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abcTpakT
KBaHTOBasi n bmoxmmmyeckasi cynepcuMmmeTpus

OTKpbITHSA, O KOTOPBIX MOMAET peyub B JAHHOM TEKCTE, SIBJSIOTCS PE3yIbTaTOM
HCCJIEIOBAHUS B 00J1aCTH KBAHTOBOM OMOJIOTMH TeJIa YSJIOBEKA.

DTO HCCIEAOBAHUE BEJIOCh HA MPOTSHKEHUH nociiennux 30 Jer.

B manHOM Tpyje UCCIenyOTCs HEKOTOPBIE crienupuIecKre OMOIOTUUECKUE U
OMOXMMHUYECKUE Ka4eCTBa a TAKIKE B3aUMOJICHCTBUS (MOJICKYJIIPHBIC U KBAHTOBHIE)
OTPOMHOTO KOJIMYECTBA PA3HBIX HEOPTaHUUECKUX U OPraHUYECKUX COCAMHEHUN
OOJILIITMHCTBA JIEMEHTOB MEPHOINYECKON Ta0IuIlbl MeHaeneeBa.

OpnHUM H3 TIIABHBIX BOIIPOCOB, HA KOTOPOM OBLIO COCPEAOTOUYCHO BHUMAHUE UCCIICIOBAHUS,
OBUTM OTJIMYHUS B CIIy4ae BO3JICUCTBUS HA TEJIO YETIOBEKa KOHKPETHOTO 2JIEMEHTA U3
Tabnuiel MeHaeneeBa, KOT/1a OH CBS3aH B PA3HBIX HEOPTaHUUECKUX WM OPTaHUYECKUX
COCIMHECHUSAX U HAXOJUTCS B PA3JIMUHBIX KBAHTOBBIX COCTOSTHUSIX.

JTO0 UCClIeJOBaHUE MPUHECIO P KOPEHHBIX U IPOPBIBHBIX OTKPBITHIA.

OHU B KOpHE MEHSIIOT CYILECTBYIOLIMI Ha CETO/IHS B3IJIA]l HA BCE MPUPOIHBIE U
00111eCTBEHHBIC HAYKH.

HexoTopsble yacTu moka 4To XpaHATCs B TalHE.

OcTtanbHble TPUBEACHBI B HACTOALLEM KpaTKOM 0030pe.

1/ OTKpbITHE BOTHOBOH (PYHKIIMM B KBAHTOBOW B3aMMOCBSI3aHHOCTH.

KBanTOBast B3aMMOCBA3aHHOCH UMEET XapaKTep KBAHTOBOW BOJIHOBOM ()yHKLIUU.
ITonnMaHue 3TOro SBISIETCS OCHOBOM IS INTyOOKOT0 M KOMIUIEKCHOT'O BOCTIPUSTHS
IOCIIEAYOIIETO TEKCTA.

2/ KBaHTOBas 1 OMOXMMHUECKasl CYIEPCUMMETPHSI B TEJIE€ YEIIOBEKA.

AGCOoNIOTHO Bce 0€3 NCKITIOUYEHHUS JIEMEHTBI, KOTOPbIe MPUCYTCTBYIOT HA HAIlleH 3emiie,
OMOreHHBIE.

WHBIMU CITOBaMU BCe DJIEMEHTHI, HAUYMHAS C BOJAOPOJA U KOHYAsl yPAHOM IUTHOC
TpaHCypaHaMH (T€MH, KOTOPbIE BOZHUKAIOT BTOPUYHO), SBJISIOTCS HEOTACTUMON YaCThIO
KBaHTOBOW U OMOXMMUYECKON CYIIEPCUMMETPUHU B YEIIOBEYECKOM TEJIE.

HawuBHble npencraBieHnst 0 TOM, YTO 3BOJIOLMS UCIIOJIB3YET KAKUE-TO TOCTYITHBIE
KOMIIOHEHTBI U3 IPUPO/IbI & IPYTUE UTHOPUPYET, HE UMEET 0] OO0 abCOIIOTHO
HUKAKOI'0 OCHOBaHMSI.

C TouKM 3peHHsI KBAHTOBOM (PU3UKU MBI MOXKEM Pa3Je/IUTh 3TH OMOT€HHBIE YJIEMEHTHI Ha 2
IPYIIIBL.

1-10 TpyIIy COCTABJISIOT 3JICMEHTHI, Ha KOTOPYIO TEJIO YeIOBEKa HE pearupyer B hopme
BOJTHOBOM yHKIMH, BX0AT: Bogopo (H), yraepon (C), azot (N), kucmopos (O),

Hatpuii (Na), pocdop (P), cepa (S), xmop (Cl).
Bce ocranbpHbie OMOTEHHBIC DIIEMEHTHI OTHOCSTCS KO 2-H TpyTIe.

2-10 TPYIILY COCTABISAIOT 3JIEMEHTHI, HA KOTOPBIE TEJIO YeJIOBEKa pearupyer B popme
BOJIHOBOW (hyHKITUH.



Ha camom Jniene yenoBeueckoe Telio pearupyeT Ha Bce 3JEMEHTHI B (hopMe KBaHTOBOM
BOJTHOBOH (DYHKIIMH, OJTHAKO JUISI SJIEMEHTOB M3 TIEPBOU TPYIIIHI pa3MEIEHUE TUIOTHOCTH
MPaBIONO00HOCTH B BOJHOBOM (h)YHKIIMU OUYE€Hb CKAYKOOOPa3HO, HO B TAHHOM TE€KCTE MBI
He Oy/ieM Jnaiblie 3TO pa3ouparh.

Y TBepKIIeHUs, UCTIOJIb3YEMBbIE 3]IECh, SIBJISIOTCS PEIIATUBHBIMU, M UTOOBI HE 3arpyKath ce0s
TEKCTOM, HEOOXOIUMO JIUIITh B HEKOTOPBIX CIyYasiX /1aBaTh CIOKHOE U OAPOOHOE
0O0BSICHEHHE.

OnemeHTHI 1-i U 2-i rpymIbl CymecTBYIOT B (hopMe criennpuueckux mpoTenHOBBIX
KOMITLJIEKCOB U TIPEJICTABIISAIOT COOOH IMHUPOKYIO TPETUUHYIO CTPYKTYPY B TEJIE YEIIOBEKA,
TaKy CeTh (COCTaBHOM YaCThIO ATON CETH SIBIISIOTCS SCEHIIMAIbHBIC BEIIECTBA).

3JTa ceTh OKa3bIBAET OTPOMHOE PErYJIMPYIOIIee BIUsSHUE.

JlaHHas TpeTuyHas CTPYKTypa, 3Ta CETb BMECTE C OCTAJIbHBIMU KOMIIOHEHTaMHU
OMOXUMUYECKON CHCTEMBI YEeJIOBEUECKOTO TeJa MPECTABISIET CO00 OMOXUMUYECKYIO
Cynep-CUMMETPHIO.

C 0J1HOM CTOPOHBI CYNIEPCUMMETPHUN HAXOAUTCS TaHHAS CETh, a C APYTOW - MaTpUla U
SIBJISIFOTCSI KPOME MPOYET0 COCTABIISIFOIIMME Halled OMOXUMUYECKON CUCTEMBI

(no cytu JIHK).

Marpuiia cocTOUT U3 FIAEMEHTOB 1-i1 TpyIbI.

JIroOble U3MEHEHUS WIIM BMEIIATENCTBA, HATPUMEP TOJIHKO B OJTHOM CETEBOM KOMITOHEHTE,
HEMEJJICHHO NPOSIBISIETCS YaCTUYHBIM HM3MEHEHHEM JAPYTrUX KOMIIOHEHTOB B CETH, HO
TJIAaBHBIM 00pa3oM 3€pKaJbHO-CYNEPCUMMETPUYHBIM U3MEHECHUEM MATPHUIIBI.

N naobGopor, m0b0e M3MEHEHHWE WIM BMEIIATEIbCTBO, HANpPUMEpP, TOJBKO B OJHOM
KOMIIOHEHTE B MAaTpHULE, HEMEIJIEHHO MPOSBISETCS B YACTUYHOM M3MEHEHHH JApPYTIuX
KOMIIOHEHTOB B MAaTpHlle, HO TJIABHBIM 00pa3oM B 3€pPKajJbHO-CYyNEPCUMMETPUIHOM
U3MEHEHUU B CETH.

B Ounoxumuueckoi cucteme 4eJoBeuecKoro Tejia Kax/ablii KOMIOHEHT TOM
CyTIepCUMMETPHUH OKA3bIBAET CBOE CTAHIAPTHOE OMOIOTHYECKOE MapIHaIbHOE JABJICHUE,
rapaMeTpbl KOTOPOT0 UMEIOT OTHOCUTENBHYIO BHICOTY (pa3Mep HE ONpeesieH), U 1Mo
XapaKkTepy HallOMMHAET OCMOTUYECKOE JaBJIeHHE 00 MapluagIbHOE IaBJICHUE Ta30B.
31ech Mbl BUAMM NPUMEP PpaKkTaIbHON CUMMETPUU B KOCMOCE.

CHmxeHue OMOJOTMYECKOr0 NapiualbHOTO JaBICHUS OJHOTO KOMIIOHEHTA BBI3BIBACT
YBEJIIMUCHUE TAaPIUAIBLHOTO JABJICHUS Yy T€X KOMIIOHEHTOB, KOTOPBIE COCTaBIISIIOT CBS3b
AHTarOHUCT-aKTUBATOP, MOPSIAOK KOTOPBIX 3aBUCUT OT CHUJIbI 3TOU CBSI3H.

N Hao6opoT, MOBBIIIEHHE OMOJOTUYECKOTO MapIUAIBHOTO JABICHUS OJHOTO KOMITOHEHTA
BBI3BIBACT CHIKEHHUE MAPIMATBHOTO JIABJICHUS] Y T€X KOMIIOHEHTOB, KOTOPHIE COCTABIISIOT
CBSI3b @HTArOHUCT-AKTUBATOP, MOPSAOK KOTOPBIX 3aBUCUT OT CHUJIBI 3TOU CBSI3H.

bnarogaps 5TuM MexaHu3MaM, CBSI3aHHBIM ¢ OMOXUMHUYECKOMN CyNepCUMMETPUEH,
YEJIOBEYECKOE TEJI0 00JIaJaeT HEOOBATHBIMA BO3MOXKHOCTSIMH (KPOME TOTO MMEIOIIIMMHU
MSTKYIO TPaJIalliio), C MOMOIIBI0 KOTOPBIX CIIOCOOHO pearupoBaTh U MPEOA0IEBAThH
pa3IuYHbIC YTPO3bl U HATPY3KH, BCTPEUYAIOLIUECS B HAIICH KU3HU U Cpelie 0OUTaHUS
YeJoBeKa.

3/ HeoTbemiieMoil 4acThIO JaHHOT'O UCCIIEIOBAHUS SBJISIETCS TAaKXKE OTKPBITUE, TOBOPSIILIEEe
0 TOM, YTO TEJIO YeJIOBeKa 00JIafaeT ONpeAeICHHBIMH CTIeH(UIECKIMH CBOMCTBAMHU
KBaHTOBOI'O KOMITbIOTEPA.



['1aBHBIM IIPOSIBIIEHUEM ITOTO SBIISIETCS TO, UTO TEJIO YEIOBEKA pearupyeT Ha 3JEMEHTHI 2-i
rpynnsl B opMe BOTHOBOH (PYHKIIHH.
Kaxxnast uenmoBeueckas kiieTka MpeICTaBiIsIeT 13 ce0s1 | KBAaHTOBBIN OWT.

['maBHOM 3a7aueii 5TOro KBAHTOBOTO CYNEPKOMITbIOTEpA SIBIISIETCS MTPEIBUICHUE U
pacCUMTHIBAHUE BCEX HJICATHLHBIX BAPUAHTOB CYNIEPCUMMETPUH, A TAKKE BCTPEUHOU
peaKIuy Ha PeaTbHBIC BHEITHUE BIUSHUS U HATPY3KH C TEM, YTOOBI B paMKax MMEIOIITIXCS
BO3MOXKHOCTEMN, 00ecreyrBaTh HAMIIYUILYIO JOCTYITHYO0 OMOXUMUYECKYIO
CYNEPCUMMETPHIO.

DTOT KBAaHTOBBIA KOMIIBIOTEP pearupyeT adCOTIOTHO Ha BCE JHOObIE (PU3NIECKHUE WITH
XUMHUYECKHE B3aUMOICUCTBUS B OJTM3KOM U OT/IaJIEHHOM Cpeie

(13 Bcero kocMoca, OOJIBITMHCTBO ATUX B3aUMOJCHCTBUN OYeHB caboe u
B3aMMOIIPOTHBOIIOJIIOKHOE M TEM CAMBIM B3aUMOIIOTJIONIAIOIIEE) U TYT Ke JIEHCTBYeT Ha
OMOXMMHUYECKYIO CyNIEPCUMMETPHIO.

B nono6HoM Mexanuzme kpoetcsi o0bsicHeHHE 3 (HEKTHBHOCTH paHEe BhI3BABIIINX
COMHEHHsI TEPANEBTUYECKUX METOJaX JICUCHHsI: TAKUX KaK ToMeonaTusi, OMOpe30HaHC U
T.II., & TAK)KE HEKOTOPBIX HEOKUJAHHBIX TICUXOCOMATHYECKHUX MPOSIBIICHUN U T.JI.

B cBo10 ouepens 3TOT MEXaHU3M HEMTOCPEACTBEHHO 00ECTIeYrBAET OMOIOTHIECKY IO
ABOJIIOLMIO, APYTUMH CJIOBaAaMU aJIallTallis FTeHOMa K OKpY Karollei cpeze.

Wmes B By naHHbIE (DaKThl, BO3MOXKHO MIOTOMY NPEACTABUTh, HAIIPUMED,
nH(pEKINOHHbIE 3a00JIeBaHNs KaK KHOEPHETUYECKYIO BOWHY MEX/I1y KBaHTOBBIM
KOMITBIOTEPOM UY€JIOBEKA U KBAHTOBBIM KOMIIBIOTEPOM KOJIOHHUH MUKPOOPTaHU3MOB
(B Takom ciydae 1 KBaHTOBBINM OUT paBeH | —it Oakrepuu wiu 1-my BUpYyCy U T.1.)

DTOT KBaHTOBBIM KOMITHIOTEP pearupyeT aOCOIIOTHO HA BCE B3AaMMOJICHCTBUS BO BCEM
KOCMHUYECKOM MPOCTPAHCTBE

(TOUHEEe BO BCEU BCEJICHHOM O YeM MONIET peub B IabHEHIIIEM) C TIOMOIIIBIO IBYX
OCHOBHBIX MEXAHU3MOB.

1-if MexaHu3M — IPSIMOE B3aUMOICHCTBUE MOJIEKYJIbl UJIM KBAHTOBOM YaCTHUIIbI, HATIPUMED:
MpUIETUT (OTOH, BO3HUKAET B3aUMO/ICHCTBUE, HA ATO pearupyeT KBAaHTOBBIM KOMIIBIOTED U
Janee NpOUCXOANUT U3-MEHEHHE CYTIEpCUMMETPHH B TEJIE YETIOBEKA.

[TogoGHBIE B3aUMOIEHCTBUS POUCXOIST C ONPEICTICHHON BPEMEHHOM 3aIepKKOH, KOTOpast
3aBHCHUT OT IPOMEKYTKA MEKTy BOSHUKHOBEHUEM YACTUIBI 0 €€ MOTJIONICHUS
YEJIOBEUYECKUM TEJIOM.

2-i1 MEXaHU3M — B3aUMOJICHCTBUE BCEX BOJHOBBIX ()YHKIIMN B KBAHTOBOU
B3aMMOCBSI3aHHOCTU U MX UHTEP(EPEHLINs BO BCEH BCEICHHOM.

[TogoOHbIe B3aMOIEHCTBHS BOZHUKAIOT B pEAIbHOM BPEMEHHU 0€3 BPEMEHHOU 3aCPKKH.
KoHeuHO 3T MexaHu3Mbl UMEIOT JBYXCTOPOHHIOIO HAIIPABJICHHOCTb.

JIpyrumu ciioBamu — Tak K€ KaK KOCMOC BIIMSIET HA YETOBEUECKOE TEJO, TAK K€ U TEIIO
YEeJI0BEKa BIIMSIET HA KOCMAYECKOE MTPOCTPAHCTBO.

Kaxnoe nposiBnenre B3auMoIeHCTBYS BBI3BIBAET CTICIIM(PUUECKHUI CIIEKTP OTBETHOM
peaxkIy B KBAHTOBOM U OMOXMMHUYECKOM CyNIEpCUMMETPHUH B YEIOBEYECKOM Telle.
JIaHHBIH CIIEKTp SIBJIAETCS CeUn()UISCKIM U He3aMEHUMBIM ISl KaXKI0TO BHIa U crioco0a
B3aMOJIEUCTBHUSI.

JTO OYEHB NOXO0KUM MEXaHU3M, KOTOPBII PUCYTCTBYET B CIIEKTPAIBHBIX aHAIN3aX,
UCIIOJIb3YEMBIX B AHAJTUTUYECKON XUMHUHU, TaM, KaK U3BECTHO, KaXK0€ BELICCTBO BbIAACT
CBOM cHeU(PUUECKU U HETTOJAMEHEMBIN CIIEKTP B IIKAJIE JIEKTPOMArHETUIECKOTO
cBeUeHMs (ele oJIMH npuMep (PpakTaaIbHOM CUMMETPUU B KOCMOCE).



EcTecTBeHHO, UTO B 4€I0BEYECKOM TeJI€ IPOUCXOAUT OJHOBPEMEHHO OOIBIIOE KOJTHUYECTBO
Pa3IMYHBIX B3aUMOJICHCTBHIA, YTO MPUBOAUT TAKUM 00pa3oM K HHTEPEpEHIIUH.

4/ CraumonapHas BceleHHast (MHOTOOOPA3HbII KOCMOC, MYJIETUBEPCHS).

Cpenu TeopHii, ONUCHIBAIOIINX KOCMHYECKOE MPOCTPAHCTBO — BCEICHHYIO, BCE Yallle
BO3HMKAIOT PAa3JIMYHbIC BAPUAHTHI TCOPHH MHOTO00Pa3HOI BCEIEHHOM.

OnHa U3 ATUX TEOPUId ONMUCHIBAET CTALIIOHAPHYIO BCEJICHHYIO.

CyTb €e COCTOHT B TOM, YTO a0COJIOTHO BCE BO3MOKHOCTH M KOMOMHAIMHU (BEPOSTHO Ha
TUTAHKOBCKOH IIIKAJIE ), KOTOPBIE POXKIAIOT 3aKOHBI MAaTEMAaTUKU U TIPUPOIBI, PUCYTCTBYIOT
OJHOBPEMEHHO B CTATHKE U TIOX0KH Ha OT/IENIbHBIC KaJAPbl KWHOIUICHKH.

ber BpeMeHnu B 3TOM cilyyae MPOUCXOJUT TAKUM 00pa3oM, YTO PEalbHOCTh Kak Obl
MepEeCKaKUBaeT C OAHOTO KaJapa Ha APYTOM.

DTa Teopus CyIIECTBOBAHMS BCEJIEHHOMN OOJIbIIE BCETO MOAXOAUT OTKPBITUSIM, O KOTOPBIX
UJIET pedb B TAHHOM 0030pe.

B sTrom cirydae Bce BOTHOBBIC (DYHKIIMHM KBAHTOBOW B3aUMOCBSI3aHHOCTH UMEIOT MECTO
OBITH BO BCEH BCEJICHHOM.

Toraa 661 MBI MOTJIM CUMTATh U3MEHEHHE PACIIOIOKEHHS TIJIOTHOCTH MPaBI0NOA00HOCTH
BOJTHOBBIX (DYHKIIMI KBAHTOBOW B3aMMOCBSI3aHHOCTH B 3TOW CTAllMOHAPHOMN BCEIICHHOM
TEUYECHUEM BPEMEHHU.

Takoe n3MeHeHHe PacIoNOKEeHUsI TUIOTHOCTH MPaBI0N0100HOCTH BOTHOBBIX (DYHKITUN
KBAHTOBOW B3aWMMOCBSI3aHHOCTH MOXET MPOUCXOJUTH B CTALIMOHAPHON BCEJIEHHOMN
MaKCHUMAaJIbHO CO CKOPOCTBIO CBETA WJIU C KAKOM JIMOO MEHBILEH.

[TosTomy, eciu CyOBEKT JOCTUTAET MO OTHOIICHHUIO K CBOCH Cpelie CKOPOCTh CBETA, BPEMsI
OCTaHaBJIMBAETCH.



