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ycnosusi HAGNIOOQAEMOCTU MUPA
¥ OCHOBHbIE NPUHLUNMbI KBAHTOBOW MEXAHWKU

Bunecos K0. ®., kaHOudam mexHuYeCcKUX HayK
JNlazapes @. B. dokmop hunocoghckux Hayx, npogheccop

B Havane nainero seka npousoluna peBoMmoUHA B (u3Mke, nosnekuras 3a coboli peBONOLMOHHbIE W3-
MEHEHMA B3rNIAL0B Ha npupoay U B punocodun. OQHAKO HACKONBLKO CHIIBHO OTJIHYAIOTCHA HOBLIE MPEACTAB-
JIEHNsA, BOZHUKILKE B XOJ€ CO3AaHUA KBAHTOBO M PEATUBUCTCKON MEXaHWKM, ¥ B3rNAbl Ha MHDP C TOUKH
3peHHs NpocToro 3paBoro cMeicna? MoXKHO U CUMTAThL NPEACTaBIeHUA KBAHTOBOM MeXaHuku Oonee yna-
NIEHHBLIMH OT OGBIIGHHOM NpakTHKY, YeM B3Nl KiaccHueckoit ¢usukn? Jins oTBETOB Ha 3TH BONPOCHL
Lie1ecoobpa3sHO pacCMOTPETh YCIIOBHA, MPH KOTOPLIX OKpYXaroiuii Hac MUp MoxkeT ObiTh HaGmogaeM, ¥ Kk
KakuM (pU3HYECKHUM NPEACTABIICHUAM AOTDKHBI MPUBOAMTH 3T TPeOOBaHMA HaGMIOaeMOCTH.

EnvHCcTBEHHBIM MCTOUHMKOM MHGQOpMaLMK [UIA Hac SBAAIOTCA HallW opraHbi 4uyBcTB. [lo3tomy pac-
CMOTPEHHUIO NOAJIEKUT TONBKO uH(OpMaLws, fonyuyeHHad uepe3 opraHbl YyBCTB (HENOCPEACTBEHHO, WM
uepe3 npubOpbI), WK 3a1aBaTh U PACCMATPUBATL MOXKHO TOIBKO T€ BOMNPOCHI, KOTOPHIE, N0 ONpPEIEICHHIO
[einenbepra, MOXKHO 3a1aTh IKcnepuMeHTaNbHO. Bee cyluecTyloliee B HallleM MUpe J0/DKHO BO3/IEHCTBO-
B4aTh Ha OPraHbl YyBCTB W MUP AosKeH ObITE HabMOAaeMbIM.

Tipu nocraHoBke BOAPOCA O CYLUECTBOBaHHKM OOBEKTA OIHOBPEMEHHO CTaBUTCSA BONPOC O €r0 NPHHLMIIH-
anbHO HabmopaeMocTi. CyliecTByeT TONBKO TO, YTO HENOCPEACTBEHHO WIH KOCBeHHO Habmopaemo, nubo
Y4acTBYET BO B3auMOAEHCTBUAX, KoTOpbie HabmonaeMbl. Helb3s roBopHUTS O CYLLECTBOBAHHM Bellleil, KOTOpbie
MBI He HabNIOfaeM, U O KOTOPBEX HEe UMeeM HHW Maneiillero fpeJICTaBNeHns, TaK KaK HET HUKAKOHM BO3MOXKHO-
CTH MPOBEPHTD BLICKa3aHHbIE TE3UChE, ¥ HA OCHOBE (haKTOB AOKA3ATh NPABMIILHOCTD BbICKA3BIBAHUA.

VhuBepcyM MOXeET cofiepxars MUpP, HabiiionaeMblii IOCPeICTBOM HALIMX OPraHOB YyBCTB, U MHOXECT-
BO MUPOB, He BO3JEHCTBYIOILMX Ha HALUM opranbl WyBcTB. [ToHsaTHE GpiTHA Beluy U MOHATHE O €ro CyllecT-
BOBaHMH Lenecoodpa3Ho pa3rpaHHuMTh. B nasneHeiitiieM Mbl OrpaHHYMMCS pacCMOTPEHHEM CYLIIECTBOBaHUS
obbekToB B HabnoaaeMOM HamMu MMpe.

TpeboBanue HabGnionaemMocTy, TpebOBaHHe BO3AEHCTBMA Ha OpraHbl YyBCTB, MPEANONaraetT Hanuuve y
HabnmoaaeMbix 00beKTOB CNOCOOHOCTH 63aumoleiicmeosams. HabmoaeTcs TONbKO TO, YTO YHacTBYET BO
B3aUMOAEHCTBUAX, BO3AEHCTBYET NPAMO WIH KOCBEHHO Ha OpraHb! YyBCTB.

BropeiM Ba)kHeiiIMM ycnioBreM HabMOAaeMOCTH U cylIieCTBOBaHHA siBNseTcs onuuyue. O6bekT, KOTO-
phiii cyuiecTByeT ¥ JoMkeH Habmoaarhes, JOMKER OTIIMUYATLCS, BHIIENATHCA, 001anaTh HEKOTOPOH MHAUBH-
JyanbHOCTbIO cBOiCTB. OOBEKT JOMMKEH OTIHYATECA 1O CBOMM CBOHCTBAM JIMOO OT OKpYIKaroLMX OO BEKTOB,
nubo ot cpeasl, B KOTOPOi OH cyllecTBYeT. B yacTHOCTH, YacTHLA JOMHKHA OTIIMYATECA OT BaKyyMa, €cCliM
OHa HaxO[MTCA B BaKyyMe, MO0 OT ApYTHX HacTHL, €C/IM OHA HAXOAMTCA B CUCTeMe HYacTHLL. JIOMKHBI ObITh

KPUTEPHH, XapaKTEPUCTHKH, KOTOpbIE omnpelensnu Obl OTJIMuYME KOHKPETHO# 4acTHUbl OT Apyrux, JH60
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OTJIHYHE YacTHLbl OT BaKyyma. YacTuua J0/mKHa OT/IMYAThCA OT BaKyyMa, B IIPOTHBHOM CJIy4ae yacTula He
cywectyet. O6bexTH, He 00nanalolMe HHAHBHAYATBHOCTBIO CBOMCTB, HE OT/IHUAIOLIMECS OT ApYyrvX, Ha-
6moparbcs He MOTyT, W, CleIOBaTENbHO, He cyliecTByloT. He cyliectByer, HanpuMmep, “puUcyHka”, HapUco-
BaHHOTrO Ha INaJKo# NOBEPXHOCTH cToNa 63 CONPUKOCHOBEHMA C 3THM CTOJIOM, TIOCKO/bLKY “pHCYHOK™
HUYEM He OTNTMYaeTCs OT FIOBEPXHOCTH CTOJA, K CTON C “PUCYHKOM” B3aHMOJEHCTBYET ¢ ApyruMu oObeKTa-
MM Tak e, Kak 6e3 Hero. Hukakoii oObeKkTHBHBIN 3KCHEpUMeHT He oOHapyxwut 3toro “pucyHka”. (Ecnu
IKCHEPHUMEHT OOHApYXHUT “PUCYHOK”, TO 3TO OyAeT 03Ha4aTh HaMuHe OTIHYUA BO B3aHMoAeEHCTBUAX, 00y-
CINIOBJICHHBIX 3TUM “PUCYHKOM”).

Ilpu orcyrcTBuM oTaMuMa ans nabmopaarens wiv vHGOPMalMOHHON CHCTEMEI CTAHOBHMTCA Oe3pasinu-
HbiM, 0OBEKT 370 Wi cpeaa. s Toro, utobbl HabnoAaThCs, OOBEKT HOMKEH C YeM HHOYAb CPaBHMBATLCH, OH
JI0JDKEH OTJIMYAThCA XOTA Obl OTHUM CBOMM CBOKCTBOM OT ApYrHx obbekToB vnu cpenpbl. Hanpumep, ctpoente
KJIETKM JKHBOTO OpraHu3Ma FMpaKTHYECKH HEBOIMOXKHO HabmoaaThL MyTeM MPOCTOFO OCBELUCHHS, TAK KaK €€
TK@HW MMEIOT MPaKTHYECKH OIMH FoKazarenb NpenomieHns v ko3 QULMEHT MOTTIOLEeHUA CBETa, ¥ AETAIH
CTPOCHHS KJIETKH NpOCTO He BHHbL. O/1HaKO padiMuHble CTPYKTYpHbIE KOMIIOHEHTHI KJIETKH HMEIOT pasivuune
B CBOMX XMMHMHYECKHX CBOVCTBAX, YTO /1a€T BO3MOMCHOCTDb BbIOOPOUHOi OKpPacku 1 HabMOIeHHS.

Jins BO3HMKHOBEHHS BO3MOMKHOCTH HabmoneHus takxke HeoOXoAMMO HalHuHe XOTA 6bl ogHOrO 0OYez0
veoiicmsa. HEBO3MOXKHO CpaBHHBaTh BelllM, HE MMEICiHe HU ofHOro obuiero cpoicrsa. HeBosmokHO u3-
MEpATb NPOTSKEHHOCTh 0OBEKTa ¢ FIOMOILBIO NUHelkH, HE uMetonied JUIMHbL, OeCCMBICTIEHHO BBIACHATD,
YTO AipUE- 3BYK MM XUMHUECKas aKTUBHOCTb KMCTIOThI. Tak, Ans BO3HHKHOBEHUA BO3MOXKHOCTH Habmoze-
HUA KJIETKH, HEOOXOAMMO Hajmuue oflLero cBoiicTBa B3aMMOAEHCTBOBATL C MATYHEHHEM 3JIEKTPOMArHHT-
Hoit npuponkl. Habmogatbcs MoXeT TONMBKO TO, YTO OTJIMYAETCS, U OJHOBPEMEHHO HMeeT Xots Obl OfHO
CXOJCTBO.

B npuHuune BO3MOXXHO CylLECTBOBaHWE ABYX Wi HeckonbkMx Bcenewnbix B ogHOM of6beMe npo-
CTPaHCTBa, B KXAOH M3 KOTOPHIX CYIUECTBYIOT 00beKTh, HabmoaaeMbie nulilb B cBoeit BecenewHoii. Bee
obbexTh oHOl BeenenHoli uMeroT xots 6 onHO obliiee CBOHCTBO M, CNEAOBATENBHO CYILECTBYIOT B AaH-
Hoii Beenennoii. Ho onm He umerot ob6innx croilicts ¢ oObektamu Apyrux BceneHnbIX U HE CyLIecTBYIOT B
Hux. Hanpumep, sce o6nbekThi Haweii Beenennoli B Toii WM MHOI cTeneHM yuacTBylOT B Tpex (yHAaMeH-
TaNbHBIX B3aUMOAEHCTBUAX (TPaBMUTALIMOHHOM, 3NeKTpO-cnaboM wiK cunbHOM). Eciiv 06beKT He yuacTByer
HHM B OAHOM M3 3THX B3aUMOJEHCTBUMH, TO HABMONATH €ro NPaKTUHECKH HEBO3IMOXKHO (€CnM He CyLUeCTBYeT
HEM3BECTHOrO Ha AaHHbII MOMEHT B3auMoeicTBus).

CnocobHOCTL B3aMMOJIE#CTBOBATh FpE/TIONaraeT U3MEHYUBOCMb B3AMMOMEHCTBYIOIMX 00BhekToB. B
fIpoLIECCe B3aUMO/IEHCTBUA NPOUCXOAUT OOMEH 3Heprueii Mexay B3auMOAEHCTBYIOLIMMHU OObeKTaMu M 13-

MeHEeHHe UX coctosaHuii. Ecnu Obl B3auMoaeiicTBHe He M3MEHANO COCTOSHME Habmonartens ¥ o6LeKTa, TO
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nubo Hapyiancs 6b1 3aKOH COXpaHEHUA HEPruy, IMOO HE MPOMCXOAMIO CaMOro B3aMMOAEHCTBUA KaK (Qu-
3UYECKOro npolecca.

34€Ch MbE CTONKHYNHCh C OCHOBHBIM NMPOTUBOPEUYHEM MeXy KBAHTOBOM M PENSTUBUCTKOM MEXaHUKOM.
B xnaccuueckoii ¢uznke 1 TEOpUH OTHOCUTENBHOCTH BIIMSIHHEM Mpoliecca HaGMIOAeHUs Ha COCTOAHME Ha-
6monaemoro obbekra npeHebperatoT. OCHOBHBIM MOCTY/IATOM TEOPHH OTHOCHTENIBHOCTH SIBJIAETCS HE3aBU-
CHUMOCThL (PU3MYECKHX ABJIEHHIt OT BbIOOpa MHEPLMAIBHBIX CHCTEM KOOPAMHAT, WM OT crocoba onvucaHus
ssnenns. Habmoparens “npussseiBaeTcs” K cucteMe orcyera. Buibop cucTeMbl oTCUeTa BAMSAET Ha Xapak-
TEPUCTHKM CHCTEMBI OTcHeTa (HanpuMep, H3MEHSIETCS JUIHHA, BPEMEHHOH POMEXXYTOK, TIOHATHE OHOBpE-
MEHHOCTH COOBITHH, BENMUUHbI roJleil), HO HE BIIMAET Ha NpoTeKaHUe (UM3NUECKUX ABTICHUH, HE U3MEHAET
cOCTOAHHe HabmoaaeMbix 00bekTOB. B kBaHTOBOIT Mexaluke npolecc HaGMIOIEHUA U3MEHSIET COCTOAHUE U
Habmonarens, u Habmonaemoro obbekta { 1]. Kak suaum, kBanTOBas MexaHuka ropasno 6mmke K 3apaBoMy
CMBICITy, YeM KJ1acCHuecKas ¥ PENSTHBUCTCKAA MEXaHUKH.

Heo6x0AMMOC 1b OT/IHUMA ¥ HEOOXOAMMOCTL HAMYMA ODWMX CBOMCTB MPEAioNnaraloT TaKkKe Hajnuue
nocmosHubix ceoticms 'y oobexta. Eciu 00beKT cyuecTByert, ecnu oH HabmoaaeM, TO NOMDKHBE ObiTh CBO#-
CTBa, KOTOPLIE COXPaHAIOTCA, KOTOPbIi€ FO3BOMAIOT HAEHTHOUUMPOBATL OOBEKT, OTIIHYATDL €0 OT Heobbek-
ta, Habmonenue Ge3 hanvums NOCTORHHBIX CBOWCTB Y 0O0beKTa ¥ B OKPYKEHHUH HabnmoaaTens HEBO3MOXKHO.
JIro6oit 00bekT HabmopaeTcs Ha (JOHE Yero-To HEM3MEHHOTO, CPABHHBAETCH C APYTUM OOBEKTOM, KOTOpbIit
MOJKHO CUMTATb FOCTOAHHBIM, MO0 caM OOBEKT HEM3MEHEH, U MEHsieTC OKpYkeHue obbexra. Hanpumep,
TAryLKa BUAMT TOJBKO JBUIKYLUHECS MPeAMETsl U He BUAMT HEMOABWXKHBIE. T.€. cCaMU NOCTOAHHBIE 00BEK-
Thl MOTYT M He (PMKCHPOBATHLCA OpraHaMH YyBCTB HENOCPEACTBEHHO, a ObITh (POHOM, Ha KoTOpoM Habnona-
eTcsl 00beKT, HeKOTOpO# NMpuBA3KOii 00BbEKTa, HANPHUMEp, CUCTEMOIt OTCYeTa.

s u3MepeHus yero nubo JomkeH ObITh 3TAIIOH, NPY CPaBHEHH# C KOTOPHIM NPOM3BOAMTCS H3MeEpe-
Hue. HanpuMep nas u3Mepenust 1nKMHbI HEOOXOAUM 3TANOH METPa, WIH, €Clli OH OTCYTCTBYET, KaKo# Hu-
Oyap Apyroit 3TanoH, Kak B Myabtduneme "TpUALATH BOCEMB MOMyraes" iJif U3MEPEHUA JJIMHBL YaBa Ciy-
kit nonyraii. Jing nposefeHus U3MepeHUs HEOOXOMUMO HAJIMUME HE TOJIBKO paziHuus Mexay obbekramu,
HO W HajmuHe obuiux ceokcts. [lpn usmMepeHnM [UIMHB! OOLIMM CBOHCTBOM ABNAETCA HaMYMe TAKOH Xapak-
TEPUCTHKH KaK JLIMHA, Pa3iiMule - B NMPOCTPAHCTBEHHBIX KoopauHaTtax. T.e. [y Toro, 4tobbl 4TO-TO M3Me-
PHTDb, MEXIY 3TATIOHOM ¥ H3MepsieMbIM 00BLEKTOM N0/KHO OhiTh Kak TOXIECTBO XOTA Obl B OHOI XapakTe-
PUCTHKE, TaK 4 pa3/IiyHe KAK MUHUMYM B OJIHOH XapaKTepHCTHKE.

H3 kputepus obLHOCTH cnenyer, yTo ecnu o0HeKT 00NajaeT NOCTOSHHBLIMU CBOMCTBaMH, TO M Habmo-
narenb JOkeH UMHU 06n1aaath. T.e. NOCTOAHCTBO CBOKCTB OOYC/IOB/IEHO KaK YCIIOBUAMH BO3MOXHOCTH Ha-
6ntoneHus, Tak ¥ o6LIHOCTRIO cBolicTB. HaGmonaeMbie 06bekThl JONKHBI OQHOBpEMEHHO 061a/1aTh CBOHCT-
BaMU obugnocmu v paziuyus, Obith nOCMOoSHHLIMU ¥ usMenvuebimy. CylliecTBOBaTh MOXeET TONBKO TO, 4TO

obnagaer NBOMCTBEHHOM NpPHPOROH: MOCTOSHCTBOM M H3MeHuHBOCTHO. [Ipvuem Bcenennas nomxkHa co-
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IepXKaTh Kak MUHMMYM [IBa 0OBEKTa, HAMPUMEP YacTHLYY W BaKyyM, MHa4Y€ NPUBEACHHLIC BBILLE paccyxje-
HUS O CyLIECTBOBaHUM, HAGIIONAEMOCTH U OTIIHYMH OECCMBICIIEHHb.

IMpounntocTpupyeM HBOHCTBEHHOCTH CBOMCTB CYLIECTBYIOLIErO Ha NMPUMEPE KPHCTauia, B KOTOPOM
MoryT ObiTh nedexTs, 06yCnOBNEHHbIE OTCYTCTBUEM B y3/1€ KPHCTAJUIMYECKOH PELIETKH HOHa, TMOO Haiu-
YKEeM JIMLUHEro HoHa Mexay yanamu. [lpuueM peus uaer 06 HOHaX OJHOrO M TOTO XKE XMMHYECKOro 3JieMeH-
Ta, U perucTpuposathes Oyner HMEHHO Ned)eKT KPUCTA/ITHYECKOH CTPYKTYpbl, a He HOH. Hannuue unm ot-
cyTcTBUe edeKTa MOXKHO OMNpelenUTb, HAMpUMeEp, MPOCBEUMBAA KPUCTAIUT U3MYUEHHUEM, NTPO3PAYHLIM JIs
6e3nedexrHoro kpucramuia. Ecnu Ha HeomHOpoAHOCTAX, 00ycnoBieHHbIX AedeKkTaMH, CBET paccerBacTcs,
TO ne¢eKThl CYLIECTBYIOT, €CIIH paccessHus HeT, To Het U aedekroB. T.e. nedexTul B3aMMoAEHCTBYIOT, Cie-
noBatenbHo, cywecrsytor. Omnnune nedexra (nu pedextHoH obnactu) ot Henedexta (GesnedexrHoi
00nacTi KpUCTalna) BLIPaXKAETCH B HapylueHWH CMMMETPUM kpucTaina. Jledpextras obnacth obnanaer apy-
roit cuMmMeTpHeil no cpaBHeHHIO ¢ GesmedekTHOH, cnefoBaTeNbHO, OTIMYAETCS OT Hee, CIENOBATENLHO,
MOXET B3aWMOJIEHCTBOBATD, CIEA0BATENLHO, CyillecTryeT. ['paHHLly KpHCTaina M OKPYKaloLleil cpelibl Tak-
KE MOXKHO CYMTaTh Ne)EKTOM: B 3TOM Clyyae, €Clii HabnoAaTe b TOKANKM30BaH BHYTPH KPUCTA1A, TO Ha-
6moaeTcs M CyilleCTBYET OKpY>KaroILas KpHCTa/ll cpejia, €CIH BHE €r'o, To B OKpy»Katolle# cpefie Cyiect-
ByeT KpHCTAJUL

Kakum 00pa3oM COBMECTHTb B3aHMOHCKITIOUAIOILUE TPEDOBAHHS K CYIIECTBYIOIEMY: ObITh MOCTOSHHBIM
¥ U3MEHYMBLIM. JIe/10 B TOM, YTO MOCTOSIHCTBO CBOMCTE HMEET CMbIC cradunbhocTH. Hanpumep, 8 npouecce
pocTa KpHcTaia HPOMCXOIMT MPHCOEANHEHHE K KPHCTaLTy HOHOB, CHMMETPHS KOTOPbIX COBIAAAET C CHM-
MeTpHeii HOHOB KpHCTalia (BKIFOYAs pa3Mepbl HOHOB) ¥ OTTaJIKHBaHHE MPOUYMX HOHOB M YacTHL. B npouecce
MHOTOKPaTHOH KPUCTA/UIW3aLMN - pacTBOPEHHS COBEPLUCHCTBO KpHCTAIa He YXYAWaeTcs, a, Haobopor,
ynyuiaerca. TakuM 00pa3oM, paziuuve B CHMMETPHH MEXAY KPHUCTAUIOM W OKpyxatolled cpeno#
(pacTBOpPOM) MO3BOJSIET KPUCTALTY CYLUECTBOBATH MU COXPAHSATLCS HECMOTPA Ha OFPOMHbBIE H3MEHEHUS B OKpY-
*eHuH kpucraana. Kpucrann or Hekpucrayma omMyaercs cummerpueii. OTiuyre B CHMMETPHH SIBIIETCH HE
TO/MBKO yCl0oBHEM HabmIONaeMOCTH, HO U coXpaHeHUs.. Paznuune B CUMMETpPHH NMO3BOJISET NPOBECTH YETKYIO
rpaHb MeXIy KpHCTALIOM U HEKpUcTamioM. B npouecce cyluecTBoBaHusi Kpuctauia (Hanpumep, B MOMEHTBI
€ro pocTa ¥ pacTBOPEHHs) MPOUCXONT NMOBbILIIEHHE YNOPAAOYEHHOCTH BELLECTRA B OT/IHYME OT YMEHbLIEHUS
YNOPSIOYEHHOCTH BO BCEM OKpY Karoilem mupe. B nokanbHoii cucTeMe kpUcTaiia B npouecce LMKITHYecKoi
PEKpHCTANTH3ALIMU MPOUCXOIMT OYMILIEHHE KPUCTALIA OT NMpUMeceil ¥ NOKANbHOE NOHW)KEHHE SHTPOTTHH ¢ JI0-
KalbHbBIM HapylIeHHEM BTOPOro Hauajna tepmoAuHamukH. [lpuuem B mpouecce pexpucTaliM3aLMM coCTaB
KOHKPETHBIX HOHOB KPHCTA/UIA MOXKET CHIILHO M3MEHHUTLCH, 8 COXPAHSETCS TOJBKO €ro CTPYKTYpa.

IpounnocTpupyem yCnoOBUS CYMIECTBOBAHMA Ha NMpHMEpE 3MEMEHTAapHbIX YacTul. YacTULy MOXxHO
OXapaKTEpU30BaThL 3apAAOM, MAccoil MOKOs, CIIUHOM, KOOPAUHATOH, CKOPOCTHIO U HEKOTOPbIMHU JIPYIrvMH

napaMcTpaMHu, KOTOPHIE ITOKA MOXKHO HE pacCMaTpUBaThb.
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Haubonee Tpynen ansg obblieHHOro NOHMMaHUs CNUMH YacTHUpl. CIMH YacTHLbLI A3€T HAM CBEJIEHUA O
TOM, KaK BbIITIAAMT 3Ta 4acTHLIA, €CIIM CMOTPETL Ha Hee ¢ pa3HbIX cTopoH [2]. YacTua co cnuHoM 0 noxoxa
Ha TOYKY — OHa CO BCEX CTOPOH BBITJISAHT OIMHAKOBO. HacTHily CO CIMHOM 1 MOXXHO CpaBHHTB CO CTpeNnoi - ¢
Pa3sHbIX CTOPOH OHA BBIMJIAAMT M0 Pa3HOMY H NMPUHUMAET MPEXHUI BU JHLUL 1I0C/E NMOJHOro obopoTta Ha
360°. (Puc. 1). YacTully co CTMHOM 2 MOXXHO CpaBHMTH CO CTPENOit, 3aTOYEHHOH ¢ 06eHx cTopoH — moboe
ee MOoNoKEHUE NoBTopAeTcs nocne nosopota Ha 180°. AnanornunsiM o6pa3zoM gactHu@a ¢ 6onee BLICOKMM
CNUHOM BO3BpallacTcs B NEPBOHAYAIBHOE COCTOSIHHE NPH TIOBOPOTE Ha eLe MEHbILYIO YacTb NOHOTO 060-
pota. OnHaKO CyIECTBYIOT YaCTHLBL, KOTOpbie NOCJE NONHOro 060poTa HE MPUHHMAIOT NPEXHHH BUI — UX
HY’KHO JBaKIBI OJIHOCTBEO NMoBepHYThb. Takue wacTuibl obnanator cnuaoM 1/2. CxeMaTH4HO TaKylo YacTH-
Ly MOXKHO FPEACTAaBUTh KaK CTPENKY, MMEIOLIYI0 pa3Hblif LiBeT cBepxy M chusy. Ilpu nosopore nHa ogvH
060poT BOKpYr BEPTHKaIbHON OCH OHa NMOBOPAaYMBAETCS Ha MonobopoTa BOKPYr coOCTBEHHOH U M3MEHSIeT
cBoii user. [Ipu cnepyroweM obopore oHa NoeepHeTCA elie Ha NonodopoTa M BO3BPATHTCA B MEPBOHAYAIIL-
HOE MOJIOXKEHHUE.

Bce M3BecTHbIE YacTHLbLI BO BeeneHHOH MOXHO pasfienuTh Ha e rpyIimbl: Y4acTHLBI CO CMMHOM 1/2, U3
KOTOPBIX COCTOMT BelecTBO Bo Beenennoit, 1 wactuub co cnuHom 0, 1, 2, koTopbie CO3MAI0T CHilbl MEXCTY

YaCTHLIAM¥H BELLECCTBA.

OnMHokas yacTHLa B BaKyyme CylLIECTBO-
1. 1 I 1 BaTb MOXKET, MOCKOJILKY M3-3a HallMuMs CMHHA
OHa oTIM4YaeTcs cBoel CHMMETpHEH OT BaKyyMa.
2. t t Jlnst cywectsoBaHus AByX MnH Gonee dacTvu B
KBaHTOBO#H cHcTEME HEOOXOIMMO, YTOOBI HacTH-
3 1 IL 1 Ubl oTHYATKCh XoTs Obl 04HO#M CBOEH XapakTe-

pucTukoii. Ecnu ape OAHMHAKOBBLIE YACTHLIBI
a) 6) B) r

UMEIOT OJJMHAKOBBLIC KOOpIOWUHATHLI, CKOPOCTH H

Puc. 1. CxemarHueckoe NpeAcTaBneHHE CITUHA YaCTHLLL
CIHH, TO OHU HE MOT'YT CYIIECTBOBATh.

Yepe3 NOBOPOT BOKPYI' OCH.
P P by PaccmorpuM Goniee noapoOHO mocneaHee

1 - yacTHLIa CO CITMHOM, PaBHbIM 1;
yteepxaenre. O6¢ yacTHLbLI MO OTAENLHOCTH

2 - yacTHLia CO CMMHOM, PaBHBIM 2;
OTNHYAIOTCH OT BaKyyMa U MOTYT CyuiecTBOBaThb

3 - yacTHLA CO CTTHHOM, paBHbIM 1/2;
no oraensHocTH. OHAKO eC/IM YaCTHLbI HONTHO-

a) ~ HCXOIHOE COCTOSIHUE;
CTHIO UIEHTHYHBI, HWMEIOT IMONHOCTbIO COBNa-

6) - nosopot nHa 180° Bokpyr l‘OpHSOHTZJ’leOﬁ OCH,
AarowHe XapaKTCpUCTHUKH, CTAaHOBUTCA HEBO3-

B) - TOBOPOT Ha 360° BOKpYr rOpU30HTaIBHOM OCH;
MOXHBIM OTHEJIMTh YaCTHLy OT HEYacTHLIbI,

r) - noBopot Ha 720° BOKpYI ropH30HTAILHOH OCH; .
UASHTU(PULMPOBATE €€.
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Ecnu 06e yacTHLbI MONHOCTBIO OAMHAKOBbI, HEMb3S OTBETHTH, II€ M3 HUX koTopasi. ToxaecTBeHHble
YaCTHLLI MOXKHO MEHATL APYT C APYroM, MOCKONLKY IKCNEPHMEHT He OOHapYXHUT Takoil 3aMeHbl. YacTHua
OJJHOBPEMEHHO ABNAETCH caMa cobo# U BTOpoit yacTHLEH. ITH YacTHLILI HE MOTYT B3aUMOIEHCTBOBATH PYT
C ApyroM, MOCKOJIbKY €CNIH OHHM NPOB3aUMONEHCTBYIOT, OHH JOJDKHBI OyJIyT MOMy4MTh OTIAM4HE APYr OT
Zpyra U nepectaHyT ObITb OJMHAKOBBIMH.

Tax, ecnu anekTpoH, HaxoaALwMiica Ha Anbda LleHTaspa, HHYeM He OTNH4YAETCs OT 3EKTPOHA Ha 3eM-
Jle ¥ OT 3JIEKTPOHA B CoCefiHel raiakTHke, To 3aMeHa 3€MHOTO IEKTPOHA Ha 3nexTpoH B Anba Ilenrtaspa
WM Ha 3NIEKTPOH B COCEIIHe# ranakTuke HUYero B NpUpoze He M3MeHuT. Ecnu 3eMHoii 3nekTpoH npos3au-
MOJIEMCTBYET, H3MEHHT CBOH XapaKTEPHCTHKH, TO, ECTECTBEHHO, H3MEHHT CBOM XapaKTEPHCTHKH H 3N1EKTPOH
Ha Anbda Llenraspa, ¢ KOTOpLIM OH NMOMEHsNCA, U, BooOLLE ropops, Bee anektpoHbl Beenennoit. T.e. ecnu
BCE IEKTPOHBI TOXECTBEHHBI APYT ApYyTy, U NPH 3aMeHe OHOTO 3NEKTPOHA Ha APYroil B NPHPOJie HUUEro
He MEHSIETCS, TO B3aMMO/IEHCTBHE C KOHKPETHBIM 3MIEKTPOHOM CTAHOBHTCS HEBO3MOXKHBIM. Biaumopeiicteue
€ KOHKDETHBIM 31EKTPOHOM 03HauaeT oJHOBPEMEHHOE B3auMO/eiicTBIE C TOXK/IeCTBEHHbIM eMy. CneaoBa-
TENbHO, TOKAECTBEHHBIE YACTHIILl HE MOTYT cyuiecTBoBaTh. [lonapHo wnv B OonbllieM uvciie MOTYT CyLle-
CTBOBaTb TONbKO aHTHTOXK/IECTBEHHbIE YaCTHLIBI, KOTOPbIE IOJDKHBI OTIHYATLCs XOTS Obl OZIHO# xapakTepu-
CTHKO#, ¥ 3aMEHa KOTOPBIX JIpyr Ha JIpyra W3MeHseT COCTOSHHE H3yuacMOH CHCTEMBI.

H3 npueenennbix paccyxaeHuit BbiTekaeT npuHumn 3anperta fHaynn. Jlse unu 6onee yactuy ¢ nonyue-
JibIM CIHHOM HE MOTYT CYLUECTBOBaTb B OAHOM COCTOSHHH, MPUHLMI CYNEPNO3NLIMK 1A HUX HEMPUMEHHUM.
YacTuLip! € LIe/IbIM CITHHOM, KOTOPBIE TIepe/laloT B3aMMOICHCTBHSA, MOAUHHSIOTCS NPHHLMIY CYNEepno3HLIMK.
DTH YacTHLbI HE OTVIHHAIOTCA CBOEH CHMMETpHEit OT BaKyyMa M BCJIEICTBHE 3TOr0 He MOTYT CYLIECTBOBATb
B "uncToM” BaKyyme. OHaKko OHH CYHIECTBYIOT TONbKO NOTOMY, UTO WMEIOT CBOWMCTBO B3aHMOAEHCTBOBATD
€ 4aCTHLIAMH C MOIYLIENIBIM CIIMHOM M OTJIHYaioTcs OT HUX. HerozMokHO nposecTd 3xkcnepuMeHT Ge3 vac-
THL C NONYLE/ILIM CIHHOM, KOTOPBIH Noka3all Obl HAJIMYKE YACTHLL C LIENbIM CITMHOM.

PaccMOTpumM cTabMNbHOCTDL CyILIECTBOBAaHMS 3/1eMEHTapHbIX YacTvll. byneM cuuTats, 4To BCE 4aCTHLIbI
SIBJSIIOTCA BO30YKIEHHbIMM COCTOSHMAMHM Bakyyma. Bakyym mpencraBiser coGoil MIOTHO ynakoBaHHY¥O
CTPYKTYPY, BCE JHEPreTHYECKHE YPOBHH KOTOPOH 3alonHeHs! YacTHLaMH (Takoe NMpe/ICTaBICHHE O BaKyyMe
crano rocnoacTeyouum ¢ 50-x romos Hawero cronetus [31]). [pu Bo3OyxaeHnn sBakyyMa 4acTuua BbiOH-
BAETCsl CO CBOETO IHEPreTHHECKOrO YPOBHA M nosiBasieTcsi cBobonHas yactuila. B BakyyMe Ha mecTe yiuen-
Lieil 4aCTULBI MOSIBISETCA BAaKaHCHA - nbIpKa. J[bIpKy MOXKHO cuuTars aHTH4acTuuel. YacTuia v avTHuac-
THLIa BO3HMKAIOT OIHOBPEMEHHO W napo#i. Ecnu yactvua 3aiiMeT BakaHTHOE MeCTO B BaKyyme, TO OHa HMC-
4YE€3IHET BMECTE C aHTHYaCTHLIEH — NpoU3oiiieT aHHHUMWISALIKS.

TTockonbky Bakyym (OKpyiKaroiliee Hac NMpOCTPaHCTBO) 0OnasaerT ClIMHOM paBHLIM |, a YacTHLb CH-
HOM 1/2, TO OHM CyLIECTBYIOT, TOCKONLKY OTIMUAIOTCH CBOEH cMMMeTpHeil. YacTHLa HE MOXKET HCYE3HYTh,

nOrubHyTh, OLITH MOITIOLIEHHOH BaKyyMOM, IOTOMY YTO YacTHLIA ¥ BaKyyM OONajaroT pa3HOH CHMMETpHE.
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Yactnua MoXeT ObITe HOrNOLIEHa WM YHHUYTOXEHA TONBKO ApYyroif YacTHUedl Wiu aHTH4acTHuel, oOna-
naroiel Taxoh xxe cHMMeTpueii (CriMHOM).

OneMeHTapHbi€ YacTHLbLI B MOZIENIH BaKyyMa NPEACTasnsmoT coboit B030YyKaAEHHbIE COCTOAHUS BaKyyMa,
JIOKabHOE U3MEHEHHE ero CTPYKTYpbl, cuMMeTpuH. Henocpenctsenno HabnoaaroTcs He caMu COCTaBHLIE
371EMEHThl BaKyyMa, KaK cuMTal nepoHauanbHO JlMpak (uacTHLB, W3 KOTOPbIX COCTOMT BakyyM), a
JIOKANbHOE M3MEHEHWE CTPYKTYpbl 3THX 3NIEMEHTOB Bakyyma. Tem Oonee, 4To 4yacTHIbI, CUMTaBLIHECs
3NEMEHTAPHBIMM B MOMEHT BBIJIBWXKEHUSA THHOTE3bl, HE CUMTAIOTCH 3JE€MEHTApPHBIMH MO COBPEMEHHbIM
NPEeACTaBIEHUSM.

Ilo aHanorum paccMOTpUM BOMPOC O BO3MOXKHOCTH CaMOMPOM3BOJILHOIO 3apOJK/IEHUA, COXPaHEHH M
pa3BuTHS kU3HHU. JIns Toro, 4ToObl COXpaHHUTbCA, He ObITb MOMNIOIIEHHBLIM OKpPYXatoLleH CPeloH, KHBas
MaTepus JODKHA OTAMYATHLCS CBOEH cuMMeTpueli OT Hexuneoil. Hanpumep, ob6iasaTth ocblo CHMMETPHH Mg~
TOro NMOPS/IKa, KOTOPOii HET B HEXUBOH NPHpoAe. AMEPHKAHCKHE YUEHbIE, HCCIIE/I0BABLIME TIMHBI, HAUIH B
HEXHBOH NPUPONE CTPYKTYpbl, CNOCOOHBIE N0 2HATOIHH C KPHCTALIaMU NPHTATHBATL ">KHBOE BELIECTBO" H
OTTa/IKMBaTh Hexupoe. OpPraHHyeckoe BELIECTBO OCAXCAAETCS Ha MOBEPXHOCTH TIMHBI, HEOPraHH4ECKoe
HeT. CUMMETpHS MCCNEAOBAHHBIX [NIMH TAKOBA, YTO KOHLIEHTPALMA OPraHHYECKUX BEILECTB Ha UX HOBEpX-
HOCTH Ha HECKONBKO MOPSAAKOB MPEBBILIACT KOHLEHTPAUMIO B OKpYyIKatouieM NpoctpaHcree. B pesynbtate
MOBBILIEHHS KOHLUEHTPALUK CKOPOCTh OGHOXMMHMUECKHX peakuuii 3HA4MTENbHO Bo3pacTaeT. Tlosyuusiuasics
CTPYKTYpa U3 IVIHHBI B KaYeCTBE CKEJIETa M OpPraHU4ecKOro BELEeCTBa OTHOCHTENbHO cTabunbHa BO BPEMEHH
¥ MMEET BO3MOKHOCTb 0OMeHa OpraHM4YecKHM BEILECTBOM C OKpy»xaroiueii cpenoil. B kauecree npoobpasa
JKHBOI KJIETKM OHa ropasno crabuinbHee KannM opraHuuyeckoro eeinecrBa. EcnM sxusHb Ha 3emne 3apoau-
Jlacb CaMOMPOM3BONIBLHO, TO OHA 3apOAMNAach Ha NMOBEPXHOCTH HEOPraHHYECKHX CTPYKTYP, aHANOIHUHbIX
OIUCAHHBIM IJIHHaM.

Bce xHBble MONEKYbI Ha 3eMiie 3aKpyUeHbl Kak JIEBOBPALLAIOLIHECHS CHUPAIH H ITHM OTJIHYAIOTCA OT
HEXHMBbIX OpraHM4YecKHX BEILEeCTB, I/le MPaBo ¥ JIEBOBpALLAIOLUMECS MONEKY/bl pacnipefeneHb! NOYTH Mo-
posHy. CoxpaHeHHe XH3HH 03Ha4aeT HE COXpaHEeHHE BeleCTBa OpraHi3Ma, a COXpaHEHHE ero CTPYKTYpbhl.

TonbiTaeMcs MOABECTH UTOr BCEMY, CKazaHHOMY Bbillle. Mbl paccMaTpuBaeM TOJILKO TOT MHP, KOTO-
puiii Habnroaem, ¥ MpU3HAaEM CyIIECTBOBAHHE B 3TOM MHMPE TOJILKO TeX OOBLEKTOB, KOTOpbiE MOryT Habnro-
JlaTbCsl HEMOCPEACTBEHHO OpraHamu YyBCTB, WIH KOCBEHHO, ¢ nomoLlbio nprbopos. Kakosbl ke NOMKHBE
ObITb cBo#icTBa OOBEKTOB, KOTOpbie Mbi MOXkeM Habmonatb? HeoOXoaMMbIMH yCNOBHSAMH BO3MOXHOCTH
HabnrofeHus sBnatorcs cnocobHocTh 00BekTOB: 1) 63auMOodeiicmeéoéamb, ¥ HEODXOAMMOCTb HanHuus: 2)
onmmuyus 06beKTa OT Apyrux oObeKTOB MM OKpYxKatoiuei cpenw. BzaumozeiicTeie BO3MOXKHO TONBKO B
TOM cy4ae, ecli uMeercs: 3) obunocme cBoiicTB U 4) usmenyusocmev 06bexkToB. Ecnu npopzanmoneicTBo-
BaBIlIME OOBEKTHI HE OTIIMYAKOTCS OT HEMpOB3aMMOAEHCTBOBABILUMX, TO TaKOe B3auMoxeiicrsue HeHabnio-

IIaeMO M, Cne1oBaTe/lbHO, He cyilecTByeT B HabmonaemoM Hamu mMupe. OTinume npeanonaraer: 5) nocmo-
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sAHCmMBo cBocTB y HabmonaeMbix o6bexToB M M3MeHUMBOCTDL (Puc. 2). O6bexT nomkeH ObITh TOX/IECTBEH-
HbIM camomy cebe, moaToMy AomkeH obnanath HOCTOSHHBIMM CBOficTBamu. Ecau mocTosiHHbIE CBOICTBa
OTCYTCTBYIOT, €r0 HEBO3MOXHO MIEHTH(QHLMPOBATb, OPraHb YyBCTB HabnromaTens HE CMOTYT OTJIMUMTH
OJIMH Xaoc ot Apyroro. OTCyTCTBHE M3MEHUMBLIX CBOFCTB C/E€NAeT HEBO3MOMKHBIM OTJIMYHE.

Kak suaumMm, HabnronaeMblii MMp OookeH obnanarh

NMpOTUBONOJNIOKHLIMH, Ha ﬂepBblrl B3rjs] B3aUMOUC-

Habmopna-
eMOCTb K/IIOYAOLMMH, CBOHCTBAMM: OOIHOCTBHIO M PasinuH-
/ \

T — Otnmane €M, H3MEHYHBOCTBIO ¥ MOCTOAHCTBOM.
CTBHE KaxuMu ke cBoOiicTBaMM JOkeH obnajare Ha-
2 \ / \ 6mogaemblit MUp MCXOs M3 NPUBEAEHHOTrO BbILIE aHa-

O6wHocTb H3MeHun- IMocross- 2 B 6 .

BGCTD CTBO nuza u cxembl? Bo-mepsbix, HaGniofaemblii MHp He

MOXKET ObITb JIETEPMHUHHUCTCKHM. JTO CBA3aHO C TEM

(kaK yTBep)KJaeT KBaHTOBas MeXaHMKa), 4TO MpoLecc

Puc. 2. HeoOxoaumbie ycnoBus Habnrogae-
A y A HabnrofleHuss HM3MeHsieT cocTosiHue Habnmonaemoro

MOCTH O0O'BEKTOB.

o0beKTa U HEBO3MOXKHO 3KCIMIEPpUMEHTANBHO OHOBpE-

MEHHO TOYHO W3MEPHTb BCE XapaKTepucTrku obbekra. [loaTomy 0 nmoGom coOOLITHH MOXKHO MOBOPHTE, YTO
0O NPOU30HIET C HEKOTOPOH BEPOATHOCTHIO. 3axaveil KBaHTOBOH MeXaHUKM ABNAETCH ONpEACIHTL ITY
BEPOATHOCTb.

OnHako, naxe ecny BNUSHHUEM HaOnroneHUs Ha H3y4aeMslii npouecc npeHedpeyb, H TOYHO ONpEIeaHTh
BCE rnapamMeTpsl 00bekTa, BCE paBHO CTPOro 3aKOHOMEpHBIi Mup He Habmonaem. Ecn¥ MHp onKChIBaercs
CHCTEMOIi ypaBHEHHH, KOTOpas MO3BOJISET ONPENEIHUTh COCTOSHHE 3TOro MUpa B JI0OOH MOMEHT BpEMeEHH,
TO OT Yero JIO/DKHA OTAHUATLCS 3Ta CHCTeMa YpaBHEHHI, 11 TOro, YToGbi Mup Obln Habmonaem, UTo 10mK-
HO B 3TOM MHpe H3MeHuTbCa? Kakum oOpazoM onpenenuth Hanpasnelie H3MeHeHust BpeMeHu? B mupe, roe
BCE Harlepe/l 3aaHO U Hafnepe/, U3BECTHO, HUUero He npoucxoaut. Habnronatk Takoii MHp JKHBOMY CyLiecT-
BY HET BO3MO)XXHOCTH H HE HIMEET HUKAKOro CMbICTIA.

B mupe, rae Bce M3MEHUYHBO, I'Ie HET HHYEr'0 NOCTOSHHOrO, II€ FOCMOACTBYET Xaoc, HabnoaeHue Tak-
e HEBO3MOXKHO. 2KuBoii OpraHu3M He cnoco0eH OTIMYMTDL OIMH Xaoc oT Apyroro. OpraHb! HyBCTB BOCTIPH-
HHUMAIOT He MHQOPMALINIO, a CHrHAJIHI M3 OKpYXaioiero Mupa. MHdopmauus Bo3HuKaeT B MO3TY Mpu pac-
KOJIMPOBKE MOJTYU4CHHBIX Ye€pe3 OpraHbl YyBCTB CHrHaioB. B mosry Habnionarens umeercs packoaupyroLuas
CHCTEMA, HEKOTOpas MHTEpNpeTalMOHHAs MaTpuila, NMO3BOJSIOILAS pacKOAMpoBaTh curHanbl. Ecnu Bee B
MHpPE MEHSETCS K HET HUYETO MOCTOSHHOrO, TO TaKas pacKOAMPYIOLIas CUCTEMA MPOCTO HE CMOXKET BO3HHUK-
HYThb, @ €CNIH BO3HHKHET, TO Cpa3y XKe OKaxercs ycrapeslieil, becionesHoit. Mup nonmxeH ObItb TakuM, 4To-

66l B HEM CMOT NOSIBUTLCS M PA3BHTLCS Y€NOBEK (AHTPOIHBIA IPUHLMIT),
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Kax suaum, Habnronaemblii MUp He MOXeT GBITh CTPOro 3aKOHOMEPHBIM M HE MOXET ObITb Xa0THUHBIM.
Mup osnkeH coiepaKaTh NOCTONHHbBIE 3IEMEHTbI U H3MEHUHBLIC JIEMEHTHI.

Kax ycrpanute npotuBopeure Mexny TpeGoBaHHEM MOCTOSHCTBA M W3MEHYHMBOCTH, KakMM 00pa3oM
JOMKHBI ObITh B3aUMOCBSA3aHbl MOCTOSIHHBIE M NEPEMEHHBIE 3JIeMEHTbI, VIS TOro 4ToObl 3T0 NPOTHBOpEYHE
ucueno? Ecnu, HanpuMep, HEBO3MOXKHO TOUHO OFpEENHTL OCHOBHble Habniopaembie XapaKTEepPUCTUKH
4acTHULIbI - KOOPAUHATY W UMIYJIBC, TO KakuM 00pa3oM ONpefenuTb NOCTOAHHBIE XapaKTEPUCTHKH YacTHLb,
KakuM oOpazoM OnpenenuTsb, €CTb 1M BoOOLIE MOCTOSHHBIE XapaKTEpHCTUKH Y YacTHLIbL, a, CIEA0BATENbHO,
cyiecTByeT 1M oHa? BeIxoz w3 NMPOTHBOPEUYMs B TOM, YTO A0JDKHA ObITh cTpOras B3aWMOCBA3b MEXLy MNa-
paMeTpamy, KOTOPbIMH OMNepupyer HaGmoaarensb, M napameTpaMu obbekTa. Jlo/mkHa cyluecTBOBaTh B3au-
MOCBSI3b MEKIY "HyBCTBEHHBIM" H "yMOMOCTHraeMbIM", M&XAY H3MEHYMBBIM U HEM3MEHHbIM. Ecnu H3men-
4HBbI€ MAPAMETPLI CBA3aHbI ¢ HEM3MEHHBIMH HEKOTOPHIM COOTHOLUEHHEM, JalOIUUM MOCTOSAHHYIO BEJIHYHHY,
NPOTUBOpEUHE MeXIy ITUMHU TpeboBaHUsAMu OyaeT ycTpaHeHo.

Ecnu nmeTb B BUIY KOHKpeTHOro Habntonaresis, TO BCE CyLLecTBYtolliee OH crnocobeH BocHpHHUMATL B
MPOCTPAHCTBE B BUJE HEKOTOPbIX CHN (B3anMoneicTBUi, Bo3neHcTBHii Ha opraHsl dyecTB). Ecau npenensHo
YNIPOCTHTb OMUCAHUE, TO MOXKHO CYHTATh, YTO OH CMOCOOEH BOCNPHHUMATL HEKOTOpbIE BO3AEHCTBHY, Ha-
NpUMep 3BYKOBLIE, CBETOBbIE, OCA3aTENbHbLIE W T.N. U3 ONpPENENECHHbIX TOYEK NpocTpaHcrea. Bech okpy-
JKAKOIUI MHP YeNIOBEK CHOCOOEH OMMCaTh C HOMOINBIO UMITYNIbCA ¥ KOOpIMHATHL. Tak BOT, Bce cyulecT-
BYIOLLiEE JIOMKHO B3aUMOAEHCTBOBATH M M3MEHSTh CBOM MMIYJIbLC ¥ KoopauHaTy. JlomkHa ObITh B3aMMO-
CBSI3b MEXKAY MMAYILCOM M KOOPAMHATOM, C MOMOLLLIO KOTOPLIX YyenoBek HabnrofaeT ¥ BOCIIPUHUMAET 00b-
€KT, M BHYTpeHHeil XapakTtepucTukoii obbekTta. JlomkHa Obith onepatus HaJ MMITYJILCOM M KOOPAWHATOM,
KOTOpasi [IaeT BEMHYMHY, XapaKTEPH3YIOILYIO COCTOSIHHE YacTHLBl, U 3TO COCTOSIHME NIO/DKHO ObiTh Hews-
MEHHBIM, HezaBucuMbIM OT Habnionarens. Heobxoaumo Haifti Takoe COOTHOLLIEHHE MEXAY KOOPAHHATOM U
HUMITYJILCOM, KOTOPOE paBHO MOCTOSIHHOM BesmuMHe. Mbl nony4yaem Heo6xoaMMOCTs HasIM4Mst B Habniolae-
MOM MHpE COOTHOLLEHHS, aHAJIONHYHOr0 COOTHOLLIEHHIO HeonpenenenHoctel [eitsenbepra, xota caM Bun
3TOr0 COOTHOLLEHHMS W3 HALIMX paccyx/ieHWH He cnenyer (To, YTo MOCTOSHHON BEJTUYMHOH sSBAsiETCS KX
Apou3BeENEHHe, paBHoe NMOCTOSAHHOM [lnanka WiKM Heckonbkum foctosHHbIM [1naHka. Ilpu u3MeHeHuu co-
CTOSIHMS YaCTHULbL! NPOU3BELEHHE KOOPIHHATH HAa HMITYJILC MOXKET M3MEHATHLCS TOMLKO Ha LENOE YHCIIo HO-
croaHHLX [Inanka).

CooTHollieHHe HeonpeneneHHocrei oobenuuseT [apmeHunoBekoe “ObiTHe ecTb, HEOLITHS HE CyILECTBY-
er” ¢ ['epaknuToBCKUM “Bece TeueT, Bce uaMeHsieTcs”. COCTOSHME YyacTHLbE MOCTOSHHO, HEM3MEHHO, HO 3Ta
HEM3MEHHOCTh MOXKET NPOsBASTLCS B Popme COBOKYITHOCTH, COOTHOLIEHHS] H3MEHUHBBIX XapaKTEPHUCTHK.

Kak Buaum, npocreiilye paccyxieHds 0 BO3MOKHOCTH HabMtoneHUs: NPUBOAAT HAaC K HEOOX0AMMOCTH
HATHYMS B HabNI0JaEMOM MHUPE TAKMX BRKHBIX 3aKOHOB NMPUPOAbI, KaK NpUHUMN 3anpera [Naynu u cooTHo-

weHne HeonpenenedHocred ['efisenbepra, HecMOTpst Ha TO, YTO 3TH 3aKOHBI TPOTUBOPEUAT NPEACTaBNEHUSM
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Ki1accH4ecKoii U3HMKH, He BnUChIBalOTCH B Hee. KBaHTOBast MexaHUKa ropasno Gynxke K APoOCTOMY 3/paBo-

My CMBICITY, Y€M KJIaCCHUYECKasA, XOTS HayuHasn 00LECTBEHHOCTh NPHUBLIKJIA K TPOTHBONOJIOKHOMY MHEHHUIO.
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