Hean

—  nonsimamocs Haubonee  NPOCMBIM  A3LIKOM oamp
oovekmuenvie omeemvt Ha BCE ocnoenvie eonpocel,
OCHOBBIBAACHL HA (haKmax, 00KaA3ameabCmeax u J102UHeCKUX
YMO3AKTIOUEHUAX;

— clenamv ORUCAHHbIE 6 KHUZE 3HAHUA U MUPOBO33PEHUE
oocmynnvimu onsa BCEX;

—  0amb 603MONCHOCMb RocMompems Ha Mup opyzumu 2nazamu;

—  nonvimamuca npudauzumoca kK Ucmune;

—  npeonoxycums aibmMEPHAMUGHBII NYyMb PA36UMUA HAYKU U
MUPOBOCHPUAMUSAL;

—  0amb MOAYOK MEopuecmay u KOHUEnuusam, Komopwle mMozym
ObImb ocHoGanbl HA Oa3e uoeil OAHHOU KHUzU.

Ilpu 3mom Hem yenu Haeazamo ceoe MHEHUE.

ABTOp TOHUMAET, YTO 1aTh A0COIOTHO OOBEKTUBHBIC OTBETHI HE
BO3MOJKHO, TaK KaK 4YeJIOBEK IO OMpeNeTeHUI0 CyOheKTUBeH. Mnen
KHUTH OCHOBaHbl Ha DJKCIEPUMEHTAIbHBIX (DaKTaxX, JOCTYITHBIX
aBTOPY, HO HY)XHO IOHHUMAaTh, YTO HMEIOIIMUXCSA y HEro (PakToB
MOXKET OBITh HEIOCTATOYHO M OHU MOTYT OBITh HE JIOCTATOYHO
TOYHEI JIJI1 TOCTHKEeHNUSI ICTHHEL.



OcCHOBHBIE )KU3HEHHbIE€ KOHIIENIIUH aBTOpa

—  He npunumail Huyezo Ha eepy. Comuesaiics;

— OCHO6HasaA npobnema pazeumus — OMCYHICHGUE GONPOCOS.
Huwu eonpocwi;

—  OCHO6HAaA npobNemMa HAXOMHCOCHUA NPAGUIbHBIX OMEEM 08 HA
a0bdoii eonpoc — omcymcmeue akmos. Huwyu ucmunnwle
daxkmol;

—  axmui, n02uKa, 6oodpasicenue, MEOPUECME0 U OMCYMCHEUe
6epvl 60 uUmMO-1UOO — OCHOBHBIE CPEOCmEa NOHUMAHUSA
okpyycaroueco Mupa;

—  MOJCHO NOHAMb CIOMNCHOE, HO NpOouie NOHAMbL, YMO OHO
npocmoe;

—  €CIli HE YYHUTHIBATh TO, YTO B TeOE€ 3aJI0KEHO JI0 POXKIEHUS, TO
mel 3mo mo, ¢ uem mul e3aumooeicmeyewtsv. Ipamomno
noodupait oKpysHcenue.

N3BuHeHUA

IIprHOLY CBOM MCKPEHHUE U3BUHEHMS, €CIU MPOUYTEHUE KHUTHU
WM Kakoi-11b0 ee JacTu BhI30BET y Bac HeratuBHbIe SMOIHH. Y
Ka)KJIOTO 4YeJoBeKa cBOe COOCTBEHHOE MHPOBO33PEHHE, U S YBaXKaro
Bamy Touky 3peHHss W HE CTPEMIIIOCh €€ IIEJIEHAIPABICHHO
n3MeHuTh. [lpomry mpomeHus, eciii BO BpeMsl MPOYTCHHS ObLIH
3aTpOHYTHI Bammm penurno3neie 4yBcTBa. MI3BUHAIOCH 332 TOBTOPEHUS
KJIFOYEBBIX MOMEHTOB, KOTOPBIE€ ObUTH CHIETIAHBI C I[EIBI0 YITPOIIECHUS
ITIOHUMaHUs KHUTH.



O KHure

JlaHHast KHUTAa OCHOBaHA TOJIKO Ha peabHBIX HAYYHBIX (paKTax,
a TOYHee Ha UCTHHHBIX (haktax Mupa. Ha ux 6aze mpu momoru
METOJ1a UHAYKLIUH, HENOYEK JOIMUYECKUX BBIBOJOB U JI0Ka3aTEIbCTB
chopMupoBana KoHiemms o Tom, kak BCE yctpoeno B Mupe,
KOTOpasi B IMOJIHOM Mepe KaueCTBEHHO COOTBETCTBYET pPeaibHOCTH.
Jliia neranu3anuu OpeacTaBieHus o Mupe NpUMeHeH Je1yKTUBHBII
METO/I.

Bo BBepgeHun orMedaeTrcs Ba)KHOCTh €CTECTBEHHBIX HAyK U
¢unocopuu, KOTOpBIE OMUCHIBAIOT MHUp, a HE MaTeMaTHKH, KOTOpast
TUIIE (OpMATU3yeT WM BOOOIIE MOAMEHSET OO0 mpencTaBieHne
0 Mupe, onricaHHOE B €CTECTBEHHBIX HayKax U (MIOCO(DUH.

Pasnen «KimoueBble MOMeHTHI Toro, kak BCE ycrpoeno B Mupe,
0 MOEMYy MHEHHIO... (0e3 00OCHOBaHUII)» COIEPKUT OCHOBHBIE
Te3ucbl 000 BcéM B Mupe, HO B HEM HE IMPEICTaBICHBI
Joka3zarenbcTBa. JlaHHBIA paszzen OylneT MHTEpeceH TeM, KOMY
X04ercss OBICTPO O3HAKOMHUTBCS C TE3UCaMM, HE BJIaBasChb B
MOIPOOHOCTH.

Te3ucel, uX 0OOCHOBaHWE, JOKa3aTeIbCTBA U JIOTMYECKHE
BBIKJIAJKM TIpEJCTaBlIeHsl B pasjene «Koporko o Tom, xak BCE
yCcTpoeHo B Mupe, 1o MOeMy MHEHHIO. ..».

B pasnene «Paccyxaenus o Tom, kak BCE ycrpoeno B Mupe,
110 MOEMY MHEHHUIO. ..» TIPEJCTABIIEHBI PAa3MBbIIIJIEHUS U Pa3BEPHYTHIE
OTBETHI Ha HauboJIee HHTEPECHBIE M BaYKHBIE BOIIPOCH 0 Mupe.

Ha3Banue paznena «4To BO3MOXKHO UM HEBO3MOXKHO, IO MOEMY
MHEHHUIO. ..» MIOJHOCTHIO COOTBETCTBYET €r0 COJIEPIKAHUIO.

B pasnene «Mtorm» cobpaHa B €IMHOE 11€70€ KOHIICTIIUS TOTO,
xak BCE ycrpoeno B Mupe, M0 MHEHHIO aBTOpa, Oasupylomascs
cyry6o Ha MupoBbIX (hakTax.



Kpatrkoe omucanue IMIUPOKO M3BECTHBIX KOHUEMNUHUA U
SKCIEPUMEHTOB,  HCHOJIb3YEMBIX Ui  TOBBIIMIEHUS  CTEIECHU
[MOHUMAaHUs KHUTH, MPEJICTABICHO B IOCJIEAHEM pa3Jiciie.
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BBenenune

['maBHO¥W mnpoOieMoi, HAa MOW B3IJISAN, SIBISETCS IMOMbBITKA
006bacuaT, BCE ¢ Touku 3penns martematuxu ((opmanmsanuu
MOHMMAaHMUS 4Yero-nubo), a He C TOYKM 3peHHS (PHU3HKH,
€CTeCTBO3HAHUA U Qriiocopuu — MOHUMAHMS O 3aKOHAX M YacTHUIIAX
Mupa wunum wmarepud MW npaBwiax Mwupa. OTO NPUBOAUT K
MPEBPALICHUIO MPOCTHIX MUPOBBIX 3aKOHOB B IIE€JIOM B HEYTO HE
TOJIBKO JIaieKoe OT pealbHOCTH (HEeMpaBUIBLHOW TPAKTOBKE U
[MOHMMAaHUIO), HO U OYEHb CJIOXKHOE Ul OOBbSACHEHUS, OHUMaHUS,
MOJIETMPOBaHUsl U MPOTHO3UpPOBaHUs. B pesynbrate, coBpeMeHHas
HayKa U MoOHMMaHue Mupa cBOAUTCS HE K 3JIEMEHTapHBIM IIpaBUiiaM
U YacTUIlaM, KOTOpbl€ MOXHO TOHATh, Je€pKaTb B yME€ U
UCIOJIb30BaTh, @ K OrPOMHOMY KOJHYECTBY CJIOKHBIX MOHSTHH,
3aKOHOB, CUCTEM, HEPAPXUH U T.J., KOTOPHIE HE TOJBKO HE SIBISIFOTCS
WCTUHOW, HO M YMEHBINAIOT BO3MOXKHOCTH JI0 Hee Jokomarbesa. Ha
CETOHSIIHUNA MOMEHT HAKOIMWIOCh TAKOE KOJIMYECTBO «HAYYHBIX»
3HAHWH, YTO HUKOMY JJa)K€ HE IOJI CUITy MTONPOCTY X BCE 3HATh, YIKE
HE TOBOPA O TOM, YTOOBI MOHATh UX U HCIIOIb30BAaTh.
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KroueBble MOMeHTHI Toro, kak BCE ycrpoeno
B Mupe, 1o MOeMy MHEHUK. ..
(0e3 o00cHOBaHMIT)

HcTnna

Hcemuna — mo umo ecmv nHa camom oene / maxk Kak ecmv HaA
camom  oere  (Mupoeas  wunu  noxkarvhas — npaeoa |
oelicmeumeibHOCHb).

Hcmuna ob6vexkmuena.

IHo3nanue okpy:kawomero Mupa

Bcé ¢ Mupe onpedeneno uacmuuamu u 3aKOHAMU UX
ezaumooeiicmeus.

IIpocTpancTBO M BpeMs

Ilpocmpancmeo u epemsa adcoomHubvl U HE3AGUCUMBL.

Huepyuansvnovle cucmemvl omcyema He pPAGHONPAGHBI U He
Mo2ym Oblmb ORUCAHBL 0OWUMU 3AKOHAMU, A, COOTBETCTBEHHO,
TEOpHsI OTHOCUTENBLHOCTHU SIBIISICTCS HEBEPHOIA.

Ckopocmb ceema 6 6akyyme He 3AGUCUM OM CKOPOCHU
08UMCEHUA UCMOYHUKA UIU NPUEMHUKA, HO DPA3IUYHA 80 6ceX
UHEPUUATILHBIX CUCIEeMAaxX Omcuéma.

Crkopocmb 1100020 000c001€eHH020 00bEKMA NOCMOAHHA, HO
Pa3IuYHA 60 6CeX UHEPUUATIbHBIX CUCHEMAX omcuéma.

Henoosusicnovte cucmemvt omcuema (HCO) — 510 cuCTEMBbI
0TCYeTa, B KOTOPHIX HEMOJIB)KHBIE OOBEKTHI TIOKOSTCS, @ CBOOOTHBIE
(OTOHBI, HE B3aUMOJICHCTBYIOIINE C OKPYKAIOIUMHU YaCTHIIAMH,
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IBUXKYTCSL C OJIMHAKOBOM ckopocTbio cBeta. HCO pagnonpaguvl u
Mo2ym Oblmb ORUCAHBL OOWUMU 3AKOHAMU.

Bpems — xapakrepuctuka Mupa, oTpaxkaromas H3MEHEHHE
MECTOIIOJIOKEHUSI JIEMEHTAPHBIX YaCTHUL] B IIPOCTPAHCTBE.

Bpemsa ona ecex 00vexkmos 00unaKko6o u meuem HEenpepvléHO,
JIUHEIIHO, a 21A6H0E — HUL OM Ye20 He 3a6UCUm.

IIpocTpancrBo

Ilpocmpancmeo nawezo Mupa mpexmepHnoe u HenpepuvléHoe
(omcymcmeue ouckpemuocmu).

Cyab6a 1 BeposiTHOCTD

[ToHsiTe BEPOSITHOCTU COOBITHUS HEBEPHO, U €0 HEKOPPEKTHO
UCIOJIb30BaTh, TaK Kak Haml Mup HOTUYMHSETCS 3aKOHaM M, Kak
CIIEICTBUE, IpPH BBIIOJHEHUM MHPOBBIX 3aKOHOB IOCIEACTBUS
OIHO3HAYHBI, a, cienoBatenbHo, BCE B Mupe npeapemeno, u y
KaX/10ro obobekTta U Mwupa LEIMKOM OAMH NyTh — cyabOa (ecmb
3aKOH => eCmb 00HO3HAYHOCMb => echtb CYyObOa).

Hzmenump cyob0y He603M0IHCHO.

Heonpeneaennocts I'eiizendepra

Heonpedenennocmu/neoono3naunocmu — Hem.
Henv3za mouno usmepums napamempovl 00veKma, He NO6AUAG
Ha Hezo.

YacTuupbl

Domon asnaemca coOCmagnoil yacmuuyeil.
Yepnuwle Ovipol uznyuaiom.
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Ilpuyuna wusnyuenus — e63aumoolelicmeue 3INeMEeHMAPHOU
yacmuysbl uaU CUCIMEMbL ITIEMEHMAPHBIX YACMUY, Medcdy co00il u
OKpyMycaowumu  00veKkmamu, KOTOpble JMOO HEIOCTaTOYHO
XOpOWIO  YAEPKUBAIOT 3JIEMEHTAPHYIO YacTUlly (OTTAJIKHUBAHUE
00JbIlle MPUTSIKEHUS) WIM CUCTEMY 3JEMEHTApHBIX YacTHII, JIUOO
MepealoT JOCTATOYHO OONBIIONH HUMIYIbC (MEHSIOT CTaOMIIBHYIO
TPACKTOPHUIO JBUKCHMSI SJIEMEHTAPHOW 4YaCTHIbl MM CHUCTEMbI
AJIEMEHTAPHBIX YaCTHI] Ha HECTAOUIIbHYIO).

Dnepzus od0vexma onpeoenaemcs Konuyecmeom
INEMEHMAPHBIX  YACMUY, 6XO00AWUX 6 €20 Ccocmae, u
HanpagieHuem ux 6eKmopoe cCKOpoCcmu.

Ckopocmb 31emeHmapHblx yacmuy nOCMOAHHA.

Ckopocmb n1emenmapuvix uacmuy (no Kpaitneii mepe,
HEeKOmOpvIX U3 HUX), HANPUMEp, BXOAAIIMX B cocTaB (OTOHA,
CKopee 6cez20 He npesvluiaem CKopoCcms ceéemad.

Bce «npespawjenuny «nemenmapuvixy uacmuy opyz é opyza
AGNAIOMCA HUYEM UHBIM, KAK 63aUMOOeiicCmeuem u 00MeHOM
INEeMEHMAPHBIMU YACMUUAMU.

Marepus

Mamepus ne asnaemca nopoxicoeHuem CO3HaAHUA.

Mamepusa cocmoum u3z uacmuy. Boan nem (3nemenmapuasn
yacmuuya He o06Onaoaem 60JIHOGLIMU CEOIICMEAMU), A NOIA —
COBOKYNHOCHb YaACHUY,.

3akoHbl 01 6écex  «ypoeHeu» mamepuu  (MUKpOMUD,
Makpomup,  Mezamup)  OOUHAKOBbl U  GbIMEKAOM U3
INNEMEHMAPHBIX YACMUY, U 3AKOHO8 UX 83AUMOOCHCMEUS.

Dnepzua — xapaxmepucmuka Mamepuu.
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Mup

Mup — Habop uacmuy, 3AKOHO6 UX 63AUMOOEUCMEUA U
3aKoH06 e20 Hauana u Konuya. llonoxcenue yacmuy uzmensemces c
meuenuem epemenu.

Buympennuii, eupmyanvHolii mup, mMup Mmbvicieil u uoei
«MamepuaibHvl), MAK KaK UMeiom MamepuaibHvle 0CHOGbL.

IHo3naBaemocTr Mupa

Mup noznaeaem noanocmivio.
Hem 603moicHocmu noiHocmuvio npOZHO3UPOBAMs nosedeHue
Mupa.

Hauano u xonenmy Mupa

Hauano nawezo Mupa — bonvwion e3pvie. Koneuy nawezo
Mupa - bonvwoe 3amepzanue u ckopee ecezo bonvuoe
pacceusanue. Haw Mup ne yuknuuen.

bonvwon e3pvie — npouecc e3aumooeiicmeun  mexicoy
INNEMEHMAPHBIMU YACMUUAMU CEEPXELICOKONTIOMHO20 C2YCMKA 6
nycmom, nOmeHyuaiIbHO Hi YeM HeOZPAHUYEHHO RPOCMPAHCmEe.

Y nwoo20 Mupa, ¢ mom uucne nepeuunozo ecmov nauano, é
MOMEHm KOMOpPO20 31eMeHmapHvle Yacmuysbl U 3aKOHbl U/UIU
Ymo-mo uHoe NOAGAAIOMCA U3 HLOMKYOd.

bonvwoe 3amepsanue — npoyecc ymenvuienua KORUeHmpayuu
INEMEHMAPHBIX YACMUY, KOMOPble 6XO00AM 6 COCMAE Kaxyicoou
cucmempl INEMEHMAPHBIX YACMUY U OM KOMOPHIX 3A6UCUM UX
memnepamypa.

bonvwoe pacceusanue — npouecc nomepu cmadunbHOCmU
BCEX cucmem snemenmapHnplx uacmuy, 4mo 6 umoze npueooum
K Hanuuuio ¢ Mupe nuuib 000c001€HHBIX I1IEMEHMAPHBIX YACMUY,,
He 00pa3yruiux céa3aHHble CUCMEMDbL.
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Orpanuvennocts Mupa

Mup ocpanuyen napamempamu INEMEHMAPHBIX YACMUY,
3AKOHAMU UX 63AUMOOCIICMEUS U 3AKOHAMU €20 HAYald U KOHYA.

«Marpuna»
Cywecmeoeanue  «Mampuybly —  WUIIO30PDHOTO  WJIK
HEHacTosmero Mwupa —  603MOdCcHO, OIIHAKO  cyujecmeyem

2apPaAHMUPOCAHHAA 603MOMCHOCHIL ONpEOeIums 6030eiicmeue Ha
naw Mup uzene. Kpome TOoro Her ocHoBaHUU ((PakTOB) cuMTaTh
Hail Mup WITI031ei.

Cucrema

Ceoiicmea cucmembol NOJIHOCMbIO onpeodenaromcsa
ceolcmeamu 6x00AwUX 6 Hee yacmeul uau yacmuy. XOoTs y
CHCTEMBI W TIOABJSIOTCS HOBBIE CBOMCTBAa, HO OHHM IMOJHOCTHIO
ONPEACISIIOTCS  CBOMCTBAMHM BXOIAIIMX B HEE YacTe, a 3HAYUT
CBOWCTBAaMH 3JIEMEHTAPHBIX YACTHII.

Cunepreruka u 0011asi TeOpHs CHCTEM

CuHepreTvka B TEKyIIEM BUJIE SBISIETCS HKEHAYKOM.

Ceoiicmea u cnocobnocmu o0veKma - NOJIHOCHIbIO
ONPeOeAIOMCs C8OICMEAMU U CHOCOOHOCMAMU €20 Yacmell.

BCE cucmembt no ceoeii cymu A6IAI0OMCA OMKPLIMbIMU U
MEHAIOMCSL C MeYeHUeM 6PeMEeHU.

BCE ynopsaoouenno.

He cywecmeyem CloOMCHBIX UAU  HPOCHIBIX  CUCHIEM,
Cyu ecmeayonm cucmemol, COCmoaujue U3 CPAGHUMENbHO 001bU020
UU HebONbULO20 HUCIA ITIEMEHMAPHBIX YACHUY,.
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Kot Hlpenunrepa

Ecmb 3axkon — ecmv oonosznaunocms. Moicno u3nauaibHO
cKazamo 0yoem KO JHCU8 UJIU MEPME 6 KOHKPEHMHbLIL MOMEHM
eépemenu (ONMCAHUE DKCIIEPUMEHTa CMOTpUTe B riaBe «Kparkoe
OMHMCaHUE IMMPOKO U3BECTHBIX KOHIEIIIUN U DKCIIEPUMEHTOBY).

Teopema o0 3anpere KIOHHUPOBAHUS

B Mupe nem ocpanuuenus nHa co3zoanue uUOealbHOU KOnuu
(omucanue TeopemMbl CMOTpUTE B TlaBe «KpaTkoe onucaHue MHpOKO
M3BECTHBIX KOHIEHIUI U SKCIIEPUMEHTOBY).

ITo3nanue ceost

Co3zuanue u «5I»

Y uenoeexa ecmv coznanue ona mozo, umoodvl npedckazvigamsp
nocneocmeus mex WA UHBIX OCUCHMEUN U ONMUMUIUPOEAMDb
ezaumooeiicmeusn ¢ okpyywcarougum Mupom (no Kpaiineii mepe,
nolmamucn).

Co3nanue — cneyuanvHlii ONMUMUIAMOP MO32a 01
opeanu3zayuu e3aumoodeiicmeuii ¢ okpyycarouium Mupom, 3adaueii
KOmMOopo2o A61AemcA 6blOOPOUHbLL, HO KAYECHEEHHbLl AHAIU3
umewwielica U nocmynawwien  uHgopmayuu ¢ UYeavio
NPOCHO3UPOBAHUA NOCIEOCHMEUIL NPU COBEPUIEHUU DPA3TUYHBIX
oeiicmeuit. Pezynomamom padomul co3nanus saenaemcs 6vloop
eapuanma  Oelicmeéus, KOMOPHLL  NPUHECem  Hauayduiue
nocieocmeusn ¢ Mo4Ku 3pPeHus ydema pasziudHulX Kpumepuee —
y006016cmeuil (meopus y006016Cmaeuil).

«S1» — COBOKYITHOCTH CO3HATEILHON U O€CCO3HATEIHHOM YacTei
YeJI0BEeKa.
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YenoBex

Yenosexk — Habop wacmuy aHAIOTHMYHBIA KaMHIO (B acIeKTe
YaCTHUIl U 3aKOHOB), Komopule noouyunarwmca Mupoevim 3aKoHam.

«I[yma» 4YeJI0BECKa

«/Iyma» — 0000wennvlilt Kpumepuii 00ULECMBEEHHON OYEHKU
4e108e4eCK020 MUPOBO33PEHUA U 0eAMENbHOCU C MOYKU 3PEHUA
IMUKU U MOPATIU.

«/[ywa» npedonpedenena 6 KOHKPEMHbIIL MOMEHmM 6pPEMEHU
Yacmuyamu u 3aKOHAMU UX 83AUMOOCICMEUs 8 MO32e Yel08eKa, ad
6 meuenue 6ceil HCU3HU — cyobOOoIl uenoseKda.

Heego3moicno nezamemno ynpagnamo Mupom uiu uenoeekom
u3zene Mupa.

Jloruka u MHTYHUHS

Jlocuka  —  paccmompenue  co3HaHuem NPUYUHHO-
Cl1e0CMBEeHHbIX C8A3ell U hoOpMUPOBaAHUE 3AKTIOUEHUIL U 8bl80008.

Humyuyun — paccmompenue nPUYUHHO-CE0CMEEHHBIX
ceasell u hopmupoeanue 3aKa104eHUIL U 8b160008 DecCO3ZHAMENbHO
(6e3 yuacmusa coznanus).

Mup uaei

Mupa uoeit ne cywecmeyem 6 Kauecmee 0co6oil ¢hopmuol
Mamepuu uiu 0OnOJHUMENbHO20 MUpPA.

Meanb KU3HU YeJT0BEKA

Llenv orcusnu uenogeka — yooenemeopeHue cooOCmeEeHHbIX
nompeonocmeil.
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CMmbIcJI cylecTBOBAHUS

Hem nu kaxkozo cmoicna cyuiecmeoeanun.

MennocTn

Lennocmu unu Kpumepuu yo0601abCMEUI KAXKIBIA «CTABUT
cebe cam» (ompedenaromca uwacmuyamu, 3aKOHAMU  UX
e3aumooelcmeus).

I[eﬁCTBHﬂ YeJI0BCKaA U UX MMOCJCACTBUSA

eiicmeun uenoseexka npedonpeoenenvt U NOC1e0CMEUA IMUX
delicmeuil maxdce npeoonpeoeneHul.

Jeiicmeusn onpedensawomca cyyb6o ucxoosa u3z e6ceoouyux
3AKOHO8 U IJIeMEHMAPHBIX YACHUY,.

I[I/IHaMI/IKa JJUIHOCTH

Yenoseueckuii mo3e (nuunocms) ounamuyen (MEHSIETCS CO
BpemeneM). BCE, umo on eocnpunumaem, mensem ezo u
COOMGEMCmMEEHHO MeHAem Xapakmep, ueau, MUpO8o33peHue u
npuHUMaemvle peuieHus 6 YeioM.

YHI/IKaJIbHOCTI), MpEeBOCXOACTBO U 3acjayra

BCE 06vexkmbl yHUKaibHbl 6 pAgHOIl CHIeneHUI.

BCE, uem uenosex zopoumcs, — ne ezo 3aciyea (makoea
3aciayza cyobowl).

EnuHCTBeHHOE paznuuue MEXIy BCEeMH OOBEKTaMH —
HACKONbKO CILOMCHO npeockazameo ux omoenvHble
XapaKmepucmuKu u n06e0CHUE 6 YeEIOM.
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Ku3no

Kusuv — npouecc om nosaenenus cucmemvt 00 ee pacnaoa
(ynuumoosicenus / cmepmu / 3aeepuieHus YYyHKUUOHUPOBAHUSL).

Kusoe

Kueoe (cusznv) 3apoounocv 61razooaps cneyugpuueckoit
KomoOunayuu yacmuy (00bEKTOB/MOJIEKYI).

JI1000BH

/1106066 — «xumusny ¢ moszy.

Buioop n1066u ocrnosvigaemcea Ha co60KynHOCMU uU3UUECKUX,
J102UYecKux, payuoOHaIbHbIX, CyoveKmuenvix axmopos. Ilo nei
«A» oenaem evibop o0 mom, Kakou eapuanm (nocreocmeus
evlOopa) yuuie.

HcKyccTBEeHHBIN HHTE/UICKT

Peanuzauyua nacmoaweco uUCKycCmeeHnoz0 uHme1eKma
ceooumcesa K CO30AHUIO CUCHIEMbl, OCHOBAHHOU HA NPUHUUNAX
dyukyuonuposanua uenoeeuecKkoz0 Mo3za, Mo ecmv Cucmema
00J11CHA NPOCHO3UPOBANb NOC/IE0CHEUA U 8bIOUPAMb HAUTYYUIUTL
6apuanm co2nacHo NOCMAGIeHHbIM YeAM.

Ocnogénasa npobnema ceooumca He K HEEO3MONCHOCMU
cozoanua HU, a k eo3morcnocmu ynuumooscenusn cucmemoit HH
ceoe20 cozoamensn (HEGO3IMOMNCHOCMU eCMecmEeHH020 KOHMPOis
HH) ¢ cuny, moco umo 3mo (YHUYmMOICceHue uenoseyecmaea)
MoodKcem 0blmb HAUIYYUIUM APUAHMOM PEUleHUs NOCIAG1eHH O
3a0ayu.
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KopoTtko o Tom, kak BCE ycrpoeno B Mupe,
10 MOEMY MHEHHUK. ..

Hcernna

Hcemuna — mo umo ecmv na camom oene / maxk Kak ecmov Ha
camom  oere  (Mupoeas  wunu  oxkarvhas — npaeoa |
oelicmeumesibHOCHLb).

Hcmuna ob6vexkmuena.

IHo3Hanue okpy:xarwmero Mupa

Bce ¢ Mupe onpedeneno uacmuuyamu u 3aKOHAMU UX
ezaumooeiicmaeus.

IIpocTpancTBO U BpeMs

Ilpocmpancmeéo u e6pema abconOmHbl U  HE3ABUCUMDL.
O6ocHOBaHME PACCMOTPUM HUXKE.

[IpenmonoxkeHne 00 OTHOCHUTEIBHOCTH (BCE OOBEKTHI U
JJIeMEHTapHble  4YacTUIbl Mmupa BO3MOXKHO  MaTeMaTHYEeCKU
paccMaTpuBaTh TOJIBKO OTHOCUTEIHHO KaKOT0-TO 00BEKTa, KOTOPBIN
MOJKET MOKOUTHCS, MM YacTULlbI Mupa) sSBISETCSI BEPHBIM, OJTHAKO
OHO CyYry00 MaTeMaTh4ecKoe, BHECEHHOE UYEJIOBEKOM, H, Kak
MPaBWIO, JIUIIb YCIOXKHICT pealbHOC IMOHUMAHUE ITOBEICHUS
JacTHIl, a Takke Mwupa B IeiaoMm, Tak kak Mwup cam 1o cebe
aOCoFOTeH. 3a4acTyro Y4YCHBIE JICTAl0T HEMpPaBHILHBIC BBIBOJBI W3
JOCTaTOYHO OOBEKTUBHBIX M TPABUIBHBIX 3HaHUH o0 Mupe
(Bocripusitun - Mupa). K mnpumepy, 3ddeKkT «yCKOpeHus» HUIu
«3aMeNNIeHus] BpeMeHW», (OpMynbl s pacyeTa CKOpPOCTeH W
KOOpIWHAT B HHepIUanbHbIX cuctemax otcuera (MCO) u Bce
CJICJICTBUS U3 HUX HEBEPHBI.
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Huepyuanvnvie cucmemsvl omcuema HEPAGHONPAGHLL U He
Mo2ym Ovlmb Onucanvl OOWUMU 3AKOHAMU, A, COOTBETCTBEHHO,
teopusi otHocuTesnbHOocTU (TO) sBnsiercs HeBepHo. [l Toro,
9TO0BI 3TO J0Ka3aTh, PACCMOTPUM MBICICHHBIA JKCIECPUMEHT.
Bosbmem 1Ba cBOOOIHBIX (DOTOHA, H3IIYUYEHHBIX MOKOSLIMMCS
O0BEKTOM, JBUXKYUIMXCA B MPOTUBOMOJOKHBIX HAIpPaBICHUSIX
(HampaBieHHE BEKTOPOB MPOTHUBOIOIOXHO) U cBsbkeM HMCO ¢

MOKOSIIIUMCA OOBEKTOM, TOTJa CKOPOCTh HCCienyeMoro QoroHa
_u;-uz _ (-0)-0 _ -c _
Oynet paBHa —c (uzq = T = 00— Ty0 —c). [IpousBenem
c 2
cmeny MCO. Tenepp cBsbkeM MCO co BTOpbIM (OTOHOM, TOTAA

COINTACHO JIOTHMKC M SKCIICPHUMCHTAJIbHBIM AJAHHBIM OTHOCHTCJIbHAA

CKOPOCTbH HccleayeMoro ¢potoHa OyneT paBHa —2C (OTHOCHUTEIBHO
MOKosiIIerocs o0bEKTa paBHa —C), a COIVIACHO IOCTYJaTaM TEOpUU

Ui —UuUz (=c)-c
OTHOCUTENLHOCTH ~ Oyner paBHa —C (Up; = —muz = ~(Coe =
1= c2 T2
—(c+0) -2c
T =, = —c). OT0 mpHBENEeT K TOMY, YTO COIJIACHO TEOPHUH
c2

OTHOCUTEJIBHOCTH  HccleayeMblii  (GoToH Oynaer yaamarbes OT
00BEKTa ¥ BTOPOro (pOTOHA CO CKOPOCTBbIO —C, YTO MPOTUBOPEUUT
HKCIIEPUMEHTaM.

PaccMoTpuM, dYTO TPOU3OWIET, €CIM HCCIENOBaTh BTOPOU

¢oton. Cesxem MCO c mokosimuMcs OOBEKTOM, TOIZla CKOPOCTb
BrOoporo (otoHa OyaeT paBHa C (U3, = % = f_;f_o = ﬁ =C).
c2 c2

[IpousBenem cmeny HMCO. Tenepp cBskem HWCO ¢ nepBbiM
(OTOHOM, TOT/Ia COTIIACHO JIOTUKE M IKCIIEPHUMEHTAILHBIM JTAHHBIM
OTHOCUTENIbHAs CKOpOCTb BTOporo ¢otona Oyzaer paBHa 2C
(OTHOCHTENTBPHO TOKOSIIErocsi OO0BEKTa paBHA C), a COTJIACHO

nocryjartaM TCOPUHU OTHOCHUTCIBHOCTH 6yI[eT paBHa C (ulz =

Uy —Uq c—(=c) c+c 2¢
T = —o(me) = —e¢ = - = C). OTO MpHUBEAET K TOMY, YTO
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COTJIACHO TEOPUU OTHOCUTEIILHOCTH BTOPOU (POTOH OYAET ynansIThCs
oT 00BbeKTa U MmepBoro GOTOHA CO CKOPOCTHIO C, @ COOTBETCTBEHHO
nepBbIii GOTOH HE OYIET yIaasiThCs OT 00BEKTa, YTO MPOTHUBOPEUUT
AKCTIICPUMEHTAM.

[TocMOTpUM, YTO TIPOU3OUIET, €CITH TOMBITATHCS PACCMATPUBATH
pasHble 00BeKTHl oTHOcUTeNbHO omHou MCO. Cesmkem HMCO ¢

nepBbIM  (OTOHOM, Torga coriacHo TO CKOpOCTh MOKOSIIETOCs

Uz—U 0—(—c) c
oObekta Oymer paBHa C (Uq3 = 13u3u11 = =

c2

_0(=9 7 140 = C)v a
2
Uz—uUqp
_ugug —
1 P

CKOpOCTh BTOpOro (horoHa Oyner Takke paBHa C (Uq, =

c—(-0¢) c+c 2¢
P C oo ¢). U cuoBa cormacio TO MBI mpuUXoauM K
1-=5= =

c c

TOMY, YTO W BTOpPOH (OTOH M MOKOSIMIMICA OOBEKT YyIAISIOTCS
OTHOCHUTENILHO IMEpBOro (pOTOHA C OJMHAKOBOM CKOPOCTBHIO, YTO HE
COOTBETCTBYET JIEHCTBUTEIHHOCTH.

IIpoBenem elie OAMH MBICICHHBIN dKCIIEpUMEHT. Bo3bmeM nBa
CBOOOMHBIX (OTOHA, JBIDKYIIMXCS B OJHOM  HANpaBJICHUH
(HampaBJieHHE BEKTOPOB COBIMAIAET) U MOKOSIIUICS 00BeKT. CBSKEM
NCO c¢ mnoxosimuMcss 00BEKTOM, TOTJa CKOPOCTh (POTOHOB OyIeT
paBHa c. [IpousBenem cmeny MCO. Cesxem MCO ¢ ogHUM U3 HUX,
TOrla  COrJaCHO JIOTUKE W JKCIEPUMEHTAIbHBIM  JaHHBIM
OTHOCHUTENIbHAs CKOpPOCTh Jpyroro ¢otoHa Oyaer paBHa 0, a
COrJJacHO TOCTyJlaTaM TEOPUM OTHOCHUTEIBHOCTH — C, TaK Kak
ckopocTh poTtoHa oguHakoBa B 000 MCO u paBHa c.

Ha camom gnienme CKOpOCTh HCClENyeMbIX OOBEKTOB HE
00s13aTeIBbHO JOJKHA OBITh paBHA CKOPOCTH CBETA I HAPYIICHUS
COOTBETCTBUSI TEOPUM OTHOCHTEIBHOCTH  OKCIIEPUMEHTaM, a
paccMaTpuBarOTCs CIIydau MOMpOCTy Hanboee HarlsaTHbIE.

Tenepp  paccmoTpuM  3PGEKT  «3aMeUICHHsT  BPEMEHM
(omucanne cmorpute B riaBe «KpaTkoe omnMcaHue MIUPOKO
M3BECTHBIX KOHLEMIMM M SKCHEpUMEHTOB»). B ciywae, koraa B
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JAHHOM DJKCIIEPUMEHTE CBETOBBIE 4Yachl IIOKOSATCS, a CKOpPOCTb
JBMDKEHUSI CHCTEMBbl oTcdera vV = ¢, To corjacHo TO momyuaercs,
YTO JIyd CBETa HUKOIJAa HE JOCTUIHET IPUEMHMKA, YTO, B CBOIO
ouepeib, SKCIIEPUMEHTAILHO HEBO3MOXKHO. B pe3ynbTare npuxoaum
K TOMY e BbIBOAY O ToM, 4yTo MICO HepaBHONpaBHBI U HE MOTYT
ObITb oOmucaHbl OOWMMHU 3aKkOHaMU. CTOUT OTMETUTh, 4YTO
orpoBepkeHne 3(p(deKkra «OTHOCHUTEIBHOCTH OJHOBPEMEHHOCTH
aHAJIOTHYHO OTPOBEPXKEHUIO d(pekTa «3aMesIeHUs] BpEMEHM».

PaccMoTpuM 3KCIEPUMEHT € IMapOM CBETOBBIX 4aCOB, B KOTOPOM
OJTHM TOKOSTCS, a BTOpBIE IBIXKYTCA CO CKOpOCThio V. CoryiacHO
TEOpUH OTHOCHUTENbHOCTH, cBsi3aB MICO ¢ mokosumMMHCcA 4YacamH,
noiydyuM 3¢GQeKT «3aMelJIeHHe BPEeMEHH» Ul  JBIOKYILUXCA.
Opnako mpousBens cmeHy HWCO, B KOTOpoil cCBsbkeM ee ¢
JBUKYIIUMUCS 4acaMu, MOJIy4YUM, YTO JABUXKYIIHECS Yachl IIOKOATCS,
a TOKOSIIMECS JABMXKYTCS CO CKOPOCTBbIO V, M IJIABHOE IOJIY4UM
3GdeKT «3aMeUIeHUs BpEeMEHW» Ul 4YacoB, KOTOpble B
JneicTBUTENbHOCTH  MOKosITcs.  [lomydaercs, dro, wucxond U3
BBINIOJIHEHUS. TIEPBOTO TOCTyJaTa TEOPUHM OTHOCUTEIBHOCTH, B
pazabix UCO sddexT «3aMenieHuss BpeMEHH» HMEET MECTO st
pa3HbIX 00beKTOB. TO ecTb B JaHHOM Cllyyae 4achl, KOTOpPbIE B
JNEHUCTBUTENBHOCTH TOKOATCA OyAYT MITH MEJJICHHEE 4YeM Yachl,
KOTOpblE€ B JEWCTBUTEIBHOCTU JBUXKYTCS, 4YTO IPOTUBOPEUUT
JNEHUCTBUTEIBHOCTH U DKCIIEPUMEHTaM.

Hanee paccmorpum s¢dext [omnepa (onmcanue 3¢dekra
cmorpute B miaBe «Kparkoe onucaHue MIMPOKO M3BECTHBIX
KOHIEMIUI U dKCIEPUMEHTOBY). OOBEKT, JNETAIUN CO CKOPOCTHIO V
nepuoandecku (nepuox T) ucmyckaeT GOTOHBI.
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a)

NPHEMHHK

Pucynok 1 — D¢ddexr Homepa ¢ TOUKH 3peHUs KIACCHYECKON
MexaHuku HproToHa

C Touku 3peHMs Kiaccuueckod MmexaHuku HproToHa >dext
HaOIrogaeTcsi, Tak Kak TpeOyeTcs HCIOJHEHUE 3aKOHA CIOXKEHHUs
CKOpOCTEH isi JIOOBIX OOBEKTOB, 4, COOTBETCTBEHHO, MOJydaeM
KapTUHY, IPEJICTaBICHHYIO Ha pucyHKe 1. C yBennueHueM CKOpoCTH
V NpUEMHHUK 4Yallle MOJy4yaeT CBETOBOM HMMITYJbC, 3HAUUT MEPUOJ
IpreMa HMIYJIbCOB yMeHblIaeTcs. OJHAaKO CIOXKEHUE CKOpOCTei
U1 00BEKTOB MPUBOJUT K Pa3IMUHBIM CKOPOCTSAM (POTOHOB, YTO HE
COOTBETCTBYET OJKCIEPUMEHTAIbHBIM JaHHBIM, TO €CTb B Mupe
Takoro He HabOmomaercs. K mpumepy, mpelenbHble CKOPOCTH
¢$oTOHOB B 1aHHOM cityyae 2¢ u 0.

PaccmotpuM, uto Habmronaetcs B ciydae TO.
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npueMHAK 2

Pucynok 2 — O¢ddexr Homnepa ¢ Touxu 3penus TO. MCO cpsizana ¢
00BEKTOM, JIETAIIIM CO CKOPOCTBIO V, KOTOPBIH MEPHOANYECKH
(mepuox T) ncnyckaet GpOTOHBI

Kak BumHo u3 pucynka 2 s¢ddexra [orepa nHabmromaercs.
Yacrota wu3inydeHus, QuUKcUpyeMass MNPUEMHHKOM, MEHSETCS IpHU
U3MEHEeHUU ckopoctu V. OAHAaKo MpU TpelnenbHOM ciaydae V=C
UMITyJIbC CBETa HHUKOTJAa HE JTOCTUTHET MPHEMHHKa |, KOTOpHIHA B
JEHCTBUTENLHOCTU MTOKOUTCS, YTO HE COOTBETCTBYET PEAIbHOCTH.

Paccmotpum, uto Oyner, ecnu cBsizath MCO ¢ HENOABUKHBIM
o0wekToM cornacHo TO (pucyHok 3).
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HCTOYHHK

a) |b) ) c)
HeIOABHAKH LI HETOABHKHBIH
00BEKT

00BeKT

HCTOYMYHHK
upnemunxk 1 npuemMHuk 2|

4 4

Pucynok 3 — D¢ddext Homnepa ¢ Touku 3penus TO. MCO cBsizana ¢
HETOJABUKHBIM 00BEKTOM

HeNOoABH/KHANA b)

a) TOUKa

npoCTPaHCTBA

c \ npne\:umm 1

00BbeKT
¢ ‘ HeMOoABH/RHAS
TOUKA

NpOCTPaHCTBA obBeKT

Pucynok 4 — 3¢ dexr Homnepa ¢ Touku 3perus TO. UCO cBsizana ¢
OJIHUM U3 UCHYIIEHHBIX ()OTOHOB
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a) b) c)

00BeKT, ¢ HemoABHAKHLIH 00beKT, ¢ HENoIBHARHII
KOTOPLIM ofbeKT KOTOPBLIM 0bbeRT
ceazana HCO cesizana MCO|

00LeKT, ¢
KOTOPLIM
cpazana HCO

mpuemunk 1

V2
Lo

/

npHeMHHK 2

+ ‘e

¢

Pucynok 5 — O¢ddexr Homnepa ¢ Touxu 3penus TO. MCO cBsizana ¢
00BEKTOM, JICTSAINM CO CKOPOCTBIO V7

U3 pucynka 3 momyuaem, uto 3ddext Jomiepa cormacHo TO
ecTh, oaHako mpousBegeM cMeHny MCO u cBsikeM ee C OJHUM U3
($hoTOHOB (PUCYHOK 4) WM ¢ 00BEKTOM, JISTSIIAM CO CKOPOCTHIO V3

%
1_@. Kak BUJIHO H3 COOTBCTCTBYHOIIUX

c2
pucynkoB cmeHa MCO B TO mpuBoauT K omubOkaM (Ipu pasHbIX
NCO o00beKTbl JOMKHBI HAaXOJUTbCA B  Pa3HbIX  TOYKax

(pucynok 5), rme v' =

MIPOCTPAHCTBA), YTO HE HAOJIIOAAETCS B PEaIbHOCTH.

Crout ormeruts, uto npu cmeHe MCO naxe mpu AOCBETOBBIX
CKOpPOCTSIX BO3HHMKAET PACCIOEHUE KOOpAMHAT OOBEKTOB, TO €CTh
Jaxe B 3TOM ciydae coryiacHo TO onHM U T€ e 00BEKTHI JOJIKHBI
HaxOJUTHCS B PA3HBIX TOYKAX MPOCTPAHCTBA.

B wrore nmomy4aem, 4TO MepBBIA U BTOPOH MOCTYJIATHl TEOPHUH
OTHOCHUTEJIbHOCTH HEBEPHBI, U B MPHUPOJIE HE CyIIECTBYeT 3¢ ¢ekra
«3aMeNJIEHUS] BPEMEHN».

B wurore, ckopocmv ceema 6 eakyyme He 3aéucum om
CKOpoCmu O8UMCEHUA UCHMOYHUKA UU NPUEMHUKA, HO DA3IUYHA
60 6cex UHePUUAIbHBIX CUCIeMAX Omcyéma.

Ckopocmb 1106020 000c001€HH020 00bEeKMa NOCMOAHHA, HO
PAa3nu4Ha 60 6cex UHEPUUAIbHBIX CUCINEMAX OMCYEéMa.
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Takum  obpazom,

JIOTUYHO

BBCCTHU HOBOC

Henoosuxcuvie cucmemovt omcuema (HCO)

IIOHATHUC.

9TO CHCTCMbI

0TCYCTAa, B KOTOPLIX HCIIOABHUIKHBIC O0BEKTHI IIOKOATCA, a CBO6OI[HI:IC

(GOTOHBI, HE B3aMMOJACHUCTBYIOUIME C OKPYXKAIOIUMH YaCTUIAMH,

JBHXKYTCSI C OJJMHAKOBOW CKopocThbio cBeta. HCO pasnonpaenst u
Mmozym ovimb onucauvl oowumu 3axkonamu. HCO Moryt ObITh

IIOJIYYCHBI 6naronap${ AHAJIN3y IMOBCACHUIA CBO6OI[HI>IX (bOTOHOB, HC

B3aHMOHCﬁCTBy10H1HX C OKpYyXKaromMHMH YaCTUAMH, HAITPABJICHHBIX

I10 OCAM KOOPAHWHAT TPCXMCPHOI'O ITPOCTPAHCTBA.

a) |b) c)

HeNmoABHAKHbLIA
00BeKT

HCTOMTHHK

*

npuemunk 1

HeNOABH/KHBIH
00BeKT

HCTOYHHK

NpHEMHHK 2|

*

Pucynok 6 — D¢ dexr Jomnepa ¢ touku 3peans HCO

Kax Bunno u3 pucynka 6 B ciiyqae HCO s dexr Homepa ecTs.
Tenepb pacCMOTPUM OKCIIEPUMEHT, B KOTOPOM IPOHCXOJUT
3arnasablBaHUC ABMXKYIIUXCA 4aCOB IO CPAaBHCHUIO C MOKOAIIUMHUCA —

OKCIICPUMCHT Xa(beHC-KI/ITI/IHF a (OHI/ICElHI/IC OKCIICPUMCHTAa CMOTPHUTC

B TJIaBC «KpaTKOC OIMMMCAHUC HIMPOKO H3BCCTHBIX KOHIIEMIIUN U

3KCHepI/IMCHTOB»). I[JBI IMPOCTOTEL 6YILCM paccMaTpuBaTb CBCTOBBIC

yacel. Cornmacno TO ucnonb3yercs 3pPeKT «3ameyIeHnuss BpeMEHN»

JUTsl TOTO, YTOOBI orrcath 3P eKT 3anazapiBanus yacoB. OgHaKO TIpH

ucnone3oBannuun HCO  at0

HE

Tpedyercs,

TakK

JENHCTBUTENHLHOCTH 2P (eKTa «3aMeIJICHUsS BpEMEHIY HET.

KakK

B
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a) b) c)
[ |- <o

Pucynok 7 — D¢ ekt 3anma3zapiBaHus IBUKYIIUXCS YaCOB 110

¢<
¢<

cpaBHEHHUIO ¢ nokosimumucs npu HCO
a) Yachl MOKOATCS; D) 4achl IBMIKYTCS CO CKOPOCTBIO V, POTOH
JBHIKETCS 110 HATIPABJICHUIO ABHKCHUS YacoB; C) Yachl ABHIKYTCS CO
CKOPOCTBIO V, ()OTOH JIBMKETCS TI0 IIPOTHBOIOIOKHOMY
HAaIPaBJICHUIO JIBUKEHUS YaCOB.

Yacel moxositcsi (pucyHok 7a). Jnst Toro, utobsl (QoToH

«rpouen» MyTh OT MEepBOM IUIACTUHBI 1O BTOPOM U 0OOpaTHO,
2L

HeoOxoaumMo Bpemsi T = ~— — OTO TEPHOJ HacoB. [lo xommuecTBy

MIEPUOJIOB OIPENEIIAIOT CKOJIBKO BPEMEHHU MPOIIJIO, TaK KaK CYMTAIOT

NEepUOJT HEU3MEHHBIM.

Yackl ABHXKYTCS CO CKOPOCTBIO V (pucyHOK 7b, 7C). Torna mpu
IBIDKEHUM (OTOHA IO HANpPABICHUIO JIBWKEHHUS YacoB €My
HE0OX0aUMO OYIEeT MPOUTH paccTosHKe OombIe L, Tak Kak 4ackl 1O
cpaBHenuo ¢ HCO nBuxytes co ckopocthio V. PaccrostHue Oynet

L
paBHo cT; = vTy + L, otkyna Ty = p— [Ipu nBwxeHun GoroHa Mo
MPOTHBOIOJOKHOMY  HAlpaBJIEHUIO  JIBUKEHUS  YacoOB €My

HeoOxomuMo OyneT mpoiTu paccrossHue MeHbine L. Paccrosuue

L

6yzet pasro Ty = L — vTy, otkyna T = —.
L

[Tonydaem, uto Bpems mosHoro nepuona T =T; + T, = p— +

L . 2L
P Torma npu HyneBoW ckopocTH 4acoB: T = —, TIPH CKOPOCTH

30



gacoB 0.5C: T = % + % = %, a IIpU CKOPOCTH YacOB CTpEMSLIEHCS K
CKopocTH cBeTa: T — oo,

B wurore, Oeudsicywyueca uacvt omcuumvliéarom MeHbULE
MaKmoe «nepuoouyecKoz0» npouecca, maxKk KaxK 6pems,
3ampauueaemoe Ha Kaxcovlii makm, 0onvbuie. ITO NPUBOIUT K
TOMY, 4YTO JABIXKYIIMECS 4Yachl 3ama3[bplBalOT II0 CPaBHEHUIO C
MOKOSIIIIMMUCS WIH JBUKYIIUMUCS C MEHBIIEH CKOPOCTHIO.

Bpems — xapakrepuctuka Mupa, oTpaxkaromas H3MEHEHHE
MECTOIIOJIOKEHUSI 3JIEMEHTAPHBIX YaCTHUL] B IPOCTPAHCTBE.

Bpemsa ona écex 00vekmoe 00unaKoeo u meuem HenpepvléHo,
JIUHEIIHO, a 21aéHoe Hu om uezo He 3aeucum. Hanbonee 61u3kuMu
K JIECTBUTEIIBHOCTH SABIJIAIOTCS ITOHUMaHMS BPEMEHU KaK «CTPEJIbI
BPEMEHM» U «OCU BPEMEHM», OJHAKO IIEPEMELIaThCs M0 ITOU OCH
HET BO3MOXXHOCTH, TaK Kak IS JTOT0 HEOOXOJMMO HMETh
BO3MOXXHOCTh YIPABJIATh YacTULAMU M MHpPOBBIMU 3aKOHAaMH, TO
ecte Mupowm.

IIpocTpancrBo

3HaHus, KOTOPBHIMH HA  JaHHBIA  MOMEHT  oOijajxaer
YeJl0BEYEeCTBO,  IO3BOJIAIOT ~ YBEPEHHO  YTBEp)KIaTh,  4YTO
npocmpancmeéo nawezo Mupa mpexmepnoe u HenpepvléHOe
(omcymcmeue oOuckpemnocmu). OOOCHOBAHUE HENPEPHIBHOCTH
MIPOCTPAHCTBA W BpPEMEHH omucaHo B paznene «HemnpepbslBHOCTH
IIPOCTpaHCTBA U BpeMeHu» r1aBbl «Paccysxaenus o Tom, kak BCE
YCTPOEHO B Mupe, 10 MOEMY MHEHHIO. .. ».

g nokasarenbCcTBa mpexmepHOCHmu PACCMOTPUM  IPOCTOM
MBICJIICHHBIM ~ JKcnepuMeHT. IlpeacraBum  aByxMepHbii  Mup
OECKOHEUHOHN IIJIOCKOCTHIO, a IS elle OOJbIIed HarjasgHOCTH —
guctoM  Oymaru. TpexmepHbli Mup MOXHO MpeICTaBUTh
OCCKOHEYHBIM HAOOpPOM OECKOHEYHBIX TUIOCKOCTEH, JIeXKaIuX
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HapajulesIbHO IPYT Ha JIpyre, a Jjs YHPOLIEHHOrO MPEICTaBICHUs —
OECKOHEUHOW WJIM Jaxe KOHEYHOH cTomkoil Oymaru. Ecim Mup
SIBJISIETCS. TPEXMEPHBIM, TO OOBEKThI TpexMepHoro Mmupa co
BPEMEHEM MOTYT TMOSBIATHCS W HUCYE3aTh B JBYXMEPHOM U3
HUOTKYZla, U MEHATh CBOIO KOH(purypauuto. Harmsaseii npumep
MOKHO IOJIY4YHUTh ITyTEM BBUIMBAHMS ITy3bIpbKa YEPHWJ Ha CTOIKY
Oymaru. B HauanbHBI MOMEHT YacTHIl YEPHWII B ABYXMEpHOM Mupe
(Ha nucte) He OBUIO, HO CO BPEMEHEM U3 HUOTKYAA IOSBISIOTCS
YaCTULIBl YEPHUJI, U MSITHO HAYMHAET PACIIUPATHCS U MPOHHUKATh B
Ipyrue AByxmepHble Mupbl (Ha JIMCTBI BHYTPU CTONKH). OTOT
IIPUMEp MTOKA3bIBAET, UTO €CIIU €CTh 00BEKT 00Jiee BHICOKOTO YPOBHS
MepHOCTH (N+1-ypoBeHb), U OH B3aUMOJIEUCTBYET C HUKHUM Mupom
(n-ypoBHs1), TO 00BEKThI N+1-ypOBHS C TOYKM 3pEHHS N-YPOBHS
rapaHTHPOBAHHO MOKHO HaOI0AaTh (OHM NMPUCYTCTBYIOT B IaHHOM
Mupe), 1 OHU (paHTACTHYECKUM 00Pa30M MOSBISIOTCA U3 HUOTKY/A,
MEHSIOTCSI HEOOBSICHUMBIM 00pa3oM U Hcye3aroT B Hukyzaa. Ilo
IpPUYMHE TOTO, YTO TAaKOro B HameM Mwupe He HaOmronaercs, TO
MO>KHO CJIeJIaTh 3aKJIFOUEHUE, UCXOJ M3 MMEIOIIUXCS 3HAHWM, 4To
Haml Mup TtpexMepHblii. KoHEYHO, MOXXHO TOBOPUTH CKOJIBKO
YTOAHO, YTO Hail Mup rMeer MepHOCTh OO0JIbIIIE TPEX, HO UCXOs U3
BBIIIIE JOKA3aHHOTO CJIEyeT, YTO Haml Mup He B3aMMOJEWUCTBYET C
OpYTUMH TPEXMEPHBIMU 4acTAMH IIPEIIOJIaracMoro
YETBIPEXMEPHOTO MPOCTPAHCTBA, TO €CTh, BO3BPAIIASICh K IIPUMEPY
co cromkod Oymaru, ee JUCTBI HE B3aMMOJEHCTBYIOT, a,
CJIE0OBATEIBHO, HET HU KAaKOI'0 CMBbICIA YCIIOXKHATH NPEACTABICHUE,
no0aBisisi He HMerolue K Ham (K Hamemy Mupy) OTHOLIEHHE
MEPHOCTH MPOCTPAHCTBA.

Cyab06a 1 BeposiTHOCTH

[TousTue BCPOATHOCTDH COOBITHS HEBCPHO U €TI0 HCKOPPCKTHO
HUCIIOJIb30BaTh, TaK KaK Halll MI/Ip INOAYHUHACTCA 3aKOHaM H, KakK
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CJIE/ICTBHE, MpPU BHINOJHEHUH MHPOBBIX 3aKOHOB TOCIEICTBUS
OJHO3HAuHBI, a, clefoBatensHo, BCE B Mupe mpenpemeno u y
KaKIoro oo0bekTa W Mmpa IeNMKOM OJMH MyTh — cyab0a (ecmb
3aKOH => ecmb O0O0HO3HAuUHOCMb => ecmb cyovoa). 1lo cytu,
Mupoebie 3axkonvl — npasuna nawezo Mupa, u eciu 0l ux He
ov10, mo 6 Mupe yapun 6v1 xaoc (momanvhnulit decnopadok). K
MIpUMepY, MOJIOKEHHUE YaCTULl U O0BEKTOB ObLIO ObI MPOU3BOJIILHBIM
C TEYEHUEM BPEMEHM, BpeMs HU3MEHSJIOCh OBl IMPOU3BOJIBHBIM
00pa3oM, OJTHU U TE K€ YaCTHIIbI HUJIM OOBEKTHl B3aUMO/ICHCTBOBAIIN
aOCONIFOTHO  TO-pa3HOMy, TMpelacka3aTh dTO-TMO0 ObUTO  OBI
HEBO3MOXXHO U T.A. U T.1. Ilocnedcmeusn evinonnenus 3aKona
00HO3HAYHBl, MAK KAK NO OnpeodeieHul0 3aKOH 3mo npasuno, a
eciiu OHO UCNOJIHAEMCA, MO UMO2 €20 6bINOIHEHUA 00OHO3HAYEH.

Hcemuna Mupa moscem 0vtms nOCMUZHYmMa UCKI0YUMENbHO
IKcnepumenmanvno  (HaOmoJeHWE  —  YaCTHBIA  ciydaid
AKCIIEPUMEHTA, a BCE OCTaJbHbIC MOIAXOAbI 3TO yXKe aHAIU3 (DaKTOB).
JT100ble munvl IKCnEpuUMEHmMoO8 NOKA3bleaAIoM, YUMo uem mouHee
3a0aromesa  ycioeus NpPoGeOeHus cepuu IKCHEPUMEHMO8, meMm
MeHbUle OMKIOHEHUsA pe3yibmamos, a, c1ed08amenbHo, npu
NOHOM  cO6nadeHuu ycioeuil (Ymo peanu3oeamv noOYmMuU
HEeBO3MOMCHO) OMKIOHEHUIl He 0yoem, Umo, 6 C60Il0 o0uepeos,
ceudemenvcmeyem 00 oo0a3amenvHom ucnonnenuu Mupoevix
3aK0H08.

BeposiTHOCTh cO3/1aHa I YACTUYHOTO OMHMCAHUSl IOBEJICHUS
00BEKTOB M cucTeM. Jlaxke Ha KBAaHTOBOM YypOBHE CIy4yallHOCTH
«BO3HUKAET» (MCKYCCTBEHHO BBOJHUTKCS), KOT/JIAa MBI UYTO-TO HE
YYUTBHIBAEM M TBHITAEMCS XOTS Obl YACTUYHO OMHCATh HCCIIECIyeMOe
SIBJICHHE.

H3menumov cyovdy He603MOMHCHO, TaK KaK HEBO3MOXHO
MOMEHATh MUPOBBIE 3aKOHBI.
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MupoBbie 3aKOHBI TIOMEHSTH HEBO3MOXXHO, HAXOJSICh BHYTPHU
CHUCTEMBI, a €CJIM U3MEHEHHE 3aKOHOB 3aJ05KEHO B CUCTEME, TO ATO
TaK>Ke 3aKOH.

[TocMoTprM Ha BCE 3TO € APYrol TOYKH 3pEHHS M HOMpPOOyeMm
JI0Ka3aTh Hanuuue B Mupe ciydaitHoctu. [Ipennonoxum, B Mupe
NEHCTBYET «3aKOH» CIIYYalHOCTH, IO KOTOPOMY IPOUCXOIST
ciy4daiinbie coObiTus. Pasbepemcsi, uto 310 O3Hawaer. Mcxons u3
JAHHOTO  «3aKOHay», IIOBEJCHUE, JWHAMUKA, XapaKTePUCTHKH,
CBOMCTBA  JJIEMEHTApPHBIX  YACTHUI], B3aUMOJICHCTBUE  MEXKIY
JJICMECHTAPHBIMU ~ YaCTHIIAMH, OCOOCHHOCTH TMPOCTPAHCTBA U
BPEMEHU O00JIaJIal0T DJIEMEHTOM CJIy4aHOCTH, TO €CTb MEHSIOTCA
MPOU3BOJIBLHEIM 00pa3oM. DTO O3HA4YaeT, YTO B OJHOW U TOH XKe
cutyaruu (TIOJTHOE COBIAJCHUE YCIOBHW OSKCICPUMEHTA) JIFOOOM
00BEKT (B TOM 4YHCJIE W DdJEMEHTapHas 4YacTHIA) BeIeT ceds Io-
pazHOMy. DTO YK€ MOXHO TPOBEPUTH OSKCIEPUMEHTANbHO. [l
MakpOOOBEKTOB 3TOr0 HE HaOyroaeTcs (MCXO0/Id U3 IKCIEPUMEHTOB
U oO0mIenoCTYNMHBIX HaOmoaeHui). s MUKpPOOOBEKTOB (B TOM
YHUCJIe W AJIEMEHTApPHBIX YACTHI[) CUTYyallUsi TaKoBa, YTO BOCCO3/1aTh
aOCOJIIOTHO ~ OJIMHAKOBBIE  yCIIOBUS ~HAa  TEKYIIMH  MOMEHT
HEBO3MOXXHO. OJIHAKO TIPU TMPOBEJIEHUU JIIOOBIX SKCIEPUMEHTOB
MOJTy4JaeTcsl CleAyromas TeHJAEHIHs. YeM MeHbIIe OTKIOHEHHE
yCIOBUHM, TEM MEHbIIIE OTKJIOHEHHE PEe3yIbTaTOB (XapaKTEepPHCTHUK,
CBOMCTB, MTUHAMHUKU W T.JA. DJIEMEHTAPHBIX YACTHUI] WM COCTABHBIX
MHUKPOOOBEKTOB u OCTaJbHBIX  XapaKTEPUCTHUK Mupa).
COOTBETCTBEHHO 3TO MOKET O03Ha4yaTb TOJBKO OJHO — TpH
COOJIIOJIGHUHM BCEX YCJIOBHM OKCIIEPUMEHTHI NAAyT OJIMHAKOBBIC
pe3ynbTaThl, a 3HAUUT «3aKOHA» CAYYAUHOCMU — Hem U
nocneocmeus  OOHO3HAYHBI, YTO TIPUBOAUT K  BceoOmIeH
OJTHO3HAYHOCTH — Cyab0e. MOXKHO MPUBECTH MHOXECTBO MPUMEPOB
U3 MHUKPOMHpPA, KOTOpPHIE CBUACTEILCTBYIOT 00 yMEHBIIECHUU
OTKJIOHEHHH pe3yNbTaTOB MPU YMEHBIICHUH OTKJIOHEHUHN YCIOBUA:
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—  3aKOHBI COXpaHEHHS;

—  TorJouieHue / u3iydyeHne (POTOHOB BEIIECTBOM (TOIBKO (POTOHBI
ONpENeJICHHOT0  HMHTEpBajla  JHEPIUM  MOrjomamTcs  /
W3JIY4ar0TCs);

—  O/JIMHAKOBBIE OPOUTHI HNIEKTPOHOB B aTOMaX;

—  OJMHAKOBbIE NMPEoOPa30BaHUS BBICOKOIHEPIETUYECKUX YACTHI]
IPU UX CTOJIKHOBEHHH;

—  OJMHAKOBbIE XMMHYECKHE PEAKIUH;

—  OJMHAKOBas ITyOWHA MPOHUKHOBEHMS YAaCTHI] B BEIIECTBO U T.1I.
Ha camom nene mo0oii AKCIIEPUMEHT SIBISIETCSl MPUMEPOM, HO

Ha onHUX Oyzaer Ooyiee HATNSAAHO BHJHA TEHACHLHUSA, a HA APYTUX

MeHee HarasaHo. [lpuymHa 3TOrOo MHpocTa — HACKOJIBKO TOYHO

coOMIOMar0TCsl yCJIOBUsA. B peanpbHOCTH OBIBaeT JaKke TaK, YTO

COONIIOJIAIOTCST  TOJIBKO Camble HE3HAUMTENbHBIC YCIOBUSA, 4TO

MPHUBOAMT K TIOYTH TOTHOMY OTCYTCTBHIO TEHACHIIUH.

Crout 0c000 OTMETUTH, UTO CyMMa CAYYaiiHOCmell He 0aem 6
cymme 3aKOHOMepHocmb (3akon). [l mpumepa TpeAcTaBuM cebe
IPYIIy YacTHIl, U3 KOTOPBIX COCTOMT 00BeKT. byaem cuutarh, 4To
YaCTUIBl JIBUKYTCSI C TIOCTOSSHHOH CKOPOCTBIO V. BekTopsl
CKOpOCTe OyqyT HampaBiieHbl aOCONIOTHO CIIy4alHbIM 00pas3oM, a
3HaYAT BO3MOXKEH CIIydail, KOTJIa CyMMa BEKTOPOB CKOPOCTH
CKOMITEHCHpoBaHa W paBHa 0, a Takke CIy4aid, KOTr/la BEKTOPHI
CKOPOCTH HMEIOT OJIHO HAalpaBJIEHHE M, COOTBETCTBEHHO, CyMMa
BEKTOPOB CKOPOCTH paBHa V. Takye BO3MOXXHBI U MTPOMEKYTOUHBIC
3HadeHuss oT 0 10 v. K Tomy ke HampaBieHHEe BEKTOpa CKOPOCTHU
Takke€ BO3MOXHO Jit0o0oe. B wurore, ckopoctb Tena U €€ BEKTOp
aOCOMIOTHO CclyyailHbl (HE COKpallaercss objacTh CilydyailHOCTH, a
3aHMMaeT BeCh JOMYCTUMBIM B paMKax ycJoBwi crmekTp). Uto, B
CBOIO Ouepe/b, MOJITBEPXkIAET BHICKA3bIBAHHE O TOM, YTO CyMMda
cayuaiinocmeli SBISIETCS CIIy4ailHOW U He moicem Ovimb onucana
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3aKonom, 4TO He Habmomaercs B Mupe, a 3Hauut, 6 Mupe nem
cayyaiunocmeil.

Bcee cayuaiinvie éenuuunvt ne A61A10MCA CAYYAUHBIMU, TAK
KaK UMEIOT 3aKOH MX MOJIydeHHs / 3aKOH pacupe/ieieH s Cly4aiHON
BEJINYUHBI (manpumep, JIMHEWHBIN, SKCIOHEHIIMAJIbHBIN,
HOPMAaJIBHBIN U T.1.).

Heonpeneaennocts I'eiizentepra

Heomnpenenennocts ['eitzenOepra cBUAETENHCTBYET O TOM, YTO
Ha TCKYIIEM 3Tall€ pPa3sBUTUA HAYKHM U TCXHHUKH HET BO3MOXHOCTH
OJTHOBPEMEHHO OIpPENEIUTh KOOPIUHATY M HMMIIYJIbC KBAaHTOBOIO
00BEKTa, @ HE O TOM, YTO OOBEKT OYJEeT HaXOIUTHCA B HECKOJIBKUX
COCTOSIHUSIX WJIM €T0 COCTOSIHUE HE MOAYMHSETCS 3aKOHAM M HEJb3s
3apaHee CKasaTb KakuM oHO Oyner. Heonpedenennocmu |
HeooHno3Haunocmu — Hem. Henvza mouno usmepumso napamvempul
00veKkma, He NO6NUAB HA HE2O.

YacTuupl

B Hayke 3a4acTyio TOBOPST O TOM, Y€ro He 3HAIOT (HE MOTYT
JI0Ka3aTh), HAIPUMEpP, YTO TMpeled CKOPOCTH JII000To 00beKTa WU
YacCTHUIBI — C.

CornacHo JOTUKE ¢homoOH AGIAEMCA COCMABHOU Yacmuueil,
TaKk Kak oOJagaeT «BOJIHOBBIMH» CBOWCTBaMH, HaIlpuMep,
cBoiicTBamMu mHTephepeHIuu u audpakunn. JlokazaHo, 4TO SHEPTHS
(dhoToOHA KBaHTYyeTCs, MOATOMY JIOTHYHO MPEAINOJIOKHUTh, YTO OH
SIBJISIETCS. COCTAaBHOM 4YacTHIIE M HaKalUIMBaeT »dSHEPrui0 C
HaKOILJIEHUEM YACTHII, BXOIAIIUX B €ro cocraB. Domon N3MEHSET
CBOIO TPAGKTOPUIO MOJI JACUCTBHEM TPAaBUTALIMH, a, CIEJOBATEIBHO,
obnaoaem maccoi.
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Yepuvie Ovipvl u3iyuarom rpaBuUTalUil0 (TPABUTOHBI), a
COOTBETCTBEHHO TEPSIOT YacTULbI (TPAaBUTOHBI) U UX 3HEPTHUIO, YTO
O3HA4aeT, 4YTO OHU TepsT Maccy («ucnapstorcsa»). Ilpuuuna
U3NIYYEeHUs — 63aumoolelicmeue INeMeHMAPHOU HYACHMUYbl UL
cucmemsl  INEMEHMAPHBIX  4Yacmuy  mexcoy  cobou u
OKpydycalowumu  00veKkmamu, KOTOpble JMOO HEJAOCTaTOYHO
XOpOLIO YIEepKUBAIOT 3JEMEHTApHYI0 4YacTULy (OTTaJKHUBaHHE
OoJbllIe NPUTSHKEHUS) WIM CUCTEMY JIEMEHTAPHBIX 4YacTHL, JUOO
NepeaaT J0CTaTOYHO OOJIBLION HUMIYJIbC (MEHSIOT CTAOMIIBHYIO
TPACKTOPHUIO JBM)KEHMSI D3JEMEHTAPHOW 4YacTULbl WM CHUCTEMBI
AJIEMEHTAapHbIX  YacTHLl Ha  HecTaOWIbHYI0).  ODKpaHUPOBKa
rpaBUTAllMM MPU TNPEJCTABICHUU TIpPAaBUTALUU B BHUAE YaCTHUI]
SBJIAETCS BO3MOXKHOM U JIOTUYHOW (MMEET HENOATBEPKIACHHbIE
HKCHEpUMEHTAJIbHbIE  JIOKAa3aTEeIbCTBA IPU  SKCIEPUMEHTE ¢

BPAIAIOIIMMUCSA  CBEPXIPOBOAAIIMMHU  IUTACTHHAMH — 3] dekT
[ToakneTHoBA).
Dnepzusn oovekma onpeoensaemcs Konuuecmeom

INEMEHMAPHBIX  YACHMUY, 6X00AWUX 6 €20 cocmas, U
Hanpaeienuem ux 6eKmopog CKopocmu.

Ckopocmb  371eMEHMAPHBLIX YACMUY NOCMOAHHA, YCIOBHE
HeoOXoIuMO Juis TOro, 4roObl coOmrojganuch npasuia Mupa
(HarmpuMep, KBaHTOBaHME Heprun). [lonpobHee cMoTpUTe B pasnene
«IToCTOSIHCTBO ~ CKOPOCTM ~ 3JIEMEHTApHBIX ~ YacTHUI»  TJIaBbl
«Paccyxnaenus o ToM, kak BCE ycrpoeno B Mupe, mo moemy
MHEHHIO. . ..

Ckopocmb  nemenmapuvlx uacmuy (no Kpaiineii mepe,
HEeKOmOopbIX u3 HuX), HAUpUMeEp, BXOIIIIMX B COCTaB (OTOHA,
CKOpee 6ce20 He npesviuiaem CKOpOCHb céema, 4TOObl ObUIH
BO3MOXKHBI ~ «BOJHOBBIE»  d(PdekTsl  (B3aMMHOE  BpaIlCHHE
AJIEMEHTAPHBIX YaCTHUI[, MO AaHAJOTMM C B3aHUMHBIM BpalllCHHEM
3emin 1 ConHna). X0Ts «BOTHOBBIE» 3PPEKTHl MOTYT OBITH CBSI3aHBI
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C OCOOCHHOCTSIMM B3aMMOJICHCTBHUS C TPEMATCTBUSAMH, Onaromaps
KOTOPBIM IIOJIY4alOTCsl KAPTUHBI HHTEP(EPEHIINU U JUPPAKIIUH.

IIpu paccMOTpeHMM BCEX M3BECTHBIX BHJOB B3aUMOICHCTBUSA
(TpaBUTAIIMOHHOTO, 3JIEKTPOMArHUTHOTO, CHJIBHOTO M CJIaboro)
HEOoO0XO0AMMO  OTMETUTh  ciedywouiee. Bce  «npeepawjenusny
«INNEMEHMAPHBIX) YaACMUY Opy2 6 Opy2a AGNANMCA HUYEM UHbIM,
Kak é3aumooeicmeuem u 00MEeHOM INEMEHMAPHBIMU YACMUUAMU.

Marepus

Mamepus ne agnsemca nopoxcoeHuem CO3HAHUA, TaK KaK B
cllyyae 0OpaTHOrO0 MOXKHO ObLIO Obl MEHATh MAaTEpPHUIO U €€ CBOWCTBA
cuioil pasyma. Ilo cyTH, co3HaHHe SBISETCS IOPOXKICHUEM
MaTepuH.

Mamepusa cocmoum u3 yacmuy. Boan nem (nemenmapnan
yacmuya He oobnadaem GOIHOELIMU CEOUCMEAMU), A NONA —
COBOKYRHOCHMb YACMUY,.

B3aumonelictBue Mexay oObeKTaMu (YacTHIIAMM) MPOUCXOAUT
IIOCPEICTBOM  B3aUMOJCUCTBUS  «YACTHI] B3aUMOACUCTBUSA» C
oobektamu. [lo  osTolf  mpuuMHe  MpHUCYTCTBYeT 3 deKT
HKpPAHUPOBAHUS B3aUMOACUCTBUSA. OQdeKTsl UHTEpHEpeHIMH U
TU(QPaKIUN MOXHO OOBSICHUTB, €CIIM MPEJCTaBUTh YACTHUIy B BHJIE
KOMOMHAIMM YacTHll, a «BOJHOBBIE» (DYHKI[MH BO3MOKHO OOBSICHUTH
B3alMHBIM BpPAalIEHHEM YacTHUILl (aHAJOTMYHO CMEHE TeMIIepaTypHBIX
pPeXUMOB NpU BpameHun 3emun BOKpyr CouHIa, KOTOpask MOXKET
OBITH MpeJICTaBICHA BOJIHOBON (DYHKIIHEH ).

KBantoBanue sHepruu Takxke OOBACHSAETCS TE€M, YTO MaTepus
COCTOMT U3 YACTHI], KOJHMUYECTBO KOTOPHIX OTPaHUUEHO.

3akonvt Ona  ecex «ypoenem» mamepuu  (MUKpomup,
MaAKpomup,  mezamup)  OOUHAKO8bL U  GbIMEKAIOM U3
INNEMEHMAPHBIX YACMUY, U 3AKOHOE UX 63AUMOOCIICMEUIL.
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Duepeus — Xxapakmepucmuka mamepuu, KOTOpas He
CylIecTByeT 6e3 Hee.

Mup

Mup — mnabop uacmuy, 3aKOHO8 UX 63AUMOOCUCMEUA U
3aKon06 e20 Hauana u Konya. llonosxcenue yacmuy uzmensaemcs ¢
meuenuem épemenu. IIpakTHUECKUM J0KA3aTEIbLCTBOM BCETO 3TOTO
apisiercs BECb Mup, ¢akTsl KOTOPOro MOATBEPKIAIOT JaHHYIO
TEOPHUIO.

Buympennuii, eupmyanvuulii mup, mup mvicieii u uoei
«MamepuaivbHovly, MAK KAK UMEIOn MamepudibHple 0CHO8bl — OHU
ONMMCBIBAIOTCA MaTEpUAIIBHBIMA NPOLECCAMU B MO3I€ WIM Ha
KoMIibloTepe. be3 MarepuanbHOU AESTENBHOCTA MO3Ta U XPAHEHUS B
MO3re JaHHBIX 00 ATHX MHpax UX Obl HE cymiecTBoBajio. [losTomy
x0T ux (00bekToB Mupa) B npupoze (BHE 4elOBEKa) MOXKET U HE
CYLIECTBOBaTb, HO OHHM «MaTEpUAJIbHBI», TaK KakK OIHCHIBAIOTCS
MIOBEICHUEM MaTEepUU U XPAHATCS B HEH.

Io3naBaemocts Mupa

Mup nosnasaem noanocmupio, TO €CTb BO3MOXHO OINPEAEIUTH
CyOCTaHIIMM MaTepuu W TMPUHIUN (3aKOHBI) HUX B3aUMOAECHCTBHSL.
OnHako Hem  03MOJMCHOCIMU  NOAHOCHMbBIO NPOZHOZUPOEAMD
nosedenue Mupa (Henb3s TpeiacKa3aTh Oynyilee), Tak Kak s
ATOTO HEOOXOIMMO XpaHWUTh W 00pabareiBaTh HHQPOPMALUIO 000
Bcex uacTulax (oObekrax) Mwupa, a Ui 3TOr0 HE XBaTUT HHU
00BEKTOB XpaHEHUS!, HU BBIYMCIUTEIbHBIX MOITHOCTEH.

Mup no3HaBaeM IOJHOCTBIO, TaK KaK BO3MOYKHO ONPEIEIINTH
BCE 3aKOHBI U 3JIeMEeHTapHble 00BEeKTHI (YacTulbl/cyOcTanuun). Ecnu
MOBE/ICHUE MOJIETIH, TIOCTPOSCHHON Ha ATUX 3aKOHAX U 3JIEMEHTAPHBIX
00BEKTaX, MOJHOCTHIO COBIMAJIET C TIOBEIEHUEM pEaIbHON CUCTEMBI B
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TEX € YCIOBHSX, TO 3TH 3aKOHBI U JJIEMEHTapHble OOBEKTHl (B
MO/JIEN) ABJIAIOTCS 3aKOHAMM U JIEMEHTapHbIMU 00beKkTaMu Mupa.

HayaJjio u konen Mupa

Hauano nawezo Mupa — bonvwon e3pvie. Koney nawezco

Mupa - boavwioe 3amep3anue u ckopee ecezo bonvuioe
pacceusanue.

bonvwon e63pvie — npouecc e3aumooeiicmeus  mexcoy
INEMEHMAPHBIMU YACMUUAMU CEEPXELICOKONTOMHO20 C2YCHIKA 6
nycmom, nOMEHUUAIbHO HU uem HeO0ZPaAHUYEeHHOM
npocmpancmae.

Ha ocnoBe nmeromuxcsi (pakToB MOXKHO YTBEPXKIaTh, YTO HAUd
Mup He yukuuen, TaK KaKk Ha JaHHBIM MOMEHT HET CHUJI WM TOUYHEe
ANIEMEHTApHBIX YacTull, crocobHbix cobpate BCE snemenTaphbie
yacTULbl MHpa B CBEpXBBICOKOIUIOTHBIN CTYCTOK.

Y nrwé6020 Mupa, 6 mom uucne nepsuunozo, ecmov nHauano, 6
MOMEHmM KOMOpPO20 3/1eMEeHmAapHvle Yacmuubl U 3aKOHbl U/UIU
Umo-mo uHoe noaenAwmca u3 Huomkyoa. V1 xakum Obl CTpaHHBIM
He OBbLIO MOSBJICHHUE Yero-To U3 HUYEro, Hu oguH Mup 6e3 3Toro He
MOJKET CYIIECTBOBATH (00pa30BaThCs).

bonvwoe 3amepzanue — npoyecc ymenvuieHua KOHYeHmpayuu
INEMEHMAPHBIX YACMUY, KOMOPble 6X00AM 6 COCMAE Kaxycoou
cucmemul INEMEHMAPHBIX YACMUY U OM KOMOPHIX 3A6UCUM UX
memnepamypa. YMCHBIICHHE KOHIICHTPAIMM JIaHHBIX YaCTHUII
MPOUCXOAUT TIO TMPUYMHE HECMOCOOHOCTH yNEpKaHUS WX CaMOu
cuctemoil. [1o cyTu, ecim mMOMeCTUTh JTIFOOYI0 CHCTEMY B a0COJIFOTHO
MyCTO€ TIPOCTPAHCTBO, TO BCE TEPMO YACTHUIIBI OBICTPO TTOKUHYT €€ U
OCTaBIIasiCSi dYacThb CHCTEMbl Oyaer o0lagaTh TeMImepaTypoid
aOCONIOTHOTO HYJA, 4YTO (PAaKTUYECKHM YAaCTUYHO HaONIomaeTcs B
OTKPBITOM KOCMOCE TpW TMOMENIEHHH Tylda O0OBbeKTa, He
ocpemaemMoro CoJHIIEM WK APYTUMU UCTOYHUKAMHU (POTOHOB.
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bonvwoe pacceuseanue — npouecc nomepu cmadunvHOCmMU
BCEX cucmem 3nemenmaphnuix uacmuy, 4mo 6 umoze npugooum
K Hanuuuio 6 Mupe nuwb 000c001€HHBIX INIEMEHMAPHBIX YaACMUY,
He o0pasylowux ceéazannvle cucmemsvl. Bornpoc CcTabUIBHOCTH
CHUCTEM  DJIEMEHTapHBIX  4YacTUL[ pPacCMOTPEH B  paszeie
«CTa0MIBHOCTP ~ CHCTEM  3JEMEHTapHBIX  YacTHL»  IJIaBbI
«Paccyxnenns o toM, kak BCE ycrpoeno B Mupe, mo Moemy
MHEHHUIO. . ).

[TonpoOHee Bompoc Havana M KoHIa Mupa paccMOTpeH B
pazaene «Hauano u koHeu Mupay riaBbl «PacCcykIeHHsI O TOM, Kak
BCE ycrpoeno B Mupe, 10 MOEMY MHEHHIO. .. ».

bor/boru (B COBPEMEHHOW  PEIUTHO3HOH  TPAKTOBKE)
TEOPETHYECKH COTJACHO HMeEIomMMcs (akTaM MOr/MOTId  OBITh
«MIOPOXKIECHUEM» YacTHUL], MOJYHUHSAIOIIMUXCS 3aKOHaM, TO €CTb
COCTOSATh M3 YacTULl M 3akoHOB. HyxHo eme 100aBUTh, YTO HET
(akTOB BMEIIATENILCTBA WM BIMSHUSA BBICHIETO CYIIECTBA WM
pasyma, Tak Kak HET BMEIIATENbCTBA B 3aKOHBI M 4acTULbl Mupa
(XOTsT M 3TO MOXeT OBbIThb 3aKOHOM — 3aKOH BMeIIaTenbcTBa). B
WUTOTOBOM TPAaKTOBKE, C MOEW TOYKHM 3pPEHHUsS, MOXHO CKa3aTh, 4YTO
eclii HeoOXoauMo ompenenuTs TepMuH bor, To bor — BcemupHsbIi
3aKkoH 1 HaOop yactull (boz = Mup = naéop wacmuy u 3aKonoe).

OrpanunyenHocts Mupa

Mup ocpanuuen napamempamu, XapaKTepPUCTHUKAMH U
CBOWCTBAMH INeMeHMAPHBIX yacmuu, 3aKonamu ux
63auMOo0elicmeus, a makxyice 3AKOHAMU €20 Hauana U KOHUA.
COOTBETCTBEHHO ecmb npedeiibHble O0ZPAHUYEHUA ONA  8CeX
napamempoe, XapaKmepucmuk u ce0icmae 1100vix 00beKmos.
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«Marpuna»

Cywecmeoeanue  «Mampuypl) —  WIUIIO30pHOTO  WJIH
HeHacToAero Mupa (He IEpBUYHOTO WM HE W3HaYalbHOro Mupa)
— 603MO04CHO U TIO00M «OOBEKT», HAXOAIIUICS B HE HE CMOXKET
noka3aTh, 4YTo 3TO0 «Marpuna», eciau He OyAeT BHEIIHUX
BO3JICHCTBUN U «0O0BEKT» He 00namaeT WH(OpMalKeil O BHEUIHEM
Mupe. Oanako A opraHuzanuu Takoud «Matpuibl» norpedyercs
Oonble pecypcoB, ueM oHa oOciyxuBaer. [loreHnmansHO ecmb
2APAHMUPOBCAHHAA 603MOXMCHOCHb ONpPedeUnms 6030elicmeue Ha
naw Mup uzene (onvcaHue CMOTPUTE B pasfene «Jlymay manHou
rmaBel). Kpome Toro, Her ocHoBaHui ((hakTOB) cuuTaTh Ham Mwup
WJUTIO3UEH.

Cucrema

Ceolicmea cucmembvl nOJTHOCHBIO ONPEOESIAMCA CEOUCMEAMU
6x00aMuUX 6 Hee uacmeil unu uacmuy. XOTS y CHUCTEMBI H
MOSIBJISIFOTCS. HOBBIE CBOMCTBA, HO OHHU IOJHOCTBIO ONPEIEISIOTCA
CBOMCTBAaMHM BXOISIIMX B HEE 4YacTel, a 3HAYUT CBOMCTBaAaMH
3J€MEHTaPHBIX YaCTHII. ITo CyTH, mo0ast cucTeMa
«CKOHCTPYUpPOBaHa»  (COCTOMT) W3  DJIEMEHTapHBIX  YaCTHII,
MOAYMHSIIONIUXCS 3aKkoHaM Mmupa, a 3HauuT J0ObIe CBOWCTBA
CHUCTEMBI OMPENEISAIOTCS UMEHHO ITHUMHU YacTHIIAMHU U 3aKOHAMH.
OnHako KOJIMYECTBO HJIEMEHTAPHBIX YACTHIl, WX KOHIICHTpAIHUS,
TOPSIZIOK, HANpPaBJICHUE ABWKCHHUS W TMPOYHE MX XapPaKTEPUCTHUKHU
MOTYT OBITH Pa3NUYHBIMUA. BC€ 3TO U MPHUBOIUT K TOMY, YTO €CIIH
paccMaTpuBaTh CUCTEMBI Ha 00Jiee BHICOKOM YPOBHE MPEACTABICHUS
(4acTHUIBl, aTOMBI, MOJIEKYJbI, MaKpoOTelia U T.A.), TO UX CBOMCTBA
TaK)K€ MOTYT OBITh PA3IUYHBIMU, XOTS OMPEACTSIOTCS OHHU BCE TaKKE
AJIEMEHTapHBIMUA YaCTUIIAMU W 3aKOHaMHU. TeM He MEeHee 3aKOHBI He
MEHSIOTCSI, @ OTJINYUS CBSI3aHBI UMEHHO C XapaKmepucmukamu
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INIeMEHMAPHBIX yacmuy u ux nPOCMPAHCHMEEHHBIM
pacnonoxcenuem, TO €CTb C OCOOCHHOCTSIMH «KOMOUHAUUUY
nemenmapuplx uacmuy. B uTOore, WMEHHO «KOMOWMHAIUS
AJ€MEHTapHBIX YaCTHI[ OIpeAessieT CBOMcCTBa CUCTEMBbI. CTOUT
0c000 OTMETUTh, UTO CEOUCHIB0 CUCHIEMbl 3TO, KaK IPaBUIIO,
aocmpakmuoe (04eHb CUIBHO YNPOULEHHOE) npeocmasieHue
C60IICME «KOMOUHAUUW) IIEMEHMAPHBIX YACMUY U 3AKOHO8 UX
e3aumodeiicmeus. B pe3ynpraTe MOXHO CKa3aTh, YTO HMMEHHO
CO3/IaHHE U Pa3BUTHE HAYKH O «KOMOMHALIMK» DJIEMEHTapHBIX
YaCTHUI[ CIIOCOOHO TMPHUHECTH MOib3y. llpuuem udem nydmie OymyT
M3Yy4YEeHBI JJIEMEHTAPHbBIE YACTHUIIbI, 3aKOHBI UX B3aUMOJCHCTBUSA U UX
JUHAMUKA, TeM TOYHEE MOXHO OyAeT MpeacKa3aTh IOBEACHUE,
XapaKTePUCTHKU M CBOWCTBA JTFOOON «KOMOWHAITUW» AJIEMEHTAPHBIX
4acTHI] (CHCTEMBI).

CHHepreTmca Hu OGIIIaH TEOPpHUA CUCTEM

CuHepreTuka B TEKyIIEM BHJE SBISETCS JDKEHAYKOHM, TaK Kak 6
Mupe ¢ ¢uxcuposannvimu 3aKkonamu eemenenuii u ougypxkayui
(mouexk nepenoma) ovimbv He modxcem. bonee Toro, ceoiicmea u
CHOCOOHOCIU 00bEKMa NOHOCMbIO ONPEOeNAIOMCA CE0UCMEAMU
u cnocoonocmamu e2o wacmeii. BCE cucmemut no ceoeit cymu
AGNAIOMCA OMKPLIMBIMU U MEHAIOMCA C MeYeHUeM 6PEeMEHU.
[ToHATHST Xa0C W TOPSIOK MPUMEHUMBI JIMIIHL Ha OIpPEIeIIEHHOM
ypoBHe abcTpakiuy, a B AeiicTutenbroctd BCE ynopaoouenno. C
Jpyroil CTOPOHBI Hayka o0 0OIIell TeOpUH CHUCTEM MMEET MpaBO Ha
KW3Hb M DPa3BUTHE, TaK KakK, XOTS CHUCTEMYy MOXKHO ONHCaTh Ha
YpOBHE 3JIEMEHTApHBIX YacTUIl U MPOU3BECTU MOJEIHPOBAHUE IS
CPaBHEHHMSI C peabHON, KOJTUYECTBO JIEMEHTOB HACTOJIKO BEJHKO,
YTO Ha TEKYIIMHA MOMEHT HET BO3MOXKHOCTH HCCIIEI0BaTh OOJIbIINE
cucteMbl. i n3ydyeHus: OOJBIIUX CHCTEM (CHCTEM, COCTOSIIMX U3
OONBLIOrO  YMCIAa  DJIEMEHTapHbIX  YacTHI)  HEOOXOJMMO
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npeHedperaTth TOYHOCTHIO U, HAIPUMEP, KOHCTPYHUPOBATh MOCIH U3
0oJsiee KPYMHBIX MPUMHUTUBOB. KITIOYEBHIM MOMEHTOM SIBIISIETCS TO,
YTO He CYWeCmeyem CIHOMNCHbIX WIW HPOCHbIX  CUCHIEM,
Cyuecmeyiom cucmembl, COCHoAUUE U3 CPAGHUMEIbHO HOIbUI0Z0
unu Hebonbwo2o uucia nemenmapuvix vacmuy. Yem OGosbiie
YHCIO0 3JEMEHTApHBIX YaCTHI[, TEM CII0KHEC TOYHO IIpPEaCcKa3arh
moBeJcHUE cHucTeMbl. [loHOE mpeicKa3aHWe IOBEACHUS 3aBHCHUT
Cyry00 OT KOJMYECTBA OJEMEHTApHBIX YACTHI[, BXOISIINX B
cucremMy. OJHaKO ¢ TNPUMEHEHHUEM OIPEACICHHOTO  YPOBHSI
abcTpaknuu (YIpoIeHHEM) HEKOTOpbIE XapaKTEPUCTHKH BCE IKe
MOXKHO YaCTHYHO TpeAcKa3aTh Ui HEKOTOPHIX JaXKe OYCHb
OOJIBIINX CUCTEM.

Kot HIpeaunrepa

Onucanme 93KcnepuMeHTa cMmoTpuTe B TiaBe «Kparkoe
OIMCAHNE IIMPOKO M3BECTHBIX KOHIEIIUI U SKCIIEPUMECHTOBY.

BeposiTHOCTH ~ CYIIECTBYIOT ~ JIMIIb  JUISI ~ YaCTUYHOTO
(YIIpOILIEHHOT0) OIMMCAHHS CIOXKHBIX cucTeM. B peamsHoM Mupe
BEPOATHOCTEH HET, TaK KaK B HEM BBIMIOJIHSIOTCS MUPOBBIE 3aKOHBI,
a BEpPOSTHOCTh MOJET CYIIEeCTBOBATh TOJBKO TMPH HEBHIMOJHEHHUH
3akoHOB. Ecmb 3axkon — ecmb 00Ho3Haunocms. B pesynbrare mul
MOJCeM U3HAYANbHO CKA3amyp Oyoem KOm JHCU6 WU Mepmeé 6
KOHKDPEMmHbLI MOMEHm épemenu. SIIpo aToMa BHIMMO pacraaeTcs
MPU  TIPEBBINICHUN/HEOCTATKE ONPEISIICHHOTO TIOpora JSHEPTrUu
(KoMYecTBa W HAIIPABJICHUH JABM)KCHUS DJIEMEHTAPHBIX YACTHIL), TO
€CTh €CJIM MBI OyJIeM 3HaTh IMOPOT SHEPTUH, HAYAIbHOE KOJIWYECTBO
SHEPTUH M TIOCTYyMaromiee/ yobIBaroIee KOJTUIECTBO DHEPTUU, TO MBI
CMOKEM OJTHO3HAYHO CKa3aTh, KOTJa pacnaaeTcs sapo.
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Teopema o 3anpere KIOHHUPOBAHUS

Omnucanue Teopembl cMOTpuTe B TnaBe «Kparkoe ommcaHue
IIMPOKO H3BECTHBIX KOHLENIUH M 3KCIepuMeHToB». Teopema
aKTyalbHa TOJBKO IPHU TEKYIIEM pPa3BUTHM HAyKU M TEXHHUKH, HO 6
Mupe nem ozpanuuenus na cozoanue udeanbHoi Konuu (XOTs 3TO
OYEHb CJIOXKHO — cOoOpaTh BCE MO KycOYKaM U 3aJaTb KOPPEKTHOE
Ha4vaJIbHOE COCTOSIHHE).

Bceé nmeno 3akmouaercs B TOM, 4TO (U3MYECKOE H3MEPEHUE
COCTOSIHUSI CHCTEMBl HEMHHYEMO IMpPHBOAMT K HM3MEHEHHUIO €¢
coctosiHus. D710 (akT. OHAKO JAaHHBIN MMEpPEexo]] BCEr/ia 00paTuM, TO
€CThb CHUCTEMY MOXHO BEpHYTh K I€PBOHAYAIBHOMY COCTOSIHUIO HIIU
mobomy TpebyeMOMy IpM IOMOIIM CEpUM  CHELMaIbHbBIX
BO3JICUCTBUIA.

ITo cytu, misg Toro 4roObl (U3NYECKH H3MEPHUTH COCTOSHHS
AJIIEMEHTAPHBIX YacTUI[ CHCTEMBI, HEOOXOIMMO TIPOM3BECTH MX
B3aMMOJICHCTBHE C PAIOM JIEMEHTAPHBIX YacTHUII, IO HAYAIILHOMY U
KOHEYHOMY  COCTOSTHUIO KOTOPBIX MOXHO OTIPEICIIUTh
COOTBETCTBYIOIIIIE€ HMCKOMBIE COCTOSIHUSI DIIEMEHTAPHBIX YaCTHI]
cucrembl. [locme 4yero HeoOXOAMMO HCHPaBUTh OKa3aHHOE
BMEIIIATENIbCTBO B CHUCTEMY HOCPEICTBOM BO3ACHCTBUS elle psla
3JIEMEHTAPHBIX YacTUI[ C HEOOXOAMMBIMHM COCTOSIHUSAMHU. B wurtore
uccienoBaTeny OyayT o0ianaTh MCXOAHOM CHCTEMON M 3HAHMEM O
COCTOSIHMSIX BCEX DJEMEHTapHBIX 4YacTHUI[ B €€ COCTaBe, a,
CIIeZIOBATENIFHO, MOYKHO CHHTE3UPOBATh €€ MICTbHBIC KOTIHH.

EnuHcTBeHHass mpobOiema B JaHHOM cliydae 3aKIOYacTcs B
TOYHOCTH CO3JaHUs KOIMH, YTO SIBISIETCS MPOOIEMOI TEXHUIECKOH,
a He PU3UIECKO.

Ckopee Bcero, ¢ pa3BUTHEM HaYKd M TEXHUKU KIOHHPOBAHUE U
COOTBETCTBEHHO TENEMOPTalUsl CTaHET BO3MOXHBIM U JaxKe
OOBIJICHHBIM JIEJIOM.
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Han6apwepHoe oTpakenue

HanbapbepHoe oTpakeHHE — OTpaXEHHE YACTHILBI  OT
MOTEHIIMAJIBLHOTO Oapbepa, BBICOTA KOTOPOTO MEHBIIE TOJHON
SHEPruM 4vacTulpl. /laHHOE sBIEHHME HEBO3MOXKHO C TOUKH 3PEHHS
KJIACCUYECKON (DU3HKH.

[Tpuuunoit »TOro 3(ddexra sBISETCI HE BEPOSTHOCTH WIU
BOJIHOBBIC CBOWCTBA, a OaHAaIbHOE B3aUMOJICHCTBUE MEXKIY
YacTUIIAMU W/WJIM HETOYHOCTh M3MEPEHHUS, TO €CTh 4acTh YaCTHII,
KOTOpBhIC TIpeojojeBaloT Oaphep OyayT oOJiamaTh pa3ITUIHON
JHEeprueil, Ho OoiblIe Yem OapbepHas W B CpeaHeM OOJIbIe
CpeIHell SHepruu, a 4YacTUIlbl, HE MPEOJOoJIeBIINE Oapbep, WMEIOT
SHEPTUI0 MEHbIIEe OapbepHOU (YacTh MOJIararomieiics UM SHEPTrUu
nepenaisoch APYTUM 4YacTHIlaM). AHAJIOTMYHO TMPOMCXOAUT U C
TeMreparypoil Tema. Temmeparypa uacteil Tena (B mpeAenbHOM
cily4ae OJJIEMEHTapHBIX dYacTei) OymeT OTIMYaThbCsl OT CpeIHeu
TeMIepaTypbl Tena. AHaJIOrm4yHO OOBscHseTcs U 3ddekr
TYHHEITUPOBAHUS YacTHUIl. TakKe CTOWT OTMETHUTh, YTO caM Oapbep
WIM TYHHEIb (U3WYECKH HE SBJISIOTCS YETKOH TpaHUICH 10
MPOCTPAHCTBEHHBIM KOOpAWHATAaM U, KpPOME TOro, MEHSIOTCS C
TEYCHHEM BPEMEHHU.

KBanToBblii 3¢ dext 3eHoHa

Onucanne >¢dekra cmorpute B TiaBe «Kparkoe omnucanue
IIUPOKO U3BECTHBIX KOHIICTIIIHI 1 IKCTIEPUMEHTOB.

O¢pdexkr  nerko  oOBACHAETCS  OPU  HHEPTETHUECKOM
pPaccMOTPEHMH WJIM C TOYKH 3pEHHs 3JIeMeHTapHbIX dactull. [lpu
HaOIIOACHUU MBI 3a0HpaeM (IepeaeM) y CHUCTEMbl H30BITOYHYIO
(HeOCTAoIYI0) SHEPIHI0, KOTopas Morja Obl ee pa3pylIMTh, Tak
KaK €CTEeCTBEHHbIM O0O0pa30M CHCTEME IOCTENEHHO COOOIIaeTCs
(TrorTIoaeTcs) SHEPrus, pa3pymIaroIIas ee.
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I[MapasuiesibHbIEe MUPBI

He cymecTByeT mapauiebHBIX MHPOB, KOTOPHIC MOPOKICHBI
BETBJIICHUEM MHpa B pe3yjbTare BbIOOpa pa3IMyYHBIX AbTCPHATHB,
TaKk KaK aJbTEpPHATHB HET B CHIY CyAbObl (HE W3MEHYHMBOCTH
BCEOOIINX 3aKOHOB).

BozmosxHO CYIIIECTBOBAHUE napajuIeTbHbIX MUPOB
HE3aBHCHMBIX OT Hallero, HO JIOKa3aTh WX CYIIECTBOBaHHE
HEBO3MOXKHO, TaK KaK MUPBI HE ITEPECEKAIOTCSI.

Ilo3Hanue ceds

Co3zuanue u «SI»

Y uenosexa ecmov cosnanue ona mozo, umoowvl npedckazvieams
nocieocmeus mex UIU UHBIX OClCMEUll U ONMUMUUPOEAMD
ezaumooeiicmeusn ¢ okpyycarowum Mupom (no Kpaiineit mepe,
notmamaucs).

Co3nanue — cneyuanvHvli ONMUMUIAMOD MO32a 04
opzanuzayuu e3aumoodeiicmeuil ¢ okpyycaoujum Mupom, 3aoaueii
KOmMopo2o A613aemcsa 6blOOPOUHbl, HO KAYEeCHEEHHbll aHAIU3
umewwielica U nocmynawwien  uH@opmayuu ¢ - Ueavio
NPOZHO3UPOBAHUA NOCIEOCMEUIL NPU COBEPUIEHUU DPA3TUYHDBIX
Oeiicmeuii. Pezynomamom padoomel co3Hanua A6aA:AemMcaA 6blOOp
eapuanma  Oeilicmeus, KOMOPHII  NpUHecem  Hauayyuiue
nocieocmeusn ¢ Mo4Ku 3peHus yyema paziuydHuIX Kpumepuee —
y0osobcmeuii (meopus y00601bCmeuil).

becco3narenbHble JeicTBUS — JeicTBUs, coBepliaeMmble 0e3
KOHTpOJISI  CO3HaHUA, TO €CTb AaBTOMATUYECKHUE JICUCTBHUS,
3aJI0KEHHbIE B  4YEJIOBEKE, WM JIEUCTBHS, JOBEJCHHBIE JI0
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aBTOMATHU3Ma, IS KOTOPBIX KOHTPOJIb CO3HAaHHUS OOBIYHO HE
TpeOyeTcs.

[IpoGiemMa mpw COBEpIICHUHM OECCO3HATEIBHBIX JICHCTBUN
3aKJIFOYAeTCs B TOM, YTO B HEKOTOPBIX CHTYaIUsX HEOO0XOIuM
KOHTPOJIb CO3HAHMS, 0€3 KOTOPOTO MOCIEACTBUS JIAaHHOTO JICHCTBUS
XyKe.

«SI» — COBOKYMMHOCTh CO3HATEIbHON M 0€CCO3HATEIBLHON YacTeu
yeJIoBeKa.

HcTHHHO panMoOHAIbHBIA — OCHOBAaHHBI Ha MCTUHHO BEPHBIX
(dakTax, 3HAHHSIX, JIOTHKE, A0COTFOTHO OCHOBAHHBIM HA PEaTbHOCTH.

VcTHHHO HMppalUMOHAIBHBIA — OCHOBAaHHBIA Ha MCTHUHHO
HEBEPHBIX «(paKTax», yOeKICHUSX, aOCONOTHO HE WMEIOIUN
OTHOIIIEHUE K PEaTbHOCTH.

JleiicTBusi, coBeplaeMbleé CO3HATENbHO, MOTYT OBITH B
pa3IMYHON  CTENMEHW paluoOHAJIBHBIMH. YEJOBEeK  COBepIIaeT
UppalMOHANIbHBIE TIOCTYNKH, TaK KaK €ro 3HaHUS U YOeXIeHus,
HEOOXOMUMBIE ISl TPOTHO3HPOBAHUS TMOCIEACTBUM, SBISIOTCS
OMUOOYHBIMU, TO €CTh IOCTPOCHBI HA HEBEPHBIX «(dakTax», HE
MMEIOIINX OTHOIIEHUE K PEAIbHOCTH, OJIHAKO JaKe B ITOM CIlydae
WX 11eJb — yIOBOJILCTBUS. Hanpumep, mpbDKOK € MapanitoToM, €3/1a C
OTPOMHOM CKOPOCTBIO, TIOJIET B KOCMOC, OorpabJiieHue, MOKOT U T.]I.
XOT M O0JIaJalOT 3HAYUTENbHBIM PUCKOM [UISl 3[0POBBS, HO B
pe3yiabTaTe OHM MPHUHOCAT YJOBOJIBCTBHE, K MOIYYEHUIO KOTOPOTO
YeJIOBEeK CTpeMUThCS. OHAKO HE BCE CTPEMSTCA COBEpLIaTh T€ WIH
WHBIE PALIMOHAJIbHBIE WM HUppallMOHAIbHBIE JACHCTBUS, TaK KaK UX
CO3HAHUE OIEHUBACT PUCKH U CUYUTAET UX HETIPUEMIIEMBIMH.

Bce >xuBOTHBIE (B TOM YHKCIIE YETOBEK) 00J1aal0T COZHAHUEM.

Camoco3HaHue OIEHUBAeT (PU3MUECKUE JaHHBIE ceOsl ¢ TOM kKe
[IeTpI0, YTO W co3HaHue. [lo cyTH, camMoco3HaHHWE OIICHMBAET CBOM
(bu3nuecKre XapaKTepUCTUKH JIJIS ONTUMHU3ALNN B3aMMOJCHCTBHIA C
OKpyKalolmuM Mupom, a Lenbl0 NpHU 3TOM SBISETCS IMOJy4YEHUe
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yI0BOJILCTBUM. CaMOCO3HaHUE HE CJIEAYET HaMEPEHHO BBIACIATH B
OTAENBHYI0 000COOJIEHHYIO CTPYKTYpYy, TaK KaK OHO SBIISIETCS
4acTbIO CO3HAHUS.

YenoBek

Yenoeex — nadop uacmuy aHATOTHYHBIM KaMHIO (B acIeKTe
YacTHULl U 3aKOHOB), Komopusle noouyunaomca Mupoevim 3aKonam.

YenoBeky  MCKYCCTBEHHO  (HET B JICMCTBUTEJIBHOCTH)
[IPUCBAUBAETCsSl YHUKAJIbHOCTh M TIPEBOCXOJACTBO HAJ JPYIMMH
oobektamu / dactuumamu |/ cucteMamu  (HaOOpOM  YaCTHII
paccMaTpuBaeMbIX COBMECTHO) C IEJIbIO BO3BBICUTH €0 HajJ Mupom
W OmpaBJaTh €ro CyHIECTBOBAaHME M  CMBICT KU3HU. B
JNEHCTBUTENFHOCTA YENOBEK «TOXJeCTBEHEeH» KamHio. [lo cyty,
CKONHMPOBAaB YENOBEKAa Ha YPOBHE OJIIEMEHTApHBIX 4YaCTHIl, MbI
MOJIYYUM €r0 HJCAIbHYIO KOIIMIO, OJIHAKO CO BPEMEHEM pEelIeHUs,
IpUHUMaeMble Komued, OyayT Bcé Oojee u Ooyiee OTIUYATHCS OT
OpUTHMHAJIa B OJMHAKOBBIX CHUTYalUsiX, TaK KaK HMX BOCHPUSITHUS
(BocmpuHMMaemasi WHGOpPMAIHsI) Pa3HATCS, a COOTBETCTBEHHO W
3HaHUs OyayT CTAaHOBHUTbHCA BCE Oosiee U 6osiee pa3IuuyHbIMU.

«lyma» yejioBeka

Yacrtuiusl Mupa no4UHSIOTCS €ro 3aKOHaM, CIeA0BaTEIbHO, BCE
MIPEIONPEECIIEHO U HE MOXKET MEHATHCS [0 CBOEMY YCMOTPEHUIO, U
He MOKET B3AThCA M3 HMOTKyma. Ecmu ObiTh TouHbM, To BCE B
Mupe  mpepompenencHo  4acTHLAaMH M 3aKOHaMH  HX
B3aUMOJEICTBUA. B pesynprare MOHATHE <«(IyllIa» OINpPEnesIeTCs
UCKJIIOUUTENIbHO (PU3NYECKUMHU XapaKTePUCTUKAMH Tella M TJIAaBHOE
Mo3ra yesoBeka. OCOOCHHOCTH «IYIIN» ONPENEISIOTCS 3HAHUSAMU
YeJloBeKa, €ro BOCHPUITHEM U OCOOEHHOCTSIMHU ero ¢uznonoruu. B
MPUHIIMIIE €CTh BO3MOKHOCTH YIIPABJIATh YEIOBEKOM BO3JIEHCTBYS
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Ha €ro MO3T M BOCIPUATHUE B LIETIOM WJIU K€, HAPUMEP, MOIMEHATh
UMIYJIbChl Mo3ra Ha xenaemble. CTOMT 0CO00 OTMETHTH, YTO
BO3JICHICTBOBaTh MOJKHO JIMILIb MCXOJS M3 3aKOHOB IPU I1OMOIIU
9JIEMEHTApHbIX YaCTUL[ MJIM HUX CUCTEM, @ COOTBETCTBEHHO HET
BO3MOXXHOCTH BO3/ICHICTBOBAaTh M3BHE Hamiero Mwupa. B mpuninune
€CTb ~ BO3MOXKHOCTb  yNpaBJIsATh  YacTULAMU  U3BHE  WIH
n00aBUTH/yOpaTh YacTHIbl, HO JTO MPHUBEAET K HapyHUICHUIO
3aKOHOB, a COOTBETCTBEHHO MOXET OBbITh OTCIEKEHO U3HYTpU. Ecau
6 Mupe ucnoanawomca 3aKoHvl, Mo 0 MO20 YMOObl yRpaeIanb
UM U36HE HEOOX00UMO GHECU U3MEHEHUS 6 IMU 3AKOHbl, YUMo, 6
Cc6010 o0uepedb, MoXCHO 3agukcuposams ¢ Hawiem Mupe. B
pe3ysibTaTe IO MNPUYMHE TOrO, UYTO Hem OOKA3AHHBIX (aKmos
emeuiamenscmeda 6 3aKOHbl, TO MO UCKAIOYAEm 603MONCHOCHLb
ynpaenenus Mupom/uenoeexkom wuszene. Kpome TOro, BIUSHUSA
BBICIIETO pa3ymMa WM CyIIecTBa B MEpPBUYHOM Mupe OBITH HE
MOXKET, TaK KaKk HE MOXXeT ObITh BHEUIHMX BO3ACUCTBUN (U3BHE
Mupa), a Bo3aelicTBUs BHYTpH Mupa ornpenemnstorcss ero o0beKTaMu
u 3akoHaMd. CTOUT OTMETUTh, YTO BcE€ (HaKThl (UCIIOTHEHUE
yacTullaMd Mupa 3aKOHOB) YKa3blBalOT Ha TO, 4TO Hauwt Mup
nepeuuHblil.

«/[ywma» — Touka 3peHHs OOIIECTBA Ha MHUPOBO33PEHUE U
NEeSATEIbHOCTh YEJOBEKa C TOYKM 3pEHHS 3TUKM M MOpalH
(0b60bwennviil Kpumepuii 0OUEECMBEHHON OUEHKU YE108€UECKO20
MUPOBO33PEHUA U O0€AMENbHOCIU ¢ MOYKU 3PEHUA IMUKU U
Mopanu).

«/[ywa» npedonpedenena ¢ KOHKpEMHbIIL MOMEHM 6PeMeHU
yacmuyamu U 3aKOHAMU UX 63AUMOOCIICMEUs 8 MO32e Yel08eKa, a
6 meuenue eceil HCU3IHU — cCyObOOoIl uenoseKda.
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Jloruka u MHTYHUMS

Jlocuka - paccmompenue coznanuem («HA») npuuunno-
C11e0CMBEHHBIX CBA3€ll U YOPMUPOSAHUE 3AKTIOUEHUI U 8b160008.

Humyuyua — paccmompenue npuUYUHHO-CIE0CMEEHHBIX
ceazeil u hopmuposanue 3aK1104EHUIL U 6b160006 OECCO3HAMENbHO
(0e3 yuacmusa «A»).

My>X4UHBI CYUTAIOTCS O0JIee TOTUYHBIMU U3-32 00Jiee BEICOKOTO
yYpOBHsI 00pa30oBaHusl.

TeneBuzeHue, HMHTEPHET U AK€ XYIOKECTBEHHBIC KHUTH
CPEIHECTAaTUCTUYECKH BPEIAT PA3BUTHIO YEJIOBEKA, TaK KaK 4YeM
0oJbllle UMHU TIOJb3YEeTCs, TEM MEHbIle HOBOW HH(GOpPMALUU OH
nonyyaer. B pe3ynbTaTe 4eloBEK TPATUT CBOE BPEMS «BITYCTYIO».
OnHaKO MCTUHHO WM JIaXKe€ YaCTUYHO HAy4YHBIE CPEJICTBA MMOTYyUEHUS
nH(OpPMAaLUK B 3HAYUTEIHHON CTETCHU SIBJISIFOTCS IMOJIE3HBIMHU, TaK
KaK CIIOCOOCTBYIOT HAKOIUICHUIO 3HAHWUW WIIM, 1O KpailHeW mepe,
uHpOpMaIMM K  Pa3MBIIUICHUIO, KOTOpPBIE  MOTYT  OBITh
WCIIOIb30BaHbl Ha MPAKTUKE B XKW3HU. HO CTOUT HAamOMHUTH, YTO
HEOOXOMMO KPUTHUYECKH OTHOCHUTBHCS KO BCEMY, HE MpPUHUMAs Ha

BEpY.

Mup uaei

Mupa uoeii ne cywecmeyem 6 Kauecmee 0codol opmul
Mamepuu unu 0ONOTHUMENbHO20 MUPA, TAK KaK UJICH BO3HUKAIOT B
OCHOBHOM U3 3HaHPII>i, HO MW YaCTU4YHO M3 BOCHPHATUA U
ocoOeHHOCTEH (hrznonoruy.

HauGonee koppekTHbIM OyJeT cKa3aTb, 4TO UAEH ONMPEACISIOTCS
JIIEMEHTAPHBIMH YacCTHLAMH W 3aKOHAMH WX B3aHMMOJCHCTBUS B
MO3Te YeJIOBeKa.
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Ieanb KU3HU YeT0BEKA

JesTenbHOCTh, MOCTYNKH, JEUCTBHUS YEIOBEKA WU JHO0O0ro
IPYroro  >KMBOTHOTO  HANpaBlieHBl  Ha  ydoejiemeopenue
coocmeennvix nompeodnocmen. I1oTpeOHOCTH y pa3HBIX JIIOACH
MOTYT OBITh PA3IMYHBIMU B CHIIy (DU3UOJIOTUH, MUPOBO33PEHUECKUX
YCTaHOBOK, LIEJIeH, STUYECKUX U MOpPAJIbHBIX HOPM U T.1. YenoBek
CTPEMHUTCSI K TOMY, UYTO NMPUHECET eMy OoJbIliee YAOBOJILCTBUE B
JAHHBIII MOMEHT BPEMEHH U B TIEPCIIEKTUBE (TEOPHUS YAOBOJIbCTBUIA).

PasymHass nesTenbHOCTH 4ejoBeKa (J0OOr0  JKMBOTHOTO)
OCHOBaHa TOJBKO Ha BOCHPHUSATHU W COOCTBEHHBIX 3HAHHUSX, a
JeSITeNIbHOCTD B 1I€JIOM — e1lie Ha (PU3UOTIOTUH.

CMBbICJI CylIeCTBOBAHUS

Hem nu kakozo cmouicna cyuwjecmeoganus. OIHAKO C TOYKH
3pEHUsI «3aKOHOB» («IIeJIeii») 3aJ0’)KEHHBIX B YEJIOBEKE — MBI
CTpeMUMCSI K  MakCUMaJbHOMY  (HawilydlleMy  BapUaHTy)
YIOBJIETBOPEHUIO CBOUX notpeOHoOCTEH (MakcuMU3aIuUsa
ynoBosibeTBuit). Cmbict BCEX 00BbEKTOB, CUCTEM U 3JIEMEHTAPHBIX
YacTHLl — UCIIOJHEHHE 3aKOHOB Mupa. OJTHaKO 3TO HE ONPABJBIBAET
Hally JeATEIbHOCTh 0 JOCTHXKEHHMIO YHOoBOJIbCTBUH. [lo cyrtw,
CHCTEMa OOIECTBEHHOTO JI0rOBOpa XOTs ObI HEMHOTO 3alMILAET HaC
OT TOTAJILHOTO Xa0ca M3-3a KOH(JIMKTAa HHTEPECOB.

MennocTn

Lennocmu unu Kpumepuu y0060JAbCMEUI KAKIBIA «CTABUT
cebe caM» B 3aBHUCHMOCTH OT TOTO, YTO HPUHOCUT €My OoJjblle
YIOBOJIBCTBUS (YIOBIETBOPEHHS). Onn onpeodenaomcs
yacmuyamu, 3aKkomamu ux e3aumooeiicmeus (Muposvimu
3aKoHamu), a B YIPOIICHHOM CMBICIIE — 3HAHUSAMH, BOCIIPUATHEM U
(bu3noNorHei YenoBeKka WK )KUBOTHOTO.
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JlelicTBUs yejioBeKa M UX MOCJIEICTBUA

Jeiicmeusn uenosexa npedonpeoenensvl, u nOCI1E0CMBUA IMUX
delicmeuil maxsice npedonpeoeseHul.

B «ympoiieHHOM» CMBbICIE 4YeJIOBEK MPUHUMAET pPelIeHUs |
BOOOIIE COBEpIIAeT JIO0bIe ACHCTBHUS HCXOIS M3 COOCTBEHHBIX
(U3HUECKUX XapaKTEPUCTHK, a B €Ie 0oJiee «yMpPOIIEHHOMY BUJIC —
HUCXO/sl M3 €ro 3HAHMM HAKOIUICHHBIX B TEUEHUE JKU3HU U
0COOCHHOCTEH (PU3NIECKOr0 CTPOSHUS MO3Ta U Tea.

OpnHako B A€MCTBUTEIBHOCTU O€liCmEUs Onpedenaromes cyzyoo
UCX005 U3 6CEOOUWUX 3AKOHO8 U IIEMEHMAPHBIX YACHMUY, W3
KOTOPBIX COCTOUT YEJIOBEK.

I[I/IHaMI/IKa JUIHOCTH

Yenoseueckuit mo3ze (nuuHocms) OuHamuuen (MEHSICTCS CO
BpemeneM). BCE, umo on eocnpunumaem, mensem ezo u
COOMGEMCmMEEHHO MeHAem Xapakmep, ueau, MUpPO8o33peHue u
npuHuUMaemvle peuieHusn 6 ueaom (no 001bUoMY CUenmy MONCHO
cKazamv 00UH 4eN08eK 8 PA3Hble MOMEHMblL 6PEMEHU — pAa3Hble
arou). Toxe caMoe MOKHO CKa3aTh U O JKMBOTHBIX, TaK KaK MX MO3T
YCTPOEH CXOXKUM 00pa30M M OCHOBAH Ha TE€X K€ MPUHITUTIAX.

YHHUKaJIBHOCTD, IPEBOCXOACTBO M 3aCayra

Komounayuu (cucmemwt) rnemenmapuvix yacmuy (00vexkm)
oonaoaom O00UHAKOBBIMU CROCOOHOCMAMU HA IEMEHMAPHOM
ypoene  npeocmaeinenus. Ha  oOonee  evicokom  ypoene
npeocmaenienus, KOmopoe O00bl4HO paccmampueaem 4enoeex,
CHOCOOHOCIMU pA3IUYHbBl, MAK KAaK pasiuyHsl KOMOuHauyuu
Inemenmapuulx vacmuy. QOQonako umo oano (Kmo oan)
KomOunauyuu  JiemMeHmapHulx  yacmuy  (00vekmy)  Imu
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cnocoonocmu? Imo uacmuyvl, HOOUUHAIOWUECA 3AKOHAM U
UBMEHAIOWUE CB80€ NOJIOMHCEHUEe 6 NPOCMmPAHCHmEe ¢ MmeyeHUeMm
eépemenu, mo ecms cyovoa. Ilo cyTu, CBOWCTBA MM CIIOCOOHOCTH
3TO CJENICTBUS UCTIOTHEHUS 3aKOHOB 3JIEMEHTAPHBIMH YaCTHIIAMH.

BCE o00vekmbl yHuKkaivHsl 6 pAGHOU CMEneHu, TaK Kak
YHUKaJIbHBI KOMOWHAIIUN 3JIEMEHTAPHBIX YAaCTHI], U3 KOTOPHIX OHH
COCTOAT M UX (OOBEKTOB WJIM YACTHII) MOJOKEHHUE B MPOCTPAHCTBE.
CooTBeTCTBEHHO OyAeT HE MPaBWIBHO (HEKOPPEKTHO) CKa3aTh, YTO
«4EJOBEK YHUKaJIbHEe KaMHS.

Pazym He sBiseTCS 4YEM-TO YHHKAJIBHBIM. JKHBOTHBIE TaKke
pa3yMHBI, HO OCOOCHHOCTH HamIei (YeIOBEYECKOW) (U3NOJIOTHH,
repeiavya OIbITa OT IMOKOJICHUS K TTOKOJICHUIO, HAKOTUJICHHUE 3HAHUH,
«CIy4aliHBIC» OTKPBITHS, a 3aTeéM H JPYrue achekThl CyIbObI
MO3BOJIMITH YEJIOBEKY BBIOUTHCS B MTUAEPHI (IOMUHUPYIOIIUN BUJT) HA
Hamiei maHere. YenoBeky, MO CYTH, HPOCTO «IOBE3IO» (Tak
CJIOKHIIOCH / TaKOBa Cynib0a) Ooiblie ocTanbHbIX. CTOUT OTMETHUTD,
YTO pa3yM MPUCYTCTBYET HE TOJBKO Yy YEIOBEKA, )KUBOTHBIX, HO U Y
pacTeHMIA, HACEKOMBIX, OaKTepuii, BUPYCOB U JaKe KaMEHb MOXKHO
CUHTATh Pa3yMHBIM (BCE 3aBHCHT OT TPAKTOBKH TEPMHUHA «Pa3zym»).
EnuHCTBeHHOE paziuuue MEXIy BCEMU OOBEKTAMU — HACKOAbKO
CNI0JCHO NpeocKazamov Uux OmOoelIbHble XAPAKMEPUCMUKU U
nosedenue 6 uenom. B cuny TOro, 4TO TOBEIECHHWE WU DPELICHUS
YeloBeKa CIOXKHEEe BCEro IMpeacka3aTh (M3 TMEePEUYUCICHHBIX
KJIACCOB), TO €My NPHUCBAMBAIOT MCKYCCTBEHHBIE «OCOOEHHOCTH» W
«YHUKaIbHOCTH». UYenosex — «1omuHHpylomas» (Haubosee
yaadHas) Ha 3eMiie KOMOUHAUUA IIEMEHMAPHbIX Yacmuy W3
M3BeCTHBIX. [l0 CyTH, 4YelOBeK W KaMEHb IIOMPOCTY pa3IUIHbBIC
KOMOHWHAIIMH 3JIEMEHTAPHBIX YaCTHIl. JTO CBUJCTEIHLCTBYET O TOM,
YTO MBI OTJI4aeMcs (00JagaeM pa3HbIMU «CIIOCOOHOCTSIMUY), a HE O
TOM, YTO KTO-TO JIy4llle WJIU COBEpIICHHee. B uTore cpaBHUBAThH
OJTHO U TO k€ (KOMOWHAITMIO 3JIEMEHTAPHBIX YaCTHI[) [0 MEHbIIEH
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Mepe, HEKOppekTHOo. Eciu ke MBI CpaBHHBaeM KaKylO-IHOO
KOHKPETHYIO CIIOCOOHOCTH (K MpHUMEpPY, MPOYHOCTh), TO OHA MOXKET
OBITh JTy4llle WJIH XYK€ y KaKOH-TO M3 CPAaBHUBAEMBIX CHCTEM (K
puMepy, y 4elioBeka Win y kamHs). [lokanyid, TTIaBHBIM HUTOTOM,
KOTOPBIM TOPAMUTCS 4YENIOBEK, SBJSIOTCA €ro B YacTHOCTH U
YeJl0BEYeCTBA B LEJIOM JIOCTHIKEHHUS, 3acClyTd, «YHUKaJIbHOCTBHY,
«OCOOEHHOCTEY, JIeTH, «TOCMOACTBO» H T.I., HO BCE 510 (uem
Kaxcovlil uenoeeKk 20poumcsa) SBISETCS CIEICTBUEM TOrO, YTO
YeJIOBEK/YEIOBEYECTBO SIBIISIOTCA CUCTEMON 3JI€MEHTApHBIX YaCTHII,
IOTUMHSIONMMXCS 3aKOHaM Hamero Mupa, a 3raunt BCE 3710 He ezo
3acnyza (maxoea 3aciyza cyobowt).

OOmafgass UMEIOIIMMUCS 3HAHUSIMHU, MOXKHO CKa3aTh, 4YTO
YeIIOBEK, CKOPEE BCEro, «IMOSBWICS» B Xoze 3Boionuu. CTOUT
OTMETHUTh, YTO TMOJHOCTHIO OTPULIATH BO3MOXKHOCTH BMEIIATEIbCTBA
BHE3EMHBIX CYILIECTB HENb3sl, KOTOpbIC, OIHAKO, JOJKHBI OBLIU
MOSIBUTHCS B XO7I€ 3BOTIOIMU. COOTBETCTBEHHO JIOTUYHEE, UCXOS U3
UMEIOIUXCS JTaHHBIX, CUYUTATh 4YeNIOBEKa CJIEJACTBUEM SBOJIOIUU
MoKa He OyJIeT JoKa3aHo 00paTHOeE.

Kuznn

/Ku3nv — npoyecc om nosaenenus cucmemsvt 00 ee pacnaoa
(yHuumodscenun / cmepmu / 3aeepuienusn QYHKYUOHUPOGAHUSL).
COOTBETCTBEHHO JKUTH MOKET HE TOJLKO 4YEJIOBEK WU KHUBOE
CYIIECTBO, HO U JIF00asi CHCTEMa DIIEMEHTAPHBIX YaCTHII.

Kusoe

Kueoe (cusznv) 3apoounoco 6razooaps cneyugpuueckoi
komounayuu uacmuy (00beKTOB/MONIEKYT). CTOUT OTMETUTH, YTO
9TO BOIIPOC TCPMHUHOJOTHH KOI'O HJIM YTO HA3bIBATh >KWBBLIM. B
JO0OM  ciydae »JKHMBOE TIOSBWIIOCH B XOA€ (OPMHUPOBAHUS
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crenupuIeckod KOMOWHAIIMM YacTUIl WM OOBEKTOB (SBOJIIOIIHH,
MyTaluuu " T.1.). I[lo MoeMy MHEHMIO, BBIIENATH (OTIAENSATH) )KUBOE
U3 HEXUBOT'O MOXKHO, HO TOJIBKO JUIsl KJIACCH(HUKAIINHU, & HE TIOTOMY,
YTO 4YTO-TO JIyYlI€ UM «COBEpLIEHHEE» uero-To. Ilo cyru, xxuBoe u
HEXHBOE 3TO «TOXKE camMoe» (Te€ >K€ YacTUIbl M 3aKOHbl HX
B3aUMOJICHCTBHSI), HO B CUJIIy TEPMHHOJIOTHU U KJIaCCU(UKALUU 3TU
OOBEKTHI 3aHECIIH B PA3HbIE KJIACCHI.

JI1000BH

Jwooev — «xumuay ¢ mo3zzy. Ilo 3TON mnpUuMHE HENb3s
TOBOPHUTH O HAJTMYUU €AMHCTBEHHOMN «IIOJIOBUHKMW» JJI1 KOHKPETHOTO
YyenoBeka. B mpuHIMIE, «XUMHUs» cpadaThiBaeT BCErla U MOKHO
TOJIBKO CYJIUTh O €€ «cuiey». OJIHaKO pa3HULbl B «CHIIE» MOXKHO U HE
3aMeTUTh MpH OOoNbIIOM uucie BapuaHToB. [lo cytu, estbop n1066u
OCHOGblGAEmMc HA COBOKYRHOCHMU (PU3UYECKUX, J102ZUYECKUX,
PAUUOHATBLHBIX, cYyObeKkmugHvix axmopos. Ilo nei «f» oenaem
6b100p 0 MOM, KaKoul eapuanm (nocieocmeus evloopa) iyuuie.
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Paccy:xaenust o Tom, kak BCE ycrpoeno B
Mupe, 1o MOeMy MHEHUIO. ..

HayaJjio u konen Mupa

Hauano nawezo Mupa — bonvwon e3pvie. Koney nawezco

Mupa - boavwioe 3amep3anue u ckopee ecezo bonvuioe
pacceusanue.
bonvwon e3pvie — npouecc e3aumooeiicmeus  MexHcoy

INEMEHMAPHBIMU YACMUUAMU CEEPXEbICOKONTIOMHO20 CZYCMKA 6
nycmom, HOMEHUUAIbHO HU uem HeOPaHUYEeHHOM
npocmpancmee. OCHOBHBIM BOIIPOCOM B JaHHOM Cly4yae SIBJISIETCA
BOIIPOC MOSIBJIEHUs YacTull Mupa U3 HUOTKyAa... Ero paccmorpum
HEMHOT'O MO3KeE.

Ha ocnoBe nmeromuxcsi (pakToB MOXKHO YTBEP>KIaTh, YTO HAUd
Mup ne yuknuuen, Tak Kak Ha JJaHHBI MOMEHT HET CUJI UJIM TOYHEE
AJIEMEHTApHbIX YacTHll crocoOHBIX coOpate BCE snemeHTapHbIe
yacTullbl Mupa B CBEpPXBBICOKOIUIOTHBIN CIyCTOK. DTO BO3MOXKHO
TOJIBKO MPU MOSIBJIEHUH a0COIIOTHO HOBBIX YaCTHUI] /WA 3aKOHOB.

beckoneunocts — cyrybo marematudeckoe mnonstue. B Mupe
BCE onpenenserca dpusukoii, B kotropoit BCE BenmMuMHbI KOHEUHBI.
HekoTopele U3 3THX BEIWMYMH NPUHLUIIHAIBHO HE OIPAaHUYEHBI, HO
BCErZlla HMEIOT KOHEUYHBbIE 3HAueHus. BepHemMcs K OCHOBHOMY
Bornpocy. [laxxe ecnu Obl Hart Mup sIBISUICS IIUKIMYECKUM, TO Y HErO
BcE ke Obulo Obl Hayano. M Bpemsi ero CyiecTBOBaHHS SIBISETCS
KOHe4YHON BenmuuHoHu. [lo cyru, y samwdozo Mupa, 6 mom uucne
NepeuyH020, eCmb HAYAI10, 6 MOMEHN KOMOPO20 j1eMeEeHmapHble
yacmuybl U 3AKOHbl U/UAU YMO-MO UHOE NOAGNAIOMCA U3
nuomkyoa. 11 kakum ObI CTpaHHBIM HE OBUIO IMOSIBIIEHHE YETO-TO U3
HUYEro, HM OAMH Mup 0e3 3TOro He MOXET CYIIEeCTBOBATh
(obpazoBatbesi). B pesynbraTe mosiBIE€HHE CBEPXBBICOKOIUIOTHOTO
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CryCTKa  D3JIEMEHTAapHbIX  4YacTHUL W3  HHUYEro, MPUBEILIEE
BIIOCJICJICTBUU K BOJBIIOMY B3pBIBY, SIBISICTCS JTHOO TPUBUAIBHBIM
HayajioM Hamiero Mupa, J1u00 CHenuaIu3UpOBAHHBIM 3aKOHOM,
OpPraHU3YIOIIKUM IUKINYHOCTH Mupa. I1o npuunHe TOro, 4To BTOpOU
BAPUAHT B 3HAYUTEJIbHOW CTENIEHU HaJyMaH, TO, 10 BCEl BUAUMOCTH,
Bosbiioii B3peIB — Hayano Hamero Mupa.

bonvwoe 3amep3anue — npoyecc ymenvuienua KOHyeHmpayuu
INEMEHMAPHBIX YACMUY, KOMOpble 6X00AM 6 COCHAE Kajx3coou
cucmemul INEMEHMAPHBIX YACMUY U OM KOMOPBIX 3A6UCUM UX
memnepamypa. YMEHbUICHUE KOHLEHTPAMM J@HHBIX YaCTHI]
MPOUCXOAUT TIO TPUYUHE HECIMOCOOHOCTH YIEp:KaHUs UX CaMou
cucremoi. [1o cyTu, eciu MOMECTUTH JIFOOYIO CUCTEMY B a0COJTIOTHO
MyCTO€ MPOCTPAHCTBO, TO BCE TEPMO YACTHUIIBI OBICTPO MTOKUHYT €€ U
OCTaBIIAsiCS dYacTb CHCTeMbl Oyaer o0nagaTh TemmepaTypoi
abCONIOTHOTO HYJNA, 4YTO (PAKTUYECKHM YAaCTUYHO HaOINIOaeTcss B
OTKPBITOM KOCMOCE TMpu T[OMEHIeHMH TyJa OObeKTa, He
ocsemaemoro CoNHIIEM WIM APYTMMH HCTOYHHMKamMu (oToHOB. B
JAHHOM CJIy4ae OOBEKT HE JIOCTUTAET TeMIIepaTypbl aOCOJIOTHOTO
HyJIsi 1O TPUYAHE HAIWYHAS B COBPEMEHHOM KOCMHUYECKOM
MPOCTPAHCTBE 3HAYUTEILHOM KOHIIEHTpAaUH TepMOo dacTull. Mcxons
3 uMmeronmxcs GpaxkrtoB TepMo ydactuibl — (oToHBL [lo mpuumHe
TOr0, YTO DJIEMEHTAapHbIE YaCTULBI MOIYT M3MEHHUTb CBOIO
TPACKTOPUIO  TOJBKO  IPU  B3aUMOJEUCTBUM C  APYTUMH
3J€MEHTapHBIMA YaCTUIIAMH, TO HEKOTOpbIE YacTULbI Kpasd
3alIOJIHEHHOM YacTu BceneHHOW MMEIT Takoe HalpaBJieHUE
JBIDKEHUS, YTO OHM HH KOTjJa HEe OyIyT B3aMMOJIEHCTBOBATH C
APYrUMH. OJTO TMPUBOAUT K TOMY, YTO 4YacTulbl Bcenennow
YBEITUYUBAIOT 3aHUMAEMbI UM O00OBEM W, COOTBETCTBEHHO, MaaeT
X KOHIIEHTpamus. JTO, B CBOIO OYEPEdb, U MPUBOJUT K MPOLECCY
bonpmioro 3amep3anusi. Ha npakTuke npounecc pa3BUTHS JTUHAMUKHU
YyacTUll B Hallel BceneHHONM B 3HAUUTENBHOM CTEIEHU CXO0XK C
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IIPOLIECCOM B3phIBa B BaKyyMe€ WJIM pa3pblBa 10 BCEW MOBEPXHOCTH
OajIoHa € ra30M B IIyCTOM HEOTPAHUYEHHOM IIPOCTPAHCTBE.

Bonvwoe pacceusanue — npouecc nomepu cmadunpvHocmu
BCEX cucmem nemenmapuplx 4acmuuy, 4mo ¢ unoze npueooum
K Hanuyuro ¢ Mupe nuwb 060c001€HHBIX IT1IEMEHMAPHBIX YACMUY,
He o0pasylouux ceaszanHvle cucmemvl. Bompoc cTaOuinbHOCTH
CHCTEM  DJIEMEHTAapHbIX  YacTUL[ PAcCMOTPEH B  pazjelne
«CTabUIBHOCTh CUCTEM 3JIEMEHTAPHBIX YaCTHUI» JaHHOW TIaBbl. B
UTOre, UCXOMS U3 UMEIoIUXCcs (PaKTOB, MOXKHO C/IEIaTh 3aKJIIOYCHHE
o ToMm, uTo bonbiioe pacceuBanue - Oyayuiee Hamero Mupa.

I'paButanus

['paBuTaliMOHHOE  B3aMMOJCIHCTBUE  SBISIETCS  OAHUM U3
BXHEHIINUX MPOIECCOB, MPOUCXOA[IINX MEXKAY OOBEKTAMHU HAIIETO
Mupa. Jlamee paccMOTpUM KakuM 0Opa3oM OCYIIECTBISETCA
IPaBUTALMOHHOE B3aUMOJCICTBUE.

CymiecTByeT HECKOJIBKO BAPHUAHTOB OCYILIECTBJICHUS
rpaBUTaIMOHHOTO B3aumojeicTBus. [lpeanonoxum, uyto BCE
«@JIEMEHTapHBIe» YaCTUIIBI CBSA3aHBI OCOOBIMU DIIEMEHTAPHBIMU
YacTUIAaMHU, KOTOpPbIE M OTBEYAIOT 3a IpaBUTALMIO0. Torma Mexay
KaXJIOM Mapoil «3JIEMEHTAPHBIX» 4YacCTULl €CThb TI'PaBUTAIIMOHHAS
CBs3b. B wWTOre momydaeM MOIHOCBSI3HYIO CETh. JTO OOBSCHSET

MPUYUHY HAJIUYMs B YHUCIUTEIE MPOU3BEIACHUS MacC Mapbl TeJl B
dbopMyInie 3aKkoHa BCEMUPHOTro TiroTenus (F = G%). Onnako B
TakOM CJIy4a€ BeChbMa CJIOXXHO OOBSCHUTh TPUUYUHY HATHIHS
KBaJ[paTa pacCTOSHUS B 3HaMeHartelie (OPMYJIbl, TaK KaK MPH TaKOM
MPEACTABICHUN  TPABUTOH,  CBSI3BIBAIOIIUNA  «AJIEMEHTapHBIC)
YacTHUIBI OYyAET KypCHUpOBaTh MEXIAY HUMH KaK, HampuMeEp, MOe3]
Mexay roponamu. OTCIOa MoJydaeM, 4YTo B 3HAMeHaTesne (GopMYyIIbl
JIOJKHO OBITH PACCTOSIHHE, & HE €0 KBaJpaT. ITOro He HAOI01aeTCs

OKCIICPUMCHTAJIBHO, a 3HAYUT TAKOC MPCAIIOJIOKCHUC, CKOPEC BCCIO,
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HeBepHO. CTOUT OTMETUTh, YTO PACCMOTPEHHBIM BAapUAHT HEJNb3s
MOJTHOCTBIO MCKIIIOYaTh, TAaK KaK BO3MOXHO HaJM4YUe KBajpara
pacctossHHE B 3HaMeHarene (QOpPMYJIbl MOXKET OBITh CBS3aHO,
HarpuMmMep, C€ HWHTCHCUBHOCTBIO TI'PABUTOHHOI'O B3aHMOHCﬁCTBHﬁ
W/Am YCIIOBHSIMU «U3ITYYCHUS I'PaBUTOHOB MEXIY
«QJIEMEHTapHBIMIY YaCTUIIAMHU /WU €I YeM-TO JPYTHM.

Temepp NPEeaNoONOXKUM, UYTO «21eMEHMApPHAA) YAcCMUua
HOCMOAHHO  «U3JIyYaem)  2PAGUMOHbL 60 6Ce  CHOPOHDBI
mpexmepnozo npocmpancmea. Torna KBaapaT pacCTOSHHUA B

_ MM
dopmyne (F = GT) Oynaer OOOCHOBaH, TaK KaK IIJIOTHOCTb

TPaBUTOHOB OYyJE€T YMEHBIIATHCS MPOMOPIUOHAIBHO —IUIOMIATN
chepel W, COOTBETCTBCHHO, IMPONOPIIMOHATIBLHO  KBaJpary
paccrosiHus. Jlanee HeoOXxoauMo pa3zoOpaThes ¢ MaccaMmu Tell. Macca
«M3JTyYaroIlero) rpaBUTOHBI TN, 0 CYTH, ONPEILISIET KOJTUIECTBO
UCIyCKaeMbIX TPABUTOHOB, YTO OOOCHOBBIBAa€T €€ HalW4He B
gyucnuTene Gopmyibl. Tenepb MOXKET MOKa3aThCs, YTO TOTJa Macca
BTOPOTO Tella He MPUYEM, HO HE CTOUT 3a0bIBaTh 0 HEOOXOIMMOCTH
«TIOTJIOTUTH» TPABUTOHBI. 3a «IIOTJIOIIEHHE)» W OTBEYaeT Macca
«roromaromero» Tena. OIHaKo HEOOXOUMO OTMETUTh, YTO TAKOE
BO3MOKHO M pe€ajbHO TMpHU CJIa00M «IIOTJIONICHUU» TPABUTOHOB
BEILIECTBOM, HaNpHUMEp, M3-3a MaJoro pajuyca B3aUMOJICUCTBHUS C
JJI€MEHTapHBIMU  4YacTUIlaMU. JlaHHOe oOmnucaHue TpaBUTAIUHU
XOpOIIO COIJIACYETCS C DKCHEPUMEHTAIbHbIMM JAHHBIMHM, a
COOTBETCTBEHHO  O3TO  O3HA4aeT, YTO OHO  OJNM3KO K
JNeHUCTBUTENHbHOCTH. OHAKO CTOUT OTMETHUTh, UTO TAKOE OINHUCAHUE
MPUBOJUT K OJTHOMY BaXHOMY cieAcTButo. [lo mpuunHe TOro, 4To He
BCE TPaBUTOHBI TMOTJIOMIAIOTCS B HUTOTE  «JIEMEHTAPHBIMU)
YacTUIlaMH, HaIpuMep Ha Kparo BceneHHol, To HEeKoTopas uX 4acThb
yJIeTaeT B MPOCTPAHCTBO 0€3 «IJIEMEHTApPHBIX» YaCTHIl, a 3HAYWT,
HUKOTJIa HE CMOXKET BEPHYTHCS B CHUCTEMY DJIEMEHTAPHBIX YaCTHII.
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OTo0 B UTOre IMpPHUBEAET K <«HUCTOILUEHUIO» CBA3ECH MEXIy
3JIEMEHTapPHBIMH YaCTULIAMH, TO €CTh K PACCEMBAHUIO T'PAaBUTOHOB.

Ecnu npenanonokure, 4YTO TPABUTOHBI TE€HEPUPYIOTCSA U3
HUOTKY/Ja, TO 3TO IPUBEIET K I'PaBUTALMOHHON CTaOMJIBHOCTH, HO
HapyLIUT MHOXKECTBO, @ MOXET M BCE CYILIECTBYIOIIUE 3aKOHBI, K
IpUMEPY,  3aKOHBl  COXpaHEHMs, 4YTO He  Habmojaercs
JKCIIEPUMEHTAJILHO.

ITocTosiHCTBO CKOPOCTH 3JIEMEHTAPHBIX YaCTHI

Bce 63aumooeiicmeyrowjue 3InemenmapHsle YaAcmMuubvl, Mo
ecmy abcoromuo éce rnemenmapnvie yacmuyvt Mupa, oonaoarom
O0OHUM MAKCUMYMOM CKOPOCHIU.

[IpenmonoxxuM, 4YTo ASTO HE Tak. PaccMOTPUM MBICICHHBIH
AKCHEPUMEHT IO B3aMMOJCHUCTBHIO IMAapbl AJIEMEHTAPHBIX YACTHII,
JBUOKYIIUXCS IO OAHOW OCH M O0JIaJIaloNIuX OOIIUM HalpaBICHUEM
BCKTOPOB CKOpOCTefI C MaKCUMaJIbHO AOIIYCTUMBIMH CKOPOCTIAMU V1
U Vo, TA€ V1 > Vo (PUCYHOK 8).

Vi V2
®— O
1 2

Pucynok 8 — B3aumopeiicTBue mapsl 2JeMEHTapHBIX YaCTHII,
JIBUKYIIUXCS C MAKCUMAJIbHO JOMYCTUMBIMU CKOPOCTSIMH V1 H V2

Yro npousoiinet, Koraa yactTuua 1 1oroHuT yactuiy 27
OHH pOB3aUMOJEHCTBYIOT U:

— mubo wyactuma 1 mpoineT CKBO3b dYacTUIy 2, YTO He
COOTBETCTBYET PEAJbHOCTH, TaK KaK B 3TOM CJIy4yae OHH, IO
CyTH, HE B3aUMOJICHCTBYIOT;

— mubo wyactuma | ¢ pa3aMYHOM  CTENEHbIO  YNPYroCTH
IIPOB3aMMOJEICTBYET € 4YacTULEH 2 M HEMUHYEMO IOTEPSET

61



94acTh DHEPTrUU M HMITYJIbca (B TPEICIIBHOM Cllydae W3MEHHUT

BEKTOp JBW)KCHHUS HA MPOTHBOIOJOXHBIN), a YacTHIa 2 HTaK

o0nasaeT MakCUMaJIbHOH CKOPOCTBIO, TO €CTh €€ CKOpPOCTb HE

MOXXET HW3MEHUThCA. OITO HapyllaeT 3aKOHbl COXpPaHEHUs

SHEPruu U UMIYyJbCa, a, CIEA0BaTEIbHO, HE COOTBETCTBYET

PEaAIbHOCTH.

OTUM MBI JOKa3ald TO, YTO AOCOIIOMHO éce IIeMEeHMmAaApHbLe
yacmuuvt Mupa obradarom 0OHUM MAKCUMYMOM CKOPOCHU.

Ckopocmb IemMeHmapHvlX 4acmuy nOCMOAHHA, TaK KaK MpU
MEPEMEHHBIX CKOPOCTSX MOCIEACTBUS BO3ACHCTBUSA STUX YACTHUI[ HA
YTO YrOJHO ObLIH OBl pa3nu4HbIMU. Yero He HaOmomaercs B Mupe.

Hcxons W3 WMEIOLMXCS AKCHEpUMEHTANbHBIX (akTtoB, BCE
AJI€MEHTapHbIC YAaCTHUIBl JBIKYTCS C TOCTOSHHOW CKOPOCTHIO, a
CKOpPOCTh OOBEKTOB (KOMOWMHAIIMM DJEMEHTApPHBIX YaCTHI[) HE
COBIMAJIa€T CO CKOPOCTBIO YaCTHIl, BXOJSANIMX B €ro COCTaB, IO
MPUYMHE  «XAOTHMYHOCTH»  JBUIKCHHSI DJIEMEHTApHBIX  YaCTHI]
(BEKTOpBI CKOPOCTH HMEIOT pa3Hble HampaBlIeHUS W  HET
MPUOPUTETHOTO HarpasieHus). K mpumepy, Kaxaas 3JeMeHTapHas
yacTHlla MMEET CKOpOCTb V, OJHAKO HaIlpaBJICHHE BEKTOPOB HX
JNBIDKEHUS ~ «XAOTHYHBI», TO TNpU  OOJBIIOM  KOJIHMYECTBE
AJIEMEHTApHBIX YaCTUIl MOAYJIh BEKTOPHOM CYMMBI CKOPOCTEH
«CTPEeMHTCS» K HYNIO. Takke B cioydae mpeoOiafaHus y BEKTOPOB
KaKOT0-TO HamnpaBlieHUs 00BEKT MMEET BEKTOpP CKOPOCTU TOTO Ke
HarnpaBieHuss. COOTBETCTBEHHO, €CIM BEKTOpPbl CKOPOCTH BCEX
ANIEMEHTApHBIX YaCcTHUIl OJMHAKOBO HAIPABJICHHBI, TO CKOPOCTh
oObeKTa OyzeT paBHa V.

Pasnuunvie (nepemennvie) ckopocmu s1emMeHmMApHbIX Yacmuy
npugoouny Ovl K pAasIudHblM CEOUCMBAM, XAPAKMEPUCTMUKAM U
NnOBEO0eHUI0 COCMABHBIX Yacmuy (nogedenue cucmem Obl1O0 Obl
paznuunvim) 6 OYEHD wupoxux npedenax. Ilo cymu, cocmagHnvle
yacmuysl (cucmemvl 4acmuy) 6 mMakom Cayyae MOINCHO Obiio Ovl
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cuumamyo ¢ ygepennocmoio PA3HBIMU uacmuyamu (cucmemamu
yacmuy) ¢ YHUKAIbHbIMU CBOUCMEAMU U NOGeOeHUeM. Dmo npuseo
Obl K OMCYMCMBUI0 803MOICHOCMU 0adIce YACMUYHO NPedCKa3amy
nogedenue 6Oe3 wuanuuus BCEX 3uanuti 060 e6cex uwacmuyax,
exo0sawuUx 8 cocmae makou cucmemvl. Taxoce 3mo 6vl npuseno K
NOJIHOMY OMCYMCMBUI0 Kidccugukayuy, a maxk Kak cocmag u
CKOpOCMU 2NIeMEHMAPHBIX 4aCmuy, 8X00UUX 8 COCMA8 CUCHeMbl
(obvexma) co epemeHemM MeHAIUCL Obl, MO MEHAIUCL Obl €20
ceoticmea u nogederue. Ocobo 8ax’CHO OMMemumy, YMmo K8AHMOoBble
aghgpexmobl (Hanpumep, KEAHMOBAHUE IHEPIUU) BOZMONCHLL MOTILKO
npu NOCMosSIHCMee CKopocmu dnemenmapuulx wacmuy. Kpome moeo,
HA NOCMOSHCMBO CKOPOCMU JJIEMEHMAPHbIX 4aCmuly YKA3bl8aom
NnepeHoCUUKU INEKMPOMASHUMHO20 u 2pasUMayUOHHO20
83aUMOOelicmBULL, Mo ecmb YOMOHbL U 2PABUNOHDL.

[IpencraBpTe cebe mapy aTOMOB C OJMHAKOBBIM COCTaBOM, HO
Pa3IMYHBIMU CKOPOCTSIMU BCEX JIEMEHTAPHBIX YACTHII, BXOJAAIIUX B
X cocTaB. VX moBeneHHE M XapaKTEPUCTUKUA OYAyT KapAHMHAIBHO
ornuyatbesa. Hampumep, kpacHas rpanuna ¢oroaddexra mist HUX
ObL1a OBl Pa3TUYHOM, a KpOME TOTO MEHsIach Obl BO BpeMeHu. CTouT
OTMETHUTH, YTO B PEATHHOCTH MOBEJACHUE U XaPAKTEPUCTHKH aTOMOB
MOYTH WUJCHTHYHBI, 2 OTIIMYHUS CBSI3aHBI C Pa3IMIMSIMH B COCTaBEe U
(hazax B3aUMHOTO BpAIllEHUS CUCTEM JJIEMEHTAPHBIX YaCTHII.

Ecnu anemenmaphnvie uacmuyst obnadanu 61 nepemenHoll
CKOPOCMbI0, MO UX dHepeemudeckull cnekmp Ovli Obl HenpepblHbIM
U UMen B03MOACHOCMb NPUHUMAMb HYJIe80e 3HAYeHue Npu Hy1eeou
cKopocmu, 4mo, UCX00s U3 Gpakmos, He COOmMEemcmayem
PeanbHOCmu.

Ilpu nepemennoii ckopocmu 6cex INeMeHMAPHBIX YACMUY 6CE
ceolicmea u XapaKmepucmuku CUcmem 3>J1eMEeHmAapHulX 4acmuy
oaxrice ¢ OOUHAKOGBLIM COCMAGOM MO2IU 0Obl KAPOUHAILHO
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omauuamvbca U OUHAMUYECKU MEHAMbCA 60 6PDEMEHU, YMO He
coomeemcmeyem peaibHOCmu.

[Tpenionoxum, 4TO JIMILIL HEKOTOPBIE JIEMEHTAapHbIE YaCTUILIbI
00/Ialal0T  TMEPEMEHHOHl  CKOPOCTBIO, 3HAUUT OT  BEJIUYUH
IIEPEMEHHBIX CKOPOCTEM DJIEMEHTapHbIX YaCTULl JWHAMUYECKH
3aBHUCST CBOMCTBA CUCTEMBI, B KOTOPYIO OHU BXOJT.

[IpenmonokuM,  4YTO ~ CBOMCTBA  CHCTEMBI  MEHSIOTCS
HE3HAUYUTEJIIbHO U TaKUe CUCTEMBbl (HallpUMep, aTOMbl, NPOTOHBI,
JIEKTPOHBI) MOXKHO CYMTaTh YCIOBHO OJIMHAaKOBBIMH, HO B
JEHCTBUTEIILHOCTH OHU pa3Hble. Hanuuue nepeMeHHbIX CKOPOCTEN Y
YCIIOBHO 3JIEMEHTApHBIX YacTHI] («3JEMEHTApHBIX», CHUCTEMBbI
AJIEMEHTApHbIX YacTHIl), HApuUMep, aTOMa, IPOTOHA, 3JIEKTPOHA,
KBapKa M T.J. YKa3blBa€T Ha TO, YTO IIPU HYJIEBOH CKOPOCTH
«QJIEMEHTApHON» YacTHILIbI (YAaCTHULIA ITOKOUTCS) OOJIyueHHe JaHHOU
YacTUIbl B3aUMOJCHCTBYIOIIMMU C HEH YacTHLAMHU (Hampumep,
¢oToHaMHU) MPHUBOAUT K TOMY, UYTO SKCIEPUMEHTAIbHbIM aHaIn3
OTPaKEHHBIX YacTHUL] I[O3BOJISIET ClelaTb BBIBOJ O TOM, YTO
CTPYKTYpa «3JIEMEHTAapHOW» YaCTHIBl HE JIOKaJIbHA, TO €CTh MMEET
CIIO)KHYIO CTPYKTYPY (BO3MOKHBIE BapHUaHTBI: CJIOKHAs T€OMETpPHUS
YacTULIBl WM YacTHUIIA — CHUCTEMa JJIEMEHTapHBIX YacTHIl) U He
¢ukcupoBaHa, TO €CTh MEHSETCS BO BPEMEHH (BO3MOXKHbBIE
BapUaHTHI: YACTULIA SIBJISETCS CIIOKHBIM IMHAMUYECKU MEHSIIOLIMMCS
00BEKTOM MJIM YaCTULA — CHCTEMa 3JIEMEHTapHBIX YacTHUIL).

Cmoum  ocobo  ommemums, YmMO  OMICYMICIMEYIOM
IKCnepumenmanbHvle GaKkmol 00 «UCHE3HOBEHUU) U (NOAGICHUL)
vacmuy Mupa, a, credosamenvno, pacceanue, noOiOwieHuUe,
usjiyuenue u m.0. AGNAIOMCA HU YeM UHbIM, KAK UIMEHEHUEeM
cocmaea cucmembsl IJ1EMEHMAPHBLIX YACMUY, 4 HE MUCIMUYECKUM
«npespawieHuem» «INeMeHmapHoi) Yacmuybl.

[IpenmosioxkeHHEe O CIIOXKHONW TE€OMETPUM M JUHAMUYECKOM
U3MEHEHUHU CTPYKTYPBI «3JIEMEHTAPHOW) YaCTULIbI HE COOTBETCTBYET
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peasibHOCTH Onaronapsi (hakTaMm «IpEeBpAIEHUs» «IIIEMEHTAPHBIX)
YacTHUIl B JPYTH€ 4YaCTUIBL. JTO O3HAYaeT, 4YTOo OOIydaemas
«QJIEMEHTApHAas» YacCTULA HE SIBISETCS JIEMEHTAPHOW, @ CUCTEMOM
9J€MEHTapHBIX YaCTHIl, KaXJgas U3 KOTOPBIX JBIKETCA CO
3HAYUTEIBHOW CKOpPOCThIO. Takke Ha 3TO YKa3blBaeT, HAIpUMED,
MIOTJIOIICHUE AJIEKTPOHOM (POTOHOB, KOTOPBIE, TIO BCEH BUIUMOCTH,
BXOJIAT B €T'0 COCTaB.

B ciyyae »7eKTpOHOB, KBapkKOB M T.A. HET JIOCTaTOYHOH
TOYHOCTH [UIsl ONpPENENICHHUS WX CTPYKTYpbl, M KakK BbIIIE ObLIO
CKa3aHo, HAIPUMED, JICKTPOH MOTJIOMACT U U3TydaeT (POTOHBI, YTO
YKa3bIBa€T Ha TO, YTO OHU BXOJAT B ero coctaB. Kpome Toro, mpu
QHHUTWISIIIUU ~ DJIEKTPOHA M TO3UTPOHA  «3a4acTyi» (mpu
OIIpe/IeNICHHBIX SHEPIUSIX) MOTydaeTcs (BbLAEISAETCS, pAaCCEUBAIOTCA),
M0 TEKYIIMM JaHHBIM, TOJIbKO HECKOJbKO (POTOHOB, 4YTO
CBUJETENHCTBYET 00 OTCYTCTBHH B COCTaBE AJIEKTPOHA U MO3UTPOHA
YacTHUIl C MEPEMEHHON CKOpOCThbIO. B NEHCTBUTENBHOCTH, TIO BCEM
BUJIUMOCTH, TPU AHHUTWIALMHM BBIIETSAIOTCS €l1€ KaKk MHHUMYM
TPaBUTOHBI.

Ha Ttexymuii MOMEHT Hem OJKCHNEPUMEHMANbHLIX (HAKMOB
HAXOMCOEHUsT He  «Npespawaromyuxcsay JNeMeHmMAapHblX —Yacmuy
(OeticmeumenbHO 1eMEeHMApPHbIX) C NEPEMEHHOU CKOPOCHbIO.

PaccMOTpUM ~ MBICIIEHHBIH ~ 3KCHEPUMEHT,  OINPOBEPraroIIni
BO3MOXXHOCTh CYIIECTBOBaHUSI B HamieM Mupe ocoboro kiacca
3J€MEHTApHBIX YaCTHUIl ¢ IEpEMEHHBIMH cKopocTsiMu. Ha pucynke 9
MPEACTABICHO TUMOTCTUYECKOE B3aMMO/ICHCTBHUE MEXIY
aJeMEeHTapHOU yacTulien 1, obmagaromieii MoCTOSTHHOW CKOPOCTHIO, U
3JIEMEHTAPHON YaCTHUIBI 2 C IEPEMEHHOU CKOPOCTBIO.
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b) <X
m m:

Vi1 . Vz.
1 2

) 4aCTHIIBI 10 B3aUMOAEUCTBHS; D) 4aCTHIIBI [TOCIIE B3aMMOICHCTBHS

1 — gacruia, obagaromas MOCTOSHHON CKOPOCTHIO;
2 —YacTuIa ¢ IepeMEHHON CKOPOCTHIO
Pucynox 9 — B3anmoneiicTBrie mapbl 31eMEHTapHBIX YacTHUII, OJHA U3
KOTOpBIX 001a/1a€T MOCTOSIHHON CKOPOCTbIO, a Jpyras NepeMeHHON

Hcxons w3 Toro, uro dactuna | oOnagaer MOCTOSHHOU
CKOPOCTBIO, TO €€ JHEPIHsl COXPAHUTCA MOCIE B3aUMOACIHCTBUA, a
BEKTOp MMIYJbCa CMEHHUTCS Ha MNPOTHUBOMOJOXHBIA. Mcxoms w3
3aKOHA COXPAaHEHHUs UMITYJbCa, CKOPOCTh YACTHULbI 2 U3MEHUTCH, U,
HampuMmep, mpu My > 2Mj TOJXYYUM Vi > Vo, a, COOTBETCTBEHHO,
OyJeT HapyIlleH 3aKOH COXpPaHEHHUs SHEepPruu. BaXHO OTMETUTH, UTO
MPHU JIFOOBIX MPOYUX COOTHOIICHHUSIX MAcC U CKOPOCTEH HapyIIeHHE
3aKOHOB COXpPAaHCHUA HUMITYJIbCa n OHEPIrun COXPAHACTCH.
EnuHcTBEeHHBIN cilyyall COXpaHEHUsI 3aKOHOB COXPAHEHUS SHEPTUU U
UMITyJIbCa — KOTJa My = M3 U CKOPOCTh OOOMX D3IEMEHTAPHBIX
YacTHUI] paBHA Vi U HE MEHSETCS MPU B3aUMOJEHCTBUM, a MEHSETCA
JIMIIb HAIIPABJIEHUE BEKTOPA.

Bcé 9310  O3Hawaer, 4UYTO Hem  peanvHLIX  (Pakmos
CYULeCmeo6anus  INEeMEHmMAapHbIX YACmuy ¢ nepemMeHHbIMU
CcKopocmamu.
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Ilpu paznuunoii ckopocmu 31eMeHMAPHLIX YACMUY, UM 02 Dbl
661 maxoe — 3AKOHHBIH XAOC, mo ecmbv xoms 3aKoHwl u
yacmuyst me xiece, Ho nogedenue BCEI'O ¢ Mupe necmaounvhno u
HenpeocKazyemo 60 6pemMenu Ha RPAKMuUKe.

B wrtore mnonyudaem, uto BCE jnemenmapnvie uacmuywl
oonaoarom 00OUHAKOBOU U ROCHOAHHOU CKOPOCMDbIO.

[To cytu, mo OAMHAKOBOW CKOPOCTH YACTHI[ MOXHO JAeNaTh
MpelBapUTeNIbHbI  BBIBOJ 00 uX dsineMeHTapHOcTH. OJHAKO
BO3MOXXHA CUTYallMsl, KOT/Ia CHUCTEMa 3JIEMEHTAPHBIX YACTHI] MOXKET
obmajgatb OOMmMM HampaBieHHeM (BEKTOPOM) H  OJMHAKOBOM
CKOpPOCTbIO, HO OHa BCE ke cucrema. Kpome Toro Bo3MOKHO, UTO B
TaKyl0 CHCTEMY BXOJAT 3JIEMCHTAPHBIC YACTHUIIhI, CBS3BIBAIONINC €€
BOCJMHO (YaCTHUIBI «CBS3W»), KOTOPBIC HAXOJATCS B HEUTPATLHOM
COCTOSIHUM  (KOMIIGHCAIMsl TMPUTSHKEHUST W OTTaJKUBaHUs) W
OKa3bIBAIOT BIUSHUE JIUIIb MIPH BO3ACHCTBUU Ha cucTemy. [Ipu aTom
YacTULIBI  «CBSI3W» JOJDKHBI  00JafaTh CKOPOCTBIO  Oouiblieit
(JloruyHee MHOTO OOJBINIEH), YeM CKOPOCTh CHCTEMBI, YTO BPSJ TN
BO3MOXXHO, TaK KaKk MaKCHMajbHasi CKOPOCTh Y BCEX YACTHUI[ OJTHA U
Ta )xe. Domon He r31emeHmapen, Tak Kak ero SHeprusi KBaHTyeTcs,
HO T10 UMEIOIUMCS (haKTaM CJIOKHO CKa3aTh BXOJST JIM B €0 COCTaB
YJACTHIIBI «CBSI3M». BO3MOXKHO, 4TO B cOCTaB (DOTOHA BXOIHT TOJBKO
OJIMH THUI 3JIEMEHTAPHBIX YaCTHUIl, & UMEHHO OJMH WJIH, KaK MPaBHIIO,
MHO>KECTBO KBAaHTOB-()OTOHOB C OOIIMM BEKTOPOM CKOPOCTH.
Opnako Mano (akToB, 4YTOOBI B3BEIIEHHO CYIUTH 00 ATOM.

BaxxHO OTMETUTB, YTO 27100a1bHBIL AHATU3Z «NPECPAULEHUIL)
cucmem 4acmuy Modxcem HO3601UMb JIyuuie NOHAMb U3 KAKUX
Inemenmapnvix yacmuy cocmoum Mup. 11o cytu, danusiit ananus
MOJHCem n0360J1UMb 6blOCIUNL UMEHHO J1IeMEeHMAapHble YaACmUuLybl,
a He ux cucmemvl, HeKOmMoOpvle UX KOMOPHLIX HA MeKYUiUil
MOMEHM CUUMAIOMCA (I1EMEHMAPHLIMUY .
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Ocnogy mamepuu (K6apKu u J1enmoHsvl), no 6celi 8UOUMOCHIU,
cocmaenam GomoHsl, MaK KAk HA MO YKA3bI6AIOM pA3IUiHble
IKCHEePUMEHMbl AHHUSUNAYUU (Hanpumep, 1eKMpPOH-NO3UMPOHHOU
naput). Bo3MOXHO, UTO OCHO8Y HEUMPUHO COCMABIAIOM SPABUINOHDL.

HeI[peprBHOCTL MPOCTPaHCTBA U BPEMECHU

[Ipenmnonoxum, YTO NOPOCTPAHCTBO KBAHTOBAHO, a BpeMs
HeNnpepbIBHO. Torna KOHKPETHAs YacTULla WK €€ KOHKPETHAs TOYKa
HaxOJUTCs B OINPENCICHHOW KBAaHTOBOM TOYKE MpOCTpaHcTBa. IIpu
W3MECHEHUU BPEMEHHM HAa MAJIYIO BEJIMYHMHY, CTPEMSIIYIOCA K HYIIIO,
pu J1t000H CKOPOCTH YaCTHIBI OHAa U3MEHHUT CBOM KOOPJMHATHI HA
KpailHE Majible BEJIMYMHBI, TaKXe CTpeMdAlluecs K HYy/Iw, a,
COOTBETCTBEHHO, YaCTHIIa OCTAHETCS B TOM K€ KBaHTOBOM Touke. I1o
MPUYMHE TOTO, YTO YaCTHIAa HAXOJMUTCS B OTOH KOHKPETHOM
KBaHTOBOH TOUKe, Yepe3 JIF000e KOJINISCTBO H3MCHCHHUI BPEMEHHU Ha
MaJIYIO BEJIMYMHY, CTPEMSLLYIOCS K HYJIIO, YACTUIIA TAKXKE OCTAHETCS
B JJAHHOW KOHKPETHOW KBAHTOBOW TOYKE, YTO HE COOTBETCTBYET
pEanbHOCTH.

IIpenmnonoxum, 4YTO MPOCTPAHCTBO HENPEPHIBHO, a BpeMs
KBaHTOBaHO. B TakoM ciyyae 0OBEKTHI WM AIIEMEHTapHbBIE YACTUIIBI
OyIdyT KaXIblii pa3 B3auMOJEHCTBOBaTh MO-pasHoMy. Hampumep,
CHJIa B3aUMOJICUCTBUS MEXIYy TMapoil AJIEKTPOHOB B aOCOIIOTHO
WJICHTUYHOM CHUTyallUHM 3a WCKJIIOYCHUEM HAYaJIbHOM 3aCE€UKH
KBAaHTOBAHUS BPEMEHH Oy/IET pa3InyHOM, a Takke OyAyT pa3IudHbI
WMIYJIbChl B KaXXJIOH OTAECIBHON CUTyalluH W3 PSAJa UICHTUYHBIX
CUTyalluii. DTO MPOU30MIET W3-3a TOTO, YTO PACCTOSHUS MEXIY
JJIEKTPOHAMH TP  KBAaHTOBAHWM  3aC€YCK BPEMEHH  OyIyT
Pa3IMYHBIMU IS KaKJI0I0 OTIEIBHOIO Ciiyyas. B urore nonoxxenus,
CYMMapHbIE  CHWJIbl, HUMIYJbChl WIM  NEepefada  dHEPruu
B3aMMOJICHCTBUS ANl JIOOBIX OOBEKTOB WM 4YacTHI OyayT
pa3IMYHBIMHU, a, CIIeJIOBATEIbHO, HAIPUMED, HE OYAET BBITIOIHATHCS
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3aKOH KBAaHTOBAHUS SHEPTUU U B3aUMOJICHCTBYIOIINE 3JIEMEHTAPHBIC
YaCTHUIIbI, JIETALIME IO TEPECEKAIOIIMMCS TPACKTOPUSAM, HMHOTAA
OyayT MPOXOIUTh CKBO3b NIPYT JPYyra, 4TO MO MMEKIIUMCS (hakTam
MIPOTUBOPEYUT PEATTLHOCTH.

Tenepp paccMOTpuM ciay4yail KBAaHTOBaHHUS MPOCTPAHCTBA U
BpeMeHH. B 1gaHHOM ciy4yae KOHKpeTHash 4dacTulla WId ee
KOHKpEeTHasi TOYKa HAaXOJIUTCS B OINpEAeTCHHOW KBAHTOBOM TOUKe
npoctpanctBa (pucyHok 10), a KpoMe TOro BpemMs HMEET
JUCKPETHBIE 3HAUCHUS Yepe3 ONpe/ielIeHHbIE HHTEPBAIIBI.

Pucynok 10 — DnemeHTapHas 4acTHIIa WIM KOHKPETHAas TOUKa,
MpUHAJIeKalas i, B KBAHTOBAaHHOM IPOCTPAHCTBE

Ecnu  ckopocTH  3JIeMEHTapHBIX YacTHL[ BapbUPYIOTCA B
ONPEACICHHOM UHTEPBAJE, TO 3a OJIMH U TOT K€ BPEMEHHOM 1Iar OHU
MPOMAYT pa3jIMUHbIE PACCTOSHUSA U NMPAKTHUYECKHA BCE HE NMOMNAAYT B
KBaHTOBBIE TOYKH. B 3TOM ciydae gaxe €CIu NPUHATh, UTO KaKaast
JIIEMEHTapHAasl YacTHIA OKaXEeTCsl B ONFKalIedl K Hell KBaHTOBOM
TOYKE MPOCTPAHCTBA, TO BO3HUKHET Macca OIIMOOK OKPYTJIEHUS,
KOTOpBIE OyIyT pacCMOTpEeHbI o3Hee. Eciu cuntarh, 9T0 CKOPOCTH
AJIEMEHTAPHBIX YaCTHUI[ TMOCTOSIHHA, TO IPH COBIAJCHHH BEKTOpA
CKOPOCTHM YaCTHIBI C OCbIO X cucteMa OyneT KOPPEKTHO
(GYHKIIMOHUPOBATh, OJHAKO MPU HAIWYUK YIJIa o YacTUIA HE
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JOCTUTHET HU OJHOIN KBAaHTOBOW TOYKH HJIH, TP OOJIBIION BEIUYHHE
dt, nmpakThueckum Bcerga He OyneT Momagath B KOHKPETHYIO
KBaHTOBYI0 TOYKY. OTO OIATh NPUBOAUT K TOMY, UYTO Kaxaas
JJeMEHTapHasl YacTUlla OKaKeTCs B Onmmxkaliiell Kk Hel KBaHTOBOM
TOUYKE IPOCTPAHCTBA U, COOTBETCTBEHHO, OIIMOKAM OKPYIJICHHSL.

PaccmoTpum  ommOku  okpyriieHus — nojapooOnee.  Ecim
JJIEMEHTapHasl 4acTULAa MOKET HAaXOOUThCS TOJBKO B KBAaHTOBBIX
TOUYKaxX IPOCTPAHCTBA (COIJIACHO KBAHTOBAHUIO NPOCTPAHCTBA), TO
IIPU MaJIBIX yIJIax o 3JIEMEHTapHas 4acTula OyJaeT IBUIraThCs Cyryoo
II0 OCH X, TaK KaK KakJas CJIeAyollas KBaHTOBAas TOYKAa HUYEM HE
oTIMYaeTcs oT mpenpaymei (pucyHok 11). [Tomydaem, 4To BEeKTOp
JNBIDKEHUST JIIOOOM  DJIEMEHTApHOM YacTUIIBl B  IMPOCTPAHCTBE
OTpaHHUYEH OIPE/ICJICHHBIM KOHEUHbIM Ha0OpOM HaIlpaBJICHUMN, YEro
HET B pealbHOCTU. B uTOre HaszoBeM 3Ty OMIMOKY — OIIMOKON
OrpaHUYEHHOr0 Habopa yTJIoB.

X

Pucynok 11 — B3anmopaeiicTBie 31€eMEHTApHBIX YaCTHIL B
KBaHTOBaHHOM IIPOCTPAHCTBE

Oco00 cTOUT OTMETUTh, YTO B CiIydae, MpPEICTaBICHHOM Ha
pucynke 11 (mpu mMansIx yriaax o u f3), Ipou3ouaeT Iubo «1000Boe»
CTOJIKHOBEHHE JJIEMEHTapHbIX YacTUl, JHUOO 3JIEMEHTapHbIE
YacTULIBI TPONAYT CKBO3b JpPYr JApyra, 4TOo HE COOTBETCTBYET
peasibHBIM (akTaMm. bosiee TOro npu AUCKPETHOCTH MPOCTPAHCTBA U
BPEMEHH BCE€ PE3yNIbTaThl B3aUMOAECHCTBHS AJIEMEHTAPHBIX YaCTHUI]
OpU pa3IMyHbIX, HO MajbIX yriaax o u B Oyayr aOcoIIOTHO
OJIMHAKOBBIMM, UTO HE COOTBETCTBYET HAOIIOaeMbIM (hakTam.
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IIpp 1NpOXOXKACHUM HAIpaBICHUSA II0JE€Ta JJIEMEHTapHOU
YaCTHUIbl YePe3 KBAHTOBYIO TOUKY IIPOCTPAHCTBA, HO HE IIOIAJaHNUH B
HEEe 3a BPEMEHHOH I1ar BOHUKAET €I11e OJlHA OIIMOKAa OKPYIJICHUs, a
MMEHHO OIIMOKa HApyIICHUs MOCTOSHCTBA CKOPOCTH 3JIEMEHTapHOU
YaCTHUI[bl, TAaK KaK HEOOXOIUMO JIMOO YCKOPHUTb, JIMOO 3aMEIIUTh
JJIEMEHTAapHYI0 YacTHLy I TOYHOIO IIONAJaHUs B KBAaHTOBYIO
TOuKy. COOTBETCTBEHHO B TAaKOM Cllydae HAPYIIAKOTCA HE TOJBKO
3aKOHbl COXPAaHEHMs HMIIYJIbCa M SHEPrHuHM, HO U BOOOLIE MOXKET
ObITb M3MEHEHA II0CJIEJOBATEIIbHOCTh B3aUMOJEHCTBHUS MEXIY
AJIEMEHTAapPHBIMU YacCTHI[AMH. DTO NMPUBOAUT K HAPYLIEHUIO 3aKOHOB
B3aUMOJCUCTBUSA U UX PA3JIMYHBIX IOCIEICTBUIX B 3aBUCUMOCTH OT
HallpaBJICHUN  BEKTOPOB  JJIEMEHTAPHBIX  YacTUL, YTO  HE
COOTBETCTBYET MMEIOLIMMCS HAyYHBIM (PaKTaM.

B pesynprare ommbOka orpaHuyeHHOro HaOopa YIJIOB Ha
IIPAKTUKE INPUBOAUT K JUCKPETH3alMM HAIIPABICHUN BEKTOPOB
JIEMEHTApHbBIX YAacCTHII, YTO Jierde Bcero HallroAaTh, K IpUMEpY,
IIPU U3YYEHUH U3JIYYEHHUs OT JAJEKMUX 3BE3J U TaJIaKTHUK, YEro HET B
PEaIbHOCTH, 4, CIEA0BATENbHO, HET JUCKPETU3ALMH IIPOCTPAHCTBA U
BpemeHH. KpoMe Toro ommoku oKpyriaeHus: MpUBOJAAT K MOTEPe WU
MPUOOPETEHUIO SHEPTruu 3JIEMEHTApHOM YaCTUIbl WU CHCTEMBbI
YaCTUL, 4YTO IPUBOAWT, HANPHUMEpP, K HAPYIICHHIO 3aKOHa
COXpaHEHMs DHHEPrud TMpH  B3aUMOJCHCTBUM  J00OW  mapsl
JIEMEHTApPHBIX ~ YaCTHIl MM K OTCYTCTBHIO  CTaOMJIBHOCTH
TPAaeKTOpUi BpalleHUsl JIOOBIX CHUCTEM 3JIEMEHTapHBIX YaCTHII,
TaKMX KakK aTOMbl, IUIAHETBbl, 3B€31bl M TaJaKTUK{, YTO HE
COOTBETCTBYET PEATbHOCTH.

B wurore, ucxons u3 umeroumxcs (pakToB, MOKHO YTBEP)KIATh,
4T0 npocmpancmeo u epema ¢ Hauiem Mupe nenpepvigHvl (HE
JTUCKPETHBI).
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«BosHOBBIE» CBOMiCTBA «QJIEMECHTAPHBIX» YaCTHUIL

«Bonnoevien ceoiicmea «3n1emMeHmMapHvIX» UACMUY MONCHO
00bACHUMb npu  npeocmasieHuu vacmuy cy2yoo 6 euoe
Kopnyckya. B ocHOBe 5SKCHEpUMEHTalbHON 0a3bl «BOJHOBBIX)»
a¢pdexToB nexar sABAeHUsA uHTEepdepeHuMH, TUpPAKIUH U
noJsispu3anuu. Bo-nepBbIX, CTOUT OTMETHUTD, YTO (hOMOH, INEeKMPOH
U MHOZUe Opy2ue «3J1eMEeHmapHsvley Yacmuybl HA camom oeje He
aenaomea Inemenmapuvimu. 1lo 3TOM nHpUuUMHE, K NpUMEDY,
sHeprus GoToHa KBAaHTYETCS.

[IpencraBuM ¢GOTOH B BHJIE IUIOCKOH «IUTACTUHKW» (CHCTEMa
YacTHUIl, IPEICTABISIONIMX B CyMME BeCchbMa IUIOCKUN IHCK), TOTJa
SIBJICHUE TIOJISIPU3AIMK CBETA CTAHET MOHATHBIM U BEChMa MPOCTHIM.
I[lo cyru, mnpu nNapauIETPHOCTH «IUIACTUHOK» M aTOMHOM
KPUCTAINTIMYECKOW  CTPYKTYphl ~ BellecTBa  OCHOBHAasi  4acTb
«IJJACTMHOK»  OECHpEensTCTBEHHO IPOCKaKMBAaeT MOJSApPOU[, a
OCTaBIIASICSl YAaCTh BCE-TAKU «HATBIKAETCS» HA aTOMHYIO CTPYKTYpY.
W ecnu ke mocTaBUTh BTOPOM MOJSPOUA C MEPHEHAUKYISIPHBIM
HaIpaBJICHUEM aTOMHOW CTPYKTYPBI, TO €CTECTBEHHO «IJIACTUHKN»
(OTOHOB yHapsATcst 00 aTOMHYIO CTPYKTYpPY M HE NMpOWIyT BTOPOH
MIOJIIPOU .

Kpome Toro, MokHO cka3aTbh, YTO (DOTOHBI pa3HBIX PHEPruit (c
pPa3HbIM KOJMYECTBOM JJIEMEHTApHbIX YacTHI], BXOASIIUX B HX
COCTaB) OTJIMYAIOTCSA PATUYCOM «IUIACTUHKH», YTO U NPUBOAUT K
TOMYy, 4YTO (OTOHBI pa3HOM OdHepruum («IJIMHBI BOJHBDY WU
«4acTOThI») BenyT cebsi mo-pazHomy. DOTOHBI ¢ GoMbIIeH SHEprUeit
(OoNMBIIMM KOJIMYECTBOM 3JIEMEHTApHBIX YaCTHUI] B COCTaBe), IO BCEH
BUJIUMOCTHU, 00J1a/1al0T MEHBIIIUM PATUYCOM «IIJTACTHHKUY, & 3HAYUT,
OHM JIEr4e MPEONO0JIEBAIOT mpensarcTBusd. M mo sToil mpuyuHe
OJIMHAKOBBIM pazMep NMPENSATCTBUS WM ILEIN BIUSET HA pa3Iu4HbIE
«TUTACTUHKUY» (POTOHOB MO-PA3HOMY.
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Humepgpepenyua u ougppaxyua ceema — nepepacnpedenenue
UHMEHCUBHOCMU  (POMOHHO20  HNyYKa 6  NPOCMPAHCHEe
6nOC1e0CmMEUU  63AUMOO0CIICMEUA C NPEenAmcmeuem(amu) uiu
wenvo(amu), a maxkxce ¢ OUCKPemHOU (KeaHmMOoBou, He
HenpepvleHoll) cmpyKmypou eeuwjecmea u pomona. TemHas Touka
WJIM T0JIOCA YKA3bIBAE€T HE Ha «HAJ0KEHHE» BOJIH, 4 HA OTCYTCTBUE
(¢hoToHOB B naHHO# oOmact. Eciu Obl «BONHBIY HAKIAABIBAIUCH, TO
BO3MOXKEH OBUI OBl DJKCHEPUMEHT 110 HEUTpaIHM3allud JIBYMS
CBETOBBIMM IIydKaMu Jpyr Jpyra, 4Yero HET Ha IpaKTHUKeE.
HenuneiHOCTh reoMeTpuM CBsi3aHAa C KBAaHTOBBIMM CBOWCTBAMHU U
CTPYKTYpO#l (POTOHOB U TIPETIATCTBUH.

WNurtepdepentus u audpakuus APYrUX YaCTUIl AHAIOTHYHA.
Bonabl u uaTepdepeHIms «MaKpOOOBEKTOBY — )KHIKOCTEH, TBEPIBIX
TEN U ra3oB CBSI3aHa C K3MCHCHHUEM M HaJIO)KCHHUEM UX IUIOTHOCTEH U
COOTBETCTBEHHO JIaBJICHHI.

PaccMoTpuM 3KCnEepUMEHT MO MoJydeHHIO Kosen HproToHa B
3a30pax Majod TONIIMHBI (JIMH3a — IJIOCKasl TiiacTuHa). OnucaHue
JKCIIEpUMEHTa cMOTpuTe B riaBe «KpaTkoe omucaHue IIHPOKO
H3BECTHBIX KOHIICTITITAH u AKCIIEPUMEHTOB. [Tonyuaem
UHTEP(DEPEHIIMOHHYIO KapTUHY B OTPAXEHHOM U IPOXOJSIIEM
CBETE, OJIHAKO, MPU HAJIOKEHUHU ITUX KAPTUH TMOJy4aeM KapTUHY C
OJIMHAKOBOM WHTEHCHUBHOCTBIO. (c000 CTOUT OTMETUTH, YTO
MaJeHus] MHTEHCUBHOCTH B TOJOOHBIX OJKCIEPUMEHTaX HET, a
3HAYUT, POTOHBI HE KOMIIEHCUPYIOT JIPYT APYra, KaK MPeaaoKeHO 1Mo
(dbopMyIaM CIIOKEHHS BOJH, a IEPEepacpe/IeNIIIOTCs B IPOCTPAHCTBE.
CooTBeTcTBeHHO (OpMYyNIBI HHTEP(PEPEHIIMM BOJIH HE OTPAXKAIOT
¢dbusuKky mporecca.
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CTa0MJIbHOCTH CHCTEM 3JIEMEHTAPHBIX YaCTHIL

Cmabunvhocms  cucmemsvl INEMEHMAPHBIX  YACHMUY — —
omcymcmeue camonpou’8oibHo20 (He BblHYIHCOEHHO020) pacnada
cucmembul J1eMeHMAPHBLIX Yacmuy,.

Paccmotpum, yto Oynmer, eciu BCEe CHCTEMbl HECTAaOWIIbHBI.
Hecmabunwvhole cucmemsvl 31eMEeHMAPHBIX YACHMUY 6 UHO2E
«pacnadaomcay Ha Inemenmapuvle uacmuysvl. JIoBOAbl «3a» —
U3JIy4yEHUE 3BE€3]l, YEPHBIX JbIP, & UMEHHO M3JIy4EHHE MaKpOTelaMu
IPaBUTOHOB, (DOTOHOB, aTOMOB M MPOYUX CHCTEM DJIEMEHTaPHBIX
yacTull. MHMMass CcTaOMIBHOCTb BO3HUKAET M3-3a HAJIWYUSA
3HAYUTENBHOTO 3amaca 3JeMEHTApHBIX YacTHI[ W/UIU TOMOJHEHUS
OKPY>KaIOIIUMHU 3JI€MEHTAPHBIMU YaCTUIIAMHU.

Tenepb paccMOTpUM, YTO OYJIET, €CIU CYHIECTBYIOT CTaA0MIbHbBIE
cucreMbl. Cmaounvnvie cucmemvr HHYEI'O ne usnyuaiom.
JloBOIBI «3a» — CTaOMIBHOCTH (JOTOHA, BO3MOXKHO MPOTOHA, aTOMa
WIH JJa’Ke MaKpoTesa IMociie HCTOIEHHs ()OTOHOB, TPAaBUTOHOB H T.JI.
HecrtabunpHocThb BO3HUKAET u3-3a HEIOCPEICTBEHHOTO
B3aUMOJICHCTBUSL C OKPYXKAlOIIMMHU CHCTEMaMHU 3JIEMEHTapHBIX
YaCTHUIL WM OTAEIbHBIMH YIEMEHTAPHBIMU YaCTULIAMHU.

K coxaneHnto, OCHOBHasi 4acCTb JKCIIEPUMEHTAIBHBIX JAHHBIX
MOJKET TPaKTOBaThCsl B 00e cTopoHbl. Hanbomnee nosesna B 1aHHOM
ciiyyae MH(OpMaIus, MOIydYeHHass OT APYTHX 3BE3JHBIX CHUCTEM U
rajakTuk. @uKcupyeMble B MPUXOAIIEM OT HUX U3Iy4eHUH (POTOHBI
HE CBUJETEIBCTBYIOT O cTa0mwibHOCTH cucteM. Kocmuueckoe
MIPOCTPAHCTBO HAIIOJIHEHO MHOKECTBOM YaCTHUIl, TAKUX KaK (OTOHBI,
IPaBUTOHBI U T.J., KOTOPbIE BO3MOXKHO CTaOMJIM3UPYIOT COCTOSTHUS
CHCTEM 3JIEMEHTapPHBIX YaCTHII.

[Tpenrosnoxum, 4TO CUCTEMA DIIEMEHTAPHBIX YaCTHIL, HAIIPUMeEp,
JeTsImas U3 Ipyrou ralakTHKH, «paclagaeTcsy», TO €CTh TEPSIET OAHY
WIM HECKOJBKO JJIEMEHTApHbIX YacTHUIl. 3aTeéM CUCTEMa BHOBb
coOupaercs, BOCHOJHSS MOTEPSHHBIE 3JEMEHTapHble YacTHIIBI U3
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JPyroro UCTOYHMKA, TaK KaK cama 1o cebe cucrema coOpaThCs yke
He crnocoOHa. Torma cucremMa CMEHUT TpPAaeKTOPHIO (UCXOIs U3
3aKOHA COXPAHEHMs UMILYJIbCa), YTO XOTS U HE BCETJa, HO BO3MOXKHO
Habmonate. McxoAst M3 WM3BECTHBIX [AHHBIX, TAKUX SBICHHHA IO
KpailHe Mepe Uil psiia CHUCTEM JJEMEHTapHBIX 4YacTHL He
3aUKCUPOBAHO, HO TOYHOCTh M3MEPEHUN OCTaBISET JKeJaTh
Jy4liero. To MOATBEPKAAeT BO3MOKHOCTbh HaJIMUUsl CTAaOUIBHOCTH
HEKOTOPBIX CUCTEM 3JIEMEHTAPHBIX YACTULL.

OpHako He CTOUT 3a0bIBaTh PO BO3MOKHOCTh HAJIMYUS MHUMOI
CTaOMIIBHOCTH, YTO, B CBOIO OYepenb, M HE TO3BOJISET CHENaTh
OJIHO3HAYHOE 3aKJIIOYEHHE O CTAOMJIBHOCTU CHCTEM AJIEMEHTapHBIX
YacTHLI.

B pesymbrate = HEMOCPEACTBEHHO  corjacHO  (hakram
CTaOUIILHOCTh HEKOTOPBIX CHCTEM AJIEMEHTAPHBIX YACTHI] BO3MOXKHA.
Opnako B3aMMOJEUCTBUS B JIFOOOH CHUCTEME JIEeMEHTapHBIX YaCTHI]
OCYUIECTBJISIETCS TIOCPECTBOM 3THX K€ JEMEHTApHBIX YACTUL. IJTO
O3HayaeT, YTO Ul HaJU4Yus CTAOMIBHOCTH CHCTEMbI 0053aTeNbHO
HaJM4Me dJIEMEHTApPHBIX YaCTHUIl — «KYPBEPOB», KaXKJas U3 KOTOPBIX
KypCHpPYET MEXK]y OJHOW M TOW k€ Mapoil 3JIEMEHTAapHBIX YaCTHII,
OCYHIECTBIAA B3aumojencTeue. lIpu 3TOM «Kypbep» HHUKOTIa HE
JOJKeH TMOKMHYTh 3Ty mapy (IpuU OTCYTCTBUM BO3JEHCTBUII Ha
CHCTEMY), UHaye OH HMMEET BO3MOXHOCTb BBIJIETETh 3a IPEIEibl
CHCTEMBI U TEM CaMbIM HapyIIUTh cTaOMiIbHOCTD. [10o mpuumHe TorO,
YTO BCE DJIEMEHTApPHBIC YaCTULIBI JBUKYTCS C ONPEIEICHHBIMU
IIOCTOSIHHBIMM ~ CKOPOCTSIMH, TO «Kypbep» HOJDKEH 3aBEIOMO
ONPEACISITh TPACKTOPUIO AJIEMEHTAPHOM YacTUIbI U JIETETh €l Ha
IepexBaT, YTO OYEHb HAJyMAaHO M, COOTBETCTBEHHO, BpSJA JIH
BO3MOJKHO.

B pesynbrare CTaOMIBHOCTH CHUCTEM 3JIEMEHTapHBIX YaCTHUIL
CKOpEE BCEro OTCYTCTBYET.
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B3aumMopaeiicTBHe 3JIeMEHTAPHBIX YaCTHI

Ha  Tekymmii MOMEHT  OJKCIEPUMEHTAIIBHBIX  JaHHBIX
HEJIOCTAaTOYHO, YTOOBI JOCTOBEPHO OMHCATh MPHUHIMUI M 3aKOH
B3aUMOJICCTBUSI  AJIEMEHTApHBIX YacTull. (OJHAKO MOXHO C
YBEPEHHOCTBIO  YTBEpKJIaTh, 4YTO  IOCIEACTBHS  3aKOHA  —
npumsdiCeHue U OMmmaikKueaHue CUCTEM JIEMEHTAPHBIX YaCTHUIl WU
HEMOCPEICTBEHHO YaCTHUILl CAMOUN CUCTEMBI.

OTTajnkuBaHUE — CMEIIEHHUE BEKTOPOB 3JIEMEHTApHBIX YaCTHUIIL
Tella «IIPUEMHUKA» B CTOPOHY BEKTOpPA, HAMPABIECHHOrO OT TeJa
«MCTOYHHUKA» K TEIIy «IIPUEMHHUKA» MOJI BO3JICUCTBUEM «U3ITYUEHUS
(3JIeMEHTapHBIX YaCTHIl) TEJIa KACTOUHHUKA.

[IputspkeHne — cMeleHue BEKTOPOB SJEMEHTAPHBIX YacCTHII
Tela «IPUEMHHUKAa» B CTOPOHY BEKTOpa, HAIPABIECHHOIO OT Teja
IPUEMHHKA» K TeJly «MCTOYHUKA» MOJ BO3JAECUCTBUEM «U3ITyUECHHUS
(37IeMEHTapHBIX YACTHI) TEJIa KACTOUYHUKA.

[lo cyru, »dieMeHTapHbIE  YaCTHIIBl, CIOCOOCTBYIOIIKE
NPUTSHDKEHUIO W OTTAJIKUBAHUWIO, JIMIIb MEHSIOT HaIlpaBJICHUE
(BEKTOp) ABWKEHUS DJIEMEHTAPHON YACTHUIBI U B COBOKYMHOCTH —
CHCTEMBI DJIEMEHTAPHBIX YacTUIl (00BEKTA).

B o0miem, mo mpuyuHE TOTO, YTO CKOPOCHIL 3J1eMEHMAPHBIX
yacmuy NOCMOAHHA, TO @3auUMOOelcmeue napvl 71eMeHmapHbvIX
yacmuy MeHAem HAnPAeneHus (6eKmopwvl) UX OBUNCEHUA U He
bonee mozo.

CTOUT OTMETUTH, YTO Pa3HBbIE KJIACCHI JIEMEHTAPHBIX YACTHIL
MO-pa3HOMY BO3JICMCTBYIOT Ha HCCIEAYEMYIO 3JIEMEHTApPHYIO
YaCTUIy H, CJIEIOBAaTEIbHO, KaKHe-TO KJIACcChl OTBEYAOT 3a
OTTAJIKMBAaHUWE, a KaKWe-TO 3a TNpUTsKeHue. B Takom ciydae
CTaOUIIBHOCTh CHUCTEMBI 3JIEMEHTAPHBIX YAaCTHUIl BO3HHKAET, KOTJa
JUISL KaXIO0M DJIEMEHTAapHOM 4YaCTHUIbl CUCTEMbI OTTAJIKMBAaHUE U
MPUTSKEHUE, BBI3BAHHBIE PA3HBIMU OKPYKAIOIIUMU 3JIEMEHTAPHBIMU
YaCTULIAMU  CUCTEMBI, C KOTOPBIMH OHa B3aUMOJECHUCTBYET,
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KoMIieHcupyrored. [Io 3Toil nmpuuuHe nmosry4aem, 4ro AajeKO HE BCE
CUCTEMBbI CTAOUIIbHBI.

Hcxons U3 3TOro, JIOTUYHO MPEINOI0XKUTE, YTO CTAaOMIBHOCTD
cucTeM paboTaeT 1Mo MPUHIIUITY CBOOOHOTO «IIOPTa», TO €CTh €CIIU B
CUCTEME «M30BITOK» KAKHUX-TO 4YacTWll, TOorja Ju0O 4YacTb HUX
«MOKUJACT» CHCTEMY H3-32 HEBO3MOXXHOCTH HUX YAEpXKaHHs
CUCTeMOM, Ju0O0 CHUCTeMa IOIJIOIAeT YacTULbI, KOTOpble OyayT
CHOCOOCTBOBATh YIEPKAHUIO JTAHHBIX «M30BITOYHBIX» yacTull. C
«HEXBATKON» KAaKMX-TO YacTHUIl B CHUCTEME KapTHHA aHAJIOTUYHas.
OTmeTuM, 4YTO JalbHOJACHCTBHE CUCTEMBI MPOSBISETCS 3a CYET
U3JIy4yeHus 4acTull (110 CyTH, 3TU YaCTULIbI YK€ HE SBJISIOTCS 4acTbiO
CHCTEMBI), a OIM3KO/IEHCTBHE — 32 CUET B3aMMOJICHCTBHS C YaCTAMHU
(371eMEHTapHBIMHU YaCTUIIAMH ) CAMOW CUCTEMBI.

Jlanee paccMoTpuM, KakuM o00pa3oM MOTYT MPOUCXOAMTH
MPOIIECCHI MPUTSHKEHUS U OTTAJIKMBAHUS (PUCYHOK 12).

a) b) - c)

e

1
IS ——— oTTAJIKHBAHHE

Pucynok 12— B3aumozeiicTBre 371€eMEHTapHBIX YaCTHI]
a) HelTpanbHas cuTyanus; b) mpeobnagaer npursHxkeHue;
C) mpeo0iagaeT OTTaIKHUBAHUE.
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3a OCHOBY B3ATbl OTTAJIKWUBAIONIME HJIEMEHTAPHBIE YaCTHIIBI,
JIeTalOIMEe MEXKIYy HucciaeayeMbiMd dactuiamud. Kak — BuUIHO
OTTAJIKUBAIOIIME BJIEMEHTAPHBIE YACTHUIBl «CBS3U» H3MEHSIOT
HANpPABJIEHUE BEKTOPOB TOJBKO JJISl DJIEMEHTAPHBIX YaCTHUIL], BEKTOpa
KOTOPBIX HE IIOJHOCTHIO COBIAAAIOT C BEKTOPAMU NPUTSKEHUS WU
orrasikuBanud. [lo 53Toll mnpuuymHe, HampuMmep, OYEHb CIIOKHO
JIOCTUYb CKOPOCTH CBETa JJIsI CUCTEMBI DJIEMEHTApPHBIX YaCTHII, TaK
Kak HeO0OXOJMMO IOJIHOCTbIO CHHXPOHU3UWPOBATh HAmpaBICHUS
BEKTOPOB CKOPOCTH BCEX JJIEMEHTApPHBIX YaCTHIl B €€ COCTaBe, 4TO
COOTBETCTBYET 3KCIIEPUMEHTAJIbHBIM JTAaHHBIM.

HckyccTBeHHBIH HHTELIEKT

Ha texymem stane pa3BuTHs MCKyccTBeHHbIM nHTesiekT (M)
elle He CO3/]aH U JJa’ke HET MPEANOChUIOK €ro co3JaHusl (HaCKOJIbKO
u3BecTHO). Bc€, uTo ceiluac HOCUT UM HCKYCCTBEHHOI'O
UHTEJUIEKTa, HE 00J1afjaeT BO3MOKHOCTBIO HE3aBUCHMOI'O PAa3BUTHA,
a TaKKe pa3BUTHUs B NpuHUuUNE. B uTOre Ha NaHHBII MOMEHT He
CYLIECTBYET CHUCTEMBI CIIOCOOHON 00y4yaThCs M CaMOpPa3BUBATHCS.
Cucrtembl, CyLIECTBYIOLIME Ha JaHHbII MOMEHT, OOBIYHO
HaszplBaromecss cucremamu ¢ MM, mno cytu, SBISIHOTCS
aBTOMAaTU3UPOBAaHHBIMM  CHUCT€MaMH, HHOTAa  00JaJaroluMu
CBOWCTBOM  JejaTh  pa3iMyHbIl  (3apaHee  ONUCAHHBIA U
MIPOIKCAaHHBIN) BHIOOP B 3aBUCUMOCTH OT BXOJHBIX M HAKOIJIEHHBIX
naHHbIX. OJHAKO Takue CUCTEMBbl HE CHOCOOHBI «IIPHUIyMaTb» H
peain30BaTh CBOMl aNropuTM, KOTOPBIK OBl MpPUBENT K JIYYIIUM
MOCJIEACTBUM, YEM UMEIOIIUINCS.

Peanuzauyua nacmosaweco uUCKycCmeeHnoz0 uHmMeENIEKMa
Cc600UmMcA K CO30AHUI0 CUCHMEMbl, OCHOGAHHOU HA NPUHUUNAX
¢dynKyuonuposanus uenoeeka, mo ecmv cucmema OO0aNCHA
npozHO3UpOBamb  NOCNEOCMEUA U 6blOUPAMb  HAUIYUULUIL
eapuanm co2nacHo NOCMAGICHHbIM UeaAM.
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Cucremy WU BO3MOXHO peanu3oBaTh C HUMEIOLIMMUCS
pecypcaMu, OJIHAKO KIIIOYEBBIM MOMEHTOM 3/IECh  SIBIIECTCS
peanu3anus 3alUTHON CUCTEMBI JIJIsl YeJIOBEKa, TaK Kak B 0a30BOM
BApUAHTE CHUCTEMa HE OrpaHHWYeHa B JEHUCTBUSIX, KOTOPHIE MOTYT
NPUYMHUTH BpEll YEJIOBEKY MW dYeynoBedecTBY. (OpraHu3oBath
3aBEJIOMO HAJICKHYIO B JIAHHOM AacCIleKT€ CUCTEMY JOCTaTOYHO HE
MPOCTO, TaK KaK 3Ta MoAM(UKAIMSI HEECTECTBEHHA W HE JIOTHYHA C
TOYKH 3pEHUsI CUCTEMBbl. B utore ocnosnas npoonema ceooumcs ne
K Hego3modcHocmu co3oanus HHUH, a k eo03moxncnocmu
YHUYMONCCHUSA cucmemoil un c60ez20 cozoamens
(neso3modrcnocmu ecmecmeennozo konmpoaas HH) ¢ cuny, mozo
uymo Imo (YHUUMONCEHUE Ye/loseuecmea) Modxcem Obimo
HaUIyuwumM 6aAPUAHMOM peuleHUus NOCMmaesieHHou 3aoauu. Jlaxe
Ha TEKylleM YpPOBHE HAayKh M TEXHUKH MOTEHIHUAIbHBIC
BO3MOXXHOCTH U crocodHoctu UM Oynyt ropasgo Bbllie, 4eM Yy
YyeJoBeKa, 4YTO MOKET IMPUBECTH K TPAaruyeCKUM TMOCIJIECICTBUSIM.
«BepodaTHOCTB» TOro, YTO YEJIOBEK BBDKUBET IIOCIE CO3[aHUA
noJHopyHKIMOHaTbHOT0 MU Kpaiine Maa (CTPEMHTCS K HYJIIO).

Opranu3anusi CHCTEMbI YIPABJIEHHSI M pacnpeaeeHust
pecypcoB

Jlrobas cucrema He OyneT ycTpawBaTh BCEX, TaK KaK KaXKIbIH
o0nanaeT COOCTBEHHBIMU LEISIMH, KOTOPbIE MOTYT MPOTHBOPEYUTH
1easiM KOTro-To Apyroro. B wmrTore HeoOxommma OO cucTeMa C
OOIIMMH TIEJISIMH, YTO MPOTHBOPEUYUT CYINTHOCTH YEIOBEKa, JIHOO
cucTteMa OOIIECTBEHHOTO JOTroBOpa W JIOOOMPOBAHHS WHTEPECOB.
HamnydqmmM BapyaHTOM  OpTraHHW3aIldd  YIPABIICHUS  SBISACTCS
uepapxuueckas CcucTeMa ¢ BBIOOpOM TpodeCcCHOHATaMH CBOUX
npencraBuTenel. UeM BbIlIE ypOBEHb B HEpapXuu, TeM Bc€ Oolee
oOmMu pobieMamMu 00JaCTH OJKEH 3aHUMAThCS PEACTABUTETb.
Tonpko mpodeccuoHanm MOXET ACHCTBUTENBHO TOHUMATh, YTO
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TBOPUTCS B €ro 00JacTH M COOTBETCTBEHHO I'PAMOTHO OTCTaMBAaTh
MHTEpECHl CBOEH Ipymnbl. Kak HTOr MOYKHO CO3/1aTh HEPAPXUUECKYIO
CHCTEMY COBETOB NPO(ECCHOHATIOB OOJIACTH M TPYII 00JIACTeH C
LEJIBIO PEIICHUS COBMECTHBIX MPOOJIEM U BOIIPOCOB.

Bops0a siiia u Kypuubl

Bormpoc o mepBoHauane Kypuilbl WIH SHIIa — BOMPOC U3 CEPHUH
TPAKTOBKM TEPMHUHOJIOTUU. ECIU cuuTaTh, YTO SIMIIO 3TO OOBEKT,
HOpO[[I/IBHII/Iﬁ Kypuny, TO B cj1ydac TIIOABJICHUSA KYypHIbI
SBOJIIOLIUOHHBIM CIIOCOO0OM (0€3 MOCTOPOHHETO BMEIIATENIbCTBA) B
cnope moOeaut siio. Tak Kak, €ciaM CyIIECTBOBajO CYIIECTBO,
nopojauBIlee OOBEKT, M3 KOTOPOTO 3aTeM IMOSBUIIOCH CYILECTBO,
Ha3BaHHOE KypHULeH, TO ITOT OOBEKT IO OMNPEAETCHHUIO SBISETCS
gifiiom. Ecnu ke naTh omnpeneieHue KypHila — CYIIECTBO, KOTOPOe
HECeT siIa, TO COOTBETCTBEHHO B crope nodoeaut kypuna. Kak
BHJTHO TO BOITPOC TEPMUHOJIOTHH.

80



YT0 BO3MOKHO UJIH HEBO3MOKHO, 110 MOEMY
MHEHHUIO...

Bo3moxHo

Bo3moscno BCE, umo naxooumcsa 6 pamkax 4acmuy, 3aKoOH06
ux e3aumooeincmeus U 3aKOH06 Hauana u konua Mupa
(nepeuunozo unu noposcoennozo).

Bo3mo:xxHO OmosioTHYecKOe KJIOHMPOBaHHE M TeXHHYecKoe
xonuposanne BCEI'O

bronoruueckoe KJIOHMPOBAaHHE — KJIOH HE COACPKUT 3HAHUU U
CO3HaHMs OpUIMHala B IpocTeieM ciaydae. TexHuueckoe
KOIIMPOBAaHNE — KJIOH MJEHTHYEH opuruHaiy. [Ipum TexHuueckom
KonupoBaHuu KioH Oyzaer umerb BCE 3Hanus opuruHania, a Takxe
OyZeT coBepliaTh T€ e JACHCTBUS NpU peakluud Ha BO3JCHCTBUS.
OpHako co BpeMEHEM 3HaHHs KJIOHAa W OpUIMHalla CTaHyT BCE
Oosbile W OONbIIE OTAMYATHCA H3-3a PA3IMYHBIX BOCIPHATHH, a,
COOTBETCTBEHHO, PEAKIIMH, TUYHOCTH U T.II. CTAHYT PA3JINYHBIMU.

Bo3moskHa Tesienopranus

[IpocreWmnii  NpPUHOWII ~ TEJIENOPTallMM  OCHOBAaH  Ha
Ne3WHTErPUPOBAHUY, TEpechlIKe, WHTerpupoBaHuu oOwekra. [lo
CyTH, s JTOr0 HEOOXOJWMBbI TEXHHUYECKOE KONUpPOBaHUE U
nepechuika HHpOpMaIui 00 00BEKTE.

Bo3moxkHo OeccmepTre 0M0I0THYECKOEe U TEXHUYECKOe

buonornueckoe  OGeccmMeptue  —  OTCYTCTBHE — CTapeHus,
OCHOBAaHHO€ Ha TMPHUHIMIE CTaOWIBHOCTH JEATEIbHOCTU BCEro
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opranusMa. TexHudyeckoe OeccmepTre — OECCMEPTHBIN «HOCUTEIbY,
B KOTOPOTO «3aIHCHIBACTCA» JHUYHOCTh M Ipodvas HHPOpMALUsi O
4eJI0BEKE.

Bo3Mo:kHO c031aTh I/ICKyCCTBeHH]:Jﬁ HHTE/LVIEKT
HCKYCCTBCHHBIﬁ HHTEIEKT MOKET OBITH OCHOBAH Ha IMPpUHOMIIC
CaMOpPa3BUTHUA UK AHAJIOTUYHBIM YCJIIOBCUCCKOMY U T. .

B03M0:KHO CylIecCTBOBaHHE HHOTO pasyMa (NMpHUILeJbIeB)

Pasym mnpumensiieB (BHE3EMHBIX CYIIECTB) MOXET OBITh
AQHAJIOTUYHBIM YEJIOBEYECKOMY, HO MOXET U NPUHIUIHAIBHO
otian4atbca. OCHOBHBIM (baKTOpOM, OIPCACIIAIOIINM OTJINYHUA OT
YeNIoBeKa, OYJET OTIIMYNE CPEIIbI 3apOKICHUS, PAa3BUTHS U OOUTaHUS
JTAHHOW pachl.

Bo3MoskHa perenepanus

Perenepariuss Bo3MOKHa TeXHUYECKass U OMOJIOTMYECKas, XOTs
Ha CaMoOM JeJie TPUHIMIHAIBHOTO OTIMYUS MEXKIy HUMH HeT.
TexHuueckass u OHWONOTHYECKAs pPEreHEpaldd OTIMYAOTCS JIUIIH
TEM, YTO BOCCTAaHOBJICHHEM OyIyT 3aHUMAThCS TEXHUYECKHE WIIU
Ouosornueckre (OpraHMYecKre) CUCTEMBbI 3JIEMEHTAPHBIX YaCTHII.

Bo3M0kHO c031aTh HAeATbHbIIi HMMYHUTET U 310POBbe

OcHOBa HIEaTbHOTO IMMYHHTETA U 3I0POBBSI — OIpEeNiCHHE U
YCTpaHEHHUE OTKJIOHEHHI.

Bo3Mo:kHA reHHas HHKCHEPUSA

Bo3morkHa mo0ast reHHast HWHKCHCPUS B paMKax 3aKOHOB MHpa
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Bo3moxkna mogupukanus Mmo3ra

Bo3moxxHo MoauduuupoBaTh MO3r TpU  HEOOXOIMMOCTH.
Bo3MOoxHBI, HanIpUMep, MHOKECTBEHHOCTh CO3HAHUI, TEECTIaTHSI.

Bo3mo:kHa TejienaTus

Bo3mMokHO MOAM(HUIMPOBATH MO3I TaKMM OOpa3oM, 4YTO OH
OyzeT cnocoOeH u3lyyaTh M MPUHUMATh KaKue-HUOYAb YacCTULBI H,
COOTBETCTBEHHO, OOLIATHCS.

Bo3Mo:kHO YipaBJi€HUE TEXHHKOH «CHJIOH» MBICJIHN

B03M0XXHO ynpaBiisiTh TEXHUKON «CHJION» MBICIIH I10 IIPUHLUITY,
HalpuMep,  NepejaTYUK-IPUEMHUK WM JaTYUK-TIepeaT4HK-
npueMHuk. [lo cyrm, [gaTdymk  ynaBiAMBaeT  OCOOCHHOCTH
NeSTeIbHOCTH MO3ra, IepeJaTyduK MepechliaeT HeoOXOAUMBbIe
JaHHbIE IPUEMHHUKY YCTPOMCTBA, KOTOPOE YXKE BBIIOJIHAET
COOTBETCTBYIOIYI0 KOMaHAy. CTOMT OTMETUTb, 4YTO BO3MOXHO
OpraHu30BaTh 0OPATHYIO CBA3b.

B03M0:XHO KOHTPOJIMPOBATH Pa3yM

Pa3yM MOKHO YaCTHUYHO HJIM IIOJHOCTHBKO KOHTPOJUPOBATH,
BJIMASA Ha BOCIIPUATHC. Takxe BO3MOXKHO KOHTPOJIMPOBAThL TEJIO,
HalpuMmep, NOAMCHSSI HCPBHBIC UMITYJILCBI.

Bo3MoxkHO moJydyeHHe 3JJIeKTPOIHEPIrMH M3 OKPYKAKIIei
cpeasbl

Bo3MOXHO MoTy4arh 3JIEKTPOIHEPTUIO OT JIFOOBIX MCTOUYHUKOB,
HalrpuMep, OT Pa3HOCTH TEMIIEPATYP OKPYKAIOLIEH CPEbl.
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Bo3mMoxkHO uTeHHe MbICJell UM YAaCTHYHOE IMpeACKa3aHue
aencTBuii

B03MOXHO €031aTh yCTPOMCTBO UHWTAIOIIEE MBICIH, & TaKXKe
YaCTUYHO NpeCKa3bIBaTh ACHCTBUs Oiarofaps aHaiu3y MMOBEICHUS
3JIEMEHTApHBIX YaCTHULl YEJIOBEKa. B mpHHIMIIE MOKHO YaCTUYHO, HO
C BBICOKON TOYHOCTBIO MPEICKA3BIBATH JICHCTBUS YEIOBEKA B JIFOOBIX
CUTyallUsX, IIOJHOCTBIO TPOCKAHHUPOBAaB ero (3auKCUpoOBaB
IapaMeTphl AIEMEHTAPHbBIX YACTHILL).

Bo3Mo:kHO co3aaTh CKaHEPbI II03BOJIAKOIIHUE «BHICTH»
CKBO3b MaTE¢pHUIO

OOBEeKTHI, HAXOAAIIMECS 3a MaTEpHell, BIMSIIOT Ha HEe, YTO
BO3MOXKHO  JIETEKTHPOBAaTb M  aHAJIU3HPOBaTh  (MACCHBHOE
JNETEeKTUpOBaHuEe). BO3MOXHO  MpOCKaHUPOBATH  00JACTh  3a
KOHKPETHBIM BHJOM MAaTE€pUU YaCTUIIAMH, KOTOpbIE C HEH He
B3aMMOJICHCTBYIOT (AKTUBHOE JCTEKTHPOBAHHE).

Bo3mMo:xHO co31anue HAHOMAIIIMH

Bo3MoxxHO co3maTh HaHO pasMepHble MamuHbL [lo cyTwh,
Ouosoruueckre 0ObEKThl HAHO Pa3MEPOB SIBIISIFOTCSI HAHOMAIIMHAMU.

Bo3mM0:XHO KOHCTpyHpOBaHHMEe O0BEKTOB Ha 00JbIIOM
PACCTOSAHMM W3 HAXOAAIIMXCA TAaM YacTHL IPH TOMOIIH
«CrnenuajabHOIr0» BO3}]CﬁCTBHH JacTuuamu

Bo3moxHO, Hannpumep, co3/1aBaTh TOPOJIa Ha IIJIaHETaxX B APYrou
rajlakTUKe, XOTS U O4eHb clokHO. [1o cyTu, nis 3Toro Heo6x0AUMO
KOHCTPYHPOBaTh OOBEKTHl HAa OOJBIIOM PACCTOSHHUH, TO €CTh
BO3JIEHCTBOBATh IIOCPEJACTBOM JJIEMEHTAapHBIX 4YacTHUILl WIM HX
CUCTEM Ha HaxXOAIIMECS TaM 4YacTHIbl WIM CHUCTEMBI TaKUM
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o0pa3oMm, YTOOBI MEPEeCTPOMTH HX B HeEoOXomumyio Qopmy
(mpeoOpa3oBaTh U CO3aTh HY)KHYIO KOH(UTYPAIHIO CHCTEM).

Bo3Mo:kHO nmporpamMmmMmmpoBaHue neJaen H CMBICJIA
CyYIeCTBOBaHUSA Y€JT0BCKa UWJIN JI000ro Aapyroro 00beKTa

B03MOXXHO 3amporpaMMUpPOBATh IEIH M CMBICI CYIIECTBOBAHHSI
4elloBeKa WM JII00Oro APyroro oobekTa. Y dYenoBeka HEOOXOAUMO
HU3MCHUTH YHPABIAOIIYIO CUCTEMY — MO3I, TdK KaK TaM 3aJI0KCHBI
0a30BbIC TICIIH.

Bo3MO0KHO €031aTh KOMIBIOTEPHI Ha 0a3ze IJIeMEHTAPHBIX
YacTHIl

Bo3moxHO  co3math  KOMIbIOTEpHl  Ha  0Oaze  J10ObIX
QJICMCHTApHBIX YaCTull WJIW HUX CHUCTEM, KOTOPBIMU MOXHO
YIPaBIATh KAKUMHU-TO BO3ACHCTBUAMHU (YACTUIIAMHU WJI CUCTEMaMHU ).

Bo03MO0:KHO €031aTh HOHHDII IIUT «3BE3THOI0 KOpﬁﬁJ’lﬂ»

Bo3MOXHO co31aTh MOHHBIA IIUT «3BE3HOTO KOpaOis»,
YCTAaHOBUB Ha  «KOpalib)» TeHepaTop HOHOB U  3apsauB
OTPUIIATENIFHO €ro OOMIMBKY. AHAJOTUYHBIM 00pa3oM MOXKHO
yAepKHBaThb JPYyrd€ 4YacTULbI BOKPYI Kopabisi ¢  Lelblo
OTPaKEHMSI/TIOTJIOLICHUS BO3/I€HCTBUHA.

HeBo3Mo0xkHO

Hegozmoorcno BCE, umo napywaem npasuna noeeoenus,
e3aumodeiicmeus (3aKoHvl) Yacmuy U 3aKOHOE HAYANA U KOHUA
Mupa.
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HeB03M0:XHO MEHSITb 3aKOHbI H YACTHLbI NEPBUYHOIO
Mupa

[TepBuuHbIii Mup He cymiecTBOBai Obl, €ClIM Obl H3HAYAILHO HE
Obutn ompenesieHsl U co3nanbl BCE ycioBust ero cymiecTBoBaHUs, a
MMEHHO 3JIEMCHTapHbIC YaCTUIIBI U 3aKOHBI MX B3aUMOJICHCTBUS. DTO
03HAYaeT, YTO HEBO3MOXHO MEHSTh YACTHIIBI U 3aKOHBI, €CIIU 3TOTO
HE MPOIKCAaHO B 3aKOHAX, YTO, B CBOIO OYepEeIb, TAKKE SBISETCS
3aKOHOM, KOTOPBIA HU TPHU KAKUX OOCTOSTEIHCTBAX HEBO3MOXKHO
NU3MCHUTH. OI[HaKO CTOUT OTMCTHUTH, YTO 6330BBI€ JJIEMCHTHI "
3aKOHBl KAakOro-TO IIEPBUYHOTO Mmupa MOryT HIPUHIUIIHAIBHO
OTIMYAThCS ~ OT  DJIEMEHTApPHBIX  YacTHUI[ W  33aKOHOB  MX
B3auMoielicTBus Hanero Mupa. Kpome toro, otcyrcTBue (akToB He
MEPBUYHOCTH Hamiero Mwupa, TOBOPHT O TOM, YTO HEOOXOIUMO
cuumamop Haw Mup nepeuunvim 10 TEX IOp, MOKa He Oyxuer
JI0OKa3aHo 00paTHOE.

HeBo3Mo0:xHO nyTemecTBMe BO BPEMECHU

Bpemss Teuer HempephlBHO, U 00paTUTh, YCKOPUTH WM
U3MEHUTD €70 HEIb3s, TaK KaK UIMEHeHUe Ulu meveHue 6pemenu
YKasvigaem na cmeny nonoxyxcenus BCEX snemenmapuvix uacmuy,
6 npocmpancmee Mupa, a, CcIefOBaTENbHO, WX JIUHAMHUKY
Oylaroapsi 3aKOHaM WX B3aUMOJECUCTBUs. Takke HET BO3MOXHOCTHU
ycranoBUTh BCE uvactuiel Mupa B 0J1HO U TO e POCTPAHCTBEHHOE
MTOJIOKEHNE C TEMM JK€ HaIlpaBJICHUSMH BEKTOpPOB, 4YTO, IO CYTH,
SBISIETCSl  «YCTaHOBKOH» MOMEHTa BpeMeHH ([0 aHaJIOTUU C
3arpy3Koii MOMEHTa KOMIbIOTepHOM urpel). bomee Toro B
JEUCTBUTEIILHOCTU HUKTO HE MOXKET IOBIUATH HA IMPOUCXOIAILEE B
Mupe, Tak Kak SBIAETCSA ITACCHUBHBIM YYaCTHUKOM, COCTOSIIUM U3
JJIEMEHTapHBIX YaCTUIl M ONHUCBHIBAEMBII MMM W 3aKOHAMH HX
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B3auMoieiicTBus (cynb0a). Huumo ne morcem nosenusamov Ha xX00
epemeHu.

HeB03M0:KHBI NPOCTPAHCTBEHHbIE TYHHEIU

Hem 603mooicHOCmMuU  mpancnopmupogams 3j1€MeHmapHyio
yacmuuy (yacmuysl) uau UHGoOpMayuIo u3 00HOU MOUKU 8 OPY2YI0
CO CKOpOCMbIO, npesviuiaouieil cCKOpocms OAHHOU YACMUUblL Uil
yacmuysl nepeHocyuKa uH@opmayuu, TAK KaK 5TO HapyIIAET
MupoBeie 3akonbl. Hcxoass u3 Tekymux (akToB, MOXKHO C
YBEPEHHOCTBIO CKa3aTb, 4YTO UHpopmauusa cooeprcumcsa 6
INNEMEHMAPHBIX YACIMUUAX U HU 6 YeM UHOM.

HeB03MO0:KHO IMOJIHOE NnpeacKka3anue 6y11ymer0

Her BO3MOXHOCTH MOJTHOCTBIO IpEACKa3aTh Oyayllee, TaK Kak
JUIsL IOCTPOEHUS MOJHON MOJENU TpedyeTcsl, KAk MUHUMYM CTOJIBKO
K€ TaKHUX K€ YacTHll, CKOJIbKO coaepkuT Ham Mup. Kpome toro
HE0OXOIMMO HJIeaTbHO CHHXPOHU3UPOBATh Haml Mup U Monenb, HO
U 3TO ellle He OyJeT mpeicKa3aHueM, a JHIIb UACHTUYHBIM Mupom.
B pesymbrare MOXHO MNpPEANONIOKUTb, YTO JJs  TOJHOTO
npeackasaHus Oynyuiero TpedyeTcs MHOro OOJblle YacTHL, 4eM
coiepkuT Mup (151 SMYJISIITUU YCKOpeHusi BpemeHu). OIHaKko Jaxke
ecin uMeTh abcomotHo BCHO wunHdopmanuio o0 3reMeHTapHbIX
YacTUIIaX M 3aKOHaX MX B3aWMOJAEWUCTBUS, WICATbHO UMHTHPOBATH
T00YI0 DJIEMEHTapHYI0 YacTHUIy MOKET TOJIbKO TOYHO Takas e
JNIEMEHTapHas 4YacTUIla, a 3HAYUT TMOJHOCTBIO  (HIeanbHO)
npeacKa3aTh Oyayliee HEBO3MOXKHO. B uTore, BO3MOXKHO JIMIIb
YacTU4HOE (MPUOIM3UTEIBHOE) IpecKka3zaHne Oyaylero, KOTopoe ¢
YBEITMYEHUEM BpPEMEHM IPOrHo3a He OyJIeT MMETh C PeabHOCTHIO
HUYEro OOIIEro.
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Ilomygaem KpalilHE BaXKHBIM pPE3yJbTaT — €CIU  KTO-TO
MOJICJIUPYET WA IMYIUPYET, 4TO JUO0, TO TOJBKO C ONPENETICHHON
TOYHOCTBIO — HE HAeanbHO. M3 3TOro moiydaeM, YTO MOMCHO
onpedenumsv sgnsgemcs au Haw Mup mooenvio unu Hem, oajice He
8b1x005 3a pamku Mupa. Ecin Hamn Mup He SBISIETCS MOJIEIIBIO, TO
BCE nmnapamerpsl DJJIEMEHTAPHBIX YaCTHI, WX TIOJOXCHHUS B
MPOCTPAHCTBE M 3aKOHBI B3aMMOJCHCTBHS HE 00JaIal0T KOHEUHBIM
MOPOTOM TOYHOCTH, TO €CTh MOTYT HMETh JIF00ble HenpepuléHbie
3HAYEeHUsl, & He MONIbKO OUCKPEemHble ¢ ONPEeOeleHHbIM UacoM
mounocmu (eciu nepsuynviti. Mup ananocuuen nawemy). OaHAKO
€CITU TIEPBUYHBIA Mup nMeeT abCONIOTHO Ipyrue 0a30BbIe 3JIEMEHTHI
M 3aKOHBI WIN NTAXKE NOCMPOeH HA aOCONIOMHO OpYeux NPUHYUNAX,
MO 603MOXMCHbI  Oadce Jl0Oble HenpepvleHble 3HAYEHUs 6
nopooicoenrom Mupe. CTOUT 0000 OTMETHUTD, UTO nepsuyHbvi Mup,
NOCMPOEHHbLL  HA  AOCONIOMHO  Opyeux NPUHYUNAx, OOJICEH
obnadams,  Hanpumep,  603MOJCHOCMbIO  YNPAGIAMbL €20
INEMEHMAPHBIMU YACTUYAMU U 3AKOHAMU USHYMPU, MO eCMb 0OHU
00beKmMbl U 4ACMUYbl OONHCHBL UMEMb  BO3MONCHOCHL  HOTHO2O0
VApasieHus. Opy2uMu yacmuyamu, oo0vekmamu u 3akonamu. Moo
cKA3amo, 4mo 9mo, no Kpatineu mepe, 04eHb CMPAHHO U HAOYMAHHO.
E1me pa3 CTOUT OTMETHTH, YTO HET MPEANOCHIIOK, CYMTATh Ham Mup
HE MEePBUYHBIM.
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Hrorn

BCE ¢ Mupe cocmoum u3 »nemenmapuvix uacmuy u
onpeodeneno 3aKkOHamMu ux e3aumooeiicmeusn — oa (gpaxkm);
o0uwemuposvle 3aKOHbl OnpeoeAlom Uiy HAYan0 U KOoHey
Mupa, a BCE ocmanvnoe onpedeneno uwacmuuamu u
3aKoHamu e3aumooeiicmeus yacmuy — oa (gpakm);
npocmpancmeo Mupa mpexmepnoe — oa (thakm);
npOCMPAHCMEO U 6pems adCOIOMHBL U HE3AGUCUMBL — Od
(paxkm);

RPOCMPAHCIMEO U 8pemMA HenpepuvleHvl — 0a (haxm);

yacmuysl u 3aKOHBl nepeuunozo Mupa cywecmeyrom
UBHAYATILHO, HO OZPAHUYEHHBLI NPOMENCYMOK 8DeMEHU — 0a
(Paxm);

CKOpOCHLb 2J1EMEHMAPHBIX YACMUY, 00UHAKO08A U NOCMOAHHA —
oa (¢paxkm);

ynpaenenus Mupom — nem (paxkm);

«3aKoHay cayuaiHocmu — Hem (paxm);

cymma  cayyanuHocmeil  He O0aem 6 cCymMe  3AKOH
(3akonomepnocms) — oa (paxm);

CAYUaiHOCmbs He Modcem Oblmb ORUCAHA 3AKOHOM — 04
(paxmy);

3aKOH => 00HO3HAYHOCMb => cYObOa — Oa (haxm);
e3aumodeiicmeue napvl INEMEHMAPHBIX YACMUY MeHAem
Hanpaeienue (6eKmopwvl) UX 08UMHCEHUA U He DoSlee mo2o — 0a
(paxm);

HeonpeoeneHHOCmU U He0OHO3HAUHOCmU — Hem (hakm);

Mup noznasaem noanocmoio — oa (paxm);

awooun  Mup moxcem Ovimb  unIO3UECN, MO  €CHb
nopocoennvim nepsuunvim Mupom — oa (¢paxm), oonako
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daxkmoe, umo naw Mup aenaemca NoOpoIHcOEHHLIM — Hem
(¢paxm), a, cneooseamenvno, naw Mup nepeuunviii — oOa
(paxm);

cyujecmeyem 2apanmusn Onpeodeiumsy 6030eicmeus Ha Haul
Mup uzene — oa (ghaxkm);

C80IICMEA CUCMEMbL ONPEOENAIOMCA CEOUCMEAMU ee Yacmell —
oa (paxkm);

NOAGNEHUA WU UCYE3HOBEHUA YACMUY U 3AKOH08 — Hem
(gpaxkm);

«npespawieHusn» 31eMeHmapHblX yacmuy — Hem (ghaxkm);
nepepacnpeoeinenue - I1EMEHMAPHBLIX  YACMUY — MEHCOy
cucmemamu — oa (ghakm);

Mup  ocpanuuen yacmuyamu U 3AKOHaAMU  UX
ezaumooeiicmeus — oa (ghakm);

nOIH020 npocHO3a Oyoyuieco — Hem (hakm);

Henooeuxcuvle cucmemvl omcuema (HCO) paenonpaenvl u
Mo2ym Ovtmb onucansvl 00ugUMU 3aKOHamu — oa (hakm);
KOpPRYCKYIAPHO-6071H06020 Oyanuzma — Hem (¢hakm), a ece
Ihpexkmut cyzybo xKopnyckyaapuvie — oa (hakm);

IHEpZUA OnPeoensemcs INEeMEHMaApPHbIMU YACMUYAMU meaa —
oa (ghaxkm);

boz = Mup = nabop wacmuy u 3aKkono06 — oa (haxkm);

yenoeex — Hadop uacmuy — oa (paxm);

«/lywma» — 0000wiennvlit Kpumepuii 00ULECMEEHHOU OUECHKU
Yen0eeuecKko20 MUpPO6033PEHUA U O0eAMenbHOCIU ¢ MOUKU
3penusa Imuxku u mopaiu. <«/Jywa» npedonpedenena 6
KOHKDEmHbIIl MOMEHM 8PEMEHU YACMUUAMU U 3AKOHAMU UX
63auUMO0eiicmeus 6 Mo3ze uenoeeKd, a 6 meueHue 6ceil Heu3Hu
cyobooil yenoseka — oa (haxm);

Mamepus He AGNAEMCA NOPOHCOECHUEM COZHANUA — 0a (pakm);
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—  WeNb JMCU3HU Ueslo6eKa — YO0061emeopeHue CcoOCmeeHHbIX
nompeonocmeit — oa (paxkm);

—  cMblcna cyuiecmeoeanus — nem (gpakm);

—  uenoeeueckuil mo32 (MUUHOCHIb) OUHAMUUEH (MEHAemcAaA CO
eépemenem) — oa (gpaxkm);

—  000codnenno2o mupa uoeit — Hem (paxm);

—  JKICU3Hb — NpoYyecc om NOABIAEHUA 00 PACNAOA CUCHEMbl — 0d

(paxm);

— 1100086 — «xumusy mo32a (CO60KYRHOCHb (U3UYECKUX
¢daxmopos) — oa (haxm);

—  YHUKANbHOCMU UIU Npeeocxoocmea — Hem (6 pagHoul
cmeneHu y ecex 00vekmoas) (ghakm);

—  603MOJMCHO CO30aHUE UCKYCCMBEHHO020 UHmMelleKma — 0a
(Gpaxm);

—  cywecmeyem cmaouibHOCmb HEeKOmopuvIX cucmem
Inemenmapuelx uwacmuy — Hem (Karouesvle haxkmol
«npomue»);

—  2PAGUMOHbL U3NYHAIOMCA 60 6C€ CHMOPOHbL MPEXMEPHO20
npocmpancmea pagHoMepHo — 0a (Knroueesvle hakmol «3a»);
—  cyujecmgosanua napannenvuvix Mupoeé — nem (ghaxm).

Haw Mup noanocmuio onpedensemcsa 3InemMeHmapHbiMu
yacmuyamu, 3AKOHAMU UX 63AUMOOEIICMEUA, MPEXMEPHBIM
HEnpepvleHbBIM  NPOCMPAHCIEOM U  HENPEPLIGHOU  «CMPeoul
eépemenuy, a TaKKe 00U|eMUPOCLIMU 3AKOHAMU, ORPEOeNAIOUUMU
eco nauano u koumey. BCE onpeodenatouwue Mupa neuszmenml
coznacho  Qaxkmam. Bce ocmanvhvlie 66160061  AGAANOMCA
cneocmeuamu.
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B pesynpraTe OCHOBHBIMH BONPOCAMH, HAa KOTOPBIE OCTAIOCh
OTBETUTD, SIBISIOTCS:
—  8uO0bl dj1IemMeHmapHuvlx vacmuy?
—  3aKOHbl 63AUMOO0CUCMEUSA ITIEMEHMAPHBIX Yacmuy?
—  00wemupoevle 3aKOHbl, OnpedenAluiue HaAuUaI0 U KoHey
Mupa?
Ha mepBble 1Ba BOmpoca MOXKHO OTBETUTh, HCXOAS U3
MI00ANBHOTO aHAJIM3a B3aMMOJICUCTBUS CHUCTEM DJIEMEHTapHBIX
YaCTHII, HAIIPUMED, IIPH TaK HA3bIBAEMBIX «IIPEBPAIICHUAX) YACTHII.

Jlannble uTorm cmpaBenauBbl I Hamero Mwupa (Mupa, B
KOTOPOM MBI HBEM), HO HE SIBJISIOTCSA 00s3aTENIbHBIMU B APYTroM
Mupe, Tak Kak Japyrod Mup MoKeT ObITh IOCTPOEH Ha APYTUX
IIPUHIUIIAX.
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IlociaeciioBue

Ora KHUTa JaeT JMIIb WHPOPMALMIO Ui Pa3MBIIUICHUSA, a
BBIBOJIbI M 3AKJIFOUCHHSI KaXKIbIH JenaeT i ceOs caMm.
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KpaTlcoe ONMMUCAHMEC NIUPOKO U3BECTHBIX
KOHIEeNIIUHA 1 IKCIICEPUMECHTOB

AP ekt «3amensieHUss BpeMeHN»

CrangapTHOe TeOMETPUYECKOE OINKMCAHWE IMPEACTAaBICHO Ha
pucyHnke 13. PaccMOTpUM MBICIIEHHBIN 3KCIIEPUMEHT CO «CBETOBBIMHU
qacaMuy, MPEICTaBISIONMMHA COOOH MCTOYHHK W NMPUEMHHUK CBETA,
yaajJeHHble JApyr OT Jpyra Ha H3BECTHOE (PUKCHPOBAHHOE
paccrosinue L, u oTmepsromue, TakuM 00pa3oM, UHTEpBal BpEMEHU
L/c, cooTBeTCTBYIOMMNI BPEMEHU MPOXO0XKICHHS CBETa OT HCTOUYHUKA
70 TpUeMHHUKa (3TO MOKHO HENpPEephIBHO MOBTOPSTH). Bce apyrue
Yachl U3 MPHUHIIMIIA OTHOCUTEIBHOCTH JOJDKHBI UITH TOYHO TaK Ke.
Jlnia Goisiee mpSIMOTO COOTBETCTBUS (DOPMBI MOJIYUEHHOTO pe3yabTaTa
dbopmyne mpsmoro npeoOpazoBanus JlopeHia, Oynaem cuutaTth, YTO
HAaIllM CBETOBBIE Yachl TOKOSTCS B HELITPUXOBAHOM CUCTEME OTCUETA
K, mrpuxoBanas ke cucrema orcuéta K' myctb aBukeTCs IS
ONPEACICHHOCTH BIIPABO BAOJb OCH X €O CKOpOCThIO V. ICTOUHMK 1
MIPUEMHHMK PaCIOIOKUM BIOJb Ocu y IpH X=0. DTO YacTHBIN ciayyaii,
KOTOpBIM IMO3BOJIUT HAaM IMOJYYHUTH CHEpBa OTAEIbHO YacTHOE H
6osee mpocroe mpeodpa3oBaHue JIIsl BDEMEHH.
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Pucynoxk 13 — Dddekr «3amensieHuss BpeMEHH»
a) yacel 1 UCO mokostes; b) acer mokostes, a UCO nemkeTcs
BIIPaBO 110 OCH X CO CKOPOCThIO V

[TomMecTM HMCTOYHHMK B HAYaJIbHBI MOMEHT BPEMEHHU B HA4allo
KOOpauHaT, 0003HauMB ero A, a mnpueMHUK obOo3HauuM B. B
HEIITPUXOBAHOM cucTemMe orcuéra (Ha pucyHke 13a) mMIryibc cBeTa
JETUT TOYHO 10 ocH y (B, kak 1 A B 3TOl cUCTeMe HENOABUKHBI).
Takum o00pa3oMm, OT HU3Iy4eHHUS 10 IMOIVIOIIEHUS CBeTa B ATOH
crcreme mpoxoaut Bpems t = L/c.

B mirpuxoBaHnoii ke cucteme orcuéra Touku A u B aBmxyrcs
BJIEBO CO CKopocThio V (pucyHok 13D). OcobeHHO HAc MHTEpecyeT
JBIDKEHUE TOYKM B, 0003HaueHHOE Ha PUCYHKE MyHKTHpoM. M3-3a
3TOrO €€ cMelleHus:, paBHoro — V - t', cBeTy B 3TOit crcTeMe OTCUéTa
NPUXOJUTCS MPONTH He paccTosiHue L, a Gomnbiiee. DTo paccTrosiHUE
HETPYAHO BBIPA3UTh C MOMOIIbIO TeopeMbl [ludaropa, u oHO *e
paBHo C - t', oTKyza:

(ct)? = L2 + (Vt)?,

a yYUTHIBasl yIIOMSIHYTBIE UyTh BbIIEe L = ct u BeIpaxas t' uepes
t, uMeeM:

t' =t//1—V2/c2,

YTO U sIBisieTcs mpeoOpazoBaHueM JlopeHua aias BpeMeHU st
ycaoBus X = 0.
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[To cyTu e 3TO ecTh «3aMeaJicHuEe BPEMEHIY MPU HAOIIOCHUN
9acoB — WJIM JIIOOOTO JPYroro mpoiecca ¢ JIOKaTbHbIM HOCHTEIEM —
W3 CUCTEMbI OTCUETA, ABUKYIIEHCS OTHOCUTENIBHO HEro: Mbl BUIHM,
yro t' > t.

IddexT Jomaepa

Oddexr J[loriepa — H3MEHEHHWE YacTOThI W JUITMHBI BOJH
(3BYKOBBIX, CBETOBBIX M MPOYHMX), PETUCTPUPYEMBIX MPUEMHHKOM,
BBI3BAHHOEC JBW)KCHHEM WX HCTOYHUKA W/WIA  JIBIDKCHUEM
NpUEMHUKA.

Oddext Horepa nerko HabmOIaTh Ha MPAKTUKE, KOT/Ia MUMO
HaOmoaTeNnss Mpoe3kKaeT MallMHa C  BKJIIOYEHHOM  CHUPEHOM.
[IpennonoxuMm, cupeHa BbIJAET KAKOW-TO ONMpeeNEHHBIM TOH, U OH
He MeHserca. Korma wmammHa He JBUXKETCS OTHOCUTENBHO
HaO0JII01aTeIIsl, TOTAAa OH CIBIIIAT UMEHHO TOT TOH, KOTOPBIA U3AET
cupena. Ho ecnu mammmna Oynet npuOiamkaThesi K HaOJII0AaTelto, TO
4acTOTa 3BYKOBBIX BOJIH YBEIHYUTCS, U HAOIIOJIATENbh YCIBIIIAT
0osiee BBICOKMI TOH, 4YeM Ha caMoM Jiene M3JMaéT cupeHa. B Tot
MOMEHT, KOTJa MalinHa OyJeT mpoe3kaTh MUMO HaOrofarens, oH
YCIIBIIIUT TOT CaMbIii TOH, KOTOPBIM Ha CaMOM Jiee U3JaET CUpeHa.
A Kxorjga MammHa MpoeNeT Janblie U OyAeT yKe OTHANAThCA, a He
npuOMIKaThesa, TO HaOMIOATeNh YCIBIIUT Oojiee HU3KUU TOH,
BCJICJICTBME MEHBIIIEH YaCTOTHI 3BYKOBBIX BOJIH.

IkcnepumeHT Xadene-Kurunra

JlaHHBIN DKCHEPUMEHT SBIAETCS OJHUM M3 TECTOB TEOpUHU
OTHOCUTENIBHOCTH,  HEMOCPEICTBEHHO  IPOJEMOHCTPUPOBABIIMM
PeaTbHOCTh «3aMEIJICHUS BPEMEHU» ISl IBHXKYIIUXCS OOBEKTOB.

B okTts6pe 1971 Xadene nu Kutunr asaxasl o0neTean BOKPYT
CBETa, CHadajla Ha BOCTOK, 3aTeéM Ha 3amaja, C 4YeTbIpbMs
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KOMIUIEKTAaMH 1I€3UE€BBIX aTOMHBIX 4YacOB, IIOCJIE YEro CpPaBHUIHU
«ITyTEIIEeCTBOBABLIME» Yachl C yacaMH, OCTaBaBIIMMUCA B BoeHHO-
Mopckoir  obcepBatopun  CIIIA (BMO CIHIA). Ilepenérs
BBIMOJIHSJINCh ~ Ha  OOBIYHBIX  aBHAJAHEpax  PErySIpHBIMHU
KOMMEPUECKUMHU aBUapecaMu.

Ilepenér B BocTouHOM HampaBieHun Havaics B 19:30 UTC 4
okTs0pss 1971 wm 3akonuwics B 12:55 UTC 7 oktsa6ps 1971
(mpomomkuTenpHOCTh 65,42 waca); Mapmpyr BMO CIIA —
Bammurron — Jlonnon — ®pankdpypr — CramOyn — belipyr —
Terepan — Hbro-Jlenmn — banrkok — ['oHkoHr — Tokuo —
lNononyny — Jloc-Anmkenec — [amnac — Bammnarron — BMO
CIHIA. CpenHsii CKOPOCTh OTHOCHTEIBHO TIOBEPXHOCTH 3EMIIH
coctaBisiia 243 m/c, cpenHsas BeIcOTa HaJ ypoBHeM Mops 8,90 Kk,
CpelHsIsl IUpOTa Mo MapuipyTy 34° c. 1.

B 3anagnom nHanpasnenun nepenét Obu1 HayaT B 19:40 UTC 13
okTsi0pss 1971, 3akonumncs yepe3 80,33 uwaca B 04:00 UTC 17
okts0pst 1971. Mapupyr: BMO CIHA — Bammnrtron — Jloc-
Anmxenec — T'ononyny — I'yam — OxkunaBa — Tait0oit —
I'onkonr — banrkok — bomOeit — Tenb-ABuUB — AQuHB —
Pum — Tlapux — IllanHon — bocton — Bammurron — BMO
CIIIA. B »ToM HampaBlIeHUHU CpellHsAs CKOPOCTh cocTasisia 218 m/c,
cpenHss BbicoTa 9,36 KM, CpeHss MHUpOTa o Mapipyty 31° c. m.

Bo Bpems mnepenéroB BBINOIHSUICA MOHUTOPUHI  YCIOBUI
OKpyKatomien cpeipl (TeMnepaTypsl, BIXHOCTH U JaBJICHUS
BO3[lyXa), a TAaKKE€ M3MEpsUIOCh MAarHuTHoe mnoiie. B nanbHeliem
ObUIO TMPOJAEMOHCTPUPOBAHO, YTO HM3MEHEHHE JTHX YCJIOBHHA B
naboparopuu HE BIUSET B Ipeaerax OWMOOK Ha  XOJ
MCIOJIb30BABIINXCSI B 3KCIIEPUMEHTE 4acoB. bbu1o mpoBepeHo Takike,
HE BJIMSIET JIU OTKJIIOUYEHHE OJHOU U3 4 UCHOJb30BaBUINXCA OaTtapeit
Ha XO0J1 4acoB (Takas MmoTepsi OJJHON 13 OaTapeil mpousoIia BO BpeMs
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3anmaaHoro nepenéra). HapuranuonHyo nHpopMamuo o napamerpax
KQKJ0Tr0 Iepeiéra NpeaoCTaBIsuId MUIO0THI.

DKcrepuMeHTalbHbIe (JaKThl CBUAETEIBCTBYIOT O TOM, UYTO €CIH
4acel HE MTOKOATCS, TO OHU UJYT MEJJICHHEE.

Kot Ipeaunrepa

MpeicnenHsli 3kcniepuMeHT. KoT 3amepr B CTaJbHOM Kamepe
BMECTE€ C paJUOAKTUBHBIM BEIIECTBOM, KOTOPOE IIpU pacrajie
MPUBOJUT K YOMICTBY KOTa crielualbHbIM MeXxaHu3MoM. O/HaKo K
MOMEHTY BCKPBITHUS KaMepbl SAPO MOXKET M HE pacnactbesi. IJTO
IpUBEJET K TOMY, 4TO HaOJIoJareiab YBUAWUT, YTO KOT XHB. B
pe3ysbTaTeé 1O MOMEHTa HENOCPEACTBEHHOM IIPOBEPKH KaMeEpbl
HaOmo#arenb HE MOXET CKa3aTh, JKMB KOT WJIM MEpTB, a
COOTBETCTBEHHO KOT HaXOAMUTCA OJAHOBPEMEHHO B JBYX COCTOSHUSX
*KUB U MepTtB. Ilo CcyTH, 3TO NPHUBOIUT K HEONPEACICHHOCTH
COCTOSIHUS KOTA.

Teopema 0 3anpere KJIOHUPOBAHMS

TeopeMa 3aKJIII0YACTCs B YTBCPKACHUHN KBaHTOBOM TCOpHUU O
HEBO3MOXXHOCTH CO3JaHHsi HIC€aJIbHON KOIMHU MPOU3BOJIBHOI'O
HEHU3BCCTHOI'O KBAHTOBOI'O COCTOSAHHA, YTO HUMECT MATECMATHYCCKOC
J0Ka3aTcIbCTBO.

KBanToBblii 3pdekT 3eHoHa

KBanToBblil 3ddexr 3enona (KBanrosslii nmapagokc 3eHOHA) —
rapajiokc KBAHTOBOM MEXaHMKH, 3aKJIIOYAIOUIUIICS B TOM, UTO BpeMsI
pacraga MeTacTaOUIBHOTO KBAHTOBOI'O COCTOSIHMS HEKOTOpOH
CUCTEMBI C JUCKPETHBIM PHEPIeTUYECKUM CIIEKTPOM IMPSMO 3aBUCUT
OT 4YacTOThl COOBITUH u3MepeHHs: e€ cocTosiHus. B mpeaensHoM
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cjydac HeCTa6I/IJIBHa$I JacCTulla B YCJIOBHUAX YaCTOT'O HaGHIOIIeHI/ISI 3a
HEW HUKOTJa HE MOXKET PacracThCsl.

JKcnepuMeHT Mo mojaydyeHnro kojen HbloToHa B 3a3opax
MAJIOH TOJIIIHHBI

Koneiia HeioToHa — wuHTEpPEPEHIIMOHHBIE TIOJOCHI PaBHOU
TOJMIIUHBI B (opMe KOJel, pPACHOJOKEHHBIX KOHIEHTPUYECKU
BOKPYT TOYKM KacaHHUs JBYX C(epUyYecKHX MOBEPXHOCTEH JHO0
IJIOCKOCTH U cdepsl. Brieperie omucansl B 1675 roay HeroroHOM.
WuTepdepeHus cBeTa MPOUCXOIUT B TOHKOM 3a30pe (OOBIYHO
BO3IYIITHOM), Pa3/IENSIOIEM COMPUKACAIOIINECS TOBEPXHOCTU. DTOT
3a30p Urpaet posb ToHKOM mi€Hku. Konpiia Hetorona HabiarogaroTcs
U B IMpoxondmeM, U B oTpaxéHHOM cBere. llpu ocBemeHun
MOHOXPOMAaTHYE€CKHM CBETOM JJIMHBI BOJHBI A Kojblla HbioToHa
MPEJCTABISAIOT cO00 Yepeayromuecs: TEMHBIC M CBETJIBIE MTOJIOCHI.
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