [ cobpanace Boja moa HEOOM B CBOM
MecTa, U siBiwiachk cyma.| M Ha3san bor cymry 3emiero, a cobpanue BoJl Ha-
3Ba)I MOpsiMU. U yBuziesr bor, 4To 310 XOpomoy.

Crano ObIThb, Ha BTOPO# JieHb bor co3nan Hebo, 3eMITI0 U MOPSL.

3. «M cka3zan bor: na mpou3pacTuT 3eMJIs 3€JI€HB, TPABY, CEIOIIYIO Ce-
Ms [1IO POy M IOJ00MIO ee, U], AEPEBO MI0I0BUTOE, TPUHOCAILEE [0 POIY
CBOEMY ILIOJ, B KOTOPOM ceMs ero Ha 3emuie. M crano tak. M npoussena
3eMJIsl 3eJIeHb, TPaBy, CEIOIIYI0 CEMs MO poay [u moaoOuro] ee, 1 JIepeBO
[[UT0IOBUTOE |, MPUHOCHIIEE IO, B KOTOPOM CEMs €ro Mo pojly €ro [Ha
3emsie]. U yBugen bor, uro 3to xopoio. U Obut Beyep, u ObLIO YyTPO: ACHb
TPETUI».

Wrak, Tperuil 1eHb NoTpaTuil bor Ha co31aHue pacTeHUMN.

4. «M ckazan bor: na OyayT cBeTHsIa Ha TBEPAU HEOESCHOM [IJ11 OCBe-
LIEHUS 3€MJIA U] UL OTACTICHUS THS OT HOYM, U JIJI1 3HAMEHUH, U BPEMEH,
U JIHEH, U TOJIOB; U Ja OyAyT OHU CBETUJIbHUKAMU Ha TBEPIU HEOECHOM,
yT0OBI CBETUTH HA 3eMirr0. M ctano tak. U co3man bor nasa csBermia Benu-
KHE: CBETWJIO OOJbILOE, /Uil YIPABICHUS JTHEM, U CBETUJIO MEHbILEE, IS
yIpaBJeHUsT HOYBIO, M 3BE3JIbl; M MOCTaBWwI uxX bor Ha TBepau HeOECHO,
YTOOBI CBETUTH HA 3€MJIIO, U YIIPABIIATH JHEM U HOYBIO, U OTJIETSATH CBET OT
TeMbl. U yBunien bor, uro 3Tto xopomro. 1 6b11 Beuep, u ObUIO yTPO: JICHb
YETBEPTHINY.

Taxkum o6pazom, Comniie, Jlyna u 3Be3nbl Obuiu co3gaHbl borom Ha
YETBEPTHIN JCHb.

5. «H cka3zan bor: na npoussBener BoAa NPECMBIKAIOIIMUXCS, TyLY KH-
BYIO; M MTHIIBI JIa TIOJIETIAT Haa 3eMileto, o TBepau HebecHoil. [M ctano
Tak.] U corBopuit bor pei6 00NbIINX U BCAKYIO AYIIY KUBOTHBIX MPECMBbI-
KalOIMXCs, KOTOPBIX MPOMU3BENA BOJA, IO POAY MX, U BCIKYIO NTHUILY TMEp-
HaTyio 1o poxay ee. M yBuaen bor, uto 3T0 Xopomo. M GrarocmoBun ux
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bor, roBops: IIOAUTECHh U PA3MHOKANTECH, U HAIIOJIHAWTE BOJBI B MOPSX,
U NTULBI Ja pa3MHOXKaroTcs Ha 3emie. 1 Obu Beuep, U ObLIO YyTPO: JACHBb
IS TBID.

BeixoauT, Ha naThIl geHb bor coznman peid, MPECMBIKAOMIMXCS U
ITULI.

6. «M ckazan bor: ma mpousBeAeT 3emilsl IyLIly >KMBYIO MO POAY €e€,
CKOTOB, U IaJiOB, U 3BEpPEU 36MHBIX 1O poay ux. M crano tak. U coznan bor
3Beper 3eMHBIX 110 poay ux. M yeBuzaen bor, uro 3to xopomo. 1 ckazan
bor: corBopum uenoBeka no obpazy Hamemy [u] mo mogobuto Hamemy, u
Jla BJIAJIbIYECTBYIOT OHU HAaJl pblOaMU MOPCKMMHM, W HaJ NTUIAMU Hebec-
HBIMH, [M HaJ 3BEPSIMH | U HaJ CKOTOM, M HaJ BCEHO 3EMJICI0, U HAJ BCEMU
rajlamu, rpecMblkarommmucd o 3emse. M corBopun bor yenoseka no o0-
pa3y CBoemy, no o0pa3y boxuio cOTBOpuUI €ro; My>K4uHYy U KEHIIMHY CO-
TBOpWII uX. W GmarocnoBun ux bor, u ckazan um bor: mnoaurech u pas-
MHOXaNTeCh, U HAIOJIHSANUTE 3eMIII0, U OOJaaiTe ee, U BJIAJIbIYECTBYUTE
HaJ pblOaMU MOPCKUMH [M HaJl 3BEPSIMH,| U HAJ NTULAMU HEOECHBIMHU, [U
HaJl BCAKUM CKOTOM, M HAJl BCEHO 3€MJICIO, | U HaJ BCAKUM >KMBOTHBIM IIpe-
cMbIKarommmMmes 1o 3emiie, M yBunen bor Bce, yto OH co3pan, U BOT, XO-
poiio BecbMa. U Gb11 Beuep, U ObLIO YTPO: IEHb IIECTONY.

B 3aBepiieHue cBoux TpyaoB, Ha LIECTOU IeHb bor co3npan miekonu-
TAOIINX U YEJIOBEKA, U «IOYUJI B JEHb ceIbMOU OT nesl CBOMX, KOTOPBIE
aenan.

[anee mosecTByercss 0 TOM, Kak bor cosman xeHuuHy. llocenus
Aoama B cany EneMckoM (3eMHOM paro) U MOPYYUB €My JaBaTh Ha3BAHUS
BCAKHUM >KUBOTHBIM, bor yBuaen, uro A40am TOCKYeT, 4TO HET y HEro, B OT-
JUYUe OT KUBOTHBIX, Mapel. U, BOT, HaBesaB Ha Adama TIIyOOKui COH, bor
B35U1 Yy HEro pedpo U COTBOPUII XKeHIIMHY — E8)y (0T eBp. Xasa — paronias
#u3Hb). [1lo Hayuenuto 3mest Esa yroBopuia A0ama OTBEaTh BMECTE C HEH
3aMpeTHBIN U0 OT «JepeBa MO3HAHU 100pa U 371a», 32 YTO OHU ObUIH U3-
THaHbI U3 pasl.

Yurarenb, HACTPOCHHBIN BYJIbIapHO ATCUCTUYECKHU, HAUAET B BBILIC-
IPUBEACHHBIX OTPbIBKaX W3 BUOIMKM MHOrO HaWBHBIX U HEJEMbIX, HA €rO0
B3IJIsAJl, MOMEHTOB. MexXy TeM, CUTyalus 34ECh TOPa3a0 CIOXKHEE.

JIeNCTBUTENBHO, UTO K€ CBETWJIO B IIEPBBIM JIEHb TBOPEHUS, E€CIIU
Connue, JlyHna u 3Be37b1 ObUTHM cO37aHbl bOroM Juiibs Ha YETBEPTHIN JeHb?
U xak orcunthiBasiich camMu JHU? KakoBa Obuta UX IPOJOJIKUTENBHOCTD?

A pa3Be coBpeMEHHasi KOCMOJIOTHsI HE MpHILIa K BbIBOAY 00 MMEB-
nieM Mecto okoJio 10 — 20 mupa et Hazag HeKoeM boiabmom B3pbIBE, MO-
JIOKUBIIEM HA4alo Halled BCENeHHOM U COIMPOBOXKAABIIEMCS JJIEKTPO-
MarHUTHBIM M3JIy4EHUEM, KOTOpOE B paHHEH ropsiueir Beenennoit Habmro-
Ja70Ch B BUJMMOM JMana3oHe, a TENeph MEPENio B MUJUIMMETPOBBIN Aua-
Na30H PaJMOBOJIH (TaK Ha3bIBAEMOE perukmosoe usiyueHue Bcenennoii)?
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Uro kacaercsl MpOAOJKUTENBHOCTA O0XKbUX JTHEH TBOPEHUS, TO CIEAYET
UMETh B BUAY, YTO €BPEUCKOE CIIOBO «iOM», MEPEBEJICHHOE BHayaje Ha
IPEYECKHii, a 3aTEM U Ha JPYTHUe SI3bIKU KaK J€Hb, 03HAYAET HE TOJBKO CO-
BPEMEHHOE TMOHSATHE «CYTKH», HO W BOOOIlE 000N HeompeaeIeHHbIN
IPOMEKYTOK BPEMEHHU.

Yrto takoe HebecHasi meepos? O3HAYaEeT JM 3TO, YTO HEOO MpeCcTaB-
JSI0Ch B BUJIE XPYCTAJIbHOTO KYIIOJIa C OTBEPCTUSIMM JJIs IOXKAS U YTO BCE
HeOecHble Tena bor pacnonoxui, TakuM o0pa3oM, Ha PaBHOM PacCTOSTHUU
ot 3emuin? BoBce Het! 31ech TOkE HEIOpa3yMEHHE, CBI3aHHOE C HETOYHO-
cThio niepeBosia. CI0By meepob B APEBHE—EBPEUCKOM OPHUTMHAJIE COOTBET-
CTBYET CJIOBO paKkua —IpPOTKEHHOCTh. Ha rpedeckuil oHO nepeBeneHo
KaK Sfereoma, 4TO O3HA4YaeT HE TOJBKO HEYTO TBEPAOE, HO U OOBEMHOE,
IPOCTPAHCTBEHHOE.

MHOro BO3pa)K€HUH BBI3BIBACT CO3JaHuME boroMm pacteHuin U KUBOT-
HBIX Cpa3y B FOTOBOM BHUJIE, YTO KaK—OyATO MPOTUBOPEUUT IBOJIIOLIMOHHO-
My yuenuto. Ho coBpeMeHHasi Teopusi 3BONIOLMU, OCHOBAaHHAs Ha MOJIEKY-
JISIPHOU TEHETHKE, TAKXKE MPUXOJUT K BBIBOJAM O CKAUKOOOPa3HOM Xapak-
Tepe 3BOJIIOLIMH.

[To moBogy Toro, uro bor co3gan denoBeka Mo oOpaszy U Mogo0uI0
CBoemy: «110 00pa3y Bokuio COTBOPHUII €ro; My»KUUHY U JKEHIIHHY...». Ka-
KUMU MOJIOBBIMU TIPU3HAKaMM Torjaa obinagaer cam bor? OH yTto — Trep-
Mappoaut? Y MoxHO 11 BooOI1Ie npeacTaBisaTh cedbe bora B Buae aHTpo-
nomopdHoro cymectBa? Pazymeercss HET, pedb UJIET O JTyXOBHOM CXOJICT-
BE€: B€Jb MIMEHHO y YeJIOBeKa, corjaacHo bubnuu, npenanonaraercs HaIuyue
nymn. Cam xe bor, (kak, Bopodyem, U aHrenbl, U JpsBON, U 4epTH) HE
UMEIOT TeJecHOW 000si0uku. XoTs B bubiauu onucansl ciayyau, KOrjaa 3TU
CYILECTBA MpeACTaBalIU MEepe JII0IbMHU B TOM WJIM MHOM 00pase.

2.3. Bonpocsl MUPO31aHHs B HCJIaMe

Ucnam (c apal. noxoprocmy) SIBISIETCS CaMON MOJIOJION U3 MUPOBBIX
penuruil. OH BO3HUK B ApaBuu, B Had. VII B. Ero npopok u ocHoBarens,
Myxammeo, o npenaHuio ObUT OEAHBIM MACTYXOM, KOTOPBIH, Onaromaps
BBITOJHOM XKEHUTHLOE Ha OOraTtoil BAOBE, CTal BJAAE/IbLIEM OOJIBIIOrO CTa-
71a, BEJI TOPTOBBIE JIeNia C COCETHUMHU HapOoJaMu — HYACSIMH U XpUCTHAHA-
mMu. OT HUX OH y3Ha1 00 OCHOBHBIX JOrMaTax MyAau3Ma U XpUCTHAHCTBA,
KOTOpBIE€ MPUIY/UIUBBIM 00pa30M MEpEIUIeTUCh B €r0 CO3HAHUU C MECTHBI-
MU apabCKUMH MH(OTOTHUECKUMHU NPEACTABICHUSIMU M KyJIbTOM Oora
IJIEMEHH KypEeUIINTOB A11axa.

Cunraercs, 4TO OJHAXKIBI HOUBIO K Myxammedy CITyCTHUIICS MOCIaH-
HUK Annaxa /{xcabpaun (aHanor OuOneiickoro apxanrena ['aBpuuiia) u
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npukaszan: «YHwuraii!». U, xots1, MyxaMmmen He yMeIl YUTATh, ITOCIIE TPETHETO
NOBTOpEHUs /[orcabpauniom 3TOTO MpUKa3a OH Hayald U3PEKaTh 3aroBEIU
Annaxa. C 3toro MmomeHta Myxammeo JOBOJIBHO 4YacTO BIajai B MOA0O-
HBIM PEJIMTMO3HBIN TPAHC, & €ro MponoBean, NpoAoJKaBUIMeCs Oosee ABa-
JUATH JeT, ObUIM TOCie CMEPTH MPOpPOKa COOpaHbl C MOMOIIbIO €ro ObIB-
niero cekperapsa u nucua 3eina non Cabura u cocraBuinn Kopan (¢ apao.
Kyp’an — ureHne) — CBAIICHHYIO KHUTY MYCYJIbMaH.

[Tockonbky Kopan poxxnancst 6€3 kakoro—im0o mjiaHa, OH COCTOUT U3
Pa3HOPOJIHBIX (PPAarMEHTOB, COJAEPKAIUX PErIAMEHTALIMIO PETMTHO3HBIX
00psi10B, MOpaJIbHbIE MPEJIMCAHNS U MPABOBbIE YCTAHOBIIEHUS, OObIYaU U
TpaJMLIMK, ONpPEACINIAIONINE YKIaJ *KU3HU MycyibMmaH. [1o Bompocy mMupo-
3laHusg OH BO MHorom nostopsier Topy u Berxuii 3aBer. 3nech purypu-
pyIoT Te ke Oubineiickue nepcoHaxu: 4oam, Hoit (Hyx), ABpaam (HMopa-
eum), Ucaak (Ucxax), Uecmaun (Usmaun), Nakos (Axy6), Uocud (FOcyg),
Aapon (I'ypor), UoB (Aiiros), dasun (/layo), Conomon (Cynetimar), Unus
(Absc), Nucyc (Uca), Mouceit (Myca) n np.

Kak u B nynausme, B uciaame OTpHUIAeTCs O0XKECTBEHHAs CYIIHOCThb
Hucyca (HMcor), XOTS ¥ NPUBHAETCS, YTO An1ax BAOXHYJ B upeBo Mapuu
(Mapwvsim) cBOM «IyX», TIOCJIE YETO OH U POJUIICS.

Kak u nynevickuii Axee, u xpuctuanckuit boe—Omey, Annax (B cyu-
HOCTH, 3TO OJIMH U TOT K€ OO0T') COTBOPHJI MUP 3a 1IecTb JHEH. TBopua oH
JIETKO U 0€3 U3bSIHOB, €IMHBIM CBOMM CJIOBOM «bynb!».

On ckazan «byas!» — u nosiBuIMCH HEOEca U 3eMJIsl; «COTBOPHUII CEMb
HeOec, OIHO HaJa APYTUM», YCTPOUI HEOO TakK, YTO «HET B HEM HU €IMHOMN
menn». Husmee HeO0 Annax ykpacui CBETWIaMHU W MOCTaBWJI UX AJIs OT-
paxxeHus 1baBoJIOB. OH «Besen eMy (HeOy) MpOoU3BOIUTH TEMHOTY HOYH,
3aCTaBUJI €r0 U3BOJUTH YTPEHHIOIO CBeTo3apHOCThY. C Heba Awrax cmyc-
THJI Ha 3€MJIIO JIECTHUILY, «II0 KOTOPOM aHTreNbl U AYXU BOCXOJAT K HEMY B
TE€YeHHUE JHs, KOTOPOTO MPOJIOKEHHUE MATHAECIT ThiCAY JeT». OJIHAKO JII0-
JI1 U YEPTH, €CJIM Obl U MOMBITAINCH BJIE3Th HA HEOO MO 3TOM JIECTHUIIE, HE
ObuIM OBl TyAa JomyuieHbl. 3emiis B Kopaue mpeicTaBisieTcsl B BUJAE He-
NOJIBMDKHOW TJIOCKOCTH, HANoJ00Me KOBpa, yAEPKUBAEMOI'O BO3JIBUTHY-
THIMH Ha HEM TOpaMH.

«Annax, — roBoputcs B Kopane, — COTBOPHUJ BCSAKOE KUBOTHOE W3
BOJIBI; U3 HUX €CTh TaKHe, YTO XOMAIT Ha )KMBOTE, U €CTh U3 HUX TAaKHE, UYTO
XOJIT Ha JBYX HOTaX, U €CTh M3 HUX TaKHe, 4YTO XOIAT Ha deThipex». Ilo
NOBOJly IIPOUCXOKEHUs YelloBeka B Kopane nMeeTcs HECKOJIbKO BapUaH-
TOB: «W3 TJIMHBI 3ByYalleH, U3 TJIMHbI, 00JIeYeHHON B (OpMY», «U3 BOJBDY,
«u3 Karm» U T.1. ['oBopurcs B Kopane n 00 U3rHaHUU Adama v KEHBI €To
U3 pas 3a OCJIylIaHUe HE €CTh IJI0JI0B OT 3aIIPETHOIO JIEpeBa.
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B nenom, B Bompocax MHpPO3JaHUS KCIAaM MOBTOPSAET HECKOJIBKO JI0-
paboTaHHYIO U MPUYKPALICHHYIO KapTUHY MHpPA, OMMCAHHYIO B MyJEHCKON
Tope u Berxom 3aBeTe XpucThaH.

2.4. bByqauszm U MUpPO31aHue

byoousm Bozuuk B Uuaum B VI B. 1o H.3. Ero ocHoBarens — Cuo-
xapmxa I'aymama v3 pona lllakbst Obu1 cbiHOM pajiku. C paHHEro AeTCTBa
MaJb4MK OBUT OKPY>XEH POCKOLIBIO M BECEIbEM, 3HAN TOJIBKO PATOCTH
xu3HU. Ho, BOT, OHaX/1bl, KOTJ1a OH YK€ ObLI >KEHAT U UMEJl ChIHA, [ ay-
mama CIy4aHO OKa3aJyCs 3a IpeAesiaMu ABOpLA. 3A€Ch OH BCTPETHII IO-
KPBITOTO SI3BaMU M3MOXKJIEHHOTO OOJBHOTO, CTOPOJICHHOTO TOJaMu yOOTO
CTapla, NOXOPOHHYIO MPOLIECCUI0 U HAKOHEL], IOTPYKEHHOI'O B Pa3ayMbs
ackera. TO IPOU3BEJIO HA HETO CTOJIb CUIIBHOE BIEYATIECHUE, YTO OH YIIEI
U3 OTYEro J0oMa, CTaJl OTIIEJIbHUKOM, ACKETOM, MOJBEpraj ce0s BCEBO3-
MO>XXHBIM CaMOMCTS3aHUSM, IBITASCh IMOHATH BEJIUKYIO TallHYy JKU3HU. Tak
IpouuIo ceMb JieT. HakoHel, oHaXpl, KOrjga MpeaesibHO YCTaJIbId U W3-
MOXJIEHHBIN [ aymama cen moj JepeBOM, MPUCIOHWICA K HEMY CIIMHOM U
npenaics, Kak OObIYHO, TNTyOOKOMY CaMONO3HAHHUIO, HA HEro BHE3AITHO
cHu3ouuIo npo3penue. OH Kak Obl BHYTPEHHE «IPOOyAMIICS», cTan byodou
(oT caHCKpUT. byoxa — npoOyKIEHHBII, IPOCBETICHHBIN ).

Ilepen [ 'aymamoiui siCHO TIPEACTANN TAaWHBI )KU3HU U CMEPTH, COCTaB-
JSoue vemvipe 6aa2copoonsix ucmunsl: 1. JKusap — 310 crpaganus. 2.
[Tpyunna crpaganuii — 3710 xenanus. 3. 30aBieHue ot cTpajaHuii — 3TO
oTKa3 oT xenaHuil. 4. CyiiecTByeT MyTh M30aBIIEHHUS OT CTpajaHUil, Tak
Ha3bIBAEMbIN GocbMepuynblli nyms byoowl: npaBeaHasi Bepa — HCTUHHAS
pPEIIMMOCTh — IpaBeaHasl peub — IPABEJHbIE JIeJa — IpaBeAHas )KU3Hb
— MpaBeHasl MbICIb — IPABEIHbBIE TOMBICIBI — HUCTUHHOE CO3EpLIaHHUE.
CoOburoieHre 3TUX TPUHIMIIOB IPUBOJUT K HUPEAHE— TICUXOJIOTHYECKOMY
COCTOSIHUIO COBEPLIEHHOM YIOBJIETBOPEHHOCTH, MOJHONW CaMOJ0CTaTOYHO-
CTH ¥ a0COJIFOTHOM OTPEIIEHHOCTH OT BHEIIHETO MUpA.

Jnst ysicHeHust OCHOB OyjaJiM3Ma Ba)KHO 3HaTh, YTO OH 3MXKAETCA Ha
UHAYHUCTCKUX MPEACTABICHUSX O NMEPECEICHUN AYLIH, €€ BOIUIOIIEHUH I10-
cie cMepTH (PU3MYECKOro Tena B Apyroe teno. B coorBerctBuM C kap-
MOl — TPY30M HAaCJEACTBEHHBIX U COOCTBEHHBIX MPMKU3HEHHBIX T0OPBIX
U 3JbIX MOCTYIIKOB — HOBas XU3Hb MOXXET OKa3aThCsl OOJee WM MEHee
cyacT/IMBOM, yeM npexHssi. Ho OeckoHeuHasi 1ienb nepepokaeHuil He Cy-
JUT HAYero xopoiero. [ToatoMy 1enpro OyaIucToB SBIASETCS CTPEMIICHUE
pa3opBaTh ATO «KOJECO OBITUS», TOCTUYb HUPBAHBI U CIUThCS C «Kocmu-
yeckum menom byoowry.
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Bynauiickyto KapTUHY MUpa XOPOLIO NepeNaeT MaHOala— KYJIbTOBOE
0010 WK U300pakeHue Ha oy xpama. OHa NMpeAcTaBIsieT U3 cedst KpyT,
B KOTOpBIM BIIMCAH KBAaApAT, COPUEHTHUPOBAHHBIA MO YETHIPEM CTOPOHAM
cBera. B kBazpaT BnMcaH Manblii Kpyr, B LEHTPE KOTOPOro M300paxeHue
Bynnsl, cuMBOIM3UpPYIOLEE €r0 MOLb U BIMSAHHUE Ha BCIO Bceenennyro. 13
KaXJIOM CTOPOHBI KBaJipaTa BBIXOISAT BOopoTa B Oonbinyto Beenennyro. Ha
BBIXOJIE U3 ATUX BOPOT M300paKaIOTCs pa3iudHble 00KECTBa; TO K€ U30-
Opaxx€HO M B MPOCTPAHCTBE BOKPYT KBajJpaTa. IT0O Kapta BeeneHnHoil B ro-
pU3OHTaIBHOM IIaHe. Yepe3 LEeHTp manOansl MPOXOAUT BooOpaxkaemas
och (ropa Mepy win MUPOBOE JIepEBO), KOTOpas MepeceKkaeTcss APYTruMU
IJIOCKOCTSAMU MHOrocjiaoiHol Bcecenennoi. Iloa3eMHBIN ee CJIOM COCTaBIISI-
I0T 00J1acTh 37BIX JEMOHOB (accypog, MPEeUCIOTHEHHBIX HEHaBUCTH K 00-
ram) U TpoWHas CUCTEMA aJI0B — PACKAJIEHHbIE, MOPO3HbIE U KOMOUHUPO-
BaHHbIC. 3€MHOM MHUp TaKKe€ MHOTOCJIOCH (BO3IYIIHBIM, BOAHBIM U JIp.).
Han vum Haxomutcss mup 33 Hebec, HaceIeHHbIM pa3MYHbIMU OOraMH U
JIEMOHAMH, BO3IJIABJISIEMbIN 11apeM 00ToB — by00ot.

Bo BceneHHON MpOMCXOAUT MOCTOSIHHBIA KPYyroBOpPOT OyAJl: OJHU
YMHUPAIOT, APYTyMe BOIUIOLIAKOTCS, IPUYEM B PA3HBIX MMAPAJUICIbHBIX MUPaX
3TO MPOMCXOAUT HE3aBUCUMO, TaK YTO OOIlEe KOJIUYECTBO CYUIECTBOBAB-
IIMX U OJHOBPEMEHHO CYIIECTBYIOIIUX Oyaa orpomHo. OpHako IulIb
l'aymama MOXET UX BCEX 3HAaTh M MOMHHTb. BCSKOE pOXKIEHUE HOBOTO
Bynpl mpuxoauTes Ha 3MOXY, KOTla B MUPE NAJacT BEpa U HAYUHAET TOP-
»ecTBoBaTh 31710. Torna OH NPUXOAUT U HABOAUT MOPSIAOK.

B otnanune ot xpuctHaHckoro u uciaamckoro bora, byoda He coTBO-
psia Mup U yenoBeka. BeeneHHas B Oynju3Me CyIIECTBYET BEYHO, MOCTO-
SHHO HM3MEHSSCh U NMPEACTABISACH YEIIOBEKY CBOMMHU Pa3HBIMHM T'PaHSIMH,
/i€ BOEMHO CIIUTHI MPOILIOe, OyAyLIee U HACTOSAIIEE.

2.5. CpaBHUTEJbHBIA aHAJIN3 PEJIUTHO3HON U HAYYHOH
KAPTHHBI MUPA

Onncannas B uynevickon Tope, BerxoM 3aBere XpHUCTHAH U UCIAM-
ckoM Kopane xaptunHa cotBopeHus Mupa borowm 3a mects qHeit (eme pas
OTMETHM B CBSA3M C 3THM Pa3iIN4ue 3TUX B0OXbUX JAHEHN MO MPOIOJKUTENb-
HOCTH C CyTKaMH, O Y€M YK€ TOBOPWIIOCH B 1. 1.2) mopaxaer yIuBUTEIbHO
TOYHOM IOCJIEI0BATEIbHOCTIO COOBITUM, TOATBEPKIAECHHBIX BIOCIEACTBUU
naykou. Utak, /lenp 1 — Cgert (cBeT boinbmioro B3psiBa). Jlens 2 — Hebo
u 3emis (3eMysl OKpPBITa BOJOM, ropsyasi, atMocepa COACPKUT B OOIb-
IIMX KOJIMYECTBAX Mapbl BOJbI, METAaH, OKUCH a30Ta U Henmpo3payHa). JleHb
3 — oTaeneHue Cymu OT BOAbI, CO3/IaHUE PACTEHUM (OHU ACHCTBUTEINBHO,
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MOSIBWJIMCH paHbliie *KUBOTHBIX). Jlenb 4 — Comnnue, JIyna u 3Be3bl (000-
raTUBUIMCh KHCJIOPOJOM, BBIIECJIEHHBIM pPACTEHUSIMH, aTMocdepa crana
npo3payHoil). Jlenb 5 — pbiObl, am¢pubuu u nTuuel (Bce no Hayke). [lens 6
— MJICKOTIMTAIOIINE B YEJIOBEK (TO XKe).

A Oynauiickue W HoroBckue mpencrasieHus o KocMmuueckoMm Ttene
bynasl min MupoBoMm AOCOJIOTE, MHOKECTBEHHOCTH MHUPOB U IYJIbCH-
pytomeid BeenenHol? OHM TakKe MMEIOT aHAJIOTMHA B COBPEMEHHBIX KOC-
MOJIOTHYECKUX TEOPHSX, CBSA3aHHBIX C bonbiiuM B3pbiBoM, peauMKTOBBIM
usnydenueM Bcenennoi, HaitnenHbiMu A. @puamanom (1922) pemenusimu
ypaBHEHUsI DUHILITENHA U3 0011Iel TEOPUH OTHOCUTEIbHOCTH.

Uro s10? Cnywalinsie coBnaaenus? Mim, aericrBurensHo, bor nepuo-
JUYECKHU JIOBOAMII YE€PE3 CBOMX MPOPOKOB JI0 JIIOACH B MOHSATHBIX JJISI HUX
o0pazax CBeJIeHUS O MUPO3JIaHUU ?

Hekoropble yueHble Tak U cuuTaroT. VX Ha3bIBalOT kpeayuonucmamu
(oT nart. creatio — TBOpeHUE, co3aanue). KpeaunoHUCThl yTBEPKAAIOT, UTO
pa3BUTHE HAyKU JIMILIb MOJATBEPXKAAET TO, YTO HAMMCAHO B CBALIEHHBIX
KHHUTaX pa3HbIX PETUTHIA.

Opnako OOJBIIMHCTBO MAaTEPUATMCTUUYECKH MBICISILIUX YYEHBIX 00-
paTUIIM CBOM B30pbI HAa CUHEp2emuKy — HayKy O CaMOOPIraHU3alliy HEepaB-
HOBECHBIX JIMHAMHUYECKHX CHCTEM, MHTEHCHBHO Pa3BUBAIOIIYIOCS B IIO-
cienHee Bpemsi. CMHEpreTuka y4uT, YTO B JOCTATOYHO CJIOXHBIX OTKPBI-
THIX CHCTEMax MpPH HAIMYUU JUCCUTIALMU SHEPTUH HEU30EKHO BO3HHKAET
caMOOpraHu3alus U MPOUCXOAUT 00pa30BaHUE YIOPSIAOUYEHHBIX CTPYKTYP.

B3rnsanael Tex U ApYyrux yYeHbBIX MOXKHO ObLIO Obl COBMECTUTH, €CIU
Obl yJaJIOCh JIOTOBOPUTHCS O TepMUHOJIOrHMU. CHUHEpreTKa HE UMEET HU-
4ero MpoTUB KpealMOHU3Ma, €CJIM MOJ] CJI0OBOM bor moHMMarh BHEUIHEE MO
OTHOLICHUIO K Hameh BcelleHHOW 3HepreTudeckoe Bo3AeucTBHe. Toraa,
COTJIACHO XOPOILIO U3BECTHOMY U3 (u3MKK npuHuuny Kropu, B pe3ynbTare
BO3JICHCTBUSI, CHMMETPHSI CUCTEMbI MOHMXKAETCS (T. €. IPOUCXOIUT YIOps-
JIOYEHUE), U B HEH COXPAHSIOTCA JIUIIb 3JIEMEHThl CUMMETPHUH, OOILUE C
AJIEMEHTaMU CHUMMETpPHUM BO3eHcTBUS (ueM Bam He «1mo oOpa3y u mojo-
outo boxuemy»?).

OTkyzna ke JIOAH, >KUBILIKWE HECKOJBbKO THICAY JIET Ha3ajl, MOIJIH 00
ATOM 3HATh WJIM XOTs Obl JorajasiBaThecsi? [lo—BUAMMOMY, UX MO3T, €Ille He
3aMyTHEHHBII a0CTPaKTHO—JIOrMYECKUMHU (OpMaMH MBIIUICHHS, UHTYH-
TUBHO CXBaThIBaJ OOLIME MPUHIUIIBI YCTPOMCTBA TPUPObI, KOTOPbIE HBIHE
OTKpPBIBAE€T CUHEPIeTHKA.

29



Hpunuun bpuresl Oxkkama

JInmky HuU B yem.

TTummax Munemcruu

3.1. ®uinocodckue U eCTECTBEHHOHAYYHbIE
B3rJsAAbI Y. Okkama

Yunesam Oxkam (ok. 1285—1349) — anrmmiickuii ¢punocod, MoHax
dbpanuckanckoro opaeHa, npodeccop Okcdopackoro yauBepcurera. Jis
3amagHo-eBporneiickoi Hayku XIII B. ObIIIO XapakTEepHO yBJICUECHUE CXOJA-
cmuxou (ot tped. scholastikos — mkonbHBIN). Ee cyTh cocTosiia B TOM,
YTO 3HAYUTEIIbHOE MECTO B HAYYHBIX 3aHATUAX YUYEHBIX TOIO BPEMEHHU 3a-
HUMAaJIM COCTaBJIEHHE KOMMEHTapHEB K TPyJaM aHTHYHBIX YUCHBIX U (op-
MaJIbHO-JIOTUYECKHUE CIOPHI MO MOBOJY COAEPXKAIIMXCS B HUX MOJIOKEHUM.
Kak mpuiexHbie MIKOJSIpbl, MaCTUThIE TIpodeccopa JUCKYTUPOBAIIH T10 TO0-
BOJly TIOHSITUW U OMNpeJeTeHud (HOMUHAIN3M), YHUBEPCAJIUA U CYMM 3Ha-
HUMW, NPEACTABICHUN O IIPOCTPAHCTBE, BPEMEHU U JIBUKCHUU.

ArmonoreToM cxonacTuku BTOpoi mojoBuHbl XIII B. ObUT UTaNmbsH-
ckuii MOHax-noMuHukaHer; ®oma AxBunckuit (Thomas Aquinas). OH TbI-
TajJCsl CUCTEMATHU3MPOBATh CXOJIACTUKY Ha 0a3e XPHCTHAHCTBA U YUYCHHS
Apucrorenst. ®omMa AKBUHCKHI CUUTaj, YTO BCSA MPHUPOJA 3aBEPIIACTCS B
Omaroymatu 00XueH, a pa3yM — B BEPE, TOITOMY BCSIKME YKCIIEPUMEHTHI B
HayKe HenonycTuMbl. Ho y Takoro moaxo/ia Kk Hayke ObLITM U TIPOTUBHUKH.
Hampumep, anrnuiickuii ¢umocod u ecrecTBoUCHBITATENb, Tpodeccop
Oxkcdopackoro yauBepcuteta Pomxep bakon (ok. 1214—1292) npunaBan
ONBITY MEPBOCTENEHHOE 3HAYEHUE M JAXKE CO3Jal B CBOECH MOHAIIECKOM
KeJibe JIabopaTopHIo, TA€ CTABWJI OMBITHI MO aIXUMHUU, ONTUKE, MAarHETU3-
My. Takue 3aHSTUS HE MPUBETCTBOBAIUCH PYKOBOACTBOM YHUBEPCHUTETA U
bakoHa, 0OOBUHUB B CBSI3SIX C JbSBOJIOM, 3aTOYMII B TEMHHUILY, TJI€ OH TipoBen 14
JIeT ¥ OB BBIMYIIIEH HA CBOOOTY JIMIIIb HE34I0JTO JI0 CMEPTH.
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V. Okkam, Oyay4H JIOTUKOM, B Ha4aje CBOEH TBOPUYECKON J1EATENbHO-
CTH TaK)X€ BBICTYNAJI KaK CXOJIACT, AKTUBHBINA NPEICTaBUTEIL HOMUHAJIU3-
Ma. OgHAKO €ro MOJAXO0J K ONPEAEIICHUSAM B HAYKE OTINYAJICS OT IPUHSTO-
ro TOTJAa ONMCAaHMS W IEPEUYUCIIEHUS CBOWCTB OINPEAEISAEMOro IMOHATHS.
OKkKam yuuJ, 4TO AaTh 4EMY-JIHOO0 ONpeeIeHe — 3HAYUT yKa3aTh, MEpOu
YEro 3TO ABJSIETCA. Takoe MOHMMAaHUE ONPENEIEHUN CTANO0 BIIOCIEACTBUU
OOLIENPUHATHIM U UCTIONB3YETCS B HAYKE A0 CUX MOP.

Kak u P. bakon, Y. OkkaMm npu3HaBai B HayKe OOJIbLIYIO POJIb OMBITA.
EMy npuHammexut BbiCKasbiBaHHE: «[lOHATHS, HECBOAMMBIE K UHTYUTHUB-
HOMY M OIIBITHOMY 3HA4YE€HUIO, JOJDKHBI yIAIATCS U3 Haykn». Ha uHTyH-
TUBHOM 3HaHUH, 0€3 J0Ka3aTenbcTBa (POPMHUPYIOTCS MOCTYJIATHI, HA KOTO-
pBix Oazupyercs mobasi HayuyHas Teopus. IIpenckaspiBaemble jxe Teopuei
3¢ dexTsl JOMKHBI MOATBEPAKAATHCS dKCHepUMeHTalbHO. Mccnenys mpo-
0JleMy TOCTYJIMPOBAHMSI OCHOB Hay4yHOU Teopuu, Okkam 3ajaymancs Haja
T€M, CKOJIbKO MX JOJDKHO ObITh B MPABUIBLHO MOCTPOEHHON TEOpHH? DTO
IPUBEJIO €ro BIOCIEACTBUU K (HOPMYJIUPOBKE 3HAMEHHUTOIO NPHUHIIMIA
bputeel Okkama, 0 KOTOPOM pedb NONUAET HUKE.

Barnsanet V. Oxkkama ObUTH MOABEPIKEHBI PE3KON KPUTUKE MArlod pyuM-
ckuM. Omnacasce apecta, oH cOexan u3 AHriauu u B 1328 r. mocenuscs B
['epmanuu, B MIoHXEHE, rie HAAESAICSA NMOIYYUTh MOKPOBUTEIBCTBO Y TEp-
MAaHCKOTO HMMIIepaTopa — IPOTECTAHTa W NPOTUBHUKA Malbl PUMCKOTO,
BBICTYIIABIIETO IPOTHUB €0 MPUTA3AHUN HA CBETCKYIO BJIACTb.

3.2. PazBurte OKKaMOM NpeACTABJICHUH 0 POCTPAHCTBE,
BpeMEHH U IBUKCHUMN

[TonpoOyiiTe naTh OTBET HA, Ka3ajoCh Obl, DJIEMEHTAPHBIE BOMPOCHI:
4YTO Takoe mpoctpaHcTBo? Mnu: uto takoe Bpemsa? Ckopee Bcero, y Bac
MOJIYYUTCS YTO-TO BPOJI€ «IIPOCTPAHCTBO — 3TO TO, YTO HAC OKPYKAET»,
«BPEMSI — 3TO TO, YTO TEUYET U3 MPOILIOro B OyayIee. ..

JaTh ornpeneneHne — He TaKoe MPOCTOE JIEN0, KAK MOXKET MOKa3aThCA
Ha 1epBbId B3sA. Bor m B XIII B. kaknplii yBaKaroIuii ceOsl yUICHBIH
cTapajcsi JaTh OIpPEIEICHUE 3THUM «IIPOCTbIM» TOHSTUSM. YUUTEIb
V. Okkama, Uorann Jlync CkoT, Hanpumep, CUUTAII, YTO IPOCTPAHCTBO —
3TO BMECTUJIMIIE TEJI, ONPEEIAIONIEe MECTOMOIOKEHNE TTpeameTa. Bpems
no doMe AKBHUHCKOMY, — 3TO MOCIEJ0BATEIbHOCTh MTHOBEHUM, OTIIY-
HIEHHBIX BOrOM J171s1 TOTO WM UHOTO SIBJICHUS.

Crnenyst cBoeMy METOJy JlaBaTh OINpPEJEIEHUS KaK YKa3aHHsI MEpbI ue-
ro-nmu6o, OKkaMm a1 HaCcTOJIBKO CTPOTHE OINpPECNICHUs] MPOCTPAHCTBA U
BPEMEHH, UTO OHU HUCHONb3yrTcs U ceronans. [lo Okkamy npocmpancm-
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60 — 3MO Mepa NPOMAICEHHOCMU U CMPYKMYPbl Mamepuu, a epems —
9Mo mepa OIUMENbHOCMU NPOYeccos, NPOUCXOOAUWUX 8 MAMEPUATLHOM
mupe.

¥ OxkamMa npoCTpaHCTBO HE3aBUCUMO OT HaXOJIAIIETOCS B HEM INPEJ-
MeTa, a BpEMS HE 3aBUCUT OT €ro JBrxkeHus. Camo ke JBUKEHHUE Teia
HAJJIEKUT paccCMaTpHUBaTh B MPOCTPAHCTBE U BO BpeMeHU. OKKaM pa3iinya-
eT pagHomepHoe U HepagHomepHoe (YCKOPEHHOE WIHM 3aMEIJIEHHOE) JBU-
xenue. K HepaBHOMEpHOMY JIBUKEHHUIO OH, B YACTHOCTH, OTHOCHUT LIUKJIU-
YECKOE M KPHUBOJMHEWHOE NBMxkeHHe. OnHako B3rsiAbl OKkama eme He
BITOJTHE OPOPMUITUCH, U, HAPSAY C STUMH BUJAMU JBIKCHUS, OH MPUBOIUT
B KaueCTBE MPUMEPOB HEPABHOMEPHOI'O JBUKCHUS TaKXKE TAKHE «OPUTH-
HAJIBHBIC», C TOYKH 3PCHUS CETOMHSIIHEH (M3WKHU, BUJBI JBIKCHHS Kak
BBITECHEHHUE, BOJIOYEHHE, TOATAIIKUBAHUE U JIP.

Becpema mposzopimBo Okkam pasfensieT IBHKEHUME Ha JBa BHJA:
1) MexaHnueckoe TepeMelIeHUe B TMPOCTpaHcTBe (motus localis) wn
2) BHyTpeHHee naBuxkeHue (motus naturalis). 1 xots OxkkaMy elie HE U3-
BECTHBI MOJICKYJISIPHO-KUHETUYECKUE MEXaHU3Mbl BHYTPEHHETO JABUKEHUSI,
OH IOHUMAET, YTO TAKUE U3MEHEHUs, IPOUCXOAIIUE C TeJaMH, KaK IaB-
JIEHWE, KUIIEHHE U Jp., TAKKE €CTh PE3yJNbTaT HEKOTOPOTO «IIPUPOIHOTO»
JBUKEHUS, XOTS OHO U HE CBOAMUTCS K NEPEMEILICHHIO TEJI B IPOCTPAHCTBE.

Barimanel Okkama oka3ajid 0JIarOTBOPHOE BIIMSIHME Ha JalibHEWIIee
pa3BHUTHE NPEACTABICHUI O IBUKEHUU TEIL.

Anrnuiickuii nociegoatens yueHusi Oxkama Tomac bpanBapaun (oK.
1290—1349), npenonaBarenb OKCHOpPICKOTO YHUBEPCUTETA, BBEJ B HAYKY
IPENCTaBIEHUE O KOHmuHyanvHocmu (OT JaT. continuum — HENPEPHIBHOE)
IPOCTPAHCTBA U BpeMeHU. MIHaue ToBOps, OH CUMTAI, YTO MPOCTPAHCTBO U
BpEMSI MOXHO JIEJIUTh CKOJIb YTOJHO JIOJIT0, U UX CBOMCTBA MPHU 3TOM H3-
MEHSIThCSL Oy IyT.

®pannysckuii punocod XKan bypunan (ox. 1300—1358), ObiBIIMIT B
OHO BpeMs Jaxke pekTopoM llapmkckoro yHuBepcurTeTa, BBEI MPEACTAB-
JaeHue o0 umnynbce U MPEABOCXUTHII 3AKOH COXPAHEHUs UMNYIbCA B W30-
nupoBaHHoM cucteme. JK. bypunan nponaranaupoBan B3risabpl Okkama BO
@paHunu aaxe nocie nosieieHus B 1339 r. mamnckoro aekpera, 3arpe-
LIAIOILETO €T0 YUYECHHE.

Bnocnencteum, yxe B XVII B., ugen Y. Okkama, T. bpagsapanna u
XK. bypunana 6putn ucnons3oBansl I'. 'anmieem u M. HeroToOHOM 1ipu c03-
JTAHUU OCHOB KJIaCCUYECKOU (PUBUKHU.

3.3. lIpununun bpureel OxkKkaMa u ero poJjib B HayKe
HaubGonpmyro uszBecTHOCTh Y. OKKaMy MpPUHEC €ro 3HAMEHUTHIN

npuHIUn bputeel, chopMynHpoOBaHHBIN UM MIEPBOHAYAIBHO KaK YUCTO JIO-
TUYECKUN TPHUHIMI OEpexIIMBOCTA WM DKOHOMHH TPHU J0Ka3aTeIbCTBE
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KaKux-11u00 yTBepxKaeHuil. OnHako odyeHb Ckopo OKKaM pacrpoCTpaHUI
€ro U Ha OHTOJIOTHIO, T. €. YUYEeHHH O ObITUU. Takum 00pa3om, 3TOT MPUH-
LUIT OH CUUTAJl YHUBEPCAIbHBIM MPUHLHUIIOM, IO KOTOPOMY YCTPOEHA BCS
npupoaa. Camast npocras GopmynnpoBka npuHuuna bputesl Okkama BblI-
IIAIUT Tak: «Muooicecmeennocms HUKo20a He ciedyem nonazams Oe3 He-
00X00UMOCIUY.

OTO O3HAYaeT, YTO MPU CPABHEHUM HECKOJIbKUX HAYYHBIX TEOpHH,
OOBSACHSAIOMIMX OAMH U TOT XK€ KPYI SIBJICHUH, MPEINOYTEHHE CIEAYET OT-
JaTh TOM U3 HUX, B KOTOPOMH MCIOJIb3yETCS] MEHBIIEE KOIUYECTBO MOCTYJIa-
TOB. IIpuMeHHUTENbHO K MPUPOAE 3TOT HNPUHLIMI MPUBOIUT K BHIBOAY OO
YHUBEPCAIBHOCTH MEXaHU3MOB ee opraHuzanuu. Cam OKKaM MPOUILITIOCT-
pUPOBAJl 3TO MOJOKEHHE TPAKTATOM 00 M30MOP(HOCTU MATEPUH B MOJ-
JYHHOM U HAJUTyHHOM MHpE, OTMETHB, YTO «...Ha HeOe MMeeTCs MaTepus
TOTO K€ COpTa, YTO U B MOJUIYHHBIX npeameTrax». Okkam OOBSCHUI 3TO
TeM, 4To bory He ObUTO HYXKIbl UCIOIB30BATh ISl CO3/IaHUS IPYTUX TLIa-
HET MHYIO MaTepUI0, YeM Ty, U3 KOTOPOU OH co3aal 3eMto.

bputsa, Ha TO W OpUTBa, YTOOBI €10 MOJIB3OBAIUCH OCTOPOKHO U HE
OTCEKJIM 4ero-HuOyap u3 HeoOxoaumoro. Iloaromy dopmanbHOoe Hemnpu-
ATHE KaKON-InO0 HayyHOUW Teopuu mo npuHuuny bputBel Oxkama u3-3a
TOTO, YTO MO KOJIMYECTBY UCXOJIHBIX MOCTYJIATOB OHA IPOUTPBIBAET IPYroi
TEOpUH, HEMMPABOMOYHO. B Hayke, Kak U B MCKYCCTBE, TJIaBHOE HE B MPO-
CTOTE WUJIM CJOKHOCTH TBOPUYECKOrO MPOAYKTa, a B TaJaHTE €ro aBTopa, B
CIOCOOHOCTH MPOHUKHYTh B CYTh OTOOpakaemoro. Ponb 3TOro mpuxHiuna
BEJMKa U B COBPEMEHHOM HayKe, HO JIMIIb KaK TeCTa Ha I'PaMOTHOCTb
npenjgaraeMon Teopud. B Hell He JOIKHO ObITh U30BITOYHBIX, TPOTUBOpPE-
Yalux APYT ApYTy WK BBITEKAIOIIMUX OJUH U3 IPYTOro MOCTYJIaTOB.

Cka3zaHHOE O3HAYaeT, YTO MPaBO Ha >KU3Hb MMEIOT pa3JIUYHbIE TEO-
pUH, 1aKe €CIU OHU MO-Pa3HOMY OOBSCHSIOT OJIHU U T€ Ke siBieHus. Torna
KaKoM ke M3 HUX BepuTh? M1 MOXHO JiM, B IPUHIUIE, TOCTPOUTH €TUHCT-
BEHHO NPABWIbHYIO TEOPHIO, aJICKBATHYIO CAMOMY SIBJICHHUIO TPUPOIBI?

OTtBer Ha 3TOT Bonpoc ObLI AaH jaulib B 1931 r. B Teopeme 0 HemoJ-
HOTe HeMelkoro martemaruka Kypra I'énens. CorsacHo 3ToM Teopeme, Jto-
0ast 3aMKHyTasi CUCTEMa aKCHUOM SIBJIIETCS HEMOJHOW B TOM CMBICIIE, UTO B
HEel Bcerja OTHIIETCS MPOTUBOPEYHE, HEJIOKa3yeMoe B paMKax 3TOH cuc-
TeMbl. Takum oOpazoM, Jto0ble, Jake MPaBUIBHO MOCTPOCHHbBIE, HAyUHbIE
TEOPUH MUMEIOT MOJENIbHYIO OTpaHUYEHHOCTh. Beib 3TO BCero JuIllb OIuU-
CaHue CBOMCTB HEKOTOPOM MOJENM SIBJIEHHUS, 4 HE €ro caMoro. TeopeTuk,
KaK XyJI0XHUK-KapUKaTYpPHUCT, BBIJEISIET TJIaBHbIE YEPThl SIBJICHUS, a BCE,
[0 €ro MHEHHUIO, BTOPOCTENEHHOE OTOpachiBaeT. UTO COXpaHUTh, a YEM
npeHeOpeyb, KaKIbld aBTOpP pPEIIaeT CaMOCTOATENbHO. TaK MOSBISIOTCS
paznuyHbie Teopuu. Ho paHo win mo3aHo t00as U3 HUX CTAJIKUBAETCS C
napajiokcaMM M CTaHOBHUTCS BHYTpPEHHE MpoTuBopeunBoil. Hampumep,
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KJlaccuyeckasi Mexanuka HploToHa XopoIio 0ObsSICHIET ABUKEHUE TNl MaK-
POCKOIMYECKUX Pa3MEPOB MPU CKOPOCTIX, MAJIBIX 110 CPAaBHEHHUIO CO CKO-
pocThio cBeTa B BakyyMe. Ho oHa motepnena ¢uacko B MOMBITKaX 0ObsC-
HUThH JIBH)KEHHE MUKPOYACTHI] WM JBUKEHUE TEN MPU OYEHb OOJIBIIKX
ckopoctax. [lorpeboBanoch co3aaTh KBAaHTOBYKD MEXAaHUKY M CIELUalb-
HYI0 TEOPUIO OTHOCUTEIBHOCTH, YTOOBI OMUCHIBATH TAKUE BUJIbI ABUKECHUSI.
Ho Bcsikast HOBasi Teopusi, €CJIM OHA BEpHA, JOJDKHA MPUBOIUTH K yXKE H3-
BECTHBIM pe3yjibTaTaM B COOTBETCTBYIOIIMX MPEIEIbHBIX CydasX W Mpe.-
CKa3bIBaTh HOBbIE 3P(PEKThI, KOTOPbIE MOTYT ObITh (BO3MOXKHO HE Cpasy, a
M03€e) MPOBEPEHBI IKCIIEPUMEHTAIIBHO.
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«boxkecrBeHHass komeausa» /JlaHTe U cpeITHEBEKOBBIEC
NpeICTaBJICHUS 0 MUPOYCTPOCTBE

*
Esse homo

cnosa I[lonmus [lunama neped moi-
noti 6 nepedaue esaneenucma Hoanna

4.1. OTKAa3 0T CPeIHEBEKOBbIX KAHOHOB

CpenneBekoBbie MpeacTaBieHus 00 ycrpoiictBe Bceenennoit 6azupo-
BAJINCh Ha KAaHOHU3UPOBAHHOU LIepKOBBIO ceoyenmpuueckol kapmune mu-
pa npesHerpeueckoro actponoma Knasaus Itonemes (II B. o H. 3.). Co-
riiacHo yueHuro Iltonemes, ueHTpoM Mupa siBisiercsa 3emiid. Bokpyr 3emin
Ha HeOecHBIX cepax Bpamatorcs mianersl, Connie u Jlyna B Takoi mo-
CJIEI0OBATEJILHOCTHU 1O Mepe yaaneHus ot 3emun: Jlyna, Mepkypuii, Bene-
pa, Connue, Mapc, FOnurep, CatypH (apyrue miaHeTsl enie He ObUIM OT-
KpBITHI). 3aTeM uaet cdepa 3Be3l, T. €. MPenoiaraioch, YTO BCE 3BE3/IbI
HaxOoJSTCSl HA OJUHAKOBOM PAaCcCTOSHUU OT 3E€MJIN.

COKpyLIUTENbHBIA yaap MO 3TOW CUCTEME MHpA HAHECHA 2eNUOYEH-
mpuueckas cucmema H. KonepHuka, BbickazaHHasi UM B counmHeHUU «O0
obpamenun HeOecHbIX chep» B 1543 1., 3anpemenHoMm Karomuwyeckoi
Lepkossto. Llentpom Mupa o KonepHuky ssisiercs He 3emuisi, a CoJHIIe.
Nnen Konepuuka nmognepxxanu u pazsuanu Jx. bpyno (1548—1600) u I'.
["anmuneii (1564—1642), koTopble TakKe MOCTPaiaiu U3-3a MpecaeoBaHuN
Iepksu: JIx. BpyHo Obl1 OOBUHEH B €pecH U COXOKEH WHKBU3UIIUEH B Pu-
Me, a ["anmunieil ObuT BBIHYXIEH OTPEYbCS OT CBOMX B3IJIAJIOB U OCTaTOK
YKU3HU IIPOBEJN B CCBUIKE.

Ho Bce 3Tu coObITHS MOCIeI0BaN 3HAUUTEIBHO TT03KE Havajla HOBOM
AIIOXH B PAa3BUTHUH KYJIbTYpPbl U HAYKH — 3110XU Bo3poxkaenus. B atom Ha-

" Ce yenoBek (J1at.)
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3BaHUM UMEETCS B BUJlY BO3POXKICHUE aHTUYHOIO HACHEAUs, pa3pylICHHO-
ro llepkoBbl0 U MOABEPTHYTOr0 3a0BEHUIO MOYTH HA THICAUY JIET. Dmoxa
Bo3poxaeHus Hayanach He OJHOBPEMEHHO B Pa3HBIX CTPAHAX U CO 3HAYU-
TEJIbHBIM CJIBUTOM BO BPEMEHHM B MCKYCCTBE M Hayke. UEeTKOW TpaHHIIbI,
pasznerstonieri CpeagHeBEKOBbe U BO3pokIeHNE HE CYLIECTBYET, HO MPUHS-
TO CUMUTATh, UTO Bo3poxkaeHue Hayanock B KoHIE XXIII — navane XXIV
BB., ¢ Jlante u J[>otrro. Jlante Anurbepu (1265—1321) — urtanbsaHckuii
MOAT, CO3AATENb JIUTEPATYPHOTO UTAIBSIHCKOTO SI3bIKA, ABTOP 3HAMEHUTON
«boxectBenHo komemuu». J[orro au bonmone (1266(7)— 1337) —
UTANbSHCKANA XYJI0O)KHUK, aBTOp (pecok B kanemie aeib Apeka B [lagye u
uepkBu Canra-Kpoue Bo DiiopeHium.

3acnyra Jlante u J[>KOTTO B TOM, 4TO OHU MEPBBIMU NOPBAIIU CO CPEA-
HEBEKOBBIMU KaHOHAMH B HCKYCCTBE, COTJIACHO KOTOPBIM YEJIOBEK — CYy-
IIECTBO M3HAYAJIbHO TPEXOBHOE U HU3MEHHOE, a 1I€]1b UCKYCCTBA — BOCIIE-
BaHue bora, aHreiaoB, CBATHIX U OOTOYTOJIHYIO MUCCHUIO MACThIpEN YesioBe-
yeckux — oTHoB LlepkBu. /lanTte B o33uun, a [KOTTO B )KUBOIMCHA BOCIIE-
JIM KpacoTy YEJIOBEKA, BHECIIM B PEJIUTHO3HBIE CIOKETHI 36MHOE Havalo.

4.2. «boxkecTBeHHas KoMeausa» Jlante

«boxxecTBeHHass KOMEAMs» — IMPOU3BEJIEHNE, 00eCCMEPTUBLIEE MM
JanTe. Benuuaiimas 1einb, KOTOPYO NOCTaBUII Iepes co00i aBTop, — yKa-
3aTh JIFOJASIM IIyTh K CHACEHUIO TyIIH. DTOT MyTh OH BUAUT B MIO3HAHUU UC-
TUHBI Yepe3 kpacoty. [lepconndukarueii oopasza kpacotsl y JlanTe sBiIseT-
cs beatpuue — m0HHA, CTaBIIas €ro My30H, JAETCKYIO JHO0OBb K KOTOPOU
OH IIPOHEC 4Yepe3 BCK CBOIO kKU3Hb. [lo cBoemy xapakrtepy «Komenus»
MHOTOIUIAHOBA: 3TO U CTPAHCTBUS IO 3arpoOHOMY MHUPY B IOMCKAX UCTH-
HBI, 1 COBEPILIEHCTBOBAHME AYIIU Ha MyTU K bory, u sHumkinoneaus oouie-
CTBEHHO-TIOJIMTUYECKOMN HKU3HHU CPETHEBEKOBOI0 00OIECTBA, U KapTHHA MU-
po31aHusl B pejacTaBieHuu yenoBeka XIV B., U BOJIHYIONIUN TUMH JTIO0BH.

Co0OcTBEHHO, KOMEAUMMUHOTO B CMBICIIE TeaTpabHOTO AeiicTBa, B «Ko-
MEINW» HHUYErO0 HET. JTO CIOBO HAJO pacCcMaTpUBATh HE KAaK I'PEYECKOE
komodia — Becenoe, CMEIHOE MPEJCTABIECHUE, & CKOPEE KaK JATHHCKYIO
KOHCTPYKLUIO comedia, Tie TPUCTABKA co O3HAYAET obujee, coeourenue, a
media — MHOXECTBEHHOE 4HCIIO0 OT medium — cpeoda. Takum oOpazom,
s Jlante «Komenus»» — coeluHEHHbIE Cpelibl, COEIMHEHUE B o0pase ye-
JIOBEKa JIByX Hayaja: BO3BBILIEHHOI0, 00XECTBEHHOTO U HU3MEHHOIO, JbsI-
BOJIbCKOTO. [IpunararenbHoe «00KeCTBEHHAs» ObLIO JOOABIEHO K Ha3Ba-
HUIO YK€ Iocye cMepTH JlaHTe ero nmoynTaTeasiMH.

Komnosunnonno «Komenus» pasneneHa Ha TpU 4acTu: «Any, «Huc-
tiwnie» u «Pai»y. B HUX yenoBeueckas Jylia MpPEICTABICHA KaK apeHa
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00prObl bora u JlpsiBoina, rae, mo Mepe UCKYIIIEHUs T'PEXOB, OYHUIICHHAs,
OHa, B KOHIIE KOHIIOB, IIPEACTAET B OCBOOOKIEHHOM BUJE nepea borom.

KonuuectBo rnaB (necen) B «Komeauu» paBuo 100, npuyeM B «Anie»
coaepxurcs 34 necHu, a B «Huctrimme» u «Pae» — no 33 necuu. IlecHn
COCTOSIT U3 TPEXCTUIIMN — TepuuH. Kaxk/1as necHs 3aKaHYMBAETCS JTOIOJI-
HUTEJIBbHBIM OJHOCTHUIIBEM — CHMBOJIOM €IMHCTBA. 3aKJIIOYUTEIbHAS
CTpPOKa KaXXJIOM 4acTh — KaHTUKM — 3aKaHYMBAETCS CJIOBOM «stele» —
3Be31bl. TeM caMbIM JlaHTE MOAYEPKUBAET BCEJIICHCKMU XapaKTep CBOETO
MO3TUYECKOTO MOCTPOEHHUS.

Haunnaercs «Komenus» co ciemyromeil TepUuHbL: «3EMHYIO KU3Hb
PO/ 10 OJIOBUHBI / 1 ouyTHIICS B CyMpadyHOM Jiecy, / Y TpaTUB MpaBblid
IyTh BO TbME NOJUHB. [IpOAOIKUTENBHOCTh YENOBEYECKOM >KU3HHU BO
BpemeHa Jlante cuuranacs paBHod 70 romam; 35 neT eMy UCIOJHWIOCH B
1300 roay. /JlanTe NUILIET YTO K CEPEIMHE KU3HU OH OKA3aJICS HA PACIYThE,
yTpaTuB ObLIblE HUACAIbI, U TENEPb BbIHYXIEH MEPEOCMBICIUTH CBOIO
YKA3Hb, HAUTU BEPHBIN MyTh. [Iponu3BencHre MUCAIOCHh MIOITOM B TECYECHUE
MOCJETHUX YETBIPHAJILIATH JIET KU3HU U, ClieoBaTeabHO, o3xe 1300-ro
rojia, HO 3TOT JUTEPATYPHBIM MpPUEM MO3BOJIWI €My Kak Obl MpPEIBUIETH
HEKOTOPbIE OMHUCHIBAEMbIE COOBITHSI.

JlaHTe, Mmoyib3ysCh MPUHATOW AJUIETOPUEH, MUILIET, KAK OH IbITAETCA
BbIOpAThCA M3 3TOr0 JUKOIO Jieca K BEPIIMHE XOJIMa, MPOOUTHCS K CBETY,
HO €My IPErPAXKIAIOT MyTh TPU 3BEPS: PHICh — MPUXOTINBAL, IS THUCTAS
HIKypa KOTOPOW CUMBOJIM3UPYET CTPACTh K OOraTCTBY, JIEB — CHUMBOJI KeC-
TOKOCTH M BOJIYMLA — OJIMLETBOPEHUE amyHOCTH. OHM TECHAT €ro BHHU3.
Ho Tyt emy Ha nomoius npuxoauT Beprunui — IpeBHEPUMCKHM I103T, Ha-
CJIEIHUKOM €Tro MpeKpacHoro ciora cuutaet ceds Jlanre. OH TOBOPUT eMy:
«Th1 nomxkeH BBIOpaTh HOBYIO JOPOTY», COOOILAET, YTO MPEXKIE, YEM IO-
NacTh HaBEPX, €EMY HAJJIEKUT CIIyCTUTHCSA BHU3 K «BEUHBIM CEJICHBSIM», T.€.
B An. Beprumii u craHOBHUTCS NMPOBOAHUKOM JlaHTe mo Any, 3aTeM Mo
Huctwimigy, noka B TpUALATOM mecHe «YHuctwiuia» eMy Ha CMEHY HE
npuxomut bearpuue. Beprunuii — sA3bIYHUK, €My BXOJ Ha BeplIMHY Yuc-
Tunuia, TeM Oonee B Pail, 3akpeiT. MiMenno beatpuye mpoBoauT paiee
JanTe no camoro npecrona bora, rae emy oTkpbuiMch Boicmmii CBeT u
Bricmas JIr000Bb, «JIr000Bb, uTo ABMKET COJIHIIE U CBETHIIAY.

4.3. Kocmoc /lanrte
B co3nanun [lante npuuyanuBo neperuienuch uaeu Iludaropa, Ilna-

ToHa U [Itonemes. N3 yuenus Iludaropa oH noveprHyn npeacTaBiIeHUs O
YEThIPEX MEPBOOCHOBAX MUpa (cM. ceMuHap 1): ocue, 8030yxe, 6ode U 3em-
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ne. Ot IltoneMess — mnpencTaBIeHUE O IATOM JJIEMEHTE — BcenenHou.
Bcenennyro IInaton npeacrasiisul B BUAE NPABUIBHOTO JABEHAALATUTPAH-
HUKa — J10JieKajapa. B Hero nmocnenoBaTenbHO BIMCHIBAINCH MTPABUIIBHBIN
JBAaIIATUTPAaHHUK — HKOCa3Jp, 0003HAYABIIMKA BOY, Ky0 — 3€MJIIO, OK-
Ta’p — BO3JYX U TETPA3AP — OrOHb.

B cootrBercTBuu ¢ actponomuei IItomemes Jlante nomemaer 3eminto
(OKpyKEHHYIO TPOYUMHU MEPBO3JIEMEHTaMHU) B LIeHTp Mupa. Bokpyr 3emnu
Ha HeOecHbIX cepax oOpamtarores JIlyna, CosHIle U U3BECTHBIE B TO BpeMs
nATh ia”etr: Mepkypuli, Benepa, Mapc, IOnurep, Carypn. Ha nocnen-
Hel, BHenIHel cdepe HaxoasTcs 3Be3/bpl. HeGecHbie cdepbl npuBoaaTcs B
newxenue llepBoasurarenem, Bpamaromumcs 3a cuet cuibl bora OTna.

Ha puc. 4.1 uzo0paxkeHa cxema 3TOro MOCTPOEHHUS, CIEIYIOUIEro U3
TekcTa «bokecTBeHHON KoMeaum». JlaHTe XyI0KECTBEHHO JIOIOJHIET €r0
HOBBIMH MOJPOOHOCTSIMHU.

DTO0, IpeXae BCEro, IEBIATh KpyroB Ania, Ha KOTOPBIX MyYarOTCs TN
rpeiiHuKoB. Ero neHtpanbHblil nosic — /{owcyoexkka, Ha3BaHHBIA TaK I10
MMEHM NpuaaBmiero Xpucra amnocrona Myasl, HAXOAUTCS B CaMOM LIEHTPE
3emMiu. 371eCh, BO3BBIIIASICH MO TPY/Ib U30 JibJa, 3aMep3iiero o3epa Koyum,
npeObiBaeT ObIBIIMK aHren Jlroyugep, a HeiHe BiaacTenuH Ana /vseon. OH
y>KAaCeH: IIEeCTh €ro KpbUIbeB 0€3 MepbheB, FOHAT TPU BETpa MO TEMHOMY
IPOCTPAHCTBY AJa; MOJ KPbUIbSIMU TPH JIMLIAa — KPACHOE, 0eI0-XKeNToe U
YEPHOE; WIECTh IJ1a3 UCTOYAIOT CJE3bI, 4 U3 TPEX NACTEl CTEKAET KpoBaBas
CIIOHA. DTH MAacTH TEP3AIOT TPEX CaMbIX CTPALIHBIX, [0 MHEHHIO J[aHTe,
IPELIHUKOB: Tpenarens Benuuusi boxxeckoro — HMyowr u nipepareneil Benu-
yecTBa uenoBeueckoro (Llesaps) — bpyma n Kaccus. CryCTUBIIUCH TIO
Horam Jlrouudepa, lante u Beprunuii oka3pIBatoTCsl B PYroM MOJylapuu
3emiid, 3aM0JTHEHHOM BOIOW. BbIHBIpHUBaOT OHU BOIM3M ropsl YucTunumina,
Ha BEpPILIMHE KOTOPOM HAaxoauTcs 3eMHOM Paii.
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Puc. 4.1. Kocmoc Jlanre (o xH. Jlo6poxotoBa A.JI. Jlante Anursepu. — M.: MpICib,
1990)
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HeOecnpiii Pait Haxomutcs B Omnupee — BepXHEUW 4yacTu HeOa, pac-
NOJIOKEHHOM 3a mpejenaMu cepbl 3Be3/] U UMEIOLIEH OTHEHHYIO MPUPOY.
3aech, nepen npecroiom bora, BoccenaroT Ha Jenectkax Paiickoir Po3bl
BETX03AaBETHHIE M HOBO3ABETHBIE NPAaBEIHUKH, a Takxke Te, Koro JlaHrte
CUMTAET JOCTOMHBIMM JuUe3peTh bora, cpeau Hux u bearpuue. [Ipecron
I'ocnoga bora okpy»keH IEBATBIO KpyraMy aHI'eJIbCKUX YMHOB. bivke Bce-
ro K bory aHrensl BeICIIUX PaHIoOB, co3epuaromux Moryniectso bora Ot-
na: cepagumul, Xxepygumol U Npecmoivl. 3aTEM CIENYIOT 20CNO0CMEa, CUTbL
u eracmu, BHUMarnme Myapocts bora CeiHa. U, HakoHEl, 3aMbIKAIOT
Kpyru DOMIUpPEs Hauala, apxaueensbl U IpOCTO aHzenvl, omymatomue Jro-
ooBb CBaroro Jlyxa.

XynoxecTBeHHOE BooOpaxeHue J[ante nmpocTUpaeTcs U Ha IJIaHETHI.
Ha cootBercTByromux HeOeCHbIX cepax OH pacroiaraeT QyIId JIIOJEH,
VCKYNIMBIIMX CBOM T'PEXHU, OUUCTUBLIMXCSA OT HEXOPOIIMX ITOMBICIOB U Te-
nepb npedbiBaromux B Pae. OHu pacnonaraiorcs teM ommke k bory, yem
BBIIIIE U YHIIle, 10 MHeHUIO [laHnTe, ux ayx (cm. puc. 4.1).

4.4. I30Tepuyeckasi cropoHa «boxkecTBeHHON KOMe UM

Hapsiay c¢ siBHbIM, B «Komeann» 00JblIOE MECTO 3aHUMAET HAIMCaH-
HOE MEXIy CTPOK M NOHATHOE JIMIIb MOCBAIIECHHBIM. ECTh BCE OCHOBaHUsA
CUMTaTh, YTO B MoJiogocTu JlaHnte Obul ONU30K K mamniuepam — pbllap-
CKOMY OpJI€HY XPaMOBHUKOB. JTOT OpZeH Obl1 ocHOBaH B Mepycainme B
1118 mmu 1119 r. u umMen cBOeH LENBIO OXpaHy NMAaJOMHHUKOB Ha MyTH K
['pody I'ocioiHIO, OTBOEBAHHOMY B PE€3YJIbTaTE KPECTOBBIX MOXOJI0B Y MY-
cynbmaH. Co BpeMEHEM, OJTHAKO, OH IPEBPATUIICS B MOTYIIECTBEHHYIO BO-
€HHO-PEJINTHO3HYI0 OPTraHU3alMI0, HE THYIIABIIYIOCS TOPTOBIM U POCTOB-
IIMYECTBA, CTABIIYI0 KPyNHEHIIMM OaHKHPOM KaToJinyeckoro mupa. llen-
TpOM opzeHa cTtan xpaM Ha rope CHOH, Ize, Kak NpeanoJiaraid, HeKorjaa
crosin xpaMm CoJIOMOHA, pa3pyLIeHHBIM BaBWJIOHCKUM LapeM HaByxonoHo-
copoM B 588 1. 10 H. 3. Pe3nneHnumn oplieHa MosABUIMCH BO MHOTHX CTpa-
Hax 3amnagHod EBporbl, HO HaMOOJBIIET0 MOTYHIECTBA TaMILIUEPHI JOC-
TArIM Ha ore @panuun u B ceepHor Uramnnu. C BOEHHOH, 3KOHOMUYE-
CKOM M JYXOBHOW CHJIOW TaMILIMEPOB IPUXOAWIOCH CYUTATHCS TAXKE KOPO-
JSM U nane pumckomy. CrpemieHue M30aBUTHCS OT CTOJb CEPHE3HOTO
KOHKYpEHTa MO0y IUJI0 MOCIEeIHUX OOBUHHUTH OpPJIEH B €pPECH U HAyaTh WH-
KBU3ULMOHHBIN Mpouecc NpoTuB TaMmiuinepos. B 1312 r. mana Knument V
yOpa3gHWI OpJEH, a €ero nociueaHuil rpoccmericrep XKak e Mone Obu1 co-
#OKeH Ha koctpe osn3 [lapuxka B 1314 r.

[ToBomOM Ju1s1 OOBUHEHHS TAMILUIMEPOB B €PECH CTaja UAEOJIOTUS Op-
JIeHa, MPEeJICTaBIISIBIIAsE COOOM CIIOKHBIN CUHTE3 U3 3JIEMEHTOB nudaropeii-
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CTBa, BOCTOYHON MHUCTHUKH U THOCTHYECKH OCMBICICHHOTO XPHUCTHAHCTBA.
Bcenen 3a nudaropeiinamu TaMmriuidepbl cyuTaiu eauHuiy (1) guciom
€IMHCTBA, C KOTOPOTO BCE HAYMHAETCS M KOTOPHIM BCE 3aKaHUMBAETCH,
YUCJIOM J100pa U crpaBelIuBOCTU. JIBOMKY (2) OHM CUMTAIM YHUCIOM He-
CTaOMJIBLHOCTH, pa3opa U Besiueckoro 3ia. Tpoiika (3) ske mpeacTaBisiach
KaK 4MCJIO, BHOCAIEE paBHOBecue B OOpbOy ao0pa u 37a, OCHOBA MHpA.
Tamrumepsl cooTHecau 310 4yucio ¢ borom. Xpucrtuanckuit bor — tpue-
nuHas CylmHOCTh (cBsitas Tpounia): bor Oten, bor Coin u Cestoit Jlyx. Ilo-
CKOJIbKY 3 + 3 + 3 =9, To 3T0 4ncI0 Noy4mnio cratyc boxxecrtBenHoit bia-
roaatu. Kaxmoil ee coCTaBIsONICH TPOTUBOCTOUT 3710, MOITOMY YHUCIO 6 =
2 + 2 + 2 crano cuurarhes ynuciaom JlpsBoia (k ToMy ke 6 — 3TO mepeBep-
HyTas 9), a TpWKIbl MOBTOPEHHAs ILIecTepka 666 crajga cuMBOJIOM 3Beps,
ynomuHaemoro B Otkpoenuun Cestoro Moanna borocnosa: «3xece Mya-
pocth. KTO uMeeT yM, TOT COUYTH YUCIIO 3BEps, MO0 YHUCIIO 3TO yYeoBEYe-
CKO€; YHCJIO €ro MIECThCOT MIECThACCAT MIECTh». TaM ke JaHa U MojCKa3Ka,
KaK HaWTHU YUCJIO 4ejoBeka, u00 ykazaHo, uyTo B jJeHb CtpamHoro Cyna
oynyT cnacensl 144000 my.

CornacHo nudaropelickoMmy Y4Y€HHIO, BCE OOJIBIIUE YHC]Ia MOTYT
OBITH CBEJICHBI K TaK Ha3bIBAEMOMY YUCI080MY KOpHI0 OT 1 10 9 myTeM mo-
CJIEI0OBATENBHOTO CyMMHpOBaHus. Tak, 666 ceogutcsa k 6 + 6 + 6 = 18, uro
B CBOIO ouepenb, naer 1 + 8 = 9. «Henoseueckoe uucio» 144000 Taxxe
cBoguTCA K 9: 1 +4+4+ 0+ 0+ 0=9. CnenoBarebHO, B UEITOBEKE OJIHO-
BPEMEHHO MPUCYTCTBYIOT U 00KECTBEHHAas 0J1aro1aTh U YePThl 3BEPs: «BCE
BO MHE — U 51 BO BCEM).

Teneps MOHSATHBI KIIIOYEBBIE YKCIIA, 3aKIIOUCHHBIE J[aHTe B TOCTpoOe-
nue «Komenuny»: 1, 3, 6, 9. O6miee uncio necexn B Helt paBHo 100 u 1
+ 0+ 0= 1. «Huctumie» u «Pait» cogepxar no 33 necHu, a «Ax» — 34,
OKa3bIBasICh KaK Obl HEMPABWIbHBIMU 3JIeMeHTaMu 1iejoro. CymMMa CTUXOB
B KaXJIOM MECHE, 3a BHIYETOM OOBEAMHSIONICH MOCIeAHEN CTPOKH, UMEET
YUCI0BOM KOpeHb 3, 6 unun 9. IIpuuem B «Axne» 11 Tpoek, 15 mecrepok, u 8
neBITOK. B «HuCcTHINIIE» KOMHMYECTBO «OOKBUX» U «IAbSIBOIBCKUX» YUCEI
MPUMEPHO OJMHAKOBO: 7 TPOEK U § MIECTEPOK (UEJIIOBEK €Il HE BIIOJIHE OC-
BOOOAMI CcBOIO ayiry oT JlpsBosa) u 18 neBsitok. 3aTto B «Pae» 16 Tpoek,
10 mecrepok u 7 aeBsatok. CymMma TpOEK U AEBSITOK BO BCEU MOAME OJIMHA-
koBa: 33, a cymma mectepok paBHa 34. CooTHoIIeHHE 00XKECTBEHHOTO U
JIbIBOJIBCKOT'O B YEJIOBEKE, CIOA0OMBIIEMCsT mmonacTth B «Paiy», 16: 10 =
1,6 = 8/5 — onno u3 npubmmkenuit k 3omotomy Ceuenuro. B atoit ke
nponopuuu gpoout «KoMmenuwo» ee KyJIbMUHAITMOHHBIN MyHKT — BCTpeya
¢ bearpuue B XXX necne «Yuctmnuma». [{o vee 63 necuu (6 + 3 =9), no-
cie "Hee 36 neced (3 + 6 =9)! OrHoLICHHE 63 : 36 = 5/3 — npyroe
npuomkeHue K 3o010TomMy cedeHuto. O011ee Yuciio CTUXO0B B IOAME PABHO
14233. TlopsiAkoBBIMI HOMEpP CTHXa, APOOSALIErOo €€ B JaHHOM OTHOLIE-
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Huu, — 8895 (8 + 8 + 9 + 5 = 30 wiu 3)! D10 craeayronmMi CTUX: «... B
36MHOM IUIOTH, BOCKPECIIMMI JJISl XBaJEHUU...». OH NOAYEPKUBAET MEPBO-
Ha4yaJIbHBIN 3aMBbICEI I109TA: 36MHOU YEJIOBEK BO BCEU CBOEU IIPOTUBOPEUH-
BOCTH [0 OTHOILEHHUIO K OOpIOIUMCS B HEM OO0XECTBEHHOMY U JbSBOJIb-
CKOMY HayaJlaM CHOCOO€H, UCKYITUB I'PEXH U OUMCTHUBIIKMCH OT AYPHBIX IO-
MBICJIOB, BOCKPECHYTh B Paro, 1OCTOMHBIM U1 «XBaJICHUN.
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«I"apmonus mupa» Kemniepa: 3BoJiiouus B3risiioB
HA MUPOYCTPOMCTBO

910 BOBCE HE OBLIO
OUYCBUJIHBIM alIPUOPH

U3 knueu A. Dunwmernina
00 U. Kennepe

5.1. Iyt B HayKy

«I'eomeTpus obnamaer IByMs BEJIMKUMHU COKpoBulamu. llepBoe —
sTo Teopema Iludaropa, Bropoe — nieseHue oTpe3ka B CpeIHEM U KpailHeM
oTHOoLIeHUU. [IlepBoe MOKHO CpaBHUTH C MEPOH 30J10Ta, BTOPOE MOKHO Ha-
3BaTh APAroleHHbIM KaMHEM», — 3TH CJIOBA MPHUHAJIEKAT 3HAMEHUTOMY
HEMEUKOMY MareMaTuky u actpoHomy Horanny Kemnepy (1571— 1630).
K npuBeneHHON LuTaTe OCTAETCS TOJBKO A00ABUTH, YTO OOOMMHU Ha3BaH-
HBIMU COKpoBHIIIaMu reometputo odboratui [Tudarop (cm. cemunap 1). Ke-
wiep Obul yOeXKJACHHBIM MPUBEPKEHLIEM TAlHBIX KauecTB 30JI0TOrO ceve-
Hus. [loMuMo reomeTpun OH CBs3bIBAN 30510TOE cedueHue U yucia dubdo-
Ha4Y4u C pOCTOM pacTeHui u Gopmoil nBeroB. OcobOro BHUMaAHUS 3acily-
xuBaeT nonbiTka Keruiepa cBs3ath ¢ 30J0THIM CEYEHHEM PACIIOIOKEHUE
riaHeT B COJIHEUHOM CHUCTEME, O YeM ObLIO paccKa3aHo B mojapaszene 4.2.

Kuzup He OanoBana Kemnepa. Kazanoch, 4To OHa TOJIBKO M Jenaia,
YTO JIOBUJIA MOMEHT, YTOOBI MOACTABUTH OYEPEIHYIO MOAHOXKKY. CrnalObIit
OT POXKIEHUS, MPECIeNyeMbIil KOKHBIMU 3a00J1€BaHUSAMHU, OOJE3HAMU Tie-
YEHU U KeNyJlKa, CTpajaroluid aedekramu 3peHus: (CUIbHOM OJIM30pyKO-
CThIO U MOHOKYJISIPHOM MOJIMOMUEN ), I0HBIN ["aHC, TeM HEe MeHee, MPOSIBIISII
UCKJIIOUMTEIbHBIE CIIOCOOHOCTH K MAaTeMaTUke U ApyruM Haykam. Crnaboe
3JI0pOBbE ChIHA, COBETHI YUUTENIECH U JCHEKHbIE COOOPAKEHUs MOOYIUIN
HeOoraTeix poauteneidl Kemnepa BbIOpaTh [Uisi ChiHa TyXOBHYIO Kapbepy.
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ITocne okoHYaHMS HavYaJIbHOM HEMEIKOM, a 3aTeM JaTUHCKOM 1mKoiabl Ker-
JIEP YUUTCA B JYXOBHOW CEMUHAPUH.

Enie 3a rox 10 OKOHYaHHUS LIKOJIBI OH BBIAEPKUBAET SK3aMEH HA CTe-
neHb OakanaBpa B TIOOMHI€HCKOM YHHMBEPCHUTETE, B KOTOPOM M HAaYMHAET
yueOy Ha (axkyJIbTeTe HCKYCCTB B CIEAYIOUIEM TOJy. 3]1eChb OIPOMHOE
BiausiHue Ha Kemepa okaspiBaeT mpodeccop MareMaTHKd U acCTPOHOMHUU
Muxaun MEcCTinuH, KOTOPBIM 3HAKOMUT €TI0 C NeJIMOLEHTPUYECKUM YUYEHHU-
eM Konepnuka.

OxoHYMB (paKyJIbTET UCKYCCTB M CJaB K3aMEH Ha CTEIEHb Marucrpa,
Kemnep nepexoaut Ha Teosoruyeckuil (akynpreT. OH MEUTAeT O AyXOB-
HOW Kapbepe, HO JKU3Hb PacHoOpsAWIach II0 CBOEMY. B mporecTaHTCKOU
cpenHei wmkose B I'pane, cronuue aBcTpuickon nposuHuuu Hltnpun, oc-
BOOOJMIIOCH MECTO MpEenofaBaTesi MaTeMaTUKK, U 22-J€THEMY MarucTpy
uckycctB Moranny Kemnepy ceHarom yHuBepcuTeTa ObUIO MPEIIOKEHO
3aHATh BakaHCHIO. Tak MU HE OKOHYMB OOy4Y€HHE Ha TEOJIOTMYECKOM (a-
kyibTeTe TroOumHrenckoro ynuBepcurera, Kemep BoiHyxaeH B 1594 r. ne-
peexaTth B I'pan, rie BMecTe ¢ JOJKHOCTBIO MPENoAaBaTelis, 0 CylIeCT-
BYIOLIEH TpaigulMU, MPUOOpPETaeT 3a0JHO W JOJDKHOCTh MaTeMaTuKa
nposuHumK HlTrpumn.

5.2. «TaltHa MUPO3TaHU D)

Marematrka He BBI3bIBANA Y ABOPSHCKUX U OIOPTrepCKUX OTHPHICKOB
['pana mpunuBa 3HTy3Ma3Ma, a €€ u3ydyeHue He Obuio o0s3aTenbHbIM. [lo-
sromy Kennep mMen noctatoyHO BpEMEHU JJIsI YUCTO HAYYHBIX 3aHATHM.
Yepes nBa roga B TroOuHreHe BHIXOAUT B CBET ero nepmas kuura «llpen-
BECTHUK KOCMOTpaUIeCKUX UCCIEeI0BAaHUM, COAEp KAl KocMorpaduye-
CKYyI0 TaiiHy OTHOCUTEIBHO YYJECHBIX MNPONOPLUUA MEXKIy HEOECHBIMHU
KpyramMH 1 HCTHHHBIX IIPUYMH, YUCJIa U Pa3MEPOB HEOECHBIX c(ep, a TaAKKE
NEPUOANYECKUX ABVIKEHHUM, W3JI0KEHHBIX C IIOMOLIBIO IISITH MPABUIBHBIX
ten Uorannom Kemnepom u3 BroprembOepra, MaTeMaTUKOM JOCTOCIABHOM
npoBuHIMM [lTupum». OTy KHUTY Uil KpPaTKOCTH TENEph Ha3bIBAIOT
«Kocmorpaduueckoil TaitHOW» WiH « TallHOM MUPO3TaHUS.

3aaBIIMCh NEP3KOM LIENBbI0 POHUKHYTh B TalHY CTpOeHUs BceneH-
HoM, Kenep ocraercss BEpHBIM Maee 0 MyJIpOM IpOMBbICiIEe boxbeM, cuu-
Tas, 4YTo bor mpu cCOTBOpPEHHH MUpa MCHOJb30BaJl JUUIb OOKECTBEHHbIE
IPOIOPIIMM U COBEPIIECHHBIE reoMeTpudeckue purypsl. Bo Bpemena Ken-
jepa ObLJIO U3BECTHO TOJIBKO IMIECTh MIaHeT COJIHEUHOM CUCTEMBI, BKITIOUas
3eMilt0, U OH MPUXOJIUT K MBICIHU, YTO cepbl, IO KOTOPHIM OHU OOpara-
I0TCsI, Pa3/I€JICHBl IATHIO MPOMEKYTKaMH, B KOTOPBIE JOJIKHBI BIIMCHIBATh-
Csl IATh COBEPILEHHBIX IUIATOHOBBIX Tell. OHM M300pa’KEHBI B €r0 KHUTE
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(puc. 5.1), 1 U3 3TOTO pUCYHKA SICHO, 4yTOo Keriep xopoio 3Hain o Tom, Ka-
KHE CTUXUU ¢ HUMHU cBsi3biBai [lnaton. Takum oOpazom, BOIPOC O YHCIIE
IUTAHET MOIYYaeT, C TOYKU 3PEHUsl aBTOPa, HaJIe’KHOE 0OOCHOBAHHUE.

Terpasap OxTasrap Hxocasap
(oroHn) (BO31YyX) (Boma)
I'ekcasap unu Ky0 Honexasap
(3emurst) (Bcenennas)

Puc. 5.1. I1aTh npaBUIBHBIX MHOTOTpaHHUKOB (Teu [1naToHa)

Hanee Kemnep ycTaHaBIMBaeT, 4YTO MPaBUJIbHbIE MHOIOIPAHHUKU
MO>KHO Pa30UTh Ha JIBE€ IPYIIIbI; K OJHOW I'pylIe OH OTHOCHUT KyO, TeTpa-
3P U AOJEKA3IP, a K JIPYroil — MKOca’Ap U OKTa’p. 'oBops coBpeMeH-
HBIM SI3bIKOM, OH HaXOJIUT, YTO IpyIa CUMMETPUN UKOCadApa u3oMopdHa
rpyIIe CAMMETPUH A0JEKA3Ipa, a FpyIa CAMMETPUHU OKTa3/ipa — Ipymnme
cuMMeTpuM Ky0a. D10 Takxke, 1o MHeHuIo Kerepa, nmoareepxxaaer mMya-
pocTb BOXbI0, TaKk Kak MO3BOJSET MOMECTUTh cepy 3eMii, Ha KOTOPOU
ero o0Opa3 BOIUIONIEH B YENIOBEKE, MEXIy YKa3aHHBIMU IBYMsI THUIIaMU
MHOTOrpaHHuKkoB. B urore Kemnep ctpout Bnedarssouyo mMonaens Bcee-
aeHHo (puc. 5.2), B kotopoii B chepy CaTypHa BnucaH KyO, B HErO BIIU-
ca”a cepa lOnurepa, nanee nociaeqoBaTeNIbHO BIIMCAaHbI TETpadap, chepa
Mapca, noaexkasap, chepa 3eminu, ukocarap, chepa BeHepsl, okTarap u
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chepa Mepkypus. B nientpe Bceii cuctembl Kemsep, kak CTOPOHHUK KO-
NIEPHUKAHCKOTr0 yueHHUs, noMmeaer ConHIE.

Ocraercst mpoBeEpUTH MOCTPO-
€HHYIO MOJEJIb YKMCIICHHBIMU pac-
=] yeramu, u Kennep nenaer 3to, uc-
noJib3ysl BbIYUCIEHHbIE KonepHu-
KOM W3 HaOJIOICHUHN painyChl ILJia-
HeTHbIX cdep. PesynbraThl momy-
4aroTcsl AOBOJIBHO Xopomunmu, Ke-
IJIep CYACTIUB, & HEKOTOpbIE 0OHa-
PY)KEHHbBIE PACXOXKJIECHUS OOBICHS-
€T TEeM, 4YTO IUIaHETHbIE CcQepbl
MMEIOT OIPEICIECHHYIO TOJILHHY.
Ho Bce ke 4epBb COMHEHHUS TJIOKET
€ro: Kak K€ TaKOE€ COBEPLIEHHOE
CyILIECTBO, Kak bor, morio nomyc-
TUTh Takylo HeOpexxHocTh? s
0oJjiee TOYHON MPOBEPKU MOCTPO-
€HHOM KapTHUHBI MUPO3JaHUS HY¥XK-
HbI Ha/IKHBIE HKCIIEPUMEHTATbHBIE
JaHHbIE, KOTOPHIE B TO BPEMs MMe-
JUCh JIMIIb y OJHOTO YEJIOBEKa B
MHpE — BEJIMKOIO0 JIaTCKOTO ac-
TpoHoMa Tuxo bpare, xusliero B
IIpare u 3aHMMaBILIErO IIOCT Mare-
MaTHKa U acTpoHoMa «CBSIIEHHON
Pumckonn HMmnepun repmaHcKoOn
Hauun». Kennep HampaBisieTcs B
Puc. 5.2. Mozens Beenenmoit mo  1IPary, CTaHOBUTCS —aCCHUCTEHTOM

1. Kertepy, mpeiiosxennas um B 1. bpare, a 1mocie cCMEpTH IMOCIE-
«Kocmorpaduueckoit Taiine» HEro NpUHUMAECT €ro JOJKHOCTb.

5.3. «I'apMoHUs MUPa» U 32aKOHbI ACTPOHOMMH

B rosose Kemuepa yxe 3peer 3ambicesl HOBOM KHUATHU «I'apMOHUsA MU-
pa», B KOTOPOM OH HaMepeBaJsCs MOCJE BCEX YTOYHEHUI B OpOUTAX IJIAHET
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0OHapy>XUTh TAPMOHMYHBIE TPOMOPLMH B UX napamerpax. Ha 3to yxoaut
JBAJILATh JIET HAIPSHKEHHOI'O TPYJa B TSHKEIEHIIMX YCIOBHUAX >KU3HH. 3a
aTo Bpems Kemiep ycneBaer ABaXKbl )KEHUTCS, IOXOPOHUTH IIECTEPHIX U3
OJMHHAJATU CBOUX JIETE€U, UCIIBITATh )KECTOKNE MaTEPUAJIbHBIE JINILICHHUS,
PEIUTHO3HBIE TOHEHHUSI, BCsiuecKrne HeB3ronapl. Ho B 3TO ke BpeMs OH OT-
KpBIBAE€T [BA MEPBBIX 3aKOHA JBWKEHUS IUIAHET, CTAHOBHUTCS aBTOPOM
«HoBon actponomun», «duontpum», «JlononHenun k Buremnioy,
«CuMMETpUHM BUHHBIX 00Y€K», BIUIOTHYIO MOAXOAUT K METOAAM HCUHCIIe-
HUsl OECKOHEYHO MaJjblX BEJIMYUMH — AU(depeHIuanbHOMy U UHTErpajb-
HOMY MCUHCIICHUSIM.

«I"apMoHnK MHpa. 5 KHUT» BBIXOZAT B CBET B 1619 r. ActpoHOMHUUe-
CKHME MCCIIEOBaHUS 3aHUMAIOT B HUX HEMHOI'O MECTA, HO MMEHHO 3/€Ch
COJICPKUTCSI 3HAMEHUTBIN TpeTUl 3aKkoH Keruiepa — BbIpakeHHE AOJTO-
KJAHHOM YMCIIOBOM TapMOHUU B MHPO3JaHUU: «OTHOILIEHHE MEXAY Ie-
puonaMu oOpalieHus] KaKux-JIn0o ABYX IUIAHET KaK pa3 paBHSAETCS IMONIY-
TOPHOM CTENEHU OTHOLIEHUS UX CPEOHUX PACCTOSHMM, T.€. paguyCcoB Op-
ouT.

Kuzup U. Kemnepa npeacrapisieT coO0W yIUBUTENBHBIN TPUMEpP J0C-
TUXKEHUSI (PyHIaMEHTaIbHBIX HAyYHBIX PE3YJIbTATOB, UCXOMS U3 3aBEIOMO
JIO’KHBIX MOCBUIOK (O YMCIIE TJIaHET M 3aKOHAX, YIPABJISIOIIMX UX JIBHXKE-
HueM). ToNbKO MHTYUIMS U BEpa B TO, YTO B CBOEH OCHOBE 3TU 3aKOHBI
JOJIKHBI OBITh JJAKOHUYHBIMH, IOMHOKEHHBIE Ha KOJIOCCAJIbHYIO pabOTO-
CIIOCOOHOCTb, PUBEIHU €r0 K yCIeXy.

[IpuBeneM B 3aKJIFOUEHUE 3HAMEHUTHIE 3aKOHBI Kermiepa B COBpeMEH-
HOU (popMyIIHpPOBKE:

1 3akoH: sce nianemul oopawaromces oxpye Coanya no aunmuye-
ckum opoumam, npuvem Connye HAxXo00UmMcsi 8 0OHOM U3 POKyCco8 INIUNcA.
Ha puc. 5.3 nokazano B3anMmHoe pacrnonoxenue ConHua u OAHOW M3 Iia-
HET.

Puc. 5.3. K nepBomy 3akony Keruiepa
2 3aKkoH: npu oopawenuu nianemsl 6okpye ColHya ee CeKmMopuaisb-
Has ckopocmsv ocmaemcsi nocmosanHou. 1loa ceKkTopuaabHOW CKOPOCTHIO
IJIaHEThl TOHMMAETCS IUIOMIAJIb CEeKTOpa OpOWTHI, 3aMeTacMas paauyc-
BEKTOPOM IUIAHETHI 32 €AUHUILLY BPEMEHU, T.€. BEJIMUUHA
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A=155,
2

rie Vv — CKOPOCTh OpOUTANIBHOTO JBIKEeHUS (puc.5.4). OTcrona sicHO, 4To
BOIM3M ad)eusi CKOPOCTh BpAIICHHsI IUIAHETHI BBIIIE, YeM BOJIM3U TICpUTE-
TSI,

MepUreInn

Puc. 5.4. K o6wsicHenuto Broporo 3akoHa Kemnepa

3 3aKoH: K8adpamsl nepuodos obpawenusi nianem eokpye CoaHya
OMHOCAMCA KAK KyObl ux cpednux paccmosinuil 0o Coanya:

2 3
L) _[ &

T, R,

Bnocnencreuu 3akonsl Kersepa 0111 00bsICHEHBI HA OCHOBE 3aKOHOB
HrroTtona.
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HckpuBiieHHOE MPOCTPAHCTBO-BPEeMsl U €ro ONucaHue

Oto Pa3una MATEXK,

Honeres mo Heba Hebckoro,
YBieKaeT u uepTex

U npoctpancTso JlobaueBckoro.

B. Xnebrnukos

6.1. Il1ockoe mpoCcTPaHCTBO

EBkianaoBa reomerpus. Bor yxe Ha NPUTSIKEHUN ABYX THICSAY JIET
MbI y3HaeM reoMetputo u3 «Hauam» EBkiMa niau U3 KHUT, HAITUCAHHBIX HA
ee ocHoBe. JIumb HeMHoTHE podeccuoHaTbHBIE MATEMATHKN 00paIaIiCh
K JpYyrUM HCTOYHHUKaM — Apxumeny, Anosmonuto, EBnokcy, Teatety u
Ip. B cBsI3u ¢ 3TUM KJIaCCHYECKYIO0 T€OMETPUIO €II€ HA3bIBAIOT €BKIIUIOBOM,
B OTJIMYME OT HEEBKJIMOBOM, WJIM PUMAHOBOM, rTosiBUBIIEHCS B XIX B.

O camoMm EBKiuae B UCTOPUU COXPAHWIOCHh TaK MaJlO0 CBEJICHHI, 4TO
BBICKA3bIBAJINCh COMHEHUS O €r0 CyIlleCTBOBaHUHU. M3 KkaTanora rpeueckoro
dunocoda Ilpokna Jlnamoxa, xupmiero B V BeKe H. 3., U3BECTHO, 4TO EBK-
ua ObUT COBPEMEHHHMKOM erureTckoro naps [ltonemes I, mapcrBoBagsiero
¢ 306 mo 283 rr. 10 H. 3. B TO ke Bpemsi OH JoMKeH OBITH cTapiie Apxu-
Mena (ok. 287 — 212 rr. Ao H. 3.), KOTOpbIX ccbutascs Ha ero «Hauanay, na
¥ CBOIO MEXaHWKY OH CTPOWJI IO UX 00pa3zy u nmoaoOuto. EBkiaua npemnosa-
BaJI B croiulie Iltonemes I — Anekcanapuu — B OJHOM U3 LIEHTPOB aH-
THYHON Haykd. bymydm mociemoBarenieM JapeBHerpedeckoro ¢umaocoda
[Inatona, oH cuuTan, 4yTo 3aHATUSAM (prstocodueil TOHKHBI MPEANIEeCTBO-
BaTh T€OMETPHS, aCTPOHOMUS, apuPMETHKA U TEOPUS TAPMOHUHU, KOTOPHIE
OH, BEpOSITHO, U nipenoaasai. Kpome «Hauan» 1o Hac mouuiu, HanmMcaHHbIE
EBKJINIOM KHUTH 1O TAPMOHHUH U aCTPOHOMHH.

Ecnau roBoputh 0 EBKIIMIE—y4€HOM, TO B 3TOM Ka4€CTBE OH CHUJIbHO
YCTYyHaeT TaKUM BEJIMKUM JIpEBHErpeueckuM reomerpam, kak danec, [Iu-
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darop (VI B. 1o 1. 3.), EBoke, Teater (IV B. 10 H. 3.). EMy npunuceiBaer-
CsA JOKAa3aTejIbCTBO HECKOJIBKMX HE3HAYMTENIbHBIX TeopeM. Bennuaiiias
€ro 3aciiyra B TOM, YTO OH IOJIBITOKUJI BCE UMEIOLME HA TO BpEeMsI 3HAHUS
110 TEOMETPHH, U C/IEJIal OH 3TO C TAKUM HCKycCTBOM, uTo «Hauana» cranm
SHUUKIIONEANEN reOMETPUH Ha JIBE THICSIUHU JIET.

«Hauana» coctosT u3 13 kuur. [1o3:xe rpeyeckne MaTteMaTUKU BKIIO-
YWIHA B HUX €lIe JIB€ KHUTH, HAlIUCAHHbIE APYTUMH YUYEHBIMHU.

[leHTpaJIbHBIMU TOHSATUSMU B E€BKJIUAOBOW TI'E€OMETPUU SBIISAIOTCS
JUIMHA OTPEe3Ka MpsIMOM MM KPUBOM ISl OKPY>KHOCTH, @ TAKKE YroJl MEXK-
Iy NpsAMbIMU. TlomnbITaemMcs U Mbl JaTh UM onpenesneHus. Bo spemena EBk-
JUa ellle He CYIIECTBOBAIO alre0panvyeckol CHUMBOJIMKH, Mbl € HaXO-
JuMcs B 00s1ee BBITOJHOM TOJIOKEHUH: HaM U3BECTHBI U CUMBOJIBI, U KOOP-
JIMHATBI, KOTOPbIE BBEJI B reOMeTpuI0 Pppaniy3ckuil Matematuk H. Opecm B
XIV Beke.

Wtak, reomeTpusi pa3BOpauMBAETCS B MPOCTPAHCTBE, COCTOSILEM M3
Touek A, B, C ... B TakoM NpOCTpaHCTBE MOKHO BBECTU CHUCTEMY KOOPIU-
HaT. DTO 03HAYAET, YTO KAKJI0M TOUKE COOTBETCTBYET HA0Op EHCTBUTEIb-
HBIX YHCEN X', ..., X", KOTOpbIE HA3BIBAIOTCS KOOpOuHamamu mouky. IToTpe-
OyeM, 4TOOBI BBIIOIHSUIUCH CIAEAYIOIINE YCIOBHUS:

1) Kax10i1 TOUKE COOTBETCTBYET TOJIBKO OJUH HAOOP KOOpIUHAT;

2) Ha00OPOT, KAKAOMY HAOOPY KOOPAMHAT COOTBETCTBYET TOJIBKO OJI-
Ha TOYKA.

Yucno KoOpAUHAT 7 HA3bIBAETCS PA3MEPHOCHIbIO TIPOCTPAHCTBA.

3amaauM B TPEXMEPHOM IMPOCTPAHCTBE JE€KAPTOBBI KOOPAUHATHL. DTO

03HAYaeT, YTO KaKJOU TOUKE MPOCTPAHCTBA COOTBETCTBYET HAOOp U3 Tpex

xoopauHar. IlycTs Touka 4 MMeeT KOOPAUHATBI (xi1 x4 ,xi) , A TOYKa B —

(x};,x é,x%), TOr/Ia KBaJIpaT JUIMHBI MPSIMOJIMHEHOTO OTpe3Ka AB paBeH

> = (xil —x};)z +(x124 —x%)z +(x§1 —x%)z -
©6.1)

Takoe ImpoCTPaHCTBO HA3BIBAETCS €8KAUO08bIM. J|eKapTOBBI KOOPAHHATHI,
oOnagaronIe yKa3aHHbIMU CBOMCTBAMHM, HA3BIBAIOTCS €8KIUOOGLIMU KOOD-
ouHamamu.

M3BecTHO, 4TO C TOYKaMU MPOCTPAHCTBA YOOHO CBS3BIBATH BEKTOPBI.
HanomHuM, 4T0o 1noj 6ekmopom MOHUMAETCS HANIPaBIEHHBIN 0Tpe3oK. Bek-
TOp, UAYIIMNA OT Hayalla CUCTEMbI KoopauHaT (Touka () B paccMaTpuBae-
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MYIO TOYKY A, Ha3bIBAETCS paouyc-eeKmopom. JleKapTOBbl KOOpPIMHATHI
(x', x°, x’) Toukn A ABIAIOTCA KOOPIMHATAMH BEKTOPA.

OmnpenenuM onepanuio cKaIapHo20 npou3eedeHus IByX BEKTOPOB KaKk
4HCJI0, PAaBHOE

(5,5) = inyi , (6.2)

—

rje X' ¥ ' — KOOPJAWHATHI BEKTOPOB d W b COOTBETCTBEHHO. MICIOIB3yst
(6.2), 3anuieM BbIpa)K€HHE [ KOCHHYCA yIjia MEXAY JBYMsI BEKTOPaMHU

cosQ = @, (6.3)
ab

371eChb @ U b — MJIMHBI (MOJIyJIM) BEKTOPOB, IPUYEM

a=JGa). p=+5.5).

N3 (6.2) BUIHO, YTO YTIIbI, JUIMHBI U CKAJISPHOE MPOU3BEACHUE BEKTO-
POB CBsI3aHBI MEXIy c000i. IMEHHO CKaliipHOE MPOU3BEJEHUE, KaK Ipa-
BUJIO, OEpeTCsl 32 OCHOBHOE, MEPBUYHOE IMOHSTHE, HA KOTOPOM CTPOUTCS
T€OMETPHSL.

6.2. UckpuBJIeHHBbIE IPOCTPAHCTBA

I'eomerpus JlodbaueBckoro. EBkiu-
JI0Ba T€OMETPHUsSl CTPOUTCA Ha TSATU TO-
CTyJlaTrax, MATBIA SABJISAETCA CaMbIM CIOX- —_ B ]
HbIM. BOT ero gopMmynupoBka: mycTh JBE o —
npsiMble TIEPECEKAIOTCA TPEeThel; eciu
CyMMa JIByX BHYTPEHHUX YTJIOB MO Ka-
KYIO-JINOO CTOPOHY OT HEE MEHbIIIE, YeM Vi
180°, TO O 3Ty K€ CTOPOHY MEPECEKAIOT-
csl UCXOAHBIE mpsiMbIe (puc. 6.1).
[IpoBepuTh 3KCMEPUMEHTAIBHO M-
TBIA TOCTYJAT JIOBOJIBHO ClIOXkHO. Ecin, Puc. 6.1. K nsromy noctynary Enk-
Hanpumep, paccrosaue AB =1 m, a yron o THaa
OTJIMYaeTCs OT mpsiMoro Ha 1", To npsimMble
nepecekyTcs Ha pacctostHuu 6osee 200 kM oT AB.
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MHorue MaTeMaTHKy MBITAIUCh JOKa3aTh, YTO ATOT IOCTYJAT JIMII-
HUM, 4TO OH MOKET OBITh JIOKa3aH Ha OCHOBAHWU OCTAJIbHBIX AKCHOM.
B V B. [Ipoki Takxke npeanpuHsaia Takyro NONBITKY. OIHAKO MpU J0Ka3a-
TEIbCTBE, HE3aMETHO AJiA ceOsl, OH HCIOJIb30Bal YTBEP)KIEHUE, SKBUBA-
JIEHTHOE IISITOMY NOCTyJIaty. Ha mpoTsokeHun ABYX THICAYENETHA MPOIOJI-
YKAJIMCh MTONBITKU JOKa3aTh NATHIM nocrynar EBkinaa. [loctenenHo nokasa-
TEIbCTBA CTAHOBWINCH BCE M30LPEHHEN, SKBUBAJIEHTHI MEHEE 3aMETHBIMU.

N BoOT, HaKOHEL, HACTYNUJI ABAALATHIN BEK, KOTOPBIM MPUHEC pa3ra/i-
Ky IIPECIOBYTOTO nocrynara. HezaBucumo Ipyr or npyra, 1Ba MaT€MaTH-
ka, Hemer| K. @. INaycc u pycckuit H. U. JloGaueBckuid, NpeanonoKuiIn
CYyIIECTBOBAHHE HEEBKIIMIOBOM I'€OMETPUH, TNI€ NATHIM MOCTYJAT 3aMEHs-
eTcs ero orpuuannem. OgHako ['ayce, OIMH U3 caMbIX BEJIMKUX MaTEMATH-
KOB B MCTOPHM, K MHEHHUIO KOTOPOTO BCE NPUCIYIINBAINCH, HE PUCKHYII
onmy0IMKOBaTh CBOM pabOThI, 005Ch UTO ero He moimyT. ToT daxT, yTo Be-
JIMKOTO HEMIIA MOCENAIN UJIEU O HOBOM I'€OMETPUH, CTAJIO0 U3BECTHO JIUIIb
IIOCJIE €TO CMEPTH, KOTJa CTAIH JOCTYIIHBI €0 APXUBBL.

B otnuume ot INaycca, JIobaueBckuil He MOOOSIICS U3JIOKUTH PE3YJIib-
TaThl CBOMX HccheqoBaHuid. B mepBbix uncnax ¢espaist 1826 r. on nepegan
CBOIO pyKOIHUCh «(CKaTo€ M3JI0KEHHE Hadal Fr€OMETPUU CO CTPOTHM JTOKA-
3aTeJIbCTBOM TEOPEMBI O NapajuleNIbHbIX» B Ka3zaHCKWW yHUBEpPCHUTET, Ile
OH TipernogaBal, a ¢ 1827 r. sBisuics ero pekropoMm. Yxe 11 deBpans o
BBICTyna] Ha 3aceganun CoBeTa YyHUBEPCUTETA C JOKJIAJOM O MOCTPOECHUH
F€OMETpHH, TJe OTpUUaica NAThIM noctyaar EBkinpa. [lo Bcet Buamumo-
CTH, HUKTO W3 COOpPAaBIIMXCS HE MOT YCIEAUTh 3a X0A0M Mbiciu JloOaueB-
ckoro. Komuccus, coznannas u3 uieHoB CoBeTa YHUBEPCUTETA, B TCUCHHE
HECKOJIBKMX JIET HE JaBaja 3aKIIYEHUs, MOTOMY PELIWIA BOCHOJb30-
BaThCs MOMOIIBIO CTONUIIBL: B 1832 1. cTaThsa Obuia mociana B I[letepOypr.
OpaHako ¥ 3/1€Cb HUKTO HUYEro He MOHSI, U padoTy KBaTU(ULIUPOBAIH KaK
OECCMBICIICHHYIO.

Ha npogomxenun 30 net JloGaueBCckuid, HECMOTPs Ha HEMIOHUMAaHUE,
YBEPEHHBII B CBOEH NPABOTE, pa3BUBal CBOK reoMmeTpuio. OH mMbITaeTcs
cAenarh U3J0KeHue Oosiee AOCTYNHBIM ISl TOHUMAaHUs, MEPEBOAUT CBOU
paboThl Ha (ppaHLy3ckuil M Hemelkuid s3biku. W numb [Mayce, mpounTan
CHauaJjia HEMEIIKYIO BEPCHIO, a 3aT€M U PYCCKYI0, OHsUI aBTopa. B 1842 r.,
BBIPa3WB CBOE OTHOIIEHUE K HAYYHOMY IIOJIBUTY PYCCKOIO MAaTeMaTHKa,
['aycc  pgobuBaercs wu30Opanus H. WM. JloGaueBckoro  4jieHOM-
KOPPECTOHAEHTOM [ €TTMHI€HCKOro KOPOJEBCKOTO HAy4YHOIro OOIIECTBA.
DTO eJUHCTBEHHAs Hay4Hasi MOYeCTh, KOTOpas JocTaiach JlobaueBCKOMY
npu xxu3Hu. [Ipomno Oosee nBanuaTy Je€T, IPEKIE YEM €ro reOMETpus IMo-
Jy4HJIa TPAXKIAHCTBO B MATEMATHKE.

Psanom ¢ umenamu ["aycca u JIoGaueBCKOro Heb3sl HE YIOMSIHYTh UM
BEHIEPCKOro Maremaruka SHomia boisiu, KOTOphId Takke BHEC OOJIbIION

52



BKJIaJl B HEEBKJIMJIOBY reomeTputo. B 1832 r. on onmyOaukoBan cBoro pado-
Ty B MPUJIOKEHUU K KHUTE CBOEro OTIa, U3BeCTHOro Marematuka @. boii-
.

B HeeBKIMI0BOM reOMETPUN COXPAHAIOTCSA BCE TEOPEMBI €BKIIMIOBOU
32 UCKJIIOYEHUEM TEX, MIPHU JI0KA3aTEIbCTBE KOTOPHIX UCIOIB3YETCS IMSIThINA
MOCTYJIaT O MapajiieiabHbIX. Takue TeopeMbl U3MeHs0TCs. Tak, Hanpumep,
TeopeMa O CyMME YIJIOB TPEyroJibHUKa: B reoMeTpun JloGaueBckoro 3ta
cymma Bcerna Menblue 180°. Crneqyer oTMETUTh, UTO B reoMeTpun boiisn
aTa ke cymMma Beeraa 6ombie 180°. Kazanock Obl, MpoTHBOpEUYNEe HAIHIIO.
Tem Gonee, uto Beiaen 3a JlobaueBckuM M boiisim mMatreMaTHKH cO34aid U
UCCIE0BAIM MHOYXECTBO PAa3IMYHBIX BAPHUAHTOB HEEBKIUIOBBIX T'€OMET-
puii. Ho B ToM ke XIX B. HeMenkui yuyenbid I'. @. b. Puman cnenan npen-
MOJIOKEHHE, YTO CYHIECTBYET MHOKECTBO T€OMETPUUECKUX MPOCTPAHCTB, U
yKazaj croco0 MOCTPOCHHUSI OECKOHEUHO OOJIBIIOro Yucia reomerpuid. Ta-
KH€ MPOCTPAHCTBA JIOKAJTHHO (B MajOl OKPECTHOCTH JIFOOOW TOYKH) SIBIISI-
I0TCS €BKJIMIOBBIMHU, a B OOJBIIMX MaciTabax — UCKpUBIEHHBIMHU. Bce
OHMU SIBJIAFOTCS YACTHBIMU CITy4asiMd PUMaHOBA MPOCTPAHCTBA.

PumanoBo MPOCTPAHCTBO. Kak u B CBKIIMAOBOM IIPOCTPAHCTBEC, B
PUMAHOBOM IIOHATHC AJIMHBI WJIH, KaK TOBOPAT, MempuKku SABJIACTCA T'JIaB-
HbeIM. He BAaBasiCh B HOI[pO6HOCTI/I BbIBO/IA, 3aIIMIIICM BBIPAKCHUC JIA Oec-
KOHCYHO MaJIOro 3J€MCHTA OJIMHBI

dl* = g dz'dz’ (6.4)

rie g; — MHOJO0XHUTENbHO onpenenennas Mmarpuua (det g; > 0), snemMenTamu
KOTOpO#i, B OOIIEM CiTydae, ABJIAIOTCSA (yHKIMH KOOpAMHAT z, i = 1,..., n
(MaTpuna g; B (PU3MKO-MATEMaTHYECKOW JIMTEPAType Yalle Ha3bIBACTCS
Mempu4eckum meH3opom).

Vroa Mexay ABYMsS BEKTOPaMH 5(x1,...,x”) u I;(yl,...,y") B TOYKE
A(ZL,...,ZZ) No-TIpeXHEMY orpezensercss Gpopmynon (6.2), mpuyem cka-

JIIPHOE TPOU3BEIECHUE UMEET BH/
- . o
(a,b) = gl.j(zA,...,zfl)x’yJ. (6.5)

B dopmyne (6.5) mpenmnonaraercsi CyMMHPOBAHUE IO TMOBTOPSIONIUMCS
WHJICKCaM.

Takum oOpa3oMm, CKaJIIpHOE MPOWM3BEICHUE, a 3HAYUT U TEOMETPHS
IIPOCTPAHCTBA, MOJHOCTHIO OMpeNesieTcss METpUYeCKuM TeH3opoM. Ecniu
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KOMITOHEHThI T€H30pa MOCTOSHHBI, HE 3aBUCAT OT KOOPJIUHAT, TO TOBOPSIT,
YTO MPOCTPAHCTBO IUIOCKOE, a €CIM KOMIIOHEHTBI TEH30pa 3aBUCST OT KO-
OpJMHAT, TO MPOCTPAHCTBO UCKPUBIIEHHOE.

IIpumep 1. EBkinaoBa MeTpuKa.
Jiia n = 3 3aganqum MaTpUIly g;; B CIEIYIOIIEM BUJIE:

oS = O

1 0
g;=[0 1 0f. (6.6)
00 1

Torna kBagpat nuddepeHnrana IIuHb paBeH
2 2 2
di* = (dzl) +(d22) +(dz3) . (6.7)

Bunno, uto (6.7) coBnagaet ¢ popmynoit (6.1), eciu B mocneaHe nepeiTu
K OECKOHEYHO OJM3KHM TOYKaM.

Ucnonw3ys (6.5), 3anuiiem BeipakeHue (6.2) 1isi CKaIsIpHOTO MPOU3-
BEICHMUS:

(ﬁ,l;) :xly1 +xzy2 +x3y3 = ixiyi .

i

Takum oOpazoMm, meTpuka Buaa (6.6) omnpeaenser €BKIHIOBO MPO-
CTPAHCTBO, KOTOPOE SIBIISIETCS YACTHBIM CITy4yaeM PUMaHOBa MPOCTPAHCTBA.

IIpumep 2. Metpuka cdepsl.
Jnst metpuku cdepsl BbpakeHue I KBaApara auddepeHnnana
JUTMHBI B C(HEPUIECKUX KOOPAMHATAX UMEET BU/T

dI* = Rz(dﬁz 4 sin? Hd(pz), (6.8)

rae R — paguyc chepsl; 0 < ¢ < 27— nonsipubii yroi; 0 < < w— a3u-
MYTaJIbHBIN yTOJI.

Haiinem munHy okpyskHOCTH paaunyca r Ha cepe. LleHTp okpykHOCTH
pa3MecTuM Ha ceBepHOM moirtoce (Touka N mpu €= 0, puc. 6.2). Ecnu pa-
JIMyC OKPY>KHOCTH MaJl, TO OH paBeH r = R sin € = RO,. [lockonbKy yromn
6y = r/R HpuKcUpoBaH, TO HA OKPYKHOCTH UMEEM
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di* = R*(d6? +sin® 0dg*) = R? sinZ% do?,
OTKYI[a HaxXoIuM €€ I[.TII/IHy
2r
r r
/= I Rsin—-de =27Rsin . (6.9)
)R R

OnsTe MCIHOJB3YyEM YCIIOBHUE

. r
MajJoCcTH paauyca r: Sin— = —.
R R

[Tonyuyaem

[ = 27stinL ~27r.
R

BuaHO, 4TO MOJIy4yeHHBIN PE3YJIb-
TaT COBMAJACT C BBIPAKECHUEM IS
JUIMHBL OKPYXHOCTH B IUIOCKOM
€BKJIMJI0OBOM ITPOCTPAHCTBE. Takum
00pa3om, TIOCTpOCHHOE Hamu cde-
pHUYECKOE MPOCTPAHCTBO JOKAIBHO,
T. €. B MaJbIX 00JAaCTSIX YCTPOEHO
TaK e, KaK €BKJIMJI0BO IPOCTPaH-
CTBO. Puc. 6.2. Kpyr paguyca r Ha cdepe

6.3. UckpuBJIeHHOE MPOCTPAHCTBO-BPEMS B CIIEHUAIbHOM
1 0011ell TeOPUSIX OTHOCUTEIbHOCTH

IIpocTpancTBo cobObiTHii B CTO. B coBpeMeHHOU (usuke mpo-
CTPAHCTBO M BpeMs OOBbEAMHEHBI B eMHOEe 4-MepHOEe MHOrooopasue. Ta-
KON MOJXO0Ji OKa3bIBACTCS YPE3BBIYAHHO YJOOHBIM ISl OMUCAHUS MIPUPO/I-
HeIX siBIeHuM. Kaxmas Touka 0OOBEIMHEHHOIO MPOCTPAHCTBA-BPEMEHU
IpecTaBisieT co00il coObITHE, KOTOPOMY COOTBETCTBYET HAaOOp W3 YEThI-
pex xoopauuat (x°, x', x°, x°). Tpu 4mcia, MOMedYeHHbIe HHASKcaMu 1, 2 u
3, 0003HaYalOT MPOCTPAHCTBEHHbIE KOOPAUHATHI, U YKa3bIBAIOT HA MECTO,
rJie MPOHM30ILIO COOBITHE, KOOPAMHATA X = ct. 31eCh ¢ — CKOPOCTh CBETa,
a t — MOMEHT BPEMEHHM, B KOTOPbIN IMpou3onuio codbiThe. Knaccuueckoe
TPEXMEPHOE MPOCTPAHCTBO MPEACTABISIET COOOM MOBEPXHOCTh HEKOTOPOTO
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(UKCUPOBAHHOIO YPOBHS ¢ = const B MPOCTPAHCTBEHHO-BPEMEHHOM MHO-
rooopazuu. Eciaum ¢ KaxIbIM MaTepHaIbHBIM OOBEKTOM OTOXIECTBIATH
TOYKY, TO BECh MPOIECC €ro KU3HU MOKHO MPEICTABUTH B BUJIC JIMHUU
X(@),i=1,2,3,8 YETBIPEXMEPHOM MPOCTPAHCTBE, T€ BPEMSI MEHSETCS B
npeaenax oT ¢y A0 t,. ITa JUHUS HA3bIBACTCS MUPOBOU TUHUE.

B cnenmanbHoii Teopun otHocutenbHocTH (CTO) onmepupyroT mpo-
CTPaHCTBOM, METPUUYECKUIN TEH30p B KOTOPOM UMEET BU]

1 0 0 0
0 -1 0 0

g = . (6.10)
77lo 0 -1 0
00 0 -1

Omnpenenurens MaTpULbl g; MEHBILIE HYJIs, YTO COOTBETCTBYET IICEBIOPU-
MaHOBY mnpoctpaHcTBy. Ho uame Bcero mpoctpanctBo CTO HasbiBaroT
MPOCTPAHCTBOM MUHKOBCKOTO, B YECTh HEMELKOro mMaremaruka I'. MuH-
KOBCKOT'0, BHECIIETO OOJIBIION BKJIaJA B pa3BUTUE 4-MEPHOTO MPOCTPAHCT-
Ba-BpPEMEHH.

KBanmpar anuHbel BeKTOpa &(xo,xl,xz,x3) B MPOCTpaHCTBE MUHKOBCKO-

T'0 OIpeJeisaeTcs yKe U3BECTHOM HaM Gopmyioit (6.5):

a’ :(ﬁ,ﬁ):(xo)z—(xl)z—(xz)z—(x3)2. (6.11)

OTa BeJMYMHA MOXET NMPUHUMATh KaK IOJOXKHUTEIbHBIE, TaK W OTpHUIIA-
TeJIbHbIC 3HAUYC€HUs. MHOXKECTBO BEKTOPOB, JJIMHA KOTOPHIX paBHA HYJIIO,
00pa3yroT Tak Ha3bIBa€MbIH CBETOBOU KOHYC (puc. 6.3). BekTopsl, ais ko-
TOPBIX a* > 0, nexar BHYTPH KOHYCa U HA3bIBAIOTCS 8PEMEHUNOOOOHBIMU.
BekTopsl, 1 KOTOPBIX a* < 0, nexar BHE KOHyCa W Ha3bIBAIOTCA NpO-
CMPAHCMBEHHONOOOOHBIMU.

3agaaM MHUPOBYIO JIMHUIO KaKOTO-JIMOO MaTepUaIbHOTO OOBEKTa B
BHJIC

X=ct, x'=x'(1), X*=x(t), X =x().

O603HaunM OYKBOHM b BEKTOp, KacaTeabHbIM K MUPOBOM JHMHUH. Ero Koop-
JMHATHAS 3aliCh UMEET BHU]I

56



b:(c,xl,x2,x3),

pUYEM ()'cl,xz,)'c3) — KOOpJWHAThI BEK- Oynymiee

TOpa CKOPOCTH MpHU JBHKEHUH B MPO-
ctpanctBe. Haiinem nnnny BekTopa b :

p =’ (&' - (&) —(&*f =c> -+

CorjacHo chenuasbHOW TEOPUHU OTHOCH-
TENBHOCTH, MaTepualbHbIE YACTHUIBI HE
MOTYT JIBUTAThCSl CO CKOPOCTHIO OOJIBIIIEH,
4eM CKOpOCTh CBeTa, mo3toMy b” > 0, T.e.
BEKTOP b 6o BPEMEHHUMOJO0HBIN, TUO0
CBETOBOW. B mocnennem ciyyae Hama mMu-
poBasi JIMHUSA COOTBETCTBYET Jy4yy CBeTa !

uiIn O0e3MaccoBOil uvacThile. MacCUBHBIM IIPOLIIOE

JacTHUIIaM COOTBETCTBYIOT MHUPOBBIC JIH-

HUHW, UMEIONHME BPEMEHUIIOMO00HBIC Kaca- Puc. 6.3. CBETOBOI KOHYC B IIPO-
TEJIBHBIC BEKTOPBI. crpanctse RY|

IIpocrpancrBo-Bpemsa B OTO. B ocHoBe oOuieii Teopuu OTHOCHU-
tenpHOCTH (OTO) nexat nBa mocrynara: 00 SKBUBaJICHTHOCTH TPaBUTAIIU-
OHHOW UM MHEPTHOM Macc U 00 SKBUBAJIEHTHOCTU KPUBHU3HBI MPOCTPAHCTBA
U rpaBuTanMu. M3 HUX clieqyer, YTO YCKOPEHUE YACTUIIBI ONpEeesieTcs
CBOMCTBaMHU MPOCTPAHCTBA-BPEMEHH, a TOUHEE, €ro KpuBU3HOW. Bce vac-
TULBI JBUXKYTCS MO KpaTdyallIuM JIMHUSM — 2eoode3udeckum. B pumaHo-
BOM T€OMETPUM YPAaBHEHUE I'€0JIE3MUE€CKON TMHUU UMEET BUJ]

2 j ok i
GRS S S
dt? dt dt

rae I'j. HaswBaercst cumBonom Kpucrodderns umm cBI3aHHOCTBIO U BBIpa-
YKaeTCsl 4yepe3 KOMIIOHEHTbl METPUYECKOrOo TeH30pa. Eciam mpoctpaHcTBO
eBKINJI0BO, TO I'}.= 0, ¥ pelIeHHsIMH 3TOTO ypaBHEHUS ABJIAIOTCS HPIMBIC

JIMHUY, KaK ¥ JIOJDKHO OBITh, TaK KaK 3TO MPOCTPAHCTBO IJIOCKoe. B kakoM-
TO cMmbIciie cuMBOJIbI Kpuctodderns urpatot posib HapsKEHHOCTH T'PaBU-
TallMOHHOTO TOJIS.
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VYpaBHeHus: oOLIEH TEOPUU OTHOCHUTEILHOCTH CBSI3BIBAIOT HMCKpPHUBIIE-
HUE 4-MEpPHOIO MPOCTPAHCTBA-BPEMEHU C DHEPTUEW M UMITYJIBCOM Mare-
pYH, HAXOIAILIEKUCS B ’TOM MPOCTPAHCTBE. DTH YPABHEHUs, Yallle Ha3bIBac-
MBIE YPaBHEHUAMHU DWHINTENHA, UMEIOT BUL

1
Ry =~ g;R=~T, (6.12)

i] 9 - 4 °
rae R; — Tensop Puyum; R — ckainsgpHas KpuBHU3HA, 1; — TEH30D DHEp-
TMU-UMITYJIbCa; G — TpaBUTALIMOHHAS TIOCTOSIHHAS, ¢ — CKOPOCTH CBETA B
BakyyMme. JleBast yacth (6.12) onpenensieT reoMeTpuio MpOCTPAHCTBA, Mpa-
Basg — (pU3MYECKUE XapaKTEPUCTUKU TOMEIIEHHON B HEr0 MaTepuHu.
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KBaHTOBAHHOCTH POCTPAHCTBA-BPEMEHH

BbITE MOXKET, 3TH ANEKTPOHBI —
Mupsl, rie nSTh MATEPUKOB,
UckyccTBa, 3HaHbs, BOWHBI, TPOHBI

N mamsaTh copoka BEKOB?

Eie, OBITE MOJKET, KaXKIBIH aTOM —
Bcenennas, rae cro miaHeT?

Tam Bce, Kak 37eCh, B 00bEME CIKATOM,
A Taxke TO, Uero 37eCh HET.

B.A. bprocosg

7.1. KBaHTBI MPOCTPAHCTBA U BPEMEHH

[IpencraBum cebe 3Be3y TaKOM Macchl U pajnyca, YTo €€ rpaBUTalU-
OHHOE TI0JIE HACTOJBKO BEJIMKO, YTO HE IO3BOJISIET MCITYCKAEMBIM 3TOU
3BE3/I0M KBAaHTaM M3JIy4YE€HHUS OTOPBATHCS OT IMOBEPXHOCTU 3BE3[bI. Y CIO-
BHUEM 2TOT0 OYJIET PAaBEHCTBO

M
me? = Gm—,

Ry

rJ€ m — PEIATUBUCTCKAs Macca KBaHTa; M — macca 3Be3nsl; Ry — epa-
BUMAYUOHHDIL pAOUyC 36e30bl; ¢ — CKOPOCTh CBETa B Bakyyme; G — Tpa-
BUTAIIMOHHAs MTOcTosiHHAsL. OTCro1a

Ry=G—. (7.1)
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Takum 006pa3om, pu CKaTUU Teaa Maccol M 10 ero rpaBUTALIMOHHOIO pa-
auyca Ry DIEKTpOMAarHUTHOE M3JyYEHHUE 3TOrO TEJIa HE MOYKET BBIWTH 3a
€ro IPeIeIbl.

W3 npaBuiia KkBaHTOBaHUSI OOPOBCKUX OPOUT

Mvr = nh (n = 1,2,3,...)

ClIelyeT, YTO MUHUMAJIBLHO BO3MOXHBIA paguyc OpOUTHI JUIsl Tejla Maccoil
M 6yner cooTBETCTBOBaTh KBAHTOBOMY YHUCIY 77 = 1 M CKOPOCTH BpalllEHUS
v=c. Ero 0003Ha4aroT A . U Ha3bIBAIOT KOMHMOHOBCKUM PAOUYCOM Tela:

ro=—, (7.2)

rae i — nocrosaHas [lnanka. U3 (7.2) BugHO, 4yTO Teno mMaccoil M HeBO3-
MOXKHO «3aTOJIKaTh» B 00JIACTh MPOCTPAHCTBA MEHBIIETO pa3Mepa, 4eM A ..

Bosbmem Takoe 3Hauenue M, mpu kotopoM Ry, = A .= L. Torma u3

(7.1), (7.2) nonygaem
hc
M = JE (7.3)

-8 o o
Bemuuuna M ~ 10”7 xr Ha3bIBaeTCs (YYHOAMEHMANLHOU UMU NIAHKOBCKOU
maccoti. Tloncrasnsisg ee B (7.2), HaxoauM pynoamenmanvhyo (NiAHKOS-
CKYV10) ONIUHY

L= "9 (7.4)
C3

., 35
YUCJICHHOE 3HaueHne KoTopoil L ~ 107" M. @ynoamenmanvroe (niankos-
CKOe) 6peMs onpenienuM Kak L/c:

T= h—f (7.5)
C

Beruncienne mo popmyie (7.5) maer T~ 107 c.

dyHaaMeHTadbHas AJIUHA OMpelesieT MUHUMATbHBIA pa3sMep Mpo-
CTPaHCTBA, U3 KOTOPOT'O M3TyYCHHE BBINTH HAPY)Ky HE MOXKET, & BEIIECTBO
HE MOXET BOWTH BHYTPh. DTO 03HAYAET, UYTO MPHU APOOJICHUH TPOCTPAHCTBA
Ha obmacTi paamycom L ~ 10°° M OHO mepecTaer ObITh KOHMUHYATbHBLM.

60



Ero cBoiicTBa KOpeHHBIM 00pa3oM HM3MeHseTCs. [ 0BOpSAT, 4TO 6 macuima-
6ax, menvuux vem 107 M, npocmpancmeo cmano8umcs. OUCKpemmbLM, i
K6aHmMo6aHHbiM. TOYHO TaK XK€ 6pems CMAHOBUMCA OUCKDEMHBIM, UIU
K8AHMOBAHHBIM, 6 Macuimabax, meHbvuux yem [ 0 c. OnpenensieMble BbI-
paxenusimu (7.4), (7.5) Benuuunbl L u T SBIASIOTCS, COOTBETCTBEHHO, JJTHU-
HOW K8anma npocmparcmea N JJIIUTETLHOCTBIO K8AHMA 8PEMEHU.

7.2. Pa3MepHOCTH NPOCTPAHCTBA U BpEMEHH

B kitaccuueckoM ecTeCTBO3HAHWH, OMHUPAIOIIEMCS] HA HbIOTOHOBCKYIO
MEXaHHUKY, MPOCTPAHCTBO CUUTAETCS TPEXMEPHBIM, a BPEMsI OJJHOMEPHBIM,
IpUYEeM OHM HE 3aBUCAT ApYr OT Apyra. IIpoctpaHcTBO paccmaTpuBaercs
KaK Mepa MPOTSHKEHHOCTU U CTPYKTYpbl MaTe€puH, a BpeMs — Kak Mepa
JUIMTEIIbHOCTH COOBITUI MaTepUalbHOIO MHUpa. TpexXMepHOCTh MPOCTpPaH-
CTBa IMOJy4YWJa CTPOro€ KOJUYECTBEHHOE OOOCHOBaHME B paboTax
I1. Opendecra (1917), nokazapuiero, B MPpOTUBHOM Clydyae HE MOIJIM Obl
CYILIECTBOBATh YCTONYMBBIE OPOUTHI IUIAHET U CTALIMOHAPHBIE COCTOSIHUS
AJIIEKTPOHOB B aToMax. B mpocTpaHCTBe # U3MEPEHUI Mbl UMENH Obl B Ka-
YECTBE 3aKOHA BCEMHUPHOro TAroTreHuss HbploTOHA 17 B3aMMOJEHCTBYIO-
X Macc U 3akoHa KyioHa /i1 B3auMOAEMCTBYIONINX 3apsA0B HE «3aKOH
0o0paTHBIX KBaJpaToOB», a 3aKOH, /i€ CHiia [ 00paTHO paccTOsTHUIO R B cTe-
neuu n — 1. Hanpumep, i 4-MepHoro mnpoctpancTsa F ~ R”. Torna ruia-
HeTbl BOKpYT COJHIIA U 3EKTPOHBI BOKPYT SApa JBUTATUCH ObI IO CIIMpaJIb-
HBIM TPACKTOPHSIM U ObICTPO ObI yrianu Ha CoJIHIE WM aTOMHOE SIpO.

Beenennoe I'. MUHKOBCKUM 4-MEPHOE NMPOCTPAHCTBO-BPEMEHHU YUH-
THIBAET B3aMMOOOYCIOBICHHOCTh MPOCTPAHCTBEHHBIX U BPEMEHHBIX KOOP-
JUHAT TeJla P PENSITUBUCTCKUX CKOPOCTAX ABM>KEHHsS. OHO UCIOJIb3YET-
cs B CIIELMAJILHON TEOPUU OTHOCUTEIBHOCTH. B 00mieil Teopun oTHOCH-
TEIbHOCTH OHO MO3BOJISIET CBA3ATh TEH30PHI 4-T0 paHra 3HEPrUU-UMITYJIbCa
U KPUBHU3HBI IPOCTpaHCTBa-BpeMeHU (ypaBHEeHMs OiHIITeHHa). OpHako
IpU TaKOM OMMCAHUU HE M3MEHsSETCs 00Ilee YUCIO MPOCTPAHCTBEHHBIX U
BPEMEHHBIX KOOPAUHAT, paBHOE 4.

Hapyuienne npuBBIYHBIX CBOWCTB MHPOCTPAaHCTBA B MHUKPOMHUDPE B
MacmTabax, MEHbIIUX (PyHAAMEHTAIBHON JJMHBI, IPUBOJIUT K MBICIIH, YTO
B CTOJIb MJIBIX MAacIITa0ax MOKET U3MEHUTCS U KOJMYECTBO HE3aBUCHUMBIX
KOOpPJIMHAT, HEOOXOAMMBIX ISl ONUCAHUS JBMXKEHHS YacTUlbl. BriepBbie
HaIJSIAHYK0 MHTEPIPETALNI0 TaKOM BO3MOMKHOCTH Mpeqioxui B 1926 T.
mBenackuit pusuk Ockap Kneitn. [IpeacraBpte cebe HEOPEKHO OPOILICHHBIH
IIAHT JUJIS OJIMBKYU oropoja. M3naneka oH KakeTcsi M3BWINCTON JTMHUEH,
T.€. OTHOMEPHBIM 00beKTOM. HO BOJIM3HM MOKET OKa3aThCsi, YTO HEKOTOPbIE
€ro TOYKM Ha CaMOM JIeJie SIBISIOTCS NETIISIMU WM OKpYKHOCTsAMHU. [Ipo-
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CTPAHCTBO BHYTPH 3THX OKpPYXHOCTEeH yxe nBymepHoe. [lo ananorum
MO>XXHO pacCy’kJaTh, YTO KaKHWe-TO TOYKH TPEXMEPHOIO MPOCTPAHCTBA
BOIM3U OKa3bIBatoTCA 4-MepHbIMH chepamu. UToObl OOHAPYKUTh YETBEP-
TO€ MPOCTPAHCTBEHHOE H3MEPEHHE SKCIEPUMEHTAIBbHO, HYXHO MPOHUK-
HYTh B 0071aCTh MPOCTPAHCTBa pasMepoM ~ 107> M. COBpeMEHHbIE YCKOPH-
TEIH 3apSKEHHBIX YaCTULl UMEIOT Pa3pellarolyt0 CHOCOOHOCTh JIMIb OKO-
o~ 10" .

[Ipobiema cOCTOUT B TOM, YTO, BCJIEJACTBHE BOJIHOBBIX CBOMCTB yac-
THUL, YeM B MEHBIIE 00JIaCTU MPOCTPAHCTBA Mbl XOTUM HX JIOKAIU30BaTh,
TeM OOJbIIEH 3HEPrUel OHU JOJDKHBI 00sanars. M3 coomuowenus neon-
peoenennocmeti 1'elizeHOepra cienyer, 4Tro Uil MOMaJaHus B 00JacTh
~ 107 M wacTHIa Maccoil MeHblIe (yHIaMeHTaIbHON Macchl (7.3), T. e.
ar00asi M3BECTHAs AJEeMEHTapHas 4YacTUla, JOJKHA JBUTAThCS CO CKOPO-
CTBIO, MPEBBIIIAIOIICH CKOPOCTh CBETA B BAKyyM€, YTO HEBO3MOXKHO. Yac-
TULA K€ (QYHIaMEHTaJbHON Macchl M ISl 3TOTO AOJHKHA UMETh (yHOa-
MEHMANbHYIO IHEPISUTO

5
E=Mc? = %%~Hfﬂm~mwﬁﬁ. (7.6)

Takoli SHepTruu COOTBETCTBYET (PYHOAMEHMAIbHASL MeMNepamypa

5
E_1 he o2k, (7.7)

"% K\ G

rie k= 1,38-107 /K — mocrosiHuast BonbiMana. Takue TeMueparypsl 1
TaKW€ PHEPTrUU YACTUI] UMEJIM MECTO Ha HAYaJbHOM 3Tare CYIeCTBOBAHUA
Hamierd BceneHHo#, B MepBble MTHOBEHMs mocie boibimoro B3peiBa. Te-
nepb OHM HEAOCTWKHUMBI. OOMIHO, HO MBI HUKOT/Aa HE CMOXKEM IPOHUK-
HYTbh B YETBEPTOE MPOCTPAHCTBEHHOE U3MEPECHHUE.

A 4ro ke Bpems? IIpocTpaHCTBO HMCKPHUBIAETCS (CBOpAYMBACTCS)
BOJIM3M OOJIBIIIMX MAacC BEIIECTBA, CKOHIICHTPUPOBAHHBIX B MaJIOM 00BbEeMe
(cm. cemuHap 6). [1pu 3TOM Bpemst 3ame yisieTcs. Eciii MI0THOCTh BEIIeCT-
Ba JIOCTUTAET KPUTUYECKOTO 3HAYCHHUS

M c®
R, G*M*’

D

TO TIPOCTPAHCTBO CBOpauuBaeTcs B gpomornuyio cgepy. llpu 3Hauenun M,
paBHOM (GyHIaAMEHTAIILHON Macce, paauyc 3Toi cdepbl OyaeT paBeH PyH-
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JaMEHTAJIbHOU JTMHE L, KpUTHUYECKasl IUIOTHOCTh CTaHET paBHOU yHOa-
MEHMANbHOU NJIOMHOCMU 8eUjecmed

5
c

D=
hG?

~10”7 Kr/M3 : (7.8)

BuyTpu ¢oTOHHOH cdepbl BEIECTBO pachagaeTcss Ha H3JIy4YeHUE,
pacrpoCTpaHSIOIIEECs CO CKOPOCThIO cBeTa (moApoOHee 00 3TOM MbI MOTO-
BOpUM Ha cemuHape 10). PensTuBucTcKOe 3aMejyieHHe BPEMEHU 1Sl KBaH-
TOB U3JIy4eHUs! OECKOHEYHO BEJIMKO, T. €. JUIsl HUX BCE BHEIIHUE MPOLIECCHI
octaHaBnuBaroTcs. [1o Mmepe «TasiHUA BellecTBa» IPaBUTAIIMOHHBINA PaJHyC,
OTpeNeNoNui copuzonm coovimuti, ymenbiaercs. Korjga macca Benect-
Ba YMEHBIIUTCA 10 (PyHIaMEHTaIbHON MacChl, FPAaBUTALIMOHHBIN paanycC
yMEHBIIUTCS 10 GyHAAMEHTAIbHOM JIMHBL. BHYTpU 3TON 00sacTy Belle-
CTBa YK€ HET, TOJIbKO M3IIy4eHHUE, MPOCTPAHCTBO 4-MEpHOE, a BpEMs OT-
cyrctByer. OOpa3HO ToBOps, BpeMsl MNPEBPAIIAETCS B JIOMOJIHHUTEIBHOE
IPOCTPAHCTBEHHOE U3MEPEHUE.

CrpaBeJIMBOCTH pajid, CIEAYeT OTMETUTb, YTO TEOPUS OOBETUHECHUS
CUJIOBBIX B3aMMOJICHCTBUM ONEpUpPyeT MHOTOMEPHBIMU MPOCTPAHCTBAMHU, B
KOTOPBIX YUCIO M3MEPEHUI NpeBbILAeT 4, HO OHU BKIIIOYAIOT HApAIy C
OOBIYHBIMHA M3MEPEHUSMHU MPOCTPAHCTBA M BPEMEHU P APYTUX (Guznde-
CKHX ITapaMeTpOB.

7.2. KupaJbHOCTH KaK Mpod.JieMa pa3MepHOCTH
NMPOCTPAHCTBA

[lon xupanvnHocmwvio (MHOTAA TOBOPAT XUPANLHOCMBIO OT TpEu.
cheir — pyka) MOHUMAIOT CBOMCTBO 00BEKTa OBITh HECOBMECTUMBIM C CO-
0ol TIpu OTpaKeHUU B TUIOCKOM 3epkaiie. [IpoGiema neBo-mpaBol acum-
METPHUH 3aBUCUT OT PA3MEPHOCTH MPOCTPAHCTBA, B KOTOPOM paccMaTpHUBa-
etcst o0bekT. Hampumep, matunckas OykBa R u kupwindeckas Oyksa A Ha
IUIOCKOCTHU (€€ pa3MepHOCTh d = 2) HE COBMEMIAIOTCS APYT C JAPYTOM IpHU
JT00BIX MTPeoOpa30BaHUSIX CUMMETPUH, T. €. IOBOPOTaxX U TpaHciusmusax. Ho
CTOWT TMEPEBECTH B TPEXMEPHOE MPOCTPAHCTBO (d = 3), KaK 3TU OyKBHI CTa-
HOBSITCSI TOKJIECTBEHHBIMU: €CJIM TIOCMOTPETh C OOPAaTHON CTOPOHBI JIUCTA
Ha R, momyunm f. AHaJOTUYHO JeBasi U MpaBas XUPYPruuecKue MmepuaTku
B TPEXMEPHOM MPOCTPAHCTBE HE COBMECTHMBI JIPYT C JPYTOM, HO €CIIU O/I-
HY U3 HHUX BBIBEpHYTh HAW3HAHKY, TO MOJYYUTCS Apyras. BelBopoT Haus-
HAHKY OCYIIECTBIIACTCS 4Yepe3 JOMOIHUTENIbHOE, YETBEPTOE H3MEpEHUE.
Takum o0Opa3om, eciii 4eTHOCTh (COBMECTHUMOCTH JICBOM M IMPaBo (Gopm
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00BEKTa) OTCYTCTBYET B MPOCTPAHCTBE Pa3MEPHOCTH d, TO B TIPOCTPAHCTBE
pasmepHocTH d + 1 oHa BoccranaBimBaetcs. CiaemnoBaTenbHO, npobiema
KUPAIbHOCIU — M0 NpodemMa pasmepHoCmu npoOCmpancmad, 8 Komopom
paccmampusaemcsi 00vbeKm.

B KoHTEKCTe KBAaHTOBAaHHOCTH IMPOCTPAHCTBA-BPEMEHHU ATO O3HAYACT,
YTO MPU TPABUTAIMOHHOM Kojitance (OT Nart. collapsus — ynaBIIMi) Mpo-
HCXOJIMT pacliajl BEeIIeCTBa Ha U3JIyuyeHHe B 00beMe (OTOHHOM ceprl, Cy-
JKAIOIIEHCs 10 KBaHTa MPOCTPAHCTBA paauyca (PyHIaMEHTAIbHON JIJTUHEI.
[Ipu 3TOM H3IIydYeHHE BBIXOJIUT YEpe3 YETBEPTOE M3MEPEHHE, OKa3bIBAsCh
BHOBb B TPEXMEPHOM ITPOCTPAHCTBE, HO «BBIBEPHYTOM HaW3HaHKY». M3
CBSI3aHHBIX MEXKTy cCO00M KBAHTOB M3JIyUYCHHS BHOBH BO3HHMKAIOT YACTHIIBI
BemecTBa. Ho coOCTBEHHBIE MOMEHTHI UMITYJIbCA ATUX YACTHI] — CHUHbI —
TEIepb CTAHOBATCS MPOTUBOIIOJIOKHBIMK I10 HANpPABJICHUIO CIIMHAM dYac-
THII, KOTOPBIE CYIIECTBOBAJIM /10 Kojutarca. M3 Halero Mupa Mbl 1orajiaeM
B aHmumup, TJIe¢ aTOMHBIE sJIpa CKJIaJIBIBAIOTCS W3 aHTUIPOTOHOB W aHTH-
HEHUTPOHOB, @ BOKPYT HUX BPAIIAIOTCS TO3UTPOHBL.

64



KBapku

...HE CTOUT U JyMaTh, OyATO MBI MOXEM
JOWTH 10O KOHIA B OMHCAaHUU DJIEMEH-
TapHBIX YACTHII.

M. I'ean-Mann

8.1. DjieMeHTapHbIe YaCTHIbI

Bce snemenTapHble 4acTHIBI ACNATCS HA JBa Kiacca: adpoHwul (OT
rped. hadros — MacCUBHBIN, KPYHHBIN) U Jtenmonwvl (0T Tped. leptos —
nerkuii). [lepBbie nensTcs Ha 6apuonsl (MACCUBHBIC) U Me30Hbl (CPEIHUE).

Bapuonbl. K 6apronam oTHOCAT HYKJIOHBI U TUnepoHbl. Hykionamu
(ot nart. nucleus — A71po) HA3bIBAIOT YACTHIIBI, U3 KOTOPBIX COCTOST aTOM-
HBIC SJIpa: NPOMOHbBL N HElIMPOHBI.

Bonbiivie 3HaueHWs MarHUTHBIX MOMEHTOB HYKJIOHOB TOBOPST O He-
OJIMHAKOBOM pacHpe/ie]ICHUU B HUX 3apsS0B M MAacChl: 3apsii B OOJbIICH
CTENEHU «pa3MazaH», 4YeM Macca, KOTopas COCpeJOoTOYeHa MPEHMYIIEeCT-
BEHHO B lIeHTpe. boree Toro, HalMyue MarHUTHOTO MOMEHTA Yy HEUTpOHa
TOBOPUT O TOM, YTO OH HEHUTpaJIEH TOJBKO B CPEJHEM U MMEET CIIOKHYIO
CTPYKTYpy 3apsima. M3mepenust pacnpeneneHus 3apsna no oobemam Hy-
KJIOHOB ObUIH cienaHbl aMmepukanckuM ¢usukom P. Xodceraarepom.

B skcnepuMeHTe y4e€HOTO HYKJIOHBI OOCTPEIMBAIUCH IMYYKOM BBICO-
KOPHEPTruyHbIX, 10 2 9B, anekrponos. biaronapst 3ToMy TOYHOCTB, € KO-
TOPON MOKHO OBLIO 30HIMPOBATh BHYTPEHHOCTH YaCTHII, COCTABIISIIA OKO-
110 107 m (1 depmn).

[lenTpasibHast o01acTh U MPOTOHA, U HelTpoHa paauycom 0,2 dhepmu
HeceT npuMepHo 10 — 12 % nonoxkutensHoro 3apsaa (puc. 8.1). Bo BHyT-
PEHHEM KOJIblIe TPOTOHA CPEAHUM panycom okoiio 0,8 dhepmu cocpenoTo-
yeHo okoiio 60 % 3apsna. Hakonel, BHEIIHUM CIo#, paanyc KOTOPOro pa-
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BeH 1,4 pepmu, HeceT 28 % MOMOKUTENBHOIO 3apsiaa. AHTUIIPOTOH UMEET
AaHAJIOTUYHYIO CTPYKTYPY, C TOM JIMIIb pa3HUIEH, YTO OH B LEJIOM U €ro
OTJIETIbHBIE CJIOM HECYT OTPULIATEIbHBIN 3apsia.

HelTpoH umeeT MonoKUTeNbHO 3apsSKEHHbIE HEHTPATIbHYIO U HAPYK-
HYI0 4acTH M OTPUUATENBHO 3apsHKEHHYIO BHYTPEHHIOK 00J1acTh. AHTH-
HEUTPOH B LIEJIOM HEWUTpPAJEH, PACIPEACIICHUE 3aps0B AHAJIIOTMYHO HEW-
TPOHY, HO UMEET MPOTHUBOIOIOKHbIE 3HAKU: TaM, TJI€ Yy HEUTpOHA MIIIOC Y
aHTUHEHUTPOHA MUHYC, U HA00OPOT.

I+
’

IIPOTOH HEUTPOH

AHTUIIPOTOH AHTUHEUTPOH

Puc. 8.1. Pacnpenenenue 3aps10B BHYTPU HYKJIOHOB M UX @HTHYACTHIL

l'uneponvr — Goiee TsHKEINbIE YAaCTHUIIBI, YeM HYKJIOHBI M OTJIMYAIOTCS
OT TOCJEIHUX TEM, YTO OHHM CTpaHHble YacTuilbl. CTpaHHOCTh B (pU3HKE
MMEET TOYHOE OIPEJEICHUE M OLEHUBACTCS KOJIMYECTBEHHO HEKOTOPHIM
YHUCJIOM, HO 00 3TOM IIOTOBOPHUM ITO3KE.

N3BecTHO Bcero 7 runepoHoB (Tabdi. 8.1), Bce OHM 3KCTIEPUMEHTAIBHO
HaOmoaanuck. CyIiecTBOBaHUE aHTUTHIIEPOHOB OBLIO MOATBEPKIECHO CHA-
yaja TEOPETUYECKH, a 3aTEM JOKa3aHO SKCIEPUMEHTAIbHO. [ MepoHsl OT-
JUYAIOTCS. OT CBOMX AHTUYACTHI] MPOEKIHUEH H30TONMHYECKOTO CIMHA H
CTPaHHOCTBIO (CM. HUXKE).
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Tabmuna 8.1
Tabnuua runepoHoB

YacTuia I 1, S YacTuia I 1, S
A° 0 0 -1 =, 12 | -1/2,112 2
A0 0 0 1 =, 20 1/2 1/2,-1/2 2
IS 3D Il B 1,0,-1 -1 Q- 0 0 -3
PIREAID 1 -1,0,1 1 Q- 0 0 3

['uneponsl — HecTabmiIbHBIE YacTUIbl. CIOCOOBI UX pacnaja U OTHO-
CUTENbHAsl BEPOSTHOCTh pacmaja Mo pa3jIu4yHbIM KaHajiaM IMPUBEACHBI B
TabiI. 8.2.

Tabauma 8.2
Crnoco0Obl pacnazia THIEPOHOB
Yactuma Tun Beposgraocte | Hactuia Tun BepostHocTh
p p
pacraja pacnazna, % pacnaga pacnana, %
. ptm 64 z° A +y 100
A
n+ 72'0 36 > n+om 100
pte +V ~0,2 = A+ 7 100
p+ 50 =0 A+ 70 100
2 +
n+r’ 50 .
Q- =+ 100
pty ~0,5 "

13 1a61. 8.2 BUaHO, uTo X "—rHnepoH npeBpamaercs B A'—THIepoH 1
($OTOH — 3IEKTPOMArHUTHYIO BOJIHY, pacrhaJ HOCHUT AJIEKTPOMAarHUTHBIN
xapaktep. OcTanbHbIE TUIEPOHBI PACMIATAIOTCS B pE3yJbTaTe CIaObIX
B3aUMOJICHCTBUM.

Jlo cux mop He AaH OTBET HA BOIPOC, KAKyI0 POJIb UTPAIOT THIIEPOHBI
B CTPOCHUH BEIIECTBA. PN y4EHBIX CUMTAET, YTO THIEPOHBI SIBIISIIOTCA
BO30YKICHHBIMU COCTOSIHHSIMH HYKJIOHOB, T. €. OHU MOSIBJISIOTCS, KOT/a
€CTh OOJIBINTON M30BITOK HEPTUH. B 0OBIYHOM, OKPYXKaIOIEeM HAaC BEIIECT-
BE€ B HUX HET HEOOXOMMOCTH.

SAnepHble CWIIbI MEX1Yy HYKJIOHaMH BO3HUKAIOT B pe3yJibTaTe 0OMEHa
BUPTYAJIbHBIMM ME30HAMH, B OJIHUX CIIy4asX 3apsDKEHHbBIX, B JPYTUX —
HEWUTpaJIbHBIX. MeXay NMPOTOHAMM KPOME HHMX JIEHCTBYIOT €LIE JJIEKTPO-
CTaTUYECKUE CHJIBI OTTAJKMBAHUs. DJIEKTPUYECKHE CHIIBI Ha J1BA MOPSAKA
cinalee sIIEpHBIX, U OTOMY JIMILb HE3HAYUTENIbHO UCKAXKAIOT UX JCHCTBUE.
[IoaTOMY MOXHO HE YYHUTHIBATH HE3HAYUTEIIBHBIE PA3JIMUNAS MEKIY MPOTO-
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HOM U HeUTpoHOM. Emie B Havanie 30-x ronoB npouwioro croyuetus B. I'eii-
3eHOepr MNpeIoKUI CUMTATh HMX PaA3JIMYHBIMH COCTOSIHUAMM OJIHOM
yacTulpl. st X oTnuns ObUIO BBEIEHO KBAHTOBOE YUCIO — UZOMONU-
Yyeckull CnuH, WIM U30CTIHH, KOTOPBIM JJ1 HYKJIOHOB paBeH 1/2. IIpoToH u
HEUTPOH 00Pa3yIOT U30TOMUYECKUH TyOJIeT C AByMs 3HaueHusiMu +1/2 nnis
IpOTOHA, a —1/2 — 1 HEHTPOHA, KOTOPbIE HA3BIBAIOTCS 3€MOBbIMU NPO-
eKYUAMU U30CNUHA.

DNIEKTpUYECKU 3apsii HYKJIOHA, BBIPAXKECHHBIM B €IMHMIAX 3apsaia
IIPOTOHA, MOYKHO IIPEACTABUTH B BUJIE

0=12+1L.

Eciy moactaBUTh B 9TO BBIPAKEHWE 3HAYECHHUE Ul NPOCKLUUU H30CIHMHA
JU1st ipoToHa I, = +1/2, To ero 3aps paBeH 1, ayis HelTpona I, = —1/2, u 3a-
pan pasen 0.

[loHsiTHE M30TONMMYECKUN CIUH BO3ZHMKIO IPU W3YYEHUH CHIIBHBIX
B3aUMOJICHCTBUM, W, CIEHOBATEIIBHO, IPUMEHUMO TOJBKO K CHJIBHOB3au-
MOJICUCTBYIOIIIMM 4YacTHLaM, IIPUMEHUTEIBHO K JIENITOHAM OH HE HMEET
HUKAKOT'O CMBICIIA.

W3 U3BECTHBIX HAM YaCTHUILl X-TUIEPOHbI U AHTUTUIEPOHBI 00Pa3yIOT
U30TONUYECKUE TPUIUIETHl, S—TUIEPOHbl W HMX AHTHYACTULBI 00pa3yroT
nyOnersl, () —TUIEPOH M €ro aHTHYacTUlla oOpa3yloT CHHIJIETH (CM.
Tabma. 8.1)

Kaxip1ii 13 M30TONMUYECKUX MYJIBTUILICTOB UMEET 3aPSAJOBBINA LIEHTP,
KOTOPBI MO>XHO HAWTH, CJI0KUB BCE 3apsi/ibl U Pa3/I€IUB HA YUCIIO YaCTHULL.
Tax, Hanpumep, /Ui HYKJIOHHOTO AyOJsieTa 3apsiAOBbIi HEHTp paBeH 1/2,
JUI aHTUHYKJIOHHOTO €ro 3HaueHue paBHO —1/2, 3apsAnoBbIA LIEHTp E—
TUIEepOHa paBeH —1/2 U cMelIeH OTHOCUTEIbHO HYKJIOHHOTO LIEHTpa Ha —1.
OTO0 cMelleHHe, 1T0CJIE TOr0 Kak €ro yBeauuarT B JjBa pas3a, Oy/1eT Ha3bIBaTh-
Csl CMPAHHOCMbIO, WA CIMPAHHLIM K8AHMOBbIM yuciom. Takum oOpazom,
CTPaHHOCTh E—TUIIEPOHOB paBHA — 2. 3apsAI0BbIMA LUEHTP X-TUIIEPOHOB pa-
BeH 0, T. €. CMEIIeH OTHOCUTEIBHO HYKJIOHHOTO ay0ieTa Ha —1/2, cienoBa-
TEJIbHO, JUISl HUX CTPAHHOCTh IPUHUMAET 3HaueHue —1. CMelenue 3apso-
BOT'O LIEHTPA CTPaHHBIX YACTHULl ONPEIEISIETCS 0 OTHOUIEHUIO 3apsJ0BOrO
LIEHTpAa POACTBEHHOW, HO HE CTPAHHOM I'PYyNIbI YacTull. B naHHOM ciryyae
ATO HYKJIOHBI, B CIy4ya€ ME30HOB 3TO ObUIM Obl YaCTHULBI MTU—ME30HHOTO
TPUILIETA.

Crpannoe yucno BBenu M. I'enn-Mann u K. Hummkuma s xapak-
TEPUCTUKU YaCTHI], KOTOpbIE BEIH Ce0s COOTBETCTBYIOIIUM OOpa30OM.
CrpaHHble YacTHIIBl BCErJa POXKIAITCS JUO0 mapamu, JuO0 OONbIIUMHU
rpyNIaMi ¥ UMEIOT aHOMAJIbHO Goibioe BpeMs skn3Hu (B 10" pa3s Gombiue
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oxumaeMoro). TobKO BBElIEHHE CTPAHHOTO YMCIIA M 3aKOHA €ro COXpaHe-
HUS B SICPHBIX PEAKIUAX C YYaCTHEM CTPAHHBIX YACTHI] [IOMOIJIO TIOHSTH
3Ty 3arajKy.

Me3onbl. Me30HBI — 3TO HECTAOMJIbHBIE 3JIEMEHTApPHBIE YACTHIIbI,
HEWUTpaIbHbIE WK 00JIaIal0IINe PJIEMEHTAPHBIM 3aps/IoM. Me30HbI UMEIOT
MaccChl, MPOMEKYTOUHBIE MEXKIy MacCaMH AJIEKTpOHA U HYKJIOHOB. Cyiile-
CTBOBAHME ME30HOB KaK TMIOTETHYECKUX YACTUIl — MEPEHOCUMKOB CHJIb-
HOT'O B3auMojiecTBUs — ObLIo npeacka3zano B 1935 r. X. FOkasoit. U3 co-
OTHOIIICHUSI HEOTIPEACIICHHOCTH U pajuyca JACUCTBUS SIICPHBIX CHII CIIEy-
eT, 9To Macca 3tux yactui ~ 200 m.. Crnycts rox amMmepukanckue (QpU3uKu
Annepcon u Hugnepmaiiep oTKpbUIM B KOCMUYECKUX JTydaX HECTAOMIIbHBIC
YaCTHI[BI C MacCOM, OJM3KOM K TeopeTudeckomy 3HaueHuto (~ 207 m.), Ha-
3BaHHBIC BIIOCJIEICTBUU LI-ME30HAMU, WA MIOOHAMU. MIOOHBI 00pa3yroTCs
IIPU CTOJIKHOBEHUHU YACTHI] BBICOKOW AHEPIUM € sApamu atoMoB. OgHaKo
0oJiee TIIATENbHOE UCCIIEI0BAHUE CBOMCTB MIOOHOB MOKA3aJ10, YTO OHU OT-
HOCSITCA K JIENTOHAM.

Cnycts 10 net mocne otkpbiTis AHnepcona u Hunpnepmaiiepa B pa6o-
tax Jlenpunc-Punre, Jleppere, AnnxanbsiHa, AIMXaHOBa U UX COTPYAHU-
KOB OBbUIM TOJYUY€HBbI MIEPBIC YKa3aHUs HA CYIIECTBOBAHUE 77 - U K-
ME30HOB (COOTBETCTBEHHO IMHOHOB M KAOHOB) — 00JI€€ TSHKEIBIX YaCTHII,
YeM MIOOHBI, KOTOPBIE U SIBJISIFOTCS HOCUTEISIMH CHJIBHOTO B3aUMOJICHCT-
BUS. [IMOHBI M KAOHBI PA3JIMYAOTCS IO CBOMM CBOMCTBaM. K-ME30HBI OTHO-
CATCS K CTPAHHBIM YacTHUIAM, T. €. UX MOBEJCHUE B PEAKLMIX POXKICHUS U
MOTJIONICHUS OMUCHIBAETCS KBAHTOBBIM YHUCJIOM § (CTpaHHOCTH). [[st HUX §
=41, a ;g nruoHoB s = 0.

B 1961 r. 66110 0OHApYKEHO, UTO B PEaKUU 7+ 1n —> 1 + 277 TOBOJIb-
HO YacTO Mapa MMOHOB BbUIETAET KaK Obl CIUIMIICICS B BUJE HOBOM YacTH-
bl — P -M€30Ha, Macca KoToporo paBHa ~ 760 M»B. Takas cuctema cy-
IIECTBYET KOHEYHOE BpeMsi U 00J1aJlaeT BCEMH CBOMCTBAMU YacCTHIIBI, T. €.
CIIMHOM, U30TONMHYECKUM CIUHOM, MAacCOM, YETHOCThIO U T. 1. CylllecTBY-
I0T PEaKIMu, B KOTOPHIX B OJIHY CUCTEMY «CIUMAIOTCS» Cpa3y TPU MHOHA.
IIpu 5TOM 06pasyeTcst HOBAsl YACTHIIA, HA3BAHHAS @ -ME30HOM, €r0 Macca
coctapyisieT ~ 790 M»aB, BpeMst )KU3HU 103 C, TIOCJIC YEro OH pacIaJacTcs
Ha Tpu nuoHa. B peakunu 77 +d — p + p + 7+ 77 +x° 6bu1 0GHAPYX)EH
erie oJuH 3-MMOHHBIN pe3oHaHc ¢ Maccoit 550 M»aB, koTopblii ObLT Ha3BaH
n°-meszonom.

Ha ceronmHsmnuii 1eHb BCe ME30HBI MOJYYEHBI B JIAOOPATOPHBIX YC-
JIOBUSX MPU TMTOMOIIM MOIIHBIX YCKOPUTENECH.
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JlenToHbl. Jlenmonamu HA3bIBAIOTCS BCE BUJIBI HEUTPUHO, DJIEKTPOH,
OTpUIIATENbHBIN f-ME30H (MIOOH), 7-JIEITOH, U UX aHTUYacTulbl. M3 HUX
AJIEKTPOH OBLI OTKPBIT PaHbIIE OCTAIbHBIX yacTUll — enie B 1897 roay
aarauiickum ¢gusukom J[x. TomMcoHOM mpu HCCIeAOBaHWU 3aKOHOB JIBH-
JKEHUSI YaCTUL[ KAaTOJIHBIX JIy4€d B BJIEKTPUYECKUX M MArHUTHBIX MOJISIX.
CymiecTBOBaHHE €r0 aHTHYACTHUIIBI — IMO3UTPOHA — OBLIO MPEICKa3aHo B
1928 rony apyrum anrimiickuM ¢usukom II. Tupakom, a B 1932 roay
amepukanen K. AHaepcoH oOHapy>XHJI O3UTPOH B KOCMHUYECKHX Jyyax.
DJIEKTPOH OT CBOEUW aHTUYACTHUIIBI OTIIMYAETCS TOJBKO 3apsaoM. [locne ot-
KPBITHS TTO3UTPOHA (DM3WKW TPUIUTH K BBIBOJY, YTO BCE DJIIEMEHTApHBIE
YaCTULBI UMEIOT aHTUYACTULBI. Tak MOTOM M OKa3aloch. MI3BECTHBI TOJIBKO
TP HCKIIOUEHHS: (DOTOH, 77— W 7}-ME30HbI OJHOBPEMEHHO SIBIIAIOTCA M
YaCTULIAMHU Y aHTUYACTULIAMH.

ITO3UTPOH M 3IEKTPOH, BCTpPEYaAsACh APYr C APYTOM, AHHUTHIIAPYIOT.
[Tpu »TOM, B 3aBUCMMOCTH OT OPUEHTAIIMA CIUHOB, 00pa3yloTCs JABA WU
TpU ramma-kBaHTa. HemocpeacTBeHHO mepes aHHUTWIISILMEN JJIEKTPOH U
HO3UTPOH Ha KOPOTKOE BpeMsi 00pa3yloT MO3UTPOHUN — HEKoe mojodue
aToMa, B KOTOPOM YaCTHUIIbI BPAIIAIOTCS BOKPYT 001iero mentpa macc. Ec-
JY COWHBI YaCTHUI] aHTUMAPAJUICNbHBI, TO MPU AaHHUTWISALUUA 00pa3yroTCs
JIBa TaMMa-KBaHTa C aHTUIIAPAJUICIbHbIMU CIIMHAMU; €CJIU CIUHBI UCXOJ-
HBIX YaCTHIl MapajulelibHbl, TO BO3HUKAIOT TPYU raMMa-KBaHTa, UX CyMMap-
HBIU CIIMH PAaBEH €AUMHUIE, KAK U Y UCXOJIHBIX YACTHII.

B 1933 r. mBeinapckuii pusuk Bonbdranr [laynu mis oObscHeHUS
SABJICHUSI PAJMOAKTUBHOCTH MOCTYJIMPOBAJ CYIIECTBOBAHUE HEWUTPAJIbHOU
YaCTHUIIBI C MAacCOM MOKos, 01u3Koi K Hymto. ['unoresa [laynu Brociaeact-
BUU TIOJITBEPJMIIACH, & OTKpBITas UM dYacTHIla Oblla Ha3BaHA HeUMPUHO
(Takoe Ha3BaHUE €U Jall UTATBIHCKUN (u3nk DHpUKo Depmu, 4TO B mepe-
BOJIE C WUTAJIbSIHCKOTO O3HAYA€T MAJIICHbKUM HEUTPOH WM HEUTPOHYUK).
B nanpHeliem nosiBuiiach HEOOXOMMOCTh U B aHTHHEHTpHHO. OKa3aioch,
YTO HEUTPUHO OTIIMYAETCS OT CBOCH aHTUYACTHUILBI CIIMHOM: HaIlpaBJICHUE
JBWKEHUSI aHTUHEUTPUHO COBNAJAET C HANPABICHUEM CIIMHA, Y HEUTPHUHO
CIIMH HAIIPaBJIEH B CTOPOHY, IPOTUBOMOJIOKHYIO HAPABJICHUIO JIBUKECHHUS.

ITo3ke BBISICHWIIN, UTO CYLIECTBYET TPHU TUIIA HEUTPUHO: JIIEKTPOHHOE
HEUTpUHO, ydyacTBylollee B OeTa-pacnagax BMECTE C 3JIEKTPOHOM; MIOOH-
HO€ HEUTPUHO, BOZHUKAIOUIEE MPU PACHaTaX, B KOTOPBIX MOSBIISIETCS MIO-
OH, U 7-JIENTOHHOE HEHUTPUHO, BOBHUKAIOIIEE B paclaiax ¢ yyacTUEM 7-
nentoHa. COOTBETCTBEHHO OHM MMEKOT M PAa3HOIO THUIIA AHTUHEHUTPHUHO.
HeiiTprHO 1 aHTUHEUTPUHO OJTHOTO THIA MOTYT U3pPE/IKa aHHUTUIIMPOBATh.

Bce nenTonsl sABIAIOTCS (EpMUOHAMM: CIUH KaXKJOTO M3 HUX pa-
BeH 1/2. JlenTOHBI HE YYacCTBYIOT B CHJIbHBIX B3aUMOJCHCTBUAX HU MEXIY
co0o0M, HM C IPYTUMU YacTUIIAMU. 3apsiKEHHbIE JIENTOHBI BCTYNAIOT B AJICK-
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AJIEKTPOMArHUTHbIE B3aUMOJICUCTBHS, U BCE OHM Y4YacCTBYIOT B CIAObIX
B3aUMOJICHCTBUSX.

Bce peakuuu, npu KOTOPBIX IMOSBISAIOTCS WIM MCYE3a0T JIEITOHBI,
NOJAYMHSIOTCS 3aKOHY COXPAHEHHs JIENTOHOB. JTO O3HAYAET, 4YTO €CIU B
KaKOM-Tn00 siIEpHOM peakluu MOsBIAETCS HEKOTOPOE YHCIIO JIENTOHOB, TO
OJHOBPEMEHHO POJMTCS TAaKOE JKE€ KOJIMYECTBO aHTUIENTOHOB. Mcuyesaror
OHU TOXX€ OJHOBPEMEHHO M B OJAMHAKOBOM KoiuyecTBe. Tak, Hampumep,
IIpY pacnaze HEMTPOHA POXKIAACTCS OAUH DJIEKTPOH, & BMECTE C HUM U OJTHO
anTuHeiTpuHo. [Ipu pacnage MooOHa OAMH JENTOH UCUE3aeT — ITO COOCT-
BEHHO CaM MIOOH, B TO € BpEeMs MOSBIISICTCS APYTOM JIEITOH — JJIEKTPOH.
Ho MIooH oTiHuaercs OT 3J€KTpOoHa OOJBIIONW MAacCOW, MOATOMY JUJISl BbI-
IIOJIHEHMS 3aKOHA COXPAHEHHUsI DHEPIMU U KOJIMYECTBA JABWKCHUS B JTOMU
pEaKLMU BO3HUKAECT €ll€ Mapa JCNTOHOB — HEUTPUHO U aHTUHEUTPUHO.
[TosBneHne 3TUX ABYX JIENTOHOB CIENYyET U3 3aKOHA COXPAHEHUs JIENTO-
HOB.

IToHBIA CHHUCOK 3JIEMEHTAPHbIX 4YacTull. Eciu He cuurath pe3o-
HAHCOB, TO 00IIIee KOJIMYECTBO AJIEMEHTAPHBIX YaCTHIl, KaK TeX, 4To oOHa-
PYXEHbI SKCINEPUMEHTAIBHO, TaK M TEX, B CYILIECTBOBAHUU KOTOPBIX HET
HUKaKuX COMHEHHH, poBHO 35. Crozia ke BXOASIT U aHTUYacTUlbl. Bce oHn
BBITIOJTHSIIOT OmpeiesieHHble PyHKIMH. 13 OTHUX CTPOUTCS BEIIECTBO U aH-
TUBELIECTBO BCeNeHHOM, IpyTrue UrparoT pojb MEPEeHOCUMKOB B3aUMO/ICH-
CTBHMH, TPEThU YYaCTBYIOT B Ipoleccax MPEBpAILCHUS OJHWUX YacCTHUI] B
JIpyTHE.

B Tab6n. 8.3 mepeuuncieHsl Bce 35 4yacThil, O KOTOPHIX TOBOPHIIOCH.
Maccel yacTull yKa3aHbl B Maccax 3JICKTPOHA. 3apsijbl JIEMEHTAPHBIX Yac-
TUIL] HE MPEBBIIIAIOT MO MOJYJIIO 3apsijl JIEKTPOHA, U TOJIBKO PE30OHAHCHBIC
OaprOHBI UMEIOT 3apsiJi, PaBHBIN JIBYM 3apsgaM AJICKTPOHA.

Pe3onancel. B Hauane 60-x rogoB XX B. ObUI OTKPBIT €IIE OJIUH
KJIacC 3JIEMEHTAPHBIX YacTUl. VX Ha3zBanu peszonancamu, WIA pe30HAHC-
HbIMU Yacmuyamu. DTH YaCTULbl OTIMYAKOTCA KpailHE MajblM BPEMEHEM
Km3HH — mopsiaka 107 ¢. TlepBblil HYKJIOHHBIH PE30OHAHC OBUT OTKPHIT
D. ®epmu B 1952 roay B peakiusx paccesHUs T-ME30HOB HAa HYKIIOHAX
npu 3Hepruu Me3oHoB okoio 200 M»aB, on Ot Ha3BaH A-uzobapoii. Cy-
MIECTBYIOT ME30HHBIC U OAPUOHHBIC PE30OHAHCHI.

HecmoTpst Ha Manmoe BpeMs KU3HHM, MUCKIIFOYAKOIIEE NPSIMYKO PETHUCT-
paruio pe30HaHCOB, (PU3UKaM BCE K€ YAACTCS OMPEISTUTh PSIT MX BAXKHBIX
MapaMeTPOB, TAKUX KAK MACCY, 3apsJl, BpEMs )KU3HH, CIIUH U T. II.

TabOnuna 8.3
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Tabnuua 3neMeHTapHbIX YaCTHUI]

Kiacc wactuin CuMBoOI CuMBoOI Macca, 3. M. Cpennee
qacTui AHTUYACTUI BpeMH KH3HHU, C
doTton Y Y 0 craduieH
Ve v, 0 cTabuiIeH
vy ‘7;1 0 »
Vi vV, 0 »
JlenToHbI - < 1 "
w w 206,8 2,2:10°
T T 3672,0 2,910
n’ n’ 264,1 0,89-107"
n’ n 273,1 2,61-10°
Me30Hb1 n n 1073,6 107 —107"
K* K~ 966,4 1,235-10°
K’ KO 974,2 0,87-107"
p 1836,0 cTabuieH
Hyxors: n i 1838.6 1,01-10°
A° A0 2183,1 2,51-10™
=" T+ 2327,7 0,81-10"
z¢ 50 23338 <1,0-10™
THnepoHs! > 5 23433 1,65-10"°
E° = 2572,7 3,010
ch &- 2586,5 1,74-10"°
Q" Q- 3276,9 1,5-10™"

bonpmnHCcTBO PC30HAHCOB — TAKHC KC YaCTHUIbI, KaK U H3BCCTHLIC
QJICMCHTAPHBIC YaCTHUIIBI. OI[HaKO CHIC OCTAJIMUCH PC30HAHCHI, IIPO KOTOPLIC
HEJIb3sl C MOJHOU YBCPCHHOCTBIO CKa34Tb, YTO 3TO 4YAaCTHIbI, 4 HC KAKHC-

1100 accoIMaIy CJ1a00 CBS3aHHBIX YACTHII.

Kak npaBuio, CMILHO B3aWMOJICHMCTBYIOIIME YACTHUI[BI UMEIOT CBOU
PE30HAHCHI, OTIMYAIONMINECS OT HHUX OOJBIIMMU 3HAYCHUSMH MAacChl M
KBAHTOBBIX uncell. [locnennee roBOpUT 0 TOM, YTO PE30HAHCHI — 3TO BO3-
Oy >KJIEHHBIC COCTOSHUSI COOTBETCTBYIOIINUX AJIEMEHTAPHBIX YaCTHII.

Htak, obmiee 4uciao CTAOMIBHBIX, JOJTOXUBYIIUX W PE30HAHCHBIX
yacTul] 3HauuTeNbHO npeBbiaet 200. B cBsi3u ¢ 3TUM BaKHOU 3ajaueid
SBISICTCS X cucteMaru3anus. O0 3TOM U IMOKIET pedb JAJIbIIIE.
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8.2. KBapku

B 1964 r. M. I'enn-Manu u [, LlBeilr He3aBUCUMO JIpyr OT Jpyra
PEIJIOKUIN KBApPKOBYIO MOJIENb CTPOeHUsI adporos. Ee nossienue ObU10
OYEBUIHBIM. BCIIOMHHTE, 0 4YeEM FOBOPHIIOCH BBIILIE — HEUTPOH W MPOTOH,
B OTJIMYME OT BJIEKTPOHA, UMEIOT CIIOXKHYIO CTPYKTYypy. [loaTtomy npearno-
JIOKUTh, YTO aJIPOHBI COCTOSIT U3 HOBBIX CTPYKTYPHBIX CYyO€AMHUI], KaKET-
Csl BIIOJIHE ecTecTBeHHbIM. HOBbIE 351eMeHTapHbIe YacTUIIbl ObLIIM Ha3BaHBI
Kkeéapkamu. JTOT TepMUH ObuUl mpuayMad [‘enn-ManHOM moj BIHMSIHUEM
NIEPBOM CTPOYKHU MECHU W3 POMAaHa U3BECTHOI'O MPJIAHJICKOTO I0A3TA U IH-
carens xenmca JIxxouca «[lomuaku no @unHerany». [lecHs HaunHaercs
co cnoB «Three quarks...», 4To B mepeBoje MOXET O3HAYaTh JIMOO «TPHU
KapKaHbs», TM00 «TpU KBaAKaHbS.

Jl1st Toro 4ro0bl OOBICHUTH CBOMCTBA M CTPOEHUS aJPOHOB, KBapKaM
IPUIILJIOCH TPUCBOUTH HEOOBIUHBIE CBOMCTBA: APOOHBINA JIEKTPUUYECKUNA U
OapuOHHBIN 3apsiabl. bapuoHBI COCTOST U3 TPEX KBapKOB, 4 ME30HBI — U3
KBapka M aHTUKBapka. Bce aaponsl, oOHapyxkeHHbIE 10 1974 r., MOXKHO
OBLIO OMHCaTh KBapKaMu TpeX TUMOB: u, d, s. TpexkBapkoBasi MOJIEJIb OKa-
3aJlach 3aMKHYTOW, T. €. KaKJOoM KOMOWHAIMM KBApKOB COOTBETCTBOBAJA
onpeeneHHas Habro1aeMas YacTUIa.

B takom Buae mozens npocyuiectBoBaia a0 1974 r., noka ase rpyi-
nbl (U3MKOB HE OOBSIBUIM 00 OOHAPYKCHUM HOBOM YaCTHUIBI —
Jhy-me3ona. Ee macca okazanace ~ 3,1 I1B, a Bpems xusznu B 1000 pas
OoJbllIe, YeM y JPYTUX M3BECTHBIX YACTHUIl MOJ00HOM Macchl. Jjist oObsc-
HEHHUSI CTOJIb HEOBIBAJIOTO JIONTOXKUTEIBLCTBA HEOOXOAUMO OBLIO TPEAIo-
JIO)KUTh O CYIIECTBOBAaHUU HOBOTO, C - KBapKa, HA3BAHHOTO OYapOBAHHBIM
(ot aHrn. charm — ouapoBanue). [Ipennonoxuwim, 4To HOBasi YacTUIlA CO-
CTOMUT U3 C - KBapKa U ¢ - aHTUKBApKa, T. €. 3TO YaCTHUIlA CO CKPBHIThIM OYa-
poBanueM. [1ogoOHO TOMy, YTO § - KBapK CBSI3aH C KBAaHTOBBIM YHUCJIIOM U
S-CTPAHHOCTh, € - KBAPK CBSI3aH C HOBBIM KBAHTOBBIM YHCIIOM — 0YAPO8A-
Huem. O4apoBaHHBIN KBapK MOPOXKIAAET HOBOE CEMEUCTBO aJpPOHOB, KOTO-
phI€ TOJKHBI UMETh B CBOEM COCTaBE C - KBapK WJIM C - aHTUKBApK.

B 1977 r. yuenbiMu OblI OOHAPY>KEHbI HEUTPaAIbHbIE ME30HBI C MaC-
camu ~ 10 I'B. Ux nHa3zBanu Y - Me30HaMu (YUTAETCS WIICHIIOH-ME30H).
Tak >xe kak u J/y - Me30HbI OHM HaOJIOIATUCH TIPU 0O0pPA30BAHUH MIOOH-
HbIX Map B MPOTOH-AJIEPHBIX CTOJIKHOBEHHUSIX M Ha JIJIEKTPOHHO-
MO3UTPOHHBIX Kosutaiaepax. [logobno J/y - me3onaMm, Y - Me30HBI — J0JI-
rOXKUBYIIME YacTUllbl. /{7151 00bsSICHEHUS CBOMCTB ATOM YacTUIIbI TOHAA00U-
JIOCh BBECTU B KBApPKOBYIO MOJIENb MATHIN, b - KBapk (0T aHri. beauty —
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KpacoTa). I’ - ME30H COCTOUT U3 OJIHOTO b - KBapka U b - aHTHKBapKa, T. €.
COJICP’KUT CKPBITYIO KPacCoTYy.

Hakonen, nocneaHuii U camblii TSDKENbINA ¢ - KBapK (OT aHIIL. true —
UCTHUHHOCTH) ObT OTKPHIT B 1995 romxy. Ceituac ecTb BCe OCHOBaHHS, YTO
UX HE JOJKHO ObITH Oosbiie. KBaHTOBBIC UMCIIa BCEX MIECTH KBAPKOB MPH-
BeJIeHbI B Ta01. 8.4.

Tabmuna 8.4
Tabnuia KBapKoB
XapakTepucTuka Tum KBapica
d u s c b t
Dnexrpudeckuii 3apsm, Q -1/3 2/3 -1/3 2/3 -1/3 2/3
Bbapuonnoe uuncio, B 1/3 1/3 1/3 1/3 1/3 1/3
Crun, J 1/2 172 1/2 12 172 1/2
YeTHOCTB, P 1 1 1 1 1 1
Hszocmun, | 1/2 1/2 0 0 0 0
[Ipoekuus uzocmnuua, I -1/2 1/2 0 0 0 0
CrpaHHOCTB, § 0 0 -1 0 0 0
Ouaposanue, ¢ 0 0 0 1 0 0
Kpacora, b 0 0 0 0 -1 0
HUctnna, ¢ 0 0 0 0 0 1
Macca B cocrase agpona, ['9B 0,33 | 0,33 | 0,51 1,8 5 180
Macca «cBoboaHoro» kBapka, [B | 0,007 | 0,005 | 0,15 1,3 1’14_ 174

Kaxxapiii THIl KBapka UMEET TaK Ha3bIBAEMBIN y6emosotll 3aps0, KOTO-
Pl PUHUMAET TPU 3HAYEHUs — 3€JIEHbIM, CUHUM, KpacHbIi. KoHeuHo,
HUYEro OOIIEro ¢ paciBEeTKOW OHU HE MUMEIOT, 3TO BCETO JIUIIb yCIOBHBIE
0003HaueHus cienuPpUIEcKoro 3apsaaa. MoxxHO ObUTO OBl U AIEKTPHUUECKHUE
3apsiibl pa3iaudyaTh HE KaK MOJIOKUTEIbHBIA M OTPULATEIbHBIN, a, HAIIPU-
Mep, depHbli u Oenbiii. CyliecTBOBaHHWE Yy KBAapKOB IIBETOBOTO 3apsija
npeanoyioxkuian eme B 1965 1. He3aBUCMMO [BE TPYIIbl YYEHBIX:
H. Boromo6os, b. Crpymusckuii, A. Tasxennaze 1 M. Xau n 1. Hamoy.
BnocneacTBuu 3Ta runore3a moATBEPAMIACH B OOJIBIIIOM KOJIMYECTBE IKC-
MIEPUMEHTOB.

CyuiecTByeT IIBETOBasi CUMMETpPHSI CHJIbHBIX B3aUMOJICUCTBUH, T.€.
CUJIbHBIE B3aUMOJICHCTBUSI MEXJYy KBapKaMU OJMHAKOBBI JJISI BCEX TpPEX
uBeToB. [IO0CKONBKY agpOHBI COCTOAT U3 KBAapKOB, TO UX CTPYKTypa B OC-
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HOBHOM ONPENEISAETCS 3JEKTPOMArHUTHBIMU U CUJIBHBIMU B3aMMOJEHCT-
BUSMH KBApKOB.

OCHOBHbIE TIOJI0KEHHS KBAPKOBOI MOJIEIH :

1. Bce aapoHbl COCTOST U3 KBAPKOB; KBApPKHU B aJIpOHAX CBSI3aHbI MEX-
1y cOOOH TIIFOOHAMU.

2. KBapku — OECCTpPYKTYpHBIE YACTHIIbI, SIBIAIOTCS (DepMUOHAMU
(pepMHOHBI — YaCTHUILIBI, CHUH KOTOPBIX paBeH 1/2).

3. CBoiicTBa KBapKOB OINUCHIBAIOTCS CIEIYIOUIMMU KBAaHTOBBIMU YHC-
Jamu: 3iekTpuueckuil 3apan Q, cnul 1/2, yetHocth P, GaproHHOE ymMCIIO
B, uzotonuyeckuit cnuH I, mpoekius M30TONMUYECKOTO CIIMHA Ha BbIOpaH-
HO€ HampasiieHue I3, cTpaHHOCTD 5, KpacoTa b, HICTUHHOCTD ¢, 04apOBaHUE C
(BHYTpEHHUE KBAaHTOBBIE YHCIHA S, b, f, ¢, XapaKTepU3YIOIIHE TUI KBapKa,
Ha3bIBAIOTCS «apoMaTaMm» KBapKa).

4. bapuons! (dhepMuoHbl ¢ OapuOHHBIM 4HMCiIOM B = 1) cocrosT u3
TpexX KBapkoB, aHTHOapuoHsl (B = -1) coctosT u3 Tpex aHTUKBapkoB. Me-
30HbI (0apronHoe ynciio B = 0) cocTosAT U3 napbl KBapK—aHTHUKBAPK.

5. KBapku 00nafaroT 1BETOBBIM 3apsilOM, KOTOPbIA MPUHUMAET TPU
3HAUYEHUS] — KPAaCHBIN, CHHUH, 3€JICHbIN; 0apUOHBI U ME30HBI — OECIBET-
HbI; «OECIIBETHOCTb» — 3TO COBOKYITHOCTbH BCEX TPEX 3apsI0B — KpPaCHO-
ro, CHHETO U 3€JIEHOTO.

6. KBapku y4acTBYIOT B JJIEKTPOMAarHUTHBIX B3aUMOJACHCTBUSAX
(puc. 8.2) ¢ U3Iy4YeHHEM WIH NOTJomeHrueM (OTOHA, TPU ITOM HU 1IBET, HU
apoMaT KBapKOB HE MEHSIETCSI.

T

\

Puc. 8.2. DnekTrpoMarHuTHOE B3aMMOJEHCTBHE KBApPKOB

7. KBapku y4acTBYIOT B CJIa0bIX B3aUMOJCUCTBUSX, U3JIydasl WIH TI0-
+ 0
riomias mpu 3ToM W "— win Z "—0030HBI, B 3TOM CIIy4ae MOYKET MECHSATHCS
THUII (apoMaT) KBapKa, HO IIBET OCTAETCs 0€3 N3MEHEHMUSI.

' Muxanos B. C., Ka6un 3. M. ®usuka siapa u gacTu, XX BeK. [9IeKTPOHHBIH pecype]:
Snepnas dusuka B UaTepuere. / [IpoekT kadenpsr odmielt u saepHoi Gusznuku Gusnde-
ckoro (akympreta MIY. — M. MIVY, 2003. — Pexum pocryna:
http://nuclphys.sinp.msu.ru, cBo60JHBIN. — 3ariI. ¢ FKpaHa.
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Puc. 8.3. CraGbie B3anMo1eHiCTBHsI KBAPKOB

8. KBapku y4acTBYIOT B CWJIBHBIX B3aUMOJIEHCTBUSX (puc. 8.4); mpu
ATOM HM3JIy4aeTCsl WU TMOTJIOUIAETCS TII00H g; B 3TOM cliydae I[BET KBapKa
MEHSIETCs, a TUM (apoMar) OCTaeTCsl HEM3MEHHBIM.

1

Puc. 8.4. CunibHbIE B3aUMOIEUCTBUS KBApKOB

9. Bce aaponbl 001a1at0T BHYTPEHHEH YETHOCTHIO, KOTOPYHO MOYKHO
IIOJIY4YUTh, €CJIA BOCIIOJIB30BATHCS CIEAYIOIINMU ITPABUIIAMH:
IIpaBuio 1. HezaBucumo oT THna KBapK UMEET YETHOCTh, paBHyto +1, a
€ro aHTUKBAPK UMEET YETHOCTh, PaBHYIO -1.
IIpaBusio 2. BHyTpeHHss YETHOCTh aJipOHA paBHA MPOU3BEACHUIO YETHO-
CTeil KBapKOB, BXOJIAIIMX B €0 COCTaB, yMHOXeHHOMy Ha (-1)™ ", rme L —
CyMMapHbIi OpOUTaTBHBI MOMEHT KBapKOB.

KBapKOBaH MOZCJIb ITO3BOJIACT OIIMCATh CTPOCHUC U CBOMCTBA aJapo-
HOB, IIOJIYYHUTb X KBAHTOBBLIC YHUCJIA. HpI/IMeHSI}I 9Ty MOACJIb, MOKHO pac-
CHHUTATh CIICKTPbI MAaCC MC30HOB. CewmeiicTBa MC30HOB, COCTOAIINX H3 TA-

JKEJIBIX KBAPKOB, HAIIPUMEP, CC H bb , UMEIOT CIIEKTPBI, AaHAJIOTUYHBIE BO-
J0poAoNIoA00HBIM aromMaM. M3yueHnune mojoOHbIX CUCTEM MO3BOJISET MOTY-
YUTh BOXKHYI0 HH(OOPMAIUIO O CHIIBHBIX B3auMOAeHCTBUsAX. Jljis onrcaHus
UX CIIEKTPOB YJaJIOCh HAUTHU NMPOCTOU MOTEHIHAI
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rae «, , 0 — KoHcTaHThl. OTCI0/Ia BUAHO, YTO HA MAaJIbIX PACCTOSHUSIX
(r << 10" M) notenuuan umeer Bux V(r) ~ 1/r, T. . aHAJIOrHYCH KYJIOHOB-
CKOMY, a Ha GOIBIIMX PACCTOSHHUAX, MIOPSIKA paanyca agpoHa (~ 107 m),
MOTEHIIMAl PaCTeT MPONOPLUUOHAIBHO 7, IOATOMY KBAapKU HE HAOJIIOIat0TCs
B CBOOOJIHOM COCTOSIHUHU.

C Touku 3peHust PU3UKH 3TO MOKHO OOBICHHUTH CIEAYIOIUM OOpa-
30M. YacTHIlbl, KOTOpBIE CBA3BIBAIOT KBAPKU B aJIPOHBI, HA3bIBAIOTCS 27100~
Hamu (OT aHri. glue — xJei). ['TTF0OHBI — 3TO KBAaHThI CUJILHOTO B3aWMO-
nevicteusi. OHU UMEIOT CUH, paBHBIN 1 (T. €. ABIsAIOTCS O030HaAMU), 00JIa-
JAI0T [IBETOM M aHTULIBETOM (110 aHAJIOTMHM C KBAHTOBOW 3JEKTPOJMHAMU-
KOM Teopusi B3aMMOJICHCTBUS LIBETHBIX OOBEKTOB HA3BIBACTCS KBAHMOBOU
xpomoounamuxoi). Becero cymectByeT 8 THUIIOB ITFOOHOB. B3ammoneinct-
BHE MEXK/y KBapKaMHU MPHU MOMOIIHA 0OMEHA TJIF0OHAMU SABJISIETCS CUIIBHBIM.
[TockoNbKY TIFOOHBI HOCST IIBETOBOM 3apsiji, TO CaMU JOJIKHBI UCITyCKaTh U
MOTJIONIATh III0OHBL. [103TOMY C yBelMueHHUEeM pacCTOSIHUS B3aUMOJIEHCT-
BUE MEXIY KBapkaMu M TJIIOOHAMHU BO3PACTaeT, YaCTHIIbl OKAa3bIBAIOTCS
«3anepThIMU» BHYTPU OECIIBETHBIX aJIPOHOB U HE MOTYT IMOSIBUTHCS B CBO-
00HOM cocTOosiHUU. Takoe MOJoKEeHHE Ha3bIBAIOT «KOH(PAWHMEHT», YTO B
NEPEeBOJIE C AHTJIMICKOTO O3HAYaeT «IUICHEHHE, TIOPEMHOE 3aKIIIOUECHUEY.
Ecnu kBapk momyyaeT 3HEpruio B pe3yJibTaTe CTOJKHOBEHHS C JJIEKTPO-
HOM, TO OH HE BBUJIETACT W3 aJpoOHa, a TPATUT €e Ha 0Opa3oBaHHE Map
KBapK-aHTHKBApK, T. €. Ha 00pa30BaHNe HOBBIX aIPOHOB.

OCHOBHOW NMPUYMHOM, TTO KOTOPOM KBapKu HE HAOIIOJAIOTCA B CBO-
OO0JTHOM COCTOSIHUH, SIBJIsieTCsl uX Oonbiire macchl. [loaTomy nmaxe Ha ca-
MBIX MOUIHBIX COBPEMEHHBIX YCKOPHUTENISIX HEBO3MOXKHO MOJYYHUTh J0CTa-
TOYHOT'O KOJIMYECTBA SHEPTHH, HEOOXOIUMOTO JUIsl pa3/iesieHHus KBapKOB.
CymiecTByIOT THIOTE3bl, COTJIACHO KOTOPBIM SHEPTHsl B3aMMOJEHCTBUS
MeXIy KBapkaMu He ociabeBaeT ¢ pacCTOsSIHUEM, a HA000pOT, BO3pACTaeT,
U TOT/Ia JJI OTIEJICHUSI UX JAPYT OT Apyra norpedyercss 6€CKOHEYHO OOJIb-
11asi SHEPrusl.
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boJb0i B3pbIB

O‘ICHB HpHMeaneHLHO, YTO €CTh BO3MOXK-
HOCTh CKa3aTh, HAa 4To OblIa moxoxka Bce-
JICHHAsI B KOHIIC TIEPBOM CEKYHJIbI WIJIH TIep-
BOW MUHYTBI WJIM TIEPBOTO TOJIA. ..

C. Bauinbepe

9.1. DBomonuonupywmas Beesennas

Cranuonapnas BcesienHasi. CTpemMiieHUE TOHATh OKPYKAIOUIUMNA HAC
mup ObUT0 Beeraa. HaGmronas 3a 3Be3mamu, B yactHoCcTH 32 CoJHIIEM, yue-
HBIC€ ¥ MBICITUTENH JIPEBHOCTH BUJEITH HEM3MEHHOCTh HEOECHBIX CBETHII.
Eme y Apucrorens B ero counnennn «O HeOe» ckazaHo: «B nmpogomxenue
BCETO MPOLIEALIETO BPEMEHH, COIVIACHO JIETOIMUCSAM, 3aBELIAEMbIM ITOTOM-
KaM OT MOKOJIEHHUS K ITOKOJICHUIO, Mbl HE HAXOJUM CJIE1a U3MEHEHUN HU BO
BCEM YJAJICHHOM HeOe B I€JIOM, HU B OJHOW M3 MOAXOJSIIUX 4YacTeil He-
Oa».

B Gonee no3nHue BpeMeHa, aCTpOHOMBI, BOOPY>KEHHBIE TEJIECKOIIaMH,
CMOTJTIM OOHAPYXKUTh JIMIIbL HU3MEHEHHE OJieCKa OTIENTbHBIX MEPEMEHHBIX
3Be31. KocMuueckoe mpocTpaHCTBO, B LIEJIOM, OCTAaBAIIOCh HEU3MEHHBIM.
[ToaTomy uzes crarmonapHoi Beenennoit 6p1a cama co0oi pazymeroniei-
cs. DTO cerlyac U3BECTHO, YTO HEU3MEHHOCTb 3BE3/IHBIX CKOILJICHUM, rajak-
TUK U APYTUX aCTPOHOMHYECKUX TE€JI M CUCTEM TOJBKO KaXKyllascs — 4Ye-
JIOBEK HAOJI0/IaeT WX CIUIIKOM MaJioe BpeMsi, HO €Ille B HavaJie MPOILIOTO
CTOJIETHS MBICIIL 00 3BOJIONMH BceaeHHo# Oblla HACTOJNILKO HEJCIIOH, UTO
JaXKe KpyMHHbIE y4YeHble HE Jomyckanu ee. Tak, Hanmpumep, A. DUHIITEWH
MOCJIe CO3/IaHMs O0IIel TEOPUU OTHOCUTEIBHOCTH CTajl BBIACHSTH, UMEET
mu cuctema ypasHeHul OTO cranmonapusie pemenusi. Korna sxe BbIICHU-
JIOCh, YTO TAKUX PEIICHHN HET, OH MOMbITAJICA U3MEHUTh Teoputo. Takas
HEJIOBEPUYMBOCTh K COOCTBEHHBIM YPaBHEHHSIM Oblja CBA3aHA C OTCYTCTBH-
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€M HaOIIoAaTeNIbHbIX JaHHBIX O JIBH)KEHHH T'aJIAKTHK, KOTOPbIE O] JEHCT-
BUEM CUJI TSATOTEHUS JOJHKHBI ObLIIM COMMKATHCS, U 3aKOH TATOTEHUS yKa-
3bIBJI ObI HA HECTAIIMOHAPHOCTH BeeneHHoil.

W es HeM3MEHHOCTH MUpa HACTOJIBKO 3aXBaTWia DUHIITENHA, YTO OH
BBEJI CHJIbI OTTAJIKMBAaHMS, HE 3aBHUCSIIME OT BEIIECTBA M YPaBHOBEIIH-
BAIOILIME CUJIbl TPABUTALMOHHOTO MPUTSKEHHUA. Y CKOpPEHHE, coodIaeMoe
CUJION OTTAJIKUBAHMSA, 3ABUCUT TOJBKO OT PACCTOSHUS MEXAY B3aMMOJIEH-
CTBYIOILIMMU TEJIAMH M HE 3aBUCHUT OT UX Macc. CornacHo DWHIITENHY, 3TO
OpsiMO MPOMNOpPUUOHANIbHAS 3aBUCUMOCTh. KoadduuueHt 3toil mpomop-
LMOHAJIbHOCTU HA3bIBAETCSA KOCMOI02UYECKOU NOCMOAHHOU.

Takoe HOBOBBeJIEHUE MTOKA3AJIOCh UCKYCCTBEHHBIM U BbI3BAJIO OypHbIE
cropbl Mexay (usukamu-reopeTukamu. JleicTBUTENBbHO, YTOOBI YpaBHO-
BECUTh CWJIbI TATOTEHUS] U OTTAJIKUBAHMS, KOCMOJIOTMYECKAs MOCTOSHHAS
nojkHa ObITh Mana. IlpuBenem nBa mpumepa. Ilpu cBoOOnHOM mNajeHUU
TeJa Ha TOBEPXHOCTh 3€MJIM YCKOPEHHUE, COOOUIAEMOE CHUIaMHU OTTaJIKMBa-
aust, B 107 pas MeHbIue yckopeHus cBo6oaHOro nageHus. Crna IpUTsIKe-
aust ConHiga cooburaer 3emie yekoperne 0,5 cM/c’, a YCKOPEHHE CHIIbI OT-
TaJKMBaHUA Mexay Humu B 10°° pa3 menbme. Takum 06pa3oM, eclId OT-
TaJKUBAaHUE U CYILLECTBYET, TO OHO HUKAK HE BIIMSECT HA JBUKECHHE KOCMHU-
YECKUX T€J U MOXKET ObITh OOHAPYKEHO TOJBKO MPHU HUCCIAEIOBAHUU JIBU-
JKEHHMH JTAJICKUX TaJlaKTHK.

OtkpebiTHe 3BOIONUN Bceenennoi. [Iponuio HECKOJIBKO JIET MOCiE
pabotel A. DifHiureliHa. B koHue utons 1922 roga B pegakuo HEMEIKOTO
«DU3nUeCcKOro XKypHana» NOCTYNHIA CTaThs 3aMEYATEIBHOTO COBETCKOIO
¢usuka A. A. @puamana, B KOTOPOW JOKa3bIBajJacCh HECTALMOHAPHOCTh
Bcenennoii. DUHIITENH OcYUTal 3Ty padoTy OIMIMOOYHOM, U €IlIe B cepe-
JIMHE CEHTSAOPS TOro e rojia )KypHasl Hareyaral ero KpaTkyr 3aMeTky. B
HEel y4yeHbI numeT 00 omuoke, JOMYIEHHON YYeHbIM, IPU UCIIPaBICHUU
KOTOPOM TMHAMUYECKHE PEIICHUS CTAHOBATCS CTAllMOHAPHBIMH.

®puamaH, y3HaB O MHEHMM ODWHIITEHHA M3 NMUCbMa CBOETO KOJUJIETH
FO. KpyTkoBa, HanpaBJisieT eMy MocjlaHue, B KOTOPOM 0oJjiee MoApOOHO u3-
jaraer CyTh CBOUX HccieaoBaHuil. [TuceMo Ob110 MOMy4eHO DUHIITEHHOM,
OJIHAKO OH JIMOO HE Mpoues ero, Ju00 He 00paTHil Ha HEro BHUMAaHUs, 0y-
Jy4H CIIMILIKOM YBEPEHHBIM B CBOEH IPABOTE.

B mae cnenyroniero, 1923, rona Bce ToT xe FO. KpyTkoB BcTpeTuics ¢
A. DuiHiTeiiHoM B JleiieHe U B HECKOIBKHUX Oecefax JAoKaszall CIipaBe/jiu-
BOCTh pemreHnii @puamana. Cpa3zy mocie 3Toro DUHIITENH HAIpaBuil 3a-
METKY B «DU3MYECKUN KypHAID», IJIe MPU3HAET CBOIO OIIMOKY, a padboTy
dpuaMana cUYUTaeT NPABUIILHOM.

Kakne xe pemenus nonyunn A. A. @puaman, 4To OHU CHENAIHU TIe-
pernonox B HaydyHOM Mupe? Bcero ux TpH, peanusanus TOrO0 WIW WHOTO
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Cilyyasi 3aBUCHUT OT OTHOILIEHHUS CPEeJHEN MJIOTHOCTH BellecTBa Bo Beenen-
HOM K TaK Ha3bIBAEMON KPUTHYECKOW IJIOTHOCTH, KOTOpas paBHa 10 aro-
MaM BOJOpO/ia B CPEHEM Ha OJJMH KyOMUECKUN METP.

Wrak, ecnu cpeassisi TUIOTHOCTh BEIECTBA MEHbBINE KPUTUYECKOM, TO
Bcenennas Oyner HeorpaHuueHHO pacuupsatees (puc. 9.1, a). Takyo mo-
JIeJib Ha3bIBAIOT omKpbimoii. Ecii BCHOMHUTB S3bIK, HA KOTOPOM OIHCHIBA-
€TCsl MPOCTPAHCTBO-BpeMs (CeMU-
Hap 6), TO reOMETpUs IPOCTPAHCT-
Ba MOJ00HAa T€OMETPUM HA CEII0-
0o0pa3HOil TMOBEPXHOCTH, HMEIO-
e OTPULIATENbHYI0 KpPUBH3HY.
IIpocTpaHncTBO MpOCTUpPAETCA BO
BCE CTOPOHBI, HE 3aMBIKasCh, U
: » HUMeeT OECKOHEUHBIN 00BEM.

t Ecnu cpenquss mIoTHOCTh Ma-

Puc. 9.1. 3aBucumocts MacmTabHoro hak- TEPHU BO BCEJICHHOW W KpUTHYE-

TOpa OT BPEMEHH: a — OTKpbITas BceneH- CKas IUIOTHOCTH PaBHBI, TO pac-

Hasd, 60— IJI0CKad, 6 — 3aMKHYyTad IJJI/IpeHI/Ie BCGHCHHOﬁ B 6y)1ymeM

IpeKpaTuThCs. B Takom cocTos-

HUU OHA MPOCYLIECTBYET OECKOHEYHO noiaroe Bpems (puc. 9.1, 6). 'eomer-

pus MPOCTpaHCTBA OyJET €BKINI0BOM, T. €. IIockoil. OHO mpocTUpaeTcs B
pa3HbIe CTOPOHBI 10 OECKOHEUHOCTH U 00bEM €ro OECKOHEUEH.

Hakonen, ecnu cpeHsis MIIOTHOCTh BElIECTBAa OO0JbIle KPUTUYECKOMH,
TO B Oyayuiem paciiupenue BeenenHolt cMenuTcs cxxatueM (puc. 9.1, g).
[TpoctpancTBO OyAeT chepuueckuM U OECKOHEUHBIM, HO OOBEM €ro KOHe-
yeH. Takasg mozaens BeeneHHoN Ha3bIBAETCA 3aKpPbIMO.

N3-3a mpoOsem, CBSI3aHHBIX C ONPEEICHUEM CPEAHEN MIIOTHOCTH Ma-
TE€pPHUH, 10 CUX MOP HE U3BECTHO TOYHO, MO KaKOMY CLIEHapui0 OyAeT 3BO-
JTIOIMOHUPOBATH HaIll MUP. B HacTosee ke BpeMsi Mbl HAXOIUMCS Ha CTa-
JIMH PACIIUPEHHS.

IToarBepkaeHreM pacimiupeHuss BCelleHHOM CTalo OTKpBITUE aMepu-
KaHCKUM acTpoHOMOM J. Xab0J0M CBOEro 3HAMEHHUTOI'O 3aKOHA, KOTOPbIN
[JIACUT, YTO JAJNEKUE TAJAKTHKU YAAJSAIOTCS OT HAC CO CKOPOCTBIO, MPO-
NOPLUHUOHATBHOM PACCTOSIHUIO 0 HUX.

Ero ycranoBieHue npou3onuio B Asa 3tana. CHayana IpyruM amepu-
KaHCKuM actpoHomoMm B. Crnaiidepom ObLIO yCTaHOBJIEHO, YTO OOJIBIIUH-
CTBO TJIAKTUK YJIAISETCS CO CKOPOCTBIO OKOJIO JBYX ThICSIY KUJIOMETPOB B
cexkyHAy. JIunb HECKONBbKO TalakTUK NpuOImxkanuch K HaM. OJHAKo, Kak
BBISICHUJIOCH MMO3ke, 3T0 COJIHIIE JBUXKETCS K HUM CO CKOPOCTBIO OKOJIO
250 KUJIOMETPOB B CEKYHY.

VYnansercs uau npuONMKaeTcs K HaM TrajakTUKa OMpENeNsieTcs 10
CMEUICHUIO JIMHUWA U31y4eHUH B uX cnekrpax. Eciu ranaktuka npubianxa-

R(7) ¢
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eTCsl, TO JIMHUM CABUTAIOTCS B (DUOJIETOBYIO CTOPOHY, €CIIU YAAJIsSeTCcs] — B
KpacHy0. JTO sIBJIEHUE HOCUT Ha3BaHue aghgpexma /[onnepa.

B 1923 roay 3. Xa60a oTkpbul nepByto nedeny B TYMAaHHOCTH AH-
apomensl M31. Uepe3 rog oH oTkpeul yxke Oosnee necartu nedeun. [lo ux
CBETUMOCTH OH OIpPEAENIUI PACCTOSTHUE 10 HUX U JI0 TAJIAKTHK, B KOTOPBIX
OHU Haxozxdarcs. lIpu cpaBHEHHM pacCTOSTHUM R U CKOPOCTEH V TAIAKTUK
Xab61 00HaApPY KU 3aKOHOMEPHOCTh MEX1y HUMMU:

v=HR, 9.1)

rae H — mnocrosiHHas Xa00sa. B 3HaUeHUM MOCTOSIHHOM CYIIECTBYET He-
ONPEICICHHOCTh, CBSI3aHHAS C HETOUYHOCTHIO BHIYMCIICHHBIX PACCTOSIHUM 10
raakTuk. Cam actpoHom moiyuui orneHky H = 530 km/(Mnk-c) (Mnok —
MHILTHOH mapcek = 3,086-10*' m). B mpocTeifineii KOCMOIOTHYECKOH MOe-
mu Opunmana 3Hauenue H ! pPaBHO BPEMEHU CyLIECTBOBaHUS BceneHHO,
T. €. I0Jy4aeM OKOJIO 2 MIIPJI JIET, a BO3pacT 3eMJIM OLIEHUBAETCA B 4 MIIpa
net. K HacTosimemy BpeMEHH, MOCJie MHOTOKPATHBIX YTOUHEHUI paccTos-
HUW JI0 TaJaKTUK, 3HaueHue H ynano nouytu B 10 pa3, U ¢ yBEpEHHOCTHIO
MOXXHO CKa3aTh, YTO MCTHHHOE 3HAY€HWE MOCTOSHHON XalOma Bpsa mu
BbIXOaUT U3 uHTepBasia 50 — 100 km/(Mnk-c¢). st Takoro 3HaueHUsl 10-
cTossHHOM Xab0sa BpeMs cyliecTBoBaHus BceiaeHHON paBHO 10" ner, uro
XOpOULIO COTJIaCYEeTCsA C OLEHKaMHU, MOJIYYEHHBIMU MO JAHHBIM paguoak-
THBHOTO pacnaja U30TOIOB ypaHa U TEOPHUH 3BOJIFOLUHU 3BE3I.

Takum 00pa3zom, MOKHO ObLIO ObI TOBOPUTH 00 OKOHYATEIILHOW 1Mo0e-
JIe TEOPUU SBOJIOLMOHUpYoNIE BeenenHoil. OgHako nmpuBEp>KEHIbI CTa-
IMOHAPHOW TEOpUHU HE caaBaiuch. Pa3pabaTeiBasiich Takue monaenu Bce-
JICHHOM, KOTOPBIE COTJIACOBAIUCH C HAOIIOaTEIbHBIMU JIAHHBIMU, HO B KO-
TOpPBIX MUpP ObLI cTaTHueH. [Ipu 3TOM KpacHOEe CMEIIEHUE B CIIEKTPE U3ITY-
YEHHUS JAJCKUX TaaKTUK OOBSCHSUINCH TaK HAa3bIBAEMBbIM «CTAPECHUEM)
KBaHTa W3JLyYEHUS.

9.2. Teopusi pacmupsirouiericss BecesieHHoun

Teopus ropsiuein Beesiennoi. ABTOpoM Teopuu ropsiueid Beenennou
Obu1 yueHuk A.A. @puamana, aMepUKaHCKUNA (PUMK-TEOPETHK PYCCKOTO
npoucxoxaeHuss ['eopruii ['amoB. ['aMOBY C COTpyJIHUKaMHU TaKXe IpHU-
HAJJICKUT TIEepBasi MOCeoBaTelIbHAsl TEOpUsl O00pa30BaHUA XUMHUYECKUX
AJIEMEHTOB HA PAHHUX CTaaUAX pacluupeHus BeeneHHoil.

CormacHo 3ToM Teopuu, Hama BceneHHas Haudana pa3BUBAThCSA W3
CUHTYJISIDHOCTU B pE3yJibTaTe B3pbIBa (IIO3TOMY €€ yallle Ha3bIBalOT TEOPH-
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et bonbiioro B3peiBa). CUHTYISIPHOCTh — MaTeMaTHYECKOEe MOHSATHE, KO-
TOpOE€ B JAHHOM Clly4ae O3Ha4aeT OECKOHEUHO Majblii 00beM ¢ OOJIbIION
MJIOTHOCTHIO.

Teopust bonpmoro B3peiBa, onuparomasica Ha OTO, onuceiBaeT 3BO-
mouo BeelleHHol, HauMHas ¢ IUIAHKOBCKUX Macmitabos: ¢ = 107 ¢, [ =
=107 m.

B nepBsie MruoBenust nociue bonbiioro B3peiBa (npu ¢ < 0,01 ¢) TeM-
nepaTypa GblIa oueHb BbICOKOI — Gomee 10> K, usnyuenue npeobiagano
HaJ| BeniecTBOM. [lociienHee cOCTOMT U3 HEMTPOHOB U MPOTOHOB B PABHBIX
MPOMOPLHUSIX, & TAKXKE BBICOKOIHEPTUYHBIX AJIEKTPOHOB, MO3UTPOHOB, HEM-
TPUHO U AHTUHEUTPUHO. B3auMOIENCTBHS ¢ DTUMU YaCTULAMU 3aCTaBIISIOT
MPOTOHBI U HEUTPOHBI MpeBpalllaThes Apyr B japyra. [lpu oxnaxneHuu, B
nepBbie 10 ¢, YMCII0 IPOTOHOB YBEIUUMIOCH 3a CYET PEAKIUU 11 + e —> p +
v. PaBeHCTBO KOHUEHTpalMii Hapyliaercs, HOTOMY YTO Macca MpPOTOHA
MEHBIIIE MacChl HEUTpOHA U O00Opa30BaHHWE MPOTOHA YHEPTETUUYECKHU Oojee
BbITOIHO. Eciin 661 TemMnepatypa ymMeHbIIanach MeAJICHHEEe, YeM Ha CaMOM
Jiesie, TO 9TU PEAKIUH MPOJI0JDKAIUCH Obl Ha HECKOJIBKO CEKYHJ JOJBIIE, U
YHUCJI0 HEUTPOHOB OBLIIO ObI HUYTOKHBIM.

[Tocne 10 ¢ TemnepaTypa yMEHbIIAETCS 10 MUJUIMApAa rpaaycoB, U
Ha4YMHAeTCsi 00pa30BaHME JACUTEpHs, TPUTHUS, U30TOMIOB TEIIUS He’ u He' u,
B MaJIbIX KOJMYECTBaX, sjep Oepuuivs U JUTHs. PaHbIe ClOkKHBIE aTOM-
HBIC Si7[pa HE MOTJIM CYIIECTBOBAaTh, TAK KaK OHM TYT k€ ObUTH OBl pa30UTHI
OKpY>KarOLMMH YHEPTUUHBIMU YacTUIIaMU. B TO e Bpemsi CHHTE3 3JIEMEH-
TOB OTPAHUYMBAETCS TOJIBKO JIETKMMH 3JIEMEHTAMHU. JJIEMEHTHI TshKelee
renvs oOpa3yroTcs B 3Be3/1aX B Hainy snoxy. CHUHTE3 siiep skese3a u 0omee
TSKEJBIX BELIECTB MPOUCXOAUT BO B3PBIBHBIX Ipolieccax, HAIpHUMEP, BO
BCIIBILIIKaX CBEPXHOBBIX.

Ho BepHemcs k onmcanuio qanpHeimmx coosituid. Yepes 300 ¢ ot Ha-
yajia pacUIMpeHusl TEMIIEpaTypa NajaeT HIKEe MUJLIMapaa rpaaycoB, U BCE
AJIepHbIE TIPEBpAllCHUsl 3aKaHuMBalOTCs. BeeneHnas 3amnojiHeHa ropsiaeit u
MTOJIHOCTBEO HOHU30BAaHHOU IUIA3MOW, HETPO3PAYHOU T U3ITYYEHHUS.

[Tocaenyromue 300 THICSAY JIET HUYEM HE IpHMeEYaTeIbHBI — (erep-
BEPK, MTOCBAIICHHBIN POXKJICHUIO Halllel BCcelneHHoM, 3aKOHYMIICS, U HACTY-
MWI JUTATEIbHBIN TIEpHOJ CIOKOMCTBUS. K 3TOMy BpeMEHM BEIIECTBO B
MacCOBOM COOTHOIIIEHUU COCTOUT U3 Bogopoaa — 0,9 u renus — 0,09, oc-
TaJIbHOE MPUXOAMUTCS Ha 00Jiee TSDKEINbIE DJIEMEHTHl. DTO U €CTh XMMHYe-
ckuii coctaB BeeneHnHoi k Hadamy popMUpOBaHUS 3BE3]] U TaJaKTHK.

[To ucreuennu nepuoza 3atullibsi Temneparypa maaaetr a0 4000 rpa-
nycoB. MoHM30BaHHas 1a3Ma IMOCTENECHHO MPEBPALIACTCsl B HEUTPaAJIbHbBIN
ra3, KOTOpPbIA COBEPIIEHHO Mpo3payeH il u3nyudeHus. M3-3a mponon-
YKAIOIIEroCs PaCHIMPEHHs BEIIECTBO CTAHOBUTCS BCE Oojiee pa3pe’KeHHBIM
U Bce Oonee xonoAaHbIM. HacTymaer 3Be3naHast spa — spa (popmMupoBaHus
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rajakTHK, 3BE3[, IUIaHET.

[Ipouiecc oOpazoBaHusi CTPYKTYp MPOUCXOAUT Ojarojapsi rpaBUTaLIU-
OHHOW HeycToNuMBOCTU. B OJIHOpOJHOM BellecTBE Ciy4allHBIM 00pa3zom
NOSIBJSUINCH MAJIEHbKME HAYAJIbHBIE YIUIOTHEHUS, KOTOPBIE MOIJIM KakK pac-
NajgaTbCs, TAK W Pa3pacTarbCsl, CTATMBAs BEIIECTBO CBOMM TATOTEHHUEM.
OTH CTyCTKH BEILIECTBA BBIPACTAIM B OTPOMHBIE KOMKH M JTaBAJIM HA4yajo
rajgaKkTHKaM.

AcCTpOHOMUYECKHE HAONIOACHMS 3a KPYIMHOMACIITaOHBIM pacipese-
JIEHWEM TaJIaKTUK IOKa3bIBAIOT, YTO BceneHHas HeonHOpoaHa. | amakTuku
00pa3yloT CKOIUIEHUS, OKPY>KEHHbIE MMyCTOTaMH — Boiaamu. OHAKO BU-
JUMO€ pacnpeieleHue KOCMUYECKUX 00OBbEKTOB JAlIeKO OT ACHCTBUTENBHO-
ctu. Jleno B ToM, 4TO BeliecTBo Bo BeenenHoit cymecTByeT B hopme 3Be31,
ra3oBbIX OOJAKOB M TEMHOIO BellecTBa, KOTopoe HeBuaumo. [lpupona
TEMHOTO BEILIECTBA [TOKA HE ICHA, HO OHO MOYKET CKPY4YMBATHCS MO ACHCT-
BUEM T'paBUTalMM, 00pa3ys rajiakTuku U ckormieHus. [locrneqnee cymiect-
BEHHO MCKaKaeT HAIlIX MTPEACTABIICHUS O PACTIPEIECIICHUN BEILIECTBA.

Teopuss bosnbmoro B3pbiBa AOCTATOYHO XOPOLIO ONMCHIBAJA IBOJIIO-
nuo BceeneHHoM: ee pe3ysbTaThl COTJIACOBAIUCH C HAOIIOJaeMbIMU JIaH-
HbIiMU. HO OB OJIMH CyIIECTBEHHBIH HEJOCTATOK — KPHUBU3HA MPOCTPaH-
CTBa HE COOTBETCTBOBAJA JIEUCTBUTEIBLHOCTU. [IpyrumMu cioBaMu, pacueTsl
B paMKax TeopuH boapmioro B3peiBa JaBajld COBPEMEHHBIE pazMepbl Bee-
JIEHHOM 4yTh OOJIbIlIE pa3MEpPOB anelibcuHa. [ ycTpaHeHust 3Toro Heaoc-
TaTka aMmepukaHckue ¢usuku-teopetuku A. I'yt u II. CeitHxapar BBenu
TaK Ha3bIBaeMY10 UHQISUMOHHYIO CTaJAUIO pa3AyBaHUs. DTa CTaaAusl IITUTCS
nenonro: or 10°° ¢ o 1 ¢ mocne B3peiBa. TONBKO B TH JOTH CEKYHJIbI
uMeeTcsl oTiinure Mojienei. B pasaysatoielicst BeenenHol cHavana Obliia
daza uHpassuMU, Koraa MacTaOHbI (pakTop BeeneHHoi yBenuyuics mo
SKCIOHEHIMANBHOMY 3aKoHy — B 10°° pa3 Gosiblie, YeM Ipe/Irnoaranoch B
Mozenu bosbioro B3peiBa.

Utak, Teopus ropsueit BeenenHol nana HEOOXOAUMBbIE COOTHOLIEHUS
BOJIOPOJIA U TEJIUS B COBPEMEHHON BCENeHHOM U3 SIEPHBIX PEAKIUi, IPO-
VCXOMBIIMX HA paHHEW ropsdyer craauu sBomonuu Beenennoit. OgHako
OKOHYATEJbHBIM JIOKA3aTeJIbCTBOM CHPABEAIMBOCTH TEOPUH JOJIKHO OBLIO
MOCIIY)KUTh OOHApyXEHUE CIIEI0B, OCTABLIMXCS C T€X JABHUX BpemeH. Ta-
KHUM CJIEJIOM fBJIsIeTCsl (POHOBOE U3IyUEHHUE, NMpecKa3aHHOe ['aMOBbIM ele
B 1953 r. Kak roBopuiioch BhIIIE, B IEPBOE BpeMs MOCIE B3pbiBa BO Bcee-
JIEHHOW TOMUHUPOBAJIO U3JTyY€HUE, KOTOPOE B HAIlle BPEeMsl JIOJKHO OBITh
U30TPOIHBIM U OCTBITh 10 TEMIEPATYPHI, OJIU3KON K aOCOJIOTHOMY HYIIIO,
o pacueram 10 10 K.

Cam I'amoB He Hajzessics 0OHAPYKUTH 3TO (HPOHOBOE WIIH, KaK €ro emie
Ha3bIBAIOT, PEJIMKTOBOE M3JIyYEHUE B MOTOKE PAJUOU3IYUYECHUS TAIAKTUK U
Mexk3Be3aHoro raza. Ho BecHol 1964 rona ameprukaHckue paaguouHKEHEPHI
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ApHo Ilen3uac u Pobept BunbcoH, HacTpauBasi pynopHYIO aHTEHHY pa-
JMOTENIECKOIa HA M3JyYEeHHUE 3BE3[THOTO BEUIECTBA HAIlleW TaJaKTUKU, HE
CMOIIM M30aBUTHCI OT IMOMEX Ha JUIMHE BOJIHEI 7,35 cM. BBII10 HECKOIBKO
YAUBUTENBHO, YTO Ky/1a Obl aHTEHHA HY ObLIa HAMpaBJieHa, OHA MPUHUMAJIA
U3ITy4YeHHE OJMHAKOBOM MHTEHCUBHOCTHU. CIIyCTS IO/l BBISICHUIIOCH, YTO 3TO
obu10 (oHOBOE M3MyueHue. [IpaBna, oHo umeno temmnepatypy 2,7 K u no
CBOEH IUIOTHOCTH 3HAYMUTEIBbHO MPEBOCXOJAMUIIO M3Iy4deHHe 3Be3a (Ooiee
yeM B 30 pa3), a koHueHTpauus (OTOHOB ObLIa OOJbIINE, YEM KOH-
HEHTpalusi OOBIYHOTO BEIECTBA.

HabGmntogaemoe 3HaueHHE TeMIIEpaTypbl PETUKTOBOIO U3IIYYEHHUS OT-
JMYANIOCh OT MPEACKa3aHHOro, INIaBHBIM 00pa3oM Hu3-3a TOro, 4yto B 50-e
roJibl Bo3pacT Beenennoil cunranu paBHbIM 2 MIIpA JIEeT (Tak Kak ajs H uc-
M0JI30BAJIOCH 3aBBIIEHHOE 3HaueHue). Ecnu yuntsiBaTh Bo3pact Beenen-
HOU B 13 Mipa JieT, TO 3HaUYE€HUE TeMmeparypbl OyAeT HaXOJUThCS B WH-
tepBaie 4,5+7 K, a ecnu ydecTh B pacyeTax €uie MIOTHOCTh PEISATUBUCT-
CKHMX 4acCTHL, TO HHTepBal Temneparyp cysurcs no 1,7+5 K. Koneuno, He
CTOUT 3a0bIBaTh U O HEONPENEIEHHOM 3HAYEHUU TUIOTHOCTH BEIECTBA B
COBPEMEHHYIO 3I10XY.

[Ipenckazanue, oOHapyKeHUE UM MHTEPIpPETAlUsl PEIUKTOBOTO H3IY-
YEHUs MO3BOJIUIO OKOHYATEIBHO YTBEPIUTHCS TEOpUU BOJbIIOTro B3phIBa
KaK JOMMHUPYIOLIEN B ONMCAHUU 3BOIIOLUMY BeeneHHOM.

bynyumee Beeaennoii. [Toctpoenne moaenen TalbHEUIIETO pa3BUTHUSA
BceeneHHOM TPUHUMNUAAIBHO OTJIMYAECTCA OT HMCCIEAOBAHUSA IPOILIOTO.
[Iponuibie COOBITHS OCTaBUIIU CJIE/bI, KOTOPbIE Mbl MOXKEM HaOII0JaTh U C
MOMOIIIBI0 KOTOPBIX CYJIUTh O MPAaBWIHLHOCTH Haux Teopuil. Moaens 0y-
JyIIEr0 — 3TO BCErAa IKCTPANOJISILNS, TPOBEPUTH HALIU CYXKJICHUS MOKHO
OyJeT MuIlb Yepe3 MHOXKECTBO JieT. Ho, TeM He MeHee, HaKOIJICHHbIE 3Ha-
HUS B 00JJACTU KOCMOJIOTUU M (PU3UKHU MO3BOJSIOT JOCTATOYHO YBEPEHHO
npeacKa3aTh JajdbHEUINe COOBITHS.

bynymee Becenennoit B nepByto ouepeib 3aBUCUT OT TOTO, OyIET Jin
OHA BEYHO PACIIMPSATCA, WIN PACIIMPEHUE OCTAHOBUTCSA HA KAaKOW-TO CTa-
JIMH, WIN PACIIUPEHUE CMEHUTCS CKaThueM. PaccMoTpum CHadasia nepBbIid
ClIy4dail, KOrja OHa HEOTrPAaHUYECHHO PaCIIUPACTCA. IJTO O3HAYAET, YTO
IJIOTHOCTh BEIIECTBA MEHBIIE KPUTUUECKOM.

Hama 3Be3nHas 3pa npoamTes eme nopsjaka 10" ner. D10 B 10 THI-
csu pa3 Oosbllle, YeM BpeMs, Mpolle/iee ¢ MOMeHTa bosbioro B3pbiBa.
[To 3aBepiieHun 3TOTO MEpUoOaa Bce 3Be31bpl BO Beenennon noracHyT. Ha-
npumMep, Hanie COJIHIE MTOTaCHET Yepe3 HECKOJIbKO MUJIJIMAPJIOB JIET, Mpe-
BPaTUBLIUCH B O€JbII KapiuK. 3Be3/bl C O0JbIIEH MacCO IPOKUBYT U TO-
ro MEHbIIIE, CTaB B KOHIIE TUOO HEUTPOHHOM 3BE3/101, JIMOO YEPHOU ABIPOIA.
3B€3/bl C MACCOM MEHBIIE COJHEUHON MPOKUBYT MOAOJIbIIIE, HO U OHU TIpe-

84



PEBPATITCS B HOTYXIIHUX KapJIUKOB.

KoneuHo, B Haille BpeMs MOCTOSIHHO BO3HUKAIOT HOBBIE€ 3BE3]IbI, HO
HACTaHET BpeMsl, KOrJa 3amachl A€pHOM SHEPTUU 3aKOHYATCSA U 3TOT MpO-
LIECC 3aBEPUINTCS, @ HOBBIE 3BE3/Ibl IPEBPATATCS B XOJOIHbIE TEIA.

Yro Kacaercsi rajlakTHK, TO OHHM, B KOHEYHOM CYETE, NMPEBpaTATCSA B
TUTAHTCKUE YEpPHBIE IbIPbl. DTOT MPOLECC 3aKitouaercs B cneayromem. Kak
MOKAa3bIBAIOT aCTPOHOMUYECKHUE HAOJIIOJICHUSI, B LIEHTPax 3BE3/IHBIX CHUC-
TeM, MO0 BCEl BUIMMOCTH, HaXOAATCs 4YepHble NbIpbl. LleHTpanbHas yacTh
TaKOW CHUCTEMbI OYyJIE€T MOCTENEHHO CKUMAThCS K LUEHTPY TATOTEHHS, Mpe-
BpallasiCh B Majoe CKOIUIEHHE. 3BE3[bl, poJjieTasi BOJU3U YEPHOH JbIpHI,
OyayT pa3pyliatbCs NPWIMBHBIMU cuiamMu. Kpome TOro, BO3MOXHBI
CTOJIKHOBEHHS 3B€3]1 APYT ¢ ApyroM. B pesynbrare yero oHu npeBpatsTcs
B MEXraJaKTUYECKYIO IbUIb, OCHOBHASI YaCTb KOTOPOH «OCSAET» Ha LEH-
TpaJIbHOW YEPHOU ABIPE, YBEIUYUBAs €€ MACCy.

Iporecc paspylieHHs] TalakTHK 3aBepIIATCs puMepHO uepe3 10"
JIET.

Janbheiias cynpba BcenenHoil OyaeT onpenensiTbCs KBaHTOBBIMU
poLecCaMy, TOYHEE PACIaioM MPOTOHOB. Jlesio B TOM, YTO MPOTOH XOTS U
JI0JITO JKUBYILAs, HO BCE e HecTabuiibHasg yacTtula. PacueTsl moka3bIBaioT,
aro pa3 B 10> et oH pacmazaercs Ha HO3HTPOH, HEHTPHHO, OAHY WM He-
CKOJIBKO 3JIEKTPOHHO-TIO3UTPOHHBIX nap u gotoH. IIpouecce pacnanga Oy-
OyT NOJAEPKUBATh TEMIEPATYPY MOracliMX 3B€3]l U YMEPIIMX IUJIaHET Ha
YPOBHE HEMHOTO OTIMYHOM OT abcomotroro Hyis. Tak, HanpuMep, 3a 10"
JeT Oenble KapJIMKU OCTBIHYT 110 TeMrepaTypbl 5 K u coxpaHsT 310 3Haue-
HUE TEMIIEPATYpPhI 10 MOJHOTO paclajia BelecTBa BHYTpH ux. HelTpoHHbie
3Be3/1bI OCTHIHYT 10 100 K 3a Gonee monruii cpok — 10" mer, mocie wero
TeMIiepaTypa OyJeT NoAEPKUBATHCS A0 MOJHOIO pacnajia BellecTBa.

Urak, gepes 10> et 0T 3B€3/1 M IUIAHET OCTAHYTCS TONBKO (POTOHBI 1
HEUTPUHO (AJIEKTPOHHO-TIO3UTPOHHBIE Mapbl, 00pa3yoUIMecs IPU pacajie
IPOTOHOB, AHHUTUIIUPYIOT, 00pa3yst POTOHBI).

Yro Kkacaercs MEXKIraJlaKTU4EeCKOrO BEIIECTBA, PACCESIHHOIO B BHJIE
MBUIM, TO OHO TaKXKE PacCHaeTcsl CIyCTs 10 ner. OIIHaKO DTO BEIIECTBO
OYEHb CHJIBHO pPa3peKeHHO. DTO MPUBOJUT K TOMY, YTO 3JIEKTPOHHO-
MO3UTPOHHBIE Maphl, 00pa3yrOIIMecs MPHU pacnajie NPOTOHA, aHHUTHUIUPO-
BaTh HE OYIIyT, T. K. BEPOSITHOCTh BCTPEUM YaCTULl HUYTOXKHA.

B pesynbrare nepedmrcieHHbIX IPOLECCOB BO BceelleHHON ocTaHyTCs
(OTOHBI, HEUTPUHO, pa3peKEHHAs JEKTPOHHO-TIO3UTPOHHAS MEKTaTaKTH-
yeckas mia3ma U 4yepHble JIbIpbl. OCHOBHAs Macca cOCpeAOTOUUTCS B (o-
TOHaX U HEUTPUHO.

N3-3a mpooiKarolmerocss pacliupeHusl IUJIOTHOCTH HU3JIYYEHHS U
MIa3Mbl CTPEMHTEIBHO YMEHBIIATCSA, U KO BpeMenu 10> jer mioTHocTh
MaTepuu OyAeT ONpelesThCs BEUECTBOM YEPHBIX AbIp U HeWTpuHO. Cre-
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OYIOIIMMH B OYEPENU HA PAa3pyLICHUE OKAKYTCA 4epHbIe AbIphl. [Ipomecc
3TOT KpailHe memieHHbI (Oonee moapoOHO cMm. cemuHap 10) — uepHas
JbIpa ¢ Maccoi, paBHOM 10 COJIHEUHBIM, UCIIAPUTCS IPUMEPHO 32 10% rer,
a ¢ Maccoil B MIIIHApA pa3 Goibme — 3a 10°° mer. [TocTenento Bee dep-
HBIE€ JIBIPBI NIpeBpaTATCs B u3iayyeHue. OHo OyaeT Kakoe-TO BpeMsi Impeood-
nanath BO Beenennon. Ho mOCKOIIBKY € pacIMpeHUEM IIIIOTHOCTh U3I1y4e-
HUSl YMEHBIIAETCs OBICTPEE MIIOTHOCTH 3JIEKTPOHHO-TO3UTPOHHOM IJIa3MBl,
TO TOCJEAHSSI B UTOTE€ CTAHET JOMHUHUPYIOWIEH. DTO MPOU30MIET Yepes
10" ner. K 3ToMy BpeMEeHH OCTaHYTCS TOJBKO BJIEKTPOHBI M MO3UTPOHBI,
IJIOTHOCTh KOTOPBIX OyJeT paBHa OJHOI yacTuie Ha oObeMm, B 10" pa3
OobIIMiA, yeM 00beM BeenenHoil, BUAMMON B HACTOSIIIIEE BPEMS.

Tenepp paccMOTpuUM cilydail, KOTJa paclIMPEHUE CMEHUTCS CKATUEM,
KOTOPBIM, 1O BCeW BUAMMOCTH, Oojiee BeposiTeH. [[eo B TOM, 4TO Macca
MOKOs HEUTpuHO XOoTh U Mana (mpumepHo 0,00005 macchl AIeKTpoHa), HO
MX HACTOJIbKO MHOTO BO BCENEHHOM, YTO X CyMMapHasi Macca B pe3yJibTa-
T€ OKAXKETCA OrpOoMHOM. Toraa TAroreHrue HEMTPUHO 3aCTAaBUT BcesleHHyro
CKaTbCA. ITO MOXKET HACTYIIUTh PAHBLIE, YEM ITOracHYT 3BE31bl. B pe3yib-
TaTe BEIECTBO CHOBA CTAHET CBEPXIUIOTHBIM M TOPSYHMM, YTO IMPHUBEAET K
OypHbIM (PU3MYECKUM TIpoIleccaM, AHAJIOTHYHBIM MPOIECCaM, KOTOpbIC
MPOUCXOJUIIM B HAYajie 3BOJIOUMU BeeneHHou. [lanbie noBTopstoTes yxe
3HAKOMBIE HaM MPOLECCHI.

9.3. AuibTepHaTUBHBbIE MOeu BeenenHomn

Hecmorpss Ha TO, 4TO Mozenb ropsyer Beemennou, uinu boabmioro
B3pbIBa, B OOIIMUX uepTax OOBICHSAET JOBOJBHO MHOTHE HaOJII0/1aeMble
JAHHBIE, HEKOTOPBbIE YUYEHbIE IIOJABEPralOT COMHEHUSM €€ OCHOBHBIE
NOJIOKEHMS. BplaBuramucb W Apyrue THUINOTE3bl  IPOUCXOXKIACHUS
Bceenennoit. O0 ofHOM M3 HHUX MBI yXK€ MHCAIM — 3TO CTallMOHApHAs
mozenb. Kpome Hee Hambonee mnpuUMedaTeNbHbBIMU OBLIM THIOTE3a
xoJiogHoM Bceenennoit u monens mBeAckoro ¢usumka XaHHeca AJbBEHA,
KOTOpasi 00XxoauTcsi 6€3 B3phIBHOT'O Hayaa.

CnepBa paccMOTpuUM MOJEnb X0yuogHOM Bcenennon. OHa poaunacek
emie B 30-e roapl XX Beka, Korja sijiepHast pu3nKa HaXoJIujach B 3a4aTou-
HOM COCTOSIHMM, U HEe ObUIO TEOpUH, KOTOpas MO3BOJIMJIA Obl paccUUTaTh
SJIEPHBIE PEAKIINH.

CyTph Teopuu cocTouT B caeayrouieM. [leppuunoe BemecTBo BeeneH-
HOM COCTOSUIO M3 XOJIOJHBIX HEHUTPOHOB, KOTOpBIE SIBIISIOTCS HECTAOWIIb-
HBIMH 4YacTUllaMH. BpeMsi pacnaga HEWTpOHA PaBHO MPUMEPHO 15 MuHy-
taM. B pe3ynbrare pacnaga o0pa3zyroTcst IpOTOH, JJIEKTPOH U AaHTUHEUTPU-
HO. B xone pacmupenust BeeneHHoi npoToHbI, 00pa30oBaBIIKECs TIPU pac-
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najge HEUTPOHA, COCIHMHSUINCh C OCTABLUIMMUCS HEWTPOHAMH, JaBas sapa
aTOMOB JEUTEpHS. 3aTEM IEUTEPU COSTUHSIICS C JICUTEPUEM U TaK Jajlee,
10 oOpazoBaHusi anb(a-yacTUllbl — s]ipa aToMa reius. boiee cioxHbie
AJipa MPaKTUYECKU HE MOTJIM 00pa3oBbIBaThCs. CO BpeMEHEM BCE BEILIECTBO
npeBpaTwiioch Obl B renuid. OJIHAaKO, KaK MOKa3bIBAlOT HAOIOACHMS, MOJIO-
JbI€ 3BE3/1bI U1 MEK3BE3HAs MbLIb COCTOAT B OCHOBHOM M3 BOJIOPOJA, a re-
Ui cocTtasisieT 0koJo 30 %.

Bropoe poxaenne moaens xonogHoi Beenennoil momydwmia B pado-
Tax coBeTckoro ¢usuka-reoperuka f. b. 3enpgoBuua B 1962 r. Jleno B
TOM, YTO Yy’K€ CYILECTBOBABIIAs B TO BpeMs Teopus ropsueil Beenennon
JaBaja CIMIIKOM OOJbIIME MJIOTHOCTh U TEMIEPaTypy U3Iy4eHHUs, TPOTHU-
BOPEYMBIIME TAHHBIM PaAUOACTPOHOMHUH. Toraa 3eap10BUY BBIIBUHYJI TH-
MOTE3Y, COrJACHO KOTOPOW NEpPBOHAYAIBHOE BEWIECTBO BcelleHHOU Co-
CTOSIJIO U3 XOJIOAHOTO IMPOTOH-3JIEKTPOHHOIO ra3a ¢ NPUMECHI0 HEUTPHUHO,
IPUYEM Ha KaKJbIi IPOTOH MPUXOJWIIOCH IO OJHOMY JIEKTPOHY U OJHO-
My HEWTpUHO. DTy TUNOTE3y 3eJbJOBUY pa3zpadaTbiBall U OTCTauBaj
BILJIOTh 10 OOHApYXEHUSI PEIMKTOBOrO M3Jy4YEHHMs], CYyLIECTBOBAHUE KOTO-
pOro Teopus X0JI0AHOU BCceneHHON He mpeacKa3bIBaa.

[[IBenckuii yueHslii X. AJIbBEH MPUBIEK BHUMAHHUE K MOJEIHU, KOTO-
past ooxoauTcst 6e3 B3pbIBHOrO Havaja. OHa MOCTYJIUPYET, YTO HE I'PaBU-
Talusl, a SJEKTPOMAarHUTHBIE CWIIBI, IOPOKIAEMbIE TUIA3MOM, ONMPENENSIIOT
CTPYKTYpY BemecTBa BO Beenennoit. CornacHo 3TOl TEOpUH, MEXK3BE3IHOE
IIPOCTPAHCTBO 3AIIOJHEHO JJIMHHBIMU «HUTSAMHU» U IPYTUMHU CTPYKTYpaMH,
COCTOSILIUMU M3 IJIa3Mbl. 3BE€3/Ibl U FaJaKTUKU 00pa30BaHbl TEMU K€ CHUJIa-
MU, KOTOpBI€ BBIHYKJAIOT IJIa3My OOpa3OBbIBATH 3THU (UTYphl. DHEprus,
BBIJIEJISIONIAACS MPU AHHUTWISALMM YacTUIl C AaHTHUYACTUIAMHU, UAET Ha
pacmupenue Beenennon. OqHako OHO MPOUCXOAUT MEJIEHHEE, YEM IpEN-
CKa3pIBaeT 3akoH Xa00ja. PacueTrl moka3pIBalOT, YTO HUTEBUIHBIC IIIa3-
MEHHBIE CTPYKTYPbl MOTYT OBbITh MPUYMHON CYIIECTBOBAHUS PEIUKTOBOTO
U3IIyYEHUSI, KOTOPOE CIY’KHUT IJIaBHBIM JI0KA3aTEJIbCTBOM CIIPABEIJIMBOCTH
mMozaenu bonpmoro B3peiBa. Kpome TOro, aneKTpOMarHuTHBIE CUJIbI BMECTE
C rpaBUTallMEl MOTYT Y4acTBOBaTh B MPEBPAILCHUU IJIa3MEHHBIX 00JIaKOB
B ranaktuku. [Ipu 3ToM mosydaroTcsi Bce GOpMbl TalakKTUK 0€3 JOMOJIHU-
TEIbHBIX MPEANOJIOKEHUN O CYUIECTBOBAHMM TEMHOTO BEIECTBa, 0€3 KO-
TOPOTO HEOOXOATCS IPYTHE MOJIENN SBOJIOINU BCeeHHOM.

Yro kacaeTcsi OTIIMYMSA CKOPOCTH PACUIMPEHUs OT HAOJI01aeMOM, TO €
30-x rogoB XX Beka u3BectHa teopus I1. Jupaka o «cTapeHUn» KBaHTOB:
KBAaHT U3JIyUYEHUs JANEKUX rajJakTUK MoKa J00MpaeTcs 10 HaC KpacHeeT U3-
3a paccesHUs Ha 4YaCTULAX MEK3BE3/HOM IU1a3Mbl. B 1oka3zarenbcTBO 3TOrO
aMEpUKaHCKUI acTpoHOM XMJITOH ApH yTBEPKJIAeT, YTO HaOJ01ad MHO-
AKECTBO 00BEKTOB, KOTOPbIE HE MOJUUHSIIOTCS 3aKOHY Xa00u1a.
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10

YepHbie AbIPHI

W 3Be3ap1 ymMuparoT Bo BeeneHHOM. ..
3Be37a yXOUT CIIOBHO B TITyOb ce0s,

B nocnegnem kpuke

BBIIUIECHYB BCE 4yBCTBA...

YXonut BHYTpb, BO TbMY, B HUUTO,

OCTaBMB 0€3/Hy BPEMEHHU-TIPOCTPAHCTBA,
BOPOHKY MpakKa CpeJid 3B€3/IHOM MbLIH.
['onmonHBII 3€B YK€ NHBIX MUPOB...

Urto JIaHTOB a7 B CpaBHEHBE C 3TUM aJI0M!
BbesmonBHOI1 6e3/1HOM, 3aKII0UEeHHOM B cepy,
r7ie BpeMs IEPEnyTaoCch C IPOCTPAHCTBOM,
Y BCE ITyTH BEAYT K YHUUTOKEHBIO.

N Tonbko uepHbIi BeTep Bo BeeneHHOM.
3acThIBIIUN BETEP,

CMEpY U3 3BE3IHOM IbLIN

CTOMT HA CTpa)ke€ Ha Kpar0 BOPOHKHU...

M. Kamvic

10.1. YT1o 710 TaKoe?

IIpeackasanme. Vctopus npeackasaHus CYLIECTBOBAHUS YEPHBIX
JbIp HAYMHAETCS C TIOHUMAHMS TOTO, YTO CBET MOYKET IPUTATUBATHCS Mac-
CUBHBIMM Tenamu. J1o npennosnaran eume M. Heroron. Ho nepBeiM yue-
HbIM, KOTOPBIA 3aroBOPUJI O BO3MOKHOCTH CYILIECTBOBAaHUS HEBUAMMBIX
3Be3/1 ObUT 3HAMEHUTHIN (hpaHIy3CKuii MatemMaTuk u actpoHom Il. Jlamiac.
B cBoeii knure «3noxxeHue cuctemM mupay, Beimeaumei B 1795 r., o nu-
can: «Cersmas 3Be37a € MJIOTHOCTBIO, PABHOM IUIOTHOCTH 3€MJIM U JIHA-
meTpoM B 250 pa3 Gonbuie auamerpa CoiHIla, HE JAeT HU OJHOMY CBETO-
BOMY JIy4y JOCTHYb HAC U3-3a CBOETO TATOTEHHUS; [I03TOMY BO3MOXKHO, YTO
camble sipkue HeOecHbIe Tesa Bo BeeneHHoM oKa3bIBalOTCs MO ATOW MPUYH-
HE HEBUIMMBIMUY.
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Opnnako npeackasaHHbie JIamracoM 3Be3/1bl HENb3sl CUATATh YEPHBIMU
IbIpaMU B IIOJHOM Mepe. Ha 310 ecth aBe npuunHbl. Bo-nepsbIx, Jamia-
COBCKas 3Be€3/la MPOCTO HE M3JIy4yaeT CBET, a YepHas Ablpa BOOOIIE HE MO-
KET «00IIaThCs» C BHEITHUM MUPOM. [lelicTBuTeILHO, Beab Jlamiac He Mor
3HaTh CIELHUAIBHON TEOPUU OTHOCUTEILHOCTH, COIJIACHO KOTOPOU HU OJTHO
MaTepHaIbHOE TEJI0 HE MOXKET MMETh CKOPOCTb OOJIbLIYIO, YEM CKOPOCTb
cBera B BakyyMe. [loaromy, pa3 u3 4epHOM AbIPbl HE MOKET «BBIOPATHCS»
Jlake CBET, TO, 3HAYUT, M3 Hee BOOOIIEC HUYEro HE MOXKET BBIMTH. Bo-
BTOPBIX, B CBOMX PACCYKICHUAX YUYCHBIN ONMUPAICA HA TEOPUIO TATOTEHUS
HproToHa, KOTOpas HEBEpHA I CTOJIb OTPOMHOIO I'PaBUTALIMOHHOTO I10JI4,
KaKuM JIOJDKHA 00JiajjaTh 4YepHas Ablpa. 3JeCh HEOOXOJIMMO MNPUMEHSThH
0O0I1Y0 TEOPHIO OTHOCUTEIIBHOCTH.

[TokaxxeM, K KakuM OIIMOKAM BEAET MPUMEHEHUE KJIACCUYECKON TeO-
puu rpaButanuu BMecto OTO.

ITo Teopun HproTOHA Cuila NPUTSKEHUs, NEUCTBYIOLIAs HA TEJIO Mac-
COM m Ha MOBEPXHOCTU CPEpPUUECKOM MIIAHEThl paiuycoM R u maccoi M
paBHa

F=g™ (10.1)
RZ

rae G = 6,67-10""" m*/kr-¢* — rpaBuTarmonsas nocrosauas. Ilo OTO cuna
TATOTEHUs OyAeT HEMHOro Oouibiiie, yeM BbruucieHHas 1o (10.1). Bynem
TeNnepb YMEHbIIATh PAJUyC IUIAHETHI, COXpaHss Ipu 3ToM ee maccy. Ilo
KJIACCUYECKON TEOpHUH, MPU CKATUM BJIBOE CHJIA YBEIUYUTCA BUETBEPO, IO
OTO, cuna Oyzaer Bo3pactaTh ObicTpee. HploTOHOBCKast Teopus aer Oec-
KOHEYHYI0 cuily npu R — 0, mo DiHIITElHY, cujia CTpeMHUTCs K OeCKOHEeY-
HOCTH, KOI/Ia PaJlyC IUIAHETHl CTPEMUTCA K I'PAaBUTALIMOHHOMY pajuycy,
KOTOPBIN ONpENeseTCss MacCoi Tejla: YeM MEHbIE macca, TEM MEHbIIE
rpaBUTALMOHHBIA pamuyc. g 3emum OoH paBeH 1 caHTMMETpY, a AJIA
ComHnia — 3 KujoMeTpam.

B nexabpe 1915 r. Hemeukuii actponom K. IlIBapuimumneg noayuni
TOYHBIE PEUICHUs yPAaBHEHMM OWHINTEHWHA JUIsI TPABUTALMOHHOTO IIOJIA
chepuyecKkn CUMMETPUYHOTO Tena. M3 perienus cienoBano, 4To CBET HE
MO>KET MOKUHYTb TEJO0, ECJIM €r0 paJnuyC HE MPEBBIIIAET COOTBETCTBYOUIUI
IPAaBUTALMOHHBIA PaJNyYC, 1 KOTOPOrO YYEHBIM OBUIO MOJYYEHO Clle-
IYIOIIEE BBIPAXKEHNUE:
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rae M — macca Tena.

Cdepy ¢ panmycom, paBHBIM TI'DaBUTALIMOHHOMY, Ha3bIBalOT cepoit
[Isapmunibaa.

Takum o6pazom, OTO mnpeacka3biBaeT, YTO KaK TOJbKO paguyc Koc-
MHUYECKOTO Tejla CTAHOBUTCS PAaBHBIM €r0 IPABUTALMOHHOMY paJUycCy, TO
CBET HE CMOXET MPEOJI0JIETh CUIIOBOE MOJIE TeJIa, 1 OHO CTAHOBUTCS HEBU-
JUMBIM JJI BHEIIHEro HaOmoaarens. U 31ech cipaBeayiiBO BO3HUKAET BO-
npoc, a KaKUMU TaKUMH yJAMBUTEIbHBIMA CBOMCTBAMHU JOJKHO 00JadaTh
TEJ0, YTOOBI CXKAThCsl A0 Takux pasMepoB? Okas3bIBaeTCs, Ha HEro JACHCT-
BYIOT J1Be cuiibl. [lo neiicTBHEM CWIIBI TATOTEHHS] BHEUIHUE CJIIOU 3BE3]IbI
WIM TUTAHEThl cTpeMATcs K HeHTpy. CKaThio MpensTCTBYET Apyras cuja: B
3Be3/]aX 3TO BHYTPEHHEE JIaBJIEHUE rasa, B IUIAHETaX — CHJIa YNPYTOCTH.
B 00BbIYHBIX KOCMHUYECKHX OOBEKTaxX 3TU CUJIbl ypaBHOBEUIEHbI. [laBneHue
ra3a B 3Be3J]aX, KaKk M3BECTHO, 3aBUCUT OT Temmeparypbl. Co BpeMeHEM
TEPMOSIIEPHOE TOIUIMBO BBITOPAET, W TEMIlEpaTypa, a Cle[oBaTelIbHO U
naBjeHue, ymeHbiatorcs. Cuia TArOTeHUsI TPEBOCXOAUT MO BEJIMYUHE CU-
Ty, IPENSTCTBYIOUIYIO €, U 3B€3/1a CXKUMAETCS.

[Tpu npubnmxennn pazmepoB oObekTa K cepe lIBapimmibaa cuiibl
TATOTEHHUs] OECKOHEYHO HApPACTAIOT, YTO MPHUBOAMUT K KaTacCTpO(hUUECKOMY
€ro CKaTHIO0, HA3bIBAEMOMY 2pasUmMAayUOHHbIM KOJIANCOM.

JBoJIouMs 3Be3]1 00Jb1I0H Maccbl. MHOTOYHCIICHHBIE HAOJI0ICHUS
32 MOJIOJBIMHM CKOIUICHUSIMU 3BE3[, TJE MPOAOIKACTCS POXKIECHUE HOBBIX
3BE3/l, MOKa3bIBAIOT, YTO OHHU COJIEP>KAT OrPOMHOE KOJIMYECTBO ra3ollblie-
BbIX KOMIUIEKCOB. [103TOMY BEepOsSITHO, YTO 3B€3/1bI 00PA3yIOTCS MyTEM T'pa-
BUTALIMOHHOM KoHAeHcaruu. O0JaKko MbUIM W Ta3a Moj JeHCTBUEM I'paBU-
Taluu ckumaetcs. BHadane storo mporecca o0gako Npo3payHo JUisl WH-
dbpakpacHOro U3ITy4YEeHHUs], €r0 TeMIIepaTypa He MEHSIETCS, U CKaThe MPOuC-
XOJUT YCKOPEHHO. 3aTeM, B HEKOTOPbI MOMEHT, U30TEPMHUYECKOE CKATUE
CMeHsieTcsl aanabaTuyeckuM, OO0JIAKO BCIIBIXMBA€T U CTAHOBUTCS HEMpO-
3payHbIM, €0 TeMIIepaTypa yBearuunBaeTcs. Tak mosBIisieTcst MpOTO3BE3/a.

OcB0OOXKIeHHAs! TPABUTAIIMOHHAS SHEPTUsl HE MOXKET IMEePEHOCHUTCS
u3NlydeHueM (Tak Kak MpoTo3Be3/la Hempo3pauHa). BHyTpu oOrnaka mosis-
JSIIOTCA BUXPEBBIE JBUYKEHHUS, KOTOpbIE BBIHOCSAT TEIJIO M3 BHYTPEHHUX
0oJjiee HarpeThIX CJIOEB BO BHEIIHHME U OOJee XOJIOAHbIE ClI0U (KOHBEKTHB-
HBIN MepeHoc sHepruu). B pesynbpraTe nanbHEHIIEro cxxaTus Temneparypa
IIPOTO3BE3/Ibl YBEIIMYUBACTCA M MPOUCXOAUT MOJTHAS MOHU3ALMS Tas3a, KO-
TOPBIN YK€ Mpo3padeH Ajs u3iiydeHus. KOHBEKIUsS CMEHSETCs JTyYHUCThIM
nepeHocoM. YeM OoJibliie Macca MEPBUYHOIO 00Jiaka, TEM paHbIIe MPOUC-
XOJIUT CMEHA MEXAHU3MOB NIEPEHOCA IHEPTUH.
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CxaTue mpouCXOAUT 10 TEX MOp, MOKa TEMIEpaTypa MPOTO3BE3/bl HE
nocturuet 3HaueHus nopsaka 10 mun K, qoctarounoro ajist Hayana TepMo-
AEpHBIX peakuuil. ITpoTo3Be3na cTaHOBUTCS 3BE310M.

TepMosiiepHble peakliMi HAYMHAKOTCS C BBITOPAHUSI BOJOPOJA B re-
JIMA — 3TO TaK HAa3bIBAEMbIN IPOTOH-IIPOTOHHBIM LUKJ, COCTOSLIUNA W3
Tpex peakuuid. [Ipu B3aumonelcTBUU JBYX MHPOTOHOB 00pa3yeTcs smpo
TSKEJIOr0 Bozlopo;:[a — JEUTepusi, TO3UTPOH U HEUTPHUHO: H'
+H' > D*+ ¢" + v. 3aTem, npu coequHEHNN IEHTEPHs C MPOTOHOM 06pa-
3yeTcs AP0 U30TONa IeJIus: D’+H' — He’ + y. Tperss, nocnennss peak-
LHsE IPOTEKAET ¢ ydacTHeM AByX smep He’ ¢ o6paszoBaHueM sep 0ObIMHO-
ro renus (ab(a-4yacTuil) U JByX MPOTOHOB: He’ +
He’ > He'+H'+H'.

B maccuBHBIX 3Be37aX BOJIOPOJ TOPUT ObICTpee, 4eMm B Jierkux. Tak,
HaIlpuMep, y 3BE3]1 C MACCOM, paBHOU 15 coMHEYHBIM MaccaM, BOJIOPO/ BbI-
ropaet «Bcero» 3a 10 miH set. g 3Be3/1 He 04eHb O0JIBIION MAaCChl BpeMsi
BBIFOpaHusi MOXkeT gocturath 10 — 20 mupna ser.

C BpIrOpaHueM BOJAOpOAA B 3BE3/C YBEIMYMBACTCA COJIECPHKAHUE Ie-
7S, KOTOPOE HAKAIUIMBAETCA B siApe. SApo OKpy»k,aeT TOHKUM CIOW rops-
HIero BOJOpoja. 3Be3/la HauMHAET pa3dyxaTh, U TEMIEpaTypa BHEIIHUX
CJI0E€B YMEHbIIAETCsA. BelecTBO CTaHOBUTCA HENPO3PAYHBIM ISl U3ITy4e-
HUA U JTYYUCTBIM TUI IEPEHOCA SHEPTUU CMEHSAETCS KOHBEKTUBHBIM.

C yBenuyeHueM KOJMYECTBA TEIUS B SIAPE OHO HAUYMHAET CKUMATHCS,
3a CUeT Yero Temiieparypa ero ypenuuuBaercs. lIpu moctumkenuu ee mo-
psanaka 20 miaa K HaunHaeTcst TpoliHOM anb(a-mpoliiece, B pe3ysibTaTe KOTO-
poro oOpa3zyetcst yraepo. [Ipu a3ToM paanyc 3Be3qbl yBeIuuuBaeTcs (Tak
KaK pacUIMpSIIOTCS BHEUIHUE CJIOM), U OHA IMpEeBpaIlaeTcsl B >KEAThIA WM
KpacHblli cBepXrurant. [Io Mepe BbIrOpaHHUs Telusl B SpE 3BE3/bl YBEIIH-
YMBAETCsl KOJIMYECTBO yIIIEpoAa, a30Ta U Kuciopoaa. JlanpHelmue Tepmo-
sJIepHbIE pEaKIMK, B KOTOPBIX oOpa3yeTcsi Bce Oosiee TsHKeNbIe AJIEMEHThI
BIUIOTh JIO SIJIEP XKEJIE€3a, MOTYT MPOTEKATh TOJBKO B IOCTATOYHO MAacCCHUB-
HBIX 3Be3/1ax. B 3Be3max ¢ Macco, OJIM3KOM K COTHEYHOM, B KOHIIE UX 3BO-
JIOUMU OyIyT MPOTEKaTh PEAKIMK C YYaCTHEM Teusl, a SAPO CTAHEeT yriie-
POAHO-a30TUCTHIM. B Takux 3Be31ax CoKaTHE siApa OCTAHABIMBAETCS KBaH-
TOBBIMU CUJIaMU, BO3HUKAIOIINMU MEXAY JOCTATOUYHO TECHO YIAKOBAaHHBI-
MU 3JIEKTPOHAMHM 3BE3HOM T1a3Mbl. Tak 3Be3/1a CTAHOBUTCS OebiM Kapiu-
KOM, @ CO BpEMEHEM, KOT]1a OJHOCTBIO OCTBIHET, — YEPHbIM KAPAUKOM.

B maccuBHOI 3Be3/ie Keyne3HOE SAPO OKPYKEHO 000JO0YKOM, B KOTO-
poii mo Mepe npuoIKeHus K nepudepuu yBEIMUUBACTCS KOJIMYECTBO JIeT-
KHX 3JIEMEHTOB: YIJIEPOJa, KUCIOPOAa, Telusl, & BO BHEIIHUX CIIOSX U HO-
HU3MPOBAHHOTO Bojopoxda. Katactpoduueckoe cxxaTtue mpuUBOAUT K TOSIB-
JICHUIO CWJIBHOW yJapHoi BosiHbI. [1oBbIIEHHE TemmiepaTypsl niepen GpoH-
TOM BOJIHBI IIPUBOJIUT K CTOPAHMIO JIETKUX AJIEMEHTOB, U 3BE€3/1a BCIIBIXHUBA-

92



€T KaK CBEpXHOBAas. 3a CUET IMOIJIOLICHUS U3Ty4YeHUsl ee 000J0UKa BbIOpa-
CBIBAETCS B MEX3BE3/IHOE MTPOCTPAHCTRO.

Ecnu macca 3Be3np! 6oabiie 1,2, Ho Menbie 2 Macc CoiHIA, TO KaTa-
CTpOUYECKOE CKATHE OCTAaHABJIMBACTCS KBAHTOBBIMHU CUJIAMHU, O0YCJIOB-
JICHHBIMU JaBJICHUEM HEUTPOHHOTO Ta3a. CropaHue JErKhX SJIEMEHTOB
000JI0YKH TTPUBOJUT K B3PBIBY HACTOJIBKO CHUIILHOMY, YTO YacTh BEIIECTBA
pazOpachiBaeTCsl B OKpy’Karollee MpocTpaHCTBO. Takas 3Be371a Ha3bIBACTCS
HeumpouHoU. 3Be3/Ibl ¢ Maccoi 06omee 2 macc CoJiHIIa COKMMAIOTCS TaK ObI-
CTpPO, UTO HE YyCHEBalOT COpPOCUTH 000JI04KYy. JlaBieHUE BBIPOKIACHHBIX
HEUTPOHOB HE CMOXKET MPEAOTBPATUTh JAJIbHEHIIIEE CKATHE sAJIpa, HAUHET-
Csl TPAaBUTALIMOHHBIN KOJUIarcC, KOTOPbIA HEM30€KHO MPUBOAUT K 00pa3o-
BAHUIO YEPHOM JBIPHI.

10.2. CTtpoeHue U CBOMCTBA YEPHOM AbIPHI

OOmas Teopuss OTHOCUTEIBHOCTH NPEICKAa3bIBAET, YTO B MOIIHOM
IPaBUTAILMOHHOM IT0JIe BpeMs 3amemisierca. [Ipu npuOamkeHun K 4epHOR
JbIpE BCE MPOLIECCHl IPOTEKAIT MEJIEHHEE, @ Ha PACCTOSIHUM T'PaBUTALIU-
OHHOTO paJnyca Kak Obl 3aMHUPAIOT JIJIsl BHEIIHET0 HabmogaTens. DTOT Ha-
Omrosarenb, HaOJIt01as, HAPUMEp, 32 PAKETOM, NPUOIMKAIOLIEHCs K Jep-
HOU JbpIpe, YBUJIUT, KaK OHa OyJeT NOCTENEHHO TOPMO3UTCA U MPUOIHU3UT-
cs K cepe LBapimmnpaa 3a 6eckoHeuHo nonroe Bpems. s kocMoHaBTa,
HaxXOJSLIErocs B pakere, HaoOOpOT, MaJeHUE MPOU30MIET 3a HUYTOKHO
Mmanoe Bpems (st Maccel ConHua najgeHue OyAeT JJIUTHCS BCEro CTOTHI-
CSITYHYIO CEKYH/JIbI).

Tot ¢akr, 4TO YepHbIE IbIPbl HEBUANMBI, CBA3aH C COBMECTHBIM J€H-
ctBueM 3¢ dextoB [omiepa u 3amenneHus BpemeHu. JlelcTBUTeNnbpHO, s
JAJIEKOro HaOJIIoAaTeNsl KojeOaHusi aTOMOB, M3JIy4alolUuX CBET, IPOUCXO-
JUT 3aMEJUIEHHO, U JIJIMHA BOJIHBI U3JyYE€HUs CMEIIAETCsl B JJIMHHOBOJIHO-
BYI0 00JaCTh (B CTOPOHY KpacHoro 1Bera). C napyroil CTOpOHBI, MpU CxKa-
TUW 3BE3]lbl U3Jydarollas MOBEPXHOCTh YJAIseTcsl OT HaOIronaTens, 3TO
TaK)X€ MPUBOAMUT K MOKPACHEHHIO cBeTa. TakuMm o0pa3oM, ¢ MpUOIHKEHU-
eM pa3MepoB 3Be3/bl K chepe [IBapiiinibaa CBET OT YEPHOU JBIPHI 10XO0-
JUT 10 Hac Bce 0oJiee MOKPACHEBIIUM U BCE C MEHbILIEH HHTEHCUBHOCTBIO,
IIOKa, HAaKOHEL, BOBce He NMOTyxHeT. [Ipu 3ToM s Habmrogarens ee «ra-
HIEHHE» MTPOUCXOAUT MPAKTHYECKH MTHOBEHHO.

Belmie Mbl y’k€ TOBOPUIIM, YTO CUJIBHOE TPaBUTALMOHHOE MOJIE BIUSET
Ha CBET: MEHSETCS ero yactora u Tpaektopus. CyllecTByeT KpUTHUECKas
OKPYXHOCTb C paJuyCOM, PaBHBIM MOJYyTOpa rpaBUTalMOHHBIM. Eciu j1yd
cBeTa NpUOIMKAETCS K YEPHOM JIbIpe Ha PACcCTOSHHUE OOJIbLIE, YEM KPUTH-
YECKUW pajuyc, TO TPAEKTOPHUS €ro UCKPUBISETCS M BO3pPACTAET 4acToTa,
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IpUYeM 4eM OJIMKe K YEepHOU JbIpe, TeM CUJIbHEE MPOSIBISIIOTCSA 3TH (-
¢ekTbl. Eciii 1y4d BIVIOTHYIO OJAXOJUT K KPUTHUECKON OKPYKHOCTH, TO OH
HEOrPaHMYEHHO HABUBAETCSA Ha HEe, 3[1eCh JBM)KEHUE JIydya HEYCTONYMBO:
IpY MaJIEHUIlEM BO3MYILEHUN OH MOKET JIMOO YJIETeTh B KOCMUYECKOE MpO-
CTPAaHCTBO, MO0 MOKET OBbITh 3axBaueH 3Be3n0il. W, HakoHel, eciu Jy4
npuOIMKAETCS HA PACCTOSHUE MEHbIIIEE, YEM IPABUTAI[MOHHBINA paglycC, TO
OH HEU30€XHO OYyJIeT I'PaBUTALIMOHHO 3aXBaY€H YEPHOU IBIPOH.

Tenepb paccMOTpUM IBMXKEHHE TeJla B TPAaBUTALMOHHOM IMOJIE€ YEPHON
IbIpel. Branu ot Hee, rae cnpaseinBa MexaHuka HbproTOHA, Tpaekropuen
Tena Oynet nubo nmapadona, 1udo runepodoa.

[Ipu OosbllieM CONMIKEHUM 3aKOHBI KJIACCUYECKOHM MEXAHMKH CTaHO-
BATCS HEMPUTOJHBIMU. DTO YK€ 00J1aCTh 001IEl TEOPUH OTHOCUTEIbHOCTH.
N 3neck mosiBisieTcsl Macca HOBBIX MHTepecHBIX 3¢ dekToB. JlaBaiite pac-
CMOTpPUM YacCTh U3 HUX.

[IycTh T€no nBUkKeTCs BOJM3U YEPHOU JBIPHI, HO HE MPUOIMKAETCS K
KPUTUYECKOMY PAJINYCy, PABHOMY JIBYM I'paBUTAMOHHBIM. CKOPOCTH €ro
JBUYKEHUSI MEHbILIE, YEM BTOPAsi KOCMUYECKasi CKOPOCTh (HAIIOMHHUM, BTO-
pasi KOCMHYECKasi CKOPOCTh — 3TO CKOPOCTb, KOTOPYIO HAJI0 COOOIIUTD Te-
7y, 4TOObl OHO MOKMHYJIO IIaHeTy). Toraa TpaekTopus Tena JEeKUT B OJI-
HOM TJIOCKOCTH, M €€ BHJ MPEJCTaBIseT OO0 MEAJIEHHO MOBOPAYMBAIO-
HIMICS B IPOCTPAHCTBE 3JUIMIIC. AHAJIOTMYHBIA MOBOPOT OPOUTHI UMEET
Mepkypuii.

BOnu3u yepHO#l IbIpbI, €CIM TEI0 NOAXOAUT Ha PACCTOSIHUE, OJIU3KOE
K JIBYyM TPaBUTALIMOHHBIM pajnycaM, TO OHO OOEpHETCS BOKPYI YEepHOU
JBIPbl HECKOJIBKO pa3 M CHOBa YJETUT B KocMmoc. Teno, mpoxojsdinee Ha
PAcCCTOSIHUM MEHBIIE, YeM KPUTHUECKHUI paanyc HEeM30eKHO OyJeT 3axBa-
YEHO YepHOM AbIpoil. HakoHel, eciy paccTosIHUE paBHO ABYM I'PaBUTALIU-
OHHBIM paJycam, TO TEJIO JOJTroe BpeMs OyAeT BpallaTbCcs BOKPYT YEPHOM
IbIpbl. B TeueHue 3Toro BpeMeHH, U3ydyas rpaBUTALMOHHBIE BOJIHBI, OHO
OyJeT TpaTUTh CBOIO SHEPTHIO, PAIUyC OPOUTHI YMEHBIIUTCS U MPOU30MAET
IPaBUTAIIMOHHBIN 3aXBaT. 3aMETUM, 4TO 3TU 3P (PEKTHI MpeICKa3bIBAIOTCS B
pamkax OTO, B kjaccuyeckoil MexaHUKE rpaBUTALMOHHBIM 3aXBaT HUMEET
MECTO TOJIBKO MPH JJOOOBOM CTOJIKHOBEHHWH, B JIOOOM JIPYroM ciyyae Tpa-
eKTOpHueH sBJsieTcst 1M00 mapadosna, 0o runepooa.

CnenaeM HeOOJBIIOE OTCTYIJIEHWE, YTOOBI paccka3aTb 00 epasuma-
YUOHHBIX 80HaX. J{J1s TydlIero mNOHMMaHUsl 3TOrO SIBJICHUS MPOBEAEM aHa-
JIOTHIO C XOPOILIO U3BECTHBIMU 3JIEKTPOMArHUTHBIMU BOJHAMU. McTOUHMK
CBETa M3JIy4yaeT BOJHY, KOTOpas MPEJACTaBIseT cOO0W OBICTPOMEHSIOIIEECS
U PacHpOCTPAHSIOUIEECS B MPOCTPAHCTBE 3JIEKTPOMArHUTHOE 1oJje. AHalo-
TMYHO U TPABUTALIMOHHAS BOJIHA SIBJISIETCSI MEHSIOIIEMCS TPABUTALIMOHHBIM
10JIEM, KOTOPOE «OTOPBAJIOCHY» OT CBOEr0 MCTOYHHMKA M IMEepeMeniaeTcs B
IPOCTPAHCTBE CO CKOPOCTHIO CBETA.
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Jnst oOHapy>KeHHsI AIEKTPOMAarHUTHOTO TMOJISl JOCTaTOYHO B3ATh OJIUH
3apsOKEHHBIN 1apuK; najarouias BOJIHA NPHUBEAET €ro B KojeOaTeabHOoe
nBrkeHue. st Toro 4roObl 0OHAPYKUTh IPABUTAIIMOHHYIO BOJIHY, HEOO-
XOJIMMO B35Th JIBa IIapuKa. Torjga B moje najarouieil Ha HUX BOJIHBI OHU
OyIayT TO cOMMXKATHCS, TO YAAISAThCS. ECiiM OrpaHMUUTCS OJJHUM LIAPUKOM,
TO Mbl HUYETO HE YBUAUM. [[eCTBUTENBHO, B TPABUTAIIMIOHHOM I10JIE€ BOJI-
Hbl OH Oy/IeT HaXxOJUTbCS B COCTOSIHUM HEBECOMOCTH U HE UYBCTBYET CHUJI
TArOTeHMs. J[Ba 1mapuka, HaXosACh B pa3HbIX (ha3ax BOJHBI, IBUTAIOTCS MO-
pPa3HOMY, U MO UX OTHOCUTEIBHOMY JIBUJKEHHUIO MOKHO OOHAapyX HUTh Ipa-
BUTALIMOHHYIO BOJIHY.

Bepuemcs K dYepHbIM JplpaM. AMEpPUKAHCKUN (PU3UK-TEOPETHK
J. Yunep ogHaxapl cka3ajl, YTO OHU HE UMEIOT «BOJIOC». IToBOIOM K 3TO-
My MOCIIYXHJIa O€3TMKOCTh YEPHBIX JBIP — OHHU BCE UMEIOT CPEPUUECKYIO
dbopMy, OTIMYAIOTCS TOJIBKO pa3MepaMu, HO €CJIM MacChl paBHbI, TO U ATOTO
ornmuus HeT. Kpome Toro, mocie rpaBUTalMOHHOIO KOJUIAca UCYE3al0T
Bce (U3HUECKHE MO, KOTOpble ObUIM MPUCYIIU <GKUBOI» 3Be3ae. Ocra-
I0TCA TOJIBKO T'PAaBUTALIMOHHOE TOJIE U 3JEKTPUYECKOE, €CIU TaKkoe uMe-
jock. EcTecTBEHHO 3a/1aTh BOIIPOC, KyJla e Bce 3T JieBaeTcsa? OKka3blBaeT-
Csl, YTO BCE MOJIS U BCE OTVIMYUA OT CPEPUUHOCTH U3IIyHaroTCs B BUJE T'pa-
BUTALIMOHHBIX BOJH BO BPEMsI KaTaCTPO(YUUECKOTO C3KATHUS 3BE3/IbI.

B 3aBepiieHne gJaHHOrO pasjena pacckaxeM elle 00 0JJHOM HHTepec-
HOM OTKpPBITUH, CIIETAHHOM aHIJMHCKUM (usukoM-teopetukom C. Xo-
YKUHTOM.

Kazanock Obl, MOCKOJIBKY YEPHBIE IBIPbl MPUTATUBAIOT K CEOE OKpPY-
JKAalolIee BEIIECTBO, & C UX MOBEPXHOCTU HUYTO HE MOXET OTOPBATHCS, TO
OHU JOJDKHBI Pa3pacTaTbes U cyllecTBOBaTh BeuHO. OqHako C. XOyKUHT B
1974 r. noka3zan, 4to 3To He Tak. OKka3bIBaeTCs, BOJIU3U YEPHBIX JbIP CYIIE-
CTBYET KBaHTOBBII MPOLECC, B PE3YJIbTATE KOTOPOTO POKIAIOTCS YACTHIIBI,
YTO MPUBOAUT K YMEHBIIEHUIO MAaCChl M pa3Mepa YepHOU JIbIpbl. B Bakyyme
pPOKJIaeTCcsl TaK Ha3blBaeMasi BUPTyasbHas Mapa yacTulia-aHTuyacTuia (60-
jee noapoOHo 00 3ToM cM. cemuHap 11). B rpaButaiimuoHHOM 10j1€ YEpPHOM
JBIPBI MOKET CIIOXKUTHCS TaKasi CUTyallusl, YTO OJIHA YAaCTHUIA OKAXKETCS MO/
TOPU30HTOM COOBITUH, Ipyras — HaJ HUM. Kak ke Takoe MOXKET CITy4nThb-
ca? Benp nns toro, yToObl YacTHIla OKa3ajaach HaJ TOPU30HTOM COOBITHI
OHa JIOJKHAa UMETh CKOPOCTb, MPEBBIIIAIOIIYI0 CKOPOCTh CBETA.

Jleno B TOM, 4TO B KBAaHTOBOM MEXAHHMKE WU3BECTEH MYHHENbHbll I¢)-
¢hexm, KOT/1a 4YaCTHUIIA MOXKET MPOUTH CKBO3b NMOTEHIMAJIbHBINA Oapbep, 1a-
K€ €CJIM ee PHeprusi MeHblIe sHepruu O0apwepa. Tak u 31ech, yacTuila mpo-
cauMBaeTCsl CKBO3b Oapbep, MonaaaeT B 001acTh HAJl TOPU30HTOM U yJieTa-
€T B KOCMUYECKOE MPOCTPAHCTBO, YHOCS C COOON 4acTh IHEPTrUU UEPHOU
JBIPBI, @ 3HAYMT, U 4acTh €e Macchl. [IpaBaa, 3TOT npouecc KpaitHe HUYTO-
xeH. CoryiacHo pacueraM XOYKHHIa, U3JIy4eHHE YaCTULl SKBUBAJIEHTHO U3-
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JYy4YEHUI0, HArpeToMy A0 HeOOJbIIONW Temmneparypsl Teny. Hampumep, usz-
JIy4€HUE YEPHOU JBIPHI C MAaCCOM B OJIHY COJIHEYHYIO COOTBETCTBYET TEM-
neparype, paBHOM OJIHOW JECATUMWUIMOHHOM Tpamyca. C yBEeIUYECHHEM
MacChl COOTBETCTBYIOIAs TEMIIEpAaTypa U3JyYEHHUs yMEHbLIAETCs, U, Ha-
000pOT, C YMEHBIIEHUEM MacChl B IPOLECCE UCMIAPEHUsl TeMIiepaTypa Ha-
pacraer, a, CIeAOBaTEIbHO, MHTEHCHUBHOCTb MCIIAPEHUS YBEIWYHUBACTCS.
Kora Temmeparypa nsayuenus jocrurter 10" K, ucrapenne npesparia-
eTcsi B B3pbIB. OCTaTKM MacChl M3JIy4arOoTCs 3a JECATHIE JIOIU CEKYHJBI.
UYepnas apipa ucuesaet. OQHAKO 3TOT MPOLIECC AJIUTCS JOBOJBHO JOJTO.
Tak, yepHas ApIpa ¢ MacCOW, paBHOM OJHOM COJIHEYHOM, UCYE3HET B TEUe-
nue 10% rer.

10.3. Iloucku YepHBIX AbIP

Jlo Hawana 60-X rog0B MPOLULIOrO CTOJETUS HUKTO U3 ACTPOHOMOB
CEpbE3HO HE BOCIPUHUMAJ U HE IBITAJICA UCKATh HU HEHTPOHHBIE 3BE3/bI,
HU 4epHbI€ ObIpbl. OTHAKO OTKpBITHE B 1967 roay mynbcapoB — HEUTPOH-
HBIX 3B€3]] — M3MEHWIO CUTYyaluio. Teneps Hayajlach HACTOSALIAs 0XOTa 3a
yepHbIMU JblpaMu. Ho oka3anock, 4To 0OHAPYKUTh UX HE TaK-TO MPOCTO.

Kazanoch Obl, B MOIIIHOM T'PaBUTAIMOHHOM TI0JI€ YEPHON ABIPHI MPO-
XOJSIINIA MUMO JIyd CBETa JTOJIKEH OTKIOHSTHCS, HO JJISl TOTO YTOOBI 3aMe-
TUTbh 3TO, HEOOXOAUMO, YTOOBI B3aMMHOE PACIOJIOKEHUE UCTOYHUKA, Yep-
HOM AbIpbl U HaOMtoaTens: ObUIO MoJo0paHo crenraibHbiM oOpazom. He-
Yero HaJesThCS Ha CIyYailHyI0 peaJu3altio TaKOM CUTyaluH.

B 1964 r. coBerckue ¢usuku O. ['yceitHoB u . 3enpaoBud npejio-
KWK UCKaTh YEPHBIE JbIPbl B CUCTEMAX JBOWHBIX 3BE3/, KOTOPBIE TOJKHBI
Bpallarbcsi BOKpyr odmiero neHtpa macc. [lockoiabKy uepHbIE ABIPHI HE
CBETATCA, TO BUAMMAs 3Be31a OyleT BpallaTbCs BOKPYT «HUYEroy». OaHako
3J1I6Ch MOXKET CIYyYWUThCA TaKas CUTyalus, YTO U3JyYEHHE OJHOW KOMIIO-
HEHTBI 3aTMEBAET CBET APYIOM M TOJBKO MOATOMY IOCIEIHSS HE BUJHA.
YtoObl 000HTH 3Ty MPoOIEMY, OBUIO MPEIIOKEHO UCKATH MOTYXIIUE 3BE3-
Jbl B CIIEKTPaJIbHO-JIBOMHBIX CUCTEMaX, IJI€ Macca HEBUJIUMOI'O KOMIIOHEH-
Ta OOJIbILIE MAacChl BUIUMOIo0. Torna 3aBeJOMO M3BECTHO, YTO HEBUAMMAS
3Be3J]a — MOTyXUIasi; B IPOTUBHOM CIIy4yae OHa cBeTHIach Obl sipue. Kpome
TOT0, Macca «MEpPTBON» 3B€3/bl JAOJKHA OBITh OOJBIIE JIBYX COJHEYHBIX
Macc, MHa4e OHa MOIJIa OKa3aThCs O€JIbIM WJIM YEPHBIM KAapJIUKOM, WJIU
HEUTPOHHOM 3BE3/I0N.

Crnenys 3TUM yKa3aHUSM, aCTPOHOMBI IIPEANPUHSIN MONBITKU HAUTH
yepHble JbIpbl. OIHaKO BO BCEX OOHAPYKEHHBIX C TAKUMHU CBOWCTBaAMHU
JBOMHBIX 3B€37aX HEBUIUMOCTb OJHOIO W3 KOMIIOHEHT YJaloCh OOBsC-
HUTB, HE Npuderas K YepHbIM JbIpaMm.
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Heo6xonumo ObLI0 HAaWTH Takoe SIBIICHHE, KOTOPOE ObUIO MPUCYIIE
TOJIBKO YEPHBIM JIbIpaM, YTOObI UCCIAEAYEMbIN OOBEKT HEIb3s ObLIIO UHTEP-
IpeTHUpPOBaTh MO-Apyromy. Takoe siBieHHME ObUIO HAMJIEHO: €cliu 4YepHas
JbIpa HAXOJIUTCS B ra3olbUIEBOM TYMaHHOCTH, TO ra3 OyJeT majgaTh Ha ee
MOBEPXHOCTh. MeX3BE3/IHbIN Ta3 MpeAcTaBiIsieT coOol miasmy. JBrukeHue
3apsUKEHHBIX YaCTHI] B MPOLIECCE NMAJEHUs SBIAETCS, IO CyTH, TOKOM, KO-
TOPBIA CO3/1a€T MArHUTHOE IT0JIE. DHEPTHUSI MATHUTHOTO TOJIS NIEPEXOAUT B
Terio. HarpeTblil ra3 HaUMHAET CBETUTHCS. DTO U3JIydeHHE MOT Obl 0OHa-
pPYXUTb HaOJIOJATENb, HO 3/1ECh ONATH MpPoOJieMa: B KOCMUYECKOM IPO-
CTPAHCTBE IUIOTHOCTH I'a3a KpalHE Maja, a 3Ha4uT, CBETUMOCTb Ta3a, Ia-
JAIOIIETr0 Ha YEPHYIO ABIPHI Takxke mana. M 3mech CHOBa Ha BBIPYUYKY IIPH-
IUIM CHEKTPAIIbHO-ABOKHBIE CUCTEMBI. OKa3bIBAETCS, €CIU «HAITAPHULIE»
YEPHOU IBIPbI B TAKOW CHCTEME SIBIIAETCS 3BE31A-TMIAHT, TO Ia3 U3 HOP-
MaJIbHOM 3BE€3[bl MOJ JEUCTBUEM CHIIBHOTO I'PABUTALMOHHOIO MOJIA MHEpe-
TEeKaeT K 4epHoM npbipe. M3-3a Hamuuusi opOUTAIBbHOTO JBMXKEHMS ra3 3a-
Kpy4MBaeTcsi U 00pa3yeT BOKpPYr Hee AMCK. BceliencTBrue TpeHus 4acTULbl
HarpeBaioTcs 10 TemrepaTypsl 107 K 1 HCIyCKalOT peHTIeHOBCKHE Ty UH.

Takum 00pa3om, yepHbI€ ABIPbI CIEAYET UCKATh MO PEHTTEHOBCKOMY
M3JIYYEHUIO CPEAM ABOMHBIX 3BE3[, HE ABISAIOIINXCA MyJibcapamu. Ceiuac
KaHIuJaTaMu B 4depHble abIpbl siBisitoTCs Jlebeap X-1, Ckoprmon X-1,
Crpenen A u np. [Touemy tonbko kanauaaramu? [Iotomy, 4TO aCTPOHOMBI
IPOSBIISIIOT OCMOTPUTENBHOCTD, U MOKAa HE OyJIeT HAHJEHO TOMOJHUTEIHHO
HE3aBUCHMOE J10Ka3aTEIbCTBO, OATBEPKAAOIIEE, UTO 3TO ACHCTBUTEIBHO
YepHbIE AbIPbI, OHU TAK U OCTAHYTCS KaHIuJaTaMHu.
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11

OT apxanyecKuX KOCMOTOHU4YeCKUX MU(OB K TEOPUSIM
BCEro Cyuiero

W31aBHa 4en0BEK CTPEMUIICSA MO3HATh U MOHATH OK-
pyaroumii ero ¢usuueckuii mup. Ha mpoTsxeHnn
JIOJICOM MCTOPUU 3TOTO ITO3HAHUS OH BCETJa BEpUI,
YTO OKOHYATEeJbHBIE pELICHHE OYyJeT 3aKOHUEHHBIM
Y JIJAKOHWYHBIM B CBOMX UCXOJHBIX NPUHIUIAX.

A. Canam

11.1. Buanl cHJI0BBIX B3aUMOAeCTBHIA

I'paBUTalIMOHHOE B3auMOAEMCTBHE — CWIA, JBMXKYLIAs MUPAMH,
JOMHUHUPYET MPH B3aUMOJICHUCTBUM MACCHBHBIX TE€JI, KOTJa YPaBHOBELICH-
HBI JIEKTPUYECKHUE U APYTHE CBOMCTBA YaCTHIl, COCTABIISAIOINX Tena. B va-
CTHOCTH, OHA TOCIOACTBYET B KOCMHYECKHMX MaclTadax, Hampumep, B
nBrkeHnn 1iaHeT CoJIHEYHOM cuctembl. B mMukpomupe rpaBuranuen
MOKHO NpPEHeOpeyb M0 CPAaBHEHUIO C OCTAIIbHBIMU BUJIAMH B3aHUMOJEHCT-
BHII.

Ecnu paccrosiHre Mexly IByMs MACCUBHBIMH TE€JIaMU MHOT'O OOJIbIIIEe
UX Pa3MEPOB, TO CUJIA TPABUTALMOHHOTO MPUTKEHUS MEXKIY HUMH OIpe-
nensiercst no hopmyJie

mym,
R?

F=G : (11.1)

rne G = 6,67-10'11 H-m%/kr? — rpaBUTAllMOHHAS MOCTOSIHHAS, M| U My —
Macchl Tell, R — pacCcTosHuE MEXIy TellaMHU. 3aKOH BCEMHUPHOIO TITrOTe-
Hus (11.1) ObUT OTKPBHIT BeTUKUM aHrMCKUM (usukom Mcaakom Heroto-
HOM (1643—1727) B 1682 r. Cnegyert 3aMeTUTh, 4TO BO BpeMeHa HbroToHa
3aKOH BCEMHPHOI'O TATOTEHUs ObUI MOATBEPKIAEH TOJBKO aCTPOHOMHYE-
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CKUMHM HaOJIIOICHUSIMU 3a JBM>KEHHEM IuiaHeT CONHEYHOM CHUCTEMBI U UX
CIIyTHUKOB. DKCIHEPUMEHTAIIBHOE JOKAa3aTENbCTBO CIIPABEIJIMBOCTH JTOIO
3aKOHA JUIsl 3€MHBIX TeJl BIEPBbIE ObUIO MPOBEIEHO JIPYTUM aHTJIMACKUM
¢busukom ['enpu Kapenaumem (1731 — 1810) B 1798 r. OH xe BIepBbIe
YUCJIEHHO ONPEIENII TPaBUTALMOHHYIO MOCTOAHHYIO G.

Cam U. HproTOH OrpaHUYmMiICs TOJIBKO KOHCTaTaluen (akra Cyiect-
BOBAHMS T'PABUTALMOHHBIX CHJI M UX KOJIWYECTBEHHBIM onucanuem. Ot ka-
KOM-11M00 MHTepHpeTanuu ux (U3MYECKON MPUPOAbl OH OTKa3ajcs, apry-
MEHTHUPYS 3TO TE€M, YTO KpOMe (PaHTACTHUECKUX OOBSICHEHUN HUYETO HEJlb-
3s1 ObUIO CKa3aTh B ero BpeMs. [locie Hero ObLIO ceiaHo0 MHOTO MOMBITOK
JaTh HarjisiiHOE OOBSICHEHUE TPABUTALMOHHBIX CHJI. DTH MOMBITKH B Ha-
CTOSIIIEE BPEMSI HE MMEIOT HU HAYYHOTO, HA Ja)X€ UCTOPUYECKOTO HUHTEPE-
ca. CoBpemeHHasi Teopusl TATOTEeHUs Oa3upyeTcs Ha OOIIeld TEOpUH OTHO-
cutenbHOCTH A. DifHiTeitHa. Ho B HE#l uaer peub 0 HOBOM CIIOCOOE OIu-
CaHWs TPaBUTALMU — B3aUMOJCHCTBHE 3/1€Ch OCYLIECTBISETCS IOJSMH.
MexaHn3M HX NEUCTBUSA HE NMPEICTABIISIETCS HATJSAIHO, MOJS JUMIIb Hale-
JSIOTCA  CIIOCOOHOCTBIO K OOBEKTMBHOMY CYIIECTBOBAaHUIO W TMepenaye
B3aMMOJIEUCTBHUI MOCPEACTBOM OCOOBIX YACTHUIl — TI'PABUTOHOB. I'paBUTOH
JIBUKETCSI CO CKOPOCTBIO CBETA U MMEET HYJIEBYIO MACCy IOKOS, TOATOMY
rPaBUTALMOHHOE B3aUMOJIEMCTBUE NAIBbHOICHCTBYOIIEE.

DJIEKTPOMATHUTHOE B3aMMO/JelCTBHE JICKUT B OCHOBE OOJIBIIMHCT-
Ba MPOLIECCOB OKPYKAIOUIEro HaC MUpa, OJaroaps eMy MaTepust CBsI3aHa B
BeecTBO. OHO MPOSIBISIETCS IPU B3aUMOCHCTBUY 3apsSKEHHBIX YacTull. B
Cllyyae JByX TOUEUYHBIX 3aps0B ¢; U ¢, CUJa UX B3auMojeicTBus F omnpe-
JEJISIETCS BBIPAKEHUEM

Fo_l @9 (11.2)
drey 12

rae €0 = 8,85-10"% ®/M — mudnexrpuueckas mocrosuHas. 3axoH (11.2)
OBLT IKCIIEPUMEHTAIBHO ycTaHOBJeH (paniry3ckum ¢uszukom L. O. Kyio-
HOM (1736—1806) B 1785 r. 1 Hocut ero umsa. OJHAKO, CIIPaBEIJIUBOCTU
paau, OTMETUM, YTO BIIEPBBIE ITOT 3aKOH OBLI OTKPHIT AHTITMYaHUHOM
I'. KaBenaumewm B 1772 rony, T. €. Ha 13 net panbiie. Ho mOCKONIBKY OH HE
omyOiIMKOBaad CBOEH pabOThl, TO MOTEPsSI MPUOPUTET HAa OTKphITHE. Ero
PYKONUCH, COAepraliasi pe3yiabTaThl OIBITOB IO MPOBEPKE BBIPAKEHUS
(8.2), ObL1a HalieHa B apxuBax TobKo B 60-x rogax XIX B.

JI71st 37IeKTpOMarHuTHOTO B3aUMOJICUCTBUSI CIIPABEJIMB MPUHIIMIT CY-
NEPHO3UIMU: B CUCTEME, COCTOSIIIEH U3 7 TOYEUHBIX 3apsI0B, CHIIA, IEHCT-
BYIOIIasi Ha JTIO0O0M 3aps]l CO CTOPOHBI OCTAIBHBIX, paBHA CyMME CHUJI, JIEH-
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CTBYIOLIUX Ha HETO CO CTOPOHBI KaXJI0TO U3 3apsAA0B MPU OTCYTCTBUU APY-
rux. MaTteMaTH4ecKd 3TO YTBEPKACHUE MOXKHO 3alHMCaTh CIAEAYIOIUM 00-
pazom:

n
F=) Fi. (11.3)
i=2
rae F; — cuna B3auMOJEHCTBUA 3apasioB ¢ U ¢;. CiaenyeT OTMETUTh, YTO

OPUHLUI CYTIEPIO3UINH BBITIOIHSACTCS JIUIIb 7Sl HE CIHMIIKOM CHJIBHBIX
ANIEKTPUYECKHUX TOJei. B CHIBHBIX MONSIX HAUYMHAIOT CKA3bIBaThCS HEJH-
HeitHble 3 dexTsl, u popmyina (11.3) mepectaet BHIIOTHATHCS.

[To coBpeMeHHBIM MPEACTABICHUSIM AJIEKTPOMArHUTHOE B3aUMOJICH-
CTBHE OOYCIIOBJICHO OOMEHOM MEXIy 3apsHKEHHBIMU TeJIaMH OCOOBIMU
gactuuaMu — (GoTtoHamMu. DOTOH MpencTaBiIsieT co00 KBaHT KOJICOaHUS
3JIEKTPOMATHUTHOTO TIOJISI, PACHPOCTPAHSIOLIUICS CO CKOPOCThIO CBETA, U
UMEeT HyJeBYyI0 Maccy mokos. C mocieqHuM CBs3aH TOT (akT, YTO JEK-
TPOMAarHUTHBIE B3aUMOJICHCTBUS SBJISIOTCS AaJbHOICHCTBYIOIIUMHU.

Caaoble B3aumopeiicTBus. CnadbiM 00pa3oM B3aUMOJEHCTBYIOT BCE
YaCTHIlBI, KpoMe (POTOHOB M THUMOTETHUYECKHX TpaBUTOHOB. Ciaboe B3au-
MOJICMCTBHE MPOSIBISICTCA TpH [ — pacmaze, KOTOpblii Obul OOHapyKeH

A.A. bekkepeneMm enie B 1896 r., ogHako
- oco3HaHMe (pakTa HAIMYMS HOBOTO BHUJA

p e .
B3aUMOJICHCTBHS TIPUIILIO TOPA3a0 IMO3XKeE,
W s B Havane 30-x romoB XX B. DO.
AN depMu MOCTPOMJ TIEPBYIO TEOPUIO Clia-

OBIX B3aUMOJICHCTBUH.
B 1967 — 1968 rr. A. Canamom u
n Ve C. BaiinOeprom ObuTa TIPENJIOKEHA MO-
. Jieb, B KOTOPOM ci1aboe B3auMOCHCTBHE
Puc 11.1. ®eitumanoBckasa aua-
FpaMMa, H306paKAIONMAS PACTIAT OCYILIECTBIISIETCS  TTOCPEICTBOM o(iMeHa
HeitTpoHa MEXIy 4YacTHUIAMU 3apsKEHHBIX W~ uinn
HeliTpanbHbIX Z BEKTOPHBIX 0030HOB. B
80-X roj1ax OHU OBUTU OTKPBITHI AKCIIEPUMEHTAIILHO.

BekTopHbie 6030HBI — MacCHUBHBIE YaCTHUIIbI, Macca MOKOSI KOTOPHIX B
SHEPreTHYECKHMX eIMHHUIAX NpHOIM3uTensHo paBHa 100 B (E = mcd),
MO3TOMY cJla00€ B3aUMOJICUCTBHE 00JIaJaeT MaJIbIM PauycoM JCUCTBUS.
JlelCTBUTENBHO, JIi TOrO 4YTOOBI YaCTHIIbl B3aUMOJECHCTBOBAIM CJIa0bIM
0o0pa3oM, OHM JIOJKHBI UMETh HHEPTUI0, HEOOXOJUMYIO JUISl MCITYyCKaHUs
6030Ha u paBHyo 100 [3B. OTkyna B3siThcs 3TOM sHeprun? Oka3bIBaeTcs,
COTJIACHO MPEICTABICHUSAM KBAHTOBOW MEXAHUKH, Y YAaCTHUIIbI HA KOPOTKOE
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BpEMsI MOXKET BOBHUKHYTh DHEPTUsI KaK Obl «HUOTKYAa». ITOT (DAKT Cleay-
€T U3 COOTHOIIICHUS HeonpeaeieHHocTel [ 'eizenOepra:

AE=—, (11.4)

rae AE — HeonpeaeneHHOCTh SHEPTUU YaCTHULIbL, Af — HEONPEACICHHOCTD
BPEMEHM €€ CYIIECTBOBAHUSI B COCTOSIHUU C 3Hepruen E, i — mocTosHHAs
[1nanka.

Ota sHeprus A0DKHA OBITh TAKOM, YTO 3a Bpemsi Af ee Helb3s u3Me-
pUTH, MHAUE HAPYIIAETCs 3aKOH COXpaHEHUs »Hepruu. M3 cooTrHoleHus:
(11.4) cnenyer:

h h
At:—:—_ 11.5
AE  mc? ( )

26

U3 (11.5) nonyuaem At = 10 ¢. 3a 310 Bpemsi 0030H, TBUTASICH CO CKOPO-
o -14

CTBIO CBeTa, mpouaer He Ooibine 3-107" M. DTo 3HaYeHHUE W OMpenesseT

paauyc ciaboro B3auMOICHCTBUS.

CunbHbIE B3aUMOIEHCTBUS OTBETCTBEHHBI 3a CBSI3b HYKJIOHOB B fJI-
pe. [IpoTonsbl, Oyayun 3apspKeHbl MOJOKUTEIBHO, JAOKHBI ObUTH OBl pa3-
JIETEThCS MOJ] IEHCTBUEM KYJIOHOBCKUX CHUJI, U sJipa HE MOTJIU Obl CyIIECT-
BOBAaTh. biaronaps cCUJIIbHOMY B3aMMOJIEVCTBUIO, BHYTPH 3BE3]1 BBIEISACTCA
00JIbIIIast YACTh PHEPTUU MIPU 00Pa30BAHUU SJEP TeUs U3 BOAOPOA.

Ha cymiectBoBaHuEe CHIIBHOTO B3aWMOJICHCTBUE HABEJIO OTKPBITHE B
1932 r. I.J1. UBanenko u He3aBUCcUMO OT Hero B. I'efizenOGepromMm mpoToH-
HEUTPOHHOTO CTpoeHus sapa. B 1935 r. Monoa0i STMOHCKUN y4EeHBIN XHu-
moku FOkaBa caenann npearnonokKeHue O TOM, YTO EPEHOCYMKOM SIJIEPHBIX
CUJI SIBJIIETCS HEKOTOpas MPOMEKYTOYHAs 4acTULA C OTIMYHOM OT HYJIA
Maccoit nokosi. B 1964 r. T'. LIgeir u M. I'enn-MaHH He3aBUCUMO APYT OT
Jpyra BbICKa3aJdd TUIOTE3y O KBapKOBOW CTPYKType aJpOHOB (CHIIBHO
B3aMMOJICUCTBYIOMUX YacThll). KBapku MOTyT OBITH TpeX LIBETOB (CM. ce-
MuHap 9): kpacHbId, CUHUH, KenTblid. COrlacHO COBPEMEHHBIM IMPECTaB-
JICHUSAM, KBapKH, U3 KOTOPBIX COCTOSAT HYKJIOHBI, B3aUMOJEHCTBYIOT IIO-
cpencTBoM oOMeHa riaooHaMu. CaMu IIIOOHBI TAKXKE MEPEHOCST 1BETOBOM
3apsii 1 UMEIOT HYJIEBYKO MacCy IOKOs, HO, HECMOTpPSI Ha 3TO, CHIIBHOE
B3aMMOJIEHCTBHUE sBIsIeTCst Gam3KoaeiicTByomuM (~107" m).

N3 nepeynciieHHbIX BBIIIE B3AUMOJIEMCTBUN SIIEPHOE — CAMOE CHUJIb-
HOE, JIeKTPOMarHuTHoe cnadee Hero B 10° pas, cnadoe — B 10'* pas, u Ha-
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o 39
KOHEII, TpaBUTAllMOHHOE — caMmoe ciiaboe B3aumojeiictBue — B 107 pas

ciabee CUIBHOTO.

11.2. O0beauHEeHHE YJIEKTPOMATHUTHOI'O
U ¢J1a00T0 B3aMMOAeCTBUH

DIIeKTPOMAarHUTHOE B3aMMOJICHCTBHE XapaKTepu3yeTcs: Oe3pa3MepHOit

BEJIMUUHOU

a=—

hc:E’

HAa3bIBAEMOM ITOCTOSHHON TOHKOMN CTPYKTYPHI.

CyuiecTBeHHOM pa3HULEH MeXAy 3JIEKTPOMATHUTHBIM U  ClIa0bIM
B3aUMOJICUCTBUSIMHU SIBJISIETCS TO, YTO TOCIEAHEE MPOUCXOIUT JIMIIb Ha
MaJbIX pPAacCTOSTHUSAX. DTO, KaK YK€ U3BECTHO, CBSA3aHO C OOJIBIION Maccoi
YaCTHUIbI-IEPEHOCUNKA — BEKTOpPHOro 0o30Ha. Ecnm B3anmMoaencTBYIO-
MM YacTulaM cooOmmTth 3Hepruto 100 I'3B, yBenuuus, Hanpumep, TeM-
nepaTrypy, To 0030HbI POXKAAUIUCH ObI TaK k€ 3PPEKTUBHO, KaK U (POTOHBI.
B sTOoM ciyuae oOMeH 6030HaMU MPOUCXOAMIT OBl CTOJb K€ MHTEHCUBHO,

KaK ¥ 00MeH (hOTOHAMHU.

1
Urak, ecim TemmepaTypa npesbimaercs 1o 10" K (£ > 100 IB), To

N
w*, 72’ u (OTOHBI UMEIOT HYJIEBYIO MACCY MOKOS U POXKIAIOTCS C OJTMHAKO-

E

Puc 11.2. 3aBUCHUMOCTL MOTEHIIUATE-
HOM SHEPTrUM XUITCOBA TOJISI OT BEJH-
YHMHBI [TOJIST

BOU MHTCHCUBHOCTBIO, a pa3jiniud McE-
KAy OSJICKTPOMArHUTHBIM U c71a0bIM

B3aHUMOJICMCTBUSIMU MCYE3AI0T — CY-
IIECTBYET  €OUHOE  921eKmpociaboe
g3aumooelcmaue. Ilepenocunkamu

OOBEMHEHHOTO B3aUMOJICUCTBUS  SIB-
JISFOTCSA YaCTUIIBI Miav noJist Xurrca. Ec-
U Obl UX HE OBLIO, TO CUMMETPHUS Me-
XKy OJICKTPOMATHUTHBIM U  CIa0bIM
B3aMMOJICUCTBUSIMU COXpAaHWIACh Obl U
P HU3KUX TeMIEpaTypax.

Tenepp mpocnenuM, 4To K€ IIPO-
HCXOJUT C IOHUKEHUEM TEeMIEePaTyphl?
Ipu T > 10" K nons Xurrca cymect-
BYIOT B BHJIE MACCUBHBIX YacCTHII. 3aBU-
CUMOCTb  NOTEHLHWAJIbHOW  SHEPTUH

XUTTCOBA MOJs £ OT BEMWYMHBI TOJIA ¢ UMEET CUMMETPHUYHBIN BUI (puC.
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11.2). C ymeHblIeHHEM TeMIIEpaTyphl MOJISI IPETEPIIEBAOT (Pa30BbIi Mepe-
XOJl U KOHAEHcHpYIoTca. [Ipu 3ToM moje 3aHMMaeT HU3LIee 3HepreTHye-
CKOE€ COCTOSIHME, KOTOPO€ HECUMMETPUYHO — OHO MMEET JBE HEMOXOXKHUE
cocransiomue. OIHONW M3 HUX COOTBETCTBYET MACCHUBHbIE yacTUILbL: W',
W, Z° 6030HbI; APYTOi — YaCTHIA HYJIEBOH Macchl, (hOTOH.

11.3. O0beanHeHne 3JIEKTPOCIA00r0
U CHJIBHOTO B3aUMO/IeiiCTBUSI

[Tepen TeM Kak MEpeWTH HEMOCPEICTBEHHO K MOJICIH OOBEIMHCHUS
B3aMMOJICHCTBHM, PACCMOTPUM TAaKOE TIOHSTHE, KaK u3uuecKuii 8axKyym.
[Ipexxne Bcero, ciaemayeT OTIMYaTh TEXHUYSCKUN WIN (PU3NKO-TEXHUYECKUI
BaKyyM OT YHCTO (u3nueckoro. B TexHuKe Mmoj BaKyyMOM MOHHMAETCs
ras3, pa3peKeHHbIN /10 TAaKOW CTENEeHH, YTO JJIMHA CBOOOIHOTO mpobera Mo-
JIeKyJ1 OOJIBIIIE pa3MepPOB COCY/1a, B KOTOPHIM momenieH ra3. Cambliii coBep-
IICHHBIH BaKyyM HAXOIHTCS B MEK3BE3IHOM MPOCTPAHCTBE, ¢ Ha 1 M
MPUXOAUTCS OKOJIO OJHOU yacTuilel. Kazamock Obl1, eciiu yOpaTh Bce 4yacTu-
1bI, BCE MOJISI, TO HUYETro He ocTtaHeTcsl. OJIHAKO U3 COOTHOIIEHUSI HEOmpe-
nenenHocred ['eitzenOepra ciemyer, YTO Ha KOPOTKUN MHTEPBAJI BPEMEHU
MOXKET «HUOTKY/1a» TOSIBUThCA dHeprus, paBHas (11.4). Dra sneprus o0y-
CJIOBJIMBAET POKJICHUE Maphl SJIEKTPOH-TIO3UTPOH.

MexaHu3M pOXKAECHUS BJEKTPOHA M MO3UTPOHA 3aKIIOYAETCs B Clie-
JYIOIIeM. DHEPTUI0 3JIEKTpOHA OyJIeM MoJiaraTh MOJIOKUTEIHHOM, a MO3U-
TpoHa — oTpunatenbHou. [IpeacTaBUM HEKOTOPBIA 00bEM, 3aMIOJIHEHHBIN
TOJIbKO TIo3uTpoHaMu. Eciu B 9TOT 00BbeM momnajaeT 3JIeKTPOH, OH 3aHUMa-
€T CBOOOJHBIN OTpHUIATENBHBIN dHEpPreTudeckuil ypoBeHb (puc.11.3). Ta-
KOM TIPOIECC HA3BIBACTCS AHHUSUNAYUELU.
[Ipu »TOM BBIIENAETCS PHEPTUs, paBHAs
YABOCHHOM TNIEPBOHAYAIBHOM JHEPruu
AJIIEKTPOHA: C MPENKHEr0 YPOBHS 10 HYJI, ®
a 3aTeM JI0 OTPHIATEIBHOTO YPOBHS IIO-
3uTpoHa. Eciu Bce oTpuuatenbHble YPOB-
HU 3aHATHI, T.€. HET CBOOOHBIX MO3UTPO-
HOB, TO BHOBb NPHOBIBIIUN SJIEKTPOH
HEJb3s1 OCAJANTh HU HA OJWH U3 OTpUIa- ¥
TEJIbHBIX YPOBHEW, 3TOMY MEIIAET MPHUH- €
uun [layan: B OJHOM DHEPreTUYECKOM Py 11.3. AHHATWISALKS SIEKTPO-
COCTOSIHUM MOXET HaXOAUThCA TOJIBKO HA ¥ IO3UTPOHA
OJIUH DJJIEKTpOH. Takum oOpa3oMm, 3JIeK-
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TPOHBI, KOTOPbIE Mbl BUJIUM, JIETAIOT B POCTPAHCTBE, HE HAXOMAS IYCTOTO
OTPULIATEILHOTO YPOBHH.

Jnst Toro 4to0bl MOAHATH 3JEKTPOH HA IMOJIOKHUTEIbHBIA YpPOBEHb,
T. €. 4ToOBbl OOpa3zoBajach SJIEKTPOH-MO3UTPOHHAS IMapa, HEOOXOAUMO
3aTpaTUTh dHEPTUIo, paBHy0 1 M»aB. Ecim 3Heprus nocrynaer u3BHE, TO,
roBOpAT, o0Opa3zyercs «peaibHas» mnapa. B Hamem ciiydae >3Heprus
NOSIBJISIETCS B pE3yJIbTaTe€ KBAHTOBBIX (PIIYKTyalui, U YaCTUIbI POKAAOTCS
BUPTYaJIbHO. PaznereTscss M OCTaTbCs OHM HE MOTYT, a CYIIECTBYIOT B
T€YEHUE KOPOTKOIO BpPEMEHH, TaKOro, 4TOObl WX HENIb3s ObUIO
OOHapyXHTh, HMHA4Y€ HAPYUIAIOTCA 3aKOHbl COXPAHEHUS DSHEPruu U
uMmiyibca. OIHAKO TOBOPHUTb, YTO POXKIEHUE BHUPTYaAIbHBIX YAaCTHUI] —
IpoLecC HepeanbHblil, ObLI0O OBl HENPAaBWIbHBIM, O YEM TOBOPST
MHO>KECTBO SKCIIEPUMEHTAIIbHBIX JTAHHBIX.

Paccmotpum cnenyromuii mpuMep s JIEKTPOMarHuTHbeIX cui. [lo-
MECTUM MPOOHYIO 3apsLKEHHYIO YacTHUIly, HAallpUMep, MO3UTPOH B BaKyyM.
M3-3a kBaHTOBBIX (DIYKTyaluii OyayT poXkKAAThCS 3JIEKTPOH-TIO3UTPOHHBIE
napbl. Bokpyr Hamiero mpoOHOro 3apsijia MOSIBUTCS SKPaH U3 AJIEKTPOHOB.
DTOT mpouecc Ha3bIBaeTCs noidpusayueti éakyyma. Eciu tenepb npyrou
3aps (peajbHblil) NOJHOCUTH K MO3UTPOHY, TO C YMEHBIIEHHUEM PacCTOs-
HUS1 SKpaHUPOBKA OyJET ocliabeBaTh, a B3aUMOJECHCTBUE MPOOHBIX 3apsAI0B
YBEIUYHUBATHCS.

Tenepp paccMOTpUM TOBEACHHE KBapKa, MOMEIIEHHOIO B BaKyyM.
PoxxneHne BUPTyalnbHBIX Map KBAPKOB U aHTUKBAPKOB MPUBEJET K SKPaHU-
POBaHUIO NEPBUYHOrO KBapka. B 3TOM ciiyyae mepeHOCUYMKaMH B3aMMO-
JEUCTBUSA SIBIISIOTCS TJIHOOHBI, KOTOPbIE HECYT LIBETHOW 3aps] U MO3TOMY
caMHU TMOpPOXKJAIOT HOBbIE BUPTyalbHbIE TJIIOOHBI. TakoW mpouecc BEAEeT
yKe K «pa3Ma3bIBAHUIO» 3apsija, a He K 3KpaHupoBaHuto. [lepensuras npy-
T'yI0 TPOOHYIO YacTHILy, HECYLIYIO IIBETHOM 3aps/, K 00JIaKy pa3Ma3aHHOTO
LBETHOT'O 3apsija, Mbl YBUJIUM CJEAYIOLIEe: IO Mepe MPUOIMKEHUS K LEH-
Tpy o0Jiaka IIBETOBOU 3apsij YMEHbIIAETCS, UHTEHCUBHOCTh B3aUMOJICUCT-
BUA OCIIa0EBAET, U, HAKOHEI], Ha JOCTATOYHO MajbIX PACCTOSHUAX OT LEH-
Tpa YaCTULIBI TPAKTUYECKU HE B3aUMOJICHCTBYIOT, T. €. BEIyT Ce0sl KaKk CBO-
OOJHBIE.

Wtak, Mbl UMeeM cIeAyrollyto KapTuHy. C yMEHbIIEHUEM PACCTOSIHUS
MEXy YaCTULIAMHU 3JIEKTPOMAarHUTHOE B3aMMOJICHCTBUE MEXITY HUMH yBe-
JMYMUBAETCS, a CWIbHOE yMeHbluaeTcs. CrneqoBaTesibHO, MOKHO HAWTH Ta-
KO€ paccTOsIHUE, HA KOTOPOM 00a B3aUMOJEHCTBUS CTAHOBSITCS OJAMHAKOBO
3O PEKTUBHBIMU U TEPSIOT CBOK MHAMBUIYATBHOCTh. COINIACHO TEOPETH-

YECKUM pacyeTaM dTO NPOUCXOIUT IPHU 7 = 107 M. Ucnonwzyst popmyiy
2.10714
E=2"
r
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HaiizieM oreHKy juist suepruu E ~ 10'* I'3B. Takum 06pa3oM, pu SHEprusIx
E > 10" T'5B Bce TpH B3aMMOJEHCTBUS — 3IEKTPOMATHUTHOE, ci1adoe u
CUJIbHOE — CTAHOBATCS HEOTJIMYMMBIMHU, U CYUIECTBYET €JIMHOE VHUBEep-
canvHoe g3aumooelcmaue.

[lepeHoCUMKaMU YHUBEPCAIBHOTO B3aMMOJCUCTBUS SIBIISIIOTCA Mac-
cuBHbIe X- 11 Y- Go3ousL IIpu E > 10" T'3B 5TH 9acTHIIBI HE HMEIOT MacChl
MOKOA. 3/1€Ch CYHIECTBYET €lIe OJUH HA0Op XUITCOBBIX YACTHUIl U TOJIEH,
OTJIMYHBINA OT CiIy4as, paCCMOTPEHHOro Bhilie. C yMEHBIIEHUEM TeMIepa-
TypbI cpaGaThBaeT yike 3HAKOMBIH HaM MexaumsM. Ilpu E ~ 10" I'sB 06-
pasyercsi KOHJIEHCAT XWUITCOBBIX 4acTUIl, X- U Y- 0030HBI MmpuobOpeTaroT
Maccy, 4TO MPUBOJUT K PACIICIUICHUIO B3aUMOJECHCTBHII Ha CHJIBHOE H
aneKkTpociabdoe.

Ipu sueprusix oxoro 10 IHB (7 = 10* K) k HEM, BEpOSITHO, IIPH-
COEANHSETCS U TPABUTAIIMOHHOE B3aUMOJECIHCTBHE.

[IpoBeputh TeOputo Beruxozo 006beOuHeHUus B3aUMOJCUCTBUN HE
MpEACTaBISAETCS BO3MOXKHBIM, TOCKOJIBKY HU Ha OJTHOM, JIJaK€ CAaMOM MOIII-
HOM, YCKOpHUTEJE HENb3sl «Pa30THATH» YAaCTHUIIBI JI0 SHEPTUi, ONHM3KHX K
10"T5B. O 10" I'sB roBopuTh BOOOLIE HE MPUXOTUTCS, TAK KAK HIPHMEp-
HO Takou sHepruei ob6nagaeT Bcs Beenennas. Ho Ha paHHUX cTamusx 3Bo-
momun Beenennoit, mpu ¢ < 107 ¢, Temmeparypa 6blia HACTOIBKO BBICO-
KOH, 4TO BCe (PyHIaMEHTaJIbHbIE CHJIBI MPUPOJABI — TPABUTAIIMOHHBIE,
AJIEKTPOMArHUTHBIC, CHIIbHBIE U Ciia0ble — ObUIM OOBEIWHEHBI U TPe/I-
CTaBJISUTH cOOOM eanHyro «cynepcuiny». [lo Mepe pacmmpenus Beenennoit
TEMIIEpaTypa CTajla YMEHbBIIATHCS, U B3aMMOJCUCTBUSA CTald OTAEIATHCS.
Cuavana, ipu 1 = 10* K, oTnenniiocs rpaBUTAlIMOHHOE, 3aTEM, IPU T
~ 107 K, — cunpHOe B3aumopeiictBue, a npu 1 < 10 K OTIEJIUIIOCh U
cnaboe B3aMMOJIEHCTBUE OT 3JIEKTPOMArHUTHOTO.
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CumMeTpus B mpupojae

CummeTpusi — B IIMPOKOM MIIM Y3KOM CMBIC-
Je B 3aBUCHUMOCTH OT TOT'0, KaK Bbl OIpeeIH-
TC 3HAUYCHUC 3TOI'O IMOHATHA, — SABJISICTCA TOM
UJeed, IOCPEACTBOM KOTOPOM 4YEJIOBEK Ha
NPOTSKEHUHM BEKOB MBITAICA MOCTUYb U CO3-
JlaTh NOPS/I0K, KPacoTy U COBEPILEHCTBO.

I, Beuino

12.1. CummeTpus U ee ONMUCAHUE

bechopmenHnoe nepBopoiHOE cocTosiHUE BceneHHOW ApeBHUE TPEKU
o0o3Havanu nouarueM xaoc (Chaos). Yops104eHHYIO, IPUOPAHHYIO WU
yKpaiieHHy1o Bcenennyro onu HazBanmu kocmocom (Kosmos ot rped. kos-
metike — UCKYCCTBO YKpaIllaTh).

OTO ymopsioueHUEe KOJIWYECTBEHHO MOXKET OBITh BBIPAXKEHO B 1poO-
nopyusix (OT JaT. pro — Ha U portia — 4acTh, J0Js), T.€. B YUCJIOBBIX CO-
OTHOIICHUSX, TIOKA3bIBAIOIINX, KAKYIO JIOJIF0 COCTABIISET Ta UM MHAS YacTb
00BEKTa OT LIEJOr0 WM KaKOBO COOTHOIICHUE MEXKAY Pa3TUYHBIMU YaCTsI-
MU 11e510T0. Ecnu 9T yacTi o0pa3yroT Kakue-1u00 3CTETUIECKH MPUSTHBIC
COOTHOIIEHHS, TO TOBOPAT O cummempuu (OT Tped. symmetria — copas-
MEPHOCTH) Tena.

B coBpeMeHHOM NMOHMMAaHUU CHMMETPHSI — ITO MHBAPUAHTHOCTH
(HEeM3MEHHOCTh) CTPYKTYPbI 00beKTa OTHOCHTEIbHO KAKHX—JIH0O0 Mpe-
o0pa3oBaHuii (TOBOPOTOB, OTPAKEHUM, IEPEHOCOB U T.II.).

Paznuuarot ciaegyronme sremenmosl CUMMEMPUU..

1. Ilnockocmu cummempuu (P; m) — 3TO Takue IIOCKOCTH, KOTOPbIE
nenstT purypy Ha JBE 3€pPKaIbHO PaBHBIC YAaCTH. 37€Ch M HIDKE Tep-
BBIIl CHMBOJI B CKOOKaxX MPENCTaBIsCT 0003HAYCHHE DJIEMEHTA CHM-
metpun o lllerdmucy (Hemernkwii MatremMaTwk W Kpucrtamiorpad,
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1853 — 1928), a BTOpOil — 1O MEXAYHAPOJHOM CHUMBOJIMKE (OT
aHTJI. mirror — 3epKalio).

2. Ilosopomusie ocu n-eo nopsioka (L,; n, n = 1,2,...) — ocu, npu Bpa-
IIEHUH BOKPYT KOTOPBIX (pUI'ypa COBMEILAETCA caMa ¢ coboil (camo-
COBMEIIIAETCS) 77 Pa3 3a OJIUH MOJHBINA 000POT.

3. Husepcuonnvie ocu n-eo nopaoka (L, n=1,2,..) — ocu, IpH
BpalICHUH BOKPYT KOTOPBIX (PUTypa CaMOCOBMEIIAETCS MPU MOBOPO-
Te Ha yron 27/ (Zn) C MOCIEAYIOUIUM OTPAXKEHUEM B IUIOCKOCTH,

NEPHEHAUKYJIAPHON TaHHOU OCH.

4. Lenmp cummempuu (C; 1) — ocobast Touka BHYTpH (UTYPHI, Xa-
paKTepU3yIOIasics TeM, YTO Jt00asi MPOBEIEHHAs Yepe3 3Ty TOUKY
npsiMast 1o 00e CTOPOHBI OT HEE U Ha PABHBIX PACCTOSIHUSIX BCTpEYa-
€T OJUHAKOBbIe TOUKU (uUrypel. OTMETUM, YTO IIEHTP CUMMETpPUU
SBJISIETCS] MTHBEPCHOHHOM OCBIO IMEPBOT0 MOpPsIKa (B 3TOM JIerko yoe-
JUTBCS COOTBETCTBYIOIIUM I€OMETPUUECKUM IIOCTPOCHHUEM).

5. Tpancnayusa (T; t) — nepeHoc GuUrypsl napawieaIbHO caMoit cede Ha
HEKOTOPOE PaCcCTOSHUE B 3alaHHOM HaIlPABJICHHH.

6. Ilnockocmu ckonv3zaweeo ompagicenusi (P; m;) — COBOKYITHOCTb
IUIOCKOCTHA CUMMETPUU U TPAHCISLUHU, AEHCTBYIOIINX COBMECTHO.

7. Bunmossie ocu (Lg; n, n = 1,2,...) — COBOKYIMHOCTh TOBOPOTHOM OCH
Y MapajuieIbHON € TPAHCISLNUY, JEUCTBYIOINX COBMECTHO. BUHTO-
BbIE OCH MOTYT OBITh NMPAaBBIMU U JIEBBIMH, B 3aBUCHUMOCTH OT Ha-
IpaBJICHUS 3aKpyYUBaHUS (PUTYPBI IPU TPAHCIISILIUU.

[lepBble YeTBIpE JIEMEHTA CUMMETPHUM OIPENENSIOT MOUEUHYIO CUM-
mempuio ¢uryp. Ilpu Takux omnepanusix B IMOKOE OCTAE€TCs XOTA Obl OAHa
Touka (purypsl. OcTalbHbIE 3JIEMEHTBl OTHOCATCS K NMPOCMPAHCIMEEHHOU
cuMMempuu.

Ha puc. 12.1, B xauecTBe npumepa, IPUBEICHBI AIEMEHTHI TOUEUYHON
CUMMETpHUH Ky0a: 9 miocKocTeld CMMMETPUH, 3 TOBOPOTHBIE OCU 4-r0 MO-
psAlKa, 4 MOBOPOTHBIE OCH 3-T0 MOpsAJKa, 6 TOBOPOTHBIX OCEN 2-r0 MOPAA-
Ka 1 1eHTp cummeTpur. HaGop Bcex 3jieMeHTOB CMMMeETPUM TeJja (s
ky0a nto 3L, 4L; 6L, 9 P C) o6pa3yet ero rpyniny CMiMMeTPHH.
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Puc. 12.1. ITnockoctr cumMmMeTpun (BBEpXy) U MOBOPOTHBIE ocH (BHU3Y) Kyba. Kpome
TOr0, KyO MMEET LIEHTP CUMMETPUH — LIEHTp Ky0a

Puc. 12.2 no3BossieT npeacTtaButh 00bEKT, 00Jagatouuil HHBEPCHUOH-
HOWM OCBlO, HaIpUMEp, HEKOTOPYIO MOJIEKYJY, aTOMbl KOTOpPOW JIekKaT B
BEpIIMHAX JABYX MapajjielbHbIX PAaBHOCTOPOHHUX TPEYTrOJbHUKOB, HO aTO-
MBI BEPXHETO CJIOS TIOBEPHYTHI Ha yroj 60° OTHOCHTEIBHO aTOMOB HUYKHE-
r'O CJI0sI BOKPYT OCH, TPOXOSILIEH Yepe3 LEHTPbl 000UX TPEYTrOJIbHUKOB.

Puc. 12.2. IlpencraBnenne 06 HHBEPCHOHHOW OCH 6-TO MOPSAKa

BonpmuM KOIMYECTBOM BCEBO3MOXKHBIX 3JE€MEHTOB CUMMETPHUH 00-
JaJal0T KPUCTAILIBI, Onarogaps MEPUOJUYHOCTH PACIIONIONKEHUS B HHUX
atomoB. Kak nokazan (mytem mnepedbopa paziuyHbIX BapUAHTOB) PYCCKHM
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BOCHHBII HHKeHep U Kprcramiorpad, akagemuk A. B. Tagomun = (1867),
CYIIECTBYIOT 32 TOYEUYHBIC TPYMIBI CUMMETpHH KpHUCTaLioB (32 Kjacca
cumMmetpun). Beigatonmiicss pycckuii kpucramiorpad E. C. @egopoB or-
Kpbu1 230 mpOCTPaHCTBEHHBIX Ipymi cuMMmeTpun KpuctamioB (1890). He-
3aBHUCHMO OT HEro 3TOT k€ pe3yinbTrar Obul moiydeH A. Ilendaucom
(1891) Ha ocHOBE MaTeMaTUYECKON TEOPUU TPYIIII.

12.2. IIpenesbHbIE TPYNIIBI CHMMETPHH

Opannysckuit ¢pusuk I1. Kropu (1859—1906) mokazan, uto cpeau
IpyIIl CUMMETPUHU, ONMUCHIBAIOIIUX (DU3UUYECKUE CBOMCTBA Tell, UMeeTcs 7
IPyII, COAEPKAUIMX MOBOPOTHBIE OCH OECKOHEYHOTO MOpsAKa. DTH TaK
Ha3bIBAEMBIE NpeoenbHble 2PYNNbl CUMMEmMpPUU JIETKO 3allOMHUTh 110 Teo-
MeTpuueckuMm ¢urypam (puc. 12.3), uMEOmUM COOTBETCTBYIOIIHME 3Jie-
MEHTbl CHMMETPUHU.

Q0 [ mmm Q000 OOfoomm

Puc. 12.3. 'eomerpuyeckue oOpa3bl MpeAeIbHBIX TPy CHMMETPUHU. 31€Ch 00 — TOBO-

pOTHasi OCh OECKOHEYHOTO MOPAIKA, /1 — IUIOCKOCTh CHMMETPHUH, 2 — MOBOPOTHAS OCh

BTOPOT0 MOpsAKa. 3aluch oo mm, HaAIpUMep, 0003HauYaeT HaJIW4YUE MOBOPOTHOM OCHU

0OECKOHEYHOTO Mopsiika U OECKOHEYHOro YKciia MPOXOASIINX Yepe3 Hee IIIOCKOCTen
CUMMETpPUU

* (V)
HenaBHo 0OHapy)uiochk, u4to emie B 1826 1. 32 BUIa KOHEUHONH CUMMETPHUH KPH-
ctaiioB BeiBenl mpod. M. JI dpaHkeHIITeWH U3 yHHBepcuTeTa T. bpecnaBib (HbIHE
r. Bpounag, [lonbiia).
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B cooTBeTcTBMM C 3TUM CHMMETPHS OJHOPOJHOTO 3JIEKTPUYECKOTO
MOJISl XapaKTepHU3yeTcsi TPYMNIOd CUMMETPUN KOHYCa o0 mm, OJHOPOIHOTO
MarHUTHOTO TOJSl — TPYNNONW CHUMMETPUU BPAILAIOLIETOCS IMIMHIPA
o /m, nepopmanuu OJTHOOCHOTO PACTSHKEHHS (CXKaTusl) — TPYIIONA CUM-
METPUHU PACTIHYTOTO (CKATOTO) IMUIHHIPA o0/ mmm, TeIJIOBOTO paclIupe-
HUS — TPYNIION CUMMETPHUH HEMOABUKHOTO IIapa oo/ oo mm.

[IpencraBineHus O TPEENbHBIX TPYIMIAax CAMMETPUUA TOHAIO0O0STCS
HaM B JaJIbHEHIIIEM, B YaCTHOCTH, TIPY 00CYKJIEHUU BOTIPOCA O CHUMMETPUU
CaMOOPTaHU3YIOMINXCS TUCCUTIATUBHBIX CTPYKTYP.

12.3. IIpuHUMIBI CHMMETPUM

B kpucraminodusuke U3BECTHBI JBa (PYyHIAMEHTAIBHBIX CUMMETpPUNA-
HBIX [IOCTYJIAaTa, Ha3bIBAEMBIX 0OBIYHO npunyunamu Kropu n Heiimana, xo-
TOpble B 0000IIEHHON (OopMe MOTYT ObITh MPUMEHEHBI K JIOOBIM CHCTE-
MaM, OMHUCHIBAEMbIM KAKOU-IMOO rpyNIoi CUMMETPHUHU.

a 0

Puc. 12.4. I'eomerpuueckas unTepnperauus npunuunoB Kriopu (a) u Heiimana (0).
3Hak M 0003HaYaeT MnepeceyeHne MHOXKECTB, a 3HAK C — BKIIIOYEHUE OJHOTO MHOXe-
ctBa (Gs) B apyroe (Gp). B yacTHOM cilydae BKIIIOUEHHE MOXKET PAcIpOCTPAHATHCS
Ha

BCE MHO>KECTBO, TOT'JIa CJIEAYET UCIOIb30BATh 3HAK PABEHCTBA

[To npuniuny Kropu (I1. Kropu, 1894) epynna cummempuu G' 6ozmy-
WeHHOU cucmembvl pasHa nepeceyeruro epynnvl cummempuu G uUCxo0HOU
cucmemul u epynnvi cummempuu G, 6030eUcmeusi.

G =GNG,. (12.1)
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WHbIMU clIOBaMU, 8 pe3yivmame 8030€elcCmEUsl 8 CUcCmeme COXPAHAIOMCS
JUWb ITIeMEHmMbl CUMMEmMpPUU, 00wue ¢ 21eMeHmamu CUMMEmpUuY 8030eli-
cmeus. Tpunmuny Kroopu MOXHO NpuAaTh HArJISJIHYI0O T€OMETPHUYECKYIO
MHTEPIPETALIUIO, paCCMaTpUBasi TPYMIbl CHMMETPUU KaK HEKOTOPhIE MHO-
xkectBa (puc. 12.4, a).

B cootBercTBum ¢ npunuunoMm Heiimana (®. Hetiman, 1885) epynna
cummempuu Gp puzuueckozo ce0icmea O0NIHCHA BKAIOUAMb 8 cebsl epynny
cummempuu Gs cucmemul (cmpykmypul), ob1adarowert Smum C80UCMBOM:

G, cG,. (12.2)

DTOT MNPHUHIMUI TaKXKE MOXKHO MPOWLIIOCTPUPOBATh T'E€OMETPUUECKU
(puc. 12.4, 6).

[Tpunun Kropu, B yacTHOCTU, OOBACHSET, TOYEMY B OTKPBITBIX CHC-
TEMaX BO3MOXHO MOHWXEHHUE DSHTPONHUH U YHOPSAOYEHUE CTPYKTYPHI.
JlelicTBUTENBHO, BHEIIIHEE BO3JEUCTBUE, coryiacHO (12.1), moHuWxkaer cum-
METPHUIO CUCTEMBI, OCTaBJIsAsl B HEW JIUIIb SJIEMEHTHI CUMMETPHUH, OOIIUE C
CHUMMETPHUEUN BO3JCUCTBUA.

12.4. CummeTpus B npupoae

B Mukpomupe cuMMeTpUs YacTHLl onpenensercs GopMon amommvix
WU Mmonekyisaprolx opoumaneti (coorBerctBeHHO AO unmu MO). Opouma-
/b0 Ha3bIBAECTCSI FEOMETPUYECKOE MECTO TOYEK, B KOTOPBIX MOXKET Haxo-
JUTCSl BAJCHTHBIA JJIEKTPOH aToMa, WM IIPOCTPAHCTBEHHOE paclpereiie-
HUE DJIEKTPOHHOM IIJIOTHOCTU BEPOSTHOCTH, ONHACHIBAEMOM OJTHOAJIEKTPOH-
HOM BOJIHOBOW (pyHKIIMEH Takoro 3jekTpoHa. Ha puc. 12.5 nmokasansl xa-
pakrepHbie AO 111 aTOMa BOJOPOAA.

Buano, uto s — opOutans ob6yagaeT cMMMeETpUei mapa oo/oo mm. Ile-
pexoa atoMa B BO30YXKIEHHOE 2p — COCTOSIHME CONPOBOXAAETCS B COOT-
BETCTBUU € MpUHIMIOM Kiopu MOHMXEHUEM €ro CUMMETPHH: p — OpOuTa-
JIM CBOMCTBEHHA CHMMETpPUS KOHyca oo mm. HanpaBneHne ocu KoHyca 3a-
BUCHUT OT OpUEHTAIMM BHEIIHEero noisi. JlampHeilee Bo30yx)aeHNE aToMa
erie O6obie moHmwxkaeT cummerpuio. [lo npunnuny Helimana cummerpus d
— opOuTaNIel ONUCHIBAETCS TPYNIION 2mm, SABISAIOIIEHCS MOATPYIIION IPyII-
TIBI 00 Mmm.
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s — opbuTanp

— p — opOutanu

d — opburanu

=S
&

Puc. 12.5. AO nns atoma Boziopoza. 3HaKU «ILTKOC» U «KMUHYC» YKa3bIBAIOT 3HAKHU BOJI-
HOBOW (hyHKUIUU

MonexkynsipHbie OpOUTANN SIBISIOTCS TUHEWMHOM KOMOWHAIMEH aToOM-
HbIX opOuTaneil. Ha puc. 12.6 nzobpaxxena MO MoieKyIbl 3THIICHA.
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Puc. 12.6. MO stunena (C,Hy). Obnactu nepekpsitust AO aToMOB BOIOpOJia U YTJIEpO-
Jla COOTBETCTBYIOT YETBIPEM G — CBSI3SM, OOJIaJIAIONTUM OCEBOM CHMMETPHUECH, U OJTHOM
T — CBA3M, UMEIOLIEHN TIOCKOCTh CUMMETPHUH

Monekyna C,Hs uMeeT moBOpOTHYIO OCh 2-TO MOPANKA, ABE MPOXO-
JSIIME Yepe3 Hee IIIOCKOCTH CUMMETPHH, TIIIOCKOCTh CUMMETPUH, NEPIEH-
JTUKYJISIPHYIO 3TOM OCH, U IEHTP CUMMETPHH.

B Mmakpomupe, 1IpeICTaBIEHHOM B BUJE KUBOW U HEKUBOU IIPUPOIBL,
CUMMETpPHSI BCTpPEYaeTCsd OYEHb MIMPOKO. boratbiM HaOOpOM BCEBO3MOXK-
HBIX AJIEMEHTOB CUMMETpuUM 00sianaroT kpuctauibl. Ha puc. 12.7 npen-
cTaBjeHbl HEKOTOpble GopMbl KpucTtamia NaCl, BelpanieHHbIE U3 BOJHOTO
pacTBOpa MpH pa3IMYHBIX yCIOBUAX. Bce oHM monydaroTcs myTeM KoMOu-
HalUM OpocThiX ¢hopm Kyouyeckoro kpucraiia NaCl, KakoOBbIMU SIBJISIFOTCS
cam Ky0 (rexcasap) u u30MOp(HBIA eMy IO CHMMETPUN OKTaP.

GRS

Puc. 12.7. Paznuunbie ¢opmbl kpuctaiuia NaCl coxmepkaT KOMOWHAIIMH 3JIEMEHTOB
cCUMMeTpHUH Ky0a (OKTadipa)

,.,'

-

CuMMeTpusl KUBBIX OPraHU3MOB U3MEHSIACH B XOJI€ IBOJIIOLUU JKH3-
HU Ha 3emuie. Bupycel, 6akTepun, MHOTHE OJHOKIETOYHBIE OpPraHU3MBI
UMEIOT CUMMETpPHIO, OJIM3KYyI0 K cuMMeTpuu Iapa. Hampumep, GenkoBas
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000J104Ka MHOTHUX BHPYCOB UMeeT GpopMy ukocasapa. Dopmy npaBuibHBIX
MHOTOTPAHHUKOB, TPYIIIBl CUMMETPUH KOTOPBIX SIBJISIOTCS MOATPYyHIaMu
IpyNIbl CUMMETPUHN IIapa, UMEKOT PagUOISPUU. DTO MPOCTEUIINE Opra-
HU3MBI MOJKJIACCA CAPKOJOBBIX (PKTYTHKOBBIX). VX pasmepbl KoJneOIoTCs
oT 40 MxM 110 1 MM, uHOTJA YyTh OoJibiie. Paauosispun BXOIAT B COCTaB
MOPCKOr0 TUIaHKTOHA. VX CKeneThl, OMmycKasich Ha JHO, 00pa3yroT OOJb-
YO YaCTh MOPCKOTO MIIA.

[IpumuTHBHBIE POPMBI MHOTOKJIETOYHBIX OECIIO3BOHOYHBIX JTHUOO Be-
OyT CUASYUi (IPUIOHHBIN) 00pa3 )KU3HHU, MO0 aKTUBHO IUIABAIOT BO BCEX
TOPU30HTAIBHBIX HarpaBiieHusX. COOTBETCTBEHHO 3TOMY HMX CHUMMETPUS
OMUCKIBAETCS MOATPYNIaMU CUMMETPUU KOHyca. B mepBoM ciydae mpu-
CYTCTBYET JHIIb OJHA (BEPTUKAJIbHAS) TOBOPOTHASI OCh 00-TO MOPSAKA U
OeCcUnCIEHHOE MHOXECTBO MPOXOASAIIMX BIOJIb HEE IUIOCKOCTEH CUMMET-
puun. TakoBo, HanpuUMep, CTPOCHUE apXeolraT, UMEIOIIUX BUJ «JIPEBHUX
KyOkoB (0OOKasioB)», IMEHHO TaK B MEPEBOJE C IPEUECKOTO MEPEBOAUTCS
Ha3BaHHUE ITUX cTapedlmx obutateneid mMopel. Bo BTopoMm ciiyuae umeer
MECTO pajauanbHO-TydeBas cummeTpus. OHa BCTpedyaeTcs y Meay3, Mop-
CKHX 3BE3]1 © MOPCKHX €KEH.

YacTh MO3AHUX MHOTOKJIETOYHBIX MEpellia K MOJ3aHUI0 WM IJ1aBa-
HUIO B OJIHOM HAIPaBJICHHUH — 3TO YEPBU, PHIOBI U Jajee 36MHOBOJHBIE,
OTULBI, MIEKOMUTAIOMKUE. Y 3THX XUBOTHBIX PA3BUJIACH OUIAMEPANbHAsL
(nBycTopoHHss1) cummeTpusi. Ilepennsisi yacTh Tena y HUX OTIMYAETCS OT
3aJIHeH, CIIMHHAASI OT OPIOIIHOM, HO JIEBas W MpaBas MOJOBUHBI CUMMETPHY-
HBI.

Yrto kacaeTcsi paCTeHUH, TO Y HUX, KaK U y OCEJUIbIX NPHUIOHHBIX JKH-
BOTHBIX, CAMMETpPHsSI B LIeJIOM KOHMYecKass. Och KOHyca COBIAJAET C Ha-
MpaBJICHUEM I'PABUTALIMOHHOIO OIS 3eMJIU. Y HEKOTOPBIX KMBOTHBIX, Ha-
IpUMep, MOJUIIOCKOB M PACTEHUN BO3HUKJIA BUHTOBAs CHUMMETPHUS. IDTO
00yCIIOBJIEHO Bpall€HUEM KUBOTHOTO BOKPYT CBOEH OCH, IIOBOPOTOM pac-
TeHHUsI Bclieq 3a ABuxeHreM COJIHIIA WM B IPOTUBOIOJIOKHYIO CTOPOHY, a
TaK)Xe JUHAMUKOW MOHOB, COJEPIKAIIUMXCS B KJIETKaX OpraHu3Ma, B Mar-
HUTHOM I10JI€ 3€MJIH.

Kak Buaum, o0l NpuHUKUN U3MEHEHUSI CHMMETPHUM B XOJI€ ABOJIIO-
LIMU TaKOB: OHA, B LIEJIOM, MIOHMKAETCS, XOTS OBIBAIOT U CIydad perpecca.
Hexkortopsie OumarepanbHbie (OpMBI, BEpHYBIIUECS K CHASYEMY oOpasy
KU3HU (Hampumep, WIJIOKOKUE), BTOPUYHO MPHOOpENN paguaibHO-
JAy4eBYI0 cUMMeTpuio. CuuTaeTcs, 4TO BHUPYChl 00pPa30BAIUCH TaKKe Iy-
TEM JIeTeHEepaIK, a UMEHHO TI0 CXeMe: 0aKTepUu —> PUKKETCUHU (CeMEeNCT-
BO OaKTEpHii, UCIIONB3YIONIUE TOTOBBIE MUTATEIbHBIE BEIIECTBA U3 KIETOK
OpraHu3Ma-xo3s1Ha) —> XJaMuj00aKkTepun (OaKTEepuu, COCTOSIINE U3 IIe-
MOYEK KJIETOK, 3aKIFOYEHHBIX B U€X0JI) — BUPYCHL. IHOT/1a BUPYCHI BhIjIE-
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JSI0T B 0c000€ LapCcTBO KUBOW mpupoasl — Vira. Ha puc. 12.8 nokazano
YMEHBIIIEHUE CHMMETPHH B X0JI€ IBOJIOLIUH.

S

Puc. 12.8. YMeHblIEHNE CUMMETPUN B XO/I€ POTPECCUBHOM IBOJIIOLIUU OT MIPOCTEHIINX
(opM KHMBBIX OPraHU3MOB K BBICIINM: T€PIIECBUPYC UMEET CUMMETPHIO MKocalapa (a),
YeJIOBEK, KaK U BCE BBICIIME KMBOTHBIE, UMEET JIMIIb INIOCKOCTh CUMMETPUHU (Ha pu-
CYHKE CKYJBNTYPHBIH MOPTPET OAHOM M3 KpAaCHUBEHMIINX KEHILUH, KOT/1a-TH00 KUBIINX
Ha 3emie — JapeBHeerunerckoi mapunsl Hedeprutu. Ckynsntop Tytmec,

XIV B. 1o H.3.) (0)

B Meramupe cummeTpusi 00bEKTOB MPEUMYIIECTBEHHO Chepruieckas,
JIIUIICOMAANIbHAs WU cnupanbHas. Hama Beenennas B nenom cdepuye-
CKas, TaK KakK pacUIMpsETcs BO BCE CTOPOHBI OJMHAKOBO. ['amakTuku ObI-
BaIOT 3JUIMIITUYECKHE, CIIMPAIbHbIE WM HeNpaBUIbHOU Qopmbl. B yactHo-
cTH Hamra ['ajakTuka mpeacTaBisieT coOOW TBYPYKaBHYIO IJIOCKYHO CITH-
paib, B LIEHTPE KOTOPOU HAXOIUTCS YTOIIIEHHOE SAPO.

Bxonsuiye B rajakTUKH 3Be37bl B OCHOBHOM SIBJISIFOTCS 11apooOpas-
HBIMHM CTYCTKaMH BBICOKOTEMIIEpaTypHOM Iurasmel. OHM BpalaroTCs, IO-
TOMY UX CUMMETPHUS HUKE, YEM y HEINOJABHKHOIO 111apa, U XapaKTepUsy-
€TCsl TOJIbKO OJTHOM MOBOPOTHOM OCBIO 0O-TO TIOPSIIKA U TIEPIISHIUKYJISIPHON
K HEH IUIOCKOCTbIO CUMMETPUH, NPOXOASIIEN Yepe3 LEHTp Iapa. IJTo
rpymma oo/ m. Hanuuue MarHuTHOTO MOJIs y 3Be3] elle 0osee NOHMKAET UX
CUMMETPHIO, TaK KAK CEBEPHBIM M IOKHBIM MAarHUTHBIE TOJIFOCA pa3INya-
I0TCA MEXIy coOoi. B uTtore cuMMmerpusi 3Be3]] ONMUCHIBAETCS MPeAeIbHON
I'PYIIION 00.
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Ta >xe cuTyanuss UMeeT MECTO M B cllydae IUIaHET, OOpalaroluxcs
BOKPYT HEKOTOPBIX M3 3Be3l. ClienyeT NpUHATh BO BHUMAaHUE, YTO T'PaBH-
TallMOHHBIE MOJIA TUIAHET HE CTOJb BEJMKH, KAaK y 3BE3[, IOATOMY BO3HH-
KaoIlIKMe MPU UX BPAIlEHUH HEHTPOOEKHBIE CHUIIbI IPUBOJAT K CIUTIOIIMBA-
HUIO TUIAHET C TMOJIFOCOB U YTOJILIEHUIO B KBATOpUAIbHON obnactu. OqHa-
KO HauOOJIbILIME HUCKaXEHHS B (POpMY IUIAHET BHOCIT HEPABHOMEPHOCTH
penbeda uX MOBEPXHOCTHU, BBI3bIBAIOIINE CMEUIEHUE IIEHTPA TAKECTH.
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13

I'ne HapymawTcs 3aKOHBI COXPAHEHU S ?

— A 4ro ObUTO OBI, — CHOBa CIPOCHII
3agur, — eciu Obl BOBCE He ObLIO 3714, U
B MUpE LApHIIO ObI TOJIBKO J00pO?

— Torma, — otBeuan Hespan,— s3toT
MUp ObUT OBl JPYTMM MUPOM U CBSI3b CO-
ObITHI ompeAessl Obl JPYrol mpemy/i-
PBII OPSIAOK.

Bonvmep

13.1. IIpupoaa 3aK0HOB COXpaHEHMS

Hemeukuii matematruk Ommu Hetep B 1918 1. nokaszana teopemy,
OKa3aBIIIyI0 TOpa3fo Oosbliiee BIMSHUE HA pa3BUTHE QU3UKHU, YEM MaTeMa-
Tuku. CorjaacHo 3TOM TeopeMme, eciu cucmema coxXpausem c80u C8OUCmea
npU Kakom-aubo npeoopazosaHuu KOOpouHam, mo 8 Heti 0elicmeayem 3aKoH
COXpaHeHUsi HeKOMOPOU U3UYECKOU BeTUUUHbL, CEA3AHHOU C OAHHBIM Npe-
obpazosaHuem.

[lonsaTHO, uTO cucrema uneapuaumua (OT NaT. invarians — HEU3Me-
HSIOIUKACA) OTHOCUTEIBHO MPeoOpa3oBaHUl KOOPJAMHAT JIMILb B TOM CIIy-
yae, €ClId OHA HBOJIIOIMOHUPYET B IPOCTPAHCTBE U BPEMEHU, 00J1aJat0Iu-
MU OIIPEIEIICHHONM CUMMETpUEH. B KiacchueckoM eCTeCTBO3HAHUM IIPO-
CTPAHCTBO CUYUTAETCS MAKPOCKOIMUYECKU EBKIUOOBLIM, MPEXMEPHbIM, 00-
HOPOOHBIM, USOMPONHLIM U KOHMUHYANbHLIM. JTO O3HAYaeT, 4YTO Mpo-
CTPaHCTBO caMo M0 ce0e He UCKPUBJIEHO (€BKIUIOBOCTh), €0 CBOMCTBA HE
3aBUCAT OT PACCTOSIHUSI 10 TOYKU HAOI0/IeHUs (OAHOPOIHOCTh) U HaIpaB-
JieHus (M30TPOMHOCTh), OHO HEMPEPHIBHO (KOHTUHYAJIBHOCTH). [TonoxkeHnue
B HEM MaTepuajbHOM TOUYKM MOXKHO YKa3zaTh, 3aJlaB TPU KOOPAUHATHI.
Crpena BpeMeHHU TakXe He UCKPUBIICHA, HE COAEPKUT YYACTKOB CXKATHUS U
PaCTSDKEHUS, Pa3pbIBOB W YAOBJIETBOPSIET MPHUHIIUIYY MPUYUHHOCTHU: BCE
COOBITHSI SIBIISIFOTCSI OJTHO3HAYHBIMU CJIEJACTBUSIMU CBOUX TTPUYMH.
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C nomouipro TeopeMbl HeTep MOKHO JOKa3aTh, 4TO 3AKOH COXPAHEHUS
umMnyibca CBA3aH C OJHOPOIAHOCTBIO IPOCTPAHCTBA, 3AKOH COXPAHEHUs
MOMEHmMa UMNYIbCca — C €ro U30TPONHOCTBIO, 3AKOH COXPAHEHUs NOAHOU
SHepauu — C OJHOPOJHOCTBIO BpemMeHU. OTHOPOAHOCTH MPOCTPAHCTBA
00yCJIOBJIMBAET UHBAPUAHTHOCTh CUCTEMBI OTHOCUTENIbHO MPOCTPAHCTBEH-
HBIX TPAHCJSIUUN, €r0 HW30TPOIHOCTh — HHBAPUAHTHOCTH OTHOCHUTEJIBHO
IIPOCTPAHCTBEHHBIX ITOBOPOTOB, 4 OJHOPOJHOCTh BPEMEHN — WHBAPHUAHT-
HOCTb OTHOCUTEJIBHO BPEMEHHBIX CIBUIOB.

EcTp enie oHa BeIMYMHA, KOTOPAask MOKET COXPAHIATHCS IIPU OIpEJIe-
JICHHBIX MPeoOpa3oBaHUSAX KOOpPJMHAT, — uemHocmsb. ['OBOPAT, YTO MPO-
LIECC IPOUCXOAUT C COXPAHEHUEeM YemHOCMmU, €CIIA €r0 3EPKAIbHOE U30-
OpaxxeHne (U3NYECKH peaTu3yeMoO C TOH K€ BEPOSITHOCTBIO, YTO M CaM
npouecc. Hanpumep, mpouecc nmajgeHus Ms4ya Ha 36MJIX0 C HEKOTOPOH Bbl-
COTBI B 3€pKaJie BBIMJISLAUT TOYHO Tak k€. Kak Obl MbI He pacroJiaraiu 3ep-
KaJjio, Msi4 B HEM Bcerjia OyleT nmaiaTh Ha 3eMJII0, a HE HaYe.

Mpbl HACTONBKO NPUBBIKIM K COXPAHEHUIO YETHOCTH B HAllleM OObI-
JEHHOM MHpE, YTO JaXe HE CUMTAEM 3TO KaKUM-TO OCOOBIM (PM3HUECKUM
3akoHoM. Ho, BOT, B 1956 r. amepukaHckue (HU3UKU-TEOPETUKU KUTANCKO-
ro npoucxoxaeHus L. JIu u Y. SHr BeiCkazaiu npearnosioxKeHue, 4To Yer-
HOCTb HapylIaeTcs B Cla0bIX B3aMMOJEHCTBUSIX, U 3TO OJNeCTsIe NOATBEp-
IUJIOCHh B JKCIIEPUMEHTAX, INPOBEIECHHBIX HUX cooTedyecTBeHHHUIEH L. By.
OnbiTh 10 f3 - pacnany “Co TOKa3aiH, 4To UCIyCKaeMble IPH 3TOM HpO-
1IECCE DJIEKTPOHBI BCETZAa BBUICTAIOT B HANPABJICHWH, MPOTHUBOIIOIOKHOM
COHUHY siApa. 3epKallbHOE M300pa)KeHHE IMpolecca, MNP KOTOPOM HaIpas-
JIEeHUE BpalleHUs Spa (M €ro CMH) MEHSETCS Ha MPOTUBOIOJIOKHOE, a Ha-
IPaBJICHUE BBUIETA HJIEKTPOHOB OCTACTCS MPEKHUM, (PU3NIECKU HE peaju-
3yercs. CnenoBaTenbHO, YETHOCTh HAPYIIAETCS.

Tax ot yero e 3aBUCUT, Kakue (PU3NUYECKHE BEIMYUHBI U KOTAA CO-
XpaHsaoTCs?

13.2. Pa3MepHOCTH NPOCTPAHCTBA-BPEMEHH M KOJIMYECTBO
COXPAHSIIOIIMXCS BeJIUYNH

Panee Mbl yXe TOBOPWIH, YTO TPEXMEPHOCTh MPOCTPAHCTBA U OJHO-
MEPHOCTbh BPEMEHU — 3TO CBOMCTBA HAIlIETO MakpoMupa (CM. ceMHuHap 7).
B mukpomupe, B Macmtabax, MEHBIIUX pyHOameHmanvHou Oaunvl L
~ 107 M, IPOCTPAHCTBO CTAHOBHTCS 4-MEPHBIM, a BpeMs Hcuesaer. Bos-
MO>KHBI YCIIOBHSI, KOTJIa KOJHMYECTBO MPOCTPAHCTBEHHBIX U BPEMEHHBIX H3-
MepeHuit emie 6osbiie. [Iycts, B o0mieM ciiydae, pa3MepHOCTh IPOCTPaH-
CTBa-BPEMEHU /1 ONPENEISAETCS BbIpAXKEHUEM
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n=ng+n,,

II€ Ny — YHCIIO HE3aBUCUMBIX IPOCTPAHCTBEHHBIX, & 71, — BPEMEHHBIX KO-
opauHat. Torma Mel momyyaem s, BO3MOXKHOCTEH i OOpamieHust mpo-
CTPaHCTBEHHBIX KOOPJWHAT, 7I; BO3MOYKHOCTEW I NPOCTPAHCTBEHHBIX

o 2 o
TPaHCIISINUU, Cn BO3MOKHOCTCHU JJIsI HNPOCTPAHCTBCHHBLIX IMOBOPOTOB, 7
s

BO3MOXHOCTEW JJIsi BPEMEHHBIX TPAHCIALUN U Cﬁt BO3MOYKHOCTEH JUIA

BPEMEHHBIX TOBOPOTOB. O011Iee KOJIMUECTBO CBA3AHHBIX C 3TUMHU Mpeoldpa-
30BaHUSIMH KOOPJAMHAT COXPAHSIOIUXCS (PU3HMUYECKUX BEJIMYUH BBIPA3UTCS

bopmymoit

_ 2 2
N=2n+C, +n,+C, .
371ech BBIpAXKCHUS

CZ _ s° CZ — t*
" 2(n ’

S
OTPENENSIOT U3BECTHbIE M3 KOMOWHATOPUKU YHUCIA COYETaHUN ng WU 7,
AJIIEMEHTOB (OCel KOOpPJIMHAT) IO JBa AJIeMeHTa (IIOCKOCTH BpalleHus, 00-
pa3oBaHHBIE KaXKJION Mapoit oceil).

B makpomupe ny = 3, n, = 1, u mb1 nonydaem N = 10. D10 coxpaHeHue
B U30JIMPOBAHHON CUCTEME TPEX KOMIIOHEHT BEKTOpPA YETHOCTH, TPEX KOM-
MIOHEHT BEKTOPa UMITYJIbCA, TPEX KOMIIOHEHT BEKTOpPa MOMEHTA MMITYJIbCA
Y OJTHOM CKaJISIPHOM BEJTMYUHBI — ITOJHOW SHEPTUU CUCTEMBI.

A Kak e OCTaJbHbI€ 3aKOHBI COXPAHEHUS: 3apsiaa, CTPAHHOCTH, U30-
TONIMYECKOTO cnuHa U Apyrue? Bce neno B TOM, YTO BCE 3TH BEIUYHUHBI
MO>KHO CBECTH K KOMOMHAIIMSIM TPOCTPAHCTBEHHBIX M BPEMEHHBIX Xapak-
TEPUCTUK YACTHI], €CJId BOCIOJIb30BATHCS €CTECTBEHHON WJIM aOCOJIIOTHOMN
IIPOCTPAHCTBEHHO-BPEMEHHOM CHUCTEMOW €AUHULl u3MepeHus. B mupe Her
HUYEro, KpOMe IMPOCTPAHCTBA, BPEMEHU U JIBU>KEHUS. J[BUKEHHE U B3au-
MOJIECTBHE OOYCIIOBJIEHBI 3BOIIONMENH BO3MYLIEHUN MPOCTPAHCTBA, T. €.
bu3nuecKX WIM CWJIOBBIX Mojeil. PacrnpocTpaneHue 3THX BO3MYIICHHM
MBI ONKCBHIBAEM KBaHTaMH COOTBETCTBYIOIIMX Iojei. YacTuipl BeniecTna
MPEICTABIISAIOT COOOM CBSI3aHHbBIE COCTOSIHUS STUX KBAHTOB.

13.3. Uuble MUPBI — HHBbIE 3AKOHBI
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[Ipexne BCEro OTMETUM, YTO 3aKOHBI COXPAaHEHUS NEUCTBYIOT JIUIIb B
M30JIMPOBAHHBIX CUCTEMAaxX Tell. Eciam cucrema OTKphITa MO OTHOUIEHUIO K
BHEIIIHUM BO3JIEVICTBUAM, €CJIM B HEW MOYKET U3MEHHUTHCS YUCIIO YACTHI], TO
Y TOBOPUTH HE 0 ueM. HOo M B M30IMPOBaHHBIX CUCTEMAX 3aKOHBI COXpaHe-
HUA JIEUCTBYIOT JIMIIb TOTJIA, KOTJA BBITOJHSIOTCS YCIIOBHS, I KOTOPBIX
oHU moaydensl. B m. 13.1 Obulo mokazaHo, YTO JJisi BBIMIOJIHEHUS! U3BECT-
HBIX 3aKOHOB COXPAHEHUS 3TH YCIIOBHS CBSI3aHBI C MaKpOCKOIMYECKUMU
CBOMCTBaMHU NIPOCTPAHCTBA U BPEMEHH: TPEXMEPHOCTBIO, OJTHOPOJAHOCTHIO
Y U30TPONTHOCTBIO IPOCTPAHCTBA, OJTHOPOJHOCTHIO BPEMEHH.

B merammpe BcneACTBHME MCKPUBIIECHUS MPOCTPAHCTBA BOJIM3U 3BE3[
IIPOCTPAHCTBO TEPSAET OJHOPOAHOCTh U HM30TPOMHOCTh. [[€HCTBUTENBHO,
CBOMCTBA MPOCTPAHCTBA BOJIM3U KAKOU-TMOO 3BE3/1bl U BAAIU OT HEe OyIyT
paznuyHbl. DTH CBOMCTBA OYyJyT 3aBUCETh U OT HANPABIICHUS: MO HAINpPaB-
JICHUIO K LEHTPY 3Be3/bl CBOMCTBA OYIyT OJHU, a B NEPHEHAUKYJISIPHOM
HampaBieHun — apyrue. Kpome Toro, BOJIM3M MacCUBHBIX Tell BpeMs 3a-
memisier xol. CienoBarenvHo, 68 Mezamupe, 8 HenocpeoCmE8eHHoU OIU30-
cmu om 36e30, mem 0ofee, YepHvliX Oblp, 3AKOHbl COXPAHEHUs UMNYIbCd,
MOMEHMA UMNYIbCA U SHEP2UU He 8bINOIHATOMCA.

Omu dice 3aKOHbI OYOYM HAPYUWAMbCA U 8 MUKpomupe, BOJIU3U dIie-
MEHTApHBIX YaCTHUI], Ha PACCTOSIHUSIX, MEHBIIUX HUX COOCTBEHHBIX pa3Me-
poB. [leno B TOM, 4TO KpUBU3HY IPOCTPAHCTBA U OAHOPOJHOCTH BPEMEHHU
U3MEHSIOT HE TOJBKO IPaBUTALMOHHBIC, HO M JIpyrue (pU3M4ecKue MoJis:
AJICKTPOMArHUTHBIE, CWIIbHBIE W cllalble. /[ crabvix e3aumoodeticmsuil,
Kak ObLI0 NOKA3AHO 8blule, KPOMe MO020, Hapyulaemcs 4emHoCb.

TpexmMepHOCTh NMPOCTPAHCTBA, OAHOMEPHOCTb BPEMEHU M KOHTHHY-
QJIBHOCTh TOTO M JIPYTOr'0 B MUKPOMHUPE COXpaHSAETCsA 10 MacumTaboB, CO-
M3MEPUMEIX ¢ (QYHIaMEHTaNbHOM JuHOH L ~ 10> M. B MeHbIIMX Mac-
mradax MpOCTPAHCTBO CTaHOBUTCA 4-MepHbIM. B MaTepuanax cemunapa 7
OBLIO MOKa3aHO, YTO B MIPOCTPAHCTBE YETHIPEX N3MEPEHHI BOCCTaHABINBA-
€TCSl HAPYLIEHHOE B TPEXMEPHOM IIPOCTPAHCTBE TOXKAECTBO JIEBBIX U Ipa-
BBIX OHAHMUOMOP@HLIX (3€PKAIbHO-CUMMETPUYHBIX) Pa3HOBHUIHOCTEN
00BEKTOB. DTO 03HAYAET BOCCTAHOBJIEHUE YETHOCTH.

C npyroii cTOpoHBI, B KBaHTax MNPOCTPAHCTBA HET HUYErO, KPOME H3-
Jy4EHHUS], U PeUYb MOKET UATHU TOJBKO O TOXKIECTBE JIEBOIIOIAPU30BAHHBIX
Y MPaBONOJIIPU30BAHHBIX KBAHTOB 3TOT0 HU3JIy4YEHHs. 3a IpenesaMu 3TOU
00JacTH UX KOJMYECTBO paznuyHo. Ilepexoa 3 Hamero TpexmMepHOro Mu-
pa 4epe3 4EeTBEPTOE U3MEPEHUE B «3a3€PKAJIbHBIN) TPEXMEPHBI aHTUMUDP
IIPUBOJUT K 3aMEHE 3HAKA CIIMHA YKAa3aHHBIX KBAHTOB HA IPOTUBOIIOJIOXK-
HBII.
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JHTpoOnuA U nHGoOpManus

Msb1 n3MmepsieM «OecTiopsiIoKk» B 4YEM-TO 10
YHCITy CHOCOOOB, KAKUMH MOXKET OBITh Tpej-
CTaBJICHO €ro COACPIKUMOC, JIUIIb OBl BHEIIIHE
BCe BBHINNIAAENO Oe3 m3MmeHeHus. Jlorapupm
YHUCiIa ClIOCOOOB — 3TO YHTPOIIHUS.

P. ©@etiman

Wndopmanusa ects mHPOpMaLus, a HE MaTe-
pUS U HE SHEPTHSL.

H. Bunep

14.1. DHTponua Kak Mepa 0JIM30CTH CUCTEMbI
K Xa0TUYECKOMY COCTOSTHUIO

ITycth mmeercst HEKOTOpasi cucTteMa, cocrosmas u3 N = 1 yactuirsl,
MOTYIIEH HaXOOUThCS B W = 2 MOCTYNHBIX €i A4€iKaxX MpOCTPaHCTBA, HA-
IIPUMEpP, B SALIUKE C IIEPEropoAKOH, B KOTOPOM HMEETCs OTBEPCTUE
(puc. 14.1, a). OyeBUIHO, €CIM YUCIIO YACTHUI[ B TAKOM SIIHUKE YBEIUYUTH
10 N = 2, To 4MCJI0 BO3MOXKHBIX COCTOsSIHUM cuctembl W =4 (puc. 14.1, 0).
[Ipu N=3 W =38 (puc. 14.1, ).

CratucrtuyeckuM BecoM W cucTeMbl HA3bIBAETCH BeJIMYMHA, PaB-
Hasl YUCJIY JOCTYIHBIX COCTOSHUM BCEX YACTHUIL, BXOAAILIMX B ITY CHC-
TeMy WJIH, HHAYe, YHUCJITY MUKPOCOCTOSIHUN CHCTEMBbI.
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Puc. 14.1. K nOHATHSAM CTATUCTUYECKUH BEC U DHTPOIHMS CUCTEMBI: KOJTUYECTBO YACTHI]
N=1(a); N=2(6); N=3(8)

N3 puc. 14.1 BuaHO, 4TO cmamucmu4ecKuil 8ec Cucmembl pageH npo-
U3BE0EHUI0 CMAMUCTNUYECKUX 8eCO8 8CeX NOOCUCMEM, HA KOMOPble MONCHO
pazoums 3my cucmemy:

W=f[W. (14.1)

i
i=1

Hanpumep, ecnu B ciyuae puc. 14.1, 6 nmomoxute N =N, + N, =1 + 2, 10
W=w,-W,=2-4=8. Ecom N=N,+N,+N;=1+1+ 1, To Tak ke
W=W, Wy, Wy=2-2-2=38.B cucreMe ¢ I1ByMs IPOCTPAHCTBEHHBIMHU
sueiikamu W = 2", B CHUCTEME, COCTOSIIEH M3 n sueeK, N JacTul] UMEIOT
cratucTHYecKuii Bec W =n".

BmecTo cTaTMCTHYECKOro Beca 4acTo ObIBAaeT yJOOHO MOJIb30BAaThCS
Ipyroi (pU3nyecKou BETUUMHON — IHmponuet CACTEMBI.

IHox 3uTponmeit S cucTeMbl MOHUMAKOT JIOTAPU(PMUYECKYIO Mepy
ee CTATUCTHYECKOro Beca:

S=kn . (14.2)

Bripaxxenue (14.2) yno6uee, ueM (14.1), B TOM OTHOILICHHUH, YTO dHMPONUSL
cucmembl pagHa Cymme IHMPONULL 8Cex C80UX NOOCUCTEM:

=35, (14.3)

i=1
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TaK Kak Jjorapu@m Mpou3BEACHHUS PaBEH CyMME JIOTaprU(pMOB COMHOKHUTE-
JEeN.

Takoil moaX0A K MOHATHIO «IHTPONUS» ObLI NpeasioxkeH B 1872 r. aB-
ctputickum puzuxom JI. Bombiimanom, moatomy BeipakeHue (14.2) Ha3bi-
BaeTcsi hopMytoii bompimana st suTponuu. 3xeck k = 1,38:10% Ix/K—
nocrosiHHas bonbimana. McTopuuecku ke 3TO TMOHSATHE BIEPBHIE OBLIO
BBesleHO HeMeukuM (uzukoMm P. Knaysuycom B 1865 r. 11t repMmoauHamu-
YECKUX MPOLECCOB.

OpauM n3 GyHAaMEHTANBHBIX MPUHIUIIOB MPUPOMABI SBISETCS NPUH-
yun 6o3pacmanusi SHmMponuy: B U30JJMPOBAHHOM CHCTEeMe IHTPONMS He
U3MEeHsIeTCsl PH 00PaTHMBIX MPoLeccaX M BO3pacTaeT NMpU HeoOpaTH-
MBIX npoueccax. Oopamumsimu MPOLIECCAMH HA3bIBAIOTCA TaKUE MPOIEC-
Chl, IIPU KOTOPBIX CHUCTEMY MOXHO BEPHYTb B MCXOJHOE COCTOSHUE Yepe3
TE€ K€ caMble IPOMEKYTOUHbIE COCTOsIHUSA. PeanbHblie mporiecchl, Kak mpa-
BUJIO, HeoOpamumbl, TaK Kak, BCIEJICTBUE TPEHUsI, U3ITyUCHHUs, TEIIonepe-
Ja4¥ ¥ T. 1. CONMPOBOXKAAIOTCS duccunayueti Suepruu (0T nar. dissipatio —
paccesinue). JlelicTBUTENbHO, B M30JUPOBAHHOW CHUCTEME, MPU HAIUYUU
JMCCUTIATUBHBIX MPOIIECCOB, MPOUCXOJUT XaOTHUECKOE Mepepacipeserie-
HUE YaCTHI[ IO BCEM BO3MOKHBIM COCTOSIHHSIM, T. €. CUCTEMa CTaHOBHTCS
MEHee YIOPsA0YEHHOM, OITOMY €€ CTaTUCTUYECKUI BEC U YPHTPOIUS BO3-
pacTaroT, CTpeMsCh K MaKCUMAaJIbHO BO3MOXXHOMY 3HAYEHHIO, KOTOPOE J0C-
TUTAETCs] B PABHOBECHOM COCTOSIHUM CHCTEMBI.

O4eBUAHO TaKXKe, UTO npu memnepamype, pasHol abCcoIomHOM) Hy-
JI0, KOTJIa BCSIKOE JIBUKEHUE B CUCTEME MPEKpaIlaeTcs, U, CTajgo ObITh, OHA
XapaKTepu3yeTcs €IUHCTBEHHBIM JIOCTYNHBIM il cocTostHueM (W = 1), onu-
Mponus cucmemsl 00pawiaemcs 6 Hyv:

lim S =0. (14.4)
T—0
Bripaxxenne (14.4) naspiBaetrcsi sakonom Hepncma (B 4ecTb HEMEIKOTO
¢usnka u xumuka B. Hepucra), nunu mpemoum nauanrom mepmoounamuxu.

W3 npuBeIEHHBIX PAacCyKIEHUN SICHO, YTO @Hu3uUYecKuil CMbICA IH-
MponuYu COCMoum 8 mom, Ymo OHAa eCmv Mepa pa3ynopsa0oyeHUs. CUCEMbL
unu mepa ee OIU30CMU K XAOCY.

[ToHSTHO, YTO B OMKPBHIMbBIX CUCEMAX, B3AaUMOJICUCTBYIOIIUX C JPY-
TMMH CUCTEMaMHU WIH OTICIbHBIMU TEJAMU, IHMPONUSL MONCEm U NOHU-
acamwvcs. 'Torga B cucTeMe MMEET MECTO ymnopsaoueHue. AOCOIOTHOTO
xaoca (mo apeBHerpedeckoit mudonoruu Chaos — becnpedenvhoe, Oec-
GopmenHoe nepsopooHoe cocmosaHue Mupa) B orpaHuYeHHON yactu Bce-
JICHHOM HE CYIIECTBYET, Tak Kak, corjacHo (14.1), (14.2), ais S — oo Tpe-
OyeTcst, 4TOOBI YMCIIO YaCTHI[ B cUCTeMe N —> .

14.2. Uudopmanus Kak Mepa YHOPAA0UYEHHOCTH CUCTEMbI
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IMox undopmanueii (ot nat. informatio — pa3zbICHEHUE, U3IIOKEHUE)
NMOHUMAKT JI00bIe CBeCHUs, NepefaBaeMble ¢ MOMOIIBI0 KAKUX—IH00
CHTHAJIOB MJIM 3HAKOB OT OJHOI0 0o0beKTa K Apyromy o0mexkry. llpu
TOM B KayeCTBE OOBEKTOB MOT'YT BBICTYHAaTh JIIOJH, JIIOObIE KUBBIE Opra-
HU3MBI WM JaXX€ OTAEJIbHBIE KJIETKH, a TaKK€ TEXHUUYECKUE YCTPOMCTBA.
Kak ormeuan akagemuk B.M. I'mymkoB: «MHpopmanus cyimecTByerT, mo-
CKOJIBKY CYILIECTBYIOT CaMHM MaTe€pUajbHbIE T€la M, CIEJOBATENIBHO, CO3-
JaHHbIE MU HEOJIHOPOJHOCTH. Bcsikas HEOAHOPOJHOCTh HECeT C COOOit
KaKkyro-To uHpopmaruio». Takum 006pazom, 1r0boe OmKIOHeHUue 0m Xaoca 8
CMOPOHY CMPYKMYPUPOBAHUS U YNOPAOOYEHUS CUCHEMbL NOBbIUUAEn UH-
Gopmayuro o Heii. II0CKOIBKY SHTPONHS CUCTEMBI IIPH 3TOM YMEHBIIACTCH,
To aBcTpuiickuii pusuk J. [lpeaunrep (1887—1961) mpennmoxxun cautath
UH(OPMAIMIO BEJIMYMHOM, paBHOW 3HTPONMHU CO 3HAKOM «MHUHYC». Dpan-
my3CKHil (pu3uk u cnenuanuct no teopur uHGopmauuu JI. bpumirosn
(1889—1969) nazpan undopmanuto I Hecanmponueu. Takum 00pazom,

AT ~—AS. (14.5)

Bcesikoe cooliienue, 3aKk0JUpOBaHHOE KaKUMHU—IMOO CUMBOJIAMHU, CO-
JEPKUT B ce0€ HEONpeeIeHHOCTh, MPONOPLUUOHAIBHYIO YHCIY BO3MOXK-
HBIX COYETAHHMM M3 3TOr0 Habopa CHMBOJIOB IO MX IMO3HILMSAM, T.€. MOXKET
OBITh OXapaKTEpU30BaHA HEKOTOPBIM CMAMUCUYECKUM 6eCOM COoobuje-
Hus. Torna, Ipy YCIOBUU PaBHOBEPOATHOCTH BCTPEYAEMOCTH CHMBOJIOB,
SHTPONUSA COOOLIEHUS MOXKET OBITh MPEJACTABICHA B BUIE

S=xlog, p, p=1/W, (14.6)

rae kK — Ko3(pGUIHMEHT NpOoNnOpPHHOHATBHOCTH, KOTOPBIA B TeOprUn UHPOP-
MalM [oJIaraeTcsi paBHbIM enuHuLe (k = 1), a p — BEpOATHOCTD MOSBIIE-
Husl cuMBoIOB. C yuerom (14.5) mocienHee BhIpaX€HUE MOYKHO IEpEnu-
caTh B BUJIE

I=-log, p. (14.7)

®dopmyna (14.7) Oblia mojiydeHa OJHUM W3 OCHOBAaTelied Teopuu UHGOP-
MaIi aMepuKaHCKUM HMHxkeHepoMm u MaremaTukoMm K. Illemnonom. Jlora-
pudm ¢ ocHoBanueM 2 B (14.6), (14.7) B34T U3 T€X COOOpakeHUM, 4TO TEX-
HUYECKH YJ00HEe MCIOIh30BaTh JBOWYHBIC KOABI, B KOTOPBIX, HAPUMED,
ucnoab3ytoTcs cuMBosbl 1 u 0. Torma mHpOpMAaIMsS cOOOIIEeHNUs, CBSI3aH-
HOTO C BBIOOPKO# OJTHOTO M3 JBYX BO3MOXKHBIX BapUaHTOB (HAIMpUMeEp, pU
010PachIBAHUK MOHETHI, KOraa p =1/2) I =—log,(1/2)=10uT (0HA €IUHU-
11a “HGOPMAITIH).
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[lepexons B (14.7) k HaTypaJIbHBIM JIorapudmam, NoaydaeM

1
I=———Innp. 14.8
—np (14.8)

B cMmbicioBoM (cemanmuueckom ) aCIEKTe SHMPONUs XapaKmepusyem
cmeneHb 0e2padayuu dHepeuu 8 cCucmeme, C6A3aHHYI0 C ee DACCEesHUeM:
DHEPTUs BHICOKOTO KauyecTBa, 3a CUET KOTOPOW MOKET MPOU3BOJUTHCA pa-
0oTta (Hampumep, MOTEHIMANIbHAS dHEPrusl MOJHATOTO Ipy3a WM HaIpas-
JICHHOTO MOTOKa ()OTOHOB B COJTHEYHOM CBETE), NMPEBpAIIaeTCs] B SHEPTHUIO
0oJiee HU3KOTO KaueCTBa — TEIUIOBYIO PHEPTUI0 XaOTHUYECKOrO TEIJIOBOTO
nBYKeHus yactull. Torna ungopmayusa xapakmepuszyem ypoeHnsb Kauecmi-
6a snepeuu 6 cucmeme. V13 (14.2), (14.5), (14.8) caenyer, uro 1 6uTy cooT-
BETCTBYET M3MEHEHHE SHTPOINH, YNCIeHHO paBHoe k = 1,38-107% JIx/K.
Takum 00pazoM, 011 3amemHo20 6K1a0a 8 YMEeHbUIEeHUe IHMPONUU CUcme-
Mbl mpedyemcs 02poMHOe KOIUYeCm80 UHPOPMAyUU, 8blpAd’CeHHOU 6 Ou-
max.

Kak yke roBOpmiioCch, B TEXHHYECKHX YCTPOMCTBAX HCIOJb3YIOTCS
JIBOUYHBIC CHCTEMbI CUUCICHHs. M3BECTHO, YTO KOJIMYECTBO 00OpY/IOBa-
HUS, HEOOXOUMOTO JIJIsi U300pakeHUs] OJHOTO YHCIIa B CHUCTEME CUHCIIe-
HUSI C OCHOBAaHUEM /1, UMEET MUHUMYM IIpU 1 = e ~ ~ 2,718, noatomy  3-
CUMBOJIBHBIN KO/ ObLT OBl O0Jiee SKOHOMHBIM. BMecTe ¢ TeM npu ouHaKo-
BOM TOYHOCTH MpeACTaBiIeHUS MHGOPMAIMU KOJIUYECTBO JBYXIO3UIIUOH-
HBIX 3JIEMEHTOB, HEOOXOAUMBIX JUIsl UCIIOJIb30BAHUSI CUCTEMbI CUUCIICHHUS C
OCHOBaHHEM 7 > 2, B 00IlIeM Cydae MPEBBIIIAET KOJIMYECTBO TEX KeE dJie-
MEHTOB MPU UCIOJIb30BAHUU JBOMYHON CHCTEMbl CUMCIICHUS, 32 UCKIIOUe-
aueM n = 2° (k=1,2,3,...). C Ipyroii CTOPOHBL, IIPH 71 = 2 CKOPOCTbH BHIYUC-
JeHu# (TOYHee, YMCIIO CIOKEHUM B €IMHUILY BpeMeHH) MuHuUMaibHa. [lo-
ATOMY OOBIYHO B MAWMUHHBIX KOOAX UCTIONB3YIOTCS 16-pa3psanbie cioBa (k
=4): 8 IBOMYHBIX pa3psa0B (OUT) cocTaBisaoT 1 GauT.

B naubomnee mpocThIX, menecpaguuvix Koodax, NpeaHasHAYECHHBIX IS
nepeiayu JHIIb CIOBECHBIX COOOIIEHUN, UCHOJIb3YETCS MPEeI0KEHHBIH
dpaniy3ckum nzodperarenem XK. bogo 5-pa3psansiii andaBuUT HaA OCHOBE
JIBYX CHUMBOJIOB. YHCIIO BO3MOXKHBIX BBHIOOPOK 00bEMa 1 = 5 U3 COBOKYII-
Hoctu N = 2 cuMBONOB cocraBisieT N' = 2°= 32. B pycckoM si3bIKe 3TO
obecrieunBaeT mnepenady Bcex OykB andasurta, kpome €. OmgHako OO0
cOoii Ha BXOJie KaHajla CBSI3M WJIM B IpoIiecce Mepeayd cooOIeHus Mpu-
BOAMUT K ommuOkam Ha Bbixoje. [loaTomy, ¢ 1ebl0 TOMEX0YCTOMYMBOCTH
KOJMPOBAHMSI, IOMUMO CMBICIIOBOI OLIEHKH COOOIIEHHI B OTBETCTBEHHBIX
ClIy4asix UCIOJIb3yeTcsl AyOIMpoBaHue rnepeaaBaeMoil HHGOpMaIIiH.

[Ipupona nocrynuina myapee. B eenemuueckom xooe MCNonb3yrOTCs
3-OykBeHHbIe clioBa (n = 3) — K0OOHbI Ha OCHOBE 4-CUMBOJILHOTO ajia-
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Buta (N = 4), 00pa30BaHHOr0 CJIECAYIOMMUMHU HYKICOTUAAMU: A — aJIeHHH,
" — ryanus, YV — ypanuni, [/ — uurto3uH. Kaxaslii KOJOH KOAUPYET OJHY
aAMUHOKHUCIIOTY, BXOJSIIYIO B cocTaB Oeska. Yncao BHIOOPOK B 3TOM cllydae
coctapiser N' = 4’ = 64, a 4ici0 BO3MOKHBIX COUCTAHHI C TTOBTOPEHHEM

; o

n — —
N+n—1 4+3—1 3'3'

Nmenno 20 BaXHEHIIUX aMUHOKHUCIOT, U3 Oosee yeM 150 mpupoaHBIX,
BXOJIAT B COCTaB KJIETOK BCEX OPraHU3MOB, )KUBYLIUX Ha 3emiie. SIBHas u3-
OBITOYHOCTh TEHETHYECKOro KoJia 00€CleYMBAET €ro BBICOKYID MOMEXO-
yCTOMYMBOCTh K MyTanusaM. Yuactok /HK, conepkammii B Buse nocieno-
BaTEJIbHOCTU HYKJICOTHI0B MHGOPMAIMIO 00 OJHOM O€lIKe, — 2eH — MO-
KEeT ObITh TMPEACTaBIEH Pa3HbIM HA0OPOM KOJOHOB, O0Opasys anieiu —
PA3HOBHUIHOCTH OJHOIO M TOTO € reHa. Hanuuue B monyasnusX HECKOJIb-
KX aJljIeJIe KaXKJI0To reHa MPUBOJUT K OJIUMOP(PU3MY U KOMOMHATUBHOM
W3MEHYUBOCTU MPU TMOJOBOM Pa3MHOXKEHHUH, T. €. CIYKUT UCXOIHBIM Ma-
TE€pPUAJIOM JJI SBOJTIOLHUU.

B 3akmiroueHue gaHHOTO BOmpoca oTMeTuM, uto Gopmyna (14.7) om-
pedenser Jullb Koauuecmeo TepeaaBacMoll MH(POpMallMM, HE IMO3BOJISA
OLICHUTH €€ yeHHocmyb. J{Ba COOOIIEHHS, COAEpKAIIUE OAMHAKOBOE YHCIIO
ouT uHPopMalKU, MOTYT UMETh COBEPILEHHO Pa3Hyl0 3HAYUMOCTh. bonee
TOTO, 3Ta 3HAYUMOCTh MOXKET (MJIM HE MOXKET) ObITh OLICHEHA JIUIIh TEMU
00BEKTaMH, KOTOPbIE YYAaCTBYIOT B 0OOMeHe uH(popmalmei.

14.3. CBsi3b 3HTPONUHU, HHPOPMALMHY U CUMMETPHUH

W3 n35105K€HHOTO BBILIE CIEAYET, YTO SHTPOIHUA ABISETCS MEPOU Oec-
NOpsSIAKA B CUCTEME, KOJIMYECTBEHHOM XAapAaKTEPUCTUKOW HAIUYMUSA B HEU
DHEPIUM HU3KOTO KAadecTBa, NPUBOAALIEH K XAOTHYECKOMY IE€pPEMELIMBA-
HUIO ee dyacted. Mudopmarus, Hao0OpOT, Kak ABCTBYeT M3 (POpPMyJIbI
(14.5), sBasercs Mepol yHopsA0OYEHHOCTH CUCTEMBI, XapaKTEpHU3YIOIIEH B
HEH JIOJIF0 SHEPTHH BBICOKOro KaudectBa. HexkoTopyro mHpopmanuio o co-
OTHOILICHUH YaCTEH TeJIa U UX B3aUMHOM PAaCIIOJI0KEHUU JAaeT HaM U ITOHs-
THE cUMMeTpus (cM. cemuHap 12). Bo3HHKaeT BOIpoc: 4TO 0OIIEro MEXIy
HNOHATUSAMHU SHTPONHS, UHYOPMALIUA U CUMMETPUs?

K coxxanmenuro, B OOBIICHHON KM3HU OOJBIIMHCTBO JIIOJEH CUHTAET,
YTO HAJIMYME CUMMETPHUH B CHCTEME IPEAINOJIAracT B HEM CyIIECTBOBAHUE
Kakoro-1u0o mopsiika. JTo, AeiicTBuTensHo, Tak. Ho mpeamonarate, uTo
4yeM OOoJIbllle CUMMETPHUH, TeM OoJIbliIe MOopsiaKa, HeBepHO. CUMMETpHs, KaKk
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Y DHTPOIHUSA, ABJIAETCAI MEPOM Oecriopsiika B CUCTEME, MEPOH ee OJIM30CTU K
PAaBHOBECHOMY, MAKCUMAJIBHO MEPEMENIAHHOMY COCTOSIHHIO.

B camom ferne, camyo BBICOKYIO CUMMETPHIO UMeeT Iiap (oo / oo mm).
VY Hero 0eCKOHEUYHOE KOJIUYECTBO OCEH CUMMETPUU OECKOHEYHOTO MOpPS-
Ka, MPOXOJAUINX Yepe3 LEHTP CUMMETpUH (LEHTp Iiapa), © OECKOHEYHOE
KOJIMYECTBO MNPOXOJAIIMX YEpe3 3TH OCU IUIOCKOCTed cummerpun. Ho
UMEHHO Takyio (opMy HNpUHHUMAET B OTCYTCTBHE CHJ TSKECTH BOJAA WIU
apyrast KuAKOCTb. CHIIbI TOBEPXHOCTHOIO HATSKEHUS, ypaBHOBEIIHUBAs
IpyT Opyra, CTATUBAIOT XUJKOCTh B IIap, YTOOBI OKPYXKUTh €€ MOBEPXHO-
CThI0O MUHUMAJIBHOM Ui TaHHOTO oObema Iuiomanu. B chepuueckom co-
CyJie € Ta30M IPH JOCTATOYHO BBICOKOW TeMIIepaType, KOria KHHETHYeCKas
DHEPrus MOJIEKYJI BEJIMKA, OHM PAaBHOMEPHO 3aIOJIHAIOT BeCh cocyl. Ecnu
e TeMmIeparypa ra3a Majiaa HacTOJIbKO, YTO KMHETHYECKAsl SHEPrUsl MOJIe-
KyJ1 MaJla [0 CPaBHEHMIO C UX MOTEHUUAIbHON 3HEPIUeil, TO KOHUEHTpALUs
MOJIEKYJ B HIDKHEH 4acTu cocya Oyaer Gomblie, yeM B BepxHeil. Cummer-
pus raza NOHM3UTCA M OyJIEeT ONUCHIBATHCA NPENEIbHOM IpyIION KOHyca
(00 mm). Ho BO BTOpOM cily4a€ OTHOCUTEIIBHO MOJIEKYJ ra3a Mbl pacrosa-
raeM Koe-Kakoi MHQpopMaIiei: Mbl, HallpuMep, 3HaeM paclpeiesieHue Mo-
JIEKYJI 110 BBICOTE COCY/1a.

CrnenoBaTenbHO, YEM BBIIIE CUMMETPHSI CUCTEMBI, TEM MEHbBIIE B HEM
nopsaka. [Ipyu ynopssioueHHH CUCTEMBI €€ CUMMETPHS BCEI/1A IIOHUKAECTCS.
MpI 3TO BUJENM B MaTepualiax ceMuHapa 12, Korja BbISICHUJIU, YTO B XOJI€
HBOJIIOLIMM KUBBIX OPIraHU3MOB UX CUMMETPUS, KaK MIPaBUIIO, TOHUKAETCS.
B ciyuae xe perpeccMBHOTO pa3BUTHsI MPOUCXOIUT PEAYKIHs mpuolpe-
TEHHBIX HOBBIX 3JIEMEHTOB CTPYKTYpPHI, U (hopMa OpraHM3Ma BHOBB YIIPO-
I1A€TCsl, €0 CUMMETPHS CHOBA BO3pacTaeT. Takoe perpecCUBHOE pa3BUTHE,
Belylllee K JEreHepalny, BCerja MMEET MECTO, KOIJa BUJ HaXOJIUTCS B
U30JIALIMY WIA Ha HEro MEepecTaroT JeHCTBOBaTh BO3MYIIAtOMKe (GaKkTOpHbI.
Hanpumep, npekpacHble po3bl Pa3IMUHBIX COPTOB, MOJYYEHHBIX B XOJE
MHOTOJIETHEH celekuuu, Oyyun OCTaBlIeHBI 0€3 yX0Jla, 4Yepe3 HECKOJIbKO
JIET BBIPOKJIAIOTCSI B CBOETO JIMKOTO TPEJIKa — OOBIKHOBEHHBIH IIUITOBHHUK.

MHorue CUMTarOT CHMMETPHUIO CHHOHUMOM KpacOTbl. OJTO BEPHO
JUIIb OTYACTH. Pa3Be MOXHO Ha3BaTh KPACHBBIM JIUIIO, €CIU BOJIOCHI pac-
YyecaHbl Ha TIPSIMOM TIPOOOp, CeBa U ClpaBa OT HOCA, HA MIEKaX CUMMET-
PUYHO PacIoJIOKEHbI OAUHAKOBBIE poauHKu? EcTh Takoi Ttect. Bo3pmure
HEeraTtuB cBoero (pororpaduueckoro mopTpera u clenaiTe ¢ Hero JBa OT-
nevyaTrka: OOBIUHBIM M C MEPEeBEpHYTOr0 HEraTHuBa, Ha KOTOPOM JieBas U
mpaBasi CTOPOHBI JIMIIAa MOMEHSUTUCh MecTaMu. PazpexpTe 00a oTnevarka Ha
JIEBYIO ¥ TIPABYIO YaCTU U COCTABHTE U3 HUX JIBE oTOorpaduu: 0JIHY TOIBKO
U3 JIEBBIX MOJIOBUH JIUIIA, APYTYIO TOJIBKO U3 MpaBbiX. Bel yBUaUTE, 4TO 00€
dbortorpaduu Ha Bac yem-To moX0XkH, HO 3TO coBepiieHHO He Brl. Kpome
TOr0, OHU 00€ Kakue-To 0e3KU3HEHHbIE. XY0)KHUKU, BU3XKUCThI, MOJHH-

127



bl 3TO XOPOUIO 3HAIOT M BCErJa BHOCAT B UTYPY JIETKUH 3JIEMEHT acUM-
MeTpud. [lonb3yroTcs 3TUM U apXUTEKTOpHL. [IpoekTupys HOBBIM MUKpO-
palioH, OHU CTaparoTCid OJUHAKOBBIE U CUMMETPUYHBIC 3/aHMS PACIIONO-
KUTh ACUMMETPUYHO, @ ACUMMETPHUYHBIE 3JIEMEHTHI PACIOJIOXKUTH CHUM-
MEeTpUYHbIM 00pa3oMm. KpacuBo Bcerga To, B YeM ONIYILIAETCS *KU3Hb, a
OHAa — B JIBDKCHHH.

Awmepukanckuii matematuk JIx. JI. bupkrod B nHauane XX B. paspa-
00Tan «TEOPHI0 ICTETUUYECKOW LIEHHOCTU», COIIACHO KOTOPOW Mpou3Bee-
HUE MCKYCCTBAa MHTEPECHO U MPHUITHO TOJBKO B TOM Clly4ae, KOrja OHO He
CJIMILIKOM MPEJCKAa3yeMo, HO U He TauT B ce0e CIUIIKOM MHOTO CIOpIIpH-
30B. JKH3Hb 3BOJIOLMOHUPYET, OaTaHCUPYS MEXy MOPSIKOM U Oecriopsi-
KoM. [103TOMy KU3HEHHBIM, JUHAMUYHBIM, KPACUBBIM HAM M KaXeTCs TO, B
YeM MOPSI0K MPOKIAAbIBAET ce0e MyTh, OOPSACH C OECIIOPSIKOM.
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15

OTKpBITHIE CUCTEMbI: YCTOMYUBOCTD
U HEYCTOMYUBOCTH CTAIMOHAPHBIX COCTOSIHUM

YceroiunBoCTh (HEYCTOMYMBOCTh) — HE TIPO-
CTO OJTHO U3 CBOWCTB IMHAMHYECKOW CUCTEMBI.
DTO CBOWCTBO CYIIECTBEHHO PACIIUPSET U U3-
MCHACT aKCMOMATHUKY AIWHAMUYCCKHUX CHCTCM
U T03BOJISICT B3TJISIHYTh Ha MHP C MHOH TOYKH
3pEHHSL.

A.C. Yepnasckuu

15.1. EnBa-ycTOH4YMBOCTh CTAIIMOHAPHBIX COCTOSIHUH

B OTKpBITBIX CUCTEMaX PaBHOBECHOE COCTOSIHHE, B KOTOPOM 3HTPOMHUS
MaKCHMaJlbHa, HEBO3MOKHO. BHeniHee Bo31eiiCTBUE HE TTO3BOJISIET CUCTEME
OPUITH K PAaBHOBECHIO, HO OHA MOXKET NEPEUTH B COCTOSIHUE C MUHUMAJIb-
HBIM IPUPOCTOM SHTPONUU. Takue COCTOSIHHMSI HA3bIBAKOTCS CMayuoHap-
HbIMU, T. €. HE 3aBUCSIIUMH OT BpeMeHU. OHU BO3HUKAIOT B TEX CIydasx,
KOI'/Ia MMEIOT MECTO IOCTOSIHHbIE TPaJUEHThl MapamMeTpoB, XapaKTepu-
3YIOLMX COCTOSIHUE CUCTEMBI, HallpUMEpP, TEMIIEpaTypbl WM KOHILIEHTpa-
uuu yactuil. ABctpuiickuii ouosor Jiroasur don beptinandu, MHOrHE ro-
nel popadotaBmmii B CLIIA u Kanane, Ha3Basl cTallMOHAPHOE COCTOSTHUE
CUCTEMBI COCMOSIHUEM MeKYUe20 PagHOBeCUsl.

Bo3mylienuss napameTpoB M30JIMPOBAHHONW CUCTEMBI CKIOHHBI OCJIa-
OeBaTh CO BpeMEHEM (pelaKkCUpOBaTh) 3a CYET TOrO, YTO B CUCTEME BO3HHU-
KalOT IPOLECCHI, CTPEMSILIME BEPHYTh €€ K paBHOBECHIO. DTOT (haKT MOCTY-
aupyercs B Bune npuHuuna Jle Illarense — bpayHa: eciu pasnosecue 6
U3OIUPOBAHHOU CUCEME HAPYWAEmCcsl 3a c4em GHEeWHUX CUl, Mo 6 Hell
B03HUKAIOM NPOYECcCobl, KOMopwvle CMpemMsamcs ociabums pe3yibmam 603-
Oeticmeus. Jlanublii npuHnun Obul copmynupoBan B 1884 r. dpanirys-
ckuMm (usuko-xumukom A. Jle Illatense um TeopeTrueckn 0OOCHOBAaH He-
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meukuMm ¢usukom K. Bpaynom B 1887 r. IIpumepamu mposBiI€HHS] 3TOTO
IPUHIMIA SBJISIIOTCS HAIMYUE UHEPUUU B MEXAHUKE U CYLIECTBOBAHUE SIB-
JICHUS AJNIEKTPOMAarHUTHOM MHAYKIMHU B 3jeKTpoMarnerusme. OH, MO CyTH
Jena, OTpaXkaeT YCTOMYMBOCTh PABHOBECHOI'O COCTOSIHUS WM30JIMPOBAHHOU
CHUCTEMBI.

A 4TO MOXHO CKa3aThb 00 YCTOMYMBOCTH CTAllUOHAPHBIX COCTOSHUMN
OTKpPBITON cucTeMbl? Brinaromuiics yueHblii COBpEMEHHOCTH, OeNbIruCKUI
bu3nKo-xuMUK pycckoro npoucxoxjaenus . Ipuroxun (1917 — 2003) B
1947 r. nokaszan ClIenyrIlyt0 TEOPEMY: npu PUKCUPOBAHHBIX BHEUUHUX Na-
pamempax ckopocmv npou3e00Cmea IHMpPONUY 6 CMaAyuOHaApPHOM COCMOsi-
HUu cucmemsl munumanwvia. 1lon npouzeoocmeom sumponuu MOHUMAETCA
BEIMYMHA, PaBHAs €€ IPUPALLECHUIO B €AWHUI]Y BPEMEHU, T.€. CKOPOCTb
npupocrta 3HTponuu. CTalMOHapHBIE COCTOSHHUS SIBJISIFOTCS HEpPaBHOBEC-
HbIMU cocTostHUsIMU. [IpeObiBasi B HUX, CUCTEMa MPOAOIIKAET CTPEMUTCS K
PABHOBECHIO, ITOBBIIIAs CBOIO SHTPOIIHIO, HO OT IPOYMX, HECTALIMOHAPHBIX
HEPABHOBECHBIX COCTOSHUW, OHM OTJIMYAKOTCS TE€M, YTO SHTPONUS IpUpac-
TaeT C MUHUMAJIbHO BO3MOKHOM CKOPOCTBIO.

B m301MpoBaHHON CHCTEME OTKJIIOHEHHE OT PAaBHOBECHS IPUBOJIUT K
KosiebaHusAM (B O0IIeM ciayyae 3aTyXaroUlMM) IMHAMUYECKUX IapaMeTpoB
cuctembl. OTKIOHEHHE OT CTAlMOHAPHOI'O COCTOSIHUS B OTKPBITON CUCTEME
TaKXXe MOPOXKIAeT KOJeOaHUs, HO OHU HE SABIISAIOTCS HU FapMOHUYECKUMHU
(YrmopsimoueHHbIMU ), HU XaoTuueckumu. Mx cnenudukon sBisercs gpax-
ManbHOCMb — CaMoNo100ue OOJBIIMX U MalbIX OTKJIOHEHHUH OT CTaluo-
HapHOTO COCTOSIHMSI, WIM MACWMAOHAS UHBAPUAHMHOCMb (CKEUIUHR).
WNHuade roBopsi, CTallMOHAPHBIE COCTOSHUS €Ba YCTOWYUBBI: MpeObIBas B
HUX, CHCTEMA IIOCTOSSHHO U3MEHSIETCsI, HO, BCIEICTBAE HAJIU4YMs B HEU Ia-
MSTH O MPOLUIBIX COCTOSIHUSX, 3T U3MEHEHUs caMOno00HbI ((ppakraib-
Hbl). Ecim ke BenMunHa BO3MYIIEHUS TOCTUTaeT HEKOTOPOTO MOPOrOBOrO
3HAYEHUs, TO B CUCTEME BO3MOKEH CKAauKOOOpa3HbIA MEpPEXOA B JAPYroe
CTallMOHAPHOE COCTOSHHUE.

15.2. bupyprauumu u karacTrpodbl

B omimuue OT €IMHCTBEHHOI'O PaBHOBECHOI'O COCTOSHUS WM30JUpPO-
BaHHOM CHCTEMbI, B OTKPBITOM CHCTEME MOKET ObITh HECKOJIBKO CTallHO-
HapHBIX COCTOsIHUM. Hampumep, U301MpOBaHHBIA aTOM HAXOIMUTCSA B OC-
HOBHOM (paBHOBECHOM) COCTOSIHUM, a TIPU BO3OYXKIEHUM MOXXET Haxo-
JUTHCS B PA3JIMYHBIX 1O SHEPTUM CTALMOHAPHBIX COCTOSIHUSAX. Takum 00-
pa3oM, paBHOBECHOE COCTOSIHUE PA3BETBISACTCSA HAa HECKOJIBKO CTallMOHAp-
HBIX COCTOSIHUU (B mpocTeiiiieM ciaydae pasaBauBaercs). s mepexona
CHUCTEMBI U3 OJTHOT'O COCTOSIHUS B APYroe NOPOU JOCTaTOYHO BECbMa MaJlo-
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T0 U3MEHEHHUSI HEKOTOPOTO YMPaBJISIONIET0 mapameTpa — napamempa no-
pokKa.

Pe3koe n3mMeHeHne CBOMCTB CUCTEMBI [TPU MaJIOM U3MEHEHUU BEJIHYU-
HBI IMapaMeTpa MopsaKa Ha3bIBAIOT Ougyprayueti (0T nat. bifurcus — pas-
NBOEHHBIN). Besikas Oudypkanus compoBOXKIAETCS CKaYKOM CHUCTEMBI U3
OJIHOTO CTallMOHAPHOT'O COCTOSIHUS B Jpyroe. Psja mocnenoBarenbHbIX Ou-
¢dbypkauii BbI3bIBAET B CUCTEME yTpaTy MOpsJKa U MosiBlieHue xaoca. Ha-
puMep, MOCIeI0BaTEIbHbIN (KaCKaIHbII) NEPeX0/1 BAJICHTHOTO 3JIEKTPOHA
B aToOMe Ha Bce 0oJiee BBICOKHE CTAI[MOHAPHBIE YPOBHU HHEPTUU B KOHEU-
HOM CY€T€ NMPUBOIUT K HOHU3ALMH aTOMa: 3JIEKTPOH OTPHIBAETCS OT HETO U
JIBUKETCSl Jajiee CBOOOJHO, 3aHMMasi MPOU3BOJILHOE IMOJOKEHHE B IPO-
CTpaHCTBE.

Ckauxoobpasuvlil nepexoo cucmemvl U3 00HO20 CMAYUOHAPHO2O CO-
CMOsIHUs 8 Opy20e Npu MOHOMOHHOM U3MEHEHUU OOHO20 UNU HECKOJNbKUX
napamempos nopsoxka Hazvigaemcsi kamacmpogoi. Maremaruueckasi T€o-
pust karactpod Obuia pazpadborana B 1972 r. ¢paHIy3cCKMM MaTEMaTUKOM
Pene TomoM. MM omnucaHbl cleAyrooliMe TUIBI KAaTacTpod: «CKIAIKA,
«CcOOpKay, «IACTOYKUH XBOCT», «IUPAMUIA», «30HTUK», «KOIIEIeK». Mx
pa3IUYalOT M0 XapaKTEPHOMY BHUAY MOBEPXHOCTH CTAIMOHAPHBIX COCTOS-
Hul cuctemsl (puc. 15.1).

Karactpoda Tuma «ckiaaka» OMUCHIBACTCS JUIIH OJJHUM TapaMeTPOM
nopsnka. B cimydae karactpodsl Thma «cOOpKa» TaKuUX MMapaMeTpoB JIBa:
a — HopmanbHull pakmop u b — pacwenisowuil paxmop. Hanpumep, B
MoJeNH BOJIHEHUM B oOuiectse (puc. 15.2) a — 310 HanpscenHocms co-
YUATTLHO-NOIUMUYECKOU 0O6CMAaH06KU, BBI3BaHHASI OOIIUM HU3KUM YPOBHEM
YKU3HU, HEBBIIJIATOM 3apIuiar, MeHCUil u T.1.; b — pazodbuennocms oouye-
cmea 1O WUMYIIECTBEHHOMY, HAIMOHAIBHOMY, PEITUTHO3HOMY U JPYTHUM
npu3HakaMm. [[OBEpXHOCTh CTAIIMOHAPHBIX COCTOSSHHM — 3TO B JAHHOM
cimydae ypoBeHb BonHEHHH D. OHa 00pasyer cOOpKy Haj o0jacThio Ou-

dypkanuu.
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Puc. 15.1. TloBepXHOCTH CTallMOHAPHBIX COCTOSIHUH JUIsI KaTacTpod THMA: «cKIaaka» (a),
«cOopkay (6), «JITACTOUKHUH XBOCT» (8), «TUpaMUIa» (2), «30HTHK» (0), «KoIIeneK» (e)

L4

N .

Puc. 15.2. YpoBeHb BoHEHUI B 00IIECTBE OMHUCHIBACTCS KaTaCTPO(Oit THIA «COOpKay.

[lepexon u3 cocrostaus 1 B cOCTOSTHUE 2 MPH MaJIbIX 3HAYEHHUSIX PACIIEIUIIONIETo (ak-

Topa (BHEe oOnactu OMQypKaluu) MPOUCXOJUT MOHOTOHHO, a W3 COCTOsHUSA 1’ B co-
crosiHue 2' (Tipu mepecedeHnn 00macTi OnypKamum) — CKauKoM
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W3 pucyHKa SICHO, YTO POCT HANpPsDKEHHOCTU B OOLIECTBE MPH BBICO-
KOM pa300LIEHHOCTH YpEeBAaT PE3KUM CKAauKOM BOJHEHUH M MOXKET IPHUBEC-
TH K COLUMAJIBHBIM MOTPSICEHUSIM: CMEHE MOJIMTUYECKOTO PEKUMA, PEBOJIIO-
WM, TPAKIAHCKOW BOMHE U mp. [103TOMY OCHOBHOM 3a1a4yel PyKOBOACTBA
CTpPaHOW B YCJIOBHSIX BO3pacTaroOlIed HAaNpsyKEHHOCTH SIBJIAECTCA HEAOIY-
HIEHUE Pa300IIEHHOCTH OOIIECTBa MyTEM €ro KOHCOJIUAAIMd Ha KaKuX-
aM00 OOBEAUHSIOUIMX UACSIX: HAMOHAIBHOW, PEIUTHO3HOU, MaTPUOTHYE-
CKOM U T.II.

Hpyrue xaractpods! (puc. 15.1) onuceiBatoTcsi OOJBIINM, YEM JIBA,
KOJIMYECTBOM [apaMeTPOB MOPSIKA.

15.3. Camooprann3oBaHHasds KPUTHYHOCTb M YCTOMYUBOCTH
CTAIMOHAPHBIX COCTOSIHUM

B 1988 r. B xypHaIIe AMepukaHcKkoro guszndeckoro odmectsa Physi-
cal Review nosiBunach ctaths [lepa baka, Hao Tanra u Kypra Buzendemns-
na «CamMooprann3oBaHHasi KPUTUYHOCTBY, OKa3aBIllasgs OTPOMHOE BIIHSHUE
HAa TIOHMMaHUE MEXaHNU3MOB CaMOOPTaHU3AIMH MPOCTPAHCTBEHHO MPOTS-
KEHHBIX TMHAMUYECKUX CUCTeM. bak U ero COTpyaHHMKH MOKa3aJin, YTO TO-
NOOHBIE CHCTEMBl PA3TMYHON (PU3MUECKOW TPHUPOABI IBOIIOIMOHUPYIOT B
KPUTHUYECKHE CTAI[MOHAPHBIE COCTOSIHUSI, HE WMEIOIINE MOCTOSHHBIX Xa-
PaKTEepPHBIX MPOCTPAHCTBEHHBIX MACIITA0OB WM XapaKTEPHBIX BpEMEH
*u3HH. [loBeneHre BO BPEMEHHM TaKUX CaMOOPTAHU3YIOIIUXCS KPUTHYE-
CKHUX COCTOSIHMM W WX MPOCTPAHCTBEHHAS CTPYKTypa SBJISIOTCS MacIiTal-
HO-MHBapUAHTHBIMU ((hpaKTaTbLHBIMHU).

ABTOpPBI MPOMJUTIOCTPUPOBAIA CBOIO HJICI0 YMCICHHBIM MOJICIHPOBA-
HUEM IPOIIecca OChITIaHUs MECUNHOK B Kyde necka. Ecnu kpyTusHa ckiioHa
B KaKOW-TMOO TOYKE HA MOBEPXHOCTU Ky4YH CTAHOBHUTCS CIUIIKOM OOJIb-
II0M, HaXOSMIAasICs TaM IMEeCYMHKA OCHINAETCs, YBIIEKas 3a cOO0OUM apyrue
necynHku. HakoHer, kKorja Bce MECUUHKH JTOCTUTHYT HEKOTOPOTO MUHU-
MANbHO20 YCMOUYUBO20 COCMOAHUSA, JaBUHA Tpekpatutcsa. JlobasneHne
OJTHON-EAMHCTBEHHON MECYNHKH MOKET CIPOBOIIMPOBATH HOBYIO JIABUHY.
Takue enBa yCTOWYMBBIE COCTOSIHUS HA3BIBAIOTCS KPUMUYECKUMU COCMOS-
Huamu cuctembl. [1o cyTu gena 310 cTarMoHapHBIE COCTOSIHHS MPOCTPaH-
CTBEHHO pPa3/IeTICHHBIX CUCTEM.

OcpImaronyecs: U OCTAHABJIMBAIONIUECS JIABHHBI O0pa3yloT B TPO-
CTpaHCTBE 00JIaCTU CO CTPYKTYpOH THMA (paxmanvHulx Kiacmepos (0T
aHri. cluster — Tpo3ap). X pa3mepsl pacnpeneseHbl Mo CTENEHHOMY 3a-
KOHY:
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D(s) ~s 7,

rae 7= 1,0 g nsymepHoro maccuBa 5S0x50 Touek, u 7~ 1,37 nus tpex-
MepHoro MaccuBa 20x20x20 Toyek.
Bpems ku3HM TakuX JJABUH TAK)XE YJIOBJIETBOPSAET CTEIIEHHOMY 3aKO-

HY:
D(T)~T7,
rae a = 0,43 B nBymepHoM ciyyae U « = 0,92 B tpexMepHoM ciydae. Ha

puc. 15.3 u 15.4 noka3zanel pe3yJabTaThl TAKOTO MOJACIUPOBAHUS ISl JIBY-
MEPHBIX U TPEXMEPHBIX MACCUBOB TOYEK.

(43
(=3

) "i'; Puc. 15.3. TunuuHas cTpykrypa ¢pak-
® TaJbHBIX KIACTEPOB, OOpa3yIOIIUXCS
2 #“’i MIPH MaJIbIX JIOKQJIBHBIX BO3MYIICHHSIX
- cucteMbsl i1 maccuBoB 100x100 To-
1. yek. (M3 crarem Bak P., Tang C.,
' , Wiesenfeld K. Self-organized criticality

- ol // Physical Review A — 1988. —
& ® ®m ®m o V.38.—No 1. — P. 364 —374)

100

10"

3 ]
3 =N 20x20x20
13'd Y é
T
Pl 51,
573 7oy
o] o)
3 a =N 6
. * 3
v o)
A T e e e
] 1 3 3
o 10 ML s

Puc 15.4. Pacnipenenenue pa3MepoB KJIACTEPOB ISl IBYXMEPHOTO (a) U TpexMepHOro (0)
MAacCUBOB TOYeK. HakJIOH MyHKTUPHON JMHUM COOTBETCTBEHHO paBeH 1,0 m 1,37.
(M3 ctatbu, ykazaHHOU B MOAPUCYHOUHOU moamnucu K puc. 10.1)

CaMOOpFaHI/IBOBaHHaH KPUTUYIHOCTL CTajia «THUIIOBOI» MOACIBIO OJIA
MHOXECTBA MaCIHTa6HO—I/IHBapI/IaHTHBIX SIBICHUM: MAarHUTHBIX U CETHETO-
QJICKTPUICCKUX IOOMCHOB, T'MAPOJWHAMHWYCCKHUX Typ6YJI€HTHBIX ITIOTOKOB,
BCMHeTpﬂCGHHﬁ, 9KOHOMHYCCKHX U COLMAIIBHBIX IIPOLCCCOB.
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