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KOMBUHATOPUKA MOJEJIA ®OPMUPOBAHUS BCEJJEHHOM

AHHOTanus: B cratbe yTOUHEHBI HEKOTOPBIE MOJIOKEHUSI MOJICNIM CTAaHOBJICHUS BeeneHnHoi,
H3JI0KEeHHBIE B [1].
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Beenenue

B cratbe [1] omnmcaHbl OCHOBHBIC IOJIOKEHHS MOJETH (HOPMUPOBAHHS U JBHKCHHU
MaTepHUAIIBbHBIX TEJl HA OCHOBE MOHATHM JIEMEHTAPHBIX COCTOSHUMN, AITOPUTMOB UX BOSHUKHOBEHHUS
u ucuezHoBeHus. IlpemiokeHHass Mozaeab MOXKET ObITh MCIIOJIB30BaHA B KaueCTBE MHCTPyMEHTA
aHanu3a pa3BUTHUs BceneHHON ¢ MOMEHTa boJbIoro B3phIBa.

KitoueBbIMM MOMEHTaMH MOJIEIH SIBIISIFOTCSL:

1. Kocmuueckuii BAKyyM U MaTe€pHs COCTOAT U3 AIEMEHTAPHBIX MOHO-COCTOSIHUM.

2. IlepBbiM coObiTueM bonblioro B3pbiBa cTajgo 0O0pa3oBaHHE NEPBOIO MOHO-COCTOSHUS
(mepBoHavanpHOE BO3MyIleHHE). Jlo TepBOro COOBITHS CHCTEMa CYHIECTBOBAJA B BHIE
MIEPBOHAYAIIBLHOTO COCTOSIHUS, KOTOPOE 3aTE€M PACUICIISETCS HA MOHO-COCTOSTHUSL U SIIPO CUCTEMBI.
Cucrtema, cocTosilias U3 MOHO-COCTOSIHUH M s1pa, o0iagaeT (QyHAaMEHTAJbHBIMH CBOHCTBAMHU
CUMMETPHUH, MHEPLMOHHOCTH MPOCTPAHCTBEHHONH M BpPEMEHHOH, JIp., KOTOpbIE COXpaHSIOTCA U
OTIPEIENIAIOT 3aKOHBI (POPMHUPOBAHHUS U IBUKCHUS MATEPHH.

3. OOBEKTH BHOBb 00pPa30BAHHONM CHCTEMBI — MOHO-COCTOSIHUS (DOPMUPYIOTCS U3 A1pa, KaK
HEKHE BbIOpOCHI. 3HAU€HUs BEJIMYMH MOHO-COCTOSIHMN IIPEBBINIAIOT 3HAYEHUS IOpora,
OTIpE/CIISAIONIEr0 TpaHUIly sAapa cucteMmbl. [lopor skpaHHpyeT sIpo CUCTEMBI OT OOBEKTOB
MaTEpUAIBHOTO MHMpa M KOCMHYECKOro BakyyMa. llocinenoBaTenbHOCTE MOHO-COCTOSIHMM
onpeAeNsieT MaTepualIbHbIN Mup BeeneHHoil.

4. Cuctema B 1eJIOM 00€CleYrMBaeT COXPAaHEHHE CBOUX CBOWCTB M CTPEMHTCA K
MEPBOHAYAIIBHOMY COCTOSIHUIO. BBIOpOCH! (hOpMHUPYIOTCS U IOBTOPSIFOTCSI C YUE€TOM COBOKYITHOCTH
IIapaMeTpoB siipa U IapaMeTPOB MOHO-COCTOSIHUI B TEKYIIUN U MPEABIAYIIUI MOMEHTHI.

5. locne wavanpHOro BO3MyIIeHUs (BoybIIOro B3phIBa) A COXpAaHEHHS CHMMETPUHU
(dopMupyeTcsi ypaBHOBEIIUBAIOIIEE €0 COCTOSIHUE (Tak Ha3blBaeMasl BEPTHKAIbHAs CUMMETpPHS).
3aTeM COCTOSIHUSI Pa3HOW MOJSIPHOCTH MOBTOPSIOTCS (FOpU30HTANbHAsT cUMMeETpHsi). [loBTOpeHHe
9JIEMEHTAPHBIX OJHOPOJHBIX MOHO-COCTOSIHUH pa3HOH MONAPHOCTH (POPMUPYET KOCMUYECKHUN
BaKyyM.

6. 3HaueHus1 BEJIMYMH MOHO-COCTOSIHUM 3aBUCST OT NMOTEHLMAJIa CUMMETPUHU, KOTOPBIH, B
CBOIO ouepe/ib, opMHUpyeTCsl HA OCHOBE BETUYUH NMPEABIAYIINX MOHO-COCTOSIHUM U COCTOSIHUH ]Ipa,
KOTOpbIE IHMPKYJIUPYIOT B OOpaTHOW CBS3M CHUCTEMbl. B Kakoil-TO MOMEHT cucTema, MpoXoJs
MHOTOKPaTHO OJHOPOJHBIE COCTOSIHUS KOCMHUYECKOIO BaKyyMa, JOCTUTAET JIOCTATOYHOI'O YPOBHS
CUMMETPUN AJI TOSIBJIEHHS HEOJHOpPOAHOCTEH. [loBTOpEeHHME HEOAHOPOIHBIX MOHO-COCTOSHHUMI
¢dbopmupyer matepuio. PaznuuHble MOCIENOBATENIbHOCTH HEOJHOPOJHBIX COCTOSHUI 00pa3yroT
MIPOCTEMIIINE YACTULIBI — DJIEKTPOHBI, IPOTOHBI, HEUTPOHBI U JIp.

7. Ilepexon cucTeMbl OT MOBTOPEHHS MOHO-COCTOSIHUM KOCMHMYECKOTO BaKyyma K
MOBTOPEHUIO HEOJHOPOJIHOCTEH, fanee K (OPMUPOBAHUIO MPOCTPAHCTBA M, HAKOHEI, K CO3aHUIO
YCIOBUH CYLIECTBOBAHHS COBPEMEHHOTO MaTepHalbHOTO MHpa OCHOBAaH Ha IPUHIIMUIE
OECKOHEUHOCTH YHUCIIA MOMNBITOK, KOTOPBIM TJIACUT, YTO I TEepexoja CHCTEMbl Ha APYrou aTar
noMuMO (yHJIaMEHTAIBHBIX CBOMCTB siipa HEOOXOIMMO MOYTH OECKOHEYHOe (HeorpaHHYEHHOE)
YHCIIO0 MOMBITOK, KOTOPOE 00eCIeueHO TeM, YTO Ha KOJMUYECTBO MOMBITOK HET HUKAKUX OTPaHUYCHHH.

8. [IBmwkeHne MaTepHalbHBIX OOBEKTOB BO BpPEMEHH U IPOCTPAHCTBE OOYCIOBICHO
M3MEHEHHEM YHCIIa MOHO-COCTOSIHMM KOCMUYECKOT0 BaKyyMa MEX1y MaTepUalbHbBIMU O0BEKTaAMHU.
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ITognepxanue cuMMeETpUU. SIIpO CUCTEMBL.

®opMHpOBaHUE TOCIIEI0BATEILHOCTH MOHO-COCTOSTHUI

['moGanpHas cuMMeTpHsl OICPKUBACTCS CUCTEMOM, KOTOpasi pa3duBaeTcs Ha J[Ba YPOBHS:
Ha ypOBEHb MOHO-COCTOSIHUH, 0Opa3yolMX MaTepuanbHble OOBEKTHI, APYTrUe HEOTHOPOIAHOCTU
Bcenennoit n kocmMuueckuii BakyyMm (BepXHHIA YPOBEHB), U HA AP0 CUCTEMbI (HUKHUN YPOBEHB ).

CumMMeTpust SIBISIETCS OCHOBHBIM COXpaHsIeMbIM MapamMeTpoM cuctembl. Jlyig obecnieuenus
CUMMETpPHH B cucTeMe TpebyeTcs 6osee oqHoro ypoBHs. Ha ojHOM ypoBHE 00ecrieduTh CHMMETPHUIO
HEBO3MOXHO, TaK Kak o0pa3zyercs «BPEMEHHOW MpoBal» B IOCIEA0BATEIBHOCTH: KaXKIIbIH
ACMMMETPUYHBIA IIar HE ypaBHOBELIECH. BO3HMKHOBEHHE HEYPaBHOBELUIEHHOTO MOHO-COCTOSIHHUS
IIPUBOAUT K CAMMETPUYHOMY OTKJIMKY Ha HUJKHEM YPOBHE CUCTEMBI, TO €CThb IIPH MOABICHUU MOHO-
COCTOSIHUSI B TPOTUBOBEC €My B siipe (pOpMHUpPYETCS COOTBETCTBYIOIIMK MOTEHIMAT CHUMMETPHH,
KOTOPBI IIPEBPAIACTCS B YPaBHOBELIMBAIOIIEE MOHO-COCTOSSHME Ha BEPXHEM ypoBHe. Takas
MHOTOYpPOBHEBasi CAMMETPHS 00ecrieunBaeT ruOKOCTs (POPMUPOBAHUS €€ DIIEMEHTOB.

HwxHuii ypoBeHb CUMMETPHUH, MOAICPKHUBAEMBIH sIPOM, MPUOIMIKEH K MOHATHUIO IOJIA,
TOTJIa KaK BEPXHHUM YPOBEHb COOTBETCTBYET OCTAJIbHBIM O00BhekTaM BcenenHoi. Mojenb cCucTeMsl,
ee CTPYKTypHas cxema M OOpaTHbIe CBSI3U JOJIKHBI HCIIOJIb30BATh COOTHOIIEHHUS W3 M3BECTHBIX
3aKOHOB W YPAaBHEHMM, TakMX Kak ypaBHeHus OiHwTeiHa, Illpenunrepa, /lupaka, mpasuiia
(hopMHUpOBaHHUS HIEMEHTOB CTAaHAAPTHON MOJIEIH U T.1.

Mouo-cocTosiHusl (GOPMUPYIOTCS Ha OCHOBE CBOWCTB sijipa M CHUCTEMbI B LEJIOM. Snpo
yHAacJIeZJ0BaJI0 CBOMCTBA IEPBOHAYAIIBHOTO cOCTOsIHUSA. CHCTEME B COCTABE S1Jpa U MOHO-COCTOSIHUM,
dbopMupyrmux  o0beKTHl BceneHHOW, CBOWCTBEHHBI CHMMETPUST UM €€  COXpaHCHHE,
IIPOCTPAHCTBEHHAs! MHEPLMOHHOCTh, OTBEYAIOIIAs 34 BEPTUKAIBHYI) CUMMETPHUIO, U BPEMEHHAs
MHEPUMOHHOCTb, OTBEYAIOLIAsl 3a TOPU30HTAJIbHYK CUMMETpHI0. Takxke sapy NpUIIHACHIBAECTCS
HEKOTOpPBINA MOPOT, ONPEAEIAIOIMUI NOSIBICHHE MOHO-COCTOSIHUM. CyllecTByeT HeKas aHaJorus C
VMHTErpAJIaMH JIBUKEHHSI MEXAaHUYECKOW CHCTEMBI M 3aKOHAMH UX COXPAaHEHHS.

Pacnpoctpanenune currana (csera) Bo Bceenennoit or UepHoit apipsl HEBO3MOXHO [2]. B
MIPEACTABICHHOW MOJIEIN 3TO 03HAYAET, YTO 3HAYEHUS BEJIMYUH MOHO-COCTOSTHUN JOCTUIIIU [TOpOra
YyBCTBUTEIBHOCTH, TO €CTb ['OpM30HT COOBITHI YUepHO#l JIBIPBI COOTBETCTBYET IMOHATHIO TOPOTa
YyBCTBUTEJIBHOCTH 11 MOHO-COCTOSIHMM, a CHTHaJl OT MOHO-COCTOSIHMHM, BBIIIEAIIMX 3a IOPOT
qyBCTBUTEIBLHOCTH, HE IOCTUTAET 00bEKTOB BeeneHHoi, 4yTo xapakrepHo 11t UepHO# IBIPHI.

BpemenHnass HFHEpLIIMOHHOCTh CUCTEMBI ITO3BOJISIET OTAEISATh MOHO-COCTOSIHUS JIPYT OT Jpyra
B MpoIiecce MOBTOPeHUit (0TpaskeHHii) MOHO-COCTOsIHUE. ClieICTBUEM BPEMEHHON WHEPIIMOHHOCTH
SIBJISIETCS] BOBMOYKHOCTB MOSIBJIEHUS TIOCJIEI0OBATEIBHOCTH MOHO-COCTOSIHUM.

B coBokymHOCTH Bce CBOICTBa CO34al0T HEOOXOAMMBIE YCIOBHS JUIsl (OPMHUPOBAHUS
MOCJIEZIOBATEIbHOCTH MOHO-COCTOSIHMM, oOecreunBaioniye pasHooOpa3ue U OIpelesstole
¢dusnueckue 3akoHbl BO Beenennoil. Takum 06pazom, MOKHO TOBOPHUTH O HEOOXOAMMBIX YCIOBHSIX
CyIIECTBOBaHMsI BceneHHOM, KOTOpbIE COOTBETCTBYIOT ClIA0OMY aHTPOITHOMY MpUHIHMITY [2].

Jnst hopMupoBaHusl MaTepHaIbHBIX TET M UX IBM)KEHHUS TPeOYyeTcs JIMIIb OrpaHUYEeHHBIN
Ha0op CBOWCTB szpa. He uckioueHo, 4To sapo, Jiexaliee B OCHOBE Hamiel BceneHHOH, sBiseTcs
TAK)K€ OCHOBOM M JUIS JAPYTHX MHUPOB, MpH (HOPMUPOBAHUU KOTOPBIX HCIONB3YIOTCS Apyrue (He
MOHATHBIE HaMm) ero cBoicTBa. OIHOM M3 BO3MOXHBIX CTPYKTYp sJpa SIBISIETCS CTPYKTYpa,
IpeAnoaraomas Haudue y sSApa HepapXuid YpPOBHEH C ITOCJIEIOBAaTEIbHBIM paCHIMPEHHEM
BO3MOKHOCTEN. MOXHO paccMOTpETh yke caMy BceneHHyro B KauecTBe sijpa CUCTEMBI CIIETYIOIIETO
ypoBHs. B 3TOM ciydae kakue-1nb0 HEOAHOPOIHOCTH BceneHHO MOTyT OBITh aCHMMETPUUHBIMU
3JIEMEHTaMH, OOpa3yIOLMMHU CHCTEMY CJEAYIOUIET0 YpPOBHS, MOBTOPEHHUE 3JIEMEHTOB KOTOPOM
oOecrneunBaeTcs T€M, UTO CYIIECTBYET MMOBTOPEHNE MOHO-COCTOSIHUI BO BeeneHHoi.

IIpoctpancTBo 1 BpeMs. IIpupoaa ABUKEHU TeI U paclpocTpaHeHus cseta. Muepuus

MHOroMepHOCTh MPOCTPAHCTBA ONPEAECIAETCS HANPABICHUEM ITOCIIEI0BATEILHOCTH MOHO-
COCTOSIHUM, KOTOPOE MOJJIEPKUBAETCS MPOCTPAHCTBEHHOM MHEPIUOHHOCTHIO SiApa U CUCTEMBI. B
KBaHTOBOI TEOpPUU MOJISI BOJHOBAs (PYHKIMS 33Ja€T BEPOATHOCTh HAXOXKJIECHUS MHKPOYACTUIIBI B
o0wveme dV B MOMeHT BpemeHH t. B mpeniaraeMom moixo/ie mociea0BaTeIbHOCTh U3 JAHHOTO MOHO-
COCTOsIHHSL (MCXOIHOTO COOBITHS) MOXET Pa3BHBAThCS B PA3HBIX HANPABJICHHSX C HEKOTOPOW
BEPOSITHOCTHIO.
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[ToBTOpeHue (OTpaKCHUE) MOHO-COCTOSHUH B TOPH30HTAJIBHOW CUMMETPUM SIBIISICTCS
pe3yabTaToM  JACHCTBUS  OOpaTHOM CBsI3W B CHUCTeME. BeposSTHOCTh  HampaBJICHUS
MOCIIEZIOBATEILHOCTA MOHO-COCTOSIHMI 3aBHCHUT OT MPEABIAYIIUX COOBITHIA, apaMeTpbl KOTOPHIX
LHUPKYJIUPYIOT B CUCTEME OOpaTHOM CBSI3U.

BeposTHOCTHBINM XapakTep paclpOCTPaHEHUs IOCIIEN0BATEIbHOCTH MOHO-COCTOSIHUM B
Pa3HBIX HAMPABJICHUSX [T03BOJISIET OOBSICHUTH PUPOY PA3IMYHBIX BOJHOBBIX 3()(hEKTOB, MPUCYLITUX
KOPITYyCKYJISIPHBIM YacTUIaM (3JICKTPOHAM U T.1.), HapuMep, AU(PaKIHH.

[loHsiTHE BEPOSTHOCTH HAIPaBJICHUS NOCIIEI0BATEIBHOCTH MOHO-COCTOSSHUN MOET CTaTh
OJTHOW M3 TpaHeil MaTeMaTHYECKOTo amnmapara, MpUOIIKaIoeld onucanue GU3NIEcKuX 3aKOHOB K
JEUCTBUTEILHOCTU IIPUPOBI.

[MpeanonoxuM, 4To Nociie GOPMUPOBAHUS MOHO-COCTOSIHUN KOCMHYECKOTo BakyymMma (..., 1,
-1, 1, -1, ...) nepBas BO3HUKIIIasi HEOAHOPOIHOCTh B IPSMOM MOCJIEI0BATEIbHOCTH, HAIIPUMEp, TUIIA
(1, -1, -1, 1) mopoauiaa mpoTtoTun YacTUilbl (€) u Beied 3a 3TuM HeogHopoaHocTs (-1, 1, 1, -1) —
npororun yactunsl (et). DTa mapa onpenennia MaKCMMaabHO BO3MOKHYKO CHMMETPHUIO B JTaHHOM
touke (coObiTuH). [lanpHeiiee yepeoBanne HeoaHopoaHocted tuma (..., 1, 1, -1, -1, 1, 1, -1, -1,
...) OIpENENUIO MPOTOTUII YacTHIEl (n), KOTOpsIA B KoMOMHanuu ¢ vactuueit (et) obpasosan
yactuny (p). Yacruma (e), yuactByst B 00pa3oBaHHU CTPYKTyp (Harmpumep, aTOMOB BOJOpOJa H
reaus) B komOuHammsax (e;) —(p) u (e1) — (p) — (n) — (p) — (n) — (e,), MOXKET MOITYYUTH
JIOTIOJTHUTEIBHOE CBOMCTBO COIJIACHO PACHOJI0KEHHIO B IIOCIIEI0BATEIbHOCTH COCTOSTHUM.

B mnactosiiiem wuccienoBaHMM TNPUMEHEH TEPMHH TIEPBOTO BO3MYIIEHHUS, KOTOPBIN
MOIYEPKUBACT TPEOOBAHKE BO3BpATAa CUCTEMBI K IEPBOHAYATHLHOMY (HEBO3MYIIIECHHOMY ) COCTOSIHHIO.
Bo3myiienre BbI3bIBaC€T TMOSBICHHE HAMPSKEHUS B CUCTEME, KOTOPOE 3aJaeT IOTEHIHa
cuMMeTpun. Bo3Bpar cucteMbl K NEPBOHAYAIBHOMY COCTOSIHUIO IIPUBOJAMT K MOSIBJICHHUIO MOYTH
0eCKOHEYHOro (HEOTPaHUYCHHOT0) 4YHCIa COOBITHH — MOCJIEAOBATEIBHOCTH MOHO-COCTOSIHUH.
Yepena coObITHI TPOXOIUT Yepe3 CeAYIOUIMe JTarbl: BOSHUKHOBEHHUE HOBBIX MOHO-COCTOSIHHIM,
dbopMupOBaHHE WX TPYNI U MX YCTOMYMBOE MmoBTOpeHue. [locienoBaTelbHO TeHEPUPYIOIIUNCS
MOTEHIIUAJ CUMMETPUHN 00YCIOBIMBAET BOSHUKHOBEHHUE TPYIINT MOHO-COCTOSIHUN, UMEIOLTUX HOBBIE
CBOMCTBA.

Ortan npsMOil MOCIIeIOBAaTEIbHOCTH HENOCTaTo4YeH g (OPMUPOBAHUSA MaTepUaTbHOTO
MHpa, — Ha HEM He 00eCTIeUrBAETCsl CBOOOIHOE TIEPEMEIICHHE 00BEKTOB JPYT OTHOCUTEIBHO JIpyTa.
[ToaTomy mocne 3Toro sTama U OECKOHEUYHOTO YHUCIA TOMBITOK BO BceneHHOM BO3HUK MeEXaHU3M
(hopMHUpOBaHHS POCTPAHCTBA.

Jlanee npejacTapieHa ynpoIleHHas MOAelb GOPMUPOBAHUS MPOCTpaHCTBa. [ ynpoIieHus
MOXHO TPEJICTaBUTh, YTO OTPAXKEHHE MPOUCXOAUT uvepe3 N MoHO-cocTosiHuM. PaccMoTpum
F€OMETPUUYECKYI0 MHTEPIPETALMIO MTOCIEI0BATEIbHOCTH MOHO-COCTOSIHUN, @ UIMEHHO 3aIlOJIHEHUE
MOHO-COCTOSTHUSIMU TPEXMEPHOTO MPOCTPAHCTBA {XyZz}. [IpencraBum IpSIMYIO
MOCJIeI0BATEIbHOCTh MOHO-COCTOSIHMM B BHUJAE CTPOKM — OTpE3Ka, HAYMHAIOLIEroCs B Hauaje
koopauHat O u npoxoasiero oy ocu X. [Tocne qoctukeHus nocie1oBaTeIbHOCTbIO AIUHBL Ny,
MIPOUCXOAUT OTPAKEHHUE B TOPU30HTAIBHON CHMMETPHUHU C TIOBTOPEHUEM MOHO-COCTOSIHUM OT Havasia
KoopauHat. Teneps MOBTOPEHHUE UET OMATH BAOJIL OCH X, HO TIPU 3TOM CJIBUTAETCS HAa OJHO MOHO-
cocTosiHME BJIoJIb ocH Y. IIpu nocTrkeHnu Hayana KOOPAMHAT MOBTOPEHUE UAET ONSATh BAOJIb OCH
X. TakuMm 00pa3oM MOHO-COCTOSHHUSIMH 3arlOfHSETCs IIOCKocTh {XY} wmm  crpanuma
MOCJIEIOBATEILHOCTH.

Crnemyer OTMETHTD, YTO €CIIH Ha cTpoke (och X) pacmosiokeHa MaTepuajibHas TOUKa A, TO
OHa MOET OTCYTCTBOBATh Ha Cieayromei crpoke ctpanuibl {XY}. IIpu 3TOM coceiHee ¢ TOUKOM
A MOHO-cOCTOsIHME B cocenHed cTpoke (mo3umusi b) OymeT MUHMManbHO OJM3KUM K MOHO-
COCTOSIHUIO TOYKH A (OJM30CTh B OJJHO MOHO-COCTOSIHUE), TaK KaK MOBTOpeHHE (TOPU30HTATbHASL
CUMMETpHSI) MpeAroiaraio HaIMuue To4ku A B mo3unuu b u 3T0T dakt o0ycrnoBmi O6IU30CTh
no3unuu b xk Touke A.

[locne noctukenust nmocienoBareabHOCTH JIMHBL Ny X N,, rae N, — 4ucio MOBTOPEHHBIX
CTPOK, MPOUCXOJUT OTPAKEHUHU B TOPU3OHTAIBHOU CHUMMETPUU C TOBTOPEHUEM MOHO-COCTOSIHUNA OT
Hayaja KOOpPAMHAT, HO YXe€ BJOJb OCH Z, C KOJIMYECTBOM NoBTOpeHur N3z Bronb ocu Z. Ilocie
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JOCTHXKEHHUSI KOJIMYeCTBa TMOBTOpeHHi N; X N, X N3 (3amosiHeHHs KHHTH IOCIIEI0BATEIbHOCTH,
COCTOSIIIEH U3 CTPaHULl, KOTOPbIE, B CBOIO OUEPE/ib, COCTOST U3 CTPOK) MOBTOPEHHE HAYMHAETCS C
Havajga  koopauHar. TakuM  oOpa3oM  3amoJHSETCSs  MPOCTPAHCTBO, U CIEAylomas
MOCJIEZIOBATEIbHOCTh O0OECIeurnBaeT JIMOO HEMOJABMKHOCTh TOYKH, JHOO €€ mepeMelleHHEe B
IIPOCTPAHCTBE.

[Ipsimast mocienoBaTeNbHOCTh MOHO-COCTOSIHUM, C(OpPMHUPOBAaHHAs IOBTOPEHHEM MOHO-
COCTOSIHMM, 00pa3yeT JMHEWHYI MOociaeaAoBaTesibHOCTh. Clieytonme CBOpauuBaHusi 00pazyroT
JBYXMEPHYIO IOCJIEeI0BATEIbHOCTD, (POPMUPYIOLIYIO TUIOIIAIb U TPEXMEPHYIO MOCIe10BATEIbHOCTD,
dopmupyromnry o0beM. OTpakeHre UIH CBOPauYMBaHKE TOCIEI0BATEIIEHOCTH B CTPOKE MIPOUCXOAUT
TOTJ1a, KOT1a IOTEHLIUAIl CAMMETPHUH O4E€PETHOTO MOHO-COCTOSIHUSL JOCTUTAET YPOBHS, IPU KOTOPOM
npeobiaiaroniee BIUSHHE Ha MOHO-COCTOSIHHUE OKAa3bIBACT HAYAJIBHBIA 3JI€MEHT CTpoku. O0beM
KHUTHU (CTpaHHMIIBI, CTPOKH) TIOCIIEI0BATEILHOCTH BeeneHHoi OyaeT mouTn 6eCKOHEYHBIM.

B 5T0# yHnpoOIIEHHONH MOJEIN MOKHO IPEIIOJNIOKUTh, YTO JEUCTBUTEIBHOCTh BceelleHHon
CYILIECTBYET B IPOLIECCE CBOPAYMBAHMS TPEXMEPHOM MOCIEA0BATEIBHOCTU. TO €CTh YETBIPEXMEPHOE
IIPOCTPAHCTBO U €CTh CYIIECTBOBaHME BcCeleHHONM B TpEXMEpPHOM IIPOCTPaHCTBE, M Halla
JIEMCTBUTEIBHOCTD OBTOPSIETCS, TOJIBKO OHA yke Apyras. OnurcaHHas BbILIE YIPOIICHHAs MOJEIb
HE SBJISICTCS YIPOLICHHBIM aHAJIOTOM CHCTEMBI, TaK Kak IpOoCTpaHcTBO Beenennoii popmupyercs Ha
OCHOBE pACIPEACNICHUs] BEPOSTHOCTH  IOCJIEJ0BATEIBHOCTH MOHO-COCTOSIHUM B Pa3HbIX
HaIIpaBJICHUSAX. YTPOILEHHAs MOJENb NPHUBEACHA 3/€Ch JIMIIb KaK JEMOHCTpalus KOHCTPYKLMH
MIPOCTPAHCTBA, OCHOBAHHOTO HA TOBTOPEHUH IOCIIEI0BATEIILHOCTH MOHO-COCTOSIHU .

[Ipunstoe B ¢u3nMKe BpeMs B NPEAJIOKEHHOH MOJENM €CTh OTHOCHTEIbHAs BEIMYMHA
CONOCTABIICHUSI CKOPOCTH CMEHBI COCTOSIHUM pa3iu4HbIX IpoleccoB. Eciu paccrosiHue B
IIPOCTPAHCTBE MEXKIY JIByMSI TOUKAMHU OIPEIEISIETCS KOJIMYECTBOM MOHO-COCTOSIHUM MEXy ATUMHU
TOYKaMH, TO BPEMS 3aBUCHUT OT NEPHOJA MOBTOPEHUS IOCIEAOBATEIBHOCTH MOHO-COCTOSTHUM.
[Tpornecchl B Hateil BeenenHoi# ¢hopMUpOBaIUCh HA OCHOBE 00paTHOM CBsI3U (IOJIOXKHUTEIBHON U
OTPHUIATENBHO), KOTOpasi ABISETCS HEOOXOIUMBIM YCIOBHEM CYIIECTBOBAaHHUS CUCTEMBI. Tak Kak
oOpaTtHasi CBA3b — €JJMHAS JJIsl CHCTEMBI, TO TIEPHUOJT OCHOBHBIX KOJIEOATEIBHBIX MPOIECCOB, KOTOPHIE
MIPOUCXOJAT U3-3a JIEUCTBUSI OOpPaTHOM CBSI3U, SBJSIETCS OJHO3HAYHBIM. Tak, mepuoj KoiebaHuil B
aTOMHBIX Yacax 3aJaeT BpEMEHHOW MHTEPBaJ, IPUCYILIUI BCEM MPOLIECCAM B CUCTEME.

[Ipupona pacnpocTpaHeHuUs: CBETa OTIAMYAETCS OT JBHKEHUSI MAaTEPUAIIbHBIX Tell. JIBuxkeHue
MaTepUAIBHBIX Tell OOYCIIOBIEHO HM3MEHEHHEM KOJMYECTBA MOHO-COCTOSHUM KOCMHYECKOTO
BaKyyMa MexIy Tenamu. CBET ke SBIIAETCS PEIIMKOW MOHO-COCTOSIHUM WU PacIpOCTpaHsETCs C
MaKCHMAJIbHO BO3MOYKHOW CKOPOCTBIO (CABHI HAa OJTHO MOHO-COCTOSHHE 3a TEPHOJ IMOBTOPCHHS).
Hab6monaemoe pacumpenve BeeneHHONM MPOMCXOMUT BCIEACTBHE YBEIHMUEHHUS KOJIUYECTBA MOHO-
COCTOSIHMII B IEpHOJE MOBTOPEHHUS, YTO XOPOILIO COIJIACOBAHO C MPEACTABIEHHOW MOJEBIO.
CKOpOCTh CBETa MPU 3TOM OCTAETCSI HEM3MEHHOM — OJTHO MOHO-COCTOSIHUE 3a MEPUO]I TIOBTOPEHHUS.

Wuepriust Ten B TPEACTAaBICHHOM TOAXO0Je OOyCIOBI€Ha TOBTOPEHHEM TPYII MOHO-
COCTOSIHMM. Eclii HEeT HMKaKoro BO3JEHCTBHS Ha TEJIO, TO MU3MEHEHUE IMOJIOKEHUs TPYNIbl MOHO-
COCTOSIHHI, COOTBETCTBYIOIIEH TETY, IEPUOIUYECKHU ITOBTOPSAETCS B YEPEAE MOHO-COCTOSIHUM.

MatemaTtrka — HEOOXOJUMBIA HHCTPYMEHT MOCTPOCHHUSI €IUHON TEOPUU OIS

Kak Obuto ormeueHo B [1], ucmonb3yemasi B TEOPETHYECKOH (H3MKE MaTeMaTHKa ObLia
3aJl0’KeHa B JIPEBHOCTU U 00CTy’KHBaja yeloBedeckune notpeOHocTu. OHa HE B COCTOSIHUU OMHCATh
MIPUPOJHBIE IIPOLECCHI, ONpEIEIUBIINE co3aaHue U pasButue Bceenennoin. Ilostomy mnounck
ypaBHenust bora [3] — ypaBHeHHsI, KOTOpPOE Ha OCHOBE COBPEMEHHON TEOpUH (HAMpHUMEp, TCOPUH
CTPYH) MOIJIO Obl OOBEIMHHUTH BCe (Qu3MYecKue B3aumopeicTBus, cs3arb OTO Diinmreitna [4],
KBAaHTOBYIO0 MEXAaHUKY W 3JIEKTPOAUHAMUKY B €JUHOM 1IEJI0€ U 1aTh MOJHYI KapTUHY MHUPA, MOXKET
YBEHYATbCS YCIIEXOM TOJBKO MOCJE pa3pabOTKH MATEMaTHYECKOro ammapara, MpUOIMKEHHOIO K
JNEHUCTBUSIM MPUPOJIBI.

Crnenyer oTMeTUTh, 4TO Kak mpuHiun Ilaynu, tak u ypaBHenus Jupaka [5], a Takxke
MOJIOKEHHsI CTAaHIAPTHON Mozeau [6] oTHOCATCS K pasjeny KOMOMHATOPHKH (B €€ COBPEMEHHOM
MMOHUMAaHHUH).

UTo 10MAKHO JIe)KaTh B OCHOBE MaTEMATHKH, ONKUChIBarole Beenennyro?
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Paznen xypHana: MaremMarnueckue U eCTECTBEHHbIE HAyKU
Hampasnenue uccnenoBanus: ®usnko-MmareMaTu4eckue HayKu

1. AkuleHT JODKeH OBITh CHeNaH Ha YpaBHEHHSIX IMEPEXOJ0B, TOTJAa KaK COBPEMEHHBIN
MaTeMaTU4ecKuil ammapar (pU3MKA PacCMaTpUBAacT B OCHOBHOM YpPaBHEHHs COCTOSHHN (IO
JBUKEHUEM TMOJPa3yMEBAETCA COCTOSTHUE ABUKECHUS).

2. B ocHOBe ypaBHEeHHMI (HOPMUPOBAHKS U ABHKEHUS 00BEKTOB BO BeeneHHOM, fomKHA ObITh
HENpepbIBHO-00HOBsieMast  (OeryIasl) MOC/e0BaTeIbHOCTh, 3HAYCHHS BEJIMYUH SJIEMEHTOB
KOTOPOM ONpeIessIFOTCS HA OCHOBE 3HAYEHUH BEJIMYUH NMPEAbIAYIIUX YWIEHOB MOCIEI10BATEILHOCTH.

3. Tak ke CTOUT OTMETHUTh, YTO B OCHOBE PAcCMaTPUBAEMOIO B CTAaThE MOJXOMA JICKUT
UJCHTUYHOCTh 3aKOHOB ()OPMUPOBAHUS MaTEPHAIbHBIX 00BEKTOB U MX JIBUXKEeHHs. Tak, Hanpumep,
JBUKEHME TEJ €CTh MCUE3HOBEHUE U BOSHUKHOBEHHE MOHO-COCTOSIHUM KOCMUYECKOI0 BaKyyMa, UTo
TOX/IECTBEHHO BO3HUKHOBEHHIO (M MCUC3HOBEHHUIO) 2JIEMEHTOB MaTEPHAIbHBIX TEIl.

4. JloKHA YYUTBIBAThCSL BEPOSITHOCTh HAIPABJIEHUS IOCIEI0BATEIbHOCTH, YTO B KOHEUHOM
urore GopMUpyeT IPOCTPaHCTBO BeeneHnoil.

5. [lomxHa OBITH peanu3oBaHa BO3MOXKHOCTh CpAaBHEHUS OCCKOHEYHBIX BEJHMYHH,
OTpe/ieNIEHHBIX ¢ 0ECKOHEYHOM TOYHOCTHIO, HAIIPUMEP, HEOOXOIUMO CPaBHUBATH 3HAUCHHSI BEJTMUUH
MOHO-COCTOSIHHI C TIOPOTOM, YTO ONPEIeIsSeT MPUHAICKHOCTh 00BEKTOB K BeeneHHOH.

6. lomkeH ObITh obOecreueH JAUCKPETHO-aHAJOTOBBIA XapaKTep MEpexoJ0B W3 MOHO-
COCTOSIHUSI B MOHO-COCTOSIHHE.

Kaxue HapaboTK1 MOKHO HCIIOIB30BATh NPU Pa3BUTHH TPeOyeMOl MaTEMaTHKH.

Bo-nepBriX, cienyer oOpaTuTh BHHUMAaHHUE, YTO MOJENb (POPMUPOBAHUS MOHO-COCTOSTHUIN
COJICP’KUT aBTOKOJIEOATENbHBIE LIETIU U AJIEMEHTHI aMSITH, KOTOpPbIE BKIIOYEHBI B 0OPaTHYIO CBS3b
cucteMbl. C MponuIOro Beka Takas 00paboTKa TMCKPETHBIX CUTHAIOB MCIOIB3YETCs ISl Olepanui
B noJisax ["amya v mpuMeHsieTcsl B IOMEX0yCTONYMBOM KOJUPOBaHUU. Peructpel cipura ¢ oOpaTHOH
CBSI3b10, peanu3yromue 00padoTKy Mocae10BaTeIbHOCTH OUTOB, TAK)KE MIMPOKO MPUMEHSIOTCS IS
reHepaluu MCeBI0CIyYaiHbIX MTOCIEI0BATeIbHOCTEN B KpUITOrpaduu.

Bo-BTOpRIX, €ciaum  paccMaTpuBaTh  IIOCJIEOBATEIbHOCTH ~ MOHO-COCTOSIHUM — Kak
MOCIIEZIOBATEIbHOCTh JUCKPETHBIX COCTOSIHUN, BBIOPAHHBIX C HEKOTOPHIM MEPHOJOM M3 CHTHAala,
MEHSIOIIErocss BO BpPEMEHH, TO MOXHO NPUMEHUTh Z — TMpeoOpa3oBaHUE I ONpEleICHUS
YacCTOTHBIX CBOMCTB 3TOr0 CHUTHalla U, CJEIOBaTelIbHO, YAaCTOTHBIX  XapaKTEPUCTHUK
MOCTIeIOBATEILHOCTH MOHO-COCTOSIHUH. [lepeiins kK pa3noKeHHIo B 4aCTOTHOW 00JIaCTH, MBI Oy1eM
UMETh OOJBIIOE KOJIMYECTBO YACTOT, COOTBETCTBYIOIIMX PA3IMYHBIM 3JEMEHTaM MaTepUabHBIX
00BEKTOB U KOCMUYECKOT0 BaKyymMa M UX JIBJKEHHUIO, TaK KaK MOBTOPEHHUE IOCIIE0BATEIbHOCTU
MOHO-COCTOSTHUI B CUCTEME C OOPATHOI CBS3bIO0 UMEET BOJIHOBOM xapakTep. Kocmuueckuii Bakyym
TaK)K€ COCTOMT U3 BOJIH, YACTOTa KOTOPBIX ONPEIENSIETCS YaCTOTOW CMEHBI MOHO-COCTOSIHUH.

A. DUHIITEHH pacmucal B pa3HbIX YacTSIX CBOMX 3HAMEHUTHIX YpPaBHEHUU BIIMSHHUE Ha
IPABUTALMIO JCUCTBUSA MOJIA M JACUCTBUSA MaTepuu. BBIBOA ypaBHEHMH, OCHOBAaHHBIM Ha
MUHUMU3ALMKA Bapuallud JCWCTBHs, SBISETCS MaTreMaThdeckuM MetoaoM. Dusznueckum
MEXaHM3MOM pealiu3allii ypaBHEHUH MOXKET CTaTh MEXaHM3M, MpPEIJIOKECHHBIH B crartbe [1],
MMOCTPOCHHBIN Ha MHOTOKPAaTHOM IMOBTOPEHHUH IOCJIEI0BATEIbHOCTH MOHO-COCTOSIHUN B CHCTEME
00paTHOI CBsI3H.

BoiBosbl. 'HOKOCTH IpeicTaBICHHON MOJIEH

[Ipencrasnennas B [1] mozmens oOecneynBaeT OONBIIYHO THOKOCTH MO CPaBHEHHIO C
CYLIECTBYIOIIMMH TOAXOJaMHU. YPaBHEHMsI, ONUCHIBAIOLIME IOBEACHHE BceleHHONM Ha OCHOBE
U3BECTHBIX (PU3NYECKUX 3aKOHOB, PACKJIAIbIBAIOTCS B MOJENIM HAa COCTaBHbIE YaCTH, MOAYUHEHHBIE
KOMOWHATOPHBIM INpaBmiiaM (GOPMHUPOBAHUS ITOCIIEAOBATEILHOCTH.

Hampumep, clivH 4acTUIBI MOKET YKa3bIBATh Ha MOPSIIOK PACIIOIOKEHHS MOHO-COCTOSIHU B
MIOCJIEZIOBATEIbHOCTH MOHO-COCTOSIHUM, @ UepHble AbIpbl MOKHO paccMaTpUBaTh, KaK JOKAJIbHBIE
COCTOSIHUS C BBICOKMM YPOBHEM CUMMETPHUH JOCTATOUHBIM JIJIs IEPEX0a B OANOPOTOBYIO 00JIaCTb.

Ha ocHOBe KOMOMHATOPHBIX NPaBUIT (POPMUPOBAHUS TTOCIIEAOBATEIIFHOCTH MOHO-COCTOSTHUI
MO’KHO HOJYYHUTh HNOPOXJIAIOUIME NpaBuia (GOPpMUPOBAHUS MATEPUM JIl YCOBEPIIEHCTBOBAHHOM
cucreMsl JInHeHMaliepa.
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[Ipennaraemblid MOAXOA MO3BOJISIET PACCYUTHIBATH, YTO C €rO IMOMOIIBK) MOYKHO YWTH OT
HEKOTOPBIX MPOOJIEM COBPEMEHHON KOCMOJIOTHH, HapuUMep, IpoOJieMbl CTPENbl BpEMEHH, TaK Kak
a1000€ IBMKEHHE B CUCTEME, KOTOpas (OpPMHUPYETCS 3a CYET MOCIEeIOBATEIBHONH CMEHBI MOHO-
COCTOSIHMM, MOXXET MPOUCXOJHWTHh TOJIBKO B CTOPOHY TMOCIEIyIOmux coobiTuil. Kpome ToTO,
MpeaoKEeHHass MOJENlb HEe 3aBUCUT OT THUINA B3aUMOJICHCTBUS: 3JIEKTPOMAarHUTHOTO, CIaboro,
CUJIBHOT'O WJIM TPaBUTALMOHHOTO.

bonbioil B3pbIB, Kak Havyano pa3BUTus BcerneHHOH, He sABIsSETCS 0053aTelbHBIM YCIOBHEM
MIPUMEHUMOCTHU TpejyiaraeMoro noaxonaa. Ileppoe MOHO-COCTOSIHUE MOKET TPAaKTOBAThCS M KaK
MIPOJIOJKCHHE TTEPBOHAYAIIBHOTO COCTOSIHUSI, SIBIISTFOIIETOCS TTPOAYKTOM IPEIBIITYIIUX COOBITHH.

[IpenyioxkeHHy0 MOJIETb HEJNIb3sl CUUTATh B KAYECTBE TEOPUU «BCETO», 3TO JIMIIb MOJEIb,
KOTOPYIO TPEACTOMT pa3BUBaTh. MoJeinb MOXET ObITh MOJE3HA /I PACIIUPEHUS MOHUMAHMUS
rpoleccoB BO BcelleHHON M, rIaBHOE, OHAa MOXET CTaTb OTIPABHOW TOYKOM MOJIECIMPOBAHUS
(hopMHUPOBaHHS MaTEPHUH C HAYAILHBIX ITAMOB €€ BOSHUKHOBCHHSI.
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