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OpuruHanbHble, SpkHMe W Bb3bIBatomMe wuaen Pomkepa IleHpoy3a OTHOCHTENBHO IPOLIECCOB,
MPOTEKAIOIIUX B IITATCKOM Mupe BceneHHoil, B MUKpOMHpE KBaHTOBOM (DPM3UKU U B MO3TY Y€JIOBEKa, HE
pa3 CTaHOBMJIMCH IPEAMETOM OCTPOH MOJIEMUKU M AUCKYCCHH. HEKOTOpBIE M3 3THX HJIEH YK€ 3HAKOMBI
YUTATeISIM O ero npeasiaymum kauram: The Emperor's New Mind («HoBeiii pasym Kopousisi») u
Shadows of the Mind («Tenu pasymar). B npemnaraemoii kaure IleHpoy3 0000IIaeT U pa3BUBACT MX
Janbllle, a TaKXKe JaeT MPEeKpacHbIi 0030p MHOTMX HEPEIICHHBIX MPOOJIEM COBPEMEHHOH (U3HKH.
BeinBuraemsie [leHpoy3oM pagukaibHble KOHLENINUN O3BOJISIOT 10-HOBOMY OOBACHATH pab0OTy MO3ra u
IPUPOJTY YETOBEYECKOTO CO3HAHMSL.

B nonemuky ¢ aBTOpOM B 3TOH KHUT'€ BCTYIHJIU TPOE YUEHBIX, CBSI3aHHBIX C PA3JIMYHBIMU HayUYHBIMU
JUCLUIUIMHAMM, - U3BECTHbIE ClieLUaInCcThl HO (punocopuun Hayku AOHep IlIumonn u Hancu Kaprpaiir,
a TaK)Ke 3HAMCHUTHIM (PU3MK-TeopeTHK M acTpodus3nk CThBeH XOKMHT. B mocienHel riiaBe KHHUTH
Pomxep Ilenpoy3, mnpojomkas 3Ty MCKIIOYMTEIbHO HHTEPECHYIO IUCKYCCHIO, OTBEYaeT CBOUM
ornmoHeHTaM. YuTarenb MojyyaeT BO3MOXHOCTh 03HAKOMUTBCSI ¢ COOCTBEHHOM, BECbMa HECTaHJapTHOU
(vHOTZA Ja@Xe WIYTOYHOH) TOYKOM 3peHUs KpymHeHIero (U3MKa-TeOpeTHKa Ha CaMble Ba)KHBIE
POOJIEMBI COBPEMEHHON HAYKH.

H30amenvcmeo Cambridge University Press 6o muozom 06azano compyonuuecmey ¢ npesudenmom u
ynenamu oouiecmea «Knep Xonny, Kemopuoorc, noo ubum nokposumenbcmeom npoeoounucs
Tennepoesckue nexyuu 1995 2. no 00WeUeN08€UECKUM YECHHOCMAM, NOPOOUBUIUE OAHHYIO KHUZ)Y.
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IIpeaucioBue nepeBoIunKa

CH0XHOCTh U MHOT0OOpa3ue BOMPOCOB, paccMaTpuBaeMbIx B kHHre P. IleHpoysa, TpeOyloT mpenBapurs ee
nepeBoJ] X0Ts Obl BecbMa KPaTKUMU 3aMedaHusMU. Bo-nepBrix, Kak yOeIUTeIbHO IEMOHCTPUPYET caM aBTOp,
KBAHTOBas MEXaHUKaA JJaJIeKa HE TOJIBKO OT 3aBEPIIEHHOCTH, HO U OT €IUHCTBAa METOAO0JIOTHYECKOr0 MOIX0/a.
3a JecsATKU JIeT CIOPOB O MPUHIUIAX KBAHTOBOM (DU3MKM HAKOMWJIACh OIPOMHAsl O 00bEeMy JMTEpaTrypa Mo
MHOTHM M3 pacCMaTpUBAEMbIX BOIIPOCOB (HarpuMep, 0 3HaMeHUTOM KoTe LlIpenunrepa y:xe HalucaHbl 1elble
oubmotekn). B 3ToM dymoBuniHOM MaccuBe HHGOpManuu ¢Guiaocockue, METOAOJOTUUECKUE U HaydHBIE
NPOTHBOPEYHS] €CTECTBEHHBIM 00pa3oM IaBHO Mepepociu (WJId TMEepepoaMsINCh) B JIMHTBUCTHYECKUE U
TepMHHOJOTHYeckre. UuTareab MOXET MOIYYUTh HEKOTOPOE IMPEACTAaBICHHUE O COBPEMEHHOM COCTOSHHH
Bompoca 1o crarbe M. b. MeHckoro «KBaHTOBass Me€XaHUKa: HOBBIE HKCIIEPUMEHTHI, HOBBIC IIPWIOKEHUSA U
HOBBIC (DOPMYJIMPOBKH CTapbix BompocoB» (Ycmexu ¢uzmdeckux Hayk, Tom 170, Ne 6, 2000, c. 631) u
BbI3BaHHOM eto auckyccun (Y®H, 2001; 1. 171, Ne4, ¢. 437-462; YDH, 2001; 1. 171, Ne 6, c. 625 -647).

OcoOple TPYIHOCTH BO3HHMKAIOT IPU IMEPEBOJIE Pa3AesioB, OTHOCSIIUXCS K mpeniaraemoit P. Ilenpoyzom
TUIIOTE3€ O KBAaHTOBOM XapaKTEpEe YEIOBEUECKOTO CO3HaHUsA. TepMHUHBI, CBSI3aHHBIE C ICUXOJOrHell (Tuma
PYCCKHX Oyuia, MblCib, CO3HAHUE, OCO3HABAHUe WM aHTIUHCKUX Mind, awareness, CONnscious), He TOJBKO
IUIOXO OIPENEeNIeHbl W PacIUIbIBYATHl (110 CPaBHEHUIO ¢ (DM3WYECKMMH), HO W TOPa3I0 XyXKe MOIIAr0TCs
nepeBoay (Hampumep, MIMPOKO Hcmoib3yemoe Ilenpoy3om monstue intelligence mpaktudecku He UMeeET
OJIHO3HAYHOW PYCCKOM TPAKTOBKH).

OTU 00CTOATENHCTBA BEChbMa OCJIOXKHSIOT IEPEeBOJl HEOONBIIONW MO 00beMYy KHHTH, HO MEPEBOIYHK U
pEIaKTOp BCE K€ HAMCIOTCS, YTO UM YAAIOCh COXPAaHUTh OPUTUHAIBHBIA W BOJBHBIA CTHJIb aBTOpa M
JIOCTaTOYHO BEPHO MEPEAATh CIOKHBIA X0 €T0 PaCCyXACHUM.

A. B. Xauosn



IIpeauciaoBue
Mankoaom Jlonzeup

3a mocnenHee AECATUIETHE IOSBUIOCh HEMAJO KHMI, B KOTOPBIX BBIJAIOLIUECS YUYEHBIE COBPEMEHHOCTU
IBITAIOTCSI OOBSICHUTH IIMPOKOMY UHUTATENI0 CYLIIHOCTh M HCKJIIOUUTENBHBIH HMHTEPEC NPOBOAMMBIX HMHU
UCCIICIOBAaHUN B pa3IMYHBIX 00jacTsax 3HaHuWi. Hanbonee M3BECTHBIMHM M3 HHMX CTajdH 3HameHuTas «Kparkas
ucropus BpemeHn» CTuBeHa XOKHHra (KOoTopas MMeja CTOJIb ITOPAa3UTENIbHBIA ycIleX, YTO €€ M3AaHue CTajo
3aMETHBIM SIBJIEHHMEM B MICTOPUM MUPOBOM HAay4HO-TIONYJISIPHOM IUTEepaTypsl), kHura /xeiimca ['nelika «Xaoc»
(B KOTOpOH YCHEIIHO MOKa3aHO, YTO CJIOKHEHIINEe HayuyHble U3bICKAHUS MHOIJIA MOX0KU Ha 3aXBaThIBAIOIIMN
nerektuB) u «MeuTel 00 okoHuaTenbHOW Teopun» CTuBeHa BaitnOepra, cnenaBmas MOHATHBIMHA H
UHTEPECHBIMU CaMble ITOCIIEHNE TOCTUKEHNS B (PU3UKE SJIEMEHTAPHBIX YACTHIL.

Jlasxe cpeny TakMX M3BECTHBIX paboT mpexapaymias kHura Pomxepa Ilenpoysa «HoBbI pasym Kopoiis»
(1989 r.) BBIIENSAETCS CBOCH HEOPAMHAPHOCTHIO. B TO BpeMs Kak JIpyrue aBTOPBI OOBIYHO IMBITAIOTCS MPOCTO
nepeJaTh CMbICI U 3HAU€HUE JOCTHXKEHUH COBPEMEHHOM Hayku, Polkep pUCKHYNI NPEIIOKUTh YHUTATENIAM
COBEPLICHHO HOBYIO, BpEMEHAMH  OLIEJIOMJISIOLIYI0 BO3MOKHOCTb

CYIIECTBOBAHMS KaKoW-TO, (TMOKa Haxke He CcPOpMyIMpOBAaHHOW IO KOHIA) TEOPHH (PYyHIaMEHTAIbHBIX
IPOLIECCOB, MO3BOJIAIOIIEH O0bEAUHUTD ITOUYTH HE CBSI3aHHBIE JIPYT C JIPYIOM TEOPUH, OTHOCSILHUECS K CaMbIM
pasHooOpa3HbIM HaykaM ((QH3MKe, MaTeMaThKe, OHWOJIOTUH, HEHPOPHU3MOIOTHH U Jaxke QHIOCODUH).
HeynusurensHo, yto kuura «HoBbINM pa3zyM KOpOJs» BbI3Bajla O’KECTOUEHHYIO MOJIEMHKY, B PE3YJIbTAaTe YEro
aBTOpy mpunuioch B 1994 r. onmyOmmkoBath KHUTY «TeHHM pazyma», B KOTOPOH OH ITOIBITAICS HE TOJBKO
OTBETUTH CBOMM MHOT'OYHMCIIEHHBIM KPUTHKaM, HO W Pa3BUTh Jaiblle NpeAsIoKeHHble uaen. B 1995 r. P.
[lenpoy3 Obl1 mpuriameH Npo4yecTb U3BECTHbIE TEHHEPOBCKUE JIEKLMH, IJI€ OH MIpPEACTaBHI 00wl 0030p
CBOEH KOHLIETIIUH U IIPU3BAJl K AUCKYCCHM CBOMX HanOoJjee N3BECTHBIX ONMOHEHTOB, AGHepa Lllumonu, Haucu
Kaprpaiit u CtuBena Xokunra. Tpu JIeKIMH LIMKJIa COCTAaBWIX NEPBbIE TPU IJIaBbl MpeAIaraéMoil 4uTaTento
KHUTH, COJIepKallie KpaTKOe BBEICHUE B KPYT UJIEH, 1eTallbHO pa3padOTaHHbIX aBTOPOM B YIIOMSIHYTBIX BBIIIE
kHurax. Cnepyroue Tpu riaBbl (4 -6) coiepkaT apryMEHThl YHOMSIHYTBIX YYacTHHUKOB JMCKYCCUH, a B
nocineaHed rmae 7 lleHpoy3 KOMMEHTHPYET IIOJIy4EHHBIE 3aMEUaHUs M IOJABITOXUBAET PE3YJIbTaThl
JTUCKYCCHH.

CoOcTBeHHO TroBOpsl, HamucaHHble [leHpOy30M pasfensl AOCTATOYHO KPAaCHOPEUYMBBI, W TOITOMY MOE
IPEIUCIOBUE MMEET LEIbI0 JUIIb MOArOTOBUTH YUTATEN K OOCYXJIEHUIO HEKOTOPBIX JIOBOJIBHO CIIOKHBIX
npo0JeM COBpEeMEHHOW HayKH, paccMaTpuBaeMbIX Hike. P. [leHpoy3 cunTaercs OAHUM M3 CaMbIX OJECTSAILIMX
MaTeMaTUKOB COBPEMEHHOCTH, HO €ro HCCJIEIOBaHUS BCErja HMENIM BecbMa CTpOroe (U3NYecKoe
o0ocHOBaHME. MeXlyHapoJHOEe MPHU3HAHKWE M CJIaBy OH CHUCKAJ CBOMMH JIOCTHXEHUSMHU B acTpOpHU3UKE U
KOCMOJIOTUHM, OTHOCSIIMMUCA K PENSATUBUCTCKON TEOpUU TIpaBUTALMM, MPUYEM MHOTHE paboThl ObUIM
BBINOJIHEHBI UM cOBMECTHO co CTuBeHOM XOKHHIoM. OfiHa U3 c(hopMyITUPOBAHHBIX UM TEOPEM B 3TON 00JIaCcTH
JIOKa3bIBaeT, 4TO (B COOTBETCTBUU C KJIACCHYECKOM pPENSITUBHCTCKOM TEOpHeHW IpaBUTAallMM) BHYTPU Tak
Ha3bIBAEMBIX YEPHBIX JbIP BO3ZHUKAIOT (PU3NYECKUE CUHTYISIPHOCTH POCTPAHCTBA-BPEMEHH, T. €. B HEKOTOPBIX
TOYKaX MCKPUBIEHHOCTb MPOCTPAHCTBA (MJIM COOTBETCTBEHHO INIOTHOCTh MATE€PHH) CTAHOBUTCS OECKOHEYHO
Oonbuioid. Bropas Teopema O «OECKOHEYHOCTH» YTBEP)KAAET, YTO KJIACCHYECKas PEISATUBUCTCKAas TeOopus
rpaBUTALMN HEU30EKHO MPHUBOIUT K CUHTYISIPHOCTSIM TaKOTO THUIA B KOCMOJIOTMUECKHUX MOJENSX, CBA3aHHBIX
¢ bonbmuMm B3pbiBoM. DTH TEOpeMbl MOKa3bIBAIOT, YTO UCIOJb3YEMbIE HAMU TEOPUU €LIE BECbMa JAJEKU OT
3aBEpUICHHOCTH, MOCKOJIbKY B 3aMKHYTBIX M 3peNbIX (DU3MUECKUX MOCTPOCHUSX TaKue CHHTYJISPHOCTH HE
JIOJIKHBI BO3HUKATb.

OTtu paboThl MpeACTaBIsAOT co00i Nuib yacTh obmupHoro Bkiana P. Ilenpoys3a B paznuuHble pas3aemnbl
¢u3uku 1 marematuku. Ou3nkaM Xopoo 3HakoM mporuecc I[lenpoysa (mpu KOTOPOM YacCTHUIIBI MOTJIOIIAIOT
SHEPruI0 BpAllleHHs B YEPHBIX JbIpax), U OHU IIMPOKO MOJB3YIOTCS CO3JaHHBIMU UM JHarpaMMaMu JUIs
ONHKCAHMs TIOBEACHUS BEUIECTBA B OKPECTHOCTH 4YepHBIX Ablp. KpacuBas reomeTpusi (BpeMeHaMHu
HAIIOMMHAIOIIAs )KUBOIMCh) MHOTUX TaKUX SIBJCHUN HArJsSAHO MpPECTaBleHa CAMUM aBTOPOM B MEPBBIX TPEX
rnaBax KHUTM. HekoTopele acmekThl paccMaTpUBaeMbIX MpoOJIeM YXKe MIUPOKO HM3BECTHBI MYOJIUKE I10
«HEBO3MOXHBIM» MOCTPOEHUSM U KapTHUHAM 3HAMEHUTOro XyJOKHHKa Mopuca Dmiepa ¥ Tak Ha3bIBA€MbIM



«mo3aukam» camoro Ilenpoysa. UuTepecHo, uro M. Dmiepa Ha co3/laHue HEKOTOPHIX TPaBOp (MMEHHO TeX, Ha
KOTOPBIX CJieJIaHa TOIBITKA H300pa3UTh «HEBO3MOXKHOE») BJOXHOBWJIA OJHA W3 CTaTei, HamucaHHbIX P.
[Tenpoy3om u ero ormom JI. C. Ilerpoy3om. B ri1. 1 runepbonnyeckue reomerpudeckue nocrpoenus [lenpoysa
IPOMJUIIOCTPUPOBAHBl U3BECTHOM cepuell rpaBiop M. Dmepa «lIpenenbHble okpykHOCTH». B cBsizu ¢ 3TUM
HEJb3sl HE YNOMSHYTh coO3JaHHble camuM [IeHpoy3oM «MO3auKu», WU «U3paslbDy, KOTOPHIE IO3BOJIIOT
IOJHOCTBIO ~ TOKPBITh  OECKOHEYHYI0 IIJIOCKOCTh  HEOOJNBIIMM  YHUCIOM  Pa3HOBHIHOCTEH  MPOCTHIX
reoMeTpuueckux ¢uryp 3agantoro tuna. OCHOBHas U camasi MHTEpeCHas MaTeMaTHuecKas CTOpOHa MPOoOIeMbl
COCTOMT B TOM, YTO Y30p, IO3BOJIIOIIMKA pPELIUTh 3Ty 3a7ady, SBJISAETCS HENOBTOPSIONIMMCS. OTa
reOMETpUYECKasl 3aJladya HEOXXKUJAHHO BO3HUKAET B TJI. 3 KHHUIM B CBSI3M C BO3MOXHOCTBIO ONpPEIEICHUS
CTPOTUX BBIUMCIIUTEIbHBIX ONEPALMN 11 KOMIIBIOTEPOB.

[lenpoy3y yaanoch He TOJBKO pa3pabOoTaTh psii OJIECTAMIMX MaTEMaTHMYECKUX MOJXOAOB, HO U YCIEUIHO
NPUMEHHUTD WX JUIA PEeIICHHs CIOXKHEWIINX KOHKPETHBIX 3a/1a4 COBpeMEHHOH (u3uku. PaccMaTpuBaembie UM
BOIPOCHI BCEI/la OKa3bIBAIOTCA OYEHb BAXXHBIMM U WHTepecHbIMH. Ceifuac (U3UKH YBEpEHbI, UYTO TEOPUS
bonpmoro B3peiBa JaeT HamM JOCTATOYHO BEPHYHO KapTUHY BO3HMKHOBEHUs BceneHHOHN, OAHAKO OHa ele
Jajieka OT 3aBEpIICHHOCTH, U MbI MOKa HE 3HAaeM MHOTHX (DyHIaMEHTAlbHBIX 3aKOHOB, OMPEICINIAIOIINX €€
OCHOBHBIE OCOOEHHOCTHU B BO3pAacTe OT OJHOM THICAYHOW CEKYHJbI IOCE POXKIEHUS N0 Hamux JHeH. [lns
BOCCO3/JJaHUs NIOJIHOM KapTUHBI HaM €lle MPEACTOUT ONPENEIUTh HaYaJlbHbIE YCIOBUS, OJJHAKO BCE U3BECTHBIE
HaM 3aKOHbl (PU3UKH OTHOCSITCS JIMIIb K JOCTATOYHO «CTapoi» BceneHHOW, BO3pacT KOTOPOW IMPEBHIIIACT
VIOMSHYTBIH pyOeX B OJHY TBHICAYHYIO JIOJI0 CeKyHAbl. [[oATOMy MBI elle MOKHBI pa3yMHBIM 00pa3oM
AKCTPANOIMPOBATh M3BECTHBIE HAaM 3aKOHOMEPHOCTH. MBI yXe€ JOCTaTOYHO XOpOLIO IpejcTaBisieM cebe
TpeOyemble HadyallbHbIE YCJIOBHS, HO OYEHb Mall0 3HaeM O MOPOXKIAIOUIMX HMX MPUYMHAX, M 3Ta mpoliema
OCTaeTCsl LEHTPAIBHOM I BCEM COBPEMEHHONW KOCMOJIOTHU.

OOBIYHO B KOCMOJIOTUH UCIIONB3YIOT MOJIENb pa3yBarolieiics (MHGISuoHHOI) Beenennoii, oaHako gaxe B
ATOH MOJENW sl ONKMCAHUS HEKOTOPBIX OCOOCHHOCTEW Tmpolrecca HEOOXOIUMO BBECTH IapaMeTphl,
XapakTepHBIC JIJIs PAaHHEH, TaK Ha3pIBAEMOM IIJIAHKOBCKOM 3moxu pa3Butus Beenennoit (10 "43 ¢), korma B 3TOT
UCKITFOUUTENIFHO KOPOTKUAN TEPHOJA MPOHM3O0LUIM BAXHEWUIINE COOBITHS, MOCIEACTBHS KOTOPBIX U IIBITACTCS
onucaTh COBpEMEHHAas HayKa.

[IppHrMass B LenoM NpUBBIYHYK KapTuHy bosbmoro BspeiBa, Pomxep IleHpoy3 orTkasbiBaeTcs OT
UHQIIALMOHHONW MOJIENIN U MPEAIoiaraeT, YTo Ha caMoil paHHel cTaauu pa3BuUTHE BceneHHol onpenensiioch
elle HEM3BECTHBIMM HaM (PHU3NYECKUMH 3aKOHaMM, CBS3aHHBIMH C KBAHTOBOM Teopueil rpasButauuu. OH
CUMTAET, YTO MHOTOUYUCIIEHHBIE ITONBITKY IIOCTPOEHHS TAKOW TEOPUHU HE YBEHUAINCh YCIIEXOM UMEHHO IIOTOMY,
YTO 3a/Jaya ObUla HENPaBWIBHO IIOCTAaBJIIEHA TEOPETUYECKH. Ero aprymMeHThl CBsI3aHBl INPEXKAE BCETO C
npobaeMoil onpeneneHus SHTponuu BeeneHHol, paccmaTpuBaeMoil B kauecTBe enHOro oobekra. [Tockonbky
SHTponusl (OYEHb YIPOUIEHHO — CTENEHb HEYNOPSAAOYEHHOCTH CHCTEMbI) BO3PACTAET CO BpPEMEHEM,
Bcenennas nomkHa ObUla BOBHUKHYTh M3 BECbMa YHOPSAOYEHHOTO COCTOSIHUS C OYEHb HU3KOH SHTPOIHEH.
BeposTHOCTE CIy4allHOrO IOSIBIIEHHs TAaKOro COCTOSHMs HCYe3allle Mana, Bciaenctsue uero Ilenpoys
HPEIOI0XKUI, YTO 3a/1a4a MOXKET OBITh pellleHa TOJIbKO B paMKaxX TOYHOM TEOPUU KBAaHTOBOW I'paBUTALIMU.

B ru1. 2 paccmarpuBatotces o01ue npodaemMbl KBAHTOBaHUS M KBAHTOBOM (pU3MKH, KOTOpasi (BMECTE CO CBOMM
PENATUBUCTCKUM 0000IIEHNEM — KBAaHTOBOM TEOpHUEH MOJIs) yXKe JaBHO U OYEHb YCHEIIHO MPUMEHSeTCs JUIs
ONMCAaHUS CBOMCTB OTJEIbHBIX aTOMOB U YaCTHIl, & TAKXKe JJIs1 0ObSICHEHUS SKCIEPUMEHTAIbHBIX PE3yIbTaTOB
B sifiepHO# ¢u3nke. OHAKO JIUIIb B NTOCJIEAHNUE TOABI MBI CTaJIM MMOHUMATh TITyOOKHH (pU3NUYECKHil CMBICHT 3TOH
teopun. [leHpoy3y ynamoch OnecTsiie MPOAEMOHCTPUPOBATh, YTO B €€ BHYTPEHHEH CTPYKTYpE 3aJI0’KEHBI
BECbMa HENPOCTHIE (MHTYUTUBHO HEOYEBHJHBIE) IPEJCTABICHUS, HE HMMEIOIIME AHAJIOTOB B KJIACCUYECKOU
MexaHuke. Hampumep, He JOKaJbHOCTH O3HA4aeT, YTO NPU BO3HUKHOBEHMM Iapbl YacTUI[a—AaHTUYaCTULA
KaXJasi U3 HUX COXpPaHSAET «IaMsATh» O TPOIECCe POXKACHUS B TOM CMBICIE, YTO 3THU YaCTUIBI HE MOTYT
CUMTAThCA TOJHOCTHIO HE3aBUCHUMBIMHM JpYr OT jpyra. Pomkep OOBSICHAET 3TO TEM, YTO «KBAHTOBAs
3alyTaHHOCTh OOBEKTOB TMPEJCTAaBISET COOOW YIUBUTENBbHOE SBIIEHUE, JeXKallee IJe -TO MEXIy HX
pazzeneHueM U oObenuHeHHeM». KBaHTOBas MeXaHHMKa MO3BOJSET HaM JaXke MNOoJay4daTb HH(OpMAIHMIO O
mpoleccax, KOTOpble HE IMPOM3O0LLUIM, HO MOINIM ObITh pealn30BaHbl. Paznuune Mexay KIacCHYecKol H
KBAaHTOBOM MEXaHMKON OCOOEHHO SIPKO MPOSIBIISAETCS B OU€Hb HEOOBIYHOM (C MPUBBIYHON TOUKH 3pEHUS) 3a/1aue
0 TaK Ha3bIBAEMOM HUCITBITAHUU OOMO B SKCIIepuMeHTe Dnniypa—Baiiamana.



VHTYUTUBHO HENpHeMIIEMble OCOOEHHOCTH SBIISIOTCS HEOTHEMJIEMOW YacTbl0 KBAaHTOBOW MEXaHMKH,
OJIHAKO OHA CTAaBWT Imepes Hamu U Oonee riybokue mpobiemsl. [IeHpoy3za 0co00 MHTEpECyeT BOIPOC O TOM,
KakuM 00pa3oM B (PM3HKE YIaeTCsl CBA3aTh KBAHTOBBIE SABJICHUS C IOBEJIEHUEM CHUCTEM HAa MAaKPOCKOMMYECKOM
ypoBHE. B 3T0if BecbMa MPOTHBOPEUUBOW CHUTYallMM MHOTHE (H3UKH HCIIOJIB3YIOT KBAHTOBOMEXaHHUYECKHE
IpaBUiIa MPOCTO B KAYeCTBE BBIYMCIMTEIbHBIX IMPUEMOB, MO3BOJIAIOLUIMX IOJIY4aTh YIUBUTEIBHO TOYHBIE
pemenus. Takoit moaxon, HecMOTps Ha ero 3()(eKTUBHOCTH (IPAaBUIBHO MPUMEHSS HEKOTOPbIE METOJIBI, BB
nojy4yaere Oe3yCIIOBHO BEpHbBIE OTBETHI), B CYIIHOCTH O3Ha4aeT JIMLIb IPpyObl M JMINCHHBIN M3sIIEcTBa
[epexo/l OT MPOCTOr0 M JIMHEHHOTO MHpa KBAHTOBBIX SBICHMH K pEaJbHOMY MHUPY 3KCIIEpUMEHTAaTOpa.
[Tepexon ocyiecTBisieTCs MOCPEACTBOM TaK HA3bIBAEMOIO «KOJIJIANCa BOJIHOBOW (DYHKIUM» WM «PEIyKLHU
BEKTOpa cocTosiHUI». [IeHpoy3 yBepeH, YTO IPU 3TOM CTaHJAPTHOM KBaHTOBOMEXAaHMYECKOM IIPUEME TEPSIETCS
BECbMa 3HAa4YMTENIbHAs 4YacTb KAPTHHBI (PU3MYECKOIO MHpa, U HaM HEOOXOJUMO pa3paboTaTh COBEPIIEHHO
HOBYIO TEOPHIO, KOTOpasi OyJaeT Kak -TO BKIIIOYATh B ce0s YKa3aHHYIO «OOBEKTHBHYIO PEIYKIIUIO BOJHOBBIX
Gynkuuit»y. Takass Teopuss IpU COOTBETCTBYIOLIUX IPEENIbHBIX Iepexonax OyaeT CBOAUTHCS K OObIYHON
KBAaHTOBOH MEXaHHMKE M KBAaHTOBOW TECOPHH I10JIsl, HO OHA JOJKHA OMUCHIBATh M HOBBIE (hU3UUYECKHE SABICHUS (B
YaCTHOCTH, OHAa JOJDKHA IO3BOJIMTh HAaM pELIMTh 3ajadyy KBAHTOBAHMs TI'PAaBUTALMOHHOIO TOJS U JaTh
OIMCAaHKE PAHHErO Nepuoja pa3Butus BeeneHHOM).

B rn. 3 Ilenpoy3 mbiTaercst BBIABUTH OOILME YEPThl, MPUCYLIUE MaTeMaTHKe, (PU3UKE U YEJIOBEYECKOMY
cosHanuto. Eciu 3agymarbcs, To B caMOM JieJ€ NOpPA3UTEIbHO, YTO B CaMbIX, Ka3ajoChb Obl, JOIMYHBIX U
aOCTpaKTHBIX 00JACTSIX (U3MKKM M MaTeMaTHKU HE YJAaeTcs co3JaTh MpPOrpamMMbl Ul HPUBBIYHBIX HaM
JTMICKPETHBIX KOMITBIOTEPOB (Jake JJISi CaMbIX TOYHBIX M O0JIAAAaoIMX HAauOOIbIIMM 00beMoM mamsTh). Bee
KOMITbIOTEPBl IPAKTUYECKH HE MOTYT, HallpUMep, J10Ka3blBaTh MaTEMaTHYECKUE TEOPEMbI, KaK 3TO AENaroT
OOBbIUHbIE JIOJU-MAaTeMaTUKU. Bcee 3T0, ¢ Opyroil CTOpOHBI, IPEKPACHO COIJIACyeTcsi C OAHUM BapUaHTOM
3HaMeHUTOI TeopeMsl ['énensi, koTopas B TpakroBke IleHpoy3a o3HadaeT, 4yTo MareMaTHYECKUE BBIBOABI (H,
BOOOIIE TOBOpS, BCE IMPOLECCH], CBS3aHHBIE C MBIIUICHHEM U TIOBEJCHHEM) OCYIIECTBISIOTCS
«HEBBIUUCIUMBIM» 00pa3oM. Takoe 3akiroueHHe IMpeJCTaBIsAeTCS BeChbMa IJIOJOTBOPHBIM XOTs Obl IOTOMY,
YTO UHTYUTUBHO MBI U CaMHU UYBCTBYEM, YTO IOYTH BCE HAIlU AKThl «CO3HATEJIBLHOTO BOCHPUSTUS HEJb3S
CBECTHU K BBIYMCIMMBIM OllepanusM. bosbinas yacTe ynomsHyTol Bbllie npeasiayieid kuuru Ilenpoysa «Tenn
pa3zymay Oblia MOCBSIIEHa UMEHHO TaKOM MHTeprpeTanuu Teopemsl ['énensi, umeromieit ocodboe 3HaYeHUE IS
BCEX JIOTUYECKUX ITOCTPOCHUI aBTOPA.

[lenpoy3 HEOXHUJAAHHO yCMaTpUBA€T MHOTO OOIIEro MeXAYy NPUHLMINAIbHBIMU MpoOiIeMaMyu KBaHTOBOM
MEXaHUKHU UM MpoleccoB co3HaHMs. Hampumep, oH cuMTaeT, 4To He JOKaJIbHOCTh U KBAaHTOBAs KOT€PEHTHOCTb
MOTYT OOBSCHUTH 3HAHHUS MOXKET OBITh CBS3aH, 110 €r0 MHEHMIO, C OOBEKTHBHBIM KOJUIAIICOM BOJHOBBIX
(GYHKIUH MaKpOCKOIMMYECKUX NepeMeHHbIX. [IeHpoy3 He ToJIbKO (hopMyaupyeT 3T BechbMa OOIIKe MPUHLIUIIBI
paboThl MO3ra, HO U MBITAETCSI HEMOCPEICTBEHHO BBISIBUTH B MO3TY CTPYKTYPbI, COOTBETCTBYIOIINE YKA3aHHBIM
(bu3nUecKUM Iporeccam.

Pazymeercs, BBeZieHHE B KHUTY JIMIIb OY€Hb €1a00 MOXKET OTpa3uTh OPUTMHAIBHOCTH, OOraTCTBO U OJieCK
IpeJlaraéMblX aBTOPOM HJeH M MOHATHM, OJJHAKO XOTEJOoCh OBl elle pa3 oOpaTHTh BHHUMAHUE YHMTATENs Ha
OCHOBHbIE HAalpaBJICHUs, HUIPAlOINe BaXHYIO pOJIb Il NMOHMMAaHHA. ABTOpa MPEXAE BCEro MNopaxaer
3aMeyaresibHas CIIOCOOHOCTh MaTeMaTHKH pealbHO ONUCHIBATH (PYHAaMEHTAJIbHBIE MPOLECCH MPHUPOJIBL.
[lenpoy3 yOexeH, uTo Haml (pU3NYECKHM MUP B KaKOM-TO CMBICIIE SIBJISIETCS MPOSBIECHUEM IJIATOHOBCKOIO
MHpa MaTeMaTH4YeCKHX HJeanoB. B Haile BpeMs, KOHEYHO, HUKTO HE MBITAeTCAd BBIBECTH MAaTEMAaTUKy W3
NOMBITOK  OMHMCAaHUA OKPYXKAIOLIEr0 MHUpa WJIM M3 [OATOHKM JKCHEPUMEHTAJIbHO HaOII0aeMbIX
3aKOHOMEPHOCTEH K MareMaTHyeckuMm ¢opmyiaM. B 1eHCTBUTENBHOCTH MbI ceiluyac NbITaeMCs IOHSThH
CTPYKTYpy BceneHHoil, ncxonas n3 HEKOTOPHIX BeCbMa OOIIMX MPUHLMIIOB U U3 3aKOHOB CAMOM MaTeMaTHKH.

HeynuBurenbHO, YTO NMpeAsIOKEHHbIE B KHUIE CTOJb CMEJIbIe TUIOTE3bl CTAIH MPEIMETOM O0XKECTOUEHHOMN
MOJIEMHUKH, B KOTOPYIO OKAa3aJIMCh BOBJICUEHBI YUEHBIE CAMBIX Pa3HBIX CIEHUAIBHOCTEH M MHTEIJIEKTYalbHON
HanpasieHHocTU. AOHep Illumonu Bo MHorom cornamaercs c¢ IleHpoy3om (Hampumep, OH NpHU3HAET
HE3aBEPIICHHOCTh MPHUBBIYHON (POPMYITMPOBKH KBAHTOBOM MEXAaHUKU U COIJIAILIAETCS C TE€M, YTO HEKOTOpHIE
KBAaHTOBOMEXAaHUYECKUE TMPEICTABICHUSI BIIOJIHE MOAXOIAT MJIsi ONHCaHuA paboThl MoO3ra), OJIHAaKO OH
cpaBHuBaeT Pomxkepa IleHpoy3a ¢ «aJbIIMHUCTOM, KOTOPBIM JIE3€T HE HA Ty TOPY», U TOTOB NPEIJIOKHUTH
CcOOCTBEHHBIE KOHCTPYKTHUBHBIE IIOAXOJbl K pEIIeHHI0 YyKa3aHHbIX 3afnad. Houcu Kaptpailit 3amaercs
dyHaaMeHTanbHBIMU 111 PUIOCOPHH BONPOCAMH O TOM, KaKHME€ HAayKH BOOOIIE JOJDKHBI Jeub B OCHOBY



MOHMMAaHUS TPUPOIBI CO3HAHUS U KaKOBa MPHU 3TOM poib ¢u3uku. OHa e MOJHUMAET B AUCKYCCUU BECbMa
OCTPYIO TEMY COBMECTUMOCTH (MM BO3MOKHOCTH CBEACHHUS JPYr K JPYTy) 3aKOHOB Pa3IUYHBIX HAYYHBIX
muciumiiH. Haubosee KpuTHUeCKUM sIBIsSIeTCs pasjien, HanucaHHbli CTuBEHOM XOKHHIOM, CTaphIM JIPYTOM U
kowteroi I[lenpoys3a. [lo MHOrMM mpu3HAKaM MMEHHO MO3WIUST XOKHUHTAa OJMKE BCErOo K TOYKE 3pPEHUS
«cpeanero ¢(usuka». OH mpeIaracT aBTOpY MPEeXkaE BCEro caMoOMy pa3paboTaTh HPOLEAYpPY AETaibHOIro
BOCCTAHOBJICHHSI (PEIyKIIMU) BOJHOBBIX (QyHKOmiA. Brpodem, XOKMHT BOOOIIE HE CYHTAET, YTO MHECHHE
¢u3uKoB 0 mpobiemMax CO3HAHUSI UMEET KaKyl-TO 0co0yro IeHHOCTh. [losiBIeHne Takux 3aMe4aHuil BIOJHE
3aKOHOMEpHO, U lleHpoy3 mbBITAaeTCSI ONPOBEPTHYTH HUX B CBOEM OOIIEM OTBETE, COCTABUBIIEM
3aKJIIOUUTENbHYIO TJIABY KHUTH.

OnHy U3 MOCTABIIEHHBIX Mepea coboit 3amau [leHpoy3, 6e3ycIoBHO, penmmi ¢ 6JIECKOM — OH CO37all HeKUit
MaHUGECT WIK Iporpammy pa3BuTHs Teopetnueckod ¢usuku XXI Beka. B Tpex mepBbIX IiiaBax KHUTH €My
yaJ0Ch MPEACTaBUTh CBS3HYIO KapTHUHY TOTO, KaK JIOJDKHA OBITH «yCTPOEHA» COBEPIICHHO HOBas (hM3HKa,
OCHOBaHHasi Ha OOIIEl Huaee HE BBIYMCIMMOCTH HEKOTOPBIX ONepaluii U OOBEKTHBHOIO BOCCTAHOBIICHUS
BOJIHOBBIX ()YHKITMH, YTO U SBJISICTCS OCHOBHOHM mjeedl KHUTH. [IpaBHIIHOCTH MpeajaraéMbiX KOHICHIHA B
KOHEYHOM cyeTe Oy/eT onpenesiThest TeM, cMOryT ju [leHpoys u ero nocienoBaTenu IeHCTBUTENBHO CO3AaTh
¢u3nyecKyro Teopro HOBOro Tuna. B mobom ciaydae, gaxke eciu paboThI 110 3TOM MporpaMMe HE IPUBENYT K
OBICTPBIM ycCIleXaM, e OCHOBHBIE HJIEH, TI0 MOEMY TITyOOKOMY YOEKACHHIO, OKaXYT IJI0JJOTBOPHOE BIUSHUE HA
OyayIiee pa3BUTHE TEOPETUICSCKON (DM3UKH M MAaTEMATHKH.



I'i1aBal
IlpocTpaHCTBO-BpeMs U KOCMOJIOTUS

[Ipennaraemas unTaTenio KHUra HasbiBaeTcs «bosblnoe, Manoe M YeIOBEUYECKHM pa3ym», U MOITOMY B
IIOJTHOM COOTBETCTBHM C HA3BaHUEM JBE €€ IEPBBIC IJIaBbI MOCBSIICHBI CAMBIM OOJIBIIMM M CaMbIM MaJlbIM
0o0beKTaM B OKpyXKaromieil Hac (u3nyeckod BceneHHOW, KOTOPYI S C MPEAeiIbHOM CXEMaTUYHOCTBIO H
npoCTOTON M300pa3mi B Buae «cdepb» Ha puc. 1.1. S He Oyay TpaTUTh BpeMs Ha YUCTO «OOTaHUYCCKUE)
OIKCaHUS TOTO, YTO U KaK MPOMCXOAUT B pa3HbIX yacTsax BceneHHoM, a monpoOyro oOpaTUTh Ballle BHUMaHUE
Ha aHaJIM3 U IOHUMaHHUE peajbHbIX 3aKOHOB, YIPABISAIOLMX €€ noBeneHneM. OCHOBHAs MPUYMHA, 110 KOTOPOM
g pa3fenui GU3ndeckue 3aKOHbI Ha YaCTH, OTHOCSIIUECS K «O0JIBIIOMY» B «MAJIOMY», 3aKIIF0OYAETCsl B TOM, 4TO
o0mue 3aKOHOMEPHOCTH (PU3MYECKHX TPOLECCOB B OYEHb OOJBIIOM W OYEHb MajioM MacmTadax
MPEJICTaBIISIIOTCS BecbMa pa3iuuHbIMH. LleHTpanbHON TemMo# Ti. 3, r/ie peub HJIET O YeIOBEYECKOM CO3HAHUH,
SBIISIETCS. UMEHHO 3TO Opocaromieecss B IIa3a pa3iinyve MEXIY 3aKOHAMHU TPUPOJBI Ui Pa3HOMACIITAOHBIX
apreHuil. [lockonbKy s Oyay roBOpUThH 0 (PU3NIECKOM MUPE Ha A3BbIKE OMUCHIBAIOIINX €T0 (PU3NYECKUX TEOPHUH,
s IPOCTO 00s3aH CKa3aTh XOThb YTO-TO M O JAPYroM Mupe — mupe Ilmatona, ¢punocodpckoMm mpeacTaBiIeHun
MUpa UAei, abCOMIOTOB M MaTeMaTH4eCKHX HUCTHH. KOHEYHO, MIIATOHOBCKHM MHUP COACPXKHUT U Ipyrue
abcomoTHeie TOHATUS (Takue Kak JloOpo m Kpacora), HO 5 B AaHHOM ciy4ae Oyay TOBOPHUTH JIHIIb O
MaTeMaTUYECKUX TMPHUHIMIAX U MOHATUSAX. HEeKOTOphIM JIOASM TPYIAHO MPEACTaBUTH ceOe CYIIEeCTBOBAHUE
TOr0 Mupa BOOOINE, W OHM MPEANOYUTAIOT CUYUTAThb MAaTEMaTUYECKHUE IIOHATHUA IPOCTO KAKUMHU -TO
UAeanu3upOBaHHBIMU  (QopMamMu OOBEKTOB HaIIero (QU3WYEeCKOro MUpa, M B OITOM Cllydae, KOHEYHO,
«MaTeMaTU4YEeCKUIl MUpP» CIIeyeT paccMaTpUBaTh BCETO JIUIIb KAaK MOPOXKJIEHUE HALIEro (pU3sM4eckoro Mupa
(puc. 1.2).

Puc. 1.1.

S nuuHO monararo (M, MHE Ka)keTcsi, OOJIbIIMHCTBO MaTeMAaTUKOB U (PM3UKOB-TEOPETUKOB MPUIEPKUBACTCS
OpPUMEpPHO TOM JK€ TOYKH 3pEHHs), YTO MaTeMaTHKa HUMEeT Jpyrue, Ooliee CEephbe3HbIE OCHOBAaHUS H
MIPEICTABISIET COOOM HEKYIO CTPYKTYPY, YIPaBIsieMyl0 COOCTBEHHBIMH BHEBPEMEHHBIMH 3akOoHaMH. [1o3TOoMYy,
BO3MOXXHO, MHOTHE (U3UKM W MATEMATHKU TNPEANOowId Obl CYUTATh (DU3MYECKUA MHUP TOPOKIACHHEM
«BHEBPEMEHHOT0» MaTeMatndeckoro mupa uaei. CooTBeTcTBytomas kaptuHa (puc.1.3) mpu Bceli ee mpocToTe
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OUEHb Ba)KHA JJIS pacCMaTPUBAEMbIX B ATOW KHUTE MpoOsieM (B 0COOEHHOCTH 3TO OTHOCHUTCA K MaTepuaiy IJ.
3).

Haubonee 3ameuaTenbHON XapaKTEPUCTUKOW 3aKOHOB MPUPOIbI SIBISETCS TO, YTO OHU MOTUUHSIOTCS
MaTEeMAaTHYECKUM 3aKOHOMEPHOCTSIM C HCKJIIOYHTEIHHO BBICOKOW TOYHOCTHIO. UeM Triy0ike MbI MMOHUMAaceM
3aKOHBI MPUPOJIbI, TEM CHJIbHEE YyBCTBYEM, YTO (U3MUYECKUNH MHUP KaK-TO HCUE3AET, «HUCHApSAETCA», U MBI
OCTaeMcCsl JTUIOM K JIMIYy C YUCTOW MaTEMaTUKOM, T. €. UMEEM JIEJIO JIMIIIb C MUPOM MaTeMaTUYECKUX IPaBUil U
MOHSATUH.

[Ipexxne dYem mnepedTH K JajdbHEWIIEMY pPAacCMOTPEHHUIO, HaM CIEAYEeT OLEHUTb BPEMEHHbIE U
IPOCTPAHCTBEHHbIE MacITa0bl BeeneHHoM 1 Kak-TO CBSA3aTh X C MECTOM U POJIbIO YeJOoBeKa B 00IIel KapTHHE
mupa. S caenan MOMBITKY O0OBEIMHUTh MACIITa0bl HEKOTOPHIX M3BECTHBIX OOBEKTOB U IMPOLIECCOB B CIUHYIO
nuarpammy (puc. 1.4), rae cieBa mpecTaBiIeHbl XapaKTepHbIE BpEMEHa, a CIipaBa — XapaKTepHble pa3Mmepsl. B
HIDKHEM JICBOM YTy PUCYHKA yKa3aH MUHHMAJIbHBIH Macmrad BpEeMEHH, MMEIOUIMHA KaKOW-TO (QHU3MUECKUit
CMBICII. DTOT UHTEpPBaJl BpeMeHH, paBHbIA 10-43 ¢, Ha3pIBaeTCs IUIAHKOBCKUM BPEMEHEM, WU «XPOHOHOM», U
OH HAMHOT'O KOpOoY€ MPOJOJIKUTEILHOCTH BCEX U3BECTHBIX HaM IPOLIECCOB, BKJIIOYAsi OUYE€Hb KPATKUE MPOLIECCHI
Gu3MKK BJIEMEHTApHBIX YacTUll (HampuMep, BpeMs CYIIECTBOBAHUS CaMBIX KOPOTKOXHUBYIIUX YaCTHII-
pe3oHaHCcOB cocTaBisger okono 10-23 ¢). Beime nmo aumarpaMme B JorapuMUUecKoM MaciiTabe yka3zaHa
JUTUTEIIBHOCTh HEKOTOPBIX U3BECTHBIX IIPOLIECCOB, BILIOTH /10 Bo3pacTa BeeneHHoil.

Puc. 1.2.

CrnpaBa Ha [uarpaMme TIIpUBEICHBI pACCTOSIHUS, COOTBETCTBYIOIIME ONPEIECIIEHHBIM BpPEMEHHBIM
Macmtabam. Bpemenn I[lmanka (XpoHOHY) coOOTBeTCTBYeT GyHAAMEHTANIbHAs €IWHHIA, Ha3bIBaeMast
IUIAaHKOBCKOW JIMHOM. Bce 3THM BeMMYMHBI €CTECTBEHHBIM 00pa3oM BO3HUKAIOT MPH JHOOOH IMOMbBITKE
00beAMHUTH (PU3HUECKHUE TEOPHH, OMKCHIBAIOLINE OYEHb OOJIbIIME M OYEHb Mayble OOBEKTHI (pedb UIET 00
o01iell TeOpUM OTHOCUTENBHOCTH DHHINTEHHAa M KBaHTOBOM MexaHuke). Ilpu moOoM codeTtaHnn BapuaHTOB
9TUX Teopuil JuiHa U Bpems [lnaHka BeICTyNarOT B KayecTBe pyHIaMEHTAIbHBIX eqUHUI] n3Mepenus. [lepexon
OT JIEBOM IIKaJbl JUarpamMmbl K MPaBOM OCYHIECTBIISIETCS YMHOXXEHHEM Ha CKOPOCTb CBETA, UTO I103BOJISET
JIETKO COIOCTABIIATH JIFOO0I MPOMEKYTOK BPEMEHH C PACCTOSHUEM, ITPOXOJUMBIM CBETOBBIM CHTHAJIOM 32 3TO
BpEMS.
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Puc. 1.3.

-15 o
PasmMepb! husznuecknx 0ObEKTOB HA PUCYHKE U3MEHSFOTCS OT 107 M (XapakTepHBI pa3Mep 3JIEMEHTaPHBIX
27 . . .
gactum) 1o 107" m (pagmyc Habmomaemoli BceeneHHOW, MpUOIM3HTEIHRHO COOTBETCTBYIONIUN €€ BO3pacTy,
YMHO)KEHHOMY Ha CKOpPOCTh CBeTa). MIHTEpEeCHO OLICHUTH MOJIOKEHUE, KOTOPOE Ha AHarpaMMe 3aHHMMaeM MBI,
JFO/IH.
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Puc. 1.4. XapakTepHoe BpeMsi M pa3Mepbl HEKOTOPbIX 00bEKTOB M NpPoueccoB BeesreHHOM.

Ha mikxane pazmMepoB MbI HaXOAUMCSI TJIE-TO B CepenHe, Oyaydn ype3BblUaifHO KPYMHBIMU 110 OTHOIIIEHHUIO K
qHe [lnanka (M mpeBbllias Ha MHOTO TOPSAKOB pa3Mephl JIEMEHTAPHbIX YacTHIl), HO OYEHb MaJI€HbKUMU B
macmtabax Bcel Bcenennoit. C apyroil CTOpOHbI, Ha BPEMEHHOM IIKajle TMPOLECCOB JUIMTEIbHOCTh
YEJIOBEUECKOM KU3HU BBHITJIAIUT COBCEM HEIJIOXO0, U €€ MOXHO COTOCTaBIIAThH ¢ Bo3pacToM Beenennoit! Jlroau
(1 B 0COOGHHOCTH TOITHI) JIFOOAT KaJOBAaTHCS Ha A(PEeMEPHOCTh YEIOBEUYECKOI0 CYIIECTBOBAaHMS, OJJHAKO HAlIle
MECTO Ha BPEMEHHOM I1IKaJjie BOBCE HE SBJISETCS 'KAJIKUM WM HUYTOXKHBIM. PazymeeTcs, HaM ciielyeT IOMHUTb,
YTO BCE CKAa3aHHOE OTHOCUTCS K «IOrapu(PMHUUYECKOM MIKaie», OJAHAKO €€ HCIOJIb30BAHUE IPEICTABISAETCS
COBEpIIEHHO OIPaBAAHHBIM NPU PACCMOTPEHMM CTOJb TMTAHTCKUX JMAla30HOB 3HA4eHUU. ['oBops Ipyrumu
CJIOBaMH, YHCIIO YEJIOBEYECKUX MKU3HEH, YKIIAIbIBAIOLIMXCS B BO3pacTe BceneHHOW, HAMHOTO MEHbIIE, YeM
yncino BpemeH [lnmanka (wiM Jake BpEMEH JKU3HM JJIEMEHTAapHBIX YacTHUIl), YKJIaAbIBAIOLIUXCA B
MPOJOHKUTENFHOCTh JKU3HHM 4YeJloBeKa. B CYIIHOCTH, MBI SBISIEMCSl JOBOJBHO CTAaOWUIBHBIMU CTPYKTYpPaMH
Bcenennoii. Uto ke KacaeTcsi MPOCTPAHCTBEHHBIX MAcIITa0OB, TO MbI JACHCTBUTEIHHO HAXOIUMCS T/IE-TO B
CepeMHE LIKAJbI, BCIEACTBHUE Yer0 HAM HE JaHO BOCIPUHUMATH B HEMOCPEJACTBEHHBIX OLIYIIEHUSX HU OYEHb
0oJbIIMe, HU OYeHb Majible 00BEKThHI OKPY>KAIOLIero Hac (pU3n4ecKoro Mupa.
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KBaHTOBbI ypoBeHb
(ypaBHeHue WpeanHrepa)
U AerepMmuHucTMyeckoe, Bblymcnnmoe (?)

CraHpapTHas Teopus
R BEPOSTHOCTHas
(cnyyaHoCTb)

HenokanbHas

Knaccuyeckuis ypoBeHb
(HoloToH, MakcBenn, QiHLWTERH)
C netepmuHucTUYecKoe, BbluUcUMOE (?)

Puc. 1.5.

JlaBaiiTe pacCMOTpUM, Kakue (U3UYECKHUE TEOPUH OIUCHIBAIOT OOBEKTHI CTOJIb PA3JIMYHBIX pa3mepoB. B
cxeMmy puc. 1.5 s mompITasncs «BTUCHYTh» BCIO CYIIECTBYIOIIYIO (U3HKY. [Ipu 3TOM MHE, KOHEUHO, MPUIILIIOCH
MOXECPTBOBATH MHOIMMH HE3HAYWUTCIbHBIMH JACTATIAMU (HaHpI/IMep, MNpoOCTO BBIKUHYTH H3 KapTUHBI BCC
YpaBHEHHUS U pa3/enbl HayK!), OJHAKO, Ha MO B3IJISA, S COXpaHWI (yHIaMEHTAIbHbBIE TEOPHUH.

Haubomnee cymiecTBeHHBIM OOCTOSTENICTBOM SBISIETCS TO, YTO B (PM3UKE UCIIONB3YIOTCS JBa COBEPIICHHO
pasHbIX moaxonaa. Jlis omucaHus MOBENEHUS MHKPOOOBEKTOB MBI HCIIOJIb3yeM KBAaHTOBYIO MEXAaHHKY (i
0003Ha4YMJI €€ Ha PUCYHKE CIIOBaMH «KBAHTOBBIM YypOBEHbY»), O KOTOpPOW MOJApOOHEEe paccka3aHo B I 2.
BonpmmHCTBO MIOAEH monararoT, 4YTO KBAaHTOBAas MEXaHMKa SBISETCS CTPaHHOW, 3araJlouHoil u
HEJIETePMUHUCTUYECKON TeopHel, HO 3To HeBepHO. Ha camom nene, ecinu BBl paccMaTpuBaeTe COOBITHS Ha
KBaHTOBOM YPOBHE, TO KBAaHTOBAasi TEOpHUs SABIISETCS COBEPUICHHO TOYHOM M JeTepMuHUcTHYecKor. Haunbonee
U3BECTHBIM €€ COOTHOLIEHHEM sBisieTcss ypaBHeHue lllpeaunrepa, KoTopoe omnpenenser IOBEIECHUE
(U3UYECKOT0 COCTOSIHHS KBAHTOBOM CHCTEMBI (€r0 Ha3bIBAIOT MIPOCTO KBAHTOBBIM COCTOSTHUEM) U, O€3YCIOBHO,
SBJISICTCSI COBEPIIEHHO TOYHBIM W JeTepMUHUCTHYECKUM. S ucmonb3yro OykBy U miis o0o3HaYeHUs BCEX
pacueToB WJIM METOJOB, CBSI3aHHBIX C KBAaHTOBBIM YPOBHEM paccMOTpeHus. HeompeneneHHOCTh B KBAaHTOBOM
MCXAaHUKC BO3HHUKACT JIMIIb TOrJa, KOTAa Bbl OCYHICCTBIIAACTC TAK HA3BIBAEMOC «HU3MCPCHUCH, Tpe6y10mee
3HAUUTENBHOTO «YBEIMUYEHHUS» MaciiTaba coOBITHS Ui Mepexofa ¢ KBAaHTOBOTO YPOBHS Ha KIIACCHYECKHIA.
Bosee mompoOHO MBI OyieM paccMaTpuBaTh 3TU MPOOJIEMBI B TJ1. 2.

[Tpu OGompmmx MacmTabax Mbl HCIONB3YEM TPEACTABICHUS KIACCHUECKOW (DHU3HKHU, KOTOpas SBIsETCS
COBEpUIEHHO JeTepMUHUCTHUECKON. OHa BKJIOYaeT B ceOs 3aKkoHbl MexaHuku HpioToHa, 3akoHbl MakcBenia
(mo3BonstonIMe BBECTM B (GU3MKY TMOHSATHS DIEKTPUYECTBA, MarHeTM3Ma M CBeTa), JBE TEOpUHU
OTHOCHUTEJIBHOCTH DHHIITEHHA (CHGHI/IaJ'II)HYIO TCOPHUIO OTHOCUTCIIBHOCTH, OIMMCBIBAIOIIYIO ABHXKCHUC TCJI IIPU
OOJNBIINX CKOPOCTSIX, U OOIIYI0 TEOPHIO OTHOCHUTEIBHOCTH JUI CHCTEM C MOIIHBIMH I'PaBUTALMOHHBIMU
HOJ'ISIMI/I), OprUYEM BCC 3THU 3aKOHBI BBINIOJHAIOTCA IPHU 0O0JIBIINX PaCCTOAHHUAX C HCKIIOYHUTCIBHO BBICOKOH
TOYHOCTBIO.

Otmeuy Takxke, 4yTo Ha puc. 1.5 S UCHONMB30BAT TEPMHUH «BBIYHCIUMOCTBY I XapaKTEPUCTHUKU U
KBaHTOBOI\/JI, M KJIaCCUYECKOM (i)I/ISI/IKI/I. B MEPBLIX ABYX TI'JIaBaX 3TO MOHATUC NPAKTHYCCKHU HC U CIIOJB3YCTCA, HO
OHO HMMEET BaXKHOE 3Ha4YeHWe Ui 3a/1ad, OOCYKIaeMbIX B TIJ. 3, IZle Mbl M PacCMOTPUM Mpobiemy
«BBIYUCIIMMOCTH» 00JIee BHUMATEILHO.

Hacrosmas rmaBa mocBsiiieHa B OCHOBHOM DIHIITEHHOBCKOW TEOPHH OTHOCHTEIHHOCTH, €€ XapaKTepHBIM
OCO6GHHOCT$IM, HCKITFOYNTETbHON TOYHOCTH, a TAKXEC HOpaSHTeHBHOfI HU3SAITHOCTH U 3JIETAHTHOCTH. O)IHaKO
CHavyaJla He0OXOJIMMO paccKa3aTh XOTs Obl OYE€Hb KPaTKO O HBIOTOHOBCKOH (u3uke. Beckope mocie Toro, Kak
DWHIITEHH pa3paboTan OONIIYI0 TEOPUIO OTHOCHTENbHOCTH, KapTaH mokaszan, 4TO HBIOTOHOBCKAs TEOPHs
TPaBUTAIIMN TaKXKe IMO3BOJISET BBECTH MPEACTABICHUE O €MHOM MPOCTPaHCTBE-BpeMeHH. Du3nueckas KapTuHa
B Mexanmke I'ammmes m HeroToHa mo3BoiiseT NpEaACTaBUThL MNPOCTPAHCTBO-BPEMS BBCIACHUCM ri100aILHOMI
(BCeMUPHOI1) BpEMEHHOM KOOPMHATHI, ITOCTIE YEr0 COCTOSHUE CHCTEMBI MOKET OMMCHIBATHCS MIPOCTO HAOOpOM
nocJe0BaTeNbHBIX AuarpaMM (puc. 1.6), B KOTOPBIX pa3IMYHBIM MOMEHTaM BPEMEHU COOTBETCTBYIOT CEUECHUS
YETHIPEXMEPHOTO MTPOCTPAHCTBA - BpeMEeHU. Kak1oMy TakOMy IPOCTPAaHCTBEHHOMY CEYEHHIO (T. €. INIOCKOCTH
Ha puc. 1.6) COOTBETCTBYeT OOBIYHOE E€BKJIMJIOBO TPEXMEPHOE MPOCTPAHCTBO. XapaKTEPHOU OCOOCHHOCTHIO
HBIOTOHOBCKOT'O IPOCTPAHCTBA-BPEMEHH SIBIISIETCSI TO, YTO BCE NMPOCTPAHCTBEHHBIE «CEUCHUS» CYIIECTBYIOT B
HEM Kak OBl OJTHOBPEMEHHO.
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Takum obOpazom, HampuMmep, BCe COOBITHS, MPOUCXOIAIINE B MOJHOYL MOHENENIbHHUKA, JIEKAT B HUKHEH
TOPU3OHTANIBHON IUIOCKOCTH AUAarpaMMbl; BCE, YTO MPOUCXOAUT B MOJHOYb BTOPHUKA, — Ha CJIEAYIOIIEH
IUIOCKOCTH U T. 1. BpemeHHbIe cedeHMs] O OCH BPEMEHM [al0T MPOCTO IOCIEA0BATEIbHOCTh €BKIUIOBBIX
IPOCTPAHCTB BO BpeMeHHU. Bce HabmomaTeny (HE3aBUCUMO OT MX croco0a MmepeABIKEHHs] B MPOCTPAHCTBE -
BpeMeHH) (GUKCUPYIOT OJIHU U T€ )K€ COOBITHUSI OJIHOBPEMEHHO, IMOCKOJIbKY OHU BUISAT OJHU U TE€ )KE «CPE3bD»,
WJIN «CEUYEHUS», €IMHOTO NMPOCTPAHCTBA-BPEMEHHU.

Bpema

T\ /

Puc. 1.6. Exnnoe npocrpanctBo-spems B Mexanuke I'annies—HpbloTona. [Ipsimblie JiuHuu
COOTBETCTBYIOT PABHOMEPHO ABMKYIIMMCS YaCTHLAM.

CoBepiieHHO WHaue OOCTOST Jefia B CIEIHATbHONW TEOPUH OTHOCUTEIBHOCTH DWHINTEHHA, TN BpeMs H,
COOTBETCTBEHHO, TOJHAS KapTHHA MPOCTPAHCTBA-BPEMEHH IEPECTAIOT OBITh YHHBEPCAIbHBIMU BEIHUYHMHAMU,
Kak B pusuke Hprorona. [[s1 m1eMoHCTpay CyeCTBEHHON pa3sHUIIbl ATUX TEOPUNA HAM HEOOXOIUMO MPExKIe
BCEr0 BBECTU OJHO U3 BAXXHEHUIIMX MPECTABICHUN TEOPUH OTHOCUTEIBHOCTH — TaK HA3bIBAEMbI CBETOBOM
KOHYC.

Yro Takoe cBeroBoit koHyc? IIpenctaBbTe cebe BCHBINIKY CBETa B 3aJaHHOM TOYKE MPOCTPAHCTBA U B
OTpe/IeNIEHHbI MOMEHT BpeMEHH (3TO U €CTh COOBITHE B MPOCTPAHCTBE-BPEMEHH), MOCIE KOTOPOIl BOJIHBI
HAUMHAIOT PACIpPOCTPAHATBHCA CO CKOPOCTBIO CBETa, IMepeaBas CUTHANI O COOBITUM. B mpocTpaHCTBEHHBIX
KOOpJMHATAX (PPOHT pacTIPOCTPAHEHUS UMEET BHJI C(Pephl, paCIIUPSIONICICS CO CKOPOCThIO cBeTa (puc. 1.7, 0),
OJITHAKO B TIOJIHOM cHcTeMe KOOpJMHAT (IPOCTPAHCTBO-BPEMsI) MBI MOJYYUM 3HAYUTENBHO OOJiee CIIOKHYIO
kapTuHy (puc. 1.7, a), B KOTOpoH OyAyT Y4YUTHIBATHCA TOPU30HTAJIBHBIE CMEIICHHS, COOTBETCTBYIOILKE
capuram Ha puc. 1.6. K coxanenuro, usoOpaxeHue Ha puc. 1.7, a sBIsSeTCS BCEro JMIIb JBYMEPHBIM
(JIOCKOCTh PHMCYHKA), MOCKOJIBKY Mbl IOJB3YEMCSl BCErO JIMIIb TPEMsI HU3MEpPEHUsIMU s U300pakeHus
YeThIPEXMEPHOT0 MPOCTPAHCTBA - BpeMeHHU. [103ToMy Ham mpuxoauTcst n300pakaTh BCIBIIIKY CBETA TOYKOM B
Hayajge KoopauHaT (COOBITHE), a 3aTeéM — OKPYXXHOCTSMU Ha TOPU3OHTAJbHBIX CEUEHMSIX, OTpPaXarolIMMHU
peanbHOe JIBUXKEHHE JTydelt cBeTa (BOJIH) yepe3 MpocTpaHcTBo. Ilpu 3ToM BHXKeHHE CBETOBBIX Jiyueil oOpasyer
B IIPOCTPAHCTBE-BPEMEHH KOHYC, BEPXHSS 4acTh KOTOPOTO OMHMCHIBAET HCTOPHIO «BCIBILIKWY» JIBUKEHUEM
CBETOBBIX JIy4yeil B Oyayliee npocTpaHcTBO-BpeMst. C Ipyroil CTOpOHBI, HIXKHSAS YacThb KOHYCa COOTBETCTBYET
IPUXO/Y CBETOBBIX Jy4dell W3 MPONIIJIOro B TOYKY BCIHBIIKH (3TY 4acTh AMArpaMMbl OOBIYHO Ha3bIBAIOT
CBETOBBIM KOHYCOM mpomuuioro). HaOmionatens mnonydaeT BClO HH(MOPMAIMIO OT CBETOBBIX JIyueid,
pacpoCTPaHAIOIINXCS 110 TOBEPXHOCTH KOHYyca!
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‘r Bpems

MpocTpaHcTBO

Mo o MpocTpaHcTBo

MpocTpaHcTBO-BpemMs

a 7]
Puc. 1.7. PacnpocTpaHneHue cBeTOBOI BCIIBIIIKH B IPOCTPAHCTBE-BpeMeHH (a) U
IIpocrpanctie (0).

Takue cBeTOBBIC KOHYCHI SIBJISIFOTCS BKHEHIIUMH CTPYKTYpaMH MPOCTPAHCTBAa-BPEMEHH, U, B YaCTHOCTH,
HMCHHO OHHU OI'PpaHUYMBAIOT BO3MOKHOCTH U IMPECACIIbI NPUINHHO-CICACTBCHHBIX CBSI3¢H B npupoac. I/ICTOpI/IIO
000 YacTUIIBI MOKHO HM300pa3uTh JMHHUEH B MPOCTPAHCTBE -BPEMEHH Ha JMarpaMMe YKa3aHHOTO THIIA,
MpUYEM 3Ta JIMHUS JOJKHA JIe)kKaTh BHYTPU CBETOBOro KoHyca (puc. 1.8). Bce ckazanHOe mpoCcTo BHITEKAET U3
YCIIOBHS, YTO HUKAaKasi MaTepUabHas YacTUIA HE MOXKET JBHTaThcs ObicTpee cBeTa. [103ToMy HMKaKOW CHUTHANT
HE MOXKET BEIUTH 3a npeacibl CBETOBOI'O KOHYCA, 4YTO CCTCCTBCHHBLIM 06pa30M OrpaHn4uBacT IMPCACIIbl
JICHCTBUS JIFOOBIX PHYNHHO-CIICJACTBEHHBIX CBS3CH.

Puc. 1.8. Onucanne 1BM:KeHUsI YACTHIbI B IPOCTPAHCTBE-BPEMEHH CIICIHAJILHON TEOpHH
OTHOCUTEJIbHOCTH
(820 Hasvlearom makotce npocmpancmeom-6pemeHem Munxoseckozco uniu npocmo 2€0M€7’I’lp1/l€1:i
Mumnxosckozo). Ceemosvie KOHYCbl 8 PA3IUYHBIX MOYKAX NPOCMPAHCMEA-6PEMEHU GbICMPAUBAIOMC MAKUM
00pazom, Umo Yacmuyvl Mo2ym 08ULAMbCA TULUb GHYMPU CEENOBbIX KOHYCO8, OMHOCAUUXC K OVOYUieM).

EcTtecTBeHHO, YTO CBETOBBIE KOHYCHI OTIMYAIOTCS BeCbMa CBO€OOpPA3HBIMU F€OMETPUUYECKUMH CBOMCTBAMH.
[IpencraBum cebe, Hampumep, ABYX HaOioaTesei, MBIKYIIUXCS B MPOCTPAHCTBE -BPEMEHM C Pa3IUYHON
CKOpocThio. B oTimnume or mexaHuku HploTOHa, e «IJIOCKOCTH OJHOBPEMEHHBIX COOBITHI» COBEPILIEHHO
OJIMHAKOBBI JIIs1 BceX HaOmonaTeneil, B TEOPHUM OTHOCHUTEIBHOCTH HENb3sl BBECTH aOCOJIOTHYIO
OJIHOBPEMEHHOCTb, BCJEJICTBUE YEro KaXIblii U3 3TUX HaOmonareneid OyaeT pucoBaTh COOCTBEHHBIE
IUIOCKOCTH «OJTHOBPEMEHHOCTH» B IIPOCTPAHCTBE-BPEMEHH, KaK MTOKa3aHo Ha puc. 1.9. CymecTByeT N3BECTHBIN
U XOpOILIO pa3paboTaHHBIH METOJA MpeoOpa3oBaHMs TaKUX IJIOCKOCTEH Opyr B JApyra (Tak Ha3bIBaeMble
npeoOpaszoBanus Jlopenia, oOpasytomue rpynmny JlopeHIia), OTKphITHE KOTOPOTO CHIrPajo BaXHYIO POJIb B
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HUCTOPUM CHCIHAIBHOW TEOPHH OTHOCHUTEIBHOCTH. Peub wuaer o rpymnmne (JMHEHHBIX) NpeoOpa3oBaHMt
MMPOCTPAHCTBA-BPEMCHH, ITPU KOTOPBIX CBETOBOU KOHYC OCTAaCTCAd MHBAPUAHTHBIM.

A

HaGnwopgatens 1

Habnopatens 2

\ia-. 1% OfHoBpEeMeHHO Ans - .5
Habnwogarena 1. ..»

Puc. 1.9. OTHOCHTEIBHOCTH MOHATUS OTHOBPEMEHHOCTH B CHENUAJILHON TeOpHU
OTHOCHUTEJBLHOCTH JDHHINTEHHA.

Habnrwoamenu 1 u 2 0sudicymes 8 npocmpancmee-epemeryu OMmHoCUmMenvHo opye opyead, 6 pe3yibmame 4e2o
coovimusi, 00HO8peMeHHble 0 Habaroamens 1, nepecmarom ObImMb 00HOBpEeMeHHbIMU Ol Habooamens 2, u
Haobopom.

Msl MokeM npuath rpymne JlopeHia u HeCKoJIbKO MHYIO TPAaKTOBKY. Kak yxe moguepKuBanoch, CBETOBOM
KOHYC SIBJIIETCSI OIHOM M3 BaXXHEWIMX CTPYKTYp IpocTpaHcTBa-BpeMeHH. [IpencraBere cebst HaOmromaTenem,
paccMaTpuBarOIUM BcelleHHyo U3 Kakoi-TO TOYKM MPOCTpaHCTBa. B Bamm riasza momagaer CBET OT JAIEKUX
3BE3/, © B COOTBETCTBHHU C KOHIICTIIIUEH MPOCTPAHCTBA-BPEMEHH HAOIIOAaeMble BAMU COOBITHSI TIPEICTABIISIOT
co0oli mepeceueHusi MUPOBBIX JIMHUH 3B€3]] C BallIUM CBETOBBIM KOHYCOM IIPOLIOro, KaK 3TO MOKa3aHO Ha PHUC.
1.10. [Ipyrumu cioBaMu, B BallleM CBETOBOM KOHYCE MpPOIIIOrO 3BE3/bI B HEKOTOPHII MOMEHT BpPEMEHHU
0o0pa3yroT Hekuii pucyHok Ha HeOGecHou cdepe (puc. 1.10, a). [Ipenmonoxum, 4To BTOpOH HaONIIOAATENb,
JIBUTAsICh C OOJNBIION CKOPOCTHIO OTHOCHUTENHHO Bac, UMEHHO B ATOT MOMEHT OKasbiBaercsi psaomM. OH
BOCIIPHHHUMAET T€ e 3BEe3/bl, OJJHAKO €My Ka)KeTCs, YTO OHM 3aHHMMAIOT Ha cepe apyrue mojoxxeHus (puc.
1.10, 6) — »T1oT 3ddeKkT acTpoHOMBI Ha3bIBalOT abOepparnueid. CymiecTByeTr HabOp MpeoOpa3oBaHUM,
NO3BOJISIIOIIMN CBA3aTh JPYr C APYroM HM300pa)keHHs, BOCIPUHHMAEMble pa3iIMyHBIMU HabmogarensMu. B
KOKIOM U3 Takux mpeoOpa3oBaHuil cdepa COOTHOCUTCS C Jpyroil cdepoil, OIHAKO Cpeau OSTUX
npeoOpa3oBaHuil €CTh CHENHAIbHOE, B KOTOPOM TOYHBIM OKPYKHOCTSIM COOTBETCTBYIOT TOUHBIE OKPYXHOCTH,
B pe3yJIbTaTe Yero Npu MpeoOpa3oBaHUN COXPAHSIOTCS 3HAUYEHUS YIJIOB, T. €. BOCIIPUHUMAaeMbIe BAMU KPYTIIbIC
U300pa’keHHsI OCTAIOTCS KPYTIBIMHU U ISl APYTOro HaOIroAaTeNs.
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Habnioparens 1
Habnoparens 2

Habniopatens 2

(]
Puc. 1.10. KapTuna 3Be31H0r0 He0a AJ1s1 ABYX pa3/IMYHBIX Ha0/II01aTe IeH,

a — naobmooamenu 1 u 2 uz 00HOU u MOU Jice MOUKU PACCMAMPUBAION 36€30bl 8 CEEMOBOM KOHYCe NPOULLO2O.
Mecma nepeceuenus c6emogoeo KOHyca co 36e30amu yKazanvl yepHuvlmu mouxkamu. Ceemoguvle CucHAIbl UOYM
om 36e30 K HaOIdamenam 800Jb c8emogo2o Konyca. Habniooamens 2 0sudxcemcs 6 npocmpancmee-epemeHu
omHocumenbHo Habnooamensa 1 ¢ nekomopoii ckopocmuio; 6 — pacnonodcenue 36e30 Ha Hebe, KaK e20 UOSIM
Habawoamenu 1 u 2, koeda oHu 0KA36IBAIOMCS 8 OOHOU MOUKE NPOCMPAHCNEA-BPEMEHU; 8 — HAAAOHOe
npedcmasienue npeoopa’08anus KApMuHbvl 36e30H020 Heba 015 PA3IUYHBIX Habooamenell npu UCNOIb308aHUU
cmepeocpaghuueckoll npoekyuu (OKPYICHOCMU NePEXOOsim 8 OKPYICHOCIU, 3HAUEHUSL Y208 COXPAHSIIOMCSL).

CymiecTByeT mpekpacHas WUTIOCTpalsi MeXaHW3Ma JIEHCTBUS TaKUX MpeoOpa3oBaHUi, KOTOpas, KCTaTH,
OJIHOBPEMEHHO JIEMOHCTPUPYET HCKIIOUUTEIBHYIO AJIETAHTHOCTh M KPAacOTy MaTeMaTH4eCcKoW (DU3UKH TIPU
onucaHud (yHIaMEHTAIbHBIX MOHATHI M mpenctaBienuit. Ha puc. 1.10, B mokazana cdepa, nmepecexkaemas
MJIOCKOCTBIO 10 9KBATOPY. MBI MOKEM HapHCOBATh HAa MOBEPXHOCTH ATOU cdephl pa3inuHble (GUTYPHI, a 3aTEM
paccMOTpeTh MX TaK Ha3bIBaeMble cTepeorpaduyueckue MpPoeKIuu (MPOEeKIUU U3 I0KHOTO Mojroca chepsl Ha
SKBATOPUATLHYIO TIOCKOCTH), 00J1aat01I1e I0BOJIFHO HEOOBIYHBIMU CBOMCTBAMU. [[eHCTBUTENHEHO, KaK BUIHO
U3 PUCYHKA, MPH TaKOW MPOEKIMH HE TOJBKO OKPYKHOCTH Ha cepe MpeBpaliaroTcsi B OKPYKHOCTH Ha
IJIOCKOCTH, HO COXPAHSIOTCS M TOYHBIE 3HAYEHHs BCEX YIJIOB, 00pa3yeMbIX MepeceueHreM KPUBBIX Ha cdepe.
B 1. 2 s 6onee moapoOHO pacckaxy 00 3TOM THIE MPOEKIHH (CM. puC. 2.4) U TMOKaXYy, YTO C €ro MOMOIIBIO
MOXHO COIIOCTaBUTHh BCE TOYKHU C(l)epI)I KOMIIZIEKCHBIM YHCJIaM (TaKI/Ie qucjia BO3HUKAKOT HPH U3BJICUHCHHUUN
KBAJIPATHOTO KOPHS M3 OTPHUIATENBHBIX YHCET), a 3aTe€M IMEPEBECTH B TOYKU SKBATOPHAIBHON TIOCKOCTH.
Takast onepanusi, B KOTOPYIO MOYKHO BOBJIEUb BCE MHOXKECTBO KOMIUIEKCHBIX YHCEN (BKIIOYAs «OCCKOHEUHBIC)

3HAa4YeHHUs), TO3BOJISIET MIOCTPOUTH CTPYKTYPY, Ha3bIBaeMylo cghepoii Pumana.
au+pf

yu+s6'
OTIMCHIBAIONTYIO TIpeoOpa3oBanue (abepparuu) JlopeHia, KOTOpoe MEPEBOIUT OKPYKHOCTH B OKPYKHOCTH U
OJTHOBPEMEHHO COXpaHseT 3HaueHUs BceX yriioB. [IpeoOpazoBaHMs TaKOTO THIA HA3BIBAIOT MPE0OPa30BaHUSIMU
Mébuyca. MHe Obl XOT€I0Ch JUIIb OTMETUTh MPOCTOTY M U3SIIECTBO 3TOH (POPMYIbI, OMHUCHIBAIOLIEH CTOJb
CIIOXKHBIA TapaMeTp, KaKUM BBICTYNAET B JAaHHOM cuUTyaunu BenuunHa M. COBEPIIEHHO YAMBUTEIbHBIM
Ka)KeTCsl TO, YTO MpPH YKa3aHHBIX NPeoOpa3oBaHUSAX B CHEIHUAIBbHON TEOPHUH OTHOCUTEIBHOCTHM KOHEYHas
dopmyna mmeeT OueHb NMPOCTOW BUA, B TO BpeMs KaK COOTBETCTBYIOIIME IpeoOpa3oBaHUs abeppauuu B
HBIOTOHOBCKOW MEXaHHMKE OMHMCHIBAIOTCS OYEHb CIOKHBIMU BhIpakeHHsIMU. Kak 3To yacTo ObIBaeT B (H3HKE,

JIns  uuWraTens, 3aWHTEPECOBABIIErOCsS JTOW mpoOieMoil, s mnpuBeny Gopmyny u - u' =
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nepexoq K Oosiee (GyHAAMEHTAIBHBIM TOHATHSM M 00Jiee TOYHBIM TEOPHSAM MPUBOIUT K YIPOIIECHHUIO
MaTeMaTUYECKOr0 ONMKUCAaHUA, XOTSI HAa IEPBBIM B3I TAKOW MEPEXO TOJHKEH CONMPOBOKIATHCS YCI0KHEHUEM
dbopmanibHOTO anmapara. [I[puMepom ATOi BaKHOW 3aKOHOMEPHOCTH MOXET CIIYXKUTb PAa3HTEIIbHBIA KOHTPACT
MEXY MOHATUSIMH OTHOCUTEJIBLHOCTH B MeXaHuke [ 'anuies u DUHIITeHA.

Puc. 1.11. UckpuBJieHHOE IPOCTPAHCTBO-BpPeMH.

CHGHI/IZUII)HBJI TCOpHUA OTHOCUTCIIBHOCTM BO MHOI'MX OTHOHMICHUAX HC TOJIBKO 3HAYWUTCIBHO IIPOLIC
KJIACCHYECKOI MEXaHWKH, HO U BBITJISIUT TOPa3/o M3SIIHEE ¢ MAaTeMaTH4eCKOW TOYKH 3peHHUs (B YaCTHOCTH,
IpU PacCMOTPEHHMM IIPOLIECCOB B paMKax Teopuu rpymnm). B crnennanbHOW TeopuM OTHOCUTEIBHOCTH
IPOCTPAHCTBO-BPEMSI SIBJISICTCS IUIOCKMM, a BCE CBETOBBIC KOHYCBHI BBICTPAMBAIOTCS BJIOJb TPACKTOPHM, Kak
O0buto mokazano Ha puc. 1.8. IIpm mepexome k Oosiee CIOXKHOW OOIIEH TEOPUHM OTHOCHTEIBHOCTU (TEOPHHU
IPOCTPAHCTBA-BPEMEHH C YYETOM I'paBUTAIMM) scHas (u3MYecKas KapTHHA Ha MEpBBIH B3I «MyTHEET» U
TEpsIeT CBOIO IPOCTOTY, TaK KaK CBETOBbIE KOHYCHI OKa3bIBaOTCSI pa30pOCAHHBIMH 10 BCEMY IPOCTPAHCTBY
(puc. 1.11). Panee s roBopu, 4T0, pa3BuBas JI00yI0 TEOPUIO BCe TIy0Ke U I1y0Ke, Mbl JOJDKHBI IPUXOAUTH K
Ooiee MMPOCTBIM MATEMATUYCCKHUM BBIPAKCHUAM. Hpe}lCTaBHeHHaH MHOIO KapTHHA IIOKa BBITTIAAWUT YKAaCarollc
CJIO)KHOM, OJIHAKO €CIU Mbl MPOSBUM HEMHOI'O TEpHEHMs, TO YOeOUMCs, YTO MaTeMaTHYecKas MpOoCToTa U
U3AIIECTBO TEOPUH BOZHUKHYT CHOBA.

Puc. 1.12.
a — anuneti bpocaem ¢ naxnonnou Iuzanckotl bawnu 06a kamus (00uH ¢ mejekamepou), &6 — acmpounasm u
KOCMUYeCKUtl Kopad.ib, niasaouue 8 NPOCMpancmee Kaxk 0wl 6e3 6030eticmeust 2pasumayuil.

HanmomHio BaM OCHOBHBIE TOJIOKEHUSI SMHIITEMHOBCKOW Teopuu TsAroteHus. [Ipexe Bcero, oHa OCHOBaHa
Ha TpUHIUINE dSKBUBaIeHTHOCTH ['amunes. Ha puc. 1.12 s momsitancs u3o0pa3uts [anmnes, OGpocaroiero c
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BEepIIMHBI 3HaMeHUTON [lu3aHckoi OamrHu OOJBIIOW W MaJeHbKMM KaMHU. HeszaBucuMo oOT TOTO,
neicTBuTeNbHO M ["anmuieil mpoBOAMISI TaKUE SKCIIEPUMEHTHI, OH COBEPLIEHHO SICHO YCTAHOBWJ, IOHSUI U
chopMyIHpOBAJ MPABHIIO, YTO 002 KaMHS JIOJIETSAT JJO IOBEPXHOCTU 3€MIIM 332 OJJUHAKOBOE

BpeMs, €CIIM HE YYUTHIBATh CONPOTHUBICHHS BO3AyXa MpH nageHuu. Eciu Obl BBl HAXOIWINCH HA OJJHOM M3
9THX KaMHEH, TO BTOpOHM Kazajics Obl BaM HENOABMXKHO BHCSIIMM B Bo3Ayxe (A Oosee HarisaHOM
JeMOHCTpaMy 3TOro (akrTa s MPUPUCOBAT TeJeKamepy K OJHOMY W3 KamHel). B name Bpems >ddext
CBOOOJHOIO MAPEHMsI OYEHb YaCcTO AEMOHCTPHUPYIOT IIPU peropTaxax ¢ KOCMUYECKHX Kopaliel, 1 HelaBHO s
caM BHUJET OpPUTAHCKOTO KOCMOHABTa, CBOOOJHO <«IUIABAIOLIETO» B IPOCTPAHCTBE PAJOM C OIPOMHBIM
KOCMHMYECKHM aIapaToM (IOJIHAas aHAIOIUs ¢ OOJBIINM U MaJleHbKUM KaMHsIMHU B onbiTax ["anmuies). IMeHHO
3TO SIBJICHUE U HA3bIBAIOT IPUHILIUIIOM 3KBUBAJIEHTHOCTH.

PaccmarpuBas rpaBUTaLMIO B paMKax OIBITOB CO CBOOOIHBIM IaJ€HUEM, MBI BAPYI IOHUMAEM, UYTO B 3TUX
YCIOBHAX OHA Kak OBl MOJHOCTHIO HMcye3aeT. OnHaKko 3MHINITEHHOBCKAs TEOPHS BOBCE HE YTBEPIXKIACT, YTO
TATOTEHHUE UCUE3aeT, OHA BCETO JIMILb FOBOPUT 00 MCUE3HOBEHHUU CHJIbI TSXKECTH, YTO O3HAYAET COBEPLICHHO
MHOE SIBJIEHUE, KOTOPOE MOXKHO Ha3BaTh «IIPHIUBHBIM 3(pPEeKTOM)» TpaBUTALINH.

JUs abHEHIero U3JI0KeHUs: MHE HEOOXOIUMMO BBECTH €Ill€ HECKOJbKO MaTeMaTHYECKUX MOHATHH. MbI
rOBOPUM OO0 HCKPUBJIEHUM HPOCTPAHCTBA-BPEMEHM, a IPOLIECCHI TAaKOTO THUIIA OINKCHIBAIOTCS TEH30POM,
KOTOPBIH s Ui ynoOcTBa Ha3oBy PumanoMm u Oyny o0o3HauaTh 3ariaBHOi OykBoi R B mpocTtom ypaBHEHUH,
KOTOpOE BBINUINY 4YyTh HIKE. Sl He Oyay OOBSACHATH BaM, B Ye€M COCTOUT (PU3UYECKUN CMBICI TEH30pa
KpuBHU3HBl Pumana, o6o3HaueHHOro R, a TOIBKO OTMedy, YTO TEH30pbl MMEIOT HEKOTOPOE YHUCIIO HMKHHUX
MHJIEKCOB, BMECTO KOTOPBIX B YpaBHEHHUE [TOCTABJIEHO COOTBETCTBYIOIIEE YHUCIIO TOUYEK (BHU3Y CIIpaBa OT 3HAKa
TeH30pa). TeH30p KpHUBHU3HBI R MOXHO DPa3oKUTh Ha JBE COCTaBIAIOUIME (OJHY U3 KOTOPBIX I Ha30BY
KpUBU3HOH Beilns, a BTopyto — KpUBU3HOM Puyun), 4To M0O3BOJISET MHE BHIIMCATh YPaBHEHUE

Puman = Beiinib + Puuun
R...=C..+R"...0..,
rae opmanbHo BenmuuuHbl C u R' sBisitoTCs TeH30pamMu KpuBU3HBI Beilnsg u Puyum, a § — Tak Ha3bIBaeMbli
METPUYECKUI TEH30p.

Kpususna Beinsa sBisercss oOBEKTHBHBIM IOKa3aTeleM YHOMSHYTOTO BBILIE «IIPHIMBHOIO 3(dexrar,
¢u3nyeCKyl0 IpPUPOJy KOTOPOro s MOSCHIO ceiiyac Ha mpocTtoMm npumepe. C TOUKM 3peHUs KOCMOHaBTa
IpaBUTallMs UCUE3aeT, OJTHAKO MBI IOHMMAaeM, 4To 3To He Tak. [IpencraBbre cebe, HampUMeEp, YTO KOCMOHABT
OKpYXeH c(hepuuecKiuM 00JIaKOM HEMOIBUKHBIX OTHOCUTEIBHO Hero yactull. C TeueHueM BpeMEHHU 3TO 00JIaKo
HauyHeT «pacIUIBIBATHCA» U 1e(OPMHUPOBATHCS, MOCIE YEro B pe3yjbTare OYeHb HEOOJIBLIOrO pa3ivyus CUII
TATOTEHUS B Pa3IMUHBIX yyacTKax cdepbl (MHE Xo4yeTcsl 0c000 MOJYEPKHYTh, UTO sl MOTY BIIOJIHE aJ€KBATHO
onucatb 3pQPEeKT B pPaMKax HBIOTOHOBCKOW MEXaHHMKH) cdepuueckoe OO0IaKo uepe3 HEKOTOpoe BpeMs
IPEBPATUTCS B SJUIMIICOU, KaK MOKa3aHo Ha puc. 1.13, a.

Kak s y)xe roBopuii, HCKaXXeHHe 0T4acTU OOBSICHAETCS TeM, YTO YaCTHIIbI, pacIONIOKEeHHbIE OJIKe K 3emie,
YCKOPSIIOTCA CHJIbHEE, YeM 4YacTHIll Ha mepudepun obiaka. Kpome Toro, yactuisl mo «0okam» cdepbl
UCTIBITHIBAIOT HEOOJIBIINE YCKOPEHUS «BHYTPb», UTO TaKke MokazaHo Ha puc. 1.13, a. O6e 3T NpUYMHBEI
CIOCOOCTBYIOT 00OpPa30BaHMIO DJUIUIICOMUIA M3 MEPBOHAYAIBHO chepruyeckoro obiaka vyactuil. OnuchIBaeMbIil
3¢ ¢eKT oveHb yAayHO ObII Ha3BaH «IPWIMBHBIM», MOCKOJBKY JIOCTaTOYHO 3aMEHUTh 3€MJII0 B HAaIlUX
paccyxaenusx JIyHol, a 06J1ako yaCTHI] — MHPOBBIM OKEaHOM, KaK MbI Cpa3y MoiiMeM, IoYeMy MOBEPXHOCTh
Mopeii Ha Halllel TUIaHeTe He NpeCTaBiseT co0oil npaBmibHYIO chepy! B cOOTBETCTBUM C COBEPIIEHHO TaKUM
K€ MEXaHM3MOM MOpCKas ToJjIla Ha oOpaiieHHoW K JlyHe moBepxHocTH 3emiu nputsaruBaerca JIyHOH 4yTh
CHJIbHEe, YeM Ha OOpaTHOW CTOpOHE, B pe3yiabTaTe 4ero BJIOJb MOPCKOW MOBEPXHOCTU ABAXKIbI B JCHb
npoberaer BbICOKas MPUIIMBHASI BOJIHA.



Puc. 1.13.
a — npunusHwlil 3¢pgexm. [llupoxkue cmperku NOKA3bIBAOM HANPABIEHUE OMHOCUMENbHO20 VCKOPEHUS.
yacmuy, 6 — eciu cpepuveckoe 001aK0 OKpyIcaem Kakou-1ubo mMaccusnvlli 00vekm (nanpumep, 3emio), mo
OHO UCILIMBIBAET 8 YETIOM YCKOPEHUE, HANPABIEHHOE «BHYMPbY.

I'paButanmonssiii d3pdexT mo DUHITEHHY NpeAcTaBiIseT co00H MPOCTO APYryo (GopMy OINHCAHHOTO
npuiuBHOro 3pdexra. OH onpeaensercs, Kak yxe oTMeyanoch, KpuBu3Ho Beiins, 1. e. cocrapnstomeit C...
BBIIMCAHHOIO BBILE YPABHEHMs. JTa 4acThb TEH30pa KPUBU3HBI COOTBETCTBYET MPOLECCAM C «COXPAaHECHHEM
o0bemay (T. €. 00beM IJUINIICON1a, 00pa30BaBLIETOCS B pe3yibTare JedhopManuu cepbl U3 YacTHll, JOKEH B
TOYHOCTH PaBHATHCSA 00BEMY UCXOIHOM chepbl).

Bropas cocraBusromiasi, Ha3biBaeMasi KpWUBU3HOM Puuum, ortHOocuTcs K 3¢ddexraMm, CBA3aHHBIM C
«cokpauieHueM oObema». Hanpumep, ecnum 3emist OyneT okpykeHa chepuueckum 00JIakOM yacTHll (Kak
nokazaHo Ha puc. 1.13, 6), To oObeM cdepbl ¢ TEUYECHHWEM BpPEMEHHU JIOJDKEH HECKOJIbKO YMEHBIIUTHCS,
IIOCKOJIBKY BCE€ YacCTHIbl MPUTATHUBAIOTCS «BHYTPbY». CTENEHb TAKOrO COKpAlleHHs oObeMa M ONMCHIBAEeTCS
cocrapistonieil R'. B cooTrBeTcTBUM C 3MHIITEHHOBCKOM TEOpPHEN 3Ta KPUBU3HA ONpPENEISIETCS KOIMYECTBOM
BeIllleCcTBa B OiMKaillleM OKpY)K€HUM MAHHOM TOYKH. VIHBIMM CIlOBaMu, ONpENeNuB MPaBHIIBHBIM 00pa3zoM
IUIOTHOCTh BELIECTBA B HEKOTOPOM TOYKE IPOCTPAHCTBA, Mbl MOKEM HAWTH M BEJIWYMHY HalpaBICHHOIO
«BHYTpb» yckopeHus. Ilpu Takom mnonaxone Teopusi DHHINTEHHA IMOJHOCTHIO COBIAJAET C HBIOTOHOBCKOM
TEOpUEN TATOTCHHUS.

Nmenno Tak OWHIITEHH M CcHOPMYJIUPOBAI CBOIO TEOPUIO TPaBUTALIMM — OH BBIPa3ui TATOTEHUE
HOCPEICTBOM MPUIMBHBIX 3PPEKTOB, ABISIOLIMXCS MEPON JTOKATbHOTO UCKPUBIIEHHUS POCTPAHCTBA - BPEMEHHU.
[IpencraBnenrie 00 MCKPUBIEHUU YETBIPEXMEPHOI'O MPOCTPAHCTBA-BPEMEHHU SIBISETCS BaKHEHIIMM B TEOpUU
OTHOCUTENIbHOCTH. S HamoMmHI0 BaM puc. 1.11, rae cxemaTnuecku ObIIM MOKa3aHbl MUPOBBIE JIMHUM YacTHUI] U
UX UCKaxxeHus. Teopust DUHIITEIHA MpeICTaBIsAeT COO0N YUCTO TEOMETPUUECKYIO CXEMY JIJISI YETHIPEXMEPHOTO
IPOCTPaHCTBA-BPEMEHH, IPUYEM €€ MaTeMaThyeckas popMyJIupOBKa OTIAMYACTCS YIUBUTEILHON KPacoTOil.

Hctopusi oTKpbITHS OOIIEH TEOpPUHM OTHOCHUTEIBHOCTH SIBJSIETCS BECbMa MOYUUTENbHOM W HHTEPECHOM.
OUHIITEHH MOJHOCTBIO chopMmyiaupoBan ee B 1915 r., ucxoas He U3 SKCHEPUMEHTAIbHBIX HAOIIOACHUH, a
JUIIb U3 HEKOTOPBIX ICTETUYECKUX, FTEOMETPUUECKUX M (PU3NUECKHX NPUHLMIIOB M mpucTtpactuil. OCHOBOM
TEOpUU CTajdu IPUHLMII DKBUBaJNEHTHOCTH [‘anmnes (mpuMepoM JEHCTBUS KOTOPOIO MOTYT CIIY’KHUThb
OTIMCAHHBIC BBINIE JKCIIEPUMEHTHI C OpocaHMeM KaMHeW pa3iaudyHoro Beca, puc. 1.12) u obmme wuaen
HEEBKJIMJIOBOI T€OMETPUH, ECTECTBEHHBIM 00pa3oM HCIIOJIb3yeMble Il OMMCAHUs POCTpaHCTBa-BpeMeHH. 00
9KCIIEPUMEHTAJIBHBIX JIOKa3aTeNbCTBAaX TEOPUM BHAYaje HUKTO HE 3aJyMbIBaJCi, OJHAKO IIOCIIE €€
OKOHYATeIbHOM (POPMYIHPOBKH OBIIO MPEJIOKEHO TPU pa3HbIX BapuaHTa MpoBepKU. [1epBblii U3 HUX CBSA3aH C
U3BECTHON acTpOHOMHUYECKOW 3anadeil (mpobsiema cMmerieHusi nepurenusi Mepkypus), KOTOPYIO HUKaK He
yJlaBaJIOCh PEIINTh B paMKax Kiaccuueckoi MexaHuku HproToHa. O61mas Teoprsi OTHOCUTEIBHOCTH TO3BOIHIIA
COBEpIIEHHO TOYHO MpeCKa3aTh BEIUYMHY 3TOr0 cMemieHus. Jlanee, u3 Teopun cieaoBajio, YTO TPAEKTOPHS
CBETOBBIX JIy4ell JOJDKHA UCKPUBIIATHCS IIPU NMIPOXOKIEHUM Y€PE3 MOIIHbIE IPaBUTALOHHBIE NOJIS (HampuMmep,
BOm3u CosHira). st mpoBepku 3Tol rumoTe3bl B 1919 1. moa pykoBojacTBOM ApTypa DAJAMHTTOHA ObLIa
OpraHu30BaHa aCTPOHOMMYECKAas SKCIEAULIUS 7Sl HAOMIOJIeHHS TIOJTHOTO COJIHEYHOTO 3aTMeHUs. Pe3ynbTarsl,
MIOJIyYEHHBIE 3TOM 3HAMEHHMTON SKCIIEIWIHNEH, COOTBETCTBOBAIM MPEICKA3aHUAM SWHIINTEHHOBCKOW TEOPHH
(puc. 1.14, a). 1 naxoHer, TpeThsl MpoBepKa ObUIa CBA3aHA C NpEeACKa3aHMEM 3aMEUIEHUS XOJia 4acoB B
IPaBUTALIMOHHOM TT0JIE (Yachkl Y MOBEPXHOCTH 3€MJIM JOJDKHBI MJITH YyTh MEJJICHHEE, YeM Yachl Ha BEpIIMHE
0alIHM), YTO HEOJHOKPATHO MPOBEPSUIOCH B 3KcnepuMeHTax. ClieyeT OTMETHTbh, YTO BCE 3THU NMPOBEPKU HE



OKa3aJINCh JIOCTAaTOYHO BECKMMHU (M3-3a TOTO, 4TO Habmromaemble d(DQPEKThl BCEera OYECHb Cialdbl), a TakkKe
MOTYT OBITh JOCTaTOYHO YOEAUTENbHO OOBSCHEHBI B paMKax JAPYIHX TEOPUH.

a
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Puc. 1.14.

a — npsamvle USMEPeHUs B030elCMmEUsi 2PAGUMAYUOHHO20 NOJSI HA NPOXONCOEHUE CBeMmOBbIX Jyuell 6
coomeemcmauu ¢ odbwell meopueti omHocumenvhocmu. M300pasicenue YOaneHHbIX 3630 UCKANCAeMC sl U3-3d
BEUNEBCKO20 UCKPUBTICHUS NPOCMPAHCIMEA-8PEeMeHU, NPUBOOIUEe20 K UCKPUBLEHUIO MPACKMOPULL C8eMOBbIX
nyuell 6 epasumayuonnom none Connya. Kpyenvle uzobpasicenus 36e30 npu 5mom npespawaromcst 8 SuIuncyl, 0
— UCNONL308AHUE IUHUMEUHOBCKO20 I heKxma UCKPUBTEHUSL C8eMOBbIX JyYell 8 Kauecmee NPAKmuyecKoeo
npuema acmpoHomuueckux Habmodenutl. Maccy eanakmuxu, nexcawjeii Ha NYymu C8emogo2o J1yud, MONCHO
OYEHUMb NO CIMENEeHU UCKAICEHUS U300PadICeHUs YOaIeHH020 K8a3apd.

OTHOLIEHHE K TEOPUU OTHOCUTEIBHOCTH pe3Ko u3MeHWwIoch B 1993 r., korga Xyne3e u Telnop monyduinu
HobeneBckyo mpemMuio 3a MCKIIOYUTEIHO HWHTEPECHBIE ACTPOHOMUYECKHE HAOIIOJEHUS, OTHOCSIIHECS K
nBoitHoMy mynbcapy PSR 1913+16. Dtor actpoHomuueckuii o0bekT (puc. 1.15, a) cocTouT u3 ABYX
HEUTPOHHBIX 3BE3J] CO CTOJb OOJBIION TJIOTHOCTHIO, YTO Macca KaXJOW W3 HUX MPUMEPHO paBHA Macce
Hamero ConHIa, XOTS MX PaJUYC COCTaBIS€T BCErO JUIIb HECKOIbKO KujIoMmeTpoB! HelTpoHHBIE 3BE37bl
BpAIIalOTCs BOKPYT OOIIETO IEHTPa TSHKECTH M0 OYEHBb BBITSHYTHIM JIUTUNITUYECKUM opoutam. OHa U3 3BE3]
o0JanaeT CUIbHEHIIMM MarHUTHBIM TOJIeM, OJaroaapsi 4emMy sIBJIsIeTCsl MCTOYHUKOM HACTOJIBKO WHTEHCHBHOTO
u3NydeHus, 94to Ha 3emiie (T. €. Ha paccTostHuU 30 000 CBETOBBIX JIET) OHO MPEKPACHO PETHUCTPUPYETCS B BUJIE
CEepUM YETKO OMNpPEJEICHHBIX HWMITYJbCOB. OTO TMO3BOJMIO TMPOBECTH PA3HOOOpa3HbIE M THIATENbHBIC
WU3MEPEHHUs], B YACTHOCTH, MapaMeTpbl OpOUT 00EMX HEHTPOHHBIX 3BE3]] yAaJOCh 3aMEPUTh C OUYE€Hb BBICOKOU
TOYHOCTBIO M IPOBEPUTH MOMPABKHU, CBA3aHHBIE C YUETOM OOIIEH TEOPHH OTHOCUTEIHHOCTH.
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[eoiHoi nynscap PSR 1913+16

MNepuos o6patueHus ABOMHOM cucTemsl = 7,751939337 yacos
Nepuop nynscapa = 59 munaucexyHs,

Macca neittponroi aseaasl M, = 1,4411(7) Maccel Contua
Macca HeittponHoii 3Beanbl M, = 1,3874(7) maces! ConHua

a
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Puc. 1.15.
a — cxemamuyueckoe uzoopasicenue 08ouno2o nynvcapa PSR 1913+16. Ooua u3z neimponusix 3630 A61Aemcsl
UCTOYHUKOM HANPABNIEHHO20 PAOUOUZYYEHUS, UCNYCKAeMO20 6001b OCU MASHUMHO20 OUNois (Komopas,
KCmamiu, He co8naoaem ¢ ocblo 8paujetus HeumpoHHoU 36e30bt). Omuemaugbie UMNYIbCbl PEUCTPUPYIOMCA 8
me MOMEHMbl 8peMeHU, K020a Y3KUil Iy U31y4eHus nonaoaem 6 noie spexus Haoawooamens. Xapakmepucmuru
0BOUHOU HelUMpPOHHOU 36e30bl, onpeoeisemble MOYHOU pecucmpayuell CUSHAI08, CO8NAOAIOM C meMu,
KOmopule npeockasvieaem o0was meopus OMHOCUMENbHOCMU;, O0— CPaBHeHUue IKCNePUMEHMANbHO
UBMEPEHHbIX 3HAYEHUU U3MeHeHUs (pazvl cuenanog usiyyenus nyavcapa PSR 1913+16 ¢ meopemuueckumu
pacuemamu, OCHOBAHHLIMU HA y4eme 2PAsUmayuOHHO20 U3IY4eHUs 08OUHOU HEUMPOHHOU 36€30bl (CHIOWHAS
Kpueas,).

Jlanee s 10JKeH 0c000 MOAYEPKHYTh, UTO B OOIIEH TEOPUU OTHOCUTEIBHOCTH CYLIECTBYET U COBEPLICHHO
crenuduaeckuit 3pPexT, OTCYTCTBYIOMNIA B HBIOTOHOBCKOM TEOPUHU TIATOTEHUS U 3aKJIFOYAIOIINICS B TOM, YTO
BpAIIAIOIIMECs] OTHOCUTENIBHO JIPYT JIpyra OOBEKTHl M3Iy4aroT HEPTUIO B BHJE TPaBUTALMOHHBIX BOJIH. OTH
BOJIHBI TIOXOKM Ha CBETOBble, HO B OTJIMYME OT TMOCJIEIHUX TMPEACTaBIAOT co00il He KolebaHus
JJIEKTPOMArHUTHOTO TOJsI, @ BO3MYIIEHUS, WIH «psA0b», MPOCTpaHCTBa-BpeMeHHU. M3MepeHHas CKOpOCTh
IIOTEPU DSHEPTHMM YHNOMSHYTOW JBOMHOM HEUTPOHHOM 3B€3bl C BBICOKOW TOYHOCTBIO COBNANA C
TEOPETUYECKMMHU pacyeTaMu, NMPOBEJCHHBIMU B paMkax oOmiei Tteopuu oTHocutenbHocTH. Ha puc. 1.15, 6
MIPEACTABICHB PE3YNbTaThl M3MEPEHUsI cMelieHuss opout 3a 20-jmeTHUil mepuon HaOmrofeHui. Bricokas
HAJEKHOCTh PErUCTPALMMU U3Iy4a€MbIX CUTHAJIOB U JUIMTEIBHOCTh U3MEPEHUN IMO3BOJIWIMA JT0BECTH TOYHOCTH
pacdyera mapameTpoB opout m010-14, uro nemaer oONIyI0 TEOPHUIO OTHOCHTEIBHOCTH CaMOW TOYHOU H
poBepsieMOl 00JIaCThI0 COBPEMEHHON HAaYKH.
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[Iporiecc co3manust M MPOBEPKH OOIICH TEOpHEH OTHOCHUTEIBLHOCTH COIEP)KUT, O€3YCIOBHO, W BaXKHBIN
MOpaJIbHBIA MOTHUB, CBSI3aHHBIM C TEM, YTO OWHINTEHH MOTPATWJ HAa CO3/JaHHE TEOPUU MHOTHE TOJbI,
IpakTUYeCKH He oOpaiias BHUMaHUS Ha MpoOJIeMbl €€ SKCIEepUMEHTabHOM mpoBepku. CylecTByeT
o01IepacrpoCcTpaHeHHOe MHEHHE, YTO (PU3HUKH HMIYT 00pa3bl, WK «IIATTEPHBI», MOJy4aeMbIX B SKCIIEPUMEHTE
pPE3yNbTAaTOB M CTABSAT CBOEH LENbIO CO3[aHHWE KPAaCHUBBIX TEOPUM, MO3BOJISIOLIMX OMUCATH 3TU PE3YJbTATHI.
Cunraercs, YTO UMEHHO MOITOMY (PM3MKM M MAaTEMaTHKH TNPEANOYUTAIOT «IepKaThcsi BMecTe». OIHAKO B
ciydae ¢ oOmiel Teopuell OTHOCHUTENBHOCTH CHUTYyallMsl BBITJISAUT COBEPIIEHHO WMHOW. BHe BCSKOIM CBs3M C
IKCIIEPUMEHTAIBHBIMUA pe3yJbTaTaMu ObUTa pa3paboTaHa BechbMa HW3SIIHAs M DJIETaHTHAas MaTeMaTH4ecKas
Teopusi, OTHOcCsImasicia K ocHoBaM (u3uku. [Ipobrema 3akirodaercs Kak pa3 B TOM, YTO 3Ta IMpeKpacHas
MaTeMaTh4yecKas CTPyKTypa IIpocTo cyuiecTByeT B [Ipupone u npucyTrcTByeT B IPOCTPAHCTBE, & HE SIBISIETCA
YeM -TO IPHUBHECEHHBIM, «HaBsi3aHHbIM» [Ipupone n3BHe. OHA U3 BaXKHEMIIUX WUJEH 3TOM IJIaBbl COCTOMUT B
TOM, YTO ODWHINTEHH BBISBUI B MHUpE HEUTO, YXKe cojepxapiieecss B HeM. [Ipm 3ToM oOHapyXeHHbIE MM
CTPYKTYpbl BOBCE HE OTHOCATCS K HE3HAUMTEIbHBIM WM MAaJOBAXXHBIM paslienaM (U3UKH, a CBS3aHBI C
HanOosnee GpyHIaMeHTaTbHBIME 3aKoHaMu [Iprpobsl M CBOMICTBaMU MPOCTPAHCTBA-BPEMEHH.

Cka3zaHHOE BO3BpalllaeT HAC K Hadyally KHUTW U puc. 1.3, CBA3BIBAIOLIEMY MHUP MaTE€MaTUKH C MHPOM
dusnyeckux sBJICHUWA. B oO0mieil TEopuu OTHOCHTEITHLHOCTH MbI CTAIKHBAEMCS CO CTPYKTYpOH, KOTopas
peallbHO OMpeAeNsieT C UCKIIOYUTENbHON TOYHOCTHIO MOBeAeHHe Qu3ndeckoro mwupa. Ilpu stom Teopus,
onuceBaromas (yHIaMEHTAJIbHBIE CBOMCTBAa HAIIEro MHUpa, ObUIa IOJIyueHa BOBCE HE B pe3yibTare
JUIMTETIbHBIX HaOMIoAeHul 3a moBeneHueM llpuposasl (pazymeercs, CkazaHHOE HE O3HAYAeT, YTO S OTPUIIAIO
OUYEBUJHYIO LIEHHOCTh TakuxX HaOmoneHuil). KoHeuHo, OCHOBHBIM KpUTEpPUEM HAyYHOW TEOPHUM SBIISETCS HE
yOequTeNbHOCTh JOBOJIOB, a COOTBETCTBUE (pakTam. B maHHOM ciyyae MBI UMeeM JIeJI0 UMEHHO C TEOpUeH,
KOTOpasi IPEKPACHO COIJIACYeTCs € IKCIEPUMEHTAIbHBIMU JaHHBIMU. TOYHOCTH TEOPUH OTHOCHUTEIBHOCTH IO
KpaifHeil Mepe BIBOE (KaKk MaTeMaTHK s MOJpa3yMeBar0 IMOJ TOYHOCTHIO YMCJIO 3HAKOB MOCIE 3amsTOW MpH
HAJIe)KHOM pacueTe) BbIIIE TOYHOCTU KJIACCUYECKON MEXaHUKHU, T. €. €€ pacyeThbl CIIpaBEIJIUBhI J10 10 B 10
BpeMs KaK TOYHOCTh HBIOTOHOBCKOH MeXaHHKH cocTaBasier umbl0”’. Takoe «BO3PACTAHHE» TOYHOCTH
Ha0JII0/1AJI0Ch B KJIACCUYECKON MEXaHUKE 3a MepuoJl OT ceMHaauaToro Beka (HbroTOH 3Hai, 4TO TOYHOCTh €ro
pacyeToB COCTABIISIET 10'3) JI0 HAIIMX JHEW (OHa JOBeJeHa, KaK s y)Ke TOBOPUIL, ):[010'7).

Pazymeercs, runore3a DWHINTEHHA MPEACTABISAET COOOW HEKYIO (DM3MYECKYIO TEOPHIO, M JUIsl HAC OYCHBb
Ba)XHO YCTaHOBUTb €€ CBSI3b CO CTPYKTYpOH peanbHOro mupa. S obeman, yro He Oynqy BaaBaTbcs B
NOJpOOHOCTH U JeNlaTh U3JIOKEHUE «OOTaHWYECKMM», OJHAKO B JIAHHOM CJIy4yae pedb HAET O TEOpHH
€IMHCTBEHHON M3BeCTHOM HaM BceneHHON (Kak O IEIOCTHOM OOBEKTE), TaK 4YTO S MOTY YIIyOMTbCsS B
paccyXeHusl, He oracasch OOBUHEHUN B M3NUIIHENH O0ATIMBOCTH. Teopus DHHIITENHA mpeqiaraeT HaM TpU
TUTA CTaHJIAPTHON MoJenu pa3BuTus Mupa (puc. 1.16) B 3aBUCUMOCTH OT TOTO, KAKOBa BEIMYMHA OJHOTO U3
[JIaBHBIX TapaMeTpoB TEOpuUH, 0003HaueHHOro OykBOM K. B pa3nanuHbiX paboTax MO KOCMOJOTMHM YacTo
UCTIOJIb3YyeTCs TaK Ha3bIBaeMas KOCMOJIOIMYecKasi TIOCTOsSIHHAs!, HO 51 He Oylly ee yIOMHHATh, OCKOJIbKY caM
DWHIITEHH CYWTal CBOEM OCHOBHOW OIIMOKOW MMEHHO BBEACHHE JTOW TMOCTOSIHHOW B YpaBHEHHMs OOIIeH
TEOPUHM OTHOCHUTENBHOCTU. EciM ke *U3Hb Korja-HUOYIb 3aCTaBUT (PU3UKOB BEPHYTHCSA K ATOM MOCTOSHHOM,
HaM MPUJETCS 3TO BHITEPIIETb.

[lonarasgs KOCMOJIOTMYECKYIO MOCTOSIHHYIO PAaBHOM HYJIO, Mbl MOJy4YaeM MJisl TPEX pa3IWyHbIX 3HAUCHHI
napametpa K (k = +1, 0, -1) Tpu paznuunsie monenu Bcenennoi (cM. puc. 1.16). Paszymeercs, Obl10 ObI
MpaBUJIbHEE YYUTHIBATh TakKe BO3pacT M MacmrTad BceneHHOW (1 3TOro HEOOXOJUMO TMOJIb30BATHCS
HENPEPBIBHBIM, a HE AUCKPETHBIM MMapaMETPOM K), OJTHAKO Mbl OIpaHUYMMCS JIUIIb 3TUMU TPEMsI MOJIEISIMH,
MOCKOJIBKY MX MOXHO JIETKO CBSI3aTh C KPUBU3HOM NPOCTPaHCTBEHHbIX ceueHuil Bcenennoil. Ecim ceuenus
SIBIISIFOTCS TUIOCKUMHM, TO 3TOMY COOTBETCTBYET HyJIeBasi KpUBU3HA U 3HaueHue napamerpa k = () (puc. 1.16, a).
Ecnu e ceueHuss UMEIOT MOJIOKUTENbHYIO KpUBHU3HY, TO BeenenHas siBisieTcsl 3aMKHYTOU U, CII€I0BATEIbHO, K
= +1 (puc. 1.16, 6). B atux mozaensx BceneHHas umeeT CHHTYISIPHOE UCXOIHOE COCTOSTHUE, 3HAMEHYIOIIEE €€
poxxnenue (3HameHuThbIi bonbiioi B3peiB). Ilpu k = +/ Bcenennas mocie poxxaeHus pacuiupsercs: (MHOraa
TOBOPSAT «pPa3AyBaeTcsi») A0 HEKOTOPOro MaKCHMaJIbHOIO pa3Mepa, IOCI€ Yero HauyMHAaeT CHKUMATbes U
«cxyoneiBaeTcs» B MoMeHT bonbmoro Cxarus. Ilpu x = -1 pacmmmpenue BcenenHnoit OyneT mponoinkaThes
Be4HO (puc. 1.16, B), a ciyuait k = () sBiIgEeTCS MPOMEKYTOUHBIM MEXy ABYMs ykazanHeiMU. Ha puc. 1.16, T
CXEeMaTHYeCKH TMoKa3aHa 3aBUCUMOCTD pajanyca BceneHHoil OT BpeMeHHu, re noj paanycoM MOHUMAaeTcs HEKHi



XapakTepHbid pazmep. OH MOXKeT OBITh 3aJaH JUIIL MpU K = +/, a B IBYX OCTAJIBHBIX clydasx BceneHHas
poCcTO OECKOHEYHO PaCIIUpPSIETCS.

Bonsiwoe Cxartue

Jlo6ayesckoro

L
\\ e ] //r /ﬂpocrpauctsa

Bonbuwioi Bapuis Bonblwoi Bapuie Bonbluoit Bapuis
k=0 k=+1 k=-1
a 1] 8

Macwra6Hbit koapduumeHT R

k=-1
Kputuyeckoe sHayeHue
k=0
k=+1
gonbmoﬁ
3pbiB
P 9 Kocmuueckoe Bpems Sonbuoe Cxarve
2
Puc. 1.16.
a —  NpoCcmpaHcmeenHO-8peMeHHAs — KapmuHa — pacwupswowelics — Bcenemnou ¢ eskaudogvimu

NPOCMPAHCMBEHHBIMU CeYeHUAMU (Ha PUCYHKe VKA3aHbl TUlb 08a usmepenus), k = 0; 6 — npocmpancmeeHnto-
8PeMeHHAsl  KapmuHa pacwupsiowelicss (a  3amem  cocumarowenics) Bceenennou co  cpepuueckumu
NPOCMPAHCmMEeHHbIMU cevenuamu, k — + 1, 6 — npocmpancmeenHo-8pemMenHas Kapmuta pacuupsaiouetics
Bcenennoii ¢ npocmpancmeennvimu ceweHusmMu, onucvieaemvimu ceomempueti Jlobauwesckozo, k = — 1; 2 -
OUHAMUKA PA3BUMUsL MPeX YKA3AHHbIX MUnog mooeiu Ppuomana.

MHue xouercs moapoOHee paccMOTpeTb ciydaid ¢ k = -1 (KOTOpbIil, KCTaTH cKa3aTb, TPYIHEE BCETO
coryiacoBaTh ¢ OOIIEH KapTUHOM), MPEICTaBISIONINI HHTEpeC MO ABYM BaKHBIM IpUYMHAM. Bo-mepBhIX, 5Ta
MO/ieNIb HamOojiee yaoOHA, €ClM Bbl XOTHUTE TPAKTOBATH PE3yJbTaThl HAOIIOJEHUNW MO HMX HCTHHHOMY,
«HOMUHAJIBHOMY» 3Ha4eHHIO. /[eq0 B TOM, 4TO B 00IIIel TEOpUU OTHOCUTETFHOCTH UCKPUBJICHHE MTPOCTPAHCTBA
00YCJIOBJIGHO CYMMAapHBIM KOJIMYECTBOM BellecTBa BO BceneHHO, a 3TOro KOJWYEeCTBa, MO COBPEMEHHBIM
TaHHBIM, SIBHO HEJOCTAaTOYHO JJisi co3laHusi BceneHHO# ¢ 3aMKHYTOW reomeTpueil (pa3ymeercs, MOXKET
OKa3aThCsl M TaK, 4TO BceneHHas COmepKUT OONBIIOE KOJTMYECTBO TaK HAa3hIBAEMOW CKPBITOHM, MJIM TEMHOM,
MaccChl, KOTOPYIO MBI €Ille TPOCTO He yClenn OOHapyXuTh, U TOTHAa OyJeT CIpaBeIjIMBa Kakas-TO Ipyras
MOJIeNIb, OJIHAKO, CKOpee Bcero, Hamia BceneHHas HE WMeEET CTOJIb OOJBIION MacChl M OMUCHIBAETCS

napamerpoM x = -1). BTopas npuyMHa MOero MHTEpeca K 3TOH MOJENM CBsi3aHA C €€ HCKIIOYUTENbHOU
KpPacOTOW M 3JIETaHTHOCTHIO.
Ha 4to moxoxxu BceneHHble ¢ mapamerpoM K = -1? MX mpocTpaHCTBEHHBIE CEYCHHUSI OMUCHIBAIOTCS TaK

Ha3bpIBaeMOW TrurepOoaudeckoil reomerpuert (reomerpuert JlobGaueBCKOT0), MPEKpPACHOW WILTFOCTpAIueit
KOTOPOM MOXKET CIIY>)KUThb OJHa M3 KapTuH Mopuca Omepa (puc. 1.17). Dmep HapucoBasl LENYI CEPHUIO
rpaBlop, o3arjaBieHHYI0 «lIpenenbHble OKpYKHOCTH», OJJHA M3 KOTOPBHIX U MOKa3aHa Ha pucyHke. Kak BbI
BUJNTE, XYJOKHUKY TNpescTaBiseTcs, yTo BeeneHHnas nmonHa anrenoB u yepteit! s Hamiero paccMoTpeHus
Tropa3zio BaXXHEC TO, YTO BCA KapTHUHA KakK OBl BBIT'HYTA 11O OTHOIICHHIO K KpasiM
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MpeeIbHON OKPYKHOCTHU, U 3TO HCKPHUBIIEHHWE CBA3aHO HMMEHHO C TMOMBITKOM XyH0KHHMKA H300pa3uTh
TUNEepOOTUIECKOe MPOCTPAHCTBO HA MIIOCKOM JIHCTE OyMaru, MHBIMHU CIIOBaMH — B TIPUBBIYHOM €BKIIHUIOBOM
npoctpancTBe. Cienyer oco3HaTh, YTO €ciid Obl MBI KWJIM B 3TOM BceneHnHoil, To ¢opma u pa3mepsl Bcex
yepreil ObUTH OBl OJIMHAKOBHI HE3aBUCUMO OT TOTO, IMOMAIH ObI MBI B LIGHTP WJIU HA Kpail KapTHHBIL. [ 'paBropa
JaeT HEKOTOpOE€ MpeACTaBIEHHE O TOM, YTO MPOUCXOAUT B IMpocTpaHcTBe JloOayeBckoro, m o Tex
O0COOCHHOCTSX, KOTOPHIC BOSHUKAIOT MIPU COOTBETCTBYIOIIEM UCKAXKCHHUH IMPOCTPAHCTBA.

I'eometpus JloGaueBCKOro MOXKET MOKA3aThCi CTPAHHOM M HEOXKHUJAHHOW, HO €CIU BIyMaTbCs, TO
NPUBBIYHAS HAM €BKIIMI0BA TEOMETPHUSI — TOXKE COBEPIICHHO 3aMeyvaTeIbHas Belllb, XOTs ObI IOTOMY, YTO OHA
JaeT HaM IMpeKpacHble o0pa3lbl B3auMoOAcHcTBUS (u3nMKu U MareMaTtuku. Korga-to apeBHHE Tpeku
paccMmaTpuBaiM €€ He KaK pa3/iesl MaTEMaTHKH, a KaK ONHMCAHUE OKPY’KAIOIEro MUpa.

I'eomeTpus 1EeHCTBUTENBHO OMUCHIBAET MUP C MTOPA3UTENBbHON TOUHOCTBIO. S TOBOPIO 00 OYEHb BBICOKOM, HO
He a0COJIFOTHOW TOYHOCTH, MOCKOJIBKY, KaK MBI yXe BUAEIH, Teopus DHHIITelHHa JoKa3alia MMo3AHee, YTO Halll
MUD B OINPEAEICHHBIX YCIOBUAX MOXKET OBITh «HMCKpPUBJIEH». Borpoc 0 BO3MOXKHOCTH CYILIECTBOBAHUS APYTUX
reOMEeTpUil BCerJa BOJHOBAJ Y4YeHBIX. OJTa O4YeHb cTapas MpoOsieMa HM3BECTHA O]l Ha3BaHUEM IIATOrO
noctynara EBkiuga v cBOOUTCS K CIPaBEAIMBOCTH YTBEPXKIACHHS O TOM, YTO 4Yepe3 TOUYKY Ha IUIOCKOCTH,
JIEKALTYI0 BHE 3a/IaHHOM IPSMOW, MOXHO IPOBECTH TOJBKO OAHY NpPsAMYI0, NapajulejbHyl0 JaHHOW. [lonroe
BpPEMsI CUMTAJIOCh, YTO 3TO YTBEPKICHHE MOXKHO JI0Ka3aTh, UCIOJIb3YS Apyrue, 0oiee o4eBUIHbIE TEOPEMBI U
MIOJIO’KEHUST €BKJIMJIOBOW M€OMETPHUH, OJHAKO IMO3HEE BBIACHUIIOCH, YTO TAKOE JOKA3aTEIbCTBO HEBO3MOXKHO,
BCJIE/ICTBHE YETO U BO3HUKIIO MPEACTABIEHUE O HEEBKINA0BON r€OMETPHUH.

B Ttakoii reomMeTpun cymMMa yrioB TpeyrojbHuUKa He paBHa 180°. Ha mepBblil B3risja Kaxercs, 4TO 3TO
YCIIOBUE 3HAYUTENBHO YCIOXKHSET PAacCMOTPEHHUE, MOCKOJIbKY MBI IPUBBIKIM K TOMY, YTO B E€BKJIMJIOBOM
reoMEeTpUH CyMMa YIJIOB JIFOOOT0 TpeyrojbHHKa Bcerna cocrapiser umeHHo 180° (puc. 1.18, a). Ognako B
HEEBKJIMJIOBOM F€OMETPHUH PA3HOCTh MEXKIYy CYMMOMW YIJIOB TpeyrojpHuKa U 180° nmponopruuoHanbHa II0MAIN
TPEYrOJbHHUKA, T. €. HEOXKMIAHHO BBIACHSAETCS, UTO IUJIOLIAAb TPEYrOJbHUKA CIIOXKHEE ONHCAThb MMEHHO B
€BKJIMJIOBOM TE€OMETpUM, TJI€ OHA 3a/JaeTcsi CJIOXHBIM ypaBHEHHEM Ui BCEX YIVIOB U JUIMH CTOPOH
TPEYrojbHUKa. B HEEBKIMAOBON I'€OMETPUH IUIOIIAJb TPEYTOJIbHHUKA OINPEAEISAETCS 3aMEYaTeIbHO MPOCTOU
dbopmynoit JlamGepra (puc. 1.18, 6). IlopasutenpHo, HO JlamOepT BBIBEN CBOIO (HOPMYITY 10 OTKPBITHS
HEEBKJINA0BOM reomeTpun!
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A /B

a+pP+y=180°

180" - a - f — y = nocTosHHas x nnowaab

Puc. 1.18. a — TpeyrojibHUK B €BKJIMJI0BOM MPOCTPAHCTBE; § — TPEYroJbHHUK B POCTPAHCTBE
JlodaueBckoro.

OueHb BaXHYIO pOJb B N€OMETPUM UIPAIOT TaK Ha3bIBacMble JIEHCTBHUTENbHbIE (BELIECTBEHHBIE) YMCIA,
a0COIIOTHO HEOOXOIMMBIE JJISi MOCTPOSHHUH EBKIMIOBON reoMeTpuu. Takue yucia BBEN APEBHETPEUECKHUMA
mareMaTHK EBIOKC B 4 Beke 70 H.3., U OHH J0 CUX IOP COXPAHSIOT CBOE 3HaYEHHUE Ul CO3JaHus (PU3NUECKON
KapTUHBI MUpa. HO3ILHCC MBI 6YI[6M TOBOPUTH U O KOMIIJICKCHBIX YMUCJIAX, HO IMOCJICAHHUEC TAKXKC OCHOBAHBLI HA
IPECTAaBICHNUN O BEIIECTBEHHbBIX YHCIAX.

JlaBaiiTe paccMOTpuM ele OAHy rpaBiopy Jmiepa (puc. 1.19), koropas AEMOHCTPUPYET OCOOEHHOCTH
reomerpun JloGaueBckoro naxe HarjsaHee, yeM puc. 1.17 (IOCKOJIbBKY Ha HEH MCIIOJIb30BaHbl «IIpSIMbIE
JUHUM», KOTOpBIE BCErja BBINIAAAT Oojee oueBHIHbIMM). Ha pucyHke mokasaHbl Jyrd OKpYXKHOCTEH,
nepeceKarolue rpaHuIly o npssMeIM yriiom. O6urareins Mupa ¢ reomerpueit JlJobaueBckoro BocnpuHuMa Obl
IOPSIMYIO JIMHUIO KaK OJHY M3 3THX JIyT, YTO XOpOUIO BHAHO Ha puc. 1.19, rae «mo -HacrosmeMy MpsiMbIMU»
SBIISIIOTCSL  JIMLIb JIMHUM, NPOXOJAILIME uepe3 IIEHTP OKPYKHOCTH, a BCE OCTalbHbIE «IIPSIMBIE)» B
I[GI\/JICTBI/ITGHI)HOCTI/I NpeaACTaBIAIOT coboit HU30TrHYThIC OYTH. HCKOTOpBIG N3 OTUX «IIPAMBIX) IMOKa3aHbl Ha PHC.
1.20, rae s JOMOJHUTENBHO BBIIENUI TOUKY, HE JISKAIlyl0 Ha MCTUHHON NpsAMOW (T. €. HE Ha JAUaMeTpe).
Ob6urarens mupa JIo6aueBCKOro MOKET MPOBECTH Yepe3 3Ty TOUKY JBe (M Jaxe OoJblIe) pa3iuyHble JTUHUH,
KOTOpble He OyayT IepecekaTb AUAMETp, T. €. B ITOM reoMeTpuu NATHINM moctyinar EBkinga 6e3yclioBHO He
nMeeT cuiibl. bomee TOro, U3MCPHUB CYMMY VYIJIOB TPCYrOJbHUKA Ha PUCYHKC, Bbl MOXKCTC BBIYUCIUTL €r'o
wiomaab. Hazmerock, uTo Jake 3TH 0OpbIBOYHBIE CBEJICHHS JAalOT BO3MOXKHOCTh [TOYYBCTBOBATh HEOOBIYHOCTD U
OuYapoBaHHE MUPA C TUIIEPOOTHUECKON reoMeTpuei.
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51 yxe roBOpUII, YTO MHE OYE€Hb HPABUTCS runepOoaudeckas reoMerpus, co3gannas JlobaueBckum. OgHoM
U3 MPUYUH MOETO MPUCTPACTHUS SIBISETCS M TO, YTO TPYNIIONH CUMMETPHI 3TOTO MPOCTPAHCTBA BBHICTYIACT yXKe
3HaKoMasi HaMm rpynna JlopeHia, COOTBETCTBYOLas CUMMETPUH CIICIHATBHOW TEOPUU OTHOCHTENBHOCTH U
CBETOBBIX KOHYCOB, UTPAIONIYI0 B TEOPHH CTOJb BakHYIO poiib. Ha puc. 1.21 cBeToBoli KOHYC moka3aH Ooiee
noapoOHo. S Hapo4yHO yOpan OJHY M3 NPOCTPAHCTBEHHBIX KOOPAMHAT, YTOOBI IMPOJAEMOHCTPHPOBATH Bam
HArJBSIIHYI0 TPEeXMEpHYI0 KapTuHy. [lokasaHHBIE HAa pPHUCYHKE CBETOBOM KOHYC OITMCBIBAETCS MPOCTHIM
ypaBHeHuem t* — x% — y? = 0.

Puc. 1.20. HekoTopbie 0cO0eHHOCTH runepooinueckoii reomerpuu (mpocrpancrea Jlo6aueBckoro),
NOSICHAKIIUE MOCTpoeHusi rpaBopsl «IIpenenbHast OKpY:KHOCTB 1>,

B Takoii reomeTpuu (€€ Ha3BIBAIOT TeoMeTpueil MMHKOBCKOro) ypaBHeHumro t2 —x2—y? =0
COOTBETCTBYIOT JIBE HalleoOpa3Hble TOBEPXHOCTH, PACIONIOKEHHBIE HA «€AMHUYHOM PACCTOSHHUM» OT Hauaia
KOOpAMHAT («PacCTOSIHUIO» B TeoMeTpuM MHHKOBCKOTO COOTBETCTBYET peaJlbHOE BpeMs, T.€. Bpems,
u3MepseMoe B PU3NUYECKOM SKCIIEPUMEHTE IPU MMOMOIIHU JBMKYIMXCS 4yacoB.) B mpocTpancTBe MHHKOBCKOTO
9TH MOBEPXHOCTHU CIYX,aT «chepaMu», X MOXKHO IOKa3aTh, UTO BHYTPEHHSS TEOMETPUsI TaKuX cdep sABIseTcs
runepoonuyeckoil (mpocrpanctBo JloGaueBckoro). B eBKiIMI0BOI TeoMeTpUr Bbl MOKETE BpallaTh OOBIYHYIO
chepy W HAWTH TPYIIy CHMMETPUN, COOTBETCTBYIOIIYI0 TaKUM ITOBEPXHOCTSIM. B ciydae mOBEpXHOCTEH,
n300pakeHHbIX Ha puc. 1.21, rpynmna cumMMeTpuii peAcTaBisieT co0oit rpynmy BpaiieHuil JlopeHa, kotopas
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ONHUCBIBaET NpeoOpa3oBaHME MPOCTPAHCTBA M BPEMEHH IPU BpALCHUM, T. €. NPH BPAIIEHUU EIAUHOIO
IPOCTPAHCTBA-BPEMEHH BOKPYI HEKOTOpOW (UKCHPOBAHHOM TOYKH. B TakoM mpeiCcTaBiICHHM Tpymnmna
CUMMeETpHUI IpocTpaHcTBa JIoGaueBCKOro TOUHO coBMagaeT ¢ rpymnmnoi Jlopexua.

Puc. 1.21. IlpocrpanctBo Jlo6aueBCKOro, «BJI0KeHHOe» (B BU/1e rMNepO0JI0HI0B) B IPOCTPAHCTBO-
BpeMsi MUHKOBCKOIO.
Cmepeocpaguueckan npoexyus nepegooum e2o 6 max Hazvigaemvlil Ouck Ilyanxape, ozpaHuyeHHbll
OKPYAHCHOCIBIO HA naockocmu t= ().

Ha puc. 1.21 nns npoctpancTBa MUHKOBCKOTO MOKa3aHa Takke crepeorpaduyeckas IpoeKius, mo100Has
paccmoTrperHol Beime (puc. 1.10, B). BMecTo 1okHOTO0 monroca Ha puc. 1.21 ucnonezyercs touka (-1, 0, 0), a
TOUKH BEpXHEH «dJaliny MpoeuupyroTcs Ha MIOCKOCTh t = 0, KOTOpas BBICTYIAET aHAJIOrOM 3KBAaTOPUAIBHOMN
tockocT Ha puc. 1.10, B. Bce Toukn mocie mpoelpoBaHus JIeKaT BHYTPU OKPYKHOCTH B Tutockocta t = 0,
KOTOpPYIO HasbIBaloT HHOrAa auckoMm llyankape. B pesynbrate omepamuu B 1esnom (KoTopasi, KCTaTd, B
TOYHOCTH COBIAJAET C XYJOXXECTBEHHBIM IIPHUEMOM, HCHOJIb30BaBUIMMCS M.DmiepoM B €ro rpaBropax
«[IpenenbHas OKpY>KHOCTb») runepboInyeckast HIOBEpXHOCTh (MpocTpancTBo JlobaueBckoro) npeodpasyercs B
muck Ilyankape. bonee Toro, Takoe mpeoOpa3oBaHHE COOTBETCTBYET IJIABHOM OCOOEHHOCTH IMPOEKIMH PHC.
1.10, B — OHO COXpaHsA€T BCE YIVIbI U OKPYKHOCTH, IPHUJaBas ONEPALlMA I€OMETPUYECKOE M3SAIIEeCTBO. S
IPOCTO BOCXMILAOCh BCEMU ATUMH COBIAJACHUSIMU, C KOTOPBIMU MAaTEMATHUKU TOCTOSSHHO BCTPEYAIOTCS B CBOUX
UCCIIEeI0BAHUSX !

Hapneroch, uro MoO#l BocTOpr He mokazajcsi BaM upe3MepHbIM. CyllecTByeT HMHTEpECHas M HECKOJIbKO
3araJIouHasi ICUXO0JOTUYECKas 3aKOHOMEPHOCTb:€CIIA PE3YNbTaThl UCCIEAOBAHUS KAKOM-TO 3aMHTEPECOBABILIEH
Bac TpoOiemMbl (HampUMep, T€OMETPUYECKOM) BBIPAKAIOTCS KPAaCUBOM MaTeMaTH4eCKoMl (opmyliol, TO 3TO
HOJ/IEP)KUBAET MHTEpeC HCCIeNoBaTelsl U CTUMYIHPYeT AalbHEeHIIyro paboTy (COBEpIIEHHO aHaJOrMYHO
pe3ynbTaThl, He 00aaole MaTeMaTHUYEeCKUM HU3SIECTBOM, OOBIYHO Pa304apOBBIBAIOT U 00ECKYpakKUBarOT
uccnenonarenst). ['unepbonuueckoil reomMeTpun npucyia ocodast MareMaTHueckasi KpacoTa, U Obls1o Obl OYEeHb
OpusITHO (MHE JIMYHO, MO KpaiiHel Mepe), ecnu Obl BceeneHHast Obula MOCTpO€Ha CTOJb MaTeMaTHYECKH
KpacuBo. Pazymeercs, y MEHS €CTb OYEHb MHOI'O JPYrMX IPUYMH JJI1 BEPHI B TaKOE yCTPOWCTBO BceneHHOM.
MHoruM He HpaBUTCSA U O TUNEepOOIMYECKOM, OTKPHITOW BceneHHO, M OHM NPEaNOYUTAIOT MOJEIH
3aMKHYTBHIX BCEJICHHBIX (THIA MOKa3aHHBIX Ha puc. 1.16, 0), KOTOpkIE, BIIOJIHE BO3MOXKHO, KOKYTCSI UM OoJjee
HOPUSTHBIMU U YIOTHBIMU (pa3ymeeTcs, CTOUT OTMETUTh, UTO TaKhe 3aMKHYThIE BCEJIICHHBIE BCE €I11€ OCTAIOTCS
BeChbMa KpYIHBIMH). [Ipyrue yueHsle MpeanoynTaoT MOAETH IIockoro Mupa (puc. 1.16, a), HOCKOJIBKY cpeau
TEOpUl 3apokJeHus BceneHHON CylmiecTBYeT M Tak Ha3blBaeMas TEOpHsl pasayBarouercs BcenenHoi,
IIpEIIoJIararoas MI0OCKyI FreOMETpHI0 MUpa. JloJKeH cKa3aTh, UTO sl HE OUEHB JIOBEPSIIO ITUM TEOPUSIM.

OnucaHHBIE BBIIIE TPH CTAHAAPTHBIX THMA Mojened BceneHHOW, WM3BECTHBIE MOJA OOIMMM Ha3BaHHUEM
mozeneid dpuamaHa, OTIMYAIOTCS HUCKIIOUUTEIBHO BBICOKMM YPOBHEM CHMMETpUU. Bce OHM OmMCHIBaOT
pacimupenue, ogHako BceneHHas mpu 3TOM OCTaeTcsl COBEPUIEHHO OJHOPOJHON B JII000M MOMEHT BpEMEHHU.
DTO ycloBHE BXOAUT B CTPYKTYypy Mozened @PpuamaHa M NOJAYYWIO CIEUUATbHOE Ha3BaHUE
KOCMOJIOTHYeCKOoro nmnpuHiuna. B  wmonemax Opuamana cBoiicTBa BceneHHONW OIWHAKOBBI IO BCEM
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HalpaBJIEHUSIM, U TOXO0Xe, 4To Hama BceneHHas ycTpoeHa IEMCTBUTENBHO MO ATOMY mNpuHuMIy. Ecnu
ypaBHEHUsT DWHILITEWHA CHpaBeUIMBBI (a BBILIE S TOBOPWI O TOM, YTO €r0 TEOPHsl C BBICOKOH CTENEHbIO
TOYHOCTH COOTBETCTBYET HaOJIOJAaeMbIM SIBICHUSIM), TO K MojensiM dpuamana cieayeT OTHOCUTHCS BechMa
ceppe3Ho. OTMETHM, YTO BO BCEX 3TUX MOJEISAX MPUCYTCTBYET HE OYCHb «HU3SAIIHBIIN ¢ TOUKH 3peHUst (PU3nKu
bonemoit B3peiB  (cocTrosiHue cBepxropsiueld BceneHHOW ¢ OGCKOHEUHOH IUIOTHOCTBIO W JAPYTUMH
CUHTYJIIPHBIMU IapaMeTpaMHy, KOTOPbIE OYEHb TPYAHO ONMUCHIBATH TeOpeTHueckn). OAHAKO €CIU Mbl BCE XKE
CMUPHUMCS C BO3MOXHOCTBIO CYIIECTBOBAaHHUSI A3TOTO CBEPXHArPETOr0 U CBEPXIUIOTHOTO (PU3UYECKOTO
COCTOSIHUS, TO CMOKEM IIpe/icKa3aTh pPa3BUTHE MHUpA BIUIOThH JO HACTOALIEro BpeMeHH. OJHO U3 BaXKHEHUIIUX
Npe/CKa3aHuil TaKoro THUIA OTHOCHTCA K TemoBoMy cocrosiHuio Bceenennoi. Teoperuueckuit pacuet
MIOKa3bIBAET, YTO B HEH JOJDKHO MPUCYTCTBOBATH OJHOPOIHOE (POHOBOE M3ITYUYEHHUE, CIIEKTP KOTOPOTO JTOJHKEH
COOTBETCTBOBATh HM3BECTHOMY B (DM3HKE H3JIy4YEHHIO 4YepHOro Tena. VMIMEHHO Takoil THUI KOCMUYECKOU
panuanuu (NMOJYYMBIIMI Ha3BaHWE MHMKPOBOJIHOBOrO (DOHOBOTO W3NMy4deHus1) ObT OTKpHIT IleHsmacom u
Bunbconom B 1965 r., 4To cTasio oAHON U3 riIaBHEHIIMX HAy4YHBIX CEHcalui Hamiero BpemeHu. Ha puc. 1.22
[IpEJICTaBJICHA CIEKTpajabHasi KpUBasi 3TOro u3iaydeHus (nmoaydyeHHas npu nomouiu cnyriuka COBE), koTopas
C OYECHb BBICOKOW CTEMEHbI0 TOYHOCTH COBIAJAET C XOPOIIO MU3BECTHBIM M3 YYEOHUKOB CIIEKTPOM aOCOIIOTHO
YEpPHOTO Tea.
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[nvHa BONHbI, MM
Puc. 1.22. Pe3yabTaThl H3MepeHH CIIEKTPAa KOCMHYECKOT0 MUKPOBOJIHOBOI0 ()OHOBOI0
U3JIy4YeHUs
(mouku Ha pucyHke), nonyyennvie npu nomowu cnymuuxka COBE, npexpacho coenaodarom ¢ pacuemuou Kpugou
(cnuowHas 1uHUs), NOIYYEeHHOU U3 «meniosouy meopuu bonvuioeo B3puisa.

Jj1g Bcex CHenMagIucTOB 110 KOCMOJIOTHH CYIIIECTBOBAHUE ATOr0 (OHOBOTO U3JIyUYEHUS CTAJI0 YOeAUTEIbHBIM
JI0Ka3aTeNbCTBOM TOTO, YTO Hama BeeneHHas Korzna -To HaXOJuIach B OYEHb TOPSAYEM U INIOTHOM COCTOSIHUU.
N3nyuenune coobmiaer HaMm HEYTO 00 MCXOJHOM COCTOSIHMM BceneHHOH U, XOTs He JlaeT MOJIHOM HHpopMaIuy,
COBEpILEHHO OIPEJIeIEHHO CBUAETENbCTBYET O TOM, 4TO coObITHe THMa bosbmioro B3peiBa nelicTBUTENBHO
KOTJa-TO MIPOU3OIILIO.

Jlpyrumu cioBamH, Haiia BeeneHHast okHa ObITh OUeHb ITOX0%Ka Ha OJIHY U3 Mozeneil puc. 1.16.

W3mepenus, nposenenHsle npu nomomu cnyrHuka COBE, mo3Bonmumu chenath eme OJHO Ba)KHOE
OTKpBITHE, 3aKJIIOYAlOIIeecss B TOM, 4TO (XOTs OOHapyKeHHOe KOCMHUYecKoe (DOHOBOE M3IIyYeHHE SIBIISETCS
BBICOKOOJIHOPOJAHBIM U TPEKPAaCHO OMNMCHIBAETCS MaTeMaThyecku) BceleHHas B 1enoM He sBisieTcs
COBEpILEHHO OJIHOPOJIHOU. B pacnipenenennu n3iaydeHus mo 3Be€3JHOMY HEOY OCTalOTCSl OUeHb HEOOJbIINE, HO
BIIOJIHE peaJIbHble HEOTHOPOAHOCTH. (DaKkTHUeCKW MBI BBIHYXAEHBI MPHU3HATh, YTO KakWe - TO KPOILIECYHbIE
HEOJIHOPOJHOCTH NPUCYTCTBOBAIM YK€ Ha CaMOM paHHEH cTaauu pa3BUTHUs BcelleHHOM, a ceifuac Mbl BUAUM
JMIIb UX OCTAaTKU, KOTOPBIE €I HE «PacIUIbLINCh» M HE NPEBPATHIINCh B OJJHOPOJHOE «3arpsa3HeHue». Ckopee
BCero, Hama BceneHnas moxoxka Ha mozenu puc. 1.23 (s AeMOHCTpaluu CBOEH HempeayOeKICHHOCTH U
OecTpuCTpacTHOCTH 51 IPUBOXKY IPUMEPHI U OTKPHITON, ¥ 3aMKHYTOI Bcenennoit).

PazButue HeomgHOpoaHOcTell B 3aMKHYTOM BceneHnnoil Oyner NpUBOIUTH K 0Opa30oBaHUIO peabHBIX
HaOJII01aeMBIX CTPYKTYP (3B€3[, FAJIAKTUK U T. [I.), IIOCJIE YETO B pe3yibTaTe KOJUIanca 3Be3/l, CTATMBAHUSA Macc
rajJlakTUK K HEHTpaM U T. M. HAYHYT (OPMHPOBATHCS YEPHBIE JIBIPHl CO CBOMMU CHHTYJISPHBIMHU LIEHTPaMU
(xapTuHa Oyner HanoMmuHaTh bonbiiod B3pbiB, mporekaromuit B oOpatHoM mnopsanake). OgHako B LEIOM
CUTyallUs HE CTONb MpocTa. Jlemo B TOM, 4TO HCXOJAHOE cocTosiHue bonbmoro B3pbiBa ObuUIO MPUATHO
CUMMETPUYHBIM M OJHOPOAHBIM, a M300pa)KEHHOE Ha PUCYHKE KOHEYHOE COCTOSIHME IpPEJICTaBisieT coOoi



Y’KaCHYIO «CMEChb», B KOTOPOH 00pa3yroliuecs: YepHble JbIpbl COMBAIOTCS B Ky4H, IPOU3BOJS HEMBICIUMBIN
6ecriopsiiok B MoMeHT bonbmoro Cxatust (puc. 1.23, a). Ha puc. 1.23, 6 sBostonius Takoi 3aMKHYTONH MOJIENN
IpeICTaBiIeHa B BHUJE IOCIEA0BATEIbHOCTH «(POTOKAAPOB», (UKcUpyomMX psx coObiTHil. B Monmenn
OTKpbITON BceneHHON 00pa3oBaHUE YEPHBIX JbIP BBINISIAUT Opa3/lo €CTECTBEHHEE U «CIIOKOWHEE» — BO
BcenenHolt Obu1a MCXOIHAs CHUHIYJISPHOCTb, KOTOpas IMPOJOJDKAET COXPAHATbCA U IOPOXKIAET HOBBIE
CUHTYJIIPHOCTHU B LIEHTPax YepHbIX JbIp (puc. 1.23, B).

S emie pa3 oOpariaro Baille BHUMAaHUE HA TO, YTO B CTAHJAPTHBIX Mozesax dpunmana cymecTByeT orpoMHas
pa3HULA MEXIYy HCXOJHBIM COCTOSIHUEM U TEM COCTOSHUEM, KOTOpOE MpEACKAa3bIBACTCSI TEOpuer s
oTJalleHHOro Oynymiero. 9ta OCOOEHHOCTh MOJAEIEH MMEET Ba)KHOE 3HAueHHe, IOCKOJIbKY OHa CBs3aHa ¢
OJTHUM U3 (PyHTaMEHTAIBHBIX 3aKOHOB IPUPOIBI — BTOPHIM HA4YaJIOM TEPMOIHMHAMUKH.

Bonbwoe Cxartue

N Bonblioii Bapbis

3amkHyTas BcenenHas

Bpemsa
YepHbie Abipb

Bonbwoii Bapbis

OtkpbiTas BecenenHasn

Puc. 1.23.
a — Mooenb 380M0OYUU 3AMKHYNO20 MUPA C 00pA308AHUEM YePHbIX Oblp 8 ude 00BEeKMo8 pa3Ho2o Mmund,
00CMUWUX KOHEYHO20 COCMOSHUA 8 c80eM pazsumuu. Jlecko coobpasumv, 4mo 8 2mom cayiae K MOMeHmy
eubenu mupa (Bonvwomy Cowcamuro, unu Konnancy) 6yoem meopumuvcs yyicacHoe «Cmoanomeoperuey, 6 —
paseepmka codvlmuii puc. @ 8 s8ude HAOOpa OMOeNbHbIX «pomoxkaoposy; 6 — 3eonoyus Bceenennotl
OMKPBIMO20 MUHA C 00PA30BAHUEM YEPHBIX ObIP HA PA3HBIX IMANAX PA3GUMUSL.

DTOT 3HAMEHUTHIN 3aKOH (DU3HMKU JIETKO OOBSCHUTH Ha MpUMepax W3 OObIIeHHOW *u3HU. Kaxawlil u3 Hac
MOXET TMPEJICTaBUTh WM BCIIOMHUTH MPOCTYIO JKUTEHCKYIO CHTYyallMio, Korja Ookal MajaeT co CTojla u
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pasOuBaeTcsi, 3aqMBas BUHOM Baml JOOUMBIA KOBpHK (puc. 1.24, mociemnoBaTeIbHOCTh COOBITHH ClieBa
HanpaBo). [Ipobnema 3akimouaeTcss B TOM, YTO MeXaHMKa HBIOTOHA HE CONEpKHT HHUKAKWUX 3alpeToB Ha
NPOTEKaHHUE TEX K€ MPOIECCOB B OOPATHOM HAIPABJICHUH, XOTS HUKTO HUKOTJA HE BUIEI, YTOOBI Pa3OUTHIN
0OKaJ W MPOJUTOE BHHO COCIMHWINCH CHOBA, 3allOJHEHHBIM OOKaj 3aCKOYMI HAa CTON W T. A. J[Ba pa3HbIX
HaIpaBJICHUS] BPEMEHHU yKa3aHbl HA PUCYHKE CTPEIIKaMH, U 5 BHOBb TIOBTOPSIIO, YTO 110 3aKOHAM MEXaHHKH 00a
9TW HaIpaBJICHUA COBCPIHICHHO PAaBHOIIPABHBI. Pa3HI/II_[y MCKAY HUMHU YCTAHABJIMBACT JIMIIb BTOPOC HA4YAJIO
TEPMOJIMHAMHUKH, B COOTBETCTBHH C KOTOPHIM OJHTPOMHS CHUCTEMBI CO BPEMEHEM [OJDKHA BO3pPAacTarth.
Bennuuna, KOTOpyI0 s Ha3Baj SHTPOIUEH, 3HAYUTEIHHO BO3pacTaeT, Korja Ookanl magaeT W pa3duBaercs,
BCJICJICTBHE YET0 MPOIIECC W WJCT B HANpaBJICHUH, YKa3aHHOM BEpXHEH cTpenkoi. ['py0do roBops, SHTpOMHUs
ecTb Mepa Oecnopsinka B cucteme. s Gonee riayOOKOro MOHMMAaHUS 3TOW WAEM HaM HEOOXOAMMO BBECTH
NpeICTaBJICHNUE O TaK Ha3bIBAEMOM ()a30BOM IPOCTPAHCTBE.

da3oBoe NPOCTPAHCTBO NPEACTABISET COOOH MPOCTPAHCTBO C COBEPUICHHO HEMBICIMMBIM YHUCIOM
U3MEPEHUH, TOCKOJIBKY KaXKJgash ero TOYKa ONKCHIBACT KOOPAWHATHI W HMMITYJbCHl BCEX YACTHIL
paccMatpuBaemoii cucteMbl. Ha puc. 1.25 s BbIOpan oTenbHY0 TOUYKY B ’TOM OTPOMHOM IPOCTPAHCTBE, U 3Ta
TOYKa OTPEENISICT PACIIONOKECHHUE U XapaKTep JBMKCHHS BCEX YaCTHUIl CUCTEMBIL. [Ipyu n3MEHEeHHH KOOPAUHAT U
UMITYJIBCOB JTIFO00M M3 YaCTHII MOJIOKEHHE CHCTEMBI B ()a30BOM NPOCTPAHCTBE U3MEHHUTCSA. DBOJIOIUIO BCEH
CHCTEMBI B TAKOM IIPOCTPAHCTBE Sl U300pa3nil Ha PUCYHKE U3BUIIMCTON JIMHUCH.

Jlomanas nuHUS Ha PUCYHKC OIIMCBIBACT O6I)I‘-IHy10 3BOJIOOUKO CUCTEMBI HAaCTUIl U HE CBsA3aHA HU C KaKUM
NPEICTaBICHUEM 00 SHTPOIHH.

Bpems tever rak?

Ly | [

Wnu Bpems Tevet Tak?
Puc. 1.24. 3akoHbl MeXaHUKH 00PATUMBbI OTHOCHTEIbLHO BPEMEHHU, 0THAKO B PeabHOM KU3HH
coOBITHS BCEr1a MPOTEKAKT B MOCJIeI0BATEJbHOCTH CJIeBA HANPABO (IOKA3aHHOM HA PUCYHKeE), a He
HA000poT.

Jlis BBEIEHUS SHTPOIUHU Mbl JOJKHBI HApHCOBAaTh HEOOJBINNE «I1y3bIpH» BOKPYI OOiacTed, B KOTOpPbIE
MOCJIEI0BATENIBHO MOMAAAET CUCTeMA, U 00BEIMHUTD PAa3IMUHbIE COCTOSIHUSA, KOTOPBIE HEJIb3sl PACCMOTPETh IO
OTJIENIbHOCTHU. BhIpakeHne «Hemab3s pacCMOTPETH MO OTAEIBbHOCTHY HECKOJIBKO TYMAaHHO U TPEeOYyeT MOSICHEHUH.
KoneuHo, Ha camMoM Jeie BCE€ 3aBHCUT OT TOr0, KTO W HACKOJBKO MOAPOOHO paccMaTpUBaeT IOBEICHHE
CUCTEMBI. JTO OJMH M3 T€X CJIOXHBIX M 3allyTaHHBIX BOIPOCOB, KOTOPBIE pa3ApaxaroT (GU3NKOB-TEOPETUKOB,
KOTJ]a pedb 3aX0JUT 00 3HTponuu. [y Hallero paccMOTpeHus: OyAeT BIIOJIHE JAOCTaTOYHO yKa3aTh, YTO IOJ
«HEBO3MOXHOCTBIO PAacCCMOTPETh IO OTAEIBHOCTH» Mbl MOJApPa3yMEBaeM HEKOTOPOE TaK Ha3bIBAEMOE
«KPYTHO3EPHUCTOE» 00BEANHEHNE TPYIIbI COCTOSHUMN. J{1s1 HAXOXKAEHUS SHTPOIIUM HEOOXOIUMO MpoAeaTh
CIIEyIOIME OIepaluu: MPOBECTH «KPYMHO3EPHUCTOE» OOBEAMHEHHE TIpYMIbl COCTOSIHMM (T. €. coOparth
COCTOSIHUSL B HEKOTOPOH o6sacTu (ha30BOro MpOCTPAHCTBA U «CIIEMUTHY» UX B €JUHOE IIeJI0€), ONpPEIeTUTh
o0BeM 3ToH o0nacT, B3ITh Jorapu@m oT o0beMa, a 3aTeM YMHOXHUTh €r0 Ha TaK Ha3bIBAEMYIO MOCTOSHHYIO
Bonsivana. Bropoe Havano TEpMOAMHAMUKH yCTaHABIMBAET, YTO SHTPOIUS CUCTEMbI IOCTOSSHHO BO3PACTaET.
OTO yTBEPKJIEHNE MOXKET MOKA3aThCsl MPOCTHIM U JJaKe IIYNMOBAThIM — (PaKTUYECKHU MOCTYIHUPYETCs JULIb TO,
4YTO €CIM CHUCTEME, HAxXOJAUICHCs B OUYEHb MAJEHBKOM <(CGIIIMYKE» MM OTCEKE, IO03BOJUTH JBUIATHC
MPOU3BOJILHO, TO OHA OyneT mepedupaThCcsi BO BCe 0oJiee KPYIMHBIE «SIIUKW» (YTO OYCHB MOXO0XKE Ha MPaBIy
XOTs OBl TOTOMY, YTO OOJbIIME SIIUKA HMEIOT OIPOMHBIE pa3Mephl W y TMOMaBIIEH B HUX CHUCTEMBI
MPAKTUYECKH HET IIAHCOB CIY4YaHO «3abpecTu» B MajJeHbKUM sA1uk). BoT, moxamyil, u Bce, 4TO MOXKHO
CKa3aTh 110 3TOMY ITOBOJy, — CHCTEMa, CIIy4aifHbIM 00pa3zoM Ouysxaaroias o (pa3oBoOMy MPOCTPAHCTBY, OyIeT
MomnajiaTh BO Bce Oosiee KpyHHbIE SIUKH WIH 00beMbl. VIMEHHO 3TO MOCTYIMpPYETCS BTOPBIM 3aKOHOM.
Bnpouewm, nasaiite emie HEMHOTO MOAYMAEM O TOM, TaK JIM BCE TPOCTO?



HayanbHas Touka ABMXEeHUs
13 manoro obrxema

Tennosoe
paBHoBecue

Puc. 1.25. Bropoe Ha4ya/10 TEePMOJAMHAMUKY B JIeliCTBUH.

C meuenuem épemenu mouxka 6 (azo8om nPOCMpaHcmee NPOHUKAem 8 Ho8ble, NOCMOAHHO VEeIUdUsaruuecs
obnacmu (unu «omceku») NPOCMPAHCMEA, 8 pe3ylbmame 4e20 IHMPONUs Cucmemsvl HOCMOSIHHO
yeenuuusaemcs.

Ha camom niene cMbica BTOPOrO Haudaja 3HAYMTENBHO IIMPE, U CKAa3aHHOE BBILIE Pa3bsCHIET €ro JIMUIb
HaNoJIOBUHY. BTOpoe Havano yTBepkaaer, 4To €Ciid HaM U3BECTHO COCTOSTHHE CUCTEMBbI ceidac, TO Mbl MOXKEM
npejcKasarh JUisi Hee HauOoiiee BEpOsTHbIE COCTOSHUS B OynymieM. OJHAaKO 3TOT K€ 3aKOH NPUBOAUT K
COBEPILEHHO HENpPAaBUIbHBIM OTBETaM, KaK TOJbKO Mbl HbITaeMCi NpPUAATh €My «OOPaTHYIO CHIIY».
JleliCTBUTENPHO, BEPHEMCSI BHOBb K NPHMEpy ¢ OOKalmoMm Ha Kparo crosa. Pasymeercs, CyIecTByeT MHOTO
BapHUaHTOB, B pe3yjbTaTe KOTOPHIX OOKal MOXET OKa3aThCs B JAaHHOM MECTE U B JJAHHBIH MOMEHT BPEMEHH.
[Ipennonoxum, 4To HAC MHTEPECYET, KAaKOM M3 3TUX BAPUAHTOB SIBJSETCS Haubosee BEposTHHIM. [IpumeHUB
HAllli pacCyXIeHHUs B OOpPaTHOM MOPSIKE, Mbl MOXEM IPUHTH K BBIBOJAY, YTO OCKOJIKM OOKana M ISATHO Ha
KOBpE camMH co00i coOpanuch B LENbI U HAIIOJHEHHBINH OOKaJl, KOTOPBIN 3aT€M «IOJIPBITHYI» U OUYTHJICSA Ha
crose. OOBsICHEHNE OYEBHIHO HEMPABUIILHO — IOpa3io BEposATHEe, 4YTO OOKaJl IOCTaBHJI Ha Kpail cTojia KTO-TO
U3 MpUCYTCTBYIOMMX. HO MpH MOMBITKE MOHATH, MIOYEMY 3TOT KTO-TO IOCTaBUJI OOKal MMEHHO 371eCh, MEpe
HaMM BO3HMKHET LENbIM psJl HOBBIX BOIIPOCOB. YCTaHOBJIEHHWE NMPUYMHHO-CJIEJICTBEHHBIX CBA3e B J1H000M
ciydyae OyJeT BBI3bIBaTh BCE HOBBIE BOIPOCHI, BBISBISATH HOBBIE CBSI3M U T. J. TOJNBKO Takoil myTh MOT Obl
IOPUBECTH HAC K TPOLUIBIM COCTOSIHMSM C YMeHbluaromencss sHrponuei. IlpaBuibHbIM X071 coObITHI
ONMCHIBACTCS «AKTyaJbHOW» (MHAue TOBOpS, «peaybHOI») KpuBoil puc. 1.26 (a HE BCEBO3MOKHBIMU
HOMBITKAMUA BOCCTAHOBJIEHUS IMPOILIOro), T. €. UMEHHO TOM KpPUBOW, KOTOPOW COOTBETCTBYET MOCTOSHHOE
YMEHbILIEHNE SHTPOIHUU IO MEPE NMePEX0a K MPOLLIOMY.

A 3HTponus

.
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«BOCCTAHOB- S%: a MNpepnckasvisae-
NeHWs» NPOLNOro s Moe = peanbHoe

PeansHoe -
pasBuTue -
Al
-
- Bpemsn
e — [
:

Ceitvac!

Puc. 1.26.
Ilpu nonvimke o00vsACHenUs nociedogamenbHocmu AeNeHull Ha puc. 1.24 6 obpamnom nopsaoke Mol
«HABA3bIBAEM» CUCMeMe 803pACMmAHUue DSHMPONUU Npu 00pawjeHuu 6pemMeHu, Ymo U HPUEOOUm K
npoOMuUBope Uro.

Bo3pacranue sSHTponuM cO BpeMEeHEM OOBSCHSETCSs TeM, 4YTO CHCTeMa, Iepemeniascb B (pa3oBoM
IPOCTPAHCTBE, 3aHUMAET BCE OOJbIINE OOBEMBI-SIIUKH, OJHAKO YMEHBIIEHHE SHTPONHH IPH IMepexoie K
IPOLUIOMY HOCHT COBEPIIEHHO HMHON Xapakrtep. JleMCTBUTENbHO, HaBaiiTe 3aayMaeMcsl HaJl TeM, Kakue
IPOLECChl MOTJM Obl COOTBETCTBOBATH BO3BPATy K IMPOLUIOMY C IOCTOSIHHBIM YMEHbBIIEHHUEM JHTPOIUU?
MOHO 11 TIpU 3TOM BEpHYThCA K MOMeHTY bombinoro B3peiBa? Ilo-BuauMomy, mpobiaema, Moposkaaromas
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CTOJIb SIBHBIE M CHJIbHBIE MPOTUBOPEUNS, CBSI3aHA C KaKOW -TO BeChMa Crenu(puuecKoil 0COOEHHOCThIO CaMOT0
Bonbmioro B3peia. [TonbITku 00BSCHEHUS! CUTYallMM MOKA OCTAIOTCS MajloycnemHbiMu. Hanpumep, Bbiie st
KaK-TO OTMETHJI, YTO JIMYHO HE OYEeHb [OBEpsAI0 MOJHON Teopuu pazaysaromencs (MHOIIIUOHHON)
Bcenennoii. B 310#i qocTaTouHO MOMyJISApHON Teopuu HabI0gaeMasi B OTPOMHBIX MacmTabax OJHOPOIHOCTH
Bcenennoit 00bscHAETCS COOBITUSIMH, NPOUCXOAMBIIMMU Ha caMOM paHHEW cTaguu ee pa3BUTHSL.
IIpenmnonaraercsa, 4ro B MOMEHT, KOIJa BO3pacT BcCeneHHOW COCTaBisl JUIIb OKOJIO 10°%° CEKYH/JIbI,
MIPOU30ILIO KaKOE-TO HEMBICIMMOE MO0 MaciTady pacumpenue. Borpoc o ToM, kak Beirsaena Beenennas Ha
paHHENl cTaauu, TepsieT MPU 3TOM MOJAXOAE CMBICH, IOCKOJIbKY MOCJIE TaKOro 4yAOBHUIIHOTO MIHOBEHHOIO
yBenuueHus: oobema (MpuOIU3UTENHEHO B 10%° pa3!) reomerpusi BeceneHHoii crana BBIMISAIETh MPAKTUYECKH
IUIOCKOW. DTO MPEIOI0KEHUE TTO3BOJIIET OOOHTH MHOTHE «OCTpPbIE YTJIbD», YEM, BO3MOXKHO, U OOBSICHIIOTCS
MONYJISIPHOCTh U MPUBJIEKATEIIBHOCTh ONIMCHIBAEMOMN TEOPUHU.

1047 cm —
NPUMEPHLIA
macwrab
BcenenHon

Puc. 1.27. IlonpiTKa H300pa:keHus1 NpodieMbl KBHYyTPEHHE MPUCYIIEei» HEYOPAT0YEeHHOCTH
BcesieHHOI HA paHHeH CTaauu pa3BUTHSL.

OnHako, KaK 3TO 4yacTo ObIBaeT B TEOPUH, IpeasaraeMoe OObsICHEHHE BCEro JIMIIb 3aMEHSIET O/IHY OYeHb
CIIOXKHYIO TIpoOieMy npyroi. Jlemo B TOM, YTO sl OMMMCAHHOTO MEXaHHU3Ma TpeOyeTcsl Mpek/Ie BCero, YToObl
Bcenennas Haxoauiach C CaMOro Hayaja B YXKACHOM «OecropsKe», KOTOPbIN (axe eciu ero 4yJOBHUIIHO
yBEJIMYUBATh B 00beMe!) Bce paBHO OCTaHETCs «OEeCHOopsAKOM», B Pe3ysbTare 4ero Mo Mepe pacllupeHUs
cUTyalus OyJeT CTaHOBUTHCS Bce XyxKe U xyxe (puc. 1.27).

MHe kaxkercsi, YTO MPUBOAMMBIE TOBOJbI HE OOBACHAIOT HAOIIOJAEMYI0O B HACTOSIIEE BPEMsI BBICOKYIO
CTEIEeHb yHnopsioueHHOoCcTH BeenenHoit. Mbl HyKaeMcsi B TEOpUH, KOTOpasi Moriia Obl 1Mo/icKa3aTh, Ha YTO ObLI
noxox bosbmioit B3peiB. OueBuaHO, uTo OyAyiias Teopus AODKHA KaK-TO OOBEIUHHUTH MOHSTHUSA (PU3HUKH
MakpoMHpa U MHUKPOMHpA, KJIACCHUECKOW (U3UKM M KBAaHTOBOW MexaHMKH. bonee Toro, Oyaymas Teopus
JOJKHA 0O0BSACHUTH MPUUYMHBI Kak bosnbiioro B3peiBa, Tak 1 Habmo1aeMoil 0AHOPOJHOCTH MHpa. Bo3moxkHoO,
KOHEYHO, YTO TEOPHsI MOKOHYMT U CO CTOJIb MIOHPABUBIIEHCS MHE TUIlepOoInuecKoil BeenenHon JlobayeBckoro.
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Bonbuwoe Cxatne
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NAPHOCTH,
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wALMgua, 1HoEUdO |

Bonblioi Bapsis
Cxarve matepuu

o
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CMHIYNSpHOCTH, CBR3aHHLIE C YEPHBLIMU AbIPaMu

Pacxoxpexne

KPWBU3HbI
Beins
M'nepbonnyeckas
reoMeTpus
=—1
8 bonblon Bapbis
Kousuaxa Beina nagHa HvNio
Puc. 1.28.
a — 06Lb;aﬂ Kapmuna 3aMKHymozZ 8celeHHo, passumue Komopoﬁ HayuHaemcs ¢ OOHopodHoeo,

HU3K03HmMponutinoeo borvuwozo Bapviea (c menzopom Betina =(0) u 3axkanuueaemcs blCOKOIHMPONULIHLIM
bonvwum Cocamuem, coomeemcmayowum CIUSHUIO MHO20YUCTIEHHBIX YEPHBIX Oblp (NpU 3MOM MeH30D
Beiiisi— ©); 6— npocmpancmeenno-6peMennas Ouazpammad, ONnUCbl8alowds KOWIANC OMOEIbHOU YepHOU
ObIpbl; 8 — I60H0YUSL OMKPLIMOU BCELeHHOU, MAKI’Ce HAYUHATOWAACA ¢ 0OHOPOOHO20, HUIKOIHMPONUNIHO20
Bonvwoeo B3puvisa (c menzopom Betinsa = ().

Bepnemcs emie pa3z k mpobiieMe 3aMKHYTOCTH M OTKPBITOCTH pacCMaTpUBAeMbIX BCelEeHHBIX (puc. 1.28) u
paccMOTpUM MojpoOHee mpolecchl (GOpMUPOBaHMS YEpHBIX AbIp. OHUM BO3HHUKAIOT B Pe3ysbTaTe KoJularca
MaTepuaibHBIX OOBEKTOB, MNPUBOASAIIEIO K OOpAa30BaHMIO CHUHTYISPHOCTEH, MOKa3aHHBIX JMHUSIMH Ha
IIPOCTPAHCTBEHHO-BPEMEHHBIX JuarpaMMmax. MHe xodercs IMpemyIoKUTh BaM OAHY UACH0, KOTOPYIO g Ha3bIBAKO
TUIIOTE30M KpUBU3HBI Belns u KoTopas, KCTaTu, HE SBIISIETCS CJIEACTBUEM HHU OJHOW W3 M3BECTHBIX TEOPHIl.
[ToBTOpIO, UTO Ceifuac MbI 1aXke He MpesCTaBlIsseM, Kakol J0oJKHA ObITh Oyayias ooiast Teopusi, MOCKOIbKY
MBI HE MOXE€M OOBEIMHHUTH CYLIECTBYIOIIME TEOPETUYECKHE OINUCAHUS OYEHb OONBIIMX M OYEHb MAaJbIX
¢u3nueckux oOBbEKTOB. Sl yBepeH, 0IHAaKO, YTO 3Ta TEOPHUS JIOKHA KaKUM-TO 00pa3oM BKIIOYUTH UMEHHO TO
MIOJIOXKEHUE, KOTOpPOE s HA3bIBal0 THIIOTE30M KpuBU3HBI Beiurd. HanmomHio, 4to kpuBu3HOW Benns Msl
Ha3bIBa€M Ty YacThb TEH30pa PumaHa, KOTOpas cBsi3aHAa C HCKaXEHUSAMHU INPOCTPAHCTBA U IPUIMBHBIMU
s¢dexramu. Ilpennaraemas MHOIO TUIIOT€3a COCTOMT B TOM, YTO MO KAKUM-TO TOKa HEACHBIM MpHYMHAM
TpeOyemasi KOMOMHALIUS TEOPUN JOJDKHA MPUBOJUTH K HYJIEBOMY (WM XOTS OBl K OUYEHb MajOMy) 3HAUEHHUIO
TeH3opa Beilnist B okpectHocTH bonbiioro B3peisa.

B sTroMm cinywyae obmias KapTHHa SBOJIIOLMHU BCelleHHOW Oyner HamoMmuHaTh puc. 1.28, a m 6. I'mnoresa
KpUBU3HBI Belis nmpeanonsaraetT aCUMMETPHIO IO OTHOLIEHUIO KO BPEMEHH, IIO3TOMY OHAa OTHOCHTCS JIMIIb K
CHUHTYJISIPHOCTSIM B IPOILJIOM, a He B OyaymeM. Ecnu Obl Ten3zop Beiinst Obl1 JO0CTaTOUHO «THOKMM» (T. €. €ro
MO>KHO OBbUIO MPUMEHSTH B 3aMKHYTOW MOJIETH U K MPOIJIOMY, U K OyIylieMy), TO HaM Obl yJal0Ch TOKOHYHUTD
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C HBIHEITHEH «y)Kacarolei» KapTUHOW MUpa, B KOTOPOH BCEJIICHHAs Oblja U OCTAeTCS KpaliHe OeCTIopsI0YHON
(puc. 1.29). Bens Beenennasi, B KOTOPO# MBI JKUBEM, BBITJISIIUT COBCEM MO-UHOMY!

KaxoBa BepoATHOCTH (CTPOro roBopsi, CIy4allHOCTh WM IIAHC), YTO HavajbHAas CUHTYJISIPHOCTH BCEJICHHOM
OblTa emie ciiabee, YeM HaM TpPEJCTaBisieTcs ceiddac? DTy BETUYMHY MOXKHO OLIGHUTH 1o (opmyne SAxoda
bekenmreitna u CtuBeHa XOKUHTa JIJIsl SHTPOIIMU YE€PHBIX JbIp. B HalieM ciy4yae oHa MPUBOAMT K JIpOOH, I/I€ B
YUCIIUTENIC €AVHUIA, a B 3HAMEHATENE — HEMBICIIMMO YYJOBUIIHOE YHUCIIO 10" B cremenn 123. Ecin
yKa3zaHHasg ¢opMmylia MPUMEHUMA K CTOJb TPaHIMO3HOMY OOBEKTY, KaK BCEJIEHHas, TO Bbl JCHCTBUTEIHHO
noJsrydaeTe 3To (paHTacTU4eckoe Yucio (MOCKOIbKY BEPOSITHOCTH 3aBUCHUT OT pa3MepoB). B Toil BceneHHOM,
KOTOPYIO s MPEAJarao, 3Ty BETUYUHY MOXHO CMEJIO MPUPABHATH HYJIIO.

bonewoe Cxatne

N

‘1HepHule ,u,blpuf

—

| CwHrynapHocTy,
CBA3aHHbIe C
BensiMy AbIpaMi

HavaneHelid

Bonbluoi Bapsis
Puc. 1.29.
Cuse ykasanmoe ocpaHudeHue (yciosue, umo men3zop Beiina = (), mbi 6HO6b nonyyaem KapmuHy c

8blcokoanmponuiinbimM bonvuwum B3pvisom (mensop Betinsi— ). Taxkyo 6cenennyro npoHusuleéaiu Ovl denvle
ObIpbl, U 6 Hell He BbINOTHANCA Dbl 6MOPOU 3AKOH MEPMOOUHAMUKU (A MO HUKAK He CO2NACYemcs ¢ mem, 4mo
Mbl 8UOUM,).

Cka3zaHHO€ MTOJIBOJIUT HAC K BOIIPOCY O TOYHOCTH, C KOTOPOH JOJKHBI OBITh ONPEIEICHbI YCIOBUS

«opranuzauun» bonpmoro Bi3peiBa. CuTyanus BBIMISIAAT MOPA3UTENbHOM, W SI MOMbBITAICS BBIPa3UTh €€
Kapukatypoii (puc. 1.30), Ha koTopoii TBOpel BEHIMCKUBAET CBEPXKPOILIEUHYIO TOUKY B ()a30BOM MPOCTPAHCTBE,
COOTBETCTBYIOILYI0 HayaJIbHBIM YCIIOBUSIM, IIPU KOTOPBIX Oyaylas BCeJIeHHas MPHOOpETeT MPUBBIYHBIA HAM
BuA. TBOpIy HEOOXOAMMO OMNpPENEeTUTh IOJIOKEHHE TOYKH B (a30BOM TIPOCTPAHCTBE C YKa3aHHOH
(daHTacTUYECKOI TOYHOCTHIO (1010123). Yucno, 0 KOTOPOM HJAET peyb, CTOJb BEJIUKO, YTO MHE HE yJalOoCh ObI
BBINKCATD €r0 B Psil, AK€ UCIOJIb3Ys B KAUECTBE HYJIEH BCE 2JIEMEHTAPHBIE YaCTHUIIBI BCEJIIEHHOM.
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Puc. 1.30.

Jlnst co3iaHust BCEICHHOM, TOX0XKel Ha Halry, TBOpIly MPHUILUIOCH Obl HAMTH HEMBICIMMO KPOILIEUYHYIO TOUKY
B ()a30BOM IPOCTPAHCTBE M BOTKHYTh B HEE CTOJIb Y€ KPOLIEYHYIO UIOJKY (HM TOUKY, HU OCTpUE MI'OJKU Ha
pPHCYHKE HE YyAaloChb M300pa3suTh U3-3a MaJOCTH pa3MepoB!). BoiOpanHas Touka moipkHa Obula COmEpKaTb

123
mump 1019 gacte 061mero o6bema GpazoBoro npocTpaHcTBa!

Sl Hauan U3NOXKEHHE ¢ MPOOJIEMbl YAUBUTEILHON TOYHOCTH M COTJIACOBAHHOCTH (PM3UKHU U MAaTEMaTHKU.
3aTreM s MOIbBITAJICS O4YEHb KpaTKO pacCKa3aTb O BTOPOM HaydaJIC TCPMOJUHAMUKH, KOTOPOC MHOI'MC CUUTAIOT
«MpUONM3UTETBPHBIM» U HE OINpaBIAaBIIMM BO3JAraBIIUXCS HAa HEro Hajaexa (HaBepHOE, MOTOMY, YTO OHO
CBSI3aHO C TOHSATHUAMH CIIYYaHHOCTH U BEPOSITHOCTH), HO KOTOPOE HAa CaMOM €€ OTPaKaeT yIHWBHUTEIHHO
TOYHBIE 3aKOHOMEpPHOCTHU. ['OBOpsi O BCEIEHHOW, MbI OOs3aHBI OIICHUTH TOYHOCTH YCIOBUH CO3JaHHS €€
MCXOJIHOTO COCTOSIHUSI. DTa TOUYHOCTH MO3JHEE JOJDKHA OBITh OTPa)KEHA M B TOM OyAylleH, eiie He CO31aHHON
TCOpHUHU, KOTOpasd IMO3BOJIUT O6T)CIII/IHI/ITI) KBAHTOBYIKO TCOPHIO U O6HIYIO TCOPHUIO OTHOCHUTCIIBHOCTH. B
CIeyIoIeH TTIaBe s MPOAO0JIKY pacckas o Impoleccax, 00beKTax u 3afauax Oyayiieid Teopuu.



I'1aBa 2

TaiHbI KBAHTOBOM MEXaHUKH

B 1. 1 s nomeltancd mokasarb, YTO CTPYKTypa OKpY’KAIOLIEro HAc (PU3UYECKOr0 MHpPA OYEHb CHIIBHO
3aBHCUT OT 3aKOHOB MaTeMaTHKH (KaK 3To0 ObUIO TOKa3aHO Ha puc. 1.3), mpu4eM TOYHOCTb, C KOTOPOM
MaTeMaTHKa OINMKCHIBAeT (yHIaMeHTaJIbHbIE (DU3UYECKHE acleKThl, HMHOTJa NPEACTaBIseTCs IPOCTO
NOPA3UTEIbHON U 3aCTaBJIIET BCIIOMHUTh Ha3BaHMe 3HaMeHMTOH nexkuuu FOmxuna Burnepa «Henoctmxumas
3¢ (EeKTUBHOCTh MaTEeMaTUKU B E€CTECTBEHHbIX Haykax». CHHCOK OJecTALIMX MaTeMaTU4YeCKUX ONMCAaHHUM
IPUPOJIHBIX SBJICHUH IEHCTBUTENBHO BBIVIAIUT BecbMa BrieuaTsitonie. Croa BXOAST, HAalpUMeEp:

T'eomempus Eexnuoa, KoTopasi Ha pacCTOSIHUAX MOPsiIKa METPOB UMEET TOUHOCTh MOPsi/IKa TuaMeTpa aToMa
Bosopoaa. Kak s yxe ormevan B ri1. 1, oOmiast Teopusi OTHOCUTEIBHOCTH HE MO3BOJISIET €l OBITH aOCOJIIOTHO
TOYHOM, OZHAKO JIJIsl MPAKTUUYECKUX 1IeJIeil TOUHOCTh €BKJIMI0BON Fr€OMETPUH BCET/1a UCKIIIOUUTENBHO BBICOKA.

Mexanuka Hviomona, TOYHOCTb KOTOPOH JIOXOIUT 10107 (11 ganpHENIIEero MOBBIIEHUS TOYHOCTH
HEOOXOMMO YUUTHIBATh PENATUBUCTCKHE 3(D(PEKTHI).

Onekmpoounamuxka Maxceenna, Koropas B COYETAaHHMM C KBAHTOBOM MEXAHUKOH JIOCTATOYHO XOPOIIO
OIHCHIBACT B3aMMOJICHCTBHS TIPH M3MEeHEeHnH Macmtaba B 10%° pas, T. . 0T pasMepoB >/eMEHTAapHBIX YACTHII
JI0 MEXTaJaKTUYECKUX PacCTOSTHUM.

DliHwmelino8cKas meopus OMHOCUMENbHOCIU, O KOTOPOH s yXe pacckasbiBail B 1. 1. B Toit obnactu, roe
OHa TpUMEHHMMa (U TAe OHa 0000IIAaeT W BKIIOYAET B ce0sl KBAHTOBYIO MEXaHUKY), TOUHOCTh 3TOW TEOPHHU
noxomut 10 10™, 4To Ha ceMb MOPSIKOB MPEBBIIACT TOYHOCTH MeXaHHKH HploToHA.

Keanmosas mexanuxa, xoTopast IBISI€TCSI TEMOW 3TOM TJIaBbl M TaKyKe MPEJICTaBIsIET 000N BeChbMa TOYHYIO
Teoputo. Hampumep, B KBaHTOBOH »3JEKTpOAMHAMMKE, TPEACTAaBISAONIEH Cco00l codeTaHHEe KBAaHTOBOM
MEXaHUKH, 3JEKTPOAMHAMMKY MakcBemia U CHerualbHON TEOpUH OTHOCUTENBHOCTH, TOYHOCTh HEKOTOPBIX
pacueroB moxoaut 010! B wacTHOCTH, MOXKHO 0COBO OTMETHTH, YTO WCIOJb3yeMas B KBAHTOBOI
2JIEKTPOAMHAMUKE TaK Ha3blBaeMas «cuctema efauHull J(upaka» BKIIIOYaeT B ce0si BBIYMCIIEHHOE 3HAYCHHE
MarHuTHOro MomeHTa 3ekTpoHa 1,001159652(46), koTopoe mpekpacHO corjacyercs ¢ 3KCIEepUMEHTAIbHO
HalaeHHbIM 3HaueHueM 1,0011596521(93).

OCo0eHHO BaXXHO TO, YTO BO BCEX YKa3aHHBIX TEOPHIX MPUMEHEHHE MAaTeMAaTHUYECKHX METOJI0B HE TOJBKO
obecreunBaeT HUCKIIOUUTETbHYI0 S(PPEKTUBHOCTP W TOYHOCTh OINUCAaHUS (U3HUYECKON KapTUHBI, HO |
IpeJCTaBisieT UHTEepeC Ui Pa3BUTUS CaMOMl MaTEeMaTUKH, MOCKOJIBKY HEKOTOpble Hambolsiee III0JI0TBOPHBIE
U €€ Pa3BUTHUS BO3HMKIM MMEHHO Ha OCHOBE TEOPETHUYECKHX MOCTPOCHUN (u3uku. B kauecTBe mpumepa
MOYKHO yKa3aTh OOIIMpPHbIE pa3/iesibl MaTeMaTUKH, BOSHUKHOBEHHUE U Pa3BUTHE KOTOPBIX OBLIO 0OYCIIOBIIEHO
(U3NYECKUMU UCCIIEA0OBAHUIMU:

* T€OpUs JEHCTBUTEIBHBIX YHCET,

* reometpus EBknnaa;

* MaTEeMaTHYECKUN aHaJIN3 U TeOopHsl TU(depeHIaIbHbIX YPaBHEHUH;

* FEOMETPHS CUMILIIEKCOB;

* muddepeHnmaIbHbIe POPMBI U YPaBHEHHUS B YACTHBIX IPOU3BOIHBIX;

* reomeTpu Pumana 1 MUHKOBCKOTO;

* T€OpHUsl KOMIUIEKCHBIX YHCEIT,;

* TeOpus THIIbOEPTOBA MPOCTPAHCTBA;

* TeopHst PYHKIIMOHAIBHBIX HHTETPAJIOB... U T. [I.

OpuuMm u3 Haubosee SpPKUX MPUMEPOB TAaKOro poja sBisgercs, Oe3ycioBHO, auddepeHIranbHoe U
UHTErpajbHOE HMCYHMCICHHE, KOTOopoe HBIOTOH M psAa APYruX BBINAIOMIMXCS MaTeMaTHKOB pa3paboTaiu B
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Ka4yecTBE MaTEeMAaTUYECKOI0 OCHOBaHMUS OOLIMPHOro paszaena (U3MKH, HbIHE M3BECTHOrO IIOJ] Ha3BaHUEM
HBIOTOHOBCKOW MexaHuku. JlanmpHelilee HCIONb30BaHUE pa3pabOTaHHBIX HMMU METOJOB ISl PEUICHHUS
Pa3IMYHBIX YUCTO MATEeMaTHUYECKUX 3a/lady OKa3aJoCh HUCKIKOYUTENBHO OJIarOTBOPHBIM JJIsl Pa3BUTHUS CaMOM
MaTeMaTHUKH.

B . 1 g yxe rosopmi o Macmrtabax ¢GuU3M4YeCKUX OOBEKTOB, H3MEpSEMBIX B Ipejaenax oT
bynaamenTanpHbIX equHul (JumHa [Inanka u Bpemst [1nanka, KOTOpbIe CTOJb MaJlbl, YTO JJISi ONMHCAHUS JTaXKe
CaMOii MaJICHbKOH 3IEMEHTAPHO YaCTHIIBI HAM HEOOXOAMMO yBemmunBath ux B 100 pas), depes pasmeps! u
BpeMsl KM3HH 4YelOBeKa (MHTEPECHO, YTO MBI, JIIOJH, SBIISIEMCS HanOojee YCTOHYMBBIMU CTPYKTYpamu
(¢u3nyeckoro mMupa), 1 HaKOHEL OO Bo3pacTta U paguyca Bcemennoil. Ilpu 3ToM s 0cobo mnoguepkuBal
BaXHOCTb TOTO, YTO MBI UCIOJIB3YEM JIBAa COBEPIICHHO PAa3HBIX METOJA JIJISl OMHMCAHUS O0BEKTOB (PHU3UIECKOTO
MHpa, KOTOpBIE JIeXkKaT Ha pa3HbIX KOHLAX IPOCTPAHCTBEHHO-BpEeMEHHOM Hikaibl. Kak mokazaHo Ha puc. 2.1 (oH
IIPOCTO TOBTOPSIET pucC. 1.5 mepBoil JEKIMHN), Mbl UCIIOJIb3yEM KBAaHTOBYIO MEXAHUKY JUIsl OMMCAHMS MAJIbIX,
KBAHTOBBIX YPOBHEH aKTUBHOCTH U KJIACCUUYECKYIO MEXAaHUKY HAa YPOBHE KPYNHBIX 00BEKTOB. S 0003Hauy 311
ypoBHU uepe3 U (yHUTapHOCTb, KBaHTOBBIM YypoBeHb) W C (KJIACCMYECKHM YPOBEHb) M €IIE pa3 Xouy
NOMYEPKHYTh, YTO MBI UMEEM JE€JO, IO-BUAMMOMY, C COBEPIICHHO Pa3HbIMM 3aKOHAMH B 3aBUCHUMOCTH OT
MaciTaba u3ydaeMblx OOBEKTOB.

Mse, kak 1 ar060My Apyromy (GU3UKY, MPEICTABIAETCS OYEBUIHBIM, YTO €CJIM Mbl IIPABUIBLHO MOHUMAaEM
3aKOHBI KBAaHTOBOW (PM3HMKH, TO W3 HEE JOJDKHBI BBIBOJAWUTHCS 3aKOHBI Kiaccmueckod ¢usuku. [IpoGiema,
OJTHAKO, 3aKJII0YaeTCs B TOM, YTO Ha MPAKTHKE Mbl BCEr/la MOJIb3yeMcsl JIM00 KIaCCHUYEeCKUM, JTM00 KBAaHTOBBIM
YPOBHEM OIMCAHUSA, YTO, K COKAJIEHUIO, HAIOMUHAET MOJIX0/] APEBHUX I'PEKOB, AJIs1 KOTOPBIX ObLIIO a0COIIOTHO
€CTECTBEHHBIM HAJMYUE B MUpPE JIBYX COBEPLICHHO PA3JIMYHBIX HAOOPOB 3aKOHOB NPHUPOJBI, AEHCTBYIOLIMX
COOTBETCTBEHHO Ha 3emuie U B mMupe el miam 00KeCTBEHHBIX yCTaHOBIICHHMM. Benmnuume u Moms moaxona,
pasButoro I'anuneeM u HproTOHOM, 3aKJIH04al0TCS MMEHHO B 00BEIMHEHUH 3THX JABYX HaOOPOB, O3BOJIAIOLIEM
NOHUMAaTh MHP B paMKax €IWHOW CHUCTeMbI (PU3MUECKUX 3aKOHOB. [loxoske, 4To coBpeMeHHas (pu3MKa BHOBb
BO3BpALIAET HAC K CUTyalluM, KOIJla Mbl MMEEM pa3Hble HaOOpPbl 3aKOHOB JUIs KJIACCUYECKOTO U KBAaHTOBOI'O
YPOBHEW OIMCAHUS MUPA.

Bo u3bexanue HeropazyMeHus: MHE Obl XOTEJIOCh CPa3y OrOBOPUTH OJJHO OOCTOSATENILCTBO, CBI3aHHOE C PUC.
2.1. Ilomemas panom ¢ umeHamu HproToHa, MakcBeuia n DHWHIITEIHA ClIOBa «KJIACCUYECKHUI YPOBEHbY WU
«IETEPMHHMU3M», S BOBCE HE XOUy CKa3aTh, OyJTO 3TH y4YCHbIE CaMHM BEpUJIM B JETEPMHHHU3M IOBEACHUS
Bcenennoi. MBI mpocTO HE 3HAEM ATOTO TOYHO, XOTSA IOYTH C YBEPEHHOCTBIO MOYKHO YTBEpXKIaTh, YTO
Heroton m Makcsem, HanpuMep, HE pasfeisiad 3TOM TOYKM 3pEHMsS, B TO BpeMsl Kak OWHIUTEHH ee
noanepkuBai. [loMeTkn «IeTepMUHU3M» U «BBIUUCIMMOCTBY» OTHOCSITCS JIMIIbL K CO3AAHHBIM 3TUMH yYEHBIMU
TEOpHsIM, a HEe K UX JUYHOM Bepe. ToyHO Tak e K KBAaHTOBOMY YPOBHIO J100aBJEHBI CIIOBA «ypaBHEHHE
[penunrepa», XoTs g1 HE AyMaro, uto cam lllpeaunHrep cumrtan cBoe ypaBHEHHE NMPUTOJHBIM ISl OMUCAHUS
«Bcel pu3uku». S eme BepHYCh K 3TOMY BOIPOCY, a MOKa MPOCTO HAMOMHHAIO YUTATENI0, 4YTO JIOAU U
CO371aBacMbl€ MU TEOPUH — BOBCE HE OJJHO U TO XKE€.

KBaHTOBbIIf ypoBEHb
(ypaBHeHue WpenunHrepa)
U AaetepMuHUcTMYecKoe, Bulymchnmoe (?)

=

©

>

CranpaprtHas Teopus 2

R BepOSiTHOCTHas e
(cnysanHocTb) 2

[}

X

Knaccuyeckuii yposeHb
(HbioToH, Makcsenn, QiHWTenH)
C netepMmuHucTMYeckoe, Buiyvcnumoe (?)

Puc. 2.1.
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JIByxypoBHEBasi kapThHa Ha puc. 2.1 cpa3y BbI3bIBAaET O4YEBUIHBbIE BONPOCHL: «Pa3BuBaetcs nmu Bceenennas
TOJILKO B COOTBETCTBUU C 3aKOHAMH KBAaHTOBOU MeXaHUKH? MOKHO Ji1 OOBSICHUTH BCE MOBEICHUE Beenennoit
B paMKax KBaHTOBOM MexaHHMKu?» [Ipexe uem nepeilTu Kk ux o0CyXIeHHUI0, 51 JOJHKEH XOTS Obl OYEHb KPaTKO
MEPEYUCIIUTD T MPOOIEMBI, KOTOPHIE MOXKET OMUCHIBATH U OOBSICHSATH KBAHTOBAsI MEXaHUKA.

* Cmabunvnocms amomos. Jlo TOSBIECHUS KBAaHTOBOM MEXaHUKH OCTaBajlOCh COBEPIIEHHO HEMOHSATHBIM,
o4yeMmy >JIEKTPOHBI B aTOMax He MajaroT MO CHOUpald Ha sApo. B kimaccuueckoil (u3MKe CyliecTBOBaHHE
YCTOMUYMBBIX aTOMOB 3aIPEILEHO.

* Cnekmpanvuvie aunuu. TONbKO HAIMYKME B AaTOMaX KBAaHTOBBIX SHEPT€TUYECKUX YPOBHEH U

MEPEX0/I0B MEXAY HUMHU IO3BOJSET OOBSICHUTH MOSBICHUE JMHUNA M3JIy4YECHHS, YACTOThI KOTOPBIX MBI
MOYKEM HaOII0aTh U MPEICKa3bIBaTh COBEPIICHHO TOYHO.

* Xumuuecxkue cunvi. OOpa3oBaHHE U CYIIECTBOBAaHHUE MOJIEKYJ] OOYCIIOBJICHBI CHJIAMH, HMEIOIIUMU
MPUHIUIINAILHO KBAHTOBO-MEXAaHUYECKUIN XapaKTep.

» Uznyuenue uepnozo mena. Bun criekrpa aOCOJIIOTHO YEPHOTO Tejda MOKET ObITh OOBSCHEH TOJIBKO IpHU
YCIIOBUU KBAHTOBOI'O XapaKTepa U3IyUEeHHUS.

* Haoesxxcnocmwv nepedayu nacreocmeenHou ungopmayuy. bruomorndeckue opraHu3Mbl OCYHIECTBIISIIOT 3Ty
nepeady KBaHTOBO-MEXaHUYECKHUM ITyTeM Ha ypoBHe Mouiekys JIHK.

* Jlasepwi. [leficTBUE 1a3epa OCHOBAHO HA CYIIECTBOBAHWU WHJMBUYaIbHBIX KBAHTOBBIX IIEPEX0/I0B MEKIY
KBAaHTOBBIMH YPOBHSIMH MOJICKYJ, & TaK)K€ Ha KBAHTOBOW IPHUPOJIE CAMOTO CBETOBOTO HM3IY4CHHUS ((HOTOHBI
ABIISAIOTCA yacTuliaMu bose-DiHInTeiHa).

* Ceepxnpoeooumocms u ceepxmexydecms. ITU SIBICHUS, Ha0/II01aeMble IPU OYE€Hb HU3KUX TeMIlepaTypax,
CBSI3aHBI C JAIbHOJCHCTBYIOIUMU KBAaHTOBBIMU KOPPEISIHUAME (SJIEKTPOHOB U JAPYTUX YACTHII) B HEKOTOPHIX
BELIECTBAX.

e...um. 0., um.o.

JpyruMu cioBaMu, KBaHTOBAasi MEXaHMKa MOYTH BE3JECylla U JaBHO HCIOJB3YETCSl B OKPYKAIOIIUX HAC
OBITOBBIX TpHOOpax W B PA3IUYHBIX BBICOKOTEXHOJIOTMYECKUX U3JENUAX (Hampumep, B KOMIIbIOTEpax).
DneMEHTapHbIE YaCTUIbl OIMUCHIBAIOTCS KBAaHTOBOM Teopuell moiis (IpeacTaBistouiel coboil coueTaHue
KBAaHTOBOI MEXaHUKHU U CIIEHUATbHON TEOPUH OTHOCUTEIBHOCTH DUHINITEHA), TOUHOCTh KOTOPOM, KaK s yiKe
ormeuan, xoxoaut 1ol07™, Pasymeercs, npuBeneHHBI CIHUCOK JMILIb YACTUYHO OTPAXKAET OrPOMHYIO pPOJIb
KBaHTOBOM MEXaHUKHU B COBPEMEHHOM HayKe.

MHe xoueTcsi pacckaszaTh €Ile KOe-4TO O KBAaHTOBOM MexaHuke. PaccMorpum puc. 2.2, HA KOTOPOM
MPEACTABICHA CXEMa TUIHWYHOIO KBAaHTOBO-MEXAHMUYECKOTO JKCIIEPUMEHTA. B COOTBETCTBMM C KBAHTOBOM
MEXAaHUKOW CBET COCTOMT M3 YacTHI], Ha3blBaeMbIX (oToHamMu. Ha pucyHke MNoka3aHbl COOTBETCTBEHHO
UCTOYHUK S (MCIYCKAIOUINI OTJeNbHbIE ()OTOHBI), IKpaH p (Ha KOTOPOM PErHCTPUPYETCs MomnagaHue GOTOHOB)
U Pacrojio)KeHHasT MEXAy HHUMH Teperopoiaka ¢ aByms meismMu t u b. Eciu Obl GOTOHBI OBLTH TPOCTO
OTJICTbHBIMU YACTHUIIAMH, TO TOMaJaHHe KaXAoro (oToOHAa Ha DKpaH MOXKHO OBLIO PEruCcCTpUPOBATH Kak
OTJIeNIbHOE COOBITHE. 3aKPBIB OJIHY U3 IIeJieH, SKCIIEpUMEHTATOP BUIUT Ha KpPaHE HEKOTOPOE pacipesieiieHue
«monafaanus (OTOHOBY», a 3aKpPbIB IPYI'YI0O — HEKOTOpoe Ipyroe pacmpesneneHue. HeoObluHOE, KBAaHTOBOE
noBe/icHue (OTOHOB TPOSBIISAECTCS, HAlPUMEp, B TOM, YTO, OTKPBIB 00€ IIEJIH, IKCIEPUMEHTATOpP BIPYT
oOHapyXMBaeT Ha DJKpaHE MecTa, KyAa (OTOHBI COBEPIICHHO TepecTaloT mnomanathk. [lo kakomy-To
HEOXKHIAHHOMY TMPABUJTY JIBAa PA3JIMUHBIX COOBITHS, B KOTOPBIX (POTOH MOT y4acTBOBATh, B3AUMHO HMCKJIFOYAIOT
(racsaT) mpyr apyra. Huuero momoOHO kimaccuueckas (pU3WMKa HE 3HAET, B HEM M3 JBYX BO3MOXKHBIX COOBITHH
MPOUCXOAUT OO0 OHO, TUO0 apyroe. JIBa BapuaHTa pa3BUTHS COOBITUH B KJIACCHKE BCErJa MPHUBOIAT K
OJIHOMY M3 PE3YJIbTaTOB, BAPUAHTHI HE MOTYT «CTOBOPUTHCS» U B3AUMHO «UCUYE3HYTHY.

Pe3ynbTarthl Takoro JKCHEPUMEHTAa MOTYT OBITh OMUCaHBl TOJBKO B paMKax KBAaHTOBOW TEOPHH, B
COOTBETCTBUH C KOTOPOU (OTOH IO JIOpOre K IKpaHy BOBCE HE MPOXOJAUT Yepe3 KaKylo-HUOYIb OAHY U3 JIBYX
peabHO CYIIECTBYIOUINX IIeNIel B eperopojake. Ero cocrosiHue onuchiBaeTCsi TAMHCTBEHHOW KOMOWHAIMEH 13
JIBYX COOTBETCTBYIOIIUX BEPOSTHOCTEH, YCPETHEHHBIX 10 HEKOTOPHIM KOMITJIEKCHBIM YHCIIaM, T. €. UMEET BUJT
W X (BepossTHOCTH A) + Z X (BeposTHOCTH B), rme W u Z — KOMIUIEKCHBIE uucia. [[is ommcaHHOTO
JKCIIEPUMEHTA «BEPOSITHOCTh A)» COOTBETCTBYET TpPAaeKTOpUU SIP (MCTOUYHMK-BEpXHSS IIEIb-3KpaH), a
«BEpOSATHOCTH B» — TpaekTopun SHP (MCTOUHUK— HIKHSS MIEIb—IKPaH ).
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Puc. 2.2. DkcnnepuMeHT M0 paccesiHUI0 MOHOXPOMATHYECKUX (P)OTOHOB NMPH MUCNOJIb30BAHUH
NePeropoaKu ¢ AByMs HIeJISIMU.

BeposiTHOCTH COOBITHII MOTYT B3aUMHO «IIOTAlIaThCs» HMEHHO TIOTOMY, YTO MHOXHUTEIU TMepes
BEPOATHOCTSIMH SIBJISIFOTCSI KOMIUIEKCHBIMU uunciamu. [Ipu paccMorpenuu mnoBeneHusi (OoToHa B paMKax
OOBIYHOM TEOPUM BEPOSTHOCTEH MHOXHUTEIM W W Z BCErja SBISIOTCS JEHCTBUTENbHBIMU. B KBaHTOBOM
MEXaHHMKE OHHU MPEJCTaBISIIOT COOOM KOMILJIEKCHBIE YHCIIA, YTO Cpa3y YCIOXKHSAET KApTHUHY U pa3pylIaeT
MPOCTYI0 BEPOSTHOCTHYIO HMHTEPIPETAIMIO IKCIEPUMEHTa. JTO K€ OOCTOATEIhCTBO HE IMO3BOJSET TAKXKE
ONUCHIBATh BOJIHOBYIO IIPUPOJY YAaCTHUILl BBEICHUEM HEKUX «BOJIH BEPOATHOCTU», IOCKOJIBKY Mbl UMEEM JIENI0 C
KOMIUICKCHBIMU BOJIHAMH BEPOSTHOCTEH. KOMITJIEKCHBIC drciia 00pa3yroTcsl U3 ACUCTBUTEIBHBIX YHCET U TaK

Ha3bIBa€MOW MHUMOU equHulbl [ = —1. X ynoOHO m300pakaTh Ha ABYMEPHOMU IJIOCKOCTH, OTKJIAbIBAs 11O
OCH C YHCTO JACHCTBUTENBHBIE, a 110 OCH Y — YHCTO MHHUMBIE Yrcia. B obmem ciydae Mbl IMeeM KOMOWHAIIHIO
tuna 2 + 3 —1 = 2 + 3i, koTopast u300pakaeTcsi TOUKOH Ha IUIOCKOCTH, KaK IMOKa3aHO Ha puc. 2.3 (Takoe

TEOMETPUUECKOE MPEACTaBICHNE KOMIUJICKCHBIX YHCENT WHOTJAa Ha3blBAlOT AMAarpaMMol ApraHa, a Takxe
KOMILIEKCHOM II0CKOCThI0 Beccens unu [Maycca).

JlJi KOMIJIEKCHBIX YKCeN, MPEJCTaBIEHHBIX TOYKAaMH Ha TAaKOW auarpamme, onpejaeieHbl pasHOoOpa3HbIe
IIpaBUJIa CIIOXKEHMUS,

MHumasn A y i=vi-1
ocb

e e e —— z=Xx+ly
T A

7 I
y / | .
‘ J/ | Henctau-
0

| TenbHaa oCb >
— %

W+2

wW+z=(u+iv)+(x+ly)
={u+x)+ilv+y)

01 Cnoxenue:
napannenorpamm

zw = (U+Ivix{x+ly)
= (ux~ vy) + ilvx + uy)

YMHOXeHue:
nopo6HbIe TPeYroNbHUKU

Puc. 2.3.
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a — npeocmasiexue KOMNWIEKCHbIX YUcel HA KOMNIeKCHOU niockocmu Beccens—Apeana—Iaycca;, 6—
2eoMempuieckoe Npeocmasienue Onepayuu  CJlONCeHUs KOMNIEKCHbIX Yucel;, 6 — 2eoMempuiecKoe
npedcmasiieHue onepayul YMHONCeHUs: KOMNJIEKCHbIX YUCeIl.

YMHOXEHHMS U T. A. Hampumep, sl CIIOXKEHUS TaKUX YUCEN HCIONb3YETCS MPAaBWIO NapajljiesiorpaMma, B
COOTBETCTBUM C KOTOPBIM JEWCTBUTEIbHBIE M MHHUMBIE YaCTH 3TUX YHUCEJI IPOCTO CKJIAIBIBAIOTCS 110
oTaenbHOCTH (puc. 2.3, 0), Il yMHOKEHHUS — TaK Ha3bIBAEMOE MPABHIIO TTO00MS TPEYTrOJIbHUKOB (pHcC. 2.3, B)
U T. 1. s cnenuanucToB, MPHUBBIKIIMX paboTaTh C TaKUMH JMAarpaMMaMH, KOMIUIEKCHBIE 4YHClia OBICTPO
MEepecTalT Ka3aThCs YeM-TO aOCTPaKTHBIM U TAUHCTBEHHBIM, IOATOMY YHMTATENb HE JOJDKEH JyMaTh, YTO UX
UCTIOJIb30BaHUE B KBAHTOBOM MEXaHHKE JeJTaeT JTy TEOPHIO OCOOCHHO CIOXHOW WIM TPYAHO
BOCIIPUHUMAaeMOH. B JeliCTBUTENIBHOCTH KOMILUIEKCHBIE YUCIA IIMPOKO HCIOJIB3YIOTCS B CAMBIX Pa3IU4HbBIX
00JacTsSIX HayKu U TEXHUKHU, OHU SIBJISIIOTCS JOCTaTOYHO IIPOCTHIMU, U OYEHb MHOTHE JIFOJAU BOCIIPUHUMAIOT UX
BeCbMa KOHKpETHO. Tak uTo yuTaresns He OJKHA OECIIOKOUTh UX KaXyllascs (MHUMast) CII0)KHOCTb.

Onnako mpoOsieMbl KBAaHTOBOM MEXaHUKM HE CBOJATCS TOJBKO K CYNEPIO3UIMH COCTOSIHUH C
UCIOJIb30BaHNEM KOMIUIEKCHBIX uMcen. o cux mop Mbl TOBOPWUJIM JIMIIL O KBAaHTOBOM YypOBHE (IIpaBHIIa
KOTOporo si o0o3Haumin Bbie OykBoH U), Ha KOTOPOM COCTOSHHE CHCTEMBI JICHCTBHTENBHO 3a7aeTCs
CyNEpIIO3UIMEN BCEX BO3MOXHBIX COCTOSIHMM, YCPEOHEHHBIX MOCPEACTBOM HEKOTOPBIX KOMILIEKCHBIX
MHOKUTENEeH. BpemeHHass 3BOJIIOLMS TAKOro KBAHTOBOI'O COCTOSIHUSI Ha3bIBae€TCs LIPEJUHTEPOBCKON WM
YHUTApHOU (MMEHHO MOATOMY s UCHOJIb30Bal B 0003HaueHUsX OykBy U). BaxxHeimuM cBOMCTBOM 3BOJIOIUN
TAKOI'0 TUIIA SIBJISIETCS JIMHEUHOCTD, T. €. JUIS 3BOJIOLUU CYNEPIIO3ULIMU JIBYX COCTOSIHUI MOXKHO CUUTaTh, YTO
Ka)KI0€ U3 COCTOSHUN M3MEHSETCS MO0 MHIWBUIYaTbHOMY 3aKOHY, OJIHAKO KOMIUIEKCHbIE KOA((UIINEHTHI, TIO
KOTOPBIM OCYILIECTBIISIETCSI YCPEIHEHUE, OCTAIOTCS MOCTOSAHHBIMU. Takasi JIMHEHHOCTD SIBIISIETCA XapaKTEpHOM
ocobeHHOCThIO ypaBHeHus lllpenuHrepa, 1 Ha KBAHTOBOM YPOBHE ATO YCIOBHUE JIEHCTBUTENBHO BBIMOIHICTCS
JUTs1 JTI000# CYNEepIIO3UIIH COCTOSTHUH.

OpnHako mpu yBeIMYEHUH MaciTaba Kakoi-In0o XapaKTepHON BETWYMHBI IPOUCXOIUT U3MEHEHUE MPaBUIIL.
B Teopun yBenumueHue macimiTaboB COOTBETCTBYET NEPEXOJy OT KBAaHTOBOIOo ypoBHS U K KIIACCHUYECKOMY
ypoBHIo C (3TOT nepexon o6o3HaueH Ha puc. 2.1 OykBo# R), a 11 puznueckoro s3KCrepuMenTa 3T0 O3HAuaeT,
HalpuMep, pacCMOTPEHHE y4dacTKa Ha dKkpaHe. [Ipu TakoM mepexone MeIKoMacmTaOHOe, KBAHTOBOE COOBITHE
cpabaThIBaeT B KaueCTBE TPUITEPA, «3aIyCKas» 3HAUYUTEIbHO 0oJiee KpyIHOe cOObITHE (KaKOE TOJIBKO U MOXKET
HaOMIOZaThCsl HA KIAcCHyeckoM ypoBHe!). OOBIYHO H3TOT TEpexoJ, B KBAaHTOBOM MEXAaHMKE HA3BIBAIOT
KOJIJIATICOM BOJIHOBBIX (DYHKIMH MIIM peyKIHel BEKTOpa COCTOSHUH.

B neranu sroro mporecca (koTopeiii s Ha puc. 2.1 o6o3Haunn OykBoi R) ¢u3umku BoaBaThcs HE JIHOOST,
IOCKOJIBKY TPH 3TOM OCYIIECTBIISIIOTCS ONepalvy, HEe HMMEIOIIMe HHUYero OOIIero ¢ YHOMSHYTOH MHOMO
YHUTApHOW 3Bosonuei. B cynepnosunuu 1ByX BO3MOXHBIX COCTOSHHMH HEOOXOIUMO paccMaTpuBaTh JBa
KOMIUJIEKCHBIX YHCIIa U KBaJpaThl UX MOAYJEH (3TO CBOJUTCS JIMIIb K BEIYUCICHHUIO KBAaJPAaTOB PACCTOSIHUM J10
COOTBETCTBYIOILIMX TOYEK Ha auarpamme ApraHa), a BEpOSITHOCTb 3THX COCTOSIHMM ONpeaemsieTcsl MpocTo
OTHOLICHHEM KBaJIpaToOB 3TUX MoAyield. OQHAKO 3Ty ONEPALNI0 MOKHO OCYILECTBUTD JIMILB MTOCIIE IPOBEACHMUS
«U3MEPEHUs» WIN «HAOMIOACHUS», U BBl MOXKETE CUWUTaTh, YTO 3TOT IPOLECC COOTBETCTBYET 3(P(DEKTy
u3MeHeHHusa MacmTtaba npu nepexonae oT ypoBHs U k ypoBHio C Ha puc. 2.1. Ilpu 3ToM BaM HE0oOXOAMMO
U3MEHUTh «IIpaBUjIa UTPhI», MIOCKOJIBKY MEPECTAET COXPAHATHCS JIMHEWHOCTh cymnepro3uunu. MiMeHHo B 3ToT
MOMEHT OTHOUICHHSI KBaJIpaToOB MOAYJIEH MIHOBEHHO OOpallaloTCs B BEPOATHOCTH, T. €. NPH Iepexone OT
ypoBHs U k ypoBHIo C cructema cTaHOBUTCS (BBI JenaeTe ee) HeaerepmuHupoBanHoil. Ha yposae U Bce ObL1O B
HopsijiKe, U cucTeMa Oblja JeTepMHUHUPOBAHA, HO BBl CaMH JIeJaeTe €€ HEACTePMUHUPOBAHHOM, KaK TOJBKO
OCYILIECTBIISIETE «U3MEPEHUEN.

Ota cxema 0ObIYHA ISl KBAHTOBOM MEXaHUKH, HO OHA BeChbMa HEOOBbIUHA JUISl TEOPHH, MPETeHAYIoUIeH Ha
3BaHMe (PyHJaMEeHTAIbHOW. ONMUChIBaeMblil epexo 1 ObLT OBl MOJIOH TITyOOKOT0 CMBICTA, €CIIU Obl OH BBICTYHAI
B Ka4eCTBE NMPHUOJIKEHUS K HEKOU Oosiee o01eit GyHaaMeHTaIbHOM TEOPUH, HO TIPOOIeMa COCTOUT B TOM, YTO
UMEHHO JTa CTpaHHas Mpoleaypa paccMaTpuBaeTcss (Qu3MKaMH-IpodeccHOHalaMi B KaueCTBE OCHOBBI
dbyHIamMeHTanbHOM Teopun!

MHe xouercsi paccKaszaTh €Ile KOe-u4TO O KOMIUIEKCHBIX uuciax. Ha mepBblil B3I OHM JEHCTBUTEIBHO
MPEJICTABIISIIOTCS  JIOBOJIBHO OTBJICUEHHBIMU TMOHSTHUSIMH, KOTOpbIE BHUTAIOT TJIE-TO PSJIOM, a IIOTOM
HEOXHJIAHHO, KaK TOJIBKO KOMY-TO B3/lyMaeTCsl BBIYMCIUTh KBaApaThl X MOAYJEH, 00paIiatoTcs B IPUBBIYHBIC



HaM BEpOSITHOCTH. B /eHCTBUTENHHOCTH OHM HUMEIOT, KaK s YyXe IMbITalcs I0Ka3aTb, OYEHb MPOCTOM
TEOMETPHUYECKUN CMBICT, KOTOPBIA JIETKO MPOAEMOHCTPUPOBATH HAa CIEAYIOIIMX MPOCTBIX mpumepax. s
3TOr0 MHE MPUIETCS BBECTH €IlI€ HEKOTOPhIE MPOCThie 0003HAUYEHUS U3 KBAaHTOBOW MexaHUKU. Peus moiizger, B
YaCcTHOCTH, O TaK Ha3bIBaeMbIX CKOOKax Jlupaka, ¢hopma 3amucu KOTOPHIX MOXKET MOKa3aThCs KOMY-TO U3 Bac
naxe 3a0aBHOM. OHU mpeAcTaBisiioT co0o0il cBoeoOpasHble MpodeccnoHalbHble «CTeHOTpaduYecKue) 3HaYKu.
Hanpumep, Boipaxkkenue |A > o3HavaeT, 4YTO CUCTEMA HAXOJUTCS B KBAHTOBOM COCTOSIHUU A, a BHYTPHU CKOOKH
3aKJIIOUYEHO IMPOCTO HEKOE OMHCaHHe ATOro cocTosHUS. OueHb YacTO MOJHOE KBAHTOBO-MEXaHHMYECKOe
COCTOSTHUE CUCTEMbI (KOTOpPOE MPUHATO 0003HAYATh IpeuecKoil OYKBOIi 1) SBISETCS CYNEPHO3UIUEH APYTrux
COCTOSIHUH, BCIICICTBHE YEro, HAIPUMED, /ISl OMUCAHHOTO BBIIIE SKCIIEPUMEHTA C ABYMSI LIEISIMH UMEET MECTO
cooTHomeHue P >w A > z|B >.

B kBaHTOBOW MeXaHHKE HAC MHTEPECYIOT HE CTOJBKO 3HAYCHHS KaKUX-TO YHCEJN, CKOJBKO MX OTHOILICHHUS.
[TosTomMy B Hel CyIIECTBYEeT W MNPAaBHIIO, B COOTBETCTBHHM C KOTOPHIM YMHOXKEHHE COCTOSIHHS Ha Jt00oe
KOMILIEKCHOE YMCIIO (32 MCKIIOYCHHUEM HYJIIS, pa3yMeeTcs) He U3MeHseT o0mel KapTuHbl. [Ipyrumu cioBamu,
busznyecKkuil CMBICT HMMEIOT JIMIIb OTHOLICHHS] KOMIUIEKCHbIX uucen. [lpu mepexome R Mbl  [10JKHBI
paccMaTpuBaTh BEPOSTHOCTH (T. €. OTHOLICHHWS KBAJApPATOB MOJYJEi); OJHAKO, OCTaBasiCh Ha KBAHTOBOM
YPOBHE, MBI €IIe MOXEM HAACSIThCSl Ha KaKyI-HUOYIb MNPSAMYI0 (PU3UYECKYI0O HHTEPIpETAIHI0 CaMUX
KOMIUIEKCHBIX YHUCENI M HMX OTHOIICHUHU, JaX€ HE MEePexoJii K BBIUMCICHHIO MOAyiei. s 3TOro MoKHO
BOCIIOJIb30BaThCsI, HAITPUMEP, ONMCAHHOW BBIIIE TaK Ha3biBaeMol cepoit Pumana (cm. puc. 1.10, B), koTopas,
CTPOTO TOBOPS, OTHOCUTCSI HE K CAMUM KOMIUIEKCHBIM YHCIIaM, a K UX OTHOIICHUSAM. Pazymeercs, UCIONb3Ys
OTHOIIIEHHMSI, MBI BCETa JOJDKHBI 3a00THTHCS O TOM, YTOOBI 3HAMEHATENh He 00paliajics B HyJb (B pe3yibTare
4yero Bcs JpoOb Oymer cTpeMuThes K OeckoHeyHocTu). Ha Takoil chepe MoxkeT ObITh MPECTABICHO BCE
MHOXECTBO KOMIUIEKCHBIX YHces (BKJIIOYas 3HaUCHHs] HAa OSECKOHEYHOCTH), MIPUUYEM B PE3yJbTaTe H3SIIHOTO
MeToja mpoekiuu (puc. 2.4) sKBaTOpUaIbHOE CEYEHUE TaKOW cQepbl MpeacTaBisieT co00l OKPYKHOCTbH
€IMHUYHOTO pajyca Ha MIOCKoCTH ApraHa. OYeBUIHO, YTO, UCTIONB3Ys FOKHBINA IMOJIOC Chepbl B KayecTBe
[EHTpa MPOEKIMH, MBI MOKEM MEPEBECTH KXY TOUKY M3 SKBATOPUAIBHOHN IUIOCKOCTH Ha cdepy Pumana.
[Ipu sTOM, Kak BUJHO W3 PUCYHKA, CaM IOJIOC COOTBETCTBYET OECKOHEUHO YIAaJICHHBIM TOYKaM Ha 3TOU
MJIOCKOCTH.

Cdepa Pumana (moka Mbl OyJeM pacCMaTpHBaTh €€ B Ka4eCTBE aOCTPAKTHOI'0, MATEMAaTHYECKOTO O0OBEKTA)
OueHb yIOOHA ISl ONMMCAHUS KBAHTOBBIX CHUCTEM, KOTOPBIE MOTYT HAaXOJUTHCA B JIBYX Pa3HbIX KBAaHTOBBIX
COCTOSIHUSIX WJIM SIBJISITHCS CYNEPIIO3UIUEH TaKUX COCTOSHHNA. B 3TOM mpumepe MHE OYeHb HPAaBHUTCS TO, YTO
JUISL YacTHI[ C TOJOBHHHBIM CIHHOM (a TaKUMHU SIBISIOTCS AJIEKTPOHBI, MPOTOHBI, HEHTPOHBI) pa3lIUYHbIC
KOMOWHAIIMK CIIMHOBBIX COCTOSIHUH JIETKO MOTYT OBITH NPEICTAaBIICHBI B T€OMETPHUECKOM BHUjae. YacTHIlsl ¢
MOJTYLIETIBIM CITMHOM MOTYT HaXOJUTHCS B JABYX CIIMHOBBIX COCTOSHUSX (3TH COCTOSIHUSI COOTBETCTBYIOT JABYM
HalpaBJICHUSIM MOMEHTa COOCTBEHHOTO BpAIICHHS), KOTOPbIe MOKHO Ha3BaTh NMPOCTO BEPXHUM M HIDKHUM
COCTOSTHUSIMHU.

PumaHoBckas
NNOCKOCTb

KomnnekcHas
NNOCKOCTb

Puc. 2.4. Cpepa Pumana.
Ipoexyus rwoicHo2o noawca cgepvl S uepes mouxy P (coomeemcmeyrowyio omuowenuro U = ZIW Ha
KOMNJIEKCHOU naockocmu) obosnavaemcsi moukou P' na cgepe. Hanpasnenue OP'(om yenmpa cgepvr O)
coOmeemcmeayem opueHmayuu CRUHA npu Cynepno3uyul 08yx 4acmuy co cRuHom 'A.

CyTICpHO3I/II_II/IIO ABYX COCTOSIHUM IIprU 5TOM MOKHO CUMBOJIMYUCCKH 3alIMCaTh B BUJC YPABHCHU

44



)= ) eim|h)

Paznuunbpie KOMOMHAIIMM TaKUX CIIMHOBBIX COCTOSIHHUI COOTBETCTBYIOT BPAILCHHSIM OTHOCHUTEIBHO JPYTUX
OCEH, IOJIO)KEHNE KOTOPBIX 3aBHCUT OT OTHOLIEHUS KOMIUIEKCHBIX 4YuCel W M Z, JAIOLEr0 HaM €Ile OJIHO
KOMIUIEKCHOE 4Hciio U = zZ/w. HampaBieHue CiMHOBOM OCH ONpeAesIeTcs MPsMOii, TIPOBEACHHON Yepe3 LEHTP
cdepsl PuMana 1 Touky Ha cepe, COOTBETCTBYIOILYIO YUCIY U, TAK YTO KOMIIEKCHBIE YHCIIa B JAHHOM Clly4ae
UMEIOT COBEPILIEHHO KOHKPETHBIN (pu3ndeckuil cMbici. BooOiie roBopsi, yJI0BUTh 3TOT CMBICT OBIBaE€T WHOTAA
JIOCTaTOYHO TPYIHO, HO JUIS YACTHI] C ITOIYLEJIBIM CIIMHOM OH OYEBUJICH.

Mue xortenoce Obl 0OpaTuTh Ballle BHUMAaHME Ha cieaymwouiee o00cTosaTenbcTBo. KoHKpeTHas
HaIPaBJIEHHOCTb CIIMHOB (BBEPX-BHU3) B PAaCCMOTPEHHOM IPUMEPE HECYLECTBEHHA, U CIUHBI B IPUHIUIIE
MOTYT OBITh HaIpaBlE€Hbl Kak YroAHO (BJIEBO -BIpaBO, BIEpel-Ha3ax), T. €. HCXOAHOE 3HAYEHUE
JBYX4YaCTUYHOT'O COCTOSIHMSI HE UIPAaeT HUKAKOH pOJM (MCKIIOYEHHE COCTaBISAET BbIIEICHHOE HayallbHOE
COCTOSIHUE C IIPOTHBOIIOJIOXKHO HAlpaBJIEHHBIMU CIIMHAMM). B cOOTBETCTBHU C OJHUM M3 3aKOHOB KBAaHTOBOW
MEXaHUKHU BCE CIIMHOBBIE COCTOSIHUS OJJMHAKOBO YAOOHBI IS pACCMOTPEHUS, YTO U OBLIIO MOKA3aHO BHIIIIE.

KBaHTOBas MexaHuKa MpeacTaBiIsgeT cO00N HEMPOCTON 00BEKT. DTa OUCHb KpacHBasi U 3JIETaHTHAs TEOPUs
COJIEP’KUT TAK)K€ MHOI'O TAMHCTBEHHOTO U SIBJISIETCS, B CYIIIHOCTH, BECbMa 3araJloyHol, 00ecKypakxuBaroIie 1
napajiokcaibHOM Haykoil. MHe XoTenock Obl 0c000 MOMYEPKHYTh, YTO TAWHBI MOXHO JIOBOJBHO YETKO
pa3fenuTh Ha J1Ba pa3HBIX Kiacca, KOTOpbIe s Oyay aanee 0003HauaTh OykBamu Z u X

TepmuHoM Z-taiiHbl, WIM TaWHBI-TOJIOBOJIOMKU (s BbBIOpan Juii uX oOO3HaueHus OykBy Z u3
COOTBETCTBYIOIIECTO AHIJIMHACKOrO ClIoBa PUZZle), s Ha3biBal0 HEKOTOPBIC SIBJICHUS (U3MUYSCKOr0 MHUpa, a
MMEHHO, T€ NPEKpPacHbIE DKCIIEPUMEHTHI, KOTOPBHIE HAIJSAAHO IEMOHCTPUPYIOT HaM 3araJlo4HOE IOBEICHHE
KBaHTOBBIX 00bEKTOB. HekoTopble M3 ATHX SIBICHUH Ja)XX€ HE M3Y4YEHBI /10 KOHLA, HO OHM HE OCTaBISIOT
COMHEHHUH B NIPAaBUIBHOCTU KBAHTOBOM MeXaHUKU. B wacTHOCTH, K Z-TallHaM MOXHO OTHECTH KOPIYCKYJISIPHO-
BOJIHOBOH JIyalii3M, YK€ YIIOMHHABIIWICS CIWH, a TaKXe HYJb-U3MEPEHHE M HEeIOKalbHbIE 3((EKTH, 0
KOTOPBIX s PACCKaXy IO3AHEE. DT SABICHMS ICHCTBUTEIBHO 3araJlOYHbl U HENOHATHBI, HO IOYTH HUKTO HE
OTPHLIAET UX PEATBHOCTh — OHU SBIIIIOTCS YAaCThIO OKPY’KAIOLIEro HaC MUpa.

Cy1ecTBYIOT, OZHAKO, IPOOIEMbI COBCEM JIPYroro TUIA, KOTOPbIe MOXKHO Ha3BaTh TallHAMHU - MapajoKcaMH
win X-taiiHamu (0T mocieaHed OykBbl B cioBe paradoX). Ha moil B3risia, uMX CyHIeCTBOBaHHE HATJISTHO
IIOKa3bIBaeT HaM, YTO pa3paboTaHHAas TEOpHsl HE SBISETCS IMOJHOM MM Jaxe B 4eM -TO OmMOOYHa, T. €.
HY)KJaeTcd B CYIIECTBEHHOH janbpHeimel popabotke. HauOosee BaxHoiW X - TallHOW sIBIsieTCS Tak
Ha3bIBaeMasi podsieMa U3MepeHHsl, 0 KOTOPOH 5 yke ynmomuHaia. OHa 3aKiIo4aeTcs B TOM, 4To IpH nepexozae R
(OT KBaHTOBOTO YPOBHSI K KJIaCCHYECKOMY) MpaBujia HM3MeHstoTcs. [loka HamM HescHO Jake TO, CTaHET Jin
npupoa omnepauud R mMoHsATHee NpH TIyOOKOM IOHHMMAaHMM TOBEAEHUS O0ojee CIOXKHBIX M OOIbIIMX
KBAHTOBBIX CHUCTEM (T. €. BO3HUKAET JIM OHA U3 -3a HEKOTOPOW MPHUOIU3UTENBHOCTH HAILEro IMOAXO0/a WIH
ABIsieTC BOOOIIe WLII030pHON). Hambonee W3BECTHBIM BapHaHTOM X-TailHbl BBICTYNAET 3HAMEHUTBIN
napajJiokc, cBsizaHHbli ¢ kotoM Llpeaunrepa. B aTom skcniepumenTe (pazymeercs, MbICIEHHOM, IOCKOJIbKY caM
HIpenunrep ObUT BecbMa I'yMaHHBIM YeJIOBEKOM) HECUACTHBIM KOT HAXOAUTCS B CTPAHHOM (IOJYCHBOM-
MOJIyMEPTBOM) COCTOSIHMM. Pa3zymeercs, BBl HE BCTPETHTE TaKUX KOTOB B PEaJbHOCTH, HO CBSI3aHHAS C 3TUM
3aja4a UMeeT IITyOOKUH CMBICH, U 51 PacCKaXxy O Hel moJipoOHee HIKe.

S cunTaro, YTO MBI BIIOJIHE MOXKEM «YKHTBHCS» C Z-TailHaMH, OJHAKO X-TallHbI HE JAIOT HAM BO3MOKHOCTh
CO3/1aTh JOCTATOYHO CEPhE3HYIO (PU3MUECKYIO TEOpHUIO (s MOTYEPKUBAIO, YTO A3TO MOW MOAXOJ K Mpobdiieme).
Ectb MHOrO Apyrux TOYeK 3peHHus Ha CylIeCcTBYIOLIUE (WM KaXyliuecsa?) napajokchl KBAHTOBONW MEXaHHKHU
WM (KaK MHE MHOTJa K&KETCs1) MHOT'O Pa3HBIX MOAX0/0B K TOUKaM 3peHus!

MHe ObI XOTENIOCH ellle HEMHOTO paccKaszaTh 0 Z-TalfHaX, a 3aTeM MepenTH K 00CyKIeHUI0 0oJiee CePhe3HBIX
npobiem, cBsI3aHHbIX ¢ X-TaifHamu. SI monpoOyro onucarh ABe HanOoJiee U3BECTHBIE MPOOJIEMBI, CBSI3aHHbIE C
Z-taiinamu. [lepBas M3 HHMX OTHOCHUTCS K KBAHTOBOM HE JIOKQJIbHOCTH WM, KaK MPEINOYUTAIOT TOBOPHUTH
HEKOTOpble (PU3MKHM, KBAaHTOBOW 3allyTaHHOCTH (MHOTJA €€ Ha3bIBalOT B3aUMOCBS3aHHOCTBIO WU
NeperIeTeHHOCThI0). Maes aToro BecbMa HeoObIYHOTO 3(hdexTa Oblia BhABHHYTa DUHIITEHHOM, [Tononbckum
u Po3eHoMm, BciencTBue 4ero ero yacto HaswiBaroT mpocto JIIP - mapamoxcom mimm OIIP-skcniepumeHTOM.
[Ipocreiimmii BapraHT 3TOTO JKCHEPUMEHTA ObLT TpemaiokeH J[PBuaoM BoMOM M BBITISAIWAT CIEAYIOIINM
obpazom. IlpeanonoxumM, 4ro yactuia co cnuHoM 0 pacragaercs Ha JBe YacTHUIIBI CO CIIMHOM 1/2 (Hampumep,
Ha 3JIEKTPOH M IMO3UTPOH), KOTOpPbIE pa3jieTaloTcs B MPOTUBOMOJIOKHBIX HANpaBiICHUSX. 3aT€M B Kakoil -To



MOMEHT BPEMEHM JKCIEPUMEHTATOP M3MEPSIET 3HAYEHMS CIIMHOB 3TUX YacTHI], KOTJa OHU YK€ HaXOISTCS B
BECbMa yJAJIEHHBIX APYT OT JIpyra Toukax A u B.

CymectByeTr 3HameHuTass teopeMa J[xona bemia, kortopas yTBep»KIaeT, 4TO CMELIAHHAs BEPOSTHOCTD,
COOTBETCTBYIOIIASI pe3yIbTaTaM U3MEpEeHHI B ToUkax A u B (1 11000# qpyroil «IoKalbHO- PEaATUCTUIECCKOM»
MoJienH), OyJIeT MPOTHBOPEUYUTDH IMPEACKa3aHUsIM KBAaHTOBOM MeXaHUKU. [1of «IOKadbHO -pealucTUYEeCKOM»
MOJIEIIBIO S MO/IPa3yMeBalo JIOYI0 MOJEIb, B KOTOPOM 3JIEKTPOH M MO3UTPOH (HAXOASAIIMECS B pa3HbIX TOYKAX
A u B) coOTBETCTBYIOT IBYM pa3iUYHBIM U pa3elieHHbIM 00bEKTaM, T. €. HUKAaK HE CBSA3aHbI IPYT C APYTOM.
Jbxon benn BechMa yOeaMTENbHO TOKa3al, 4YTO CMEIIAHHBIE BEPOSTHOCTH IIOCIE H3MEpPEHHs OyayT
MPOTUBOPEUYUTh KBAHTOBOW TEOPUU. DTO OOCTOSITETHCTBO SIBISIETCS BEChbMa Ba)KHBIM, MTOCKOJBKY PE3yJbTaThl
JAIbHEHUIINX AKCHEPUMEHTOB (IIPOBEIEHHBIX, Hampumep, B Ilapuke AseHoM AcHeKTOM) I€HCTBUTENBHO
COOTBETCTBOBAJIH

KBaHnTOBO-MEXaHMUECKUM Tpe/icKazaHusM. B 3ToM skcniepuMenTe (cxema KOTOpOro IrokasaHa Ha puc. 2.5)
U3MEPSUTHCH TOJSPU3AIMIOHHBIE COCTOSIHUS JBYX (POTOHOB, BBUJIETAIOIIUX B MPOTHUBOIMOIOKHBIX HAIIPABICHUSIX
U3 O/IHOTO UCTOYHHMKA.

OnekTpoH E
P HavanbHoe cocTtosiHue MoswTpon P
O < -0 %é
» Cnun 0 c 1
a CnvH 3 WH 2
A B
ggnz:necxoe OnTuyeckoe
_—r~~ Pacliennenve T pacme\rlﬂeuue
JeTtexropsl [ertekTopsl
2 S
3anyTaHHble
HOTOHbI
6 12
METNNR
Puc. 2.5.
a — yacmuya co cnuvom 0 pacnadaemcs na 0se uacmuysl co cnunom 1/2, manpumep, ma snekmpon E u

nosumpon P. H3mepenue cnuna 00HOU u3 3Mux uacmuy, O4e8UOHO, NPUBOOUM K MSHOBEHHOU ¢uKcayuu
MOYHO20 3HAYeHUs 8MOpOU dYacmuysl, 6 — 3Kcnepumenm zpynnsl Anena Acnexma. /léa npomuonono#cHoO
HANpaeienHvlx (QOmMoHa UCNYCKAIOMCS UCMOYHUKOM 8 3anymanHom cocmosHuu. Pewenue o mowm,
NOAAPUZAYUIO KAKO20 U3 (DOMOHO8 clledyem Usmepums, NPUHUMAemcs MoIbKo mo20da, K020a OHU Yice YOaleHbl
opye om Opyza Ha 3HAYUMeNbHOe PACCMOosAHUe, He NO3BOAI0Uiee HUKAKUM 00pa3om nepedams UH@GOpMayuro o
pe3yibmame usmMepeHus.

Pemenne o ToM, Kakoe M3 HampaBlCHUI moJsipu3aiy (OTOHOB OyIeT W3MEPEHO, MPHHUMAIOCH JIUIIb
TIOCJIE TOTO, KaK (DOTOHBI YAAISIINCH OT HCTOYHHMKA Ha 3HAYUTEIBHOE PACCTOSIHUE U MTOMAIATN B JIETEKTOPHI A 1
B. Pe3ynbraThl H3MEpeHUid MOKA3alK, YTO CMEIIAHHAs BEPOSTHOCTh MOJSIPH3AIMOHHBIX COCTOSIHUI (DOTOHOB,
3aperuCTPUPOBAHHBIX B JEeTeKTOpax A W B, cormacyercsi ¢ KBaHTOBOMEXAHUYECKMMH TPEICKa3aHUSIMU (KaK
OXHJAJH TIOYTH BCE, BKIIIOYAsi M caMoro beia), HO MPOTHBOPEUYHUT €CTECTBEHHOMY MPE/IIONIOKESHHIO O TOM,
9TO 3TH JIBa (POTOHA SABIIIFOTCS OT/ICIBHBIMHU, COBEPIICHHO HE3aBUCHMBIMH 00BEKTaAMH. JKCIIEPUMEHT ACIIEKTa
POJEMOHCTPUPOBAI HaH4Ke d(PPEKTOB KBAHTOBOM 3aIyTAHHOCTH Ha PACCTOSHUHU OKOJIO 12 METpOB, HO s yxke
CIBIIAJ, YTO B HEKOTOPHIX OSKCICPHMEHTaX [0 KBAHTOBOW Kpumrorpapuu aHamormdubie 3(GEKThI
3aperucTPUPOBAHBI HA PACCTOSIHUSIX MOPSIIKA KHUIIOMETPOB.

S eme pa3 xo4y MOMYEPKHYTH, YTO B TAKMX HEIOKATBHBIX 3()(EKTaX COOBITHSI, TIPOMCXO/IAIINE B PA3THIHBIX
TOUYKax A U B, OKa3pIBalOTCS KaKMM-TO TAHHCTBEHHBIM 00pa30M CBs3aHHBIMH Jpyr ¢ Apyrom. KBaHtoBas
3armyranHocTh (entanglement) — mryka m0BObHO TOHKass. COOBITHS OKa3bIBAIOTCS CBSI3aHHBIMH TaKHM
00pa3oM, 4TO XapakTep CBSI3U MCKIIOYACT BCAKYHO BO3MOXKHOCTBH IEpelaull CUTHAlA M3 TOYKH A B TOUKy B
(3TOT (aKT CYIIECTBEHHO BaXXEH JUISi COTJIACOBAHWS KBAHTOBOW MEXAHHUKH C TEOPHEH OTHOCHTEIBHOCTH). B
IPOTHBHOM CITy4ae KBAHTOBYIO 3allyTAHHOCTh MOXHO OBLIO OBI IPOCTO MCIIOIB30BATh JUIS MEPEIaudl CHrHaa
CO CKOpOCTBhIO OoJIbIIEH, 4YeM CKOPOCTh CBeTa. JTOT 3(PQPEKT SABIAETCS YUCTO KBAHTOBBIM, U B KJIACCUYECKOU
MEXaHHKE MbI HE MOJKEM Ja)Ke MPEACTaBUTH cede ero aHajor (T. €. CUTYalHuo, KOrJa 00bEeKThl OJJHOBPEMEHHO
CIIEIyeT CYNUTATh W COBEPIICHHO HE3aBUCHMBIMH, M CBSI3aHHBIMH IPYr ¢ JApyrom). Bce 310 B camom jene
BeChMa HEOOBIYHO.

46



Eme oqun npumep X -TaliH CBs3aH HyJIb-HU3MEPEHHEM, KOTOPOE MOYXKHO MPOMJIIIOCTPUPOBATh HA MpUMeEpe
TaK Ha3bIBaeMoOH 3a1aun Dnunypa—Baiinmana o6 ucnsitanuu 6om0. [Ipennarato yuTarento BooOpasuTh cedst
YJIEHOM TPYIIBl TEPPOPUCTOB, KOTOpask 3aXBaTWia CKJIaJ ¢ OONbIIMM KoiuuecTBoM OoMO. ['onoBHas yacTb
KaXI0M W3 HHUX CHaOXEHa CBEPXUYBCTBUTEIBHBIM JIETEKTOPOM, K KOTOPOMY MPHUKPEIICHO 3€pKalble.
JleroHatop cpabaTbIBaeT MpH MONaJaHUH HA 3epKajblie Jake 0JJHOr0-¢IMHCTBEHHOI0 KBaHTa cBeTa. [Ipu sTom
U3BECTHO, OJTHAKO, YTO BO MHOTUX OOMOAX JE€TOHATOPHI UCIIOPUYEHBI, T. €. PHIYaXCKU-TUTYH)KEPHI, COSAMHEHHBIE
C 3epKaIblieM, 3ap)KaBelM M yXKe He cpadaThIBarOT IIPU BO3JEHCTBUU TOJIBKO 01HOro ¢oroHa. K 3epkaibily Ha
TOJIOBHOM YacTH TaKOi OOMOBI MOKHO OTHOCHTHCS Kak K OOBIYHOMY OTpa)KaTeilo, a He KaK K IMOJBUKHOM
netanu neroHaropa. IloBegenme OoMO npw Bo3AcHCTBMM ()OTOHOB IOKa3aHO Ha puc. 2.6, a. 3amava
TEPPOPHUCTOB 3aKJIFOYAETCS B TOM, YTOOBI HATH cpean Habopa OAMHAKOBBIX MO BHIYy OOMO MMEHHO TaKylo, y
KOTOPOH JeToHaTop 3aBefoMo HcrpaBeH. Kiaccuueckast ¢pusuka BooOIle He MO3BOJSET PEIINTh ATY 3ajauy,
IOCKOJIBKY E€IMHCTBEHHBIH CIIOCOO ONpEeAeNINTbh HCIPAaBHOCTh JIETOHATOpA 3aKII0YaeTcss B KaKOM-THOO
BO3/ICHCTBUM Ha HEro (€ro MOKHO, HalpuMep, MOTporarb, OCBETUTh W IOKAuaTh), MOCIE YEro HCIpaBHas
O0oM0a J10J1KHA IPOCTO B30PBAThCSL.

HewucnpasHas
6omba

NCTOUYHUK e -t

doToHOB |

¢ B
)
kA
r
o
6

Puc. 2.6.
a — 3a0aua Inuyypa—~Batiomana o evibope ucnpasnvix 6omo. Ceepxuy8cmeumenvbHulil 0emoHAmMop UCNPABHOU
OoMObl cpabamvieaem npu 8030eUCMBUU OOUHOUHO2O (POMOHA BUOUMO20 C8emd, d 8 HEeUCnpasHou oomobe
demoHamop «3aedaemy. 3a0aua 3aKi04UAemcs 8 HAXONCOeHUU UCNPABHOU OOMObL cpedu 00bUl020 Yucia
Heucnpaguvix;, 6 — cxema mecmuposanus 6omo. Ilpu ucneimanuu ucnpagHoli OomMoObL 3epKaio 6HU3Y CNpasa
cpabamuvleéaem Kax npocmoe uzmepumenvHoe ycmpoucmeso. Eciu smo uzmepenue noxasviéaem, ymo ¢omou
npouten no Opy2ol mpaekmopuu, mo 0emekmop 8 mouxe B.

Bo3MmokHO, cremyioliee yTBEp)KICHHE IOKaKETCS BaM O4YEHb CTPAaHHBIM, HO KBaHTOBas MeEXaHHUKa
MO3BOJIIET HaM MPOBECTH HCIBITAHWE TOrO, YTO MOIJIO Obl CIYyYUTHCS, HO HE Mpou3onuio (huiaocodsl
Ha3bIBAIOT TAKyl0 CHUTyalMio npotuBodakTuyeckoit). Ceiyac s MpOJEMOHCTPUPYIO, KAaKUM 3aMedaTesIbHbIM
00pa3oM KBaHTOBas MEXaHWKa JaeT HaM BO3MOXKHOCThH IIONy4aTh peajbHBIE PE3YyNbTaThl M3 HEKOTOPBIX
npoTtuBogakTuueckux naHHbX! Ha puc. 2.6, 0 mpuBeneHa cxema SKCIEPUMEHTa, IPEATI0KEHHOT0 DIUIYPOM U
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Baitnmanom B 1993 r. my1s pemeHusi mocTaBiAeHHOW 3ama4n. [Ipenmnonokum, 4To MbI KIMEEM JIeJI0 ¢ 00MOOIi-
0OJBaHKOMH, 3epKaliblie KOTOPOW M3-3a nedeKkTa He pearupyeT npu orpakeHuu (GoToHa. @OTOH OT UCTOYHHUKA
CHayaja MPOXOJIUT uepe3 MOIYyIpo3payHoe (MHOTJAa €ro Ha3bIBalOT MOIYNOCepEeOPEHHBIM) 3€pKajio, KOTOPOe
IPOIYCKAeT TOJBKO IIOJIOBUHY IOINAJAIOIIEr0 HAa HEr0 CBETa M OTPAXKaeT APYrylo IOJIOBUHY. Bbl mMoxere
CUMTaTh, YTO 3€PKaJI0 MPOCTO MPOMYCKAET IMOJOBHHY MAJalOIIero Ha HEro CBETOBOIO MOTOKA U OTpa)kaeT
Ipyryio 1nojoBuHy. OJHAKO Ha KBAaHTOBOM YpPOBHE C OJMHOYHBIMH (POTOHAMH MOTYT HPOHCXOIUTH OYEHb
CTpaHHbIe Bely. JlelcTBUTENbHO, KX /bl OTAEIbHBIA (OTOH, UCITyCKaeMblii HHIMBUTyaJIbHBIM UCTOYHHKOM,
MO>KHO TIPEJICTABUTH B BHJIC KBAHTOBOM CYNEPHO3UINH ABYX BO3MOXKHBIX TPACKTOPUH (DOTOHA, OTMCHIBAIOIITIX
IPOIyCKaHHe U OTpa)KeHHE. 3epKano Ha 0omMOe YCTaHOBJIEHO MOJ yrioM 45° K TpaeKTOPHH IPOIYyCKaeMOTro
nyuka (oToHOB. OTpakeHHas 4YacTh Iydka €Ile pa3 OTpaxkaercs (Ha STOT pa3 IEIMKOM) OT JAPYroro,
MOJIHOCTBIO TIOCepeOPEeHHOro 3epKalia (TakkKe PacIoyIoKeHHOTo moja yriaom 45°), mocie dero oba yyda (Wi,
TOYHee, 00€ TOJOBMHKM HCXOJIHOTO IMy4YKa) COCIUHSIOTCS MPH MOMOIIM €Ile OJAHOTO MOIYIOCepeOpeHHOro
3epKaJia, KaK IOKa3aHo Ha puc. 2.6, 6. JleTeKTophl Mpu 3TOM pacrionararTcs B Toukax A u B.

PaccmoTpuM, 9TO MPOMCXOAUT C OJWHOYHBIM (POTOHOM, UCHYIICHHBIM HMCTOYHUKOM, MPHU TOMATAHUN HA
TOJIOBHYIO 4YacTh HeHcrnpaBHOW OomObl. Ha mepBoM mnomymocepeOpeHHOM 3epKajie KBAHTOBOE COCTOSHUE
doroHa pacmeriseTcss Ha JBa OTACIBHBIX COCTOSHHS, OIHO U3 KOTOPBIX COOTBETCTBYET (HOTOHY,
IPOMYIIEHHOMY 4epe3 IMOoJIynmocepeOpeHHoe 3epKajo K HeucrpaBHOW Oombe, a BTOpoe — (OTOHY,
OTPa)XEHHOMY 110 HANpaBJIEHUIO K HEMOABM)KHOMY 3epKaiy (Takasi CyNepHo3UIMs BO3MOKHBIX TPAEKTOPHM
(¢oTOHA B TOYHOCTH COBIIAJIAET C CYMEPHO3UIUEH, pACCMOTPEHHOMN BBIIIE AJISl SKCIIEPUMEHTA C MPOXO0KICHUEM
doToHa yepe3 NBe IMIeTH Ha pHUC. 2.2, a TaKkKe, YTO UMEEeT 0co00e 3HAYCHHUE, HAOIIOIACTCS MPHU CIIOKECHUU
cnuHoB). [Ipennonoxum, 4To NIMHBI TPACKTOPHM MEXIY IBYMS IMOJYIPO3PAYHBIMHU 3€pKajlaMH COBEPILEHHO
OJIMHAKOBEI. [l ompeneicHus] COCTOSHUS (JOTOHA B MOMEHT JIOCTIDKEHHUS UM PETHUCTPUPYIONIUX YCTPOUCTB
HEOOXOJUMO CPaBHHUTH TPACKTOPHH O00EUX COCTABIIAIOIIMX CYINEPIO3UIUU COCTOSHUU. JIerko 3aMeTuThb, 4TO
TPACKTOPUHU «B3aMMOIIOTAIIAIOTCS» B TOYKe B, HO OJHA M3 HUX NPOJOJDKACTCS HAlbIIE€ 10 TOYKU A,
BCJIEJICTBHE YEro B CXE€M€ JOJKEH MHOTr/a cpadaThIBaTh TOJBKO JETEKTOpP A, B TO BpeMs Kak jaeTekTtop B He
JIOJDKEH HUYErO PerucTpUpOBaTH BO BCEX CIIydasiX. DTO BeCbMa IOXOKE Ha MHTEPPEPEHIMOHHYIO KapTHHY,
HAOI0IaEMYI0 B SKCIIEPUMEHTAX pPHC. 2.2, KOTJIa HHTEHCUBHOCTH OOIYYEeHHsI HEKOTOPBIX y4aCTKOB IOCTOSTHHO
paBHA HYJIO BCJEACTBUE B3aMMHOTO TalllEeHWs KBAHTOBBIX COCTOSHHM B 3TUX Toukax. Takum oOpa3om, mpu
TEeCTUpOBaHUU (T. €. OONyueHWH) HEHCIpaBHOW OOMOBI JeTeKTop A JOKeH cpabaThiBaTh MOCTOSIHHO, a
JeTEeKTOp B — cTOJIb 7K€ MOCTOSTHHO HE BhIaBaTh HUKAKWX CUTHAJIOB.

PaccmoTpum manee cuTyaluio ¢ TECTHPOBaHHEM HCIpaBHOW O0MOBI. B 3TOoM ciydae 3epkanmo Ha GombOe
nepecraeT ObITh MPOCTHIM OTpaXXaTeJIeM, a €ro CABUT MpeBpallaeT camy 00MOy B HEKOTOPOE U3MEPHUTENBHOE
YCTPOMCTBO, KOTOPOE PErHCTPUPYET OJHO M3 JABYX BO3MOXKHBIX COOBITHUH (HalW4He WM OTCYTCTBHE
naznaromero ¢otona). Ecnu (GoTOH mpoxoauT yepe3 MONYyNpO3pavyHOE 3€pKajio U MOMaJaeT Ha 3epKajo
JIETOHATOPA, TO COOBITHE PErHCTPUPYETCS ... 60MOa B3phIBaeTcs ¢ oraymuTenbHbIM «ba-6ax!!!». Tem cambim
MBI OIPEJENsiEM UCIIPaBHYIO 00MOY, HO, K COXKaJEHHIO, TYT JK€ TEpSIeM €€, TaK YTO HaM HE OCTAeTCs] HUYEero
WHOTO, KaK YCTaHOBUThb Ha CTEH] cleAyrouylo 0omOy. OnHako CymiecTByeT BO3MOKHOCTb, YTO TIpU
IPOBEJICHHOM HM3MEpPEHUHU (HAOMHUHAI0, YTO U3MEPUTENbHBIM NpHUOOpOoM (aKTUUYECKH SIBIsETCS cama Oomoba)
B3pbIBa HE MPOU30MUIET M3-3a TOTO, YTO (DOTOH HE MOMAJET Ha 3epKalblie, a MPOUIET MO APYroi TPAeKTOPHH
(MMEHHO 3Ty CHUTyallMl0 U O0O3HAYaeT TEPMUH «HYJb -U3MepeHue»). B aTtoMm cimyuae (oToH momagaer Ha
BTOpOE TMOIYIPO3PAUHOE 3€PKAJI0, T MOXKET ObITh C OJMHAKOBOW BEPOSTHOCTHIO OTPAXKEH WM MpomylieH. B
MOCNIeIHEM Ciy4dae OH JOCTHraeT TO4YKM B, roe u perucrpupyercs NOeTeKTOpoM. TakuM oOpa3om, MHpu
TECTUPOBAHUU HCIPABHOM OOMOBI KaXIblii ciay4ail peructpanuu (otoHa gerektopom B MoxkHO
paccMaTpuBaTh Kak Clenyrollee coOblThe: «Oomba cpaboTana B Ka4ecTBE M3MEPUTENBHOTO YCTPONCTBA U
BBIJIEJIMIIA OJIHY U3 JIBYX BO3MOXHBIX TpaeKTopuid (hoToHay. CyIIecTBEHHO BaXKHBIM IPU ITOM SIBIISIETCS TO, UTO
UCTIBITBIBaEMasi MCIpaBHas OomOa cama SBISIETCS M3MEPUTENBHBIM YCTPOMCTBOM, YYacTBYeT B TpOIlecce
«KOMIIEHCAIlMW» JUIMH TPaeKTOPUH M TMO3BOJISIET 3aperucTpupoBaTh (GOTOH B jerekrope B naxe 6e3
HEMOCPEACTBEHHOTO B3aUMOJICHCTBHS ¢ 3TUM (POTOHOM (3TO M ecTh Hyilb-u3Mmepenue!). Beap eciau Gpoton He
Ipomea MO0 OJHOM M3 JBYX BO3MOXHBIX TpaeKTOpWil, TO OH mpomen no apyrou! Korma nerektop B
pEerUcCTpUpyeT MOCTYIUIeHHEe (OTOHA, MBI MOHMMaeM, 4To OoM0Oa cpaboTana B KauyeCTBE H3MEPHUTEIHLHOTO
npubopa U sBIAETCS wucnpaBHOW. bomee Toro, kaxmas peructpanus QoroHa geTekTopoM B, He



COTIPOBOKAAIOIIASACA B3PHIBOM, O3HAYaeT, YTO TecTHpyemas 6oM0Oa 0JHO3HAYHO sIBisieTcs HcnpaBHoil. Hara
YBEPEHHOCTbH CBSA3aHA C T€M, YTO (POTOH JEHCTBUTENHHO MPOILEI M0 JPYroi TPaeKTOPHUH.

OnurcaHHBI SKCIIEPUMEHT MOJKET IMOKa3aThCs BeCbMa CTPAHHBIM, OAHAKO B 1994 r. Bo Bpems Bu3HTa B
Oxcoopa 3eitnuHrep pacckasal MHE, YTO OH M €r0 KOJUIETH JEHCTBUTEIBHO MPOBETIH MPEAJIOKCHHBIN BBIIIE
SKCTIIEPUMEHT I10 TECTUPOBaHUIO O0MO (pasymeercsi, 00MObI HE ObUTM OOCBBIMH, a HAIIIA KOJUICTH - (PU3UKHU HE
TeppopucThl). 3eitnmuarep u ero npysbsa (Kssar, Baitndyprep m KaceBuu) oOHapyxumu eme oauH, Oosee
3¢ (eKxTUBHBIA BapuUaHT peIleHUs ATON 3aladyu, MpU KOTOPOM TECTUPOBAHUE OCYIIECTBIsIETcs BooOIie 6e3
pacxonma 60oM0. S He MOMHIO, 32 CUET KAKHX YCIOXHEHUH HM3MEPHUTEIbHOH YCTAaHOBKH MM YJAJIOCh 3TOTO
JTOOUTHCS, HO B LIEJIOM MOYKHO KOHCTaTHPOBATh, UTO 33/1a4a O TECTUPOBaHUH O0MO (haKTHUECKHU yKe pelieHa —
Py OYEHb HEOOJIBIIOM YHMCIIEe B3PBIBOB (WM Aaxke BOoOIIe 0€3 B3PhIBOB) MOXKHO rapaHTHPOBAHHO BBIICIHTH
U3 HEKOTOPOro MHOecTBa O0MO 3aBETOMO UCIIPABHYIO.

JlaBaiiTe moka OCTaHOBMMCSI Ha 3THX PACCyKICHHSX, TaK KaK IPUBEJIECHHbIC NIPUMEPDI, KAK MHE Ka)eTcs,
y)K€ HarjiiJHO TMPOJIEMOHCTPUPOBAIN COBEPILIEHHO HEOOBIYHBIM XapaKTep TeX KBAHTOBO-MEXaHUYECKHX
SIBJICHUHM, KOTOPBIE 51 BbIlIe Ha3Bal Z-taiiHamu. Ha Moil B3risi, kakue -To mpoOJeMbl BOSHUKAIOT BCIIE/ICTBUE
TOTO, YTO HEKOTOpbIE JIIOJM, PAa3MBIIUISISL O TAKUX 3aJadyax, MPUXOIAT B BOCTOPT («AX, O0xe MOMH, Kak
U3yMHUTENIbHA KBaHTOBas MexaHukal!»). Bce 3To coBepiIeHHO NpaBWIBHO, M KBAaHTOBasT MEXaHUKa —
NEHCTBUTENBHO 3aMeuaTeNbHasi Bellb (XOTs Obl MOTOMY, YTO OHA BKJIIOYAET B ceOsl OomucaHHbIE Z-TailHbI B
KayeCTBE PeaJIbHbIX SIBJICHUI), OJIHAKO TE€ K€ JIFOJIU Jlajlee HAUMHAIOT CUUTATh, YTO CKa3aHHOE OTHOCUTCS U K .
X -TaifHaM, a 3TO, Ha MO B3IJIsA]l, COBEPILIEHHO OMIMO0YHO!

Bepnemcs k 3Hamenuroii 3agaue o kote lpenunrepa. Cxema MbICIIEHHOTO 3KCIIEPUMEHTA, IIPECTaBIECHHAs
Ha puc. 2.7, HE COBCEM COBIAJAET C MePBOHAYAIBHBIM 3aMbIciioM camoro lllpeauHrepa, HO 3TO HECYIIECTBEHHO
Ui 001Iero paccMOTpeHust. Mbl BHOB UMEEM JIEJI0 C UCTOYHHKOM (DOTOHOB M IOJTYIIPO3PAYHBIM 3€PKAJIOM,
KOTOpPOE€ TEPEBOJUT KBAaHTOBOE COCTOSHUE MaAaromiero (poTtoHa B HEKOTOPYIO CYNEPIIO3ULIUIO COCTOSHUI
(0HO, Kak U Mpek]e, COOTBETCTBYET POXoasiuieMy (POTOHY, a BTopoe — oTpakeHHoMY). IIpu cpabarbiBannu
PETUCTPUPYIOIIETO YCTPOWCTBA, PACIOJIOKEHHOTO Ha TPAGKTOPHH MPOMycKaemoro (oToHa, BBICTPEN U3
NUCTOJETa YOMBAE€T HECYACTHOTO KOTAa. OJTOr0 KOTa MOXHO paccMaTpuBaTh B KAayeCTBE KOHEUHOTO
U3MEPUTENLHOTO YCTPOICTBA, T. €. CUUTATh, YUTO MBI POCTO MEPEXOAUM OT KBAHTOBOI'O YPOBHS MU3MEPEHUS K
MaKpOCKOIIUYECKOMY (a HMMEHHO, K KOTYy, KOTOpBIH MOXXET OBITh XHUBbIM WM MepTBbIM). [IpoGnema
3aKJIF0YAETCsl B TOM, YTO €CJIM BBl CUMTAETE TAaKOM mepexos (0T KBAaHTOB K KOTY) 3aKOHHBIM, TO JTOJDKHBI TAKKe
CUHUTaTh, YTO aKTyaJbHOE (peabHOe?) COCTOSTHUE KOTa TOXKE MPEICTaBIIAET COO0H HEKOTOPYIO CYIIEPIO3UIIUIO
JBYX COCTOSHUH (KHM3HM M cMepTH). JIeWCTBUTENIbHO, €cii (OTOH ONUCHIBAETCS CYNEpHO3ULMEH ABYX
COCTOSIHUH (IBYX TpPAeKTOpHii), a AETEKTOpP — CYNEPHO3ULHUEH ABYX COCTOSIHHM (BKJIIOYEH/BBIKIIIOUYEH), TO
Obul0 OBl €CTECTBEHHBIM (M TIOCJIEJOBAaTEbHBIM) ONHMCHIBAaTh KOTa CYNEPHNO3UIUed JBYX COCTOSHUN
(>xu3Hb/cMepTh). [Ipobnema Obuia chopmynrpoBaHa OYEHb J1aBHO, HO HAlTU €€ yJIOBIETBOPUTEIBHOE PELICHHE
IIOKa HE yaJIoCh.

.
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Puc. 2.7. Kot Hlpenunrepa.
Keanmosoe cocmosanue cucmemvl npeocmasnsiem cobOU JUHEUHVIO CYREPNOUYUIO OMPANCEHHO20 U
nponyujenHo2o ¢omonos. Ilponywennviii pomon 3anyckaem HeKOmopoe yYCmpoucmeo, yousaioujee Koma,
ecneocmsue ve2o 6 coomeemcmeuu ¢ U-36omoyueti cocmosHue Koma npeocmasisiem cooou cynepnouyuio
JHCUBHU U CMEPMU.

Uucno MHEHUI U MpearaéMblX pelieHui 4yTh JIM He IPEBOCXOIUT YUCIIO (PU3UKOB, CBA3AHHBIX C KBAHTOBOU
MEXaHUKOW (Takoe MpPEBbIIIEHHE BIIOJHE BO3MOXKHO, MOCKOJIbKY MHOTME (M3UKHM MEHSUIM CBOM MHEHHS B
nporecce 0ocyxaeHus). MHe xo4eTcs MpUBECTU BeCchbMa 00Illee MHEHHE, BHICKA3aHHOE OJHAXKIbI B MPUATHOM
npyxeckoii Oecene 3a y:xunom bo6om Yonaom: «Ecnu Bbl A€HCTBUTENHHO BEPUTE B KBAHTOBYIO MEXAHHKY, TO



Bbl HE MOKETE OTHOCUTBCS K HEH cepbe3HO». DTO 3aMeuaHue NMPECTaBIsETC MHE OUEHb ITyOOKHUM U BEPHBIM
[I0 OTHOILICHWIO HE TOJIBKO K CAMOW KBAaHTOBOM MEXaHUKE, HO M K YYEHBIM, CBSA3aHHBIM C Herw. S nmaxe
HOMBITANCA KaK-TO pa3aeauTh QU3UKOB, paOOTAIOUIMX B 9TOM 00JIACTH, HA HECKOJIBKO I'PYIII, KaK 3TO ITOKa3aHO
Ha puc. 2.8. [Ipexe BCero B COOTBETCTBUU CO CKA3aHHBIM BBIIIE 5 pa3JIeIW UX Ha BEPYIOIUX U CEPbE3HbIX.
Pazymeercs, Bbl BIIpaBe CIPOCUTH, YTO s MOAPAa3yMEBAIO I0J CEPbE3HOCTHIO? MHE KaKeTCsl, 4TO CEpPbE3HBIC
JIO/IM JUI OIMCAHUS PEaTbHOTO MHpa UCIOJIb3YIOT BEKTOP COCTOSHUM | >, MOCKOJBKY 3TOT BEKTOP SIBJISAETCS
peanbHbIM. C Ipyroi CTOPOHBI, T€ CIIELUAIMCTBI, KOTOPHIE NEHCTBUTENBHO «BEPAT» B KBAHTOBYIO MEXAHUKY,
HE CYUTAIOT ATOT MOJXO/ MPABWIBHBIM. Sl MOMBITANICS KIACCU(PHUIIMPOBATH IO TOMY MPHU3HAKY OOJIBIIOE YHCIIO
U3BECTHBIX (pu3MKOB. Hackoibko MHe yaanock BbLICHUTH, Huiibe Bop u MHoOrue apyrue npenctaBUTEIN Tak
Ha3bIBAEMOW KOMEHTareHCKOW IIKOJbI MOTYT OBITh OTHECeHBbI K «Bepyromum». Cam Hunbc bop Bepun B
KBAaHTOBYIO MEXaHMKY, HO HE OTHOCWJICS K BEKTOPY |1) > Kak K Cepbe3HOMY ONHMCAHUIO MHpa. [y Hero 3ToT
BEKTOp OCTaBaJICA YUCTO MBICICHHON KOHCTPYKLMEH, T. €. OH CUMTAJ, YTO 3TOT BEKTOP SIBIISETCS CIIOCOOOM
ONUCaHMUsI MUpPA, HO He caMMM MUpoM. MMeHHO 3T0 oOcTosTeNbCTBO 3acTaBwio [[xoHa benna o6o3HaunThH
KBaHTOBYIO MexaHUKy ab0peBuarypoii FAPP (For All Practical Purposes, T. e. Ui BceX NMPaKkTHUECKUX LIeJIei).
Camomy bemny 3TO cokpalleHHe OYEHb HPAaBUJIOCh (MHE KaXeTcs, IIOTOMY YTO OHO HMEeT Clerka
YHUUMKHUTEIbHbBIN WK OOMAHBIN XapakTep). ITOT MOAXOA CBA3AaH C KOHUEMHINEN «IEKOTepEeHIIMN», O KOTOPOM

S OUCHBb KPATKO paCCKaX)Ky IMO3JHCC.

Ecnu Bbl peiicTBUTENLHO BEpUTE B
KBAHTOBYIO MEXAHUKY, TO Bbl HE MOXETE
OTHOCUTLCS K Hel cepbedHo! (bob Yonn)

Bepyrotue OTHOCAWMECs Cepbe3HO K | /)

l YU

bop 1 koneHra- KapTuHa «MHoxXecT-
reHckad lKona BEHHOCTU MUPOB»

¥ 3eepertT, [leBut,

» Tepox, XokuHr,

W) «MbiCNeHHas» &
FAPP-pekore-

peHuns VR
Hanpumep, . © k2
BYPEK saes’ HoBble apdekTbl
e (nononHuTENbHLIE
napameTpbt)
e bpoitnib, Bom, Kaponuxaau, Mupn,
Mpuddure, Nrenn-Mann,  Dxuvpapav v ap., dbowm,
eaptnb, OMHec, eaar, ... [lepcusanb, [McuH, NeHpoy3

Puc. 2.8.

Bbl MoxeTe 3aMeTHTh, YTO MHOTHE peBHOCTHbIE cTOpoHHHKUM FAPP (manpumep, 3ypek) momeiieHsl B
IEHTpe auarpamMMbl puc. 2.8. BrmpoueM, BO3MOXHO, MHE €lle HaJo OOBSICHUThH, YTO s MOAPA3yMEBaI0 O]
LHEHTPOM JuarpaMMmsl. J[eo B TOM, UTO s pa3Aeiuil «Cepbe3HbIX» (PU3UKOB Ha pa3Hble Tpynmnbl. YacTh U3 HUX
BepuT B U-3BOJIOIMIO, T. €. BOCIPUHMMAET €€ B KayecTBE €JUHOr0 Ipolecca (3Ty TOUYKY 3PEHHUS MOKHO
Ha3BaTh BEPOH B KapTHHY MHOKECTBEHHOCTH MHUPOB). B Takoil kapTHHe paccMaTpuBaeMblii KOT JEHCTBUTEIHHO
SIBJISIETCS. OJHOBPEMEHHO KUBBIM U MEPTBBIM, OJHAKO CJIEAYET YYUTHIBATH, UTO [1BA COCTOSIHUS KOTA IIPU 3TOM
B HEKOTOPOM CMBICIE OTHOCSTCS K JIBYM pDa3HbIM MHUpPaM WM BCEJIEHHBIM (HUXKE S pacckaxy o0 3ToM
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noapooOHee). IMEHHO TO3TOMY s BBIAETWI (PU3UKOB, MPUICPKUBAIOIMIUXCS (TPUICPKUBABIINXCS KOT/Ia-TO
paHbllIe) STOH TOUKH 3pEHHS, B 0COOYIO IPYIIIY U TOMECTHII €€ B IIEHTPE JUarpaMMBbl.

®U3HNKH, KOTOpPBIE, 10 MOEMY MHEHUIO, IEHCTBUTEIILHO CEPHE3HO OTHOCATCS K BEKTOPY COCTOSHHM [P > (51
JUYHO BXOXY B WX YHCIO), BepAT, 4yro mpoueccsl U um R sBmstorca peanbHbiMHU. [Ipy 3TOM HE TOJIBKO
ocyliecTBisieTcss yHutapHas 3Bostonus U (10 TeX mop, MoKa CUCTEMa OCTaeTCs B KAKOM-TO CMBICIIE MaJIOil), HO
U TIPOMCXOIUT TO, 4TO 51 0003HaumI yepe3 R-mporecc (3To He TouHO R, HO Hedro emy momobHOE). Eciau BeI
OTHOCHUTE ce0sl K IpyIIe BEPYIOUINX, TO MOXKETe BHIOPATh AJis ce0sl, 0-BUIUMOMY, OJHY U3 CIEAYIOIMINUX TOYEK
3penust. [Ipexie Bcero Bbl MOXKETE CUUTATh, YTO HUKAKUE HOBbIC (PU3NUecKue d3PPEKTH yIUTHIBATD HE CIEAYET
(x aToil rpynmne s otHoury ae bpoitnsg u boma, a Takke HEKOTOPBIX OYEHb JAIEKHMX OT HUX IO HUJCOJIOTUHU
¢usukoB — ['puddurca, ['emn-Manna, Xaptis, Omueca). [Ipu TakoM noaxose onepauusi R urpaer kakyo-To
BCIIOMOTaTENbHYI0 POJIb MO OTHOUIEHHIO K cTaHaapTHOW U-3BONIONHMHM KBAaHTOBOW MEXaHHMKH, OJHAKO
OTKPBITUSL HOBBIX 3(D(heKTOB 0’KuAaTh HE CTOUT. M HaKOHEIl, CyIIeCTBYeT rpyma (U3UKOB (K HEH OTHOIIYCH U
s JIMYHO ), IPUAEP>KUBAIOIINXCS BTOPOH «IEHCTBUTENHLHO CEPHE3HOI» TOUKH 3PEHHUS, KOTOPBIE MOJIaratoT, YTO B
OyayIieM Mpou30iIeT HEUYTO HOBOE, CIIOCOOHOE M3MEHHUTD BCIO CTPYKTYpPY KBaHTOBOM MexaHuku. [Tomxomsr R
u U neficTBUTENBHO MPOTUBOPEYAT APYT APYTY — UM Ha CMEHY JOJDKHO IPUUTH HeuTo HoBoe. MiMeHa (pu3ukoB
ATOM IPYMIIbI 51 cOOpai B IPaBOM HUKHEM YIUIY IMarpaMMbl.

MHue xouercssi 4yTh MoApoOHEEe OCTAHOBHUTHCS HA POJIM MAaTEMATHMKH M HEKOTOPBIX JPYrHuX MpodiieMax,
cBsa3aHHbIX ¢ KoToMm lllpenunrepa. /laBaiiTe emie pa3 pacCMOTPUM CUTYallMIO C KOTOM U MONpPOOyeM BBECTU
HOPMHUPOBKY (BEC COCTOSIHUI) IIPU MOMOIIY KOMIUIEKCHBIX Yrcen W U Z (puc. 2.9, a). @oToH paciierisiercs Ha
JIBa COCTOSIHUS, [103TOMY, €CJIM Bbl CEPbE3HO OTHOCHTECh K KBAaHTOBON MEXAHHUKE U BEPUTE B PEaAIbHOCTD
BEKTOpAa COCTOSIHHMM, BaM CJeIyeT TakXe MOBEpPUTh B TO, YTO KOT JEHCTBUTENBHO MPEICTaBIsSET cO00it
HEKOTOPYIO CYIEPIIO3ULIMI0 COCTOSHUH, B KOTOPBIX OH OJHOBPEMEHHO M KUB, U MEPTB. DTU COCTOSHUS
(>KU3HB/CMEPTh) OYEeHb YAOOHO 3amucath 4epe3 ckoOku Jlupaka, kak mokasano Ha puc. 2.9. OtMersTe ams ceds,
910 B CKOOKH /lMpaka KOTHI MOMEIIAIOTCS TOYHO TaK K€, Kak 0ObIYHbIe CUMBOJIBI! B paccmarpuBaemMom cirydae
KOT HE MPEACTaBIseT COOON LETOCTHBIM OOBEKT, MOCKOJIBKY B €ro OMUCAaHUE BXOJAT MUCTOJIET, (HOTOH U
OKpY)XKEHHE, TNpUYEeM KaKIbI OSJIEMEHT ONHMCAaHUS IMPEICTaBIsieT COO0OW mpom3BeneHHe BceX 3(PQeKToB
OJIHOBPEMEHHO (BO311yX U T. I1.), YTO BBl MOXETE MPEICTABIATh B BUIE HEKOTOPOi cymnepro3uiuu (puc. 2.9, 0).
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Puc. 2.9.

Kakum 06pazoM Bce 3TO MOKHO COTJIacoBaTh B paMKax KOHIIEMLHMU MHOXECTBEHHOCTH MupoB? I[louemy,
COOCTBEHHO, paccMaTpHBasi KOTa, Mbl HE BUJUM €r0 B BHJIE CYNEPHO3ULIUHN 3THX CAMBIX COCTOSHUI? DHU3MKH,
NPUIEPKUBAIOIINECS TEOPUU MHOMKECTBEHHOCTH MHUPOB, NpEIaraloT i STOW CUTyallUd KapTUHKY,



IIOKa3aHHYIO Ha puc. 2.9, B, Ha KOTOPOH CYIECTBYIOT COCTOSIHMS M C HUBBIM, U C MEPTBBIM KOTOM (B Ka)KJJOM
ciyyae co cBouM HaOmonatenem). Ha puc. 2.9, B 1 U mokasan Takylo CYHNEpHO3HIMIO, TIOMECTUB B CKOOKH
Jupaka koTa (B IBYX BeCbMa pa3HbIX COCTOSIHMSX) M HaOmonzaTtens (s HomnpoOoBan NpUAaTh €ro JIHULY
BBIpa)KEHHE, M0/100a1011ee KBaHTOBOMY COCTOSIHUIO KOTa). B paMkax KOHIIENIIMH MHO>KECTBEHHOCTH MHPOB BCE
CXOJIUTCSI, U MBI UMEEM IIPOCTO KOMUHU HAOII0AaTeNsA, OJHAKO IIPU 3TOM CJeyeT IOMHUTb, YTO OOUTATENN 3TUX
KapTUHOK XHMBYT B «Pa3HbIX MHpax», T. €. €CJIM Bbl SABJISETECh OJHOM M3 3TUX KOIMM, TO apyras konus (u3
napajjiesIbHOro MUpa) HaOJI0JaeT 3a TeM, KaK Bbl pealu3yeTe MMEIOIIHEcs BO3MOXKHOCTU. Pa3ymeercs, Bbl
NOCYHMTAETEe TAKOM MeToJ onucaHus BceneHHO He OYeHb YAOOHBIM M SKOHOMHYHBIM, OJHAKO S AyMalo, 4ToO
Jena 00CTOSIT 3HAYUTENbHO XYX€ U TPYIHOCTH BOBCE HE OTPAHMYMBAIOTCS CIIOKHOCTBIO WM HEYJI0OCTBOM
OINMCAHUS.
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Puc. 2.10.

(1537 -

OcHoBHas mpo0iieMa COCTOMT B TOM, YTO BCE CKa3aHHOE (PaKTHUECKH OKAa3bIBACTCS HEIOCTATOYHBIM JUIS
peleHus. TOoCTaBleHHOM mpoOsiembl. Hampumep, ocTaeTcss HENOHATHBIM, IIOYEMY Hallle CO3HAaHUE He
BOCIIPUHHUMAET TaKWe MaKpOCKONMYECKHe cyneprno3uiuu. JlaBaiite paccMOTpuM o0coObIi ciiyyail, korja
BEJIMYMHBI W U Z PaBHBI JAPYTr IPYry, T. €. KOIJa COCTOSIHUE CHUCTEMBI MOYKHO 3aIllucaTh B BUJE HEKOTOPOIO
IPOCTOr0 alredpanvyeckoro COOTHOIIEHHUS, M300paxeHHOro Ha puc. 2.10, rae mokasaHbl KMBOH KOT ILIIOC
MEpTBBIA KOT (BMecTe C HaOdrojaTesieM, KOTOPbIM BOCHPUHUMAET >KMUBOTO KOTa), IUIIOC HAOJIOJATeNb,
BOCIPUHUMAIOIIUIT MEPTBOrO KOTa, IUIIOC >KUBOM KOT, MHUHYC MEPTBBIH KOT BMECTE€ C HaOIto/aTesneM,
BOCIIPMHUMAIOIIMM JKHBOIO KOTa, MHUHYC HaOIIo/aTeNb, BOCIPUHUMAIOIIMN MepTBOro kora. Bbl 3asBuTe,
KOHEYHO, YTO BCE O3TU ONepaluu OECCMBICICHHBI, MOCKOJIbKY OHHU COBEpPLUICHHO HE IOXO0XH Ha Halle
BOCIIPHSTHE JACUCTBUTEIBHOCTH. A TO4YeMy, COOCTBEHHO, TaKOE€ OIUCAHUE SBJIsIETCS HeBepHbIM? Benb MblI He
3HaeM, YTO O3HAYaeT CIIOBO «BOCIPHUATHE», M HE MOKEM OTPHLATh, YTO OHO MOXKET IOApPa3yMeBaTh
OJIHOBPEMEHHOE BOCIIPUATHUE )KMBOTO U MEPTBOrO KOTa. Jlo TeX mop, MOKa MbI HE IOMMEM TOYHO, YTO O3HAYaeT
CIIOBO «BOCIIpHSITHE», W HE pa3paboTaeM JOCTaTOYHO YOEIUTEIbHYIO TEOPHIO, 3allpellalollyl0 TaKoe
CMEIIaHHOE BOCTIPHUATHE (U1 3TOT0 HaM HEOOXOJMMO BBIMTH JajieKo 3a Ipeaesbl TEOPUH, ONMCAaHHOM HIKE B
1. 3), mpearaeMblid MOAXO0Jl HE TO3BOJUT HAM IOHSTh BOCIPHUSTHE CTOJIb Pa3HbIX COCTOSHUN WM HUX
cyneprno3uiui. s TeopeTuueckoro onucaHuss HeOOXOJUMO UMETh XOTs Obl KaKyl0-TO TEOPHUIO BOCIPUSATHUS.
Kpome Toro, cymiectByromas TeOpUsi HE MOXET OOBACHUThH, MOYEMY JUIsl MPOU3BOJBHBIX YHMCET W WU Z
MI0JIy4aeMble BEPOSTHOCTH JIOJKHBI COBIIAJaTh ¢ KBAHTOBO-MEXaHUYECKUMHU BEPOSTHOCTSAMU, ONPEAEICHHBIMU
yepe3 KBaJApaTbl MOJYJIEM COOTBETCTBYIOIIMX BeIMYMH. CleyeT MOMHHTb, YTO B KOHEYHOM CYETE BCE ITH
BEPOSITHOCTH JIOJKHBI MIPECTABIATH CO00M OU€Hb TOUHO U3MEPSEMbIE BETUUNHBI.

JlaBaiiTe BepHeMcs K mpoOiieMe KBaHTOBBIX H3MEPEHUH M, B YACTHOCTH, K BOMNPOCY O KBAaHTOBOM
3anmyranHoctu. Ha puc. 2.11 npueaena 3anuchy JIIP-skcnepumenTta B Bepcun boma, oTHOcAImascs, Kak yxe
OTMEYaJIOCh, K Z-TallHaM KBaHTOBOM MexaHUKHU. [Ipobiema cBOAUTCA K BO3MOXKHOCTSM ONMUCAHMSI COCTOSIHUS
JIBYX YaCTHI] CO CIMHOM 1/2, KOTOphIe pa3ieTatoTcst B pa3Hble CTOPOHBI. [10MHBINA CITUH CHCTEMBI paBeH HYIIIO,
MIO3TOMY, €CJIM MBI BAPYT y3HAeM, YTO CIIMH OJHOM M3 YacCTHUIl HANPABIECH BBEpPX, TO U3 ATOrO CIEAYET, YTO
CIIMH BTOPOH 4acTHILIbl HAIPaBJIEH BHU3. B 3TOM cilydae KBaHTOBOE COCTOSIHME MOJIHON CHCTEMBI ONHCHIBAECTCSA
MIPOU3BEICHUEM YICHOB «BBEPX-3/1€Ch» U «BHU3-TaM». AHAJIOTUYHO, COCTOSIHUIO «BHU3-37I€Ch» COOTBETCTBYET
«BBepX-Tam» (MOIpa3yMeBaeTCs, YTO JUIsl IPOEKLMHU CIIMHA YACTULIBI B COCTOSIHUU <«3JIEChY» MBI MO>KEM BBIOPATh



HanpaBlieHUs BBepX/BHU3). [[si omucaHusi KBaHTOBOTO COCTOSIHUSL MOJIHOM CHCTEMBI MbI JIOJKHBI BHECTU B
PUCYHOK 3HAKU IUTIOC-MUHYC NIl 9TUX TojoxkeHu# (OykBol H 1 T Ha pUCYHKE O3HAUAIOT «3JIECh» U «Tamy,
COOTBETCTBEHHO). B cyiHOCTH, Hampumep, HaM CIIe0BajI0 Obl HCIOIb30BaTh 3HAK MUHYC JJIS TOTO, YTOOBI
MIOJTHBIN CITUH Taphbl YACTHI] PABHSUIICS HYIIIO MPH JIF0OOM BBIOOpE HAMPABIICHHUSI IIPOCKITUH.

[Ipeanonoxum, 4To0 Mbl U3MEPSIEM CIMHOBOE COCTOSHME YaCTHUIIbI, IOMABUICH B HAI JETEKTOP «3HEChY», a
BTOpasl YaCTHIIA 3@ ATO BPEMs yJIETeNIa OUYEHb JaJeKo, U TOUKa «TaM» HaxoauTcs rae-to Ha Jlyne! Ilycts nanee
Moii kosutera Ha JlyHe BKIIFOUMII IETEKTOP U U3MEPUJT MMPOEKIUIO CIIMHA B HAallpaBJIeHUH BBepx/BHU3. Ecnu cnun
9TOW YAaCTHUIIBI HAMPABJICH BHHU3, TO ATO 03HAYAET, YTO Y MIEPBOM YAaCTHUIIBI OH OBLT HAMIPABJICH BBEPX, MIOCKOJIBKY
OOBIYHO MPEIIOJIaraeTCsa, YTO BEKTOpP COCTOSHUN YacCTHIIBl IMPEACTaBIseT COOOM CMech PaBHOBEPOSTHBIX
COCTOSIHUH (CIIMH-BBEPX U CIIMH-BHHU3).

Jlns onMcaHus CUCTEM C TaKMMHU CMEUIAaHHBIMM COCTOSIHUSIMM B KBAaHTOBOM MEXAaHMKE IMPUMEHSAETCS
CTaHIAPTHBIA METOJI, OCHOBAHHBIN HA MCIOJIb30BAHMHU TAK HAa3bIBAEMOW MAaTPULbI IVIOTHOCTHU. B Haliem ciydae
MaTpulla IJIOTHOCTH, KOTOPYIO JIOJDKEH BBECTH IMEpBBIA HaOonaTenb (€ro MOXKHO YCIOBHO Ha3BaTh
«1/371eCh»), UMEET BUJ, TIOKa3aHHBIH Ha puc. 2.12. Muoxutenu 1/2 B npaBoi YacTH OTHOCSTCS K BEPOSITHOCTU
OOHapyXHUTh, YTO CIHH «3]I€Ch)» HANpaBJICH COOTBETCTBEHHO BBepX M BHU3. l[Ipm STOM peub HOET O
COBEPILIEHHO OOBIYHBIX, KIIACCHUECKUX BEPOSITHOCTAX, OTPAXKAIOIIUX CTEIICHb HAIIETO HE3HAHUS OTHOCUTEIHHO
pEealbHOTO COCTOSTHUSI M3Y4aeMO# YacTUIbl. DTH BEPOSTHOCTU MPEACTABISAIOT COOOHM, Kak OOBIYHO, MPOCTO
JNeHCTBUTENbHBIC 4YHclia (examme B uHTEepBae Mexay O u 1), Tak 9to komOuHamuss Ha puc. 2.12
MpeJCTaBIsieT cO0OM CTAaHAAPTHYIO CYMMY BEPOSATHOCTEW C 3a/laHHBIM BECOM, a HE CIOXKHYIO KBAaHTOBYIO
CYIIEPIIO3UIINIO C KOMIUIEKCHBIME K03 ummenTamu. OTMETHUM eIlie, YTO BEIHYMHBI THIA | > U < | (C YIJIOBBIMH
CKOOKaMU, HaIlpaBJICHHBIMH BIPAaBO M BIIEBO), KOTOPbIE YMHOXKAIOTCS Ha COOTBETCTBYIOIIHME BEPOATHOCTH
(paBubIe 1/2), ObLTM BBeneHBbI JlMpakoM M Ha3BaHBI UM Kem-BEKTOPOM U Opa-BEKTOPOM, COOTBETCTBEHHO. B
o0miem cimyyae Opa-BEeKTOp IMPEACTaBIsIeT cOO0I KOMIUIEKCHO COMPSKEHHBIN KET-BEKTOP.
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MonHbLIY cnuH

Puc. 2.11.
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Puc. 2.12.
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Sl He Oyny pacckasbiBaTh Jak€ B caMbIX OOIIMX yepTax O Cephe3HEHIIeM MaTeMaTH4ecKOM ammnapate
TEOPHUH MATPHIL INIOTHOCTHU. I HAallIero paCCMOTPEHMS IOCTaTOYHO 3HATh, YTO MATPULA IITIOTHOCTH COAECPKUT
BCIO MH(pOpMaIHI0, HEOOXOAUMYIO ISl pacdyeTa BEPOSTHOCTEH pe3yabTaTOB U3MEPEHUH, MPOU3BOAUMBIX HaJ
OJIHOM YacThl0 KBAHTOBOM CHCTEMBI, B TeX CiydasX, Korja HHQopMaius O APYrol 4yacTH KBaHTOBOIO
COCTOSIHUS HeJocTynHa. Hanpumep, B HallleM cilydae MOJIHOE KBAHTOBOE COCTOSIHUE OTHOCHUTCS K Mape YacTHI
(3amyTaHHOE COCTOSIHHE), IPUYEM IPEINONaraeTcs, YTo Mpyu U3MEPEHUH «3JIECh» Mbl HE MOKEM HHYETrO 3HATh
0 pe3yJibTaTax U3MepeHus «ram» (Ha JIyHe) cocTOsHUS YacTULbI-IapTHEDPA.
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Puc. 2.13.

51 mo3Bomio cebe HEMHOTO W3MEHHTh PacCMAaTPUBAEMYIO CUTYAIMIO U MPEANOJIO0KY JOMOIHUTEIHHO, YTO
Mol koitera Ha JlyHe mpu M3MEpeHWH CIHMHA BhIOpajl HampaBJICHUE BJIEBO/BIPABO, a HE BBEPX/BHH3, Kak
pasbliiie. B 3ToM ciiyyae 3anuch COCTOSHHMI MPUMET BUJI, MTOKa3aHHBIN Ha puc. 2.13. B cymHocTH, 3T1a 3anuch
COBMAJACT ¢ 3amuchbio puc. 2.11 (Ta xe anredbpanyeckas cxema, OCHOBaHHAsl HA Fr€OMETpUM puc.2.4), 0JIHaKO B
HEell UCHOJIb30BaHbl Ipyrue 0003HAUYEHHUS COCTOSHUN. B MOMEHT mM3MepeHust Mbl elle He 3HAeM Pe3yJIbTaToB,
NOJYYEeHHBIX KoJuleroil Ha JlyHe, 0JlHaKo SICHO, YTO OH C OJMHAKOBOW BEPOSATHOCTHIO MOXKET MOJIYYUTH IJIS
CIIMHA JICBOE HAaIpaBieHHE (B ATOM cliydae sl JOJDKEH MOJY4YUTh MPAaBO€ HAMpPABJICHHE) WU MpaBoe (B ATOM
cirydae s moirydaro JieBoe). Marpuna mnotHoctd DH, npuBenennas Ha puc. 2.13, mpu 3ToM OyAeT MOIHOCTHIO
COBMaJaTh C BBEJAEHHOW paHee Marpuieil puc. 2.12. Ilpemnaraemple pacCyKICHHsS TMOKa KaXKyTCs
0€3ynpeYHBIMH, ITOCKOJIBKY MPEICTABISETCS OUEBUIHBIM, YTO U3MEPEHUs, IPOBOIMMBIE KoJuieroi Ha JlyHe, He
JOJIKHBI U3MEHSATh BEPOSITHOCTEH, MOTyYaeMbIX MPU U3MEPEHUIX Ha 3emiie (B IPOTUBHOM cllydae KoJulera Mor
OBl TMepeaBaTh MHE COOOIIEHHSI CO CKOPOCTHIO OOJIbIIIE CKOPOCTH CBETA; JJIs TOr0 OH MOT OBl KOJHUPOBATh
CBOM COOOIIEHHSI POCTO BHIOOPOM HAIPABIICHUS PETUCTPALIUN).

AnrebpanuecKu JIETKO MPOBEPHUTH, YTO MATPHIIBI TNIOTHOCTH JACHCTBUTENHHO OMHAKOBHL. He Oexma, eciu BbI
HE 3HAeTe, O KaKuX airedpanveckux mpueMax s TroBOpro. Bam cieayeT nulib MOMHHTb, YTO MaTpHUIla
IUIOTHOCTH — HauOoJiee COBEPIICHHBIN amiapar JJis OMUCAHHS COCTOSHHS, O YacTH KOTOPOTO BBl HHYETO HE
3Haere. lcmonb3yemble B 3TOM MaTpHile BEPOSITHOCTH HMMEIOT OOBIYHBIN CMBICI, HO HPUMEHSIOTCS IS
KBaHTOBO-MEXaHHYECKOT'O ONHMCAHUS, IPU KOTOPOM B HESIBHOH (hOpME YUHTHIBAIOTCS KBAHTOBBIE BEPOSTHOCTH.
Kopode roBops, eciau Bbl HUYETO HE 3HAETE O MPOUCXOMSIIEM «Tam», MaTpHIla IIIOTHOCTH AAcCT Haujydyllee
ONMCAHUE COCTOSTHUS <«BJIECHY.
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Puc. 2.15.

OpHako U3 CKa3aHHOTO OYEHb TPYAHO 3aKJIIOUUTh, YTO MaTPUIA IJIOTHOCTH ONUCBIBAET PEAIbHOCTD. [leno B
TOM, YTO 5 MO3JIHEee MOTY (WM He MOTYy) MOJy4uTh ¢ JIyHBI mocianue, rae OyAeT cKka3aHo O TOM, YTO MOM
KOJIJIEra OCYILECTBUI M3MEPEHUS COCTOSHUS BTOPOM YacTHULIBI M MOJYYMJI TaKME-TO U TaKHE-TO PE3YJIbTaThl.
JInmpb nocine 3Toro s Oyny 3HaTh O PealbHOM COCTOSIHUM MOEH YacTHIpl. MaTpuiia IIOTHOCTH HE COAECPKHUT
BCeil MH(pOpMaIUU 0 MOeH JacTulle, U 5 JOJDKEH ONPEesATh aKTyalbHOE COCTOSIHUE CBSI3aHHOW Mapbl YaCTHIL.
CrienoBaTenbHO, MaTPHUILY IUNIOTHOCTH CJEAYET pacCMaTpUBATh JIMILb B KAYECTBE CPEJCTBA BCIIOMOTaTEIBHOTO,
BPEMEHHOI'0 OMNHUCAaHHUs, BCJIEJACTBHE Yero ee M 0003Ha4yaloT HMHorjna cokpamenuemM FAPP («uia Bcex
MPAKTUYECKUX TETICI»).

Martpuiipl IIOTHOCTH TOPA30 yalle MPUMEHSIOTCS JJIs ONUCAHMUs CUTYallMil Tuna M300paXeHHOW Ha puc.
2.14. FIX HaMHOTO CIIOKHEE MPUMEHSATH JUIsl 3AIlyTaHHBIX COCTOSTHUMN, IPH KOTOPBIX YTO -TO JOCTYIIHO Ham M
«311echy (HampuMep, KUBOW HIIM MEPTBBIM KOT), @ 4TO -TO — KoJuleraM «ram» (Ha JlyHe uiam 3a coceTHUM
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CTOJIOM, 3TO HE NMPUHIUIHAIIBLHO), U JIUIIb COYETAaHUE «3IECh» U «TaM» MOXKET JaTh MOJIHOE OMUCAHHUE CPEIbL,
CBSI3aHHOM C MHOTOCTPaJaibHbIM KOTOM. IMEHHO MO3TOMY sl BBIHYXKJIEH MPHU MOCTPOEHUU IMOJHOrO0 BEKTOpa
COCTOSIHUI y4YUTBIBaTh JKUBOIO KOTa (C HEKOTOPBIM OKpYKEHHEM) IUIIOC MEPTBOrO KoTa (C Jpyrum
okpyxenueMm). Croponnuku FAPP-moaxona yrBep:knaroT, 4TO Bbl HHUKOTJA HE MOXKETE€ HMETh IOJHYIO
uH(pOpMaIMi0O 00 OKPY)KEHMM M TMOITOMY BCEr/a BBIHYXKIEHBI IOJIb30BAThCSI HE BEKTOPOM COCTOSHUH, a
MaTpuiiel mIoTHOCTH (puc. 2.15). MaTpuiia mIoTHOCTH BeJeT ceOst ToJ00HO CMECH BEPOSTHOCTEH Pa3InIHBIX
COCTOSIHUM, BCIEACTBHE Yero cTopoHHukn FAPP-nogxomna moryr
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Puc. 2.16.
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YTBEP)KIATh, YTO ISl BCEX MPAKTUYECKHUX LIEIeH» KOT JIMOO MEPTB, JINOO KUB. DTO 3BYUUT COBCEM HEILIIOXO
UMEHHO «JUIS BCEX MPAKTHUECKUX LIeJei», HO HE JaeT HaM KapTUHBI PealbHOCTH, T. €. HEe COOOIIaeT HUYEro O
TOM, YTO MOTJIO OBbI MPOM30UTH, €CIIM OBl KTO-TO (MPEATOIOKUM, UYTO TAKHE MYJAPBIC JIOAM CYIICCTBYIOT!)
MOJIOIIEN K BaM PaHbIIE U TOCOBETOBAJ, KaK M3BJeub (MU, TOYHEE, BBIACINUTH) HUHDOPMALIUIO U3 OKPYKEHHUS.
B xakoM-To cmbIcie ONMMCHIBAEMBINA MOIXO0/] ACHCTBUTEIBHO SBJISETCSI BDEMEHHBIM — OH IOJIE3E€H 0 TEX I0p,
MOKAa HUKTO HE YMEET BBILACIAThH U MOIy4yaTh Takyto nH(popmanuio. OIHAKO BBl MOKETE IPUMEHHUTD K CUTYallUH
C KOTOM pacCyXJ€HHUs, NpUBEACHHbIE Bbllle Ay yacTulbl B OIIP-skcniepumente. Mbl yxe TOBOPUIIH, YTO
UCIIONIb30BaHUE TMPOEKIMI CIMHA B HAIpPABJICHUAX BBEPX/BHU3 U BIIEBO/BIPABO SIBISETCS COBEPILIECHHO
SKBUBAJICHTHBIM. B mpHHIMIE MBI MOXEM HANTH 3TH <JIEBBIE» U «IIPABbIE» COCTOSHUS, KOMOMHHUPYS
COCTOSIHUS «BBEPX» U «BHM3» B COOTBETCTBUH C 3aKOHAMU KBAaHTOBOM MEXAaHMKH, YTO JOJKHO IPUBECTH HAC K
TOMY K€ «3allyTAaHHOMY» COCTOSIHHMIO (TIOKa3aHHOMY Ha puc. 2.13, a) 1 K TOH ke caMOl MaTpulle TUIOTHOCTU
(puc. 2.13, 0).

Cutryauust ¢ KOTOM U €ro OKpyXeHHeM (s Mmo-mpexHeMy Oyay paccMaTpuBaTh TOJBKO CIIydail paBHBIX
aMIUIUTYl W U Z) MaTeMaTHYeCKH OIMHUCHIBAETCS TOYHO TaK K€, KaK DKCIEPUMEHT CO CIUHOM (BBIpaKCHHE
«GKMBOW KOT IUTFOC MEPTBBIN KOT» UIPAET POJIb «IIPABOr0» CIIMHA, KMBOM KOT MUHYC MEPTBBIN KOT» — POJIb
«JIEBOTO» CIIMHA), M MBI MOJIy4aeM TO K€ cocTossHue (puc. 2.14 ¢ w = z) U Ty e MaTpHIly IJIOTHOCTH (pHC.
2.15 ¢ w = 7). EcTecTBEHHO BO3HHMKAeT MEPTBbII KOT» CTOJb K€ TOYHBIMU U YAOOHBIMU, KaK NPUBBIYHBIC
TEPMHHBI GKMBOW KOT» M «MEPTBBIM KOT». DTO BOBCE HE NMPEACTABIAETCS OYEBUIHBIM, OJHAKO MCIIOIb3yeMas
MaTeMaTHKa JIOCTaTOYHA SICHA — MaTpHIla IIOTHOCTH JJisi KOTa He M3MeHsieTcs (puc. 2.16), Tak 4To maxe
3HAaHHME O XapaKTepe MaTpULbl HE MOMOTaeT HaM BBIICHUTH BOIPOC O €ro COCTOSHUM. Jpyrumu ciioBamy,
MaTpulia IUIOTHOCTU HE COAEPKUT JAHHBIX O KU3HU U CMEPTH KOTa, U MbI IOJKHBI HAlTH UX T7Ie-TO €lle.

L KBanToBbI YypOBeHb ]
(ypasHeHnwue LWWpeauHrepa)
U AETEPMUHNCTUYECKOE, BbIYUCMMOE (?)

Hosas
(HepocTarowas)
QR-Teopus, ne-
BbIYUCAUMOCTb

[ V' Knaccuyeckuit YPOBEHb ]

HenoKanbHas

(HeloToH, Makcsenn, SAHIWTENH)
C petepmunncTuyeckoe, BbiyucanmMoe (?)

Puc. 2.17.
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W3 Bcero cka3aHHOTO OCTAETCSl HESCHBIM HE TOJIBKO MOCTaBJICHHBIN BOIPOC O COCTOSIHUU KOTa (SIBISIETCS JIK
OH XHMBBIM, MEPTBBIM HJIM NPEOBIBACT B HEKOTOPOH KOMOMHAIIMM ATUX COCTOSHHI), HO JaXXe M TO, KaKUM
0o0pa3oM Mbl MOKEM BOCIpPUHUMATh KOTa >KMBBIM WM MepTBbIM. bonee Toro, B Oosiee oOmiem ciiydae
HEpaBHBIX JPYr JAPYTY aMIUIUTYZ W M Z OCTAeTCSl COBEPIICHHO HESICHBIM, MOYEMY BEPOATHOCTH JIOJIKHBI
cocraBisiTh nmerHo | W |2 1 | Z |2 MHe Takoe ommcaHHe OYeHb He HPABHUTCS, H I03TOMY S BHOBb OOpAILYCh K
oOmieli tuarpamme coctosiHus pusuku (puc. 2.1) u monpoOyro yJIydnuTh ee, 100aBUB HeOOXOMMbIe, Ha MOU
B3TJIAl, DJIEMEHTHl Oyaymiero pasButus (puc. 2.17). Omneparus, oOo3HaueHHass MHOIO paHee OykBod R,
(akTHUeCKH MpencTaBiseT coOOW JIMIIb NpUOIMKeHHYI0 GopMy Oosiee BaXHOW M HEOOXOIUMOHW Omeparui,
KOTOpYIO clieoBajo Obl 00o03HauuTh abOpeBmaTypoit OR (s moapasymeBaro Objective Reduction —
BOCCTaHOBJICHHE OOBEKTUBHOM KapTHHBI). Peub naet neiicTBUTENbHO O BOCCTAHOBIEHUN OObEKTUBHOCTH, BE/Ib,
B KOHIIE KOHIIOB, 0OBEKTUBHO MOXET MPOUCXOIUTH OJHO WIIU Jpyroe coObiTHe. FIMEHHO 3Ta YacTh Teopuu
NpEeCTaBIsIeTCss MHE HEJOCTAIoIIel WM OTCYTCTBYIOLIEH, a cokpamenne OR mpencraBnsercs MHE BecbMa
yIayHbIM, TOCKOJIbKY OHO HE€ TOJIbKO 3allMChIBACTCS M 3BYYUT, KaK aHIJUHCKOE CJIOBO «WIN», HO H
JIEUCTBUTEIIBHO COOTBETCTBYET CUTYallUH, rae npoucxoaut oagno NJIN npyroe.

Puc. 2.18.

Ho nouemy Bo3HUKaIOT Bce 3T npoOiembl? Mos JudHas TOYKa 3peHUsl CBOJUTCS K TOMY, YTO TPYJHOCTHU
CBSI3aHbl C KaKOW-TO OLIMOKOH B HCHOJB30BAHWMHU TNPHUHIMIIA CYNEPHO3ULUHU JUISI CHIIBHO pa3nyaroluxcs
IPOCTPAHCTBEHHO-BPEMEHHBIX T€OMETPUM, C IMPEICTABIEHUEM O KOTOPBIX MBI YK€ CTajJkuBajiuch B 1. 1. Ha
puc. 2.18, a mokazaHbl JB€ TAaKHME€ I'E€OMETPHUM, INPHUYEM s CHELHUAIBHO IMPEACTaBUI MX B BHJIE HEKOTOPOH
CYNEpHO3UINH, XapaKTepHOM s oO0CyxaeHus dYacTull U (PoToHOB. PaccmarpuBas cyneprnosunuu
IPOCTPAaHCTBEHHO-BPEMEHHBIX COCTOSHUM, MBI cpa3y CTOJKHEMCS C Maccoil mpoOiieM, MOCKOJIBKY HX
BPEMEHHbIE KOHYChl MOTYT UMETh Pa3HYyIO HaIlpaBJIEHHOCTb. B CyIIHOCTH, MBI 37leCb UMEEM JENI0 C OJTHOM U3
BO)XHEHIINX 33/7a4 KBAaHTOBAaHUS B OOILEH TEOpPUU OTHOCHUTENIBHOCTHU. SI IMYHO YOEKIEH, 4TO BCE TPYAHOCTH
NOCTPOCHUS (PU3MYECKUX TEOpUil CBSI3aHbI MMEHHO CO CTPAHHOCTSIMU CYIEPHO3UIMHA MPOCTPaHCTBEHHO-
BPEMEHHBIX COCTOSHUU.

Ha moit B3rmsiz, cnokHOCTEH MOKHO M30eXaTh JMILb MPU MOJHOM OTKa3e OT CO3JaHMs TaKUX CYNepIO3UIUil.
Tak win mHaue, HO JroOas Takas CYNEPIO3UIMs J0JDKHA BOIUIOTHTHCA B OAHO M3 BO3MOXHbIX MJIU, uto
O3HaYaeT HaJM4Yhe HEKOTOpPOro COOBITHS Ha YpOBHE MpoCTpaHCTBa-BpemeHu (puc. 2.18, 6). Pazymeercs, BbI
MOXETe BO3Pa3UTh MHE MPHUMEPHO CleAyroImKuM oOpa3oMm: «Bce ckazaHHOe B TNPUHIMIIE BBITJIIUT
yOenmuTenbHBIM, HO BEOb TMpU JI0O0H TMOMBITKE OOBETWHEHMS KBAHTOBOW MEXaHHMKH C OOIIed Teopuei
OTHOCHUTEJIBHOCTU MBI JIOJKHBI CTOJKHYTBCS C STUMM CMEIIHBIMH, HEJENbIMH BEIMYMHAMHU (TIJIAHKOBCKOE
BpeMsi M IIJJaHKOBCKas JJIMHA), HAa MHOTO TMOPSAJKOB MEHBIIMMU JIOOBIX IPOMEXKYTKOB BpEMEHU H
IPOCTPAHCTBA, C KOTOPBIMHU MPUXOJUTCS CTAIKUBATHCS B PU3UKE (Jlake B (PU3MKE HIIEMEHTAPHBIX YaCTHIL). ITO
COBEpIIEHHO HE T€ MaclTalObl, B KOTOPBIX MOXXHO OIKCHIBaTh HEYTO peajbHOE, TUIa JIIOJeH WM KOTOB.
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[Tpuuem TtyT KkBaHTOBas rpaButanusa?» Ho s yOexIeH, 4yTO MMEHHO Ha 3TOM YPOBHE OINpeAeNsioTcs
GbyHaaMeHTanbHbIEe 3aKOHBI BCEX MPOUCXOASIINX B IPUPOIE IPOIIECCOB.

CEMYAC! /r"/\, . /

MNpupoaa aonxHa
BblOUpaTh Mexay
BOZHUKAIOLLUMMU

BO3MOXHOCTAMM!
OueHb
cxemaTtuyHo!
/ 33
Puc. 2.19. Kak cBsizana miiankoBckas AuHa (107" cm) ¢ 3a1a4eii peqyKIIuM KBAHTOBBIX

COCTOSTHHI?
OlleHb YNPOUWEHHO udeﬂ cocmoum 6 Cﬂedyiou;eM: C653b NPOABIAECMCA 6 MOM Cllydae, KOZ()G nepewveujernue macc
MmedxHcOy 08YMSL COCMOSAHUAMU, YUACMBYIOWUMU 8 CYNEePRO3UYUU, CIAHOBUMCS HACMOJIbKO 3HAYUMENbHbIM, YUMo
coomeemcecmeyrowue npocmpancmea-epemena pasiuiuaromcsi na 6eiuduny nopﬂdkalo_% CM

Uro cBsa3biBaeT anuny llnanka (10'33 CM) C MPOIIECCOM pPenyKIuu (KoJjarnca) KBaHTOBOTO coctosiHus? Ha
puc. 2.19 mnpuBeneHa odYeHb MpocTas cxema Oudypkaluu MTPOCTPAHCTBA-BPEMEHH, COOTBETCTBYIOIIAS
CyNEpIO3UIMN JIBYX HPOCTPAHCTBEHHO-BPEMEHHBIX COCTOSIHMM, B OJHOM M3 KOTOpbIX KOT IIpeaunrepa
SIBJISICTCS] KUBBIM, & B JPYTOM — MEPTBBIM. [Ipr 3TOM moueMy-TO Ka)XeTCs, YTO ITH JBa MPOCTPAHCTBEHHO-
BPEMEHHBIX COCTOSIHUS MOTYT OOpa30BBIBATH CYMEPHO3UINIO. MBI JOMKHBI CHOPOCUTH caMu cebs: «Uto
HEO0OXOAMMO U3MEHHUTH B MPABUJIAX UTPHI, €CIU MBI BUJIUM, YTO 3TU COCTOSIHHS CTPEMSTCS CTaTh COBEPIICHHO
pa3nuuHbIME?» B3riasHuTEe Ha PUCYHOK €Il pa3 U OTMEThTE, YTO B HEKOTOPOM (KCTAaTH, BIIOJHE pa3yM HOM)
CMBICJIE pa3HHUIlA ATHUX TEOMETPUM HMEET TMOPSAMOK IIaHKOBCKOW mnmuHbl! Korma reomerpun cOCTOSTHHI
HAUYMHAIOT PAa3INYaThCs HA ATy BEIMYUHY, HAM CJIEIYeT 3aAyMaThCsl caMUM 00 M3MEHEHUH MPaBUJI M 3aKOHOB.
S Xo4uy MOAYEPKHYTh, YTO MBI UMEEM JIEJIO C MPOCTPAHCTBAMHU-BPEMEHAMH, & HE TOJIBKO C MPOCTPAHCTBAMH.
[Ipu «pa3neneHuy MPOCTPAHCTBA-BPEMEHU B IUIAHKOBCKHX MacIiiTadax» OYeHb Majble MPOCTPAHCTBEHHBIE
pas3nuuus COOTBETCTBYIOT OOJIBIIIMM BpeMEHaM, U HaoOOpOT, YpEe3BbIUAWHO OOJBIIHE MPOCTPAHCTBEHHBIC
U3MEHEHHUsI — MasbiM BpeMeHaM. OCHOBHasl mpo0jemMa Mpu 3TOM COCTOUT B TOM, YTOOBI OLIEHUTh U YJIOBHUTH
TOT MOMEHT, KOIJa pa3HUIAa MEXIy [ByMS MPOCTPAHCTBAMU-BPEMEHAMH CTAHOBUTCS HACTOJIBKO
3HauuTEeNbHOH, uTo Ilpuponma cama oTOupaer Kakoe - TO OJHO MPOCTPAHCTBO-BpeMs. S xody ckazarb, 4TO
[Ipupona BEIOMpPaeT OAHO W3 BO3MOXKHBIX COCTOSIHUM B COOTBETCTBHH C HEKOTOPBIM, MOKAa HEM3BECTHBIM HAM
3aKOHOM.
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Puc. 2.20.
Bmecmo paccmompenust Cyab6bl Koma MOJICHO npoeecmu UsmMepeHus napamempoe 08UdICEHUSL OOCMAMOYHO
MACCUBHO20 wWapa u omeenuntb Had HECKOJbKO npocmbvlx 60NpoCos. Kaxosa oonoicna 6uime macca wapa?

Kakoea senuuuna CM@WQHM}Z? Cxonb 0oneo modicem cyuiecmeosanivb Cynepno3suyusl 00 HAcmynieHusl Momenma
R?

3a kakoe BpeMms [Ipupona ocymiecTBisieT 3TOT BbIOOP? MBI MOXKEM PacCMOTPETh HEKOTOPHIE COBEPLIEHHO
OIpe/ieNIEHHbIE CUTYaLlUH, JAJI1 KOTOPBIX YJOBJIETBOPSIETCS HBIOTOHOBCKOE MPUOIMKEHUE B TEOPUN DUHIITEHHA
U OJHOBPEMEHHO YETKO OIPEAEICHO pA3JIMYUE [BYX TI'PAaBUTAUMOHHBIX IIOJEH, CBA3aHHBIX C YJICHAMH
KBaHTOBOH cymnepro3uuuu (T. €. JIByX KOMIUIEKCHBIX aMIUIUTYJ, PUMEPHO PaBHBIX 1O BeIUYUHE). I MoOry
IIPEIUIOKUTH BaM, HAaIpUMEp, CIEAYIOIUN SKCIEPUMEHT. JlaBaliTe moKajeeM yCTaBIIEro KOTa U pacCMOTPHUM
JBUKEHHE MAacCHBHOIO IlIapa B dKCIIEpUMEHTE, MoKazaHHOM Ha puc. 2.20. Hackonbko Belnka A0KHA OBbITH
Mmacca Iapa, CKoJb JajeKO OH MOXKET OTKJIOHHMTHCS M KAaKOBO OyleT MPOCTPAHCTBO-BpEeMs IOCIE PeAyKLUH
BEeKTOpa cocTostHMiA? 51 Oyday paccMaTrpuBaTh CYNEpIIO3UIUIO JBYX COCTOSHUN KaK HEKOTOPOE HEYCTOHYHBOC
COCTOSIHUE, HEMHOI'0 HAallOMHMHAIOLIEe HECTaOMJIbHYIO YAaCTHUIy THUIIA sipa ypaHa MM 4Yero-iubo MOXO0XKero,
CIIOCOOHOI0 pacmnacTbCs WM MPEBPATUTHCSA B HEUTO JIPYroe, MPUYEM 3TO MPEBpAILECHUE CBS3aHO C KaKHMM-TO
OIpe/leIeHHbIM BpEMEHHbIM MacmtaboM. IlpenmnonoxeHne o HEyCTOHUMBOCTH IOApa3yMeBaeT KaKHUe-TO
HEU3BECTHbIE HaM (U3MYECKUE 3aKOHbL. [[1s1 OleHKM BpeMEeHHOro Maciutada paccMoTpuM sHepruto E,
HEOOXOJUMYIO Il MIHOBEHHOI'O II€PEMEILIEHHUs IIapa M3 OJHOI0 IPAaBUTALMOHHOIO MOJS B JpYyroe.
XapakTepHbIii MacmTad BpEMEHH | TaKOTO Mepexoja MOXHO HAaWTH U3 OTHOIICHHUS BEIUYMHBI A (MOCTOSHHAS

[Inanka, nenenHas Ha 277) K TpaBUTAL{MOHHOMN dHEPTUu:

T_h
T E

Cy1ecTByeT MHOTO MOJIXOJI0B, MPUBOASIINX K TAKOW OLEHKE, KOTOPBIE PA3IMYAOTCS JIMIIb AETAISAMHU, HO
COXPAaHSIIOT HEYTO 00l1Iee, XapaKTEpHOE /Il BCEX TPaBUTALIMOHHBIX TEOPHIA.

MoXHO TpHUBECTH MHOTO JOBOJOB B IIOJB3Yy IIpeajaraéMoil rpaBuTalMioHHONW Mozenu. IIpexne Bcero
OTMETHM, YTO BCE JIPYIHM€ CXEMbI, KOTOpbIE B SBHOM (hOpME ONMUCHIBAIOT PEAYKIHIO (KOJIJIArcC) KBAaHTOBBIX
COCTOSIHUH 3a CUET BBEACHUS HOBBIX (PU3MUECKUX SBJICHUMN, CTAIKUBAIOTCS C MPOOJIEMON COXPaHEHHsI SHEPTHH.
Kaxercsi, 94TO 3aKOH COXpaHEHHs PHEPIMM NpPU KBAHTOBOW pENyKIMM Hapyliaercss (BO3MOKHO, TaK OHO M
IPOMCXOJUT HAa CaMOM JieNe), OJHAKO s JyMar, 4YTO Mpe/ularaeMas I'paBUTAllMOHHAs MOJENb JaeT HaM
MPEKPACHBIN IIaHC MOJHOCTHIO OCBOOOJUTHCS OT ATOW CIOXKHOU MpoOseMbl. Sl He MOry MoKa OOBSICHUTH BCE
9TO B JIETAJIAX, NO3BOJIBTE U3JI0KHUTh HEKOTOPBIE COOOPAXKEHMS [T0 ITOMY HOBOJY.

B oOmieli Teopuu OTHOCHUTEIBHOCTH Macca M DHEPrusl MPEJCTaBISIOT COOOW JOBOJBHO HEOOBIYHBIC
BenuunHbl. IIpexne Bcero Macca SKBUBAJIEHTHAa JHEPIMM (E€JIEHHOW Ha KBaJapaT CKOPOCTH CBETa) W,
CIIEIOBATENIbHO, OJHEpPrHsl TPaBUTALMOHHOIO TMOTEHIMajlla BHOCUT B Maccy CBOM BKJaa (TMpuU4eM
orpunarenbHblii!). COOTBETCTBEHHO, €CJIM JIBa MACCHBHBIX OOBEKTa JOCTATOYHO YAAJEHbI APYT OT JApyra, TO
CHUCTEMa B IIEJIOM OKa3bIBAETCsl HECKOJIBKO MAacCHBHEE, YeM Ta ke cuctema ¢ Oosiee OJIM3KO pacroioKeHHBIMU
oobekTamu (puc. 2.21). XOTs MIOTHOCTh JHEPrUU-MacCchl (M3MepsieMOM B €IMHHUIIAX TEH30pa >HEPruu-
UMITyJIbCa) paBHA HYJIO JHUIIb BHYTPH 00bEMa MAaCCUBHBIX OOBEKTOB, a SHEPTUS KaXJA0r0 U3 HUX OYEHb CJ1abo
3aBUCHUT OT JIPYroro, TEM HE MEHEE HEKOTOpas pa3HUIA B IIOJHOW SHEPIUHU JIBYX CHUCTEM, [TOKA3aHHBIX HA PHUC.
2.21, nomxHa cyuiecTBoBaTh. [lonHas sHEprus ABIseTCS HEJIOKAIBbHOM XapaKTepUCTUKOM, T. €. B 001Iei



Bonblwan Macca-aHeprus MeHbLas Macca-aHeprus

Puc. 2.21. Ilonnas Mmacca-3Heprusi rpaBUTHPYIOLIEH CHCTEMBbI C y4eTOM Pa3JIMYHOM
JIOKAJIM3aIUHM Macc.

VIMeHHO 3TUM 0OBsICHAETCS 3HaMEHUTHIN 3D ()EKT MoBeieHUs] JBOWHBIX yJIbCAPOB, O KOTOPOM s YITIOMHMHAI
B IJ1. | (rpaBUTAallMOHHBIE BOJHBI YHOCAT U3 CHUCTEMBI IOJIOKHUTEIbHYIO SHEPIUI0 U MAacCy, OJHAKO 3HEPIus
COXpaHsieTCcs HE JIOKAJbHO 3a CYeT BHEUIHEro IMpOCTpaHCTBa). Booluie roBops, IpaBUTALMOHHBIE BOJHbI
MPEIICTABISIFOT CO00# KaKOW-TO CTPAaHHBIM OOBEKT, YCKOIB3AIONIMI OT Habmrogarens. MHe KaKeTcs, 9TO MBI
MoK OBl JIETKO M30aBUTHCS OT BCEX YXKACHBIX IPOOJEM, CBA3aHHBIX C ITOBEJIEHUEM SHEPrHU IPU PEAYKLUU
BEKTOPA COCTOSIHUM, €CJIM Obl HAIIM KaKOM-TO pa3yMHBIM MeTOJ| 00BbEINHEHNS KBAHTOBOW MEXaHUKH ¢ 001Iei
Teopuel OTHOCUTENIbHOCTH. [Ipobaema 3akiitouaeTcst B TOM, YTO NP CYNEPHO3ULIMH Mbl JTOJKHBI YUYUTHIBATh U
I'PaBUTALIMOHHBIN BKJIAJ COCTOSIHUN, OHAKO HMKTO HE IPEJCTABISAET, KAKOM CMBICI MUMEET JIOKAJIbHBIN BKIIA[]
IpaBUTALlMM B HHEPrHUI0 CHUCTEMBl, BCIEJCTBHE YEr0 U BO3HUKAET CYIIECTBEHHAs HEOIPENEIEHHOCTh B
BEJIMYMHE TPABUTALMOHHOW SHEPruM (3Ta HEONpPENIENIeHHOCTh [0 IMOPSAAKY BEJIMYMHBI COBNAJAET C
IpeUIOKEHHBIM Bbllle 3HaueHueM E). FIMeHHO ¢ Takoil cuTyanuedl Mbl CTaJKMBaeMCs IPU PAaCCMOTPEHHUH
IpoleccoB pacrnajga dacTul. HeompeneneHHOCTs B JHEPruHM-Macce HECTAOMWJIBHBIX YacTHIl OOBIYHO
OKa3bIBACTCSI CBSI3aHHOM C UX BPEMEHEM JKU3HHU.

Bonpoc o SBHBIX MM OUYEBUAHBIX BPEMEHHBIX MaclITabaX OYEHb BAXKEH JJIS paccMaTpUBAEeMbIX HaMu
npobiieM, U 4 emle BepHych K Hemy B Til. 3. KakoBbel BpemeHa pacnaja Jjsl pealbHbIX CHUCTEM U KaKHe
IIPOCTPAHCTBEHHO-BPEMEHHBIE CYIEPIIO3ULIUNA ITOMY COOTBETCTBYIOT? (CuMTaeTcsi, HalmpHUMEp, UYTO BpEMs
KU3HU TPOTOHA (KOTOPBIM YCIOBHO MOXKHO CUMTaTh IMPOCTO TBEPIAbIM IIAPHUKOM) COCTAaBIISIET HECKOJIBKO
MIIJIMOHOB JIeT (OLIEHKa IMpeJCTaBlseTcs BECbMa pPa3yMHOW, MOCKOJIBKY SKCHEPUMEHTAIBHO pacraj
OJIMHOYHBIX NMPOTOHOB HUKOIJIa He HaOmroxancs). Jns kamenbku BOJBI BpeMsl pacliajja MOKET COCTaBIISThH
HECKOIBKO 4acoB (mpu pammyce ~107 cm), 1/20 cexynasr (mpu pammyce ~10™ cM) MM OfHY MHJTHOHHYFO
JIOJIF0 CeKYHIbI (TIpH paauyce ~107 cM). OTu U@pHl HATJIAIHO TOKA3bIBAIOT CBS3h MEXKAY MacliTadbaMu U
XapakTepoM (PU3NYECKHX SIBICHUH.

Cy1ecTByeT ellie 0AHO JOBOJBHO BaXKHOE 00CTOSATENBCTBO, KOTOPOE CIEAYeT yoMsAHYTh. Panee st HEeMHOTO
NOJIIyYHBal Haja cTopoHHUKamu mnoxaxona FAPP (kBanToBas MexaHHMKa JUIsl BCeX MNMPaKTHUECKUX Ieneil),
OJIHAaKO B 3TOM IOJXOJ€ COJACPKUTCS U OUEHb BAXKHBINM ACIEKT, @ UMEHHO: YUET OKPYXEHHsI, O KOTOPOM S MTOKa
NIOYTM HHMYEro HE TOBOPWI. B peanbHBIX CHTyalMsX Y4YeT OKPYKEHHUS CYIIECTBEHHO BaXKCH s
paccMaTpuBaeMbIX HaMH 33/ad. B CyIIHOCTH, MBI HE HMEEM IpaBa FOBOPUTH MPOCTO «IIAp 3AECh» WIN «IlIap
TaM», a JOJDKHBI KaKIbI pa3 TOBOPUTH O CYNEPHO3UIMM TUIA «ITOT IIAP IIIOC OKPYKEHHUE» MIIU «IAPYrou
niap IJIoC ero okpyxeHue» u T. A. KpoMe Toro, Heo0X0IuMO OY€Hb BHHUMATEIHHO MPOBEPSTH, CBSA3AaHBI JIH
OCHOBHBIE HabtogaeMble 3PPEKTHl ¢ IBUKEHUEM MMEHHO IIAapOB U APYTHX Tel WM C UX OKpyxkeHueM. Ecnu
Kakasi -To mpoOjema CBsi3aHa C OKpY>KE€HUEM, TO HalmrogaeMblil agdekt Oyner ciaydyailHbIM, a €ro OnucaHue
OyzaeT UMeTh NMPUBBIYHBIN BuA. OHAKO €ClIM CHCTeMa JIOCTaTOYHO M30JMPOBaHA U POJIBI0 OKPY)KEHUS MOXKHO
npeHedpeyb, TO B MOBEACHUU CUCTEMBbI, BO3MOXKHO, IPOSIBUTCSI HEUYTO BBIXOSINEE 33 pPaMKU OOBIUHOM
KBAaHTOBOM MeXaHMKH. BbUTo ObI OUYE€Hb MHTEPECHO MPEUIOKUTh KaKUe-IMOO0 pa3yMHBIE SKCIIEPUMEHTHI 3TOTO
Tuna (y MeHsl UMEIOTCSl HEKOTOPbIE UJEH Ha 3TOT CYET), KOTOphIE JoKa3aiu Obl CIPaBeUIMBOCTh MpeIaraeMoi
CXE€MBl WJIH, Ha000pOT, MPOJEMOHCTPUPOBAIM, YTO NPUBBIYHBIC KBAaHTOBBIE S(PQPEKThl B 3TUX YCIOBUAX
COXPAHSIIOTCSl, M Mbl JIEHCTBUTENIBHO JOJDKHBI BCEPhE3 paccMaTpuBaTh CYIIECTBOBAaHHE CYNEPHO3UINU
COCTOSTHUH TaKMX I1apoB (WUJIH, €CIH YTOAHO, KOTOB).



Ha puc. 2.22 s nonsiTancss 0000mUTh BCE MPUBEACHHBIC BBIIIC PACCYXKICHUS M CBECTH WX B HEKOTOPYIO
cxemy. s 3TOT0 s pacmoNoXui pa3anyHble GyHIaMEeHTalIbHbIe (PU3NYECKHE TEOPHU B BEPIIMHAX HEKOTOPOTO
abCTpaKTHOro Kyba ¢ HECKOJIbKO 1e(h)OpMUPOBAHHBIMU I'PaHAMH (UyTh HMJKE S MOSCHIO, YTO 3aCTAaBUJIO MEHS
UCTIOJIb30BaTh TAKOH HENPUBBIUYHBIA XYJO0XKECTBEHHBIH npueM). Tpu M3MepeHus 3Toro Kyba COOTBETCTBYIOT
TPEM OCHOBHBIM (PU3MUYECKUM KOHCTAHTaM: IPaBUTALIMOHHOM NOCTOSIHHOW G (ropH30HTalIbHAs OCh), 0OpaTHOM
CKOPOCTH CBETa ¢t (momepeuHast ock) U noctosiHHON Jupaka—IInanka A (BepTuKalbHas OCbh, HAIIPABICHHAS
BHU3). B NIpUBBIYHBIX HAM €IMHUIIAX BCE YIOMSHYTbIE KOHCTAHTHI OYE€Hb MaJIbl U UX MO>KHO NPUPABHATH HYIIIO
1pH JTIOOBIX pa3yMHBIX TPUOIMKEHUSX.
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Puc. 2.22.

[Ipu paBeHCTBE HYIIO BCEX TpeX KOHCTAaHT Mbl HMEEM KapTUHY MHpa, KOTOPYIO s Ha3biBaro ¢u3ukoil ["anunes
(BepxHHMi1 JIeBBIN yroj pucyHka). BBeneHue oTIIMYHONW OT HYJs TPaBUTALlMOHHOM MOCTOSIHHOM NMPUBOJIUT Hac
BJ0Jb TOPU3OHTAIBHOM OCHM K HBIOTOHOBCKOH TEOpUH TpaBUTALMM (FE€OMETPHUECKOE ONpeieIeHHe
IPOCTPAHCTBAa-BPEMEHH Ul ITOW Teopuu OblIo AaHo mno3nHee Kapranom). M HakoHel, HCHONb30BaHUE
HEPABHOH HY/TIO BETMYHHBI ¢ NPUBOJWT HAC K CICLUATBHON TEOPHH OTHOCHTEIBHOCTH B (DOPMYTHPOBKE
[Tyankape—0OiiHmTeliHa—MMHKOBCKOT0. BepxHIO «TpaHb» Hamero J1eOpMHUPOBAHHOTO Ky0a MOXKHO
«JIOCTPOUTDHY, CUUTAs OTIMYHBIMH OT HYJsSI 00a yKa3aHHBIX BbIlIe KO3 (dullMeHTa, 94TO MPUBOJIUT HAC K oOuIen
TEOPUHM OTHOCUTEIbHOCTH OHHIITEeHHa. OpHako Takoe 000OIIeHHE HUKAK HENb3s MPU3HATh «UECTHBIMM», U
IIOTOMY 51 HA PUCYHKE M300pa3nil COOTBETCTBYIOLIYIO BEPUIMHY KyOa HECKOIbKO AedopmupoBaHHOi. Cunrtas
BEJIMYMHY A OTIIMYHON OT HyJs (HO mojaras mpu 3toMm G = ¢t = 0), MBI MoTydaeM OOBIYHYIO KBAaHTOBYIO
MexaHuKy. MICIIob3ys yxke MeHee ICHbIe BAPHAHTHI 0GOOIIEHNS i BBOSA OTIHUHYIO OT HYJIS BEIMUHHY C ™, MBI
MO’KEM MOJYYUTh KBAaHTOBYIO TEOPHUIO MOJIS M 3aMKHYTh JIEBYIO I'paHb Ky0a (OHa TO)KE HEMHOI'O HCKaXKeHa,
4TOOBI MOTYEPKHYTh HEIOCTATOK «IIPSIMOTBI» M ICHOCTU HCIIOJIb3YEeMOI METOTUKN).

Mpbl HE MOXEM 3aBEpIIUTh MMOCTPOCHHE YKAa3aHHOTIO KyOa M MOJY4YUTh OOIIYI0 KapTHUHY CBSI3U Pa3IMYHbIX
TEOpUH, TaK KaK MPUHLMIIBI TEOPUU TPaBUTALMM M KBAHTOBON MEXAaHMKHU CYILECTBEHHO IPOTHUBOpEYAT APYT
Ipyry. OTO TpOTUBOpPEUYHE TMPOSBISETCA JaXKe B ClIydae HBIOTOHOBCKOM TEOpUM TpaBUTalMH (TIe
noxpasymesaercs, urto ¢ = 0), eclad MBI MONBITAEMCS TONYY4HTh COOTBETCTBYIOIIYIO (KAapTaHOBCKYIO)
TE€OMETPHIO, B KOTOPOH MOT ObI BBHIOJHATHCS SWHIITEMHOBCKUM MPUHIUI SKBUBAJIEHTHOCTH (HAIIOMHIO, YTO B
COOTBETCTBUU C ATHUM NPHUHLHUIIOM IOCTOSIHHBIE TI'DAaBUTALMOHHBIE IIOJS HENb3s IOJIYYUTh B YCKOPEHHBIX
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cucreMax). Ha ato oOcrositenscTBO ykazan mHe kol Kpuctuan, KOTOpBIN TakKe YBIEKAJICS MOCTPOCHUSIMHU
tuna puc. 2.22. OgHaKO TMOKAa y HAC HET HHUKAKOW BO3MOXKHOCTH OOBEAMHECHHS] KBAHTOBOW MEXAHWKH W
HBIOTOHOBCKOW TpaBUTalMi (0O0BEAMHEHHUS, B KOTOPOM SHHIITEHHOBCKUN MPUHIUI SKBHUBAJICHTHOCTU OYAET
YUUTBIBAThCSI COBEPLIEHHO CTPOro, KaKk B KJIaCCHUYECKOM reomeTpuyeckoil Teopuu Kaprana), BCieacTBue 4ero,
0 MOEMy IIYOOKOMY YyOEXJIEHUIO, Mbl JIOJDKHBI UCKATh MYTH TaKOro OObEIMHEHUSs, MOJb3YsICh 3PheKTomM
PEayKIIMK KBAaHTOBBIX COCTOSIHUM, UTO COOTBETCTBYET B OCHOBHBIX uepTax ujesm Teopuu OR, o kotopoii s
roBopuJl B Havane riaBbl. KapTuHa Takoro oObequHEHUS MOKa €llle OYeHb TyMaHHa, U MO3TOMY IepeIHss
rpaHb Ky0a (B oTiiMume oT 3ajHei!) moka BRIIISAUT coBepiieHHO OechopmenHoi. [TomHas Teopus, B KOTOPOi
BCE TPH OCHOBHBIC KOHCTAHTHI (h, G u ¢! me paBHBI HYJII0O U KOTOpPAasi MO3BOJUT HAM MPaBUIBHO 3aMKHYTh
TpaHd TPEUIaraeMoro «Ky0a», JOJDKHA BKIIOYATh B CEOsl M3SIIHBIC W CIIOKHBIE MAaTEMaTHYECKHE CXEMBbI,
KOTOpBIE HaM €Ille IPEICTOUT pa3padoTarh.



I'1aBa 3
Ddusuka u pasym

[TepBrie 1Be TaBbl OBUIM IOCBALICHBI OKPYXKAMOUMIEMy HAc (GHU3MYECKOMY MHPY M MaTeMaTHUECKHM
npremMaM (MHOT/Ia OpPa3UuTeNbHO TOYHBIM, MHOTJA BEChbMa CTPAHHBIM), UCIIOIb3YEMBIM /ISl €ro onucanus. B
rJ. 3 MHE XOUYeTCs PaccKa3aTh O MBICICHHOM MHUpE, MUpPE HICH M ero CBs3sX C (U3MUECKHMM MHpPOM. MHe
KaXETCsl, 4TO eNUCKON bepkiu 1oimkeH Obl1 Obl CUUTATh, YTO (PU3UUECKUN MHUP B KAKOM-TO CMBICJIE BOSHUKAET
U3 MBICIICHHOTO, B TO BpeMsl KaK CTaHAAapTHas Hay4yHas TOYKA 3PEHUS CBOAMTCS K TOMY, YTO MBIILICHUE
SIBIISICTCSL BCETO JIUIIb OJTHOW U3 0COOEHHOCTEH HEKOTOPHIX (PH3UUECKUX CTPYKTYD.

Kapn ITonmep xorna-to BBel B HAYKY MPEACTaBICHHE O TaK HA3bIBAEMOM «TPETHEM MHPE», MHPE KYJIbTYPhI
(puc. 3.1). PaccmarpuBas ero B KauecTBe INpOJyKTa MblluieHus, llonmep Taxke Npeasiokusl HEKOTOPYIO
UepapXyi0 MHPOB, B KOTOPOH MBICIEHHBII MUp CBsi3aH ¢ (U3UUECKHM (BO3HUKAeT B HEM?) U KyJIbTypa
COOTBETCTBEHHO KAKUM-TO 00pa30M BO3HMKAET U3 MBICIIEHHOT0 Mupa (puc. 3.2).

MHe xo4eTcs B3INITHYTh Ha 3TH MPOOJIEMBI ¢ HECKOJIBKO MHOW TOYKHM 3peHusl. BMecTo TOro 4ro0bl cCUMTaTh
(Bcnen 3a [lommepom) KyabTypy MOPOXKICHHEM MBIIIICHUS, S HMPEANIOYUTAI0 PAaCCMAaTPUBATh U CBS3BIBATH
MHpBI 110 CXeMe pHUC. 3.3, B KOTOPOH «TPETH MHpP» OTHOCHUTCS HE K KYJIBTYpe, a K MUpPY aOCOJIOTOB, HIIH
IUTATOHOBCKUX HJEH, T. €. K MNPEICTABICHUSM HEKOTOPBIX aOCOJIOTHBIX MAaTeMaTHYECKUX HCTHH. Takomy
HOAXOJy COOTBETCTBYET NPUBEICHHBIN paHee puc. 1.3, oTpaskaromuii riIy0OKyr0 CBSI3b 3aKOHOB (PH3MUECKOTO
MHpa C TOYHBIMH MaTEMaTHYECKUMH 3aKOHAMH.

Puc. 3.1. «Tperuii Mmup», npenso:xeansiii Kapjaom Ilonnepom.

B 31011 r11aBe peub moiiieT B OCHOBHOM 00 OTHOILLIEHUSX MEXAY YKa3aHHBIMH MUpamMu. MHe KaxeTcsl BecbMa
CIIOpHOM cama Haes BO3HUKHOBEHHUS MBIIUICHUS W3 KaKUX-THO00 (U3MYECKUX CTPYKTYp WM CYIIHOCTEH
(kctaty, Guiocodsl Bcerna OTHOCUIMCH K 3TOM ujaee ¢ HepoBepueM). B ¢u3nke Mbl TOBOPUM O BEIECTBAX,
IIpeaAMeTax, 4aCTUIaX, MPOCTPAHCTBE, BPEMEHHM, SHEPTHH U T. IT. JIJIsI MEHsI BCEr/ia OCTaBajOCh 3araJkof, KaKum
oOpa3zoM ¢u3nKa, U3ydaromas 3T 00BEKThl, MOXKET OBITh CBsI3aHa ¢ OOBIYHBIMU YEJIOBEYECKHMMHU UYBCTBAMH,
HalpUMep C BOCHPHUITHEM KPAacHOTO IIBETa MWJIM OUIYIIEHHWEM cuyacThsi. B CyIIHOCTH, TaWHCTBEHHBIMH H
HETNIOHATHBIMM IIPEICTABISAIOTCS BCE OTHOIIEHHS MEXIY TPEMsS MHUpPAaMHU, MOKa3aHHbIE NPOHYMEPOBAHHBIMH
cTpenkamMu Ha puc. 3.3. B mepBbIx IBYX riaBax sl y’Ke€ TOBOPWJI O CBA3M MaTemaTuku U ¢usuku (TaiiHa 1),
KOTOPYIO KOrJa-To 3HaMeHUTHhI E. Burnep (cM. crucok nuteparypbl) Ha3zBal HEMOCTHXKUMOW, HEOOBIYHOM U
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JIaXKe CTPAHHOM (S IIETMKOM Pa3JIeNsiio 3Ty TOUKY 3peHus). JleicTBUTEIbHO, 1aBaiiTe MOMpoOyeM 3a1yMaThCsl O
TOM, MoYeMy (PU3UYECKHI MUP CTOJIb YETKO CIIeIyeT HEKOTOPhIM MaTeMaTHYeCKUM 3akoHaM? boree Toro, mpu
9TOM MaTeMaTuKa (KOTopas, 1O MPEANOoI0KEeHHIO, YIIPABISIeT MOBeJeHHEM (PU3HUUECKOr0 MUpPA) SIBJISIETCS cama
1o ce0e UCKITIOUUTENFHO MOJIE3HON U BaKHON HAYKOH, €CITM paccMaTpUBaTh €€ MPOCTO B KAUECTBE OTJCIBbHON
HAyKH. DTU CI0XHbIE OTHOIICHUS MTPEICTABISIOTCS MHE TAMHCTBEHHBIMH U TNTYOOKHUMHU.

B aroii rnaBe s 0yny roBoputh 0 TaiiHe 2, CBSI3aHHOW ¢ OTHOIIEHUSIMU (PU3HUECKOTO U MBICICHHOT'O MUPOB,
OJIHAKO B 3TOM CBSI3M HaM MpHUAETCA 3aaymarbcs U o TaiiHe 3: Ha yeMm, COOCTBEHHO rOBOpS, OCHOBaHa Halla
CIOCOOHOCTh BOCIIPUHUMATh MaTeMaTtuieckue MCTHHbI? Korma s ynmoMuHanm o MUpE TUIATOHOBCKUX HICH B
IEPBbIX JIBYX IJIaBaX, s TOBOPWJ B OCHOBHOM O MAaT€MaTUKE W MaTeMaTUYECKUX IOHSATHUSAX, KOTOpBIE
TpeOYIOTCS ISl ONMCAaHUsT PU3NIECKOTO MUPA.

Puc. 3.2.

Mp&1 uyBCTBYEM, 4TO MaTeMaTHKa HEOOXOUMa JIJisi 3TOTO OMUCAHUS, OJHAKO, C IPYTOH CTOPOHBI, CYIIECTBYET
pacupoCTpaHEHHOE MHEHUE, YTO CaMH MaTeMaTHYECKUE CTPYKTYPhI SIBISIOTCS BCETO JIUIb MOPOKICHUEM
HaIlIeTO CO3HaHWS, T. €. MaTeéMaTHhKa MPEACTABISIET cOO0M HEKWH MPOAYKT YeTOBEYECKOW MbICHH. JlomkeH
Cpa3y OTMETHTb, UTO CAMH MATeMATUKH (¥ S TMYHO TOXKE) OTHOCITCS K MaTEMAaTHUYECKUM MCTUHAM COBCEM I1O-
apyromy. [loaToMy Hanmuyue Ha PUCYHKE CTPENIKH, CBSI3bIBAIOIIEH MBICIIEHHBI MHUp C TUIATOHOBCKHM (Kak,
BIIPOYEM, U APYTHX CTPENIOK), HE MOJIPa3yMEBAET, YTO KAKUE-TO U3 MUPOB MPOCTO MOPOKAAIOTCA Apyrumu. B
KaKOM-TO CMBICJIE MBI MOXEM TOBOPUTH O TAKOM TOPOKICHHUH, OJHAKO CTPEJIKH Ha puc. 3.3 03HAYAIOT JIUIIIH
TO, UTO MEXY 3TUMHU MUPaMH CYILIECTBYIOT HEKOTOPBIE CBSI3HU.
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- MbiCnieHHbIV MV

Puc. 3.3. Tpu mupa u Tpu TaliHbI.

I'opa3no BakHee, 4yTO Ha puc. 3.3 NpeAcCTaBlIeHbl TPU MOUX COOCTBEHHBIX IpeApaccyaka WU
npenyoexaenus. [lepBoiif U3 HUX 3aKIIOYAETCSI B TOM, YTO BECh (DM3MUYECKHI MUP B MPUHIIMIIE MOXET OBITH
onucaH MaremMaThyecku. S1 He yTBepkJaro, 4To Jr00as MaTreMaTHKa OMNMCHIBAET KaKHe-TO (U3UUECKUe
IPOIIECCHI, a BCETO JIMIIb TyMalo, YTO MPABHIBHO BHIOPAHHBIE pa3/esibl MATEMAaTHKHU MTO3BOJISIIOT OYE€Hb TOYHO
OIUCBIBATh (PU3NYECKUE ABICHUS, T. €. pu3nueckuii Mup BeieT ce0s B COOTBETCTBUU C 3aKOHAMHM MaTEMAaTUKH.
Takum 00pa3oM, HEKOTOpasi Majast 4YacTh IJIATOHOBCKOTO MUpPA MJIEH 3aKitoyaeT B cebe 3aKOHBI (PH3UIECKOTO
mupa. TouHO Tak ke s He YTBEp)KJaro, 4To Bce B (PU3MYECKOM MHpe 001aJaeT KaKOW-TO MEHTaJbHOCTBIO, a
CKOpee IMperosarai, YTo BCEe CYIIECTBYIOIINE MBICIUTEIbHbBIE OOBEKTHI OCHOBAHBI HA KAKUX-TO (YU3MYECKHUX
CYIIHOCTSX. OTO YTBEp)KICHHE MOXKHO Ha3BaThb MOUM BTOpPBIM IpenyOexiaeHueM. M HakoHel, TpeTbe
npenyOexaeHre COCTOUT B TOM, YTO Hallleé BOCIPUITHE MaTeMaTUKH (110 KpaliHel Mepe, B MPUHIIUIIE) CBSI3aHO
C TE€M, UTO Hallle CO3HaHUE B ONPEAEICHHOM CMBICIIE CITIOCOOHO BOCIPUHUMAThH KaKHe-TO OTJeNIbHbIE OOBEKTHI B
MHUpE IJTATOHOBCKUX HIEH. Sl CO3HAI0, YTO Yy HEKOTOPBIX JIFOJEH NOCIEIHEE YTBEPKICHHE MOJKET BBI3BATH
HEIOYMEHHE WIN pa3[pakeHHe, OJHAKO BCE TPU BBICKA3aHHBIX HPEINOIOKEHUS TpeOyloT oOCYXIeHUS U
pa3mblieHus. Kcratu, Toapko HapucoBaB 3Ty AMAarpaMMy, sl OCO3HAJN, YTO OHA OTpPa)kaeT MOM COOCTBEHHbIE
npenyoexaeHus. S eme BepHyCh K 3TUM BOIIPOCaM B KOHIIE IJIaBbI.

Co3HaHue yenoseka
1 Hay4Hoe 0ObsicHeHue

CoaHaHme,
MbiLLINEHME, =S
MOSE: pusnyeckme
3aKOHb!
MaTtemarudeckue pacyeTs!,
npeackasyeMocTb,
BbIYMCAUMOCTb
Smouymm,
4yBCTBO
NpeKpacHoro, BoaHuKHOBEHUE?
TBOPYECTBO, .
BAIOXHOBEHME, \/
NCKYCCTBO \_/
Puc. 3.4
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[To3BoNbTE MHE HaYaTh C HEKOTOPBIX OOIMIKMX cOOOpakeHUI O deroBeuecKoM co3HaHuHU. [Ipexae Bcero Ml
JOJKHBI PEIIUTh, CIEAYeT JIM HaM HCKaTh JIJISl ATOTO SBICHUS KaKHe-TO Hay4dHbIE OOBsICHEHUS? S HE TOIBKO
yOexieH, 4TO 3TO He0OXOAMMO, HO M BEChMa CEPbhE3HO OTHOIIYCh K CTpENKE, CBS3bIBAIOLICH (hr3HuecKuil u
MBICTICHHBIA MUPBI. IHBIMU CIIOBaMU, MBI 00513aHbI MIOHSATH MBICTICHHBI MUP Ha OCHOBE (PU3UYECKOTO.

Ha puc. 3.4 s nonsitascs BbIEIUTh U 0000IINUTH HEKOTOPbIE XapaKTEPUCTUKH ITUX ABYX MUpOB. C mpaBoit
CTOPOHBI OTMEUYEHO, YTO (PH3UYECKUI MHUP BOCHPUHHMAETCS HaMU KaK HEYTO MOJIYUHSIONIEECS] TOYHBIM
MaTeMaTU4eCKUM U GU3UYECKUM 3aKOHaAM (s 00 3TOM JOBOJIHLHO MHOTO TOBOPWII B MEPBBIX ABYX I1aBaxX KHUTH).
CrneBa MbI UMEEM CO3HAHHE, MPUHAIICKAIIEE MBICICHHOMY MUPY, U CBS3aHHBIC C HUM IOHSTHUS TUIA «TyIIay,
«HAaCTPOEHUE», «PETUTHO3HOCTH» U T. I., YacTo ymnoTpeOisemble OeccucreMHO. B Hamm 1nHu droau
NPEANOYHUTAIOT JaBaTh BCEMY HaydyHbIe OOBSCHEHHS U, OOJiee TOro, MoJaraloT, YTo J000e HaydYHOe ONMUCAHUE
MOKHO B IpPHHIIMUIIE KaKUM -TO 00pa3oM BHECTH B KOMIBIOTEP (T. €. CUUTAIOT, YTO €CIM MaTeMaTU4YEeCKOe
OMHMCAHUE YEr0 -TO CYIIECTBYET, TO OHO MOXET OBbITh 3amucaHo B maMath DBM). OnpoBep:KeHUI0 UMEHHO
9TOr0 YTBEP)KICHHS U TIOCBSIEHA B OCHOBHOM JaHHas rjaBa (MpU STOM s TMO-TIPEKHEMY OCTAalOCh
CTOPOHHHUKOM TaK Ha3bIBAEMOT0O (PU3UKATH3MA).

B kauecTBe XxapakTepuCTUK PU3NYECKUX 3aKOHOB sI BBIIKUCAT B MIPABOM 4yacTH puc. 3.4 HEKOTOpbIE TEPMHUHBI
(IpeAcKa3yeMoCTh W BBIYHUCIMMOCTE), BO3MOXKHOCTh HCITOJIb30BAHUS KOTOPBIX HAIPSIMYIO 3aBUCUT OT TOTO,
OTMCHIBACTCS JTU OKPYXKAIOIIUKA HAC MUP JETEPMUHUCTUYECKUMHU (PU3NUECKHUMH 3aKOHAMH U MOXEM JIU MbI
MOJIb30BATHCSI KOMITBIOTEPAMH ISl MOJICIIMPOBAHMS IEHCTBUS ATHX 3aKOHOB. CyIIECTBYET TOYKA 3PSHUS, UTO
Ui OOBEKTOB MBICICHHOTO Mupa (Hampumep, g NEPEeYUCICHHBIX ClieBa MOHSTHI SMOIMH, YYBCTBO
MPEKPACHOTO, TBOPYECTBO, BJIOXHOBEHHE, MCKYCCTBO) IMOYTH HEBO3MOXHO MOJYYUTh OIHMCAHUS, TPHUTOIHBIC
st pacueta. C Ipyroil CTOPOHBI, CYIIECTBYET U HEKOTOPBIN «HAYYHBIH IKCTPEMU3M)», CTOPOHHUKH KOTOPOTO
MPHUICPKUBAIOTCS] IPUMEPHO CIIEAYIONICH TOUKH 3peHHs: «Bce MBI BCETO JIUIIIb KOMITBIOTEPHI; TPOCTO MBI CIIle
HE 3HaeM, KaK MPaBUJIbHO OINKCHIBATh HEKOTOPHIE BEIIH, OJHAKO €cli Obl HaM ObUIM U3BECTHBI HEOOXOIUMBIE
MPaBHJIa BEIYUCIICHUS, TO MBI CMOTJIM OBl OITUCATh M BCE MBICIICHHBIC SIBJICHUS, TICPEUYHUCIICHHBIC B JIEBOM YacTH
puc. 3.4». Jlns omnucaHHUS MBICICHHBIX TMPOLIECCOB YacTO MCHOJB3YIOTCS TEPMUHBI TOSBICHUE WM
BO3HUKHOBEHHE (IMEP/KEHTHOCTh), HO CTOPOHHHKH BBIYUCIIMTEIHHOTO MOJIXOJIA TOJararT, YTO CBOHCTBO
BO3HUKAThH TOKE MOKET OBITh MOJTYYEHO B Pe3yJIbTaTe MPaBUIbHO HCIOIb3yEMbIX BHIYMCIUTEIBHBIX OMEpaIUil.

Tak uem >xe siBisieTcst co3Hanue? Pasymeercs, s He 3HAI0, KaK OMPEACTUTh CO3HAHUE, M JaKe HE CUHMTAIO,
YTO CTOUT MBITaThCSl HAUTH TaKoe Oompe/eseHre (MMOCKOIbKY Mbl HE TTOHMMAaeM, YTO OHO O3HauaeT). Sl yBepeH,
YTO MOKHO HaWTH (PU3HUECKH 0OOCHOBAHHYIO KOHIICTIIIUIO, OHAKO JIyMAr0, YTO JIF000E OIpe/IeIeHUe OKaXKETCs
HeBepHbIM. [losTOMy BMecTO ompeneneHHsl s MOMBITAIOCh JaTh BaM OMHCAHHME CO3HAHMS, HACKOJIBKO 3TO
BO3MOXXHO. [Ipy 3TOM MHE KaXKeTcs, UTO CYIIECTBYIOT, IO KpaiHed Mepe, aBa acriekra co3Hanws. C OJIHOM
CTOPOHBI, UMEETCS MTACCUBHOE MPOSBICHUE CO3HAHMS, BKIIIOUYAIOIIEe OCO3HAHKUE WIIM BOCIPUATHE (awareness).
S BKIIOYAI0 B 3Ty KATErOPHIO HANIy CHOCOOHOCTh BOCIPUHUMATH IIBET W TAPMOHHIO COOTHOIICHHUH,
CIOCOOHOCTH 3amoMuHaTh U T. M. C ApPyroil CTOPOHBI, CYHMIECTBYIOT M aKTHBHBIC TMPOSIBICHUS CO3HAHUS,
BKJTIOUAIONTUE B Ce0S TIOHSTHSI THITA CBOOOJIBI BOJIH, ICJICHANIPABIICHHOCTH JICHCTBUH U T. 1. Vcmonp3oBaHue
CTONIb Pa3jMYHBIX TEPMHUHOB OTpakaeT MHOrooOpa3ue M CIOKHOCTh TMOHSTHUMN, CBSI3aHHBIX C CO3HAHUEM.
OpHako s X04y 0OpaTUTh Ballle BHUMaHUE Ha elle OJIMH BeChbMa CICIM(PUUSCKUN aCTIeKT CO3HAHUS, OTIUIHBII
OT YIOMSHYTBIX BBIIIE AKTUBHBIX M TACCHUBHBIX TMPOSIBICHUN (HO, BO3MOXHO, SBISAIOIIMNACA YeM -TO
MPOMEXKYTOUHBIM, JIKAIIMM MEXKIY aKTHBHOW W TACCHBHOW JEATEIHHOCTHIO). S TOBOPIO O MOHUMaHHUH
(understanding), 11s1 KOTOpPOTO B aHTJIMKWCKOM S3bIKE €CTh elle MoHATHE insight, koTopoe kaxercs Oojee
DIyOOKHM W COJEp)KaTelIbHBIM, TIOCKOJBKY BKJIIOYaeT B ce0s TPEJCTaBICHHE O IPOHHIIATEIHHOCTH,
WHTYUTUBHOM TMOCTH)XKCHUU WCTHHBI, 03apEHUU, MTHOBEHHOM BOCIIPUSATHU U T. JA. B HEKOTOPBIX CHUTYyaIUsIX
UCTIONB3YIOTCS €Ile U TEPMUHBI OCO3HAHME M MHTEIJIEKTYalIbHOCTh (awareness, intelligence), koTopeie MHE He
OUYCHb TIOHATHBI. PasymeeTcs, BBl BIIpaBe CIIPOCUTH, 3a4eM 51 TOBOPIO O MOHSATHUSIX, PEATLHBIA CMBICT KOTOPBIX
MHe Heu3BecTeH? Jleno B TOM, 4TO sl — MaTeMaTHK, a MaTEMATHKU OOBIYHO HE MPUHUMAIOT B PacyeT TaKue
BO3pakeHUs. MIM BOBce He TpeOYIOTCS TOYHBIC OMpPEIEICHHS OOBEKTOB, C KOTOPBHIMH OHHU OIEPHPYIOT, a
JOCTATOYHO 3HATH JIUIIH YTO -TO OTHOCHUTENIHFHO B3aHMMOCBS3H ITHUX 00BEKTOB. MHE IPECTaBISIETCS JOBOJIBHO
BaXXHBIM TOT ()aKT, YTO MHTEIUICKTYAIHOCTD SIBIIICTCS Y€M-TO, TPEOYIOIIMM OOBSICHEHUS M IMOHUMaHus. MHe
Ka)KETCsl Hepa3yMHBIM HCIOJIb30BAaHUE STOTO TEPMHHA B KOHTEKCTE, T/Ie HET MPEICTABICHHS O «TOHUMaHUN.
BripoueM, TepMHH «ITOHHMaHHE» TAKXKE BBITJISIIAT MaJOOCMBICIICHHBIM BHE KaKOTO-JIMOO «BOCHPHSITHS», TaK
KaK MMOHUMaHHE MOKHO OTHECTH K KaKOMYy -TO THUITy BOCHpUSTHS. Bce ckazaHHOE MPOCTO O3HAYAET, UTO



UHTEJUIEKTYyaJIbHOCTh TpeOyeT oco3HaHMs. M XOTs s He MOTY ONpEeNeNuTh 3TH TEPMUHBI, I MOTY YTBEPKAATh
HaJIMYMe HEKOTOPBIX OTHOLIEHUH I CBSI3€H MEX]ly HUMHU.

CylIecTBYIOT pa3M4Hble TOUYKHM 3PEHHUS Ha OTHOIICHUS MEXJy MPOLECCAMHU CO3HATEIbHOI'O MBILIUICHUS U
CHOCOOHOCTBIO K BBIUUCIICHUSAM. YeTbIpe OCHOBHBIX MOJIX0/a K 3TOH mpobieme (KOoTopbie 1 0003HAUMI Yyepes
A, B, C u D) nepeunciiensl B Ta0i1. 3.1.

B nepBoMm mnoaxozae (A), KOTOpbI MHOI/IA HA3bIBAIOT CUJIBHBIM MPUHIMUIIOM HUCKYCCTBEHHOI'O MHTEJUIEKTA
WIN (BBIYUCIUTENBHBIM) (DYHKIIMOHAIN3MOM, IPUHATO CUUTATh, YTO BCSKOE MBIIIJIEHUE CBOAMTCSA MPOCTO K
HEKOTOPBIM BBIYMCIIUTEIBHBIM ONEpPALUsAM U, CIEA0BATENbHO, IPABWIIBHO BBINOJIHSS TaKUE BBIYMCIICHUS, MBI
HOJyYUM B Ka4eCTBE pe3yJIbTaTa CIOCOOHOCTh K OCO3HAHUIO U BOCIPUATHIO.

B cooTrBercTBUM cO BTOpOW TOuKO# 3peHus (B) MoxxHO (110 KpaliHel Mepe, B IPUHIIUIIE) MOJEIUPOBATh Ty
4acTh pabOThl MO3ra, KOTopas OTHOCUTCS K BOCHpPHATHIO. PazHuna mexay noaxonamu A u B 3akirodaercs B
TOM, YTO BO BTOPOM CJly4ae pedb UJAET JUIIb O YACTUYHOM IIPOCTOM MOJEIIMPOBAHUYN HEKOTOPBIX IIPOLECCOB B
MO3ry, a HE O peaJbHbIX UYBCTBAX M pPEAIbHOM BOCHPHUATUM (3TU MOHATUA B moaxone B moryr ObITh
COOTHECEHBI C (PU3MUECKUM CTPOSHHEM MBICISAIIETO 00bekTa). Takum oOpa3zoM, Kak Obl MPUHUMAETCS, YTO
MO3T CO3J]aH U3 HEHPOHOB M CaM MOKET 0CO3HaBaTh IPOLECC BOCIPUSTHUS, & MOAEIMPOBAHNE 3TOrO Ipolecca
UCKJIIOYaeT UMEHHO IPOLIECC OCO3HAHUS MO3TOM CBOEH JAedaTenbHOCTU. HackonbKo s MOTY CyIuTh, 3Ty TOUKY
3peHMsI aKTUBHO Pa3BUBAJ U MOAJEPKHUBa B cBoux padorax xon Cupi.

Taoauua 3.1

A Bcesikoe MblieHne ecTh IpoCcTO HEKOTOPBIN BEIYMCINUTEIBHBIN IPOLECC; B YACTHOCTH,
YyBCTBO OCO3HAHHOI'O BOCIIPUATHS TAKKE BO3HUKACT B PE3yJIbTaTe OCYLIECTBICHUS
COOTBETCTBYIOIIMX BBIYMCIIMTEIBHBIX ONlepalui

B Co3zHaHue SBJIseTCS TUIIb OHON M3 XapaKTEePHBIX 0COOEHHOCTEH (PU3UUYECKOM IeATENbHOCTY
mo3ra. Kak u mobas apyras pusndeckas 1esTeIbHOCTh, CO3HAHHE MOXKET MOJICIINPOBATHCS
BBIYHUCIUTENLHBIMH ONEPALIMsIMU, HO TAKOE MOACIMPOBAHUE HE SIBISIETCA, CTPOTO TOBOPA,
CaMHM CO3HaHUEM

C Co3HaHMEe BBI3BIBACTCS ONPEICICHHBIMU (U3UYECKUMU JCHCTBUSIMHA MO3Ta, OJTHAKO 3TH
JEHCTBYS MPUHIMITUAIBHO HEIb3sI BBIYMCIUTEIBHO MOJICIIMPOBATH IMPABHUIIBHBIM 00pa30oM
D Co3HaHUe He MOXKET OBITh OOBICHEHO C UCHOJIb30BAHUEM

KaKHuX-JI100 (1)I/I3I/IT-I€CKI/IX, BBIYUCJIMTCIIBHBIX WM APYIrUX HAYYHBIX MCTOAOB UJIN TTOHATHH

Cam s mpuaepxuBaroch TOUkH 3peHust C, B COOTBETCTBHU ¢ KOTOpOH (Kak U B B) BocnpusiTie U co3HaHME B
KaKOW-TO CTENEHU CBsA3aHbl C (PU3MYECKONM aKTHBHOCTBIO Mo3ra (T. €. € KaKUMHU -TO (PU3HYECKUMHU
npolreccamMu), OJHAaKo (4To oOyeHb cyuiecTBeHHO i mnonaxoxa C!) 3Tu mpouecchl He MOTyT OBITh
CMO/IETMPOBaHbl HUKAKOW BBIUMCIUTENBHOM Mpoleaypoil. Sl xouy cka3aTh, UTO COOTBETCTBYIOIIME (PU3UUECKHE
IIPOLIECCHI B MO3TY IIPUHLUIINAIBHO HE MOANAI0TCA MOAEIUPOBAHUIO.

W HakoHel, Bcera CyliecTBylOT CTOPOHHUKHU MojxoAa D, KoTopele yBepeHbl, YTO OIIMOKOM SIBIISIETCS cama
HOIBITKA HAYYHOT'O OMUCAHUS 3THX MPOLECCOB U, BO3MOXKHO, BOCIPUSATHE M CO3HAHUE BOOOIE HE MOTYT OBbITh
00BSICHEHBI C HAYYHON TOYKU 3pEHUS.

Beime 51 y)xe roBOpHII, UTO JIMYHO SBJISIOCH YOEXKIEHHBIM CTOPOHHUKOM nojaxona C, 0HaKo JOJKEH cpasy
MOSICHUTh, YTO OH MMEET MHOI0 BapHaHTOB, U3 KOTOPBIX CIEAYET MPEXkIE BCEro BBIIEIUTH TaK Ha3blBa€MbIE
ciaboe u cuiibHoe C-yTBepxaeHue. Cinaboe C-yTBepkIeHHE M0Ipa3yMeBaeT, UTO paHO WM MO3THO Mpobiaema
OyZeTr u3ydeHa JOCTAaTOYHO MOAPOOHO, B pe3yiabTaTe Yero B 3ajJaye yJIacTCsl BBISIBUTH T€ THUIbI JAEHCTBHIA,
KOTOpbIE celyac HaxXoJATCs BHE, «I10 TY CTOPOHY» BbIYMCIEHUN. ['0BOpst 00 00acTIX «BHE MOJECTUPOBAHUS,
MHE CJIelyeT HECKOJIbKO YTOUHHUTH CBOIO MBICIb, YTO sl MOMBITalOCh ceidac caenarb. CormacHo crnabomy C-
YTBEP)KJCHUIO BCE «HEBBIYMCIMMBIE) OIEPALMU MOTYT OBITh HalJIeHbl B Mpeaesax H3BECTHBIX (PH3NUYECKUX
3aKk0oHOB. CunpHoe C-yTBep)KJI€HUE TJACHT, YTO TMPENSTCTBHUEM SBISIETCS CYIIECTBOBAHHWE HEMO3HAHHBIX
(¢U3MUeCKUX 3aKOHOB, T. €. Hallle MOHUMaHHe (PU3MKHU MOKa MPOCTO-HANPOCTO HE COOTBETCTBYET CIIOKHOCTH,
TpeOyeMou JjIsi OMHCaHUsS MPOIECCOB CO3HAHUsA. $1 TONHOCTBIO COTJIACEH C TaKOW OIICHKOW W B TJl. 2 yXe
yJlelua MHOTO BHMMaHUS HMEHHO HEMOJHOTE CYLIeCTBYIOIEH (pu3nueckol KapTHHBI MUpa (B 3TOM CBS3U 4
PEKOMEHYI0 YHUTaTeNo elle pa3 B3MIAHYTh Ha puc. 2.17). Kopoue rosops, cuiabHoe C-yTBep:KaeHHE
CBSI3bIBAET HEBO3MOXXHOCTh OOBSCHEHMS NMPHPOJIbI CO3HAHUS C HEJOCTATOYHBIM YPOBHEM HAyKH M IO3BOJIAET
HaM HaJIeAThCs, YTO 3Ty NMpoOJIeMy yIacTCsl pelIUTh B OyIyIIeM.



[Tockonbky s ynmoMsaHys puc. 2.17, mo3BOJbTE BEPHYTHCS K HEMY W JaTh HEKOTOPBIE JOMOJHHUTEIbHBIE
nosicHeHus. B 9actHOoCTH, S OBl XOTeN OOCYAWTH MCIOJB3YEMBbIi Ha PUCYHKE TEPMHUH BBIYMCIMMOCTH. Ha
KBaHTOBOM YPOBHE PacCMOTPEHMS BCE (PU3MUECKUE IPOLIECCH] BBIMTISAAT MTOJHOCTBIO BhiuncIUMbIMU. [Toxoxe,
YTO BBIYMCIMMOCTh COXPAHSAETCS U Ha KJIIACCUYECKOM YpPOBHE, XOTS 3/I€Ch Y HAC, KOHEYHO, MOT'YT BO3HUKHYTb
TEXHUYECKHUE MPOOJIEMBI, CBSI3aHHbBIE C MEPEXOJIOM OT JUCKPETHBIX CUCTEM K HEIPEPBIBHBIM. DTH HPOOIEMbI
KaXyTCsl MHE HENPUHLUMIHAIbHBIMH, W s He Oyly HX paccMaTpuBaTh, XOTS CTOpOHHUKaM ciaboro C-
YTBEP)KICHUS CIIe0BaJI0 Obl BHUMATEIBHO M3YYUTh BO3ZHUKAIOLIUE IIPU TAKOM HEPEXOe HEOINpeeIEHHOCTH,
IOCKOJIBKY B HHUX MOXET OOHapyXHTbCS TO, YTO HEBO3MOXKHO ONHUCAaTh U OOBACHUTH B paMKax
BBIUMCIUTEIbHBIX IIOJX0A0B U IOHATHH.

Jliig mepexozia OT KBAaHTOBOI'O YPOBHS K KJIACCHUECKOMY OOBIYHO MCIIONIB3YETCs Ipoueaypa, 0003HaueHHas
MHOI0 R, KOTOpas siBisieTcs NOJHOCTBIO BEPOATHOCTHBIM JICHCTBUEM, BCIECICTBUE YETO MBI TOJDKHBI KAKUM-TO
00pa3oM OOBEIUHHUTH BBIYUCIUMOCTH CO CIYYaHOCTBIO M MPOU3BOJILHOCTHIO. S coOuparoch Janblie
IPOIEMOHCTPUPOBATh, YTO BECh 3TOT IOJXOJ HEIO0CTaTOYHO OOOCHOBaH, W /sl OOBEAMHEHMs yKa3aHHbIX
YPOBHEH paccMOTpEHHMsI HaM HY)KHa COBEPLICHHO JIpyrasi, HOBas TEOpHs, KOTOpas JOJDKHA OBbITh «HE
BBIYUCIUTENbHOW». IMEHHO MO3TOMY MO3HEe 5 ellle BEpHYCh K IPOoOIeMe ONpeeieHNs] BBIYMCIUMOCTH.

Takum o0pazom, Mosi BepcHst CHIBHOTO C-yTBEpXKIEHUS BBIMJISIUT CICAYIOMIMM 00pa3oM: MBI JTOJDKHEI
UCKaTbh B (PU3MKE «HE BBIUMCIUMOCTDY, O3BOJISAIOIIYIO CBSI3aTh KBAHTOBBIN M KJIIACCUUECKUI YPOBHH OIMCAHUS.
KoneuHo, Takas mOCTaHOBKA BOIIPOCA IPEACTABIIIETCS YPE3BBIYANHO CIIOKHOW M TPYIAHOM, BEIb s TOBOPIO O
HE00XO0IMMOCTH ITOCTPOEHUS HE IPOCTO HOBOW (DPM3UKH, a (PU3HUKH, OTHOCAIIEHCS K OMUCAHUIO pabOThI MO3Ta.

[Ipexxne Bcero pnaBaiiTe mHoOJymMaeM O TOM, HAacKOJbKO BOOOIIE MpaBAoONOJ00HO WM BEPOSATHO
CYILIECTBOBAHME YErO-TO HEBBIUYMCIMMOIO B HameM NOHMMaHuu. [lo3BoiabTE MHE INPUBECTH B KadyeCcTBE
IpUMepa OYEHb MPOCTYI0 U CUMIATHUHYIO IIAXMaTHYIO 3a7audy. Bbl 3HaeTe, 4TO KOMIBIOTEPHI YK€ HEIIOXO
urparoT B maxmarbl. OJHAKO caMblii MOIIHBIM COBpPEMEHHBIM IMaxMaTHbId KommbroTep «/JunCot», pemas
IPUBEIECHHYIO Ha puc. 3.5 3a1a4y, HaYMHAET JIeJaTh OUYEHb IIIyIble X0Abl. JIETKO BUETh, YTO B ATOW MO3ULIUU
YepHble UMEIOT OIPOMHOE MaTepUallbHOE MPEUMYIIECTBO (JIBE JIMIIHKE JIAJbHU U CIOHA), KOTOPOE, OJHAKO, HE
MMEET HUKAKOTO 3HAYEHMs JUIsl UCXOJa MapTUM, MOCKOJIbKY Oelible MEIIKH «HAMEPTBO» OJIOKUPYIOT YEpHBIE
¢urypsl. [loka Genblii KOpOJib CIOKOHHO «OpoAMT» 3a GapbepoM U3 CBOMX IEUIeK, Oeible IPOCTO HE MOTYT
npourpats. OnHako koMmbloTep «IunCor» nepBbIM K€ XOJOM 3a OENbIX B3sUT YEPHYIO JIaJbl0, IMOCJIE YEro
nojoxeHue OenbIx crano Oe3HaaexkHbIM. [IpUuMHA, KOHEYHO, COCTOUT B TOM, YTO KOMIIBIOTED
3anporpaMMHpOBaH Ha JEHCTBHE (XOJA 3a XOJO0M) IO HEKOTOpPOW IIyOMHBI pacuera, Mocje 4ero OH BHOBb
HauMHAeT CUMTaTh MEIIKU U T. N. B mpuHUMIIE NMpUBEAECHHBIH NMpUMEp HE OYeHb yJaueH, TaK Kak eclid Obl
KOMIIBIOTEp MOT CUMTaTh HAa OYE€Hb MHOTO XOJOB BIEpeid, OH He omuoOcs Obl (B KOHIE KOHIIOB, HIAXMAaThl
OTHOCSATCS UMEHHO K «BBIYUCIUMBIM» UrpaM). OIHAKO 3aMeThTe, YTO YEJIOBEK-IIaXMaTUCT NMPAKTUYECKH cpa3y
BUJUT Oapbep U3 MelleK, IOHUMAET €ro HEMPOHUIIAEMOCTh U 3HAUY€HHUE, MIOCIIE YEro JIETKO HaXOAUT CTPATETHIo
urpsl. Kommnerorep He o0nanaer TakuM OOLIMM «IIOHUMaHMEM» M HAUYMHAET NMPOCTO PACCUUTHIBATH XOJ 32
XO0JIOM. DTOT IpUMEpP AEMOHCTPUPYET OIPOMHYIO Pa3HUILY MEXK]y IPOCTHIM BBIYUCICHUEM U CIIOCOOHOCTBIO K
NOHMMAHUIO.

Pazymeercs, Bbl MmoxkeTre 00yunth OBM mcnonb30BaHuIo MEmeyHOTo Oapbhepa, HO mpobiemMa uMeer Oosee
CJIOKHBIA M TiTyOoKui xapaktep. B emie oqHoMm maxmatHoMm npumepe (puc. 3.6) GenbIM clieayeT MOCTaBUTh
cioHa Ha b4 u, ucnonp3ys ero BMECTO MELIKHU, BHOBb CO3JaTh HEMPEOIOJIMMBIN NemeyHblid 0apbep (BMECTO
BEChbMa 3aMaHYMBOT0, HO 0€3HAIeKHOT0 B3ATHUS YEPHOI Jaibu Ha a5). 3aa4ya oueHb MOX0Xka Ha MPeIblIyIIYIo,
HO KOMITBIOTEp (JlaXKe e€CJIM OH yMeeT CO3/laBaTh MEIIeYHbI Oapbep) OMsATh HAYMHAECT OMIMOATHCS, MTOCKOJIbKY
9Ta 3ajaya TpeOyeT 3HAUMTENbHO OoJiee BBICOKOTO YPOBHsS MOHMMaHUs. Bbl MoXeTe BO3pa3uTh, YTO TPH
KeJaHUM B MPOrpaMMy MOKHO BBECTH BCE YPOBHU NMOHUMAaHMs, U Bbl ObLIM ObI MpaBbl, €CIIM Obl paCCMOTpPEHHE
OTHOCWJIOCH TOJIBKO K IIaXMaTHBIM 3ajayaM. [1oBTOpIO, 4TO IMIaXMaThl OTHOCSTCS K «BBIYMCIMMBIM» UTpaM,
MOSTOMY TpPH JOCTATOYHO MOIIHOM KOMIIBIOTEPE M XOpOIledl mporpaMMe MOXKHO (10 KpaiiHed Mepe, B
MPUHIIAIIE) PAacCUUTATh /10 KOHLIA BCe BeposITHOCTH. [loka 3TO HMKOMY He yJajloch Mpojeiarh, OJTHAKO HAc
YCTPOUT U MPUHIUIHATIbHAS BO3MOKHOCTH IOJYUYEHHUS TAaKOTo pelieHus B OyaymeM. Tem He MeHee s Ha/IeloCh,
Bbl MIOYYBCTBOBAJIM, YTO B TEPMHUHE «ITOHUMAaHHE» COAEPKUTCS HEUTO, HE CBOASIIEECS K MPSIMOMY pacuery.
CoBepIIEHHO OIpPENEICHHO MOXXKHO CKa3aTb, YTO YEJIOBEYECKMH IMOAXOJ K PEIICHHIO JaXe TaKuX MPOCTHIX
[IaXMaTHBIX 337a4 CYIIECTBEHHO OTIMYAETCS OT KOMIIbIOTEPHOTO.



Yenogek necko pewaem smy 3aoayy, Ho komnviomep «{unComy nepgvim e x000M Obem 1a0bi0 YepHbIX!
(3a0aua Bunvama Xapcmouna uz cmamwu [ocetin Cepmop u /r6uoa Hopeyoa 6 scypnane New Scientist, Ne
1889, c. 23, 1993).

Mo>HO 711 IpUBECTH e1ie 0oJiee CHIIbHBIE TOBOJbI B MOJIb3Y TOTO, YTO Hallle IOHUMAaHHUE COJAEPIKUT B cebe
HeuTo OoJpIiee, YeM HAOOp BBIYMCIMTENBHBIX onepanuidi? MHe He X04YeTcs TPaTUTh CIUIIKOM MHOTO BPEMEHU
Ha J0Ka3aTeJIbCTBO 3TOr0 YTBEP)KIEHUSA, OJHAKO ITO HACTOJIBKO BAXKHO JUISl BCEHM MOEH KOHLENIUH, YTO s
IpUBELy €I€ B Kad4ecTBE IIpUMEpa HECKOJIbKO YHCTO MareMaTHYeckux 3ajgad. Ywurarento,
3aMHTEPECOBABUIEMYCSl IMPOOJEMON CBSI3M MBIIUIEHUS M BBIYUCIUTEIbHBIX ONEpalud, s PEKOMEHIYIO
npouuTath Moro KHUry «Tenu pasymar, riae nepsbie 200 cTpaHUI] OCBALIEHBI 1€TATbHOMY U BCECTOPOHHEMY
0030py apryMeHTaluy CTOPOH B MHOTOUUCIIEHHBIX JUCKYCCHSIX 10 3TOMY IIOBOJY.
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Puc. 3.6. beble HAYMHAIOT M T00MBAIOTCA HUYbEIi.
Yenogek necko pewiaem u 3my 3a0ayy, a WaAXMamuvlii KOMAbIOMEP 6HOBb OWUOAEMCS U NEPEbIM XO0OM Obem
CloHOM UepHyto aovio (mecm Tolopunea, paccmampusaemvlil 8 YumuposanHo cmamove Bunvsima Xapcmona u
Ir6uoa Hopsyoa).
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JlaBaiiTe MOrOBOPMM O BBIYMCICHMSX UyTh MOApoOHee. BbluMcIeHMsMH s HasblBal0 TO, YTO JAETAr0T
BBIUMCIIUTENbHbIE MAaIIMHBI. PeaibHble KOMITbIOTEPHI KMEIOT OTPAaHUYEHHYIO IaMsTh, HO 51 Oyy paccMaTpHUBaTh
paboTy HeanbHOro KOMIIbIOTEpa (Tak Ha3bIBaeMOM MalIuHbl ThIOpUHTA), KOTOPBIA OTIMYAETCS OT OOBIYHBIX
KOMIIBIOTEPOB  HEOTPAaHMYEHHBIM O0BEMOM TMaMATH U  CHOCOOHOCTBIO  OCYHIECTBJIATH COBEPILEHHO
0e301M00YHbIE BBIYMCICHUS CKOJb YTOAHO JIONTO, MPaKTHMYECKH BEYHO. PaccMOTpUM KOHKPETHYIO
BBIUMCIIUTENBHYIO 33/1a4y, CBA3aHHYIO C apu(PMETUYECKUMU U JIOTHYECKUMU OTEPaLUSIMHU:

* Hatimu uucno, He npedcmasumoe cCymMmou mpex K8aopamHulx ducell.

ITox yucnom s moxpasymeBaro HatypanbHoe uncio (tuna 0, 1, 2, 3, 4, 5,...), a Mo «KBaJpaTHBIM YUCIOM»
— KBajpaThl HaTypalbHBIX umcen (tuma 07, 12, 22 3% 42 5% ). 5 mokaxy BaM cpasy, KaK pelraercsi oTa
3agada. MeToJ] MOXKET IOKa3aTbCs OYEHb MPOCTHIM M Jjake MPUMHUTHUBHBIM, HO OH Kak pa3 JIaeT HEeIIoXxoe
npeaAcCTaBJICHHUEC O CYIITHOCTH TOI'O, YTO MBI IOAPA3YyMEBACM 110 BEIYUCIICHHUAMMU. Haunewm ¢ HYJIS U IIPOBEPHUM,
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ABJISIETCA JIM OH CyMMOM TpeX KBaJpaTHBIX YMCEN, JUIsl YEro MpOCTO PaCCMOTPUM KBaApaThl BCEX TEX UMCET,
KOTOPBIC MCHBIIIC WUJIK paBHBI HYJIIO. ECTGCTBGHHO, MBI UMCCM JIMIIb OAHO TAKOC KBAAPATHOC YUCIIO, a UMCHHO
0% B pesy/IbTaTe Yero MOKeM 3aIicarh

0=0"+0°+0%

T. €. O AelCTBUTEIBHO MOKHO MPEACTAaBUTh B BUIE CyMMbI TpeX KBaapartos. [lepelinem 3aTeM K eAMHULE U
BBIIMUIIIEM BCC BO3MOKHBIC KOM6I/IHaHI/II/I YHUCCJI, paBHbIX WJIM MCHBIIC 1, B PE3YJIbTATC YCTO IMOJTYYHUM

1=0°+0*+1%

B Tabn. 3.2 g BbImucan pe3yiabTaThl BCEX ITHX CKYYHBIX M YTOMHUTENBHBIX ONEpalyii 10 4ucia 7, KOTopoe
(xak JIerko BUAETh U3 TaOJIMIIbI, IJI€ IPOCTO MEPEUUCIIEHbl BCE KOMOMHAIMM) HEMb3s 3alUCaTh B BUAE CYMMBI
Tpex KBaapaToB. TakuM oOpa3zom, YUCIIO 7 SBISAETCS OTBETOM JJIsi HAIIeW 3a/la4d — OHO MPEJCTABISET COO0M
HalMEHBbIIIEe YUCII0, KOTOPOE HENb3sl MPEJCTaBUTh B BHUJIE CYMMBbI TpEX KBaJpaToB. DTOT MPHUMEP JAOBOJIBHO
TUTIUYCH IS BEIYUCITUTEILHOTO METOA PEIICHHUS TPOCTOM M0 POPMYTUPOBKE 3a1aUH.

MBI MOXEM CUUTaTh, YTO HaM HECKOJBKO MOBE3JI0 C 33Ja4ei, OCKOJIbKY BBIUMCIICHUS MPUBEIN K OTBETY
JIOBOJIBHO OBICTPO, OJTHAKO SICHO, YTO B JPYTMX 33aJadax pacyeT MOXKET 3aHMMaTh OYEHb MHOTO BPEMEHH WIIH
Jla’ke MPOJI0JKATHCS 10 OeckoHeuHocTH. Hanpumep, npeAnonoxumM, 4To s HECKOJIbKO U3MEHWIT YCIOBUS U HAM
HE00X0UMO:

* Hatimu yucno, ne agnsaoweecs cymmou yemvipex K8AOPpaAmHbvIX YUceil.

Eme B XVIII Beke 3HamMeHUThIA MaTeMaTuk Jlarpanx qokaszajl TeOpeMy O TOM, YTO KaKJI0€ YHMCIIO MOXKET
OBITH 3alMCaHO B BHJIE€ CYMMBI KBaJApaToOB 4YeThipeX uucen. [loaToMy ecnu Bbl HAUHETE MOUCK HYKHOTO 4YMCia
MO MPEAJIOKEHHOMY BBILIE METOIY, TO Balll KOMIBIOTEP OyJIeT OECTOIKOBO «TapaxTeThy» LETYI0 BEYHOCTh, HO
TaK W HE HaijeT OoTBeTa. OJTO MpPUMEp 3aJauyd, PEIICHHE KOTOPOW TMPOCTHIM BBIYUCICHHUEM MOXKET
MIPOJIOJDKATHCS OECKOHEYHO.

JlokazarenbCcTBO TeopeMbl Jlarpan:ka JOBOJIBHO CIIOXKHO, IIOATOMY 51 IPUBEAY Topaszio 0osiee TOCTYIHBINA 1
nerkuit mpumep. [Ipeanonoxum, 4To Mbl XOTUM:

* Haiimu neuemnoe quciuo, npedcmaewwoe 6 euoe CYMMbl deyx YeniHblx 4ucell.

Taoauma 3.2
[IpoBepka 0 KBaapaTthl uucen < 0 paBHbI 0’ 0=0"+0*+0°
[IpoBepka 1| KBaaparhl Yucen < | paBHBI o 1 1=0%+0+ 12
[MpoBepka 2 KBaapaThbl Yucen £ 2 paBHbI 0%, 12 2=0"+ 1+ 1?
ITposepka 3 KBaapaThbl uKces < 3 paBHbI 02, 15 3=124 12412
[TpoBepka 4 KBaapaThbl Yucen < 4 paBHbI 0% 12 22 4=0%+0°+2?
[Iposepka 5 KBajaparThl Uucen < 5 paBHbI 0%, 2 22 5=0+ 17+ 2
[TpoBepka 6 KBagpaThl uncen < 6 pasust 0%, 1%, 2 6=12+ 12+ 2
[Iposepka 7 KBaapaThl Yucen < 7 paBHbI 02, 12, 9 720+ 0>+ 0?

7#0%+ 0%+ 12
7202+ 02+ 22
7£0%+ 1%+ 12
7£0°+ 12+ 22
7207+ 2>+ 22
712+ 12+ 12
712+ 12+ 22
7#12+22+ 22
72£22+22+ 22

KomMmnbrorep MOXET MCKaTh TAKOE YUCIO BEYHOCTb, XOTS Mbl C BaMHU MPEKPACHO 3HAEM, YTO CyMMa JIBYX
YETHBIX YUCEJI BCerya AaeT 4yeTHoe uncio. Ho BOoT Bam npumep ropasao 6osiee cloKHOM 3a1auu:

* Haiimu yemnoe uucno donvue 2, He Ansa0uieecs Cymmou 08yx npoCcmslix yucell.

Kak BBI cunTaete, CipaBUTCS U KOTAa-HUOYIh KOMIBIOTEP ¢ 3TUM pacyeToM? BooOIie-To cuuTaercs, 4Tro
oTa 3amava (Ha3piBaemasi mpoOiemoit ['onmpnbaxa) HE HWMEET pEIIeHHs, HO OHa CTOJb CIIOKHA, YTO Yy
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MaTeMaTUKOB HET €IMHOT0 MHEHHs 00 ee MCTMHHOCTH. Sl HapouHO MmomoOpan Tpu 3aJauyd pa3HOW CTENEeHH
CJIO’)KHOCTH (OY€Hb MPOCTYIO, JOCTATOYHO CIIOKHYIO M HACTOJIBKO CJIOKHYIO, YTO HUKTO HE 3HAET €€ OTBETA),
YTOOBI CHOPMYIUPOBATH CIEAYIOLIHI BOIIPOC:

* [lonv3yromes u MamemamuKky HeKOMOPbIM AI2OPUMMOM 8bIYUCTEeHULL (Oasalime 0003Hauum e2o yepe3 A),
KOMOpblll N0360/15em UM YOeOUmbCs, Ymo HeKull apuaHm eblMUCieHUull 0yoem npoooIHcAmbCs 6eCKOHEeUHO
o0oneo?

Hanpuwmep, nonymaiite, cpaboTtasio a1 B MO3ry Jlarpanka HEUYTO MMOX0Kee Ha KOMITBIOTEPHYIO IIPOrpamMmmy,
IpeKJe YeM OH IpPHUILIET B KOHEUHOM CUETe K 3aKIIOYEHHIO O BO3MOXKHOCTHU IMPEACTABICHUS KaXJAO0ro 4YHuclia
CYMMOW KBaJpaTOB 4YeThipex uucen? J[is oTBera Ha STOT BONPOC BOBCE HE HAIO MPEICTABIATH ceOs
JlarpanxeM, AOCTATOYHO MPOCTO MPOCIETUTH 32 XOJOM €ro pacCykJAeHUN. 3aMeTbTe, YTO MEHSI COBEPIICHHO
HE MHTEpecyeT mpoliieMa OpUTHHAIBHOCTH MBICIH, 5 XO4Y JIMIIb PacCMOTPETh MpoOiIeMy caMmoro Imporecca
MO3HAHMS, BCIEACTBHE YEro M KCIOIb30Bal B (HOPMYIHPOBKE BOIPOCA CIOBO «yOeauThCs» (MOapa3yMeBas
BO3HMKHOBEHUE UJIM CO3/1aHUE KAKOTO-TO TOHUMAHMUSA).

B nHayke BooO1Ie (a B JIOTHKE, B YaCTHOCTH) YTBEPXKACHUSA O TOM, YTO HEKOTOPBIC BHIYMCICHUS SBISIOTCS
OeckoHEeUHbIMHU, HOCAT Ha3BaHue [11-Bricka3piBaHMil. JlaBaliTe pacCMOTpPUM Takue€ BBICKA3bIBAHUS HECKOJIBKO
noJipoOHee, Tak Kak s COOMparoCch J0Ka3aTh, UTO YKA3aHHOTO BBIIIE allTOPUTMA A HE CYIIECTBYET.

Sl HauHy J0Ka3aTeNbCTBO C HEKOTOPOTO OOOOIIEHHS PACCMOTPEHHBIX BBIIIE 337a4, & UMEHHO IOIBITAIOCh
BBISIBUTH 3aBUCHUMOCTH CBSI3aHHBIX C MX PEHICHHEM BBIYHMCICHHI OT 4ucel N HaTypaibHOro psiaa. Ilycts,
HanpuMep, HaM HeoOXOUMO:

* Havimu namypanvHoe yucio, ne A6sioueecss CyMMOU n K8AOPamHbvlx Yucel.

Ham yxe um3BecTHO, 4TO Uit N = 3 OTBET MOXKET OBITh MOJIY4eH OYEHb OBICTPO, a I umcen N =4
BBIYHMCIIUTENbHBIC ONEpalliid HUKOTJAa HEe 3aKoHYaTcs (B cOOTBETCTBUM ¢ Teopemoi Jlarpamxka). [lompoOyem
Jajee peuuTh CIeAYIOUYI0 3a/1a4y:

* Hatimu neuemmnoe uucno, sagnaoweecsi Cymmou N 4emHuix yucel.

B sTtom cinydae HaM HeT Jake HEOOXOAWMOCTH TOBOPUTH O 3aBUCHMOCTH OT N, TIOCKOJBKY JUIS JIFOOBIX T
BBIYMCIICHUs] HUKOT1a He 3akoH4arcs. Hakonen, B kauecTBe 00o00meHus: npobiaemsl ['onpabaxa s npeanararo
3ajady CIeqyIoLEero BUa:

* Haiimu yemnoe uucno 6onvuie 2, He asusaoweecs Cymmou N npocmsix 4ucei.

Ecnu yrBepxaenue I'onpa0axa BepHO, TO BBIYUCICHUS OyayT AIUThCs OecKoHeuHo A Beex N (kpome 0 u
1). B HEKOTOpOM CMBICIIE OKa3aTEIbCTBO Ja)K€ YMPOIIAETCs ¢ POCcTOM I. S NEeWCTBUTENBHO BEpIO, UTO
CYIIECTBYET JOCTATOYHO OOJIBILIOE YUCIIO I, U1 KOTOPOTO BBIYUCIECHUS «ITPOAOIKAIOTCS BEUHOY.

BaxxHeimeld XapakTEepUCTUKOW BBIYMCICHHUHM TAKOTO THIIA SIBISETCA MX 3aBUCHUMOCTh OT YHCEN
HATYpaJbHOTO psAJa M, U UIMEHHO 3TO OOCTOSITEIbCTBO CTAJO LIEHTPAIbHBIM MOMEHTOM JUIsl TaK Ha3blBaeMOMH
Teopembl ['€nenst o HemoaHOTe (B AHIVIMM €€ MHOTAa Ha3bIBAIOT JIOTaIKON Wi KOHbEeKTypoil ['€nens). S Oyny
paccMaTpuBaTh €€ B (pOpPMYJIHUPOBKE, NMpeaaokeHHoH AnaHoM ThIOpMHIOM, OHAKO HE3HAYMTEIbHO HU3MEHIO
X0J1 ero paccyxxaeHuil. Eciu Bbl He T00OMTE MaTeMaTHUECKHUE BBIKJIAJKH, TO MOYKETE MMPOCTO MPOIYCTUTH 3TOT
Kycok Tekcta. [lomyuaemblil pe3yabTaT O4eHb BaK€H, HO 0OCOOEHHO MHTEPECHO TO, UTO J0KA3aTEIbCTBO BOBCE
HE SIBIIIETCA CJI0KHBIM — OHO BCETO JIMIIb [IOPA3UTENIBHO U AK€ BBI3BIBAET HEJOYMEHME !

Boluucnenusi, cBsi3aHHBIE C KOHKPETHBIM YHCIOM N, COBEPILICHHO CTaHAAPTHBI M TPUBBIYHBI IS
OOJIBIIMHCTBA KOMIIBIOTEPHBIX TporpamMMm. Bbl MoXkeTe, Hampumep, HOPOCTO B3ATh HAOOp Mporpamm,
IPOHYMEpPOBAaTh UX B COOTBETCTBMHU C TEKYLUIMM HOMEpPOM (0003HAUMB €ro uepes3 p), a 3aTeM 3alyCTUTh
KOMIIBIOTEp, 3aJI0KUB B HErO0 3TOT MOPAAKOBbIM HoMep. KommbioTep HauHET AOOPOCOBECTHO «TapaxTEThy,
IIOCJIEIOBATEIbHO OCYLIECTBIISASA BBIYUCICHUS C YUCIOM II B COOTBETCTBUHM C p-W mporpaMmon. Bam
HEOOXOJUMO JIMIIb 3amucaTh MOPSAIAKOBBIM HOMEpP p B BHJE HWKHEr0 HHJEKCAa cIlipaBa, W Torjaa Habop
nporpaMM (MM BEIUYMCIICHH ), CBI3aHHBIX C YUCIIOM I, IPUMET MPOCTOH U SCHBIN BUJI
Con,Cin,Con,C3n,..,Cn,..

I[Ipennonoxum, 4T0 3TOT HAOOP COAEPHKUT BCE BO3MOMKHBIE BHIMUCIEHUA () N M YTO MBI MOXEM HalTH
Kakoi-To 3(h(peKTUBHBIN METO| YIOPSI0UEHHUS ITUX KOMITBIOTEPHBIX MPOTrPaMM, TaK YTO UHAEKC P O3HAYaeT p-



10 TI0 MOPSAAKY NMPOrpaMMy BBIYMCICHMH B COOTBETCTBMM C HEKOTOPHIM IPABWJIOM, BCIEACTBHE 4Yero C, n
OyzeT 03Ha4yaTh p-10 MPOrpamMMmy, IPUMEHEHHYIO K YUCITY N

[Ipenmonoxum aanee, 4T0 Mbl UMEEM KaKyI0-TO BBIYUCIUTENBHYIO (T. €. aITOPUTMHUYECKYIO) MPOLEAypY A,
OTHOCSIIYIOCA K rape yucel (p, N), OCyIIECTBIEHUE KOTOPOH J1aeT OUYEBUIHOE U

yO€IuTeNbHOE N0Ka3aTebCTBO TOr0, YTO paboTa mporpammel C, N elie He 3akoHyeHa. Ipu 5ToM BoBce He
TpeOyercs, 4TOOBI anroput™ A(p, N) paboTan MNOCTOSHHO, T. €. €ClM BbMUCIeHHe (), N SBIAETCS
OECKOHEUYHBIM, TO 3TO HE 3HAUUT, YTO XAPAKTEPU3YIOIIUN €ro anroputMm A(p, N) Toxxke OyAET BHIIOIHATHCS 3a
6eckoneuHoe BpeMsa. Ho s moguepkuBaro, 4To alropuT™M A (B COOTBETCTBUU C YK€ OTMEUEHHBIMHU CBOICTBaMH
KOMIIBIOTEpa) cpabaThiBaeT 0e3 ommuoboK, T. €. eciu oneparus A(p, N) HE 3aBEpIICHA, TO 3TO TAK)KE 03HAYACT,
4TO BBIUMCIEHHE (), N HE 3aKOHYEHO. A TENeph NPEACTaBUM CeOE, YTO KaKWe-TO MATEMaTHKH, MCXOAS W3
COOOpaKeHHI THIAa OMHMCAHHOTO alropuT™Ma A, cGOpMYIHpPOBaIM (WJIM TPOCTO TMOBTOPHIHN) B CTPOTOM
MaTeMaTUYeCKOM BHJI€ HEKOTopoe yTBepxkaeHue (Hampumep, [11 - yrBepxnenue). [Ipenmnonoxum Ttakxke, 4To
OHH 3HAIOT O CYIIECTBOBAHHMH OMNEPAIH A U YBEPEHBI B €€ HaJe)KHOCTH M 00ocHOBaHHOCTH. [IpencTaBum cebe
Jaiee, 4To mpoueaypa A BKIIOYaeT B ce0si Bce onepaluu, JOCTYIHbIE MaTeMaTHKaM JJis TOTO, 4YTOObl yOeIuTh
nociaeqHUX B OeCKOHEYHOM XapakTepe Bbrumcienuil. [Ipomeaypa A HaumHaeTcs ¢ 0TOOpa MPOTPaMMBI,
UMEIOIIEeH MHAEKC P, a 3aTeM HATypaJbHOTO YKcia I, K KOTOPOMY OTHOCHUTCA JaHHas nporpamma. [lanee, ecnu
BBIYMCIMTENbHAS onepanus A(p, N) 3aKOHYEHA, TO 9TO O3HAYAET, YTO BHIYUCIEHHE (), N HE 3aBEPIIEHO, T. €.

Ecmu onepanus A(p, N) 3aBepiieHa, T0 Beraucienue C, 1 He 3aKoH4eHo. (1)

CoOCcTBEHHO TOBOPS, B 3TOM M 3aKJIFOUAETCS POJIb MPOLEAypbl A — OHA JIOJKHA JaBaTh HEONPOBEPKUMBIE
J0Ka3aTeNbCTBA TOTO, YTO OMPECICHHBIC BEIYUCICHUS HE OKOHUCHBI.

[Ipennonoxum ganee, 4To p = N, B pe3yabTaTe Yero BOZHUKAET XOPOIIO M3BECTHAsI M JOBOJILHO 3a0aBHas
CUTYyallusl, U3BECTHAs O]l Ha3BaHWeM JauaroHanmu3anuu Kantopa (kctaTu, ee UCHOJIb30BaHHWE MaTEeMAaTHYECKU
COBEPILIEHHO 00OOCHOBAHHO), TIOCJIE KOTOPOH MBI BAPYT MPUXOAUM K CIECAYIOIIEMY BBIBOJY:

Ecnu onepanust A(N, N) 3aBepiueHa, To Beluucienue C, n He 3aKOHYEHO.

Ho B manHoMm ciydae A(N, N) 3aBUCHUT JIUIIb OT OJHOIO MapameTpa N U, CIEN0BaTEIbHO, IPUHAJIEKUT K
Ha0Opy BBIYMCIMTENLHBIX porpamMm C, 1 (IIOCKOIBbKY 3TOT CIHMCOK IO ONPEIETIEHUI0 BKIIOYAT B Ce0s BCe
BBIUMCJIEHMS], CBA3aHHbIE C €JUHCTBEHHON nepeMeHHoM 11). [Ipeanonoxum, 4To BeIUUCIUTENbHAS IPOrpaMMa,
uaeHTrgHas A(n, n), uMena uHaeKC K, T. .

A(N,N)=C, n .
[TomnoxwuB N = K, MBI TYT ke MOJy4aeM
Ak, K)=C, k,

YTO B COUETaHUU C ycioBHeM (1) cpa3y NpUBOAUT K 3aKITIOUEHHIO:

Ecnu oneparust A(K, K) 3aBepiiena, To Beruucienue C, kK He 3aKOHUCHO.

Bemomuus, uro A(K, K) coBmamaer ¢ Cp k ,Mbl momnagaeM B JIOTMYECKYIO JIOBYIIKY. Pa3 BbrumcieHHe
C, k 3axaHuMBaeTCs, TO OHO HE 3aKaHUYMBAETCs (CIENOBATENbHO, OHO 3aKaHUYMBaeTcs W T. A.). JloBymika
3aKJIF0YaeTCsl B TOM, YTO €CJIM MbI JIOBEpSEMCSl IPOBEPOUHOM mpoueaype A, TO JOKHBI BEPUTh U B TO, UTO
Beruncienne C, k He 3akoH4eHo. OHAKO MPH ATOM Ipoleaypa A TOXKe HUKAK HE MOXKET 3aKOHYHTHCS, T. €.
«TIOHATH» HAKOHEL, yTo BeluMcieHue C, k He xoHuaercs. [loaToMy BBIUMCIHMTENbHAS MPOLEIYpa HUKAK HE
MOXET 3aMKHYTh IEMOYKY MAaT€MAaTHYECKUX pAaCCYKIEHUM M pEIINTh, YTO 3aJaHHOE BBIYUCICHUE HE
3aKaH4YMBaeTCA, T. €. YCTaHOBUTHh UCTUHY I11-yTBepknenus. B atom cyte noBonos I'é nensi—Twsropunra B ToOM
dbopme, KoTOpas Hy>)KHa MHE ISl TATbHEUIIIUX PACCYKICHHM.

Bel moxere momymarb 00 oOmIeM CMBbICIE 3TOro JloKazareiabcTBa. OHO $ICHO JEMOHCTPHUPYET, UTO
MaTeMaTHYeCKOe TOHMMAaHWE W/WIM MHTYWLUS HE MOTYT OBITh 3aKOJMPOBAHbI B BHUJAE KaKOIr0-TO
BBIYHCIIUTEIILHOTO TIPOIECCa, B CIPaBEIIMBOCTH KOTOPOTO MBI MOXEM OBITh a0CONIOTHO YBEpeHBI. MHe
KaXeTcs, YTO MpuBeAcHHas (opMyaupoBka Haubosiee SICHBIM 00pa3oM ONpejaessieT CYIIHOCTh MOAXOoJa
I'énens—TbropuHra, XOT HEKOTOPBIE NPHUAECPKUBAIOTCS IPYroll TOYKH 3peHHs. B 3TOHM CBSA3M MHTEpPECHO
BCIIOMHHUTb, YTO MHCAIU CaMU HTH aBTOPHI O MOIYYEHHOM UMH pesyibrare. IIpenmararo Bam oqHy U3 OLIEHOK
TrropuHra:

«Jlpyrumu cioBamu, aOCONIOTHO Oe3ynpeuHo paboTarolias MallMHa He MOXKeT 00JaaaTh nHTesiekrom. 00
3TOM CBHJIETEIBCTBYET PSIJl TEOPEM, KOTOPBIE, OJTHAKO, HUYETO HE TOBOPST O TOM, KAKUM YPOBHEM MHTEJUICKTA
MoXeT 00J1a/1aTh MallliHAa, He IpeTeHIytomIas Ha 6e30IHO0YHOCTh U 6€3yIIPEYHOCTh PabOTHI».



Takum o6paszom, cornacHo TerOpUHTY yTBepKIAeHUs TeopeMbl | énensi— ThropuHTa COBMECTUMBI C HJIECH O
TOM, 4YTO MAaTEMaTHUKOB MOYKHO [JEHCTBUTEIILHO paccMaTpuBaThb B KauyeCTBE KOMIIBIOTEPOB, €CIIH
QITOPUTMUYECKUE OIEPALNH, BBINOJIHAEMBIE WMHU IIPU BBIBOJAEC MAaTEMaTUYECKHX WCTHH, HE SBISIFOTCS
NPUHIUIHAIBHO 3APaBbIMU, 0OOCHOBAHHBIMHU M Pa3yMHBIMUA. MBI MOKEM OTPaHUYHUTHCS PACCMOTPEHUEM JIUIIb
apu(MeTHYECKUX YTBEP)KICHUH, Harmpumep, Julb [11-BbICKa3bIBAaHUAMHU, KOTOpbIE HPEACTABISIOT COOOM
WHTEPECHBIN, HO BECbMa OrPAHUYCHHBIN TUII YTBEPKACHUU. MHE KaXXeTcs, 4TO Ha caMOM Jiesie ThIOpUHT BEPUII
B TO, 4YTO 4YEJIOBEYECKUH MO3I HCIOJB3YET QJITOPUTMBI, HO OTH AITOPUTMBI SBJISIOTCA COBEPLICHHO
HEpEryJsipHbIMM (MMEHHO B O3TOM CMBbICIE€ OHU HepasyMHbl). Takas cuTyauus HpercTaBisieTcs
HENnpaBAoNoJ00HOM, MOCKOJIBKY OHa HE TOJBKO 00ECKYypakKMBAaeT, HO U MPOCTO HE MO3BOJISIET MOHATh, KAKUM
00pa3oM MOXHO 00CYXXJaTh YTO-TO W MPUXOJUTh K KAaKUM-TO BBIBOAAM BooOmie. B mrobom ciyuae Touka
3peHus ThlOpuHra He BHYyIIAeT MHE JOBEpus, a B IpPEUIOKEHHOW BbIe cxeme (cMm. Tabdu. 3.1) ero
pacCcyXAeHHUsl CIENYET OTHECTH K 4-TIOIXOY.

PaccmoTpum nanee Touky 3penus I'énens, koropas B Moell cxeme oTHocuTes kK D-noaxoay. OOpaiato Baie
BHUMaHUE Ha TO, YTO INPU PACCMOTPEHUM OJHUX U Tex ke mnpobsnem Toropunr m I'éaenp nmpuxomsaT K
COBEpUICHHO NPOTHUBOIOJIOKHBIM BbIBOAAM. M xorsa ['€nenp He BepUT, YTO MaTEMaTHYECKOE BIOXHOBEHHUE
MOXHO CBECTHM K KAKMM -TO BBIYMCIIMTEIIBHBIM OIlEpalysM, OH HE OTKa3bIBa€TCi OT 3TOM BO3MOKHOCTH
JIOCTaTOYHO YETKO U OomnpezesieHHO. OH TOBOPHUT:

«C apyroi cTOpoHbl, Ha OCHOBE BCEIO JIOKA3aHHOT'O COXPAaHSETCs] BO3MOXKHOCTh CYILIECTBOBaHUS (M, MOKET
OBbITh, 1aXKe SMIIUPUYECKOIO CO3/1aHUs) MALMHbI, CIIOCOOHOM JJ0Ka3bIBaTh TEOpEMBbl. B peanbHOM XHU3HU Takas
MalIMHa cTajia Obl 3KBUBAJEHTOM MaTEMaTHUYECKON MHTYULIMHU, OJTHAKO ATO HEBO3MOXKHO JI0Ka3aTh aHAJIOTUYHO
TOMY, KaK B TEOPUM KOHEUHBIX YHMCEJI HEJIb3s BBIBOAUTH TOJIBKO IIPABUIIBHBIE TEOPEMBDY.

OTO BBICKa3blBaHHE SIBHO HAMEKA€T HA CYIIECTBOBAHUE «IA3€MKW», IMO3BOJISIIOIIEH HENOCPEICTBEHHO
UCII0JIb30BaTh TeopeMy I 'énens—TTpropruHIa i ONPOBEPKEHUS UJCH BBIUMCIUMOCTH (MM (PYHKIIMOHAIN3MA).
Jlazeiika 3akiro4aeTcss TOM, YTO MATEMAaTHMK MOXET I10Jb30BaTbCsl HEKOTOPBIM 3JpPaBbIM U JIOTUYHBIM
QJITOPUTMOM, HE OyAydu MOJHOCTBIO YBEPEH B €ro pazyMHOCTH. Takum oOpazom, I'énenp Buaen naszeiiky B
[IO3HABATEJIIbHON YacTU aJrOPUTMOB, B TO BpeMs KakK TBIOPUHI BBIIEISIET B aIrOPUTMAax KMEHHO HX
pa3yMHOCTb.

Hu onuH M3 3TUX MOIXOIOB HE Kaxercs MHE yOemutenbHbIM. Teopema ['€nens— ThioprHra BCEro JHIIbL
YTBEP)KJAeT, YTO €CIU JI0OKa3aHa Pa3yMHOCTh KaKOW-TO aJrOPUTMHYECKOM MpoIenypsl (Ul J0Ka3aTelbCTBa
[11-yTBepxcaeHMil), TO MOXXHO HEMEIUIEHHO IOJIyYUTh HEKHHM pe3ynbTaT, BBIXOASIIMN 3a paMKH JaHHOU
nporuexypsl. Mbl MOKEM clieslaTh 3TO U CaMH, UCMOb3Ys KaKylo-1100 APYryro alrOpUTMUYECKYIO MPOLERYPY
(0 pa3yMHOCTH KOTOPOU MBI HUUETO He 3HaeM). Kpome 3Toro BO3MOXKHO CYIIeCTBOBaHHE HEKOW 00yUaroencs
MalllMHbI, KOTOpasi MOMOXET HaM B 3TOM IMOMCKe. JTa mpobiiema (M 1ienas Ky4ya CBSI3aHHBIX C HEIO 3a7ady)
JIOBOJIBHO MOAPOOHO paccMarpuBaeTcs B Moeil kHure «TeHu pazyma», U MO3TOMY sI HE OyAy MOBTOPSATH BCE
JIOBOJIBI U PACCYKIIEHUS, A OTMEUY TOJIBKO [1BA U3 HUX.

I'maBHBIM Bompoc 3akitoyaeTcsi B TOM, KakMM OOpa3oM BO3HUKAET 3TOT MpeArojaraeMblid anropurm?’
MOHO HpPEeaNoJ0KHUTh, YTO B MO3TY YE€JIOBEKAa HPU ITOM MPOMCXOJUT HEYTO IMOJ00HOE €CTECTBEHHOMY
0oTOOpYy, B TO BpeMsl Kak B ciy4yae po0OOTa HOBBI aNTOPUTM CO3/A€TCS KaKOH-TO cleluaibHONH CTPYKTYpPOH,
KOTOpYIo MOXHO cMeno Ha3BaTh Al (Artificial Intelligence, nckyccTBeHHBbIN HHTE/IEKT). Sl He Oyay BIaBaThCs
B CJIOJKHBIE PacCyKJIECHHS 10 ATOMY IIOBOJY, a JHUIIb PUBENY BaM JBE MPOCThIE KapUKATypbl U3 YIIOMSIHYTON
KHUTH.
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Puc. 3.7.
Eodesa n1u cnocobnocms Kk CLONCHBIM MAMEMAMUYECKUM NOCMPOEHUSIM 0A8ANA HAUUM OALeKUM NPEOKaM KaKue-
mo OCO6bl€ npeumywecmea 6 npoyeccax ecmecmeeHHoco 0]’]’160]?61, OOHCIKO 061/1/;61}1 Cl’lOCO6HOCmb K NOHUMAQHUO,
0e3yclo6HO, CNOCOOCMBOBANA UX BLINCUBAHUIO.

[TepBas u3 Hux (puc. 3.7) OTHOCUTCS K CBSI3U MOHUMAHUSI C €CTECTBEHHBIM 0TOOpOM. JIF000# MepBOOBITHBII
MaTeMaTHK C TOYKH 3PEHHS €CTECTBEHHOTO 0TOOpa M JapBUHOBCKOW MEXBHUIOBOW OOpPHOBI 32 CYIIECTBOBAaHHE
HaXOJHUTCS B BeChbMa HEBBITOJHOM IIOJOKEHUHU (MO0 CpPaBHEHHIO, HAMpPUMEp, C MOKAa3aHHbIM Ha PHCYHKE
cabne3yobiM Turpom). OmHaKko Ha 3amHeM (QOHE KaPTUHKHA MOXKHO BUIETh COPOJUYCH MAaTeMaTHKa, KOTOPHIC
YCIICITHO OXOTSTCSI HA MaMOHTOB, CTPOSIT JOMa, BBIPAIIMBAIOT KaKWe - TO 3JIaKh U T. 1. Bce 3TH omepanuu
TpeOYIOT OT TEPBOOBITHBIX JIIOACH pa3BUTUSl «IIOHUMaHHS», HO 3aMEThTE, YTO CaM MaTeMaTHK B JTHX
NEHCTBUSX HEMOCPENCTBEHHO HE y4yacTByeT. TakuM o0pa3oM, KayecTBO M YPOBEHb «IIOHHUMAHHS» MOTYT
CYIIECTBEHHO BJIMATH Ha MPOLECCHl €CTECTBEHHOT0 0TOOpa BUIOB, XOTS CaMH MaTeMaTHYECKUE aJrOPUTMbI HE
UMEIOT K 3THM IpoIieccaM HUKAKOro MPSMOT0 OTHOILICHHUS.

Ha npyroit kapukatype (puc. 3.8), CBA3aHHOW C OJHUM U3 CHOKETOB KHUTH «TeHW paszymay, MokazaH
CO3JIaHHBIN 110 HEKOTOPOMY MPOEKTY pOOOT C HCKYCCTBEHHBIM MHTEIIEKTOM. CIOKET OTHOCUTCS K JUCKYCCHU
MeXy poOOTOM M crenuaauctoM no Al, KoTopas IOCTaTO4YHO CJIO’KHA M 3aHUMAaeT B KHUIE€ MHOIO MECTa,
BCJIEJICTBHE 4ero s He Oyny ee mepeckasbiBaTb. B cBoe Bpemst Mos TOYKa 3peHHUs Ha JoBoAbl [ énems—
TrropuHTa OBLTA MTOJIBEPTHYTA JKECTOKOH KPUTUKE CAMBIMH Pa3IMYHBIMU JIFOJIbMH, C CAMBIX Pa3HBIX MMO3UIHNA U
Mo caMbIM pa3HbIM mpuunHaM. Jluckyccust B kHHre «TeHu pazyma» mexay Al-skcnmeptom u poboTom
npeJscTaBiIsieT co00i MO0 MONBITKY 0OOOIIEHHS BCEX HOBBIX JI0BOJIOB M BO3paKEHUM
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Puc. 3.8. Umnepatop Anb0ept B kHUre «Tenn pasyma» cnoput ¢ MatemaTuyecku O00CHOBaHHOM
Kubepcucremoii.
llepsvie 200 cmpanuy KHueu noceaujenvbl amaiusy U KpUmuieckomy pacCMOMPEHUIo pa3IUYHbIX UOel,
CBA3AHHBIX C UCNONb308aHUEM 0060008 I édensi—Tviopuneca. dmomy obcyscoenuto npuoana gopma ouanoea
medxncdy Al-sxcnepmom u pobomonm.

JlaBaiite BepHemcsi K Hauany oOcyxkneHus. JloBoasl camoro I['é€nmenst OTHOCATCS K KOHKPETHBIM
YTBEPKACHUSIM OTHOCUTENBHO YMCEJ, HO 3aMeThTe, uyTo ['€1enp roBOPUT JIMIIL O TOM, YTO HE CYIIECTBYET
BBIYUCITUTENBHBIX TPOIEAYp, KOTOpPHIE TO3BOJISIFOT OIMCHIBaTh CBOWCTBAa HATypalbHBIX 4yuced. OnmHako,
HECMOTPS Ha OTCYTCTBHE BBIYMCIUTENIBHBIX METOI0B UX OMMUCAHUS, JII000I peOeHOK MPEeKpacHO MOHUMAET, YTO
IPEJICTaBISIIOT co00i Takue uucina. Jljis 00bICHEHUS UX CYIIHOCTH JIOCTaTOYHO BCETO JIMILb [10Ka3aTh PEOCHKY
pa3sHOe YHCIIO Pa3HbIX OOBEKTOB (CM., Hampumep, puc. 3.9), rsngd Ha KoTopble 11000 peGEeHOK JOBOJIBHO
JIETKO M OBICTPO MPUXOAUT K aOCTPaKTHOMY MOHMMAHHIO CYIIHOCTH HATypaJbHBIX 4ucell. [Ipu 3ToM HUKTO He
u3jaraeT JeTsSM TEOPHIO M HaOOp BBIYMCIMTENBHBIX MPABUII, CBA3aHHBIX C HATYPaJIbHBIMH YUCIIAMHU, — JETH
Cpasy MPEKPACHO IIOHMUMAOT)» CYIIHOCTh W/IeH HATypAIbHBIX YHCEIl. S X0uy MOMYEPKHYTh, YTO OHU CIIOCOOHBI
KakMM-TO 00pa3oM BXOJUTh «B KOHTAaKT» C IJIATOHOBCKUM MHPOM MaT€MaTHMUYECKUX MOHATUN U uae. XoTs
MHOTHM JIIOJIIM TaKOH MOJIX0A K MpoOieMe MaTeMaTHYeCKOTO BOCTIPUSTHS HE OYEHb HPABHUTCS, MHE JIMYHO
NpPECTaBIseTCs, YTO HEUYTO M0J00HOE MPOMCXOJUT Ha camoM Jene. B mo0om ciyuae HaTypajdbHbIE 4yHCha,
CYIIECTBYIOIIME TNIE-TO B MHpPE IUIATOHOBCKHX HICH, OJHOBPEMEHHO MPHUCYTCTBYIOT T/I€ -TO «3/I€Ch», B
pe3ysibTaTe 4Yero Hailla CIIOCOOHOCTh «ITIOHMMAaTh» MHp JIeNaeT OKPYKAIOUIYI0 Hac ACHCTBUTEIBHOCTH Oojee
noctynHo. Mbl He ob6maganu Obl 3TOH CIIOCOOHOCTHIO, €clii Obl OBLIM MPOCTO HEPA3MBILUISIOIIMMHU
KoMmrbloTepamMu. Teopema ['€nenst CBUIETENBCTBYET KakK pa3 O TOM, UYTO MOCTHXKEHHME CYIIHOCTH U MPHPOJIBI
HATYpaJIbHBIX YHCENl OCYIIECTBISICTCS HE MPH MOMOIIN KaKUX -TO TPABWII, a 33 CUET MX B3aUMOICHUCTBUS HIIH
KOHTAaKTa C MJIATOHOBCKUM MHUPOM, yJauHBIM IIPHUMEPOM YETr0 MOXKET CIY>KUTh IMPOLECcC OHUMAHUS TOTO, YeM
SIBIISTIOTCSI HATYpaJIbHBIE YHCIIA.
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Puc. 3.9. PeGeHok BnoJiHe cl10CO0EH BOCIIPUHMUMATH MUP a0CTPAKTHBIX IIJIATOHOBCKHUX HJei,
paccMaTpuBasi NPOCTbIe PUCYHKH.

S yTBepKAao, 4TO MaTeMaTHUYecKoe NMOHMMaHUE BOOOIE CBOJIUTCS BOBCE HE K BBIYMCIUTENBHOW paboTe
MO3ra, a K 4eMy -TO COBEpPLIEHHO MHOMY, CBSI3aHHOMY C Halledl CIIOCOOHOCTHIO OCO3HABaTh WJIM IOHUMATh
OKpyXaroImui wmup. Pasymeercs, Bbl MOXKETE BO3pa3UTh MHE, YTO «HEBBIYMCIHMBII» XapakTep
MaTeMaTHYECKOTO BOCIIPUSTHS BOBCE HE O3HA4aeT, 4YTO M Jpyrue ¢GOpMBI CO3HAHUS  SBISIOTCS
«HEBBIUUCIUMBIMUY». OJHAKO MHE KaXKeTCs, YTO NPEeAJIOKEHHas HJes JOCTaTOYHO OOOCHOBaHa XOTS Obl
[OTOMY, YTO HE OYEHb YMHO NPOBOJUTH PA3TPAaHUUYCHHUE MEXJY MATEMaTHUYECKHUMU M BCEMU OCTaJbHBIMHU
BUJAMH «TIOHMMaHUs». VIMEHHO 3Ty UAEI0 s MbITalcid BHYIIMTH, JEMOHCTpUpYys Bam puc. 3.7. [lonumanue
BOBCE HE CIIEAYeT CUMUTATh XapaKTEpHON WM Jaxke Mpo(ecCHOHAIbHON XapaKTepUCTUKON MaTEMaTUKOB, OHO
ABISIETCA BecbMa OOIEH 4epToil, NpHCcylleld BCEM YEJIOBEYECKMM CYILIECTBaM, M 3Ta CHOCOOHOCTh
IPUHLUIIAAIBHO HE SBJSETCS BBIUMCIUTEIBLHON IO CBOEH MPUPOJIE, BHE BCSIKOM 3aBUCUMOCTH OT MaTEMATHUKH.
Henb3st Takxke MpOBECTH TpaHMIy MEXJy MOHMMAaHHEM M YEJIOBEUYECKUM CO3HAaHMEM BOOOIIE, MOITOMY
(HecMoTps Ha Mou OoJiee paHHHE YTBEP)KACHHUS, YTO s HUYETO0 HE 3HAI0 O YEJIOBEYECKOM CO3HAHHM) MHE
KaXeTCs, 4TO MOHUMAHUE SBJISIETCS MPOCTO MPUMEPOM CO3HAHMs (WIM XOTs OBl YeM -TO MOXO0XXKMM Ha HEro).
BnpoueMm, s Takke He MOTy NHpPOBECTH YETKYIO TpAaHUIly MEXJy CO3HAHHMEM YelIOBEeKa U KUBOTHOro. S
IPEeKpacHO MOHMMAHUIO, YTO 3Ta (paza MOXKET MHOTUM HE MOHPABUTHCSA, HO S HA CaMOM Jielle JIyMaro, YTo
JIOM OYEHb MOXO0KM Ha MHOTHX JKMBOTHBIX, U (XOTS MBI COOOpa)kaéM 4yTh JIy4llle, YEM HEKOTOpbIE HaIlIH
Ouosornyeckre poACTBEHHUKH ) OHU TAK)Ke CIIOCOOHBI K TOHMMAHUIO M 00J1a/1al0T OCHOBaMH CO3HAHUSI.

[ToaTOMYy «HEBBIUMCIMMOCTBY» KaKUX-TO aCIEKTOB CO3HAHUS (B YACTHOCTH, CBSI3aHHBIX C MaTeMaTUYECKUM
NOHUMaHHMEM) MOXET CIYXHUTb, HA MOM B3IJISAJl, JOCTaTOYHO YOEIUTEIbHBIM JOKa3aTeIbCTBOM HEBBIUMCINMON
IPUPOJIBI BCEX MPOLECCOB MTO3HAHUS.

Yro, B CYIIHOCTH, 5 OJIPAa3yMEBA0 MOl TEPMUHOM «HEBBIUMCIUMOCTH»? S y’ke MHOTrO rOBOpHII 00 3TOM, U
MHE XOYEeTCSl NPUBECTH €Ule OJWH KOHKPETHBI INpUMEp, JEMOHCTPUPYIOLIUN HEBBIYUCIUMOCTb B MOEM
NOHUMAaHMHU. J{JIs1 3TOTO 5 ONMUIIY HEKOTOPYIO UTPYIICYHYIO MOJENb BCEJICHHOM TUIIA Te€X, KOTOPbIE H300peTatoT
bu3MKY, KOT/Ia HE MOTYT HAWTH cebe Jydiiero 3aHsTtus (BooOIe roBops, TO HE XYAIIEE 3aHITHE, KOTOPOe
MOYKHO TIPHIyMaTh). OTa MOJEIb OTpa)kKaeT HEKOTOpble OCOOEHHOCTH BceneHHOM, ofHAaKo ee He Cleayer,
€CTECTBEHHO, COOTHOCUTh C peanbHOW Bcenennoil. Ponp 3TOM CKPOMHONW MOJENM CBOAUTCS JHIIb K
WJUTIOCTPALMM HEKOTOPBIX, COBEPIIEHHO OIPEIEICHHBIX XapaKTEPUCTHK.

B rtakoii Mozenu paccMaTpuBAIOTCS JUIIb JUCKPETHbIE MOMEHTHI BPEMEHH (MBI MOKEM OOO3HAYUTH UX
npocto 0, 1, 2, 3, 4, ...), KaXKJIOMy U3 KOTOPBIX COOTBETCTBYET HEKOTOPOE COCTOsIHUE BeenenHoil, onucsiBaeMoe
HEKOTOPBIM Ha0OpOM TaK Ha3bIBa€MbIX NOIUOMUHO. BBl, €CTECTBEHHO, BIIpaBe CHPOCUTH MEHS, YTO O3HAYaeT
9TOT HOBBIM TepmuH? [lonmmoMuHO mpenacTaBisgeT coOOW MPOCTO HEKUH HAOOp KBAJAPATHKOB, CIOCOOHBIX
3aMoJHATh MJIOCKOCTh, 00benuHssACh Apyr ¢ apyrom (puc. 3.10). Mens ceifuac nHTEepecyroT HabOpbI TaKUX
nonuoMuHO. CoCTOsSIHME BCEJIIEHHOM B Tpe/ularaeMod UIpyIIeYHOW MOJEIN 33JaeTcsi TOJBKO JBYMS
pearbHBIMH M KOHEYHbIMH Habopamu mnoiuomuHo. Ha puc. 3.10 mpuBeneHsl Bce BO3MOXKHBbIE KOHEUHBIE
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MHOKECTBA MOJIMOMHUHO, TIEPEUYHUCIICHHBIE B COOTBETCTBUU C HEKOTOPOM BBIUMCIUTEIHHOM MpONeaypour So, Sp
Sz, ... Kak BBIMMIAAMT OUHAMMKA WM BOJIONMS 3TOM 3a0aBHOHM uWrpyme4dHoi BceneHHoi? Ee pasButue
HAUMHAETCs B HEKOTOPBIN HayalbHbIM MOMEHT BpeMEHHU ¢ Habopa NOIHMOMHUHO (Sg, Sp), a 3aTeM NPOJOIDKACTCS
B BUJE BCE HOBBIX MAp MHOXECTB IOJIMOMHUHO, OTOMPAEMBIX IO HEKOTOPOMY 3aJaHHOMY IpaBuiy. B
COOTBETCTBUM C IPAaBUIOM OTOOpa YYMTHIBAIOTCS TOJBKO Takue HAOOPHl IUIMTOK IOJMOMHHO, KOTOpBIE
MO3BOJIAIOT 3aIIOJIHUTH IJIOCKOCTh LeNUKOM. OTOOp, Cle10BaTeNbHO, CBOJANUTCS JIMIIb K PELICHUIO CIEIYIOIIeH
3a7]aud: MO’KHO JIM 3allOJIHUTh IUIOCKOCTh IUIMTKAaMU 33JJaHHOI'O Habopa TakuM 00pa3oM, yTOObI Ha MJIOCKOCTU
He OBbUIO «3a30poB» WM «HakiIanok»? Ilpeamonoxum ganee, 4TOo B HEKOTOPHIW MOMEHT BPEMEHH HaIlla
UrpylleyHas BCEIEHHAs CBEJach K JIByM KOHKPETHbIM HaOopaM HOJHOMHHO (Sg, Sy), ONpPENEISIOIUM BCIO
JaibHENIIYIO YBOJIIOLMIO JaHHOU MoJienH. Eciu BbI MOXKETe HOKPBITh BCIO IJIOCKOCTh HAOOPOM MOJMOMUHO Sg,
TO BBl IIEPEXOAUTE K CIEAYIOUIEMY IOJMOMUHO Sqtl, T. €. moaydaere Ui CIEAYIOIIEr0O MOMEHTa BPEMEHHU
napy MHOXxecTB (Sq+1, Sy). Ecim e Bam 3TO He ynaeTcs, Bbl JOJDKHBI IIOMEHATh HAOOpBI MECTaMH, YTO JaeT
BaM HOBYIO mapy (Sy, Sqt1). UemM HaM MOxkeT OBbITb HMHTEpECHa 3Ta OYEHb IPOCTas U JaXKE HECKOJIBKO
OpUMHUTHBHAS Mozenb? CyThb paccMaTpuBaeMOl MOJAENU B TOM, YTO XOTSI €€ 3BOJIOLUS HOCUT COBEPIIEHHO
JNETEePMUHUCTHUYECKUI XapakTep (BeIp BbILIE s 3ajajl aOCOJIOTHO SICHYH0 M IIOJIHOCTBIO OIPEICIICHHYIO
IpOLEAYPY Pa3BUTHUS), OHA HE SBIISETCS BBIYUCIUMOM. [leno B ToM, uto PoOeproMm beprepom Oblna rokazaHa
TEeOpeMa, B COOTBETCTBUH C KOTOPOM HE CYLIECTBYIOT KOMIIBIOTEPHBIE ONEPALIMH, TIO3BOJIAIOILNE MOIEIUPOBATh
pa3BUTHE OTOM BCEJIEHHOM, IIOCKOJIBKY MOYKHO CTpPOr0 II0Ka3aTb, 4YTO HE CYIIECTBYIOT AJITOPUTMBI,
HO3BOJISIOIINE PEIINTh 33/1a4y O 3all0JHEHUHU TIOCKOCTH HAaOOPOM MOJIMOMHUHO.
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Puc. 3.10. HeBbIunc/siemasi, HO JeTePMHHHCTHYECKAS HTPYIIEYHAS MOIE]b BCEJIEHHOM, Pa3IHYHbIe

COCTOSIHMS KOTOPOii 32/1a10TCSI MAPOii KOHEYHBIX HAGOPOB MOJTUOMHHO.
Ecnu nepeviii 3anonnsiem NiOCKOCMb YEAUKOM, MO 6DEMEHHAS J60MIOYUSL OCYUWECMEIACMC CeO0VIOUWUM
00pPA30M: YUCTICHHBIIL HOMED Nep8o20 Habopa 8o3pacmaem HaA eOuHUYy, a 6Mmopoll HAboOp UCNOAb3Yemcs OJis
«obo3nauenuss epemenuy. Eciu oice nepeviil Habop He NOKpvleaem NIOCKOCMb UENUKOM, HAOOpbl credyem
NOMEHAMb MeCmamit U NPOOOINCUMb ONEPAYUI0. DEONIOYUSL CUCMEMbL, ONUCBIBACMAs. NAPOU MAKUX HAOOPOE
RONUOMUHO, O0NHCHA 6bleNademb caedyiowum oodpazom: (So, So), (So, S1), (S1, S1), (S2, S1) (Ss, S1), (Sa,
S1), ..o, (S218, S251), (S251, S279) (S252, S279), ...

PaccmoTpenHas Mozenb HariasgHO JEMOHCTPUPYET Pa3IMndve MEKIY BBIYMCIMMOCTBIO U JETEPMUHU3MOM.
Ha puc. 3.11 npuBeneHbl HEKOTOpPbIE MPUMEPHI 3AMOJHEHUS IJIOCKOCTH IUIMTKAMH MOJIMOMUHO Pa3IUYHbIX
pa3mepoB U ¢GopM. JIerko BUJETh, YTO B CIIy4asX @ U O MOJHOE 3alOJHEHUE IIOCKOCTU OCYILIECTBIsETCS O0e3
Tpyzaa. B ciydae ¢ 1Ba TUNA IUIMTOK IO OTAEIBHOCTH HE MOTYT 3allOJHUTH IUIOCKOCTh LETUKOM (HAa PUCYHKE
yKa3aHbl HEW30€KHO BO3HHUKAIOIIME «3a30Pbl», MM <«IBIPKU», B IMOKPHITHMH, OAHAKO BMECTE OHM JIETKO
3aMOJIHAIOT IUIOCKOCTh). B cilydae 2 IUIOCKOCT MOXHO 3allOJHHUTH IUIMTKAMU OJHOTO THIIA, OAHAKO 3TO
JIOCTUTAETCS TOJIBKO 32 CYET JOCTATOYHO CIIOKHOM «TIOJTOHKW.

3aaya 3HAYUTENIBHO OCJIOKHSIETCS IPU TOMBITKE 3alOIHEHMs IMJIOCKOCTH IUIMTKaMH IMOJIMOMHUHO Oolee
CJIO)KHOM (OpMBI, TMOKa3aHHBIMU Ha pHc. 3.12 (MMEHHO K 3TOHM CHUTyalluu OTHOCHTCS Teopema PobGepra
beprepa). [leno B ToM, 4TO TpuU THNA MOKa3aHHBIX HAa PUCYHKE IUIUTOK IMOKPBIBAIOT IUIOCKOCTb LEIHKOM,
OJTHAKO 3Ty OIEpallMi0 HEeNb3sl OCYHIECTBUTh TaKUM 00pa3om, 4ToObl y3op moBTopsuics! Ha kaxkaom stame
MPOLIECC 3alOJHEHHUS] ONpeNeNsieTcs BallMM BBIOOPOM MPOJOJDKEHHUS, B PE3yJbTaTe€ 4Yero O4YeHb TPYIHO
YCTAHOBUTH MOPSIIOK AeHCTBHM. TeMm He MeHee onepalius, 6€3yCciI0BHO, BBIIOJIHUMA, U UMEHHO CYIIECTBOBAaHHE
TaKMX BapUaHTOB 3aMIOJHEHUs IIOCKOCTH IpuBeno beprepa k ¢hopMyarpoBKe TeopeMbl, U3 KOTOPOil cieayer,



YTO JJIS MOJEIMPOBAHUS DPAa3BUTHS JaXe OSTOM WrpyHIEYHOM BCEIEHHOW HEBO3MOXKHO BBIpabOTaTh
BBIUNCJIUTEIBHYIO IPOrpamMMy.

A Kxak 0o0CTOAT JeNia ¢ ONMMCaHWeM HacTosIIeH, 6ombinoi Beenennoit? B rin. 2 s yke HeMano TOBOPHI O
(dyHaaMeHTaNbHBIX HEAOCTATKAaX CyIIECTBYIOIIEH (u3MUecKkol KapTuHbl wmwupa. [lomymaiite, Her nu
busznyeckoil TeopuM KaKUX-TO MPOOJIEeM, 3aCTaBISIONIMX BCIOMHUTH O HEBBIUMCIMMOCTH HEKOTOPBIX
onepanuii? Y MeHsl €CTb OCHOBaHMS CUUTaTh, YTO KBAHTOBAas TEOpPHUS I'PaBUTALMM B CBOEM IIPABHJIBHOM BUJE
JOJKHA ObITh UMEHHO HEBBIYHUCIMMOMN. SI TOBOpPIO 00 3TOM BIIOJIHE CEPHE3HO U MPOIEMOHCTPHUPYIO BaM, 4TO
npobjemMa HEBBIYHCIUMOCTH BO3HMKAET, MO KpaiHeH Mepe, B JBYX HE3aBHCHUMBIX HAINPABICHHUSX DPAa3BUTHUSA
KBAaHTOBOM TIpaBUTalMH, I[PUYEM HMMEHHO TOIZa, KOTJa Mbl pPacCcMaTpUBAaEM KBAHTOBBIE CYINEPIIO3UIIMU
YEeTHIPEXMEPHBIX MPOCTPAHCTB-BPEMEH (B OOJBIIMHCTBE CYIIECTBYIOUIMX TEOPUN MCIOJIB3YEeTCs JIUIIb
CYIIEPHO3UIIHS TPEXMEPHBIX MPOCTPAHCTBEHHBIX COCTOSIHUIA).

a [
3a3op unun
3a3op nnun «AbipKa»
«AblpKa»

Puc. 3.11.
Ilokpvimue 6Geckoneunol e8KIUO0B0U NIOCKOCMU PA3IUYHbIMU HAOOPAMU NAUMOK NOJUOMUHO (DA3PEULeHO
Makaice UCNONb308AHUE 3EPKATILHBIX «OMPANCEHUU» dIMux naumox). Hu ooun uz ogyx munog niumox nabopa 6
He MOJcem 3anoaHUmb NI0CKOCMb YeTUKOM.

77



Puc. 3.12. HabGop u3 Tpex TUINOB IVIMTOK MOJMOMHUHO MOKET 3aN0JHUTH MJIOCKOCTH LEeJTUKOM, HO
3aMoJIHAIIMI y30p He 00/1a1aeT ePHOAMYHOCTHIO.

PaccmorpuM cHawana Tak HasblBaeMyro cxeMmy I'epoxa—Xaptis i KBaHTOBOM I'paBUTALlMM, KOTOpas C
CaMOro Hayajla COJEP>KUT DJJIEMEHT HEBBIYHCIMMOCTH, IIOCKOJIbKY OIHMM W3 MCIOJIb3YEMbIX B HEH
MaTE€MaTUYeCKUX IIOJIO)KCHUM  sABIIAETCS  JOKa3aHHas MapKOBBIM HEBO3MOXHOCTh  BBIYMCIIMTEIBHON
KJIacCU(UKALMU YEThIPEXMEPHBIX TONOJOIMUYECKUX CKJIaloK. Sl He Oyny BJaBaThCsl B CIIOJKHBIE TEXHUYECKHE
JeTald, HO XO4Yy eIlle pa3 MOMYEPKHYTh, YTO HEBBIYMCIMMOCTh BO3HHMKAET €CTECTBEHHBIM 00pa3oM IpH
00beTMHEHNH 00I1el TEOPUN OTHOCUTEIBHOCTH U

KBAaHTOBOM MEXAHMKHU.

Puc. 3.13. IIpn 10cTATOYHO CTPOroOM 3aNOJTHEHHH NPOCTPAHCTBA-BPEMEHHN CBETOBBIMH KOHYCAMH
MOI'YT BOBHUKATb 3AaMKHYTbBIC BPEMEHH HO}IOﬁHI)Ie MHUPOBLIC JIMHUMH.

B kauectBe BTOpOro npumepa MOSBIECHUS HEBBIYMCIUMOCTH B TEOPUAX KBAHTOBOM TI'PAaBUTALMK MOXHO
COCJIaThCS HA Pe3yNbTaThl, COJIEpIKAIIMECs B MpenpuHTe 0AHOM U3 padot [»una [eitua. K Moemy rimybokomy
YIUBIEHUIO, B IIOJIHOM TEKCTE€ CTaTbU, OIYOJMKOBAHHOM MO3]HEEe, s He OOHAapyXWJ 3TUX MAaHHbIX! S
crienMaibHO Oece0Ball ¢ aBTOPOM Ha ATY TEMY, M OH 3aBEPHJI MEHsI, YTO OIYCTUJI 3TU PE3yJbTaThl HE M3-3a UX
OIIMOOYHOCTH, @ JIUIIb MOTOMY, YTO OHU OBUIM HE OYEHb BAKHBI U CTaTbU B 1eioM. OH CUUTaeT, 4YTo
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3a0aBHBIC CYNEPIIO3UIIUH MMPOCTPAHCTBA-BPEMEHHU (KOTOPBIE MBI JIOJKHBI paCCMaTPUBATh XOTS OBl B KauecTBE
THIOTETUYECKH BO3MOXKHBIX) BO3HHKAIOT BCIIEACTBHUE TOTO, YTO HEKOTOPHIE M3 MOTEHIHAIBLHO BO3MOKHBIX
BCEJICHHBIX MOTYT OOpa30BBIBaTh 3aMKHYTHIC IMPOCTPAaHCTBCHHO-BpeMEHHbIe JuHHH (puc. 3.13). B rtakumx
CUTYallUsSX BCSAKHE Kay3aJbHblE (IPUYMHHO - CJIEJCTBEHHBIC) CBS3M MOJHOCTBIO TEPSIOT CMBICH, MPUYUHBI U
CJICAICTBUS «OETYT 10 3aMKHYTOMY KPYTY», a MIPOILIOe U OyAyIliee MPOCTO MEPEeMEIIUBAIOTCS IPYT C IPYTOM.
XO0Ta BCE 3TO BBITJISIAIUT COBEPIICHHO HEpPEaTbHBIM M NMPOTUBO(PAKTHYECKHM, OHO (KaK W B 3ajadye TI. 2,
CBSI3aHHOW C MCIIBITAaHNEM O0MO) MOKET BJIHMSTH Ha JICHCTBUTEIbHBIC COOBITHS. S1 HE CUMTAIO 3TU PACCYKIACHUS
JIOCTAaTOYHO CEPbE3HBIMA M yOeIUTEeNbHBIMH, OJHAKO OHM TIIOKa3bIBAIOT, YTO KAaKHWE-TO HEBBIYMCIUMbBIC
OTIepaliy MOTYT JIETKO OOHAPYXHUTHCS U B COBEPIICHHO MPABHIIBHBIX TEOPETHYECKUX TTOCTPOCHHUSX.

Jlanee MHE XOTeJNOCh Obl OOCYAMTH €IIe OAMH JOCTATOYHO CIIOKHBIA BOMpOC. BrIlie s moguepkuBai, 4To
JNETEePMHUHU3M W BBIYMCIMMOCTH IMPEICTABISIOT COOOW pa3Hble MOHSATHS, W 3TO IMOABOAMT HAC K Mpodieme
cBoOobI BoM. B kimaccuueckoil ¢uminocoduu cBoOoa BOJIM BCerja paccMaTpuBalIach B TECHEHIIEH CBS3U ¢
JNETePMUHU3MOM. BBl 1 camu, HaBepHSIKa, CTATIKUBAINCH C ATOW MPOOJIIEMON M Pa3MBIIUISLIIH O TOM, HACKOJIBKO
Hamie Oyjaylee ompenessieTcss HAlluM OpOIUIBIM M T. M. MHE KaxkeTcs, YTO eCThb Macca JIpYyrux oOosee
UHTEPECHBIX M BaXKHBIX BOMPOCOB, HampuMmep: «Ormpenensercss TU Hamie Oyayliee HamuM POIUTBIM
BBIYHCIIUMBIM 00pa3zoM?».

Takue paccyXAeHHUs CBSI3aHBI CO CTOJb MHOTMMHU M Pa3HOOOPa3HBIMH MPOOJIEMAMH, YTO SI MOTY TOJBKO
YIIOMSIHYTh HEKOTOpBIE U3 HUX, HE MBITASCh JaXKe KakK-TO OTBe4YaTh. Hampumep, cymiecTByeT BEUHBIH CIIOp O
TOM, HACKOJBKO HAIIM IOCTYIIKH OIPEIENISIOTCS HAllleH HACJICICTBEHHOCThIO, a HACKOJIBKO — HAIllUM
OKpyXeHHeM. VMHTepecHO M CTpaHHO, YTO B AITOHM CBSI3M OYEHb PEAKO PACCMATPUBACTCS POJIb CIyYaiHBIX
dakTopoB. Bemp MBI HE MOXEM KOHTPOJIUPOBATH BCE OOCTOSATENBCTBA HAIIETO OKPY)KCHUS, IO3TOMY,
BO3MOXHO, HaM cJie1oBaio ObI 3a/1aTh cebe mpocToit Bompoc: «CyIiecTByeT I HeuTO (BO3MOXKHO, 3TO UMEHHO
TO, YTO MBI UMEHYeM $1), KOTOPOE OTJIMYAETCS OT OKPY)KCHHUSI M HE 3aBHCUT OT IMOCTOPOHHUX BO3IACHUCTBUI?Y.
Takast moctaHoBKa BOMpPOCA, KCTaTHU, YaCTO HCIIOIB3YETCS B OOBIUHOM OpUIMYecKON mpakTuke. Hampumep,
npobiema mpaB U 00sI3aHHOCTEH, OE3yCIIOBHO, CBSI3aHA C JICWCTBUSIMH HEKOTOPOTO HE3aBHCUMOTO CYOBEKTa,
neiicTBuTeNnbHO UMeHyemoro «S1». KoneuHo, 3Ta mpobiiema o4eHb CIOXHA M JenukatHa. [Ipexxae Bcero Ham
cienoBasio Obl, KOHEYHO, BBECTU SICHBIC OINpEACNICHUS MOHATHI AETePMHUHH3M U HeaeTepMUHU3M. OOBIYHO
HEJIETePMUHH3M I0/IPa3yMeBaeT MMEHHO HAJIHYHUE CIIyY9aifHBIX (DAKTOPOB MM AJIEMEHTOB, OJHAKO STOTO SIBHO
HE/IOCTaTOYHO JJISi pelleHUs MpOoOJIeMbl, MOCKOJBKY HEKOTOPbIE ClydailHble 3JIEMEHTHI BIIOJIHE MOTYT
KOHTPOJHPOBATHCS. BO3MOXKHO, B TaKUX CiIydasx CIEAyeT TOBOPHUTh O HEBBIUMCIMMOCTH WM JaXe O
HEBBIYMCIMMOCTH 0OO0Jiee BBICOKOTO YpPOBHS. YIHMBUTENIBHO, HO JIOBOJBI THUIA T'ENENEBCKUX OKa3bIBAIOTCS
pearbHO MPUMEHUMBIMU Ha Pa3HBIX YPOBHAX (a)kKe HAa TOM YPOBHE, KOTOpPbIH THIOpPWHT Ha3bIBAI MAIIMHON
npejcKa3aHuii), T. €. OHU 00Jalal0T 3HAYUTEIBHO 0oJee OOIIMM CMBICIOBBIM COAEPIKaHUEM, YeM 3TO ObLIO
NpEeCTaBICHO MHOK BbiIe. [lo3TOMy cienyeT CYMTaTh YTO BONPOC O HAJMYMHU 0OJiee BBHICOKHX YpPOBHEU
HEBBIYMCIMMOCTH MOXKET OBITh CBS3aH C MOBEAECHUEM peanbHOI BceeneHHON niaM, BO3MOXKHO, C TEM MOHSITHEM,
KOTOPOE MBI BOCTIPHHIMAEM B Ka4eCTBE HaIIel CBOOOIBI BOJIH.

DeHapuThbl

CuHancsi (BblaeneHbl
TOYKU COefnHEHNs) o

AKCOH
HepBHbIN
curHan

Puc. 3.14. Cxema padoTbl HelipoOHa, CBSI3AHHOI'O € IPYTMMH HeiipOHAMH 4Yepe3 CHHAICHI.

Crenyromuii BOIPOC OTHOCUTCS K YK€ YIOMSHYTOMY MHOM «KOHTAaKTy» C MUPOM IUIATOHOBCKHUX naed. B
4yeM, COOCTBEHHO T'OBOpS, COCTOUT 3TOT KOHTAaKT M KaKOB €ro xapakrtep? B CyIIHOCTH, MOXHO yka3aTb
OTPOMHOE KOJMYECTBO TaK HA3bIBAEMBIX «MHPOB» C YYaCTHEM HEBBIUMCIMMBIX 3JIEMEHTOB — CyAeOHOe Jeo,
3/1paBbIi CMBICI, 03aPEHUE, ICTETUYECKOE YYBCTBO, COCTPALaHUE, MOpaib... MHe IpeacTaBisercs, 4To BCe OTH
00J1aCTH JKU3HU M CO3HAHMS XapaKTEPU3YIOTCS HATUYHEM JIEMEHTOB HEBBIYMCIUMOCTH. Jl0 CHX TOp s TOBOPUI
0 MHUp€ IJIaTOHOBCKUX WJEH IIaBHBIM 00pa30oM B MaTeMaTHYECKOM CMBbICIIE, OHaKo B uzaesx Ilnarona ects u



Jpyrasi CTOpOHa, KOTOPYIO HEb3s MTHOPUPOBATh. AOCOJIIOTHBIE IIATOHOBCKUE HJEU ACCOLUHPOBAIUCH HE
TOJIbKO C UCTHHOM, UX APYTUMH XapaKTepUCTUKAMHU BBICTYIAIU A0Opo M KpacoTa. [loaTomMy m1000i KOHTAKT C
IUIATOHOBCKUMU HJAEAMH, JOCTYIHBIA YEIOBEYECKOMY pa3yMy M HE CBOJALIMICS K BBIYACIUTEIbHBIM
orepanusaM (MU BEIYUCIAEMOMY ITOBEACHHUIO), IPEICTABIISIETCS MHE YPE3BBIYANHO BAXKHBIM.

A Temepr mnaBaiiTe 3amymaeMcs o pabore Hamero coOctBeHHoro mosra. Ha puc. 3.14 mpencramieH
HEOOJIBIIION Y4acTOK MO3ra, OTHOCSIIUICS K OYeHb BAXXKHOH CTPYKTYpe — HEMpOHHOW cucreme. BaxkHOi
YacThIO KaXJIOr0 HEHpOHa SBISETCS TaK Ha3blBa€MbIH aKCOH, IMPEICTAaBIAIOUIMM COOOH OYEeHb IJIMHHOE
HEPBHOE BOJIOKHO, KOTOPO€ pPACHICIUIIETCS B PA3IMYHBIX MECTax Ha OTHENIbHBIC, 0oJiee TOHKHE BOJIOKHA,
KOTOpPbIE 3aT€M COOMPAIOTCA WM OOBEAMHAIOTCS B CHELMAIbHBIX OOpa30BaHUSAX, HA3bIBAEMBIX CHHAIICAMH.
CuHaricbl B OCHOBHOM MIPAIOT POJIb Y3JIOB CBSI3U IPU IE€peiade CUTHAJIOB MEX]y HEHpPOHaMHU IOCPEICTBOM
XMMHUYECKHX COCIUHEHUH (Tak Ha3blBaeMbIX HeiponepenaTuukoB). HekoTopble cHHANChl MO MpUpOJE
SIBIISIFOTCS] BO30YAUTENSIMU (T. €. MOCTYIJICHWE B HUX BEIIECTB HEUPOIEPEAATYMKOB MPUBOIUT K BO30YKICHHIO
CBSI3aHHBIX C CHUHAICOM HEHpPOHOB), a Apyrue — HHTUOUTOpaMM, TOPMO3SIIMMHU Ie€peadyy CUTHAIOB K
Heiiponam. PabGoTy cuHamca mpu nepenadye WHGOPMAIMOHHOTO CHUTHala OT OJHOTO HEHpOHAa K JApyroMmy
XapakTepu3yloT MapaMeTpoM, UMEHYeMbIM CWION cuHarica. Ecnmu Obl Bce cHHaIChl 00Jajand OJMHAKOBOM
CHUJIOH, TO YEJIOBEUECKUN MO3T IEHCTBUTEILHO OYEHb HAIIOMUHAaN Obl KOMIIbIOTEP. OJIHAKO S cpa3y OTMEUy, U4TO
CWJIBl CHHAIICOB HE SBJIIIOTCS IOCTOSHHBIMM BEIWYMHAMU, M y CIELHUAIUCTOB €CTh MHOXECTBO TEOPHM
OTHOCHUTEJIBHO 3aKOHOMEPHOCTEH HMX HM3MEHEHuH. B kauecTBe nprmMepa MOXKHO IIPUBECTH OIHY M3 IEPBBIX
rUnoTe3 B 3ToW obmactu, MexaHusM XeO0a. IIpoGinema 3akmrouaercs B TOM, 4YTO IIpeArojaraeMble
3aKOHOMEPHOCTH TOYTH BCETJa SIBISIOTCS BBIYMCIUTENbHBIMU, U JIMIIb OYEHb PENKO (IIPAKTHUUECKHU BCEraa
0e3ycCHelHo) UCCae10BaTeIH MbITAIOTCA YUeCTh 3JEMEHThl CIlydalHOCTH. 3a/1aBasi KaKylo-1100 CMELIaHHYIo,
BBIUMCIUTEIbHO-BEPOSITHOCTHYIO TEOPUI0 M3MEHEHHMsS] CHJI CHUHAICOB, MOYKHO MOJEJIMPOBATh I1OBEICHUE
CHCTEMbl HEHPOHOB M CHHAIICOB HAa KOMIIbIOTEpEe (HAIIOMMHAIO, YTO BEPOSTHOCTHBIE 3JIEMEHTHI IOBEICHHUS
MOJICJIUPYIOTCSI OY€Hb JIETKO), B pE3yJbTaTe€ YEero Mbl MOXEM IOJy4aTb HEKOTOPOE OIHUCaHuE
paccMaTpuBaeMOl CUCTEMBI (THUIIa CXeMbI Ha puc. 3.15).

MckyccTBeHHas HepoHHas ceTb

™

Bxop - I} —— ) Buixon

MNpasuna BbIYMCNEHUS
VU3MEeHSIoWEencs CUbl HEAPOHOB

Puc. 3.15.

DOneMeHThl, OOO3HAUYCHHBIE KBaJapaTukamMu Ha puc. 3.15 (BBl MOXeTe CuUuTaTh WX, HAMPUMED,
TpPaH3UCTOpPaMH), CIIOCOOHBI WTPaTh POJb HEHPOHOB MO3ra, YTO IO3BOJISIET CO3/1aBaTh W paccMaTpHUBATh
CIELUAJIbHBIE IEKTPOHHBIE YCTPOWCTBA, HA3bIBAEMbIE€ HCKYCCTBEHHBIMU HEUPOHHBIMU CETSMU. B Takux ceTsix
MOXXHO 3aJIaBaTh Pa3jIMYHBIC TPABWJIA U3MEHEHHUS CHJIBI CHHANCOB (OOBIYHO 3TO JETACTCS MJIs TOJYYCHHS
0oJiee KA4YeCTBEHHBIX BBIXOJHBIX CHUTHAJOB). lcmonb3yeMble MpaBuia BCEerJa HOCAT BBIYMCIUTENbHBIN
XapakTep, MOCKOJIbKY HCCIIeI0BAaTENN BBOAIT UX AJIs YA0OCTBA MOJIETMPOBaHUs Ha KoMibioTepe. COOCTBEHHO
TOBOps, BCIO 3TY CUTYallMI0 MOXHO pacCMaTpuBaTh B Ka4eCTBE TecTa (T. €. €CIM Bbl MOXKETE MOJACIUPOBATH
MOBEJICHUE CUCTEMBI Ha KOMIIBIOTEpPE, TO OHA SIBJISACTCS BBIYHCIUTEIHLHON), OJTHAKO MPUMEHEHHE ATOTO TECTa
HOCHUT MHOT/Ia MapaJoKcanbHbIi XapakTep. Hanmpumep, Jxepansa DaenbMan IpejioKI YyIUTHBATh B paboTe
MO3ra HEKOTOpbIe (YHKIIMH, KOTOPBIE OH CUUTAT «HEBBIYUCIUMBIMIY. Kak oH yuen stu pynkuuu? Jla oueHb
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POCTO — TPOMOJICIMPOBAJ BEIMOIHEHUE ATHX (PYHKIMA Ha cBoeM Komrbtorepe! Ho Beap ecim KoMIbIOTEpY
yJAJI0Ch UX OCYIIECTBUTh, TO OHU OTHOCSITCS K BEIYMCIUMBIM!

MHe OBl XOTEeJIOCh PACCMOTPETH €Ille HEKOTOPBIE BOIPOCHI, CBA3aHHBIC C pabOTON HEeipoHOB. UTO AenmaroT
OTJeNbHbIe HEUPOHBI? SIBISIOTCS M OHU JEUCTBUTEIHHO CBOCOOPA3HBIMH BBIYMCIUTEIBHBIMU AJIEMEHTAMHU H
T. 1.7 ClieyeT MOMHHUTB, YTO HEHPOHBI MPEICTABISIOT COO0H OMOIOTHYECKUE KIIETKHU, a OHOJIOTHYECKast KIETKa
— HACTOJIbKO CJIOXHAsg M pa3BUTas CTPYKTypa, YTO OHA CIIOCOOHA MPOJENBIBATh XHUTPBIE TPIOKU JaXe B
onuHOYKy. Hampumep, mokazanHoe Ha puc. 3.16 omHOKIETOYHOE cymiecTBO (MHPY30pus-TydesbKa,
napamenus) cnocoOHO MJIBITh K HICTOYHHUKY MUIIH, YOerats OT OMaCHOCTH, MPEOI0JIEBATh MPENATCTBUS U JTaXKe
YUUTBCS, T. €. MPUOOPETATh <OKU3HEHHBIN OMbIT». Hamnvue Takux CBOWCTB, KOHEYHO, HABOJUT HA MBICIb O
HEpPBHOM cHCTeMe, HO UMEHHO HEPBHOW CUCTEMBI HH(Y30pHsI TOUHO HE UMeeT. bbl1o OBl MPOCTO BEIHUKOJIEIHO,
ecnu Obl, HarpuMep, HHPY30puu -Ty(DeabKU U SIBISUINCh MHTEPECYIOIIMMU Hac Helponamu! K coxanenwuro,
HUKAaKUX HEHPOHOB HH(]Y30pusi UMETh HE MOXKET XOTsA Obl MOTOMY, YTO OHA IPEJCTaBIIsET COOOW OaHY -
€IMHCTBCHHYIO KJIETKY. MHE Obl OY€Hb XOTEIOCh MMETh BO3MOXKHOCTH 3a7aTh BCEM 3THM OJIHOKJICTOYHBIM
(Bxurouasi ame0y) npoctoit Borpoc: «Kak BaM BCE 3T0 yrnaercsa?»

[Ipenmnomnaraercsi, YTO BBHIMOJHEHHUE CIOXKHBIX (YHKIUH 3TUX OJHOKJIETOYHBIX OPTraHM3MOB OOECIICUYHMBACT
TaK Ha3bIBAEMBIA LUTOCKENET (KOTOPBIM IOMHMO BCETO OCTAIBHOTO CO3/aeT BHEIIHIOW (OpMY KIIETKH).
[ToBepxHOCTh MH(Y30pPHH MOKPHITA TOHKUMH BOPCHHKAMH, WJIA PECHUYKAMH, KOTOPBIC WCIOJIB3YIOTCS IS
IUTaBaHUS U COCTOSIT TJIABHBIM O0pPa3oM M3 MaJCHBKHUX TPYOYaTBIX CTPYKTYp, HAa3bIBAEMBIX MHKPOTPYOKaAMH.
[{uTockeneT (BHEHIHSS O00O0JIOYKA) TOXE OOpa3yeTcss STHMH MHKPOTPYOKaMH, a TakKe OCIKOM-aKTHHOM W
IPOMEKYTOUYHBIMH BOJIOKHaMHU. [lo aHamOrMuHOMY MEXaHW3MYy NEpeABUTaloTcs W ameObl, 3((HEeKTUBHO
UCTIOJIB3YIONINE MUKPOTPYOKH JIJIsi BBIJBMDKEHUSI CBOUX TICEBJIOTIOIHIA.

Puc. 3.16. Undy3opusi-tydenanbka.
O6pamume GHUMAHUE HA MOHKUE 60pPCUHKU (maK Haszsvleaemovle peC’Hl/lllKl/l), ucnosbzyembvle o1 niaeaHnvA,
KOmopbwle hopmMupyom HeutHI00 060104KY UHDY30pUU — YUMOCKeTem.

MukpoTpyOku (MHOTAa HA3bIBAIOT MHUKPOKAHAJIbI[AMH) SIBISIOTCS JOBOJIBHO HEOOBIYHBIMH OOBEKTaMHU.
Hanpumep, pecHUYKH, TOCPEICTBOM KOTOPBIX MepeBUraeTCsi HH(Y30pHs, MPEACTABIAIOT COOOM MyYKH TaKUX
MUKpOTpYOOK. bonee Toro, o4eHr 9acTo MHUKPOTPYOKH BOBJICKAIOTCS B TPOIECC MUTO3a (Tak OHOJIOTH
Ha3bIBAIOT JIEJICHHE KJIETOK). BrpoueMm, s xoren Obl cpa3y MOJUEPKHYTh, YTO 3TO IMPOUCXOAUT TOJBKO C
MUKpPOTpYyOKaMu B OOBIYHBIX KJIETKaX, a HE B HEHpOHaX, TaKk KaKk HEHPOHBI BOOOLIE HE AeISATCs (BO3MOXKHO, 3TO
U SBIISIETCS UX TJIaBHOW O0COOEHHOCTHIO). LlUTOCKeNneT ynpaBisercst CTpyKTypoil, MIMEHYeMO# LIEHTPOCOMOH, B
KOTOPOM BBLAETSIOTCS TaK Ha3blBaeMbl€ LIEHTPUOJIH, MPEACTABISIONINE cOO0M /Ba Mydyka (B BUAE LIUIMHAPOB)
MHUKpOTPYOOK B BHUje pa3opBaHHOI OykBbl T. Ha kpuTHueckoil cTaguu pa3feneHHs LHEHTPOCOMBI KaxX/Ibli 13
LWIMHIPOB pa3pacTaercs, B pe3yabTaTe yero o0pa3yroTcs JBe LEHTPUOIU B BuAe T, OTXos1Iue IpYyT OT Apyra
U BBITATHBAIONIME 3a COOOW CBA3KM MHKpPOTPYOOK. IIpn 3TOM BOJMIOKHa MHUKPOTPYOOK KakMM-TO 0Opa3om



MIPUCOCIUHSIOT 00€ YacTH pa3leleHHOM IEeHTpocoMbl K pa3HbeiM nersMm JIHK snapa knetku, mocne dero stu
renu pacxonarcs. C Takoro J0CTaTOYHO CII0KHOTO MPOIiecca HAUMHACTCS YIIOMSHYTHIN BhIIIE MUTO3 (JeTieHUE
KJICTKH).

———= MUKpOTpYy6KH

CuHanc

ByToH AKTUH

Knatputbl

DeHapuTHBI MukpoTpy6ku

cTBon

T

Puc. 3.17.

Kflampquz (l/l OKOHYAHUA Mquompy60K) 6X005M 6 COCMAE8 MAK HA3blBAEMO20 CUHANMUYECKO20 OKOHYAHUSA
AaKCOHa, umerueco gbOpMy 6ym0Ha, u CywyecmeerHbim 06pa30M GIUAION HA 6€lUYUH)Y CUlbl CuHancda. Omo
GlUAHUE Ocyulecmeisiiemcs nocpedcmeom AKMUHOBbIX 60JI0KOH 6 deH()pumelx ompocmkax.

Bce 3T0 HEBO3MOXKHO B HEMpoHaX (IIOCKOJIBKY, KaK 5 y’Ke OTMeuall, HeHpOHbI HE MOT'YT JEJIUThCS ), HOITOMY
B HUX MHKPOTPYOKH JOJDKHBI BBITIOJTHATH Kakue-To npyrue GpyHkun. UTo aenaroT MUKpOTPYOKH B HelipoHax?
[Toxoxe, 4To y HMX TaM Macca Jien (BKJIoYas MEpeHOC MOJIEKYN - HelponepelaTuuKoOB BHYTPH KIIETKH),
OJIHAKO OHHU IOYTH TOYHO CBSI3aHBI C YyXKE€ YIOMHUHaBIIMiica cuwiod cuHarncoB. Ha puc. 3.17 mnokasanbl
(ecTecTBEHHO, C O4YEHb OOJIBLIMM yBEJIMUEHHEM) HEMPOH U CHHAIIC, @ TAKXKE YIPOILIECHHAs CXeMa PacIOoI0KEeHUs
MHUKPOTPYOOK M MPHUCOECTUHEHNsI aKTHHOBBIX BOJOKOH. M3 pHCYHKa MOKHO MOHSATH, YTO MUKPOTPYOKH MOTYT
U3MEHATHh CWJIy CHHAIca, BO3ICHCTBYS HAa TaK HAa3blBAEMbIE JEHAPUTHBIE OTPOCTKH, KOTOPBIE YaCTO
IPUCYTCTBYIOT B CHHAlCax M MOTYT pacTH, COKpalarbcsi W BUAOU3MEHSTHCS pPa3jIMUHBIM 00pa3oM.
BosneiictBue MoXeT OBbITh CBSI3aHO C COCTOSIHHEM OCOOBIX O€JIKOB (QKTHHOB), MI'PAIOLIMX BaXXKHYIO pOJIb B
MEXaHM3ME COKpaIIeHHs MbIIII. /€10 B TOM, 4TO coceTHuE MUKPOTPYOKH MOT'YT CUJIBHO BJIMSTH HAa aKTHHBI, a
aKTUHBI, B CBOIO OYepellb, MEHAIOT (GOPMY M JUDIEKTPUUYECKHE CBOWCTBA TAaK HA3bIBAEMBIX CHHANTHUYECKHX
okoHuaHuil. CylecTByer, 0 MEHbIIEH Mepe, elle JIBa IpYTUX MeXaHu3Ma BO3ACHCTBUS MUKPOTPYOOK Ha CHITY
cuHarca. Bo-mepBbIX, MUKpPOTPYOKHM Y4YacTBYIOT B Ipolieccax IepeJauyd CUTHajda OT OJHOro HeWpoHa K
JIpYroMy, Tak Kak MMEHHO OHM 00ecreunBaroT NEPEeHOC XUMUYECKHUX BEIIECTB B/I0JIb AKCOHOB U JACHIPUTOB, U
OT UX aKTUBHOCTH MOTYT 3aBUCETh, HAIIPUMED, KOHLICHTPALMS ITUX BELIECCTB B OKOHYAHUAX HEPBHBIX BOJIOKOH
U B KOHEUYHOM cuere cuia cuHamnca. C pyroil CTOpOHBI, MHUKPOTPYOKM yYacTBYIOT B IpoOIeccax pocTa U
pacriaza oTJeNIbHBIX HEHPOHOB, a TakXKe B (POPMUPOBAHUH CUCTEMBI CBS3H B HEHPOHHBIX CETSX.

T @e%mpopmauuu

brd

Puc. 3.18. MukpoTpyOka nMeeT BU/ M10J10T0 HWINHIAPA, 00BIYHO COCTABJICHHOI0 U3 13 «KOJOHOK»
AMMEPOB TyOyJIMHA.

Monexyna myoyauna moxcem umems HeCKOAbKO KOHGopmayuil (no Kpatinet mepe, 0se).
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YCTpoiCTBO OTACIBHOM MHUKPOTPYOKH CXEMAaTHYECKH TOKa3aHo Ha puc. 3.18. OHa mocTpoeHa, TJIaBHBIM
o0pa3oM, M3 JOBOJBHO CBOEOOPA3HOTO OENKOBOTO BellecTBa TyOynuHa, CHOCOOHOTO CyIIEeCTBOBaTh B
HECKOJbKHX (10 KpaiiHed Mepe, B JIBYX) KOHGpopmarusax (MpOCTPaHCTBEHHBIX (opMax WM COCTOSHUSX),
KOTOpPBIE MOTYT IEPEXOIUTh ApYr B Apyra. Ctioapt Xamepodd u ero rpymna npeaioKmii 04eHb HHTEPECHBIN
MEXaHMU3M Tepefaun CUTHaja BAOJIb TPYOKH, B COOTBETCTBUU C KOTOPBIM MUKPOTPYOKH IpHU Iepeaadye BeayT
ce0s KaK XOpOILIO HW3BECTHBIC CBS3UCTAM W KHOEpHETHKAM KIETOYHBIE aBTOMAaTrhl. JIBe pasimuuHbIe
KoH(poOpMaluu TyOyJIMHA COOTBETCTBYIOT MPOCTO IUCKpeTHbIM 3HaueHusM 0 u 1, B pesynbrare 4ero
MUKpPOTPYOKa B IIEIOM MOXET BECTH ce0si MmoJo0HO OOBIYHOMY IUGPOBOMY KOMIBIOTEpY. Takoi mMoaxon
MO3BOJIIET HAM YaCTUYHO MOHSATH PabOTy HEHMPOHHOW CETH, XOTs, Pa3yMeeTcs, KaKIblii OTIENbHBIA HEUpPOH
BOBCE HE MIOX0X Ha MPOCTOH MEePEKII0YaTeNh, IOCKOJIBKY B HEM COJCPKHUTCSI MHOTO MUKPOTPYOOK, CIIOCOOHBIX
BBITMOJHATH OYEHb CJIOKHBIE (DYHKIIUU.

[To3BonbTE MHE Jaliee MPEAJIOKHUTH COOCTBEHHYIO HECKOJBKO HEOXKHUIAHHYIO HJICI0, 3aKIIOYAIONIyIOCs B
TOM, YTO KBAaHTOBas MEXaHHMKa MOXKET OKa3aThCS BEChbMa IOJIE3HOW NMPU PACCMOTPEHUHU IMPOLIECCOB TAKOTO
pona. B onmuchiBaeMbIX MUKPOTpYOKax MeHs 00jee BCEero 3amHTEpEcOBAIO UX CTPOCHHE, T. €. (DaKT, YTo OHU
NPEICTaBISIIOT cOO0N TPyOKH U, CleA0BATEIbHO, MPU ONPEACICHHBIX YCIOBUAX MOTYT 00ECIIEUUTh H30JIALHUIO
MPOUCXOISAIIMX B HUX MPOIECCOB OT JIIOOOT0 CIy4yallHOTO BO3JCUCTBHUS M3BHE. Bcrmomuute, 4To B . 2 4
TOBOPHII 0 HEOOXOIUMOCTH co3aanus HOBoU (opMbl OR-pusuku, a1sa 3¢pGeKTUBHOCTH KOTOPOil HEOOXO0AUMO
UMETh MEXaHH3M MaccOIlepeHOoca MpH Mepeaade KBAHTOBBIX CYIEPIO3ULNH, 00eCTIeYNBAIOIINN UX HAICKHYIO
U30JSIIUI0 OT OKpyKeHusi. VIMeHHO TpyOka mpencTaBisieT co0oil CTPYKTypy, B KOTOPOW BO3MOXKHO
OCYIIIECTBIICHUE KPYITHOMACIITAOHBIX KBAHTOBO-KOTEPEHTHBIX COOBITHIA, B U€M-TO HAITOMHHAIOIINX KBAHTOBBIC
3¢ (dexTsl B MOTYNPOBOAHHMKAX. 3HAUUTENbHBIA MEPEHOC Macchl B TPyOKax MOXKET MPOUCXOIUTH 3a CYET
COTJIACOBAHHBIX W3MEHEHHMH KOHPOpMauuu TyOynuHa (HampuMep, IO MpeiokeHHoMy Xamepohdom
MEXaHHU3MY), IPU KOTOPBIX MOBEICHUE «KJIETOUHBIX aBTOMATOBY» OYIET COOTBETCTBOBATh KAKUM-TO KBAHTOBBIM
cynepno3unusam. [Ipouecc Takoro Tuna cxeMaTuyecku nokasaH Ha puc. 3.19.

CTPYKTYpUPOBaHHbIA CNoW
MONeKyn BOAbI

Puc. 3.19.
B cucmeme muxpompy6ok 8Hympu HeUpOHHOU cemu MO2ym RPOUCXOOUMb KPYNHOMACWMAOHbIE K8AHMOBO-
Mexanudeckue cobvimus, opmupyrowue «pazymuele codvimusy u3 omoenvhvix OR-603modccHocmell.
Tpebyemasn s¢ppexmusnas uzonayus modcem 00ecnedusamvcs cloem YHNOPIOOYEeHHbIX MOJeKYl 800bl HA
cmenxkax mpyobok. «Hacmpoukay Keanmoeoiu —OesmenbHOCmu  MOodcem — OCYWeCmeIambvcs — OelKamu,
accoyuupogannvimu ¢ muxkpompyoxamu (BAM), coedounsrowumu MukpompyoKu 6 «y31ax» HeUpoOHHOU cemu.

J1J1s IOTHOTHI MIPEATIaraeéMoro OMucaHus HeoOX0IUMO ellle N300pa3uTh KOTepEHTHOE KBAaHTOBOE KoyieOaHue,
MPOUCXOsIIee B TPyOKax W pacrpocTpaHsrolieecs Ha Oonpimre 00JacTH Mo3ra. MHOro JeT HazaJl O4YeHb
o0IIyI0 HIEI0 TaKOro TuIa BbIBHHYN Pobept Dpénux, mpeanoiaraBmidii oOHApYXHTh TaKHe CTPYKTYpHI
MMEHHO B OHMOJIOTHUYECKHX CHCTeMaX. MHKpOTPYyOKH MPEACTABISIIOTCS MHE BeCbMa yIOOHOW Cpemoit yist
NPOSIBIICHUS ~ KPYIMHOMACIITA0HBIX  KBAHTOBO-KOTEPEHTHBIX  siBNeHWH.  OTHOCHTENBRHO  TEepMHHA
«KpYITHOMACINTAOHBII» 51 OB XOTEJl HAIIOMHUTH BaM OMHUCAHHBIE B II1. 2 3()(EKThI KBAHTOBOH HEIOKATLHOCTH
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(tuma  mapagokca  OWHmTeliHa—Ilomonsckoro—Po3eHa),  KOTOpele  HArJIIAHO  JIEMOHCTPUPYIOT
HEPACTOPKUMYIO CBSI3b COOBITUH U 3()(EKTOB, MPOUCXOIAIINX Ha OUYCHb OOJIBIINX PACCTOSHUSAX APYT OT ApYra.
HenokanbHbie 3 QeKThl KBAHTOBOM MEXaHUKU HEJb3sl OHATh, paCCMAaTpPUBasi HEKOTOPHIE COOBITHS B KaUeCTBE
COBEPILEHHO HE3aBHCHUMBIX, IOCKOJILKY OHU TPEOYIOT y4eTa KaKuX-TO III00aTbHbIX CBS3EH.

MHe KaxeTcsi, 4TO CO3HaHUE TOXKe MPEJCTaBIsIeT cO00M HeuTo riaodanbHOe, U J1000# Gpuznyeckuil mporecc,
OTBETCTBCHHBII 3a CO3HaHWE, JOJDKEH HOCUTh CYHIECTBEHHO 000OIIeHHBIM Xxapaktep. KBaHTOBas
KOT€pEeHTHOCTh, OUYEBUIHO, YAOBJIETBOPSET BCeM TpeOOBaHUSM B 3TOM OTHOIICHUHU. JJig ocCyliecTBICHHS
KpYIHOMAcCIITaOHOM KBAaHTOBOM KOTEPEHTHOCTH HEOOXOJMMa BBICOKas CTEMEHb M30JSIIHUU, KOTOpas
ofecrieunBaeTcs CTEHKaMH MHUKpoTpyOok. KoHdopmanuoHHble mHepexoipl TyOylIMHA MOTYT MOTpeboBaTh
JIOTIOJIHUTEIIbHOM H30JLUH, KOTOPYIO CO3JaeT CJIOW YHNOPSAOYEHHBIX MOJIEKYJ BOJbI, IOKPBIBAIOLINX
BHEIIHIOIO CTOPOHY MUKPOTPYOOK. DTa yrnopsaoueHHas, WK CTPYKTYpUpOBaHHAas!, BO/a (€€ Halh4uue B JKUBBIX
KJIETKaX YCTaHOBJIEHO COBEPILIEHHO TOYHO) MOYKET M cama WUrpaTh JOCTaTOYHO Ba)XHYIO pOJIb B IpoIeccax
KBaHTOBO-KOTE€PEHTHBIX KoJeOaHui BHYTpU TPyOOK. XOTsA BCE CKa3aHHOE MOXKET IMOKa3aThCsl Ype3BbIYaiHO
CJIO’KHBIM, TEM HE MEHEE €TI0 Hellb3s CUUTATh COBEPIIEHHO OECCMBICTICHHBIM.

KBantoBbie kosiebaHusi B TpyOKax MJODKHBI OBITh KakK-TO CBSI3aHBl C (DYHKIIMOHUPOBAHHUEM CaMUX
MHUKPOTPYOOK (2 MMEHHO: ¢ MEXaHH3MOM pabOTHl KJIETOYHBIX aBTOMAaTOB, KOTOPHIA mpemnaran Xamepohd),
OJIHAKO JUIsl HALEro pPacCMOTPEHHUs Ba)KHEE CBSI3aTh 3Ty MJICK0 C KBAHTOBO-MEXAHUYECKHM I1OBEICHUEM.
[ToaToMy cneayeT roBOpUTh HE O BBIYMCIUTENbHBIX OINEpalMsIX B OOBIYHOM CMBICIE 3TOrO CJIOBA, a O TaK
Ha3bIBAEMbIX KBAHTOBBIX BBIYHMCICHHUSX, B KOTOPBIX YYAaCTBYIOT CYNEPIO3UIMU Takux omnepauuid. [lpum
MIOCJIEIOBATEIEHOM M IIEJIOCTHOM ITOJXOJI€ MBI JOJDKHBI OBLIM OBl paccMaTpHBAaTh BBIYHMCICHUS TOJIBKO Ha
KBAaHTOBOM YpPOBHE, OJHAKO B HaIlleM CJly4ya€ KBAaHTOBOE COCTOSIHHE B KaKOM-TO MOMEHT OKa3bIBaeTCs
«3allyTaHHbIM» C OKpPYXEHHMEM, B pe3y/lbTaT€ YEro Mbl JOJDKHBI, IMO-BUIMMOMY, CIy4allHIM oOOpa3oMm
«IEePEeCKOYNTh» Ha KJIACCUYECKH YpPOBEHb B COOTBETCTBMM CO CTaHIApTHOM R-mponemypoil KBaHTOBOM
MeXaHUKH. bbulo Obl HE OueHb pa3yMHO TpeOOBATh BO3HUKHOBEHUS HCTUHHOM HEBBIYMCIMMOCTH Ha 3TOM
JTane, MOCKOJIbKY TOTJa JIOJDKHBI CO BCEH OYEBUAHOCTBHIO MPOSIBUTHCS U HEBBIUUCIHUMBIE ocoOeHHOCTH OR-
nepexoja, Tpedyromue mosHou m3omsiuu. [loatomy st cunTaro, 4YTO B MO3ry JOJKHO CYIIECTBOBAaTh HEUTO,
o0ecrnieunBaroliee U30JSIHUI0, JOCTaTOUYHYIO A7 Toro, uToObl OR-(u3mnka Moria ceirpaTh CBOIO BaKHYIO POJIb.
Kopoue roBopsi, ajis oCylecTBICHUS] CYNEPHO3UIMOHHBIX BBIUMCIEHUNH B MHUKpPOTpYyOKax TpeOyeTcsl JHIIb
OJIHO: BBIYHMCICHHS JOJDKHBI OCYIIECTBIATHCS B HACTOJIBKO H30JIMPOBAHHOM COCTOSIHMM, YTOOBI MOTJIH
IPOSIBUTHCS HOBBIE (PU3MUYECKHE 3aKOHOMEPHOCTH.

Takum oOpa3om, s mpeanarar CIEAYIOIIMA MeXaHH3M: KBAaHTOBBIC BBIYHMCICHUS OCYLIECTBISIOTCS 32
JIOCTaTOYHO JUINTEIBHOE BPEMS, B TEUEHHE KOTOPOrO CHUCTEMa JOJDKHA OCTaBaThCS HW30JIMPOBAHHOW OT
OKpYy’XeHHs. 3a 3TOT BPEMEHHON MPOMEXYTOK (KOTOPBIA COCTaBISIET OKOJIO CEKYH/bl M MpeACTaBiIseT coOoi
OJIMH U3 KPUTEPHUEB, O KOTOPBIX 51 YIIOMUHAJI, OMKMCHIBAsI CTAHAAPTHBIE KBAHTOBBIE OIE€pallK) OCYIIECTBIISAIOTCS
HEBBIUNCIIMTEIbHBIE ONEpalMi, B PE3yJbTAaTe KOTOPBIX MbI IOJYy4acM HEKHE pE3yJIbTaThl, CYLIECTBEHHO
OTJIMYHBIE OT PACCMaTPUBAEMBIX B OOBIYHON KBAHTOBOM TEOPHUHU.

KoHe4yHo, Bce NpHUBENEHHBIE pACCYKICHHS COIEPKAT MHOIO YMO3PDHUTEIBHBIX U  PHUCKOBAHHBIX
IIPEANOI0KEHUM, OJHAKO ATOT IMOAXO/ MPeIaraeT HEKUM peaibHbIi MPOTrpecc B YCTAHOBJICHUU CBSA3U MEXIY
CO3HaHHWeM U Ouodusnueckumu mnpoueccamu. Ilpemiaraemas Mojenp JaeT 3HAYUTENIbHO Oolsee
CHEU(PUUECKYI0, COAEPKATEIbHYI0 U KOJUYECTBEHHO OINPEIENIEHHYI0 KapTHHY, Y€M BCE€ CYIIECTBYIOIIHE
noaxoabl. MBI MOXeM, HalpuMep, MONBITaTbCd HAWTH MUHMMAJIbHOE YHMCIO HEHPOHOB, TpeOyeMBIX [UIs
ocymectBieHuss OR-mepexona. HeoOxoaumo Takke OLIGHUTh BEJIWYMHY BpPEMEHHOTO WHTEpBajia (WM
macmTaba) T, o KoTopoM s roBopui B KoHIle T71. 2. Kctatu, naBaiite 3agymaeMcsi 0 TOM, Kakoil cMbIci Oyzaer
UMETh OIIeHKAa BEIMYMHBI T B MPEANOJIOKEHUH, YTO «COOBITHS CO3HAHUSA» NEHCTBUTENBHO cBsi3aHbl ¢ OR-
nepexoaamu. O3Havaet au T OlEeHKY BpeMeHU 0cO3HaBaHUsA? B 3Toi CBA3M MOXKHO OTMETHUTh, YTO CYIIECTBYIOT
JIB€ pa3Hble SKCIepUMEHTalIbHble METOAUKH (00e pa3BuThl rpymmoil b. JluGera), mo3Bosstomue Kak Obl
pa3zenbHO U3ydaTh aKTUBHOE MO3HAHME (CBSI3aHHOE CO CBOOOON BOJIM) M TACCUBHOE CO3HAHUE (1yBCTBEHHBIE
BOCTIPHSTHSA).

PaccmoTpuM cHayana mepByro U3 3THX METOAMK, KOTOPYIO MOXHO CBsI3aTh ¢ npoOiemMoi cBoOobl Boiu. B
skcnepumenTax Jlnbera u KopuxyOepa Ha TO0JIOBE HCHBITYEMBIX YKPEIUISIM 3JIEKTPOJbI, MO3BOJISIOLINE
PErUCTPUPOBATh SJEKTPUYECKYIO AKTUBHOCTH MO3Ta, IIOCIE YEero HCIBITYEMOMY JaBajach BO3MOXXHOCTH
Ha)KMMaTh Ha 3a/laHHYI0 KHOINKY B JIIOOOH MOMEHT BPEMEHH IO COOCTBEHHOMY JKEJIaHUIO. YCpeIHEHHbIE



pe3yNbTaThl MHOTOYHMCIIEHHBIX SKCIIEPUMEHTOB (TipuBeaeHHbIE Ha puc. 3.20, a) HATIAAHO JEMOHCTPUPYIOT, UTO
KKJIOMY JEUCTBHIO UCIBITYEMOro (IMOBTOPSIIO: OH 3HAET U BEPUT, YTO MOCTYNAET B COOTBETCTBUU JIMIIL C
COOCTBEHHBIM BOJIEBBIM DEILIEHUEM) COOTBETCTBYET 3JIEKTPUUECKOE BO30YXKIEHHE NIUTEIBHOCTHIO OKOJIO
CEKYHJIbI, T. €. IPUHATHAE CIIOHTAHHBIX PEHICHUI (aKTOB CBOOOHOW BOJIM) CBSI3aHHO C BPEMEHHOU 3a/ICPIKKOM
MOPSAIKA OJTHOM CEKYH/IbI.

OdeHb MHTEPECHBIC PE3YJIbTAThI OBLUIN MOYYCHBI B 3KCIICPUMEHTAaX C TTACCHUBHBIM OCO3HABAHHEM (KOTOPEIE,
KCTaTH, OKa3aJIUCh 3HAYUTENBHO OoJiee CIIOXKHBIMH TMPU OCYIIECTBICHHH). BBIICHMIOCH, YTO MacCHUBHOE
OCO3HABAHHE WUJIM BOCIIPUSATHE YEro-Tr00 TpeOyeT BO30YKACHHUSI MO3TOBOM aKTHBHOCTH JJIUTEIBHOCTHIO OKOJIO
noJIOBUHBI cekyHAbl (puc. 3.20, 06). B a3Tux sKcnepuMeHTax MpUMEHsSIach METOJMKa, IO3BOJISIONIAs
OpraHU30BaTh 3aJIEPKKY CO3HATEILHOTO BOCHPHUATHS pa3pa)KeHUsi KOXM Ha HEKoTopoe Bpems. OueHb
MHTEPECHO, YTO KOTJa 3Ta 3aJep>KKa He MpEeBbIIIajia MOJOBUHBI CEKYH/Ibl, UCIIBITYEMbIe ObUIM YBEPEHBI, UYTO
OHM BOCIPUHHMMAIOT MOMEHT pa3JIpa)XKeHUsi COBEPIIEHHO TOYHO! OTH pe3yNbTaThl BBITJISAIAT JOBOJBHO
CTPaHHBIMH, OCOOEHHO TPHU UX COMOCTaBICHUU. PAKTUUYECKH TOTY4YaeTcsl, UTO «OCO3HAHHE BOJM» TpeOyer 1
CEKYH/Ibl, @ YyBCTBEHHOE BOCHPUITHE WJIM OCO3HAHUE — OKOJIO MOJOBUHBI CeKYH/IbI. Ecu BBl cuurtaere, 4To
OCO3HaHHE €CTh HEYTO, MPUBOAAIIEE K KAKOMY-TO ACHCTBHIO, TO CTAIKHUBACTECH CO CIEAYIOIIMM MapaOKCOM.
Bam TpeOyetcst mpumMepHO MOJCEKYHABI, YTOOBI OCO3HATh HEKOTOPOE COOBITHE. 3aTeM BBI JIOJDKHBI 3aCTaBUTh
CBOE CO3HAHHE pearupoBaTh U BaM TpedyeTcs mpuMepHO 1 ceKyHaa Juisi MPUHATUS CBOOOIHOTO PEIICHUs IO
BO3HUKILEH IpoOiieMe, T. €. BEChb NPOLECC NMPUHATUS OCO3HAHHOIO M BOJIEBOIO PEIICHMs 3alMET OKOJIO
MOJIyTOpa CeKyHI. MHe 3TO MpeACTaBIseTCS COBEPUICHHO Hempapaonoao0HbM! /lake ¢ yueToM O0ueBHUIHOTO
¢akra, 9yTo OOJIBbIIAS YaCTh MHOTHX Pa3rOBOPOB MPOUCXOJUT HEOCO3HAHHO M MOYTH aBTOMATHYECKH, CPOK B
MOJITOPBI CEKYH/IbI 111 OCO3HAHHOTO OTBETA MPEJCTABISAETCS OYEHb ATUHHBIM U CTPAHHBIM!

MHe KaxeTcsi, YTO B ONMHCAHHBIX SKCIEPUMEHTAX €CTh HEUTO, YTO HESBHO MOJPAa3yMEBAET M BKIIIOYACT B
ceOsi OCHOBHBIE TMpEACTaBICHUS Kilaccuyecko (u3nku. BcmoMHUTE mNpeasioKeHHY0 BbIIE 3aaady o0
UCIIBITAHUU OOMO, pelIeHrue KOTOpPOW CHadajga KaKETCs MPOTUBOpeYAIIUM (akTaM W 3JpaBOMY CMEICITY.
OpnHako 3aTeM BBISICHUJIOCH, YTO MPOTHBO(A3HbIE COOBITHSI MOTYT BIMSITh Ha CUTYAIIUIO JIa’ke TOTAa, KOTAa OHU
HE TPOUCXOAT Ha caMoM zeiie. OObIYHasK JIOTUKA B TAKMX CIy4asX OKa3bIBAETCsl OECCHUIIBHOM, €M TOJIBKO ee
HE HCIIOJNB3YIOT € 0co00il ocTopokHOCThIO. IIpu paccMOoTpeHHMH 3ajad 3TOrO THMA CIEAYeT MOCTOSHHO
MIOMHHUTHh O HEOOBIYHOM TIOBEJICHWU KBAHTOBBIX CHCTEM M 00 YIWBUTEIBHBIX BO3MOXKHOCTSX, CBS3aHHBIX C
KBaHTOBOI HEJIOKaJIbHOCTHIO H KBAHTOBOM «IIPOTUBO(GAKTHOCTHIO». KBaHTOBYIO HEJIOKAILHOCTh OYEHB TPYAHO
MOHSTh B paMKax CIEIUAIBLHON TEOPUU OTHOCHTEIHHOCTH. Sl TBEpIO YOEXKIEH, YTO €€ yAacTcsi OOBSICHHUTH
JUIIb TIOCNIE MEePEeX0/a K MPUHUHUIIUAIBHO HOBOM TEOPUH, KOTOpask HE JTOJKHA CBOJUTHCS K HE3HAUMTEIIbHOU
MOAU(UKAIINH YK€ CYIIECTBYIONTUX TOCTpoeHui. HoBast Teopust 1oKHA OTIIMYATHCSI OT KBAHTOBOW MEXaHUKH
TaKk e, Kak oOIIas Teopus OTHOCUTEIBHOCTH OTJIMYaeTCs OT HBIOTOHOBCKOM TEOpUM TATOTEHUS, T. €.
MPEACTABISITH COOOM KOHIIENTYadbHO HOBYIO CHCTEMY HJIEH, B KOTOPYIO KBAaHTOBAs HEJIOKAIBHOCTH JOJIKHA
BXOJIUTh €CTECTBEHHBIM 00pa3oM.
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a — pezyremamul onvimos Kopuxybepa, nozonee moouguyuposanuvlx u nosémopenuvix Jlubemom u e2o
epynnou. B momenm t = 0 ucnvimyemvlil npuHumMaem peweHue COSHymv najey, 0OHAKO Nped8apumenbHule
cucHavl (OanHvle YCPeOHeHbl NO MHOSUM UCHLIMAHUAM) NOKA3bIBAIOM, YMO «NPEOBUOEHbE) HAMEPEHUs.
B03HUKAEeM 8 M0o32y paHvue, 6 — dKcnepumenmsl epynnsl Jlubema. 1 — ucnvlmyemomy «Kaxicemcsy, uymo
Pazopasicerue Koxicu cosnaoaenm no 8pemeHy ¢ UCMUHHbIM MOMEHMOM No0A4U pa3opaxcaruezo cueHala, 2 —
8 KOpY M032a pazopajcenue noCmynaem Ha NoJiCeKyHObl panblie, Yem UCIUHHBLL CUSHATL pasopadcerusi, 3 — 6
MO32y pazopaxcerue «0020HAemy CUSHATL UCHMUHHO20 pa30padiceHus 6oee YemM Ha NOJICeKYHObl, 4— makoe dce
pasopasicerue 8 Mo32y MoAicem obecneyums «00PAMHYI0 MACKUPOBKY» paHee NOOAHHO20 Pa30PaiCeHusi KOiCU,
O0eMOHCMPUPYSL, YMO MO PA30PaAddceHUe AKOObL He NPOUCX0OUM 0OHOBPEMEHHO C PA30PANCEHUEM 8 MO32Y, 5 —
eciu peanvbHoe pazopaxcenue KOXCU OCYWEeCMENAencs HeMHO20 NO30Hee CUSHANA 8 MO32Y, MO «KONCHOe
gocnpusmuey co8ueaemcs no pemMeHy Hazao 6 OMaUdUe Om 0CO3HAHHO20 BOCHPUSTNUSL.

B 1. 2 g yxe ormeuan, 4To, XOTS KBAaHTOBas HEJOKAJIbHOCTH SIBJISIETCS BEeCbMa HEOOBIYHBIM U JaXKe
3araJlouHbIM 3P PEeKToM, OHa MOXKET OBITh BIOJIHE aJIeKBaTHO OINMCaHAa MaTeMaTH4YecKd. S MOSICHIO CBOIO
MBICJIb TPOCTOM KapTuHKOM (puc. 3.21), Ha KoTOpoW wu300pakeH TaK Ha3bIBAEMbIH «HEBO3MOXKHBIN
TPEyrodbHUK». [ T51/11 Ha 3TY KapTUHKY, BBl BIIPaBe CIPOCHUTH: «A T/ie, COOCTBEHHO, CKPhITa HEBO3ZMOXKHOCTB?»
MoskHO 11 yKa3aTb MECTO JIOKaJM3allUKd TOrO, YTO MbI Ha3blBa€M HEBO3MOXKHOCTHIO? CekpeT M300pakeHUs
HEBO3MOXXHOTO OOBEKTa B JIAHHOM CIIyyae CBsI3aH C TE€M, YTO CTOUT BaM 3aKpbITh HEOOJBIION Yy4acTOK
n300pakeHus (HarpuMmep, 000 U3 YIIIOB), KaK PUCYHOK CTAHOBHUTCS BIIOJHE OCMBICICHHBIM U BO3MOYKHBIM,
TaK 4TO HE CJeNyeT Ja)Ke UCKaTh Ty €ro Creuu(UuyecKyr 4acTb, KOTOPas COJACPKHUT HEUTO HEBO3MOXKHOE.
HeBeposATHOCT MM HEBO3MOXKHOCTh B 3TOM CIIy4a€ — CBOWCTBO BCEH CTPYKTYpBI, pacCMaTpUBAaEMOH B
Ka4yecTBE €IUHOro Ienoro. Sl moayepkuBaro, OIHAKO, YTO TaKHe OOBEKTHI MOXKHO COBEPIIEHHO CTPOTO
paccMmarpuBaTh ¢ MaTeMaTHYeCKON TOUKHU 3peHus. Cpelu Mpodero X MOKHO pa3feiiTh Ha YacTH, CKIEUBATh
9TH YacTU B MHOM IOPSJKE U JI€JaTh KaKHMe-TO KOHKPETHbIE MATEMAaTUUYECKHE BBIBOJBI U3 I€TAIBHOTO aHAIN3a
BCEr0 «CKJIIEEHHOTro» oOpasua. Haumbonee mnoaxoasmuM MaTeMAaTUYECKUM MOHSITHEM JUIS ONUCAHMS
npeiaraéMoro 0o0beKTa SBISETCS KOTOMOJIOTHSA, KOTOpas IMO3BOJSET HaM Jake BBIUHUCIUTH «CTENEHb
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HEBO3MOXKHOCTH» 3TOW (purypsl. iIMEHHO Tako¥l THUIT HEJIOKAThbHOM MaTeMaTHKH, BO3MOXXHO, TpeOyeTcs Ham
JUISL Pa3BUTHS HOBOI (PU3HUECKON TEOPUH.

['pe NpsyeTca HEBO3MOXHOCTb?

Ckneitka

Puc. 3.21. HeB03MO:KHBIil TPEYroJIbHUK.
Mpvi ne mooicem ykazamv HA pPUCYHKE MeCMmO, ONpeoesiouee «HeBO3MONCHOCHbY CYUeCmBEO8aHUs MAKOU
@ueypul, HO MOdICEM 0amb NOAHOE MAMeMAMUYecKkoe OnuUcanue oObeKma, UcxXo0s U3 «NPAasuil CKAeUKuy» e2o
Ooemainet.

W HakoHel, SIBHOE CXOACTBO CTPYKTYpHI puc. 3.21 u 3.3 BoBce He sIBJIETCS CIy4alHbIM, TIOCKOJIBKY Ha PHC.
3.3 chnenualibHO TOMYEPKHYT W BBIJIETICH SJEMEHT MapaJoKCaTbHOCTU. [leHCTBUTENHHO, HU300paKeHHBIN
MEXaHU3M B3aMMOAEUCTBUS TpeX MHUPOB (KOTAa KaXIbld M3 MHUPOB IOYTH IOJHOCTBIO BO3HMKAET W3
HEOOJIBIION YacTU JApPYroro) SBISETCS CTPAaHHBIM M HEOOBIYHBIM, OJHAKO (Kak M B ciydae puc. 3.21)
JanpHelee U3y4eHue MOXKET MO3BOJHUTh HaM IMOJYYUTh XOTS Obl YaCTHUHOE pelleHHe oOuield mpoOiaemsbl.
BaxxHo numbp 0co3HaTh W MPU3HATH 3araJlOYHOCTh U CTPAHHOCTh HEKOTOPBIX SIBJICHWM, TAMHCTBEHHOCTb U
CJIO’)KHOCTh KOTOPBIX BOBCE HE 03HAYAIOT, YTO HAM HUKOT/a HE YAACTCS MOHATh UX B OYIyIIEM.
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I'1aBa 4

O MbIILJIECHUH, KBAHTOBOW MEeXaHUKeE U
AKTYaJIM3alM¥ BO3MOKHOCTEI.
AOHep HIumonu

BBE/IEHUE

51 Bcerna BocxumIaics OOMIMM HAacTpOEHHUEM M JyXoMm wuccienoBanuit Pomxkepa Ilenpoysza, B KOTOPBIX
CcTporasi Hayka COYETaeTCs CO CTPACTHBIM JKEJIAaHHEM T03HATh MPUPOAY Bemie. B cBoeM TBoOpuecTBe OH
ClielyeT BO3BBILIEHHOMY NMpU3bIBY [ 'miabbepra: «Mbl TOIKHBI 3HATh, U MbI OyaeMm 3HaTh» [1]. UTo kacaetcs
MIOCTAaHOBKH MTPOOJIEM, TO 5 TIOJTHOCTHIO COTJIACEH C aBTOPOM B (JOPMYIIMPOBKE TPEX €T0 OCHOBHBIX TE€3UCOB: BO-
NEPBBIX, MPOOIeMa MBIILICHUS MOXKET U3y4aThCs HAyYHBIMU METOJIaMH; BO-BTOPBIX, KBAHTOBOMEXaHUYECKUE
UJCH KaKHUM-TO O0pa30M COOTHOCSTCSI C KJIACCHYECKOU (riocodckoil mpobdaeMol CBsI3W TyIIN U Tena; H, B-
TPEThbUX, KBAaHTOBOMEXaHWYECKas MpoOieMa akKTyadu3alldd BO3MOXHOCTEH NeHCTBUTENBHO OTHOCHUTCS K
qrcTOi (hr3mKe U TpedyeT A CBOETro pa3pemeHus MOIU(PUKAIMK CYIIECTBYIOMIEro (popMann3Ma KBaHTOBOM
MexaHuku. OJHaKO MOE€ corjacue C aBTOPOM OrPaHUYMBACTCS TOJIBKO OJTUMU (GopMynupoBkamu. S
CKCIITUYCCKN OTHOIITYCh K 1OBOJAaM, BbIJIBUTACMbIM HerOy3OM B 3allIUTY YKa3aHHBIX TE3UCOB, U HAACKOCh, YTO
MOsI KpUTHKA OyJeT YITeHa UM B JallbHEUIIINX UCCIIEIOBAHUSIX.

4.1. 0 POJIU U MECTE MBILJIEHUS B
MPUPO/IE

[Tpubnu3uTenbHO YeTBEpTh 00beMa TpeX MEPBBIX IVIaB ATON KHUTU U 100past MOJIOBUHA MPEIbIIYyIeH KHUTH
[Tenpoy3a «Tenu pazyma» (HWke s Oyay o0o3Hauyath ee mpocTo abOpewarypoit TP) mocsieHs!
JI0Ka3aTe’lbCTBaM HEAITOPUTMUYECKON MPHPOJBI MAaTEMaTHYECKHX CIIOCOOHOCTEH uelloBeuecKoro mosra. B
peuensun Xunapu Ilatnam [2] na kaury TP yxe noguepkuanock, uTo B 1oBojaax [leHpoy3a UMeIOTCs SIBHbIE
npobenbl. B yacTHOCTH, OH HE paccMaTpuBaeT BO3MOXHOCTb CYIIECTBOBaHMS TakOW MalIuHbI ThIOPHHTa,
KOTOpasi MOXKET MOJIETHpPOBaTh MaTeMaTHYeCKHe CIIOCOOHOCTH YEeIOBEKa, HO OJIHOBPEMEHHO SBISETCS
HACTOJIBKO CJIOKHOM, UTO YeIOBEUECKOE CO3HAHHE HE MOXKET €€ MOHATh. MHe He MoKazajcs yOeIuTelbHbIM
otBet IleHpoy3a [3] Ha 3Ty peLeH3HI0, XOTs, TOJKEH CO3HATHCA, S HE HACTOJIBKO 3HAKOM C TaK Ha3bIBaeMOMU
TEOpHEN J0Ka3aTeNIbCTB MaTEeMaTUYECKON JIOTUKH, YTOOBI CYIUTh O JTUCKYCCHMU C TOJHOH YBEPEHHOCTHIO.
OpnHako MHe KaXeTcsl, 4To 00CyKIaemMble TOBObI UMEIOT MPsIMOE OTHOIIEHHE K OCHOBHOM uaee Pomxkepa, Tak
4TO, BO3MOKHO, KaK TOBOPST aJbIIMHKUCTHI, «OH JIE3ET HE HAa Ty BEPIIMHY». Er0 OCHOBHAs UAEsl COCTOUT B TOM,
YTO MBICIIEHHBIE OIlEpalliy COAepkKaT HeUTO, HEAOCTYITHOE JUIsl JIF0OOT0 MCKYCCTBEHHOTO pazyma (T. €. J100oro
KOMIIBIOTEPA, CO3/IaHHOTO YEJIOBEKOM), HO OHA OKa3bIBAETCSl HECBA3AHHOW C MPEANOJIOKEHHUEM O
HEAITOPUTMUYECKOM XapaKTepe MATEMaTH4YECKON NeATeNbHOCTH yenoBeka. arepecHo, uro B TP Ilenpoys He
TOJIBKO TMOAPOOHO W3MOXMI A0Bojbl ['€nens, Ho m noGasun ase crpanunsl (TP, c. 40-41) aprymeHTos,
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MOYepIHYTHIX U3 u3BecTHOW kHUTH J[)koHa Cupna Chinese room («KuTalickass KOMHaTa»), JOKa3bIBAOIINX,
yro Oe3ynpeuHas paboTa BBIYMCIUTEIHLHOTO aBTOMaTa He «co3aaeT» noHuManus. CymHocTs 10BoxoB Cupia
COCTOMT B TOM, YTO 4e€JOBEKa MOJOOHO aBTOMATy BIIOJHE MOXXHO OOYYHUTh MOBHMHOBATHCA AKyCTHUECKUM
KOMaHJaM (1oAaBaeMbIM, HallpUMEP, Ha KUTAMCKOM SI3bIKE, KOTOPBIM 3TOT YEJIOBEK HE BIIAJEET). BhINosHAs
MPaBUJIbHBIC BBIYMCICHUS MO KOMaH/IaM Ha HE3HAKOMOM SI3bIKE, YEJIOBEK MOKET MOJYYHTh ONBIT pabOoThl B
KayecTBE aBTOMAaTa M CPAaBHUTHh €r0 C HOPMAJIBHBIMU OINYIICHHSMH NPH BBIYMCICHUSAX C MOHUMAHHUEM HX
cmbiciaa. [Ipu 3ToM He UMeeT HUKAKOro 3HAYEHUS XapaKTep CAMUX BBIMTOJIHAEMbIX MaTeMAaTUYECKUX JEUCTBUI
(oHH MOTYT OBITh, HAIPUMEP, COBEPIICHHO TPUBHAIBHBIMH) — PA3HULIA MEXKy MEXaHHUYECKUM BBIUYUCIICHUEM
Y TIOHHMaHueM paboThl MPEACTABISAETCS OYEBUIHOM.

Cupn nokassiBaet (a IleHpoy3 NOATBEPKAAET ITY MBICIb), YTO MAaTEMAaTUYECKOE TOHUMAHUE IPUMEHUMO U
K JpPYTUM aclleKTaM HHTEJUIEKTYalbHOIrO0 M ICHUXMYECKOTO OIbITa YeJIIOBEKa, HAlpUMEp K CEHCOPHOMY
BOCIIPHSITHIO, YYBCTBY OOJIM M YIOBOJBCTBUS, OIIYIIEHUIO JKENaHUS M Jake K MHTEHIHMAM (T. €. K
HAIPaBJIEHHOCTU CO3HAHUS, KOTOpasi, B CYLTHOCTH, MOXKET OBITh CBeJIeHA K MepepadOTaHHOMY ONBITY OOIICHUS
C pealbHBIMH WM BoOOpakaeMbIMH OObekTamu). B ¢dunocodckom moaxone, ocHOBaHHOM Ha (hU3MUYECKOM
ONMKCAaHUU MUpPaA (€ro 0OBIYHO HA3BIBAIOT (PU3UKATH3MOM), BEIPAOOTaHBl Pa3IMYHbIC CTPATETUU UCCIIEIOBAHUS
Takux siBIeHUH [4]. B Tak Ha3piBaeMBIX JBYXACIEKTHBIX TEOPUSAX TICUXMUYECKHI OMBIT CBSI3aH CO
crenupUIecKUMHI COCTOSTHUSIMU MO3Ta, a B HEKOTOPBIX IPYTHX TEOPUSX — € HaOOpoM cocTostHuid Mo3ra. [Ipu
TOM pPACCMATPUBAEMbI KJIACC COCTOSHUN SIBJISIETCSI HACTOJIBKO «XPYNKUM», YTO €ro ONUCAaHUE HEJb3d
MOJYYUTh NPAMBIMU (PU3UUYECKHUMH SKCIIEPUMEHTAaMH, BCIECJCTBUE YEro HEOoOXOIuMa Kakas -TO «PeILyKIIUsD»
NICUXUYECKUX M MHTEUIEKTYaIbHBIX MOHATUH B (pusmueckue. B Teopusx, OCHOBaHHBIX Ha (YHKIHMOHAIH3ME,
NICUXUYECKUE COCTOSIHHUSI UIACHTHPHUIHUPYIOTCS ¢ (OpMaIbHBIMU MPOrpaMMaMH, KOTOpPbIE MOTYT OBITh
pea30BaHbl PA3IMYHBIMU (PU3UUYECKUMHU CHCTEMAaMHM, BKJIIOYas HEHPOHHBIE CETH Mo3ra (BO3MOXHO,
BCJICJICTBUE CIIY4ailHOTO CcTeueHusi oOcTtoATenbcTB). CyliecTByronye (GU3MKaTUCTCKUE TEOPUU OCHOBAHBI
TJIABHBIM 00pa3oM Ha YMOMSHYTBIX JBYXAaCHEKTHBIX MOJXO0/aX, XapaKTePHU3YIOUIMXCS TEM, YTO B HUX HEKHE
cymHocTd (oOnajaromyie OJHMM HAOOpPOM CBOWCTB) CUMTAIOTCS MJIGHTUYHBIMH JPYTMM CYIIHOCTSM
(oOJlamaronM  COBEPIICHHO APYrdM HaO0opoMm cBoicTB). OnucaHWe TaKUX CHCTEM BKIIOYaeT B ce0s
pa3HoOOpa3Hble CEHCOPHBbIE MOJANBHOCTH, @ B HEKOTOPBIX CIy4asX — OJHOBPEMEHHO CEHCOpHBIE U
MHUKpopu3ndeckne MoganbHOCTH. OOBIYHO PACCMOTPEHHE TAKUX CHCTEM Jajee CBOJUTCS K OTOXKIECTBICHUIO
MEHTAIIbHBIX COCTOSHUI C KOHKPETHBIMU COCTOSHHSIMH MO3ra (MO0 C KJIacCOM TaKMX COCTOSHUN WU C
OTIpeNIeJICHHON mporpamMmmoit). I mymaro, 4TO MMEHHO B 3TOM MEPEXOJI€ COCTOUT Cephe3Has OIIMOKa BCEX
yKa3aHHBIX MOAX0J0B. MneHTuduuupys oIuH OOBEKT (XapaKTepU3YIOIIMHCS HEKOTOPOW CEHCOPHOM
MOJAJIBHOCTBIO) C IPYTUM OOBEKTOM (XapaKTEPHUIYIOITUMCS JPYTOM MOJATBHOCTBIO), MBI «TallKOM» CBSI3bIBAEM
JIBE IPUUMHHO -CJIe/ICTBEHHbIE LIENOYKU. MBI HMeeM JiBa COeTMHEHUS [IeNoYeK (0/1Ha Mapa Ha eIMHOM OOBEKTE,
BTOpasi — TJIe-TO B «T€aTpPe CO3HAHUS» BOCIPUHUMAIOIIETO CYOBEKTa), OJHAKO HEJb3sl 3a0bIBaTh, YTO OHU
UMEIOT COBEPILIEHHO pa3Hble NPUYMHHO-CJIEJCTBEHHbIE CBS3M C OKPY)KEHHEM, a TaKKe C CEHCOPHBIM H
MBICITUTENIBHBIM aNlapaToM BOCIpPUHUMAIOLIEro cyobekra. Eciau cocTosHHMS MO3ra M BOCIPUHUMAIOIIETO
CO3HAHMS ACHCTBUTEIHHO UIECHTHYHBI, TO (PU3UKAINU3M JABYXACIEKTHOTO MOJXO/Aa BIOJHE ompaBiaH. B aTtom
ciydyae oOmIMii OOBEKT SBISETCS 3aBEpUICHHEM YKa3aHHBIX LEMNOYeK, M COCTOSHUE MO3ra IOJIy4aer
HE00X0/IMMOE OHTOJIOTHUECKOE MPEUMYIIECTBO B (PU3UYECKOM OMMCAHUHM (YTO U SBJISETCS OCHOBHBIM
npuHIUIIOM ¢u3ukanu3ma). OHAKO MPH 3TOM APYroil KOHEll LIETIOUKH («TeaTp CO3HAHUS» BOCIPUHUMAIOIIETO
cyObekTa) (hakTUYeCKH OTCYTCTBYeT. MOXHO Ja)e cuuTaTh, YTO JABYXacCHEKTHas TeopHs IOCTPOECHA Ha
BCEOOIIEH MOTYATIMBON «IOTOBOPEHHOCTW» WIIM YCJIOBHOCTH (QHAJIOTHYHO TOMY, KaK JEHCTBHE B OOBIYHOM
TeaTpe MOCTPOSHO Ha JIOTOBOPEHHOCTU OTHOCHTEIHHO HATMYMS HEKOW KOMOMHAIMU (PU3MUECKUX U TYXOBHBIX
0OCTOSITENILCTB), OJTHAKO TAKOW «TeaTp» He MOXKET ObITh BBEJICH HE3aBUCUMBIM 00pa3oM B TEOPHH, OCHOBaHHbBIE
Ha (pU3MKaIU3Me.

Eme oauH noBoa mNpoTUB (U3MKAIM3Ma OCHOBAaH Ha (QUIOCOPCKONW Haee, KOTOPYIO s Ha3bIBaio
(eHOMEHOIIOrMYeCKUM TPUHLUIIOM (s Oyay pai, eciu KTO-TO MPEeUIOKHUT WM HalAeT B JuTeparype Oonee
NOJXO/A1ee HAa3BaHUE), B COOTBETCTBUU C KOTOPBIM J1t00asi OHTOJIOTHUS, MIPU3HABaeMas MOCe0BaTeIbHON U
ACHOHN (unocopckoil cucTemMoi, MOJKHA «HECTH OTBETCTBEHHOCTh 3a CBOM YTBEP)KIEHHUS», M3 YEro cpasy
clleflyeT, 4To (U3MKAIU3M SBISETCS HENOCIeN0BaTeNbHON Teopueil. B oHTONOrMM (QHU3MKAINCTOB MOXKHO
MOCTYJUPOBATh OHTOJIOTHYECKYIO Hepapxuio (OOBIYHO MMEHHO O5TO W MPOUCXOJWT), TIA€ HHU3IIUN, WU
(byHaaMeHTaNbHBIA, YPOBEHb COJEPXKUT 3JIEMEHTApHbIE YacTULbl WJIM COOTBETCTBYIOLIME MOJsA, a Ooiee



BBICOKHE YPOBHU — OOBEKTHI (CYITHOCTH) U3 KOMOWHAIIMI 3JIEMEHTOB HU3IIUX YpoBHEH. Takue KOMOMHAITIN
MOTYT OBITb 0XapaKTEPU30BaHBI JBYMsI METOaMHU (Ha3BaHUSA KOTOPHIX OEPYTCS U3 CTAaTHCTUYECKON (PHU3UKH):
MEJIKO3EPHUCTBIM OIMCAHUEM, JAIOUIMM JAETAIbHYI0 KapTHUHY MHUKPOCOCTOSIHUS, WIM KPYHHO3EPHHUCTHIM
ONMCAHUEM, NP KOTOPOM YCPEIHSIOTCS WJIM MUHTETPUPYIOTCS CBOMCTBA, MOJy4yaeMble IIPU MEJIKO3EPHUCTOM
pa3ouenun. Kpome 3TOro cymecTBylOT M TaK Ha3blBaéMble CMEIIaHHbIE (OTHOCHTEJIbHbBIC) ONMCAHUS,
3aBHUCAIIME OT KOHKPETHOTO THIAa KOMOWHUPOBAHHBIX 3JIEMEHTOB (WJIM COCTABICHHBIX M3 HUX CHCTEM),
y4acTBYIOUIMX B mpolecce BocnpusaTus. [Ipobiiema cBsizaHa ¢ Te€M, Kak B 3TY KOHIIETILUIO MOT'YT BIIUCBIBAThCS
YyBCTBEHHbIE (CEHCOpHbIE) BocHpuATHa. OHM MOTryT OBITH COIJIACOBAHbI C MEJIKO3EPHUCTBHIM ONMCAHHEM
TOJIbKO IIPU YCIIOBHM, YTO MEHTAJIbHBIE CBOMCTBA «CKPBITHI» B KaKUX-TO (DyHIAMEHTAJIbHBIX OCHOBaX (hU3UKH,
YTO SIBHO MPOTHBOPEUYHUT 00mIel mporpamme ¢usukanuzma. C Apyroil CTOpOHBI, UX HEb3sl «BIHCATH» U B
KPYITHO3EpHHUCTOE ONKMCaHue Oe3 BBEIEHHs] Kakoro-aubo HMCKYCCTBEHHOrO IpHEeMa THUIMA JBYXacCIEKTHOM
Teopuu (0 HEIOCTaTKaxX KOTOPOMW s TOBOPWI B IpenbLAyIleM paszeine). Y HakoHel, 4YyBCTBEHHbIE BOCIIPUSITHS
HE MOI'yT OBITh CBSI3aHBI M C OTHOCHUTEIbHBIMHM OIHCAHUSAMH, €CIM TOJIBKO MEXKAY OOBEKTOM H
BOCIIPUHUMAIOLIUM CYOBEKTOM HE CYLIECTBYET IPUYMHHO-CIEACTBEHHONM 3aBHUCUMOCTH. TakuMm o00pazowm,
YYBCTBEHHbIE BOCIIPUATHSI HUKAK HE BIMCHIBAIOTCSA B OHTOJIOTHIO (pU3HKaATIU3MA.

[IpennoxxeHHble BbIIIE JOBOABI MOTYT IOKA3aThCS <IIPOCTOAYIIHBIMU», HO WX TPYIHO ONPOBEPTHYTH
UMEHHO BCJIEJCTBHE MPOCTOTHI U «3ApaBOMBICIH». [IoMHMO 3TOro CymecTBYeT M Psii IPYTHUX, AOCTATOUYHO
CIIO)KHBIX M CEpPhE3HBIX apryMEHTOB, OTHOCAIMXCS K (UI0co(CcKoil HECOCTOATENPHOCTH OHTOJOTHU
¢uzukanu3ma. IlepBoe BO3paskeHHE CBS3aHO C TEM, YTO y HAC HET HMKAKHX JIOKa3aTEJIbCTB CYIIECTBOBAHUS
KaKOW-HUOY/Ib MEHTAJIbHOCTH BHE BBICOKOPAa3BUTBHIX HEPBHBIX CHCTEM, HA YTO, KCTATH, YKa3bIBaJ paHEee U caM
[lenpoy3: «Ecnu mnoHsTHE, Ha3bIBAEMOE MBILIUIEHUEM, SBISETCS YEM-TO BHEIIHUM [0 OTHOLICHHIO K
(¢u3NYECKOMY Telly, TO COBEpIICHHO HEMOHSATHO, MOYEMY BCE €ro aTpuOyThl CTOJb TECHO CBSI3aHBI CO
cBoiictBamu (puznueckoro mosra» (TP, c. 350). Bropoe BaxkHOe BO3pa’keHHE 3aKJIIOYAETCA B TOM, YTO Mbl
UMEEM OrpOMHBIA (DaKTHUECKUH MaTepuaj, HEOCHOPUMO [OKA3bIBAIOUIMM, YTO CaMU HEPBHBIE CTPYKTYpbI
SBIISIIOTCSL IIPOAYKTOM SBOJIIOLIMM, KOTOpas HAuyMHAETCS C NPUMHUTUBHBIX OpPraHW3MOB, JIMIIEHHBIX TaKUX
cTpykTyp. CTporo roBops, €CiM CHpaBeJJIMBa TEOpUsS TaK Ha3bIBAEMOH MPEOMOTHMYECKON 3BOJIOLUH, TO
IeHealoruss HEpPBHOM CHUCTEMbl MOXET ObITh JOBEJCHAa [0 HEOPraHMYeCKUX MOJEKYyJd U aTOMOB
(bynnamenranpHas (pu3MKa HE MOXKET, KOHEYHO, IPUITUCHIBATH HEOPTAHUIECKOMY BEIIECTBY Ha 3TOM ypPOBHE
KakHe-JInOO CBONCTBA, CBA3aHHBIE C CO3HAHUEM).

[IpmMepoM OHTOJOTMM MEHTAIM3Ma, B KOTOPOM YUTEHBI BCE TPU PACCMOTPEHHBIX JOBOJA, MOXKET CIYKUTh
«bhunocodus opraHuzmay, npemsiokeHHas Yailtxemom [5], KOTOpBIA CuUUTal CBOUM IpEALIECTBEHHUKOM
JleitOHuna c¢ ero Teopueil MoHan (MoHanmosnoruei). B ¢dunocopun Vaiirxena KOHEUHBIMU CYIIHOCTSIMHU
BBICTYTAIOT «aKTyalbHblE COOBITHSY, MPEACTABIAIONINE COO0N HE OOBEKTHI, a MPOCTPAHCTBEHHO-BPEMEHHbBIE
«KBaHTB» (OOBIYHO HA OYEHb HHU3KOM YypPOBHE), O0O0JIalal0IUe€ MEHTAJIbHBIMH WM TICHXUYECKHUMHU
XapaKTEePUCTUKAMU THUMA «OHBIT», «CYOBEKTUBHOE CO3HAHUE» WM «CKJIOHHOCTbY». 3HAYEHUs ITHX MOHATHHA
BBIBOJIATCS M3 XapaKTEpPUCTUK MEHTAJIbHOCTH OO0Jee BBICOKMX YPOBHEW, KOTOpPblE€ Mbl I103HAEM
MHTPOCIIEKTUBHO (IIyTeM CaMOaHalIM3a WM CaMOHAONIOJEHMs), OJHAKO B KpalHe NpUOIU3UTEIbHON WIH
JKCTpanojanupoBaHHOW (opme. Dusznueckue 3JIEeMEHTapHbIE YacTHIbl, KOTOpble YaWTXeln paccMaTpuBal B
KayecTBE BPEMEHHON IENOYKH COOBITUH, MOTYT OBITh B 3TOH CXeME MOYTH TOYHO OMHMCAaHbl MOHATUAMH
OObIYHON (U3MKH, TOCKOJIBKY <«OKM3HEHHBIM OIBIT» 4YacTHI[ SBISETCS KpalHE CKYJHBIM, CMYTHBIM,
0JIHOOOpa3HbIM M MOHOTOHHBIM. OJTHAKO JJake MpU ONMUCAHUM TaKUX YacTHUI] HeOOJbIIas 4yacTh WH(pOpMALUU
BCE JK€ TepseTcs, TaK KaK «IOHATHE (U3NYECKON SHEpruu, SBISIOIIEECS OCHOBOM COBpEMEHHOH (pu3uKwy,
JIOJDKHO paccMaTpUBaThCs JIMIIb KaK 4acTh Ooyiee OOLIEro MOHATUS COCTAaBHOW WIJIM CIIOXKHOW 3HEPruu
(SMOLIMOHATILHOM U 1I€JICHANIPABICHHON M CIIOCOOHOM K KOHEYHOMY CHHTE3Y B CYyOBEKTHBHOI (opme), KoTopast
U TposIBISET ce0si B KaKJIOM 3aBEPLUICHHOM COOBITUU» [6]. DBOMIOIUS BBICOKOPA3BUTHIX COOOIIECTB TaKUX
«COOBITUI» TO3BOJIIET TMPUMUTUBHBIM 3auyaTKaM pa3yMmMa pa3BHBATbCs, IPEBpallasich B HHTEHCHBHBIH,
COTJIACOBAaHHBI M TIOJHOCTBIO OCO3Harommi cebds pasym: «Heopranmueckass Marepuss TPOJIOJDKAET
(YHKIMOHUPOBATh HE3aBUCHMBIM OOpa3oM M BHYTPH KHMBBIX OpraHuU3MoB. KakeTcs, yTO MMEHHO 3a CYeT
KOOpJMHAIMYM TaKUX (DYHKUMH M BHEUIHETO MPOSBICHHUS BHYTPEHHUX 3aBEPLICHHBIX COOBITUH NOCTHUTAeTCs
Ha0JIr01aeMoe pa3yMHOE MOBEACHUE JKUBBIX OPraHUu3MOB» [7].

damunuu YaiTxena HeT B aBTOpckoM ykazatene TP, a B apyroii kuure [lenpoysa The Emperor's New Mind
(«HoBbIii pazym kopoiisi») [8] oHa ymoMUHaeTcs JUIIb OAMH pa3 B CBSI3M CO CCHUIKOM Ha M3BECTHYIO KHUTY



Paccena m VYaiitxena Principia Mathematica. S He 3Har0 To4yHO, moueMy Pomkep He cchulaeTcs Ha HJICH
VaiiTxena, ofHAaKO y MEHS €CThb HEKOTOpblE COOOpakeHHs Ha 3TOT CYeT. BblABHras CBOIO OHTOJIOTHIO
MEHTAJILHOCTH, Y alTXeJl XOTel MNPeo1oyieTh «OudypKauio Npupoaby», ee paclleluieHne Ha JUIIEHHbIH MbICIIH
U CMBICIIa MUP (U3UKU U OCO3HAIOIIUI ceOst MUpP BBICOKOPA3BUTHIX YpOBHEH Marepuu. B coOTBeTCTBUU € €ro
OCHOBHOIl TeopHell MPOTOMEHTAIBHOCTh Ha HU3LIMX YPOBHSAX CTPEMUTCS MOCPEACTBOM JOOBIX «COOBITHII
IPOSIBUTH CE0Sl U IPEOAOJIETh YYAOBHUINHYIO MPOMACTh MEXIy ypoBHsAMH. Ho pa3Be B 3TOM ciydae He
COXpaHsieTCd OTPOMHBIN pa3pblB  MEXIYy TNPUMUTHBHOM MEHTAIbHOCTHIO JJIEMEHTAapHBIX 4YacTUI[ U
CaMOCO3HaHUEM BBICOKOOPIaHM30BaHHOM MaTepUU B BHUJE YEJIOBEUECKUX CYyLIECTB? A pa3Be y Hac €CTb XOTb
KaKue-HUOYyb MpsIMble CBUIETENLCTBA HAIMYUS MPEIoiaraeMoi MPOTOMEHTAIbHOCTH Ha HU3MIUX YPOBHSX?
JIOJDKHBI M MBI TIOCTYJIMPOBaTh €€ BO3MOXXHOCTH JIMIIb JUI TOTO, YTOOBI OOBACHUTH «HETPEPHIBHOCTDH)
pa3BUTHUS MBICTUTENbHBIX (opM BceneHHON OT HauyaabHOrO COCTOSHUS /10 MOSBICHUS Pa3yMHBIX CYIIECTB?
Ecnu jxe mocTymnat BBOAUTCS TOJIBKO JJIS 3TOTO, TO HE SIBJISIETCS I MCIIOJIb30BaHUE MOP(HEMBI «MEHTAITLHOCTHY
B CJIOBE «IIPOTOMEHTAJIbHOCTH» MPOCTO JIMHIBUCTHUECKON ABYCMBICIIEHHOCThIO? He mpeBpariaercs nu mpu
3TOM BCsS oOmMchiBaeMas ¢uiocodckas cucTeMa B CEMaHTHYECKHH (DOKyc, CBOISIIMHCA K TOMY, YTO
dopmynupoBka npobiaembl 00BsBIsieTCs ee pemieHueM? boiee TOro, KOHLEMIUIO aKTyalbHBIX COOBITHUMN
(BBICTYIAIOIIMX B KAUECTBE MIPE/IEIbHBIX CYIIHOCTEN BeenenHoil) MoskHO, KOHEYHO, paccMaTpUBaTh B KaueCTBE
elle OJHOW aTOMHUCTUYECKOW Teopuu MUpO3AaHUs (KCTaTH, Topas3io Oojee yOenuTeIbHOW U BBIPA3UTEIBHOM,
yeMm Teopuu [lemokputa unu ['acceHam), olHaKO HESICHO, COBMEIIACTCS JIM OHA C I[EIOCTHON (XOJIHCTHYECKOM )
TEOopHUel CO3HAHUS JyYllle, YeM JPYTHe CYIIEeCTBYIOUINE MPEeACTaBICHUS?

B cnenyromem pazzaene st monpoOyr0 YaCTUYHO OTBETUTH HA MOCTABJICHHBIC BOMPOCH U CPOPMYIHPOBATH B
o0IIMX YepTax MOACPHUBUPOBAHHBIN «yalTxenusm» [9], OCHOBaHHBII Ha KBAaHTOBOMEXAHUYECKUX
IPEJICTaBICHUSIX.

4.2. MIPUMEHUMOCTDb UJEU KBAHTOBOM
MEXAHUKMH K MPOBJEME CBS3U
CO3HAHUSA U TEJIA

OpnHa U3 OCHOBHBIX HJEM KBAaHTOBOW MEXaHUKU COCTOMT B TOM, YTO KOMIIJIEKCHOE COCTOSIHUE CHUCTEMBI
(KOTOpOE COOTBETCTBYET €€ MAaKCHUMAaJbHO IOJHOMY OIHCAHHIO) HE HCUEPIIBIBAECTCS CIHCKOM peallbHBIX
(axTyaJbHBIX) XapaKTEPUCTUK CHUCTEMbI, HO BKJIIOYAET B ce0s €€ HEKOTOpbIE NMOTEHIMAIbHbIE BOZMOKHOCTH U
XapaKTepUCTUKU. Ecau cBONCTBO A M BEKTOpP COCTOSHUM () KBAHTOBOM CHUCTEMBI ONpeAeNeHbl (AJ1 MPOCTOTHI
OMMCAaHUS MBI IPUMEM, YTO BCE (DYHKLIMHM HOPMHUPOBAHBI Ha €IMHUILY), TO ¢ MOXHO 3alucath B BUIE ; CjU;,
rze Kaxjaas u3 QyHKIUH u;, mpeacTaBiseT co00i HOPMUPOBAHHBIM HA €MHUILY BEKTOP COCTOSIHUA (B KOTOPOM
CBOWCTBO A MMEET 3HaYCHHE d;), 4 ¢; — KOMIUICKCHBIE YHCIIa, YIOBIeTBopsitomme yenonio |¢; = 1. Takum
00pa3oM, BEKTOp ¢ 3amucaH B BUJE CYNEPNO3ULUH (PyHKIMHA U; ¢ COOTBETCTBYIOIMMH BecaMH U (TIOCKOJIBKY B
CYMMY BXOZST JIMIIb OJUHOYHBIE WIEHBI 3TOTO BHU/A) 3HAYEHHE CBOMCTBA 4 B ONUCBIBAEMOM COCTOSIHUH d;
ocraeTcs HeomnpeaeaeHHbIM. [Ipu peanrcTuieckoil TpaKToBKE MOHITHS KBAHTOBOI'O COCTOSTHUS (T. €. €CJIM OHO
paccMaTpUBaeTCs Kak MPeICTaBIEHUE CUCTEMBI, a HE IIPOCTO Kak HA0Op ee OMMCaHUil) 3Ta HEeOlpeIeIEHHOCTb
CTaHOBUTCA OOBEKTUBHON M OUYEBUIHOM (s Mpennojararo, 4YTo KBAHTOBOE ONMMCAHUE SBISIETCS MOJHBIM, M HE
paccMaTpuBaro MpoOJIeMy TaK Ha3bIBAEMBIX «CKPBITBIX MapaMeTpoB»). KpoMme Toro, ecnu B3auMozeHcTBUE C
OKpY)KEHHEM JIeJlaeT CUCTEMY OIpeAETCHHON (Hampumep, TakKUM B3aWMOJICHCTBHEM BBICTYNAET MpOIECC
U3MEPEHMIT), TO pe3yabTaT UMEET BUJI OObEKTUBHON CIIy4allHOCTH, a SKCIIEPUMEHTATOP «HA BBIXO/E)» MOTydaeT
COOTBETCTBYIOIIMH HAGOp OOBEKTHBHBIX BeposTHOCTell Thma |¢;|°. OGBEKTHBHAS HEONMPENCICHHOCTS,
OOBEKTHBHAsA CIYyYalHOCTh M OOBEKTHBHAs BEPOSITHOCTH SBISIOTCA OTIMYUTEIbHBIMU OCOOEHHOCTSIMU
KBaHTOBOT'O COCTOSTHUSI U 3aCTaBIISIOT paCCMAaTPHUBATh €r0 B KaueCTBE HAOOPa MOTEHIIMATIBHBIX BO3MOXKHOCTEH.

Eme oaHoli BakHONW OCOOEHHOCTHIO KBAaHTOBOM MEXaHHWKHM BBICTYNAeT HalWyue 3amyTaHHocTH. Ecnu
U; SIBJISIFOTCS HOPMUPOBAHHBIMM Ha €IMHHILY BEKTOpPaMH COCTOSHUUM cucTeMbl 1 (C HEKOTOpPHIM 3HAYEHHEM
CBOWCTBAa A B 9THX COCTOSIHUSX), & V; — BEKTOPaMH COCTOSIHUN CHUCTEMBI 2 (C HEKOTOPBHIM 3HAaUEHUEM CBOICTBA
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B), To BexTop cocrosHuil X = ; c;u;v; (rae cymma |Ci|2 HOPMHPOBaHA Ha €AMHMILY) OIMCBIBAET CMEIIAHHYIO
cuctemy (1 + 2) ¢ ocoOsiMu cBolicTBamMu. Jleo B TOM, YTO HU OJHA M3 CUCTeM | M 2 yXe He HaXOAWTCA B
«YUCTOM» KBAaHTOBOM COCTOSIHMH. B "acTHOCTH, cuctema 1 yke He OIMUCBIBACTCS CYNEePHO3UINeH QyHKIMHA U;,
a cucrema 2 — cyneprno3unuend QyHKIul v; , HOCKOJIbKY 3TU CYNEpPHO3UIUN HE BKIIOYAIOT B €051 KOPPEISILUU
Mexny u; u v;. CrenoBaTelbHO, COCTOSHHE X JIOJDKHO paccMaTpUBaThCsl KaK HEKOTOPOE LEJI0CTHOE
COCTOSIHME, HA3bIBAEMOE€ 3aIlyTaHHBIM, B pE3yJbTaT€ YE€ro B KBAHTOBOM MEXAHMKE BO3HHMKAET HOBBIM THII
COCTaBHOTO, WJIM CMEIIAHHOTO, COCTOSIHUS, HE MMEIOIINI aHaJIoroB B Kiaccuueckoi ¢usuke. Eciu B porecce
aKTyaJIM3UpyeTcsi CBOMCTBO A (Hampumep, CO 3HAYCHHEM d;), TO aBTOMAaTUYECKU aKTyaJIU3UPYETCs U CBONCTBO
B (co 3HaueHuem b;), T. €. BCIEACTBHUE 3aIIyTaHHOCTH COCTOSIHUI MOTEHIMATbHBIE BOBMOXXHOCTH cucteM 1 u 2
AKTyaJIU3UPYIOTCS TOJIBKO COBMECTHO (TIOMApHO).

MopaepHU3upOBaHHBIM yalTXeInu3M, O KOTOPOM $I KpPaTKO YHOMSHYJ B KOHIIE MPEIBIIYIIETr0o pasjena,
YUUTHIBAET MOTEHIUAIbHBIE BO3MOKHOCTH U 3aIlyTaHHOCTh KBAHTOBBIX COCTOSIHHM JOBOJIBHO CBOEOOPAa3HBIM
nyreMm. [loTeHnanbHble BO3SMOKHOCTH PACCMATPUBAIOTCS B KAUE€CTBE «CPEICTBAY, MO3BOJISIIOLIETO MPEOI0JIETh
«TIpOMACTh» MEXKIYy MHPOM Matepuu (00jadaroliel TOJNBKO 3ayaTKaMu CO3HAHHS, MPOTOMEHTAIBHOCTHIO) U
MHUPOM BBICOKOPA3BUTOTO CO3HaHWs. [lake KpymHBIE OpraHW3MbI CO CJIIOXHBIM MO3TOM MOTYT HE 00JadaTh
CO3HaHHEM, MOITOMY IMEpeXo]] MEXKAY CO3HAaHHEM U OeCCO3HATEeNbHOCTBIO JIOJKEH paccMaTpUBAThCA HE B
KaueCTBE OHTOJIOTHYECKOTO Tepexoa, a Kak M3MEHEHHUE COCTOSIHUS, TpPU KOTOPOM OCYIIECTBIISICTCS
npeoOpa3oBaHre CBOMCTB OT ONPEAEIECHHOCTH K HEOIPEIeJICHHOCTH, U Ha000poT. B ciydae mpocToit cuctemsl
(TUMa AJIEKTPOHA) TAKOW MEPEXO0] MOXKHO pacCMaTPUBATh KaK TPaHCPOPMAIIUIO «TIOJHON HEONPEAETICHHOCTH
B «cinaboe MmepuaHue paszyma». VMeHHO Ha 3TOM JTame npuodperaer ocoboe 3HAYCHHE KOHIICHIIHS
3alyTaHHOCTU COCTOSIHUM. B cucreme m3 MHOTMX Tel 3allyTaHHOCTb COCTOSIHMM CO3/1aeT 3HAYUTENbHO Ooee
Ooratble BO3MOXKHOCTHU IS MPOSBICHUS HAOIIOJaeMbIX CBOWCTB, YEM B Ciy4ae OTAEIbHOU yacTHIlbl. CHekTp
HaOJIOAEMBIX «KOJUICKTUBHBIX» CBOMCTB CMEIIAHHOW CHCTEMBI OKAa3bIBACTCS 3HAUUTEIBHO IIUPE, YEM Y
COCTaBIISIIOLINX €€ yacThll. BeneacTBre KBaHTOBOW 3allyTAHHOCTH 3JIEMEHTAPHBIX CUCTEM (KaXk[1as U3 KOTOPBIX
o0JlajaeT UMb OYeHb HEOOJBIIUM HA0OPOM MEHTAJIbHBIX CBOWCTB) COCTaBHAs CHCTEMa IMPOSBISET BeChMa
HIIMPOKHUI CIEKTP CBOMCTB, YTO MO3BOJISIET MAaT€pUU MOCTEINEHHO MPOWTU BECh MYTh Pa3BUTHUS OT IMOJHOU
0ecco3HaTEeNbHOCTH /10 BBICOKOPA3BUTOIO CO3HAHMUSI.

EcTtecTBeHHO BO3HUKAeT BOMPOC O TOM, KaKUM 00pa3oM MOJEPHU3HPOBAHHBIA yaWTXEAU3M MOXKET OBbITh
cBs3aH ¢ uuesmu [leHpoy3a O KBaHTOBOM COCTOSIHUM CHCTEM MHOTHX Tel. O0e YNmOMSHYThI€ KOHIICTIIMH
(Hamu4KMe TMOTEHIIUAIBHBIX BO3MOKHOCTEH U CYIIECTBOBAaHME KBAaHTOBOM 3allyTaHHOCTH COCTOSIHHIA) IIMPOKO
ucnonb3yroTes [IeHpoy3oM mpu pacCMOTPEHUH MHOTHX BOMPOCOB (TJ. 2 ¥ 3 TaHHOW KHHTHU, a TakXe I1. 7 B
TP). IlposiBeHre NOTEHIIMATBHBIX BO3MOXKHOCTEH MOXKET OBITh HAMPSAMYIO CBSI3aHO C €T0 MPEANONIOKEHHEM O
«KBAHTOBBIX BBIYUCIICHUSIX», OCYIIECTBISIEMbIX HEUPOHHOM CHCTEMON TakMM 0Opa3oM, YTO KaK/as «BETBbY
CYTNEPHO3UIIMH OCYIIECTBISICT BBIYMCICHUS He3aBHUCHMMO OT apyrux (cMm. TP, c. 355-6). 3amyTraHHOCTb
(xoTopyto [lenpoy3 npeanoynTaeT Ha3bIBaTh KOTEPEHITUEH ) MPETOTOKUTEIHHO TOKE UTPAET BAKHYIO POJIb HA
MHOTHX CTaJUsIX TaKUX BBIYMCIEHUH. B "yacTHOCTH, mpeanoiaraeTcsi, YT0 MUKPOTPYOKH Ha TpaHHIAX KIETOK
UTPAIOT OPTaHU3YIOIIYIO POJIb B pab0Te HEHMPOHOB, /JIs YEro aBTOP JAKE CIEIHAIBHO MOCTYIUPYET HATUYUE
3amyTaHHBIX cOCTOSIHUHN B MUKpoTpyOKax (TP, c. 364-5). [Ipeanonaraercs Takke, 4TO 3aMyTaHHBIE COCTOSHUS
MPUCYTCTBYIOT HE TOJIBKO B MHUKPOTPYOKax OTIECIbHBIX HEHPOHOB, HO W B MPEANOJIAraéMOM KOHEYHOM
cocTossHUM aHcamOis HeiipoHoB. KpymHomacmTaOHas HeE0OXOIMMOCTh CYIIECTBEHHO BakKHA [UIsl HAed
[Tenpoy3a, MOCKOJIBKY «OTAEIbHOE CO3HAHUE MOXET BO3HHUKATh TOJIKO B Cllydae, KOrja Kakas -TO KBaHTOBas
KOTEpEHIIUsI CYHIECTBYET B HeKOoTopoil yactu mo3ra» (TP, c. 372). Ilenpoy3 cuurtaer, 4To 3Ta UJes BIIOITHE
pa3yMHa B CBETE€ TOCIETHUX OTKPBHITHH B 00JIACTH CBEPXMPOBOJAMMOCTH U CBEPXTEKYUYECTH, CPEIH KOTOPBIX
MO>XHO BBIICIIUTH TMOCIEIHUE JOCTHXKEHUS B BBICOKOTEMIEPATYPHOU CBEPXIIPOBOJMMOCTH M PacCUeThl
Opénuxa, MOATBEPKIAOIINE BO3MOKHOCTh HAIMYUS KPYMTHOMACIITAOHBIX 3allyTAaHHOCTEH B OMOJIOTHYECKUX
cuctemax npu oObruHbIX Temreparypax (TP, c. 367-8). Eme omna umes I[leHpoy3a cBsi3aHa Jaxke HE C
COBPEMEHHON KBAaHTOBOW MEXaHHUKOW, a C €€ TMperojaraéMpiM OyAylIIMM BapuaHTOM, HEKOTOPHIE YEPTHI
KOTOpPOTO OH TBITaeTCs MpelcKa3aTh (ITOT BOMPOC paccMaTpuBaeTcs mojapoOHee Hinke, B pasn. 4.3). Unes
3aKJII0YaeTCsl B TOM, YTO OOBEKTUBHAS PEAYKIMs CYNEpHO3UIMN COCTOSHUN (0O03Hauaemasi abOpeBuaTypoii
OR) mo3BonsieT 0TOMpaTh aKTyallbHOE 3HAUYEHUE HEKOTOPOH MEpPeMEeHHON 4 U3 MUPOKOT0 Ha0opa BO3MOXKHBIX
3HaueHWi. Takas axTyanu3amus CyIMIECTBEHHO HeoOXoauma Hjisi OOBSICHEHWs Hamed HEeCOMHEHHON
CIIOCOOHOCTH K BOCIPHSTHIO ONPEACIEHHBIX YYBCTBEHHBIX M MBICIUTEIBHBIX MPOIECCOB. AHAIOTUYHAS



aKTyanu3anus HeoOxoauma Jaxke B mpennoyiaraeMbix [IeHpoy30M KBaHTOBBIX BBIUHCICHHSX, TaK KakK MOCIe
3aBEPILCHMS MapauIeNIbHBIX PACUETOB B PA3JIMYHBIX BETBSIX CYNEPIO3UIMU MOJYUYECHHBIA PE3yNbTaT JOJKEH
ObITh KakuM-TO oOpazom mpoumtad (TP, c. 356). U HakoHen, ynmomsiHyTas Bbime omepamus OR sBisercs
KJIFOYEBOM B MPEJIAra€MO aBTOPOM «HEBBIYMCIMMOMN» CXEME MBICIUTEIBbHON IEATEILHOCTH.

B cBoux teopusix Ilenpoy3 He ucnoib3yeT (HAMEPEHHO WIM MO0 HEBHUMATEIbHOCTH) OJHY W3 Ba)KHEHUIINX
uAe yINOMSHYTOIO MHOKIO MOJEPHU3UPOBAHHOIO YyaWTXeIW3Ma, a MMEHHO: MPEANOJI0KEHHE O TOM, YTO
MEHTAJIBHOCTh SIBJISIETCSI OHTOJIOTMYECKH (yHAaMeHTaabHbIM cBolicTBOM Bcenennoit. [loaxon Ilenpoysa
MOJO3PUTENFHO HAIIOMUHAET KBAaHTOBYIO BEpCcHIO (u3MKaiam3Mma (0 HEM s rOBOpWJ BbIlmie, B pasid. 4.1), B
KOTOPOM MBICIUTEIbHBIE CIIOCOOHOCTH PACCMATPUBAIOTCA KaK CTPYKTYpPHBIE CBOWCTBA COCTOSIHUN MO3ra WM
KaK BBIUMCIUTEIbHBIC MPOrpaMMbl HEUPOHHBIX aHcamoOiiei. IleHpoy3 BBOJIWUT HOBBIE HWHIPEIUEHTHl B
nporpaMmmy  ¢usmdeckoro  (uaum  (PU3MKATUCTCKOr0)  OOOCHOBAaHUS ~ MEHTAIBHOCTH, 4  HMEHHO:
KPYITHOMACIITaOHYIO KBAHTOBYIO KOTEPEHIIHIO U BO3MOXKHYIO MOJIM (pUKALIMIO KBAHTOBOM AMHAMHKH, JUIS ydeTa
peaykiuu cyneprno3unuil. OIHAKO 3TH «yXUIIPEHUS» BOBCE HEAOCTATOYHBI JUIsl CEPbE3HOTO OTBETa Ha
HECKOJIbKO HAaWBHBIE M TPOCTHIE BO3PAKEHHUS MPOTHB (U3MKAIM3Ma, IMPEUIOKEHHBIE BbIe B paszna. 4.1.
[TposiBneHus Haiieli YMCTBEHHOM JESTENbHOCTH HE «YKJIAJbIBAIOTCS» B OHTOJIOTHIO (PU3UKAIN3Ma, JaXKe eCIH
(¢u3MKaIM3M OCHOBAH Ha KBAaHTOBOUM MexaHmke. [Ipemioxkennas Yaiitxenom ¢uinocodus opraHu3Ma Ha CaMoOM
Jielie SABIIAETCS MPUHIMIHUATBLHO HE(PU3UKATUCTCKON, MOCKOJIBKY B HEHl MEHTAJIbHBIE CBOMCTBA MPUITUCHIBAIOTCS
BCEM (lIaXKe CaMbIM JJIEMEHTApHBIM) OOBCKTaM BCeNeHHOH, YTO 3HAYUTENHLHO pacIIupsieT W oboramfaert
BO3MOXXHOCTH (PU3MYECKOr0 OMHCAHUSA TakuX OOBEKTOB. B MoJepHU3HpOBAaHHOW BepcHM YyaWTXeau3Mma,
IPEJUIOKEHHOW MHOIO BBIIIE, KBAHTOBAsS MEXAaHMKA MCIOJIb3YETCd HE B KaueCTBE «CypporaTHoil» 0a3sbl
000CHOBaHHS OHTOJOTHMH MEHTAIbHOCTH, a JIMIIb KaK HEKH WHTEJUIEKTYyaIbHbIII HHCTPYMEHT, IMO3BOJISIFOIIHIA
paccMaTpuBaTh BCIO TaMMYy HPOSIBIEHHMI MEHTAJIbHOCTH, OT IOJHOM OecCO3HATEeNIbHOCTH 3JIEMEHTapHBIX
YacTHUI A0 Pa3BUTOr0 CO3HAHUS BBICIIMX OPTraHU3MOB.

[IpoTuBOpeunBOCTh MO3ULUKA MOKET ObITH ChOpMyIMpOBaHa U ApyruM oOpa3zom. KBanToBas Teopus
COJIEPKUT B cebe Hekuil Habop MOHATUH (TakMX, KaK COCTOSIHME, HaOlto/aeMasi BEIHUYMHA, CYMEPHO3HIIHS,
BEPOATHOCTb NEPEX0/Ia U 3allyTaHHOCTb COCTOSIHUI ). DU3MKaIMCThI YCIEIHO UCIOIB3YIOT 3TOT HAbOp B JIBYX
COBEPIICHO Pa3HBIX OHTOJOTUSAX — OHTOJIOTUU YACTHUI[ B OOBIYHOM, HEPETIATUBUCTCKON KBAHTOBON MEXaHUKE
(ommcaHue SJIEKTPOHOB, aTOMOB, MOJIEKYJ M KPHCTAJIOB) M OHTOJOTHHM (M3WYECKHX IMOJIeH (KBaHTOBas
JNEKTPOANHAMUKA, XPOMOJMHAMHUKA M OO0INas KBAaHTOBas TeOpHsl TMOJs). 3aTeM (PU3HKAIHUCTHI MPOCTO
MPUHUMAIOT Ha BEPY, YTO KBAHTOBAs TEOPHS MOXKET OBITh MPUMEHHWMA M K OHTOJOTHUSM COBEPIICHHO HHOTO
TUIMA, TAaKUM KaK OHTOJOTMS MO3ra, JyajbHas OHTOJIOTHS WJIM OHTOJOTHS SJEMEHTOB W CYIIHOCTEH,
o0Jafaomux MPOTOMEHTAIBHOCTIO. OOBIMHO (PM3HKANIHUCTBI OYEHb YCHEIIHO MPUMEHSIOT KBaHTOBYIO
MEXaHUKY I OMUCAHMS SIBJICHUN B CIOXHBIX CHCTeMax (BKJIIOYas MaKpOCKOMHYECKHE) MUKPO(PHU3NIECKIMHU
HNOHSTUSMM U XapaKTepucTUKaMu. MHe kaxercs, 4To [leHpoy3 ocyliecTBIsSET MOX0XKYIO ONEpaIio, U3SIITHO
UCTIONIB3YSl KBAaHTOBBIC MPEJCTABICHUS MJS ONMCAHUS MEHTAIBHBIX SBICHHNH B paMKax (U3UKATUCTCKOM
OHTOJIOTHH. B oTiiMume oT 3TOro noaxoaa MOAEPHU3UPOBAHHBIN yaUTXEIU3M MCIOJB3YyET annapar KBaHTOBOM
TEOPUH JJIi OHTOJIOTHMH, KOTOpast 00J1aaeT MEHTAIbHOCTBIO ab initio (zam. — c¢ camoro Hauana). [TosTomy
TaKOM MOJIEPHU3UPOBAHHBIN yaUTXEOU3M BBIMJISAUT 3a4aTOYHOM, HWMIPECCUOHUCTCKONM KOHUEIIHMEM,
NpEeAHA3HAYEHHON /11 YUCTO TEOPETUYECKUX PACCYKIECHUW WM JUIsl JKCIEPUMEHTAIbHOM IPOBEPKHU
YTBEPXKACHUM, KOTOpbIE MOTYT CTaTh <«BEPUTEIbHBIMH TIpaMoTamMu» Oynyiiel, Oonee oOmed Teopuu.
BaxkneimmM npeuMyIiecTBOM yaiTxeanu3Ma mnepea BceMu Ipyrumu GopmaMu pu3NKanu3Ma sSBIsieTcs TO, UTO
MEHTAJIBHOCTh MEPBUYHA M «HEBBIBOAMMA» M3 JIPYrMX MOHATUNA. Bo3MOXHO, BIpoYeM, 4TO sI HEAOCTATOYHO
WIM HEBEPHO TOHSJ apryMeHTaiuio Pomkepa, 1 OH Ha caMOM Jienie sBIseTCs B OOJbIIEH CTeNeHU «TaliHbIM
YaUTXEAUCTOM», UeM MHE KaxkeTcs. B mo0oM ciiydae MOKHO TOJBKO MOXKeNaTh, YTOOBI OH MPEICTaBIISIT CBOKO
MO3UIIHIO O0JIee OIPOOHO U YETKO.

Ecnmu xorma-uuOyns mMomuduiMpoBaHHAas BepcHs yaWTxenusma (WM Jito0asi Jpyras KBaHTOBAsl TEOPHUS
CO3HaHMUsI) JACHCTBUTEIHHO CTAHET 3PEJIOW W eAMHOW HAyYHOW IUCIMIUIMHOW, MBI JOJDKHBI OyJeM BCEphE3
3aHSTHCSI TICUXOJIOTUYECKUMU SBIEHUSMHU. Jleo B TOM, YTO PSJl MCUXOJIOTHYECKHX 3()PEKTOB SBHO HMEET
«KBAaHTOBBIM MpPHUBKYyC». B KkauecTBe NpPUMEpPOB MOKHO MPUBECTH NEPEXOJbl OT MNepuPepUIecKoro K
(GokamTbHOMY  3pEHHUIO, TEepexXoAbl  MEXIYy  CO3HATEeJIbHBIM M OECCO3HATENbHBIM  COCTOSHUSIMH,
«pacmpocTpaHEHUEe» CO3HAHMA Ha TeJIO B II€JIOM, BOSHHUKHOBEHHE HaMEpPEHHI M KelaHuil, aHOMaluHu BO
BPEMEHHBIX XapaKTEPUCTUKAX TMCUXMYECKUX SIBICHUH U, HAKOHEL, JaXe CTpaHHbIE COBMAJCHUS U



HEOJIHO3HAYHOCTH B CHMBOJHMKE (Ppei0BCKOro ICHXOaHaln3a. B HEKOTOpBIX Cephe3HBIX HCCIIEIOBAHUSIX
(mampumep, B kHurax JlokByma [10] u Cramma [11]) cmenuanbHO HCCIEQYIOTCS MPOOIEMBI B3aUMOCBSI3U
KBaHTOBOM TEOPUM C TAKUMHU IMCUXOJIOTMYECKHMHM sIBIIEHUAMH. [leHpoy3 m cam paccmMaTpuBaeT HEKOTOpPbBIE
Takue MpoOJIeMbl MPU OOCYXKICHUU, HampuMmep, dKcrepuMeHToB KopuxyOepa u Jlubera 1mo akTHBHOMY H
aCCHBHOMY MeXaHHM3MaM co3HaHus (cM. takke TP, c. 385-7).

PeanpHOEe mpuMeHEHUE KBAaHTOBOMEXAHMUYECKUX IMMOJXOJIOB K HCCIICIOBAHUSM MO3ra IMOTpe0yeT TaKkxke
M3YYEHUS MATEMaTU4YEeCKOW CTPYKTYpPBI MPOCTPAHCTBA MCUXUYECKUX COCTOSHUNM U MHOXKECTBAa HAOIIOaeMbIX
nepeMeHHbIX. Panee 3TUM CTpyKTypam yAeNsuIOCh SIBHO HEJIOCTAaTOYHOE BHUMaHUE, HallpUMEp, B CTaHAapTHOM
KBAaHTOBOIl MEXaHHKE M KBAHTOBOM TEOPUM IOJII MX OINPEACNSIOT CaMbIM pa3HbIM 00pa3oM, HUCHOJb3Ys
MPEACTABICHUS POCTPAHCTBEHHO-BPEMEHHBIX T'PYIII, 3BPUCTUUYECKUE OLIEHKU (OCHOBAHHBIE HA KJIACCUYECKOM
MEXaHHUKE U KJIACCHUYECKOI TeOpuu MOJsl) WK SKCIIepUMeHTaIbHble n3Mepenus. OpBuH llpenunrep (B ogHoi
U3 cTared 3HaMEHUTOro Iukia 1926 r. mo BOJHOBOM MEXaHMKE) NPEAJIOXKHII 3aMEYaTelibHYl0 U
UCKIIFOUUTENIBHO IIJI0JI0TBOPHYIO AHAJIIOIMI0 — TE€OMETPUYECKas ONTHKA COOTHOCUTCA C BOJIHOBOM ONTUKOM
TaKk, KaK MEXaHWKa YaCTHI[ COOTHOCHTCS C THIIOTETUYECKOW BOJHOBOM MEXaHUKOH. BbIIO OBl MHTEPECHO
MPOJOKUTD Ty aHAJOTHIO B ClIeyIoNIel popme — He OTHOCUTCS JIM Kiaccudeckas (pu3HKa K KBAHTOBOI Tak,
KaK KJIACCUYECKasi TICUXOJIOTHUS OTHOCUTCSI K TUIIOTETUYECKON KBaHTOBOM rcuxosoruu? Mcnonbp3oBanue 3Toit
MHTEPECHOM AHAJIOTMM 3HAYMTENIBHO OCIJIOXKHSETCS TEM, YTO «CTPYKTYpPbl KJIACCHUYECKOW ICHUXOJIOTHH» MbI
IpeICTaBIsIeM ce0e ropasio XyKe, YeM CTPYKTYPhI KIIACCHYSCKOW MEXaHHUKH.

S puckHy BBICKa3aTh €lle OAHy ujer. IIpeanonokum, 4To KBaHTOBBIE MOHSTHS ACHCTBUTEIBHO MOKHO
WCIIOJIH30BATh B IMICUXOJIOTHH, HO COOTBETCTBYIOIIUE 3TOMY IOJIXO1Y T€OMETPUUECKUE CTPYKTYPhI 3HAYUTEIHHO
OTIIMYAIOTCSI OT MPUBBIYHBIX. MOXHO MPEICTaBUTh ce0e MPOCTPAHCTBO COCTOSIHUI MO3Ta, HO JOJKHO JIU OHO
MMETh 3HAKOMYIO HaM CTPYKTYPY MPOEKTHBHOTO mpocTpancTtBa ['mibnbepra? B yacTHOCTH, JOMKHO JU OBITH
ONpENEJIEHO B 3TOM IPOCTPAHCTBE BHYTPEHHEE IIPOU3BEJCHUE JBYX IICUXWYECKUX COCTOSHHIA,
COOTBETCTBYIOIIIEE BEPOATHOCTHU Iepexoia Mexay HuMu? He oOHapy»karcs v B MPUPOIE CTPYKTYPHI «cllabee
KBaHTOBbIX? B oueHb MHTepecHbIX paborax Muennuka[l2] mpeanaraercs Hekas MHUHHMMaibHas KBAaHTOBAs
KOHIICTIIIMS, B PaMKaX KOTOPOWM «CMEIIAHHBIE)» COCTOSHUS MOTYT OBITh BBIPAKEHBI PA3IUYHBIMU METOJaMU
yepe3 TaK Ha3bIBaeMble BBINYKIIbIE COYETAHHUSI UUCTBIX COCTOSHUM (B OTJIMYME OT KJIACCUYECKOM
CTATUCTUYECKON MEXaHUKH, TJE CMEIIAaHHBIE COCTOSHUS MOTYT OBITh ONpEIETCHBI Yepe3 YUCTHIE OJIHUM-
€IMHCTBEHHBIM 00pa3oMm). B kadecTBe mpuMepa BO3MOKHOTO HCIIOJNB30BaHUS uAel MuenHnka MOKHO
npuBecTd (PEHOMEHOJIOTHIO I[BETOBOTO BOCIPHSTHS, MIOCKOJIBKY U3BECTHO, YTO CO3JaTh «BOCHPHUSITHE» OEI0Tr0
[[BETA yJaeTCsl HECKOJIbKUMU KOMOMHAIUSAMU PA3IMYHBIM 00pa30M OKPAIICHHBIX CBETOBBIX JIYUEH.

4.3. TPOBJIEMA AKTYAJIN3AIIUN 5
IHNOTEHINAJIBHBIX BOSMOKHOCTEH

B ri. 2 Pomxep Ilenpoy3 oTHec mpobiemMy akTyalu3alud MOTEHIMAIbHBIX BO3MOXKHOCTEH (Ha3bIBaeMyIO
TaK)Ke Mpo0IeMOol peAyKIIMHM BOJHOBOIO MaKeTa U MpoOaeMoi u3MepeHus) K Kiaccy X-TailH, KOTOpbIE HENb3s
PacKpbITh 0€3 PEelINTENIbHON TIOMKH BCEHl CyIIecTBYIOIIeH Teopuu (3TUM X-TallHbI OTIUYAIOTCS OT Z-TaiiH, U3
KOTOPBIX <«/IbSIBOJI TAMHCTBEHHOCTU» MOXKET OBITh M3THAH MPUBBIYKONW K COCYIIIECTBOBAHUIO WM MU3BECTHBIMU
3aKJIMHaHUAMH). B 3TOM Bompoce s nennkom cornaceH ¢ [lenpoyzoM. Eciu kBaHTOBast TeOpuUsl NENCTBUTENBHO
OIMCBHIBAET HEKOTOPYIO (PU3MUECKYI0O CHUCTEMY, TO O3TO O3Ha4yaeT HaJMyue MNapaMeTpoB (HAOIIOIaeMBbIX
BEJIMYMH), KOTOpPhlE B JAHHOM COCTOSIHUM OOBEKTUBHO HE ONPEIENIEHbl, HO MOTYT OBbITh OIpeAeNeHbI
MPOBEICHUEM COOTBETCTBYIOLIMX H3MepeHuil. OaHako JIMHEWHas JUHAMHUKa KBAaHTOBOM MEXaHUKH
OPEMSITCTBYET AaKTyaJlu3allid TpH HW3MEPEHHH, TOCKOJIbKY U3-3a JIMHEWHOCTH CJIOKHOM CHCTEMBI
(M3MepUTeNbHBINA MPUOOP + 0OBEKT U3MEPEHHs) €€ KOHEUHOE COCTOSIHUE MPENICTaBISIET COO0M CYMepro3UIII0
YCIIOBUH, MPH KOTOPBIX «CTpeiika mpuOopa» MOXKET yKa3blBaTh Ha pa3Hble 3HaueHus. [loaTomy s paznensio
CKeNTUIM3M Po/Kepa OTHOCHTENBHO JIOOBIX TOMBITOK PACKPBITH 3Ty TaillHy 3a CyeT, Hampumep, Tak
HA3bIBAEMOW «MHOTOMMPOBOI» KOHIEMINH, JEKOT€PEHIINH, CKPBITHIX MapaMeTpoB U T. M. Bo Bcex 3Tux
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MOAXOAAaX Ha KaKOW -TO CTaAuU W3MEPUTENBHOrO IpoIlecca YHUTApHas 3BOJIIOLMUS KBAHTOBOI'O COCTOSIHUS
HapyIIaeTcs, B pe3yjbTaTe YEr0 U OCYLIECTBIIETCS aKTyaIn3allsl BEPOSITHOCTEM.

Bormpoc 3akimrouaercs auiib B TOM, HA KaKOW CTaJuU U3MEPEHHUS 3TO MPOUCXOJUT, OCKOJIbKY CYIIECTBYET
MHOT'O BapHaHTOB aKkTyanu3anuu. Hampumep, oHa MOKET IPOUCXOIUTh HA (PU3NUECKOM CTauM U3-3a TOTO, YTO
MaKpOCKOIIUYECKasi CUCTEMA «3allyTaHa» C MHUKPOCKOIMUYECKUM OOBEKTOM WM MPOCTPAHCTBEHHO-BpEMEHHAs
METpUKa «3alyTaHa» ¢ MarepuaibHOM cucreMoil. C Apyroil CTOpOHBI, BO3MOXHA aKTyalu3alus Ha
MEHTAaJIbHON CTaJANH, NPOUCXOAIIAs B psyche2 Habmonatend. [lenpoy3 cunraer akTyanuszanuio GU3NYECKUM
IPOIIECCOM, TMPOUCXOSIIUM BCJIEJICTBHE HECTAOMIBHOCTH CYNEPIO3UIMH ABYX (MM OOJBIIEro 4Yucia)
COCTOSTHUI MPOCTPAHCTBEHHO -BpeMEHHON MeTpuku. Ilpu 3TOM OH mojaraeT, 4to 4yem OOJblle pa3HULA B
SHEPrUM COCTOSIHUM, COCTABJISIIOIIMX CYNEPIO3ULMI0, TeM Kopode BpeMs ee ku3Hu (TP, c. 339-346). Ognako
3TO MPEANOJIOKEHUE OYEHb TPYAHO COBMECTUTH C APYTMM YTBEP)KIECHUEM, B COOTBETCTBHUM C KOTOpPHIM B
CO3HAaHUM «YUMTBHIBAETCS» aKTyaJdbHbIH oOmNbIT. Cynepno3suuus COCTOSHUN MO3ra, Kak OTMEYaloCh BBIIIE,
HYy)KHAa aBTOpY /Ui OOBSCHEHHUS TJI00AJTbHOCTH CO3HAHUS, OJIHAKO CYIIECTBOBAHUE CYMEPIIO3UIHA,
COOTBETCTBYIOILIMX, HAalpUMEp, BOCIPHUATHUIO OTAEIbHBIX LBETOB (Pa3JIMYEHUIO 3€JIEHBIX WIM KPacHbBIX
CBETOBBIX CHUTHAJIOB), IMPEACTABISETCS HEJENbIM WM BechbMa MalloBEpOSTHBIM. OueHb OCTOPOXXHO H
caepxkaHHO [leHpoy3 mbITaeTcsi JOKa3aTh YMTATEN0, YTO PA3HOCTb PHEPrHil TAKUX COCTOSHUN MO3ra MOXKET
OBITH JIOCTAaTOYHO BEJIMKA, YTOOBI BpPEeMs CYIIECTBOBAHHS CYMNEPIIO3UIUMU ObUIO HEe3HAUMTENbHbIM. OJHAKO B
CBOMX PACCYKJIEHUSX OH HEOJHOKPATHO IMOMAJaeT B CUTYAallUI0, KOI/la KOIepeHIUsl OJHOBPEMEHHO JIOJKHA
coxpaHsiThes (g obOecriedeHus II0OATbHOCTH CO3HAHMS) W pa3pymiatbes (A7 ydeTa KOHKPETHBIX aKTOB
co3HaHus). B aTux ciyuasx aBTopy, 1Mo ero coocrBenHHomy mpusHanuio (cm. TP, c. 409, 410, 419, 342—3),
IPUXOIUTCS «OajJaHCUpPOBATh Ha KaHATE», OJIHAKO €ro OOBSICHEHUS HEOCTaTOYHO yOeAUTEIbHBI, U BOMPOCHI
B3aMMOJIEMCTBHS MO3Ta U CO3HAHUS B OOBIUHBIX YCIOBHIX OCTAIOTCSI COBEPLLIEHHO HESCHBIMH.

B npunnune xBaHTOBas AMHAMHUKA COAEPKUT MHOI'O JIPYIrUX, HUKEM HE PACCMOTPEHHBIX BO3MOMXHOCTEH
BBEJCHUS OOBEKTUBHOM aKTyaJn3aluu. S| OTMeuy JHIb JBE€ W3 HUX, INPEACTABISIOLIMECS MHE 0C000
uHTepecHbIMH. [leHpoy3 ouens ybenutenbHo packputukoBan (TP, c. 344) mozens CHOHTAaHHOW pPeayKIIMH
Jxupapnn—Pumunrn—BeOepa, oqHaKo OHa COAEPXKUT U BapUaHTHI, HE YUTEHHBIE ero Kputukoil. Eme onna
BO3MOXXHOCTH (0 KoTopoii [leHpoy3 naxe He yrmomsiHyl) CBsi3aHa C BO3MOXHBIM HAJTMYUEM B IPUPOIE «IIPABUII
Cyneporoopay, MPEnsITCTBYIOLUX CYNEPIO3ULIMN Pa3IMYHbIX W30MEPOB WM KOH(POpMAIU MaKpOMOJIEKYII.
OnHako Takas BO3MOYKHOCTh OYEHb Ba)KHA, MOCKOJIbKY MMEHHO MAaKpPOMOJIEKYJbl OOBIYHO OCYIIECTBIISIOT
«TIEPEKII0YEHHE TPOIECCOB» B KJIETKAaX, HAMpaBiss WM IMpeKpalias UX B COOTBETCTBHM C ONPEIEIEHHON
CTPYKTYpoil Makpomonekyn. Ilpu cymepmo3uuuu AByX pasiM4YHbIX KOH(pOpMalMid B KIETKE MOCTOSHHO
BO3HUKAN OBl «KJIETOYHBIM aHanor» kora lllpeaunrepa, u mpouecchl nomnagand Obl B HEKOE «UHCTUIIUIIE»
(Mexny cObIBIIMMCS U HecObIBIIMMCS ). OJTHAKO €ClM B MPUPOJIE CYLIECTBYET Kakoe -TO MPaBUJIO cynepoToopa,
3anpeniamilee Takue Cyneprio3uluu, TO Mpolecchl OyayT MATH HOpMaibHO. IIpaBna, mpu 3TOM BO3HHKAIOT
BOMPOCHI O TOM, IMOYEMY NPHUPOJA 3ANPEIIAeT CYNEPHO3ULUI0 COCTOSHUM CIOXKHBIX MOJIEKYN (KaKioe W3
KOTOPBIX MO OTAEIBHOCTH Pa3peleHo!), u riae, coOCTBEHHO, MPOXOAUT I'PaHUIA, COOTBETCTBYIOIIAS TaKOMY
3ampery. OfHaKO HalW4yMe TaKUX MPaBWJI MOIJIO Obl WUIPaTh BAXKHEWIIYIO pOJb B PELICHUHM MPOOIEMBI
aKTyaJlu3allud BO3MOXKHOCTE B HaubOosiee BEpOSATHBIX CUTyalUsX, a TakXke Co34aTh YCJIOBUSA
9KCIIEPUMEHTAIBHOTO M3Y4YEHHMsS] COOTBETCTBYIOLIMX IIPOLIECCOB, HANPUMEDP, METOJAMHU MOJEKYJIAPHOU
cniektpockonuu [ 13].

W HakoHen, s XxoTea Obl OTMETUTh, YTO YaWTXEJOBCKas MJEsl O TOM, YTO aKTyalH3alus BO3MOXKHOCTEH
nocturaercs B phyche BocnpuHHMaromero CcyObekTa, BOBCE HE  SBISETCS  CTOJIb  HEJETIOW,
AQHTPOIOLIEHTPUYECKON, MUCTUYECKON N HEHAYYHOM, KaK 3TO Ka)KE€TCs Ha MEPBBIM B3I, YalTXel CUUTal, YTO
HEUTO, MO0JJ0OHOE MEHTAJBHOCTH, MPOHU3BIBAET BCIO IMPHUPOJY, OJHAKO BBICOKOOPTAaHM30BAaHHOE CO3HAHUE
BO3HUKAET CIydyallHBIM OOpa3oM TIpH D3BOJIOLUUU OCOOBIX, «OJarompUsTHBIX» KOMIUIEKCOB COOBITHA.
CriocoOHOCTh Kakoi-TM00 CHUCTEMBI K aKTyalM3allid COJAEPKAIIMXCS B HEM BO3MOXKHOCTEH (TMOCpeacTBOM
HEKOTOpPOW MOIU(DUKAIIMK JUHEHHON JWHAMUKH KBAaHTOBOW MEXaHWKH) CYIIECTBYET B TIPHUPOAE, HO
OCYILECTBIISICTCS B 3aMETHOM CTENEeHM JIMIIb B CHCTEMaX C OYEHb BBICOKMM YPOBHEM MEHTAJIbHOCTH. S Obl
Ha3BaJl 3TO YTBEP)KJIEHUE MPHUHIMIIOM YMEPEHHOCTH, OTMETHB 0CO000, YTO CIIOCOOHOCTH PEAyLHPOBATH
CYNEpIO3UIMU B psyche cepbe3HO MpOsIBIISETCS JMIIb TOTJa, KOTJla €€ MCIOJIb30BaHHE HE TOJIBKO TIIATEIBHO

2 Psyche — cuMBOI AyIH B Tpedeckoil Migosorti. — IIpum. mepes.



MIPOBEPEHO HA LIEJIOM PANE MCUXOJOTHYECKHUX SBICHUH, HO M MPEACTaBIsAeT cOOON €IMHCTBEHHBIN CHoco0
JIOBEJICHUS TUIIOTE3bI 10 YPOBHSI YOEIUTEIbHOMN SKCIIEPUMEHTAIBHON IPOBEPKHU.
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I'aaBa s

ITouemy UMeHHO (pU3UKA?
Hhucu Kaprpaur

S nmomHi0 0oOcyx)neHue kHuru Pomkepa Ilenpoysa «TeHu pa3yma» Ha COBMECTHBIX CEMUHapax IO TeMe
«Dunocodus: Hayka uiu Teostorus» LSE (JIoHmoHCKOH MKOIbI 5KOHOMUKHY U moynTHKH) 1 Kunrs Komnemxa B
JloH0HE, M IOITOMY MHE XOYETCsA HadaTh C BOIIPOCA, KOTOPBIX 5 €1l TOrzAa 3aJajla OJHOMY U3 YYaCTHHKOB
cemunapa: «llouemy, cobOctBeHHO, IleHpOy3 cuuTaeT, YTO IMOWCKH OTBETOB Ha BONPOCHI, CBS3aHHBIE C
MBILIJICHUEM U CO3HAHUEM, CJlelyeT UCKaTb B (U3uKe, a He B Ouonorun?» Hackoiapko s MOMHIO, 10BOJbI

[Tenpoy3a MOKCHO pa30UTh Ha TP OCHOBHBIE TPYTIIIHI.
1.
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Msbl, Qusuky, pa3paboTajii BecbMa MHOIOOOCIIAIONIYI0 MHPOrpaMMy MCCIEJOBAHUH B 3TOM
HarpaBieHuu. Takoil 1oBoX, OE3yCIOBHO, SIBISETCS BECbMa BECOMBIM TpU OOCYXKICHUU MPOCKTOB
nojo0Horo knacca. JlefictBurenbHoO, 10001 MO3UTUBUCT (K KOTOPBIM s OTHOLIY U ce0sl) TOTOB cpa3y
MPEeKpaTHTh MeTahu3nYecKre W TPAHCIEHACHTAIBHBIE CIIOPHI, €CJIM Tepe] HUM BO3HHUKAET KOHKpPETHAs
nporpamma jieicTBuid. CTeneHb LIEHHOCTH MPOEKTa OINpeeNsIeTcsl He TOJIbKO O0IIel nepcrneKTUBOM, HO
U JeTaIbHOCTBIO pa3paboTaHHOW mporpammbl. [leHpOy3 MOCTYnMHMpyeT HaIW4Yhe MaKpOCKOIMHYECKOH
KBAHTOBOM KOT€PEHTHOCTH B MUKPOTpyOKax nurockenera. OH Takxke HajieeTcs 0OHApyKUTh HEKOTOphIE
HEBBIYMCIUTEIbHBIE OCOOCHHOCTH HAIIETO CO3HAHHWS W CBS3aTh MX C HOBBIM THIIOM CMEIIaHHOTO
B3aUMOJICHCTBHS (KBAaHTOBOE M KJIACCHYECKOE). DTy MporpamMmy TPYAHO HAa3BaTh JETAJbHOM, U OHA
BOBCE HE BBIIVISIIUT €CTECTBEHHBIM JTAallOM TIIATEIbHO MPOBEPSEMBIX W HAAEKHBIX HAyYHBIX
uccinenoBanuii. I[IporpaMMa mpuBiIekaeT CMENOCTbIO M OPUTMHAIBHOCTBIO MM, HO OHAa OCHOBAaHA Ha
yoexxennn (s Obl laXke CKaszayia, Ha alpUOPHON YOeXKIECHHOCTH), YTO HaydHOe OOBICHEHHE MPOOJIEeMbI
CO3HaHMs 00s3aTENIbHO JOJKHO OBITh OCHOBAaHO Ha (hM3MKE (S HE 3aTparuBar0 BONPOC O KOHKPETHBIX
MOJIOKEHHUSX KBAaHTOBOW MEXAaHMKHM, CBS3aHHBIX C 3TOM mporpammoif). [losTromy MHe KaxkeTcs, 4To,
oOcyxnas mnporpammy IleHpoy3a, Mbl JOJDKHBI TOCTOSSHHO TIOMHHUTH, 4YTO HHUKAaKUX TOYHBIX
JI0Ka3aTeNbCTB NPEUMYIIECTB (U3MKU Tepel APYrMMH HaykKaMd B paccMaTpuBaeMoi o0lacTH He
CYHIECTBYET.

Bropas rpymnna 10BoJI0B B M0JIb3Y BeAyIleH posid (PU3HMKU CBSA3aHA C TEM, YTO HEKOTOpBIE ee pa3zessl (B
O0COOEHHOCTH 3JIEKTPOMArHUTHBIE SIBJICHUS) OYEBUIHO CBSA3aHbl C HALIMMU MPEACTABICHUSIMU O paboTe
MO3ra U HEPBHOM CHCTEMBI, IOCKOJBKY MBI YK€ IPUBBIKIM OMKMCHIBAThH IEpeAady CUTHAJIOB, MOJIb3YsCh
TEpPMUHAMM 3JeKTpoTeXHUKH. KcTatn, MHOTHE mosiokeHuss kHUTHU [leHpoy3a Toke HemocpeacTBEHHO
CBSI3aHBI C IEKTPOMAarHUTHBIMHM HCCIIEJOBAHMSIMH, ITOCKOJBKY MMEHHO OIUCBHIBAEMBIE MM pa3IMYHbIC
COCTOSIHUSI 3JIEKTPUUYECKOM MOJIIpU3alliy JIUMEpPOB TyOyJlMHA CO3[AI0T PazfiuyMsi B T'€OMETPUUYECKOM
KOH(Urypamuu, u3rudas JuMepsl B MUKpoTpyOkax. OHaKo X0Tenoch Obl cpa3y MOJIYepKHYTh C1a00CTh
3THUX J0BOJOB, MOCKOJIbKY M3 TOrO (akTa, 4yTo «(pH3uKa ydacTByeT B MpOLiecCaX MBIIIJICHHS», BOBCE HE
CIIEIYET, UTO «(PHU3UKa MOKET OOBSICHUTH MPOLIECC MBIIIUIEHUS TTOJHOCTHIOY.

Wuorna Ha poisib Benylel HaykKu B 0OBbSICHEHUH MPOIIECCOB CO3HAHUS IPETEHAYET XUMHUSI, HO HMEHHO Te
pas3zfensl XUMHH, KOTOpble OCOOEHHO Ba)KHBI JJISI HAIIETO PAacCMOTPEHUs, (PAaKTUYECKH OTHOCATCS K
¢uszuke. Bor urto mnmmer o6 srtom cam Ilenpoys: «XumHuueckue CHIIbI, OTBETCTBEHHBIE 3a
B3alMO/JICIICTBHE aTOMOB U MOJIEKYJI, SIBJISIIOTCS KBAHTOBOMEXAaHUYECKUMH 110 cBoel npupoae. iMeHHo
OHM 00€cCreynBalOT OCHOBHBIE XMUMHYECKHE MEXaHHM3MBbI, YIPABISIONINE IOBEICHUEM BEILIECTB -
HENpOoIepe1aTYNKOB MPU MEPECHIIKE CUTHAJIA OT OJHOTO HEMPOHA K IPYrOMY Y€pe3 KPOLIEUYHbIE 3a30Pbl,
Ha3bIBa€Mble CHHANTUYECKUMHU MIeaIMU. KBaHTOBOMEXaHMYECKOE MPOUCXOXKACHUE HMMEIOT TaKkKe



MOTEHITMABI ACUCTBUS, YIpaBistomue nepenaueid HepsHoro curHanay (TP, c. 348). ABTop ucnonb3yer
XMMHIO B MPHUBOAMMOM OTpPBIBKE TEKCTa BCETO JIMIIb IS «IIOAJEPKKNU» (U3UKHU, MBITASCh 3alIOJHUTD
TOT OTPOMHBIN NpoOeN B pacCyXICHHsIX, KOTOPbIH COOTBETCTBYET pa3HHUIE MEXIY NPUBEICHHBIMU
MHOIO BbIIIe (GOpMYIHpPOBKaMH («(pU3MKAa y4acCTBYET B IPOLECCAX MBIIUICHUS» U «PHU3MKA MOXKET
OOBSICHUTh NPOLIECC MBILIUIEHUS HOJHOCTBbIO»). Ho mpoben coxpaHseTrcs HE3aBUCUMO OT YPOBHS
paccMOTpPEHHUS.

M3BecTHO, YTO HHUYEro IOXO0XEro Ha pealbHyI pelyKIHI0 (Mepapxuio Hayk) He HaOmromaercs [1],
HarpumMep, MpH Mnepexoae oT GU3NIECKON XUMUU K (Pu3nKe (HeBa)KHO, KBAHTOBOM MJIM KIACCHYECKOH).
KBaHTOBOMEXaHNYECKUE TOHATHUS, 0€3yCIOBHO, BaXKHbI JUISI OOBSACHEHHS] OCOOEHHOCTEH XMMHUYECKUX
SBJICHW, HO OHM BCETJa HCIOJB3YIOTCS COBMECTHO € (YyHIAMEHTAIBHBIMH TMOHSTUSMHU W3 JIPYTHUX
obnacteil Hayku. KBaHTOBasi MexaHHKa HUKOI'JIa HE OOBACHSET SIBJICHUS LIETMKOM B CBOMX COOCTBEHHBIX
pamMKax U MpeiCTaBICHUSIX.

3. B nenouke paccyxiaenuil Pomxepa OTHOCHUTENBHO TOro, yTo (PU3MKAa MOXKET OOBSICHUTH CO3HAHHE,

MIPOCMATPHUBAETCS TaKXKe HEKHi MeTaduzndeckuii 10Boj. HaMm mpemnaraercs uaest 0 ToM, 4TO CO3HAHHUE
HE SIBJIAETCS YeM-TO TAUHCTBEHHBIM (T. €. OHO MOXKET ObITh OOBSICHEHO HAay4YHO), U3 YETro KOObI CIeAYyeT,
4TO Takoe OOBSCHEHHE JIOJKHO OBITh OCHOBAHO HA S3BIKE M MPEICTABICHHIX (U3UKU. YTOMSHYTBINA
BBIIIE BOIIPOC («A modyeMmy He Ouosorus?») Ha cemuHape ObL1 3a1aH J[xeiimcom JlypOuHOM, H3BECTHBIM
CHELMATIMCTOM IO CTaTUCTUKE, U S CUUTAI0 BOIPOC B BBICHICH CTENEHH YMECTHBIM. MUpP CTaTHCTUKU
OTJIMYaeTcs IMecTpoTo M pa3HooOpasueM, BcieacTBue vero JlypOuWHY IOCTOSHHO HPUXOIAUTCA
CTAJIKUBAThCSI ¢ 00pa3aMu M XapaKTEPUCTHKAMH U3 BEChbMa JAJEKUX APYT OT JAPYyra CTOPOH HAYYHOU U
IPAaKTUYEeCKON aeaTenbHOCTH. Mup Pomkepa, Ha000poT, MpeacTaBiseT coO0il eIuHYI CUCTEMY, B
OCHOBE YHH(HKAIIMU KOTOPOH JIeKaT 3aKOHBI (pHU3HMKH, W ero (puimocodckuii mMoaXoa MOKHO Ha3BaTh
«puzunmzmMom». Ha Mot B3rJIs1]l, OH OCHOBaH Ha YOEKIACHUHU, YTO «yJIOBJIETBOPUTEIbHYIO METaQU3UKY»
MO>KHO MOJY4YHUTh TOJBKO HAa OCHOBE HEKOTOPOW €IMHON CHCTEMBI, B IPOTUBHOM CIIy4ae Mbl OOpEUEHBI
Ha MaJonpueMiIeMblii M MAaJONPUATHBIM (MJIM Jake TAaWHCTBEHHBIM, €CIM BOCIOJIB30BaThCs
TepmuHosiorueit camoro llenpoysa) myanusm. IMeHHO 3TO yTBepkIeHHE s Obl XOTesla OCHOpuUTh [2],
MIOCKOJIbKY, Ha MOM B3IJISI, JUI MHOTUX (PU3UKOB OTCYTCTBHE Pa3yMHOH aJlbT€pPHATHBBI Ka)KeTCs MOYTH
oueBHIHBIM. M mpejcTaBiseTcsi, 4To OO0 4YeIOBEK, CUMTAIOMUK (DU3HMKY CIIOCOOHOW OMHCHIBATH
OKPY>KAIOIIHUKA MUD, JOJDKEH TYT XK€ MPU3HATH €€ IIIaBEHCTBYIOLYIO POJIb B 3TOM OIMCAHMH.

[Toyemy, coOcCTBeHHO, Jena IOJKHBI OOCTOSTh TakuM oOpazoMmM? OKpykaomuii Hac Mup oOJagaet
OTPOMHBIM KOJIMYECTBOM DPa3HOOOPA3HBIX CBOMCTB M 3aKOHOMEPHOCTEH, OJHU M3 KOTOPBIX H3y4yaroTCs
OTJIEIbHBIMU HayKaMH, APYTrue HaXOJATCS Ha CThIKE HAyK, a TPEThbU BOOOIIE HUKEM HE M3ydaroTcs. MoxeMm Ju
MBIl JIONYCTUTh, YTO 3a BCEMHU ATHUMHU pPa3HOOOPa3HBIMU MPOSIBIECHUSAMHM TPHUPOJIbI B JAEHCTBUTEIBHOCTU
CKpBIBAaeTCs HEUTO eAnHoe? MHe KaxkeTcs, YTO K TaKOM MBICIM MOXKET MPUBECTH, C OJHON CTOPOHBI, JUIIb
SBHO INPEYBEINYEHHOE NPEICTABICHUE O POJIM CUCTEMATHU3AalMM HayK M MX B3aUMOJEHCTBUH, a ¢ JPYrod —
M30BITOYHBIN ONTUMU3M B OTHOIIIEHUH BO3MOKHOCTEH (PU3UKU U UCTIOIB3YEMbIX B HEH METOJIOB.

Heo6x0auMo nog4epkHyTh, YTO TaKOE OrpaHUYeHHEe MeTaU3NIeCKOH MepCreKTUBbI (OHO BBIMJIAIUT BCETO
JUIIb PA3HOBUIHOCTHIO «(PUBMIIMCTCKOTO» MOHHM3MA) SIBIISIETCA IIMPOKO PACIpPOCTpaHEHHOU (rtocodckoi
MO3ULUEN, KOTOPOU NPUIEPKUBAIOTCSA YaCTO JAX€E YUEHBIE, HE CUMTAIOIINE, YTO BCE OCTAIbHBIE HAYKH MOTYT
ObITh cBeleHbl K (usuke. B kadecTBe mpumepa MOXKHO NPUBECTH OHMOJIOTHIO, B KOTOPOH paHblIE HIEH
penyKIMOHM3Ma He OblIM 0coOeHHO momyisipHbl. OJHAKO B MOCJIEIHHE ToJbl OMOJIOTM BHOBb CTaJld BCEPbHE3
TOBOPHUTH O «BHE3AITHOM IOSIBIEHUHU MPU3HAKOBY», T. €. O BOSHUKHOBEHHH HOBBIX CBOMCTB U 3aKOHOB pa3BUTHUS
IpY Tepexo/ie K APYrMM YPOBHSAM CIIOKHOCTH M OPTaHU3aLUU cucTeM. MHorue OMOJIoTH MpH 3TOM HHUKAK He
MOTYT BBIUTH 3a Tpeaeiabl MOHHCTHYECKOIO MOJXO0/a, BCIEACTBUE YEro OHM YYBCTBYIOT ceOsi 00s3aHHBIMU
HACTauBaTh Ha MOPOXKACHUU WM BBITEKAaHUM CBOMCTB Apyr U3 Apyra. ['oBops ynpoiieHHO, OHU CUUTAIOT, YTO
OMOJIOTHYEeCKHE CBOICTBAa «BBITEKAIOT» M3 (PU3UYECKHUX, T. €. €CIM KaKHe-TO JBE CHCTEMBbl OJMHAKOBBI IO
CBOMM (U3MYECKUM XapaKTepUCTUKaM, TO OHM OO0S3aHbl HUMETh U OJMHAKOBBIE OHOJOTHYECKHE
XapakTepUCTUKH. Pa3ymeercs, MNpoJOIKAIOT Takue OHOJIOTH, CKa3aHHOE BOBCE HE O3HAYaeT, 4YTO
OHMOJIOTHYECKHE 3aKOHBI MOTYT OBITH CBEJEHBI (penylHpOBaHbl) K (HU3MUECKUM, MOCKOJIbKY OHOJIOTHYECKHE
XapaKTEePUCTHKHN HE OMMUCHIBAIOTCA (PU3NUYECKUMHU TepMuHaMH. OTHOBPEMEHHO U3 TOTO HE CIeNyeT U MOoJHas
HE3aBUCHMOCTh OHOJIOTUYECKUX CBOMCTB, XOTA OBl MOTOMY, YTO MBI PETUCTPUPYEM HUX (PU3MUEeCKUMHU
meronamu. Ecnm ¢dusnyeckoe omnumcaHue CHUCTEMBI 3aJaHO, TO OHOJIOTMYECKOE OINHCAHWE HE MOXKET He



COIJIACOBBIBaThbCA C HUM. ['OBOps IOPUIMYECKUM S3BIKOM, OMOJIOTMYECKHE XapaKTEPUCTUKU HE HMEIOT
HE3aBUCHMOTO CTaTyca, OHH ABJISIOTCS Kak Obl «rpaXkJaHaMH BTOPOTO COPTay.

Crenyer COBEpLIEHHO YETKO MPHU3HATh, YTO OMOJIOTMYECKHE CBOMCTBA SBISIIOTCA HE3aBHUCHMBIM HaOOpOM
XapaKTEPUCTHK, OOJIAZAIONMX COOCTBEHHBIMH M JOCTaTOYHO 3(PPEKTUBHBIMH NMPUYUHHO - CIICACTBEHHBIMHU
cBA3AMU. Takoe NpU3HAHHWE, KCTaTH, BOBCE HE BJleYeT 3a COOOM Kakoro-ro OTkKa3a OT OOBIYHOIO XoJa
SMIMPUYECKUX HCCIEAOBaHUN. S BCEro JMIIb NpeUlarar IMPU3HATh HAIWYUE IPAKTHUYECKU OYEBMJIHOU
CUTyallud — B HEKOTOpPBIX CllydasX (U3MKa IIOMOTraeT MOHATh MPOLECCHl, NIPOUCXOAIINE B OMOIOrMYECKHX
CUCTEMAX, OJIHAKO B OMOJIOrMM (TOYHO TaK K€, KaK U B XMMHH, O YEM s YIIOMUHAJIA BBIIIE) 3TA IOMOILb OYEHb
peIKO MMeeT cMbIch 0e3 ydeTa «HEepelyLUpOBaHHBIX», CYLIECTBEHHO OHOJOTMYECKUX 3aKOHOMEPHOCTEH.
Cka3zaHHOe JIeTKO BBIPAa3UTh clioraHoM 1o biology in, not biology out («Omonorusi He SBISETCS 3aMKHYTOM
HAYKOI1, HO ee HeJb3sl CBECTHU K APYIMM HayKaM!»)”, KOTOpBIi 51 HEOIHOKPATHO BbIBUIaja B pa3HON Gopme.

HaGnromaemple HaMu — SIBJIGHHST MOXKHO COBEPIIEHHO €CTECTBEHHO IPHUIHCATh  B3aMMOJCHCTBHIO
Ouoornyeckux M (PU3NYECKUX CBOMCTB, BO3AEHCTBYIOUIMX JApyr Ha jApyra. Kpome TOro, Mel nmeem
Ouonornyeckoe u (PpU3MUECKOE ONMUCAHMs (CBA3aHHBIC C JIOKAIBHBIM KOHTEKCTOM ONHMCHIBAEMBIX CHUCTEM), a
TAaK)K€ MHOYKECTBO BECbMa IIOKA3aTEJIBHBIX INPUMEPOB HAJIWYUSA IPUUMHHO -CIEACTBEHHBIX CBS3EH MEXIY
TUMH CBOMCTBaMHU (s IOJIPAa3yMEBAI0 CUTYAllMH, KOI/la COBMECTHOE JNEHCTBUE OMOJIOTMYECKUX U (PU3NYECKUX
CBOWCTB NPUBOIUT K 3(dekram, He HAOIIOAAEMBIM B KaXJI0M U3 3THX AUCLUUILIMH B OTAENbHOCTH). [leHpoy3
JIETKO «IIEPETIPBITHBAET» OT 3TOM CIIOKHOM KapTHUHBI K MPOCTOMY YTBEP)KICHHUIO THIIA «BCE TO JIOJDKHO OBITH
(GU3uKOI1», UTO BBHI3BIBAET OUYEBHIHOE O€CrOKOicTBO. B03MOXXHO, KOHEUHO, YTO BCE HaMU HabIHOAaeMoe
JEHCTBUTENIFHO <GIBISieTCS (DU3UKOI», ONHAKO IMOKAa y HAC HET HUKAKUX OCHOBAaHHMW CUUTATH 3TOT BBHIBOJ
OJIHO3HAYHBIM WJIN CTPOTUM. boiiee Toro, uMeroTcs: BECKHE JOBOBI IPOTUB TAKOTO YTBEpKAeHU [3].

Onna W3 TMPUYMH, TO3BOJISIIOIIMX CUHMTAaTh, YTO «BCE €CTh (DU3MKA», CBsS3aHA C JOBOJBHO OOIIEH uaeei
HOJIY4YEHHUs 3aMKHYTBIX ONucaHuil. B ¢pu3uke cymiecTByeT HersiacHOe MpaBuilo, YTO MOHATHUS U 3aKOHBI 1000
«XOpoIlel» TEOPUH JOJDKHBI COCTABIIATh 3aMKHYTYIO CHUCTEMY, YTOOBI 3Ta TEOpUs MOIJIA J1aBaTh HEKOTOPHIE
IIPEJICKAa3aHusl OTHOCHUTENBHO pPAacCMaTpUBAcMbIX MOHATUH. Takod NOAXoJ K TNPaBUIBHOCTU TEOPHUH
NPECTaBIsIeTCs. MHE OMMOOYHBIM (WK, 1O KpalHEed Mepe, W3IHUIIHE ONTUMHUCTUYHBIM). KcraTn, mpumepHo
OJTHOBPEMEHHO «IIpeJICKa3aTeIbHOCThY Ipruolpesna 3HaueHue U B Gpuiiocopuu, npuaaBas MocieaHen Xxapakrep
«CTICIMATTN3UPOBAHHOI», OTAEIBHON HayKH. B CyIIHOCTH, BCe HAayKH, 32 WCKIIOUYEHUEM (DU3HMKH, SBISIOTCS
CHELUATU3UPOBAHHBIMY, T. €. UX 3aKOHBI BBITIOJIHAIOTCS B JIyUlIeM ciIydae ceteris paribus (Ipu IpoYuX paBHbIX
YCIOBUSX) JIMIIb /10 TEX MOP, TOKa HE PACCMATPUBAIOTCS BHEUIHUE MPOOJIEMBbI, HE BXOJAIIUE B KPYT BOIIPOCOB,
OUYEpPYCHHBIX JAHHOW IUCLUILUIMHON WIA TEOPUEH.

A Tenepb naBaiiTe ClipocuM ce0si, UTO 3aCTaBJIsIET HAC CUMTATh (PU3MUECKHE 3aKOHBI MHBIMU U HE TpeOOoBaTh
JUIs MX BBIIOJHEHUs YHNOMSHYTOTO IpaBuia ceteris paribus. /loka3aTeabCTBOM BBIIEIEHHOCTH (DU3MKH HE
MOTYT CIYKUTh HUKaKUe OyecTsiie 1adopaTopHble JOCTHKEHUS, KaK, BIPOUYEM, U IPEKPACHOE HbIOTOHOBCKOE
onucanue ycrpoiictBa CONHEUHON CUCTEMBI, KOT1a-TO cTONb nopasusiiee Kanra. Henb3s npuHATE B KauecTBe
JI0KAa3aTeNbCTBA M BEIMKOJIENIHbIE TEXHUYECKHE JAOCTHXKEHUS (s OJIpa3yMeBal0 BCE 3TU BaKyyMHbIE TPYOKH,
tpan3ucropsl, CKBU/[-marneTpoHns! u T. 1.). J[ea0 B TOM, 4TO TakHe YCTPOMCTBA CO3/1aHbl B MPEOI0KEHUH,

3 [pu o6cyxxaennn aToro Bornpoca AOHep I1InMOHN BBICKa3al CIeIyIOMNE COOOPasKEHHUS:

«HoHcen KaprpailT npeiaraer paccMaTpiBaTh CO3HaHHE CKOpee Kak OHOJOTHYECKYHo, a He (hH3MUecKylo MpolieMy. S MOMHOCTBIO COTIaceH ¢
TO3UTHBHOIl YacThl0 €€ OTBETa M TOXKE YBEPEH, YTO B M3y4YCHHH CO3HAHHUS €Ile OYEeHb MHOTrO€ IPEACTOHUT BBITCHUTH HCCIEAOBAHUSIMH B
SBOJIIOIIMOHHOW OHWONIOTHH, aHATOMHHM, Heifpodusnmonorun, OWonmoruy pasBuTHs W T. 0. OmHAKO S BOBCE HE CUUTAIO (H3MYECKHE METOMBI
HCCIICOI0OBAaHUA CTOJb 6BCHHO}1H]>IMPI. MbI JOJIKHbI MAaKCHUMAaAJIbHO yFHyGJ’lﬂTb B3aMMOJleI>’ICTBMe MEXAY Hay4YHbBIMU IOUCHUIUIMHAMHU, a TaKXKe
YUYHUTBIBaTh NMPOOJIEMy B3aMMOJICHCTBHUS LIEJIOr0 U ero 4acreil. HUKTO He MOXKeT cka3aTh ampHopH, KylIa NPUBEAYT HAC ATU HccienoBanus. Kpome
TOTO, pe3ym>TaT1>1!, NOJIy4aceMbI€ B PA3JIMYHBIC HAIIPABIICHUAX I/ICCHC}IOBaHI/II;'I, MOI'YyT OKa3aTbCsl HEOAHO3HAYHBIMU. Hanpnmep, TeOpeMa benna (I/I
OCHOBaHHBIC Ha HeEH 3KCHCpI/IMeHTbl!) IMOKa3bpIBACT, 4YTO KOppEeIsAlUrH, BO3HUKAIOIMHUE MEXAY IPOCTPAHCTBEHHO pPa3ACJI€HHBIMH, HO
B3aMMOCBSI3aHHBIMHM CHCTEMaMH, HEJb3s y4eCTh B paMKaX HHM OJHOM M3 TEOpHil, OMMCHIBAIOIINX ONPEACIICHHBIC COCTOSHHS HHAMUBHIYyalbHBIC
CHCTEeM. DTOT pe3ylbTaT, 6€3yCIOBHO, CIEAYET CUNTATh OIECTAINM TPHyM(OM HIIeH TaK Ha3bIBAEMOT0o XOJH3Ma (IieroctHocTH). OHAKO, C Ipyroit
croponsl, OH3arep Mokasal, 4To B JByMepHoOH Mozenu V3uara npoucxoasT (a3oBble mepexompl, T. €. B OECKOHEUHOH crucTeMe (C B3anMOIeHCTBHEM
TG OJIMDKAHIINX HJIEMEHTOB) MOXKET CYIIECTBOBATh NATbHHH MOPSIIOK CTPYKTYPHL. DTOT PE3yIbTaT MOXKHO CUHTATh TPHYM(OM aHATHTHIECKOTO
MO/IX0/1a, TOKa3bIBAIOIINM CBOJUMOCTh Makpo(u3Huku kK Mukpodusuke. Kaxaoe Takoe qocTimxkeHne (HE3aBUCHMO OT TOTO, CBUJIETEIBCTBYET JIH OHO
B [T0JIb3Y XOJIM3Ma MJIM aHAJTUTHYECKOTO IT0/1X0/1a) 00orallaeT Hallle MPeCTaBIeHHEe O CTPOSHNHU MUpa. M3ydeHue cBs3eil HayuHble AUCUUILIMH APYT
C ApYroMm, €CTECTBEHHO, HE OTMECHICT (beHOMeHOIlOl"PI'—leCKl/IX 3aKOHOB, CYHICCTBYIOINUX BHYTPHU AUCHUIUINH, HO ITIO3BOJIAET HaM 3BPUCTHYCCKHU
OLICHUTh BO3MOXKHOCTH YTOUHEHHs M OOOOIICHHS ITHUX 3aKOHOB, a TaKkxke IIyOke MOHATh uX 3HaueHue. Korma-to IlacTep mpenmonoxui, 4To
BpallleHNE TIOCKOCTHU TOJIPU3ALUM CBETA, IPOXOJIIIET0 Yepe3 BEIleCTBO, 00YCIOBICHO XUPAIbHOCTHIO MOJIEKYJI, U 3TO NPEAIIOI0KEHHE TIPUBEIIO
K BO3HHKHOBEHHIO HOBOW HAYKH — CTEPEOXHUMHIY.



YTO HHKAKUX BHEIIHUX BO3JCHCTBHI HE CYIIECTBYET, U OHU BOBCE HE MpeIHA3HAYEHBI IS TPOBEPKU
CIPaBETMBOCTH 3aKOHOB IMPHU BO3JIEHCTBUU (DAaKTOPOB, HE YUUTHIBAEMBIX TeopHuell. B ciaydae ¢pusuku mouemy-
TO HETJIACHO IO/IPa3yMEBaeTCs, 4YTO Takue (HaKTOphI MPOCTO HE MOTYT CYIIECTBOBATH (€CIM OHU BIPYT
BO3HUKAIOT, TO MBI CUUTAEM, YTO OHHU TAKKE€ MOTYT OBITh ONMUCAHBI HA SI3BIKC (UMK M TOJUHHSIOTCS ITHM
3akoHaMm). Ho IMEeHHO 3TO Ha caMOM JieJie U SIBJIIETCS MPEIMETOM HAIleTo 00CYKICHHUS.

S Xody 3aKOHYUTH CBOW OTBET paCCyKIEHHEM O peanusme. S TOCTOSIHHO MpOIaraHgupyro
IUTFOPAJTMCTHYECKUI B3MIISAJ HAa BCE HAYKH, IMpejjiaras paccMaTpuBaTh HAyKy B IIEJIOM KakK psij MPUMEPHO
PaBHBIX MO 3HAYEHHUIO OTACIHHBIX JUCIUILUINH, KKJIasd M3 KOTOPBIX MUMEET COOCTBEHHOE OOOCHOBaHUE M
3aHUMACTCSl U3YYCHUEM DPa3IUYHBIX KIIACCOB B3aMMOJCHCTBHM, OTHOCSIIMUXCS K HCCIEAYEMOH €10 00JacTh U
crenupUIecKr XapaKTePHBIX UMEHHO IS 3TOM oOmactu. Takoil moaxoa COOTBETCTBYET €CTECTBEHHOM TOYKE
3peHHs, YTO HayKa IPEICTAaBIISIET cOOOW HEKYH CO3/IaHHYIO YEIOBEYECKHMM pPa3yMOM KOHCTPYKIHIO, a HE
UCTUHHOE 3epKalio mpuponsl. KoOHEYHO, ATOT MOAXOJ HE SBISETCS EAWHCTBEHHO BO3MOXKHBIM WIIH
oOsi3arenbHbIM. Hanpumep, KaHT ObUT CTOPOHHHMKOM JMaMETPAIBHO TPOTHUBOIOJIOXKHON TOYKH 3pPCHUS U
CUMTaJ, YTO MBI CO3[Ja€M HAyKy HMMEHHO IMOTOMY, YTO €IWHAs CUCTeMa SBJSIETCS HEoOXoaumon (HO He
€IMHCTBCHHO BO3MOXHO#). [loaTomMy cieqyer o0co00 MOMYEPKHYTh, YTO IUIIOPAIM3M HE O3Ha4aeT
aHTUpeann3Ma. YTBEPKACHHE, YTO 3aKOHBI (DM3WKU CHPABEIUIMBBLI JIUIIb TPU MPOYUX PABHBIX YCIOBHUSX,
OTPHIIAET HE WX HCTUHHOCTH, a JIMIIb MPETCH3MHM Ha «a0CONIOTHYIO BIACTh». [Iropanu3m BBICTyIaeT He
CTOJILKO TIPOTHB peanu3Ma (PU3MKH, CKOJIBKO MPOTHB CBOCOOPA3HOIO «UMIIEPCKOTO IIOBHHU3MA», WHOTIA
IpOSIBIISIEMOro (PU3MKOM 10 OTHOIICHHIO K IPYTUM HaykaM. 51 BOBce HE JKeJlalo BOBJICYb BCEX HAC B JIUCKYCCHUIO
0 HAy4YHOM pealM3Me, a CKopee HpocTto mpemiarairo [leHpoysy emie pa3 OOCyAWTh YTBEPXKICHHE O TOU
MeTaU3MUECKON POJIM, KOTOPYIO, MO0 €ro MHEHUIO, JOJDKHAa MrpaTh MMEHHO ¢u3uka. Takoe oOCyXKIeHHE
JOJDKHO TIPEIIeCTBOBATh JTAIBHEHUIINM CIIOpaM O TOM, Kakoi Oymer 3ta ¢usuka. Ilpeamerom cmopa
BBICTYIAIOT HE UCTUHHOCTh 3aKOHOB ()U3UKU U MX BO3MOJKHAsS POJIb B ONMMCAHHH MPHPOJIBI, & BOIIPOC O TOM,
KaKOBa CTEIMEHb X UCTHHHOCTH U KaKoe OpeMsi JOMOHUTEIBHBIX OOBSICHCHHI CIIEAYET BO3JI0OXKHUTH Ha 3aKOHBI
bu3HKH.
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Bo3pakeHust yOe:KJI€HHOI0 peIYKIIMOHUCTA.
CruBeH XOKHHI

S Xxouy cpasy HmpeaynpeauTb YUTATEeNs, YTO SBISIOCH YOEXKIEHHBIM (MOXKHO J1aXe CKa3aTb TBEP0J00bIM)
PEAYKIMOHUCTOM. Sl BEpIO, UTO 3aKOHBI OMOJIOTMU MOXHO CBECTH K 3aKOHAM XUMUH (OJJHUM U3 J10KA3aTEIbCTB
9TOr0 MOXET CIYKUTb ycTaHoBleHHe cTpykTypbl JIHK) u, 6o1ee Toro, yTo XMMHUYECKHE 3aKOHBI MOTYT OBITH
CBEJIEHBI K (hnu3nyeckuM. Jlymaro, 94To GOJIBIIMHCTBO XUMUKOB COTIIACATCSI CO MHOM.

Msi ¢ Pompkepom Ilenpoy3oM MHOTO JIeT 3aHUMAJIMCh U3y4EHHEM KPYIMHOMACIITaOHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX CTPYKTYp, BKJIIOYas CUHTYJSPHOCTM U YEpHBIE JbIpbl. Y HAC MOYTHU HUKOIZIA HE BO3HUKAJO
pasHOIJIacHii MO MOBOJY KJIACCHMUYECKOW OOIIel TEeOpHUH OTHOCUTENIBHOCTH, OJHAKO Mbl YacTO CHOPHJIHU IO
npobjemMaM KBAaHTOBOM TpaBHTAIlMH, a Celdyac COBEPIIEHHO MO -pasHOMY AyMaeM O Npupopae, Gu3uKe u
YeJI0BeUeCKOM co3HaHUM. IIeHpoys3 saBiseTcs yOeKIeHHbIM IJIATOHUKOM M BEPUT, YTO CYILECTBYET JIHUILb MUP
Uel, KOTOPBI W ONHUCHIBACT OJHY-€AMHCTBEHHYIO (HU3WYECKYI0 pealnbHOCTb. S ke oTHomy cebs K
HNO3UTUBUCTAM U yBEpPEH, 4YTO (U3MYECKHE TEOPHM SBISAIOTCS BCEro JIMIIb CO3/1aBa€MbIMH HaMu
MaTeMaTUYECKUMU MOJIEISIMH, BCIEACTBHE YET0 BOOOIIIE HE UMEET CMBICIIA TOBOPUTH O COOTBETCTBUU TEOPUU U
peanbHOCTH. Teopuu ciieayeT olleHuBaTh JUILb 10 UX CIIOCOOHOCTH MTPECKa3bIBaTh HaOI01aeMble SIBICHUS.

N3-3a yka3zaHHOW pa3HMIIbI B IPUHIMIHAIBHBIX IOAX0AAX S COBEPIIEHHO HE COTJIACeH C TPEMs OCHOBHBIMU
nonoxeHusmMu kHuru Ilenpoysa (rin. 1—3). IlepBeIM sBIsieTcs €ro HNPEANONOXKEHHE, YTO KBAHTOBAs
rpaBUTallUs MIPUBOJIUT K SIBJICHHIO, KOTOpoe OH 00o3HavyaeT abbpeBuatypoit OR (peub uaer o6 0ObEKTUBHOM
peNyKIMH, WIN KoJIjarce, BOJHOBOM (pyHKIuM). BTopoe mpuHIMNMAIbHOE YTBEPXKJIEHHE, C KOTOPBIM s HE
MOTY COTJIACUTBCS, 3aKJIF0YAeTCs B TOM, 4TO [IeHpoy3 cuuTaer 3TOT MpoLecc BaXHbIM Uil 00bSICHEHUS paOOThI
MO3ra U CBS3bIBAET €ro ¢ 3((HeKTOM KOTepeHTHOCTH MOTOKOB B MUKpOTpyOkax. 1 HakoHel, B -TpeThux, s HE
COIJIaCeH C Te€M, YTO JUIsl OOBSICHEHHUs] CaMOCO3HaHUS HaM TpeOyercst (sikoObl M3-3a TeopeMbl ['énenst) Hekas
teopus tuna OR.

51 HauHy ¢ Hambosiee 3HAKOMOW MHE TeMbl, @ UMEHHO C KBaHTOBOH rpaBuTanui. OOBEKTUBHAS PELyKIHS
BOJIHOBOM (yHkuuu no Ilenpoy3y mnpencraBisier coboi Hekyro (GoOpMy JI€KOT€peHILUMH, KOTOpas MOXKET
BO3HHUKaTh U3-32 B3aUMOJAEUCTBUS C OKPYKEHHEM MJIHM U3-3a (UIYKTYaIMil TOMOJIOTUU MPOCTPAHCTBA-BPEMEHHU.
Opnaxo Ilenpoys, kaxkercs, He XKeJlaeT 3aMedaTh 3T MEXaHU3MBI, a IPEATNIOYUTAET TOBOPUTH O «JIETKOM psiOn»
IPOCTPaHCTBA-BPEMEHH, CBA3aHHOM € Maccoil MelIKuX OOBEKTOB. A Belb Takass «psiOb» (B COOTBETCTBUU C
CYIIECTBYIOIIMMH TEOPUSAMH), Ka3ajaoch Obl, HE JOKHA OblJa TPENsSTCTBOBATH CaMOW OOBIYHOM
raMUJIBTOHOBOM 3BOJIONMHU, HE TpeOyrollel HUKAKOH JeKOrepeHLnH WiId OOBEKTUBHOM PENYKLIMU BOJHOBBIX
byakumii. Bo3MokHO, 4TO OOIIENpPHUHATHIE WM HEBEPHBI, HO camomy IlleHpoy3y TOXXe HE yIamoch
pa3paboTaTh JIOCTaTOYHO YETKYI0 TEOPHIO, IO3BOJSIONIYI0 BBIUUCIATH, KOTAA JOMKHA MPOUCXOIUTH
00BEKTHUBHAS PEAYKIIHUS.

[Ipennaraemas Ilenpoy3om oOBeKTHMBHas peAyKLus, Ka3zaloch Obl, JOJDKHA Obula, HAaKOHEI, H3BJIEYb
HECYaCTHOT0 IIPEIUHIEPOBCKOTO KOTa U3 IMOJIY>KMBOTO-TIOJIYIOXJIOTO COCTOSIHMSI (B HAIy 3IOXY BceoOIIen
JI00BM K MPHUPOJE JIaBHO IOpa MepecTaTh MYYHUTh O€AHOE KHBOTHOE JIa)KE€ B MBICICHHBIX IKCIEPHUMEHTAX).
Onnako Ilenpoy3 cuutaer, 9To 3 PeKT 0OBEKTUBHON PEIYKIIMHA CTOJIH MaJ, YTO €0 HENb3sl B IKCIICPUMEHTE
OTIENUTh OT JEKOIepPEeHILIMH, BbI3BAHHOM B3aMMOJEHCTBHEM C OKpyxeHueM. Eciaum geno oGcrout
JNEHCTBUTENBHO TaK, TO JJI1 OOBSICHEHMs MapajgoKca AOCTATOYHO JEKOTePEHLUH OKPYXKEHUS, U HET HUKaKOM
HEOOXO/MMOCTH TpUBJEKaTh i OOBACHEHHS KBaHTOBYIO TIpaBuTanmioo. Jlo Tex mop, moka 3¢pdext
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00BEKTHBHOM PEeIyKIUU HE OyAET JOCTaTOYHO CHIIBHBIM JUIsSl SKCIIEPUMEHTAIbHONW PETUCTPAaIK, OH HE MOXKET
UIpaTh POJIA, KOTOPYIO MbITaeTCs npunucats emy Ilenpoys.

Bropoe yrBepxxnenue Ilenpoysa 3akiarodaeTcst B TOM, YTO OObEKTUBHAS PEAYKLUS UIPaeT BaKHYIO pOJb B
paboTe Mo3ra, BO3/IeCTBYS Ha KOT€PEHTHOCTh MOTOKOB Y€pe3 MUKPOTPYOKH. S HE SBISIOCH CHEIUATNCTOM B
9TOM 00IacTH, OJHAKO MpeAJaracMblii MEXaHH3M KaKeTCs MHE BECbMa MaJlOBEPOATHBIM, JAaXe €CiH
00BEKTHBHAS PEYKIMS BOJTHOBOW (DYHKIIMM EHCTBUTEIHLHO MPOUCXOAUT (BO UTO 5 TOXKE HE Bepro). S He mory
IPEeICTaBUTh ce0e MO3T, COAEPIKALINI HACTOJIBKO H30JMPOBAHHBIE CUCTEMBI, UTO OOBEKTHBHAS PEIYKIIHS B HUX
MOXET OBITh OTJIEJIEHA OT JEKOTEPEHIINH OKPYKEHUS, MOCKOJIbKY TaKhe M30JUPOBAaHHBIE CUCTEMBI HE CMOTIIN
Ob1 0OecreunTh TPEOyEMyI0 CKOPOCTh MBICIUTEIbHBIX ITPOLIECCOB.

Hanee, [lenpoy3 monaraeT, 4T0 HEOOXOIUMOCTh BBEICHUSI OOBEKTHBHOM PENYKIMH CBS3aHA C TEM, YTO W3
TeopeMbl ['€nens BhITEKAaeT HEBBIYMCIMTENbHBIN XapakTep paboThl MO3ra BOOOIIE M CO3HAHUSA B YaCTHOCTH.
WHpIMU ciOBaMH, OH TPOCTO BEPUT, YTO CO3HAHHE CIEHU(PUYECKH MPHUCYILE JHIIb KUBBIM CYIIECTBaM U HE
MOKET MOJEIHMPOBATbCS HAa KOMIBIOTEpEe B IpuHIMIE. OZHAKO IPU 3TOM €My HE€ YIAeTCs sSCHO CBA3aTh
OOBEKTUBHYIO PEIYKLHMIO C CO3HAHUEM, TaK YTO IPU YTEHUM MHOIJIA BO3HUKAET OILYILEHUE, YTO CO3HAHHUE U
00BEKTUBHASA PEAYKLUSA OOBEAMHAIOTCA UM JIMIIb 110 O0LIEMYy MPU3HAKY KAKOM-TO «TaMHCTBEHHOCTU» (U TO U
Jpyroe — TaiiHa, CJIeJOBaTeIbHO, OHU JOJIKHBI ObITh KAK-TO CBSI3aHBI).

JlnuHo MHe TpyaHO OOCYXKIAaTh C APYTMMHU JIIOAbMHU (2 0COOEHHO ¢ (DU3MKaMU -TEOPETUKAMU) MPOOIEMbI
CO3HaHMsI, IOCKOJIBKY OHO BCEI/1a MPEICTABISI0Ch MHE IOHITHEM, KOTOPOE HEBO3MOXKHO OLICHUTh «CHAPYKU».
['oBOpss OYEHb YIPOUIEHHO, €CJIM IEPEN0 MHOM BAPYr IMOSBUTCS KOCMUYECKHI IpULIENEL, IPECIOBYTHIN
«3EJICHBII YeNoBEYEeK», TO s HE JyMaro, 4TO CMOI'Y M3 Pa3roBOpa C HUM YETKO BBISICHUTH, ABJIETCS JIU OH
pOOOTOM WM MBICISIIMM CYLIECTBOM, OONajaroliuM camMoco3HaHueM. [loaToMy s Bcerna mnpeanoyuTaro
TOBOPUTH 00 MHTEJIEKTE, YTO SIBJISIETCA MU3MEPUMOM XapaKTEpUCTUKON. Y MEHs HET OCHOBAHUN CUMUTATh, UYTO
KOMIIBIOTED HE MOJKET MOJEIMPOBATh MHTEJUIEKTYAJIbHYIO NEATEIbHOCTh, XOTS, pa3yMeeTcs, CETOJHSA OH He
CIIOCOOEH MOJIEIMPOBaTh €€ MNOJHOCThIO (4To IleHpoy3 M NpoAeMOHCTpHUpOBall Ha MpPUMEPE pEIICHUS
MIaxMaTHBIX 3aj1ad). OJHAaKo jajee OH caM IPU3HAET, YTO HE CYLIECTBYET YETKOM TIpaHMLbl MEXIY
MHTEJIJIEKTOM Y€JIOBEKA U KUBOTHBIX, YTO MO3BOJIIET HAM B IIPUHLIUIIE TOBOPUTH J1aXKe 00 MHTEJUIEKTE YepBsIKa.
Hagnerocp, 4TO HMKTO HE COMHEBAaeTCs B BO3MOXKHOCTM MOJEIMPOBAHMS MO3ra 4YEpBsKa Ha MOIIHOM
COBpPEMEHHOM KommbloTepe. JloBoabl, OCHOBaHHbIE Ha TeopeMe ['€nensi, Ha MOW B3IV, B JAaHHOM Ciydae
COBEPULICHHO HEMPUMEHNMBI, TIOCKOJIbKY YEPBU HE Pa3MBIILIAIOT 0 npupose [11-yreep:xaeHuii.

CunTtaercs, 4TO 3BOJNIONMUSA OT MO3Ta YEpBs J0 MO3Ta YeJ0BeKa MPOU30IJa 3a CYET eCTECTBEHHOro 0TOOpa
no teopun JlapBuHa, mpuyeM NpU3HAKAMHU, CHOCOOCTBOBABUIMMU BBDKMBAHMIO, BBICTYHNAINW CIIOCOOHOCTb
pa3MHOXaTbcd M n30erarb BpakJeOHOrO BO3/EMCTBUS, a BOBCE HE MaTeMaThyeckue crocodHoctu. Teopema
['énens B 3TOM cXxeMe BHOBb OKa3bIBaeTCs HEHYXHOHU u 6ecrone3Hoi. [Ipocto pazButue «coodbpa3uTebHOCTI
WIM UHTEJUIEKTa, HEOOXOIMMOTO JIsl BBDKMBAHHS, MOIMYTHO IMO3BOJISIET YEJIOBEKY CO3JaBaThb U JOKa3bIBaTh
CJIOKHBIE MaTeMaThdyeckue noctpoeHus. Ho mobble paccykaeHHs OTHOCHTEIbHO 3TOTO SBISIOTCS CIUIIKOM
CIIOKHBIMH, HEOIpeAeNeHHbIMA M Jaxe oOMaHuuBBIMU. [loka emie B HaleM paclopsKEHUH HET CKOJIBbKO-
HUOYIb «3IIPaBBIX» U]l OTHOCUTEIBHO MPOOIEM CO3HAHUS.

51 odeHb KpaTKO M3JIOKUI MPUYMHBI MOETO HECOIJIacus C TpeMs OCHOBHBIMU yTBepxkiaeHusMu lleHpoysa
(cymecTByeT OOBEKTHBHAs PEAYKIMS BOJIHOBBIX (DYHKLUMH, OHAa WUIpaeT HEKyl pojb B paboTe Mo3ra, oHa
HeoOxoauma JijIsl OObSICHEHUS CO3HAHUS ), U TyCTh TENepb OH OTBETUT Ha MOU BO3PAKEHHUS.



I'y1aBa 7
Ot1Bernbl Poakepa IleHpoysa

51 6naronapen AOuepy, Hancu u CTuBeHy 3a MX KOMMEHTapyUu K MOMM JIEKIIUSM U X04Y C/AeJIaTh HEKOTOPhIE
JIOTIOJIHUTEIbHBIC 3aMeYaHusl M0 KaXCAOMY U3 HUX B OT/ICJIBHOCTH.

OTBET ABHEPY HIUMOHMUA

[Ipesxne Bcero xouyy OTMETUTh, YTO $I OYEHb BBICOKO OLEHUBAIO €ro 3aMEuaHusi M CUMTA0 UX
UCKJIIOUUTENBHO NoJIe3HbIMU. HauHy ¢ yTBEep)KIeHHMsI, YTO, YBJIEKUIIMCH IPOOIEMON HEBBIYUCIUMOCTH, 51 IPOCTO
«j1e3y He Ha Ty BepmuHy»! Ecnm 3ta ¢paza o3Hayaer, YTO MBIIIICHUE MPOSBISET ce0s MHOKECTBOM BasKHBIX
orepauuii, He OTHOCSIIUXCSA K BBIYMCIMMBIM, TO MOJHOCTBIO corviamarock ¢ AGHepoM. Sl cornaceH Takxke u ¢
TeM, 4TO mpemiaraemas B KHure Cupia cuTyalust ¢ «KHTAaHCKOW KOMHATOW» SIBISETCA yO€AMTENbHBIM
apryMEHTOM IPOTUB «CHIIbHO-TO-Al» yTBepxkaeHUs (CBOASILIErocs K TOMY, YTO CO3HATeIbHAs IESATEIbHOCTD
MOJKET OBITh CBEJEHA TOJIbKO K BbIUMCIMMOCTH). Mcxonnblie noBoabl Cupiia OTHOCHINCH K TOMY CBOMCTBY
CO3HaHUs, KOTOPOE Ha3bIBACTCsS «IIOHMMaHHEM», U s TOBOpWI 00 3TOM, obcyxnas Teopemy l'énens, HO B
IPUHLINAIIE apIyMEHTAIMs «KUTalCKOM KOMHAThD» MOKET ObITh MCIOJIb30BaHa (M, BO3MOXHO, J1axe ¢ OOoJbLIeH
yOeAUTEeNbHOCTBIO) MPU PACCMOTPEHUH JPYTUX MEHTAJIBHBIX KayeCcTB, HAIpUMEpP CIIOCOOHOCTH BOCHPUHUMATD
My3bIKaJIbHbIE 3BYKM WJIM OTTEHKM LBeTa. S He Monb30Bajici TaKUMH JOBOJaMH B COOCTBEHHBIX
paccyXJIEeHHUAX, IOCKOJIBKY 3TH JOBOJBI HOCAT COBEPIIEHHO HETaTUBHBIA XapaKTep U MPAKTHUUYECKH HUUYETO HE
TOBOPST HaAM HU O IPUPOJIE CO3HAHUS, HU O BO3MOXKHBIX HAlpaBICHUSIX UCCIEI0BAaHUM, KOTOPbIE MOITU OBl
MOJBECTH HAC K MOHUMAHUIO TPOOJIEMbI CO3HAHUS.

Aprymenranus Cupiaa OTHOCHUTCS HCKIIOYHUTEIBHO K paznuuusM Tuna A/B B COOTBETCTBUM C
TepMuHoJoruen ria. 3 (cMm. takke c. 12-16 B xkuure «Tenu pazymay). Hpyrumu cnoBamu, CUpa CTpeMHUTCS
M0Ka3aTh, YTO BHYTPEHHHE ACHEKThl CO3HAHMS HE OTPAaHMYMBAIOTCSI BBIUMCIMMBIMU omepauusmMu. Jias Moux
Leled JTa 3ajJada MPEeACTaBIAETCS SBHO HENOCTATOYHOM, IOCKOJIBKY s XOTEN IPOJEMOHCTPUPOBAaTh, YTO
BHEIIHHE MPOSIBICHUSI CO3HAHUS TaK)XX€ HE CBOAATCSA K BBIYMCIEHUSM. S CTpeMUJICS HE pacCMaTpUBaTh Cpasy
BEChbMa CJOXHYI NpoOJeMy BHYTPEHHUX MpPOSBICHUH, a MOMBITAThCS MOHATh, KAKOTO pojaa (u3ndecKue
MOJXO0/bl MOIVIM Obl YOEAUTETHHO MPOJEMOHCTPUPOBATH BHEIIHUE MpOsBIEHUS co3HaHUsA. Ha gaHHOM sTane
9TO MpPUBEJIO MEHs K 3ajjaye O TOM, KaK CO3HaHME BHEIIHE pearupyer Ha pasznuuue curyauuit A/C mmm B/C.
MHe kaxxercs, YTO B 3TOM HaIPaBJIEHUU BO3MOXKEH HEKOTOPBIN Mporpecc, No3ToMy (coriamasch ¢ TeM, 4To 5
ellle He MPUCTYIHII K BOCXOXKJIEHHIO Ha MPaBUJIBHYIO BEPUIMHY) 5 MPOJODKAI0 BEPUTH, YTO €CIM Mbl CMOXKEM
YCIIEIIHO MPEOJ0JETh CIOKHbIE MapLIPYThl MPEArophbs, TO Yy HAc MOSBUTCS OOJIbLIE IIAHCOB HAMETHUThH
IIPABWIBHBIN MapIIpyT K HAMEUEHHOMN BEPILIUHE.

[[luMoHM NHIIET, YTO OH HE COTJIaCeH C MOMMHM JIOBOJIaMU B OTBETaxX Ha perieH3uto Xunapu [latHam (B cBs3H
¢ kaurot «Tenu pazymay), OIHAKO B 3TOM MepenucKe 5 U HE MBITANCS OOBSICHIATH CBOIO MO3ULHUIO, TOCKOIBKY
HE CUUTAI0 KOPOTKHE MNHUChMa B JKypHaje XOpOIIMM CPEJICTBOM JUIsl CEphe3HONM M apryMEHTHPOBAHHOM
JUCKyCCHH. B mucbMax st BCEero JIMIIb yKa3blBaj, YTO, HA MOM B3I, KpuTHKa [laTHam ckopee mpenacTasiisieT
NapoANI0 Ha MOM HJEH, a Pa3IpakeHHbII TOH MOUX OTBETOB OOBSICHSETCS MMEHHO TeM, uTo [laTHam, moxoxe,
Jlake He YMTalla Te pasJiesibl KHUTH, B KOTOPBIX pacCMOTpPEHbI 00Cyxk1aemble Borpockl. [1oapoOHbIH 0TBET Ha
peneH3uu, nocesueHHble «TeHsaM pazyma» (B KOTOPOM, KaK MHE Ka)KeTCs, COAEpKATcsl OTBEThl U Ha JOBOJbI
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AOHepa), st mpeIcTaBIII B (3JIEKTPOHHOM) JKypHaJIe Psyche4. XOTs1 MHOTHE MCCIIEIOBATEIN U TIPEANIOYUTAIOT HE
BCIIOMUHATh O TENENEBCKOM IOAXO0JE, s Bepio B ero 3((EKTUBHOCT, U HE COOMPAIOCHh OTKA3bIBATHCA OT
COBEpIICHHO MPaBUJIbHBIX, HA MOI B3I, apryMEHTOB TOJIKO IMOTOMY, YTO OHHU INPEACTABISIOTCS KOMY-TO
TpyaHbIMu! S yTBepkJaro, 4TO XOTsl 3TOT IOJAXOJ HE JaeT caM Mo cebe OTBeTa Ha MHTEPECYIOLIME Hac
BOIPOCHI, OH MTO3BOJISIET HAM MOHATh, KAKOT0 poja (husuka cMoXKeT B OyayiieM 0ObICHUTH (PEHOMEH CO3HAHUS.

MHe KaxeTcsi, 4TO st MOT ObI COTJIaCUThCS B TJIABHBIX YEPTax C MO3UTHUBHOM 4acThio KpuTuku Lllumonu. Ero
ynuBiseT, nouemy HU B «HoBoM pazyme kopossi», Hu B «TeHsX pazyma» s HE yHOMHHaw ¢uiocodckue
paboter A. H. Vaiirxema. OcHOBHas TOpHYMHA OSTOT0O — MOE HEBEXecTBO. Pasymeercs, s 3Ham 00
obmedunocodckoil mo3unuu Yaitxena U O BBEICHHOM UM MOHITHH HEKOETO «IIAHICHUXHU3Ma», OJHAKO s HE
YUTaJl BHUMATEIHHO HU OJHOHM paboThl YaiTxena mo Guiocopuu u modTOMY HPEIIoUeT MPOCTO HE CChIIAThCS
HAa HUX WIM Ha OJIM30CTh MIpeIjlaraeMblX UM HJIed K MOUM COOCTBEHHBbIM. MHe kaxkercs, urto [lumonu
PaBUIBHO OOPHUCOBAJ OCHOBHBIE TOJOXKEHHS MOEH TEOPHH, XOTS S U HE TOTOB JAeNaTh 10 HUM KakKHe-TO
ornpeziesieHHbIe YTBEPXKACHUS (YaCTUYHO HU3-3a TOrO, YTO S HE COBCEM TOYHO 3HAI0, B YeM HMEHHO 4
JEUCTBUTENLHO YOCKICH).

Sl HaxoXy «MOJIEPHU3HMPOBAaHHBIN yalTxemuzm» IlluMOHM TpocTO 3ameuyaTesNbHBIM M BecbMa
npaBaononoOHeM. Celfyac MHE KaXeTcs, YTO XOJ MOHMX II0/ICO3HATEIbHBIX MBICIEH BechbMa OJH30K K TOMY,
yTOo AOHEp M3MOXUJI ¢ OONbIIMM KpacHopeuynem. boiee Toro, oH mpaB B TOM, YTO ISl BOSHHUKHOBEHHS
OTJIENBHOTO pa3dyma (B KaueCTBE KOJUICKTUBHOTO KBAHTOBOTO COCTOSIHHS) HEOOXOJMMBI KPYITHOMACIITAOHBIC
KBAHTOBBIE 3allyTaHHOCTU. XOTs HU B «TeHsx», Hu B «HoBOM pasyme» s He Aenal NPSMBIX YTBEPKACHUN TUIIA
«pa3yM SIBJICTCS] OHTOJIOTUYECKN (PYHIaMEHTaIbHBIM CBOMCTBOM BceneHHOW», OHAKO MoJiararp, 4To HEYTO B
9TOM POJE JOJKHO OBITH CIpaBeUIMBO. MHE NpPEICTaBISIETCS HECOMHEHHBIM, YTO C KaKIbIM IPOSBICHHEM
onepannu OR momxHa OBITH CBsI3aHA KaKas-TO MPOTOMEHTAILHOCTh, OTHAKO OHA SBIISIETCS B KAKOM -TO CMBICIIE
«kpoureyHoit». be3 mupokoMacmTabHOW KBAHTOBOW 3allyTAHHOCTH C KaKON-TO BBICOKOOPTaHM30BAHHOM
CUCTEMOH, o0aaromeil CnocOOHOCTRIO K «TepepadboTke nHpopMammm» (THITA MO3Tra), HACTOSIIEe CO3HAHMUE,
M0-BUJIMMOMY, HUKOTJIa HE MOIJIO Obl BO3HUKHYTh. Sl HE PUCKHYN 3aHATH 0ojee YETKYIO MO3UIHUIO M0 ITOMY
BOIPOCY (BO3MOKHO, IOTOMY, YTO MHE HE yAaJI0Ch HAUTU yAauHble (POPMYIUPOBKU /ISl YKa3aHHBIX UIEH), U 4
OnarogapeH AGHepy 3a ero pa3bsCHEHUS 1 KOMMEHTAPHH.

S1 TakKe COrJIalarch ¢ TeM, 4To 0osee rryOOKoe HCCIIeIOBAaHUE aHAJIOTHIA ¢ HOBEHITMMH JTOCTHIKCHUSIMH B
0o0JacTu TICHXOJIOTHHM MOTJIO Obl OBbITh TONE3HbIM. Ecnu kBaHTOBBIE S((EKTHI EHCTBUTENBHO HIPAIOT
CYLIECTBEHHYIO DPOJb B IIpOLECCaX CO3HAHMs, TO Mbl JOJDKHBI MCKAaTh HMX MPOSIBICHHUS B OCOOEHHOCTAX
mpinuieHus. C Apyrod CTOPOHBI, B TUCKYCCHHM TaKOTO pojia CleAyeT OBbITh KpailHe OCTOpPOXKHBIM, u30eras
co0J1a3Ha MOCTICUIHBIX 3aKJIFOUEHUI U OIIMOOYHBIX CpaBHEHUH. Sl yOexkaeH, UTO BCE pacCyKJIEHHS Ha 3Ty TEMY
MOJIHBI OMACHBIX JIOBYIIEK. Brpouem, BO3MOXKHO, YTO YK€ CYIIECTBYIOT MJIM MOTYT ObITh MPUAYMaHbI HOBBIE
METO/Ibl SICHOW M Pa3yMHOH SKCIIEPUMEHTAIBLHON MPOBEPKH MpeIaraéMblX runores (Hanpumep, OTHOCSIIUXCS
K MUKpPOTpYOKam), ¥ ObLIIO ObI O4eHb HHTEPECHO U3YUUTh CBS3aHHBIE C HUMU BO3MOKHOCTH.

[[IumoHM ynomuHaeT pa3padoTaHHyI0 MUEIHUKOM HETMIHOEPTOBCKYIO KBaHTOBYIO MeXaHUKy. O0001eH s
KBaHTOBOM MEXaHUKHU BCEr/la OUYE€Hb MHTEPECOBAJIN MEHs, U s M0JIarato, YTO UX CJIEeAYeT BCSIUECKU pa3BUBATh U
noJIepKuBaTh. S| He coBceM yOexXJeH, OJJHAKO, YTO UMEHHO 3TO KOHKPETHOE 00001eHue SIBISIETCS BEPHBIM,
TaK KaK B HEM BBI3BIBAIOT COMHEHHE, 110 KpaiiHell Mepe, 1Ba MoMeHTa. [Ipexe Bcero mpu 3ToM noaxoje (Kak,
BIIPOYEM, U BO MHOTUX JIPYTHX BapuaHTaxX 00OOIIEHHsI KBAHTOBOM MEXaHHWKH) OCHOBHOE BHUMAaHHE YJENseTCs
MaTpHlle TIOTHOCTH, a HE KBAHTOBBIM COCTOSHUSIM. OOBIYHO B KBAaHTOBOM MEXaHHMKE MPOCTPAHCTBO MATPHIL
IUIOTHOCTH 00pa3yeT BBINYKJIOE MHOKECTBO, a «UHUCThIE COCTOSIHUS» (COOTBETCTBYIOUIME OIMMCAHUIO
OTIENBHOTO BEKTOpAa COCTOSHUM) pacrojiaraloTcsi Ha TpaHHUIlE 3TOr0 MHOXKeCTBa. Takas KapTHHa
COOTBETCTBYET OOBIYHOMY THIILOEPTOBY MPOCTPAHCTBY M MPEJCTABICHHUIO TPAHUIBI B BUJAE MOJMHOXKECTBA
TEH30PHBIX MPOU3BEACHUN T'MIIbOEPTOBA MPOCTPAHCTBA HA CBOE KOMILIEKCHOE COIpsDKEHUE (T. €. AyalbHOMY,
WIH CIIApEHHOMY, BEKTOPHOMY MPOCTPAHCTBY). B mpennaraeMmom MUEIHUKOM MOAXO/AE COXPAHSETCS OObIYHAS
«MaTpulia MIOTHOCTHY, OJIHAKO €€ OMHCAHHE HEe TPeOyeT HaJIuuus JIMHEWHOTO r'mib0epToBa MPOCTPAHCTBA, U3
KOTOPOTO CO3/Aa€TCs BBIMYKIOE MHOXKECTBO. B TakoM 000011eHMM MHE HpaBUTCS UAEd OTKa3a OT JIMHEHHOCTH
ribOepTOBa MPOCTPAHCTBA, OJHAKO HACTOPaKMBAE€T TO, 4YTO IPH OSTOM KBAaHTOBash TEOpHUS TepsieT
roaoMop¢HocTh. HackonbKo S HOHUMAI0, TIPH STOM Y/AAa€TCsl COXPAHUTh HE aHAJIOT BEKTOPA COCTOSIHUM, a TUIIIb

 Cwm. January 1996; http://psyche.cs.monash.edu.aU/psyche-index-v2.1.html , a Takoke neyaTHyIo BEpCHIO, OIMyGIMKOBAHHYIO
n3narensctsoM MIT B 1996 1.



BEKTOp COCTOSIHMH ompeneneHHor ¢a3pl. Takod (opmanu3M IMOYTH TOJHOCTBIO 3aTeMHSET (u3ndecKoe
COACPIKAaHNUC KOMITJIICKCHBIX CyHCpHOSHI.IHﬁ KBaHTOBOM TCOpHU. KOHG‘-IHO, MHC MOI'YT BO3pa3uTb, YTO UMCHHO
9TH CYNEPIO3UIMU U CO3JAI0T CIOKHOCTHM Ha MAaKpPOCKOIMYECKOM YPOBHE, TaK 4TO ObUIO Obl Oiarom
I/I36aBI/ITbCSI OT HUX pa3 U HaBCCraa, OJHAKO HCIIb31 3a6LIBaTL, 4YTO OHHU CYHICCTBCHHO Ba*XHBI AJII KBAHTOBOI'O
YpOBHSI OINHUCaHUS, W MpPH MpeasaraeMoM OOOOIIEHHMH Mbl MOXXET MPOCTO MOTEPSTh BCE IO3UTHBHBIC
pe3yJIbTaThl KBAHTOBOM TEOPHHU.

Kpome Toro, s mosarato, 4to HelWHEHHBIE aCIEKThl 00O0OIIEHMS KBAaHTOBOM MEXaHUKU BBIHYXKIAIOT HAC
paccMaTpuBaTh MPOLIECC M3MEPEHHs KaK OJMH M3 JJIEMEHTOB acUMMeTpuu BpeMeHH (cM. «HOBBIH pazym
KOpOJIsi», 1. 7), 1 MeHsI OECIOKOWT, 4TO B IpearacMoid MHETHUKOM cXeMe 3TO COOOpa)KeHUE HE Urpaer
HUKAaKOU pOJIu.

MHue OBl XOTENOCh 3aBEPLIUTh STOT OTBET MPHU3BIBOM K MOJICPKKE JIOOBIX IMOMCKOB HOBBIX TEOPHIi,
KOTOPBIC ITO3BOJIMIIN OBl MO[[I/Iq)I/IL[I/IpOBaTb KBAHTOBYIO MCXAaHHKY, U HOBBLIX 3KCIICPHUMCHTOB, CBA3AHHLIX C
TakuMu TeopusiMu. [loka s puCKyl0 mpeiaraTh KOHKPETHBIE SKCIIEPUMEHTHI, IMO3BOJISIONINE MPOBEPHUTH
000CHOBAHHOCTb MPEUIOKEHHOHN B IUI. 2 cXeMbl (IIOCKOJIbKY CUMTAl0, YTO 0OBEM HAIIMX 3HAHUU O IpPEIMETE
SBIIIETCS COBEPIICHHO HEIOCTATOYHBIM), OJHAKO HAJEI0Ch, YTO B OyayllleM KOMY-TO YAAacTCs BbIIBHHYTh
HOBBIE UJIEU HA 3TOT CUET.

OTBET HOHCU KAPTPAUT

Mens oueHb 00pazoBano (U OAHOBPEMEHHO MHE IOJIbCTUIIO) U3BECTHE O TOM, YTo kHHUra «TeHu pazyman
cepbe3Ho obcyxnanack Ha cemuHapax LSE u Kunrz Komnemka, o uem ynomsinyna Hancu. OHa ckenTu4yecku
OTHOCHUTCSI K TIOMBITKAM OOBSCHUTH CO3HAaHUE CKopee (U3MUECKUMHU, YeM OHOJIOTHYecKUMH (haKTopamu, U
MO3TOMY sI HAUHY OTBET C 3asBJICHUS, YTO JIMYHO sl BCErJla BBICOKO OLICHMBAJl POJIb OMOJIOTMH B YKa3aHHBIX
uccienoBaHusIX. bonee TOro, s TOXXKe CUMTAlO, YTO OTBET HAa MHTEPECYIOIIME HAc BOMPOCHl Mbl MOIYYUM,
BEpOsITHEE BCETO, HE W3 (U3MKH, a U3 OMOJIIOTMH, OJHAKO TIOJIArar0, 4TO JJIS 3TOrO MOTPEOYIOTCS Kakue -TO
PEBOJIOLIMOHHBIE OTKPBITHSI UMEHHO B u3uke. Bripouem, KTO MOKET 3HATh, YTO *kJAET HAC BHepeu!

Opnnako MHe Kaxercs, uto Harcn KaptpaiiT XxoTenoch Obl OTYYIUTH OT MEHS rOpas3io OOJBIIYIO «yCTYIKY»,
T. €. YTO -TO IOXOXee Ha JAEKJIApaluio O MPU3HAHUM «pYHAaMEHTAJbHOW pOJM» OMOJOTHMH B HAYYHOM
OMMCAaHUU TIpoliecca IMO3HAHUS U T. I. B 1eHCTBUTENBHOCTH MOSI TOYKA 3pEHUS CBOAUTCS K TOMY, YTO
CYIIHOCTh CO3HaHHMs MOXeET BOOOIIEe HE OTHOCHUThCS K Ouojoruu (mo KpaiiHed Mepe, K OMOJOrMM B ee
COBPEMEHHBIX paMKax), OJHAKO 5 COBEPIIEHHO HE MOTy ce0e MpeACcTaBUTh, YTOObI CO3HAHHUE HE ObUIO CBA3aHO
C KaKUM-TO ONpEAETICHHbIM TUIIOM (PU3UYECKUX MTPOIECCOB.

51 roBopro 00 3TOM, HE UMeSl YETKOTO MPEACTABIECHUS O TOM, Kak KapTpaliT OTHOCHTCS K yCIIOBHOW I'paHULIE,
paszenstomei 6uosnoruto U Gu3MKy. MHe KaxeTcs, 4To oHa OyJeT B 3TOM BOMNPOCE MParMaTuKOM M OTHECET
W3y4deHHue Tpoliecca Co3HaHus K npodsemMam (pu3uku, eciu 3To OyJeT mojie3HbIM it nena. OHa crpanimBaer,
MOTy Jii 51 ¢(hOpMYyIUPOBATh JOCTaTOYHO SCHYIO U MOJIPOOHYIO MCCIIEI0BATEIbCKYIO MpOrpaMMmy, Onaromaps
KOTOpPO MMEHHO (PU3UKHU (a He OMOJIOTH) CMOTYT MOJIYYUTh HOBbIE, IPUHIMIINAIBLHO BaXKHBIE PE3yJabTaThl. S
K€ CUMTAI0, YTO MOM NPEAIIOKEHUS YK€ MI0Ipa3yMeBalOT IPOBEICHNE BECbMa 1IEJIEHAIIPABIEHHOM POrpaMMBl,
CBSI3aHHOM C TIOMCKOM CTPYKTYp MO3Ta, 00JaJaroluX HEKOTOPHIMU BeChbMa CHelu(DUuecKuMu (pU3NUeCKUMHU
cBoiicTBamu. [IporpaMma cocTOUT B TOM, YTO MBI JIOJKHBI HCKaTh 0COOBIE CTPYKTYpPBI, CIIOCOOHBIE COXPAHSTh
U HaJIEKHO «IKPAHUPOBATh» KPYIHbIE 00BEMHbIE KBAHTOBBIE COCTOSIHHSI IOCTATOYHO J0JTO (110 KpaiiHeil mepe,
B TEUEHHUE JOJIeHd CEeKyH]Ibl), C TeM UYTOOBI CBA3aHHbBIE C 3TUMH COCTOSHHUSMH KBAHTOBBIE «3aIlyTaHHOCTH
MOTJIM PACHpOCTPAHATHCS MO OONBIIMM Yy4yacTKaM Mo3ra (BO3MOXKHO, OXBAaThIBasi OJHOBPEMEHHO JECATKH
TBICSY HEHPOHOB). JMTENbHOE COXpaHEHUE YKAa3aHHBIX KBAHTOBBIX COCTOSHHUI TpeOyeT Haluuus KakKUX - TO
CHEIMAM3UPOBAHHBIX OHOJIOTUYECKUX CTPYKTYpP, KOTOpbIE MOJDKHBI HMMETh BeChbMa CTPOroe BHYTPEHHEE
cTpoeHHe (BO3MOXKHO, OHO OyAeT ONM3KO K KPUCTAJUIMUECKOMY) M 00JaJaTh CHOCOOHOCTHIO 3HAYUTEIHLHO
U3MEHATh Ccuily cuHarncoB. OObIYHas Iepenaya CHUTHalla 1O HEPBHBIM BOJIOKHAM IPEJICTaBISETCS MHE
COBEpPILIEHHO HEJOCTATOYHBIM MEXaHH3MOM B 3THX YCIOBHSAX XOTs Obl B CHIIY SIBHO HEJIOCTATOYHOU H3OJISIUU
HEPBHBIX BOJIOKOH. Bo03MOXHO, poib TpeOyembIX CTPYKTyp MOIVIM Obl HWrpaThb TaK Ha3bIBaeMble
IPECUHANTHYECKHE BE3UKYIISIPHBIE PEIIETKU (THIA MPEI0KEHHBIX bekoM 1 DKI130M), HO MHE JIMYHO Ka)KeTCs,
4yTO Hanbosiee MOAXOISAIIMMU CBOMCTBAMHU 00JIaIal0T IIUTOCKETIETHbIE MUKPOTPYOKH. BO3MOXKHO Takxke, 4TO B
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JKUBBIX OpPTaHHU3Max CYIIECTBYET MHOI'O JPYTUX aHAJIOTMYHBIX CTPYKTYp TOTO )K€ Maciutadba (Hampumep, TUra
KJIATPUHOB) C TpeOyeMbIMU XapakTepucTukamu. KapTpailT cunraer, 4To MpeioKeHHAss MHOKO KapTHHA HOCHUT
CIIMIIKOM OOULIMI XapakTep, a MHE Ka)XeTcs, YTO OHa 3HAUYMUTEIbHO Oojiee AeTalu3upoBaHa, YeM Jpyrue
nporpammel. boriee Toro, mpemraraemas cxeMa MOET OBITh pa3BUTa BO MHOTHX HANpPAaBICHUSX M CO3/AcT
Ooratble BO3MOXHOCTHU JIJIs1 SKCIIEPUMEHTAIIbHOM MPOBEPKHU. S coryiaceH ¢ Tem, 4TO MBI elle OY€Hb JaJleKU OT
«IOJTHOTO» TOHUMAaHUsl U3y4yaeMbIX IPOLIECCOB, HO MHE Ka)X€TCs, YTO HaM CJIEAYeT OCTOPOXKHO JBUTaThCS
BIIEpE]l, HE 0XKUAAS MOTYYUTh ObICTPBIC U MCUYEPIBIBAIOIINE OTBETHI HA BCe BOMpockl. Ham mpenctout GombIias
¥ OUYCHb CIIOKHAs paboTa.

3ameuanus Kaprtpaiit o ponu ¢pus3uku B oOliel HAydHOW KapTHUHE MHUpa HOCAT 00Jiee CEepbEe3HBIN XapakTep,
MOCKOJIbKY OHAa CYHTAET, 4yTO (M3HMKE MPUAACTCS HM3IJIHIIHE BAXKHOEC 3HAYCHHE. Brpodem, BO3MOXKHO, IEIO
00CTOMT MMEHHO TaK, U B OyaymeM pojib (U3MKM B HAYYHOM OIKUCAHUU MHpa OYAeT CYLIECTBEHHO
MepecMOTpeHa. ITO MOXKET MPOW3OUTH, HAIIPUMEp, KOTJa ONMUCcCaHUe MHpa OyAeT OJIM3KO K 3aBEPUICHUIO WIIH
X0T4 OBl cTaHeT 0oJiee TOYHBIM!

CrpaBesTuBO OTMEYast, YTO COBpeMeHHas pu3ndeckasi TeOpHsi HATOMHHACT «JIOCKYTHOE OACSIIO» (S ¥ caM
Tak cuurtaro), Kaprpailt momaraer, 4To Takoe COCTOSIHUE OyIeT COXPaHSATHCS BEUHO (B UYe€M s COMHEBAIOCH).
Bo3MoxHO, 94TO KOHEeUHas meib (U3uKu (MOJHOE M IEIOCTHOE ONUCAHWUE MHUpA) JCHCTBUTEIBHO SIBIISICTCS
HecObITOYHOM MeuToi, u KapTpailT cuntaer caMy MOCTAaHOBKY Takoil 3aiauu MeTaduznyeckoil. MHe TpyaHO
OIpEEIUTh CBOE OTHOIIEHUE K 3TOM IpoOsieMe, OJIHAKO 1 HE YBEPEH, YTO HaM BOOOILE CTOUT 3ayMBIBaThCS O
CTOJNb Janekoi nepcrnekTuBe. OObeAMHEHHE 3HAHUM M HAYYHBIX JAUCLHUIUIMH SBJSICTCS BEAYIIEeH TeHICHIIHEH
COBPEMEHHOU (PM3UKH, M MOKHO OXKHJIATh €€ COXpaHEHUs B OyaymieM (Ipearonaratb 00paTHOE MOXKET TOIBKO
3aKOpeHeNblil ckenThK). Ha Mol B3rsa, «mBBI» Ha JIOCKYTHOM OJesie COBPEMEHHOW (M3HKH (A
MO/Ipa3yMeBal0 M KJIACCHYECKYIO, 1 KBAHTOBYIO TEOpPWHU) COCIUHEHBI MI0X0. KOHEYHO, MOKHO CMUPHUTHCS C
CO3/IABIIMMCSl TOJIOKEHHEM M TMPOAOIDKATh XKHUTh C JABYMS MNPUHIUIHAIBGHO Pa3HBIMU TEOPUSMHU JUIS
pa3IMYHBIX ypOBHEW omucaHusi (MHE KaXeTCs, YTO MMEHHO TaKOW TOYKH 3pEHHS B KakoW -TO Mepe
npunepxkupaincs Humnbc bop), ogHako B mocieqHue TOAbl HAONIOAAJICS CYHMIECTBEHHBIH POCT TOYHOCTH
IKCIIEPUMEHTAIBHBIX HAOIIOJACHUIN, YTO MMO3BOJSET HAaM 0OJIee YETKO MPOBECTH TPAHUILY MEKIY Pa3THUYHBIMUA
YPOBHSIMU OMHMCAHUS ¥ U3y4aTh pealibHbIC MPOIIECChI, MPOUCXOASIINE B MPUPOE HA ITHUX YpOBHAX. Bo3Hukaer
JaKe IOJ03pEHUE, 4TO (PYHKIIMOHUPOBAHHWE HEKOTOPBHIX OHMOJIOTHYECKUX CHCTEM CYIIECTBEHHO CBS3aHO C
TpaHMIEN pa3dena MUKpO - U Makpomupa. Ha Mol B3riis, OCHOBHOM BOIIPOC ceiluac 3akjlO4yaeTcs B TOM,
MOXXEM JId MBI HAJESIThCS Ha TOSIBJICHHUE KPAaCHBOW MAaTEMaTUYECKOW TEOpHUH, KOTOpas H3AIIHO M CTPOTO
OOBSCHUT CYHIECTBYIOIIUN «OECTIOPsIIOK» B KBAHTOBOW TEOPUH, UIIH, HA0OOPOT, ITOT Y)KACHBIN «0ecropsIoK»»
U SIBIIICTCS pealbHON (PU3MUECKOM KapTHHOW MPOIIECCOB, MPOUCXOSIINX Ha 3TOM ypoBHE. Pazymeercs, s Bepro
B BO3MOXXHOCTh onucaHus Mupa! B KoHIle KOHIIOB, HE MOXET OBbITh, YTOOBI MEHSI OOMaHBIBAIM COOCTBEHHBIE
WHCTHUHKTHI!

Ot otBera HoHcH co3maeTcst BIEYaTIieHHE, YTO OHA TOTOBA CMHPHUTHCS C HEMPHUSTHBIM OECHOPSIKOM B
bu3MYecKuX 3aKOHaxX, MO KpaWHeW Mepe, Ha JTaHHOM srane’. Bo3moxkno, moaxon Kaptpaiit oObscHseTCs
MPOCTO TE€M, YTO OHA CUUTAET 3aKOHBI OMOJOTUM HECBOAUMBIMHU K (u3uke. Pazymeercs, B OMOIOTHYECKUX
CHUCTEMax HMEETCS OYEHb MHOTO CJIOKHBIX M HEMOHSATHBIX MapaMeTpOB, WUTPAIOMIMX BAXHYI POJIb B UX
omucanuu. Jlaxke ecnu Obl OBLTH U3BECTHBI BCE OCHOBOIIOIATAIONINE MPUHITUTIBI (PU3UKHU, TO I 3)PEKTUBHOTO
Hay4YHOT'O OMUCAHUS OMOJIOTHYECKUX MPOIECCOB HA UX OCHOBE MOTPEO0OBATIOCHh ObI MPOBECTU OTPOMHYIO PaboOTy

B xozne obcyxnenus Hancu KaprpaliT yrouHunaa cBOIO MO3HUIMIO B JAHHOM BOIPOCE, 3asiBUB, B YAaCTHOCTH, cilenymouiee: «B ominune ot
[Tenpoy3a (KOTOPBIM CYHMTAET IUIOXOM (M3UKOHN Ty, KOTOpasi HE PacCMaTpUBAET OTKPBITHIC CHCTeMBbI!) cyliecTByomIas GU3NKa KaKeTCsl MHE BEChbMa
YIOBIETBOPUTEIBHOM, MOCKOABKY S CUMTA0, YTO COBOKYIHOCTh 3aKOHOB MNPHUPOIbI! NEHCTBUTENBHO IOX0Xa HA <JIOCKYTHOE OJIEsIo», U B
OKpY’KarollleM Hac MHpPE MHOTO 3aKOHOMEPHOCTEH, KOTOpbIe BOBCE HE CBOAATCS K 3aKOHaM (DM3HMKH, HO CO3JAIOT MPUYUHHO-CIICICTBEHHBIC CBS3H.
TTosTomMy maxe «camast To4Has (PU3MKa» MOXKET JaBaTh MPH NMPOUYNX PABHBIX YCIOBHSX CKOJIBKO-HHOYZAB IIOJTHOE ONMHCAHME JIMIIb 3aMKHYTHIS
CHCTEM.

UTo MOXET CIy’KUTh MOATBEPKACHUEM 3TOH TouKH 3peHus? Ha Moif B3Iy, cama MocTaHOBKa TaKOT'O BOMPOCA OTHOCHUTCS K MeTadu3mKe (110
MeTapHU3NKOH s OApa3yMeBaro JTI00YI0 MONBITKY BEIBOJA 33 TIPEebl! SMIMPUIECKIX 3HAaHUH, BKITIOYask T€, KOTOPBIE OTHOCSTCS K HCTOPHH HAYKH).
51 HacTamBaloO Ha TOM, YTO MBI 00s13aHEI! M30eraTh JIFOOOH MOCTAHOBKH MeTa(hU3HMIECKUX MPoOJIeM, a B TeX cIydasx, KOorja HeoOXOIUMOCTh TaKOH
IIOCTAHOBKHM JMKTYETCSI METOAOJIOTHUECKMMH COOOpaXEHMSMH, Mbl OOS3aHbl TIIATENBHO B3BEIIMBATH M OrOBAPHBATH HCIOJIb3yeMbIE
¢dopmynupoBku. Mbl Takxke 00s3aHBI OYEHb BHUMATEIBLHO OLICHHBATh BCE BOBMOXKHOCTH, HE IOJIArasch LEIUKOM TOJBKO Ha (u3nueckue 3aKoHbI!.
CoBpeMeHHasE HayKa AEHCTBUTENBHO SIBISETCA HE LEIOCTHOM CHUCTEMOH, a JIMIIb JIOCKYTHBIE OAEATIOM», HECBsSI3Hble HaOOpOM pa3HOOOpa3HbIE
Teopuit. [To9TOMy MHE Ka)KETCsl, 4TO, MBITASACh MOHATH CTPYKTYPY PEaJbHOCTH, MBI JOJDKHBI HCXOAWTH MPEXAE BCEro M3 Hauboyiee SICHBIX
TIPE/ICTaBICHNI, CO31aBaeMble COBPEMEHHON HAyKOH, a He (haHTa3HpOBATh O TOM, KaKOH 3Ta HayKa MOXKET OBITBY.



(mpoBepKa TUIOTE3, HAXOXKAECHUE NMPUOIMKEHHBIX OLIEHOK, Pa3BUTHE CTATUCTHYECKUX METOIOB U, BO3MOKHO,
COBEpPILEHHO HOBBIX MaTeMaThdeckux uaein). CI0XKHOCTh MOBENEHHs] OMOJOTHUYECKUX CHCTEM TaKXKE CO3JaeT
MaJIONIPUATHBIN  «OECIOpsIOK», OAHAKO C TOYKM 3peHHs (U3MKH OH CBA3aH HE C OEcrHopsKoM B
byHaaMeHTanbHBIX (U3NUYECKUX 3aKOHAX, U €CM Obl HaM YAaloCh CBECTH BOCAMHO (PM3UYECKUE 3aKOHBI, TO
«OHMOJIOrMYEeCKUEe CBOMCTBA BBITEKAIH OBl U3 (U3UUECKUX .

OnHako s co3Haro, YTo (PU3NUYECKHUE 3aKOHBI eIl NAIEeKH OT 3aBeplieHHOCTH. bomee Toro, st yrBep:kiato, 4To
OHU IIJIOXO TMOAXOJAT M ONMCAaHUS COOCTBEHHO OMOJIOrMYecKHuX mporeccoB. Hampumep, B 0ObluHON
(opMyIHpOBKE KBAHTOBOW MEXaHUKHU CYIIECTBYET OIEpalusi, KOTOpas KaKeTcsl OTHOCSILIEHCs K Onomoruu (s
umero B Buay R-mpomecc, penykuuio BosHOBOM (yHkiuu). Cuutaercs, 4ro R-mpouecc mnopoxnaer
CUCTHUHHYIO» CIIy4aifHOCTh, HO COBEpPUICHHO HEMOHSATHO, KakuM o00pa3oM MOXXHO BBECTH HEKHH
«OMOJIOrMYECKUI» MPUHIINII, HE Hapyllas «ICTUHHOI0» XapaKTepa BHOCUMOW 3TOH omnepalruei ciydaiiHOCTH,
T. €. HE M3MEHAA (U3UUECKON Teopuu. MHE MpeNCTaBIsAeTCs, YTO peajbHasl CHUTyalus BBITJISAUT €IIe XYKe,
MOCKOJIBKY B MPUHATON Teopuu R-mporecc HecoBmecTuM ¢ yHuTapHo# sBosmouueit U. Ilompocty rosops,
nporiecc U-3BONIOLIMM B CTaHIAPTHOM TPAKTOBKE KBAHTOBOW MEXAaHUKU HENb3sl COBMECTUTH C (haKTOM
HaOmroneHus. OOBIYHO BCE CTAparOTCs OOOWTH 3TO MPENSATCTBUE, UCHOJb3Ysl XUTPOYMHBIE IPUOOPHI U BECbMa
paBJONIOI00HBIE PACCYKACHUS, OHAKO YHTH OT 3TOTO «Ipy0oro» ¢akrta HEBO3MOKHO. Sl HE COMHEBAIOCH, UTO
yKa3aHHas pobjemMa OTHOCUTCS K (PM3MKE HE3aBUCHUMO OT TOIO, KaK OHa OTpaxkaeTcst B 6uonoruu. KoneuHo,
MO’KHO IPEINOJIOKUTh, YTO 3aKOHBI MPUPOJbl UMEIOT CTOJIb NMPUUYAJIUBBIM, IOCKYTHBIH» XapakTep, OJAHAKO
MHE JINYHO 3TO IIPEJCTABIISIETCS BECBMA MAJIOBEPOSITHBIM.

[ToMrMO 3TOTO ST MHOT/Ia COBEPIIEHHO HE MOT'Y BOOOpa3uTh, YeM MOXKET OBITh OMONOTHA (KaK, BIPOYEM, H
XMMHS), €CIIM OHa He Oy/IeT eCTeCTBEHHBIM 00pa30oM BBITEKaTh U3 (PU3UKHU (HAJIEIOCh, YUTO HUKTO HE BOCIIPUMET
3TO YTBEp)KIEHHE KaK MPOsBICHUE HEYBAXECHHUS K YIIOMSIHYTHIM Haykam). 3a0aBHO, HO MPUMEPHO B TaKOH ke
(dopMe HEKOTOpbIE JIIOJM BBICKA3bIBAJIM CBOE HEIOYMEHHE I10 IMOBOJYy MOMX HJIEH O HEBBIYHUCIUTEIBHOM
XapakTepe OTIENBHBIX (PU3UYECKUX MPOLECCOB. JTO BIIOJIHE €CTECTBEHHO, OJJHAKO S MO-TIPEKHEMY CUHTAIO,
YTO MPEMIOKEHHAs B TJ. 3 «urpylleyHas MOJEJb» BCEIEHHOM COOTBETCTBYET BO3MOXKHOMY BapHaHTY
«HEBBIYCCITUTEIILHON (QU3NKI». S OBI C MOJIHON CEphEe3HOCTHIO BOCTIPUHSIT TIO0YIO UIICIO0 O TOM, KAKUM 00pa3oM
MOKHO 00OCHOBATh KaKyr0-JIH00 «OHOJIOTHIO» O3 HCII0JIb30BaHU COOTBETCTBYIOIIEH «(DUBUKIY.

B koHI11e 0TBETa MHE XOTENIOCH Obl BHOBb BEPHYThCS K OCHOBHOMY Bonpocy Haucu Kaprpaiit: mouemy s Tak
yBEpEH, YTO Hay4Hble OOBSICHEHUSI CO3HAHUS HEOOXOAMMO MCKATh MMEHHO B HOBOHM ¢u3uke? OyeHb KpaTKHUi
OTBET, coryacyrouiics u ¢ Bo3pakeHusMu AOHepa IlluMoHM, 3akirodaeTcss B TOM, YTO B COBPEMEHHOM
Hay4YHOI KapTHHE MHpa (OCHOBaHHOW Ha (pu3MKe M BKIIIOYaroIied B ceOs OMOJIOTHIO M XMMHIO) S HE BUXKY
JpYroi JUCHMIUIMHBL, B paMKaX KOTOPOHl MOKHO HalTH oObsicHeHHe (peHomeHa co3HaHus. bonee Toro, g He
BIKY, KaKUM 00pa3oM MOXKHO «BBIWICHUTb» OHOJOTHIO M3 HAy4YHOW KAapTHHBI MHpa, HE HM3MEHSAS OCHOB
¢uzuku. byaem nu Mbl O-NpeXHEMY CUUTATh HaIll MUP «(PU3HMUECKH 0OOCHOBAHHBIM», €CJIU BJIPYT BBISICHUTCA,
YTO TAe-TO Ha (PyHIaMEHTaJIbHOM YPOBHE OH COJEPXKUT 3JIEMEHTBl MPOTOMEHTAIBHOCTU? DTOT BOIPOC
OTHOCHUTCSI CKOpee K TEPMMHOJIOTHH, OJIHAKO MBICIb O TaKOM BO3MOXKHOCTH JAaeT MHeE, IO KpaiiHell mepe, B
JTaHHBII MOMEHT OLLYLIEHUE CUACTBSI.

OTBET CTUBEHY XOKHUHI'Y

N3 Toro, uro CTUBEH Hayajl KOMMEHTAPUI 3agBJICHUEM O CBOEH TBEPIOM MO3UTUBUCTCKON MO3UIIMU, MOXKHO
OBLIIO 0KMJIATh, YTO M JJISI HEro COBPEMEHHas (PU3MKA BBITIISAIUT <JIOCKYTHBIM OfesioM» Teopuid. OgHaKO
cpa3y IMocje 3TOro, TOBOPS 0 COOCTBEHHOM OTHOIIIEHWH K KBAaHTOBOW IpaBUTAIlMH, OH NMPUHUMAET B KaueCTBE
HENPETIOKHBIX UCTHH 00menpuHsThie MPUHIUIEI (U) KBAaHTOBOM MeXaHUKH. S HCKpEeHHE HE TIOHUMAI0, TIOYEMY
XOKHHTY HACTOJBKO HEMPHUATHO TIPEINOJIOKEHHEe O TOM, UYTO YHHTApHAas »JBOJIONUS MOXKET OBbITh
npuOIKeHHEM Kakoi-To 6osiee o01ieii Teopuu (aHAIOTUYHO TOMY, KaK CBEPXTOUHAsI TPABUTALIMOHHAS] TEOPHSI
HeroTona okazanach mpuOIMmKeHHeM Teopuu DHIITeNHHA). MeHs IMYHO Takas BO3MOXXHOCTb TOJIBKO PayerT.
OnHako cieayeTr cpa3y OTMETUTh, YTO CKa3aHHOE MOYTHM HE UMEET OTHOUIEHUS K MO3UTHUBU3MY WM HIESIM
IInaTona.

Sl He corjmaceH C TeM, YTO JAEKOIEPEHLHUS] OKPYKEHHUS MOMKET HapYyLIMTh CYNEPIO3HLUI0 COCTOSIHUU
HIPEAMHTEPOBCKOr0 KoTa. [lo MoeMy MHEHHIO, JEKOT€peHIUs OKPYKEHHUs 3aKJIF0YaeTCs B TOM, YTO KOrja
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3aIyTaHHOCTh COCTOSIHMM OKPYXEHHUS U KoTa (MU JIF0OOM NIPyrol paccMaTpuBaeMoi KBaHTOBOW CHCTEMBI)
CTaHOBUTCS CIMIIKOM CIIOKHOU, BEIOOP KOHKPETHON CXeMbl 0ObEKTUBHOW PEyKIIMH HE UMEET MPAKTHUECKOTO
3HaueHus. OgHako 6e3 BhIOOpa KakoH-HUOYIb CXEeMbI PEAYKIIMHU (X0Ts Obl HanboIee pacpOCTPAHECHHOM, (IS
BCEX MPAKTHYECKHUX IIEJIei») CYMEepPHO3UIMs COCTOSHUI KOTa OyJeT coxpaHsThcs. Bo3mokHo, XokuHra (B
COOTBETCTBUH C JIEKJIAPUPYEMbIM MO3UTHUBU3MOM) MPOCTO HE OECHOKOAT BOMPOCH YHUTAPHOCTH COCTOSIHUS
KOTa, U OH IIPEANOYUTAET OIMCHIBATh «PEAIBbHOCTh» MATPHULEH IUIOTHOCTH, OJHAKO TaKOW IOAXOJA HE
CIOCOOCTBYET pEHICHHIO MPOOJIEMBbl, MOCKOJBbKY (Kak ObUIO MOKa3aHO B TJ. 2) ONUCaHUE IOCPEICTBOM
MaTpHULIbI IVIOTHOCTU HE COJAEPKUT HUYETO, MO3BOJISIIOIIETO0 OJJHO3HAUYHO ONPEAEIUTh, YTO KOT XKUB WK MEPTB,
a HE HAXOJUTCS B CYNEPIIO3ULUU ITUX COCTOSIHUIA.

XOKHUHI COBEPLICHHO KOPPEKTHO MPOKOMMEHTHUPOBA MOE MPE-TIOJI0KEHNUE, YTO OOBEKTUBHAS PEAYKLIUsS
(OR) mpexacraBnsier co00il KBAHTOBBIM TI'paBUTALMOHHBIA 3(G(EKT, U OTMETHUJ, UYTO «B COOTBETCTBUU C
CYIIECTBYIOIIUMHU (PU3UUECKUMHU TEOPUSMH (IIPOCTPAHCTBEHHO-BpEMEHHAas) psiOb HE JOJDKHA HapylaTh
raMIJIbTOHOBOM 3BOJIIOLIMMY, OJJHAKO MPoOJieMa 3aKII04aeTcsl B TOM, 4TO Jaxe 0e3 kakoro-nmu6o OR-mpouecca
paslieNieHue Pa3IMYHBbIX IPOCTPAHCTBEHHO-BPEMEHHBIX KOMIIOHEHT MOJKET MOCTENEHHO YBEJIMYUBATHCA (Kak
9TO U UMEET MECTO B HKCIIEPHUMEHTE C KOTOM), B Pe3yJbTaTe Yero BO3pPAacTalOT M PACXOXKJICHHUS C OMbITOM. S
elle pa3 MOATBEPK/Ial0 CBOE MHEHHUE, YTO Ha 3TOM CTaJuu HEBEPHbI BCE CYLIECTBYIOIINE TEOPUH, U CUUTAIO,
YTO MpejJiaraeMble MHOIO HJIeU (XOTs, KOHEYHO, OHU OYEHb JAJIEKH OT 3aBEPILIEHHOCTH) MO3BOJIAT B OyayIiem
XOTs1 ObI BEIPaOOTaTh KPUTEPHH, IPUTOAHBIC I IPUHIUITHATBHON SKCIIEPUMEHTAIBHOMN MPOBEPKH.

A cornamyce ¢ MHeHHEM XOKHHIA, YTO CXOACTBO OIKMCHIBAEMBIX IPOLECCOB C PEATbHOM MO3TOBOM
JeSITEbHOCTBIO HE SIBJSIETCS] «CKOJIBKO-HUOYAb YOeIUTEeNbHBIM T0BOJAOMY. OHAKO, HA MOM B3I, 3TO JIMIIb
JIOTIOJIHUTEIBHO JOKa3bIBa€T, YTO OYEHb MHOI'ME IIPOLIECCHI, MPOUCXOISALIME B MO3LYy IPH MBIILUICHUH,
OCTal0TCS BECbMa TAaMHCTBEHHBIMHU, CTPAaHHBIMU M JIEKAIIMMHU BHE PAMOK U HIPHUBBIYHBIX HaM MOHSTHH
COBpPEMEHHOU (PU3nYecKoil KapTUHBI MHUpa (B 3TOM co MHOM conuaapen u AGuep Lllumonn). Pazymeercs, s cam
NOHMMAI0 €1a00CThb M IIATKOCTb TAKUX «OTPHULATEIbHBIX» ApryMEHTOB M CUMTAK0, YTO JUIs MOHUMAaHUA
pealbHbIX TPOIECCOB CO3HAHUS HaM NPEACTOUT HAMHOTO Thy0Xke U Cepbe3Hee HCCIIeN0BaTh
HEHPOPHU3HOIOTHIO U IpyTHE OUOIOTUYECKHE XapaKTEPUCTUKNA MO3Ta.

W nHakoHen, 5 JOHKEH cKa3aTh HECKOJIBKO CIIOB 00 MCIONB30BaHUU apryMeHToB ['€nemns. OCHOBHOII MOMEHT
JUCKYCCUU CBSA3aH C CYILIECTBOBAHHEM YE€r0O-TO, YTO MOXET ObITh U3MEPEHO U3BHE (T. €., KaK s y>K€ TOBOPHUJI,
peub uaer o pazmmumsax Tuna A/C m B/C, a He o pasnmmuum Thma A/B, koTopoe sBiSETCS BHEIIHE
HEU3MEpPUMbIM). S| MOBTOPIO CBOIO TOUKY 3pPEHMsI Ha IMPOILECC €CTECTBEHHOIO0 OTOOpa, KOTOpas CBOJUTCA K
TOMY, YTO €CTECTBEHHBII 0OTOOpP HE BKJIOYAET B ce0s ydeT cnenu(uueckix crocoOHOCTeH K MaTeMaTHUYECKOMY
TBOpUYECTBY (B IMPOTHMBHOM ciy4yae Mbl ObLIM Obl OOpeueHbl Ha BEYHOE 3aKIIOYEHHE B «CMUPHUTEIBHYIO
pyOalKy» réaeeBCKUX pacCykJIeHHUi), a OTMeUaeT JIMIIb Hally OOIIyI CHOCOOHOCTh K MOHMMAHHIO (YTO B
KauyecTBE CIy4yallHOro CJEACTBUS BKIIIOYAaeT B ce0s M CIOCOOHOCTh K MaTeMaTH4YeCKUM OmepanusM). Jta
CHOCOOHOCTh 0053aTENIBHO JT0JIKHA OBITh HEAITOPUTMUYECKOH (JIoBObI ['€nerns) 1 MoXkeT ObITh UCIIOJIB30BaHA
(moMUMO MaTeMaTuKM) JUIsl IPYTUX, CaMbIX pa3HbIX Lieiei. I He Mory ¢ yBepeHHOCThIO TOBOPUTH O BCEX
KHUBBIX CYIIECTBaX (HalpuUMep, O YepBsX), OJHAKO YOEeXJEeH, YTO CIOHBI, COOaKu, OENKH M MHOTHE Jpyrue
YKUBOTHbIE B 3HAUUTEIHLHON CTENEHH 00J1aJjat0T 3a4aTKaMH 3TOM CITIOCOOHOCTH.



INPUJIOKEHMUE 1
Teopema I'yacrenna
U MaTeMaTH4eCKoe MbIIIJICHUE

JUis MuIIoCTpany CBOEH T'MIIOTE3bl O TOM, YTO HEKOTOPBIE AJIEMEHTBI YEJIOBEUECKOIO CO3HAHMS HEIb3s
MOJIEJTUPOBATh BBIYMCIUTEIBHBIMU ONEPALUAMHU, sl MPHUBENI B IJ1. 3 J0OKa3aTeIbCTBO OJHOIO M3 BApUAHTOB
teopeMsl ['€nens. Jleno B TOM, 4TO MHOTHE JIFOJIU € TPYAOM BOCIPUHUMAIOT IPUMEHUMOCTb TeopeMbl ['€nens k
COOCTBEHHOMY CO3HAHHMIO M MBIIUICHUIO (M Jake K crenupuyeckl MaTeMaTH4ecKoMy MbIIUIeHU0). OaHa u3
NPUYHMH TAKOTO OTHOILIEHHSI CBS3aHA C TE€M, YTO O0ImenpuHsaTas GopMyIupoBKa 3HAMEHUTOW TEOPEMBI SIBIISICTCS
HEYJAYHON W TpejasiaraeMble B HEl «HEIOKa3bIBa€MbIE)» IMOJIOKEHUS IMPEACTaBISIOTCS BEChbMa JANEKUMU OT
JEHCTBUTENBHO UHTEPECHBIX MATEMAaTUUYECKHUX 33/1a.

Mexny Ttem Teopema ['€menst yTBepxkmaeT, dTO s JHOOOH JOCTAOYHO CIIOKHOM — omeparuu
«J10KazarenbCcTBay P (KOTOPYIO Mbl TOTOBBI PUHATH B KAUECTBE COBEPIIEHHO HA/IEKHOM) MOMXKHO MPEJI0KUTD
yeTkoe apudmernueckoe nocrpoenue G(P), kotopoe Mbl TOKe AOIKHBI CUUTATh COBEPILIEHHO HAJEKHBIM, HO
KOTOpOE HEeJb3s JI0Ka3aTh IpU MOMOIIM UCXOAHOM npouenypsl P. TpynHoCTh BocHpusaTUs TEOPEMBI CBSI3aHA C
TeM, 4To peaibHoe apudmernyeckoe nmocrpoenue G(P), cozmaBaemoe mo mpsimomy penenty ['€aensi, Moxer
0Ka3aTbCs MCKIIIOUUTENBHO TPYIAHBIM ISl MOHUMaHWS U HE IMPEACTaBIATh HUKAKOTO MaTeMaTUYEeCKOTro
uHTEpeca (3a UCKITIOYEHHEM JIHIIb caMoro ¢akTa, 4TO OHO SBJSIETCS UCTUHHBIM, HO OJJHOBPEMEHHO HE MOXKET
OBITH BBIBEJIEHO W3 UCXOAHOro mnojoxkeHus P). Iloaromy naxke caMu MaTeMaTUKH 3a4acTyl0 OTHOCATCSA K
noctpoenusm tuna G(P) ¢ moaHbsIM mpeHeOpekeHueM.

OpnHako B HEKOTOPBIX CIIydasiX MpUMEHEHHs TeopeMbl ['€1emst 0ka3bIBalOTCs MPOCTHIMHU U MOHSITHBIMH JaKe
JUIs TeX, KTO HE BJaJeeT CIIOKHOM MaTeMaTH4eCKOH TEXHUKOM W 3HaeT JHIIb CUCTeMY O0O3HauyeHUH,
UCIIOJIb3YEMBIX B ILKOJbHOW apu¢meruke. [IpuBoAMMBIIN HUXKE 3aMedaTeNbHBI MpPUMEP TaKOrO THMA B3SIT
muoro U3 nexnuu [Ipna M3aakcona (mpountaHHOU yxke mocie TeHHEepOBCKUX JIEKIMH, HA OCHOBE KOTOPBIX H
Obly1a HamucaHa 9Ta kKHuUra). [lomyueHHBINH pe3ynbTar Ha3biBaloT TeopeMoit ['yacrelina [1], u MHE KaxeTcs, 4To
YUTaTEN0 Oy/leT MOJE3HO 03HAKOMUTHCS C €€ MOJHBIM J0Ka3aTeIbCTBOM U MOJYYUTh SCHOE MPEICTaBICHHUE O
BO3MOXHOCTSIX U OCOOCHHOCTSAX pa3IMYHBIX BapHaHTOB TeopeMsl ['€nens [2].

Jlst moHuMaHus O0IIEro cMbICiIa TeopeMbl ['yacTeliHa pacCMOTPUM MTPOU3BOJIBLHOE MOJOKUTEIEHOE YHUCIIO
(HammpuMmep, 581) u mpexie BCero npecTaBuM €ro B BHJIE CyMMBI CTEIIEHHBIX YJIEHOB C OCHOBaHUEM 2, T. €. B
BUJIE

581=512+64+4+4+1=2"+2°+22+2°

DTO SKBUBAJIEHTHO 3amucu uucia 581 B OunapHoi cucreme, umeromiedt Bua 1001000101 (rae 1 o3Havaer
HaJIM4Me B CyMMeE 4WIeHa C COOTBETCTBYIOLIEH cTeneHbto yrcia 2, a 0 — oTcyTcTBHE Takoro wieHa). Crenyer
Cpa3y NOSICHUTb, YTO IIOKa3aTeIN CTENEHH B IOJYYEHHOM BBIPAKEHHUU TOXE MOTYT OBbITh Pa3jioXeHbl IO
cTeneHsiM 2 (T. €. yucna 9, 6 u 2 MOryT OBITh TIepenucaHbl B Buae 9 = 2+206=22+2' 2= 2%, uro maer

581 = 22°+14 22°41 4+ 22 4 1,

IIpogomxast 3Ty IPOCTYHO ONEPALMI0 Jaible, T. €. pas3jaras Mo cremneHsaM 2 uuciao 3 (3 = P 20),

OKOHYATEJIbHO UMEEM
581 = 2271+ 4 227424 924 1,

Takoe pasno’keHue JEeTrKo MOJy4YuTh AJIA JH00ro ymcia (MOHSATHO, YTO JUIS OOJBIIMX 4YHCENd Mbl Oyaem
UMETh B TIOKa3aTese CTerneHu 00Jiee BHICOKUX MOPSIKOB).

Jlanee Mbl MOkeM 000OIIUTE HAIlIK AEWCTBUS, UCTIOJIb3Ysl MONEPEMEHHO JIBE OTepaluu:

a) yBeJIMUEHUE «OCHOBaHM» Ha |

"
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0) BerunTanue 1.

«OCHOBaHUEM» B BBIITUCAHHBIX BBIIIC PA3JIOKECHHUSIX BBICTYIIAJIO YHCIIO 2, OJHAKO MOHITHO, YTO MBI MOXKEM
Pa3oXKHUTh Yncio 581 TeM )Ke METOJI0OM, MCIOJb3ysl B Ka4eCTBE OCHOBaHMS apyrue uucna (3, 4, 5, 6 u 1. 1.).
Hanpumep, npuMeHsst onepanuo «a» K NoJydeHHOMY pa3ioxeHuto 1 581 (T. e. 3aMeHssa ocHOBaHME 2 Ha 3),
MBI [TOJIYYUM HEKOE HOBOE Pa3JIOKEHUE M0 CTENEeHIM Yucia 3 B BUJIE

333+1+1 + 333_1+3 + 33 +1,

KOTOpOE MpH 3allUCM B OOBIYHOM BHJAE NpeicTaBiseT coboit 40-pa3psaHoe yucio (HAYMHAIOIIEeCs C
133027946...). Ucnionb3yst 3aTeM onepanuto «0», Mbl BBIYTEM U3 HETO €AUHULLY U TIOJTYYUM YHCIIO

333+1+1 + 332+3 + 33’
KOTOpOE, €CTeCTBEHHO, OyneT uMmeTh 40 pas3psAmoB M HaunHaTbes ¢ Tex ke nudp (133027946...). [Ipumenss
BHOBb OIEpaIUIo «a» (T. €. 3aMeHsIsd OCHOBaHUE 3 Ha 4), Mbl ITOJIYYUM YHCIIO

YL S ST Sk L
KoTopoe umeeT 618 paspsmoB (HaunHaercs ¢ 12926802...). Ilocne onepanuu «6» (BRIYUTAHHE SIUHUIIBI) OHO
NepenJieT B

44T 4 484 4 3%a® 4 3 4% 3x4 + 3,

B sT0i1 3anucu yncio 3 BO3HMKAeT aHAJIOTMYHO TOMY, Kak u3 uyucia 10000 mocie BbIYMTAHUSA €OUHULIBI

nosiBisieTcs psag 9999. Crnenyronias onepanus «ay» 1aet

557741 4 55745 4+ 3%5% + 3% 5%+ 3x5 + 3
(10923-paspsaHoe unciio, HaurHaromeecs ¢ 1274...). 3amersre, 4T0 KOAPQPHUIIMEHTH! 3 B 3TOM BBIPAXKEHUH, KaK
M TI0JIaraeTcsi, MEHbIIIE OCHOBaHUsS (cedyac OHO paBHO S5) WU HE MEHSIOTCA ¢ pocToM ocHoBaHus. [locie
omepanuu «0» MoJTydIuM

5577141 4 55745 4 3%5% 4+ 3% 5%+ 3x5 + 2,

[Ipogomxasi MPUMEHATH MOTIEPEMEHHO OMEPaLUU «a» U «O», Mbl OyZieM IoJIydaTh Bce 0oJiee BO3pacTaroliue
YHUClla, W TMPEACTABISACTCS COBEPIICHHO ECTECTBEHHBIM, YTO 3TO OYAET MPOJODKATHCS O OCCKOHEYHOCTH,
OJIHAKO Jeno oOCTOMT coBepuieHHO He Tak! 3ameudarenbHas Teopema ['yacreliHa yTBep)kKJaeT, 4YTO B
JIEHCTBUTEILHOCTH HE3aBHUCHUMO OT BHIOOpA MCXOMHOTO ILIEJIOTO MOJOKHUTEIBHOIO YUCia (B HAIEM CiIydae 3TO
ObL10 yKco 581) KOHeUHBIN Mpe/en MoIy4aeMoi MocIe10BaTeIbHOCTH BCeria OyeT paBeH Hyo!

OTOT OUICIOMIISIIOIIUMA PE3yJIbTAaT KaKETCs COBEPIIEHHO HEBEpOsATHbIM! OHaKO OH OE3YyCIIOBHO TOYEH, U
YTOOBI YOETUTHCS B 3TOM, 5 MIPOCTO PEKOMEHAYI0 YUTATENsIM CaMUM MPOBEPHUTH 3Ty CXEMY, B3B B KadeCTBE
FICXOJIHOTO TOJNIOXKHATENbHOr0 uncia 3. IlepBoe pasnoxenue maer 3 = 2' + 1, mocie 4ero mpy depeoBaHHH
orepanuil «a» u «0» IMocienoBaTensbHO MmodyvatoTes umcna 3, 4, 3, 4, 3, 2, 1, 0. JInsg ucXOgHOTO LEI0ro
MOJIOKUTEIHHOTO YHCiIa 4 TIEPBOE Pa3IOKEHHWE UMEET BUI 4 = 22, MOCJIe Yero MPHU YepEeOBAHUHU «a» U «O»
MOJIy 4aeTcsl AJIUMHHBIN pan uucen: 4, 27, 26, 42, 41, 61, 60, 84,... u T. A., KOTOPBIH MOCIE OYEPETHOTO
orpoMHoro 121210695-pa3psaHoro yucia BHOBb JJa€T HYIb.

Eme 6osee mopa3uTensHbIM SBISETCS TO, UTO TeopeMa ['yacreliHa B A€WCTBUTEIHHOCTH MPECTABISAET COOOM
Teopemy [enens, MPUMEHEHHYIO K XOPOIIIO U3BECTHOMY M3 IIKOJIBHON MPOrpaMMbl METOJIY MaTEMaTUYECKON
MHAyKIMU. HanmomHIO, 4TO B COOTBETCTBUU C 3TUM METOAOM JUIsl JI0KA3aTEeNbCTBA CIPABEMJIMBOCTU KaKOIO-
00 MaTeMaTUYECKOro yTBepkaeHust S(n) s Bcex yucen N = 1, 2, 3,... Heo0X0oauMo J0Ka3ath, 4to: 1) S(n)
BBITIOJHSAETCS /Tt N = 1 U 2) U3 ClpaBeUIMBOCTH yTBepxaeHus S(n) mis N crieayet, uro S(n + 1) Takke
crpaBeBO. OOIIEN3BECTHRIM MPUMEPOM MOKET CIIYKHTh BBIBOJ (POPMYIIBI JIsl CyMMBI YHCEN HATYPATHHOTO
psaaa

1+2+3+4+5+. +n=-n(n+1).

OueBugHo, uto (hopmyna BepHa mpu N = 1. OueHb JIETKO TakXKe IMOKa3aTh, YTO €CIM OHA BEpHA TPHU
HEKOTOPOM N, TO U3 ATOTO Cpa3y CIEAyeT aHaJOruuHOe BeIpakeHue ais (N + 1). [eiicrButensHo, mist (N + 1)
uMeeM

1 1
142+3+..+n+(n+1) = 5N (n+1)+(n+1):5(n +1)[(n +1)+1].

B pabore Kup6u u Ilapuca [3] Obimo moka3aHo, 4to, 0003Ha4uB uepe3 npouenypy P B teopeme I'énens

MPUHIIAIT MaTEMaTHYEeCKOH WHAYKIUU (BMECT€ C TPHBHAIBHBIMH apUPMETHUYCCKHMH W JIOTHYCCKHMH

ornepauusMu), MoxkHo npuMmeHuTh K G(P) teopemy ['yacreitna. U3 storo ciemyer, 4ro eciud Mbl BEpUM B
CIPaBeUIMBOCTh MPUHIUIIA MATEMATUYECKON MHAYKINU (KOTOPBIM MpeacTaBiseTcss 0€CCIIOPHBIM), TO JTOJKHBI



IOBEPUTh U B CIIPABEUIMBOCTh TEOPEMBI ['yncTeliHa, HECMOTpPS Ha TO, YTO €€ HENb3s J0Ka3aTh, MOJIB3YSACh
TOJIBKO IPUHLIUIIOM MaT€MaTU4eCKOW NHIAYKIINH!

CMBICIT «HEIOKAa3yeMOCTH» 3aKJII04aeTcss B TOM, 4TO Teopema ['yncreiiHa BOBCE HE CKPBIBAE€T OT HAC
VCTUHHOI'O TOJIOXEHUs Bemed. MHTynuys no3BoJisieT HaM JIETKO IOYYBCTBOBAaTh OTPaHMYEHHOCTH IPOLEAYP
IIPUBEICHHOTO BBILIE JOKa3aTeabcTBa. Ha camoMm geine, nokaseiBas CBOIO TeOpeMy, ['yICTeHH HCIOIb30Ball
MaTeMaTHYECKUH TpHEeM, MMEHYEeMBbIH «TpaHCUHHUTHOW HHIyKIMeH». B paccMmarpuBaeMoM ciiydae 3TOT
IIPUEM IOAPA3yMEBAET HEKUE MHTYUTUBHBIE PACCYKICHMsI, KOTOPHIE BBITEKAIOT U3 «I0BOJA», YTO TEOpEeMa
I'yacreiina cnpaBeqinBa Ha camMoM jeie. Takod k€ MHTYUTUBHBIM IOJXOJ| BBISBISETCS NPU PACCMOTPEHUU
MHOI'MX JpPYruX BapUaHTOB TeopeMbl ['yiacteiiHa. CkpomHas omnepaius «0» IMOCIeA0BaTeNbHO «pa3pyliaeT
OallHM» U3 MOKa3aTelel CTENEeHeH, ONMUCHIBAIOIINX YYAOBUIIHBIE 10 BEJIUYMHE YKCIa, KOTOPblE BO3HUKAIOT B
IIPOLIECCE UTEPALIUH.

Bce ckasaHHOe HarjasAHO AEMOHCTPUPYET, YTO IOHHMMAHUE KaK CBOMCTBO OY€Hb TPYAHO OIHCHIBAETCS
KakuM-In060 HabopoM mpaBuil. bosiee Toro, 3To CBONCTBO 3aBHCHUT OT HAIIEro CO3HAHUS U, CJIEIOBATENBHO,
1r000€ CO3HATENbHOE MOBEJCHUE HEOOXOJMMO YYHUTBIBATH NMPH PACCMOTPEHUHU d(P(deKTa «TOHUMAHUA», T. €.
HEKOTOPBIE 3JIEMEHThl HALLEr0 CO3HAHUSA HE MOTYT OBITh ONPEAETECHBI C MCIOJIb30BAaHUEM BBIYMCIMTEIbHBIX
IIpaBUJI U Ollepanuil pasHoro tuna. Mimeercss MHOro OCHOBaHHWM CYMTATh, YTO HAIIE CO3HATEIBLHOE IOBEICHHE
ABJIETCS CYHIECTBEHHO «HEBBIYMCIUTEIIBHBIM IIPOLIECCOM.

B mpuBeneHHBIX pPACCYyKIEHUSX COAECPKHUTCS MHOTO <«JIa3€€K», KOTOPbIMHM, KOHEYHO, MOTYT
BOCIIOJIb30BaTbCsl CTOPOHHUKHU «BBIUMCIUTENBHONW (unocoduu» i TOro, 4roObl «BEpHYTb» MBbICIsIIEE
CO3HAHHUE B JIOHO BBIYMCIMMOCTU. DTH JIa3eMKU BO3HUKAIOT IJIABHBIM 00pa3oM BCIIEJCTBUE TOTO, YTO Hallla
CHOCOOHOCTh K IIOHUMaHHIO (0COOEHHO K MaTeMaTHYeCKOMY) MOXKET ObITh OCHOBaHa Ha Kakoil-To
BBIYHCIIUTEILHON TPOLIEIype, KOTOPYIO MBI MOKa JIMOO HEe OOHAPYKWIK (HAIPUMEp, U3-3a CIONKHOCTH), JTUOO
BBISIBUJIM JIMIIb YaCTMYHO, HETOYHO WM NpUOIM3uTeNnbHO. YuTaTens, 3aMHTEPECOBABIIMIICS ITHUMHU
npo0iieMaMu U KEJIAIOLIUN MOJIYYUTh O HUX JOTIOJIHUTEIbHBIEC CBEICHMS, MOXKET O0paTUTHCS K 1. 2 U 3 KHUTH
«Tenu pazyma» (B KOTOPBIX 5 MOMBITAICS MOJPOOHO PACCMOTPETh pa3HOOOpa3HbIe «Ia3eHKNU» TaKOro THIIA), a
Tak)Ke MPOCMOTPETh MOH JTOKJIaa B xypHaiie Psyche [4].
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IMMPNJIOKEHMUE 2
JKCIEPUMEHTHI 10 TPABUTANMOHHO-
HHAYUHUPOBAHHOU PEAYKIIUUA COCTOSIHUH

B ra. 2 g BeICKa3ai npeanoioKeHNe, YTO KBAaHTOBAsA CYNEPIIO3ULINS JIBYX COCTOSIHUM (XapaKTepU3yIOLUXcs
3HAYUTENIBHBIM CMELIEHUEM IIPHU MEPEXO0Je OT OJHOIO COCTOSHUSA K JIPYrOMY) MOKET CIIOHTAHHO, 0€3 KaKoro-
A100 BHEIIHErO «M3MEPUTEIBHOI0» BO3JACHCTBUS PEAYLUPOBATHCS, «CTATUBASCh» B OJJHO U3 ATHX COCTOSIHUM.
[Ipemmaraemas oovexkTuBHas penykuus coctosiHuii (OR) mpoucxoaut 3a Bpems mopsinka T = h/E, rne E —
IpPaBUTALlMOHHASI SHEPrus, COOTBETCTBYIOLIAS CMEIIEHUI0O MacC MEXJIy OTUMHU COCTOSIHUSAMH. [ns
(UKCUPOBAHHOTO CMEIEHUS 3HEPrui0 E MOKHO IPUPABHATH pa3HULIE SHEPTUI MEXKy COCTOSIHUSIMU O0BEKTa B
IPaBUTALlMOHHOM II0JIe, T. €. COOCTBEHHOM TI'paBUTAIMOHHOM JHEPrHMM, COOTBETCTBYIOLIEH pa3HUIIE
I'PaBUTALIMOHHBIX MOJEH AJIs pacnpeeeHns Mace B ABYX COCTOSIHUSX.

3a BpeMms1, IpOIIe/IIee MoCe MEePBOro M3AaHus 3TOM KHUTH, ObUIM BBIIBUHYTHI HOBBIC HICH, KACAIOIINECS
KaKk TEOpeTHYECKOro OOOCHOBaHMs, TaK M BO3MOXKHOM SKCIIEPUMEHTAJIbHOM MPOBEPKU IPEJI0KEHHON
TUTIOTE3bI. 37I€Ch MOKHO HAalIOMHUTh 4uTaTelnto 3amedyanre CTuBeHa XOKHHTA MO0 3TOMY MOBOAY (cM. c. 166).
(«...Ilenpoy3y Toxke He ynanoch pa3paboTaTh JOCTATOYHO YETKYIO TEOPHUIO, MO3BOJIAIONIYIO BBIYMCIATh, KOTJa
JOJDKHA TPOUCXOJUTh OOBEKTHBHAS PEAYKIHS»), MOW OTBET Ha A3TO 3ameyaHue (c. 178) m HeKoTophie
coo0OpakeHHsI 110 MOBOLY IKCIIEPUMEHTAIBHOM MpoBepkH (c. 93).

C teopernyeckoil TOUKHM 3peHus MpeasaraemMas uaest 1eUCTBUTENBHO €1IE JajleKa OT 3aBEPIIEHHOCTH, YTO 5
caMm oTMeual Kak B JaHHoW kHure (c. 91), Tak u B «Tensax pasyma» (pas3a. 6.12), OCKOIbKY OHAa HE COAEPIKUT
(GyHAaMEHTaNbHBIX NapaMeTpoB MacIiTada, CBA3BIBAIOLIMX T'PAaBUTALIMOHHYIO NocTosHHYylo G ¢ A u c.
Cka3aHHOe B paBHOW Mepe OTHOCHUTCS U K O4eHb OlM3KoW runorese, BbiBUHYTOH Jlpomum B 1989 r. [Tpuunna
TaKO! HEMOJIHOTHI TEOPUH 3aKJIOYAETCSI B OTCYTCTBUHU SICHOTO KPUTEPHSL, TO3BOJISIFOIIETO BbI AETUTH UMEHHO TO
COCTOSIHUE, B KOTOpPOE JOJDKHA PENYLMPOBATHCS MCXOAHAsA cucTema. CumTas BBIIEICHHBIMU «IIO3ULUOHHBIE
COCTOSTHUS» (B KOTOPBIX KaX/1asi YaCTHIlAa UMEET COBEPIIEHHO OINPEAEICHHYIO, TOYEUHYI0» JIOKAJIN3aIHI0), MBI
HOJy4aeM JJsl COOTBETCTBYIOIIEH TpaBUTALMOHHOM »Hepruun E OeckoHeuHble 3HAueHUs, BCIEJICTBHE YEro
JOJKHA HaOMI0AaThCsl MCHOBEHHAs PENYKIUS BCEX COCTOSIHMM. Takoil BBIBOJ SIBHO HE COTJIACYETCSI CO BCEMU
HOJPOOHO M3YYEHHBIMH KBAHTOBOMEXaHUYECKUMH 3(PdeKkTaMu, oHAKo 0e3 HCIOJIb30BaHUs KaKUM-JINO0
00pa3oM BBIJICJIEHHBIX COCTOSIHUN HEJb3sl TMOCTPOUTH PAa3yMHYIO (U3WYECKYI0 KapTHHY, T. €. OTIEIUTH
HECTaOMJIbHBIE CYNEPIO3UIMH OT KOHEYHBIX (BBIJCJIIEHHBIX) COCTOSIHUM, B KOTOpBIE 3TH CYINEPIO3UIMU
JIOJDKHBI TEepedTH Toclie pacrnajga (HAamoMHIO, 4To Bpems pacmaga B QR-mozmenu cocraBnsier A/E, a nns
ToueuHol maccel E = o). B ynmomsinyTOoi pabore Jpoimmn OBLIIO TPEAsOKEHO OTKA3aThCsl OT COXpaHEHUS
9HEpPruH, OJHAKO, KaK MOKAa3aJu Mo3/{Hee aBTOPbI paboThl [ 1], modydyaemble PH 3TOM BBIBOJII COBEPIIEHHO HE
COOTBETCTBYIOT HAaOIOJAA€MbIM 3aKOHOMEPHOCTSIM. OTO TPOTHUBOPEUYME OHU YCTPAHUIU BBEACHHEM
JIOTIOJTHUTEHHOTO TapaMeTpa (hyHIaMEHTAIBHOW JUTMHBI A), OJHAKO TPH 3TOM UM HE YAaJIoCh 0OOCHOBAThH
anpuopu Kakylo-HUOYAb CXeMy NpaBUIbHOM oleHkn napamerpa A. Ilo cymecTBy, B TNpenokKeHHOM
MOJU(HUIMPOBAHHONW MOJIENU MPOLIECC MPOCTPAHCTBEHHOM PEIYKIIMU COCTOSHUI JIOKATU3UPYeT YacTHUILy HE B
OIIpeJICTICHHOW TOYKE, a B €€ OKPECTHOCTH (C IMaMETPOM JIOKAIN3AIHY, PABHBIM A).

B mpennaraemoii MHOIO HIDKE CXE€ME WCTOJIB3YIOTCS HE JOMOJHHUTEIbHBIE TapaMeTpsl (Tuma A), a TOJIbKO
y’Ke M3BECTHhIE (yHIaMeHTalbHbIe KOHCTAaHTH (G, A U ¢), CBA3aHHBIC C pacCMaTPUBACMBIMH IpoIieccaMu (B
HEPESITUBUCTCKOM Cllydae KOHCTaHTa C HE CBSI3aHA C MpoIleccOM HemocpencTBeHHo). Kakum obpazom B 3Ty
MOJIeNIb MO>KHO BBECTH BBbIIEIEHHBIE COCTOSHHUA? Mos uIes 3akitoyaercss B TOM, YTO IpPH MalblX (IO
OTHOUICHHIO K C) CKOPOCTSAX M MaJibIX I'PaBUTAI[MOHHBIX MOTEHIIMAJaX TaKWe COCTOSHUS JOJKHBI SIBISTHCS
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CTAllMOHAPHBIMU PEIICHUSMU YpaBHEHMsI, KOTOpoe s Ha3biBato ypaBHeHueM lllpenunrepa—HpioToHa. OHO
MpeacTaBisieT coboil (HepensTuBucTCckoe) ypaBHeHue Ilpemunrepa mist BomHoBoM GyHkumu W, HO ¢
JOTIONTHUTEIBHBIM YJIEHOM, OMNHCHIBAIOIIUM JEHCTBHE HBIOTOHOBCKOTO TpPaBUTALIMOHHOTO mMoTeHIuana O,
npuyeM HCTOYHUKOM At D sBisieTcst oxkuaeMoe pacrpeseseHue mMacce, coorsercrByroniee pynkuuu V. B
ofmieM cliydae Mbl IIOJIy4aéM CHUCTEMY HENUHEHHBIX Au(QepeHurnaIbHblX ypaBHEHUH B YaCTHBIX
IIPOM3BOJHBIX, BO3MOKHOCTH PEIIECHUS KOTOPOW €llle MPEeACTOMT HccienoBaTh. [lonmydyeHue cranmoHapHBIX
pellleHnit HEe CHCTEMbI, a Jake OJHOT0 TAaKOro YpaBHEHHs Ui TOYEHYHON 4acTHULbl (C Y4ETOM IOBEACHUS
peleHnii Ha GECKOHEUYHOCTH) SBJISIETCS TIOCTATOYHO CIOXKHOM 3amaueii. OHaKo, Kak HelaBHO ObUIO MOKa3aHO
[2], U1 TOYEYHOM YaCTHUIIbI TAKKE PEIICHUS JEHCTBUTEIBHO CYIIECTBYIOT, UTO JI0Ka3bIBAET, 110 KpalHel Mepe,
MaTEMaTUYECKYyI0 0OOCHOBAaHHOCTb MOJIEIIH.

OCHOBHOM BONPOC, KOHEYHO, 3aKJIIOYAETCS B TOM, HACKOJIBKO TMpEAsiaraéMble CXEMbl COOTBETCTBYIOT
peaIbHBIM IIpoLeccaM, MPOUCXOAAIMM B MaKpOCKONMUYECKHUX KBAHTOBBIX cynepno3uuusax. MHTepecHo, 4TO
y)Ke ceiiuac MOXKHO YKa3aThb HEKOTOpPbIE BapUaHThl SKCIIEPUMEHTAJIbHOW MPOBEPKU BBIIBHUHYTHIX THIIOTE3.
[IpoBeneHne KOHKPETHBIX SKCIIEPUMEHTOB INPEACTABISAET CIOXKHYIO 3aJady, OJIHAaKO OHA B IPHUHIIUIIE MOXKET
OBITh pellleHa YK€ Ha CYIIECTBYIOIIEM YPOBHE H3MEpUTENbHON TeXHUKH. OCHOBHAs HJies CBOAMUTCA K
U3YYEHHUIO MOBEJEHUS KPOLIEYHOI'O KpUCTajlia (MM NBUIMHKH), ONMCHIBAEMOIO KBAaHTOBOHM CYIEpHO3HLMEN
JIBYX OUYEHb OJIM3KUX KBAHTOBBIX COCTOSHUNA. HeoOXOaMMO BBISICHUTH MPEXAE BCEro, MOXET JHM Takas
CYIEPIO3UIIMS CYIIECTBOBAaTh B BUAE KOI€PEHTHOW CMECH COCTOSIHUI (JOCTATOYHO KPYMHBIX ISl U3MEPEHUs)
WK OHA Oy/eT CIIOHTAHHO PACMagaThCsl C MEPEXOAOM CHUCTEMbI B OJTHO U3 3THX COCTOSHUU. B mpennoxeHHoi
MHOIO BBIIIE MOJENU OyIeT MPOMCXOAWTh MMEHHO pacmal, B TO BpeMs Kak B OOUICTIPUHATON TEOpHUU
CYINEpHO3UIMs J0JDKHA CYHIECTBOBaTh OECKOHEYHO JOJIro, €cid Ha Hee He OyAeT JeiicTBOBaTh KakKoi-TO
BHEIIHUM IeKOrepuUpyrOLIHi (pakTop, HapYyIIAIOIINI «4UCTOTY» COCTOSHUM.

OOwiast cxema JByX YCTaHOBOK Uil IPOBEIEHHsS] TAaKUX SKCIEPUMEHTOB (OJHA M3 KOTOPBIX OTHOCHUTCA K
JKCIIEpUMEHTaM Ha 3emiie, a BTOpas — B KocMoce) npuBoautTcs Ha puc. 1 [3]. Cxembl OTHOCATCS K
perucTpanuu Bo3aeicTBUS (POTOHOB, OJHAKO UX MOKHO 000OIIUTH B MPUHIUIIE ATl PETUCTPALIUU BO3ACHCTBUS
JPYTrUX TUIOB YacTUI. B 3€MHBIX YCIOBHSAX OIIBITHI, TO-BUIUMOMY, CIIEAYET NMPOBOANUTH HE ¢ (poTOHaMH, a C
HEHUTPOHAMH WM COOTBETCTBYIOIIUM OOpPa3oM MOAOOPaHHBIMH HEUTPATbHBIMH aTOMaMH. JTO O0YCIOBIEHO
TeM, 4TO (POTOHBI (€CIM SKCIEPUMEHT IMPOBOAMUTCS WMEHHO C HHUMH) IOJDKHBI OBITh PEHTTCHOBCKHUMH
(BbIcOKORHEpreTHueckumu). [IoHATHO, yTO Ha 3emiie TPYIHO CO3[aTh PE30HAHCHYIO IOJIOCTh IS TaKUX
($OTOHOB, B TO BpeMsl Kak B KOCMOCE pOJIb TAKOW IOJOCTH MOKET ChIrpaTb PAaCCTOSIHUE MEXIY JIBYMS
KOCMHMYECKHMH amnmnaparamu. /[ mpocToTsl U310KeHus s Oyay HUXKe Ha3blBaTh «(POTOHAMM» BCE BO3ZMOXKHBIE
THUIIBI UCIIOJIB3YEMBIX B OKCIIEPUMEHTE YaCTHLI.

PaccmoTpuM onnHOUYHBINA (POTOH, MoMajaromuii Ha CBETOACTUTENb (pacIlenuTeNb), KOTOPBIA pacuerniseT
KBaHTOBOE COCTOSIHME (JOTOHA Ha JIBE COCTABIIAIOIIME (T. €. CO3JIAaeT CYIEPIO3UIINI0) C PAaBHOW aMILTUTYOM,
1oCJI€ 4Yero ojHa M3 HUX (OTpakKeHHas 4acTh) 3ajepxuBaercss (Hampumep, Ha 1/10 cexkyHnbl) Oe3 morepu
($a30BOii KOTEPEHTHOCTU. B 3€MHBIX YCIOBHSX OSTOTO MOXHO JOOUTHCS, BBOAS (POTOH B Kakyro-IubO
PE30HAHCHYIO IOJIOCTh, & B KOCMOCE OTPa)XEHHBIH (POTOH MOKHO HANpaBUTh K «PEHTTEHOBCKOMY 3€pKaiy»,
CMOHTHPOBAaHHOMY Ha JOCTaTOYHO YAaJ€HHOM KOCMHYecKOoM miuaTgopme (OHa MOXKET pacrojiaraThes,
HalpuMep, Ha pPACCTOSHUU MOpsaka auMerpa 3emiM). [pyras cocrapisiomas (MpOXoJdiuas YacTh)
CYMEPIIO3UIMN TONaJaeT Ha MaJIeHbKUW KpUCTAT (ColmepiKalluii, CKa)X€M, BCETrO OKOJIO 10" sanep) u
OTpakaeTcs OT Hero, nepeaaBas KpUCTALTy 3HAYUTEIbHYIO 4acTh CBOEro ummyinbca. Ilpu skcnepumenTe Ha
3emyie OTpakeHHas OT KpucTaula dYacTb (oToHa (TouyHee, (OTOHHOIO COCTOSIHUS) TIONAJaeT B
3a/Iep’)KUBAOILYIO TIOJIOCTh, @ MPU 3KCIEPUMEHTE B KOCMOCE — Ha ONMCAaHHOE BbIIE 3epkano. Kpucramn
JOJIKeH OBITh M0I00paH TakKuM 00pa3oM, 4TOObI MepeJaHHbI eMy UMIYJIbC paclpenessuics M0 BCEM aToMam
(Takue KpUCTaJUIbl MHOT/IA Ha3bIBAIOT MEccOayIpOBCKMMH) 0€3 3aMETHOro BO30YXJEHUS MOJ BHYTPEHHHX
konebanuii. Kpome Toro, Ha Kpuctail JeHCTBYeT «BOCCTaHABIIMBAOIIAs Cuiia» (00O3HAaYeHHas Ha PUCYHKE
NPYKUHOM ), KOTOpast yepe3 HEKOTOPBI MPOMEKYTOK BpeMeHH (Harmpumep, 3a 1/10 cexyH 1pI) BO3BpalaeT ero B
ucxoaHoe nonoxenue. Ilpu skcnepuMenTe Ha 3emiie UMEHHO B 3TOT MOMEHT OTpa)K€HHas 4yacTb (OTOHa
UCITYCKaeTcs U3 MOJOCTH U, JABUTasiCh IO TOW K€ TPAeKTOPUH B OOpPATHOM HAIPaBIICHUH, «TAaCUT» CKOPOCTh
BO3BpAIIAIOILErocsi Ha CBOE MeCTo KpucTasuia. Jlpyras yacTh (POTOHA TakyKe UCIyCKaeTcs U3 MOJIOCTH (C OUYEHb
BBICOKOW CHHXPOHHOCTBIO) TaKMM 00pa3oM, 4ToObl 00€ YacTH BHOBb COEAMHUIIMCH HA TOW e TOUKe
CBETOpA3JEIUTEIBHOTO YCTpPOHCTBA. B KOCMHYECKOM 3KCIEepUMEHTE 3€pKajo Ha IIaTgopMe aHaJIOrHYHO



oTpaxkaeT obe vactu ¢ortoHa. B 000uMx BapmaHTaX OCHOBHAs II€Jb COCTOMT B TOM, YTOOBI HE HAPYIIUTH
(ha30ByI0 KOTePEHTHOCTH Bcero mporiecca. O6e yacTu GoToHA TOKHBI OOBEAMHUTHCS B CBETOPA3ICTUTENE TIPU
JaHHOH (haze W JBHTaThCs HA3all 1O TOW YK€ TPACKTOPHH, B PE3YyJIbTAaTe YEro JCTEKTOP, YCTAHOBJICHHBIH Ha
IYTH JIPYTOTO IydKa (OT CBETOPA3ICIUTENS), HE CpabaThIBAET.
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Cxembl 3KCl’l€pl/lM€HmCl]ZbH01:i npoeepKku npedﬂazaeMblx MOdeﬂeﬁ, a — IKCNepumMeHrm 6 36 MHblX YCI06UAX, 9]
— IKCnepumeHm 6 Kocmoce.

S npennonararo, 4TO CyNnepro3uLus ABYX MOJOKEHUN KpUCTallia, cyliecTByomas B TeueHue 1/10 cexyHbl
IIPY ONKCHIBAEMOM SKCIEPUMEHTE, SBJISIETCS HECTAOMILHON U JIOJKHA PaclacTbes MPUMEPHO 3a 3TO JK€ BPeMs.
CuuTtaercs, 4To 0XHJIaEMOE paclpeieseHue Macc, ONUChIBAEMOE BOJIHOBOM (YHKIIMEH Takoro KpucTasia,
COOTBETCTBYET KOHLIEHTPUPOBAaHHBIM MaccaM aTOMOB, JKECTKO 3aKPEIJICHHBIX B YCPEJHEHHBIX IOJIOKEHUAX. B
3TOM CJy4ae CYIIECTBYET JOCTAaTOYHO OOJbIIasi BEPOSITHOCTh TOTO, YTO CYNEPHO3MUIMS JBYX IOJOXKEHHUH
KpUcTalia (KCTaTH, Takas CYNEpIo3UIMs M COOTBeTcTBYeT «korTy Illpeaunrepa») mocie CHOHTaHHOM
PENYKIIMU aKTyaJIbHO MeperaeT B OAHO M3 [JBYX TNOJIOKeHWH. Ilpm 3TOM JOIDKHA NOpPOU30UTH U
COOTBETCTBYIOIAs] PEAYKLHs COCTOSIHUSA (DOTOHA (IOCKOJIBKY COCTOsiHHE ()OTOHA € caMoro Havaja ObLIo
NEepernyTaHo C COCTOSIHMEM KpHUCTajula), BCIEACTBME Yero (OTOH JODKEH JIBUraThCsl «I10 OJHOM W3
TpaekTopuit». [Ipu aToM Hapymaercs ¢a3oBasi KOTEPEHTHOCTb ABYX Jy4ed, U JE€TEKTOP MOXET C JI0CTaTOYHO
00JbII0H (BBIYMCINMOI) BEPOATHOCTHIO 3apETUCTPUPOBATH TPOXOXKIEHHE (POTOHA.

Pa3ymeercs, B pealibHBIX 9KCIIEPUMEHTAX ONMCAHHOTO TUIIA MOKHO IIPUIYMAaTh U IPYrHe METOABI CO3JaHMs
JIEKOTEPEHIINH, pa3pylaniied nHTephepeHIUIO ABYX BO3BPAIIAIONINXCS M3 YCTaHOBKH Jydend. OOmas 1einb
COCTOMT B CHW)KEHHMH AEKOTEPEHLIMU K JOCTaTOYHO MaJOM BEJIWYMHE, JJIS YEro CIEAYeT MU3MEHATH YCIOBHSA
JKCIIEpUMEHTa (pa3Mepbl U TUIT UCIIOJIb3YEMOT0 KpUCTallja, €r0 TCOMETPUYECKOE MOJIOKEHUE U T. 1.), C TEM
4yTOOBI OMNpPEJEeNTUTh KOHKPETHOE BpeMs JEKOTepeHIIMM B COOTBETCTBMM ¢ mpeiaraeMoil OR-cxemoid.
Cy1iecTByeT MHOTO JPYTUX MHTEPECHBIX BapUaHTOB MPOBEACHUS TaKUX SKCIEPUMEHTOB (Hampumep, JIrockeH
Xapay TMpeuIokKU HUCIOJIb30BaTh JABa (POTOHA, YTO JAET 3HAYUTENbHBbIE NMPEUMYILECTBA MpPU MPOBEIECHUH
9KCIIEPUMEHTa B 3€MHBIX YCJIOBUAX, IOCKOJIBKY OTIAJaeT HEOOXOJUMOCTh COXPAaHEHHUS KOTE€PEHTHOCTH
oTAenbHBIX (hOTOHOB B TeueHue 1/10 cexyHnpl). MHE JIMYHO KaKeTCsl, YTO B OJIM3KOM OyIylieM BO3MOXKHA
AKCIIEpUMEHTaIbHAs MPOBEpPKa Kak mpearaeMoil MHOM OR-cxeMbl, Tak U HEKOTOPBIX APYTUX UMEIOIINXCS B
JUTEpaAType UIEH, CBI3aHHBIX C PEAYKIIMEW KBAHTOBBIX COCTOSHUM.

Pe3ynbTaThl TakMx SKCIEPUMEHTOB JIOJDKHBI CYLIECTBEHHO YINIyOWTh HAIM IPEACTaBIEHUS 00 OCHOBax
KBAaHTOBOM MEXaHMKH, a TaKXKe CIOCOOCTBOBATH MCIIOIB30BAaHMIO KBAHTOBOM MEXaHMKHM B JIPYIMX HayKax
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(Hampumep, B OMOJIOTHH), TJE€ TaK)KE TPYAHO MPOBECTH Pa3/CIICHHE «KBAHTOBOW CHCTEMBI» M HAOJI0IaeMbIX
nepeMeHHbIX. B yacTHOCTH, s 1 CThioapT Xamepodd yke BBIABHHYIU MPEAINONOXKEHHE, YTO (pU3HUECKUe U
OHoJIOTHYECKHEe MPOIeCChl B MO3Ty, oOecrieunBaromue 3G(ekT «co3HaHus», TOKHBI CYIIECTBEHHO 3aBUCEThH
OT HaJIWyusl W MacumTaba HEKOTOpBIX SIBICHUH, KOTOpble OYyAYyT pErUCTPUpPOBATHCS B IPEAJIaracMbIX
sKcniepuMeHTax. OTBETOM Ha 3TO MOXET OBITh JIMIIb YETKHWA OTPHIATENILHBIA PE3YJbTaT YKa3aHHBIX
OKCIIEPUMEHTOB.
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P. NEHPOY3
A. LUUMOHW, H. KAPTPAMT, C.XOKUHI

BOJIbLUOE, MAJIOE
U YEJIOBEYECKUH
PASYM

OpuruHansHbie U BoiabiBalowme naeu Poaxepa Mexpoysa
OTHOCUTENbHO Puanyeckux aeneHnii BcenenHoMl, Mupa kBaH-
TOBOW MEXaHUKK N PU3NKK MbILLNEHU CTUMYNTMPOBANK Npo-
AOJKMTENbHBbIE ANCKYCCHM BeAylLMX MUPOBbIX YYEHbIX, B Xoae
- KOTOPbIX BbICKa3blBaNWChk NPOTUBOPEYMBLIE MHEHUN. B kHure
aBTop cymmupyet u o6obwaer pasanuyHbie TOYKU 3peHUs
B CNOXHbIX chepax Hayku. OH paet macrepckue 0606we-
HUA Ang Tex obnacrei GU3nKM, B KOTOPLIX CYLECTBYET elle
MHOXECTBO HepelweHHbiX npobnem.B kavecTse onnoHex-
TOB aBTOPY BbICTYNAIOT TPH BbIJAIOWMXCS CNeLyManucTa pas-
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HbiX HayK, U CtueeH XOKWHI, M3BECTHLIH QUIUK-TEOPETHK

U cneumnanuct B obnacTu kocmonoruu. B 3aknioyeHmne

Popxep lNeHpoys oTBeYaeT Ha UX NPOBOKALMOHHBIN
KPUTULH3M,

ﬂ:"_;.'ilij.m,'r,lq P Ec':.r.!l.l-.;.l._;_lr_,t—‘.'._ MAanc
ISBN 5-03-003320-4
| 2000 N
|1. | | 1l 1
| I‘ "'"jﬁ"lrﬁrﬂﬁ
LT T 937 220

Llera: 163 p




OpurvHarsbHble U Bbi3biBawoLLme nnen Pogxepa lNeHpoysa oTHOCU-
TENBHO (PU3MHECKUX ABNEHUA BcerneHHoOW, Mupa KBaHTOBOW Mexa-
HUKW mcbmsmkm,mauuneHMH CTUMYSIMPOBaNU MPOLOIDKUTENLHBIE
OVCKYCCUM BGQYMMX MUPOBbIX YYEHbIX, B XO[e KOTOPLIX BbICKa3bl-
Ba/MCb NPOTUBOPEYUBbLIE MHEHUS. B KHUre aBTOP CyMMUpyeT
1M 0000LaeT pasnuyHble TOYKU 3PEHUS B CIOXKHbLIX cdhepax HayKu.
OH paet macTepckue o606LLeHUs Ans Tex obnacten husmnku,
B KOTOPbIX CYLLECTBYET elle MHOXECTBO HepeLLleHHbIX npobnem.
B Ka4ecTBe OMMOHEHTOB aBTOPY BLICTYNAOT TPW BEi,ﬂ,aFOLLJ,MXCH cre-
Lunanucta pasHbiXx obflacten Haykm — ABHep LUumMoHM 1 HaHcu
KapTpaut, rnpepcrasngollme unocockoe HanpaBneHue ecre-
CTBEHHbIX HayK, 1 CTuBeH XOKUWHI, U3BECTHbLIN (DU3UK-TEOPETUK
1 crnieumanucT B obnactu kocmonoriun. B saknioueHne Pooxkep lMNen-
POY3 OTBEYAET Ha UX MPOBOKALMOHHbBIA KPUTULIU3M.
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