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| j ~bkeh\b_d j nkkdhf mba*Zgbx

e #Zg”™) K jl_ Vi _j Wgbd gamgguc) ™Zldh|
knhkghlhev b azZ¥e ©OHIldjulhc ehjzZlhjgh
KWWS ODED PHGLD

e Z\guZjzZh&gimdbkikhbNIhf gh hidjuZyZfl\_fu_
bgZ2_ "guagZgbpbjr_hgXlh  _\j fykl_fbl_evighgy_
X _khaZgguj] "kE'e gbhyj ZevgmbW}ZlZJZ’thevng\
dng evamqgrhljz gngbJDZJeth\ eebhlhjZyhkys g
kahcthth|Jh[e_f_kh\j_f_gghmgAZfZe;]\Jghnbabdit
ihbkaf dAgin\hc | _hjbb ]p\bb

Whi_jZyghggh i@ypgZdygb]g@Z mkhfdyaudhkgh\g
| fhcdnilhjhcy\ey klyl _hjby _le hc dZghthc ]jZ\bZphb
MhfbgZgbwhh gZa\gbygh]b keur&@b\ k jb& ©Lhjb
hevrht']\ajuzaghmang\q_fkfuké_le_hc]jZ\blebl[)ueI
|hqlbg]‘ f_ ""mM_fwEl _hjbybgba\Z gud]jhhl\g:
I _j g _ fdemgm\ZfZEg\Aghc nbabdb

HdehklZe pbzZaX@imdijhblredjZg”~bhajgwgxpbyG:
kf_ggvxlhgm\dhcf_oZgkab(«h\_ClZJZ"b_]|Jbreb"\_gh\u
nmg”*rZfZgdgu | _hjbb H*gZ ba gbo £ h[sZy |l _hjb
higlhkbl _exdh [ezZ Zjydnihjhcfu maghBd gh "b\ f \
bkdjle\ gghg_lupf jgth ijhkljZgklI\\j f glyg_\del¥Z
I_h_liby hihjhf bklv JjZ¥Vpby np]jZy ZoiWZy |_hjbgy
ith&Zaz\rZyh \k_aghidu  gZfij ~"f _lu\degZyZrbl _e.
kiklhyl ba @gaaZ gguo? il Zjhkm idh_c_Yiylghklb

Wlibl_hjbbeklys ihMl\ f*bebkva ] bo m2Ik\
ijh\_jblwkli_jbf gévghghijb wihf hghy khf\_klbfuf "~/
kh[hd ohly boijhib\hjgbyjhy\eyxkylhevh\ wkilj fZevgtL
mkeh\byojguéuj b ;hevrhi \ajuX eh]lZdg niheb# ih
djZcg fcj _hgzbal _hpcg _hggZFghhgbke ggtwiuld
]_h_lib&aAv nmgrZfZongu \aZbfhckl\byp dZgh\dv
]JZ\blebhg_ghe_g ijb\ebdmkiomb*eygylhyhlbhjgb:
gZfihoh _ij "khbNkdjulgh\u&kehobabkithc) Zevgdb
;hevrbgzZ™ "u\ whf ieZzgih»Z Il _ hjblklmgnzZhjbN\]hgo



adVgh\hc]jZ\bdpb _Hdg2Z2tkldhgghbjhdihimyjbabiy\.
gh\ ihkergb [Wu klZedbA Kyk Ijmghklyfb gh ih*h]j 2 _
bgl _k d hgeaj_ gIf

| le XydZghVZyl hjbyjZ\bdpbk dZdjZzab klv]leZ\gl
dhgehj gl ?keb I_hjby klmg gzZ”_ey_ IjhkljZgkh
"hibgbl evguWkflbevgahZaig ggulblh | gbyfbh i e X\
| hjbyf gy ldZjbgmj Zevgddb s jZ"bMdvg_ <f kh
ijhkljZgkEb\j f gbu kiZedbA fkybkdj lgleeddhbmxs _
kibgth\ci_gb dilhjZybrv\ higlhkbl _evdmigubZkrkZ[Z
dZd[u ijb \a¢y " baz2zb klZzgh\kyijb\uqgufg_ij_ ju\g
ijhkljZgkhk \j f g _f

DZeh Jh\ eebd™bl\ gbkelkghiirehgbd\ i_le_ Hhc
dZgh\hc]jZ\bdpbbAZgEykiwghdakZfuowalbgkdbd
I _j "h\uam@Zf_gdvgub _hjbchg MgaAddj_ild milj_gy
khbb” b h[s mevmjghnmg”rZf _gleywhh klv]efphd
ijbgbgZDZjbgZ) Zevgkilb ij "eZ]ZZyi e hc d¥Zghhc
liZ\bdpb _gZkévig h[uqlgdhgjbgmblb\gzdhg o bft
ihljablvki_pb2vgumkbelgh[uihd&d¥ ] g |bkggnxkya
khK c blkjlb_c jZa\bibggthdJagZgbgboggdy k ~j_qdkdifg
wibb Lhevid ihwhAgh hlke*"b\ kf_gmdZjbgj) Zevgkdbz hl
> fhdjlZlg _jaGvxhgZFZ#&\ eeZNcgrl_chZ2hdVZghhc
nbabddh ghihgylyghklZggdp® _ev] "eZ]Zv ke Ac
dZghhc ]jZ\bdpb _c\ hij”» e _dghkfuke _ yley Kkl
klIkI\ ggufha\jBf d bk&f vianlc ebgbb jZa\blby

> fhdjbihkinebjhZze "bkdj_ kdtaf4 jbbgh\ihke*kl\b
wEl b” YueZhl[jhr _gZb \ gZmjnb&hnbRhkinklh\zet
ij "kke gbh g ij julghob [ kdhgggheé¢ ebkhb\k h be
g Hkikhblfbj H[jZgh "\b_gbg4£2tkvk obfbb]® [uel
h[gay _gudhfu akZ f "bkdj_kdWwfad_ jblgZrekujZz gb\
dZghhcf oZghdGhb \ g _cb \ |I_hjbkighkbl_eviglh
ijhkljZgkh\b \j_fyhklZdky[ kthgggh_ebfuflBf_ ggth
DZehJdh\ eeltigbZ IMgbfbaleZ\guig iykl\bcgZimlbd
hit “"bg_gblx hjbRjZ\bd bbb dZghhcf oZgbdlit|& ahl
g_ij_julghijhkljzgkR\p f glba[2y_ hl kbgemjgkl d
| hjbbhighkb _evghbb jZkMbfkl _c\ dZgihcl _hjblb
\_ jiylghl hjHbWjgbc f_ " miy\_hjbyfb



Ki le hc]jZ\bdpb IckgtkkyaZgZeypbhgogdy ji Zpk
dZghhcf oZgbdtb s MmMgdZ gZly® DZphdh\ eelkmlv
kikIhbN Ihf glhnbablkidbkfuk®df xg kZfbihk [ gZklby
Zlhevidhlghr _gbVvazb%fhcklI\by_ ""mgbfbBgub kehAfb
nbabkidbh[t du bkbkl fkmsklimxx g kZfbihk [ Zebr
highkkbl _evgjm]bbft_dh\b kbkl_ & dzdf Ih kfukefh gh
kad¥ @lj_eypbhggZy bgpbpj2htijeZ h[h[sZ_1I ij
highkbl_ exkdh

Fgh]l]b nbalbdkgbZX \hijkk h[ bgl_jijZlpbhl\Zghhc
f oZgbdlg_khevhd ghqgufkdevid nbelkbhnkdbf *v g:
j aeVvAdZo\ugqbke _gbgl_jijZlpbyg kdauw Ky H*g2h
ghggZyhev bgl_jijZbb \ [Ihf gh hgZ khdZk |
dZgh\W _oZgblgdnx dZjbgnfbjZk bgmbpb gc eh®& Wh
aggbl_evighurZ w\jbklibgguw_hjbibh _klv__ihl_gpkX
N eihbkdigh\uge gblchftykg ghkd gZklghbo dZgh\hc
| _hjbb ]jZ2\pbb

<ijhg_fbgbkinbekhnkdWhijtkuhlgxX*vg gmuJh\ ee
DZdlefphth _\jhi_ckddbcehdhgk wghaldhfa™ hglbjm |
g hbrZgguZjBe eb "mkh\j f ggufhqguflo hjbyfl
oth kl\ ggufb h[jZaZfb aZdgxggufb gZjbf_j \
©;h klI\ gghbf dbb& >Zgl_ hkjhcdjrklvx ijiitbl hc
kkued Z[hu kh\j _f_ ggnumelbhnhthihju kihabptkd ¢
"bkpbiebgelZaHAx 1 j eypbhggmx bgpbpij |

B whg \k J eypbhggwod ihahey Uh\ eeli™ &v
Jerrhdbkm”~ gblyihgylbbgnhHiZpblihihjh \ ihkerg \j fy
b]jZ \k [hevrmx¥hev\ nbabd< gZklghh hd&aw Ky gl
bf gghlg_jag i jhh~Z Ky ijb\uqghgzf\j_ _fy dilhjhh
khdZkgh le\hc dZgh\hc ]jZ\bdpbbg |\ kibgh\ci_g_
e Zs _ck\gh\ jZevgdb

Ohly dwvgh\zy J]jzZ\bdpby + \  \ukr_c Kkl _i_¢
f4 _fAbabjEggdZyhjbyZkkdhg & dgb]\ » _ky[_anhjfne
1 Zjbkdex gblkc® _eZidZgbkwkl ITkgbfhlbVZf <dni k
fghhgbke ggWwfidhjbld devmjgufthikimie gbwih * eZ
klbebaeh gbly[fZgghe ]Jdb&hwhg ih\W"jZkkeed|lvky
ZgdbckidbéaZgbdgb]Z kemqgZggdhid\KHy©5H D DY WAK [
LWHHPANVOJZevgiilvt g |h g fhgalZz ky2>eyihgbZgk
br &hysb@adhbkaifbdZghhcljZz\bdpblgZ~hulv]hlh\uf



d i_j ijhrd\ kWhbolefmbgguoij "kke gbch ijbjh_
j Zevgkilb

B s WMbgzZiz "tkayihdb _fghhkehcklh/ihjhchrghblh
_ijhkh_mlI\j"~ gbgZjZagumjh\gyj@kkih gbyfh |
ij_\jZslZkypa\ _jgh]\ hrb[qghb gZh[hjHK wlbfg_jZi
ijbd"bekvklZedbAvkyZajZlgbdfl klh\uoazZ"Zg\bjZ f & «
ijhk\ Ibl_ekkdijh_¢dZ ©HIdjdlyeZ[hl|ZjgZy?jb mqgZk
dilhjhh ihrlhhe _gi_ j M dgb]bDZgh Jh\ eeblhjhc
ojkihf Abcgu g qgunZidu hdZdaudky kligbl evgubke
\hk ehgufbkmqghfl \k clefmbgukh\]j f gghpZglDygb
Jh\ eek j'blg ZehbeexkdipbwhhiZjzZz”kalb gZ\jgya
ihkenb !l fhib\W "eygh\ubd kh\binfebdpbKWWS Ok
ijh_dZ "eyollth ex[blngd gh \hed kb e gZ aZ”g_
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GZijhly' gbBk cfh cgaigghdZjv_ju jmavly ijhkh
ex[hiuklmxsbijhkbeb ghltykgblyhijhb&™d \ hfeZk
bkkéh¥XgbdVZghhc]jZ\bdpbbDZdmZ klygZblvgh\u
Kikkh[uhkfukebliyhkljZzgkh\b \j fy"F_gyg_jZaijhkbe
jZkiZH¥2h[wlbbkkeéh¥@gyd *"tkimighrehj_ < 1lh\j_ fydZ«
kmsklim Ifgh _klhdgbihkys gguekfheh]blbl hbbklmc¢
dgb]b]® _hibkuwebkyu bkkéh¥gbyh dZghWhc ijbjH _
ijhkljZgkBb\j _f gkZlZd ihi_l_hcdZghhc]jZz\bdpb
ijZdbgkdig \h&h ghgZld Y *te h dhe _[&kyihk ¢the vishohl _ ¢
kikj "HhgblvkgZbkkéh¥Xgby®& kthevl e IgZaz&aZ\jrb
fhghl]jZnbk whecl _f_yihgnklh\We ghdhee Id\gZ)yZ[hZ
fghl]bang_gud\eZdvinhfeZklbkkéh¥Xgbchlhcklz”™b
aj_e&hbdhPzklZehhhédh ' gufgZbkvgzZiqgh i@yimg mdkgb]
EZg”~rZnbhlhjuc fu bkkémf \hkoblbl_ e #g klhbl ek
ijhrre " Zv kdjdv hJh”*m]bo “ex"

Ghyijh"te Z2hldeZ”aVvijh_d ihkdéeviohg fh]©m\b"_
dgb]wwkW_clheh\ DZchibHvfbj[ aijhkljZgkEb\]j f gk

IMmkb Ay bghkl\ aZdme fgZglmghethjh]lbaB |z blh
NjZgpbxy \*“im]Jihgyegh “bgkl\ggudkitkh][ ~mh qbh
hitykgbliaklhhyggmkx*"bm & pbxhgylbighkjZgkEb\j f g
KiklIhbNIhf gh[ujZkkdHZ\kxbkhjbxkkZfhjg4g2zZhl b™ _
> fhdj&Zlb "hij "kke gbly dZgZoijhkljZgkE < dhgp
dhgphbf_gglzdy kZfihgbZxwmmbkhjbx Y klz fuke g
gZ[jZkanxkjmiinmdgbligyfhadnme fijbdy\h\k [hevr _
\hap® _gbih@& g mkeuedhebp_ akxdkbj gimlj [hXgk
hkiZgh\blvky vy gZfgh]ij \ukbeZaj r _ggnkxhjtklv
BlZevygkdbhebp ckdboebikijikbd gyg khr ebykniZ
+ odvklzdckthjtkklvxyY hi\_Ibeqgh lhevhghgZ eb” »
dhihjmxiZd e hbk#Z hgg klze\uibkudvfg rljZnbih _ee
mA4b k fle\ddixc] Widgb]Z AN Y¥fb

| j\hg@2vglgbl]lueZgZdbk gfZblzevyghtdb \i_j\u
hirpe blizgX IMmMm<kHdj ihke whhyih*hh\be k the via
kldA _ch nmgrZfZepighonbabdeyWghdlZevygtkkad]lZa |



AgZf gbbifevygkdidadZ ev” evndbZadeedg jZkrbj _gg
\ jkbxlb&ld _cdhlhjZyureZ\ \b” [jhrxju LZdihy\beZ
g_[dvrZzggpZOKfvdhjhdbe dpblknbabddilhjzydfh_ fr
hljhghmmBe gbXlZezf ""mgZpguf[ kk ee fjtb klzZe.
ith\mhH ~"eyh[s_gblkhfgh]bflazZigZ evgufdpbA eyfbh
\k_ fnibjmLZdbh[jZd ©Kfve dpblafelgzZbk guhkewlhc
dgb]ib\ dzdc hf_j kiZebkbgbhf g ”hjudhijikh\dilhju
afzZlbAAkyar kv?kebum gbZebOKfvdhjhdbe dpble
nbabdb ohlbl_mabvZhevr _ gh[u_s Jem _ih]mablvk
kliZggudbj hibKggud Ihc dgb] Ih & kv\u gZc”"_
g_hMbfu_ *hh[gklb

G kfHjy gZlh gh ljz"bpbhggBgl@Zd] "kke gX whc
dgb]l]k” hkevgh h[uqgllhgdl] gbyp d&hwhg \uauX
Kihjh\H*"gAd 1Z qZkliwdgb]bdilhjZydZk WKy kh\j_f_ g¢
bkkéh¥gbcih dZghhc ]jZ\bdpbbhljz zZ Ifh_ ebqgg
ihgbZgbkikihygbyarggtklbwlhcl fu WE hleZklagZg
gZ®WbkygZjzZgbp_~~nm_fghfuihgbZ fbl fq H s g
ihgbZ fihwlhfmgZf s hg _g&¥2 K "h"tklb gbghgkghkZ
ih hkgh\gudyaZgglufgc\hijlkZf G_hju bafhbodee
nbabdkhd Zykkyk | _f ghy gZbke \ whcdgb]*jm]bt g_
khg Zklyy Wh h[juqgZkbthZpbyeyZtdnZevgui k& "h¥Xgbh
\ "msikggZjZgbpdadr hlagZglghyij “imgbZx]hhjblwn]
whif ykigbhldjuh WEdgkdg hihf \'q_ _ffu m\j gwkdgb’
+ h ijbdexgbyo gZ imlb d gdmihagZggh

< p_dhhgzh iml_rkl\bbihkys ggZd9ghm bakZfu«
\i gZeyxsboijbdegq gbcl\uiZ\rbogZ "rex g_emlklV¥Z
iml_rkl\bxad] » euZjlmb&vguméy”~hdg Zevgk vdh\k_
[he  JerfhdfmihgbZgbxkljh gby s ¢cB wh g \ jlylgh
iml_rkl\b aZij » euth[u™ _gglfjbgufbjZz s "2 hg_
aZgq_gh

FZjkev
fZy M Z
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Fu agbde _guZk [ Fu bamgZ _Khx bkhjbx khx
ikbbeh]bxkhx nbebbhnbxkhbdhh\ ;hevrZyZklgZr h
agZgblyZsZkWwhdinkzfhjg _eh® dZdkelhu hgluekzfuf
\Z gufht_d¢hf \h<k e _gglc*mZx ghnbalZd)jZ\tklyfg _
ihihfm gh ijbHdju¥Z _laZ¥kmazZdlhjhcfh 'ghm\b”_ bvgh
[hevr_ HgZ ~"Z |kfh kKgmh h&dmdb azZZxs\H \ hdg

Lh ghfu\bbdfqg_jawhhdghhklhyggbZkibey Fum _
fghh_ agZ h <k e _ggh&Zijhr ~rb_klhe Ibyu klzet
ithgbZlv dZdfghh hrb[qgud” duehmg_ehkl¥Z Fu
"thZebghA _feiyetk&yoghhgzhdbky\ p_gl gZr hlifbjZz
gh <k e _gg¥Z g¥db g BaggZyh g ehd[ue khaz
hi~" _evghah\kyldhjhrklZk~Aim]bfbb\nlgufbGhihkl i g
fu magBhknms klhZgbdVZjd\ g jguduj gZklkkp [ \hec
ijhkljZgkEbg \jylgudbhe meyjgullminj\ dZ "hde |
gZr hl |l _eZ Qqlkhh ibh  gzZrjZzKdxs RN j_[gd hthjuc
kmble _gbhfigdyb\Zz_lghfbjg h]jZgbgqbNy hkiZzvg I
N kthciehsZdhc qghhgh]jh_gb\ g_f kiviukymy\e gb
""msbohldjulby Z 1Zd_ [ kgbke ggb” b jZabl e
hhlebgZxsky hl | o qglh [uebm g i \gg2e_ <ke g¢
fghhh[jZaglZ [ a]jZgbqglz fu ijhrke " Z fhrb[E k)
kizedbAykk gh\uflZzkidZfbQ flhevr fu magZkzfbj _
| f [6vr_ihjZz Z fkkyyZaghh[jZabxX_djdkihl _

Ghg f[hevr fu magZl f emqrihgbZ fqghg_ihagZg
\h fghh jZalhevr \k_ hlhh ghfu m_agzZ_ € ffhsg_
kiZghy\kygZrbl ekdéhiul f[he KklZggufbg hb~Zggu
1] "kKEX i_jrgZflg_[kZz Q_fijbkFevg fu \kfdjb\Z_ fky
f eyZcrbwe f glfiud _jbbl _f[hevr Jefbghldju¥ WKygZf
_ _Kjh_gbiXK _pgyfu ijhgbdebbkhjbx<k e gghhlb”F
kzfhfy ;hevrhil \ajuX £ \ _elthdh ddZdeba \ dnlhjli
fbeebZh\el gZa4tiebjhh» guk |]22zZbdbt ghfu m _
g42bazZfqZvggh|[hevr q f;hevrhdaju\l\Fu agZ qlh



ijhkljZgkh\bkdjbd gl m _ij "\b~bfgh wh ijhkljZgkh
kie | _gh ba kbYgljo Zdgh \ u oh& hlug

GZr _agZghe f _dlghdjzffdbdb<k e _gghjh*rke Z_
jZkrbjylvKkdkebhijh[hAv h|t *bgblVvk qgh fu maghih
nbablktf fbj \;; \_dlhgfg _kdezZdMkyZ]jbgZeiph t
hhebgZxsZywkyhh g fngZkngbeébrdhe Nmg”ZfZegilg.
KimidnjzZzgZr hl fbjzZz \haglzd |dZdihjh~_gb fgh kl¥
dZgh\udh[ulb\chikmkNb \j f gbijhkljZzgkBAD\VZgh\u
ihey] g jmXxijhkljZgkh\j fyfZa jbxok\ [\uauZy[f ¢
bgnhHiZpb fc ""nkh[uhpbfb J Zevgdlv: wh k Ivhi® _evg
kh[julbc*bgzfBdhlhjZywokh*bgy £\ jlylghklgzf_ ""r
hi* _evguflblhulbyfbijhkljZgkh\ \j fy f4_jbyb wg _j]
ij_ \jZsdky \ @Zd \ jylghkl_c

Wh kljZggughlucfbj f *e_ _gghidju¥ Kyi_j» gZfl
[eZMZjyokkéhXgbyfeXghd funmg”~ZfZoMdghrobabdd
dZghhc ]jZ\MdpbbAZ®Z wibobkkéh¥gbct p_ ekHg
hit "bgblInh ghfu magBhfbj ba*\md_ebqgZcribadjulb
nbabdp \_d+th[s_¢ hjbliglkbl ewdbodWZghhcl hjb
DZgh\Zy]ljZ\bdpbykljZzgguichj dilhjucjZkdj&\ Ky\ o _
wlbo bRk&€gbc Kllvw kgh\gZyZl Wt dgb]b

WEkdgpZt b\h_hibEgb\ "msikgbkkéh¥Xgb¢hh ghfu
bangZ _Ithh gh m_agZ_blhh qh dZdgzfdz _ky fu
g4bgZihgbdvhnmg”rZfZgighighjH* \ s cFu gq4g_
baz dkijhb& » gbydihjuodey \ub” &enZsbade
mihjyghgblh\j f glghhgbZgbybjZ b k hibKgby\m
\_ebdhbladjubc;; \_dxwcgrl_cgthcl hjbliglkbl_ exkdt
bdZghhcf oZgbdibihklzjZz fkiyhthkbjAvkygbohkgh\{§
nbablgdf kK _j Zgbbu jZkkd fhlhcdZjbg fbjZdnlhjZz
jhrr"Z Kyk Mgy bkkéh¥XgbybdWZghhc]jz\bdpbkmqhfl
ihkergbo®*Zgguoj “"tkiZze _ggugZfljbjihc IZdbaZ«
™I\ j N _gbklZgrkEghcdhkflreh]bkgdcfh® _ebhemqg_ggk
ihfhsvx kimgbd ©leZgd gmgguaohiuhdijhgzZgdx*Zv
kmi_jkbffiblggu gZklbpwzj_ ]plkjh¥dv dhlhju_ fghl]b
gZ” _yebR?PIG AL ffuihhWhjbfhkerkl\bymavbob”® &
Abkdj_lgkliamidnj ijhkljZgkE\bkiagh\gbbj f gbfZeu«
fZkrZ[Zonbabd ;hevrhl \ajuX ijhb& » gblhaemq_



g _jogudujb \ dhggqgh kg | hjhebbgnHiZpbb hkghdAghb:
nbabdhb

< agZf_dkljblg_jZkkKaZggllecdhgh \ kK vihaghb’
©ObkmzZjkR2magbdibdZggu Jeqmbgl fght s julb”?y
lhevidl _gbhl[jZkuA_ fugZl _glhjysbihazgbdh]g_ Hgl
"thZXd gh wh b _klvj Zevgddv H*bgbagbohk\h h ~Z kly
\udblba_s_jwhldjuZ _ftex yk\ IkegpZh]jhgucfbj
<i_j\udhf_glk\ Iddhlhjhfm_hleZagZ ijb\uqgur_efley
_hbijb\WbI\ azf_tZev¥h Gh\ dhgpdhgphigh&auw Ky
kKikkh][gb” Iw\\heg gbibha\jZskydkhbflh\ZjbszZglh[u
jZkiZHZ bf hlhf gh _fmhidjuekiv GhhgbhldZauwXdky fr
\_jblv

Fu\l\k gZl®bfkylefbgi s jukéhZggugZrbfgagZgt
bgZrbbij "h "~ gbyibgZrbkeZ[ueZaZx gZfm\b"_
lhevid | _gb lulZykvaZlygmlvZvr_ fu ijbd*bf \
aZf tZeviidt "eygZkebrid g h[uggih gh hidjuZ Ky
I _jAgZfbGhfu iulZz fkiyrBr2vr Whb kivgdhd Ghqg
fure_gbbk& ”mlbi_jkfajb\Zz IdZjbgnibjZ ihkl_i_g
1] "eZ]lHQy f\k [he _kh\jr_gghb” _glb[he wn_ db\gu
fukebl _evgtu GhdAd+twhg ij julghkkéh¥Xgbkilkh[h
fure_gby kbeXkhblI\ kitkh[gddbwin_bb\ghZamnrkv
ij "mp_""~_gbwdju”dv gh\u _hlezZkllh Zevgddb b kljhbl
g h~rZggufhe _kh\jr _gguij "kke _gby fbj_ Wh
Nyl _ekbwdnlhjZyhibjZky gZ\kx khhanigklvijhrehf
agZghghkmlv_ kikhbI\ b&d g gby®Zrfbj [ aljZgbgb
fghhp\l _dguohlbfjZzkkip Iv. hdZdh ghemqgrG _ iaghz
b g _gZ” KighgZr hl agZgbym\j gghv ihh*rzZ Z»
g_h[hajkfhx [ a&gug_ithagZgghilk g " edx bag
[ kkfuke _gghc = hgb ~ beghkghc b hpZlgghc

YgZbkewmmdgb]gh[ujzZkkdd¥hlhf gh\hkobsZ fl g¥
whif ijbdeggbbK\h_ hgb#l _eyij "kkeyq ehltf dhlhjuc
fZehbeb”Z gbqh]Jg_agZ H kh\j_ f gghlbabdgh fr
bgl kgh\k qgh fu m_agZ b ql s g agZ_h
nmg~rZfZgdghigbj gZr hifbjZzzZlZd |h dZdbf[jZBf fu
\ A fk\hbihbkdW ohl _eih® _eblvkydu\Zxs_ djZkhclhc
1ZghjZfuZevgddb dilhjzZyldju¥ Kyi_ j~gZfbh j aeVvad _
wlbo ihtb\kd



Y ibkke windgb]m ~"eykhbodee ]Jkhbokirhg bll\
jZa[jMZgguoh \k fmfbjm Z 1Zd_ "eyxghr_cb » mr_.
\hkobs ggugahhic b ieZgmxsbadi_j\u ijbkMbgblvid
whim iml_rkl\bx Y ohl _eij "kE\blwf h[smxdZjbgnb
kih_gb nbablgthh fbjZz dZdbfhg\b” bdy\ ~\hcgfh k\ |
j_eylb¥lzab dZghhc nbabdl ihdd¥ dZdbo fh gh
hit "bgblWkdgb]g lhevidjZkdjZ\ IZcgwk e gglyd
|Zd _h[hagZlhij® e glimganaj ghyhleZklbkkéhXghb
I Z[kjilZdpblbl ogbgdb” Febbgh|zklzgly\kyihf ohc”e:
rbjhah \a¢yr"zZGmaA kikhbl ba wkii_jbf _lg\ Jbih a
mjZ\g_glwabke dbi¢gh*re bl _evgtimkdkk bghwh ebr
kj"klX "tkIb _gbyp _ebh*h[gbhgkhi gkZf*reymawdh\ <
dhgggh kg _| "eyfmaudld g&kZfZfmawdZ*eygmdbZ g
ihgbZgbfbjZdhilhjh hgaA[kigbX IQh[uihgylaggbfkI\
hidjulbyhh gh A_fely[jZsZkyhdinlKlegpg hlyalZev
kerhdv aZkehgufb\ugbke gbib jgd*reyihgbZgtk
\Z ghklbhldjubylhh gh\k "b\u kmskl¥gZgZr cieZg _
bf x h[sboij ~d\ g hjalZevghjhke "BEwWw kehgm:
Zilmgkpbxgb}Zj\bg&E&mligmhdblkhbNihgbZgbgZr h
fbjZ khz\[eh.  rbpedigdb aj _gby

WEZ dgblaljz Zz _Ifh_ | _dis_ihgbZgbIhh \ dZuf
ktkkhygbbgzZi®yky k cqZgZrbihbkdighhc dZjbgufbjZz
Bf gghZzdy hl\_Ibdu dhee Jb Ajm]nthihjucijh]mbXyk
A"telbfe Ighfg jhih[_ [ JrhhjyaZ®Zufg \hijlk ©EZdyh
" lu fA rv h[ bklbggh%_ij\sjhc"?






QZKl v,
Dhj gb

Kx _Iwhcdgbldhbgzkyl khe IbgZaXfbe Ilhqg f
jZalhj h dZgihc]jZ\bdpbtllZedbA Kyhl klhev *j _\gt
kh[ulbex* db” cYgzZ™ xlkghqgbB evhjysbcC _eZgt
AkibgvhgbZgbyVgh\ijhkjZgkE\g_[m _Ibf_Ivgbgh
ijhib\ B~ _bjhs_ihgylwfd4bgzkyl odhjg_dadnhjuohgl
\ujlkkebZ aggbl evgdgbé&hb” cdhlhju _ihfhlebgZf\ ~ e
ihklb” gbgZr hifbjZ\hagbdjdke "\mdukye IlgZazZWl|
br klIZgmyZfghjhgylg keldu ijhke*bfazojh» gb_
\ wF kemqk "¥A/g _crb_ rZZbnklg ijhs_Kdkl\ gg_

Ghklv_s "MbgZ gudhf_glG _Hhju_ijh[e _fuli_j\u
ihklze ggu_:glbggmxibmijh®"re Zx hklzWvkylexq \uf
"eywZr hlihgbZgbiojZG _Whju bakZfudkh\j_f gduro b
kKimidnj_ijhkljZzgkk bkibvax ij "kke _gby ih*du
\i_j\u_ yAb\rbky \hl\]_ fyhV¥jy ho & dbo b*_yo
\bAmhijtkku dilhju kiZgndleg \ufBeylVZghhc]ljZ\ldpb
Dji_ IThh wh ihfh™ | gZf h[km"*"ZydZghiWmx]jZ\bZpb:
hlebd¥ b _b\hkohrysb d kZfufbkh&fghqgqghakeb”rZ
_kelbu kgbfbg agafdu hl b _&h\jr _gghhh\ud\ya¥ "~ "r
ijh[e_Zfb ihklze _gguflhj \gbflbmgq_guflb j_ r _gbyl
dilhju gZc”™_Ywcgrl_dgh\ | _hjbydZgh\hhc]jZ\bdpblolZ
fu m\b~bf & ngb k¢gZ






Dj m bpu

KhéZkgh g bx\ IMmhgZr wjugZdhjZé¢vb” msl
ba Fb&Z 1 [* im ke q et\R]iml _kl\b_ kugdhZj rZxs
jhev \ lhkbb ihagZgby

Whl g_ehd\ _jylgh[_"2 hl iheblbgdbd¢ kihy~d\\
Fbe | ]*_ Zjbkidjlby kh\jrbeZgZkbeviglqua _j hjh
Fbe Ilfue[eZlitemqggud ijhp\EZxsbf]j gkdbflhjiH
\h&dh gh kZfuflezZz\gufhjhHhH ]jgkthhfbjZz*hgZkhie g
aghethhh\_&:nbgbKiZlju Hglue\Z g _crblhjh\ufp ghf
\ k Ibhft *bg\r_dhglbkhgxdehgblhjh\uamhjilkih\hl
Q _jgh]fhjy ~h ?]bik < Fbe lijbd"bebdZjZAgu b
F khihzfbb b dhjz¢b kh \k_ h Kj~ba_ fighvy gh
Kikkh[kh\eh h[gm b”_yfb

< Il ggb_ij *r kilmxs h]l klhe _Ibyw Fbe_ | ijhbare.
j_bhexpby fure gbhkf \rZywmg~*rZfZgighagd gbte:
\Kk_h g_ehdklZ =miiZ nbelkbhnh\i_jkfHj_eZKkikh
ihklZgh\dWhijtkkh\h fbj_b nhfjnebjhAgbw\_ _h\ gZgbc
< ebgZcrbf ba wibo fukebl lkb®#glje :gZd



Jbk Iml_rkl\b_E \dbiiZFbe kKihh hkghd e
Ahfbkibddhc rieu hah  WZ ~“h gZr_c wju

KgaZfylga\j f goebih djZcg fcj Kkl oihj dZi
g_ehklh klzehkhazv~ hr~rb_~hgZkbkvf _ggu &lu
ex*baZzZXebkWhijtkth hihf dZdhy\belkbhj bag Hhgklkhbl
dZd mijZ\ly kly b dzZd\u ijbgbguijbjftguo y\e_gb
Lukyg_e_ |lbgkbb kZfbk [ hI\ g2bgZwlIb\hijikku\ kv¥Z
komrguf h[jZih jZkKdaWwry b&asj_ggubkhjbb h ~madc
[ _kIZo\hh[jZz Z fwofbnleh]bkdbdkmskl¥Zob ~jm]hk
ih"h[gukmsgklyoHIdebghibkyapbqg "h”j_\gddckd
| _&h\ hl b _jrlonbkdbogZ”ibk \ ibjZfbr"Zdh e ]9
bg” _cpkbmhl [hevrbgkiWj \g _bg”*bckdigokdjbiftr
;blebbhl ZnjbAgkdbkd&aZgblefbnh\Z[hjblgh\ k| Zebht
\k_whfueh kluf ghihkmlkkWh _chg_ghk*ghjhgufihlh df
jZkiZd\ hi_jglduod _yob g_[kguahjhXoh \kiuegb\u:
khi_jgbgZxslheb”im ex[gudh klI¥Zo khaZsbo fbj
ijhbaglhgzZzf agZfbOo>4m Ik\ | @hkihgdgdghjh ™ _gb
fbjZ bdfdgghlycpZ b |

Lht2A Fbe I\gf42 iylhhklhe IbYhgZr_ _wjuN£Z Kk h
mq_gbgZbZg”™j= @ _cb boihke®h¥M _eth[gZdjbebbgh



kitkhihbkazhl\ h\Wh[ueZdjZg*bhajgXtgxpbyfure gb
diihjzys2Zgf42hghhMMmnhjdmagZgloyihklb gbybjZz
hagZf ghkh[hc aZzpygghi fukeb

Fbe IpuhgbZeb gh \ hlebgbhl ihbkadhl\_h\\ k¥% ¢
nZgdabb”j _\gbdbnZob j_eb]bbbkehkghbkhevi@\Zgt
gZ¢é¢x* _gbwy jZkk™ _gbyzZ Jez\ghijbf_g_gldjblbgdh
fure _gbiyb \u[hj \ZjbzZig\fh  _lihke*hHd evghhqgyl
gZr fbjhha gbbhidjudvgh\uZkildj Zevgkib kdjulu
h hfu® _ggr}jZhh kfukeZVh \ ijbgpbikitkh[hidju#dv
gh h gl

<hBh ' ghkzZfuf \Z gufhldjulb_KklZebgh&lbetmure gt
ijb dilhjih mqg_gphevr g hlyaZigbagd4vbjza eylow®
k\W_ hmqgbl_ghbf__ijZzhhlZdAvkyl wibb”_a [hyk
h[jZkudv beb djblbhddv |_ qgZklb didhju_ fh gh
mkhyr_gkhWv Wh [ue kh\jr _gglgh\uckj bgguctml\
brmskdc ~np ahhhjlmght jgklvxdhe bihegutldzhbf hi
_ b" AHgklZedexgh dihke®mxs_fjda\blbxbekhnkd b
ghqgihfure _gbylgug b \ij *vagZglygbgZijlbjZzkav
Jhehhdmbl_evgufbfiZfbiblz_ fhdZzd&klZjufbb~ryfblZdb
\hé&dh ghklvxbodjblbdbhahey\r _aenkhjyr_gkhWMdvij_ "g_
agZgbihgbZgb<kmibl_ev&kehAdgb]b d&_ yh[bklhjbl
ihjZabl_evghlffZdh koVdu\ZX kZfmxkmlvdjblbdkd h
fure _gbydeqgZykghihgbZgbgZr &dehdgkdhdhrb[adf
©Yibrmwll [Zddzdfg _ij "kEkey klybklbggub[hjZkkdh
vwebgh\ flgjiZlaebggu dil\fjgu Zd fgZ dky2 @

lh e _Jg™ =jZdkimklbekgZjkh\:b*"Zk fukZL_gZj¥r
= jZdebhk Ibduk L gZjhg\uykgbelh \ ~ ckl\bl &V
a kvg Ilgbddhih*a_fgh]jjhoZbetbhghm"tkimiZ pZjkh
brZbaZdghdélkx*Zqghe Jg*fdieZhghcWhaZdgx gl
hif gZ | aZjxxhghju

Ghluchrda dihagZgpAi[hZz_[uk]hb\i qfeyxs <k h
af ktevide tgZKbEZg*ijbdbldihgbZgbkhh ghA _fe
ieZX N g_JkZodhhju_ijh*re Zxkyih® A_fe_qgh ~h”v
ihy\ey kly aZzkg I bkizZzj _gb¥wu k a_febgh kmsklim |
\hah ' ghklvhtykgbhkzjZaghh[j2dak kI\\ fbj_ k\”~ybod
"bghg” _eflinc ijhkihc kikklZeyxs cdiihjmx hggZad\
Zi_cjhfgh g i ~ e ggufgh “b\igu_ b jZkl _g



whexpbhgibXbzZ”riZdbjmxkydb& g gbhtmzZxs &j~u Z
g _ehtdjza\beikyl fwhexpbb*jm]bob\hlguolLZdhkl i g
[uebaZh _ guhkgh\uhhihgbZgby¥bjZ dilhju \ hkgh\§
klojZgyky ih & ~ _gv

JZkihh _gguc gZ ]jZgbp _azZjhzZxs _cky]j gkdc
pb\bebazZkbhj \gbfbbfi_jbyfbF khihZzfbbb ?]bik
iblZz _fucboagZgbyfdhih]m ggud Ibibgghj gkadn>
Afhkn _mkWhW[hubiheblbgdc]b[klbebr ggudi_ jkd
AhjphbfhlmslI\ ggug _gkdbdzZklgZke ggl@ ~ZgZ
bf \rbfbhé&ah ghklvh[ki*"2vkhxknhvingzhidjulu&hjZ«
Fbe Juef khf ] _ex*b\i_j\u kZfbijbgbZe bk\baZdgu
a* kvkize kh[b]JiZky j\uc\ bkhjbhzZjezf g\ 1Zgbhgb
\klj g2bkv_e IliZBhgbdkKldkhxaz b bf_ggh kvex‘kt
\i_j\umkigbebkyhebrvh]bkitkh[guZh[jZvkYy aZ]ZZ\
gZr hlfbjZ Ihkj kI ~bkdkkbfth gh gZcllemqgr_"e:
kKhh[&kI¥Z j_r_gb_ihkj~kIh ~bkdkkblbh gh ~tklibqg
ihgbZgbyfbjZz Wh \Z2°'g _cr_gZkeb Fbe 4 dheul e
nbelbhnbb klklI\ gguagmd] _h]jZnlkgbob bkhjbokdb
bkkéh¥gbds [mM _lij m\ebq glkd&d¥ qh\kygihqgd
nbelbbhnkdljZz"bphlkkj ba_ fighkdyZak fbkh\j f ga&
mitbldhjgyfb jZkkk™ gbybe Kdbdukebl e9Qc\ a&*r
gZr_c wij9

Whfbe k¢ ijhk\ s ghkthj "ZddZkjlhnbdkdbobge
lhyle _gbl_jkb~kabfi_pbbijh\Ze Zglbbfi_ hdihkkZ gk
Ijb\_el[ azZzetklgimjZanpr_gblkajh A IMmMhgZr_wjt
bh[jZsgbX jZ[kIN[hevrhHgbkeZh bl _e_ € :nbgZdw
NjbgbgZbke 1jZ]"bx ©1Z" _gBbe 42 diihjZyijhbale
khhevlefth@ \i g¥e ghbgZZnbgygh ihVhjguihklZgh\:
[uebaiy s g ihkdeviehhgZjbqgbgy®edid jgu kljZz"Zg
ajbl_eyrghd*\Zz"dZ e I|kimkl]j _dbljZabeib jkb"ko
m]jmaFbe JuelhkkZgle\ g\gh\vaZke B\ jgenk [ jhe\
p_dgkZ Ilhjheb b agZgbétgh\vggz\jzZkijkljZgylvkthc
ijhk\ Ibl_evkdbc "mo

Q _ehtimihygmlugZfh g42 JeZ\u _jlylghlue®\b b
wlibmhd dhPZihij "Zigx \ IMmarr_egZhjl dhjZgy
bAmsh baFbe 4\ : [ m?]h a¥bE \dbiiH _h "bag
balklghfZeh @Hg gzZbke dgb]lmh* gZ&\gb fo< eb:



AbZdfH® @jb[u\\ : [~ _inhghkghZe g I qg nbx b ekh n ko
rdhemd dhihjhc\kéj ijbkhrbgbeklyehhcmqg gbdfhdjt
bA _cghbygbhhghf ijkibjZky gk \ikemxsb_ \j f
<f kl_wlIbrZ fukebl _epkijhbeb ebgl\ gghaZgl
ZglbqgmMhibdZ E \dbijuemqgbl_e>ffhdjbt \ ebd
mq_dbdgZbk\rbfAr kylddgb]h \k f heZkIF agZg®yh
lefhdmX 2b\~j \gkibdh]TZhevrbgkiex* duebag il
K hljmZfbOHdbqZ\rbyck§ "b\k o ~j \gbhkljuf nihfa =+
ibkehg fK g Z1@Bhfhlebufu kjZ\gbkgbfg Ihevidih
\_ebgb%Zg@ gh b_iibgbx 2'Mot kijZEbPbp 3HY

Jbk > fhdjbl b& :ju

Qh” Izdhhidjuelk \dbib> fhdjbFbe IpilngbZeb
gh fbj fhgh ihad¥ ihkj~kIN jZefiZz Hgbijbreb d
Mm_"" gbghjZaebqggklkl\ ggun_gfh gutlke gukWblvl
dgfmhijhkhfm b iulZzebkvihgylwh wih fh™ _[Julv Hgl
kgbZeb qh kmskim I k\h_h jhnrzvwe f gigZkikZgpbp:
diihjh&ktkhbl\k hklZevghFbe | :gZHbf_ g "kEZeyeqlh
WE kniklZgpbfyh® Ik bfdvkyb jZaj [Zkyij \jZsZykvf



kZfuf\ jZagwe f glbadnhjuokikhblfbj Wh[uei_j\u«
jhkhd nbabdling _gVvjniuc b ijbfblb\gucgh jZkrmsbc\
ijZ\beviglgZjZz¥e gbQh[uihklbgkdjuludahjyhdfbjZ
lj_[hXeZkb"_ W _ekZdyb™ yjZg*bhaglaj gbE \dbib
> fhdjbl gZreb bw_x

BN kbkl_fu fhdjZij » evgjhklZ\ky<k e gdgdhyhb
ba[_ a]jZgbgghhkljZzgkE\\ dilhjh ~\b nkly[ kgbke g
dhfu IjhkljZgkh\g bf Iij » ehV\g fg lgb\ j&gbgba
mg Hg lgbp gk gb]jZgbpulhfu g bf xx gbddblhckl
dii_nhjfu Mgbag N kZ p\ Z\dnX ©EDbrv h[s_ffg_gt
kmsklim lkezhd\ fg_gbdblhjvid b\fg_gbibl ieh\fg gt
tohetgh\fg_ghbtp\ I\~ ckl\bl_d&Vighkmsklmx Ahfu
b imkizaz @

cIhfu g™ _ebfwhvwe f dlgudimibpuZevgddbdilhju
g _hédh 'ghjza _eblvZgZzklb\k hklZevghktkkhblbagboHqg!|
kKhW[Rgh\b nkly\ ijhkjZgkl\klZedAXky*im]k~jmif hgl
p_ieyxlygmdlhedX *imPPim]4dh*h[gudhfu ijbly]bXAdky
Aim] dnmjm b klgylky

Wh+ldZg¥bjZWh+j Zevgdv<k hklZevghtg ghbgh
dZdijhbagevguckemqgZcgihdlygucj aev4d ~\b gbyb
kh"bg gbyadhfh\ ; kdégggh fghhh[jZab kniklZgph
kiklZeyxsbbbj \hagBdbkdepb!| evighaeVv4d kh”bg ¢
w | b dhizh\

DhrZAahfu kh bgylky ~bgkl\gghqgh bf__lagqg_gt
Abgklgghghkmsklm lgZnmg”*ZfZgdghmjh\gx wh bc
nhjfZ bo \aZbfljzkgb b ihjy*hidji\ dgb Rbgyxkxy
LhqgHzZd _dZzdkh”bgyaguflbitkh[Zfpmd\denZ\EIfu
fh™ _f kh%aZv dhif “bbb IjZ]*bbJemiubkhjbbb wibdkdb
ihwu ve f dlgudhfu kh*"bgylkyihjh~Zybj\h\k f_h
jZaghh[jZzaZbf ZvlhjZ ijbgZ~rezZibhk>fhdjbd @

M[ kthgggh]lZgpZhfh\g lgbdhgpgdbp _elru kAb dZ«
b\ kv kIklI\ ggué€ébj £ "bgbafgh kl¥Z | aeVv4ah\ whh
\ ggm] 1ZgpZJ aeVv4d dhlhjuc yey kly ebrv kemqgZc
dhf[bgZpb lphjmMzijhrtre Z_WkKi_jbf_glbfwvk nhjZfbb
kKlmidnjZzfbb fu ih*"Hgh "b\hilguf =+ ijh"mid hi[hjZ
ijhbadevghlb kemqgZbaghimsh §Zijhly  _gblwgh\GZr
"bagy¥whdnf[bgZphfh\ gZrbfukelkktkhylbadjhrqgu



aTOMOB, HAIllM CHBI — IOPOXICHUS aTOMOB; HAIM HAACKIbI M IMOIMH
3aMrcaHbl Ha sI3bIKe, 00Pa30BAaHHOM KOMOWHAIIMSIMU aTOMOB; CBET, KOTOPBIH
MBI BHJHM, COCTOMT M3 aTOMOB, KOTOpBI€ JIOHOCST J10 Hac oOpasbl. U3
aTOMOB COCTOST MOpS, HaIld TOpoAa, 3BE3Abl HAJ HaMH. OTO —
BceoObEeMITIONIAs ~ KapTUHA;  Oe3rpaHuWYHasi, HEBEPOSTHO  MpocTas,
HEBEPOSATHO MOIIHAS, Ta, HA KOTOPOM B AalbHEUIIIEM MOXKET CTPOUTHCS BCE
3HAHUE [TUBUJIN3AIIH.

OcHOBBIBasICh Ha ATOW KapTHWHE, JIeMOKpPUT Hamucaj JECSATKH KHUT, B
KOTOPBIX JIETAIBHO M3Jaraj OOUIMPHYI0 CUCTEMY, MO3BOJISIONIYIO paboTaTh
c BompocaMu (pusuku, ¢punocoduu, STUKUA, TOJIUTUKA U KOocMoioruu. OH
MUIIET O MPUPOJIC SA3bIKA, O PEIUTHUU, O IMPOUCXOXKJICHUU YETOBEUECKUX
obmecTs m 0 MHOroMm aApyroM. (BechbMa mNpeTeHIIMO3HBIMH CIIOBAMHM:

10]

«ToBops cnexyromee 060 Beem»H — Haummaer JlemokpuT cBOl KHHTY

«Mamnsrii muakocmoc»H)) Bee ati kHurn 6b1mm yTpadeHsl. Mbl 3HaeM 06
unesx Jlemokpura TOJIBKO MO LMUTaTaM M CChUIKAM Y JIPYTHX APEBHUX
aBTOPOB, a TAKKe 10 MX KPaTKMM TepeckazaM ero maeill2l., M3 stux

HCTOYHUKOB BO3HHUKACT TIPCACTABIICHHUC O HGMOKpI/ITe KaK O JspKOM

ryMaHucTe, parmonanucte u Marepuanncre.-3! B mem coueraercs octpoe
BHUMAaHUE K NPHUPONE, IMOAYEPKHYTOEC €CTECTBEHHOHAYYHOW SICHOCTHIO
MBIIIJICHUST TIPU  PACCMOTPEHUH KaXJIO0M M3 CYIIECTBYIOUIUX CHUCTEM
MUQOJIOTHYECKUX HACH, U TIIyOOKas 3TUYHOCTh >KU3HEHHBIX YCTAaHOBOK,
MPEIBOCXUIIAIONIAA 34 JIBE€ THICAYM JIET JIYUIIAE MPOSBICHUS BIOXU
[IpocBemienus. Dtuueckuil uaean JleMokpuTa — 3TO OE3MSITEKHBIN yM,
JOCTUTIIUN CIIEPKAHHOCTU W PABHOBECHS 33 CUET JIOBEpHUSI pa3ymy U HeE
MO3BOJISIONINNA CTPACTSIM COMBAThH Ce0s C TOJIKY.

[Inaton u Apwuctorens ObUIM 3HAKOMBI C ujaeaMmu JlemMokputa u
oopomuce ¢ HuMHU. OHU NOPUACPKUBATUCH HMHBIX HACH, KOTOpHIE
BIIOCJICICTBUU CTJIM TPENSTCTBUEM [JII Pa3BUTHUS 3HAHUS HA MHOTHE
cromerusi. O0a OHM HacTauBaJld Ha OTKa3e OT JIEMOKPHUTOBCKHUX
HaTypAIIMCTUYECKUX CYXJICHUH B TMOJb3y TMOMNBITOK TOHSATH MHUpP C
TENCOJIOTUYECKUX TMO3UIUA (BEphl B TO, UTO BCE MPOUCXOASIIEE HMEET
1eJb; 3TOT CHOocO0 MBIIUICHHs, KaK OKa3aJoch, BEIET K TITyOOKHM
3a0Ty>KJeHHEM B TIOHMMaHUU TIPUPOABI) WU Yepe3 MOHATUSA 100pa U 374,
YTO BBI3BAJIO CMEIIEHUE T'YMaHUTAPHBIX BOIIPOCOB C MPOOIEeMaMu, KOTOPhIE
HE UMEIOT K HUM OTHOIIICHUS.

ApucToTens oApoOHO U C YBaXKEHUEM TOBOpUT 00 ujaesx JleMokpura.
[lmaron Hukorga He wUTUpyeT JleMOkpuTa, HO COBPEMEHHBIE



MCCJIEIOBATENN MPEATNONaraloT, 4YTO 3TO ObLJI0O HAMEPEHHOE pPEIICHUE, a He
HEIOCTAaTOK 3HAHUW O ero tpyaax. HessHas kputuka unen JleMokpura
COIEPKUTCSI B HECKOJbKHMX paborax [lnaroHa, HampuMmep B €ro KpUTHUKE
«pusuxoBy. Tak, B muamore «@Pemon» ycramu Cokpara [lmaton Opocaer
«puszuKam» OTYETIMBBIA YIPEK, UMEBIIUNA JAJIEKO HUIYIINE MOCIEICTBHUS.
OH HemoBOJIeH, Korja «(U3UKW» TOBOPIT O Kpymiod ¢opme 3emid, U
MIPOTECTYET, MOCKOJIBKY XOUYET 3HATh, YTO «XOPOIIETO» B TOM, UTO 3€MIIS
KpyTJiasi, Kakasi oJib3a Juisi Hee oT Kpyrioi gopmel. [Tnaronockuit Cokpar
MPUTIOMUHAET, YTO OBbUI BHayaje B OOJBIIOM BOCTOpre OT (PU3UKH, HO
II0TOM Pa304apoBaJICS B HEU.

A <...> nymai, 4To Hauen <...> YUYUTENA, KOTOPBIA <...> PaCCKaxXerT,
IocKas Ju 3emyisi WIM KpyIjas, a paccKa3aBIIU, OObBSICHUT
HEOOXOJMMYI0 MPUYMHY — COIILIETCS HAa caMoe JIydlliee, yTBEepkKas, YTo
3emie aydire Bcero ObITh MMEHHO TakOH, a He Kakoh-HuOydb eme. U
€CIIM OH CKaXeT, YTO 3eMJisi HaxOAWTCS B IIEHTpe [Mupal, OOBSICHHT,
noyeMy eii jryuine ObITh B neHTpe?!,

Kaxk sxe mmyboko 3a0mysxnaercs 31aech Benukuit [1naron!



CyumecTByeT Jiv npeaesa 1eJJuMocTu?

Benuuaiimuii ¢usuk Bropod monoBuHB XX Beka Puuapn ®elinman
[KMCajl B HAYaJe CBOETO BEJIMKOJIETHOIO BBOAHOIO Kypca JEKUUW II0
busuke:

Ecim ©Obl B pe3ynbrare KakoW-TO MHPOBOM KaracTpodbl Bce
HAKOTUICHHbIC HAy4YHbIC 3HAHUS OKa3aluCh Obl YHUYTOXKEHHBIMH U K
TPSIAYUIAM TIOKOJIEHUSIM YKUBBIX CYIIECTB Iepenuia Obl TOJBKO OJIHA
dpa3za, TO Kakoe YTBEpKIECHHE, COCTABIEHHOE W3 HAUMEHBIIErO
KOJINYECTBA CJIOB, MPUHECIIO ObI HAaUOOJIBIITYI0 HHpOpMaIuto? S cuuraro,
YTO 9TO — aTOMHas TUIoTe3a (MOXKETE€ Ha3blBaTh €€ HE TUIIOTe30, a
(akTOM, HO 3TO HUYETr0 HE MEHSET): 6ce mead COCMOSAM U3 amomos —
MANeHbKUX mesey, KOmopvle HAX00SMCs 8 OeCnpepvbl8HOM OBUNCEHUMU,
NpUMALUBAIOMCSL HA HEDONLULOM PACCMOAHUU, HO OMMATKUBAIOMCS, eClU
0O0HO U3 HUX NJIOMHee npudxcamsv K opyeomy. B ogHoM 310 dpase, Kak Bbl
yOenuTech, COIEPKUTCS HEBEPOSATHOE KOJTMYECTBO MH(OpPMAIIUK O MUPE,
CTOUT JIUIIb TPUIOXKUTh K HEHM HEMHOTO BOOOpaXEHHS U YyTh
coobpaxenus-,

He pacrnionaras 3HaHusiMu coBpeMeHHOM (u3uku, J[eMOKpUT TeM He
MEHEE TPUIIET K MBICIH, YTO BCE COCTOUT U3 HeleIuMbIX yacTtull. Kak emy
3TO yAAJI0Ch?

OH UCnOJIb30BaJl APTYMEHTHI, OCHOBAaHHbBIC Ha HAOIIOECHUU; HAIIPUMED,
OH COBEpIIEHHO BEPHO MpeJroiarai, 4YTO M3HOC KOJIECa U BBICBIXaHHE
Oenbsi HA BEPEBKE MOTYT MPOMCXOAUTHh U3-3a MEUICHHOTO YJIeTYYHUBaHUS
JacTHUI] COOTBETCTBEHHO JepeBa W Bonbl. Kpome Toro, y Hero Obuin
aprymeHThl puiocodcekoro miana. CKOHIIEHTPUPYEMCSl HAa HUX, MTOCKOJIbKY
UX CHJIa IPOCTUPAETCS BILIOTh JO KBAHTOBOM rpaBUTAIIUH.

JIeMOKpHUT 3aMETHJI, YTO BEIIECTBO HE MOXKET OBITh HENPEPHIBHBIM
[ETbIM, TTOCKOJIbKY TaKo€ JOMYyIIEHHWE MPUBOJUT K MPOTUBOPEUHIO. MBI
3HaEM O paccyxjaeHusx JlemMokpuTa, TMOCKOJbKY HX OIKCHIBAET

ApuctorensH®.  TIpencrasum, roBopur J[eMOKPHMT, UTO BEIIECTBO
OECKOHEYHO JeIUMMO, TO €CTh €ro MOXKHO pas3leisaTh Ha 4YacTH [0
O0eckoHeYHOCTH. YTO OCTaHETCs B pe3ynbrare?

MoryT 51 3T0 OBITh KPOIIEYHbIE YaCTULIbI, UMEIOINE MPOTIKEHHOCTH?
Het, nmockonbky B 3TOM cilydae TaKHe€ YacTUIbl MaTepuu HE ObUIU Obl



JIEIUMBIMUA 10 O€CKOHEUHOCTH. [loaTOMy OCTarTCsi TOJIBKO TOYKU 0Oe3
npotsbkeHHOCTU. Ho Temepsr mompoOyeM COCTaBUTh KYCOK MAaT€puul U3
TaKUX TOYEK: CJIOXKHMB BMECTE JIBE TOYKU 0O€3 MPOTSKEHHOCTH, BBl HE
MOJIYyYUTE MPOTSHKEHHYIO Belllb, TAK € KaK M W3 TPEX TOUYEK M Jaxe U3
gyeTeIpex. Ha camMoMm nierne, cKoimbko ObI TOYEK BBl HU CIIOXKHIIM BMECTE, BBI
HUKOT/Ia HE TMOJYyYUTE IMPOTIKEHHOCTH, IIOCKOJBKY Yy TOUEK €€ HeET.
[ToaTOMy Mareputo HeJb3sl MPEACTABIISITE COCTOAIICH U3 TOYEK, JTUIICHHBIX
MPOTSHKEHHOCTU, TOTOMY YTO HE3aBUCHMO OT TOTO, CKOJIBKO TOYEK MBI
OOBEIMHUM, Mbl HHUKOTJA HE CMOXEM IMOJIYyYUTh HEYTO, HMEIOIIEee
MPOCTPAHCTBEHHYIO  MPOTSKEHHOCTh.  EJUHCTBEHHass  BO3MOXKHOCTH,
3aKJIro4aeT JIeMOKPHUT, COCTOUT B TOM, UTO JIF0OAsi 4aCcTh BEIIECTBA COCTOUT
13 KOHeYH020 YWCIia JUCKPETHBIX HEJCIUMBIX MOPIUM, Kaxaas U3 KOTOPBIX
HMMEET KOHeuHble Pa3MepPbl, — AaTOMOB.

DTO BechbMa TOHKOE pacCyXAeHHUE MOsBUIIOCH emie A0 Jlemokputa. Ero
ponuHa — obmacth Yunenrto B HOxkuoit Mrtamuwm, rie ceiivac HaXOmaWTCS
ropon Benus, a B V Beke 10 Hamiel spbl OblIa MpOLBETAIOIIAs IpeuecKast
KoJloHust Dned. 3aech xui [lapmenun, ¢puinocod, KOTopblii OyKBaIbHO — B
YEeM-TO JIaXK€ M3JIMIITHE — BOCIPUHSI paluoHaan3M Museta U BOZHUKIIIYIO
TaM ML O TOM, YTO pa3yM CHOCOOEH IOKa3aTh HaM, HACKOJILKO BEIH
OTJIMYAIOTCS OT TOro, 4YeM OHM KaxyTcs. [lapmeHua mnbiTancs HCKaTh
HMCTUHY TOCPEJCTBOM OJTHOIO TOJBKO YMCTOTO pa3yMa, U 3TOT MyTh IPHUBEIN
€ro K YTBEPXKACHHUIO, YTO BCE BUIMMOE HJLTIO30PHO; ATO CIIOCOOCTBOBAJIO
OTKPBITHIO HOBOTO HaIlpaBJIEHUs] MBICIH, KOTOPOE CO BpeMEHEM Bce Ooliee
CKJIOHSJIOCh K MeTau3uke, OTAAISAACh OT TOrO, YTO BIIOCJIEICTBUU CTajlo
€CTECTBCHHBIMU HaykaMu. YueHUK [lapmeHuma 3€HOH, Takke pOAOM U3
Oneu, cTal aBTOPOM H3OIIPEHHBIX aApPryMEHTOB B MOIJIEPKKY HTOTO
(yHIaMEHTAIUCTCKOTO palMOHAlIi3Ma, KaTEerOpUYECKA OTBEPraroiiero
JOCTOBEPHOCTh BHEUIHUX NposiBieHUU. Cpeld 3THUX PaCCYKJICHHU ObLI
Ha0Op MapaJOKCOB, M3BECTHHIX KaK almopuu 3€HOHA;, OHW HaIlpaBJICHBI Ha
TO, YTOOBI IIOKa3aTh WJUIFO30PHOCTh BCETO BHUAMMOIO, JIOKa3bIBas, 4YTO
OOBIZIEHHOE MPEICTABICHUE O ABMIKCHUH a6cyp/:[Ho[1—7].

Camblli 3HAMEHUTBHIM M3 TMApaJOKCOB 3€HOHA U3JIaraeTcs B BHIC
KopoTkoi OacHu. Yepemaxa BbI3Bajia AXmiieca Ha COCTS3aHHE B Oere C
YCIOBUEM JeCITUMETPOBOU (Hopsl JyIs cedst. CMOXKeT M AXHILIeC JOTHATh
yepenaxy? 3€HOH JOKa3bIBa€T, YTO, COIVIACHO CTPOTOM JIOTHKE, 3TO €MY
HUKOTZIa He ynactcs. Beap mpexie dem JorHaTh uepernaxy, AXuiiec
JIobKeH Oyner mnpeononerb 10 MeTpoB, M 4YTOOBI cHaenarb 3TO, €My



MIOHAIOOMTCSI HEKOTOPOE BpeMs. 3a 3TO BpeMs yeperaxa MPOJABUHETCSA Ha
HECKOJIbKO CAaHTHUMETPOB. UTOOBI IIPEOIOJIETh 3TH CAHTUMETPBI, AXHILIECY
noTpedyeTcs eIlle HEMHOTO BPEMEHH, 3a KOTOPOE ueperaxa MpPOJBHHETCS
elle 4yTh Jajbllle, ¥ Tak J0 OCCKOHEUHOCTH. AXWIIIECY, TAKUM 00pa3oM,
oTpedyeTcss HeckoneuHoe UYUCIO NOOOOHBIX Ula208, 4YTOOBI JOTHATH
qyepernaxy, a OeCcKOHeuHoe HUCIO Wdae08, PACcCyX AaeT 3€HOH, JTO
beckoneunoe ronuuecmeo epemernu. CIEAOBATEIBHO, COINIACHO CTPOTOM
Joruke, AXuiniecy nmorpedyercs 0€CKOHEYHOE KOJIMYSCTBO BPEMEHH, YTOOBI
JOTHAaTh dYepenaxy, HWHade TOBOpsS, OH HHKOTJa e¢ He JOroHut. Ho
MIOCKOJIbKY MBI BHJIMM, YTO IPOBOPHBIM AXWIUIEC JOTOHSET M OOTOHSET
CTOJIBKO depernax, CKOJbKO 3aX04eT, MBI MPUXOAUM K 3aKIIOUYCHHIO, YTO
BUIUMOE HAMH HPPAMOHATIBLHO U TTOTOMY MJUTFO30PHO.

YecTHO TOBOPs, BCE ATO 3ByYHT HE CIMIIKOM yoemautenbHo. Ho rae ke
nomyiieHa omuoka? OQuH W3 BO3MOXKHBIX OTBETOB COCTOUT B TOM, UTO
3eHOH ommbajcs, mojaras, 4To CJIOKEHHEe OCCKOHEYHOro YHhcja BEIIeH
IPUBOAUT K OCCKOHEYHOW BelmM. IIpeacTaBbTe, YTO BBl B3SUIM KYCOK
CTPYHBI, pa3pe3ajii €ro IOoIojiaM, 3aTeM eIle pa3 IomojaM M TakK M0
OCeCKOHEYHOCTH. B KOHIIE BBl MOJIYYUTE OCCKOHEYHOE YHMCIIO KPOIICYHBIX
KyCOYKOB CTPYHBI; HX CyMMa, OJTHAKO, Oy/IeT KOHCYHOM, ITOCKOJIbKY U3 HUX
MOYKHO CJIOKHTB JIMIIb KYCOK CTPYHBI HUCXOMHOTO pasmepa. Ilomydaercs,
4TO U3 OCCKOHEYHOTO YHUCIIa CTPYH MOXKET IMOJYYUTHCS KOHEYHAs CTPYHA;
OecKOHEYHOE 4YHCIO0 BCE€ 0OoJee KOPOTKHX OTPE3KOB BPEMEHH MOXKET
CKJIQIBIBAThCS B KOHEuHOe BPEMsI, U T€POI0, XOTS U MPHUACTCS IPEOI0NICTh
OECKOHEYHOE YHCIIO IOCTOSHHO YMEHBIIAIONIUXCSA TUCTAHIUH, ymacTces
clIelIaTh 3TO 3a KOHeYHOe BPEMsI M B UTOTE JOTHATh Yeperaxy.

KaxxeTcs, mapagokc paspelieH. PerieHre coCTOUT B Ujee KOHTHHYyMa:
MOTYT CYIICCTBOBaTh CKOJIb YTOJHO Majble OTPE3KH BpPEMEHH, a uX
OCCKOHEYHOE YHMCIIO MOXKET CKJIAJBIBAThCS B KOHEUHBIH OTPE30K BPEMCHH.
ApHUCTOTENIb TICPBBIM HMHTYUTHBHO TIOHSJI 3Ty BO3MOXHOCTH, KOTOpas B

I[ZU'II)HGﬁIHCM HCCJIEa0BaJIacCh APCBHUMN 51 COBPEMCHHBIMHA

Ma.TeMaTI/IK(:IMI/I[1—8 .

Ho sBisieTcs nmu 1aHHOE pelIeHHE KOPPEKTHBIM ISl peanbHo20 MUpaA?
CylIecTBYIOT JIM HAa CAMOM JI€JIe CKOJIb YTOJHO KOPOTKHE OTPE3KH CTPYH?
JIeCTBUTENBHO M MOXKHO DPa3Ae/IUTh OTPE30K CTPYHBI Ha MPOU3BONbHOE
yucio yacteil? CyliecTBYIOT JM OECKOHEYHO Majible OTPE3KH BpEMEHU?
OTO Kak pa3 T€ BONPOCHL, C KOTOPHIMU CTAJIKWUBAETCS KBAaHTOBAsl TEOPHUS
rpaBUTALUU.



[To nmpenanuto, 3eHOH BCTpeyasics ¢ JIEBKUMMOM U CTall €ro YUYUTEIEM.
JleBkurmm, TakuM 00pa3oMm, ObLI 3HAKOM C mapajaokcamu 3eHoHa. Ho oH
n300pen dpyeoii cnocod uX pasperieHus. JIEBKUMN MPEANONIOKUI, YTO
MIPOU3BOJIBHO MAJIbIX BEIIECH HE CYIIECTBYET: Y BCErO €CTh HIXKHUM Mpenel
JIETUMOCTH.

BcenenHnas 3epHucTas, a He HenpepbiBHas. Kak mokazaHo B OMMCAaHHOM
ApucroreneM JAEMOKPUTOBCKOM pacCyXJICHHHM, U3 OECKOHEYHO MaJIbIX
TOYEK OBUIO Obl HEBO3MOXXHO IOCTPOUTH HEYTO MPOTSKEHHOE. Tak 4YTo
MPOTSHKEHHOCTh CTPYHBI JIOJDKHA OOpPa3OBBIBATHCS KOHEUHbIM UWCIOM
KOHEYHBIX OOBEKTOB C KoHeuHbviMu pazMmepamu. CTpyHYy Henv3s pa3pesarhb
CKONIbKO Y200HO pa3; Marepus HE SIBISETCS HENPEPHIBHOUN, a COCTOUT W3
OTJIETIbHBIX «aTOMOBY» KOHEYHOTO pa3Mepa.

Koppekten 3T0T aOCTpakTHBIA apryMeHT WM HET, HO, KaK Mbl 3HaeM
CErO/IHs, OH CONEPKUT OOJBIINYIO OO0 UCTUHBI. Matepusi 1elCTBUTENHHO
MMEET aTOMAPHYIO CTPYKTypy. Ecnu g pa3gento Kariro BOIBI MOIONaM, TO
MOJTy4y JBE Karuii BoJbl. S MOTY BHOBb Pa3/IeNIUTh KaXKIYI0 U3 TUX Kareilb
monoyiaM W Tak jganee. Ho s He MoOry npojoJpKarh JiefliaTh 3TO JI0
OECKOHEYHOCTU. B HEKOTOpHII MOMEHT Y MEHsS OCTaHETCs JIMIb OjHa
MOJIEKYJIa, U si Oyly BBIHYXKJIEH OCTaHOBHUThCsA. He cyliecTByeT Kamelnb
BOJIbI, KOTOPBIE MEHBIIIE OJJTHOM MOJIEKYJIbI BOJBI.

Otkyma ™Mbl 3HaeM 00 »toM ceromgusa? IlogTBepkaeHHUs] KOMMIKCH
CTOJIETUSIMU, OOJbIasi YacTh M3 HUX MpUIUIA U3 XUMHUU. XHUMHYECKUE
COEAMHEHHS COAEPKAT COYETAHUSI HECKOJIBKHX DIEMEHTOB, B3STHIX B
MPOTIOPIIMAX, 3aJaBAEMbIX IEJIBIMA 4YHUCIaMU. XUMUKH CTaldud JIymaThb O
BEIIIECTBAX KaK O COCTOSAIIMX U3 MOJEKYJ, MPEACTaBISIONUX COo00M
(¢ukcupoBaHHbIe codyeTanus aromoB. Hanpumep, Boga — H,O — cocrour u3

IBYX 4acTei BOIOPOJa U OJHON YaCTH KUCIOPO/IA.

Ho »tu wHaOmromenus ObUIM JIMIIb ITOACKa3kaMu. Elle B Hayaje
MPOIIIOTO BEKa MHOTHE y4eHble U (UI0cOo(dbl HE CUUTAIA PEATUCTUUHON
aToOMHYI0 Tunortesy. Cpeau HUX OblUT 3HaMEHUTHIN (hu3uk u dpunocod IpHCT
Max, 4bM TpEJCTaBICHUSI O MPOCTPAHCTBE MOIVIM CUJIBHO MOBIUATH Ha
OunmreriHa. B koHune nekumm JlrogBura bonbsiumana B MMmepckon
akameMun Hayk B Bene Max rpomko o00wsBmwI: «S He Bepio B
CylllecTBOBaHUE aToMOB!» D10 O6b110 B 1897 roxy. MHorue, nono6Ho Maxy,
BOCIIPUHUMAJIA XUMHUYECKHE OOO3HAYEHUS JIMIIb KaK yJOOHBIM Crocod
KpaTKOTO OIKMCAaHUs 3aKOHOB XUMHUUYECKMX peaklui, a He Kak
CBUJIETEJILCTBO PEAIBHOTO CYIIECTBOBAHUS MOJIEKYJI BOJbI, COCTOSAIINX M3



JIByX aTOMOB BOJIOpOJa U OJIHOTO aToMa Kucjiopoaa. Bel ke He MoxeTe
YBUJIETh aTOMbI, TOBOPUJIM OHU, UX HUKOIJIA HEJIb3s OyleT yBUIIETh. A pa3
TaK, CIpAIIUBAIN OHU, KAKOTO pa3Mepa MOTYT ObITh aTOMbI? JIeMOKPUT Tak
Y HE CMOT OIIEHUTh pa3Mepbl CBOUX aTOMOB. ..

Ho s10 cMmor caenats Koe-KTo Apyroi. YOenuTeapHOTO J10Ka3aTelibCTBa
«aTOMHOM THIOTE3b» HEe ObUIO BIUIOTH 10 1905 roma. OHO ObLIO HalAEHO
ABAJUATUIISITUICTHUM MOJIOIBIM YEJIOBEKOM C OyHTapCKuMU 00pa3oM
MBICJTH, KOTOPBIN u3ydan (PU3MKy, HO HE CMOT HalTH paOOThl KaK YYEHBIN U
B KOHIIE KOHIIOB HaHsJICA B OEpHCKOE MmareHTHoe Oropo. S Oymy erie MHOTo
pacckasbpiBaTh 00 3TOM MOJIOJIOM YEJIOBEKE U O TPEX CTaThsiX, KOTOPHIE OH
OTIPABUJ B CaMblid MPECTIKHBIN (PU3NMUECKUI KypHAJl TOTO BPEMEHH —
Annalen der Physik. TlepBasg U3 3THX cTared comepxkana yOeauTeIbHOE
JI0Ka3aTeIbCTBO CYIIECTBOBAHUSA AaTOMOB M pacyeT HUX pPa3MepoB, UYTO
pemmajno npoobiemy, nmocrasieHHyo JleBkunmom u JleMokputoM 3a 23 Beka
710 3TOTO.

3Bajqy 3TOr0 JBAJATUISITUIECTHETO aBTOpa, KOHEYHO Ke, AbOepT
OWHINTEHH.



Puc. 1.3. Ans6ept DitHITeH

Kak emy sto ymanocs? Unes Obina Ha ynuBieHue npoctoil. Ee Mor Ob
HaWTH J000M, HaumHas ¢ JleMokpuTa, oOnagali OH SHHINTEHHOBCKOU
NPOHMUIIATENILHOCTBIO M HEOOXOAMMBIM  3HAaHHMEM  MAaTE€MAaTHKH,
MTO3BOJISFOIIMM BBHITIOJIHUTH HE CaMble€ TIPOCThIE BhIUUCIICHUS. Bkpartiie CyTh
UV 3aKJIoYajach B CIEAYIOUIEM: €CJIM Mbl OYEeHb BHHUMATEIbHO
HaOJII0aeM 32 MEJIKUMU 00BEKTaMU BPOJE MBbUIMHOK WJIM YACTHUIL MBUIBIIHI,
KOTOPBbIE OKPYXEHbl HEMOJBMXKHBIM BO3JAYXOM WJIU JKUJKOCTHIO, MBI
3aMEeTHM, YTO OHHU TOJAPAruBaloT, Kak Obl MPUTAHIIOBBIBas. B pesynbrare
OHM JBWKYTCS CIyYallHbIMU 3UI3araMd M MEJIEHHO IEepEMEIIatoTcs,
MOCTENEHHO YAAISSACHh OT CTAPTOBOM TOYKHU. Takoe NMepeMEICHUE YacTUll B
KUJKOCTH Ha3bIBaeTCsl OPOYHOBCKUM JIBHKEHHEM B uecTh PoOepTa bpayHa,
Oouosiora, KOTOpbI moapoOHO omucan ero B XIX Beke. TunuuHas
TPAEKTOPHsl TaKOW TaHIYIOIIEeW yacTuibl u3oOpaxeHa Ha puc. 1.4. Ona
BBIIVISIJIUT Tak, OyJATO KPOIIEUHAs YacCTHUIIA MOJy4YaeT CIydailHbIE TOJIYKHU C
pa3HbIX cCTOpoH. Ha camoM jene oHa He «OyaTo», a B JIEMCTBUTEIHHOCTU



MoJIy4ac€T TOJIYKH. Omna APOKHUT, IMOCKOJIbKY CTAJIKUBACTCSA C OTACIbHBIMH
MOJICKYJIaMH BO31yXd, KOTOPLIC HAJICTAIOT HAa HEC TO CIIpaBa, TO CJICBA.
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Puc. 1.4. TunuyHoe OPOYHOBCKOE JBUKECHHE

KirroueBast MBICIIb COCTOMT B CHEAYIOIIEM. UHCIIO MOJIEKYJ B BO3IIyXE
KOJIOCCalbHO. B cpenHeM dacTuia IOJIy4daeT CTONBKO K€ TOIMYKOB CIIEBA,
CKOJIBKO U cripaBa. Ecim ObI MOJIEKys bl BO3AyXa ObUTM O€CKOHEYHO MAJIBIMU
U OECKOHEYHO MHOTOYMCIICHHBIMU, BO3JIEUCTBUSI TOTYKOB CIIpaBa U CJEBa
YPaBHOBEIINBATUCH Obl U B KaXKJbli MOMEHT B3aUMHO KOMIIEHCHPOBAJIH
ApyT Jpyra, B pe3yjbTrare 4ero yacTuila He ABuranach Obl. Ho koHEUHOCTH
pa3sMepoB MOJIEKyl — TOT (paKT, 4YTO HMMEETCS JIMIb KOHeuHoe, a He



OECKOHEYHOE MX YMCIIO — MPHUBOJUT K BO3HUKHOBEHUIO ¢hnykmyayuu (3TO
KJIIOYeBO€  CiIOoBO). MHaye TOBOps, CTOJKHOBEHHMS HHKOIJA  HE
YPAaBHOBEUIUBAKOTCS 7MOYHO, OHU COalaHCUPOBAHbl JIUIIb 6 CPEOHEM.
[IpencraBpTe HAa MTHOBEHHUE, YTO MOJIEKYJI O4YEHb HEMHOTO M OHH BEJIMKH I10
pa3Mepy: OYEBHIHO, NMbUIMHKA OyJIeT MOody4yaTb TOJMYKH JIMIIb H3PEIKa,
CHayaja cHpasa, MOTOM cJeBa... MexXAy CTOJIKHOBEHHMSMH OHa Oyaer
3HAYUTEJIbHO CMEIIAThCAd B Ty WIM JPYTYyH0 CTOPOHY, MOJOOHO Ms4y, IO
KOTOPOMY OBIOT MaJIBMUIIKHU, Urpatomire B ¢pyroon. C apyroil CTOpOHbI, YeM
MEHBILIE MOJIEKYJIbl, TE€M KOpOYE CTAHOBITCS HMHTEPBAJIBI  MEXKIY
CTOJKHOBEHHMSIMM W TEM JIyyllle YpPaBHOBEIIMBAIOTCSA TOMYKUA C Pa3HbIX
CTOpPOH. A CMEIIEHHS bUIMHKU CTAHOBATCA MEHEE 3HAUUTEIIbHBIMU.

Oxka3spIBaeTcs, MpoJeaB KOe-KaKiue MaTeMaTH4YeCKNE BBIKJIAJIKU, MOKHO
0 BeJIMYMHE HAOMIONAeMBbIX JBM)KEHUH YacCTHUIbl OINPEAEIUTh pa3Mephbl
Mouekyi. Kak s yxe ynoMuHan, DUHIITEWH cIenail 3TO B Bo3pacte 25 JeT.
W3 HaOmropeHMl 3a JBUKEHUEM 4YaCTHUI[ MbUIBIBI B JKMJIKOCTH M IIO
pacCTOAHMSIM, Ha KOTOpbIE WM YIABaJlOCh IEPEMECTUTHCS OT CBOEH
VCXOHOM TIO3UIMHU, OH ONpeNesua pa3Mepbl AEMOKPUTOBCKHUX aTOMOB —
AJIIEMEHTAPHBIX KUPIUYHUKOB, U3 KOTOPBIX COCTOUT BemiecTBo. Croycts 2300
JIET OH HallleJl JOKAa3aTeJbCTBO I'eHUAIbHOU uaen JlemokpuTa: mMarepus
3€pHUCTA.



IIpupona Beluen

Taxoice nr00bMU  NO3aOLIM  6036bIULEHHBLU
oyoem Jlykpeyuii,

Tonvko Kocoa u cama ceuHem OOHANCObL
3emis.

OsuouiiL®/

A ywacto gymato, yTo yTpara padbot JlemokpuTa BO BCeil UX MOJHOTE —
ATO BeNHWYaliliasg WHTEIJIEKTyalbHasi Tpareaus, BBI3BaHHAs THUOEJBIO
IPEBHEN KJIIACCHUYECKOM LMBWIM3alMU. B3MISIHUTE HA CIIUCOK €ro TPYyIOoB,
npuBoauMBIi B cHOCKel2Y, TpyaHO HE NPUNUTH B YHBIHHUE, OCO3HABAs, 4YTO
HaMU MOTEpPsHA OIPOMHAs YaCTh JPEBHUX HAYYHBIX MPEACTABICHUMN.

Jlo Hac gpomm Bce TpPyAbl ApHCTOTENA, CIEAys KOTOPOMY
BOCCTAHABIIMBAJaCh 3alajHas MbICIb, HO HuYero wusz JleMokpura.
Bo3moxHo, eciu Obl COXpaHWIOCHh BCE HaMCaHHOE [[eMOKpUTOM M HUYETO
U3 TPYJIOB APHUCTOTEINS, UHTEIUIEKTyaJIbHA UCTOPHUS HAIlIeH HUBWIN3AUN
CJIOKUJIACh OBl OJIArONPUSITHEE. ..

OngHako CTOJIETMSI JIOMHUHUPOBAHUSA MOHOTEH3Ma HE OCTaBWJIU
BO3MOXXHOCTH Uil  BBDKMBAaHMS  JIEMOKPHUTOBCKOTO  HATypajin3Ma.
CepThIBaHHE aHTUYHBIX IIKOJ BPOJIE T€X, YTO MpoIlBeTanu B AduHax u
AJIEKCaHJIpUH, a TAKXKE YHUUYTOKEHHE BCEX TEKCTOB, HE COMIACYIOLIUXCS C
XPUCTUAHCKUMH HUJESIMHU, ObLJIO BCEOOBEMIIIONIMM M CHUCTEMAaTHYECKUM B
IIEPUOJ KECTOKUX aHTUA3BIYECKUX PEIPECCHUM ITOCIIE SAUKTOB UMIIEpAaTOpa
®eonmocusi, kotoppidi B 390-391 romax oOOBSBUI  XPUCTHAHCTBO
€MHCTBEHHON M 00s3aTE€IbHON peluruel ummnepuu. TopKecTBYOIIee
XPUCTHAHCTBO €II€ MOIIO CMUPUTBCA ¢ I[lmatroHom u  Apwucrorenew,
A3bIYHUKAMU, BEPUBIIMMU B OeccMEpTHE MAyIId W CYIIECTBOBaHUE
ITepBoasuraresns. Ho e ¢ JlemokpuToM.

Tem He wMeHee CyIIECTBYeT TEKCT, MEpPEeKUBIIUN KaTacTpody
JOLIEIINK 10 HAC BO BCEW CBOEH MOJHOTE. biiarogapst eMy MblI KOE-4TO
3HaeM 00 aHTUYHOM aTOMHU3ME€ M, CBEPX TOTO, MOXEM IOYYBCTBOBATH JYyX
HayKM TOM »smoxu. OTo OnucrarenbHas mnosma De rerum natura («O
MIPUPO/IE BEIICi») IPEBHEPUMCKOTO 1ModTa JIykpenus.



Jlykpeumii TBepmo aAepxkurcs (uiocodpun OnHUKypa, KOTOPHIA ObLI
YYEHUKOM YyueHuka JleMokputa. Onukypa OoJibllie HHTEPECOBAIH
ATUYECKHE, HEXEJIM Hay4yHble, BONPOCBI M €My HEJ0CTaBajo
JEMOKPUTOBCKOM TTyOWHBI. MecTaMu OH TpakTyeT aromMusMm JleMokputa
HECKOJIBKO TOBEpXHOCTHO. Ho B 1menoM ero mnpeacraBieHus o
€CTECTBEHHOM MHPE COOTBETCTBYET MPEACTABICHUSAM BEJIUKOro (uiocoda
u3 AOnepsl. Jlykpeuuii mnepenoXuwi B CTUXOTBOPHYIO (HOpMYy MBICIIH
Onukypa u aromusM Jlemokpura, Ojgaromaps 4yeMy 4acTh 3TOM TiTyOOKou
¢unocopuu Obula craceHa OT MHTEIUIEKTyaJdbHOM KaracTpodsl CpemHux
BeKoB. JIykperuii BocmeBaeT aToMbl, MOps, Hebeca u mpuponay. B cBoux
onmecTsmMX cTuxax OH (popMynupyeT (uinocodpckue BOMPOCHI, HAYUHBIC
UJIEU U U3bICKAHHbIE aPTYMEHTHI.

S 00BACHIO, KAKHE CHIBI IPUPOBI IpaBaT COIHIEM M ONPENEIIAIOT
npwkenus JIyHbl, 9TOOBI MBI HE JAyMalH, OYATO HMX €XKErogHbIe
TIepeMEILEHHS MEXITy HEOOM U 3eMIIEH ITPOMCXOIMT IO UX COOCTBEHHOM
BOJIE. .. VIIIK 4TO OHM KpPY’KaTcs B COOTBETCTBUU C HEKUM 00KECTBEHHBIM
wiaHoM. . . 12U

ConHua MyTy U TyHBI — Pa3bsICHIO Sl TEMEPH 0 MOPSIKY.
IIepBoHayana Bemen, pasyMmeeTcs, BOBCE HEBOJILHO

Bce ocTpoyMHO B TakOM pa3MeCTHIIUCS CTPOMHOM TTOPSIIIKE
N o nBukEHBSX CBOMX HE YCIOBWINCH PAHbIIE, KOHEYHO.

Kpacora mosmbl 3akiatoueHa B TOM YYBCTBE YAMBIIEHHS, KOTOPBIM
MPOMUTaHA ITUPOKAsE aTOMUCTHUYECKAsT KapTUHA MHUPA, — YYBCTBE TIIYOOKOTO
€IUWHCTBA BEIIICH, MPOUCTEKAIOMIEM W3 3HAHUSA, YTO BCE OHU COCTOAT U3
OJTHOM Y TOM € CyOCTaHI[UU — YTO 3BE3/Ibl, YTO MOPS:

...BC€ MBI IPOUCXOJIUM OT HEOECHOTO ceMeHU. Bce CXOJHbI TeM, UuTO
y Hac OAWH OTEL, OT KOTOPOIO INHUTAIOMIAs BCEX MAaTb-3¢MJIS ITOJTYy4YaeT
Kary opomaronie Biaard. OIIOMOTBOPEHHAs TakKuM 00pa3oM, OHa
POKIaeT OOWIbHBIE YpPOXKaWl M KPENKUE JEpEeBbs IS JIIONEH M BCEX
BHUJIOB >KMBOTHBIX. JTO OHAa JA€T IHUIY, KOTOPOH BCE OHU PATOCTHO
NOJJIEPKUBAIOT KU3Hb B CBOMX TEJIAX W JAAIOT IPOJOJKEHHE CBOEM

pony...



CemeHU Mbl, HAKOHEI], HEOECHOTO BCE TTOPOXKICHBSI:
OO6mwmit poauTesp Halll TOT, OT KOTOPOTO BCE 3aUMHAET
Mars Bcebmaras, 3emiisi, J0XKAEBOM OpOIIIEHHAs BJIarou,
U mopoxmaeT xjaeba HAIMBHBIE W POIIIH T'yCTHIE,

W yenmoBeueckuii poa, U BCIKUX 3BEPEU MTPOU3BOIUT,
Bcewm pocrasnsigs UM KOpM, KOTOPBIM OHU HACBIIIASICH

Bce 6€33a60THO )KUBYT U CBOE IPOU3BOIAT TOTOMCTBO. 22!

[Tosma mponuTaHa CBETJIBIM YyBCTBOM CIIOKOMCTBUS U O€3MITEKHOCTH,
KOTOPOE POXKAAETCA MOHMMAHUEM TOTO, YTO HET HUKAKHUX KalPU3HBIX
O0roB, TpeOYIOIIMX OT HAC TSKKUX CBEPILICHUI U Haka3bIBaloIuX Hac. OHa
MOJIHA JIETKOM MYJbCUPYIOIIUNA PAJOCTH U HAYMHAETCS C TPEKPACHBIX
BCTYIIUTEJIBHBIX CTPOK, TOCBSIIEHHBIX BeHepe, CHSsIONeMy CHUMBOIY
TBOPYECKOM CUJIBI TPUPOIBI:

[Ipen ToOO# YHOCSTCS BETPHI M C TBOUM TOSIBJICHHEM OO0JIaKa YXOMIST
¢ Heba. Mopckue ropu30HTHI yibIOatoTCs Tede, HeOeca yCIIoKauBaroTCs U
CHUSIOT PAaCCETHHBIM CBETOM.

Betpsl, 60oruns, OeryT mnpej To0010; C TBOUM MPUOIHKEHBEM
Tyun yxomdt ¢ HeOecC, 3eMIIS-UCKYCHHUIIA TBIIITHBIN

CreneT BETOYHBIN KOBEP, YIbIOAIOTCS] BOJIHBI MOPCKHE,

U HebocBoa 1a3yphb CUSET Pa3IUBIIAMCS CBETOM. 2

BripakaeTcss myOokoe MPUHATHE KU3HU, C KOTOPOH MBI COCTaBIISIEM
€AUHOE 1IETI0E.

Pa3Be He BHIHO, UTO /IS PAAOCTH M HACHAXKIACHUS MPUPOJIE HYKHBI
JUIIL JIBE BEIIW: Tejo, u30aBiIeHHOE OT OOJH, M pa3yM, CBOOOIHBINA OT
TPEBOTH M CTpaxa.

...Heyxenu He BUIHO,

Uto 006 0JTHOM JIUIITH IPUPOJIA BOIIUT U UTO TPEOYET TOJIBKO,
UToOBI HE Be1aJio TEJIO CTPaJaHui, a MBICh HaclaX 1ajlach
YyBCTBOM MPHUATHBEIM BIAIH OT CO3HAHbS 3a00ThI U cTpaxa?i?

EcTp 37€Ch U CHOKOWHOE MpU3HAHME HEU30EKHOCTH CMEPTH, KOTOpas
IpeKpamnaeT Jrboe 3710 U B KOTOPOM HET HUYEro TaKOIo, YEero CieI0Bajo
Obl cTpamnThbes. Pemurus mna Jlykpeuuss — 3TO HEBEXKECTBO, pa3yM —
(haken, HECYIIUI CBET.



Texct Jlykpenusi Obul 3a0BIT Ha CTOJIETHUSI U 3aHOBO OTKPBIT B SIHBape
1417 roma rymanuctoMm Ilomxo bpauuonuHu B OMOIMOTEKE OMHOTO M3
HEMEIKNX MOHACThIper. [I0KO, CIIy)KMBIIMM CEKpPETApeM Yy HECKOJIBKUX
nam, ObLI CTPacTHBIM HCKaTelieM JIPEeBHUX PYKOMMCEH, MpoaoinKaTelieM
3HAMEHHTBIX MEPEOTKPbITHI, HauaThix PpanHuecko [leTrpapkoit. OTKpBITHIN
[Tomxo Teket KBuHTHIIMaHa peoOpa3ni XxapakTep NpernoiaBaHus MpaBa BO
BCEX YyHUBepcUTEeTax EBpOIbI; €ro OTKpbITHE Tpakrara Butpysus 00
APXUTEKTYPE HM3MEHWIIO MOAXOAbl K MPOEKTHPOBAHUIO U CTPOUTEIBCTBY
3nanuid. Ho ero momnmuuHbIM TpuyMdoM cTtano nepeotkpsitue Jlykpenus.
Pykonuce, oOHapyxkeHHas [lomxo, Obula BHOCIEICTBHM YTpau€Ha, HO
Konus, cruenaHHas ero japyrom Hwukono Hukonu (HplHE H3BEeCTHas Kak
Codex Laurenziano 35.30), ocraeTcsi B IEJIOCTH U COXPAHHOCTH BO
dopenTuiickoit onbauoreke «Jlaypenimanay.

B 1o Bpems, xorma Ilomko BHOBB IPENOJHEC YEIOBEYECTBY KHHUTY
Jlykpenusi, Obula y’e XOpOLIO MOArOTOBJIEHA MTOYBA JJIsl IPUHATHS YETO-TO
HoBoro. Eme ¢ mokonmenus JlaHTe MOXHO OBUIO OTYETIIMBO YCIHBIIATH
HOBBIE aKLEHTHI:

Tsoui 632150 npoHzaem moe cepoye
U npobysicoaem movlcib om CnAYKU.
A secv nomepsin u 6 cmsimenve,

JI10606b6 MHe dicuzHb nopeana 6 KjioubvA. (23]

[lepeotkpsiTre M03MBI «O MPUPOJIE BELIEH» 0Ka3allo TITyOOKOE BIUSHUE

Ha MTaIbIHCKOE U eBporeiickoe Bospoxaennel2Y, ero or3syku npsmo nmm

KOCBCHHO IIPOCJIICKHMBAIOTCA Ha CTpAaHUIAX CaMbIX PA3HbLIX aBTOPOB — OT

Tamnes 22 o Kermepa[ﬁ] 1 oT bakoHa 1o Makuagemu. CrycTsi CTOJIETHE

nocJe [lomxko aToMbl BOCXUTHTENBHBIM 00pa3oM mosiBisitoTcs y [llexcnupa:

MEPKYI[HUO:
O, sudicy 51, umo y mebsi bvina

Lapuya M»>6, sonwebnuy nosumyxa.
OHa coscem MantomKa: 6¢s. OHA
He bonee acamosozco kammsi

chapmuﬁbl Ha najivye, pasvesancaent



Ha amomax, 3anpiAdNCEeHHblX 2YCbKOM,
B ceoem 6o3ke 603ayWHOM, no Hocam

Jooeti, umo cnam...|22

B «OmnbiTax» MOHTEHS BCTpeyaeTcsi HE MEHEE COTHU LUTAT U3
Jlykpeuus. Ilpsmoe BnustHue Jlykpeuuss oOHapyxkuBaerca y HproToHa,
Hanerona, CnuHo3bl, JlapBuHa u, HakoHel, OWHIITeHHa. Cama wupaes
OWHILITENHA O TOM, YTO CyIIECTBOBAHHUE aTOMOB MPOSBISAETCA OPOYHOBCKUM
JIBUKEHUEM KpPOUIEYHBIX YaCTHUII, MOIPY>KEHHBIX B XKUIKOCTb, MOXKET OBITH
npociie:keHa Ha3an k Jlykpeuuro. Bor maccax, B kotopom Jlykpenuit maer
«GKUBOE JI0Ka3aTeJIbCTBOY MPEeICTaBIeHUsl 00 aTomMax.

DTOT MPOLECC WUIIOCTPUPYETCS KAPTUHOW, KOTOpas IOCTOSHHO
HAaXONMUTCS TpsIMO Yy Hac mepen miazamu. [loHaOmronmaiite, dYTO
IIPOMCXOJUT, KOTAA COJIHEUHBIE Jy4YW MPOHHUKAIOT B 3[aHUE U CO3HAIOT
IITHA CBETA B 3aTE€HEHHBIX MECTaX. Bl YBUANTE MHOXKECTBO KPOILIEYHBIX
4acTull, OeCHOpsIAOYHO JBIKYIIUXCS IO MHOTOOOpAa3HBIM MYTSIM B
MyCTOM MPOCTPAHCTBE, MPOHWU3AHHOM Jy4OM CBE€TA4, CIIOBHO OHHU
CpaxkaroTcsi Jpyr ¢ JIPyroM B HEMpeKpallaromieics OUTBE, BbLIETasl Ha
noyie 00si KOropra 3a KOTOpPTO, HE HMMeEsi HU CEKYH]IIbl Ha OTIbIX B
HENPEPHIBHOM 4YEpEAe COCAMHEHUM W Pa3beIMHCHUN. Tak BBl MOXKETE
IPEICTaBUTh ceOe, KaKOBO MPUXOAUTCS aToMaM, KOTOpbIe OECKOHEYHO
NIEPETACOBBIBAIOTCS B Oe3rpaHUYHOM IMycToTe. B Kakol-TO Mepe 3Tu
MaJible YacTULBl MOTYT CIY>)KUTh WJUIIOCTPAIMEN W HECOBEPLIEHHBIM
obpa3om Benukux Bemie. Kpome Toro, ecTh W elie oOJiHa TMPUYKHA,
MOYEMY BaM CJIEAYET YACIUTh BHUMAHUE 3TUM YACTHUIAM, TAHIYIOIIAM B
COJIHEUHOM JIyue: WX TaHEll CIY>KUT HWHJIUKATOPOM (PyHIAaMEHTAIbHBIX
JIBUKEHUM MaTEpUU, KOTOPBIE CKPBITHI OT HAIIETO B3MIsAAa. Bl BuanuTe
MHOXKECTBA YaCTHUL, HAXOMAIIMXCS TOJ BO3JCUCTBUEM HEBUINMBIX
MIOTOKOB, MEHSIOIIUX CBOE HaIpaBJICHUE U COMBAEMBIX CO CBOETO IyTH
Tyla U CHOJa, BO BCE CTOPOHBI. Bam cieayer moHATh, 4TO BCE 3TO —
CBHJIETEJILCTBO HEYCTAHHOIO JBHMKEHHS aroMoB. [IprunHa 3akitoueHa B
aroMax, KOTOpbI€ JIBUKYTCS caMu Mo cebe. 3aTeM HeOOJbIlne TIOTHBIC
TeJla, HENAJICKO yIIEAUIMe OT JBWXKYIIEd CHJIBI aTOMOB, IO
BO3JICCTBUEM HEBUJIUMBIX MOTOKOB OOPETAIOT JABMXKEHHE W OOpamiaror
CBOIO CHJIy HA HEMHOTO 0oJiee KpymnHbIe Tena. Tak, HauYMHasACh C aTOMOB,
JIBUKECHHUE YCHIMBACTCA U IMOCTEICHHO MPOSABISAETCS HA YPOBHE HAIIUX
OpPraHOB YyBCTB. TaKk YTO T€ MBUIMHKH, TAHEL KOTOPBIX MBI BHIUM B



COJIHCYHBIX Jydax, JABUKUMBI [NOTOKaMH, KOTOPbIC OCTaloTCA
HEBUANMBIMU.

O6pas3 Toro, 4To ceiiyac OMMCaHO MHOM, U SIBJICHBE

DTO mpea HaMH BCETAa U HAa HAIIMX I71a3aX MPOUCXONT.

Bot mocMoTpu: BCAKHM pa3, KOIJIa COJTHEYHBIN CBET MPOHUKAET
B namm xunuma u Mpak npope3aet CBOUMU JTyd4aMu
MHOX€eCTBO MaJIEHbKUX TEJ B TyCTOTE, Thl YBUJIUIIIb, MEJIbKAS,
MeuyTcs B33 U BIEPE] B JIYYUCTOM CUSHUU CBETA;

Bynro 6b1 B BeuHOM 00ph0OE OHU OBIOTCSI B CPAXKEHBSIX M OMTBAX
B cxBarku OpocaroTcs BAPYT MO OTpsijaM, He 3Has MOKOS,

Nnu cxonsich, Wi Bpo3b OECIPEPHIBHO OMSATH PA3JIETasACh.
Moskelilb U3 3TOTO Thl YICHUTH c€0e, KaK HEyCTaHHO
IlepBoHauasna Belel B yCTOTE HEOOBSITHON MATYTCH,

Tak 0 BeMKUX Belllax MOMOTAIOT COCTABUTh MOHSITHE

Mauiible Bely, MyTH Hamevast Jyisl UX MOCTHUKEHbSI.

Kpome Toro, motoMy o0partuth Teb6€ HaJ0 BHUMAaHbE

Ha cymaroxy B Tenax, MEIbKarOIIMX B COJTHEUHOM CBETE,

UTo U3 Hee MOo3HaCIIb Thl MATEPUH TAKKE JBUKCHBS,
[Ipoucxomsmue B HEM MOTAEHHO U CKPBITO OT B30pA.

N6o yBUUIIb THI TaM, KAK MHOTO TTBUIMHOK MEHSIOT

[1yTh CBOM OT CKPBITHIX TOJYKOB M OISITh OTJIETAIOT 0OPaTHO,
Bcrony Tyna u crona pa3zoerasich BO BCEX HAIPaBICHbSIX.

3Hail Jke: UJIeT OT Havdas BceoOIiee 3To Oy K aaHbe.
[IepBoHauana Bellel CHaYala IBUKYTCS CaMH,

Crenom 3a HUMU Te€Ja U3 MaJEHIIEro uX COYeTaHbs,

bnuzkue, kak Obl CKa3aTh, M0 CHUJIaM K HadaJlaM IEPBUYHBIM,
CKpBITO OT HUX TOJIyYasi TOJTYKH, HAYMHAIOT CTPEMUTHCS,
Camu K JBM>KEHBIO 3aTEM MOHYK/1asl TeJla MOKPYITHEE.

Tak, ucxoAs OT Ha4aj, ABUKEHUE MaJIO-TIOMaTy

Hammx kacaercst 4yBCTB, U CTAHOBUTCSI BUJUMbBIM TaKKe

Hawm u B nbUIMHKAaX OHO, YTO JIBUXKYTCSI B COJTHEYHOM CBETE,
XOTh HE3aMETHBI TOIUKHU, OT KOTOPHIX OHO MPOHCXOauT. Y

OWHINTENH  BOCKPECHJI  <(GKMBOE  JIOKA3aTelbCTBO»,  OMUCAHHOE
Jlykpeuuem u, BEpOSTHO, BIEPBBIE NMPEMIOKEHHOE J[EMOKPUTOM, a TaKkKe
npuaal €My OCHOBaTelIbHOCTh, NEpPEeBEAs Ha MaTeMaTHYECKUM SI3bIK U
CYMEB TE€M CaMbIM BBIYHCIIUTH pa3Mephbl aTOMOB.



Karonuueckass 1LEpKOBb MBITANACh OCTAHOBUTH PAaCIpPOCTPAHECHUE
noamsl Jlykpenus: @nopeHTUiickuii cuHof B Aekadpe 1516 roga 3amperun
yutath Jlykpenus B mkonax. B 1551 rogy TpuneHTckuii co00p HalOXUI
3anpeT Ha nmosmy. Ho 6110 yxe mosaHo. LlemocTHoe BUaeHNE MHUpa, paHee
pa3pyIlIeHHOE CPEIHEBEKOBBIM XPHUCTHAHCKUM (PyHIaMEHTAIN3MOM, YXKE
pacnupoCTpaHWIOCh TI0 BHOBb OTKpbIBIIEH Ima3a EBpome. Jlykpeuwii
npemioxkua EBpone He MpoCcTO palMoHaIv3M, aTeu3M WA MAaTEpUATH3M.
DTo ObUIa HE TOJIBKO CBETNIas W OE3MSTEKHAs MeIUTAIlusl, MOCBSIICHHAS
KpacoTe MUpPa, a HEYTO OoJiblliee — SICHO BBIPAYKEHHAs U CJIOXKHAs cHcTeMa
MBIIIUJIEHUS O PEAIbHOCTH, HOBBIM CIOCO0 JAyMarh, paJluKaIbHO OTIUYHBIN
OT TOrO, YTO Ha MPOTSKEHUH BEKOB MPEACTABISI COO0O0Ml CpeaHEBEKOBBIM
06pa3 Mpiciul2,

CpenneBexoBbiii KocMoc, n3yMuTennbHO BocneThIM [laHTe, cTponics Ha
MEPAPXUYECKOM OpraHu3aluu BceneHHOM, OTpakaBIIEHd HEPapXUYECKYIO
OpraHHU3aIUI0 EBPOINENHCKOro 00IIecTBa: C(hepuuecKkoe CTPOEeHUE KOCMOoca ¢
3emuieill B IIEHTpe; HEYCTPAaHUMOE pa3jielieHne MexIy 3emiieil u Hebecamu;
¢buHamucTcKkoe U MeTtaopuyeckoe OOBICHEHHE €CTECTBEHHBIX SIBJICHUM.
Crpax bora, cTpax cMepTH; Majgoe BHUMAHUE K MIPUPOJIC; TPEACTABICHHE O
TOM, 4TO (hOPMBI, MPEIIESCTBYS BeIllaM, OINPEICISIIOT CTPOCHHE MUPA;
MpPEACTABICHUE O TOM, YTO HCTOYHUKOM 3HAHUSI MOXKET OBITh TOJIBKO
npoIuioe B opMe OTKPOBEHUS U TPAAUIIUU. ..

Hwuyero storo Her B mupe [lemokpura, BocneroM Jlykpeunem. Tam HeT
cTpaxa mepen OoraMu; HET KOHIIA CBETa WM MpeIHa3HAuYeHUS MHpPA; HET
KOCMUYECKON MepapXuu;, HET pa3iudus Mexay 3emiiei u Hebecamu. EcThb
r1y0oKas JIFo00Bb K IPUPOJIE, O€3MATEIKHOE MOTPYKEHUE B HEE; OCO3HAHUE
TOTO, YTO MO CYTH CBOEW MBI SIBIIIEMCS €€ YacThl0; YTO MY>KUYWHBI,
KEHIITUHBI, )XUBOTHBIC, PACTEHUS] U 00Jlaka — 3TO OPTraHWYHO CIUICTEHHBIE
HUTU  yAUBUTEIBHOTO €AMHOTO IIeJIoro 0€30 BCSIKOM  HepapXuHu.
Ceepkaroniue Mupbl  JleMOkpuTa  BBI3BIBAIOT  YYBCTBO  IIIYOOKOTO
yHuBepcanuzma: «MyapoMy 4eloBeKy Bcs 3emiid OTKpbiTa. 0o s
XOpOoIeil IyIH 0TeYecTBO — BeCh MUp» 2],

[losBnsieTcst JKeJlaHWE HAyYUTHCA JOyMarb O MHPE B MOPOCTHIX
KATETOPUAX, MOJYYUTh BO3MOXKHOCTH HCCIIENOBaTh U IMOHHUMAaTh CEKPETHI
MPUPOABI, YTOOBI 3HATH OOJBINE, YeM HaIM poauTeau. M st 3Toro ecth
YHUKQJIBHBIE MBICIUTEIbHBIE WHCTPYMEHTHI, HAa KOTOPBIE ONUPAIUCH
[Namuneit, Kemiep m HploToH, — wuuess cBoOOAHOTO MPSIMOJIMHEHHOTO



JIBU>KEHUS B POCTPAHCTBE; UAES SJIEMEHTAPHBIX TEJI, N3 KOTOPBIX CTPOUTCS
MHp, U UX B3aUMOJICVCTBUI; HJIeSl MPOCTPAHCTBA KAK BMECTUJIMILIA MUPA.

N kpome Toro, ecrb mpocras HJAECSI KOHEUHOM JEITUMOCTH BEIICH.
OyHIaMEHTAIBHOW 3€pPHUCTOCTH  MHupo3aaHus. Mnes, koTopas He
MO3BOJISIET OECKOHEYHOCTH MTPOCKOIB3HYTh Y HAC MEXAY MalblIaMH.

DTa MBICIIb JIEKUT B CAMOM CEPJILIE aTOMHOM THIOTE3bl, U MbI €IlE
BCTpETUMCSI C HeHM, Korjga OyldeM TOBOPUTH O JIOMOJIHUTENbHBIX CHJIaX,
BO3HUKAIONIMX B KBAaHTOBOW MexaHuKe. CeroiHsi oHa BHOBb PAaCKphIBAET
CBOIO MOIIIb B KQUE€CTBE KPAC€yroJIbHOTO KaMHSI KBAHTOBOW I'PABUTAIMH.

[IepBbIM YE€JIOBEKOM, KOTOPBIM COEAWHMJI YACTH MO3aWKH, HAYABIIHEC
MOSBJISITECSL B KOHTEKCTE HaTypaiau3Mma 300Xu Bo3poxaeHus, u
BOCCTAHOBWJI, HEBEPOATHO YCHIIMB, JIEMOKPUTOBCKYIO KAPTHHY MHDA,
CIeJIaB €€ LEHTPOM COBPEMEHHOM MBICIIH, CTAJl AaHIJIMYaHWH, BEJIMYANIINN
YYEHBI BCEX BPEMEH U NIEPBBIN T'€POU CIEAYIOLIEH ITIaBBbl.
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He Hano cMmesThes HaJ 3TOM Teopuer Win oTOpachiBaTh €€, MOCKOIbKY
OHA BIOJIHE (PU3MYHA. DTO XOPOIIEe U KOPPEKTHOE OMHCAHUE JBHKEHUS
IIOFPY>KEHHBIX B KUIKOCTb TE€J, IIOABEPrarolUMXCcsi BO3IACHUCTBUIO
IPABUTALMM W TPEHUSA, TO €CTh pPEAJIbHBIX BEIIEH, C KOTOPBIMH MBI

MTOBCETHEBHO CTAJIKUBAEMCSI B CBOCH >KM3HH. DTO HE OIIMOOYHAs (pu3MKa,

KaK 9acTO TOBOPAT. JT0 — npubmmkenue23.

®uznka HproTOHa TOXE SBISETCS MPUOMIDKEHHEM K OOIIel Teopuu
OTHOCUTENBHOCTU. W BEpOATHO, BCE, YTO MBI 3HAEM CETrOAHSA, B CBOKO
o4yepeb, SBISETCS MPUOIMKEHUEM K YEMY-TO, YETO Mbl €IlI€ HE 3HAEM.
Koneuno, ¢usuka Apucrorenss [OOBOJIBHO TIpyda, OHA HE MMEET
KOJIMYECTBEHHOW (POopMBbI (Ha €€ OCHOBE HEJNb3s JieJaTh pacueThl), HO OHA
MOCJIEA0BATEbHA W pPALMOHAJIBHA W TIO3BOJSET JEJaTh KOPPEKTHHIE
KaueCTBEHHbBIE TIpe/ICKa3anHus. He 3ps oHa B TEUEHUE CTOJETUN OCTaBAIaACh
JTydIeii JOCTYIHOH MOJIENBIO JUIS TIOHMMAHHS JBIKSHU 22,

[1naToH, BO3MOXXHO, €111€ BaXKHEe JJIs1 OyIylIero pa3BUTHS HAYKH.

Nmenno Ilnaton moHsnm BcE 3HaueHwe Jgoraaok I[ludaropa u
nudaropeniieB: KIOYOM K TOMY, YTOOBI TOUTH Jasbiie MUiIeTckoi IKoJIbI,
ABJISICTCS MATEMATHKA.

[Mudarop pomunca rHa Camoce, MaJE€HBKOM OCTPOBE HEMOMANEKYy OT
Muznerta. Ero nepssie 6uorpadsr AAmeinux u [Mopdupuii pacckassiBaroT, 4To
toublid  [Iudarop ObUT ydeHUKOM TpecTapenoro AHakcuMasapa. Bce
Hayasioch B Munere. Iludarop MHOro myTtemecTBoBai, BEPOSTHO, IO
Erunty u, BO3MOXXHO, J1axke 1MoObIBaj B BaBuiioHe, mpexe 4emM ocecTh Ha
tore Uramuum B KpoToHe, r1e OH OCHOBaJl CBOIO PEIMTHO3HO-TIOJUTHKO-
HAYYHYIO CEKTy, KOTOpas Urpaja BaXKHYIO POJIb B IOJUTHUKE MAJIEHBKOTO
ropoaka, HO, IOMHUMO 3TOr0, OCTABHWJIA BCEMY MHPY HACJIEAUE OTPOMHOU

IIEHHOCTH — OTKPBITHE TEOPETUICCKOM MOIe3HOCTH MareMaruku. [Iudaropy

TIPUIIMCHIBAIOT YTBEpKAeHNE: «UHCII0 paBuT (hopMaMu 1 uaesMiy» 22,

[lnaron w36aBun mnudaropeusM OT €ro OOPEeMEHUTEIHHOTO H
Oecrofie3HOr0 MHCTHYECKOro Oaraka. OH BOCHPHUHSII U OYUCTHUI €TO
MOJE3HbIM  TIOCBUI:  MareMaruka — O3TO  fA3bIK, JIy4ylle  BCEro
NpUCTIOCOOJIEHHBIN AJI1 MOHUMaHUS U ONMUCaHus Mupa. DPGEeKT OT 3Toi
JoTaku OBLT KOJOCCAJIbHBIM; OHA CTajla OJHOM W3 NPUYUH YycIiexa
3anagHod Hayku. COINIaCHO Tpaaulliv, Ha ABEepU cBoed koibl [lnaron
BbIpe3an (paszy: «/la He Boilmer croma He 3Haromui reomerpun». llox
BIUSHUEM 3TOro yoOexjaeHus [lnaTtoH mogHsn BakKHEWIIMA BOMPOC, U3
KOTOPOTO TMOCJIE€ JOJTUX OKOJIbHBIX ONy>KIaHUN BO3HUKJIA COBPEMEHHAas



Hayka. OH CIIpallMBaJI y CBOMX YYEHHMKOB, U3y4aBIIUX MAaTEMAaTHUKY: MOTYT
JM OHH HAWUTH MAaTreMaTU4YECKUE 3aKOHBbI, KOTOPBIM CJIEAYIOT IUIAHETHI,
BUJIMMbIEe Ha HeOocBoae? Benepy, Mapc u lOnurep nerko yBuUIeTh Ha
HOYHOM HeOe. WX [BWXKEHHMS BBINIAAAT 1O HEKOTOPOM CTENEeHU
OecrnopsA0UHBIMU: OTHOCUTENBHO 3B€3/l OHH MEPEMEIIAIOTCS TO B OJIHY, TO
B JPYTYKO CTOpPOHY. MOXHO JIM HAaUTH MAaTeMaTUYECKOE OMUCAHUE,
IIO3BOJISIOLINE MTPEACKA3BIBATE UX JIBUKCHUSA?

[TombITKM HAWTH 3TH 3aKOHBI HaYMHAKOTCS ¢ EBIOKCAa B IJIATOHOBCKOM
IIKOJIE M TPOJOJHKAIOTCS HA NMPOTSHKEHUU CIEAYIOMNX CTOJETUA TaKUMU
acTpoHOMaMH, Kak Apucrapx um ['mnmapxX; OHM NOJHMMAKOT AHTHYHYIO
ACTPOHOMMIO Ha BBICOYAMIIMN HAy4YHbIM YpOBE€Hb. O IJOCTMIKEHHSIX 3TOM
HAayKd Mbl 3HAa€M M3 E€IUHCTBEHHOM KHWIH, KOTOpas JAOLUIa 10 Hac, —
«Anbmarecta» [Itonemes. [ITonemeit 6b1T acCTpOHOMOM, KUBIINM B | Beke
Hallle 3pbl B AJIEKCaHIPUU, BXOAUBILEN B cOCTaB PUMCKoOIl uMmIiepuu, rie
HayKa TOIJa y’Ke IepeKnBalla CIal U JBUTajlach K IIOJHOMY MCUYE€3HOBEHUIO
Ha ¢oHE MacIITabHOro KoJularca 3JUIMHUCTHYECKOTO MHpa, 3aTyIIEHHOTO
xpuctuanuszauuen Mmmnepun.

Knwura Iltonemes — 310 BaXHEWIINM HaydHbId Tpyxa. CTporas, TOYHas,
CJIOKHAsI, OHA MPEICTABISAECT aCTPOHOMMIO KaK MAareMaTHYECKYI) CHUCTEMY,
CHOCOOHYIO TMpeAcKa3blBaTh Kaxyluecs OeCHOpSAOYHBIMU JBHXKEHUS
IUTAHEeT 1o HeOy C MouTu Oe3yNmpeyHOM TOYHOCTHIO, OIPAaHUYEHHOW JIHILb
BO3MO)KHOCTSIMHU YEJIOBEYECKOTO I1a3a. JTa KHUTAa — JI0KA3aTejIbCTBO TOTO,
yro poraaka IIudaropa Obina BepHa. MaTemaruka MO3BOJISET ONUCHIBATH
MUp U IIpecKa3bIBaTh €ro Oy/ayliee: BHEIIHE CydailHble U OeCropsouHbIe
JABUKEHUS IUJITAHET MOXXHO TOYHO TMIPEACKa3aTh, HUCIHONb3Yyd (POPMYIIbI
[Itomemest, B KOTOpPBIX OOBEAMHEHBI CTOJIETUS Tpyda TPEUECKUX
aCTPOHOMOB, IPEJCTABICHHBIE B THIATEIBHO CHCTEMAaTU3UPOBAHHOM BHJIE.
Jlasxe cerofHsi, MPUJIOKUB HEOOJNBIINE YCHUIUS, MOXXHO OTKPBITh KHUTY
[ITonemes, U3y4uTh €r0 BBIKIAAKU U GbIYUCAUMb, HAIPUMED, IOJIOKECHUE,
KoTopoe 3aiiMetr Mapc Ha HeOe 6 Oydyuem. Ceecoons, uepes3 2000 et nmocie
TOro, Kak KHWMra Oblia HanucaHa. OcCO3HaHHME TOro, 4YTO 3Ta Marus
JAEHUCTBUTENHLHO pabOTaeT, JEKUT B OCHOBAHMM COBPEMEHHOW HayKH, U B
HEMaJioil cteneHu Mbl 00s13aHbl ATUM [ludaropy u Ilnarony.

[locme 3akaTta aHTUYHOM HAayKHM HUKTO BO BCeM (Cpenn3eMHOMOpBE HE
ObL1 cioCcOOEH MOHATH TpyAwl lITonemes, kKak U MHOTHE JApPyTHE BaKHbIC
Hay4yHble paboThl, mMepexuBlIne KaracTpody, Takue kak «Hauamay



EBxnuna. B Munum, Kyma rpedeckoe yueHHe nomano 0yiaroaps akTUBHBIM
TOPTOBBIM U KYJIBTYPHBIM CBSI3SIM, 3T KHUTH U3y4YaJIUCh U ObUIM MOHSTHI.

N3 Unauum 3710 3HaHWE BEPHYJIOCH Ha 3araji oJarojapsi IpOCBEIICHHBIM
MEPCUJICKUM U apabCKUM YYEHBIM, KOTOPbIE€ CMOIJIA MOHSATh U COXPAHUTH
ero. OJIHaKO aCTPOHOMHS 3a THICSYY C JIMIIHUM JIET TaK M HE CHeNalia
CKOJIbKO-HUOYb CyIIECTBEHHOTro mara Brnepea. [IpumepHo B To ke Bpems,
xoraa [lomxo bpaudonuuu oOHapyx ui pykonuch Jlykpenusi, BOJbHBIN TyX
UTAJIbSIHCKOTO TYMaHM3Ma U MHTEPEC K AHTUYHBIM TEKCTaM BOOIYIIEBUIIN
IOHOTO TOJIsIKa, KOTOpbIM NpuObLT HA yueOy B Utanuto, criepBa B bonoHslo,
3areM B [lanytro.

OH noanuceBasicss Ha JaaruHCKUM MaHep: Hwukomayc KonepHukyc.
Momnonoit Komnepuuk wusyuun «Anbmarect» lltonemes u OykBajabHO
BIIOOWICA B Hero. OH pelni MOCBATUThH KM3Hb aCTPOHOMHUH, CIIEAYs IO
cTomnam BeJukoro IItonemes.

[lpunuio Bpemsi, u Oojee ThicAuM JieT cmycTs mnocie Iltonemes
KonepHuk cMOr mpoOABUHYTHCS Ha MIar Jaidbll€, YEeM MOKOJIEHUS
WHJIUUCKUX, apaOCKUX U MEPCUACKUX acTpOHOMOB. OH HE MPOCTO U3ydal U
IPUMEHSI MTOJIEMEEBY CHCTEMY, BHOCS B He€ HEOOJIbIIME TOINpPaBKH, HO
PaJUKAIBHO YCOBEPIICHCTBOBAJ €€, CMEJIO U3MEHUB CaMbIE€ €€ OCHOBAHUS.
BmecTo Toro utoObl OnuchIBaTh, Kak HeOECHbIE Teda O0pallalTcs BOKPYT
3emnn, KomepHuk myOIuKyeT CBOEro poja IEPEeCMOTPEHHYI0 |
UCITPABJIEHHYIO BEPCHUIO MITOJIEMEEBCKOTO «AJIbMarecTa, COracHO KOTOPOu
ConHue HaxoAUTCA B LEHTPE, a 3€eMiIsl BMECTE C JPYTMMHU IUIAHETAMH
oOpariaeTcsi BOKpYT HErO.

Ha stom nyTu, kak Hazaesuics KonepHuk, BEIUMCIECHUS CTaHYT padoTaTh
emie ayumie. Ha gemne onu He ObUIM TOuHee, yeM y lITonemes; B KOHEUHOM
CUETE, OHU JAKE OKA3aJMCh XyXe NTojeMeeBCckux. Ho, HecMoTps Ha 370,
niaen KomepHuka BbI3BalM pPE30HAHC: B CIEAYIOLIEM NOKOJeHMH HMoraHH
Kennep mokasan, yrto cucremy KomepHuka MOXHO 3acTaBuUTh paboTarh
Jydiie TTojieMeeBCKoW. TiareapHeduM 00pa3oM aHalU3Upys HOBBIE,
TouHble HaOmioneHus, Kemep mokasan, YTO HECKOJbBKO  HOBBIX
MaTE€MATHYECKUX 3aKOHOB MOTYT ONMCBHIBATHh JBH)KCHHUE IUIAHET BOKPYD
ConHlla € TOYHOCTBIO, MPEBOCXOASIIMK Ty, 4TO ObLIa JOCTUTHYTa B
npeBHoctd. Mtak, Tombko B 1600 romy 4enoBedecTBO BIEPBBIE CMOIIIO
CeJIaTh YTO-TO Jy4lle, YEM 3TO AENIAIOCh B AJIEKCaHApUU O0JIe€ ThICSIYU
JIeT Ha3az,.



Iloka nHa xomomHoM ceBepel?® Kemmep paccumthiBan nBMKeHHS

HeOecHBIX Te, B Mtanuu ["anuieo IManmiel 3akiagsiBaia OCHOBaHUSI HOBOM
HayKW. DHEPTrUYHBIA WUTAJbSHEI, JIFOOSIIUNH TOCIOPUTh, YOeIUTEIbHbIN,
BBICOKOOOPA30BaHHbIM, HWCKIIOUUTEIRHO YMHBIM W HM300peTaTeIbHbIH,
[Manuineit momy4yun npuciaHHbi W3 [oIaHauu TOJIBKO YTO M300pPETEHHBIM
TEJIECKOIl W CHenal IIar, U3MEHUBIIMKA YEI0BEUECKYIO HCTOpHto. OH
HaIlpaBWI €ro B HE0O.

[Tomo6Ho Poro u3 «berymiero mo jae3BUI0 OPUTBB), OH BUJIUT BEIIH, B
KOTOPBIE€ MBI, JIFOAU, HE MOKEM ITOBEPUTH: KoJiblla BOKpYr CaTypHa, ropbl Ha
Jlyne, ¢da3br BeHepol, cnyTHHKH, oOpaimaroniuecss BOkpyr HOmwutepa...
Kaxnoe wu3 »tux saBneHud nemaer wujen KomepHuka Bcé Oosee
MpaBaono00HbIMU.  HaydHble MHCTPYMEHTHI HAuMHAIOT  OTKPHIBATH
OJIM30PYKOMY YEJIOBEYECTBY BUJI HA MHUP, KOTOPHIM HAMHOTO OOIIMpHEE U
MHOTro00Opa3Hee TOro, YTO JIFOAX MOTIIK ce0e BOOOPa3UTh.

Onnako Benmyaiiiias 3aciayra ['anunes cocrosyia B TOM, YTO OH Cliesai
JIOTUYECKUM BBIBOJ U3 KOCMMYECKOW PEBOJIIOLMM, Hadyaroh KorepHukowm.
["anuieit ObIT yOSXKACH B TOM, UTO 3eMJIsI — 3TO Takas K€ IUlaHeTa, Kak U
BCE OCTaJIbHBIC; UCXO/ISI M3 TOTO UTO JBMIKEHUS B HEOecax CIEAYIOT TOUYHBIM
MaTeMaTUYEeCKUM 3aKOHaM, a 3eMJii — TOXE IIJIaHeTa U, TaKuM 00paszoM,
SBJISIETCS YacThIO HEOEC, OH MPUIIEN K BBIBOAY, YTO JOJIKHBI CYIIIECTBOBATh
TOYHBIE MATEMATUYECKUE 3aKOHBI, YIIPABIISIONIUE JIBUKECHUSIMU MTPEIMETOB
Ha 3emie.

VYBepeHHBI B paAlMOHAIBLHOCTH TMPUPOALI M B mHdaropencko-
IUIATOHOBCKOM TIPEJICTABJIEHUHM O TOM, YTO MPUPOAY MOMXKHO TOHSTH
MOCPEICTBOM MaTeMaTuKu, [amuiieil pemaeT M3y4uTh, KaK OBUINCYMICA
npeaMeTbl Ha 3emJie, KOTrJja OHM CBOOOJIHBI, TO €CTh KOIJIa OHM IIaJIafoT.
bynyuun yOexJeH B TOM, YTO JOJKEH CYIIECTBOBATh COOTBETCTBYIOIIMIA
MaTeMaTUYeCKUI 3aKOH, OH HAYMHAET €ro MOMCK METO/IOM MpoO U OIIMOOK.
BniepBele B HCTOpHUM  YEIIOBEYECTBA OH  CTaBUT  OKCHEPUMEHM.
OKCIIepUMEHTallbHasi Hayka HauumHaeTcs ¢ [amuneda. Ero skcmepumeHt
O4YECHb MPOCT: OH IIO3BOJIIET MpeAMEeTaM MaJaarb, TO €CTh JaeT UM
BO3MOXKHOCTh  CIIEJIOBaThb TOMY, 4UTO [JIs1 ApucToTens ObUI0 UX
€CTECTBECHHBIM JIBH)KEHUEM, M CTAPAETCS TOYHO H3MEPUTHh CKOPOCTh HUX
MaJcHUS.

Pe3ynbrar sKcriepuMeHTa ObLI MMOMCTUHE AMOXAJbHBIM: 0Ka3ajl0Ch, YTO
MPEIMETHI BOBCE HE MAJAI0T BCE BPEMSI C MOCTOSIHHOW CKOPOCTBIO, KaK BCE
nojarainv pasnsiine. Hanportus, B Hayane majeHUs UX CKOPOCTh MOCTOSHHO



yBenuuuBaeTca. IIOCTOSIHCTBOM Ha J3TOW CTaAUM XApAKTEPU3YETCs HE
CKOPOCTb MAJEHUs, a €r0 YCKopeHue, UHauY€ TOBOPS TEMII, B KOTOPOM
BO3pacTaeT CKOpoCTb. I ynuMBHUTENBHBIM O0Opa3oM 3TO YCKOpEHHE
OKa3bIBaCTCA OAMHAKOBBIM JUII BCEX IpeaMeToB. [amwiiel BBINOJIHSET
nepBoe Trpy0oe Uu3MepeHHEe JTOr0 YCKOPEHUS M HaXOJuT, 4YTO OHO
NOCTOSIHHO. Ero 3HadueHue cocTaBisieT NMpUMEpHO 9,8 MeTpa B CEKyHIy 3a
CEKYHJY, TO €CTh KOXKIYIO CEKyHIYy CBOETO MaJACHUS IIPEAMET YBEINYNBACT
CKOpPOCTb Ha 9,8 MeTpa B CEKyH]y. 3allOMHUTE 3TO YUCIIO.

OTO TMEpPBBIM MATEMAaTHYECKUM 3aKOH, OTKPBITBIM I  3€MHBIX

npeaMeToB: 3akoH mageHus Ten=Z. Jlo IToro MoMeHTa OBIIM OTKPBITHI
JWIIb MaTEMATHUYECKHUE 3aKOHbl JBMKEHUS IUIaHET. MareMarudeckoe
COBEPIIIEHCTBO OOJIbIIIE HE OTPAHUYEHO HEOECaAMH.

N Bce Ke BenMYalIuy pe3yibTaT elie BIIEPEaU, U MOJIYYUT €ro He KTO
nHOM, kKak Mcaak HproroH. HBIOTOH TINATENIBHO U3Yy4YaeT pPE3YJIbTAThI
lNamunes n Kemepa u, oObeauHSAS WX, HAXOAUT HACTOSIIIUNA CKPBITHIN
OpumranT. Mbl MOXeEM MPOCIEAUTH 32 €r0 PACCYXIACHUSMHU Ha MPUMEpE
«MaJICHbKOM JIYHBD», KaK JeJaeT OH caM B «MaTeMaTu4ecKux Hadaiax
HaTypaJibHOW (uiiocopuu» — KHHUTE, B KOTOPOH O(OPMUIUCH OCHOBAHUS
COBPEMEHHOW HAYKHU.

[IpencraBere cebe, yto 3emuisi, nuiier HpIOTOH, MMEET MHOTO JYH,
nonooHo IOmnurepy. Ilomumo Hacrosimeit JlyHbl, BooOpa3um npyrue
CIyTHUKHU, U B YACTHOCTH MAJICHBKYIO JIYHY, KOTOpasi 0OpaiaeTcs BOKPYT
3eMJIM Ha MUHUMAJIbHOM PACCTOSSHUM OT HEE, UyTh BbIIIE TOPHBIX MUKOB. C
KaKoOW CKOPOCTBIO ABUTANACh ObI ATa MasieHbKas JiyHa? OIUH U3 OTKPBITHIX
KermnepoM 3ak0OHOB CBSI3BIBAET panyc OpOUTHI ¢ IEPUOAOM OOpaIIeHus, TO
eCTh C BpEMEHeM, KOTOPOE YXOIHUT Ha ONHH NONHbIH 060pot28l. Mer 3HaeM
paauyc opOutel Hactosimer Jlyner (I'mmmapx wu3Mmepun ero emie B
IPEBHOCTH) U €€ Tepuoj obOpamieHuss (oguH Mecsi). Mbl 3HaeM paauyc
OpOUTHl MaJeHbKOW JIyHbl (pamuyc 3emui u3MepeH OIpaTocheHoOM B
IpeBHOCTH). M3 mpocTOil MPOMOPIIMHM MOXKHO BBIUUCIUTH OPOUTATBLHBIN
nepuoj;, MaJieHbKoW JyHbL. [lomydaercs monTtopa 4daca. MalieHbKasi JyHa
coBepIaia Obl OIMH 000POT BOKPYT 3emMiid Kaxkabie 90 MUHYT.

Jlanee, HaxoasAIIMiica HA OpOUTE OOBEKT HE JIBUXKETCS MPSIMOJIMHEHHO:
OH ITOCTOSHHO W3MEHSIET HANpPaBJICHUE, & U3MECHEHHUE HAIIPaBJICHUS — 3TO
yckopeHue. ManeHbkasi TyHa YCKOPSIETCSl B HalpaBICHUU LIEHTpa 3EMIIU.
DT0 yCKOpeHHe HEeTpymHO mojacuuTaThl?2. HpIOTOH JemaeT mpocThle
BBIUMCJICHUS U B PE3YJbTATe MOJIYYaeT... 9,8 MeTpa B CEKyHIYy 3a CEKyHIy!



To ke camoe yCKopeHue, uto U y ['anmuiiess B OKCIIEPUMEHTAX € NaJat0lIuMHU
TeJIaMU Ha 3eMJIE.

Cosnanenue? He moxet ObITh, 3akitouaeT HotoroH. Eciu pesyremam
OJIMHAKOB — YCKOPEHUE BHU3 BEIIMUNHOMN 9,8 METpa B CEKyH/y 34 CEKYHY, —
TO W npuyuHa JOJXKHA OBITH OHA. A 3HAUYUT, Culd, KOMOPAs 3acmasisem
MANEeHbKYI0 JIYHY 00pawamscs no céoeli opoume, 00JNCHA ObIMb MOl Jice,
Yymo 3acmasisiem npeomenuvl nadams Ha 3eMHYI0 NOBEPXHOCMb.

MpbI Ha3bIBa€M CHITY, 3aCTABJISIONIYIO MPEAMETHI MaaTh, TPaBUTALIUEN.
Hbl0TOH moHHMMaeT, 4To 3Ta camas TrpaBUTALMS 3aCTABIISIET MAaJCHBKYIO
JayHy oOpaiarbesi BOKpyr 3emiu. bes rpaButanuu oHa yierena Obl Ipoyb
[0 NOpSMOJMHENHOW Tpaektopuu. Ho Ttorma w Hacrodmas JlyHa Toxe
JOJKHA oOpamarbcs BOKPYr 3emii u3-3a rpaButanuu! W cnyTHUKH
Onutepa nmputsaruBatorcs FOnurepom, U MmiIaHEeThl, KOTOPhIE 0OpaIaroTCs
BokpyT Comnnna, nputaruBatotcst Connmem! bes aToro nputsxeHus iarodoe
HeOecHoe Tello JBUranach Obl mpsimoinHeHo. M torga Beenennas — 3to
OTPOMHOE TMPOCTPAHCTBO, TJE€ TeJla TMPUTITHBAIOTCSA JPyr K JIpYyry
ONPEACICHHBIMU CUJIAMU U CYIIECTBYET YHUBEpPCAIbHAS CUJIa TPAaBUTALINU:
KQKJ0€ TEJIO MPUTATUBAETCS KO BCEM JIPYTUM TEJIaM.

I'panauo3nass kaptuHa oOperaetr ¢opmy. BHesanHo, cmoycrs
THICSUCITICTHE HCUe3aeT pa3jelicHue MEXIy HeOecaMu W 3emiiei: OojbIie
HET «ECTECTBEHHOTO YPOBHsS» JJIsI BEIIEH, KaK IMpeJronarail ApUcTOTENb,
HET IICHTpa MHUpa, IPEAMETHI 00pETar0T CBOOOIY U OOJIBIIIE HE CTPEMSTCS K
CBOEMY €CTECTBEHHOMY MECTY, HO ABMKYTCS MPSIMOJIMHENHO U BEYHO.

[IpocToii pacuer ¢ MaJeHbBKOM JIYHOW I103BOJsieT HBIOTOHY BEIBECTH,

KaK TI'paBUTaAllUA MCHACTCA C PACCTOAHHUCM, H OIIPCACIHNTL €C CI/IJ'Iy[ﬂ],

XapaKTEPU3YEMYIO BEIMUYNHON, KOTOPYIO CETOIHS HA3bIBAIOT HbIOTOHOBCKOM
IPaBUTAIIMOHHOMN MOCTOSHHOM U 0003HavaroT OykBoul G (OT cioBa gravity).
Ha 3emne s3ta cuna 3acraBisieT NpeAMETH Najarb, B Hebecax oOHa
YIAEPKUBAET IIJIAHEThl U COYTHUKU HAa cBOMX opouTax. Ho 310 oiHa 1 Ta ke
cuJa.

OT0 — KpylUIEHUWE AapUCTOTEJIEBCKOM KapTUHBI MHpa, KOTOpas
JOMUHUPOBaJa B MPEACTABICHUSX JIOAEH Ha NMPOTsKeHUH CpeIHUX BEKOB.
[Toxymaiite, HaripuMep, O BcelleHHOM JlaHTe: Kak u 'y ApucToTens, 3emMis —
9TO IIap B 1IeHTpe BceneHnHou, okpykeHHbINH HeObecHbIMU chepamu. Teneph
3TO He Tak. BceleHHas — 3TO TpomaaHOe, OECKOHEYHOE IMPOCTPAHCTBO,
ycessHHO€ 3Be3fgamMu, 0Oe3 rpaHull W 0e3 Kakoro-iubo IeHTpa.
MarepuaiibHble T€a B HEW JBHXKYTCS CBOOOJHO U MPSMOJMHENHO, €CIIH



TOJIBKO CHJIA, TIOPOXKJIEHHAsL IPYTUMH TEIaMU, HE OTKIOHAET UX. OTChUIKA
K aHTUYHOMY aTOMM3My XOpouio BUIHBI y HploTOHaA, nake Korma OH
UCIIONIB3YET OOIIETIPUHATHIC TOHITHS:

MHue kaxercs BeposSTHbIM, YTO bor BHauane nan marepun (hopmy
TBEPABIX, MACCHUBHBIX, HEIPOHUIAEMBIX, MOABWIKHBIX YaCTHUI] TaKUX
pa3MepoB U (QUIyp U C TakUMHU CBOMCTBAMH U TMPOMNOPLUSMHU B
OTHOIIIEHHUH K TIPOCTPAHCTRY ...

Mup HbIOTOHOBCKOW MEXAHUKH MPOCT U MPEJCTaBIEeH Ha puc. 2.1 u 2.2.
OT0 — BO3pOXKAEHHBIN Mup JleMokputa. Mup, COCTOSIIIMIT U3 OrPOMHOTO
OJHOPOJHOTO MPOCTPAHCTBA, BCEra M Be3Je MOAOOHOro camomy cede, B
KOTOPOM YaCTHIIbl BEYHO JIBUKYTCS, B3AUMOJIECUCTBYS APYT C APYTOM, — U
HU4ero Oosnbie. Mup, BocneTsiid Jleonapu:

... Cuorcy, cmompro —
U beckoneunvle 3a Heli NpOCMpancmaa,
Monuanwvs HezemHble, 2nybouauuull

Tloxoul obvemro muicivio... [42]

Puc. 2.1. 13 gero cocrout mup?

Puc. 2.2. Mup HploTOHA: 4acTUIlbl, KOTOPbIE C TEYEHHUEM BpPEMEHU
JBHXKYTCSI B IPOCTPAHCTBE, IPUTATUBAEMBIE CUIIAMHU

Ho »sra xapTrHa HaMHOTO CHJIBHEE NEMOKPUTOBCKOTO IPEIACTABICHHS,
MOCKOJIBKY 3TO HE MPOCTO MBICICHHBIA 00pa3, ¢ MOMOIIBIO KOTOPOTO
ynopsiounBaeTcsi Mup. Temnepp 3Ta KapTuHa 00bEUHEHA C MaTEMaTUKON —



Hacienauem Iludaropa u Benukoil Tpaguuuend MmaTeMarHueckol (HU3UKH
aJeKCaHIpUMCKUX acTpoHoMoB. Mup Hserorona — sto mup [lemoxpura,
BBIPAKEHHBI MATEMATUYECKUMU CPEIACTBAMM.

HproToH 0Oe3 BesSkuX KoJeOaHWHM NPHU3HAET, YTO HOBAas HAyKa OYEHb
MHOTHM 00si3aHa Hayke aHTH4YHOW. Hampumep, B mepBBIX K€ CTpoKax
cBoero «Tpakrata o cucteme mmpa» 3l om ykaseBaer (koppekTHO) Ha
AHTUYHOE IIPOMCXOXKIECHUE HJIEH, JIEKAILEM B OCHOBE KONEPHUKAHCKOM
peBomouuu: «I[lo MHeHUIO IpeBHUX (PUIOCO(OB, B BHICOYANIIMX YaCTIX
MUpa 3B€3bl 3aKPEIUIEHbl W HAXOMITCS B HEIMOABW)XHOCTH, a 3eMIIs
oOpamtaercss BOkpyr ConHIa»; OJHAKO OH HEMHOro omudaercs
OTHOCUTEIBHO AOCTMKEHUM M OTKPBITUNA YYEHBIX MPOLIIOTO U LUTUPYET —
MHOTIA K MecTy, uHorma Her — ®Pwuionag, Apwucrapxa (CaMOCCKOro,
Anakcumanppa, [lnarona, Anakcaropa, [lemokpura u (!) «ydenoro Hyma
[TomMrnust, mapst pUMIISTHY.

Cuita HOBOM HBIOTOHOBCKOWM MHTEJUIEKTYyaIbHOM MapaJurMbl PEB30IILIA
caMmble cMenble OxugaHusa. Bces texHonmorus XIX Beka W HalIero
COBPEMEHHOT'O MHpPa OCHOBBIBAETCS MO OOJBIIEH YaCTH HAa HbIOTOHOBCKHX
dopmynax. [lpomnuio Tpu cCTONETHS, HO MBI MO-TIPEKHEMY COOPYKaeM
MOCTBI, Moe37a U HeOOCKpEeObl, NBUraTeNIM M THUIPABIUYECKHE CUCTEMBI
Onmaromaps TEOpHsIM, CTPOSIIMMCS HA HBIOTOHOBCKUX YPaBHEHUSX.
bmaromapss Her0TOHY MBI 3HaeM, Kak yIPaBiATh CAMOJIETOM, KakK JENarh
METEOPOJIOTUYECKNE TIPOTHO3BI, KAaK IPEACKA3bIBATh CYIIECTBOBAHUE €IIE
He OOHapy’>KEHHBIX IJIAHET M KaK OTIPABISATh KOCMUYECKHUE ammaparbl Ha
Mapc... CoBpeMeHHbIH MUP He poawics Obl 0e3 MaJeHBKON JTyHBI
HprotoHa.

HoBas kapTuHa MwHpa, HOBBIM CIMOCOO MBIIUICHHS, CTaBIIHUMA
VMCTOYHUKOM BJIOXHOBEHHUs i1 mpocBetutTened — Bonbrepa m Kanra,
s PexkTUBHBIN CrIOcO0 mpeAcKa3aHus OyayIIero: Bce 3T0 ObLIO U OCTaeTCs
BEJINYAWIIINM HACIEAUEM HBIOTOHOBCKOM PEBOJIIOLINM.

Kazanoce, HailieH MoOCIeNHUN K04 K MOHUMAHUIO PEATbHOCTU: MUP
COCTOUT TOJBKO M3 BEJIHMKOIO, OECKOHEYHOIO IPOCTPAHCTBA, TIIIE
IIOIPY’KEHHBIE B IIOTOK BPEMEHHU YaCTUILBI JBWKYTCS U B3aHUMOACHCTBYIOT
Ipyr C IPYyrOM IOCPEACTBOM CHUI. J[€MCTBHE 3TUX CHUJI MOKHO OIIMCATh C
MIOMOIIIBI0 TOYHBIX YPABHEHUMN, KOTOPBIE MPOJEMOHCTPUPOBAIN CBOIO
HeBepoATHYIO 3 dexTuBHOCTh. BruioTe n0 XIX Beka mroAu mojarajiu, 4yTo
HpioTOH OBLI HE TONBKO OJHUM M3 CaMbIX YMHBIX W JAJIbHOBUIHBIX
YYEHBIX, HO TAK)K€ M CaAMbIM YAAYJIMBBIM, ITOCKOJIBKY B MUPE CYLIECTBYET



JIUIIb OJIHA cUCTEeMa (PyH/IaMEHTAJIbHBIX 3aKOHOB M €My CKa304HO TMOBE3JI0
CTaTh €€ MEePBOOTKphIBaTENIeM. BCE B MUpe Ka3anoCh NMPEEIIbHO SICHBIM.

Ho HaCKOJILKO 9THU MIPEICTABICHUS COOTBETCTBOBAIN
JIEUCTBUTEIHLHOCTU?



MaHlKJI: MoJIsI M1 CBET

HpoTOH 3Han, 4YTO €ro ypaBHEHHSI HE ONUCHIBAIOT 6ce CHJIBI,
CYUIECTBYIOIIME B TIpUpOJie. ECTh CHIIbI, JEUCTBYIOIIHE MEXIY TEIaMH,
OTJIMYHBIE OT rpaBuTauuu. lIpeaMersl NBUKYTCS HE TOJBKO TOrAa, KOTAa
OHM ManaroT. [lepBbIM BOIPOCOM, KOTOPBIA OCTaBHJIA OTKPBITBIM TEOPHUS
HproroHa, ObuI0 OOBSCHEHUE Opyeux CUjl, KOTOpPBIE ONPESTSIOT TO, UYTO
MPOMCXOJUT BOKPYT Hac. OTBETa HA 3TOT BOIMPOC YEIOBEUECTBY MPUIILIOCH
*knaarb g0 XIX cronetds, B KOTOPOM €ro XKIaJl0 JBa YAWBUTEIbHBIX
CIOpIpH3a.

[IepBbIi cropripu3 COCTOUT B TOM, UTO IOYTH BCE SIBICHUS, KOTOPHIE MBI
HaOMIOMaeM, OMPEICTSIOTC  eOUHCMBEHHOU  CUJIOW, OTIMYHOM  OT
rpaBUTAlMU:  3TO  CHJIA,  KOTOPYKO  CEroAHA  Mbl  Ha3blBaeM
AIEKTPOMArHeTu3MoM. IMEHHO OHa CKpEIUISIET BEUIECTBO, COCTABIISIOIICE
TBEPABIC TEJA, U YICPKUBAECT BMECTE aTOMbI B MOJIEKYJIaX U DJIEKTPOHHI B
aToMax. JTa CWJIa 3acTaBisieT padoTaTh XMMHYECKUE W OMOJOTHUYECKHE
MexaHn3Mbl. OHa JEWCTBYET B HEWPOHAX HAIIETO MO3ra W OTBEYAET 3a
00paboTKy MH(OpMalMK O MHUpE, KOTOpas HaMU BOCIPUHUMAETCS, U 3a
MBICJII B HAlIAX TOJIOBaX. JTa € CHJIA CO3JACT TPEHHUE, KOTOPOE
OCTAHABIIMBACT  CKOJIB3SIIME  MPEAMETHI, CMIr4aeT  MPU3EMIICHUE
MApALIOTUCTA, TPUBOAUT B JBUKEHHUE DIEKTPUUYECKUE MOTOPBI U
JBUTATeNM BHYTPEHHEro cropanusA*d, mo3ponser HaM BKIIOYATh CBET M
CIIyIIaTh PaJuo.

[Tonumanue Toro, Kakum o0pa3oM paboTarOT FIEKTPOMATHUTHBIE CHUJIBI,
ObLJIO TOCTUTHYTO JIPYTMM OpUTaHIIEM, a TOYHEE ABYMs: 3TO OblLIa camas
CTpaHHas HayuyHas napa — Maiikn @apanen u Jxerimc Knepk Makcpeir.

Maiikn ®dapaneit npoucxoaun u3 oOeTHEBIIEH JIOHTOHCKOM CEMbH H
Jake He 3akoHumin wmkony. IloHadamy oH palOoTaeT B mNeperuieTHON
MacCTEepPCKOM, a 3aTeM MOMNaJlaeT B 1a00OpaToputo, TAe MpeycleBaeT, 3aBOCBAB
JOBEpHE CBOETO pabOTOjaTelNiss, U BBIPACTAET B CaMOTO OJMCTATEIHLHOTO
¢busuka-skcrepuMentaropa XIX Beka u Benmuuaiiiero nposuana. He umes
3HAHUM 1O MATEMATHUKE, OH CO3J4aeT OAHY W3 JYYIIMX B MUPE KHHUI II0
bu3HKe, KOTOpasi NPAKTUYECKU HE COACPKUT ypaBHEHUU. OH BUAUT PUUKY
CBOMM BHYTPEHHUM B30pPOM U CO37Ia€T MHUPbI CUJIOH CBOETO BOOOpaKECHMS.
Jlxeitme Knepk MakcBemt — OoraTslii MIOTIaHACKUN apUCTOKPAT, OAUH U3
BEJIMYANIIINX MAaTEMAaTUKOB CBOETO CTONETHs. HeCMOTps Ha pa3aenstonryto



MX OpOoNacTh B YaCTU CTWJIS MBIIICHUS U COIMAIBHOTO MPOUCXOXKICHHUS,
OHHM JOCTHUTalOT B3aMMONOHHUMAaHUS U, OObESIUHUB BMECTE ABa I€HUATbHBIX
yMa, OTKPBIBAIOT HOBBIE ITyTH K COBPEMEHHOU (H3HUKE.

CBenenus 00 snekTpuuecTBe W MarHetn3me B Hadane XVIII Beka, mo
CyTH, OTPAaHUYMBAIUCH HECKOJbKUMH Pa3BIICKATCIILHBIMUA  TPIOKAMH:
CTEKJISTHHBIE CTEPXKHU, TMPUTITUBAIOIINE KYyCOYKH OyMarw; MarHUTHI,
KOTOPBIE OTTAJIIKUBAIOTCS M MPUTIATUBAIOTCS. McciienoBaHus dieKTpUIECTBA
M MarbHeTusMa HecIelIHO Beauch B TeueHue Bcero XVIII Beka u
nponokwiics B XIX Beke; HO 3mece B urpy Berymaer Dapanen,
paboTaroluii B JIOHIOHCKOW JIabOpaToOpuu, MOJIHOW KaTyIIeK, U, HOXKEW 1
JKEJIE3HBIX KIJIETOK, KOTOPBIM M3y4aeT MNPUTKCHUE W OTTAIKWBAHUE
HARJICKTPU30BAHHBIX M HAaMAarHWYE€HHBIX TIIpeameTroB. Kak MCTUHHBIN
HBIOTOHUAHEL, OH IIBITAETCS TOHSTH CHIIY, KOTOpas ICUCTBYET MEXIY
3apsSKEHHBIMA W HaMarHWYeHHbIMU MpeaMeTamu. O4yeHb MEIEHHO, Ha
OLIYIlb, MOCTOSHHO AHAJIU3UPYS B3aUMOICUCTBUE OTUX MPEAMETOB, OH
MPUXOAUT K JOTaJKe, KOTopas Jerjia B OCHOBY BCEH COBPEMEHHOU (DU3UKHU.
OH «BUAUT» HEUYTO HOBOE.
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Puc. 2.3. Maiikn @apaneit u [xeimc Kitepk Makcsemn



Horanka ®apajzies COCTOUT B CIEAYIOMIEM: Mbl HE IOJKHBI CYUTATh, YTO
CUJIbl JICUCTBYIOT HANPAMYK MEXIy VyIAJCHHBIMH OOBEKTaMH, Kak
npeamnoiaraal HproToH. BMECTO 3TOTO MBI JIOJKHBI MPEANOI0XKUATH, YTO
€CTh HEKas CYILIHOCTb, pa3jiiTas B MPOCTPAHCTBE, KOTOpas M3MEHSETCS
Ha’JICKTPU30BAHHBIMA W HaMarHWYE€HHBIMU TeJIaMHd U KOTOpasi, B CBOIO
ouepeb, BO3JCHCTBYET Ha ATH Tella (OTTAJIKHMBACT W TPUTATHUBACT UX).
CylmHOCTh 3Ta, O HAJIWYMM KOTOpoul norajnaincs PDapaneil, ceromHs
Ha3bIBACTCS IOJIEM.

Uro xe Ttakoe mnone? apaaedl BUAUT €ro Kak MNPOCTPAHCTBO,
00pa30BaHHOE MYYKAMH OYEHb TOHKMX (OECKOHEYHO TOHKHUX) JIMHUM:
HEBUJUMAas TUTaHTCKas TMayTWHA, 3amoJiHsomias Bc€ BOKpyr Hac. OH
TOBOPUT O «CUJIOBBIX JIMHMSAX», MOCKOJIBKY, B HEKOTOPOM CMBICIIE€, ATH
JIMHUHU «MEPEHOCAT CUJIYy»: OHU NEPENAI0T SJICKTPUUYECKUE UM MarHUTHBIC
BO3JICCTBUSI OT OJJHOTO TeJla K IPYTroMy, Kak eciau Obl 3TO OBLIN TAHYIIHE U
TOJIKAIOIIHE TPOCHI (puc. 2.4).

OOBEKT, HMEIOIIUM DBIESKTPUYECKUN 3apsia  (Hanmpumep, HaTepThid
CTEKJISTHHBI CTEpPXKEHb) HCKaXKaeT »dJIEKTPUUYECKOE W MArHUTHOE TIOJIS
(iuHUU) BOKpYr ce0si, U, B CBOIO O4YEpPE/lb, 3TU MOJS BBI3BIBAIOT CHUJIBI,
JEUCTBYIOIIME HA KaXIblil MOTPY>KEHHBI B HUX 3apSHKEHHBINM OOBEKT.
Takum oOpa3zoM, aBa yHAJICHHBIX APYr OT JApyra 3apsoKeHHBIX Tena
MPUTSITUBAIOTCS WJIM OTTAJIKUBAIOTCS HE Hanpsmyro, a TOJIBKO Yepe3
PACTIONIOKEHHYIO MEXAY HUMH CPENY.

( \""—""/
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Puc. 2.4. JluHuM 10N 3amOJHAKOT MPOCTPAHCTBO. braromaps um
IIPOUCXOAUT B3aUMOJECUCTBUE JIByX JJIEKTPUUYECKHU 3apsHKEHHBIX OOBEKTOB.




Cuna B33PIMOI[€I>10TBPI$[ THX 00BEKTOB «IIEPCHOCUTCs» CHIIOBBIMU JIMHUAMU
I10JIA

Korna BeI Oepere B pyKH JBa MarHuTa U UrpaeTe ¢ HUMH, IOIEPEMEHHO
cOnmmxkas U yaaisisi ux Apyr OT Jpyra, TO YyBCTBYETE CHIY, C KOTOPOl OHU
MPUTATUBAIOTCS WM OTTAJIKUBatOTCs. bnaromapss stum sddexram BbI
«OIIYIIAETe» noje, HaXOJAIIeecss MEXIy MarHUTaMU, U MOXKETE MPUNTH K
TOU ke gorajke, yto u dapaseil.

OTa ujesd KapAuHAIbHBIM O00pa3oM OTJIMYAETCS OT HBIOTOHOBCKOIO
MPEICTABICHUSI O CHJIE, NECUCTBYIOIIEH MEXIy yAajJeHHbIMU Tenamu. Ho
oHa moHpaBuiack Obl HptoToHy. OH Ha camoM jenie ObLI 03a/layeH TeM
CaMbIM MPUTSKEHUEM Ha PAacCTOSHUHU, KOTOPOE caM K€ M BBEJI B 00OPOT.
Kakum oOpazom 3emiie ymaercss NpuTAruBarh K cebe JIyHy, koTopas
HaxoauTcst Tak janeko? Kakum o6pazom CosHIlEe NMPUTITUBAET 3E€MITIO, HE
BCTYIIasi C HEM B CONPUKOCHOBEHNE? B OTHOM M3 NTMCEM OH 3aMEYacT:

HenocTtuxumMo takke, 4ToObl HEOAYIIEBIICHHAs TpyOast Matepus (0e3
boxxecTBeHHOrO0 BMeIIaTeIbLCTBA) BIMsAIa Obl M BO3J€HCTBOBajia Obl Ha
APYIYIO MATEPHIO, HE BCTYIIAsS C HOCIEAHEN B IPAMON KOHTAKT. . 42!

A cTpaHuIel Jlaliee OH JaXe MHUILET:

To, YTO TATOTEHHE MOKHO OBITH BPOXKIECHHBEIM, BHYTPEHHE
IPUCYIIMM MATEPUM U CYLIECTBEHHLIM IS Hee, 1a0bl OJHO TEIO MOIIO
BO3IEWCTBOBAT, Ha JPYro€ Ha pPAacCTOSHUM 4Yepe3 IyCToTy, 0e3
IIOCPECTBA KAKOrO-JIN0O areHTa, IOCPEACTBOM M IIPH YYACTUU KOTOPOI'O
JEWCTBHE U CUJIA MOIIU OBl IIEPENABATLCS OT OJHOI0 <Teja> K JPYromy,
IPEICTABISAETCS MHE CTOJb BOIMIONIEM HENENOCTHI0, YTO, [0 MOEMY
yOEXKIEHHUIO, HY OJUH YEIOBEK, CIIOCOOHBINA CO 3HAHMEM JENIa CYAUThH O
¢unocopckux Marepusx, He BIAAeT B Hee. TAroreHHe JOIDKHO
BBI3LIBATECS ~ HEKMM  areHTOM, IIOCTOSHHO  JEHCTBYIOHNIMM  IIO
OIpE/IEIEHHBIM 3aKOHAM; MaTepHajieH 3TOT areHT WM HeMarepualieH, s
IPEIOCTABIISAIO CYAUTh YUTaTEIsAM, 4!

HbroToH Ha3bIBaeT aOCyp/IOM CBOM COOCTBEHHBIM IIEAECBP — Ty Camylo
paboTy, KOTOpasi BeKaMU BOCXBAJSIETCSl KaK BBICIHIEE JOCTHXKEHUE HayKu!
OH MOHMMAET, 4TO 3a JICUCTBMEM HA PACCTOSSHUM B €r0 TEOPUHU JOJHKHO
CTOSATH €IIe YTO-TO, HO Y HEro HeT WJel, 4TO OBl 3TO MOIJIO OBITh, U OH
MPENOCTABISIET 00 ITOM BOIPOCE. .. «CYAUTh YATATEIIM!



JInst reHusi XapakTepHO IMOHUMATh MpeneNibl COOCTBEHHBIX HAXOJOK,
JaXe B Cllydyae TaKUX BBIJAIOMIMXCS JOCTHKEHUM, KaK OTKPBITHE
HBIOTOHOM 3aKOHOB MEXaHHUKH M BCEMUPHOTO TATOTeHUs. Teopus HeroToHa
IpeKpacHo paboTaeT, OHa OKa3ajach HACTOJIBKO TOJIE3HOM, YTO B TEUECHUE
JIByX CTOJIETUM HUKTO J1aK€ HE MIBITAJICSA CTABUTH €€ M0 COMHEHHUE, — IIOKa
QPapajei, «uuTarenp», KOTopomy HbIOTOH 3aBenian cBOM HEpa3pelICHHBIN
BOIIPOC, HE Hallle]l KIHY K pasyMHOMY IIOHMMAaHUIO TOrO, Kak TeJa
MPUTATUBAOT M OTTAJKWMBAKOT JApPYyr Jpyra Ha paccrosHud. [lo3nHee
OWHIITENWH nTpuMeHUT Onectsauryto uaero dapanes Kk caMoil HbBIOTOHOBCKOM
TEOPUU IPaBUTALUN.

BBens HOByIO CymIHOCTP — TIOJIE, OH paJWKaIbHO OTOLIEN OT
DIIETAHTHONM M TIPOCTOM HBIOTOHOBCKOM OHTOJOTHU: MHUpP OoJblle He
COCTOMT TOJIBKO M3 YacCTHIl, KOTOPBIE C XOIOM BPEMEHM IBHKYTCS B
npocTpaHcTBe. Ha ClieHe mosBIsieTCs HOBOE NEUCTBYIOILIEE JIMLO — IOJIE.
@Papazeil MOHUMAET BCIO BaXXHOCTh COBEPIIAEMOro UM Iara. B ero xxure
€CTh MPEKPACHBIE MTACCAXKH, IJI€ OH 33JAETCS BOIPOCOM, CYHIECTBYIOT JIA B
peasibHOCTH 3TU cuioBble JMHUK. [locne 1eproga COMHEHUNW W
TIIATEIBPHOIO aHajJu3a OH JIEJIA€T BBIBOJ, YTO MOXKET AymMaTb O HUX KaK O
peanbHBIX, HO C «OCTOPOXHOCTBbIO, KOTOpas HeoOXomuma, Korjaa

CTAJIKHBACIIbCA ¢ TTyOouaimMu BonpocaMu Haykim»l 2L, Or ocosnaer, 4to
npeajaraeT He 4YTO MHOE€ KaK HM3MEHEHHE KapTHHBI MHUpa IOCIE JBYX
CTOJIETHUI HEMIPEPHIBHBIX YCIIEXOB HBIOTOHOBCKOM (hu3uku (puc. 2.5).
MakcBesn ObICTPO OCO3HAET, YTO ATa UJAEs BCKPHIBAECT 30JI0TYIO JKUITY.
On mnpeBpamaer npo3penne @Dapanes, KOTOpoe TOT U3JaraeT JIHIIb
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CJiIoBaMH, B CTpaHULY YpPaBHCHHUH OHHM WU3BECTHBI TCIICPb KakK

YPaBHCHUA MakcBeniaa M OIKCHIBAIOT IHOBCACHUC JJICKTPUYICCKOI'0O H

Mar"duTHOTIO rnoseu — MaTEMAaTHUYICCKOC npeacTaBJICHUC «JIMHUMN
[49]

Dapanesn»




Puc. 2.5. Mup ®@apanes u MakcBemia: 4acTUIBI M TOJISI, KOTOPBIE
JIBH>KYTCA B MIPOCTPAHCTBE C TCUEHUEM BPEMEHU

Cerogus ypaBHeHHsT MakcBenia KaKIOJHEBHO MCHOJIB3YIOTCS A
ONMHMCAHUS BCEX DOJEKTPUYSCKUX W  MArHUTHBIX  SIBJICHUH,  JJIA
MIPOCKTUPOBAHUS aHTEHH, PAaIUONPUEMHUKOB, dJIEKTPUUSCKUX JIBUTATEIICH
¥ KOMIbIoTepoB. M 3TO emmie He BCE: Te ke caMmble YpaBHEHHS HYXKHBI IS
OOBSICHEHHSI TOTO, KaK yCTPOGHBI  aToMbl (OHH  CKPEIUISIOTCS
AIIEKTPUUYECKUMH CUJIaMU), TIOYEMY YaCTHIIBI BEIIECTBa, O0Opa3yIOIIEeTo
KaMEHb, COCIMHSIOTCS Jpyr c ApyroM, kak yctpoeHo ComnHue. OnHu
OTKCHIBAIOT HEBEPOSITHOE YMCIIO CaMbIX pa3HbIX siBiIeHUi. [louTn Bce, 4TO
MbI Ha0JI0aeM B OKPY’KAIOIIEM MUPE, 33 UCKIIIOUEHUEM T'PABUTALIMH U €IIIe
HECKOJIBKUX SIBJIEHUH, TPEKPACHO ONMMCHIBACTCS YpaBHECHUSAMH MaKcBeIa.

Ho ecTh emie oquH 0YeHb BaXKHBIM MOMEHT — TO, YTO MOXET CUHUTATHCS
CaMbIM TPEKPAaCHBIM JIOCTIDKCHHEM HayKW: ypaBHEeHHMs Makcpemia
OOBSACHSIOT HaM, YTO TaKO€ CBET.

MakcBennm 0OHapyXwJl, YTO, COIIACHO €ro YpaBHEHWSIM, JIMHHUH
dapaness MOTYT KoJeOaThCsl U ABUTATHCS BOJIHOOOPA3HO, MOAOOHO BOJIHAM
Ha TMOBEPXHOCTU MOpS. OH BBIYHCIHUI CKOPOCTh, C KOTOPOH IBUXKYTCS
BOJIHBI (DapajieeBbIX JTMHUHN, U 3Ta BEIMYMHA OKa3aJ1ach... PABHONU CKOPOCTH
ceera! [Touemy? MakcBeIUT MTOHSI: TOTOMY YTO CBET — 3TO HE YTO MHOE, KaK
obIcTphle KoseOaHus ¢apaneeBbix Junuil! apaneit 1 MakcBel1 He TOIBKO
MOHSIN, KaK YCTPOCHBI DJICKTPUUECTBO W MarHeTW3M, HO M 3a0JHO, Kak
1o00YHbIN A3(DPEKT, OOBSICHUIIN, YTO TAKOE CBET.

MBI BUIMM OKPY’KArOIMUK MUP LBETHBIM. UTO Takoe nBer? YNpOIIEHHO
rOBOps, 3TO 4YacToTa (CKOPOCTh KOJIeOAHWU) SJIEKTPOMATHUTHOW BOJIHBI,
npeAcTaBisionield coboit cBer. Ecnu BonmHa konebnercss ObicTpee, CBET
ronyoeer. Ecnum uyTh MenneHHee — KpacHeeT. lI[Ber, kak MbI ero
BOCIIPUHAMAEM, — I3TO TCHUXO(PHU3HOJIOTHYECKas peakius Ha HEPBHBIC
UMITYJIbCHI, TOPOXKIAaeMbIe pelenTopaMyd B HAIIMX IJa3ax, KOTOphIC
pa3IUYaloT IEKTPOMArHUTHBIE BOJHBI pa3HOM YaCTOTHI.

S MOTYy TOJIBKO IOTaIbIBAaTHhCS, YTO IMOYYBCTBOBAJI MakCBeI, KOT/a
MOHSIJI, UTO €r0 YPaBHEHUS, BHIBEJACHHBIC JIJIsI OMMCAHMS KaTYIIeK, KJIETOK U
UroJIoK B taboparopuu Dapanes, 00ObICHIIOT TPUPOAY CBETA U IIBETA. ..

CgeTt, TakuM 00pa3oM, — 3TO HE YTO MHOE, KaK OBICTpbIE KoleOaHUs
nayTUHBI (DapajieeBbIX JUHUI, KOTOPbIE BOJIHYIOTCS, MOJ0OHO TOBEPXHOCTHU
MOpsI TIOJT OphIBaMHU BeTpa. Hempasma, OyaTo Mbl HE BHAMM (apajeeBhIX



auaui. IIpocTto MBI BUIUM monbko uX KojeOaHus. Buuerb — 3HaYuT
BOCIPUHUMATH CBET, & CBET — ATO JIBMKEHUE PapageeBbix JuHud. Huuto He
MEePECKAKMBAET U3 OJIHOTO0 MECTa B MPOCTPAHCTBE B JIpyroe Oe3 Kakoro-
aubo nepeHocurka. M eciam Mbl BUIUM peOCHKA, UTPAIOIIET0 HA MOPCKOM
Oepery, TO JIUIb TOTOMY, YTO MEXIYy HMUM W HaMHU MPOCTUPAETCI MOPE
BHOpUPYIOIINUX JMHUN, KOTOPBIE JIOHOCIT JI0 HAc ero mizoOpaxkeHue. Hy
pas3Be 3TOT MUP HE YyJIeCeH?

DOTO TIOMCTUHE  BBIJAIONIECECS  OTKPBITUE, HO UM JE€JI0 HE
orpaHuuuBaeTcs. [IpsMbIM ero clieICTBUEM CTAaHOBUTCS BBIBO, UMEIOIIUI
JUISL HAC KOJIOCCAIIbHOE 3HaueHue. MakCBeII MOHUMAET, UYTO, COITIACHO €T0
ypaBHEHUSIM, (apaZeeBbl JMHUM MOTYT KOJ€0aThCd Ha 3HAYUTEIBHO
MEHBIIMX YacTOTaX, TO €CThb TIOpa3a0 MEJJIEHHEe, 4YEeM CBET.
CrnemoBaTenbHO, JOJKHBI CYIIECTBOBATH Op)y2ue BOIHBI, KOTOPBIX HHKTO
€lIE HE BHJCI, MOPOXKICHHBIC IBUKEHHUEM DJJIEKTPUUECKHX 3apSAOB U
CIIOCOOHBIE, B CBOIO OYepedb, IepeMeliaTh >SJICKTPUUYCCKUE 3apsiibl.
JloibkHa OBITH BO3MOXKHOCTH TOTPSICTA DJICKTPUYECKUN 3apsiy 30ecb W
IIOPOUTH BOJIHY, KOTOpAas BBI3OBET DJJIEKTPUYECKUM TOK mam. Bcero
HECKOJIbKUMH TOJaMH TO3KE€ 3TH BOJHBI, TEOPETHUYECKHU IMPEICKA3aHHbBIC
Makcseninom, OyayT oOHapyXeHbl HeMEUKUM pu3ukoM [ enpuxom [epiem.
A enie yepe3 HEeCKOJIBKO JIET | ynbennbMo MapKkoHU CO31aCT IEPBOE Paguo.

Bce coBpeMeHHblE KOMMYHHKAallHOHHBIE TEXHOJOTHMM — Paauo,
TeleBUACHNEe, Tele(OHbl, KOMIMBIOTEPHI, CIyTHUKU, WIi-Fi, WHTEpHET U
T. TI. — SBISIOT COOOM TIPUKIIQJHBIE TPUMEHEHUS MAaKCBEUIOBCKUX
MpeacKa3aHuii; ypaBHEHHE MakcBeia — 3TO OCHOBAa BCEX pACUETOB,
BBITTOTHSIEMBIX WH)XEHEpaMu B obnactu TEJICKOMMYHUKAIIHA.
CoBpeMeHHbIN MUpP, OCHOBAaHHBIN Ha KOMMYHHKAIIUSIX, POAMIICS U3 IOTaKU
O€eTHOTO JIOHJOHCKOTO MEepeIvieTYnka — UCKYCHOTO HUCCIE0oBaTeNsl HUJEH,
00aIaBIIeTO XWUBBHIM BOOOpPaXCHHEM, — KOTOPBIM CBOMM MBICIICHHBIM
B30pPOM YBHJENI HEKHE JIMHUH, a TaKKe U3 PabOThI XOPOIIEro MareMaruka,
KOTOPBIA TepeBeNl €ro oOpa3bl B ypaBHEHUS W TOHSJ, YTO BOJHBI ATUX
JVMHUHA B MTHOBEHHE OKa MOTYT IEPEHOCUTh HOBOCTH C OJHOIO KOHIIA
IJIAHETHI HA JPYTOM.



¢ -
HetoTOH NPOCTPaHCTBO | BpeMst J [ “acTulibl
., ., |
bapanei ( | { J | nonsi | | sacTULL! |
NPOCTPAHCTBO BpEeMst
Makceenn pocTtp J P . ;L - )

Puc. 2.6. 13 yero cocrout Hai Mup?

Hamm coBpeMeHHbIE TEXHOJOTMU OCHOBAaHbI Ha MCIIOJIb30BAHUU
(bU3NYECKUX OOBEKTOB — AJIEKTPOMArHUTHBIX BOJIH, — KOTOPbIE HE OBUIM
OTKPBITHl AMIIUPUYECKH: OHU OBUIM TMpeJcKazaHbl MaKCBEJIOM IyTeM
MOMCKa MAaTeMaTHU4YeCKOT0  OINKCAHUs, COOTBETCTBYIOIIErO  JIOTajKe
@apaznes, BO3HUKIIEHM W3 BO3HM C KaryllKaMM M MIOJIKAMU. TakoBa
ropasuTesibHas MOIIlb TEOPETUUECKON (PU3UKH.

Mup wusMeHuscsa: OH OOJbllle HE COCTOMT TOJBKO M3 YacTHIl B
MPOCTPAHCTBE, TEMEPh ATO YACTHUIBI M IOJs B MPOCTpaHCTBE (puc. 2.6).
MoXeT mokas3aTbCsi, UTO 3TO HE3HAYUTEIBHOE H3MEHEHHE, HO HECKOJBKO
NECATUJICTUN CIYCTS MOJIOAOM YEJIOBEK E€BPEHUCKOr0 IPOUCXOKICHUS,
IpaKJIaHUH MHUpa, CAEIAeT U3 ATOTO BBIBOJIBI, KOTOpPHIE MOWIYT HAMHOIO
Janbllle TOro, 4TO MOIVIO HapucoBaTh cebe OyilHoe BooOpaxeHue Maiikia
®dapazesi, U KOTOpPbIE JO OCHOBAHUS MOTPACYT HbIOTOHOBCKUN MUP.



Yacte 11

HauaJjio peBoJironuu

®uznka XX CTONETUS KapAWHAJIBHO M3MEHWIA HBIOTOHOBCKHMM 00pa3
mupa. HoBBIE OTKpBITMSA CTald OCHOBOM  3HAUUTEIBHOW  4YacTH
COBPEMEHHBIX TeXHOJOTuil. bosnee ry0okoe moHUMaHue MUPa OCHOBAHO Ha
ABYX TEOpHUAX: OOIIEeH TEOPUU OTHOCUTEIHHOCTH U KBAaHTOBOM MEXaHUKE.
O6e oHuM TOTpeOOBaTM CMEIOW TEPEOICHKH HAIUX MPUBBIYHBIX
IIPEACTABICHU O MHUpe: O IPOCTPAHCTBE U BPEMEHU — B TEOPUHU
OTHOCUTEIBHOCTH, O MATEPUU U DHEPTUU — B KBAHTOBOU TEOPUHU.

Bo BTOpO#l yacTh KHHWIU 5 JAOBOJBHO TMOAPOOHO OMUCKHIBAIO ITH JIBE
TEOPHUH, MBITASICh MPOACHUTH UX DNIYOMHHBIM CMBICI U MOAYEPKHYTH TY
KOHLENTYaJbHYIO PEBOIIOLMIO, KOTOPYIO OHHM Ipou3Benu. VIMEHHO 31ech
oepet Havano BouieOCTBO (pu3uku XX cronetus. M3yuaTh 3TH TEOpUU U
IBITATHCS MOHATH UX 10 CAaMOW TITYOMHBI — 3TO MOMCTUHE BOCXUTUTEIHHOE
IIPUKIIFOYCHUE.

OTH JABE TEOPUU — OTHOCHUTEIBHOCTD M KBAaHTHI — 3aJI0KUJIM OCHOBY, Ha
KOTOPOW MBI CErofHS CTPOMM KBAHTOBYIO TEOpHIO rpaBuTauud. OHH
CIIyXaT (yHIaMEHTOM, OTTAJIKUBAsICh OT KOTOPOTO MBI MBITAEMCSI IBUTATHCS
BIIEPE/I.
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Ortenr AnpOepta DitHIITEHHA CTpOorII AekTpocTaniinu B Mtanuu. Koraa
Anp0ept ObL1 pedeHKOM, YpaBHEHUSIM MakcBeiia ObUIO BCEro HECKOJIBKO
JECATKOB JIET OT poxay, HO Mranus yxke Bxoawia B 3MOXY IPOMBIIIJIEHHON
pPEBOJIOLMU, M TypOUHBI € TpaHCPOpMATOpaMH, KOTOPHIE CTPOMJI OTEIl
OWHIITelHAa, OCHOBBIBAJIUCh HAa ATUX ypaBHEHUSX. MOIIbL HOBOUM (U3UKU
ObL1a OYEBU IHA JUTSI BCEX.

Anpbept Obul OyHTapem. Pomutenu octaBuiu ero B I'epmanum mis
3aBEpILICHUS] MIKOJIBHOTO OOpa30BaHMs, OJHAKO OH CUHUTAI HEMEIKYIO
IIKOJIBHYI0 CUCTEMY CIIMIIKOM KECTKOW M BOEHU3UPOBAHHOW; OH HE CMOT
CMUPHUTBCS CO LIKOJbHBIMU MOpsSAKaMU M Opocuin yueOy. BepHyBimch K
ponurensim B Utanuto, B [1aButo, oH npoBoAWII BpeMs B Oe3/iebe. 3aTeM OH
oTHpaBwiIcs yuuTbCcs B llIBenmapuro, HO HE CMOTr Ccpa3y MOCTYIIUTh B
[{ropuxckui MOJUTEXHUKYM, Kyna crpemuiics. [locine yHuBepcurera OH He
CMOT TOJIYYUTh HCCIEAOBATEIbCKYIO MO3UIMI0 M, YTOOBI 3apaboTarh Ha
KU3Hb ce0e M CBOEU I'pa’KJaHCKOM KeHe, HaHsIICs Ha paboTy B MATEHTHBIM
oduc B bepHe.

JT10 OBUIO HE CaMO€ 3aBUIHOE MECTO ISl AUIIOMUPOBAHHOTO (PU3HMKa,
OJHAKO OHO oOecneunso AunbOepTy BpeMs s pPa3MbIIUICHHN H
He3aBUCUMOW padoThl. M1 OH pa3Mblnusul U padorain. B KOHIE KOHIIOB,
MMEHHO 3THM OH 3aHUMAJICSl C CAMOM paHHEW IOHOCTH: BMECTO TOIO YTOOBI
y4uThbCs B MIKojie, OoH uuTtain «Hauama» EBximma m «Kputuky uwmcroro
pazyma» Kanta. Benp HEBO3MOXHO MONAacTh B HOBBIE MECTa, CIEHYA
MIPOJIOKEHHBIM TPaccam.

B Bo3pacte 25 ner DitHmTeitH otnpasisieT B Annalen der Physik tpu
cratbu. Kaxnas u3 HuUX Obula Kak MHUHUMYM jgoctoiiHa HoOeneBckoii
npemMun M Jaxe Oousbmiero. M kaxpmas crajia omopoil il HAIEro
MMOHMMaHUS MUpa. S y’ke paccka3blBajl O MIEPBOU U3 3TUX CTATEW, B KOTOPOU
MoOJIOOW ANbOepT BBIYHCIWI pa3Mepbl aTOMOB M JOKa3al CIycTs 23
CTOJIETHS, UTO uaeH JleMokpuTa OB BEPHBI — MaTepUsl 3€PHUCTA.

Brtopas crarbs npuHecia DUHIITEHHY HAaUOOJBIIYIO CJIaBy — UMEHHO B
HE OH MPEICTaBUJI CBOK TEOPUIO OTHOCHUTEIBHOCTU. VIMEHHO Teopuu
OTHOCHUTEIBHOCTH U MOCBAILIEHA 3Ta IJ1aBa.



Ha camoMm Jienie cyliecTByeT JIBE TEOPUU OTHOCHUTEIbHOCTU. KOHBeEpT,
OTHPABICHHBIN B  PEJAKUHUI  JBAALATUISITUICTHUM  OUHINTEHHOM,
ColepKal W3JIOKCHUE TEPBOM W3 HHUX — TEOPUHU, KOTOPYH) CETOAHS MBI
HAa3bIBAEM cneyuaivbHou meopueti omuocumenvrocmu. OHa JaeT BaXHOE
YTOUHEHHUE  CTPYKTYpbl NOPOCTPAHCTBA M  BPEMEHHU, KOTOpOE s
NPOWLTIOCTPUPYIO 3/IeCh, MPEXKIE YeM IMEepexoauTh K Jpyroi, Ooiee
BOKHOM, TEOPUHU DUHINTEHHA — 00Well meopuu OmMHOCUMETbHOCU.

CnennanbHasi TEOpUS OTHOCUTEIIBHOCTH — 3TO TOHKAs W KOHIENTYAJIbHO
cloxHasi Teopusi. Ee TpyaHee yCBOWTh, 4YeM OOIIYyIHO TEOPHIO
OTHOCUTEJNILHOCTU. YHWTaTento HE CIEAyeT NyrarbCsi, €CIH CIECIYIOIIUe
HECKOJIBKO CTPaHMI] MTOKAXYTCA €My HE OYE€Hb IMPOCTHIMHU JIJI1 MOHUMAHUA.
DTa Teopus BIEPBbIC MOKA3bIBAET, YTO B HHIOTOHOBCKOW KapTUHE MHUPA HE
MIPOCTO YEro-TO HE XBaTaeT, HO OHA JOJKHA OBITh paJNKaIbHO W3MEHEHA,
IpUYEM TaKUM 00pa3oM, YTO CTAHET MOJHOCTHIO MPOTHUBOPEUUTH 3IPABOMY
CMBICTY. OTO TMEpBBIM pPEaJbHbIA IIAr K MNEPECMOTPY HAIIKUX CaMbIX
I1yOOKUX MHTYUTUBHBIX MPEJCTABICHUN O MUPE.



PacuivpeHHoe HacTos1ee

Teopun HproroHa m MakcBemia npoTuBopedar Ipyr JAPYyTrY B OAHOM
TOHKOM MoOMeHTe. W3 ypaBHeHuii MakcBeia BBIBOAWTCA BEIWYMHA
CKOpOCTH — CKOpocTHM cBeTa. (OJHAako HBIOTOHOBCKas MEXaHUKa
HECOBMECTMMA C  CYyIIECTBOBAaHMEM  (PYHIAMEHTAJIBHOW  CKOPOCTH,
MIOCKOJIBKY B ypaBHEHHs HBIOTOHA BXOAUT yCKOpPEHHME, a HE CKOpPOCTh. B
HBIOTOHOBCKOM (DU3UKE CKOPOCTh MOXKET OBITh TOJIBKO CKOPOCTBIO YEro-TO
OMHOCUMENLHO Ye20-mo Opyzoeo. l'anunell mogyepkuBail TOT (PakT, 4TO
3emMJs IBHKETCA OTHOCUTENBHO COJIHIIA, NaKe €CIIA Mbl HE BOCIIPUHUMAEM
3TO JABUKEHHE, MOCKOJIBKY TO, YTO MbI OOBIYHO HAa3bIBAEM CKOPOCTbHIO, — 3TO
CKOPOCTb OTHOCHUTEJIBHO 3eMild. FIMEHHO 3TO MBI HIME€EM B BHUIY, FOBOpA,
YTO CKOPOCTb — 3TO OMHOCUMENbHAS BETNYNHA, TO €CTh CKOPOCTh 0OBEKTA
caMoro mo cebe He HMEET CMbICNa, €AMHCTBEHHAs CKOPOCThb, KOTOpas
CYILECTBYET, — 3TO CKOPOCTh OJTHOrO 00BEKTa OTHOCUTEIBHO JAPYroro. JTo
TO, YTO W3YyYaldu CTYIeHThI-Gu3uku B XIX Beke, U TO, YTO OHU U3YyYaroT
cerogusa. Ho ecnm 310 Tak, TO OTHOCHUTENBHO YETO OIPENEIEHA CKOPOCTh
CBETAa, BRIBOAMMAs U3 ypaBHEHN MakcBeuia?

OnHa 13 BO3MOXKHOCTEUN pa3pelIeHns] 3TOr0 CHOPHOTO BOIIPOCA COCTOUT
B TOM, YTO CYIIECTBYET HEKas yHUBEpPCAJIbHAs CPEeAa, 10 OTHOLIEHUIO K
KOTOPOW CBET M JABUXKETCA CO CBOEH CKOPOCTBIO. OJHAKO IOJIOKEHHUS
Teopun MakcBemia BBIVISIAAT HE3aBUCUMBIMHA OT 3TOM cpenbl. Bcee
DKCIIEPUMEHTAJIBHBIE MONBITKA U3MEPUTHh CKOPOCTh 3€MIIM MO OTHOLIEHHIO
K OTOW THMIIOTETUYECKON cperae, npeanpuHuMasimecs B KoHie XIX Beka,
3aKOHYMJINCH HEYIAaYeH.

OWHIITEWH yTBEPXKJAJ, YTO HA BEPHBIM IIyTh €ro HABEJIU HE
DKCIIEPUMEHTHI, 4 TOJIBKO BUAMMBIE NPOTUBOPEUYUS MEKIY YPABHEHUAMU
Makcpemia u Mexanukod HprotoHa. OH 3amajicss BOMPOCOM: MOXKHO JIH
KaKMM-TO 00pa3oM COBMECTUTH KJItoueBble OTKpbITHS HbloToHa u [Manmunes
¢ Teopueit Makcsesa?

3aHUMAsICh 3TUM, OWHINTEWH NPHIIE] K YAUBUTEIBHOMY OTKPBITHIO.
YToOBI MOHATH €70, MOAYMaTe 000 BCEX MPOUUIBIX, HACTOALIUX U OyTyIIHX
COOBITUSIX (TIO OTHOILIEHUIO K TOMY MOMEHTY, KOTJIa BbI YUTAETE 3TOT TEKCT)
U TIPEJICTaBbTE UX U300pXKEHHBIMU KaK Ha puc. 3.1.



4 Bpems

Bynywee

PacctosHne

Puc. 3.1. IIpocTpancTBO 1 BpeMs 40 DUHIITEHHA

Wtak, OTKpbITHE OWHINTEHA 3aKJIIOYAETCSs B TOM, YTO 3Ta CXEMa
HEKOPpPEKTHA. B NIEMCTBUTEIBHOCTA BCE YCTPOEHO IPUMEPHO TAaAK, KakK
MOKa3aHo Ha puc. 3.2.

Bpema

Byoywee

aPacLuiX PEHHLUE HalTUHAUee

o

PaccrosHue
Puc. 3.2. Crpykrypa mnpocTpaHCTBa-BpeMeHH. [l — Kaxzaoro

HAOIOATENsl «PAaCIIMPEHHOE HACTOAIIEE» — 3TO IPOMEXKYTOYHAs 30Ha
MEXy MPOIUIBIM U OyIyIIUM

Mexay npouuibiM U OyIyIIMM JJiE HEKOTOPOTO COOBITHS (Hampumep,
MEXIy IPOUUIBIM M OYyIyIIMM JUIsl Bac, TaMm, TA€ Bbl B JaHHBIM KOHKPETHBIM
MOMEHT HaXOJWTECh) CYIIECTBYET «IPOMEXKYTOUHAs 30Ha», WU
«PACIHIMPEHHOE HACTOSIIEE», 30HA, KOTOpasi HE SIBJISIETCS] HU MPOILIbIM, HU
OynymumM. DTO OTKPBITHE CHAEJIAHO B paMKax B CHEIUAILHON TEOpHH
OTHOCUTEIHHOCTH.

JIIMTENbHOCTh 3TOH TpoMexyTouHoi 30HEIRY, KoTOpas He HaxomUTCS
HU B BallleM NIPOIIOM, HM B BalleM OyayIlieM, O4eHb Majla U 3aBHUCHUT OT



TOTO, TJI€ OTHOCHUTEIBHO Bac MPOUCXOIUT COObITHE (CM. puc. 3.2): dyem
OOJbIlIE PACCTOSHUE OT Bac 10 COOBITHS, T€M OOJIbIIE JIUTEILHOCTD
paclMpeHHoro Hacrosmero. Ha paccTosHMM HECKOJIBKUX METPOB OT
BAILIETO HOCA, JOPOrON YUTATEIb, MPOAOJLKUTEIBHOCTD TOTO, YTO SIBIIACTCA
IUIsT Bac TIPOMEXYTOYHOW 30HOW (HU TPOLUIBIM, HHU OyayIIuM), He
MPEBBIIIAET HECKOJIBKUX HAHOCEKYH/]I — 3TO MOYTH HUYTO (B OAHOM CEKyH/E
CTOJIbKO >K€ HAHOCEKYH[, CKoJbko cekyHa B 30 rogax). DTo HaMHOTO
MEHBIIIE, YeM BBl CIIOCOOHBI 3aMeTuUTh. Ha Jnpyroii cropoHe oOKeaHa
JUTUTEIIBHOCTh ATOM TMPOMEKYTOYHOM 30HBI COCTABIAECT THICSYHYIO JIOJIO
CEeKYHJbl, 4YTO BCE €€ HMXKE MOpOora HAIIero BOCIPHUITHS BPEMEHHU:
MUHUMAJbHBIA OTPE30K BPEMEHHU, KOTOPBIM MbI CIOCOOHBI OIIYTUTh, —
NopsiAka COTOM 1oiau CeKyHabl. OnaHako Ha JlyHe NpOAOIIKUTEIBHOCTH
PACIIMPEHHOIO HACTOSAIIETO COCTABIISIET YKE CEKYHIBI, 2 HA Mapce — OKoJIo
yeTBEepTH Yaca. TakuMm oOpa3oMm, MOXXHO CKas3aTh, 4YTO Ha Mapce ecThb
COOBITHSI, KOTOpPhI€ B JAHHBI KOHKPETHBII MOMEHT YK€ CIy4MJIUCh,
COOBITHSI, KOTOPBIM €Il MPEICTOUT CIYYUTHCS, HO €CTh TaKXKe YETBEPTh
qaca, B TEUCHHUE KOTOPHIX MPOUCXOIAT COOBITHS, KOTOPhIE HE TIPUHAJJICKAT
HU HAIlIeMY NPOIIJIOMY, HA HalllemMy OyayIiemy.

Onu HaxongTca rae-To eme. Hukorma mpexie Mbl HE AOTabIBajIuCh O
CYILIECTBOBAHUU 3TOrO «TAE-TO €HIE», MOCKOJIbKY BOJIM3H HAC 3TO «IJE-TO
€IIe» CIHIIKOM CKOPOTEYHO; MBI HEAOCTATOYHO MPOBOPHBI, YTOOBI €ro
3aMeTuTh. HO OHO CyIlIeCTBYET, U OHO peabHO.

MMeHHO TOATOMY HENb3s MOAJNEPKUBAThH HEMPUHYKICHHYIO Oecemy
Mexy 3emuet 1 MapcoM. JlomycTum, s HaX0Kych Ha Mapce, a Bbl 3/1€Ch.
S 3apgaro0 BaM BONpOC, a BBl OTBEYAETE CPa3y, KAK TOJBKO YCIBIIIUTE, YTO 5
CKa3aJI; Balll OTBET MPUXOJUT KO MHE CITyCTSI YETBEPTh Yaca IOCII€ TOro, KaK
a1 3a7ajl BOIPOC. JTa 4YETBEPTh 4Yaca — BPEMs, KOTOPOE HE SIBIACTCA HHU
MPOILIBIM, HU OyIyIIUM MO OTHOIIEHUIO K TOMY MOMEHTY, KOT/a Bbl MHE
orBeTwid. [lpuHUMNUANBbHBIA (HaKT, KacalollUiics YCTpPOMCTBA MUpa,
MOHSTHI  DWHINTEWHOM, COCTOMT B TOM, 4YTO 3Ta 4YETBEPTh dYaca
HEyCTpaHMMa: HET criocoba ee cokpatuTh. OHa BIIETEHA B TKaHb COOBITHI
MPOCTPAHCTBA U BPEMEHU: Mbl HE MOXXKEM YKOPOTHUThH €€ TOYHO TaK e, KaK
HE MOYKEM IOCJIaTh MMCHbMO B MPOIILIOE.

DTO CTpaHHO, HO HAIl MUP YCTPOEH UMEHHO TaK. JTO TaK K€ CTPAHHO,
Kak TOT ¢akT, yTo B CuJHEe JIOAN KUBYT «BBEPX HOTAMM»: CTPAHHO, HO
npaBaa. Mbl TPUBBIKIM K 3TOMY (akTy, KOTOPBIM Temeph KaXeTcs



HOPMaJbHBIM M Pa3yMHBIM. JTO CTPYKTypa IPOCTPAHCTBA W BPEMEHH, U
OHAa UMEHHO TAKOBA.

A Bpema

Yutatene

PaccToaHwe

.
g

Puc. 3.3. OTHOCUTENTBHOCTh OJJHOBPEMEHHOCTH

W3 cka3aHHOIO CJeAyeT, YTO OECCMBICIIEHHO TOBOPUTH O COOBITHHM Ha
Mapce, 4TO OHO MPOUCXOIUT «IPSIMO Ccelyac», MPOCTO IOTOMY, YTO

HUKAKOTO «IIPSIMO ceifdac» He cymectByer (puc. 3.3.)R21.

Ecou BeIpakarbcsi Oojiee CTPOro, TO OWHINTEHH TMOHSJI, YTO HE
CYIIIECTBYET «aOCOTIOTHOM OJHOBPEMEHHOCTH»: BO BCeleHHON HET Takoro
MHOXECTBa COOBITUH, KOTOPbIE TPOUCXOMST «ceiuacy. COBOKYMMHOCTh BCEX
coObiTHl BO BceneHHON Henb3s omnucarb Kak MOCIEI0BATEIbHOCTD
MOMEHTAJIBHBIX «CE€WYac» — HACTOAIIUX, CICIYIOIINX OJHO 33 JPYTHMM; OHA
uMeeT OoJiee CIOKHYIO CTPYKTYpY, MOKa3aHHYI0 Ha puc. 3.2. Mbl BUIuM
TaM TO, YTO B (PU3HMKE HA3BIBAIOT MPOCTPAHCTBOM-BPEMEHEM — 3TO HAOOP
BCEX MPONUIBIX U OYyayIIHMX COOBITHUH, HO TakKe M TEX, KOTOpbIE «HHU B
MPOIIIOM, HU B OyAyIlleM»; MOCJIEAHUE HEe 00pa3yroT €IUHOTO MITHOBEHMUS:
y HUX CaMHX €CTh JUTUTEIbHOCTb.

Jns ranaktuku AHJIPOMENbl JJIUTEIBHOCTh H3TOTO PACIIUPEHHOTO
HACTOSIIETO M0 OTHOIICHUIO K HaM COCTABJIISIET JIBa MUJUIMOHA JieT. Bee, uTo
MPOUCXOJUT B TEUEHHE OSTUX JABYX MUJUIMOHOB JIET, HE SBISETCS HHU
MPOILIBIM, HU OyIyIIUM MO OTHOIICHHWIO K Ham. Eciu Obl gpy:KecTBEHHAs
BBICOKOpa3BUTas LIUBWIN3ALMUSA B AHIPOMENE pelInia OTIPaBUTh K HaM C
BU3UTOM JCKaJIpy 3BE3/0JETOB, TO HE ObLIO ObI CMBIC/IA CHpAlIUBaTh,
ACKaJpa «cervac» yKe BbUIETENa WIM emnle HeT. EJauHCTBEeHHBIN
OCMBICJICHHBIA BOIIPOC: KOIJIA Mbl IIOJIYYUM MEPBBIA CHUTHAI OT JTOM



ackaapel? HaumHasg ¢ 3TOro MOMEHTa, HO HE paHee, OTHPABIEHUE ICKaAPbI
OKa3bIBAETCS B HALLIEM IPOLIIOM.

OTKpbITHE TakOW CTPYKTYphl MPOCTPAHCTBA-BPEMEHH, CHECIAHHOE
MOJ0AbIM DUHIITEWHOM B 1905 romy, uMeno cepbe3Hbie mocienacTus. Tot
(GakT, 4TO MPOCTPAHCTBO M BpPEMsI TECHO CBSI3aHBI MEXIy COOOMH, Kak
nokazaHo Ha puc. 3.2, mnoTpeboBall TOHKOM PECTPYKTYpHU3ALUU
HBIOTOHOBCKOM MEXaHUKH, KOTOPYIO OWHIITEHH OBICTPO OCYILECTBUJI B
1905 u 1906 romax. IlepBbIil pe3ynbrar 3TOM PECTPYKTYpPU3ALUNA COCTOUT B
TOM, YTO MPOCTPAHCTBO M BPEMS CIUIABJISIOTCS B €IMHYK) KOHIIENIIHIO
IIPOCTPAHCTBA-BPEMEHHU, A  DJJEKTPUYECKOE M MArHUTHOE  TOJsA
aHAJOTMYHBIM O00pa3oM CIUIABJISAIOTCS B E€IUHYIO CYIIHOCTb, KOTOPYIO
CEro/IHsI Mbl HA3bIBA€M 3JIEKTPOMArHUTHBIM IojieM. CIIOKHbBIE YpaBHEHHS,
3anucaHHble MakcBeIOM Ui JIByX IMOJIEH, 3HAYMTEIBHO YNPOLIAKTCA,
KorJia nepepopMyIHpyOTCS HA 3TOM HOBOM SI3BIKE.

EcTb emie ofuH BBIBOA 3TOM TEOPUM, KOTOPBIM BiEYET 3a COOOM OYEHB
Cepbe3HbIE MOCIEACTBUS. B HOBOW MeXaHHMKe KOHIIEMIMU SHEPTUU U MacChl
O0OBEAMHSIOTCS U CIUIABIIAIOTCS BOEUHO, MOAOOHO TOMY Kak 00bEAMHWINCH
BpEMs M MPOCTPAHCTBO, JJIEKTpUUYECKoe U MarHuTHOE 1onst. Jlo 1905 roma
HE3bIOJIEMBIMH CUMTAJIUChH JBa OOLIMX MPUHIIMIA — COXPAHEHUS MAacChl U
coxpaHeHusi 3Hepruu. llepBplii W3 HHX OBLI BCECTOPOHHE ITPOBEPEH
XUMHUKaMH: Macca HUKOTJa HE MEHSAETCS B XUMUYECKUX peakuusax. Bropoi
— COXpPaHEHHE DJHEPIrUM — HENOCPEICTBEHHO BBITEKAl W3 YpaBHEHUH
HploToHa U paccMmarpuBaiics Kak OAWMH M3 CaMbIX OeccnopHulx 3aKOHOB.
OpHako DWHIITENH ITOHUMAET, YTO SHEPIUS U Macca — 3TO JBE I'PaHU OHOU
CYILLHOCTH, MTOI00HO TOMY KaK 3JIEKTPUYECKOE U MAarHUTHOE MO — 3TO JIBE
CTOPOHBI OJHOTO M TOIO K€ IOJsA, a MPOCTPAHCTBO U BPEMS — JIBE I'PaHU
OJTHOM CYIIHOCTH, NPOCTPAHCTBA-BPEMEHU. DTO O3HAYAET, YTO Macca cama
1o ce0e HEe COXPAHSIETCS] U PHEPTUsl — KaK €€ BOCIIPUHUMAIIA B TO BPEMS —
TOK€ HE SIBJIIETCS HE3aBUCHUMO COXPAHSIOLIEHCS BeaUYMHOW. OHM MOTyT
IIpeBpaIlaTbCst Ipyr B pyra: CyIIECTBYET TOJIBKO OJWH 3aKOH COXPaHEHMS,
a He nBa. CoxpaHsAETCss CyMMa MacChl M SHEPTUH, HO HE KaXJas U3 HHUX IO
OTIENBHOCTHU. JIOMKHBI CyIIeCTBOBAaTh IMPOILIECCHI, KOTOPbIE MPEeoOpa3yroT
DHEPIHUIO B MACCY, 4 MacCy — B SHEPTHIO.

HecnoxHpli pacuer mokasan OWHINTEMHY, KAaK MHOIO JHEPIUHU
NoJIy4aeTcsl MNpU NpeoOpa3oBaHWM OJHOTO TIpamMma Macchl. Pesynbrar

BHIPAKAeTCsl 3HAMEHUTOH hopmyioit £ = mc?. TIockoIbKy CKOPOCTh CBETA ¢
— 5TO O4eHb OoOMNbIIas BEJIUMYUHA, A C’ eme Oonbllasg, >HEPrus,



Mojay4yaeMass M3 OJIHOTO TpaMMa MacChl, KOJIOCCajJbHA. OJTO DSHEPTUs
MUWJIJTMOHOB OJJHOMOMEHTHO B30PBaBIIMXCS OOMO: €€ J10CTaTo4yHO, YTOOBI
MecCAllaMH OCBEIIaTh TOPOJ M MHUTaTh HPOMBIIUIEHHOCTh CTPaHbl HWIIH,
HAIPOTHUB, YTOOBI B OJTHY CEKYHy YHUUYTOXHUTH COTHH THICAY YEJIIOBEUECKUX
KU3HEU B TAKOM IOpoOJie, KaK XHUpOCUMa.

Teopernueckne pacCyXA€HUS MOJIOAOTO ODWHIITEHHA MEPEHECIH
YEJIOBEYECTBO B HOBYIO 3Py — 3Py ANEPHOU SHEPTUH, HOBBIX BO3MOXKHOCTEM
U HOBBIX omacHocTel. CeromHsi Oyiaroaps HMHTEIUIEKTY 3TOTO MOJIOAOTO
OyHTapsi, HE BBIHOCHUBIIETO >XECTKUX IPaBWJI, Mbl MOJYYWIH CPEJICTBA,
CIIOCOOHBIE 00ECTIEUNTh CBETOM XWiuiia 10 MUIITHApAOB JIFOJIEH, KOTOPhIE
BCKOpe OyayT HacesiTh Hallly IUIAHETy, CPEACTBa sl KOCMHUYECKUX
MyTENIECTBUA K JPYrUM 3BE€3/laM, a TakKXKe CpEACTBA, IO3BOJSIONINE
YHUYTOXKHUTH APYT Jpyra W pa3pylidTh IUIAHETY. Bce 3aBUCHUT OT Halero
BBIOOpA: KAKUX JIUJIEPOB MBI MPU30BEM IPUHUMATH JJIs HAC PEIICHUSI.

Ceronns CTPYKTypa IPOCTPAHCTBAa-BPEMEHH, MPEIIOKEHHAS
OWHIITEMHOM, XOpOIIO TIOHSTa HW  MHOTOKPAaTHO TNIPOBEpEHa B
7abopaTopusix, OHA CUMTAETCS HAJAEKHO YCTAaHOBIEHHOH. Bpems wu
MPOCTPAHCTBO — HE TaKWE, KAKUMU OHH TMPEACTABISUIMCH CO BpPEMEH
Herorona. IIpocTpaHCTBO HE CyLIECTBYET HE3aBUCHUMO OT BpeMEHHU. B
pacUIMPEHHOM OPOCTPaHCTBE (pHC. 3.2) HET KAKOTO-TO BBIJIEICHHOTO CPe3a,
KOTOPBIM C OONBIIUM OCHOBAaHUEM, YE€M JIPYTHE, MOXKHO ObUTO OBl Ha3BaTh
«OPOCTPAHCTBO  ceiyacy. Hame HHTYUTHBHOE TPEICTABIEHUE O
HACTOSIIIIEM KaK O €AMHCTBE BCEX COOBITUM, MPOUCXOISAIINX «Ceiluac» BO
BcenenHoit, — 3T0 pe3yabTaT Halled CJenoThl, Halle HECIOCOOHOCTH
BOCIPUHUMATh MaJible BPEMEHHBIE HMHTEpBaJbl. IJTO HEOOOCHOBAaHHAs
AKCTPANOJISLNS HAILIETO OTPAHUYEHHOTO OTBITA.

[IpencraBienne 0 HaACTOSIIEM, MOAOOHO MPEICTABICHUIO O TUIOCKOM
3emie, gBIseTCS WUTIO3UEd. MBI mipeAcTaBisuid cede 3eMIII0 IUIOCKOW B
CUJIy OTPAaHMYEHHOCTH HAIlMX YYBCTB, MOCKOJIBKY Mbl HE MOIJIHM BHUAETH
HAMHOTO Jaibliie cBoero Hoca. Ecmu Obl MBI KWJIM Ha acTepoujie
IUaMETPOM HECKOJIBKO KWJIOMETPOB, Kak Iuianeta Manenbkoro IlpunHna,
MBI JIETKO TIpEeJCTaBUIM Obl cebe, uTo Haxonumcs Ha cdepe. Eciu Obl Hail
MO3T ¥ HAIllM OpraHbl YyBCTB JIaBJIM HaM 00Jie€ TOYHOE BOCIPHUSITUE U MBI
JIETKO BOCIIPUHUMAJIM Obl HAHOCEKYHJHBIE OTPE3KH BPEMEHHU, HAM HUKOITIA
Obl HE MPUILIO B TOJIOBY, YTO «HACTOSAIEE» MPOCTUPAETCS MOBCIOLY. Mbl
Obl CBOOOTHO BOCIPUHUMAIHN CYIIECTBOBAHHUE IMPOMEKYTOUYHON 30HBI
MEXIy MPONUIBIM U OyaymuM. Mbl Obl XOpOIIO MOHUMAIH, YTO CJIOBA



«371eCh U cedlyac» UMEIOT CMBICI, HO CJIOBO «celyac», 0003Hayarolee
COOBITHSI, «IIPOUCXOMASAIINE B JaHHBIH MOMEHT» MO Bcell BceneHHOU, He
uMeeT cMmbiciia. OHO OJIOOHO BOMPOCY O TOM, HaxoauTcs Haiia [anakTuka
«BBIIIIE WM HUXKE» TAJaKTUKUA B AHJIPOMEE, HE UMEET CMbICIIA, MOCKOJIbKY
MOHSATHS «BBIIIE» U «HUXKE» HAJIENIEHbl CMBICIIOM TOJIbKO HA MOBEPXHOCTH
3emnu, a He B KocMoce. Bo BcenenHoil Her «Bepxa» W «Hu3a». U
aHAJOTUYHBIM 00pa3oM J1Ba COOBITHS B HEW JAJIEKO HE BCErja CBS3aHbI
OTHONIIEHUSIMH  «A0» WM «mocie». [lomyuyuBmiytocss B pesyibTare
CTPYKTYpPY W3 CIUIETEHHBIX MEXIY COOOM MPOCTPAHCTBA M BPEMEHH, KaK
3TO n300paxkeHo Ha puc. 3.2 u 3.3, PU3MKU Ha3bIBAIOT MPOCTPAHCTBOM-
BpemeHeM (puc. 3.4).

Korna xypuan Annalen der Physik onyOnukoBan cTaThlo DWHINTEWHA,
BHE3AITHO MPOSCHUBIIYK) BCE 3TH BOMPOCHI, 3TO IMPOU3BEIO I'PAaHIAUO3HOE
BIIEYATJIEHWE Ha (PU3NUECKOE COOOIIEeCTBO. SIBHBIE MPOTUBOPEUUS MEKITY
ypaBHEHUAMH MakcBemia M HBIOTOHOBCKOM (PU3UKOM OBLIM  XOPOIIO
M3BECTHBI, HO HHUKTO HE 3HAJ, KaK WX Pa3pelIuTb. ODUHIITECHHOBCKOE
pEllIeHUE, MOPA3UTEIBHOE M YPE3BBIYAMHO 3JIETAHTHOE, CTAJI0 IJII BCEX
HEOXHUJIAHHOCTBIO. Paccka3piBalOT, Kak B TYCKJIO OCBEIICHHBIX CTapbiX
3amax KpakoBckoro yHuBepcuteTra cTporuii mpodeccop  (U3UKH,
OTOPBABLINCH OT CBOUX 3aHATHM, MOTPSCAT SUHINTEHWHOBCKOW CTAThEU WU
kpuuaii: «Poauiics HoBbIM Apxumen!»

HetoToH I‘Ipocrpchrarﬂ Bpems Hactuubl

'

aapanem [ﬂpGCTpaHCTBGJ Bpemna ] Mona L-Iac’rmum}
akceenn | ;I_ 4 J o\ )
JHWTERH 1905 [I‘Ipocrpamrao—apemn] { MNona W Yactuubl ]

Puc. 3.4. 13 gero cocrout mup?

Ho, HecMoTpst Ha OypHYIO peaklrio, CIPOBOLMPOBAHHYIO MPOPHIBOM,
KOTOPBIM coBepiini DiHITEeNH B 1905 romy, Mbl enie He 100paJiuch A0 €ro
MOJIMHHOTO 1eaeBpa. Tpuymdom DitHIITENHA cTala €ero emopas Teopus



OTHOCUTEIBLHOCTH — 00Was meopus OMHOCUMENIbHOCMU, ONyOJIMKOBaHHAs
JIECSITHIO TOJIaMU TIO3/THEE, KOTJ]a eMYy ObLIO TPUIATH IISITh.

Teopust «oOled OTHOCUTEIBLHOCTH» — 3TO caMasl KpacuBas Teopus,
NopoXkKIeHHas (DU3UKOM, M TIEPBBIN CTOJI KBAaHTOBOW TpaBuTanuu. OHa
SABJIAETCS CTEPKHEBOM TEMOW JJi1 BCEW HTOM KHUTH. VIMEHHO 371ech
HaYMHAETCs NMOTMHHAS Marus gusznku XX Beka.



Camas kpacuBasi M3 BCeX TeOpUH

[locne nmyOnukanuu  CHEeNWAIbHOM  TEOPUU  OTHOCHUTEIBHOCTHU
OWHIITEWH CTAaHOBUTCS 3HAMEHUTHIM (PU3MKOM M TOJTYy4YaeT MPUIIIANICHUS
Ha pa0OTy OT MHOXECTBa YHHUBEpCUTETOB. HO ero mpojoixkaeT Koe-4To
OECIOKOUTD: crelaibHasi TEOpHsl OTHOCUTEILHOCTH HE COITIACyeTCsl C TEM,
YTO U3BECTHO O rpaBuTanuu. OH MOHUMAET 3TO B XOJ€ HalMcaHus 0030pa
CBOCM TEOpHUM H 3aqyMBIBAETCS, HE CIEAYyeT JIM MEePECMOTPETh
OOIIIEPU3HAHHYI0 TEOPUI0 BCEMUPHOIO TATOTEHUS, CO3JAaHHYIO OTIIOM
¢uzuku HpOTOHOM, 4YTOOBI JOOUTHCS COBMECTUMOCTH C €r0 TeOopHuew
OTHOCHUTEJIIBHOCTH?

Hcrounuk mpoOnemMbl MOHITH HETPYAHO. HBIOTOH XOTen OObSICHUTH,
noyeMy TMpeaMeThl TaJaloT, a IUTAaHeThl BpallarTcs 1no opoutam. OH
MPUIYMAJT «CHUILY», KOTOpas MPUTITUBAECT BCE TeJa APyl K APYry, — CUILY
rpaButanuu. Ho kakuMm 00pa3oMm 3TOHM cuiie yJaaeTcst BO3/CHCTBOBAThH Ha
yJaJIeHHbIC MPEIMEThI, KOTIa MEXy HUMH HUYEro HET, ObLIO HEMOHSTHO.
Cam HpIOTOH, KaK Mbl BHJEIH, MOAO3PEBAN, YTO B BTOM HJECE CHIIBL,
JEUCTBYIONIEH MEXTy JaJE€KUMU TeJlaMHu 0€3 COMPUKOCHOBEHUS, YETO-TO HE
XBaTaeT U 4TO JJIs IpUTsDKeHus JIyHbl 3emiieid MeXy HUMH JOJIKHO OBIThH
HEUYTO, Mepenawiiee 3Ty cuiry. [Ba cronmerus cnycts Papaned Hamen
pelIeHue, npasaa, HE Ui CUJIbl TPaBUTALMU, a JJIS DIIEKTPUUYECKUX HU
MarHuTHbBIX CHJI — TIOJIe. OJIEKTPUYECKUE W MAarHUTHBIE  CHJIBI
TIEPEHOCATCSI» IEKTPUUECKUMHU U MATHUTHBIMU TTOJISIMH.

Ha »Toi1 cTaguu nro00oMy paliOHAIBHOMY YE€JIOBEKY ObUIO OYEBHUIHO,
YTO CUJia TPaBUTAIIUU TOXKE JOJKHA UMETh CBOU (hapajieeBbl JIMHUU. Takxe
[0 aHAJOTUM ObUIO OYEBHUJHO, UTO Cuiia MpUTSHKeHUs: Mexay ConHieM u
3emiiel WM Mexay 3eMiied W TaJaroldM MPEeJIMETOM JIOIKHA OBITh
MPUIIACAHA MO0 — B JAHHOM ClIy4ae rpaBHUTallMOHHOMY moito. OTBET Ha
BOIIPOC O TOM, UTO IIEPEHOCUT CUIly, HauieHHbIM Dapaneem u MakcseiuioMm,
OUYEBU/IHO, TOJKEH IIPUMEHSATHCS HE TOJIBKO K AJIEKTPUYECTBY, HO TAKXKE U K
rpaBUTalnnu. J{OJDKHO CyIIECTBOBAaTh I'PAaBUTAIMOHHOE TOJIE, @ YpaBHEHUS,
AHAJIOTUYHBIE MAaKCBEJIJIOBCKAM, JIOJKHBI OIHUCHIBATh, KaK JIBUKYTCS
dapaneeBnl rpaBUTAIIMOHHBIE JUHUU. B mepBbie rogpl XX Beka BCE 3TO
OBLIO SICHO JIIOOOMY JOCTAaTOYHO TMOCJIEI0BATEIbHOMY YEJIOBEKY; HHaue
TOBOPSI, 3TO OBLIIO SICHO TOJIBKO AJTEOEpTy DUHIITEHHY.



OWHIITENH, KOTOPOTO C FOHOCTH BOCXHILIAJIO 3JIEKTPOMArHUTHOE TIOJIE,
TOJIKABIIEE POTOPHI HA SJIEKTPOCTAHLMAX €r0 OTLA, HAaYall 3ayMbIBAThCS O
IPABUTAIIMOHHOM TI0JI€ W MCKaTh YpPaBHEHHUs, KOTOpPbIE MOIIU Obl €ro
onucatb. OH TMOJHOCTHIO MOrpy3usica B 3Ty mnpobinemy. Ha To, 4ToOBI
peLINTh €€, YyHUUIO AeCiaTh JieT. JlecsaTp JeT YIOpHBIX HCCIEAOBAaHUM,
MOMBITOK, OLIMOOK, HEJOpasyMEHHUM, OJecTAmuX UAeH, HEBEpPHBIX
JOMYLIEHNUN, CTaTel ¢ HEKOPPEKTHHIMU YpPAaBHEHUSMH, HOBBIX OIIMOOK,
ctpecca. Hakxonen, B 1915 romy oH otopaBwi B Medarb CTarblo,
COJIEPIKAILlYI0 HCUEPIBIBAIOIEE pEIIeHUE, KOTOpPOE€ OH Ha3Baj oOIen
TEOpUEN OTHOCUTEIIBHOCTH, — CcBOM 1ieaeBp. Jles Jlanmay, cambii
onectsamuii  pusuk-reopetuk CoBerckoro (Coro3a, Ha3bIBall €€ «Camoi
KpPaCcHUBOU U3 BCEX CYIIECTBYIOMUX (HU3UIECKUX TEOPHIN.

HerpynHo moHATH, moyeMy 3Ta TEOpUs CTOJNb KpacuBa. Bmecto
MPOCTOr0 HU300pETeHUs] MareMarudeckod (GOopMbl A TPaBUTAIMOHHOTO
MoJIsi M TIOMCKAa HWCKYCCTBEHHBIX YpPAaBHEHHM [JIi HEro OWHINTENH
oOpaiiaercss K JpyroMy HEpPEIIEHHOMY BOIIPOCY, JIeKalleMy B caMou
1yOMHE HBIOTOHOBCKOM T€OpUM, U OOBEAUHSIET JIBE MPOOJIEMBI.

Hp10TOH BepHyJCAd K IEMOKPUTOBCKOW HJIEE, COINIACHO KOTOPOHM Tena
IBUXKYTCS B npocmpancmee. IT0 NpoCcmpancmeo JNOIKHO OBITh OOJIBIINM
IyCTBIM  BMECTWJIMIIEM, <« KECTKOM KOpoOkou» i  BceneHHoM,
KOJIOCCAJIbHOM CIICHOW, Ha KOTOPOM OOBEKTHI MBHXKYTCS MO TPSIMBIM
JIMHUSIM, TIOKa CWJIbl HE BBIHYASIT MX OTKIOHHMTHCI. HO m3 wero cocrout
CaMO 3TO TMPOCTPAHCTBO, KOTOpoe comepxkuT wmup? Yrto ecmos
ITPOCTPAHCTBO?

Nnes mpocTtpaHCTBa KaXETCSI HAM E€CTECTBEHHOM, HO HCKIIIOUUTEIBHO
Onarojaps 3HaKOMCTBY C HBbIOTOHOBCKOW (u3ukou. Eciu 3amymarbes, TO
IyCTO€ MPOCTPAHCTBO HE ABISAETCS YACTHIO HALIETO omnbIiTa. OT ApucToTens
no Jlexkapra, TO €CTh Ha NPOTSKEHUU JBYX THICSYEIICTUM, JEMOKPUTOBCKAS
ujesl MpOCTPAHCTBA KaK 0COOO0M CYITHOCTH, OTIMYHOM OT BEIei, BOBCE HE
Kazanach pazymHou. U nma Apwucrtorens, u s [lekapra BemM HUMEIOT
MPOTSHKEHHOCTh:  MPOTSHKEHHOCTh —  3TO  CBOMCTBO — BEIIEW, HO
MPOTSHKEHHOCTh HE CYIIECTBYeT 0€3 Yero-to MpoTsbkeHHoTo. S mory
BBUIUTH BOJY W3 CTaKaHa, HO TOTJA €ro 3alOoJIHUT BO3AyX. JloBOAMIOCKH Jin
BaM BHJIETh MMO-HACTOSIIEMY ITyCTOM CTaKaH?

Ecmu mexnay nByMs BeIaMH HAXOIWTCA HUYMO, 3HAYUAT, 3AKIFOYACT
Apucrorenb, Tam HeT Huuero. Kakum o00pazom TaM MOXET ObITh
OJTHOBPEMEHHO M HEYTO (MPOCTPAHCTBO), U HUYTO? UTO ecTh mycToe



MPOCTPAHCTBO, BHYTPH KOTOPOTO JBIDKYTCS YaCTHIBI? DTO HEYTO WIIH
HuuTOo? EcCiam 3TO HWMYTO, TO OHO HE CYIIECTBYET, U MBI MOXeM 0Oe3 Hero
obonTuck. Ecii 3TO HEUTO, TO MOXKET JI OBITHh TaK, YTO €T0 €IUHCTBEHHOE
CBOMCTBO — HUYETO He oenamby?

C aHTUYHBIX BpPEMEH Hesl MyCTOro MPOCTPAHCTBA, HAXOMASIIETOCS Ha
MOJIMTYTH MEXy BEIIbI0 W HEBellblo, Oecrokomna ¢uiocodor. Cam
JIeMOKpHT, ceNaBIInii MyCcTOe MPOCTPAHCTBO OCHOBOM CBOETO MHpa, T
IBWKYTCSI aTOMBI, TOXKE, KOHEYHO, ObLT JTaJieK OT MOJIHOW SICHOCTH TI0 TOMY
Bonpocy. OH mmcan, 4YTO MyCTO€ MPOCTPAHCTBO — 3TO HEUTO «MEXKIY
ObITHEM W HEOBITUEM»: «J[eMOKpHUT... cuMTall MepBOHAYAIAMH IOJHOE U
IyCTOoe, Ha3bIBAs OJTHO “CylIECTBYIOIINM a Ipyroe
“HEeCyNIECTBYIOIIUM », — IHUIIET Cummmukuiil22l,  AroMbel — 9710
cymectByromee. [I[pocTpaHCTBO — «HECYIIECTBYIOIIEE», KOTOPOE, TEM HE
MEHee, CyIIEeCTBYET. TpyaIHO BhICKa3aThcs 00Jiee HEONIPEAEIICHHO.

Hpr0TOH, peaHMMHpPOBAaBIIMKM JAEMOKPUTOBCKYIO HJICI0 MPOCTPAHCTBA,
NBITAJICS WUCIPABUTH TOJOXKEHUE, YTBEpPXKAas, YTO MPOCTPAHCTBO — ITO
cencopuym bora. HUKTO HUKOTIa HE MOHUMAJL, YTO nojapa3syMmeBasl HeroTOH
nosi «ceHcopuymoMm boray, — Bo3moxkHO, 1 cam HptoToH ToXe. Y koHEeuHo,
OiHIITeNH, cunTaBmui ujaeo bora (¢ ceHcopuymMoM uiIM 03 HEro)
MIOJIC3HOM JIWIIh B Ka4E€CTBE NIYTIMBOTO PUTOPHUUYECKOTO MpHEMa, HAXOIUI
HBIOTOHOBCKOE oOBsICHEHHE  TIPUPOALI  MPOCTpPAHCTBA  KpaiiHe
HEyOeIUTEIIbHBIM.

HproTOH mnpukimanpiBag 3HAYMTEIbHBIE YCHWIHS K TOMY, YTOOBI
MPEOI0NIETh COMPOTUBIEHUE YUYEHBIX U (UiI0ocooB peaHUMUPYEMOU UM
JEMOKPUTOBCKOM KOHIEMIUU MPOCTPAHCTBA, HO MOHAYAy HUKTO HE XOTEN
BOCIIPUHUMATH €ro Bcepbe3. JIumb mopasutenbHas 3PQGEeKTUBHOCTh €ro
YpaBHEHUH, C MOMONIBIO KOTOPBIX, KaK OKa3aloCh, BCErAa MOXHO J€aTh
KOPPEKTHBIC TIpe/ICKa3aHus, MOJI0KIIa KOHEIl IITyXOMYy HEOBOJLCTBY. TeM
HE MEHEe COMHEHHMS B MPaBIONOJ00HOCTH HBIOTOHOBCKOTO TIPEICTABICHHUSI
O TMNPOCTPAHCTBE OCTAJIWCh, M OWHIITEWH, KOTOPBIA YUTAN TPYHAbI
¢unocodpon, xopomo 00 »sTom 3HaN. KoHIenTyambHbIE TPYIHOCTH
HBIOTOHOBCKOHM HJEW MPOCTPAaHCTBAa MOAUYEepKuBan IDpHCT Max, ¢uiocod,
BIIMSIHUE KOTOPOTO ODWHINTEHH OTKPBITO MpH3HABajld, — TOT caMbli Max,
KOTOPBIA HE BEpWJI B CYILIECTBOBaHHE aToMoB. (Mexay mnpodyum, 3TO
XOPOIIUH TpPHUMEpP TOro, KaK OJWH M TOT K€ YEIIOBEK MOXKET IPOSBIIATH
OMU30PYKOCTH B OHOM OTHOIIICHUH U MPO30PIUBOCTH B IPYTOM. )



Takum oOpa3oM, DWHINTEHH B3sUICS HE 3a OJHY, a cpa3dy 3a JIBE
npobnemMbl. [lepBasi: kak onuchiBaTh rpaBUTAIMOHHOE 1oje? Btopas: uTo
TaKO€ HbIOTOHOBCKOE MPOCTPAHCTBO?

W TyT DUHIITEHHY TpUIIUIa B TOJIOBY T€HUANIbHAS HJI€s] — 3TO OBbLI OJJUH
Y3 BEJIWYAWIINX B3JIETOB MBICIA B UCTOPUU: & YTO, €CIIM T'PAaBUTALIMOHHOE
nojie B  JACHUCTBUTEIBHOCTH U ecmb  3araJJodHOE€  HBIOTOHOBCKOE
pocTpaHcTBO? UTO, €CIM HPIOTOHOBCKOE MPOCTPAHCTBO HE YTO MHOE, KaK
IpaBUTAIIMOHHOE TI0JIe? DTa 4Ype3BbIUAHO MpOCTasi, KpacuBasi, OnecTsias
UJes U COCTABIISET CYyTh O0IIEH TEOPUU OTHOCUTEIbHOCTH.

CocraB Mupa — 3TO HE MPOCTPAHCTBO + YACTUIBI + ANEKTPOMATHUTHOE
noJie + rpaBuTanMoHHoe noje. CoctaB Mupa — 3TO MPOCTO YACTUIIBI + OIS
M HUYEro OoJibllle; HET HEOOXOAUMOCTH J00aBISATh IPOCTPAHCTBO B
Ka4eCTBE OTACIBHOTO WMHIpeAueHTa. HhIOTOHOBCKOE MPOCTPAHCTBO — 3TO
rpaBuUTanMoHHoe Tmonie. Mnm HaoOopoT (YTO HE MEHSET CMBICIA):
IpaBUTALMOHHOE MOJIE — 3TO MPOCTPAHCTBO (puc. 3.5).

HetoToH rI'I|::1r:::::T;:1E|+~||::TEH::] ( Bpemsa | [L{EICTHL.I,E::I
I
dapagei {I'I 1 ( B 1 1 ( Y
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I |
JMHWTERH 1905 [I‘IpmmpaHmam—apew] [ Mons (L-{EICTHL.I,bI \
I |
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IWUHWTENH 1915 [ Mons 1 [qacﬂnubl 1

Puc. 3.5. 13 gero cocrour mup?

Ho B ommuune OT HBIOTOHOBCKOIO IPOCTPAHCTBA, IUIOCKOTO H
HEMOJIBM)KHOTO, T'PABUTALMOHHOE TOJIe, B CHJIy TOTO YTO OHO SIBISIETCS
IIOJIEM, €CTh HEYTO IBMXKYIIEeCsd M KoJleONrolieecss B COOTBETCTBUM CO
CBOMMHU YpPaBHEHUSIMHU MOJOOHO MaKCBEIJIOBCKOMY MO0 U (apaneeBbiM
JUHUSIM.



Kaptuna mupa panukanbHo ynpomaerca. IIpoctpaHcTBo Oosnblie He
OTJIIMYAETCS OT MaTepUH. ITO OJHA U3 MATEPHAIBHBIX COCTABIIAIOIINX MUpPa
NOJTOOHO AJIEKTPOMAarHUTHOMY IMOJNI0. JTO peajibHasl CYUIHOCTb, KOTOpast
KoJieOnercsi, PIyKTyupyeT, THETCSI 1 MHETCHI.

Puc. 3.6. 3emnsa oOpamaercs Bokpyr CofiHIla, TIOTOMY 4YTO
IPOCTPAHCTBO-BpeMsi  BOKpYr CoJHIA HCKpHUBIEHO, OHa HOoA00HA
TOPOIINHE, KOTOPasi KPYKUTCSI B BOPOHKE

Mpg1 Oosbllie HE MPUBSI3aHBI K HEBUUMBIM KECTKUM MOAMOCTKAM — MBI
NOTPY’KEHbBl B TEJIO TUraHTCKOrO THOKOro Moiuiocka (Meradopa
Oiiamreiina). CoNHIE UCKPUBIISIET MPOCTPAHCTBO BOKPYT ce0si, a 3eMJisi HE
oOpariaeTcsi BOKpPYT HEro IMoj BIUSHWEM TaWHCTBEHHOW NIEWCTBYIOIICH Ha
PACCTOSTHUM CHUJIbI, a JBHOXKETCS MOPSIMO IO MOKaroMy MpocTpaHcTBy. OHa
nolo0Ha TOPOIIMHE, KOTOpasi KpPYKUTCS B BOPOHKE: HET HHUKAKOU
3araJIoyHblil CUJIbI, CO3JAaBa€MOM LEHTPOM BOPOHKH, MPOCTO KPHUBHU3HA
CTEHOK 3aCTaBJISIET TOPOIIMHY JBUTaThCA MO OKpYyXHOCTHU. I[L1aHeThI
oOpamtatorca Bokpyr CojiHIA, a BEIIM MaJaloT, MOCKOJIbKY MPOCTPAHCTBO
BOKPYT HUX UCKPUBIIEHO (puc. 3.6).

Ecau ObITh HEMHOTO TOYHEE, TO HCKPHUBISIETCS HE MPOCTPAHCTBO, a
MPOCTPAHCTBO-BPEMS — TO CaMO€ MPOCTPAHCTBO-BPEMS, KOTOpPOE, KaK
JECAThI0O TOJAMM paHee II0Kazaj caM OWHINTEHH, MPEAcCTaBiIseT COOOM
€AUHYIO CTPYKTYPY, & HE MOCIIEI0BaTEIbHOCTh MTHOBEHHI.



TakoBa wuned. EauHcTBEeHHOW 3amgauer OWHIITEHHA OBUIO HaAWTH
ypaBHEHUS, KOTOpble MNOpUAAAYT €W TmpodyHocTh. Kak omucare 3TO
VCKPUBJIAIONIEECS TPOCTPAaHCTBO-Bpema? M 3mecs DUHIITENHHY IOBE3JIO:
nmpobieMa yxe Obljla perrieHa MaTeMaTHKaMH.

Bemnmuanmmin wmarematuk XIX cromernss Kapn ®puppux Taycc,
KOTOPOTO  Ha3bIBIM  KOPOJIEM  MaTeMaTHUKOB, pa3paboTail  METoJ
MaTE€MAaTHYE€CKOT0 OMUCAHMS MCKPUBJIEHHBIX MOBEPXHOCTEW — XOJIMHUCTBIX
naHama@ToB BpoJe TEX, UTO U300pakeHbl Ha puc. 3.7.

Puc. 3.7. UckpuienHas (IByMepHas) TOBEPXHOCTb

3areM OH MOMPOCHI OJHOTO CBOETO TaJaHTIIMBOTO CTyJAEHTa OOOOIIHTH
ATOT MOAXOJ] Ha UCKPUBJICHHBIE TIPOCTPAHCTBA B TPEX U 0OOJiee U3MEPECHUSX.
Ortot crynent, bepaxapa Puman, moarotoBus oOMIMPHYIO AUCCEPTAIUIO,
KOTOpas Ka3aiach COBEPIIEHHO OECIOIE3HOM.

[TonydyeHHslii PuMaHOM pe3ynbrar 3aKkiaroyalicss B TOM, YTO CBOMCTBA
HMCKPUBJIEHHOTO TMPOCTPAHCTBA (WM TMPOCTPAHCTBA-BPEMEHHU) JIHOOOM
Pa3MEPHOCTH OMHUCHIBAIOTCSA OMpPEACICHHBIM MaTEMaTUYEeCKUM OOBEKTOM,
KOTOPBIN MBI CErOj[HS Ha3bIBa€M PUMAHOBCKOW KPHBU3HON U 0003Hadaem
OykBoit R. Eciu mpencraButh ceOe paBHUHHBIN, XOJIMUCTBIA W TOPHBIN
JaHAmadTe, TO KPUBH3HA R TIOBEPXHOCTH paBHA HYJIIO HA pPaBHUHAX,
KOTOpPBIE SIBIISIOTCS TUIOCKUMHU («0O€3 KPUBU3HBDY), U OTAWYHA OT HYJS Ha
X0JIMax M B JOJIMHAX; OHA JOCTUTaeT MaKCMMyMa Ha OCTPBIX TOPHBIX
MMKaX, TO €CTh TaM, IJI€ MOBEPXHOCTh AAIbIIE BCETO OT IJIOCKOM, CUIIbHEE
BCETO UCKpHUBIIeHa. C OMOIIBIO PUMAHOBCKOW TEOPUH MOKHO ONMUCHIBATH
(dhopMy KPUBBIX ITOBEPXHOCTEHN B TPEX WM YETHIPEX U3MEPECHUSX.



C orpomMHBIM TPyIOM, OOpaIllascCh 3a MOMOIIBI K JPY3biM, JyUllle
pazOuparonMMcsi B MaTeMaTuke, DWHINTEHH ocBowil Teoputo Pumana u
3amucan ypaBHEHHE, B KOTOPOM KpPHBHU3HA R TMPOMOPLIHOHATBHA SHEPTUH
matepur. B crnoBecHoil ¢dopMe 5TO ypaBHEHHE MOXHO BBIPA3UTh Tak:
MPOCTPAHCTBO-BPEMS CUJIIbHEE UCKPUBIISICTCS TaM, TJ€ HAXOAUTCS MaTEpHs.
N Bc€. DOTO ypaBHEHHME AaHAJIOTMYHO YypaBHEHUsIM MakcBemia, HO
MIPUMEHUTEIBHO K TpaBUTAllMM, a HE K anekTpuuectBy. OHO 3aHMMaET
MOJICTPOKH, U HUYETO OoJbiie He TpeOyercs. OOpa3Hoe mpeacTaBieHne 00
HCKPHUBIICHHOM MPOCTPAHCTBE BHIPAXKAETCS B 3TOM YPABHCHUHU.

BrayTpu 3TOro ypaBHeHHs 3aKJII0UYEHA 1elasi TeKy4dasi BcelieHHas. B Hem
Maruyeckas cujia TEOPUU pacKphIBaeTCs B (PAHTACMArOPUUYECKOM PSITY
MpeACKa3aHui, HANOMUHAIOMINX OpeIOoBbIE BHJACHUS CyMAacCIIEIIIETo,
KOTOpbI€, OJTHAKO, OKAa3bIBAIOTCSI UICTUHOW. B1ioTh 10 camoro Havyana 1980-
X TOJOB TOYTH HHUKTO HE NPUHUMAT BCEPhE3 OOJNBIIYI0O YacTh ITHX
daHTacTuueckux Tmpenckazanuii. M Bce ke, OIHO 3a JApPYTUM, OHHU
MOATBEPKIATUCH Ha ONbITE. PACCMOTpUM HEKOTOPHIE U3 HUX.

JIi1s Hayaja DUHINTEHH BRIYMCIISET BIMSHUE MAcChl, Takol kak CoJHIe,
Ha KPHUBHU3HY OKPYXKAIOIIETO TMPOCTPAHCTBA, a 3arT€M BIUSHUE OSTOU
KPUBH3HBI Ha JBWXEHHE IUIAaHET. OH HAXOAWUT, YTO JBUKECHHUE IUIAHET
COOTBETCTBYET IMpelcKa3zaHusM ypaBHeHur Kerepa m HproroHa, HO He
coBceM TouHO: BOMM3u CoJHIA BIUSHUE KPUBU3HBI MPOCTPAHCTBA CUIIbHEE,
YeM JEWCTBUE HBIOTOHOBCKOW CHJIbI. DWHINTEWH PACCUUTHIBACT JBHKCHUE
Mepkypus, Onwxaimien k ConHILy IJIAHETHI, IJI1 KOTOPOM pacxoKJIeHUE
MEXly ero teopueid u teopueid HproToHa MODKHO OBITh HaWOOIBIITUM, U
HaxoAuT paznuuue: Omkaiimas k ConHIy Touka opOuThl Mepkypus
cMemiaercss Kaxaeii rom Ha 0,43 cekyHabpl Ayrd OoJibllie, YeM
npeackaspiBaeT Teopus HprooToHA. DTO O4YEHb MAIEHBKOE pa3indue, HO
ACTPOHOMBI MOTJIM €r0 U3MEPUTh, U PE3YJBTAT CPABHEHUS MPEACKA3AHUU C
ACTPOHOMUYECKMMHU  HAONIONEHUSAMH OBLT  OMHO3HA4YeH: MepKypuii
IBUKETCS IO TPAEKTOPHUH, MPEACKA3aHHOW DUHINTEWHOM, a HE HBhIOTOHOM.
Mepkypuii, OBICTPOHOTHI moOciaHen, OOroB B KpbUIATBIX CaHJAJUSAX,
CIeAyeT 3a DUHIITEUHOM, a HE 3a HbIOTOHOM.

Takum 00pa3oM, ypaBHEHHE DUHIIITEHA OMUCHIBAET, KAK UCKPUBJISIETCS
IPOCTPAHCTBO B HEMOCPEACTBEHHON OMM30CTH OT 3Be3abl. M3-3a 3TOM
KPUBH3HBI CBET OTKIOHSETCS OT CBOCM TPACKTOPUH. OWHINTEUH
MpEeICKa3bIBaCT, UTO COJHIE BBI3BIBACT UCKPUBJIEHUE MPOXOISIIETO PAIOM



¢ HuM cBeta. B 1919 romy mnpousBoauTcs H3MEpEHUE; MOTyYEHHAs
BEJINYMHA OTKJIOHEHUS CBETA B TOYHOCTH COOTBETCTBYET MPEJCKA3AHMUIO.

OnHako MCKPUBISAETCS HE TOJIBKO MPOCTPAHCTBO, HO TAKXKE M BpEMsl.
OWHINTEWH TMpeACKa3blBaeT, 4YTO Ha 3emJie BpeMs TeueT ObICTpee Ha
OoJbIIIEeH BRICOTE U MeAJIEHHEee — Ha MeHbIel. [Ipon3BoauTcss usmMepenue,
KOTOPO€ MOATBEpkAaeT 3TOT (akT. CeroaHs BO MHOTUX J1a00paToOpusix €CTh
Ype3BbIYAfHO TOYHBIE YacChl, M O3TOT CTPAaHHBIA 3PPEKT MOXKET OBITH
U3MEpPEH Jaxe JJIs Pa3HULbl BBICOT BCETO B HECKOJIBKO CAHTHUMETPOB.
[lomecTtuTe OOHM 4Yachl Ha MOJd, & APYTHE Ha CTOJ, U T€, YTO Ha TMOIY,
MMOKAXYT, YTO MPOIIO MEHbIIIE BPEMEHH, YeM Ha ctoiie. [louemy? Ilotomy
YTO BpeMsI HE YHHUBEPCAJIBbHO U OJHO3HAYHO, OHO CIIOCOOHO PaCTATHUBATHCS
U CKMMAThCA TIOJ] BIUSHUEM OJU3KO PACIOJIOKCHHBIX Macc. 3eMJsl, KaK U
ar0basi Macca, HCKPUBISET MPOCTPAHCTBO-BPEMS, 3aMEMJisAsd TEUYEHUE
BpEMEHHU B OKpYyXalollleM €€ MNpocTpaHcTBe. J[Ba Onu3Hena, OAWH U3
KOTOPBIX >KMBET HA YypOBHE MOps, a JApPyroidl B Tropax, NpU BCTpede
oOHapy’KarT, 4YTO OJIMH U3 HUX CTaplle JPYroro, XOTs U COBCEM HEHAMHOTO
(puc. 3.8).

Puc. 3.8. /IBoe Gir3HENOB MPOBENHU KU3Hb B PAa3HBIX MECTaX: OJUH HA
ypOBHE MOpsl, a Apyroil — B ropax. Koriga oHu BCTpeTUIINCH, TOT, KTO KHIJI B



ropax, okaszajucs crapie. Tak nposiBisieTcsl TpaBUTALIMOHHOE PAaCTSHKEHHE
BPEMEHU

I1oT 3(PdeKT 1aeT nHTepecHOe 00bICHEHUE NaJeHUIO peaMeToB. Eciu
HApHUCOBATh HA KapT€ MUPA MAPUIPYT, 110 KOTOPOMY CaMoJIeT JIETUT u3 Puma
B Hobto-Ilopk, oH He GymeT BBIIALETh HPAMBIM: CAMOJIET OIHCHIBACT AYTY,
OTKJIOHSSICH K ceBepy. llouemy? IlockonbKy MOBEPXHOCTH 3€MIIU
VCKPUBIICHA, ITyTh, OTKJIOHSIOUIUNCS K CEBEPY, KOPOUE, YEM MPOJIOKEHHBIN
BIIOJIb TApAJUICNIH. PaccTossHue Mexay MEpHUIANaHAMU TE€M MEHbIIE, YEM
CEBEpPHEE BBl HAXOAUTECh;, IIOATOMY JUISI COKpAICHUS IIyTH Jy4dlle
OTKJIOHUTBCS K ceBepy (puc. 3.9).

Puc. 3.9. YUem ceBepHEe BBl HAaXOQWUTECh, TEM MEHBIIE PACCTOSHUE
MEXK]ly ABYMSI MEpUIMaHAMU

Tak BOT, BepuTE BbI B 3TO WJIM HET, HO OPOIIEHHBIM BBEPX MY MaJaeT
BHU3 II0 TOM X€ CaMOM IPUYHMHE. OH «BBIUTPBIBAET BPEMs», IBUTASACH
BBEPX, OCKOJIbKY BpEMsI TEUET TaM C IPYroi CKOpocThio. B 00oux cirydasx
a’poIVIaH U Ms4 CIEAYHT MO MNPSIMBIM TPACKTOPUSIM B HCKPUBICHHOM

IPOCTpPaHCTBE (MM IIPOCTpaHCTBe-BpeMenn) (puc. 3.10)231,



Puc. 3.10. YeM Bbllle HAXOAUTCS IPEIMET, TEM OBICTPEE TEUET ISl HETO
BpeMs

OngHako TMpencKa3aHWsi TEOPUM HUIAYT TOpa3fAo  Jalbllle  3TUX
HE3HAYUTEIBHBIX d(PPeKTOB. 3BE3/bl TOPSAT CTOJBKO BPEMEHHU, Ha CKOJIBKO
XBaTa€T WM 3alacoB BOJOPOJIa — HX TOIUIMBA, 3aT€EM OHHU YMHUPAIOT.
OcraBiieecs BeIIeCTBO OOJbIIIE HE MOAEPKUBAETCS TEIUIOBBIM JaBICHUEM
M KOJUIANICUPYET TMOoj COOCTBEHHbIM BecoM. Korjga 3TO IPOHMCXOIUT €
JOCTAaTOYHO OOJBIIION 3BE3/I0M, BEC OKa3bIBACTCS TAK BEJIUK, YTO MaTepus
CKMMAETCS A0 KOJIOCCAJbHOW IUIOTHOCTH, a MPOCTPAHCTBO MCKPHUBIISIETCS
HACTOJILKO CHJIBHO, YTO B HEM 00Opa3yeTcsi HacTosIas Jbipa. YepHast apipa.

Korma s OBT  CTYAEHTOM  YHHMBEPCUTETAa, UYEpPHBbIE  JBIPHI
paccMaTpUBaIUCh KaK MaJIOBEPOSITHBIE CJEACTBUS 3K30THYECKOW TEOPHH.
CeromHss OHM  HAONIONAIOTCA COTHSIMHU W TOAPOOHO  M3y4aroTcs
actpoHoMamu. OfHA W3 TAaKUX YEPHBIX JbIP C MAacCOd B MWUIMOH pa3
oonpie COMTHEYHON CUCTEMBI PAcHoOJIOKEHA B IEHTpe Hamen ['amakTuku.
Mpg1 HaGmromaem 3Be3/1bl, oOpalaroImecs BOKpyT Hee.

Hekotopsie u3 HHUX, MPOXOAS CIMIIKOM OJM3KO, pa3pylialoTcs ee
CTPAIIHOW I'PABUTALIUEN.



Jlanee, Teopusi TPEACKA3bIBAET, YTO IMPOCTPAHCTBO IMOKPHITO PSIOBIO
MOMO0OHO TMOBEPXHOCTH MOpPS M UTO BOJHBI 3TOM psiOM TMOAOOHBI
AIIEKTPOMArHUTHBIM BOJIHAM, KOTOPBIE€ CAEJIAIIM BO3MOXHBIM TEJICBUICHUE.
OddekThl, CBsI3aHHBIE C ATUMU TPABUTAIMOHHBIMU BOJIHAMH, MOXKHO

HaOMoMaTh B HEOE Ha JBOMHBIX 3BE3/1aX: OHM HCIYCKAIOT TaKWe BOJIHEI,

Tepss SHEPTHIO M MEMICHHO majas japyr Ha apyral2l. I'paBuranmonHsie

BOJIHBI, TMOPOXJEHHbIC JBYMsI MaJalOlMMHU JAPYyr Ha JApyra 4YepHbIMU
IbIpaMU, HEMOCPEACTBEHHO HAOMIONAINCh C  TOMOIIBIO  aHTEHHBI,
YCTaHOBJICHHOM Ha 3emuie B KoHIle 2015 roga. O6 3ToM 00bSIBUIIM B Hayuase
2016 roma, 1 Mup BHOBBL ObLI omienomyeH. Eme pa3 6e3ymHoe, Ka3aiaoch
Obl, MIpeJICKa3aHe TEOPUHN DUHINTECITHA 0Ka3aJI0Ch OE3yNPEeYHO TOYHBIM.

N 310 eme He BCE: Teopus TOBOPUT, YTO BceeneHHas pacuupsercs U
BO3HMKJIa B KOCMHUUYECKOM B3pbIBE 14 MHIITMApAOB JIET Ha3ad — 00 3TOM s
BCKOPE paccKaxy moapoOHee.

OTOT OOrarblii U CIOXKHBIM HAOOp SBJICHUMN: OTKIOHEHUE JIy4el CBETA,
Monu(UKalus HHIOTOHOBCKOW CHJIBI, 3aMEIJICHHE 4YacOB, YEPHBIC IBIPHI,
IrPaBUTALMOHHBIE BOJIHBI, pacumiupeHue BceneHHou, bornpuioi B3pbeIB —
BBITEKAET W3 IMOHMMAHUS TOTO, YTO IPOCTPAHCTBO — 3TO HE CKY4YHOE
HETIOJAB)KHOE BMECTHWIMINE;, OHO 00J1afaeT COOCTBEHHOM JMHAMUKOW U
coOCTBEHHOM (hU3UKOM MOAOOHO MaTepuu U JIPYTUM IOJISIM, KOTOPhIE B HEM
conepxarca. Cam JleMOKpUT HEMPEMEHHO 00pajioBaJicsi Obl, y3HAW OH, YTO
€ro HJEK IPOCTPAHCTBA JKIET TAaKOe BIedarTistomee Oyaymee. [a, oH
Ha3bIBaJ €ro HECYHIECTBYIOIIUM, HO TO, YTO OH CYMTAaJ CYUIECTBYIOIIUM
(0év), OBUIO MaTepuel; U OH MHUCaJl, YTO ITO €r0 «HECYIIECTBYIOIICE,
MyCcTOTa, TEM HE MEHee «HUMEET HEKOTopyl mpupoay (¢poow) u
camocTosTenpHoe ObTHe» 2], Hackombko e oH ObLI mpas!

be3 monsTus mons, BBeneHnHoro dapajgeem, 03 BIEUATIAIOMICH CHIIBI
MaremaTuku, 0Oe3 reomerpun laycca u Pumana »sTa «HekoTopas
coOcTBeHHass (u3MKa» Tak U OCTaBajlach Obl  HEMPOSCHEHHOW.
BoopyXHBITUCh HOBBIMU KOHIIENITYaJIbHBIMU CPEJACTBAMH W MaTE€MaTUKOM,
OWHIITENH 3amucall ypaBHEHUs, KOTOPbhIE OMHUCHIBAIOT JIEMOKPHUTOBCKYIO
yCTOTY, U OOHAPYXWJ, YTO €€ «HEKOTOpas COOCTBEHHAs (PU3HMKaA» — 3TO
KPACOYHBI W  YIUBUTEIbHBIA MHUpP, TJE BCEJICHHBIE B3PBIBAIOTCH,
MPOCTPAHCTBO KOJUIATICHPYET B OE3MOHHBIC ABIPBI, BPEMS 3aMeEIJIseTCs
BONM3M TUTAHET, a HEOTPAHWYEHHO pPACIIUPSIONIEECS MEXK3BE3IHOE
MIPOCTPAHCTBO BOJIHYETCS M KOJIBIIETCA, KaK IIOBEPXHOCTh MOPAL. . .



Bc€ 3TO 3BYyUMT Kak HCTOpHs, paccKa3zaHHas Oe3yMIeM, Kak IyCThbIe
CJIOBa, KOTOPbIE HUYETO HE 3Ha4aT. [ BCE ke 3TO — B3MISAA HA pEalbHOCTD.
WNnu nmydiie ckazaTth, NPoOJECK peaibHOCTH, YyTh MEHEE CMa3aHHbIM, YeM
HaIll MyTHBIN U OaHAIBHBIM TOBCEIHEBHBIN ee 00pa3. PeanmbHOCTH, KOTOpast
Ka)KeTcsl CIICNAHHOHN M3 TOM ke TKAaHM, 4To Hamm cHbIRY, Ho xoTopas, Tem
HE MEHee, 0oJiee peaibHa, YeM HAIlld TyMaHHbIE (paHTa3HH.

N BCcE 310 — pe3yabTar OAHOW BJIEMEHTAPHOW JIOTaJKH O TOM, YTO
IPOCTPAHCTBO-BPEMSI M T'PABUTALMOHHOE MOJIE €CTh OJHO U TO K€, H
OJTHOTO TIPOCTOTO YpaBHEHMsI, KOTOpoe si 00si3aH 3/1eCh BOCIIPOM3BECTH,
XOTsi OOJNBIIMHCTBO MOUX YMTareNeld, KOHEYHO, HE CMOXET €ro
pacmdpoBarb. TeM HEe MEHee s JIeIal0 3TO B HAJIEXKE Ha TO, YTO YUTATEIH

CMOTYT YJIOBHUTh OTOJIECK €T0 BEJIMKOJIETTHOW MPOCTOTHI:

Rab_ 1/2gab + Agab = 8nGTab'

B 1915 romy um3oOpaxeHue ObLIO €lle MNpolle, MOCKOIbKY HE OBbLIO
wieHa +Ag,,, KOTOpbIi OHHIITEWH N00aBWJI ABYMs TOJAMM IIO3Xe (M

KOTOPBIH 5 00BscHs0 nanee)l2L], R, 3aBUCUT OT PUMAHOBCKON KPUBU3HBI U
BMecTe ¢ 1/2g,, mpencraBiseT KpPUBU3HY INPOCTpPAHCTBAa-BpeMeHu; 1,

O3Ha4daeT sHepruto Marepu; G — Ta K€ KOHCTaHTa, 4to U y HeroToHa:
MOCTOSIHHASA, ONIPEACIISIONIAs CUITY TPABUTALIMOHHOTO B3aUMOJECHCTBUA.
Bor u BcE€. nes u ypaBHEHUE.

Maremaruka uiau puzuka?

[Ipexne dem MpoOAOIKUTH TOBOPUTH O (pu3MKe, s XoTen OBl CAenarh
HECKOJIBKO 3aMEUaHud O MaTeMaTHKe. OUWHIITEWH He ObLI BEIUKUM
MaremaTukoM. OH caM TMpHU3HABaJ, YTO HWCHBITBIBAET TPYAHOCTH C
Marematukod. B 1943 rogy oH Tak OTBETMJI Ha BONPOC JIEBATHICTHEU
7eBoYKU 1o uMeHu bapbapa, koTopasi Hamucana eMy O CBOMX TPYAHOCTSIX C
stuM TmipeameroMm: «He Oecrokoiics O TPYAHOCTSX, BO3HUKAIOUIUX C
MaTEeMAaTHKOU, ST MOTY TeOsl 3aBEpPUTh, YTO MOM COOCTBEHHBIC IMPOOJIEMBI [C

neii] eme cepbesnee!»8l Do kaxercs myTkoit, HO DifHmTelH He IIyTHL.
C maremarukoil emy TpeOOBaJlaCh MOMOIIb U Pa3bsICHEHUS] TEPIETUBBIX
OJTHOKYPCHHUKOB U JIpy3€u, Takux Kak Mapceinb [ poccman. @eHOMEHAIIBHON
OblJIa UMEHHO €T0 MHTYUIIMS Kak (Pu3uKa.



B ToT rox, xorma DWHINTEMH 3aBEpIIA CO3JaHHE CBOEM TEOpPUHU, OH
oOHapyxui, uto comepHuuaer ¢ JlaBugom IwnpbepromM, ogHUM U3
BEJIMUAWIIINX MaTEeMaTUKOB Bcex BpeMeH. [lo mpumamenuto ['minnbepra
OliHImTeWH mpouen jekuuio B ['érrunrede. ['minp0epT MTHOBEHHO TOHSI,
Y10 OWHINTEWH HAaXOAUTCS HA TOpOre OOJBIIOTO OTKPBITHS, YXBaTHII
OCHOBHYIO HJEI0 M TOMBITAJCA OOOWTH ODUHIITEIHA, 4YTOOBI MEPBHIM
3aMucaTh MPaBUIbHBIE YPABHEHUS HOBOW TEOPHUH, HAJ KOTOPOU DUHINTEHH
paboTaji JOCTaTOYHO MeIeHHO. DUHUIITHBIN PHIBOK JBYX TMTAHTOB MBICTH
OBLIT 3aXBaTHIBAIOIIMM COCTSI3aHMEM, M Ha 3aBEPIIAIOIIEH CTaUU CUET e
OyKBaJbHO Ha JHU. DWUHINTEHH B 3TOT MEPUOJ BBICTYNAN C MyOIUYHBIMU
JEKUUSIMA B bepiinHE MOYTH KKAYIO HEJIEII0 U KaXKABIM pa3 MPeICcTaBIIsII
HOBO€ ypaBHEHHE, BOJIHYSACh, Kak Obl [WIbOEpT HE MONY4YUST pEIICHUE
pasbmie. Ho kaxzaplii pa3 ypaBHEHHE OKa3blBAJIOCh HEBEPHBIM. I[loka,
HaKOHEll, OWHINTEHH HE Hallle]l MPABUJIBHOE YPAaBHEHHUE, JIHIIb YHUCTO
cuMBouecku onepeaus ['miapbepra. Ho Bce ke HNMEHHO OH BBIMTPA ATy
TOHKY.

[unb0epT Kak HKEHTIbMEH HUKOTJAa HE CTaBWJ IMOJ| BOIpPOC MobOemy
OiHIITEeHA, XOTS caM paboTa TOTAa HaJl OYE€Hb MTOXOXKUMHU YPABHEHUSIMU.
EMy mnpuHamIexKUT MITKOE W KPacHBOE BBICKA3bIBAHHE, KOTOPOE OYECHD
TOYHO XapaKTEPU3YET CI0KHBIC OTHOIIEHUE DUHIITEHHA C MAaTEMaTUKON H,
BO3MOYKHO, CJIO’KHBIE OTHOIICHUS MEXIY (PU3UKON U MATEMATHKON B LIEJIOM.
HeoOxoaumbIM 1711 MOCTPOEHUS TEOPUU OTHOCHUTEIBHOCTH pa3/ielioM
MaTeMaTHKU ObLIa TEOMETPUS YETIPEXMEPHOTO MPOCTPAHCTBA, U [ UnbbepT
MIACAI:

JIroGoit mogpocTok Ha ynunax ['érrunrena moHuMaeT reomMeTpuro
YETBHIPEXMEPHOTO MPOCTPAHCTBA Jyunie OuHmTeHa. HoO uMeHHO
DWHIITENH CMOT PELINUTH 3a/1a4y.

[Touemy? IToTomy uTO DUHINTENHH 00JIa ] YHUKAJIBHON CIIOCOOHOCTHIO
MPEACTABISATH CE0€, KaK YCTPOEH MUP, «BUJIETH» €r0 MBICIEHHBIM B30POM.
VYpaBHEHHUsI NMPUXOIUIN K HEMY IO3Ke; OHU OBUIM SA3BIKOM, C MOMOIIBIO
KOTOPOTO OH MEPEHOCHJI CBOM 00pa3bl B peadbHOCTh. s DHHIITEHHA
oOmiasi Teopusi OTHOCUTEIBHOCTH HE HA0Op ypaBHEHH, 3TO MBICICHHBIN
o0Opa3 Mupa, ¢ OOJIBIIKUM TPYIOM MEPEBEACHHBIN Ha S3bIK YPaBHEHU.

[maBHass wuaes TEOPUHM COCTOUT B TOM, YTO IPOCTPAHCTBO-BPEMS
uckpupisiercs. Ecimm  Obl  IPOCTPAHCTBO-BpEMsI HMMEJO TOJBKO JBa
U3MEPEHUS] U MBI KWK Obl HA HEKOEM MOJ0OUM IIOCKOCTH, TO OBLIO Obl



HETPYAHO TPEICTaBUTh cebe, YTO O3HA4YalT CJIoBa «(PU3NUECKOe
IPOCTPAHCTBO HCKPUBIISIETCS». OTO O3HA4aJo Obl, 4YTO (PU3NYECKOE
IIPOCTPAHCTBO, B KOTOPOM MBI XMBEM, HE TAKO€, KaK IUIOCKHM CTOJ, a
HAIlOMUHAET NOBEPXHOCTh C TOpaMu U AojarHamu. Ho Mup, B KOTOpOM MBI
oOuTaeM, UMeET He JBa uU3MepeHus, a Tpu. Ha camom nerne maxe 4ersipe,
eciIM yuuThIBaTh BpeMs. [IpeacTaButh cebe HCKPUBIEHHOE MTPOCTPAHCTBO B
YEeThIPEX H3MEPEHUSX HAMHOIO TpYIHEE, MOCKOJIbKY Halle OOBIIEHHOE
BOCIIPUATHE HE CO3JAET Y HAC MHTYUTUBHOTO OIIYHIEHUS OOBEMIIIOIIETO
IIPOCTPAHCTBA, BHYTPU KOTOPOTO MCKPHUBILIETCA MPOCTPAHCTBO-BPEMSI.
Opnako BoOOpakeHHE OWHINTEMHA HE WCIHBITHIBAIO TPYIHOCTU C
WHTYUTHBHBIM BOCIIPUATHEM KOCMHUYECKOTO MOJUIFOCKA, B TEJIO KOTOPOTO
BCE MBI IOTPYKEHBI M KOTOPBIM MOXKET CKHMATbCS, PACTATUBATBCA U
IIEPEKPYYMBATHCS, IOPOXKJAasi IPOCTPAHCTBO BOKpYr Hac. VMeHHO
Omaromaps  siCHOCTHU 3Toro oOpaza  OWHINTEMH CMOT  MEpPBBIM
c(hOpMyIUpPOBaTh CBOIO TEOPHIO.

B camom konue wmexnay I[unbOeproM u  DOWHIITEHWHOM BO3HMKIIO
HEKOTOPOE HANPSIKEHHE. 3a HECKOJIBKO JHEW JI0 TOro, Kak OWHINTEWH
OITyOJIMKOBAJl CBOE MPABUIIBHOE ypaBHEHUE, [ MIIbOEPT OTHpaBUi B KypHAI
CTaTbl0, B KOTOpPOMl NOKa3blBaJl, KaKk OJM3KO OH IMOJOLIEN K TOMY K€
pemennro. [lo cell [OeHb HMCTOPUKM HAyKHd HWCHBITBIBAIOT COMHEHUS,
OLICHMBAsI COOTHOIIEHUE BKJIAIOB ATUX JIByX I'MI'aHTOB. B KakOM-TO MOMEHT
WX OTHOIICHHS OXJIAIWINCh, DUHINTEHH O0siics, 4yTo [ Mab0epT, KOTOPHIMA
ObUT CTaplle U OINbITHEE, CTAHET IMPUIMCHIBATh C€0€ OCHOBHBIE 3aCIyrH B
co3nanuu teopur. OgHako ['mnpOepT HUKOrIAa HE TOBOPHUI, YTO MEPBBIM
OTKPBLI OOLIYI0 TEOPHUI0 OTHOCUTEIIBHOCTH, U B HAYYHOM MHpE, IJI€ YacTO
(Iaxke CAMIIKOM YacTO) BOZHUKAIOT I'yOUTENbHBIE CIIOPHI O MPUOPUTETE, 3TH
IBO€ JAIOT ITIOMCTHHE 3aMEYaTelIbHBIA IPUMEpP MYIAPOCTH, OYMIIAOIICH
HAy4HOE I10JI€ OT HEHYKHOTO HAIIPSIKEHUS.

OiHITeWH numeT [uipbepTy 3amedarelbHOE MHCHBMO, B KOTOPOM
BBIpa)KaeT NIyOOKHE YyBCTBA 110 IOBOAY COBMECTHO MPOUIEHHOTO My TH:

Mexay HaMu OBIJIO U3BECTHOE PACCTPOUCTBO OTHOIIECHUMN, MPUYHUHBI
KOTOPOTO S HE XO4Yy aHalu3upoBaTh. Sl OOpoJiCS ¢ YyBCTBOM TOpEYH,
BBI3BAHHBIM ATUM, U IPUTOM C MOJHBIM ycrnexoM. S cHoBa nymaro o Bac
¢ 0e3MATEKHOU MPUBETIUBOCTHIO U TIpoIry Bac nymars 000 MHE Tak xe.
JIeCTBUTENBHO »Kalb, KOIJIAa JBAa HACTOSIIIMX MApHS, KOTOPBIE KAK-TO
BBIPBAIMCh W3 3TOr0 JKAJIKOTO MHUpPa, HE JOCTAaBISIIOT JPYr APYry
pagoctu®Y,



Kocmoc

Cnoyctss nBa roma mocie MyONMKalMu CBOMX YpPaBHEHUM ODWHIITEHH
pelIaeT UCIOIb30BaTh UX Ui ONMCAHUS MPOCTPAHCTBA Bcel BceneHHOU,
paccMaTpuBaeMoi B KpyrHoOM MaciiuTade. U 31ech MosIBISIETCS €11e O/IHA U3
€ro 3aMe4aTelIbHbIX UJIEH.

Teicsium JeT yenoBek 3a7aBajicsi BOpocoM: OeckoHeuHa BeeneHnnas win
y Hee ecTh npeaen? O0e runoressl BIEKYT 3a CO00H cepbe3HbIe TPOOIEMBI.
beckoHeuHocTh BcelleHHOM, II0X0XK€, HE BBIACPKUBAECT CIEAYIOLIETO
paccyKIeHus: eciau OHa OECKOHEYHa, 3HauuT, [Oe-TO JOJDKEH
CYILIECTBOBAaTh, HAIpUMEp, YUTATENb, AOCOTIOTHO TaKOM K€, KakK BHlI,
KOTOPBIN YHUTAET 3Ty KE CaMyl0 KHUTY (O€CKOHEYHOCTh MOUCTHHE OIPOMHA,
U HE CYIIECTBYET TAaKOTO Yuciia KOMOWHAIIMM aTOMOB, YTOOBI 3alOJHUTH €€
00BbEKTaMHM, BCETIa OTIIMYAIOIIMMHUCS IPYT OT Jipyra). GakTUUeCKH JT0JKEH
CYILIECTBOBATh HE OJMH TaKOW YMTaTelb, a OECKOHEYHOE MHOXKECTBO... Ho
ecnmu y BcenenHolt ecth mpezien, TO 4YTO K€ MPEACTaBISIET COOOM ee
rpanuna? Kak MOXHO NOpHAAaTh CMBICH TPAaHULE, IO APYTyI0 CTOPOHY
kotopoit Huuero Her? Eme B VI Beke ¢Qunocod-nudaropeenr Apxut
TapeHTckuil nucan:

Okaxxuch 51 Ha caMoM JajdbHeM HeOe, Ha cepe HEMOJBHKHBIX 3BE3/,
cMoT OBl s IPOTAHYTh 3a Hee pyKy wim naiky? Hememo mymars, Oyaro
3TO JIOJDKHO OBITh HEBO3MOXKHO, HO €CJIHM s MOTY 3TO CHeliaTh, TO
CYILIECTBYET HEUTO BOBHE, Oylb TO Marepus WU MpocTpaHcTBo. U Tak
MOXXHO TPOAOKaTh BCE Jalibllie W Jalibllle, MOCTOSHHO 3a]1aBasiCh
BOIIPOCOM: BCET/IA I Oy[eT HEUTO, KyJa MOXKHO MPOTAHYTH najikyel,

Kaxercs, 4to »9TH J1Be abOCypaHblE albTepHATHBBI — abdcypa
OECKOHEYHOTO TMPOCTpaHCTBa W abcypa BcenenHoit ¢ (ukcupoBaHHOM
IpaHUIIEH — HE OCTABJISIET MECTa ISl Pa3yMHOTO BBIOOpA MEXKIYy HUMU.

Opnako DWHIITENH HAXOAMT TPETUW MyTh: BceneHHas MOXeT ObITh
KOHEeuHOU U B TO K€ BpeMs He umems eparuysl. Kakum oopazom? TouHo Tak
e, KaK IIOBEPXHOCTh 3eMJIM HE OECKOHEYHA, HO HE UMEET IPAHUIIBI, TJIe OB
OoHa «koHuanack». [logoOHOE ecTeCTBEHHBIM O0O0pa3oM MPOUCXOIUT C
WCKPUBIICHHBIMU BEIIaMH: MOBEPXHOCTh 3eMJid UCKpuBieHa. 1 B oOmieit
TEOPUM OTHOCUTEJIIBHOCTH TPEXMEPHOE MNPOCTPAHCTBO, KOHEUHO, MOKET



ObITh HCKpuBIeHHBIM. CremoBarenbHO, Hamia BceneHHas MOXET OBITh
KOHEYHOM, HO 0€3rpaHUYHOI.

Eciu s Oymy Bce BpeMs MITH MO MNPSAMON JUHUH Ha TOBEPXHOCTU
3emiid, 51 He Oyay OSECKOHEYHO yHAJIAThCS, a B KOHIIE KOHLIOB BEPHYCh B TY
TOYKY, OTKyZa BbIlen. Hama Beenennas MoxkeT ObITh ycTpoeHa OJOOHBIM
Ke 00pa3oM: ecliu S Csily Ha 3BEe30JeT U Oyday BCe BpeMsl JIETETh B OTHOM
HarpaBieHUH, 1 oOneuy BceneHHyo U B KOHIIE KOHIIOB BEPHYCh OOpaTHO
Ha 3emmo. TpexmepHOoe MPOCTPAHCTBO TAaKOro THMA — KOHEYHOE, HO
0e3rpaHUYHOE — Ha3bIBAETCS 3-chepotl.

Jlns moHuManus reomeTpun 3-cepbl odpatuMcsa K OObIYHOU cdepe —
MOBEPXHOCTH Msya uinu 3emid. J{iis u3o0pakeHus MOBEPXHOCTH 3eMIId Ha
IUIOCKOCTH MOXKHO HapHCOBaTh JIBa Kpyra, Kak 3TO OOBIYHO [eNaioT B
ciydae kaptsl Mupa (puc. 3.11).

Puc. 3.11. Chepy MoxHO M300pa3uTh B BUAE JABYX KPYroB, KOTOPHIE B
JEHCTBUTEIBHOCTH TJIAJIKO COSAUHSIOTCS APYT C APYTOM BIOJIb CBOMX KpaeB

OOparute BHUMaHuUE, 4TO kuTeab HOXKHOTO mosiymapus B HEKOTOPOM
cMbIciie OKpyxkeH CeBepHbIM TMONyIIapueM, IOCKOIbKY, B KakKOM OBl



HaIlpaBJICHUW HU TOKWHYJI OH CBOE IONyIIapue, B pe3yiabTare OH BCETaa
nomazer B apyroe. Ho BepHO M oOparHoe: Kaxaoe U3 MOMylIapuid
OKpY)XKaeT JPYroe W OKPYKEHO IPYTHMM. AHAJIOTHYHBIM 00pa3oM MOXHO
npencTaBuTh cedbe U 3-chepy, HO OHAa paccMaTpwBaeTCsi W B
JIOTIOTHUTEIILHOM W3MEpPEHWH: JIBa IIapa COCIWHEHBI JIPYT ¢ APYyTrOM IIO
BCEM CBOMM rpaHuiiam (puc. 3.12).

Puc. 3.12. 3-chepy MOXKHO NpenCTaBUTh B BHUAE JABYX LIAPOB,
COEIMHEHHBIX APYT C IPYroM

Ilokumasd omuH map, Mbl BCTYIAeM B JAPYroil, TOUHO TaK Xe Kak,
MOKHUAAasl OAUH KPYr KapTbl MUpa, Mbl momajgaeM B Apyrou. Kaxnmelid u3
IAPOB OKPYKAET IPYro U OKPYKEH UM. Mest DUHIITEeTHa COCTOUT B TOM,



YTO MPOCTPAHCTBO MOXKET OBITh 3-cPepoll — UMETh KOHEUHBIH O00bEeM

(paBHBIH cymMMe 0OBEMOB JIBYX IIAPOB), HO HE MMeTh rpanu®2l, B cpoeii
pabore 1917 roga DiHIITEHH npeqioxua 3-cepy B KauecTBE PEIICHUS
npoOnemsbl rpanuilsl BeenenHoit. C 3T0# cTaTbll HAYMHAETCS COBPEMEHHAS
KOCMOJIOTHsI, U3YyYE€HUE BCE€U BHUAUMOM BceneHHOW, paccMarpuBaeMoil B
caMoM KpynmHoM Macmrtade. OHa MOPOXAAET OTKPBITHE PACIIMPEHHUS
Bcenennoii, Teopuro bonbioro B3psiBa, mpobdiaemy poxkaenusi Beenennoi u
elle MHOTO uero Apyroro. S noxpoOHee pacckaky 000 BCEM 3TOM B IJIaBe §.

EcTb emie ogHO 3aMeuaHue, KOTopoe 51 Obl XOTEIN cliejdaTb OTHOCUTENIBHO
SUHIITEHOBCKOM 3-cpepbl. MOXKeT MmoKa3aThCsl HEBEPOATHBIM, HO 3Ta UJIEs
yKe Obllla MPeJIOKEeHa IPYTUM T€HHEM M3 COBEPILIEHHO MHOM KyJIbTYpPHOMU
BCEJICHHOW — BEJIMKUM HWTAIbIHCKUM 103TOM [lanTe Anurbepu. B «Paey,
TPETbEN YACTU CBOEU IJIaBHOW MO3MbI «boxkecTBeHHass komenus», JlaHrte
pUCYET BEJIMYECTBEHHBI 00pa3 CpPEAHEBEKOBOIO MHUpPA, YHOAOOIEHHBIN
Mupy Apucrorens, co cdepuueckor 3emieii B IMEHTPE, OKPYKCHHOM
HeOecHbIMU cepamu (puc. 3.13).

B conpoBoxxnenunn cBoel cusitoiei Bo3ntoonenHon bearpuue, Jlante B
xo/1e (aHTaCTUYECKOTO MBICIEHHOTO MYyTEHIECTBUS MOJAHUMAETCS MO 3TUM
chepam 10 camoil BHemiHeW cdepbl. JIOCTUTHYB €€, OH CO3epLaeT Mo
co00if MUp € €ro BpalarIuMucs HeOecamMu W 3emJyied Jlalieko BHU3Y B
caMoM nHeHrpe. Ho 3ateM OH CMOTPUT BBEpPX — M 4YTO k€ OH BUIAUT? OH
BUJIUT CBETALIYIOCS TOYKY, OKPYKEHHYIO OIPOMHBIMU C(epamMu aHIEJOB,
UHBIMH CJIOBaMU — JPYTYIO KOJIOCCAIIbHYIO cepy, KOTopas, [0 €ro CIoBaM,
«OKpY’>XKaeT U B TO e BpeMsl OKpyx)eHa» chepoit Hamelt Beenennoit! 3aech
B cTtpokax XXVII mecam «Pas» on numet: “Questa altre parte

dell’Universo d’un cerchio lui comprende si come questo li altri”l63], a
3areM B XXX MeCHU MOBTOPSIET O Mocieaneit Touke: “parendo inchiuso da

quell ch’elli inchiude”!®¥. Touka cBeTa m cdepa aHIeTOB OKPYKAIOT

Bcenennyto, 1 B TOXE BpeMsl OHU OKpyxcenvl BceneHHoi! OT0O TOYHOE

omicanwe 3-cepsr! 62
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Amepukanckuii maremMatuk Mapk Ilerepcon B 1979 romy mnepBbiM
3ameTus, 4yto «Pait» onuceiBaeT Bcenennyio kak 3-cepy. B 1menom
WCCIIEI0BAaTENN TBOpYEeCTBa JlaHTE HE OYEHb XOPOIIO 3HAKOMBI C 3-
chepamu. OpHako 000N COBpeMEHHBIM (DU3UK WM MATEMAaTHK JIETKO
pacrio3HaeT 3-cepy B JaHTOBCKOM OIrcaHuu BceneHHOM.

Kakum obOpazom JlanTe moriia MpuiTH B TOJOBY HEs, 3Bydallias CTOJIb
coBpeMeHHO? I mymaro, 3TO B MEPBYIO OYEpelb OTpaKeHHE ITyOoUdaiiero
WHTEJJIEKTA BEJMKOTO HWTANBSHCKOIO m03Ta. VMIMEHHO €ro ymMm jaemaer
«bOXECTBEHHYIO KOMEIWIO» TAKOM BOCXUTHUTENBbHOM. HO Takxke 310
CBs3aHO ¢ TeM, 4To JlaHTe mucan 3aA0aro A0 Toro, kak HeloToH yOemu
BCEX, YTO OECKOHEUHOE MPOCTPAHCTBO KOCMOCA UMEET IUIOCKYIO €BKIIUIOBY
reoMmeTputo. J[ante ObLT CBOOOAEH OT OrpaHUYEHUM, HAJIOXKEHHBIX Ha HAILy
WHTYHIUIO B PE3YJIbTaTe HhIOTOHUAHCKOTO OOyUYEHHS.

Hayunas kynbrypa JlaHTe OCHOBBIBaJlach TIJIaBHBIM 00pa3oM Ha
MOYYEHHSIX €ro HacTaBHUKa bpyHerto JIaTnHU, OT KOTOPOro 10 HAC AOLIEI
HEOONbIION odapoBaTenbHBIM TpakTtar «Li tresor», cBoero poza
DHUUKJIONEANS CPEIHEBEKOBOTO 3HAHMS, HANMCAaHHAs HAa JUBHOW CMECH
ctapodpaHIly3cKoro U uranbsiHckoro. B «Li tresor» bpyHerTo moapoOHO
OOBSICHSET, MOUeMY 3eMJIS SIBISETCS KPYIJIOM.

Ho oH nenaer 3To CTpaHHBIM ISl COBPEMEHHOIO YUTATENsl CIOCOOOM —
B KaTeropusix «BHYTPEHHEN», a HE «BHEIIHEW» reOMETpPUU. 10 €CTh OH HE
MUIIET, YTO 3eMJIsI MTOXO0XKA Ha alejbCHH, HE TOBOPUT, KAK OHA BBITVISIUT,
€CJIM CMOTPETh Ha He€ MU3BHE, a 00BsCHsET ee PopMmy Tak: «JlBa primaps,
KOTOpBIE  JIOCTAaTOYHO  JAJIEKO MNPOCKAYYT B  MNPOTHUBOIMOJOKHBIX
HAIIPABJIEHUAX, BCTPETATCSA Ha IIPOTUBONOJIOKHOU cTopoHe». U tak: «Eciu
OBl HE MelIaJu MOpPsl, YEIOBEK, HAYaBIINNA UJTH B OJHY CTOPOHY, BEPHYJICS
Obl B Ty € TOUKy 3eMJHd, OTKyAa Bblea». WHBIMM CclOBaMH, OH
HCMOJIb3YET BHYTPEHHIOK), & HE BHEIIHIOIO TOYKY 3PEHHUS — C MMO3ULIUU TOTO,
KTO UJET 10 3eMJIE, a HE TOT0, KTO CMOTPUT Ha Hee co cTOpoHbl. Ha nepBbiii
B3IJISI/, 3TO MOXET MOKa3aThCsl 0€CCMBICIEHHBIM, YCIOXKHEHHBIM CIIOCOO0OM
O0O0BSICHEHHUSI TOTO, 4TO 3eMiid sBisieTcst mapoM. [louemy bpyHnerTto mpocto
HE TOBOPUT, 4TO 3eMJIsl MOX0Xka Ha aneyibcuH? Ho ¢ apyroil cTOpoHsl, eciu
MBI CKa)KEM, YTO MYpPABEW MOJI3ET MO ANEIbCHHY, TO B KAKOM-TO MOMEHT OH
OKaXEeTCSl B MEPEBEPHYTOM IIOJOKEHUU WU JOJKEH OyAeT YAepKUBATHCA
KPOIIEYHBIMU TPUCOCKAMU Ha HoOrax, 4ToObl He ymnacTb. (OjHaKo
MyTENIECTBEHHHUK, HWIyIUA 1o 3emiie, HHUKOIJa HE OKa3bIBaeTCs B



MIEPEBEPHYTOM IOJ0KEHUU U HE HYKJAETCS B MPUCOCKAX HA HOrax. Tak 4To
onucaHue bpyHETTo Ha caMOM JIeJie HE TaKO€ YK CTPaHHOE.

Tenepp 3agymanTech HaJ 3TUM. HEKTO y3HaAlI OT CBOErO YYHUTEIs, YTO
¢dbopMa MOBEPXHOCTH HaIllel TUTAHETHl TAaKOBa, YTO, ABUTASICH BCE BPEMS 11O
MPSAMOM JIMHHUM, Mbl BO3BPAILlAEMCs B TOUKY, OTKYyJa BbIILIA. BeposTHO, HE
TaK y TPYAHO CAENaTh CIEAYIOLIUN OYEBUIIHBIM BBIBOJ U OCO3HATh, YTO
dbopma Bcelt BcenmeHHOM TakoBa, YTO, JABUTAsICh BCE BpPEMs IO MPSIMOM
JIMHUM, MBI BEPHEMCS B Ty K€ TOYKY, U3 KOTOPOM OTIPaBUIUCH: 3-chepa —
ATO TPOCTPAHCTBO, B KOTOPOM «JBa KPBUIATHIX pHIIAps, CHOCOOHBIX
jemems B TPOTHUBOMNOJIOKHBIX  HANpPaBICHUSX, BCTPETATCA  Ha
MPOTUBOMOJIOKHON CTOpoHE». Bripaxasice Oonee (opmanbHO, ONMUCAHUE
reoMeTpun 3emid, npeaioxenHoe bpynerro Jlatuau B «Li tresor», 1aHo B
TEpPMUHAX BHYTPEHHEH Te€OMETpHM (pacCMaTpUBAEMOW W3HYTPH), a HE
BHEIIHEN (paccMarpuBa€MOW CHApY»KH), U 3TO KAaK pa3 TAKOE ONUCAHME,
KOTOPO€ MOAXOAUT 1Jisi 00001IeHUsT TOHATHS c(ephl ¢ IBYX M3MEPEHUM Ha
Tpu. Jlyumuii cmoco0 onucanus 3-chepbl — 3TO HE MBITATHCS «YBUIEThH €€
CHapyXu», a OMKUCHIBATh TO, YTO MPOUCXOAUT, KOTAA BbI IBUKETECh BHYTPHU
HEe.

Merton, pazpaboranHsiil ['ayccom aJist onmucaHusi KPUBBIX MTOBEPXHOCTEH
u 0000meHHblii PumaHOM 711 ommMcaHUsT MCKPUBICHUSI MPOCTPAHCTBA B
Tpex W 0oyiee M3MEPEHHUSAX, B OCHOBE CBOEH cleayeT myTd bpyHerTo
Jlaruau. Wnes, MOXHO cKa3aTh, COCTOMT B TOM, YTOOBI OIHUCHIBAThH
KPHUBU3HY MPOCTPAHCTBA HE KaK «BUIUMYIO CO CTOPOHBDY, TOBOPS, KaK OHO
HCKPHUBIISIETCS BO BHEIIHEM IPOCTPAHCTBE, @ B T€X MOHATHUAX, KOTOPHIC
MOXXET BOCIpPUHHMMATh HaONIOAATeNIb, HAXONSIIUICA 6HYmMpuU STOTO
MPOCTPAHCTBA U CIIOCOOHBIN JBUTaThCs, BCETA OCTaBasCh B HEM CaMOM.
Hanpumep, oObluHast cdepa, kak 3ameTun bpyHeTTo, — 3TO Takas
IMOBEPXHOCTD, TAE BCE KIIPSMBIC» JIMHAM BO3BPALIAIOTCSA K UCXOAHOM TOYKE,
Ipoiis OIHO M TO K€ paccTosHue (AIMHY 3KBaropa). 3-cepa — 3TO
TPEXMEPHOE MPOCTPAHCTBO, OOJIAIAIOIIEEe TAKUM K€ CBOHCTBOM.

OWHIITENHOBCKOE MTPOCTPAHCTBO-BPEMSI UCKPUBJIEHO HE B TOM CMBICIIE,
YTO OHO M30THYTO «BO BHEIIHEM MPOCTPAHCTBE». OHO MCKPUBICHO B TOM
CMBICJIE, YTO €r0 BHYTPEHHSS T€OMETPUS, TO €CTh CETh PACCTOSHUN MEXIY
€ro TOYKAMHU, KOTOPBIE MOXHO H3MEpSTh, OCTaBasiCb BHYTPU HEro, HE
COOTBETCTBYET T€OMETPUU ILIOCKOTO MPOCTPAHCTBA. IDTO IMPOCTPAHCTBO,
rae HeBepHa Teopema I[ludaropa TouHO Tak ke, Kak OHAa HEBEpHA Ha

nosepxHocTH 3emautodl,



CymiecTByeT BaXKHBIM JUIsI TOHUMAHMS JAJbHEWIIETO W3JIOKEHUS
cnoco0 yOeauThCs B KPUBHU3HE MPOCTPAHCTBA W3HYTPU HETO, HE MBITAsCh
B3IJISIHYTh Ha Hero u3BHe. IIpencraBere cebe, 4TO BBl HAXOAWUTECh Ha
CeBepHOM MOIIOCE W UAETE HA IOT, MOKa HE NOCTUTHETE HKBaropa. [lpwm
ATOM BBl HECETE C COOOM CTpeNKy, KoTopas MokassiBaeT Brepen. Joias mo
DKBAaTopa, Bbl MOBOPAUYMBAETE HAJIIEBO, HE MEHsS HAIPABICHUE CTPEIIKH.
OHa no-npexHEMY MOKa3bIBAET HA FOT, KOTOPBIM TENEepbh HAXOAUTCS IS BacC
cipasa. [IpoliiuTe HEMHOTO Ha BOCTOK BIOJIb 3KBATOPA, a 3aTEM ITOBEPHUTE
oOpaTHO Ha CeBep, OISATh HE MEHSS HAPABICHUE CTPEJIKU, KOTOpas Ternepb
OyneT nmokasbiBaTh Ha3aj. Korna Bel BepHeTech Ha CeBEpHBIN MOJIOC, Balll
MapuipyT 3aMKHETCs, oOpa3oBaB nem.i0, HO CTpelIKa YK€ He Oyner
MOKa3bIBaTh B TOM K€ HaIlPaBIICHUH, 4TO U npu craprte (puc. 3.14). Yromn, Ha
KOTOPBIA TOBEpPHYJACh CTpelKa MpU OOXOAe TEeTIH, CIYyKHT MEpOou
KPHUBU3HBI.

S eme BepHYCh K JAHHOMY METOAY W3MEPEHHUS] KPUBU3HBI C MIOMOUIBIO
neTesab B MPOCTPAaHCTBE. DTO OyAyT METIU, KOTOPhIE A Ha3BaHUE TEOPUU
[IETIIEBOM KBAHTOBOU I'PABUTALINH.

Janre mnoxmmaer @nopenmuro B 1301 romy, korma 3aBepmiaercs
W3rOTOBJIEHUE MO3auKH Kymnosna DnopeHTtuiickoro dantucrepus. Mo3auka,
nzobpakasmas an (padorsl Konmo am MapkoBanbao, yuutens Unmaly»d),
BEPOATHO, YCTpAIIABIIAS CPEIHEBEKOBBIX JIFOIEH, YaCTO YIIOMUHAETCS KaK
UCTOYHUK BIoxHOBeHUs JlanTte (puc. 3.15).

S mocerun OanTuUCTEpUil BCKOpe TMOCiE Hauyajla padOThl HAJ 3TOU
KHUTOM B KOMIIAHMM OMMaHy3Jbl MuHHEN, KoTopas yOenusia MEHs ee
Harnucarb. Boiias B OanTuCTEpuil U MOCMOTPEB BBEPX, S YBUJIEN CUSIONIYIO
TOUKY CBETa (CBET UCXOAUT OT (hoHApsl HA BEPIIMHE KyIloJa), OKPY>KEHHYIO
NEBSITHI0 AHTEJIBCKMMM YHWHAMH C Ha3BaHUSIMM, IMOJANKNCAHHBIMU B
CHEAYIOIIEM TIOPSAKE: AaHTeNbl, apXaHresiabl, Ha4dajia, BIIACTH, CHJIbI,
TOCIIOJICTBA, TPECTOJIbI, XEpyBUMBI, cepadpuMbl. OTO B TOYHOCTH
COOTBETCTBYET CTPYKType BTOpoi chephl pas. Boobpasute cedbst MypaBbeMm
Ha Moty OanTUCTepusi, CIIOCOOHBIM TOJI3TH B JIIOOYIO0 CTOPOHY; HE3AaBUCHMO
OT TOT0, B KaKOM HalpaBlIeHUH KapaOKaTbCsl MO CTE€HE, Bbl JOCTUTHETE
IIOTOJIKA B OJHOM M TOHM K€ TOYKE CBETA, OKPYKECHHOW aHIrEJIaMM: TOYKa
CBETAa M €€ AaHrejabl OJHOBPEMEHHO OKPYXAalOT M OKPYKEHBI BCEM
OCTaJIbHBIM YOpaHCTBOM Oantuctepus (puc. 3.16).



Puc. 3.14. Crpenka, coxpaHsrolias napaielbHOCTh caMoi cebe mpu
nepeHoce BIOJb 3aMKHYTOro MapuipyTa (TeTid), B HMCKPUBICHHOM
MIPOCTPAHCTBE BO3BPAIIAETCS K TOUKE OTIPABIICHUS TOBEPHYTOMN

Puc. 3.15. Mo3auka, wuzobOpaxaromas axa, paborsl Kommo au
MapkoBaib/io BO DIIOPEHTUICKOM OalTUCTEPUU

Kak u Bce xutenu ®nopeniun koHna XIII Beka, Jlante nomkeH ObLT
OBITh TMPEUCTIONHEH OJIarOTOBEMHOr0 TpereTa TMepel OanTucTepueM,



IPaHMO3HBIM APXUTEKTYPHBIM COOPY>KEHHUEM, BO3BEJICHHBIM €0 TOPOJIOM.
S nymaro, 4ToO OH MOT BJIOXHOBISITHCS OanTUCTEpPUEM B CBOEM BUJICHUU
KOCMOCAa, IpUYEM HE TONBKO «Amom» Kommo au MapkoBanbio, HO U BCeu
apxuTeKkTypoil. «Pail» BOCHPOM3BOAWT CTPYKTypy Oamtucrepus ¢
3aMe4aresIbHOM TOYHOCTHIO, BKJIIOYAsl AEBATh KPYrOB AHIEJIOB U TOYKY
CBETAa, TOJbKO IMEPEHOCUT €€ W3 JByX usMepeHuid B Tpu. Omnucas
chepuueckyro Bcenennyio Apucrtorens, bpyHeTTo yxe OoTMe4aeT, 4To 3a
HEW JICKUT TEPPUTOPHUS OOKECTBEHHOTO, a CPEIHEBEKOBas MKOHOTrpadus
yke u3zo0paxkana paii kak bora, okpyxeHHoro cdepamu anreiaoB. B
KOHEYHOM cueTe, JlanTe He Oojiee 4yeM coOpall BCe 3TH CYIIECTBOBABIINE
dbparMeHTBI B COIVIACOBAaHHOE  APXHUTEKTYpHOE  IIeoe,  CIedys
BIICUATIISIONICH apXUTEKType OanTUCTepHusi, M Pa3pelrwyl JIPEBHIOO
npobnemy rpanull Bcenennoi. CnaemaB 310, /laHTe Ha MIECTh CTONETHI
orepeui SMHIITEHHOBCKYIO 3-cdepy.

Puc. 3.16. UnTtepnep Oantuctepus

41 He 3Ha10, CTANKMBAJICA JIM MOJIOAOW DUHITENH ¢ «Paem» BO Bpems
CBOMX HMHTEJUICKTYAJIBHBIX CTPAHCTBUM MO MTanum u okas3ano JM KUBOE



BOOOPAXKEHUE UTATBSHCKOTO M03Ta MPSIMOE BIUSIHUE Ha €r0 JIOTaJKy O TOM,
yTo BceneHHas MoOXeT ObITh OJHOBPEMEHHO KOHEUYHOM MU Oe3rpaHUyYHOM.
Ho, He3aBUCMMO OT BO3MOXHOCTH TAKOTO BIIUSIHUSA, SI CYUTAI0, YTO ITOT
npuMep JAEMOHCTPUPYET, KaK BEJIMKAs HayKa W BEJUKasl T033Us CIIOCOOHBI
JaBaTh HECTAHAAPTHBIN B3IVIS HA BEIH U J1a’K€ IPUBOANTH K OTHUM U TEM
Ke JoragkaM. B Hamel KylbType Hayka MU TI033US MO KAaKOMY-TO
HEJOpPa3yMEHHUIO pa3JieJieHbl, a BeAb OHU 00€ OTKPHIBAIOT HAM IJla3a Ha
CJIO)KHOCTh M KPacoTy MUpa.

JanToBckas 3-chepa — o310 aumb oOpa3  u3  (aHTa3uu.
OitHmTeliHOBCKas 3-chepa UMeeT MaTeMaTu4ecKyt0 (JOpMy U BBITEKAET U3
ypaBHeHUN Teopun. BnusHue »TUX wuaedl paznuyHo. JlaHTe T1IyOOKO
3aTparuBacT MCTOYHUKMA HAIIWX SMOLMUA. DWHIITEWH OTKPBIBAET IMYTh K
HEPEUICHHBIM 3arajkam Hamied BcenenHonl. Ho kaxnapli W3 HHUX SIBISET
co0ol mpuMep caMOro KPacHMBOTO M 3HAYUTEIHLHOTO TOJIETa YEJIOBEUECKOU
MBICJIH.

Ho Bepuemcs B 1917 rom, korma ODWHINTEHH TMBITAETCA BKIIOUHUTH
npeacTaBiieHre o 3-cdepe B CBOM ypaBHEHUS. 3/1€Ch OH CTAJIKHUBAETCS C
npobnemoi. OH yOexieH, uro BceneHHas ctaTiyHa U HEM3MEHHA, HO €ro
ypaBHEHUSI TOBOPAT, YTO 3TO HEBO3MOXXHO. HeTpynHo moHsTh ouemy. Bee
MPUTATUBACTCA, a 3HAYUT, JJII KOHEYHOW BcCeleHHOW eIuHCTBEHHBIN
cnoco® wu30exarh KoJlarca — pacmupATbes. TodyHO Tak Ke, Kak
€IMHCTBEHHBIN crnoco0 st GyTOONBbHOrO MsA4Ya H30ekaTh NaJeHUs Ha
3eMIII0 — TIOJIYYUTh yaap, HampaBieHHbIA BBepX. OH TuOO JIETUT BBEpX,
100 MajaeT BHU3 — OH HE MOXKET OCTaBaThCs HEMOJIBUKHBIM, 3aBUCHYB B
BO3JIyXE€.

Opnako DWHIITEHH HE BEPUT B TO, UYTO TOBOPAT €My COOCTBEHHBIC
ypaBHeHUs1. OH Jaxe JOMyCKaeT Helenyr (U3NYEeCKyr0 OIIUMOKY (HE
MOHMMAET, YTO NPEMJIOKEHHOE UM PEIIEHUE SBIISIETCS HEYCTONYUBBIM),
JUIh Obl W30eXKaTh NPHUHSATHS TOTO, YTO TMPEACKA3bIBACT €ro TEOpPHs:
Bcenennas mubo cxxumaetcst, mu6o pacmupsiercs. OH MoauGUIUpyeT CBOU
ypaBHEHHUA, TMbITaICh U30€XaTh BHIBOJAA O pacliupeHun BceenaeHHOi.
NMeHHO ¢ 3TOM IIebi0 OH J00aBisieT B MPUBEIACHHOE BHIIIE YpaBHEHUE
wieH Ag,,. Ho 3T0 HOBas ommbka: cam 100aBIE€HHBIM WIEH KOPPEKTEH, HO

OH HE MEHSeT TOro (akra, 4TO YpaBHEHHE MPEACKA3bIBa€T pPACIIUPEHUE
Bcenennoii. Ilpu Bcell CMEIOCTM TEHUIO OWHINTEWHA HE XBaTaeT
XpaOpoCTH MOBEPUTH B COOCTBEHHBIE YpaBHEHHS.



CrycTsi HECKOJIbKO JIeT OWHINTEWH BBIHYXIEH CAAaThCsl: BEpHA €ro
TEOpUs, a HE €ro COMHEHHMS OTHOCHUTEIbHO Hee. ACTPOHOMBI
OOHapyXUBAIOT, YTO BCE TaJAKTUKU JIEMCTBUTENIBHO YAAJISIIOTCS OT HAC —
Bcenennas pacmupsiercsi, B TOYHOCTH KaK MPEACKa3bIBAIOT YPaBHEHUSI.
Oxono 14 munmuapnos net HazanZl BceeneHHas 6blna CKOHIIEHTPHUPOBAHA
B OJlHOM Oe3ymHO ropsiueii touke. M3 Hee Bcenennas pacmmpuiach B
KOJIOCCAJTbHOM KOCMHUYECKOM B3pbiBe. M 37€ch CIOBO «KOCMUYECKHUI»
yHnoTpeOJICHO HE PUTOPUYECKH, a B OyKBaJIbHOM CMBICIIE — 3TO B3PBIB
CaMoro KocmMoca, bonbion B3phIB.

CeromHss Mbl 3HAeM, 4YTO paclIMpeHHEe BceleHHON — pealbHOCTb.
YbenurenbHOE MOATBEPKICHUE CIIEHAPUS, MPEICKA3aHHOTO YPaBHEHUSMHU
OifHmTeliHa, ObUIO moiaydeHo B 1964 romy, korma JBO€ aMEPUKAHCKUX
paauoactpoHomMoB, ApHo Ilensuac u PobGepT YusicoH, ciiyyallHO OTKpbUIA
M3JIy4YCHHE, 3aloJIHAIomee BcelleHHyro; 3TO M3IydYeHHuE OKas3ajaoch
OCTAaTKOM TOTO CaMOr0 HEBEPOATHOTO »Kapa, KOTOPBIM LApUi B MOJIOAOMN
Bcenmennoni. W cHOBa Teopus oOKazanach BEpHA B CBOMX CaMbIX
YIUBUTEIBHBIX NIPEICKA3AHUSIX.

C Tex mop Kak Mbl OOHAPYXHWJIU, YTO 3eMJIs KpyIilas U BEPTUTCA, Kak
O0€3yMHBI BOJYOK, MBI TOHSJIM, YTO PEAJHLHOCTh HE Takas, Kakod OHa
OKa)XXETCsl: BCSIKUM pa3, KOrJa Mbl CXBaThbIBaéM HOBBIM €€ AaCIEKT, MBI
UCIIBITBIBAEM DIIYOOKOE 3MOIIMOHAIbHOE TepexuBaHue. Emie ojgHa meneHa
cnajgaer ¢ Hammx ©m1a3. Ho mar, caenaHHbIi = DUHIITECHHOM,
OecrnpereeHTeH: TPOCTPAHCTBO-BPEMS — TO TIOJIC; MUP COCTOUT U3 TOJIeH
Y YaCTHI; MPOCTPAHCTBO M BPEMS — 3TO HE YTO-TO MHOE, OTIMYHOE OT BCEU
OCTaJILHOM MPUPOJIBI, a MPOCTO OAHO U3 MoJeH cpenu apyrux (puc. 3.17).

Puc. 3.17. DUHIITEWHOBCKHII MUp: YaCTULBl W TIOJSI, KOTOpbIE
JBUXKYTCS IO APYTHUM TOJISIM



B 1953 rony ydyeHHK Ha4aiabHOM MIKOJIBI NUIIET ANbOepTy DUHIITEHHY:
«Hamr kimacc n3yuaer BeenenHyro. MeHsI O4€Hb MHTEPECYET MPOCTPAHCTRO.
S xoren Ob1 moOmaromaputh Bac 3a Bce, uto Bel caenanu, 9To0ObI MBI MOTIIH
ero moHsTH» 88!,

S HOTHOCTBIO pa3/IEeNsiio 3TH YyBCTBA.
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KBaHTBI

TpyaHo BooOpa3uTh uTO-TO Oosiee pasinyarolleecs, YeM JBa CTOJIa
¢u3ukn XX croneruss — o0IIasi TEOpUsi OTHOCUTEIBHOCTH M KBAaHTOBAs
MexaHuka. TeopHsi OTHOCHUTEIBHOCTH — 3TO MAaJEHBKHUIl JparoueHHbIN
KaMEHb, YXBAaUCHHBI MBICIBIO OJHOIO 4YEJOBEKa W OCHOBAHHBIM Ha
COEIMHEHUM NPEIIECTBYIOINX TEOPUA. DTO MPOCTas U COIVIAaCOBAHHAas
KapTHHA TPaBUTALMH, IPOCTPAHCTBA U BpeMeHU. KBaHTOBasi MEXaHUKa, WIH
KBAHTOBasi TEOpHUs, HANPOTUB, BO3HUKAET U3 OKCIIEPUMEHTOB B XOJE
J0JITOT0, YETBEPTHBEKOBOIO CO3PEBAaHMSI, B KOTOPOE MHOTHME BHECIH CBOMA
BKJIQJI; OHA JIEMOHCTpPUpPYET OECNpEeLEeNeHTHbII ycneX B IKCIEPUMEHTE U
BEET K TMPAKTHUYECKUM pealu3aluusM, KOTOpPble MEHSIOT  Hally
MOBCEJHEBHYIO KU3Hb (TaKUM, HapUMep, KaK KOMIIBIOTED, 32 KOTOPBIM s
3TO MUY ); HO JaXe CIYCTs CTOJIETHUE MOCIIE CBOETO POXKACHUS OHA BCE ELIE
OKyTaHa 3aBECOM HESICHOCTH ¥ HEMOCTHUKUMOCTH.

B oTOli mmaBe omuchIBaeTCs CTpaHHas (U3MKA ITOW TEOpHH,
paccka3bpIBaeTCs O TOM, KaK OHa MOSBWJIACh HA CBET M O TPEX acCHEeKTax
pEeaIbHOCTH, KOTOPhIE OHA pacKpbLIa: 3€PHUCTOCTH, HEONPEIEIECHHOCTH U
PEJISIIITUOHHOCTH.

CHoBa Aib0epT

A roBopui, YTO KBaHTOBass MexaHuWKa poawnack B 1900 ronmy,
(dakTHYeCKH BO3BECTUB Hauyajo cTojieTus Mo3roBoro mrypma. B 1900 roay
Hemenkuii ¢uzuk Maxkc [lnaHk mombITancss paccuuTaTh KOJUYECTBO
AIICKTPOMArHUTHBIX BOJIH, HAXOMSIIMXCS B PaBHOBECHH C ToOpsUYeH
000J104YKO1A. UtoO0bI MOJTYYUTh bopmymy, COOTBETCTBYIOIIYIO
HKCIEPUMEHTANIbHBIM pPEe3ylibTaTaM, OH B KOHIIE KOHIIOB HCIIOJIb30BaI
pUEM, KOTOPBIN, Ka3aJloch Obl, HE MUMEJI CMBICIA: OH MPEATNOIO0KUI, UTO
OHEPrusi ANIEKTPUYECKOTO TMOJsI PACTIPOCTPAHSETCS KE8AHMAMU, TO €CTb
MaJ€eHbKUMHU TlaKeTaMHu, HEOONbIIMMU TOPIUSMHU dSHepruu. Pasmep
MAaKEeTOB, COIIACHO €r0 MPEIOJIOKEHHIO, 3aBUCUT OT YacTOThI (TO €CTh OT
[[BETA) DJICKTPOMArHUTHBIX BOJH. JIJIsI 4acTOTHl V KaXABIA KBaHT, WA
KaXKJbIi MaKeT, 00naiaeT SHepruei



E=hv.

Oto mnepBas (Gopmyia KBAaHTOBOM MeEXaHMKHU, OykBa / — 3TO HOBas
KOHCTaHTa, KOTOPYIO CETOAHS Mbl Ha3biBaeM MNOCTOAHHOM IInmanka. Ona
ONPEAEISACT, CKOJIBKO JHEPTrUU COJEPKUTCA B KaXIOM HSHEPreTHYECKOM
MakeTe JJisl U3y4eHus ¢ yactoToul (uBerom) v. [locTosinuas /4 onpenensier
MaciiTad BCEX KBAHTOBBIX SIBJICHUM.

MBICAB 0 TOM, YTO PHEPTUS MOXKET MOJMYy4YaThCsl CIIOKEHUEM KOHEUHBIX
MaKeTOB, IIJIa Bpa3pe3 CO BCEM, YTO OBLIO M3BECTHO K TOMY BpPEMEHH:
SHEPrusl pACCMaTPUBAIACH KAK HEYTO, YTO MOXKET MEHATHCS HEMPEPHIBHBIM
o0pa3om, U He ObLJIO MIPUYUHBI paccMaTpUBaTh €€ KaKk HEYTO CJI0KEHHOE U3
kpynul. Hanmpumep, sHeprus MasTHHKa ONpPEAENSeT AaMIUIUTYAy €ro
koyicOanuii. He cylmiecTByeT HUKAKUX MPUYUH, MO KOTOPHIM MasiTHUK
JIOJIPKEH KOJIE0aThCs TOJIBKO C HEKOTOPBIMU OMPEJICICHHBIMU aMILIUTY/IAMH,
a He ¢ gpyrumu. s Makca I[lmanka npuHSATHE KOHEYHOTO pasmepa
HPHEPTreTUYECKUX MAKEeTOB OBbUIO JHUIIL CTPAHHBIM TPIOKOM, KOTOPBIA, Kak
OKa3aJoCh, IOMOT B BBIYUCJIEHHUSX, TO €CThb B BOCIPOHU3BEICHUU
PE3YIBTATOB JIA0OPATOPHBIX U3MEPEHH, HO OBLIO COBEPUIEHHO HEMOHSTHO,
KaKUM 00pa3oM.

Cnyctst nisath JieT AnpOepT DUHINTEHH — Ja, CHOBAa OH — MOHSJI, YTO
IJIAHKOBCKUE MAaKEeThl YHEPTUM COBEPIIEHHO peajbHbl. JTO OBUIO TEMOM
TPEThEHl U3 TeX CcTareul, uTo OH oTnpaBui B Annalen der Physik B 1905 rony.
N 5T0 moAIMHHBIN TOJT POXKICHUS KBAHTOBOW TEOPHUU.

B »T10i1 cBOEH cTaTbe DHUHIITEHH MOKA3bIBAET, UTO CBET JCHUCTBUTEIBHO
COCTOMT M3 KPOILIEYHBIX 3€PEH, YacTUll cBeTa. OH paccMaTpUBaeT HEIABHO
OTKpbITOE sBIeHHE — (oToanekTpuueckuii >ddext. Ecth BelecTna,
KOTOpBIE TTOPOXKIAIOT CIaOBIM JIEKTPUYECKUN TOK, KOTJa HAa HUX IajJacT
cBeT. TO eCcTh 110/ BO3JAECHCTBUEM OCBELIECHUSA OHU HUCIYCKAIOT JIEKTPOHBI.
CerogHs Mbl HCHONB3yeM 3TOT 3(Q(dEKT, Hanpumep, B (OTOIIEMEHTAX,
KOTOPBIE OTKPBIBAIOT JABEPH, KOIJIa MBI K HUM IPUOJIMKAEMCs, pearupys Ha
W3MCHEHUsS B IIOTOKE IIAJAIOMIETO Ha CEHCop cBera. To, 4YTro 3TO
MPOUCXOAUT, caMO MO ce0e HEeyAMBUTEIbHO, TOCKOIbKY CBET HECEeT
SHEPruo (KOTopasi, HalpuMep, COTpeBaeT HAC) U ATa DHEPrUs 3aCTaBISET
AIIEKTPOHBI «CHPHITUBATHY» CO CBOMX aTOMOB — OHAa JIJA€T UM HEOOXOAMMBIiA
JUIS1 3TOTO TOTYOK.

Ho BoT uTo ctpanHo. EcTrecTBeHHO ObLIO OBl OXXHAATh, UTO MPU MAJIIOM
KOJIMYECTBE CBETOBOM SHEPrHM, TO €CTh NPU TYCKJIOM OCBEIICHUHU, 3TO
SABJICHUE HAONIONaThCsl HE OyJeT, B OTJIMYUE OT CHUTyallMH, KOIJla SHEPruu



JOCTaTOYHO, TO €CTh CBeT spkui. Ho Ha pgeme BCE He Tak: sBICHUE
HaOJII0aeTCA, TONBKO €CJIU Yacmoma CBETa BBICOKAs, U He Halmronaercs,
eciau yacmoma HU3Kas. lHaue roBops, OHO 3aBUCHUT OT I[Be€Ta (4acTOTHI)
U3JIy4eHUs, & HE OT €ro uHmeHcugHocmu (dPHEPrUH). ITO COBEPIICHHO
HEBO3MOXKHO IMOHATHh HA OCHOBE CTaHAAPTHON (QU3HUKHU.

OWHINTENH MCHOJIB3YET IUIAHKOBCKYID HJACI0 O NaKeTaX HSHEPruu C
pa3MEPOM, 3aBUCSIIMM OT YaCTOThl, U MOHUMAET, YTO €CIU OTU NAKETHI
pealibHbl, TO SBJIEHUE MOXHO OOBSICHUTh. HeTpyaHO TOHATH Kak.
[IpencraBbTe, YTO CBET MPUXOAUT B (POpME YACTHUI] SHEPIHUHU. DIEKTPOH
OyIeT BBIOMT W3 aToMa, €Clid OTAENIbHAas 4YacTulla, yaapsiolas 1o HemYy,
HECET MHOT'O dHepruu. BaxkHa sHEprust kasxcoou 4acTUIbl, @ HE YUCIO ITUX
yactull. Ecim, kak npeamonoxun Ilnmank, sHEpruss KaxaoW YaCTHUIIBI
OTIPEEISIETC YacTOTOM, SIBIEHWE JOJDKHO HAOMIOAaThCsl TOJNBKO TIPH
JOCTAaTOYHO BBICOKOM YACTOTE, TO €CTh €CIIU 0MOelbHble YaCTULIBl SHEPTUU
JOCTaTOYHO BEJIUKH, @ OT OOIIEr0 KOJIMYECTBA MOCTYIAIOIIEH SHEPTHUH OHO
3aBUCETH HE OYyJIET.

OTO MOX0XKEe Ha aBTOMOOWJIb MOJ TPajioM: OyIET JIM OH TOMSIT, 3aBUCHUT
HE OT KOJIMYECTBA YIABIIMX IPajJHH, a OT pa3Mepa OTAEIbHBIX KYCKOB JIbJa.
MoskeT BbBINACTh OYE€Hb WHTEHCHBHBIM TpajJ, HO OH HE BbBI3OBET
MOBPEXK/ICHHM, €ClIi BCE TPajuHbl OyAyT Majbl. AHAJIOTMYHO, €CIU CBET
WHTEHCUBHBIN, TO €CTh NPUXOIUT OOJBIIOE KOTUYECTBO CBETOBBIX MAKETOB,
HO OT/ICJIbHBIE YaCTHUIIBI CBETA CIUILIKOM MAaJIbl, TO €CTh €CJIH 4aCTOTa CBETA
CJIMIIIKOM HM3Kasl, JIEKTPOHBI HE OyAyT M3BIEKATHCS U3 CBOMX aTOMOB. JTO
OOBSICHAET, IOYEMY LIBET, @ HE UHTEHCUBHOCTh CBETA OMNpEJEseT, OyAeT Ju
HaOmonarbest (porosnexkrpuueckuit 3G EeKT. IT0 MPOCTOE pacCykICHUE
npuHecno DitHmreitHy HobeneBckyro npemuto. CoBceM HE TPYIHO MOHSTh
BEIIIH, KOTOPBIE KTO-TO YK€ yBUJieN. TpyIHO YBUJIETh UX B IIEPBBIN pas.

CerogHss Mbl Ha3blBa€M JTH TNAaKeThl SHEPruu ¢omomamu — OT
I'PEYECKOro CioBa (MG, O3Hayarouero «cBer». MOTOHBI — 3TO YACTHUIIBI
CBETa, ero xeanmsl. B cBOEH cTaThe DUHINTEHH MHUIIIET:

S u B camoM Jerne Iymaro, YTO OIbITHI, KAaCAIOIIUECS «U3ITyYEHUS
YEpHOIO Tella», (POTOMOMUHECIICHIINY, BOSHUKHOBEHHUS KAaTOAHBIX JIy4ei
IPU OCBEIIEHUU YABTPAPUOIECTOBBIMU JIy4YaMU U IPYTUX TPYMI SIBICHUH,
CBA3aHHBIX C BO3HMKHOBEHHMEM U TMPEBpAILECHUEM CBETa, Jy4lle
OOBSACHAIOTCS MPEANOI0KEHUEM, UTO SHEPTUS CBETA PACIIPEACIIAETCS MO
OpOCTPAaHCTBY AHUCKpeTHO. CormacHO 3TOMYy CIEJTaHHOMY  37€Ch
IPEANONIOKEHUIO, SHEPrusl IyykKa CBETa, BBIMIEAIIEr0 U3 HEKOTOPOU



TOYKH, HE PACHPENENAETCS HENPEPLIBHO BO BCE BO3PACTAIOIIEM 00BEME,
a CKJIQJLIBAETCS M3 KOHEYHOIO YKCIIA JIOKAJIN30BAHHBIX B IPOCTPAHCTBE
HEJIETMMBIX KBAHTOB DHEPTUH, MOITIOMAEMBIX MIIM BO3SHUKAFOLIIUX TOIBKO
neaukomE,

OTHU OPOCTHIE U SICHBIE CTPOKH — MOMJIMHHOE CBUIETEIIBLCTBO POKICHUSA
KBAaHTOBOM  Teopun. OOpaTuTe BHHUMAaHUE Ha  3aMeyaTesbHbIE
BCTYNUTEIIbHBIE CJOBa: «S W B caMOM Jele JAyMmaro...», KOTOpbIE
HarnoMUHaT coMHeHuss Papanes niu HplOTOHA WM ke HEYBEPEHHOCTH
JlapBrHA, BBIpOXKEHHYIO Ha NEPBbIX cTpaHUlax «IIponcxoxaeHust BUIOBY.
[TogmuHHBIE TEHUU MOHUMAIOT UCKJIIOUUTENBHYIO Ba)KHOCTh COBEPIIAEMBIX
VMMM 1IaroB U BCEINIa COMHEBAIOTCH. . .

EcTte oueBugHas cCBS3b MeEXAy JABYMs paboTramMu OWHILITEWHA,
HanucaHHbiMu B 1905 romy, — crarbedl MO OpPOYHOBCKOMY JBUKEHHIO
(oOcyxnanace B aBe 1) U crarbeil 0 KBaHTaxX cBeTa. B mepBoil DUHIITENHH
HaIedl Croco0 MPOAEMOHCTPUPOBATH KOPPEKTHOCTH ATOMHOW THIIOTE3HI,
YTBEPKAAOIIEH 3E€pPHUCTOE CTpOCHME Marepur. B apyrom crarbe
OWHIITENH pacIpOCTPaHUII 3Ty THUIIOTE3Y HA CBET: OH TOXKE JOJIKEH UMETh
3€PHUCTYIO CTPYKTYpY.

[lonavanmy wuuaess DWHIITEWHA O TOM, YTO CBET MOXET COCTOSITh U3
(hOTOHOB, BOCIIpUHUMAJIACh KOJIJIETaMU HE MHA4e KaK ONIMOKa MOJIOJOCTH.
Bce xBanuiam ero 3a T€OpU0 OTHOCHUTEIBHOCTH, HO CUUTAIN UC0 (POoTOHA
HeJlenou. JIWmb HE3ajoaro A0 TOr0 Y4YEHbIE NPUIUIM K TBEPAOMY
yOEXKJIEHNI0, YTO CBET MPEICTaBIsA€T COOOM BOJIHBI AIEKTPOMATHUTHOTO
noJyig, — Kak e OH MOXeT ObITb 3epHUCTHIM? B mnuchbmMe Ha wums
FEPMAHCKOTO MHUHHUCTPAa C PEKOMEHJALMEN MPENOCTaBUTh ODUHIITEHHY
npodeccypy B bepnuHe cample BblIaromuecss (PU3NKA TOTO BpPEMEHU
MUIIYT, YTO O3TOT MOJIOJIOM YEIOBEK CTOJIb SAPOK, UYTO €MY «MOXHO
MIPOCTUTH» HEKOTOPHIC Uy/laue€CTBa, KaK, HapuUMep, uaeto Gporonos. Crycts
HECKOJIBKO JIET T€ K€ CaMble KOJUJIEru mpucyasat emy HobOeneBckyro npemuto
MMEHHO 3a JOTaJKy o cymectBoBanun ¢oroHoB. [lamarommii Ha
IIOBEPXHOCTH CBET JIEMCTBUTEIILHO HAITOMUHAET JIETKUM JOXKIb C TPAIOM.

Jlns  TmoHMMaHUsA TOTO, KakuM 00pa3oM CBET MOXET OBITh
AIIEKTPOMArHUTHOM BOJHOW U OJJHOBPEMEHHO poeM (POTOHOB, TPEOOBAIOCH
BCE 3/IaHME KBAHTOBOM MeXaHWKH. OJHAKO MEPBBIA KUPIHY B OCHOBAHUE
ATOM TeopuM YK€ ObLI 3aJI0KEH: 6cem BelllaM, BKIJIIOYAs CBET, MPHUCYIA
(byHIaMeHTanbHask 36pHUCTOCTb.



Huabc, Bepuep u Iloab

Ecnu [Inank — Ouonorudeckuii oTel; KBaHTOBOM TE€OPUH, TO DUHIITEHH
— ee ponutens U kopmmien. Ho, kak 370 9acTo ObIBaeT ¢ I€TbMH, TEOPHUS
BIIOCJIEICTBUU TOLLIA CBOUM ITyTEM, KOTOPBI caM DWHIITENH NPU3HABAThH
HE XOTEJl.

B TeueHune nByx mepBbIX AecATUIECTHH XX BEKA pa3BUTHE KBAHTOBOU
Teopun omnpenenst aaryanud Hunbe bop. OH u3ywan cTpoeHune aTtomoB,
KOTOPOE Hayajdu WCCIENOBaTh Ha pyOexke CTOJeTUN. IKCIEPUMEHTHI
MOKAa3bIBaJIK, 4TO aToM nojj00eH COJIHEUHOW CUCTEME B MUHUATIOpPE: Macca
CKOHLICHTPUPOBAHA B TSKEIIOM LEHTPAJIBHOM SApPE, a BOKPYr HErO
oOpararoTcs Jerkue AIeKTPOHBI, MPUMEPHO Kak iaHeTbl BOKpyr CouHila.
OTa KapTWHA, OJHAKO, HE COOTBETCTBOBajJa MPOCTOMY (HAKTy: BEIIECTBO
VMMEET LBET.

Conb Oenas, nepen YepHbIi, unin kpacHblid. [louemy? U3ydyenue cBera,
HUCIYCKAa€MOI0  arOMaMmH, IIOKa3aJo, 4YTO  pPa3HbIM  BENIECTBaM
COOTBETCTBYIOT pa3Hble LBETA. ECIM IIBET COOTBETCTBYET YACTOTE CBETA,
3HAUUT, PA3HbIE BEIIECTBA HMCITYCKAIOT CBET CO CBOMMHU OIPEICICHHBIMU
yactoTamMu. HaOop 3THUX 4YacTOT, XapaKTepHU3YyIOIIMH JaHHOE BEIIECTBO,
Ha3bIBa€TCSI cnexkmpom 3TOro BemiecTBa. CHEKTp — 3TO COBOKYIHOCTh
JIMHUAW pa3IUYHBbIX OTTEHKOB, HA KOTOPBIE PACKIAJbIBACTCS (Hampumep, C
MOMOIILBIO TPU3MbI) UCIYCKA€MbId JaHHBIM BeEIIECTBOM CBET. CHEKTpPHI
HEKOTOPBIX 3JIEMEHTOB MPEACTABIEHBI HA pucC. 4.2.
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Puc. 4.1. Hunsc bop

HaTtpui

PryTe

NutKiA

Bogopog

Puc. 4.2. CoexTpbl HEKOTOPBIX 3JEMEHTOB: HATpUs, PTYTH, JUTUSA U
BOZIOpOJA

B navane Beka BO MHOTUX Jaboparopusx M3y4alIuchb U
KAaTAJIOTU3UPOBAIMCH CIIEKTPBI MHOXKECTBA BEILIECTB, HO HUKTO HE 3HaJ, KaK



OOBACHUTH, TTOYEMY KOHKPETHOE BEIECTBO MMEET TOT WJIM WHOU CIEKTp.
Yem onpenessitoTest [IBETa BCEX ITUX JIMHUM?

[IBeT — 3TO CKOPOCTh, C KOTOPOUl BUOPpUPYIOT (hapajieeBhbl JIUHUU, a 3Ta
CKOPOCTb OIPEAEISAETCS KOJIEOAHUSMHU BIEKTPUUECKUX 3apAJIOB, KOTOPHIE
HCITyCKAIOT CBET. DTH 3aps/ibl MPEJCTABISIOT COOOM AIIEKTPOHBI, KOTOPHIE
IBIKYTCSI BHYTpPU aroMoB. [1o3ToMy, n3yyasi CIEKTpbl, Mbl MOYKEM TOHSITH,
KaK ABWXKYTCS JJIEKTPOHBI BOKPYT sijep. Jpyroil myThb COCTOMT B TOM,
yTOOBl MpEJCKa3aTh CHEKTP KaXXJIO0ro aromMa, BBIYKCIWB YacTOTHI
AJIEKTPOHOB, OOpAaIIAIOIUXCd BOKPYT €ro sjpa. ITO JIETKO CKaszaTh, HO
CIeNaTh Ha NPAKTUKE HHUKOMY HE yaaBainocb. Ha camom nene Bce 3TO
BOOOIIE Ka3aJ0Ch HEBO3MOXKHBIM, MOCKOJIbKY B HbIOTOHOBCKON MEXaHUKE
AIIEKTPOH MOT 00pamiarhCs BOKPYT CBOETO Sapa C 17000l CKOPOCTHIO, a
3HAYUT, UCITYCKaTh CBET 17000l 4acTOThl. Ho moueMy Toraa MCIycKaemblid
aTOMOM CBET COJIEPKUT HE 6ce LIBETA, & TOJILKO HEKOTOphIE U3 HUX? [louemy
aTOMHBIC CIIEKTPhI MPEACTABISAIOT COOON HE CIUIONIHBIE IIBETHBIE MOJOCKH,
a COCTOAT M3 OTHENbHBIX JUHUKW? [loyeMy, BbIpakasicb Hay4YHO, OHH
Ouckpemusl, a He HENpepbIBHBI? JlecATKH JeT (PU3MKU HUKAK HE MOIJIU
HANTH OTBET Ha 3TOT BOIIPOC.

bop HaxomWT yMO3pUTEIBHOE PENICHHE, NPUMEHUB OAHY CTPAaHHYIO
runote3y. OH NPUXOJUT K BBIBOAY, YTO BCE MOXHO OOBSICHUTH, €CIIH
MPEANOJIOKUTh, YTO HHEPrUsl AJIEKTPOHOB B aTOMaX MOXKET MNPHUHUMATh
TOJIKO OMNPEIEIEHHBIE K8AHMOBAHHble 3HAUYECHUS, B TOYHOCTH KaK
npennonarany [lnank v DWHIITENWH AJ1s1 SHEPTrUM KBAHTOB cBeTa. M1 BHOBB
KJIFOYOM OKAa3bIBAETCSl 3ePHUCMOCHb, HO TENEPb HE JJI1 SHEPTUM CBETA, a
JUISL SHEPTUM SJIEKTPOHOB B aroMe. [[oCTeneHHO CTaHOBUTCS OYEBUIHBIM,
YTO 3€PHUCTOCTH — 3TO YTO-TO IMIUPOKO PACITPOCTPAHEHHOE B MPUPO/IE.

bop BbIIBUTAET TUNOTE3Y, UTO IEKTPOHBI MOTYT CYIIECTBOBATH TOJIBKO
Ha ONPEAEIICHHBIX 0COObIX PACCTOSTHUSIX OT S7Ipa, TO €CTh HA OMPEACICHHBIX
opbuTax, pa3Mepbl KOTOPBIX OMPENENSIoTCs mocTosiHHoM [1nanka 4, a Takxe
YTO BJIEKTPOHBI MOTYT nepecKaKuéams C OJHON OpOUTHI C pa3perieHHOU
SHEpPruel Ha JApPYryro. OTO U €CTh 3HAMEHUTBIC KBAHMOBble CKAYKU.
YacToTra HIBUXEHUS SJEKTPOHA IO ATUM OpOUTaAM OIpeAesseT 4acToTy
HCIyCKAa€MOI0 CBETa M, CJIEAOBATEIIbHO, MOCKOJIBKY pPa3pelI€Hbl TOJIBKO
HEKOTOPbIE OPOUTHI, UCITYCKATHCSI MOTYT TOJIBKO OMPEACICHHBIE YaCTOTHI.

OTH TUNOTE3bl OMNPENENAIOT OOPOBCKYIO MOJIEIb aroMa, CTOJIETHE
KoTOpoi oTMeuanoch B 2013 roay. C 3TUMU TONYIIEHUSIMU (HEJIETIBIMU, HO
MpPOCThIMU) bOpy ynaercst BBIUUCIUTh CIIEKTPHI BCEX aTOMOB U J1a’K€ TOYHO



MpeacKa3aTh ~ CIEKTpPHl,  KOTophle  eme  He  HabmomamuchZY,

DKcnepUMEeHTaIbHBIN yCIIeX 3TOM MPOCTONM MOJIENIN OBbLIT MOTPSICAIOIIKM.

SIcHO, 4TO 32 A3TUMU MPEANOIOKEHUSIMHU JIOJKHA CTOATh HEKasi UCTUHA,
@K€ €CIM OHM BCTYMAIOT B IPOTUBOPEUHUE CO BCEMU COBPEMEHHBIMHU
MPEACTABICHUSIMUA O MaTepUU U JTUHamMuke. Ho moyeMy J10myCcTUMBI TOJIBKO
HEeKoTopbie opouThI? 1 4TO mogpazymeBaeTcs, KOrja TOBOPSIT, YTO 3JIEKTPOH
COBEPIIIACT CKA4OoK?

B uncturyte bopa B Komenrarene coOuparorcs cambie OiecTsIue
MOJIOZIbIE YMBI CTOJETHS, YTOOBI pa3o0parbCsi B OTUX HEMOHITHBIX H
OecropsAIOUHBIX MOBaJKaX aTOMHOTO MHpa U TMOCTPOUTH COIIACOBAHHYIO
Teopuro. Ho nccnenoBanust HayT O4eHb MEAJIEHHO U TSKENO, ITOKA MOJIOAOU
HEMEIKUI (GU3UK HE HAXOAUT KJIIOU K TallHaM KBaHTOBOTO MUpA.

Bepnepy leitzenbepry Obuto 25 €T, KOrja OH 3amucall ypaBHEHUS
KBAaHTOBOM MEXAHUKHU, — CTOJIKO K€, CKOJIbKO OWHINTEHHY, KOTJa OH
OIMmyOJNIMKOBall TPHU CBOM 3HAMEHUTHIE CTaThu. [ei3eHOepry ymanoch
JOCTUYb yCII€Xa, OMUPAsICh HA COBEPIIEHHO TOJIOBOKPYKUTEIIbHBIE UCH.

Joragka mpuia K HEMY OJHAXAbl HOYBID B MapKe, BO3JE
Konenrarenckoro wuHctuTyTa (Qu3ukn. Monogoit BepHep 3aaymMunBo
MpOTyaUBAJICA MO MapKy. Tam ObLIO 0OYEHb TEMHO — Bellb 3T0 ObLT 1925 rox.
Jluue penkue ynuyHble hOHApU CO3/1aBaIu HEOOJIBIINE OCTPOBKHU TYCKIIOTO
CBETa MOCPEAN HOUYHOIO Mpaka. DTH MATHA CBETA Pa3ACISUIUCH OOJIBIIUMU
y4JacTkamu TeMHOThI. BHe3anHo [eiizenOepr yBuen npoxoxero. Ha camom
JieJle OH HE BUJEN, KaK TOT MOJOIIEN: OH 3aMETHUJI €ro, KOTJa TOT OKa3ajcs
non ¢oHapeMm, a 3aTeéM BHOBbH HCU€3 B TEMHOTE, YTOOBI MOSBUTHCS IO
cienyromuM (poHapeM U BHOBb MCUYE3HYTh. U Tak nanee — OT 0JJHOTO MATHA
CBETA K CIEAYIUIIEMY, IIOKa OH OKOHYAaTEJIbHO HE PAaCTBOPHIICS B HOYHU.
['eitzenOepr nogymal, 4yTo B JEHCTBUTEIBHOCTH 3TOT YEJIOBEK HE HCUE3al U
HE MOSABIISICA, BEAb OYEBUOHO, YTO MBICIEHHO JIETKO PEKOHCTPYUPOBATH
MyTh MPOXOXKETO OT OAHOTO (hoHApA K Jpyromy. B KoHIIE KOHIIOB, YEJIOBEK —
ATO JOBOJIbHO COJUIHBIN OOBEKT, KPYMHBIA M TSOKENbIA, a KPYNHbIE U
TSDKEJbIe 00BEKTHI MTPOCTO TaK HE MOSABISIOTCS U HE UCUE3AI0T.



Puc. 4.3. Bepuep [eiizenoepr

Bot ono uTo! Omu 0OBEKTHI — COJIUJIHBIC, KPYIIHbIC U TSKEIbIE — HE
MCUYe3al0T U HEe MOSABIAIOTCA... HO 4TOo MBI 3HaeM 00 3JeKTpoHax? ITo
OBLII0 TTOTOOHO BCIIBIIMIKE B MO3Ty. [loueMy ManeHbKkue 0ObEKThI, TAKUE KaK
AIIEKTPOHBI, JOJKHBI BeCTU cebsa Tak ke? UTo, ecnu B JEHCTBUTEIHHOCTU
AIIEKTPOHBI MO2ym WCYE€3aTh W BHOBb MNOSBIAThCIA? UTO, €ciu B 3TOM
COCTOMT 3arajika KBaHTOBBIX CKAa4KOB, KOTOPBIE, MIOXOXKE, MPEAONPEAECISIOT
CTPOEHHE aTOMHBIX CHEKTPOB? UTO, €Clu MEXy OHUM B3aUMOJICHCTBUEM
C YeM-TO W JIPyTMM B3aUMOJICICTBUEM 3JIEKTPOH B OYKBaJlbHOM CMBICTIE
HaXOIUTCS Huzoe?

He MOXeT 1M 3JIEeKTPOH OKa3aTbCsl YEM-TO TAKUM, UTO MPOSBISETCS
JUIIb BO BpEMsI B3aUMOJICMCTBHUS, KOIJla OH CTaJKUBAETCS C JIPYyTHM
00BEKTOM, M YTO HE UMEET TOUYHOTO TMOJIOKEHHSI B MHTEPBAJIC MEXIY JABYMS
B3anmojieicTBuAMU? YTO, €ciauM CBOMCTBO BCerma MMETh OMNPEACICHHOE
MOJIOKEHHE MPUOOpeTaeTcsl JUIIb BEllaMU JOCTAaTOYHO COJUAHBIMH —
KPYITHBIMA U TSKEJIBIMHU, KaK 4YE€JIOBEK, KOTOPBIM HEAABHO MPOIIET MHUMO
Mo1I00HO MPU3PAKY B TEMHOTE, a 3aT€M PACTBOPHUJICS B HOUU?..

[Toxamyi, TOJIBKO B CaMOM HaudaJle CBOCW HAy4YHOM Kapbepbl MOXKHO
MIPUHUMATh BCEPhE3 CTOJb OpPEOBBIE MPEANONIOKEHU. BaM HOMKHO OBITh
HEMHOTHM 32 JIBaJIIaTh, YTOOBI BEPUTH B TO, UYTO OHH MOTYT MPEBPATUTHCS B
HOBYIO BCEOOBEMITIONTYIO TeOpHio. 11 BO3MOXKHO, BaM HYKHO OBITh TaKUM



MOJIOJIBIM, YTOOBI MEPBBIM M JIYYIIE BCEX OCTAJbHBIX MOHATH IITyOHMHHYIO
CTPYKTYpYy HPHUPOIbL. DUHIITEHH B TOM K€ BO3PACTE IMOHSII, YTO BpEMs HE
JUIsl BCEX TE€UeT OJIMHAKOBO, U ¢ leitzeHOeprom B Ty HOub B KomeHrarene
CIIYYUJIOCh HEUYTO No00HOEe. BeposTHO, mocie TpUIAUaTH HaCTOIbKO
JNOBEPSTh CBOEH UHTYULIUH YK€ HE CTOUT. ..

['eiizenOepr BO3BpaIIaeTCs JOMOM B HEBEPOSATHOM SMOIIMOHAIBHOM
BO30Y>KJIEHUHU U TIOTPY’KaeTcsl B BhIYMCIeHUs. CIycTsi HEKOTOpOE BpeMsl OH
BBIHBIPHBAET C HOBOW, NPUBOIAIIMN B 3aMEIIATEIbCTBO TEOPUEH —
dbyHIaMEHTaIbHBIM ONMUCAHUEM JBM)KCHHUS 4YacTUIl, B KOTOPOM OHHU
XapaKTEPU3YIOTCS HE CBOMM ITOJOKEHUEM B KAXKIbII MOMEHT BPEMEHHU, HO
JWIIb  TIOJOKEHUSMU B OINPENCIICHHBIE MTHOBEHUSA, KOTJAa OHH
B3aNMOJICMCTBYIOT C YEM-TO JIPYTHUM.

DTO BTOpPON KpacyrojibHbIi KaMEHb KBAaHTOBOM MEXAHUKH W CaMbId
CIOXHBIA ISl TIOHUMAHUSl — PelAyUOHHbIY ACTIEKT BEIIEH. DIEKTPOHBI
CYILLIECTBYIOT He Bceraa. OHU CyIIECTBYIOT, JIMIIb KOTZIa B3aUMOJEHCTBYIOT.
OHM MaTepuaIn3yIOTCs B TOM MECTE, TJI€ CTAIKUBAIOTCS C YEM-TO JIPYTHUM.
KBaHTOBBIE CKauku C OAHOM OpOUTHI Ha JPYyTyHd — 3TO HUX CMOCO0
PEABHOTO CYIIECTBOBAHUS: 3JIEKTPOH — 3TO COBOKYIHOCTH CKa4KOB OT
OJTHOTO B3aWMMOJAECUCTBUA HO0 Apyroro. Korga HMYTO €ro He BO3MYIIAET,
ANEKTPOH HE HAXOJIUTCA HU B KaKOM ONPEAECICHHOM MecTe. BmecTo Toro
gTOOBl 3alKMCBIBAaTh MOJOXKEHHUE M CKOPOCTh JJIeKTpoHa, [eizenoepr
3aMmuchiBaeT TaOMUIBl W3 uucen (Marpuipl). OH yYMHOXAeT W JCJUT
TaONMIBl  YWCEJNl, TPEACTABISAIOMINE BO3MOXHBIE  B3aHMMOJEHCTBHUS
ayieKTpoHa. M cTOBHO Ha BOJIIIEOHBIX cUeTax mMara, pe3ysbTaT MoJly4aeTcs B
TOYHOCTH COOTBETCTBYIOIIUM HaAOJIIOICHUSIM. 9t10 MIEPBBIC
dbyHIaMeHTalbHbIE YPaBHEHUSI KBAHTOBOW MexaHUKU. C TOr0O MOMEHTa 3TH
ypaBHEHUs1 OyayT TOJIbKO paborarh, paborarh W padorath. [lo ceil neHb
MOpa3UTEIHLHBIM 00pPa30M OHM HH pasy He aaiu cOosl.

N Hakonern, emie OaWH BAILATUIISITUWICTHUN UCCIIEN0BATEb, KOTOPBIN
nojxBaTwi padory, Hadaryio [eiizeHOeprom, MpUHSUT U3 €r0 PyK HOBYIO
TEOPUI0 M CKOHCTPYUpPOBaJl JJisi HEE LEJOCTHBIM (QopMaabHBI U
MareMaTUYeCcKkuil kKapkac — aHm4danuH l[lons Anpuen Mopuc Jlupak,
KOTOPOr0 MHOTHE CUMTAIOT BeIWYalum mnocie DuHmTeiHa pusukom XX
CTOJICTHA.

HecMmotpst Ha cBOO ponb B Hayke, Jlupak ropa3no MEHEe U3BECTEH, YEM
OWHIITEWH. DTO OTYACTH CBA3aHO C BbICOUaiIeld aOCTPAKTHOCTHIO €Tro
HayKH, OTYACTH C €ro CTPaHHbIM XapakTepoM. He3zameTHbI B KOMIIAHUU,



KpallHe 3aMKHYTbI, HECHOCOOHBIM BBIPAXKATh AMOIMU, YACTO HE
Y3HAIOIUM B JIMI[O 3HAKOMBIX, HE YMEIOUIUNA JaXke MOJAJEepP>KaThb OOBIYHBIN
pa3roBOp WM, KaK MONIO I[IOKAa3aTbCs, HE IMOHUMAKOIIUA MOPOCTHIX
BOIIPOCOB, OH (PaKTUYECKH BBIISAECT ayTHCTOM, H  BO3MOXHO,
JNEUCTBUTENILHO CTpaaal Mog00HOTO poIa pacCTPOMCTBOM.

Bo BpeMst OTHOM U3 €ro JIEKIMK KOoJUlera cKazal emy: «f He MOHUMaro
Toil popmynbly. ChaenaB KOpOTKYyIO Tay3y, Jupak MmpomosnKuil, HUKAK He
oTpearupoBaB. Mozeparop npepBai €ro, ClIpoCHB, MOXKET JIU OH OTBETUTH
Ha Bompoc. J[Mpak, MCKpEHHE YAMBHUBIIMCH, Bo3pa3uwi: «Bompoc? Kakon
Boripoc? Moil kosiera caenan yTBepxKIeHHUe». TakoB ObUT XapaKTEepHbBIN
JUISL HETO KpaWHUM MeTaHTU3M. JTO HE OBbUIO BBICOKOMEPHEM: YEIIOBEK,
CIIOCOOHBIN OTKPBIBATh YCKOJB3AIOIIME OT BCEX OCTAIBHBIX CEKPETHI
MPUPOABI, MOXET HE YJIAaBIWBATh HESBHBIE CMBICIBI  SI3BIKOBBIX

KOHCTPYKIIMH, BOCIPUHUMAs JIHIIb UX GykBambHbH cMbica-l. U Bce xe B
€ro pykax KBaHTOBas MEXaHWKA IMPEBpPATWIACh W3 3aIlyTaHHBIX OTAJIOK,
MOJTy3aKOHYEHHBIX BHIYMCICHUN, TYMAaHHBIX MEeTa(pU3NUECKUX AUCKYCCUN U
XOpOIIO paboTaIINX, HO HEOOBSCHUMBIX YpPAaBHEHHUH B IPEKPACHOE
APXUTEKTYPHOE COOPYKEHHUE — BO3AYIIHOE, IMPOCTOE U HEBEPOSTHO
kpacuBoe. KpacuBble, HO BBICOYAWIIEr0 CTPATOCHEPHOTO  YPOBHS
a0OCTpakIuu.

Joctoutumsiii bop ckazan o HeM: «M3 Bcex ¢usukoB y [upaka camas
yucTas gymay. 1 pazse 3To He BUAHO 110 ero miazaM (puc. 4.4)?

Puc. 4.4. ITons J{upax



Ero ¢usuka obmagaeT NEeBCTBEHHOW YMCTOTOM MecHU. J[jsg Hero mwup
COCTOMT HE U3 Belled, a U3 aOCTPaKTHBIX MAaTeMaTU4eCKUX CTPYKTYD,
KOTOpbIE MOKAa3bIBAIOT HAM, KAaK BEIM BBIVIAJAT U KAKOBO UX MOBECHUE,
KOTJ]a OHU Cce0sl MPOSIBIIAIOT. DTO Marnyeckas BCTpeya JJIOTUKUA U UHTYULINH.
[myGoko BmeuaTieHHbIH DUHINTEHH 3ameTui: «Jlupak mpenctaBisieT s
MeHs TpoOiemy. CoxXpaHSTh PaBHOBECHE Ha 3TOM TOJOBOKPYXUTEIHHOM
MyTH MEXITY TeHUATbHOCTBIO U 0€3yMUEM — MYTAIOIIEE MPEAITPUITUEY.

KBantoBass Mexanuka Jlupaka — 93TO MaTeMaTHyecKas Teopusl,
UCIIOJIb3yeMasl CETOIHsI JTI0OObIM MHKEHEPOM, XUMHUKOM WJIU MOJIEKYJISIPHBIM
ouonorom. B Held Kaxnapli O0OBEKT  oOmpefesneH  abCTPaKTHBIM

npoctpancTBoMZ 1 cam mo cebe He MMeeT HMKAKHX CBOWCTB, KpoMe
HEU3MEHHBIX, TaKMX Kak Macca. Ero moyiokeHue u CKOpOCTh, YITIOBOM
MOMEHT U 3JIEKTPUUECKUM TOTEHIIUAI U T. 1. OOPETAIOT PEATIbHOCThH TOIBKO
TOT/IA, KOT/Ia OH CTAJIKUBAETCS — 83aumooeticmgyem — ¢ IPyruM OOBEKTOM.
HeonpenenenHo He TOIBKO €T0 MOJOKEHHUE, O YeM gorajgaics [ eizendepr, —
HU 0OHa W3 TIEPEMEHHBIX HE OMpe/esieHa ISl 00bEeKTa MEXIY ABYMsS €ro
MOCJIENOBAaTEIbHBIMU  B3aUMOJEUCTBUSIMU. OTOT pelAYUOHHbBIY  ACTICKT
TEOPUH CTAHOBUTCS YHUBEPCAIbHBIM.

Korna »mekTpoH BHE3amHO MOSBIAETCS B MPOLIECCE B3aUMOACHCTBUSA C
IpPYrUM  OOBbEKTOM, (U3UYECKHUE TMEepEeMEHHbIe (CKOPOCTh, JHEPTHS,
UMITYJIbC, YIJIOBOM MOMEHT) HE NPHHUMAIOT TMPOW3BOJBHBIC 3HAYCHHS.
Jlupak 1maeT yHUBEpPCAIbHBINH PEIENT, KaK BBIYUCIUTH HAOOp 3HAYCHHU,
KOTOpbIE MOXKET MPUHUMATh (u3Hueckas IepeMeHHasA 2. Dtu 3HadeHHs
aHAJIOTMYHBI CIEKTPYy CBeTa, HCHyckaemoro aroMamu. CerogHs MbI
Ha3bIBaéM HAOOp KOHKPETHBIX 3HAYCHHM, KOTOPHIE MOXKET NPUHUMATH
nepeMeHHas, Cnekmpom 3TON TIEPEeMEHHOW 0 aHaJIOTUM CO CIIEKTPOM, Ha
KOTOPBIA PACKJIaIbIBAIOTCS COCTABIAIOIINE CBETA — MEPBOTO MPOSBICHUS
storo ¢enomena. Hampumep, paguyc opOutaneid mis DIEKTPOHA,
HaXOJSIIEerocss BOMU3M fAllpa, MOXKET MPUHUMATh TOJIBKO KOHKPETHBIE
3HAYEHUs, BKIIFOUYEHHBIE bOpoM B CBOIO THIIOTE3Y, KOTOpPHIE HA3bIBAIOTCS
CneKmpom paouyca.

Teopust Takxke naer MHOOPMALMIO O TOM, KaKoe 3HAYEHUE CIIEKTpa
MpOSIBUT ce€0si B CIEAYIONIEM B3aWMMOJICUCTBUU, HO JUIIL B (opme
BEpOSITHOCTE. MBI HE 3HAEM C YBEPEHHOCTHIO, T/Ie OKAKETCS DJIEKTPOH, HO
MBI MOXEM BBIYHCIUTH 8€pPOSIMHOCHMb TOTO, YTO OH TOSIBUTCS B TOM WJIH
WHOM MecTe. JTO paJuKaJbHOE H3MEHEHHE [0 CPAaBHEHUIO C TEOopHUeu
HreroTOHa, KOTOpasi, B MPUHIIUIIE, IOMyCKajla BO3MOXKHOCTh MPECKA3bIBAThH



Oyaymiee ¢ MOJHOM yBEpeHHOCThIO. KBaHTOBasi MexaHWKa TPUBHOCHUT
BEpPOATHOCTH B CaMO€ CEpALE OBOJIOIHUM BCEX Bemen. Jrta
HeonpeoeleHHOCmb — TPETUN KPaeyroibHbI KAMEHb KBAHTOBOW MEXAHUKH:
OTKPBITHE TOTO, YTO BEPOATHOCTh pabOTAaE€T Ha aTOMHOM ypoBHE. B To
BpeMs KaK HBIOTOHOBCKasi (PpM3MKa MO3BOJIAET C MOJHON OMpPeeIeHHOCTHIO
npeackaspiBaTh  Oymymiee, €ciad  Mbl  pacrmojaraéM  JOCTaTOYHOU
uHdopmaruet O HaYaJdbHOM COCTOSSHUM W MOXEM  BBITIOJIHUTH
HEOOXOJIMMBIC BBIUMUCICHUS, TO KBAaHTOBas MEXaHWKA II0O3BOJISIET HaM
BBIYUCIIUTD JIUIIb 8€POSIMHOCHIb COOBITUSL. DTO OTCYTCTBHUE JETEPMUHHU3MA
Ha MaJlbIX MaciiTabax — HEOThbeMJIEMOE CBOMCTBO mNpuponbl. [Ipupona He
00s13bIBAET DJICKTPOH JIBUTAThCsl BIPABO WJIM BJIEBO; OH JIENAET 3TO
CIy4YanHO. Buaumblii JETEpPMHUHU3M MaKpOCKOIIMYECKOTO MHUpa CBS3aH
TOJILKO C TeM (paKTOM, YTO MUKPOCKOIUYECKUE CIYyYalHOCTH B CPEIHEM
racsiT Jpyr Npyra, OCTaBJsis JUIIb (UIYKTyalldd, CIWIIKOM Majble s
HAIlIETO0 BOCIPUSATHS B IOBCETHEBHOMW KU3HU.

Takum oOpa3om, TUPaKOBCKas KBAHTOBAsI MEXaHWKa MPEI0CTaBIsIeT HaM
JIBE€ BO3MOXHOCTH. BO-TIEpBBIX, MBI MOKE€M BBIYMCIUTH, KaKue 3HAYCHUS
crocoOHa TpuHUMarh (¢uU3MYecKass IMepeMeHHas. OTO Ha3bIBaeTCs
BBIYMCIICHUEM CHEKTpa (HU3NUECKON MEePEeMEHHOM; 3/eCh MPOSBIAECTCS
3epHucmas npupoja semieit. Korga o0beKT (aToM, 3J€KTPOMarHuTHOE TI0JIE,
MOJIEKYJIa, MAsITHUK, KAMEHb, 3B€3/1a U T. JI.) B3aUMOJCHCTBYET C APYrUM
00BEKTOM, TOJIyYEHHBIE YHCJIAa — 3TO T€ 3HAYEHHUSI, KOTOPbIE MOTYT UMETh
NepeMEHHbIE TpU  B3auUMoOJEHCTBUM  (pernayuonnocms). Bo-BTOpBIX,
KBAaHTOBasi MexaHWKa J[Mpaka MO3BOJISIET HAM BBIYUCIUTH BEPOSMHOCHU
TOrO, 4TO NEPEMEHHAS MPUMET TO WM WHOE 3HAUYCHUE MPHU CICIYIOIIEM
B3aMMOJICUCTBUU. IJTO HA3BIBACTCS BBIYUCICHUEM aMNIIUMYObl Nepexood.
BepositHoCTh BBIPAXKAET TPETHIO 0COOEHHOCTH TEOpUH —

H€0np€a€ﬂ€HHOCmb — TOT (1)3.KT, 4qTO TCOpHA Ha€T HC OJHO3HAYHBIC
npcacKasaHus, a JHUIIb BEPOATHOCTHBIC.
TakoBa KBaHTOBasi MeXaHHKa I[I/IpaKa — peOcuT i1 BbIYHMCICHUA

CIIEKTPOB TIEPEMEHHBIX U PELENT ISl BBIYUCICHUS BEPOSTHOCTH, C KOTOPOM
TO WJIM WHOE 3HAYCHHE M3 ITOTO CIEKTpa IMOSBHUTCS MPHU B3aMMOJICHCTBHH.
Bor u Bcé. Ilpoucxomdiiee OT OAHOrO B3aUMOAECHUCTBUS [0 APYroro B
TEOpHH He yroMuHaeTcs. Ero mpocTo He cyIecTByer.

BeposTHOCTS 0OHAPYKUTH AIEKTPOH WIH JIFOOYIO JPYTyI0 YacTHILy B
TON WJIM MHOM TOYKE MOXKHO MPEJICTABIATh cede Kak auddy3Hoe 00IaKo,
KOTOpOE TUIOTHEE TaM, TJie BEPOSITHOCTh yYBUJETHh YacTUIly BhIime. MHorma



MOJIE3HO BU3YaJIU3UPOBATh TaKOE 00JIAKO, KaK €CII Obl OHO OBLIO peasibHOM
Belpl0. Hampumep, oOnako, KOTOpo€  MPEACTaBISAET  3JIEKTPOH,
HaxXOJSIIIUNACS BHYTPU AJIpa, YKa3bIBa€T, IJI€ OJIEKTPOH C OOJbIIeH
BEPOSITHOCTBIO TIOSIBUTCS, €CITM MBI OyJIeM 32 HUM CJIEAUTh. BO3MOXKHO, BBI
BCTPEYAINCH C ATUMU H300paKEHUSAMH B IIKOJIE — 3TO TaK Ha3bIBaEMbIC
aToMHbIe opbumanu4l.

Teopuss BCKOpE MPOAEMOHCTPUPOBAIIA CBOK  JIKCTPAOPIAUHAPHYIO
abdexTuBHOCTh. Ecnm ceromHs Mbl co3laéM KOMIIBIOTEPHI, pacrojiaracMm
BBICOKOPA3BUTOM MOJEKYJIApHON XuUMUEH u Ouoyioruei, nazepamud u
MOJIyTPOBOAHUKAMHM, TO BCE 93TO Onarogaps KBaHTOBOM MeEXaHUKeE.
Heckonbko necsatuneTuit moapsia y (U3MKOB CIOBHO KaXKAbIM JIEHb OBLIO
PoxxaecTBO: BCce HOBBIE M HOBBIC 3aJauM IMOJy4Yajyd OTBETHI, BHITECKAIOIINEC
U3 YpaBHEHUW KBAaHTOBOW MEXaHUKH, U BCAKUU pa3 3TO ObLIM NPaBUIIbHBIE
OTBETHI. /[0CTAaTOYHO NMPUBECTU OIUH ITPUMED.

Okpy»karomas Hac MaTepusi COCTOUT U3 ThICAY PA3JIMYHBIX BEIIECTB. B
TeueHue XIX—XX BEKOB XMMHUKHU MOHSUIM, YTO BCE 3TH BEIISCTBA — JIMIIb
COYETAaHHWE OTHOCHUTEIHHO HEOONBIIOro yuciaa (MEHee COTHHM) MPOCTHIX
AIIEMEHTOB: BOAOpPOAA, TENMs, KUCIOpPOJa M TakK Jajnee, [0 YypaHa.
MeHieneeB ynopsio4i BCe AIEMEHTHI (COTIaCHO MX BECY) B 3HAMEHUTOMU
MEePUOANYECKON Tabnuile, BUCSIIIEH Ha CTEHE BO MHOIMX IIKOJBHBIX
kimaccax. OHa Kparko XapakTepu3yeT CBOMCTBA AJIIEMEHTOB, U3 KOTOPBIX
COCTOUT MHP HE TOJIBKO Ha 3eMJIie, HO U BO BCEX TAIAKTHKaxX BceneHHO.
[loueMmy UWMEHHO JTH KOHKPETHbIE 3JIeMeHThI? Yem oObsCHsIETCS
nepuogudeckas CTpykTypa 3Tod Tabmunbl? [louyeMy Kakaplid 3JI€MEHT
MMEET HMMEHHO TakWe CBOICTBAa, a He napyrue? Ilouemy, Hampumep,
HEKOTOPBIE AIIEMEHTHI JIETKO COEIUHSIOTCS MEeXy co00il, a apyrue Het? B
YeM CEKpEeT CBO€0Opa3HOM CTpyKTypbl Tabnuiibl Menzeneena?



Puc. 4.5. CBeT — 3TO BOJHBI MOJSA, HO OH TAaKXKE UMEET U 3E€PHUCTYIO
CTPYKTYpPY

Hy d4ro 3, BO3bMEM ypaBHEHHE KBAaHTOBOM MEXAHUKH, KOTOPOE
onpenenser (HopMy BIEKTPOHHBIX oOpOuTaieid. DTO ypaBHEHHE HMEET
OMpEeICJICHHBIN HAOOp PEIICHUN, U ATU PEIICHUS KaK pa3 COOTBETCTBYIOT
BOJOpPOMAY, TE€IUI0, KHUCIOPOAY... MW BCEM IMPOYUM  dBIeMeHTam!
[lepuomuueckass Tabmuua MeHgeneeBa  ymopsjioueHa B TOYHOM
COOTBETCTBUU C HaOoOpoMm 3Tux penieHuid. CBOWCTBA DIIEMEHTOB U HHbBIC
3aKOHOMEPHOCTH BBITEKAIOT W3 pEIICHUS 3TUX ypaBHeHUU. KBaHTOBas
MeXaHHKa OJIeCTSIe pacuin(PpoBBIBAET CEKPET CTPOCHUS MEPUOANYECKOM
TaOIUIIBI 2JIEMEHTOB.

Hamuta cBoe Boromenue apeBHsAss meuta Iludaropa u Ilnarona: Bce
BEIIIECTBA MUPA OMUCHIBAIOTCA ONHOU (popMyliol. beckoHeuHast CII0KHOCTh
XUMHUH OXBaThIBAECTCS PEUIEHUSIMU €IMHCTBEHHOTO yYpaBHeHust! 1 3To numib
OJTHO U3 MIPUJIOKCHU KBAHTOBOW MEXAHUKH.

IToasi m YacTHIBLI — OJHO M TO Ke



Bckope mocne 3aBepuieHuss 00med  (pOpMyJHMpPOBKH  KBAaHTOBOM
MexaHUKu Jlupak TOHMMaeT, 4YTO 93Ta TEOpUS MOXKET OBbITh
HEMOCPEACTBEHHO MPUMEHEHA K MOJSAM, TAKUM KAaK 3JIEKTPOMArHUTHOE, H
€e MOXHO CJellaTb COBMECTUMOM CO  CHCHUAIIBHOW  TEOpHUEH
OTHOCUTEIBLHOCTH. (J{oOMTBCSI COBMECTUMOCTH C obOujeli  TEOpUH
OTHOCHUTEJIIbHOCTU OKaXKETCA 3HAYUTEIIBHO TPYAHEE, W ATO IJIaBHAas TeMa
Hame kHUTH.) Oco3HaB 3To, Jlupak OTKpBIBAET NIYOOKYIO CKPBITYIO
MPOCTOTY HAIIETO ONMHMCAHMS MPUPOJLI — KOHBEPTCHIIUIO MEXKIY MOHATUEM
YaCTHIIbI, KOTOPOE UCIOJIb30Ba]l HBIOTOH, U MTOHSITHEM MOJIsS, KOTOPOE BBEJ
dapanen.

O0s1ako BEpPOSITHOCTH, COOTBETCTBYIOIIEE AJICKTPOHY B HHTEpBaAJie OT
OJTHOTO B3aWMOJIEMCTBUSA 0 Ipyroro, HarmoMuHaet noie. [lons @apanes u
MakcBeinsia, B CBOIO Odepeilb, COCTOSAT U3 Kpymnuil — (GoTtoHoB. He Tombko
YacTHULBI B HEKOTOPOM CMBICIIE pa3Ma3aHbl 1O MPOCTPAHCTBY Kak IOJs, HO
W 1O B3aUMOJCUCTBYIOT Kak 4YacTullbl. [IOHSTHS TOJNed W 4acTull,
paznenennbie PapajieeM U MakCBEUIOM, BHOBb CJIIMBAKOTCS B KBAaHTOBOM
MEXaHUKE.

Cnoco0, KOTOphIM 3TO JEelaeTcsi B TEOPUHU, BEChbMa JJIETaHTEH:
ypaBHEHHs [lupaka OnpenenstoT 3HAYCHUS, KOTOPBIE MOXET MPUHUMATH
nepemMeHHas. bynyun mpuMeHeHbl K 3Hepeuu GdapajeeBbIX IJWHUNW, OHU
TOBOPST HAM, YTO 3Ta SHEPTUSA MOKET UMETh OJHU 3HAYECHHUSI, HO HE APYTHUE.
[lockonbKy SHEprus HSIEKTPOMATHUTHOTO TOJISI TPUHUMAET  JIMIIb
OTIpe/ICJICHHbIC 3HAYEHUS, MOJIe BEAET ce0s Kak HabOop IMaKeTOB HHEPIHHU.
DTO KaK pa3 ¥ €CTh KBAHThI YHEPTUHU, BBEICHHBIEC B paccMoTpeHue I Inankom
M OHUHINTEMHOM TPUALATBIO TogamMu paHee. Kpyr 3amkHymncs, UCTOpUS
3aKOHYEHA. YPaBHEHHUSI TEOPHUHU, BBIBECICHHBIE J{MpakoMm, OIHCHIBAIOT
3€pPHUCTYIO ITPUPOAY CBETA, O KOTOPOM Aoraaanuch lInaHk u DUHIITENH.

DJIEKTPOMArHUTHBIE BOJHBI — 3TO BUOpanuu (QapaaeeBbiX JUHUA, HO
Takke, B MHKPOCKOMHMYECKOM MaciiTabe, ctau QoroHoB. Korma onu
B3aUMOJICUCTBYIOT C YE€M-TO JApPYrUM, Kak TMpu (HOTOIIEKTPUUECKOM
s dekre, oHM BemayT ceOs Kak YaCTHUIIBI: JIJIS HAIEro Ija3a CBET IMOJ00eH
OO0 W3 OTACIbHBIX Kameilb, €IUHUYHBIX (OTOHOB. MOTOHBI — 3TO
KBaHTBI 3JICKTPOMArHUTHOTO TTOJIS.

Ho 35exTpoHBI M BCE€ OCTaldbHBIE YACTHUIIBI, U3 KOTOPBIX COCTOUT MU,
TOYHO TaK K€ SBIIAIOTCS KBaHTaMH MOJISL. 1 3TOMYy «KBaHTOBOMY IIOJIFOY,
Kak u nomo Papages — MakcBeiuia, IPUCYIIU 3€PHUCTOCTh U KBAaHTOBAs
BEPOSITHOCTH. J[MpaK BBIBOJUT YpaBHEHUE JJISl TIOJISI DIIEKTPOHOB U JIPYTUX



QJICMCHTAPHBIX ‘IaCTI/IH[ﬁ]. BBGI[GHHOC CDapaz[eeM YCTKOC Ppas3aciICHUcC

MEK]ly TTOJISIMU U YACTHULIAMU HCYE3AET.

Oo6mass ¢hopmMa KBaHTOBOW TEOpHUHM, COBMECTHMAsi CO CHEIUATbHOU
TEOPUEN OTHOCHUTEIIBHOCTH, HA3bIBACTCSA KBAHTOBOM TEOPUEM IOJISI, U OHA
COCTaBJISIET OCHOBY COBPEMEHHON (DU3UKH DJIEMEHTApPHBIX YaCTHII.
YacTuibl — 3TO KBAHTHI MOJS, TaK K€ Kak ()OTOHBI — KBaHTHI cBeTa. Bcee
MOJISI TPU B3aUMOJEHCTBUU AEMOHCTPUPYIOT 3EPHUCTYIO CTPYKTYDPY.

B Teuenne XX crometus cnucok (yHAAMEHTAJIbHBIX  TOJIeH
HEOJIHOKPATHO OOHOBJISIICS, M CETOAHS MBI pacrojiaraeM Teopuen, KoTopast
Ha3biBaeTCcsi CmaroapmHol MoOeibio YIEMEHTAPHBIX YaCTHUI] U OMKCHIBAET
TIOYTH BCE, YTO MBI BHAMM, 33 MCKJIIOUEHHEeM rpaBuTamun-2! B koHTekcTe
KBaHTOBOW Teopuu Tojia. BreipaboTka 3TOM Mojenu 3aHsia y (PU3MKOB
OOJBIIYI0 YacTh MPOILIOTO BEKa, M O3TO ObUIO 3aMeyaTesibHOe
MIPUKIIFOYCHHUE, TTOTHOE OTKPHITUN. S He Oyay MoaApoOHO OCTaHABIMBATHCS
Ha 9TOM, a TMPEINOYTY COCPEIOTOUYUTHCS Ha KBAHTOBOM TIpaBUTAIIMU.
CranpmaptHas Mozenb Obuia 3aBepuieHa Kk 1970-m romam. CymiectByer
OKOJIO TATHAAIATH TMOJE€H, KBAHTHl KOTOPBIX SBIISIIOTCS 3JIEMEHTapHBIMU
4acTULIAMU (3TO BJIEKTPOHBI, KBAPKH, MIOOHBI, HEUTPUHO, O030HBI XUITCA U
KOE-UTO €IIl€), TUIIOC HECKOJBKO IOJeH, MOJOOHBIX 3JEKTPOMArHUTHOMY,
KOTOPBIE OMUCHIBAIOT JIEKTPOMAarHUTHOE B3aMMOJIEVCTBUE U JPYTUE CHIIBI,
ACUCTBYIOIME B SIAEPHBIX MaciiTabax, KBaHThl KOTOPBIX MOJOOHBI
dboToHaMm.

[lonayany CraHgapTHYO MOJieJIb HE BOCIPUHUMAIU  CIUIIKOM
CEPbE3HO, MTOCKOJIBKY OHA B KAKOM-TO CMbICJIE OblIa CIEIJIeHa Ha KOJIEHKE U
CUJIBHO OTJIMYaJach OT BO3JYIIHON MPOCTOTHI ypaBHEHUH 0O0Ilel Teopuu
OTHOCHUTENBHOCTH MakcBeiuia u [Iupaka. Bonpeku oOxuIaHusM, OJHAKO,
BCE €€ TMpeJCcKa3aHus MNOATBepAWInMCch. B Teuenme Oomee yem 30 jer
OyKBAJIBHO KaXIbId DKCIEPUMEHT B 00JaCTH (PU3UKU BIEMEHTaAPHBIX
YacTUL HE NPUHOCHI HUYEro, KPOME OYEPEAHOTO IOATBEPHKIACHUS
CranpaptHoii mozenu. Camoe cBexee €€ IMOATBEPKACHUE — OTKPBITHE
0o30Ha Xwurrca, kotopoe crano ceHcauueil B 2013 romy. Ilone Xwurrca,
BBEJICHHOE JIJIsl TOrO YTOObI JOOUTHCS COMIACOBAHHOCTH TEOPHUHU, OBUIO 10
HEKOTOPOM CTEMEHW HWCKYCCTBEHHOM MPUAYMKOM, IOKa HE YAAIOCh
AKCIIEPUMEHTAIBHO MPOHAOII0AaTh 0030H XUITCa, KBaHT 3TOTO MOJs, U HE
OKa3aJoCh, 4YTO OH UWMEET B TOYHOCTH TE€ CBOMCTBA, KOTOPBIE

npeacka3biBaauch CTaHIapTHON momenbrolZZ, (To, uTO ero cranu Ha3bIBaTh
yactuuen bora, HAcTONBKO HEAOCTOMHO, YTO JaXE HE 3aCIy>XKUBAECT



koMMeHTapus.) Kopode, HecMOTpsI Ha HE3aCIy’KEHHO CKPOMHOE Ha3BaHME,
CrannapTHas MOZIENb — 3TO TPUYMP (PUHKHU.

KBaHTOBasi MexaHUKa ¢ €€ MOJSIMU M 4YaCTULAMH MPEAJIaraeT CEroIHs
nopasutenbHo 3(G(EKTUBHOE OMHMCAHHE NPHUPOAbl. Mup COCTOUT HE U3
NOJIEW M YaCTHI, HO M3 EJUHCTBEHHOW CYIIIHOCTH — KBAHTOBOIO IIOJIS.
bonpiie HeT 4YacTul], KOTOpBIE ABUXKYTCA B NPOCTPAHCTBE C TEUCHHUEM
BPEMEHHU, HO €CTh KBAHTOBBIE IOJIA, DJIEMEHTapHbIE COOBITHS KOTOPBIX
MPOUCXOAAT B MPOCTpPaHCTBe-BpeMeHU. Hail Mup crpaHHblid, HO POCTOU
(puc. 4.6).
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KsaHTOBanA
MexaHuKka

Puc. 4.6. 113 gyero cocrout mup?

KBanTsl 1: uHpopManusa KoHeYHA

[Tpumnuio BpeMs cienaTh HEKOTOPBIE BBIBOJIBI O TOM, YTO B TOYHOCTH
TOBOPUT HaM O MHUpE KBAHTOBas MEXaHWKA. OJTO HEMmpocTas 3ajaadya,
MOCKOJIbKY HJI€M KBAaHTOBOW MEXaHWKH HE BIIOJHE TMPO3pPAauyHbl U €€
MOJITMHHBIN CMBICJI OCTAETCSl CIIOPHBIM, OJHAKO 3TO HEOOXOIUMO, YTOOBI
TOOUTBHCS SICHOCTHM WM JBUTAThbCs Jaible. Sl cuWraro, 4TO KBaHTOBas
MEXaHMKa pacKpbIBaeT TpPHW aclieKTa MPUPOABI BEIIeH: 3E€pPHUCTOCTD,
HEONPEIEeICHHOCTh W PEeMIUOHHYI0 CTPYKTypy wMupa. Paccmorpum
KKJIbIA U3 HUX 0oJiee MoaApoOHO.



IlepBblii  acmekT  COCTOMT B CYLIECTBOBAHUM Yy  IPUPOABI
dbyHIaMeHTaIbHOM 3epHUcmocmu. 3€pHUCTOCTh BEIIIECTBA U CBETA JICKUT B
OCHOBE KBAaHTOBOM TE€OpHUH. IDTO, OJHAKO, HE Ta 3€PHUCTOCTb, O KOTOPOU
noraneiBasics Jlemokput. st JlemokpuTa aTOMbI OBLTH CPOTHYA MaJICHBKUM
KaMellkaM, TOIJla KakK 4YacTHI[bl B KBAaHTOBOM MEXAaHHUKE HCYE3AT U
BO3HUKAalOT CcHOBA. WM Bce ke KirodeBas wuAed MNPUHUANUAIBHON
36pHUCTOCTH MHpa MPOCIEKUBAECTCA B APEBHEM aTOMHU3ME, a KBAHTOBAs
MEXaHWKa, yCHWJEHHAs  CTOJICTHUSIMU  DKCIIEPUMEHTOB U  MOIIHOM
MareMarhuuecko 0a3oi M oOmamaromias MOPa3UTEIbHOU CHOCOOHOCTHIO
7ienaTh KOPPEKTHBIC MPEACKa3aHusl, — 3TO MOJIMHHOE MPU3HAHUE TIYOOKHUX
MPO3PEHUN O MPUPOJIE Belel BeauKoro gpuiaocoda nz Adepsl.

JlonmycTuM, MBI IPOM3BOJIUM H3MEPEHUE HAJ (PU3NUYECKON CHCTEMOM U
oOHapy>KHBaeM €€ B OMpeNIeJICHHOM cocTosiHuu. Hampumep, Mbl u3mepsieMm
aMIUTUTYy KoJieOaHUM MasiTHUKAa U BUIUM, YTO OHA MMEET OIPEACIICHHOE
3HAYEHUE, CKAXKEM, IJIe-TO MEXIy ISThIO U IIECThbI0 CAaHTHUMETpamu (B
¢u3nke He ObIBaeT aOCOMIOTHO TOYHBIX W3MepeHuil). Jlo TmosBIeHUs
KBAaHTOBOM MEXaHUKHW Mbl OBl CKa3ajid, YTO TOCKOJIbKY CYIIIECTBYET
OCCKOHEYHOE YKCJIO BO3MOXKHBIX 3HAUEHHU MEXIy MATHIO M IIECThIO
caHTuMmeTpamu (Hampumep, 5,1, 5,101, 5,101001...), umeercst beckoneurnoe
YHUCJIO BO3MOXKHBIX COCTOSHUM JIBUKEHHUS, B KOTOPHIX MOXET MPEObIBAThH
MasTHUK: CTENEHb HAIEr0 HE3HAaHWS O €ro COCTOSSHUM OCTaeTCs
OECKOHEYHOM.

HampoTuB, kBaHTOBasg MEXaHHKa TOBOPUT HaM, YTO MEXIY ISATHIO H
IIECThIO CAHTUMETPAMM CYIIECTBYET JIHIIL KOHEYHOe YUCIIO BO3MOMKHBIX
3HAQUEHUI aMIUTUTY/Ibl, a 3HAUYMUT, OTCYTCTBYIOIIass y Hac WHMOpMaLus o
MasITHUKE KOHEUHd.

DTo pacmpocTpaHseTcs Ha Bce Bo3MoxHBIE ciydan8l. Tlostomy
MEPBbIA  CMBIC KBAaHTOBOM MEXAHUKH COCTOMT B CYIIECTBOBAHUU
OTpaHUYCHUS HA uUHpopmayuro, KOTOpas MOXKET COAEPKATbCS BHYTPU
CUCTEMbl, — OTPAHUYECHUS HA YHUCIO PA3JIMUHBIX COCTOSHUW, B KOTOPBIX
CHUCTEMa MOXKET HAXOJUTHCA. DTO OrpaHHUYCHNE OECKOHEYHOCTH COCTABIISET
MEPBbIA ACMEKT TEOPUM — 3€PHUCTOCTh MPHUPOABI, 3AMEUYECHHYIO €Il
Hemokputom. Iloctosnnas Ilmanka s ciaykut mepod macmradba 3Tou
3€pHUCTOCTH.

KBaHTBI 2: HeonpeaeJeHHOCTh



Mup — 3TO OCIEA0BATEILHOCTh 3€PHUCTHIX KBAHTOBBIX COOBITHI. OHU
TMCKPETHBI, 3€PHUCTHI U UHAUBUAYATbHbI, 3TO OT/ICJIbHBIE B3AUMOACHCTBUS
OJTHOM (DU3UUYECKON CUCTEMBI C APYron. DIEKTPOH, KBAHT MOJs Uin (HOTOH
HE CIEAYIOT MO TPACKTOPHUSIM B TMPOCTPAHCTBE, HO TIOSABISIIOTCA B
OTIPEJICTICHHOM MECTE U B ONpEIeJICHHOE BpeMs, YTOObI CTOJIKHYTHCA C
apyrum oowektoM. Koraa u rine onu nosiBisitorcsi? He cymectByet crocoba
y3HaTb A3TO HaBepHsKa. KBaHTOBass MeXaHHMKa KJIAAET B OCHOBY MHpa
dbyHIaMEHTaIBHYI0  HeonpeoeleHHOCmb.  bynyiiee  OpUHIUNHAIBHO
HEIpeAcKa3zyeMo. JTO BTOPOM (yHIaMEHTAIbHBIA YPOK KBaHTOBOMU
MEXaHUKHU.

N3-3a 3TON HEONMPENEIECHHOCTH B MHUpPE, OIKUCHIBAEMOM KBAaHTOBOMU
MEXaHUKOM, BEIIU MOCTOSIHHO MOJBEPKEHBI CIIy4YalHbIM W3MEHEHUsIM. Bee
NepeMEHHbIE HEMPEPBIBHO @hiyKkmyupyrom, Kak eciii Obl B MeTbYalIIuX
MaciiTabax BC€ MOCTOSTHHO BUOPUPOBAJIO. MBI HE BUAUM ITUX BE3/I€CYLIUX
GuykTyanuii IumIb U3-3a MAJIOCTU MX MaciuTada; B KpYyMHOM MaciuTale,
KOTJa MBI CJEAUM 3a MaKpPOCKOTMYECKHMHM TeJIaMH, OHU HEHAOIIOIaeMBbl.
Ecnau cMoTpeTh Ha KaMeHb, OH OCTaHETCsl HEMOABUXKHBIM. Ho ecnu Ob1 Mbl
MOTJIM BUJIETh €r0 aTOMBI, TO HAOMIogaiM ObI, KaKk OHM 0€30CTaHOBOYHO
BUOPUPYIOT, TOCTOSTHHO CMENIAACh TO Ty/a, TO Ccroja. KBaHTOBass MexaHUKa
rOBOPUT HaM, YTO Y€M [IyO)Ke€ Mbl BIJIAJIBIBAEMCS B JI€TAIM MHPA, TEM
MEHEE MOCTOSSHHBIMU OHM OKa3bIBAIOTCSA. MUp HE COCTOUT W3 KPOIIEUHBIX
KaMEIIIKOB. DTO MUp BHUOpaluii U HENPEpBIBHBIX (DIyKTyalui, KUIIaIIUi
OBICTPOTEYHBIMU MUKPOCOOBITUSIMHU.

AHTUYHBIN aTOMU3M TIPEABUJICT U ATOT aCIEKT COBPEMEHHON (U3UKHU —
MPOSIBJICHHWE HAa MIYOMHHOM YPOBHE 3aKOHOB BEpPOSITHOCTH. JIeMOKpHUT (Kak
u  HpoOTOH) mpeamnoyiiaraer, 4YTO  JBW)XEHHUE  arOMOB  CTPOTO
JNETEPMUHUAPOBAHO CTOJIKHOBeHHUsIMH. Ho ero mnocnemoBarens IOnukyp
WCOPABISAECT O3TOT JECTEPMUHHU3M YYUTENISI W BBOJUT B  aTOMHU3M
MPEACTABICHUE O HEOMPEAETICHHOCTH TaKUM e CIOCOO0M, KaKuM
['eiizenOepr BBEI HEOMPEAEICHHOCTh B HBIOTOHOBCKUU neTepMuUHH3M. I1o
ONUKypy, aTOMbl MOTYT MHOTJA CIYyYallHO OTKJIOHSATBCS OT CBOEro Kypca.
Jlykpenuii TOSTUYHO OMMUCHIBAET ITHU OTKIOHEHUS KaK IPOUCXOISIINE
«incerto tempore... incertisque loci» — B HEOIpPEICICHHOE BpEMs, B

neonpenenennoM Mectel”2l, Takas e ciydaifHOCTB, TaKoe XKe MPOSBICHIE
BEPOSITHOCTH Ha (DyHJaMEHTAJILHOM YPOBHE MPEJCTABIISIIOT COOOM BTOPOE
KJIFOUEBOE OTKPBITHE, KACAIOLIEECs CBOWCTB HANIEr0 MHUpPA, KOTOPOE
BBIPAKAET KBAHTOBAsI MEXAHUKA.



Ntak, Kak BBIYUCIUTH BEPOSITHOCTh TOTO, YTO AIEKTPOH, HAXOAUBIITUNCS
B ONPEACICHHOW HAYaJbHOM MO3ULMU A, CIyCTS 3aJaHHOE BPEMSI BHOBD
BO3HUKHET B TOM WJIM MHOM (puHAIBHOM MO3uLMu B?

B 1950-x rogax Puuapn ®deiiHMaH, 0 KOTOPOM 5 YK€ YIIOMUHAJ, HAIIEN
BECbMa MHTEPECHBIM METOJI BBIMOJHEHUSI TAKUX BBIYMCICHUN: PACCMOTPUM
6ce BO3MOXHBIE TPACKTOPHUHM OT A 10 B, TO €CTb BCE MBICIUMBIE
TPACKTOPHUH, KOTOPBIM MOXET CIJIEIOBATh JIIEKTPOH, — IMpSAMBIE,
WCKPUBJIEHHBIC, 3WUr3arooOpasHbie... Kaxmas TpaekTopusi oOmnpeneseT
HEKOTOPOE 4YMCIO0. BEposSTHOCTh MoilydaeTcs MyTeM CYMMHUPOBAHUS BCEX
7Tux yuceln. [logpoOHOCTH BBIYUCIECHUN HECYIIECTBEHHBI, 3aT0 BaXKE€H TOT
dakt, 4TO0 BCce Tpaekropuu oT A 10 B JalT CBOM BKJIajd, Kak OyaTO
AIIEKTPOH, YTOOBI TOMACTh U3 A B B, TPOXOAUT MO BCEM BO3ZMOKHBIM ITYTSIM,
WM, UHBIMU CJIOBaMH, MpEBpaIiaeTcs B 00JaKko, YTOOBI 3aT€M 3araJIouHbIM

oOpa3oMm coOparbCsi B TO4uke B, I7le OH BHOBb C YEM-TO CTaJIKUBACTCS
(puc. 4.7).

Puc. 4.7. [Ipu nepemenieHun U3 TOYKH A B TOUKY B SIEKTPOH BEAET
ce0s Tak, Kak OyTO MPOXOAUT MO BCEM BO3MOXKHBIM TPACKTOPHUSIM

OTO0T IIpUEM  BBIYHMCICHHUA  BCPOATHOCTHU  KBAHTOBOI'O cOOBITHS

Ha3bIBaeTcs (efHMAHOBCKMM CyMMUpOBaHHeM 1o myTsam2Y

YTO OH UI'PAET BAXKHYIO POJIb B KBAHTOBOW I'PABUTALMH.

, 1 MBI YBUJIAM,



KBaHTBI 3: peajibHOCTH PeJISIHMOHHA

TpeTbe OTKpBITHE, KACAIOIIEECS HAIIETO MHUPA, BEIPAKAEMOE KBAHTOBOM
MEXaHUKOU, — camoe TIIyOOKOe U CIIOKHOE, U €T0 He MPEIBUACIN aHTUYHbIC
aATOMUCTHI.

Teopust HE ONMUCHIBAET BEIIA TAKUMH, KAKUE OHU eClb, OHA ONIMCHIBAET,
KaK BEIIU nposeIsaomcs U Kak OHU g3aumooeticmgyrom opye ¢ opyeom. OHa
ONUCBHIBAET HE TO, TJI€ HAXOAUTCS YACTHUIIA, HO TO, KAK YAaCTULIA NPOsEIsAem
cebs no omuoulenuro Kk opyeum. Mup CyliecTBYIONINX Bellel COKpaIaeTcs
0 MHpPAa BO3MOXHBIX B3aMMOICUCTBUU. PeambHOCTH peayumpyercs 10

B3anMoeiicTBusS L.

B HEKOTOPOM CMBICIIE 3TO JIMIIb PACIIMPEHUE OTHOCUTENBHOCTH, XOTA U
BEChbMA  paJHMKaJbHOE. ApPHUCTOTENIb TEPBBIM OTMETWJI, YTO MBI
BOCIIPMHUMAEM JIUILb OMHOCUmMenbHyo ckopoctb. Ha xopabie, Hampumep,
Mbl TOBOPUM O Hallleil CKOPOCTH OTHOCUTEIBHO KOpalOiig, Ha cylie —
OTHOCUTEIBHO 3eMiid. ['anuiel MoHsuI, 4TO 3TUM OOBICHSETCS, TTIOUEMY MBI
HE YyBCTBYEM JIBMKEHUS 3eMiIM OTHOCUTENBHO ComHia. CKOpOCTh — 3TO HE
CBOMCTBO OOBEKTa camMoro mo cebe, TO CBOMCTBO ABMKEHHS OOBEKTA nO
OMHOUIEHUIO K OpyeomMy o0Ovekmy. OWHINTEWH TMEpeHeC TOHATHE
OTHOCUTEJIBHOCTH Ha BpEMsSi: Mbl MOXEM CKa3aTh, YTO JiIBa COOBITHS
OTHOBPEMEHHBI, TOJIbKO OTHOCUTEIIBHO  ONPEAECICHHOIO  COCTOSHUS
nBvkeHus. KBaHTOBass MexaHWKa paJuKalbHBIM OOpa3oM pacIIupsieT ATy
OTHOCHUTENIHOCTD: 6Ce TIEPEMEHHBIE aCIEKThl 00bEKTa CYIIECTBYIOT TOIBKO
B OTHONIIEHWU K JpyruM oObekTaMm. [Ipupoma pucyer Mup TOJBKO C
IOMOIILIO B3aUMOJENCTBUM.

B mupe, onuceiBaeMOM KBAaHTOBOM MEXaHHMKOM, HE CYLIECTBYET HUYETO
pealbHOTO, 3a WCKIIOUCHHEM OmMHOWeHUl MeXay (Qu3nueckumu
cucreMamMu. He OOBEKTHI BXOJAT B OTHOIICHHS, HO OTHOLIECHHS CIIy>Kar
OCHOBaHUEM JJIs BbIJCNICHHUs] 00BEKTOB. Mup KBAaHTOBOM MEXaHUKHU — ITO
HE MUpP OOBEKTOB, TO MUP COOBITHUNA. Belu mocTpoeHsl U3 CIydaronmxcs
aeMeHTapHbIX coObITHil. B 1950-x romax dwunocod Hemwcon I'ymman
3aMeyvaresIbHO BBIpa3wil 3Ty Hjero cioBamMu: «OOBEKT — 3TO MOHOTOHHBIN
nporecc». Kamenb — 310 BHOpaivsi KBAHTOB, COXPAHSIONIAsi BO BPEMEHU
CBOKO CTpPYKTYpy, TOYHO TaK K€ KaKk MOpCKas BOJIHA COXPAHSET
CaMOTOX/IECTBEHHOCTb, ITOKA HE PACCEETCSI B MOPE.

Yto ecTh BOJIHA, KOTOpasi ABUXKETCS IO BOJIE, HE MEPEHOCsS ¢ OO0 HU
eInHON Kamuin? BoaHa He 0OBEKT B TOM CMBICJIE, YTO OHA HE COCTOUT M3



MaTepuM, KOTOpas IBHKETCS BMECTE€ C HEW. ATOMBI HAIIETO Tela TOXE
BXOJISIT B HAC M IOKUIAIOT Hac. MBI, KaKk BOJHBI M KaK BCE OOBEKTHI, —
MOTOKM COOBITHM; MBI — IPOIECChl, MOHOTOHHBIE B TEUEHHE KOPOTKOTO
BPEMEHU. ..

KBaHnTOBass MexaHHMKa OINHUCHIBAET HE OOBEKTHI: OHA OIMCHIBAET
MPOIECChl, a TaKXe COOBITHS, KOTOPBIA CIIY)KaT TOYKAMH COEIUHCHHS
IIPOLIECCOB.

[TogBoast WTOrW, CKa)X€M, 4YTO KBAHTOBAasS MEXAHUKA OTKpbUIA TPH
acCIIeKTa HAIIEro MUpa.

* 3epuucmocmo. Undopmaiusi, copepkaiiasics B COCTOSHUM CUCTEMBI,
KOHEUYHA U OrpaHuyeHa rnocrosinHon [lnanka.

* Heonpedenennocms. bynymniee He NOpeAoNpeAciIeHO OIHO3HAYHO
nponuibiM. J{axke HanboJiee TBEpJI0 YCTAHOBJICHHBIC HAMHA 3aKOHOMEPHOCTH
B OCHOBE CBOEH CTAaTUCTHYECKUE.

* Pensyuonnocms. COOBITHS B MPUPOJE — ITO BCET/IA B3aMMOJICUCTBUS.
Bce coObiTus, ciydarommecs C CHCTEMOM, KacaroTcsl OTHOIICHUH ¢
IPYTUMU CUCTEMAMHU.

KBaHTOBass MexaHWKa yYWT HACc JOyMarb O MHpPE HE B TEPMHHAX
00bexmos, KOTOpbIe B HEM €CTh, HO B TepMHHAX npoiieccoB. IIporecc — 310
MepexoJl OT OJHOr0 B3aUMOJEHUCTBUS K JpyroMy. CBolcTBa 0OOBEKTOB
MPOSABIISIFOTCSL. B 3€pHUCMOCHY TOJIBKO B MOMEHTBI B3aUMOJICUCTBUM, TO
€CTh Ha TPaHMUIIaX MPOLECCOB, U MOTOMY JIUIIb B OMHOWEHUSAX C APYTUMHU
oO0bekTaMu. X HeIp3s Mpenckazarh OJHO3HAYHBIM 00pa3oM, HO JIMIIh
8EpPOAMHOCMHO.

DTO U eCTh TOJIOBOKPYKUTEJIBHOE MOTPYKEHUE B TIIyOWHY NPUPOABI
Belel, npeanpunaroe bopom, ['eiizendeprom u Jupakom.

Ho ecThb Jid y HAC MOJIMHHOE IOHUMAHUE?

Koneuno, kBaHToBasi MexaHuka — 310 Tpuymd s3pdexruBHocTu. U BCE
’Ke€... YBEPEHBI JI1 BbI, JOPOTON YKTATENh, B IIOJIHOM MOHUMAaHUU TOTO, YTO
MMEHHO KBaHTOBas MEXaHWKa HaM OTKpbIBaeT? OJEKTPOH HHUTAC HE
HAXOJIUTCS, KOTZIa OH HE B3aUMOJCHCTBYET... XM... OOBEKTHI CYIIECTBYIOT,
JUIIh TIpBITasi OT OJHOTO B3aWMOJEHCTBHS K JAPYyroMy... Tak-Tak... He
Ka)XETCs JIU BCE ITO cJerka abCypAHbIM?

OWHIITENHY 3TO Ka3aJloCh aOCYpAHBIM.



C omHoil cTopoHBI, DWHIITEHH HOMUHHMpOBal Bephepa leitzenOepra u
[Tons [upaka Ha HoOeneBckyto mpemuio, Mpu3HaBas, 4YTO OHHU MOHSUIA O
HallleM MUpEe HeuTo (yHAaMEHTAIbHO BaxkHOe. C JApyroil CTOpPOHBI, MpH
710001 BO3MOXKHOCTH OH BOpYaJI, YTO 3TH HJIEH JIMIIIEHBI CMBICIIA.

Mononasie nbBbl U3 KomeHrareHckod Tpynmbl ObUIM B PaCTEPSIHHOCTH:
KaK 3TO MOXET HMCXOAUTh OT caMoro OJuxwmetina? VIX KyXOBHBIM OTell,
YEJIOBEK, KOTOPOMY XBaTMJIO CMEJIOCTH AyMarb O HEMBICIMMOM, TEIEPb
TAHYJA WX Ha3aJ, WCOYTaHHbIA HOBBIMU IlIaraMd B HEBEAOMOE — TEMH
CaMbIMU IIaramMu, K KOTOPBIM CaM K€ ¥ MOATOJKHYJ. Kak Moo ciayuuTscs,
YTO TOT DWHIITEHNH, KOTOPHIM HAYy4YWJ HAC, YTO BPEMSI HE YHUBEPCAJIBHO, a
MPOCTPAHCTBO UCKPUBIISIETCS,, TOBOPUT TEMEPb, UTO MHUP HE MOXET OBIThH
HACMONbKO CTPAHHBIM?

Hunbsc bop criokolHO OOBSICHSI HOBBIE MU DUHINTEHHY. DUHIITEHH
Bo3paxas. B wurore bopy Bcerma ynaBajnoCch HaMTH OTBETBI HA €r0
BO3PAKEHUSA. DTOT AUAJIOT MPOAOIKAJICA FOJaMH — B JICKUIHUSX, MHChbMaX,
CTaThsIX... JUHIITEHH MPUAYMBIBAJI MBICICHHBIE SKCIIEPUMEHTHI, CTPEMSICh
M0Ka3aTh, YTO HOBBIE HJIEM BHYTPEHHE MNpPOTUBOpeUMBHL. «llpemcraBbre
ce0e 3aroIHEHHBIN CBETOM SIIHK, U3 KOTOPOro 32 KOPOTKOE MIHOBEHBE MBI
MO3BOJISIEM BBUIETETh OJHOMY (OTOHY...» — TaK HAUUHAETCS OJIUH U3

CaMbIX 3HAMEHUTHIX TIpuMepoB (puc. 4.8.)182],



J

Puc. 4.8. «Immk co cBeTOM» W3 DUHINTEWMHOBCKOIO MEBICIIEHHOTO
AKCIIEPUMEHTA, HAPUCOBAHHBIA bopom

B xone »Toro cmopa 006a BEIMKHUX HCCIEAOBATENS BBIHYKJICHBI ObLIN
MepEeCMATPUBATh CBOM WJICH. ODWHINTEHHY NPULLIOCH IPU3HATH, YTO B
HOBBIX UJIEIX HET BHYTPEHHUX IpoTuBopeunii. OnHako bop ObUT BRIHYX)IEH
MPU3HATh, YTO BCE HE TaK MPOCTO U ACHO, KAK EMY Ka3aJIOCh. DUHIITEHH HE
XOT€JI OTKa3bIBATHCSA OT TOTIO, YTO Ka3aJlOCh €MY KIIFOYEBBIM MOMEHTOM, —
NPEACTABICHUSI O TOM, YTO CYIIECTBYeT OOBEKTHBHAsI PEalbHOCTb, HE
3aBHUCSAIIAST OT TOTO, YTO C 4YeM B3auMoAehcTByeT. OH OTKa3bIBAJICS
MPU3HABaTh PEJSIIMOHHBIA acCleKT TEopuH, TOT (aKT, 4YTO OOBEKTHI
MPOSIBISIIOT €05l TOJIBKO BO B3aMMOJIEUCTBUSIX. bop HE Kenan ycTymnarh B
BOIIPOCE O KOPPEKTHOCTU TOrO DIIYOOKOrO HOBOIO CIOC00a, KOTOPBIM
MOHSTUE PEANBHOIO KOHIENTYaJU3UpPOBAIOCH B HOBOM Teopuu. B wurore
OWHINTEWH TpPHU3HAJ, YTO TEOPHsS MPEICTaBisieT cOoOOW OrpOMHBIN Iar
BIEPE] B IOHMMAaHUU MUPA U YTO OHA JIOTUUYECKHU TocienoBareiapbHa. Ho o
ocTajcsi mpu YOEKIEHUU, UYTO OOBEKThI HE MOTYT OBITh HACTOJBKO
CTPAHHBIMHU, KaK YTBEpXKJaja 3Ta TEOPHs, U YTO 3a HEW JOJDKHO CTOSITh
0osee ITyOOKO€ U €CTECTBEHHOE OOBSICHEHHE.



Cnoycrts ctonetne Mbl ocTaéMcsa Ha TOW ke Touke. Puuapn deitHMmaH,
KOTOPBIM KaK HUKTO JAPYrou yMell IPOAEIbIBATh TPIOKU C TEOPUAMHM, ITHUCAIL:

«MHe Kaxercs, 1 CMEJNO MOTY CKa3aTb, YTO KBAHTOBOM MEXaHUKHA HUKTO HE
[83]

IIOHHUMACT» .
YPE[BHGHI/IH ATOU TCOPHUHU U UX CIICACTBUA IMOCTOSHHO HCIIOJB3YIOTCA B
CaMBIX Pa3HbIX 0o0macTIx — (1)I/ISI/IKaMI/I, HHXXCHCPAMH, XHMHKAMHU H

ouosoramu. Ho oHM ocTaroTCsl 3araJJouHbIMH: OHU OMHUCBHIBAIOT HE CaMHU
¢u3MYecKkrue CHUCTeMbl, a JHUIIb TO, Kak (PU3NYECKUE CHUCTEMBI
B3aMMOJEHUCTBYIOT JpPYr C JIPyrOM H BIHUSIOT JAPYyr Ha apyra. Yto 3To
3HAYUT?

Ousuku 1 Guaocodbl MPOIOJDKAIOT 3a1aBATHCS BOIIPOCOM O PEabHOM
CMBICJIE ATOM TEOPUH, U B TIOCIEAHUE TOJbI CTaTel U KOH(PEPEHIIHUMN TT0 ATOM
TEeME CTaHOBUTCS BCE OoJibiiie. YTo mpeacTaBiisieT co00il KBAHTOBAsI TEOPUS
CIIyCTSl CTO JIET TOCJIE CBOEro poxacHuss? HeBeposTHOEe morpyxeHue B
npupony peansbHocTu? Hemopasymenme, paboramomiee 1O YUCTOM
cinydaitHoctu? YacTe HemopemeHHOM rojgoBosioMku? WMinu yka3zanwe Ha
HEKHe TTyOMHHbIE CBOMCTBA HAIIETO MUPA, KOTOPHIE MBI €111€ HE CMOIJIU 10
KOHIIa pacirdpoBats?

HNuTepnperanys KBAaHTOBOM MEXaHUKHU, KOTOPYIO S 3/1€Ch MPEACTABIISIO,
KOKETCSI MHE OJIHOM U3 HaWMEHEEe €eCTECTBeHHbIX. (OHa Ha3bIBaeTCs
PEISIIIMOHHON MHTEpIpPETALNE U 00Cy)1allach cepbe3HbIMU (uniocodamu,
TakuMu Kak bac Ban ®paaccen, Maiikn but6on n Maypo Jloparol®4.
OpmHako KOHCEHCyca M0 BOIMPOCY 00 MHTEPIpETaIlui KBAHTOBOM MEXaHUKHU
HeT: pyrue pu3uku u puinocodsl 00CYKAIOT Ipyrue ujaeu. Mbl CTOUM Ha
IPaHUIIE U3BECTHOIO, U 31€Ch MHEHUS PACXOASATCS.

KBanToBass mMexaHWKa — 9TO JUIIb (U3HUECKas TEOPUS: BO3MOXKHO,
3aBTpa OHa OyIET CKOPPEKTHUpOBaHA B pe3yabTare MOHUMAHHUS TOTO, YTO
MHP YCTPOEH MHa4Ye, elle ciaoxkHee. HekoTopsle yueHble CEroqHs MbITArTCs
HEMHOTO TMPUITIAIUTh €€, cJaenaB Oosnee COOTBETCTBYIONIEH Halien
MHTYyuIMUu. Ha MoM B3I, €€ MNOPa3sUTENIbHbIM SMIIUPUYECKUN YCIIEX
BBIHYK/IA€T HAC MPUHHUMATh €€ CEPbE3HO U CTABUTH BOIPOC HE O TOM, YTO
MOXHO H3MEHUTHh B 3TOM TEOPHH, @ O TOM, YTO OTPAHWUYMBAECT HAILY
VHTYHUIUIO U JEJaeT TEOPUIO0 CTPAHHOW JIJIsI HAC.

JlyMaro, 4YTO HEMOHATHOCTh TEOPUM — 3TO BHHA HE KBAHTOBOU
MEXaHUKHA, a CKOpee pPe3yibTaT OrPAaHHMYCHHOCTH HAIero BOOOpaKeHHUS.
Korma mbl mbITaemMcsi «yBUAETH» KBAHTOBBIM MHpP, MBI MOJOOHBI KpPOTam,



MPUBBIKIIUM >KUTh TIOJA 3€MJIC, KOTOPBIM KTO-TO MBITA€TCS OMUCATH
['umanaun. inu nieHHUKaM, 3aKJIF0UYEHHBIM B TIIyOUHE TJIATOHOBOM MEIIEPHI.

Korma ymep DWiHImITENMH, €r0 BEIWYalIlIMK CONEPHUK bop Halesn cioBa,
4yTOOBl BBIPA3UTh CBOE BocxulleHne HM. Korma yepe3 HECKOJIbKO JIeT
ckoHuascs cam bop, kto-to cororpaduposan ero pabouyro nocky. Ha nHeit
ObLT pucyHOK. OH MPEACTABIISUI «GIIIIUK CO CBETOM» U3 IMHIITEHHOBCKOTO
MBICJICHHOTO 3KcrepuMeHTa. Jlo camMoro KoHIIa kenaTh AUCKYCCUHU, YTOOBI
0oJbIIIe TOHSTH. JJ0 caMOro KOHIIa COMHEBAThHCS.

OTO NOCTOSSHHOE COMHEHUE — NIyOOYalIINi UICTOYHUK HAYKH.



Yacte 111

KBaHnToOBOE INPOCTPAHCTBO U PECJIAIIMOHHOC BPEMS

Ecnu Bel pgoudtanu g0 3TOTO MECTAa, TO Y Bac €CTh BCE AJIEMEHTHI,
HEOOXOJIMMbIE JIsi TOHUMAHUS JIOCTOUHCTB, HEJAOCTATKOB M OrpaHUYEHUM
COBPEMEHHOU KapTUHBI MUpa, IpeiaraeMoil GpyHaaMeHTanbHON (DU3UKOH.

CymiecTByeT HCKPUBICHHOE MPOCTPAHCTBO-BpPEMs, BO3HHKIIEe 14
MWIJIMAPAOB JIET Ha3zad (HUKTO HE 3HAeT KakK) M MOpOAOJIKAIOIIEe
pacIIUPSTHCSA. DTO MPOCTPAHCTBO — PEATbHBIA OOBEKT, (PU3UUECKOE TOJIE,
OUHAMHKa  KOTOPOIO  OIKCHIBAETCA  ypPaBHEHUSIMH  OWHILNTEHA.
[IpocTpaHCTBO W3rubaeTcsi M MCKPUBISETCS TIOA JEUCTBUEM MAaCChI
BEIIIECTBA U PBETCS, 00pasysi YepHbBIC JABIPHI, KOTJIa KOHIIEHTPALIUS MaTepUu
CIUIIKOM BBICOKA. Marepusi paslielieHa Ha COTHU MWUIMAPJOB TAIAKTHK,
KaXJasd U3 KOTOPBIX COAEPKUT COTHA MHIUIMAPIOB 3BE31l, U COCTOUT W3
KBaHTOBBIX TIOJICH, KOTOPBIE MPOSBISIOTCS B (OpPME HACTHI], TaKUX Kak
AIIEKTPOHBI U (DOTOHBI, UM BOJH, MOJOOHBIX AJIEKTPOMATHUTHBIM BOJIHAM,
KOTOPbI€ HECYT HaM TEJIEBU3MOHHBIEC U300paKEHUS!, COTHEUHBIN 1 3BE3THBIN
CBET.

KBanTOBBIE TOJIs1 OOPa3yIOT aTOMBI, CBET U BCE OCTAILHOE COAEPKUMOE
Bcenennoit. 310 cTpaHHble OOBEKTBI: MX KBAHTHI SIBJISIOTCS YacCTUIIAMH,
KOTJa B3aUMOJICUCTBYIOT C YEM-JTMOO APYTUM; HO IIPEIOCTABICHHbIE CAMUM
cebe, OHM pacmyxaroT B BHUJE «OOJAKOB BEPOATHOCTHU». Mup — 310 pou
AIIEMEHTAPHBIX COOBITUIN, OTPYKEHHBIX B OTPOMHOE MOPE JUHAMUYECKOTO
MPOCTPAHCTBA, KOTOPOE BOJIHYETCS, MOO00HO BOJIE B OKEaHE.

OTa KapTMHa MUpa C HECKOJIBKHMMHU YPaBHEHUSMH, KOTOPBIE €€
KOHKPETH3UPYIOT, MO3BOJISIET OMUCATh IMOYTH BCE, YTO MbI BUIUM.

[Toutn. Koe-uto Bce ke ymyckaercda. M kak pa3 370 Mbl uiieMm. B
OCTaBIIMXCS TJIaBaX KHUTHU Mbl 0OCYTUM 3Ty HEAOCTAIOIIYIO YacCTh.

[lepeBepHYB 3Ty CTpaHUIly, Bbl NIEpEUIETe OT TOTO, YTO, K TOOpY WIH
HET, MbI HAJIC)KHO 3HAEM O HAIllEM MHPE, K TOMY, YETO MBI €IIE HE 3HAEM, HO
MBITAEMCS] YJIOBUTb.

[lepeBopauuBass CTpaHHUIly, MBI CJIOBHO TIOKHJaeM Oe30macHoe
MPOCTPAHCTBO MOYTH MOJHOW YBEPEHHOCTH HAIIETO0  MAJIEHBKOIO
KOCMHUYECKOT0 KOpalJisi U BCTYIaeM B HEM3BECTHOE.
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CIIMIIIKOM BEJIMKAa W HEYYBCTBUTEJIIbHA K KPOIIEYHOM KBAHTOBOMU
3€pHUCTOCTH, TaK YTO, OMUCHIBASI IBUKEHUE, MOXKHO 3a0bITh O KBaHTaX. C
JPYroil CTOPOHBI, aTOM CIIUIIKOM JIETOK, YTOObI B 3HAYUTEIHHON CTEIECHU
HCKPUBIIATH MPOCTPAHCTBO, U, OMHUCKHIBASI €T0, MOKHO 3a0BITh O KPUBHU3HE
npoctpancTBa. OAHAKO €CTh CHUTyallMW, KOIJIa BaXXKHbI M KPUBHU3HA
MIPOCTPAHCTBA, M KBAHTOBAas 3E€PHHUCTOCTh, M JJII HUX y HAC €me HET
oO1enpu3HaHHON U pabOTOCIIOCOOHOH (DU3UUECKON TEOPUH.

OgHuM M3 TPUMEPOB MOTYT CIYXKUTh BHYTPEHHHUE OOJACTH YEPHBIX
neip. [pyro mpumep — TO, YTO CIy4YWIOCh CO BcelleHHONM BO BpeMs
bonbmioro B3peiBa. MHBIMEU cloBaMHM, Mbl HE 3HAeM, Kak BpeMs U
MPOCTPAHCTBO BEAYT CceOs HA OYEHb MajbIX MacmTadax. Bo Bcex 3Tux
CIIy4asix COBPEMEHHBbIC TEOPUU HAYMHAIOT COOMTH M OOJBINE HE JAIOT HAM
HUYETr0 pa3yMHOTO: KBAaHTOBass MEXaHUKa HE MOXET paboTaTh ¢ KPUBU3HOM
MPOCTPAHCTBA-BPEMEHHU, a OOIIas TEOopuUsi OTHOCHUTEIbHOCTH HE MOXKET
YUHUTBIBATh KBAHTHI. DTO U €CTh NMPOOIEeMa KBAHTOBOW IPaBUTALIUH.

[IpobGnema naxe miyOxke. DUHIITEHH MOHMUMAJ, YTO MPOCTPAHCTBO U
BpeMs — ATO MPOSIBICHUS (PU3MUECKOTO MOJIsA, a UMEHHO T'PaBUTAIIMOHHOTO.
bop, TeitzenOepr u Jlupak mnoHuUManu, 4To (U3UYECKUE TIOJISI HMMEIOT
KBAaHTOBBIM XapakTep: OHU 3E€PHUCTHI, BEPOATHOCTHBI, MPOSBIISIIOTCS BO
B3auMOJIeUCTBUAX. OTCIOA CIIEyEeT, YTO MPOCTPAHCTBO M BPEMS TaKKe
JOMKHBI ~ OBITH  KBAaHTOBBIMH  CYIIHOCTSIMH, HAJCJIICHHBIMU  OITUMU
CTPaHHBIMU CBOMCTBAMH.

UTto e Takoe KBAaHTOBOE MPOCTPaHCTBO? UTO Takoe KBAHTOBOE BpEMSI?
Mpg1 Ha3bIBaeM 3TO PoOIEeMOi KBaHTOBOM TpaBuTanuu. Komanna gpusnkos-
TEOPETUKOB, pa30POCAHHBIX IO MATH KOHTUHEHTaM, YIIOPHO TPYAUTCS Haj
ee pazpemieHueM. WX 1enb — HE TOJBKO HAWTH TEOPHUIO, TO €CTh HAOOp
ypaBHEHUH, HO U BBIPAOOTaTh COMIACOBAHHYIO KApTUHY MHpa, KOTOpas
MO3BOJUT W30aBUTHCA OT HBIHEIIHEW IMU30()PEHUYECKON CHUTyalluu C
KBAaHTaMH U TPABUTALIUCH.

OTO HE TMepBbIM ciy4ail, Korga B (U3MKE HMEIOTCS JBE OYEHb
YCIIELIHbIE, HO B3AMMHO MPOTUBOPEYAINE APYT ApYyry Teopuu. B nmponuiom
YCUJIMA 10 CHHTE3Y TaKWX TEOpUH BO3HArPaXJINCh OTPOMHBIMU
MpoOpbIBAMU B HAIlIEeM T[OHUMaHMM Mupa. HBIOTOH OTKpBLI 3aKOH
BCEMUPHOTO TSITOTEHUS, OOBEIMHUB TrajujieeBy (U3UKY, ONKUCHIBAIOIIYIO
MOBEJICHUE BEIel Ha 3eMJie, C KeIuiepoBOW (hU3UKONM HEOECHBIX SIBICHUMU.
MakcBenn u @apajiell HalllJId ypaBHEHUS 3JIEKTPOMAarHeTu3mMa, 00ObeIMHUB
TO, YTO OBLJIO M3BECTHO 00 ANEKTPUUYECTBE, C TEM, YTO OBLIO M3BECTHO O



MarHeTU3Me. OWHIITENH IIOCTPOUIT CIIELUUAIIBHY IO TEOPHUIO
OTHOCUTEIBLHOCTH, YTOOBI pPa3pelluTh OYEBUAHBIA KOH(MIUKT MEXKITY
HBIOTOHOBCKOM MEXaHUKOM W MAKCBEJUIOBCKMM 3JIEKTPOMArHETU3MOM, a
3areM OOIIYI0 TEOPHI0 OTHOCHUTEIBHOCTH, YTOOBI Pa3pelIuTh KOH(IUKT,
BOZHHKIITUN MEXIY HBIOTOHOBCKOM MEXaHMKOW U €ro COOCTBEHHOMU
CIICLIUAIIBHON TEOPUEN OTHOCUTEIILHOCTH.

[TorTOMy (PU3UKU-TEOPETUKHU TOJBKO PAIYIOTCS, KOrJa OOHApyKUBAIOT
KOH(MJIUKT TOJO0HOTO THMA, BEIb OH OTKPHIBAET MCKIIOUUTEIIbHBIC
BO3MOXXHOCTH. Bompoc cTOUT Tak: MOXEM JId Mbl CKOHCTPYHPOBATh
KOHIIENITyaIbHbI KapKac, COBMECTUMBINA C TEM, YTO MbI Y3HAJIM O MUPE U3
obeux Teopuii?

JIns mTOHUMAaHUA TOTO, YTO TAKOE KBAHTOBOE MPOCTPAHCTBO U KBAHTOBOE
BpeMs, HaM HaJo €Ille pa3 NIyOOKO MepeCMOTPETh Halll CITIOCOO BOCTIPUSATHUSA
OKPYXAIOIIEH JEHCTBUTEIBHOCTH. HyXHO 3aHOBO OCMBICIUTH OCHOBBI
HallUX TMPEACTaBICHUH O MHUpEe TMOAOOHO TOMY, KakK »3TO clemal
AHakcUMaHAp, KOTOPBIM MOHSI, YTO 3€MJIsl BUCUT B MPOCTPAHCTBE U UTO
MOHATHN «BEPX» M «HHU3» B KOCMOCE HE CYIIECTBYET, WU IOA00HO
KonepHuKy, KOTOPBIM MOHSI, YTO MBI JBHXKEMCSl IO HeOecaM C OrpOMHOM
CKOPOCTBIO, WM TOAOOHO OWHINTEHHY, KOTOpPBIA JOTajalicsl, 4YTO
MPOCTPAHCTBO-BpeMsl iepopMupyeTcsi, Kak MOJUTIOCK, a BPEMsI MO-Pa3HOMY
T€UET B pPa3HbIX MecTax... Eme pa3 MOBTOPIO: B IOMCKAX LEIOCTHOM
KapTUHBI MUPA, COXPAHAIOLIEN TO, YTO MBI y3HAJIM O HEM MPEKIE, HAIIU
MPEACTABIICHUS O MIPUPOAE PEATBHOCTH TOIKHBI U3MEHUTHCS.

[IepBbIM, KTO OCO3HaJI, YTO ISl TIOHMMAaHHUS KBAaHTOBOM TpaBUTAILUU
HaM MPUJIETCS U3MEHUTh KOHIIETITYaJbHbIA KapKac, ObLJT POMAaHTUYECKUN U
JIETeHAAPHBIN MEepPCOHaAX — MarBed bpOoHIITENH, MOJIOHON COBETCKUU
(U3UK, )KUBIIMNA U TPATUYECKU MOTUONINN B CTATUHCKYIO AIIOXY.



Puc. 5.1. Marseii bponmrein

Martgseit 611 apyrom JlbBa Jlanmay, y4eHOro, KOTOpPOMY MPEICTOSIIO
cTarh JydmuM  Qusnkom-teopetukom Coserckoro Coroza. Komnern,
3HABIIME WX O00OWX, TOBOPAT, YTO TaJlaHT MarBesi OblI eiie Oosiee STPKUM,
yem y JIbBa. B TO Bpems, korma leiizenOepr u Jlupak co3naBajii OCHOBBI
KBaHTOBOW MeXaHMKH, JlaHgay ommOOYHO mojiaraji, 4To ¢ KBaHTaMU I10JIe
CTAHOBUTCS IUIOXO OIPENEIICHHBIM: KBAHTOBBIE (IYKTyallMd IMOMENIAOT
U3MEPATh 3HAUCHHSI KOMIIOHEHT IMOJsA B TOYKax (CKOJIb YTOJHO MAJIBIX
oOnacTsx) mpoctpancTBa. [Iporunarensusiii bop HeMenIeHHO YBUIET, YTO
Jlangay ommbaercs, mTyOOKO HCCIENOBajl BOMPOC M Hamucana OOJBIIYIO
noJipoOHYI0 CTaThl0, B KOTOPOM TOKa3blBaJl, YTO TIOJsA, TaKWE Kak

QJICKTPUYCCKOC, OCTAXOTCA XOPOIIO OIPCACICHHBIMHA ITPU HUCIIOJIBb30BAHUU

KBAaHTOBOI MexaHHKUE. JlaHmay oTcTymmI.

Opnaxo ero npyr MatBei OblT 3aUHTPUTOBAH, MTOCKOJIBKY MTOHUMAJI, YTO
uHTYnIMA Jlanmay XoTs W MojBelia ero, roBOpujia O YeM-TO OUYCHb BAKHOM.
OH mnoBTOpWJI TE€ K€  PACCYXKIEHHS, C  IOMOIIBID  KOTOPBIX
IIPOJIEMOHCTPUPOBAJ, YTO KBAaHTOBOE JJIEKTPUYECKOE IIOJE XOPOIIO
ONPEAECICHO B TOYKE MPOCTPAHCTBA, NMPUMEHUB HX K TPABUTALUOHHOMY
MOJII0, IS KOTOPOro OWHINTEHH JIMIIb HECKOJIbKUMHU TOJIaMU paHee
3anucan ypaBHeHue. I Tyt — cropnpus! — Jlanmay oxazancs npas. Ecim



MPUHUMATh B pacueT KBAHThI, TO TPABUTALIMOHHOE II0Ji€ B TOYKE He
A6715emcsl XOPOIIO ONPEIeICHHBIM.

EcTh MHTYUTUBHBIN CIOCOO MOHSATH, O 4YEM pedb. J[omyCcTUM, MBI XOTUM
HaOII0IaTh OYEHB-OYEHB-OU€Hb MAaJICHbKYIO0 001acTh mpocTpaHcTBa. [is
ATOro HEOoOXOAMMO TOMECTHUTh B 3Ty 00JacTh HEYTO, YTOOBI TIOMETHUTH
TOUYKY, KOTOPYIO MBI XOTUM paccMarpuBarh. CkakeM, Mbl OMEIIAEM TyJIa
yacTulyy. ['eiizeHOepr MOHs, 4TO HENb3s JIOJITO JIOKAJIU30BaTh YAacTHUILy B
Touke npocTtpaHcTBa. OHa BCKOpe mepeMecTuTcsa. Yem MeHsblne o0nacThb, B
KOTOpPOM MBI TIBITAEMCSl JIOKAJHW30BaTh YacTHUILy, TEM OOJIbIIIE CKOPOCTh, C
KOTOpPOW OHa yieTaeT. (DTO MPUHLMI HEOINpEAeTIeHHOCTH |ei3endepra.)
Ecnu yactuna yneraer ¢ OOJbIION CKOPOCTHIO, TO OHA 00JIalaeT OOJIbIION
sHepruei. Temepp npuMEM B pACUET TEOPHUID ODUHINTEMHA. DHEPrus
HCKPUBJISIET NPOCTPAHCTBO. BoJibIlIast sHEPrUsi 03HAYAET, YTO MPOCTPAHCTBO
CWIBHO HCKpuBIsieTcs. OQuenb 0Oonbuioe KOIUYECTBO DHEPIHUU B OUEHb
ManeHvKot 001acTH UCKPUBIISIET TPOCTPAHCTBO HACTOIBKO CHIIBHO, YTO OHO
CXJIOTIBIBAETCS B YEPHYIO AbIPY, MOAOOHO KoJutancupytomei 3sesne. Ho
€CJIM YacTHUlla MPOBAJIMBAETCS B UEPHYIO JBIPY, €€ OOJbIle HENb3s YBUIETh.
51 He MOTY UCITIOJIB30BaTh €€ KaK TOUKY OTCUeTa JJisi 00JacTH MPOCTPAHCTBA.
Takum 00pa3oM, s HE MOTY H3MEPHUTh CKOJIb YTOJHO MAJIyl0 00JIacTh
MPOCTPAHCTBA, IIOCKOJBKY €CJIM S TMOMmpoOylo 3TO chaenarb, 00JacTh
MCYE3HET BHYTPU YEPHOM JBIPHI.

DTO pacCcyXJIeHHE MOXKHO cienarh 0ojiee TOYHBIM, €CIu J00aBUTH
HEMHOro wmarematuku. OO BBIBOJ: M3 COBMECTHOTO MPUMEHEHUS
KBAaHTOBOW MEXaHMKHU M OOIIEH TEOPUU OTHOCUTEIILHOCTH BBITEKAET, YTO
CYILLECTBYET MpeAen s ASIMMOCTH MPOCTpaHCTBA. MaciiTtaObl MEHbIE
HEKOTOPOTO 3HAYEHUs] HaM HENOCTYINHbL. Eciin TouHee, TaM HUYEro He
CYLLECTBYET.

Hackonmbko Manma 3Ta MUHUMalbHas o0lacTh MpPOCTpaHCTBA?
[logcuntarh HECHOXHO: HYKHO BBIYUCIUTh MUHHMAJIbHBIA pa3Mep
YacTHUIIBl MEepe]] €€ MaJeHUEM B COOCTBEHHYIO UEPHYIO ABIPY, U JeNaeTcs
3TO BIIOJIHE OUYEBUAHBIM CIOCOOOM. MuHMMalbHas JJIMHA COCTABIISIET
OKOJIO
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ITox 3HAKOM KBaJIPaTHOTO KOPHS pacnoJiararoTcs TpH
dbyHIaMeHTalbHbIE KOHCTAHTHI: HBIOTOHOBCKAs MOCTOsIHHAS TsroTeHus G,
oOcyX/aBIiasicsi B IJIaBe 2, KOTOpasi 3aJla€T CUJIy TpaBUTAIMU; CKOPOCTh
CB€Ta ¢, BBEICHHAas B TMNIABE 3 TMPHU PACCMOTPEHUU TEOPUHU
OTHOCHUTEJIILHOCTH, KOTOpPAsi OTKPBIBAET HaM PACIIMPEHHOE HACTOSAIIEE; W,
HaKOHell, mocrosiHHas [lnanka 4, ¢ KOTOPOil Mbl TO3HAKOMIIKCH B TI1aBe 4,
onpenensomas MacmrTad KBaHTOBOH 3epHucTOcTHRY, TTpHcyTcTBHE 3THX
TpeX KOHCTAHT MOATBEPKIAET TOT (PAKT, YTO MBI UIIEM HEUTO, CBA3AHHOE C
rpaButanuen (G), Teopue OTHOCUTEIBHOCTHU (€) U KBAHTOBOW MEXAHHKOM
(h).

Paccrosuue Lp, oOIpeneneHHOE TakKUM  00pa3oM, Ha3bIBaeTCs
MJIaHKOBCKOM jiuHOU. [lo cmpaBemmmBOCTH clieioBajio Obl Ha3bIBaTh €€
OpOHIITEITHOBCKOM, HO TakoB Yy Ham Mup. Ee uucieHHOe 3HaueHHe
COCTAaBIJISIET MPUMEPHO OJIHY MWUIMOHHYK) MWUIMAPIHOW MUJUIHAPAHOM

MIJTTHAp HO# omn canTuMerpa (10733 cm). Tak 4To OHA BechMa Mana.
MeHHO B TakoM JKCTpEMajbHO MaJiOM MaciiTade MpOosBIsSET ceos
KBaHTOBas rpaBuTanus. YToObl MOJYyUUTh MPEACTABICHHUE, HACKOJIBKO MaJia
oOcyxaaeMasi BeJIMUMHA, IPEACTaBbTe ceOe, YTO Mbl YBEIUYUIN CKOPIIYIIKY
IPELKOIO Opexa 10 pa3MepoB BCel BUAMMON BcelleHHON; HO JaXe B TaKOM
MaciiTabe TUIaHKOBCKasi JIJIMHA Bce enle He Oymer BuaHa. Jlaxke mocie
TAKOTO KOJOCCAJIbHOTO YBEJIMYEHUS OHa OylAeT B MHIUIMOH Pa3 MEHbIIE
opexa /10 yBeiaudeHus. B aTom macmtabe mpoCcTpaHCTBO W BpeMsi MEHSIOT
cBOIO Npupoay. OHU CTAHOBSTCS YEM-TO COBEPIIEHHO UHBIM — K8AHMOBbIMU
NPOCMPAHCMEOM U 8pEMEeHeM, U TIOHSTh, YTO 3TO 3HAYUT, JOBOJIBHO TPYIHO.
Marseli bponmteiin noHst1 Bce 310 B 1930-X rogax m Hamucan JBE
KOPOTKHE, HO OYE€Hb SICHBIE CTaThbH, B KOTOPBIX OTMEYaj, YTO KBaHTOBAas
MEXaHWKa ¢ 00mas Teopusi OTHOCUTEIBHOCTH IPU COBMECTHOM

HCIIOJIb30BaAHWKU HECOBMCCTHMbLI C HAIIUM IIPUBBIYHBIM IIPCACTABICHUCM O

MMPpOCTPAHCTBEC KaK O OCCKOHEYHO ACIITUMOM KOHTHHYYMG[8—7].

Bckope, onHako, Bo3HMKJIA mpoOnema. MarBeit u JleB Obuin
WCKPEHHUMH  KOMMyHHCTamMu. OHM  BEpWIM B  PEBOJIOLMOHHOE
OCBOOOXK/ICHUE YEJOBEUYECTBA, IOCTPOCHHWE NPUHUMUIIMAIBHO JIYYILIEro
oOmmiecTBa 0€3 HECMPaBeUIMBOCTH U 0€3 KOJIOCCAIhbHOTO HEpPaBEHCTBA,
KOTOpPBI€, KaK MBI BUJIUM, TIOCTOSIHHO pacTyT B Mupe. OHU ObUIN TBEPIABIMU
nocnenoarensiMu Jlennna. Korma CranuH npuiien K BIacTH, 3TO BbI3BAJIO
y HUX CHayaja pacTEPSHHOCTb, MOTOM KPHUTHYECKOE OTHOIIEHUE, 3aTeM
BpaxeOHOCTh. OHU THCAIM CTaThbd, KOTOPbIE€ OBUIM YMEPEHHBIMHU, HO



OTKPBITO KPUTUYHBIMHU... ITO OBLI HE TOT KOMMYHH3M, KOTOPOTO OHU
XOTENH. . .

To Obu cypoBble BpeMeHa. Jlanaay mpomien yepe3 HUX; 3TO ObLIO
HEJIETKO, HO OH BbDKWJI. MaTBell ke uepe3 roj Mocie TOro, Kak MepBbIM
MOHSJI, YTO HAIIM MPEACTABICHUS O MPOCTPAHCTBE U BPEMEHH CIIEIYET
paauKadbHBIM ~ 00pa3oM HW3MEHUTh, OBLI apecToBaH CTATMHCKUMHU
cnenciaykoamMmu W TpuroBopeH k cmeptud. KasHp cocrosuiack B JeHb

BEIHECEHHs MpHTOoBOpa, 18 derpans 1938 roxal®8l. Emy 65110 Bcero 30 mer.

JlxoH

[locne ©Oe3BpeMeHHOW KOHUMHBI MarBess bponuireitHa MHoOrue
3aMeuarelbHble  (U3UMKH TBITAINCh Pa3pelInTh 3arajky KBaHTOBOM
rpaBuTanuu. JMpak MOCBATUI 3TOM MpOOJIEME MOCIEIHUE TOJbl CBOEH
KU3HHU, OTKpbIBas HOBBIC HAIIPaBJICHUS WU BBOAA HJEH W NPHEMBI, Ha
KOTOPBIX CTPOMTCS 3HAYUTEIbHAS YaCThb COBPEMEHHBIX HCCIEAOBAHUN B
oOacTi KBaHTOBOH rpaBuTauuu. MiIMeHHO Onarojapst 3TUM IMpUeMaM Mbl
CEro/IHs 3HaeM, KaK ONMUCHIBaTHL MUp O€3 BpEeMEHHU, U B JajbHenIeM s 00
TOM ele pacckaxy. deilHMaH mbITayNcs aganTUPOBaTh K OOIIEH Teopuu
OTHOCHUTEJIBHOCTU TPUEMBI, KOTOPbIE€ OH pa3padoTai sl 3JIEKTPOHOB U
IPOTOHOB, HO O€3yCIELIHO: 3JEKTPOHBI M MPOTOHBI — 3TO KBAHTHl B
IIPOCTPAHCTBE, @ KBAHTOBAsI TPABUTALIMS — 3TO HEYTO MHOE: HEJOCTATOYHO
ONKcCaTb «TPABUTOHBD», [BIXKYIIUECS B NPOCTPAHCTBE, KBAHTOBATHCS
JOJKHO CaMo MPOCTPAHCTBO.

Heckonpko HoOeneBckux mnpeMuili ObUTM TPUCYXKACHBI (PU3MUKaM,
KOTOPBIM B XOJI€ MOMBITOK PacIyTaTh I'OJIOBOJIOMKY KBAHTOBOW I'PABUTALIMU
yaaJd0Ch MOYTH IO OLIMOKE CHpaBUThCS C APYrMMH mpodOimeMamu. JlBa
rojutadjackux ¢usuka — Iepapn T Xoohpt m Maprunyc Bentman —
nonyunnu HoOeneBckyro mnpemuto B 1999 romy 3a jAeMOHCTpaluio
HEIIPOTUBOPEUMBOCTU TEOPUM, KOTOpPbIE MCHOJB3YIOTCS CErOAHS IS
ONMMCaHus ANEpHbIX cuil — 4acth CTaHJApTHOM MOJAENH, — HO HX
UCCIIeIoBaTeNbCKasl MporpaMMa B JEHCTBUTENBHOCTH ObUIa HAlleJIeHa Ha
JEMOHCTPALIMIO0 HENPOTUBOPEYMBOCTH TEOPUU KBAaHTOBOW rpaBuTanuu. Mx
paboTa HaJa TEOPUSIMU OCTAJBHBIX CHJ ObLIa JHIIb MOATOTOBUTEIHHBIM
ATanoM. OTOT «IOATOTOBUTENbHBIA »Tam» mnpuHec uM HoOeneBckyro
OpeMul0, HO OHM HE JOOWIHCh Yycmexa B JIEMOHCTpaluu
HEIMPOTUBOPEUMBOCTHU CBOEH BEPCUU KBAHTOBOW IPABUTALIUU.



Ecnu npogomKuTh 3TOT CIIUCOK, OH CTAHET MOXO0XK Ha «JIOCKY MOYETa»
BBIJIAIOMINXCST  (DU3UKOB-TEOPETUKOB cToJieTUs. Mnm ke mnepedyeHb ux
Heynad. JIume NOCTENEHHO, HAa NOPOTSHKEHUW  ACCATUIICTHH, WJIEH
MPOSICHSJIUCh, @ TYITMKOBBIC HApPaBICHUS UCCIEAOBAIUCh U 3aKPBHIBAJIUCH;
MPOSACHSUITUCH TEXHUYECKHUE MPUEMbl U OOIINE HIeU, HAUMHAIIN TTOSBISATHCSA
pe3yabTaThl, BBIBOJUMBIE OJWH U3 Apyroro. YToObl TONBKO YHOMSIHYTH
3[IECh BCEX YUYEHBIX, CIIECNABIIMX BKIAJ B IOCTENEHHOE KOJUIEKTHBHOE
BBICTPAMBAHWE ATOTO HAIMPABJICHUS HAyKWU, HAM IPHUILIOCH Obl COCTABUTh
OTPOMHBIN CIUCOK MMEH, B KOTOPOM KaXKAbIM J100aBWJI B OOIIyI0 paboTy
CBOM KamelleK Wi OyJIbDKHUK.

S OBl XOTEN YNOMSIHYTh TOJIBKO OJHOTO M3 HUX — TOTO, KTO MHOTO JIET
OOBEAMHST Pa3INYHbIC HAMPABIEHUS 3TOTO KOJJIEKTUBHOTO UCCIIEIOBAHUS:
3aMeuaTebHOr0, BEYHO MOJIOAOTO aHIIMYaHuHa, puiocoda u pusnka B
onHoM nuiie — Kpuca Aitmema. IMEeHHO 4nTast €ro cTarbio ¢ 0030pOM TEMBI
KBaHTOBOW TpaBUTAIIMH, S BIIOOUJICSA B 3Ty npobremy. CraThs, MO CyTH,
o0BsCHSIA, TIOYeMy IpoOjeMa CTOJIb CJIOXKHA, KaK JOJKHBI M3MEHUTHCS
HaIlld TIPEACTABICHUS O TPOCTPAHCTBE U BPEMEHHU, U JlaBajia Y€TKUM 0030p
BCEX IyTEW, KOTOPHIC MPOCIEKUBAIUCH HA TOT MOMEHT, C YIIOMUHAHUEM
JOCTUTHYTBHIX PE3YJIbTAaTOB W BBISIBICHHBIX TpyAHOCTeW. S ObUT TOTAA
CTyIEHTOM TpPETBETO Kypca, U BO3MOXKHOCTb C HYJIS IEPEOCMBICIUTH
MPOCTPAHCTBO M BPEMS MPHUBETIA MEHSI B BOCXHUILIEHUE. ITO BOCXUILECHHE C
Tex mop He ociabeBano. UM, kak ckazaHo B coHere lleTpapku, «paHa He
TIPOXOJTHT, KOT/a TepsieT chiTy TeTuan82l,

Y4eHbIM, KOTOPBIN BHEC HAUOOIBIINKA BKJIA]] B KBAHTOBYIO IPaBUTALIUIO,
Obl1 JereHnapubiii JkoH VYuiiep, CTaBIIMM CBA3YIOIIMM 3BEHOM IS
GU3MKH TPOLUIOro CToJeTus. YueHuk u kojuiera Humsca bopa B
Konenrarene; kosiera DWHINTEHHA Tociie ero nepee3na B CoeMHEHHbIE
[Itarel; y4uTenb, Cpeau YYEHUKOB KOTOpOro ObuI, Hampumep, Puuapn
OeiliamaH. .. Yunep Ob1 cepauemM ¢puzuku XX Beka. OH ObUT OJITapeH SIPKUM
BOOOpaxkeHHEM. VMIMEHHO OH mpuayMal W cjeiail MOMYJISpHbBIM TEPMUH
«4epHas apIpa». Ero uMs CBsI3aHO ¢ paHHUMU IUPOKUMU UCCIIEIOBAHUSIMHU
— YacTto 0ojiee MHTYUTUBHBIMH, HEKEITU MAaTeMaTMuYe€CKMMHU, — BOMPOCA O
KBAaHTOBOM IIPOCTPAHCTBE-BpeMeHU. BocnpuHaB ypok bpoHmTeriHa o ToMm,
YTO KBAHTOBBIE CBOMCTBA TPABUTAIIMOHHOTO TIOJS BJIEKYT 3a COOOM
W3MEHEHHSI B TPEJCTABICHUAX O IMPOCTPAHCTBE HA MaJlbIX MacliTadax,
Yusep WCKaJl HOBBIE HJIEH, IOMOTAaKIIME TMOHATh 3TO KBAaHTOBOE
npocTpancTBo. OH MPEACTAaBISI €ro 00JJaKoM HaJIOXKEHHBIX JIPYT Ha Jpyra



reoMeTpuid, MOJOOHO TOMY KaK MBI IIPEICTABIISIEM KBAaHTOBBIM AJIEKTPOH
00JIAaKOM €r0 TTOJIOKEHUH.

Puc. 5.2. Jl>xon Yunep

[IpencraBpre, YTO BB CMOTPUTE HAa MOpPE C OOJIBIIOW BBICOTHI: BBI
BOCIIPMHUMAETE €r0 OTPOMHYIO MPOTSKEHHOCTD KaK IUIOCKHUM 3€J€HOBATHIN
CTOJI. 3aTe€M Bbl CHUYKAETECh U CMOTPUTE HA HETO C MEHBIIETO PACCTOSHHS.
Bpl HaunHaere 3aMedarb OrPOMHBIE BOJIHBI, TOHUMBIE BETPOM. BbI
OITyCKaeTeCh €lIe HUKE U BUIUTE, UYTO BOJIHBI Pa30MBAIOTCS, @ MOBEPXHOCTh
MOPSI TTIOKPBITa OeCTOpsI0YHOM TeHOH. BOT Ha 4TO MOX0Xe MPOCTPAHCTBO B

MpeICTaBICHUN Ynnepa[ﬂ]. B Macmrabax Hamero - BOCIPHUATHS,
HEMMOBEPHO MPEBOCXOAANINX INIAHKOBCKYIO JUIMHY, TPOCTPAHCTBO MIA/IKOE.
Ecnu ke MBI cmycTUMCS K TUIAHKOBCKOMY MaciiTaly, OHO pBETCS U
IIEHUTCS.

Yunep uckan crnoco0 oOmnmucaHusi TMEHSIIErocsi MPOCTPAHCTBA, ATOM
BOJIHBI BEPOSATHOCTU PaA3IMYHbIX reomerpui. B 1966 romy ero monomoi
koiutera bpaiic JleButt, xuBmmid B KaponuHe, Hamen KIHOY4 K 3TOU

samauel?. Vunep wacto myTemrecTBoBanm m BCIOmy, Iie MOT, BCTpedancs C
xkoyuteramu. OH mompocun bpaidica BcTpetuTs ero B alspomnopty Peitnu/
Hropxem B CeBepHoil Kaponune, rjae eMy IpeaCTOsSI0 HECKOJbKO YacoB
*nath nepecaaku. [Ipuexas, bpaiic moka3an eMy ypaBHEHHE I 60IHOB0U
@yHKYyuU npocmparHcmea, TONYYEHHOE C HCIIOJIIb30BAaHUEM HECIOKHOTO

MareMatHdeckoro npuemal?2l. Vinrep npumen B Boctopr. B 3ToM pasrosope
POIMIIOCH CBOETO POJa «ypaBHEHHE I opOMTaneii» B oOLIel Teopuw



OTHOCUTEIBHOCTH; YPAaBHEHHUE, KOTOPOE JOJKHO ONPENEIATh BEPOSTHOCTD
TOTO WJIM HWHOTO HWCKPUBJIEHHs nOpocTtpaHcTBa. [lomroe Bpems JleBuTT

Ha3bIBaJ ero ypaBHeHmeM Yumepal?2l, Torma xak Yumep HaseBam ero
ypaBHeHHeM /[leBurra. Tenepb Bce Ha3bIBAIOT €r0 ypaBHEHUEM Yuiepa —
JleBurra.

Nnes Obuia O4eHb YAAYHOM U JieTJIa B OCHOBAaHHE MOMBITOK MOCTPOHUTH
MOJHYK0 TEOPHUIO KBAHTOBOM rpaButanvu. OQHAKO CamMO 3TO YpaBHEHHE
co3zaeT mpooIeMsbl, IpuUIeM cephbe3Hbie. [Ipexae Bcero, ¢ MaTeMaTudecKou
TOYKHM 3PEHUSI YPABHEHHE JIEMCTBUTEIBLHO OYEHBb IJIOXO OMpeaesneHo. Ecnu
MOMBITAThCA HCIOJB30BATh €ro JUIsi BBIYUCICHUH, MBI CKOpPO MOJYYUM
OECKOHEYHBIE PE3YJIbTaThl, HE HUMEIIIME CMBICIa. JTO TpedOBaIOCh
HCTIPABUTb.

Bno6aBok 3TO ypaBHEHHE TPYAHO UHTEPHPETUPOBATH TaK, YTOOBI
npuaarb emy cmbica. Cpeam  €ro  acmnekroB, MNPUBOASAIIAX B
3aMemnIaTeIbCTBO, MOXKHO Ha3BaTh TOT (haKT, YTO B YpaBHCHUU HE
COZIEPXKUTCS TIepEMEHHOM, oOo3Hauvaromeld Bpems. Kak MCronp3oBaTh €ro
JUISL pacueTOB HBOJIOLMM YEro-Tru00, MPOUCXOAIIET0 BO BPEMEHH, €CIIH
BpeMs B HEro BOOOIIE HE BXOAUT? YpaBHEHUS JTUHAMHUKH B (PHM3UKE BCETa
coJlepKaT TepeMeHHyIo f, BpeMms. UTo o3HadaeT (pusznueckas Tteopusi 0e3
BpeMeHHOM miepeMeHHOl? lomamu wucciemoBareau OyayT OWTBCS Haj
MO00OHBIMU BOMPOCAMU, MbBITASICh PA3IMUHBIMU CIIOCOOAMU MEPECMOTPEThH
ypaBHEHHUE, YTOObI YIYUIIUTh €r0 ONPEACICHHOCTh U MOHSATh, YTO OHO
O3HAYaerT.

IlepBblie HIATU K HETJIAM

Tyman Hawan paccewBarbcsi K KoHIy 1980-x romoB. HeokumanHo
IOSIBUJIMCh HEKOTOpBIE pEILICHUs ypaBHEHUs Yuiepa — [lesurra. B atu
rofbl MHE JOBEJOCh BCTPETUTHCS B CuUpaky3CKOM yHUBEpcHUTETE (IITar
Helo-Mopk) ¢ wmHmmiickuM ¢u3mkoM AGdifeM AmTekapoM, a 3aTreM B
HenbckoM yHHBepcuteTe ¢ u3ukoM JIm CMONMHOM. DTOT TIEpPHO
3alIOMHWICS ~ MHE  WHTEHCUBHBIMM  JUCKYCCHSIMA M KIYYUM
WMHTEJJIEKTYallbHbIM 3aJI0pOM. ANITEKap Mepenucal ypaBHEHUE YHIiepa —
Jlesurra B Oosiee mnpoctoit Qopme; CmonuH coBMecTHO ¢ Temom
SxkobcoHoM wu3 MDpdpUIIEHICKOTO yHUBEpcUTeTa B BammHrrone ObUI
MIEPBBIM, KTO HAIIE] HOBBIE CTPAHHBIEC PEIICHUS 3TOTO YPABHEHUS.



VY 3Tux pemnieHuil OpuIa OHA JIHOOONBITHA OCOOEHHOCTh: OHH 3aBUCENH
OT 3aMKHYMbIX JUHULU B TPOCTPAHCTBE. 3aMKHYTasl JIMHUS — 3TO NETII.
CwmonuH 1 SIKkoOCOH CMOTIJIM HAWTH pellieHuEe ypaBHeHus1 Ywiepa — JleBurra
st mo00M TeTId, TO eCTh JJIs JII0OOro 3aMKHYTOTO KOHTypa. Kaxkoe
3HaueHue 310 umesno? [lepBoie paboThl B 00acTH, KOTOpas B AaJIbHEHIIIEM
CTaJla HA3bIBAThCA IIETIIEBOM KBAHTOBOW T'pPaBUTALMEN, IOSBWINCH U3
IUCKYCCHI, B XOJI€ KOTOPBIX IMOCTENEHHO MPOSICHSIICS CMBICI PEIICHUI
ypaBHeHus Yuiepa — JleButra. Ha 3THMX pemieHMsax mar 3a [arom craja
BO3JIBUTaTbCsl LIEJIOCTHAsA TEOPHsI, YHACIEHOBABIIAs HA3BaHHE «IIETIIEBAs
TEOpHUs» OT MEPBBIX U3YUECHHBIX PEIICHUM.

Cerogusa Haja »dToM Teopuer pabOTalOT COTHU HCCIEAOBaTENeH,
pa3OpocaHHbIX 10 Bcemy Mupy — OT Kurtas no Aprentunsl, ot Ha0oHE3un
no CHIA. To, yTo OBUIO TMOCTENEHHO BBICTPOEHO, HA3BIBACTCS TEMEPh
METIICBOM TEOpHUEN, WIM METIEBOM KBAaHTOBOM TIpaBUTALlMEN, — €U
MOCBSIIEHBI CJIEAYIOIIME IJaBbl. DTO HE E€IWHCTBEHHOE HAIPABICHUE,

HUCCICAYCMOC B IIOUCKAX KBaHTOBOM TCOPUU T'PpaBUTAIIUN, HO A CHUTAXO CI'0

caMbIM MHOroo6emaromumm24,
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KBaHTBI IpocTpaHcTBa

B npouioy mmaBe Mbl OCTAHOBWIMCH HA PELICHUSX YPABHEHUS YHIIEpa
— JleButrrta, OTKpBITHIX SIKOOCOHOM U CMOJMHOM. DTU PEIICHUS CTPOSTCS
JUISL 3AMKHYTBIX JTUHHUM, WIN TIETeNb. YTO BCE ATO O3HAYaeT?

Bbl, koHeyHO, TOMHUTE ¢apaaeeBsl JTUHUA — T€, YTO HECYT
AMEKTPUYECKYI0 CWIYy W, 00 mnpeacraBieHusM Dapanes, 3amOJHSIIOT
npocTpancTBO? M3 Kakod KOHLENIUU «MOJD» MPOUCXOMAT ATH JIMHUU?
3aMKHYTbIE JIMHHUH, TOSBISIOIIAECS B PEIICHUSAX YpPaBHEHHS Yuiepa —
JleButTa — 3710, 110 cyTH, DapageeBsl JIMHUNA TPABUTALMOHHOTO TOJIS.

Opnako Ttenepb K wuzaesm @Papazaes A00aBIAIOTCS JBE HOBBIE
COCTAaBJIAIOLIHE.

[IepBasg U3 HUX 3aKIFOYAECTCS B TOM, YTO MBI HIMEEM JEJI0 C KBAHTOBOM
Teopue. B KBaHTOBOW TeopuM BCE MOUCKPETHO. ODTO O3HAYAET, 4YTO
HEIpepbIBHAS MayTHHA OCCKOHEYHO TOHKUX MapaiIeNbHBIX JUHUNU TEHEpPh
CTAaHOBUTCS ITOXOXKEM HA PEAJIbHYIO IIAyTHHY: OHA COAECPKUT KOHEYHOE
YUCIIO OTACNBHBIX JUHUM. Kaxknas Takasi JIMHUsL, ONPEAEISAONIas pelieHue
ypaBHEHHUS Yuiiepa — J[eBUTTa, ONUCHIBAET OAHY HUTh 3TOM NMAyTUHBI.

BTOpo¥i HOBBIN aCIEKT, UTPAIOIIUI KIIFOYEBYIO POJIb, COCTOUT B TOM, UYTO
MBI TOBOPUM O TPAaBUTAIMHU, A 3HAYUT, KAK MOKa3al DUHIITEWH, Pe4b UJET
HE O TOJAX, MOTPYKEHHBIX B IPOCTPAHCTBO, HO O CTPYKTYpE CamMoOro
npoctpancTBa. dapaneeBpl TMHUM KBAHTOBOIO T'PABUTALMOHHOTO MOJIA —
ATO HUTH, U3 KOTOPBIX COTKAHO IMPOCTPAHCTBO.

[ToHavanmy ucciieioBaHus KOHIIEHTPUPOBAIUCHh HA JTUX JIMHUAX M Ha
TOM, Kak OHHM «CIUIETAIOTCS» B Halle TpexMepHoe (U3UUECKOe
npoctpanctBo. Ha puc. 6.1 mnpencrtaBiieHbl NEpBbIE TMOMNBITKH 1aTh
MHTYUTUBHYIO KapTUHY AUCKPETHOW CTPYKTYPBhI IPOCTPAHCTBA, KOTOpask U3
ATOTO MOJTYyYaeTCs.



Puc. 6.1. KBanroBas Bepcusi ¢apaseeBbIX CUIOBBIX JTUHUN, U3 KOTOPBIX
CILJIETAETCSl TPEXMEPHAs CETh B3aUMOCBSI3aHHBIX KoJiell (TI€TEeIb)

Bckope, onmHako, Omarogapss HUHTYUIMH W MaTeMaTH4YE€CKUM
TaJIAaHTJIMBBIM MOJIOJIBIM YUEHBIM, TAKUM Kak apreHTuHer] Xopxe [lymmmH u
noyisik JKypexk JleBaHOBCKH, CTaIO SICHO, YTO KJIHOY K TOHUMaHHIO (PU3UKHU
00CYX)a€MbIX PEIICHUN JICKUT B TOUKAaX, IJI€ OTU JIMHUM TEPECEKAIOTCS.
OTH TOYKU HA3bIBAIOTCA y3JaMHU, a JIMHUU MEXIY y3i1aMu — peopamu. CeTb
MepeceKaronmxcsl JIMHUKM o00pa3yeT Tak Ha3blBaeMbld Tpad — 3TO
COBOKYIHOCTB y3JIOB, CO€IMHEHHBIX peOpamu, kak Ha puc. 6.3 (c. 179).

@dakTUYECKH pacyeThl IMOKa3bIBAIOT, 4YTO 0€3 y3J70B (PU3HUECKOE
MPOCTPAHCTBO HEe MMeeT oObeMa. MHbIiMU croBamMu, 00beM MPOCTPAHCTBA
CUIUT B y3lax rpada, a He B ero pedpax. JIMHMM CBS3BIBAIOT BMECTE
OTJIeJIbHbIC 00bEMBI, HAXOISIINECS B y3J1aX.

Ha TO, 4YTOOBI TOJHOCTBIO TMPOSCHUTH TOJYYUBIIYIOCS KApTUHY
KBAaHTOBOTO  MPOCTPAHCTBa-BpeMeHH, yuu roasl. [lorpeboBanoch
npeoOpa3oBaTh  IJIOXO  OMNpEJCNICHHBIH  MaTeMaTHMYEeCKUW  ammapar



ypaBHeHHs Yuiepa — [leButra B Oosnee onpeneneHuyo GopMy, TPUTOIHYIO
111 BeraucieHni. [locie aToro mosBuiIach BO3MOXHOCTD MOTy4YaTh TOUHBIE
pe3ynbpTarbl.  KIIFOUeBOM  TEXHUYECKUM  pPE3yNbTar, MPOSACHSIIOLINAN
(GU3UYEeCKUI CMBICT HamuX TpadoB, — ATO pacyeT CHEKTPOB oObeMa u
TUTOIIATH.

CnekTpbl 00beMa U IJI0IIAAU

Bo3bmeM 100yt0 00nacTb MPOCTPAHCTBA, HANpUMEp KOMHAaTy, B
KOTOPOW BBl UYWTAET€ OTy KHHUTY, €CJIM BBl HAXOAWTECh B KOMHATe.
Hackonbko Benmka 3Ta kKomHara? Pa3smep KOMHATHOTO MPOCTPAHCTBA
u3Mmepsiercst ero oobemMomM. OOBEM — 3TO TEOMETpPUYECKash BEIUYMHA,
KOTOpasi 3aBUCUT OT TE€OMETPUU TMPOCTPAHCTBA, HO T'€OMETPUS
MPOCTPAHCTBA — KaK MoKa3al DUHIITEHH U pacCKasbIBal 5 B TaBe 3 — 3TO
rpaBuTanmoHHoe mone. OO0beMm, TakuM oO0pa3oM, — 3TO CBOMCTBO
IPABUTAIIMOHHOTO TIOJIS, BBIPAXKAIOIIEE, CKOJBKO T'PaBUTAIMOHHOTO ITOJIS
HaXOJWTCS MEXIy CTEHaAMH Balled KoMHaThl. Ho rpaBUTamuoHHOE MOje —
3TO (u3MUeckas BEIWYMHA, KOTOpas, Kak Jro0asi Japyras, HOJYUHSAETCS
3aKOHaM KBAaHTOBOM MeXaHHMKUA. B dyacTHOcTH, Kak JroOas Quizndeckas
BeMYMHA, 00BEM HE MOXET MPUHUMATh MPOU3BOJIBHBIC 3HAYCHUS, HO
TOJILKO HEKOTOPBIE OMpeieNIEHHbIE, KaK sl ONMUChIBal B IaBe 4. CIHUCOK BCeX
BO3MOXKHBIX 3HAYEHWW, €CIW Bbl IMOMHUTE, HA3bIBA€TCS CIEKTPOM. A
3HAYUT, IOJDKEH CYIIIECTBOBATh cnekmp obvema (puc. 6.2).



Puc. 6.2. Cnextp o0bema: 00beM MPABHIBHOIO TETpadapa, KOTOPHIN
bU3MYEeCKH MOXET CYIIEeCTBOBaTh, YMCIIEHHO oOrpaHuyeH. HamMmeHbliuii
(BHU3Y) — 3TO caMbIil MaJIEHbKUM CYIIECTBYIOITUNA 00beM

Hupax gan Ham (opmyidy, IO KOTOPOM BBIYMCISETCS CIEKTP TI000H
nepeMeHHON. DTO BhIUKCIEHUE TpeOyeT BpeMEHU: CHayajla — 4ToObI 3a/1aTh
€ro, a 3aTeM — BBINIOJIHUTD, U 3TO JIOBOJIBHO TshKelas padboTa. ITH pacyeTsl
ObUTM BBITIOJIHEHBI B cepenude 1990-x romoB, W, KaKk M OXHUJIAJIOCH
(derinMaH TOOWIT TOBOPUTH, YTO Mbl HUUETO HE JOJDKHBI CUUTATh, HE 3HAS
3apaHee pe3ysbTarT), CIIeKTp 00beMa SBISAETCS TUCKPETHBIM, TO €CTh 00bEM
MOXET COCTOSITh TOJIbKO M3 JUCKPETHBIX MAKETOB. JTO YEM-TO MOXOXKE Ha
SHEPIrUI0 3JIEKTPOMArHUTHOTO TIOJSl, KOTOPOE TOXKE CKIIAJbIBAETCA U3
JUCKPETHBIX MaKeTOB — (DOTOHOB.



V351 Hatiero rpada npeacTaBiIsioT 3TH TUCKPETHBIE MaKeThl 00beMa U,
KaK U B cly4dae ¢ pOTOHaMH, MOTYT UMETh JIUIIIb ONPEEICHHbBIE Pa3MepHl,
KOTOpPbIE MOXHO BBIUUCINUTH, HUCIOIB3YyS OO0Iee KBAHTOBOE YpPaBHEHUE

Jlupaxal®l, Kaxnprii y3en n B rpade uMeer cBoii coOGCTBEHHBIH 00beM v,

paBHBIII OJHOMY M3 3HAYeHU B cHekTpe oO0bema. Y3JIbl — 3TO
AJIEMEHTapHbIE KBAHTHI, U3 KOTOPBIX COCTOUT (PU3UUYECKOE IMPOCTPAHCTBO.
Kaxnpiii y3en rpaga — 3TO KBaHTOBash YacTUIla B HPOCTPAHCTBE.
CrpykTypa, KOTOpasi MpU 3TOM TMOdy4YaeTcs, u3o0paxeHa Ha puc. 6.3.

Pebpo — 3710 otnmenpHas kBaHTOBas (hapageeBa JUHUA. Ternepb Mbl
MOHUMAEM, YTO OHM IPEACTABIISIIOT COOOI: €Clii CUMUTAaTh JIBa y3ia ABYMsI
KPOILIEYHBIMU 00JaCTSIMH MPOCTPAHCTBA, TO OHM OyAyT OTIENEHBI APYT OT
JIpyra KPOLICYHOM IOBEPXHOCTBIO. Pa3mMep 3TOM MOBEPXHOCTH — 3TO €€
niowads. DTO BTOpas BEIMUYMHA TIOCIe O00BbeMa, XapaKTepHU3YHOIast
KBaHTOBYIO IIayTMHY IIPOCTPAHCTBA, — IUIOLIAJb, AaCCOLMUPOBAHHAs C

KasKIoi Tuanei Y,

Puc. 6.3. CneBa u3o0paxkeH rpad, oOpa3oBaHHBIA y3JIaMH, KOTOPBIE
coenquHeHbl pebOpamu. CropaBa — 3€pHHCTOE MPOCTPAHCTBO, KOTOPOE
npencraBieHo 3tuM Tpadom. PeOpa 0003HaUaIOT CMEXHBIC YACTHIIHI,
paszieseHHbIE TTOBEPXHOCTIMU



Ota miomaab, Kak 1 00beM, — puznueckas IepeMeHHasi, U OHa UMeeT
CIIEKTp, KOTOPBIA MOXHO PacCcuuTarb, UCIOJIb3YSd YpPaBHECHHUE I[I/IpaKa[ﬂ].
[nomanb HEe SIBIASETCA HEMPEPHIBHOM BEJIMYMHOW, OHA TOXKE 3epHUCTA. He
CYIIECTBYET TAKOW BEIIU, KaK MPOU3BOJIBHO MaJjiasl TI0Iab.

[IpocTpaHCTBO KaXeTCsl HAM HENPEPHIBHBIM TOJIBKO MOTOMY, YTO MBI HE
CIIOCOOHBI BOCIPHHUMATh YPE3BBIYAMHO Majblii MacimTad OTAEIbHBIX
KBAaHTOB IIPOCTpPaHCTBa. TOYHO TaK ke, KOTJAa MbI BOJIM3H paccCMaTpHUBaeM
TKaHb  (QyTOONKHM, TO BHIUM, UYTO OHAa COCTOMT U3 TOHKHX
MEPEIUICTAOIINXCS HUTEU.

Korga mbl roBopuM, 4To 00B€M KOMHATHI COCTaBiisgeT, Hampumep, 100
KyOMYeCKHX METPOB, MBI Ha CaMOM JeJle noocyumovléaem 3epHa
MPOCTPAHCTBA — KBAHThl TPABUTAIMOHHOTO TIOJSI, — KOTOpPBIE B HEW
comepxkarca. st KOMHaThl MX KOJHMYECTBO BBIPAXKAETCS CTO3HAYHBIM
yucioM. Korma ™Mbl TOBOpHMM, 4TO IUIOMIAAb 3TOM cTpaHurbsl — 200
KBaJIpaTHBIX CAHTUMETPOB, MBI B JICHCTBUTEIIBHOCTH CUUTAEM YHCIIO pedep
MayTUHbI (WM TETEeNb), MEePEeCeKaUX cTpaHully. s cTpaHuUIbl 3TOM
KHUTHU YHUCIIO KBaHTOB TJIOIIA ! BBIPAXKACTCA MIPUMEPHO
CEMUAECIATU3HAYHBIM YHCIIOM.

Wnes, 4to wu3MepeHue JIMHBI, IUIOMAIA W o0beMa — 3TO BOMPOC
MoJiCueTa UX OT/ACJIBHBIX 2JIEMEHTOB, OblTa mpeioxkeHa B XIX Beke caMum
Pumanom. Maremaruk, KOTOpBIM pa3paboTall TEOPUIO HenpepvblgHbLX
HCKPUBJICHHBIX MAaT€MAaTUYE€CKUX IIPOCTPAHCTB, YK€ IOHUMAJ, YTO
ouckpemnoe (PU3NUECKOE IPOCTPAHCTBO, B KOHEYHOM cyeTe, Ooiee
pa3syMHasi HAEs, YEM HEIIPEPHIBHOE.

[ToxBomst UTOrK, MOKHO CKa3aTh, YTO IETIICBAsi KBAHTOBAsI TpaBUTALINA,
WU TIETJIEBasi TEOpHs, OObEAMHSET OOIIYI0 TEOPHUIO OTHOCUTEIBHOCTH C
KBAaHTOBOM MEXaHHUKOW JIOBOJHLHO KOHCEPBATUBHBIM 00pa3oM, IMOCKOJIBKY
OHA HE BBOJIUT HUKAKUX APYTUX TUIIOTE3, KPOME TEX, KOTOPBIE COMIEPIKATCS
B CaMHUX 3TUX TEOpHsX, 3alMCAHHBIX B Takoil (opme, YTOObI OHU ObLIU
coBMeCTUMBI. OJTHAKO BBIBOJbI OKA3bIBAKOTCS MIOUCTUHE PAIMKATLHBIMU.

OOmiast Teopusi OTHOCUTEILHOCTH TOBOPUT, UYTO MPOCTPAHCTBO — ITO
HEUYTO JWHAMHUYECKOE, IOJ00HO AJICKTPOMArHUTHOMY IIOJIO: OTPOMHBIM
MOJABWKHBIM  MOJUIFOCK, BHYTPb KOTOPOTO MBI BCE€ IIOTPYXKEHBI,
pacTATrMBarOIIUCS W uU3rudarommuiics. KBaHToBas MexaHUWKa YTBEPIXKIIACT,
YTO JIFOOOE IMOJI€ TAKOTO POJia COCTOUT M3 KBAHTOB, MHBIMHU CJIOBAMH, OHO
MMEET TOHKYIO 3€pHUCTYIO CTPYKTypy. OTcCiofa cienyet, 4To (hu3ndeckoe
MPOCTPAHCTBO, Oyayud TIOJIEM, TOXKE COCTOUT W3 KBAHTOB. Takas ke



3EpHUCTas CTPYKTypa, XapakTepHas Mg JPYTMX KBAHTOBBIX ITOJIEH,
IIpucylia W KBAaHTOBOMY TPaBUTAlMOHHOMY IIOJIKO, a 3HA4YUT, U
IPOCTPAHCTBY. MBI OXXHJA€M, YTO MPOCTPAHCTBO OyAET 3€pHUCTHIM. MBI
OXKUJAEM, UYTO CYIIECTBYIOT KBAaHThHI I'PABUTAIIMH, TaK kK€ KAK €CTh KBAHTHI
CBETa, KBAHTHI JIEKTPOMArHUTHOIO IOJISI ¥ YaCTUL[BI, CIIyXallUe KBAHTAMU
KBAHTOBBIX  ITOJIEH. Ho  mockoiabKky  IpPOCTPAaHCTBO  ABJISAECTCS
IPABUTALIMOHHBIM MOJIEM, KBAaHThl I'PABUTALMOHHOIO TOJISI — ATO KBAaHTHI
MIPOCTPAHCTBA, €T0 3€PHUCTHIE COCTABIIAIOLINE.

['maBHOE mpeacka3aHue METIEBOW TEOPUHM COCTOUT, TaKUM 00pa3oM, B
TOM, YTO IIPOCTPAHCTBO HE SBJISIETCS KOHTHHYYMOM, €TI0 HEJb3S ACIUTH 10
OECKOHEYHOCTH, OHO COCTOUT M3 «arOMOB IPOCTPAHCTBa», KOTOpPHIE B
MUJUIHApbl MWUIAAPAOB pa3 MEHBLIIE CaMOI0 MaJeHbKOTO M3 aTOMHBIX
anep.

IletneBass Teopust ONMCBHIBAET OTy AarOMapHYyl0, WIM 3€pPHHUCTYIO,
KBaHTOBYIO CTPYKTYpy MPOCTPAHCTBAa B TOYHON MaTemaTH4eckoil ¢opme,
MOJIyYEHHOW MyTeM MPUMEHEHHs OOIINX YpaBHEHUM KBAaHTOBOW MEXaHUKH,
BBIBEJICHHBIX /[MpakoM, K SUHIITEWHOBCKOMY I'PaBUTALIMOHHOMY IIOJIIO.

B wacTHOCTH, nIeTieBast TeOpusi TOBOPUT, YTO 00bEM (HaIIpUMep, 00beM
HEKOTOPOTro Ky0a) HE MOXET ObIThb CKOJIb yroAHO MajbiM. CyllecTByeT
MUHUMAaJIbHBIA 00beM. He MoxeT cyiiecTBoBaTh OOJACTH MPOCTPAHCTBA
MEHBIIE 3TOT0 MHHUMaJIbHOrOo oObema. CylIecTByeT MUHUMAJIbHBIN
KBaHTOBBIN 00bEM — DIIEMEHTAPHBINA aTOM MTPOCTPAHCTBRA.

ATOMBI IPOCTPAHCTBA

[lomHuTe Axwmieca, copeBHyronierocs ¢ yepenaxoun? Kak ormeuan
3€HOH, TPYAHO NPHUHATH UACH0, YTO AXWIUIEC MPEOAOIEBAET OECKOHEYHOE
YUCJIO OTPE3KOB, IMPEXKAE YEM JIOTHaThb MEIJINTEIBHOE JKUBOTHOE.
MaremaTuKy HallIi BO3MOYKHBIM OTBET HA 3TO 3aTPyJHEHHE, ITOKa3aB, KakK
OECKOHEYHOE YHCIIO0 TMOCJIEI0BAaTeIbHO YMEHBIIAIOUIUXCS HWHTEPBAJIOB
MOJKET, TEM HE MEHEE, CKJIaJIbIBAThCSl B KOHEUHbI COBOKYITHBIM MHTEPBAJL.

Ho oeiicmeumenvno nau 310 mnpoucxoauT B npupoxae? PeanbHbl JH
MHTEPBAJIbl MEXAY AXWILIECOM U Yepernaxou, CTAHOBAILIUECS CKOJIb YTOJHO
KOpPOTKUMH? J[€MCTBUTENBHO JIM UMEET CMBICI TOBOPUTH O MHJLJIMAPAHO-
MUJUTHAPIHO-MWUTAAPAHBIX JTOJISIX MUJUIMMETPA, a 3aTEM MPEACTABIATh UX
ceOe IeTMMbIMU BHOBh 1 BHOBb O€CKOHEUHOE YHCIIO pa3?



PacueTbl KBAaHTOBBIX CIIEKTPOB F€OMETPUYECKUX BEJIMYUH MOKA3bIBAIOT,
YTO OTBET HA 3TOT BOMPOC OTPUIATEIBHBIN: CKOJIb YTOJTHO MaJIbIX KYCOYKOB
MPOCTPAHCTBA HE CyHIECTBYeT. ECTh HIWKHHUI mpelnen JAeIMMOCTH
npoctpancTBa. OH, KOHEYHO, OYEHb MaJl, HO OH cyulecTByeT. IMeHHO 00
sTOoM norajaeiBajics Marsei bponmreiin B 1930-x romax. PacueTsl crieKTpoB
o0beMa ¥ IUIOMIAAM TMOATBEPXKIAIOT €ro WAC U MNPUIAIT el
MaTeMaTU4YeCKU TOUHYIO (popmy.

AXuiiecy He HYXXHO Jenarb OECKOHEYHOrO 4YHMCia I1aroB, YTOObI
JIOTHATh Yeperaxy, MOCKOJIbKY B MPOCTPAHCTBE, KOTOPOE COCTOUT U3 3€PEH
KOHEYHOr0 pa3mepa, OECKOHEYHO MajbIX IIaroB He cyiiecTByeT. lepoit
OyZleT OKa3bIBaThCsA BCE ONIMKE M ONIMKE K deperaxe, MokKa, HaKOHeI, He
HACTUTHET €€ OJJHUM KBAaHTOBBIM CKauYKOM.

OpHako eciu MoAyMmarb, HE €CTh JIM 3TO B TOYHOCTH TO K€ PEIICHUE,
yto ObUTO TpensioxkeHo JleBkunmom u Jlemokputom? OHM TOBOPHIH O
3€pHUCTOM CTPYKTYype MaTepru, HO MbI IIJIOXO MPEACTaBIsiEM ceOe, UTO JKe B
TOYHOCTH OHU TOBOPWJIM O TpocTpaHcTBe. K coxkaneHuo, y Hac HET HX
TEKCTOB, U MbI BBIHYXJIEHbI 0OXOJUTHCS CKYIHBIMU (hparMEeHTaMu, KOTOPbIE
IUTUPYIOT JPYTU€ aBTOPhl. ITO MOJOOHO TMOMbBITKAM BOCCTAHOBUTH

ITeKCITUPOBCKHE ThECHI 10 crucKy mutar u3 Illekcrmpal®l, Viomunaemoe
ApucroreneM 1eMOKPUTOBCKOE pacCykAeHUE 00 aOCYpAHOCTH KOHTHHYyMa
KaK COBOKYITHOCTHM TOYEK MOXET OBITb HNPUMEHEHO K IPOCTPAHCTBY. S
NpeACTaBISIIO ce0e, Kak crupalinBaro [J[eMokpuTa, UMEET JIh CMBICT JAEJICHHE
IIPOCTPAHCTBEHHOI'O MHTEpBaja A0 OECKOHEYHOCTH, @ OH B OTBET MOXKET
JMIIb TOBTOPUTH, YTO JIEIUMOCTb AOKHA UMETh npenen. Jns ¢unocoda
u3 AOnepbl Marepusi cocTosja M3 HeaenuMbix atomoB. Ho g aymaro,
OCO3HaB OJTHAXK/IbI, YTO MPOCTPAHCTBO OYEHB ITI0XOKE HA MAaTEPUIO U, KaK OH
caM OTMeuall, MMEET CBOI COOCTBEHHYIO MPUPONY, «OIPENEICHHYIO
¢bu3uKy», oH Obl 0e3 KoJieOaHUW clean BbIBOA O TOM, YTO IMPOCTPAHCTBO
TOKE MOXET COCTOSTH TOJIBKO M3 DJIEMEHTAPHBIX HEAEITUMBIX KyCOYKOB.
B03MOXHO, MBI JIAIIB UAEM IO cTOnIaM J[eMoKpura.

51, kOHeYHO, HE HMEI0 B BHUIY, 4YTO (U3MKA JBYX MOCIEIYIOIINUX
ThICSTYENIETHI OblIa OECIOJIe3HOM, YTO IKCIEPUMEHTHl M MaTeMaTUYeCKui
anmapar He HYXHbl U 4YTO JIeMOKpUT cTONb e YyOenuTeneH, Kak
coBpeMeHHasl Hayka. O4eBHMIHO, YTO 3TO HE Tak. be3 IKCIEpUMEHTOB U
MaTeMaTUKA Mbl HHUKOTJIa HE TOHsUIM Obl TOTrO, YTO TMOHHMMAaeM cenyac.
Opnako Mbl pa3paboTaii CBOM KOHIIENTyaJlbHbIE CXEMbl TOHUMAHUSA MHUPA
HE TOJIBKO MCCIENys HOBBIE HJEH, HO TAaKK€ ONUPAsCh HA MOIIHYIO



MHTYULHUIO TUTAaHTOB MPOULIOro. [eMOKpUT — OAMH W3 HUX, U MBI
OTKPBIBAEM HOBOE, CUJS HA €r0 TUTAHUYECKUX IIJIeYax.
BepHeMcs, oqHako, K KBAHTOBOM I'PaBUTALIUM.

CnuHOBBIC CEeTH

['padpi, KOTOpBIE ONMUCHIBAIOT KBAHTOBBIE COCTOSIHUSI MPOCTPAHCTBA,
XapakTepusyercss 00beMOM V JIJIsl KaXKJA0T0 y3ia U MOIYLeJION BEIMUYUHOH |
s kaxaoro pebpa. I'pad c¢ Takoit nmomomHuTEnbHOW uHMOpMalmei
Ha3bIBAETCsl CIMHOBOM ceThio (puc. 6.4). (Ilonyiensie BenuunuHbl B (pU3MKE
HA3bIBAIOT CIIMHOM, IMOCKOJIbKY OHH TOSIBJISIOTCS B KBAaHTOBOW MEXaHHKE

Bpamaromuxcsi oobekToB?2.) CrmHOBas ceTh HpencTaBIseT KBAHTOBOE
COCTOSIHUE TPABUTAIIMOHHOTO MOJII — KBAHTOBOE COCTOSIHME MPOCTPAHCTBA;
3€pHUCTOTO MPOCTPAHCTBA, B KOTOPOM IUIONIAJb U OOBEM JIUCKPETHHI.
MenkossuencTble  CeTH  IIMPOKO  HMCHONB3YIOTCS B (PU3MKE  Kak
anmpOKCUMAIIMM  HEOPEPBIBHOTO  MPOCTPAHCTBA.  37I€Ch  KE  HET
MIPOCTPAHCTBEHHOIO KOHTHUHYYMa, HYXAAIOWIErocs B alIpOKCUMAILNHU, —
MPOCTPAHCTBO 3EPHUCTO IO CBOEH MPUPOJIE.
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Puc. 6.4. CuuHOBas CETh



KitoueBoe paznnuue mexay goroHaMu (KBaHTaMH 3JIEKTPOMArHUTHOTO
noyisi) U y3namu rpada (KBaHTaMHM TpaBUTAIIMU) COCTOUT B TOM, YTO
(OTOHBI CYHIECTBYIOT B IPOCTPAHCTBE, TOTAA KakK KBAaHThl TI'paBUTALUU
NPEACTABISIIOT COO0M caMO NIpOCTPaHCTBO. MOTOHBI XapaKTEpU3YIOTCS
mectoM, «rae onu Haxomarcs»Hl  Ksautel mpoctpaHcTBa He HMeEOT
MecTa, IJI€ OHM MOTYT HaXOIWUTHCS, IOCKOIBKY OHHM CAaMH SIBISIOTCS
mectoM. EcTh numib oguH sneMeHT MHGOpMAallMU, XapaKTepU3yIoMen HX
IPOCTPAHCTBEHHOE IMOJIOKEHUE, — HMH(OpMalMs O TOM, C KaKUMH elle
KBaHTaMU ITPOCTPAHCTBA OHU COCEACTBYIOT, KAKHE €Il€ KBAaHThl HAXOISATCS
psiaoM ¢ HUMHU. DTa uHbOpMalMs BbIpaxkaeTcss peopamu rpacda. [[Ba ys3na,
COCIMHEHHBbIE peOpoM, — OTO JABa ONM3KUX Yy37a. OTO JiBa 3€pHA
IPOCTPAHCTBA, HAXOMAIIMXCS B KOHTAaKTe€ Jpyr C JAPYyroM, M Takue
«COINPUKOCHOBEHUSD) ONPEIEISAIOT CTPYKTYPY MPOCTPAHCTBA.

KBaHTBI rpaBuTanuy, TakuM 00pa3oM, HE HAXOIATCS B MPOCTPAHCTBE,
oHu camu u ecmv npocmparcmeo. CIIMHOBBIE CETH, KOTOPBIE OIMUCHIBAIOT
KBaHTOBYIO CTPYKTYpY TIpPaBUTALlMOHHOIO TOJs, HE TOTPYKEHbI B
IIPOCTPAHCTBO; OHU HE 3aIOJIHAIOT €ro. PacronoxeHnue oTAeIbHOr0 KBaHTa
POCTPAHCTBA OIpEACNIeTCS HE HHAaYe KaK TOJbKO pedpamMu U TeMU
CBSI35IMHU, KOTOPbIE OHU BBIPAXKAIOT.

Ecnu g Oyny mepexoauTh OT 3€pHa K 3€pHY IO pedpam, MOKa He
3aBEpIIy MOJIHBIA KPYyr U HE BEPHYCh K HCXOIHOMY 3€pHY, C KOTOPOTO
Hayall, 1 NOJy4dy nemaio. ITO U €CThb NEPBOHAYAJbHBIE METIN METIEBOU
Teopur. B maBe 4 A mokasay, 4TO KPUBHU3HY IPOCTPAHCTBA MOYKHO
U3MEpUTh, HaOMIOas 3a TeM, BEpHETCA JIM CTpejKa, repeMeniaemasi 1o
3aMKHYTOMY KOHTYPY, B UCXOJHOE IIOJIO)KEHHUE WJIM OKa)XETCSl IIOBEPHYTOM.
MaremaTudeckuii anmapar TEOpUU OMpenessieT 3Ty KPUBU3HY IS JIFOOOTO
3aMKHYTOTO KOHTypa Ha CIOHMHOBOM CETH, U 3TO JaeT BO3MOXKHOCTH

ONpPENEIINTh KPHUBU3HY IPOCTPAHCTBA-BPEMEHHU, a 3HAYUT, M CHILY

I'paBUTALIMOHHOIO ITOJIA, 11O CTPYKTYPC CIIMHOBOM CCTI/I[M].

Nrtak, KBaHTOBas MEXaHWKAa — 3TO HE TOJIKO 3€pPHUCTOCTh. BakeH
TaKXke TOT (PaKT, 4TO SBOJIIOIMUSA SIBJISAETCS BEPOSITHOCTHOM, M MYTh, IO
KOTOPOMY 3BOJIIOLIMOHUPYET CIUHOBAsl CETh, SBISIETCA CIIyd4aWHbIM. S
noApoOHEe pacckaxy o0 O3TOM B CIEIYIOIIEH YacTH, IMOCBSIIICHHOU
BPEMEHU.

N nHakoHel, Ba)XHO HE TO, KaK BEUIU Cyujecmeyrom, a TO, KaK OHHU
gzaumoodeticmeyrom. CIIMHOBBIE CETU — ITO HE CYLIHOCTH; OHU OIMHUCHIBAIOT
BIIUSIHAE TPOCTPAHCTBA HA BEIIM. TaKXE KaK JJEKTPOH HE HAXOAUTCS B



KaKOM-TO OTIPEICIICHHOM MECTE, a pa3Ma3aH 00JIaKOM BEPOSITHOCTH 1O BCEM
MecTaM, TPOCTPAHCTBO B JIEUCTBUTEIBHOCTH oOOpasyeT HE OJHY
KOHKPETHYI0 CIOMHOBYKO CE€Th, a OOJaKko BEpOSTHOCTEHM MO BCEH
COBOKYITHOCTH BO3MOKHBIX CIIMHOBBIX CETEH.

Ha npenenbHO Manbix MacmiTabax MPOCTPAHCTBO MPECTABIAET COOO0M
(GIIyKTYUpYIOIIMI PO KBAHTOB T'PAaBUTAIMH, KOTOPbIE BO3ACUCTBYIOT APYT
Ha JIpyra W BMECTE BIHUAIOT Ha BEIIM, MPOABISIS ce0si B OTUX
B3aMMOJICHCTBUSAX KaK CIIMHOBBIE CETH, KaK CBS3aHHbIC APYr C APYroM
3epHa (puc. 6.5).

@u3nyeckoe MPOCTPAHCTBO — OTO TKaHb, BO3HUKAKONIAsA U3
0€30CTaHOBOYHOIO POCHUS ITOU MayTUHBI OTHOIIEHUN. CaMu IMHUU HUTJIE
HE HaxXOIATCSA; OHH HE NMPUHAMICKAT KAKOMY-TO MECTY, & CaMH CO3HAI0T
MECTa MOCPEACTBOM CBOUX B3aUMOJICHCTBHM.

[IpocTpaHcTBO cO3AaeTCAd B3aMMOJICUCTBUEM OTHEIBHBIX KBAHTOB
IpaBUTALINH.

Puc. 6.5. B wmanom macmTabe mNOpOCTPAaHCTBO HE  SBISETCS
HENPEPBHIBHBIM — 3TO TKaHb U3 B3aUMOCBA3aHHBIX KOHEYHBIX 3JIEMEHTOB
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Bpemenu He cymiecrByer

U neusbesrcro npusHamo, umno HUKeM
owymambsCs He Modicem

Bpeﬂ/l}l camo no C€6€, 6He 08UXMCEeHUsT mell U
NOKOAL.

Jlykpeyuii. O npupooe sewetiL02/

BHuMarenbHbId YUTATENIb 3aMETUT, YTO B MPEABIAYIIUX [JIaBaX Majo
BHUMAaHUsI yAEJSIOCh BpEMEHU. A Bejb elle DUHINTEeHH Oojiee CTONEeTHUs
Ha3aJl MOKa3all, 4TO HEIb3S PA3JACIATh BPEMS U IPOCTPAHCTBO, HAITPOTUB, O
HUX CJIEAYeT AyMarb COBMECTHO, KaK O €IMHOM IE€JIOM — MPOCTPAHCTBE-
BpeMmeHu. HacTam MOMEHT pa3o0parbcsi ¢ 3TUM U BEPHYTh BPEMsI B HaAIIly
KapTUHY MHUpA.

HccnenoBanusi MO KBAaHTOBOM  TpaBUTAllMM  rojaMud  ObUIH
COCpEIOTOYCHBl Ha MPOCTPAHCTBEHHBIX YPABHEHUSIX, MOKA Yy YYEHBIX HE
XBAaTWJIO CMEJIOCTH B3SATHCS 3a Bpems. 3a mocieaHue 15 jer cran
dbopmupoBaThcs crnocod MOHMMAaHUS BPEMEHM, KOTOPBIM s IMOCTaparoch
OOBSCHUT.

[IpocTpaHcTBO Kak aMOopdHOE BMECTHIIMIIE BEIEH UcUe3aeT U3 (Pu3uKu
C TMOSBICHUEM KBAaHTOBOW TrpaBHTaluu. Bemu (KBaHTbI) HE HACEISIIOT
MPOCTPAHCTBO, HO pACIIONArarTCi APYr MO OTHOLICHUIO K [JpyTy, a
IPOCTPAHCTBO — 3TO TKaHb MX COCEICKHX OTHOmEHWH. M mo aHanoruu c
OTKa30M OT UJIEHU MPOCTPAHCTBA KaK MACCUBHOTO BMECTHUJIMILA Mbl JOJIKHBI
OTOpOCUTHh HJEI0 BPEMEHM KaK ITACCUBHOTO IIOTOKA, BJOJIb KOTOPOTO
pa3BEepTHIBACTCS  pEAIbHOCTh.  [ak K€  KaKk  HCUe3aeT  ujes
MPOCTPAHCTBEHHOTO KOHTUHYYMA, COAECP>KAIIEro BENH, JOJKHA UCUE3HYTh
U uJed TEKylero KOHTHUHyyMa BPEMEHHU, B KOTOPOM HPOUCXOASAT BCE
SIBJICHUSI.

B HexkoTopoM cMbicie B (pyHIaMEHTaIbHONW TEOPHUU MPOCTPAHCTBA
0oJIbIIIE HE CYIIECTBYET; KBAaHTHI IPABUTALIMOHHOTO TMOJS HE HAXOIATCA B
npocTpaHcTBe. B ToM ke cMbicie B hyHIaMEHTAIbHON TEOpUH OOJIBIIE HE
CYIIECTBYET BPEMEHHU: KBAHTHl TPABUTAIUM HE HBOJIOIMUOHUPYIOT BO



BpeMeHH. Bpemss — 3TO MNpOCTO CUETYMK HX B3auMmojencTBuil. Kak
CBUJICTCIILCTBYET YypaBHeHUE Yuiepa — J[leBurra, ¢dyHIaMEeHTaIbHbIE
ypaBHEHHsI OoJiee HEe cojpepkaT BpeMEHHOU repeMeHHoi. BpeMs, momo0Ho
MIPOCTPAHCTBY, MOSBIISICTCS U3 KBAHTOBOTO TPABUTALIMOHHOTO TTOJS.

OTyacT O3TO yXKe€ €eCTh B  KJACcCHYECKOM o00mei Teopuu
OTHOCHUTEJIBHOCTH, 9IS BpeMms MPEACTABIIETCS MPOSIBJIEHUEM
rpaBuTanMoHHoOro mnoisist. Ho moka mbl mpeHeOperaeM KBaHTOBOM TeOpHEid,
BCE €III€ MOXKHO JAyMaTh O MPOCTPAHCTBE-BPEMEHU JOBOJIbHO MPUBBIYHBIM
o0pa3oM — Kak O IOJIOTHE, Ha KOTOPOM pa3BOPAYMBAETCS HCTOpHUS BCeEH
OCTAJIbHOW PEAJbHOCTH, JaXX€ €CIH JTO IIOJOTHO JWHAMUYHOE H
MOABWKHOE. B MOMEHT, kKorga Mbl OPUHAMAeM B PacyeT KBAHTOBYIO
MEXaHUKY, Mbl NOHMMAaeM, YTO BPEMs TOXE JOJDKHO JIEMOHCTPHUPOBATH
BEPOATHOCTHYHK) HEOIPENEIEHHOCTh, 3€PHUCTOCTh M PEISIHIUOHHOCTb,
KOTOpbIE MPHUCYIIM BCEW OCTaJbHOE PEATbHOCTH. IJTO JI€NaeT BpeEMs
CYLIECTBEHHO OTJIMYHBIM OT BCEr0, YTO MbI MOAPA3yMEBAIN IO 3THUM
CJIOBOM MPEXKIIE.

OTO BTOpOE KOHIENTyalbHOE  CIEACTBUE TEOPUM  KBAHTOBOWU
rpaBUTALMM €UIE PAIUKAIIbHEES, YEM UCUE3HOBEHUE MTPOCTPAHCTRA.

[ToripoOyeM B HEM pazoOpaThCs.

BpeMH — H€ TO, YTO MbI O HEM IYMaEM

TO, qTo npupoaa BPCMCHHU OTIINYacCTCA OoT O6H.ICI'IpI/IH5{TBIX
HpeﬂCTaBHCHHﬁ, KOTOPBIC €CTh Y BCCX HAC, CTAJIO SICHO YIKC OoJiee cToJeTUs
Haszal. CHGHH&HBH&H n 0611135[ TECOPHUU OTHOCHUTCIIbBHOCTHU CHACIAIM 3TO

OYEBUIHBIM. Ceroanst HEaJIeKBaTHOCTh HaIlleTo OOBLAEHHOTO
MPEACTABICHUSI O BPEMEHM MOXKHO JIETKO MPOJIEMOHCTPUPOBATh B
Jaboparopuu.

PaccMoTpuM, Hampumep, T€pBO€  CIEACTBUE OOIIEed  TEopHUH
OTHOCHUTEJIBHOCTH, ONMCaHHOE B I1aBe 3. Bo3pMeM aBoe yacoB, yoenumcs,
YTO OHM IOKAa3bIBAIOT B TOYHOCTH OJMHAKOBOE BpEMs, MOJIOKUM OJHH W3
HUX Ha T0JI, a Apyrue — Ha croil. [lofgoxaem momyaca u CHOBa MIOMECTUM UX
psaaoM. bynyT i OHU MO-TIpeKHEMY TTOKa3bIBaTh OJTHO U TO e BpeMsi?

Kak roBopuiocs B miaBe 3, oTBeT OyaeT oTpuuareibHbld. OObIYHBIE
Hapy4YHbIE Yachbl WJIU T€, YTO BCTPOCHbI B MOOWJIBHBIA TenepoH, He
001a1af0T HEOOXOAMMOM TOYHOCTHIO, YTOOBI MPOBEPUTH ITOT (akT. OgHAKO
B (U3MYECKHX JIabopaTopusiX IO BCEMY MHUPY €CTh Yachl, HMEIOUIUE



TOYHOCTh, KOTOpas MO3BOJISIET MPOJAEMOHCTPUPOBATH BO3HUKAIOIIEE
PacXOXKJICHUE: Yachl, OCTABJICHHBIE HA TOJY, UIYT MEIJICHHEE, YEM TAKUE
7K€ 4achl, PaCHOJIOKECHHBIC BBIIIE.

[Touemy? IloTOMy 4TO Bpemsl HE TEYET OJAMHAKOBO MOBCIOY B mupe. B

HEKOTOPBIX MECTax €ro MOTOK ObICTpee, B IPYTUX — MeaiieHHee. Yem Ommxe

K 3eMJ'Ie, Iac FpaBI/ITaI_[I/IH[m] CHJIBHCC, TCM MCIJICHHCC TCUYCT BPCMII.

[loMHuTe ONM3HENOB W3 MIaBbl 3, Y€l BO3pACT CTajl pa3auyaTbCi B
pe3yabTaTe TOro, YTO OAMH KWJI Y MOps, a Apyrod B ropax? DT1oT 3ddext
HUYTOKEH — BBIUIPBHIII BO BPEMEHM, MOJYYCHHBIM 3a BCHO KU3Hb
MPUMOPCKUM JKUTEJIEM B CpPAaBHEHHH C TOPILEM, COCTAaBISAECT JOJHU
CEKYH/JIbl, — OJTHAKO CTOJIb MaJjias BEJMYMHA HE MEHSET TOTO (pakTa, YTO 3TO
peanbHOE pazinuuue. Bpemsi Bemer ceOs HE Tak, Kak Mbl MPUBBIKIN ce0e
MPEJICTABIIATh.

MBI HEe NOMXKHBI TyMarb O BPEMEHHM TakK, CIOBHO INIE-TO CYIIECTBYIOT
BEJIMKHE KOCMUYECKHE YacChl, KOTOPHIE OTMEPSIIOT KU3Hb BCeneHHom. Yxe
6osee 100 et MBI 3HAaEM, YTO O BPEMEHHU CIIEAYeT TyMaTh KakK O JOKAJIbHOM
SBJICHUU: KXl 00bEKT BO BcenenHoit mMeer cBoe COOCTBEHHOE BpeMs,
TEMII KOTOPOT'O ONPENENAETCS JOKAJIbHBIM TPABUTALIMOHHBIM ITOJIEM.

Ho paxe 3TO mpencraBieHUME O JIOKAJIbHOM BpPEMEHM IIEPECTAET
pabotarh, KOTJa Mbl TIPUHUMAEM B pacyeT KBAHTOBYIO MPUPOAY
IPaBUTAIIMOHHOTO MoJisi. KBaHTOBbIE COOBITHS B IIJIAHKOBCKOM MaciiTtabde
OoJbllle HE YMOPSAJIOYEHBI XOJA0M BpeMeHU. BpeMsi, B HEKOTOpOM CMBICIIE,
MIEPECTAET CYIIECTBOBATb.

YTO 03HAYaAOT CJIOBA O TOM, YTO BPEMEHU HE CYLIECTBYET?

[Ipexxme  Bcero,  OTCYTCTBHE  BpPEMEHHOH  TMEpeMEHHOH B
byHIaMEeHTalbHBIX YPAaBHEHHMSX HE O3HA4aeT, 4YTO BCE CTaHOBUTCSA
HETOABWKHBIM M YTO TEPECTAIOT MPOUCXOAUTH KaKHe-JIMOO H3MEHEHUS.
HanpotuB, »3TO O3Hayaer, 4YTO U3MEHEHUA Be3aecyld. BoT TOIbKO
AJIIEMEHTAPHBIC MIPOILIECCHI HE MOTYT OBITh YIOPSIOUEHBI BAOJIb TPUBBIYHOMN
MOCIEOBATEILHOCTY MTHOBEHUM. B mpenenbHO Manblx Maciitadax,
COOTBETCTBYIOIIMX KBAaHTaM IPOCTPAHCTBA, TAaHEL MOPUPOIBI  HE
MMOAYUHAECTCS PUTMY, 3aaBA€MOMY OIHOM IUPMKEPCKOM MAJTOUKOW I
BCErO0 OPKECTpa: KaXIbld IPOLECC TAHIYET HE3aBUCHUMO OT COCEIEH,
CJIe[lysl CBOeMY COOCTBEHHOMY pUTMY. TeueHrue BpeMEeHH — 3TO BHYTPEHHEE
CBOWMCTBO MHpA, OHO POXKIACTCS CAMUM MHUPOM H3 OTHOIICHUNA MEXKIY
KBAaHTOBBIMU COOBITHSIMU, KOTOPHIE # ecmb MHUP U KOTOphIE caMu
MOPOXKIAIOT CBOE COOCTBEHHOE BPEMSI.



@aKkTUYECKN HECYIIECTBOBAHME BPEMEHH HE O3HAYAaeT HUYETO
0COOEHHO CIOXHOr0. /[aBaiiTe mornpoOyem 3T0 MOHSTh.

IIyjabc 4 JI10CcTpa €0 CBeYKaMH

BpeMst BXoauT B OOJBIIMHCTBO YPaBHEHHUM KJIaCCUUECKON (PU3HKU. ITO
nepeMeHHasi, 00o3Hayaemasi OyKBOM ¢. YpaBHEHHUS! TOBOPAT HaM, KaK BEIU
MEHAIOTCS 60 8pemenu. Eciii Mbl 3HaeM, YTO CIYYHJIOCH B IMPOILJIOM, OHU
MO3BOJISIIOT HaM Tpejicka3aTh Oynyiiee. TouHee, Mbl U3MEpPsSIEM HEKOTOPbIE
BEJIMYMHBI, HampuMmep ToJoxkeHne A o0beKkTa, yroi B OTKIOHEHHUS
MasiTHHKA, Temneparypy C o0bekTa, a GU3N4EeCKUe YpaBHEHHS TOBOPST, KakK
3TH BEJIMYMHBI OyayT MEHATbCA BO BpeMeHU. OHU MpelCKa3bIBaIOT
bynakuuu 4 (¢), B (t), C (f) ¥ T. 1., KOTOPbIE OMHCHIBAIOT MU3MEHEHUS ITUX
BEJINYUH C TEUCHUEM BPEMEHU /.

['anwiield ObUT MEPBBIM, KTO MOHAJ, YTO JABMKEHHE OOBEKTOB Ha 3eMJIE
MOJKET OINMCHIBATHCS ypaBHEHUSAMH Kak QyHKiuu Bpemenu 4 (¢), B (1), C
(), u nmepBbIM 3anucan (OpMyJibl JJiA 3TUX ypaBHEHUH B SBHOM BHJE.
Hampumep, mnepBblii 3akOH 3€MHOM (U3MKHM, HaWJIeHHbIM [anuieem,

OIIMCBIBAJI IIAACHUC IIPCAMCTA, MHAYC I'OBOP:, IIOKAa3bIBaJl, KaK €TI0 BBICOTA X

MECHSIETCS C XOAOM BPpEMCHHU A104],

JI71st OTKPBITHS U TPOBEPKU 3TOT0 3aKkoHa ["anunero morpedoBanuch aBa
thna u3MepeHni. OH U3MepPsIT BBICOTY X MpeameTa U Bpems ¢. [lostomy emy
OB HY’KEH MHCTPYMEHT JIJIs1 U3MEPEHHUSI BPEMEHU — YACHI.

Bo Bpemena [Manunes ne Obut0 TouHBIX yacoB. Cam [amwmneit emie B
MOJIONOCTH Hallesl CHocO0 M3rOTOBJIEHUS TOYHBIX XPOHOMETpoB. OH
OOHapy>XuJl, 4YTO KoJieOaHUs MasTHUKAa BCErJaa HMEIOT OJIMHAKOBYIO
JUIUTENIbHOCTh (HE3aBUCUMO OT aMIUIUTY.bI). [103TOMYy MOXHO H3MEpSThH
BpeMsl, IMPOCTO CUWATAs KAaYaHUE MAasATHHUKA. OJTa HUAEAd KaXKETCs TaKou
OYEBUJIHOM, HO TOJIbKO [amuiieir oOpaTui Ha Hee BHUMAaHHE, JO HEro OHa
HUKOMY HE MPUXOJNJIA B TOJIOBY. Tak HEpEeIKO OBIBAET B HAYKE.

Ho na camomMm nesre BCE€ HE Tak OHO3HAYHO.

CornacHo Jeresae, 3ta uued o3apuia lamepes B BEIMYECTBEHHOM
[TuzanckoMm cobope, rae oH HaOMIOAaN 32 MEUICHHBIMH TMOKaYMBAHUSIMU
TUTAaHTCKOM  JIOCTpbl  cO  cBeyaMu. (Jlerenga HE  COOTBETCTBYET
JNENCTBUTEIBHOCTH, TOCKOJIBKY JIFOCTpPa BIEPBBIE 3aKadyanach TaM 4Yepes
MHOTO JIET Ttociie cmeptu [anmuiiess, Ho UcTopust BCE paBHO xopouwa. M He
UCKIIFOYEHO, YTO B T€ BpEMEHa B cOOOpE BUCEIO YTO-TO JIPYroe.) YUeHbIi



HaOMoan 3a JTHUMHU KOJIEOAHHWAMH BO BpEMs PEIMTHO3HOM CIYKOBI,
KOTOPOM OH, OYEBUJHO, HE OBLI OCOOCHHO TMOIJIOIIEH, W 3aMepsil
JUIMTEIBbHOCTh ~ KaXJOTO  KayaHWsl  JIIOCTPhI, IMOJCYUTHIBASL  yJaphl
coOcTBeHHOro myibca. C HapacTalOMIMM BOJHEHHEM OH OOHApYXXWJI, YTO
YUCJIO yAApOB OAMHAKOBO JJI KaXKJIOTO Ka4aHUsl — OHO HE MEHSIOCh, KOTJa
JIOCTpa 3aMeisulach M pacKauyMBajach C HUYTOXKHOW aMIUIATYyAoOu. Bce
KoJIeOaHUsl UMEJI OJIMHAKOBYIO JUIUTEIbHOCTD.

Ora wuctopusi 3BYUHMT 3aMeyaTesibHO, HO €CJIM 3aJyMaThCs, OHa
BBI3BIBAET HEJIOYMEHHE, M HOTO HEJOYMEHHME BEJIEeT Hac K caMoOd CyTu

npoOnembl BpeMeHu. OTkyna ['anunieil 3Hai, 4yTo ydapsl e2o coOCmMEeHHO20

nynbca IPOUCXONAT Yepes paBHbIe oTpesky Bpemern?H]

Bckope mnocne lamwies pokTropa cTajad U3MEPATh IYJIbC CBOUX
MalMEHTOB, UCIOJIb3Yys Yachl, KOTOpbIE, B KOHEUHOM CUETE, MPEJCTABIISUIN
co0Oii He 4YTO HMHOE, Kak MasTHUK. [lomy4aeTcs, 4TO MbI KCIOIB30BaIU
MyJbC, YTOOBI YIOCTOBEPUTHCS B PETYISIPHOCTH KauaHUM MAasiTHUKA, a 3aTeM
C TIOMOIIbI0 MAasTHUKA MPOBEPSUIA MOCTOSHCTBO Mylibca. He kaxkercs nu
BaM, YTO 3JIEChb HMMEET MECTO KaKOH-TO MOpouyHbIH Kpyr? Uto OBl 3TO
3HAYMIIO?

B nelicTBUTEILHOCTH MBI HMKOT/IA HE M3MEpSEM BpeMsi caMo Mo cebe,
MBI BCerjia uaMepsieM guzndeckue BenuuuHbl A, B, C... (konebaHus, MyJibC
U MHOXKECTBO JIPYTHX BEIe) M CpaBHUBAEM OJIHY BEIUYUHY C JIPYTOH, TO
€CTh, UHBIMU CJIOBaMu, Mbl uaMepsem ¢ynkuuu A(B), B(C), C(4) u T. A.
MBI MOXXeM TOJICUMTaTh, CKOJBKO YIApOB IMyJbCa B KaXXJIOM KOJICOAHHH,
CKOJIBKO KOJICOAHWU TPUXOJUTCA Ha KaKI0€ THUKAHbE CEKyHIOMEpa,
CKOJIbKO THKAaHUU CEKYHJIOMEpa MEX1y yAapaMu OallleHHBIX YacoB...

CyTh B TOM, YTO HaM Y00OHO TPEICTABIATH ceOe, YTO CYIIECTBYET
BEJIMUYMHA | — «UCTUHHOE BpEMs», — KOTOpas JIEKUT B OCHOBE BCSIKOTO
JBIDKCHUS, JaXe €CIU €€ HeJb3sd W3MEPUTh HEMOCPEACTBEHHO. Mbl
3alMChIBAEM YpaBHEHUS sl GU3UUECKUX TTEPEMEHHBIX OTHOCHUTEIBHO ITOU
HeHaonoodaemou BEIUYUHBI { — ypaBHEHMS, KOTOpPhIE TOBOPSAT HaM, Kak
BEIIIM MEHSIOTCSI C U3MEHEHUEM f: HallpuMep, CKOJIbKO BPEMEHHU 3aHUMAET
KaKJ0€ KoJieOaHWEe M CKOJIBKO JTUTCA yhaap myibca. OTcroma Mbl MOXKEM
BBIBECTH, KaK BEJIUYMHBI MEHSIOTCS JPYr IO OTHOILIEHUIO K JApPYyry —
CKOJIBKO YIapoB ITyJIbCa MPUXOJIUTCS HA OJTHO KOJeOaHWE — W CPaBHUBAEM
ATHU TPEJICKa3aHus ¢ TeM, UTO HabmonaeM B Mupe. Ecium ot nipeacka3zanus
OKa3bIBAIOTCS KOPPEKTHBIMHU, MBI BEpUM B TO, YTO HAIlla CIIOKHAS CXeMa



BEpHA, U B YACTHOCTHU B TOJIE3HOCTh MMEPEMEHHON BPEMEHHU £, TaKE €CIIH €€
HEJIb3sl HETTOCPEACTBEHHO U3MEPHUTh.

WNHbIMU CclIOBaMU, CYIIIECTBOBAHUE NTEPEMEHHON BPEMEHU — 3TO yI00HOE
JOMYIIIEHUE, a HE PE3YJIBTAT HAOIIOACHUN.

[lepBbIM, KTO BC€ 3TO MOHAN, ObuT HBIOTOH: OH Joragajicsi, 4TO ATO
3G(EKTUBHBIN TOAXOA, MPOSICHWI M pa3BWil JaHHYylO cxemy. HbproToH
OTKPBITO MHUIIET B CBOEW KHUTE, YTO HEIB3S] U3MEPUTh UCTUHHOE BpEMH 1,
HO €CIIH Npeononodcums, YTO OHO CYHIECTBYET, TO IMOJy4yaeTcs
s pexTUBHAS KOHCTPYKITUS JIJIsl OTUCAHUS TIPUPOIBI.

[IposicHUB 3TOT MOMEHT, MBI MOXEM BEPHYThCA K KBAaHTOBOMU
rPaBUTAllMM W K CMBICIY YTBEPXKICHUS O TOM, YTO «BPEMEHH HE
CYyHIECTBYET». OTO TMONPOCTY O3HAYAET, YTO HBIOTOHOBCKAs CXEMa
nepecraer paboTarh, KOrjia Mbl IMEEM JIeTIO C OY€Hb MaJICHbKUMU BEIIIaMH.
Omna 6bL1a XOpOoIIIa, HO TOJIBKO ISl OOJBIINX BEIIEH.

Ecnu Mbl XOTUM JOOUTHCS TIIYOOKOTO MOHMMAHUSI MHUPA, €CIIU XOTUM
MOHATh, KaK OH (DYHKIMOHHUPYET B MEHEE 3HAKOMBIX HAaM CHUTYaIlusX, B
KOTOPBIX CTAHOBUTCS CYIIECTBEHHOW KBAHTOBas TpaBUTALUSA, HaM
MPUAETCS OTKa3aTbCsd OT O3TOM cxeMbl. lIpencraBieHue O BpEMEHHU I,
KOTOpO€ TeueT camMo 1Mo cede W 1O OTHOIIEHUI0O K KOTOPOMY
ABOJIIOIMOHUPYIOT ~ BEIIM, TiepecTaeT ObITh TMOJNE3HBIM. Mup He
ONMCBHIBAETCS] YPABHEHUSIMU SBOJIFOLIMU BO BPEMEHHU f. MBI TOJKHBI TPOCTO
nepeynciauTs nepeMeHHsie 4, B, C, ..., KOTOpPBIE MBI OelcmEUmenIbHo
HaOJtolaeM, M 3amucaTh YPAaBHEHMS, BBIPAXAIOIIME OTHOLICHUS MEXIY
9mumMu TIEPEMEHHBIMM U HUYEM OOJIbllIe: TO €CTh YpaBHEHUS IS
otHouieanit A (B), B (C), C (A)..., xoTopble Mbl HaOJIOIaeM, a HE IS
bynkuuit 4 (1), B (t), C (¥)..., KOTOpbIE MbI He HAOTIOaEM.

B nmpumepe ¢ myabcoM MU JIOCTPOM y HAC BMECTO MPOUCXOITALIUX BO
BPEMEHU MYyJIbCA U KAYaHUU JIOCTPhI OyAyT TOJBKO YpaBHEHUS, KOTOpbIE
ONMCBHIBAIOT, KaK JIBE€ COOTBETCTBYIOIIME UM BEJIMUYMHBI MEHSIOTCA APYT I10
OTHOLIEHUIO K JIPYTy, TO €CTh ypPaBHEHHE, KOTOPOE NPSMO T'OBOPUT HaM,
CKOJIbKO YAapOB IIylibca NPHUXOJUTCA HAa OJHO KadyaHHUE JIIOCTPhl 0e3
YIIOMUHAHHUA f.

«Dusuka 0e3 BpeMeHn» — 3T0 PU3HKa, B KOTOPOWH MBI TOBOPUM TOJIBKO O
MyJIbCE U JIOCTPE, HE YIIOMUHASL O BPEMEHH.

OTO MPOCTOE U3MEHEHUE, HO C KOHUENTYAJIbHOM TOYKH 3PEHHUS — ITO
OTPOMHBIN CKaYOK. MBI JOKHBI HAYYUTHCSI IyMaTh O MUPE HE Kak O YeM-
TO MU3MEHSIOUIEMCS BO BPEMEHHM, HO HEKUMM HHBIM crocoboM. Bemu



MEHSIOTCSI TOJIBKO IO OTHOIIEHHUIO Jpyr K apyry. Ha dyHmameHTambHOM
YpPOBHE BpEMEHU He cyliecTByeT. Haie oObIIeHHOE€ 4YyBCTBO TEUECHUS
BPEMEHU €CTh JIMIb MNPUONMKEHUE, KOTOPOE€ BEPHO [Jig HAIIUX
MaKpOCKOMMYECKUX MacTa0oB. OHO BO3HUKAET B CHUJIY TOrO, YTO MBI
BOCIIPMHUMAEM MHUP B OYCHB 3arpyOJICHHOM, KPYITHO3EPHUCTOM BH/IE.

Takum o06pa3zom, MUp, ONUCHIBAEMbBIA ATOM TEOpHEW, OYEeHb JAJIEK OT
TOTO, YTO HaM MPHUBBIYHO. boJbIIe HE CyIIECTBYET MPOCTPAHCTBA, KOTOPOE
eémewiaem MUpP, W HE CYUIECTBYET BPEMEHH, 8 meueHue Komopo2o
MPOUCXOAIT COOBITUS. ECTh BlieMeHTapHbIEe MPOLIECCHI, B KOTOPHIX KBAHTHI
MPOCTPAHCTBA U MATEPUN HEMPEPHIBHO B3aUMOJICUCTBYIOT JIPYT C JAPYTOM.
DTy KapTHHY MUPa MOKHO CPABHUTH C YUCTBHIM U CIIOKOWHBIM aJIbIIUHUCKUM
03€pOM, KOTOPOE COCTOUT W3 MHUPHA] OBICTPO TAHIYIOIIUX KPOIIEUHBIX
MOJIEKYT Boabl. Mmmio3us, OyaTo MBI OKpPY)XEHBI  HEMPEPHIBHBIM
IPOCTPAHCTBOM U BPEMEHEM, €CThb pPe3yJbTal pPACCMATPUBAHUS H3LAJIU
IIJIOTHOTO POS AJIEMEHTAPHBIX MTPOIECCOB.

IIpocTpaHCTBEHHO-BPEMEHHOE CYIIIH

Kak 3Tu o0nue ujenm npuMEHSIOTCS K KBAaHTOBOW TpaBuTanuu? Kak
OMUCHIBaTh HM3MEHEHUs 0€3 WCIOJIb30BaHMS WJIEM MPOCTPAHCTBA KaK
KOHTEHHEpPA U BPEMEHH, BJIOJIb KOTOPOTO CKOJIB3UT MHUP?

PaccmoTpuM mpoliecc, HampuMmep, CTOJKHOBEHHUS ABYX OWMIIbSPIHBIX
IapoB Ha CTOJIe, OOTSHYTOM 3€JIEHBIM CYKHOM. IlycThb KpacHbIM IIapom
OBIOT 110 JKEJITOMY; OH MPUOJIMKAETCS, yaapsaeTcs, ¥ ABa 1apa pasjieTaroTcs
B Pa3HbBIX HAMPABJICHUSAX. DTOT MPOIIECC, KaK U BCE MPOIIECCHI, TPOUCXOAUT
B KOHEUHOW O0OJaCTU MPOCTpPaHCTBA (CKaKeM, Ha CTOJIE IIUPUHOU OKOJIO
JIByX METPOB) U JUIUTCSI KOHEYHOE BpeMsl (JIOIYCTUM, TPU CEKYHIbl). UTOOBI
00CyXJ1aTh ATOT MPOIIECC B KOHTEKCTE KBAHTOBOW I'PaBUTAIINN, HEOOXOIMMO
BKJIFOUUTH IIPOCTPAHCTBO M BpeMs B caM 3TOT mporecc (puc. 7.1).



4 Bpems KoHeu npouecca

Hauano npouecca

Puc. 7.1. OGnacte MpOCTPAaHCTBA, B KOTOPOM HYEpPHBIM IIap yaapseT
MOKOSIIIIUICA OeNblid 1ap, 3acTaBiisisl €ro JBHUIaThbCs, U OTCKAKUBACT.
Kopob6ka — 310 065macth nmpocTpaHcTBa-BpeMeHH. BHYTpu Hee HapuCOBaHBI
TPAaEeKTOPHUH IIAPOB

NHbIMH cTTOBaMH, Mbl JOJIKHBI ONKCHIBATH HE TOJBKO JIBa IIapa, HO
TaKXe€ BCE, YTO HAXOJUTCS BOKPYr HHUX: CTOJ M JIIOObIE JApyrue
MaTeprabHble OOBEKTHI, a TaKXe TMPOCTPAHCTBO, B KOTOPOE OHH
MOTPYKEHbI B TEUYEHUE BPEMEHHU, KOTOPOE MPOLLIO MEXAY HadalbHbIM
yoIapoM H KOHIIOM Tpouecca. IIpocTtpanctBo u  Bpemss — 3TO
IpaBUTAIMOHHOE TIOJIe, SWHINTEHHOBCKUM «MOJUTIOCK»: MBI TaKXKe
BKJIIOYa€M B TIPOILIECC TPaBUTALMOHHOE TIOJIe, TO €CTh KYCOK 3TOIO
MOJITIOCKa. Bce morpykeHo BHYTph 3TOTO OTPOMHOTO 3HWHIITEHHOBCKOTO
MoJuTtocka. Ternepp mpencTaBpTe, YTO BBl OTPE3a€TE€ OT HEro HEOOJIBIIOM,
KOHEYHBIM KyCOYEK HAmojo0ue CyIId, KOTOPBIM BKIIOUAET CTOJIKHOBEHUE U
TO, YTO €T0 OKPYKAET.

B pesynbrare Mpl MmoidydaeM MPOCTPAHCTBEHHO-BPEMEHHYIO KOPOOKY
(kak Ha puc. 7.1) — KOHEUHYIO MOPIMIO MPOCTPAHCTBA-BPEMEHU 00OBEMOM
HECKOJIbKO KyOOMETpPOB B MPOCTPAHCTBE M HECKOJIBKO CEKYHJ BO BPEMEHH.
Omom npouecc He MPOUCXOAUT 60 BpeMEHU. Ima KOpoOKa HE HAXOIUTCA 8
POCTPAHCTBE-BPEMEHHU, OHA 8K/II0Uaenm B Ce0sl MPOCTPAHCTBO-BpPEMS. ITO



HE IPOLIECC 60 BPEMEHU — B TOM XKE CMBICIIE, B KAKOM 3€pHA IMPOCTPAHCTBA
HE HaXOJATCS 6 IPOCTPAHCTBE. TeueHne BpEMEHHU — 3TO JIMIIb MEPA CAMOTO
Iporecca, Tak K€ Kak KBaHThI TPaBUTALIMN HE HAXOIATCS 6 IPOCTPAHCTBE, a
caMu MPEeJCTaBISIIOT CO0O0M MPOCTPAHCTRO.

Kittou k TOHMMaHUIO TOTO, Kak paboTaeT KBAaHTOBAs TPaBUTAIUSA, JTIEKUT
B PAacCMOTPEHHMHM HE TOJBKO (PU3MUYECKOro mpolrecca, 3aJaHHOTO ABYMsI
apaMu, HO M 1IEJIOCTHOTO Mpoliecca, 3aJaHHOT0 BCeil KOpOOKOi, co BCeM,
YTO B HEM CONEPIKUTCS, BKIIOYAs TPABUTALMOHHOE TTOJIE.

Teneps BepHEMCS K IEpBOHAYAIBHBIN forajake ['elizenOepra: KBaHTOBasI
MEXaHUKAa TOBOPUT HAM HE O TOM, YTO MPOUCXOAUT BO BPEMSI MPOTCKAHUS
porecca, Ho 0 BEPOATHOCTH, KOTOPAsi CBSI3BIBAECT PA3JINYHbIC HAYAJIBHBIE U
KOHEYHBIC COCTOSIHMS ATOTO Mpolecca. B Hamiem ciydae HadallbHbIE U
KOHEYHBIE COCTOSAHMSA 3aJal0TCs BCEM, YTO NPOUCXOAUT HA 2paHuye
MPOCTPAHCTBEHHO-BPEMEHHOM KOPOOKH.

VYpaBHEHUS NETIEBOW KBAaHTOBOM I'PAaBUTALMU JAXOT HAM BEPOSITHOCTD,
CBS3aHHYIO C 3a/JIaHHOW BO3MOXKHOUM epaHuyeri KOPOOKH, — BEPOSATHOCTD
TOTO, 4YTO IIapbl MOKUHYT KOPOOKY B TOW WM HHOW KOHKPETHOM
KOH(QUTYpaluHd, €CIM OHM BOIUIM B HEE B OIpPEACIICHHOM HaYalbHOU
KOH(UTYypaIUH.

Kak Bberamcasercs 3ta BepoATHOCTH? BcemomuuM  (peitHMaHOBCKYIO
CyMMY MO ITyTM, KOTOPYIO sI OIKCHIBAJI, KOTZIA PACCKA3bIBAJI O KBAHTOBOU
MEXaHUKe. BepoATHOCTH B KBAHTOBOM I'PAaBUTALIMU BBIUUCIISFOTCA TAKUM JKE
cocoO0OM — TYTEM pPacCMOTPEHHUS BCEX BO3MOXKHBIX «TPACKTOPHII»,
MMEIOINX T€ K€ TpaHW4YHbIC YCIOBHUs. [lOCKOJIIBKY MBI BKJIIOYAaeM B
pacCMOTPEHHE  JUHAMHUKY  MPOCTPAHCTBA-BPEMEHHW, OTO  O3HAYAET
PACCMOTPEHUE BCEX BOIMONCHBIX NPOCMPAHCINE-6PEMEH, UMEIOIINX TAKYIO
K€ TPaHUIly, KaK y Halleil KopoOKwu.

KBaHTOBass MexaHMKa MPEAIIONAracT, YTO MEXAY HAYAJIbHOW TPAHULIEH,
yepe3 KOTOPYIO JIBa IIapa BXOMAT B KOPOOKY, M KOHEYHOU TpaHMIICH, TIie
OHM BBIXOIAT, HET HHU ONPEACIECHHOIO0 MPOCTPAHCTBA-BPEMEHHU, HU
OTIpEJICTICHHBIX TPACKTOPUN IapoB. MIMeeTcst TOIbKO KBAHTOBOE «OOJIAKO»,
B KOTOPOM COCYIIECTBYIOT BCE BO3MOXKHBIE MPOCTPAHCTBA-BPEMEHA U BCE
BO3MOXXHBIE TpPAaeKTOpUU. BeEpOATHOCTh YBHUIIETh MIAPHI BBIXOAAIINMU
OJHUM HWJIM JIPYTUM CIIOCOOOM MOXHO paccyuTaTh, CyMMHUpYS IO BCEM
BO3MOKHBIM IIPOCTPAHCTBAM-BPEMEHAM.

CnuHoBasi meHa



Ecnu kBaHTOBOC npocmpancmeo UMEET CTPYKTYpPy CIIMHOBOM CETH, TO
KaKyl0 CTPYKTYypy OyAeT UMEThb npocmparcmeo-epems? Ha d4To MOX0XH
YIOMSIHYTBIE TIPOCTPAHCTBA-BPEMEHA, KOTOPBIE TOJDKHBI YYUTHIBATHCS B
pacuerax?

DTO NOKHBI OBITH ucmopuu cnuHOBOUM cetw. [IpeacTaBbTe, YTO BBI
Oepere Tpad CNUHOBOM CETH M JBUTAETE €r0: KaXAbIA y3€]d MayTHHBI
IPOYEPTUT JIMHUIO, OAOOHO mapaMm Ha puc. 7.1, a xkaxaoe pedbpo rpada,
JIBUTASICh, PUCYET MOBEPXHOCTh (HANIPUMEP, ABMXKYIIUNUCI OTPE30K PUCYET
MPSIMOYTOJILHUK). HO €CTh 1 KOe-uTo ele: y3eia MOXKET pa3/iesIuThCsl Ha JBa
uinu Oosee y3ia, Tak K€ KaK 4acTHI[a MOXKET pachacTbCsl Ha JiBe Wiu Oosee
gacTuiel. M1 Hao00poT, 1Ba min Ooiee y3i1a MOTYT OOBEAMHUTHCS B OJWH.
Takum o00pa3oM, SBOIIOIUOHUPYIOMUKA Tpad TOPOXKIAAET PHCYHOK,
MOI0OHBIN TOMY, YTO TIPEACTaBICH Ha puc. 7.2.

N300pakeHne, mpeCcTaBIeHHOE ClpaBa Ha pHC. 7.2, — 3TO CHUHOBAs
nena. llena — TOTOMY UYTO OHA COCTOMT M3 IOBEPXHOCTEH, KOTOpHIE
BCTPEUAIOTCS BJIOJIb JIMHUM, KOTOpbIE, B CBOIO OY€peib, BCTPEUAIOTCS B
BEpIIMHAX, YTO HAIIOMUHAET MEHY W3 MBUIBHBIX My3bIpen (puc. 7.3). 1o
CNUHOBasi TIEHA — TIOCKOJIbKY TIOBEPXHOCTH 3TOW TI€HBl HECYT CIIHMHBI
aHaJIOrM4HO pedpaM rpada, SBOTIOIUI0 KOTOPHIX OHU OMHUCHIBAOT.

Puc. 7.2. DOBONIOUMOHHPYIONIAS CIMHOBas CETh: TpU  y3Ja
OOBEAMHSIOTCS B OJIMH, a 3aTE€M BHOBB paznensitorcs. CrnpaBa — CIIMHOBAS
NeHa, MPEACTABIISIIONIAs ATOT MPOLIECC
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Puc. 7.3. IleHa u3 MbUIbHBIX My3bIpel

Jlns pacuera BEpOATHOCTH MpOIECCa HAI0 MPOCYMMHUPOBATH MO BCEM
BO3MO)XKHBIM CITMHOBBIM II€HaM BHYTPH KOPOOKH, MMEIOIIMM TaKylo >Ke
IpaHuUIly, KaK B paccMarpuBaeMOM IIpolecce. ['paHuna CiMHOBOW IEHBI —
ATO CIIMHOBAA CETh C HAXOMALICHCS B HEW MaTEpUEH.

YpaBHEHUSI TETICBOM TEOPUU TPABUTALUM BBIPAKAIOT BEPOSTHOCTH
MPOILIECCA Yepe3 CYMMBbI MO0 CIMHOBBIM II€HaM B 3aJlaHHbIX rpanunax. Ha
TOM IyTH, B TPUHIIMIE, BO3MOXXHO BBIYUCIUTH BEPOSITHOCTH JHOOOTO

dusmaeckoro cooprTHaH 2],



Puc. 7.4. Bepmmna cnimHoBou neHbl. C pa3pemienus [ para Mrana

Ha mepBbIit B3I STOT CIOCOO BBIMOJIHEHUS] PacueTOB B KBAHTOBOM
rpaBUTAllN¥, OCHOBAHHBIM HA CIIMHOBOW TI€HE, KaXXE€TCA OYEHb CHUJIBHO
OTJIUYAIOIIUMCS OT OOBIUHBIX CLIOCOOOB, KOTOPBIMU JEIAIOTCSI BRIUUCICHUS
B TeopeThueckor ¢usuke. HeTr 3agaHHOrO mMpOCTpaHCTBa, HET 3aJJaHHOTO
BPEMEHH, a CIIMHOBAs MEHA KaKeTCS 00BEKTOM, UPE3BBIYAMHO JTAJICKUM OT,
ckakeM, yactull CtangapTHol mojaenu. OqHako B I€HCTBUTEIBHOCTH €CTh
OYE€Hb CHJIBHOE CXOACTBO MEX/Y pAacueTaMyd Ha OCHOBE CIIMHOBOW IICHBI U
TEMH, YTO UCMOJIb3YI0TCA B CTaHAapTHON Moaeau. DaKkTUUEeCKH 31€Ch JaxXe
0ojlee YeM CXOJCTBO: TEXHHKA CIMHOBOHM IIEHLI — JTO Ha CaMOM JeJie
KpacuBo€ OOBbEAMHEHHUE JBYX OCHOBHBIX METOJOB  BBIUYMCIICHUH,
UCIIOJIB3yEeMbIX B KOHTekcTe CTaHaapTHON Monenu — (eHHMaHOBCKUX
JarpamMM U perieT4aToro NpruOInKEeHUS.

DeiHMaHOBCKUE AUAarpaMMbl HCIOJIB3YIOTCS, HalpuMeEp, I pacuera
MIPOIIECCOB, B KOTOPBIX JOMHHHUPYIOT 3JEKTPOMAarHUTHBIC M CJIa0ble CHUTHI.
deitHMaHOBCKAasA ararpaMmma MPEICTABISICT MMOCJIEI0BATEILHOCTD
AJIEMEHTAPHBIX B3aUMOACHUCTBUN MExk Ay yactuuamu. Ha puc. 7.5 npuBeneH
MpUMEP, TPEACTABISAIONINA B3aUMOJCUCTBUSL JIBYX 4YaCTUI[ WIH JABYX
KBaHTOB noJist. OT JIEBOM YaCTHUIIbI OTACIAOTCS JABE APYTHUE YACTHUIIBI, OJTHA



U3 HUX, B CBOIO OYepe/b, pacrajaeTcs Ha JIBE€ YacCTHUIIbl, KOTOpPHIE 3aTeM
BHOBb OOBEJIMHSIIOTCS M CJIMBAIOTCS C MPaBOWM yacTUilel. DTa auarpamma
1M300pakaeT UCTOPHUIO KBAHTOB B TOJISX.

Puc. 7.5. OerinmaHOBCKas AuarpaMmma

Pemeryaroe npuOImkeHUE MCIONb3YETCA, KOTAa B3aUMOICHCTBUE
CHUJILHOE M KapTHHA Ha ypOBHE YaCTHUIl CTAHOBUTCS HEIPHEKTUBHOM IS
onucanus (U3NUYECKUX IIPOIECCOB, HAMpPUMEpP IPU pacueTe CUIBLHOTO
B3aMMOJICMCTBUSA MEXJIy KBapKaMU BHYTPHU aTOMHOro sijgpa. Pemeruaras
TEXHUKA CTPOUTCS Ha allpPOKCUMAIUM HEMPEPHIBHOTO (PU3UUECKOTO
MIPOCTPAHCTBA C MMOMOIIBIO PEUIETKH, WU CETKH, KaK Ha puc. 7.6. JTa ceTka
paccMaTpuBaEeTCs HE KaK TOYHOE ONMCAaHUE NMPOCTPAHCTBA, HO JIMIIb KakK
npuOIMKEHUE HAmogoOue TOro, YTO HCIOIB3YIOT HMHXKEHEPHI, KOTaa
pPacCUMTHIBAIOT YNPYTOCTh MOCTA, ANMPOKCUMHPYSI CBONCTBA OETOHHBIX
KOHCTPYKIUM MO METOly KOHEYHBIX DOJEMEHTOB. OJTH JBa METOoJa
BBITIOJTHEHUSI BBIYUCICHUM — (peHHMaHOBCKUE IUarpaMMbl M peIIeTKa —
camble 3(PPEKTUBHBIC TEXHUKU B KBAHTOBOU TE€OPUHU TOJIS.
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Puc 7.6. Cetka, anmpokcumupymolias (U3NYecKoe MPOCTPAHCTBO-
BpeMs

B kBaHTOBOW IpaBUTAlMU MPOUCXOAUT HEYTO OYEHb KPACHBOE: 3TH JIBA
METOJa BBINOJHEHUSI BBIYMCIICHUM CTAHOBATCA OJHAM M TEM IKe€.
[IpocTpaHCTBEHHO-BpEMEHHAas TI€Ha, H300pakeHHas Ha puc. 7.2
ucrosibdyemasi g pacyera (U3MYECKHX [MPOIECCOB B KBAHTOBOM

rpaBUTAlli, MOKET OBITH HHTCPIIPCTUPOBAHA U KAK q)eﬁHMaHOBCKaH

nuarpamma, 1 kax Berancienue Ha pemerkelY. Taxum oGpasom, 3TH 1Be

TEXHUKH BBIYMCICHHM, ucnoiab3dyeMble B  CraHmapTHOM  Monenw,
OKa3bIBAIOTCSl YACTHBIMM CIy4YasiMH €IUHOM TEXHUKUA — CYMMHUPOBAHHUS I10
CNUHOB0U NeHe KBAaHTOBOM IPABUTALIUY.

Panee s yxe npencraBisan ypaBHEHUs DUHIITEWHA. V1 BHOBB 5 HE MOTy
IIPOTUBUATHCS MCKYLIEHUIO NPUBECTH 3[€Ch IOJIHYI0 CUCTEMY YpPaBHEHHMU
IIETIIEBOM TEOPUH, HECMOTPS HA TO YTO YUTATEIb, OYEBUIHO, HE CMOXKET UX
pacmiudpoBarb, €ciau TOJbKO HE MNPEANPUMET IIIyOOKOE IMOrpy>K€HUE B
MareMatuky. Kro-Tto omHaxzapl cKaszajl, 4YTO TEOpUs HE 3acCiIy’KUBAECT
JIOBEpUsl, €CIIM €€ YpaBHEHUS HEJb3d 3anucarh Ha (pyrtOonke. Ha puc. 7.7
npejcTaBiieHa Takasi GyTOOIKa ¢ MEeTIeBOM KBAHTOBOM rpaBUTAIIUCH.
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Puc. 7.7. YpaBHeHuUs MeTAEBON KBAHTOBOW I'paBUTAIMU Ha (PyTOOITKE

Otn ypasreHnsa-®8! — maremarmueckas (opma H3TOKEHHS KapTHHBI
MHpa, KOTOPYIO S OMHUCHIBAJI B TOCJEAHUX JBYX IlIaBaX. Mbl BOBCE HE
YBEpPEHbl B MPABUIBHOCTH ITUX YpPaBHEHUM, HO, 10 MOEMY MHEHHUIO, 3TO
Jaydinass W3 UMEINUXCS Ha ceroaHs (OpMYIUPOBOK KBaHTOBOM
rpaBUTALINH.

[IpocTpaHCTBO — 3TO CIMHOBASI CE€Th, Y3JIbI KOTOPOU MPECTABISIOT €r0
DIIEeMEHTapHbIe 3€pHa, a pedpa OMHCHIBAIOT HMX OTHOIICHHS OJM30CTH.
[IpocTpaHCTBO-BpEMs MOPOXKAAETCA MpoOUECcCaMU, B  KOTOPBIX 3TH
CIIMHOBBIE CETH MPEBPAIIAKOTCS Jpyr B Jpyra, U OTH HPOLECCHI
OMHUCBHIBAIOTCS CyMMaMHd TI0 CHHUHOBBIM ceTsiM. CHuHOBasi TMeHa
MPEJICTABISACT MCTOPUIO CIIMHOBOM CETH, TO €CTh 3E€PHUCTOrO
MPOCTPAHCTBA-BPEMEHH, B KOTOPOM Yy3ibl Tpada OOBEIUHSIOTCS U
Pa3IEISAIOTCA.

OTH MHKPOCKOIIMYECKUE POSIINECS KBAHTBI, KOTOPbIE MOPOKIAIOT
MIPOCTPAHCTBO U BpPEMsl, JISKAT B OCHOBE OKPY’KAIOIIEH HAC Oe3MSATEHKHOM
MaKpOCKOMMYECKON peanbHOCTH. Kaxkaplii KyOMUecKUd CaHTHUMETP
MIPOCTPAHCTBA M KaXKJas MNPOXOAsulas CEKYHIAa €CThb IMOPOXKICHUE 3TOU
TAHITYIOUTWN MEHBI KPOIIEYHBIX KBAHTOB.



N3 4gero caesnan mup?

[IpocTpaHCTBO Kak CILEHA HCYE3NI0, BPEMS HCYE3NO0, KIACCHYECKHE
YacTHUIbl MCYE3JU, KaK M KJIACCHUYECKHe Mojs. Tak U3 4ero *e COCTOUT
MHUp?

OTBeT Tenepb MPOCT: YaCTHUIIBI — 3TO KBAaHThI KBAHTOBBIX IOJIEH; CBET
oOpa3oBaH KBaHTaMHU IIOJIs; MPOCTPAHCTBO — 3TO HE OoJjiee 4eM Iole,
KOTOPOE TaKKE COCTOUT U3 KBAHTOB; BPEMsI MOSIBISIETCS U3 MPOIIECCOB B TEX
e noJsx. Jpyrumu ciioBamu, MUP LETUKOM COCTOMUT M3 KBAHTOBBIX MOJIEH

(puc. 7.8).
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Puc. 7.8. M3 wero cocrour wmup? W3 0aHOro-eAMHCTBEHHOTO
MHIPEIUCHTA — KOBAPUAHTHBIX KBAHTOBBIX IOJIEH

OTH TOoJIA HE XKUBYT 6 MPOCTPAHCTBE-BPEMEHHU; OHM, TaK CKa3arhb,
IPOCTO >KUBYT: OIHO IOBEPX APYroro — mois Ha noyisix. [IpoctpaHcTBo M
BpeMs, KOTOpbI€ Mbl BOCIPHHHMAEM B KpPYIHBIX MacliTadax, 3TO Hall



Pa3MBITHIA U MPUOIU3ZUTENIHHBIN 00pa3 OJHOTO M3 ATUX KBAHTOBBIX MOJEH —
rPaBUTAIMOHHOTO MOJI.

[Tonsi, KOTOpBIE XKUBYT camMu MO cede, HE HYXAasiChb B MPOCTPaHCTBE-
BPEMEHHU B KadyecTBe CyOCTpaTa WM OMOPBI, U KOTOPHIE CIIOCOOHBI CaMH
MOPOXKAaTb  MPOCTPAHCTBO-BPEMS, HAa3bIBAKOTCS  KOBAPUAHMHBIMU
keanmogvimu nonsimu. CyIIHOCTb, COCTABIISIIONIAs HAll MUpP, PAIUKAIBHO
yIpOCTWIACh 3a TNOCIEIHUE Troabl. Mup, 4YacTUlbl, CBET, DJHEPIUA,
MPOCTPAHCTBO M BpPEMSA — BCE€ 3TO €CTh HE YTO HMHOE, KAK MPOSBICHUE
OJIHOTO-€IMHCTBEHHOTO THMAa CYIIHOCTEH — KOBAPUAHTHBIX KBAHTOBBIX
TIIOJIEH.

KoBapuaHTHbIE KBAaHTOBBIE MOJIA CTAIM CETOAHS JIYUYIINM OIMCAHUEM
TOTO, YTO Mbl MOXEM Ha3BaTh anelpoHom (GmEPOV) — TEPBUUHOU
cyOcTaHIMe, W3 KOTOpOH 0O0pa30BaHO BCE OCTAIbHOE. DTO IIOHATHE

BBIJIBUHYJI YEJIOBEK, KOTOPBIM, BEPOSITHO, MOXKET OBITh Ha3BaH IEPBBIM

YUEHBIM H TIepBBIM procodom, — AHakcumarapHY2,

['panuiia MeXay HMCKPUBIEHHBIM U HEMPEPHIBHBIM MPOCTPAHCTBOM
SUHIITEHHOBCKOM 0OIIe TEOpUH OTHOCUTEIBHOCTH U JIUCKPETHBIMU
KBaHTaMU KBAaHTOBOW MEXaHUKH, MOMEIIEHHBIMU B IUIOCKOE OIHOPOIHOE
IPOCTPAHCTBO, Mcue3aeT. KakyIerocss mpoTuBopeuns 00ibIne HEeT. Mexay
KOHTHHYYMOM  TIPOCTPAHCTBa-BPEMEHH W  KBAaHTaMH TPOCTPAHCTBA
OTHOIICHUS TaKWe >K€, KaK MEXIy OJJICKTPOMarHUTHBIMH BOJHAMH U
¢boronamu.  BonHbl  marOT  OpUOAMKEHHOE  KPYNMHOMACIITAOHOE
npeAcTaBieane o  ¢doToHaXx. DOTOHBI — 3TO0 C€mocod, KOTOPHIM
B3aUMOJICUCTBYIOT BOJIHBI. HempepsiBHBIE MPOCTPAHCTBO M BPEMS — ITO
KpyMHOMACIITaOHbIH 00pa3 AMHAMUYHBIX KBAaHTOB TpaBHUTaIuu. KBaHTHI
rpaBUTAlMd — 3TO CHOCO0, KOTOPHIM B3aMMOJECUCTBYIOT MPOCTPAHCTBO U
BpeMs. OmHa W Ta XK€ MaTeMaTHKa COIVIaCOBAaHHO ONHMCHIBAET KBAHTOBOE
I'PaBUTAIMOHHOE TIOJIE ¥ IPYTHE KBAHTOBBIC MOJIS.

KonnenTyaneHas 1meHa, yriadeHHas 3a 3T0, — OTKa3 OT TPATUIIMOHHBIX
Uel TPOCTPAHCTBA M BPEMEHH B KA4ECTBE OOIIMX CTPYKTYp, B PaMKH
KOTOPBIX MoMeriaeTcs Mup. [IpocTpaHCcTBO U BpeMsi — 3TO MPUOIMKEHNUS,
KOTOpbI€ BO3HHUKAIOT JIMIIIb B KPYMHBIX MacmiTabax. KaHT, mo-BuauMomy,
ObLT TIpaB, yTBEPKAasi, 4YTO CyOBEKT 3HAHUSA U €r0 0OBEKT Hepa3AeIUMBbl, HO
OH ONpEelIeNeHHO olubancs, Korjga paccMaTrpuBal —HBIOTOHOBCKUE
MPOCTPAHCTBO M BpPEeMsl Kak ampHopHbIC (OpMBI 3HAHUS, HEOTHEMJIEMBIC
COCTaBJISIOIINE TPaMMATUKH, HEOOXOAMMOW JUIsi TTOHUMaHWS MHUpa. JTa



rpaMMarTuka M3MEHWIach W MPOJOJHKAET U3MEHATHCA C POCTOM HAIIETO
3HAHMS.

OOmiast Teopusi OTHOCUTEIBHOCTH M KBaHTOBas ME€XaHHMKa B KOHEUHOM
CYETE€ HE HACTOJILKO HECOBMECTHMBI, KaK 3TO Kaxercs. [Ipu TmarenbsHOM
PACCMOTPEHUM OHM TMOXHUMAKOT PYKH M 3aME€YaTeIbHO BCTYINAOT B JIHAJIOT.
IIpocTpancTBEHHBIE OTHOILICHUS, KOTOPBIE COCTaBJISIFOT CyTh
SUHIITEMHOBCKOIO HCKPUBIIEHHOTO MPOCTPAHCTBA, O3TO POBHO TE K€
B3aMMOJICCTBUSA, KOTOPBIE€ COCTABISIOT CYTh OTHOIIEHUM  MEXKITY
CUCTEMaMM B KBaHTOBOM MeXaHWke. JIBe Teopuum  CTaHOBSTCA
COBMECTUMBIMU U OOBEIUHSIIOTCS TTOJI00HO JIBYM CTOPOHAM OJIHOW MOHETHI,
KaK TOJIbKO MBI IIOHUMAEM, YTO MPOCTPAHCTBO U BPEMSI — 3TO MPOSBICHUS
KBAHTOBOTO TOJII M YTO KBAHTOBBIEC MOJISI MOTYT CyUI€CTBOBAaTh, AK€ HE
Oyy4u TTOMEIIEHHBIMHA BO BHEITHEE IMPOCTPAHCTBO.

DTa yTOHUCHHas KapThHa (PyHIaMEHTaIbHOU CTPYKTYPHI (DHU3UUECKOTO
MHUpa M €CTh MPEIJIaracéMblid CETOAHS KBAHTOBOM T'PAaBUTAIIMEN HOBBIU
B3IVISAJ] HA PEAIBHOCTb.

[maBHOE TpPEeUMYyIIECTBO, KOTOpOE JaeT 3Ta (PU3UKA, COCTOUT, KaK MBI
VBUJIUM B CIEAYyIOIIEW T[JIaBe, B HCYE3HOBEHHH OECKOHEYHOCTEH.
beckoHeyHO Manoro OoJibIlle HE CYHIECTBYET. beCKOHEUHOCTH, MOPTSIIIUE
KU3Hb B KBAHTOBOM TEOPUM TIOJSA, MPEANOCHUIKOM KOTOPBIX CIIYKHUT
MPEICTABJICHUE O HENPEPHIBHOM MPOCTPAHCTBE, TEMEPh HMCYE3AIOT,
MMOCKOJIBKY OHH TOPOXAAIOTCS MMEHHO ITUM (DU3UYECKH HEKOPPEKTHBIM
JOMYIIEHUEM O HENPEepPbIBHOCTH TMpocTpaHcTBA. CHHIYISIPHOCTH, B
KOTOPBIX YpPaBHEHMSI DWHINTEHHA TEPSIOT CMBICH, KOTAa TPaBUTALMOHHOE
110JI€ CTAHOBUTCS CJIMIIKOM CHJIBHBIM, TOXKE MCYE3AI0T: OHU BO3HHUKAIOT
JUIIb B pe3yJsibTare nmpeHeOpexeHuss kBantoBanueM nosis. Illar 3a marom
(parMeHTHI MMa3jla BCTAIOT HAa CBOM MecTa. B mocienHell yacTH KHHUTH S
OCTaHOBITFOCh Ha HEKOTOPBIX (PU3MUECKHUX CIICCTBUSAX 3TOM TCOPUH.

MoxeT moka3arbCsd CTPaHHBIM W TPYAHBIM JyMaTbh O JHUCKPETHBIX
AJIEMEHTAPHBIX CYIIHOCTSAX BHE IIPOCTPAHCTBA W BPEMEHH, OTHOIICHMUS
KOTOPBIX, OJHAKO, COCTaBIAIOT CYTh MPOCTpaHCTBA W BpeMeHu. Ho
MpeACTaBbTe, HACKOJIBKO CTPAHHO JOJDKHBI OBLIM  3ByYaTh CJIOBa
AHakcuMaHzpa, KOrJla OH yTBEPKAajl, YTO MO HAIIUMHA HOTaMH HAXOAUTCS
Takoe ke He0Oo, KaK TO, UTO MbI BUJIUM Yy ceOs Haj royioBoi. Wnu ciosa
Apucrapxa, KOTOPbIN OBITAJICSI U3MEPUTH PACCTOSIHAE OT 3eMJIH 110 JIyHBI U
ComHila 1 00HapYy>XUJI, YTO OHM HAXOMASATCS YPE3BbIUYAMHO JAJIEKO, a 3HAYUT,
MPEACTaBIAIOT COOOM HE HEOOoNbIIMe Mmapbl, a TuranTckue, u ComHIe



MHOTOKpPAaTHO TIPEBOCXOIUT pa3Mmepamu 3emumro. Mnau BeBoawsl Xab0Oima,
KOTJla OH TOHSJI, YTO MaJICHbKHE TyMaHHbIE OOjlauka HE 3BE3/IHOM HeOe —
9TO KOJIOCCAJIbHBIE CKOIICHUS JAJIEKUX 3BE3/. ..

B Teuyenue crometmii MHMp BOKPYr HAaCc IIOCTOSHHO H3MEHSIICS U
pacmapsiics. Termeps MBI BHUJIUM Jalibllie, TMOHUMAaeM €ro Jydile u
nmopakaeMcsi TOMY, KaKk OH TpaHC(OPMHUPYETCs B 3aBUCUMOCTH OT
OorpaHWYCHUH, HAJIOXKCHHBIX Ha Hallle BOCIpUsATHE. ETo omucaHue, KOTopoe
HaM yJaeTcs IIOCTPOUTh, CTAHOBHUTCS BCce OoJiee H3OIIPEHHBIM, HO
OJTHOBPEMEHHO 00Jiee MPOCTHIM.

Mpb1 10100HBI MaJIEHBKUM CJIETIBIM KPOTaM I0JT 3eMJIeH, KOTOPBIE MTOUTH
HUYETO HE 3HAIOT 0 Mupe. Ho MBI TpooimkaeT ero u3y4ars. ..

Oonako ux pacckas 06 3mot Houu,

006 ux cosmecmHoM U3BPAULEHbU MbICIIEl
Cseudemenvcmayem bOonvule, wem o 2pesdax,
U svipacmaem 6 noonunnoe Heumo,

Xomw 5mo ece u cmpanno, u yyoecno. Y



Yacts IV

IIo Ty CTOPOHY IPOCTPAHCTBA U BPEMEHHU

S oOpucoBasl OCHOBBI TEOPUU KBAaHTOBOM IpaBUTAIIMU M KapTHUHY MHUPA,
KOTOpass M3 HEE BBITEKAET. B 3TOM MOCiHeIHEW 4YacTh s OIUCHIBAKO
HEKOTOPBIE CIIECTBUS 3TOM TEOPUHU, a4 HMEHHO, YTO OHa TOBOPUT O
bosbiioM B3pbIBE M YEpPHBIX AbIpax. Sl TAKKe PACCKa3blBal0 O TEKYIIEM
COCTOSIHUM BO3MOYKHBIX JKCHEPUMEHTOB JJISi MPOBEPKU TEOPUU U O TOM,
YTO, KAK MHE Ka)ETCsl, XOUET CKa3aTh HAM IIPUPOAA, — B YACTHOCTH, O YEM
CBUJIETEIBCTBYET MPOBAJ TOMBITOK MPOHAOIIONATh CYNEPCUMMETPUYHBIC
YaCTUIIBI.

B 3akmroueHue s BBICKaKy HEKOTOPbIE COOOpa)KeHHsS O TOM, YTO BCE
€lIe YCKOJIb3aeT OT Hallero MOHMMaHUs MHUpa, B OCOOEHHOCTH O
TepMOJAMHAMUKE U poiau uHPOpMaMu B Teopun O€3 BpPEMEHU U
MPOCTPAHCTBA, TAKOW KAK TEOPHUS KBAHTOBOW I'PABUTALMHU, A TAKKE O TOM,
KaK MOSABJISECTCS BPEMS.

Bce 3T0 moaBOAMT HAC K caMOMy Kparo HalllMX 3HAHUW O MHUpE, K TOU
CMOTPOBOM IUIOIIAJIKE, OTKYJA Mbl MOKEM B3IVISIHYTh HA TO, O YEM MBI €11
COBEpPIIIEHHO HUYETO0 HE 3HaeM, — Ha TJIyOodailIlue TaiHbI, KOTOPhIE HAc
OKpYKaroT.
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ITo Ty cropony boJsibioro B3psiBa

Macrep

B 1927 rony wosonoi OEnbruiCKUNA YYEHBIH M KaTOJUYECKUM
CBAIIICHHUK, MOJYYUBIIUM HE3YUTCKOE OOpa3oBaHUE, U3YyUWJI YpPaBHEHUS
OHHIITeMHA M — KaK W OUWHIITEMH — TIIOHSJI, YTO, COIVIACHO ATHUM
ypaBHeHUsAM, Bcenennas qomkHa 1u00 pactiupsThes, 0o cxumarhes. Ho
BMECTO TOTrO 4YTOOBI OE€30CHOBATEIBLHO OTBEPTHYTH OSTOT pE3yibTaT MU
YIPSIMO MBITAaThCSl €r0 M30€XKaTh, KaK MOCTYMHJI DUHINTEHH, OeTbruiCKUN
CBSIIIIEHHUK MMOBEPUJI B HETO M CTAJI UCKATh ACTPOHOMUYECKUE JAHHBIC IS
€ro MPOBEPKH.

B TO Bpems rajiakTUKA HE Ha3bIBAJIUCh TaJIAKTHKaMu. VX Ha3bpIBaIn
TYMaHHOCTSIMHU, MOCKOJIBKY B TEJECKON OHU BBIIVISIAT KAK MAaJICHbKUE
onenHbie obOnaka cpeau 3Be37. HUKTO emie He 3Haj, YTO 3TO KOJOCCAJIbHBIE
JajeKrue 3BE3JHBIE OCTPOBA, MOMOOHBIC Halled cOOCTBeHHOW ['amakTuke.
OpHako MOJIOAOM OEIBIrUUCKUN CBSIIEHHUK TIOHUMAET, YTO CKYJIHBIE
JAHHBIE O TAJIAKTUKaX Ha CaMOM JEJE€ COBMECTHUMBI C BO3MOXHOCTBIO
paciiipenust BeenenHol: On3kue K HaM rajJakKTUKH YIUISIIOTCS ¢ OOJbIIION
CKOPOCTBIO, CJIOBHO UMHU KTO-TO BBICTPEJIMJI B HE0O; JalieKue rajakKTHUKU
yaasoTes eile ObicTpee. BeenenHast paznyBaeTcs, Mog00HO BO3AYIIHOMY
mapuky. J[Ba roma crycrtsa 3Ta Jorajka MOJATBEpKJIaeTcss Omarojgaps ABYM
aMepuKaHCKUM acTpoHomMam — [eHpuerre JleButr m DnBuHy XaOoOmy.
JIeBUTT OTKpBIBA€T XOpPOWIMM METOJ HW3MEpPEHHUS PACCTOSIHUM  OT
TYMaHHOCTEH, IOATBEPAMUBIIMK, YTO OHM HAXONATCS OUYEHb NAIEKO, 34
npenenaMu Haiied cooctBeHHOM ['anaktuku. C MOMOIIBIO 3TOTO METOAA U
oonpiroro Teneckorna Ilamomapckoit oOcepBaropun Xab0i1 cobupaet
TOYHBIE TAHHBIE, KOTOPBIE MOATBEPK/IAIOT, UTO TATAKTUKHU YAAISIOTCA, 4 UX
CKOPOCTH HPONOPIIMOHAIIBHBI PACCTOSHUIO J10 HUX.



Puc. 8.1. I'enpuerra JleBurt

Ho wmmenHo Momomoit Oenbruiickuii CBSIIEHHHK eme B 1927 romy
cAenan KIFYeBOW BBIBO: €CIIA Mbl BUJIUM JIETSIIUN BBEPX KAMEHb, 3HAUMT,
paHbIII€ OH HAXOAWJICS HM)KE W YTO-TO IWIBBIPHYJIO €ro BBEpX. Eciu Mbl
BUAUM YIUISIONIMECS TajJakKTUKU W BcelleHHas pacmupseTrcs, 3HAYUT,
paHbllle TaJakTUKU ObutM Onumxe, a BcenmeHHass Oblla MEHBIE M YTO-TO
3aCTAaBWIO €€ HayaTh paclupsAThbCcs. Moiiofoil OeNbruiCKUi CBSIIECHHUK
BBIJIBUTACT  MPENNOJIOKEHHEe, uTo BceneHHas uW3HadaibHO  ObLia
Ype3BbIYAaMHO MAJICHBKOM M IUIOTHOM M Hadajda CBO€ pPaCIIMpPEHUE C
TUTAaHTCKOTO  B3phiBa. (OH Ha3plBa€T 3TO HAYAJIBHOE COCTOSIHUE
nepBoatoMoM. CeroHsa Mbl 3Ha€M €ro Kak boibiioil B3pbIB.

Mononoro 6enbruiinia 38anu Xopx Jlemerp. [lo-dpaHiry3cku ero ums
3BYUUT KakK le maitre, 4TO O3HA4YaeT «MacTep», — TPYAHO HaWTH OoJjee
MOAXOJIAIIEE UM JJIsl YEIOBEKA, KOTOPBIN MepBbIM 0co3Hal (pakT bosbioro
B3pbiBa. Ho, HECMOTps Ha cBOoe uMs, JleMeTp MMen O4YeHb CIOepKaHHBIN
XapakTep; OH H30eray MOJEMUKM M HUKOIJAa HE HacTauBal Ha CBOEM
MIPUOPUTETE B OTKPHITUU pacliupeHusi BeeneHnHoi, KoTopoe B UTOre CTalu
NpUNUCHIBaTh Xa00my. [[Ba anu304a U3 €ro KU3HU WLTIOCTPUPYIOT TITYyOHuHY
ero yma. [lepBblii kKacaeTcst DUHIITEITHA, BTOPOU — MaIlbl PUMCKOTO.

Kak yxke ynoMuHanoch, OWHINTENH CKENTHYECKH OTHECCS K HJIEE
pacmpenust Becenennoii. OH BBIpOC ¢ MBICIIBIO, YTO BceneHHast crarnyHa,
M HE MOr MNPUHATH HJCK0, YTO ATO HE Tak. Jlake BEJIMKUE COBEPIIAIOT
OIMOKKM W CKJIOHHBI K HpenyoexiaeHusMm. Jlemerp BeTpeTwica ¢



OWHIITEHHOM W TMONBITAJICS MOIIATHYTh €ro MpeayOexaeHus. DWHILITENH
OB HEMPEKIIOHEH W JOIIEI 0 TOro, 4yTo ckaszan Jlemerpy: «IIpaBunbHbie
BBIYUCIICHUS, OTBparuteibHas Qusnuka». I[lozguee OHHIITEWH ObBLT
BBIHYKJICH NpHU3HaTh IpaBory Jlemerpa. He BCcsikoMy maHO ONpOBEPrHYTH
OWHIITENHA.

OTa cuTyalusi MOBTOPWJIACh €II€ pa3. OUHIITEHH BBEI B CBOU
ypaBHEHUS HEOOJbIIOE, HO BAXKHOE JOMOITHEHHE — KOCMOJOTHYECKYIO
MOCTOSTHHYI0, O KOTOpPOM s mucan B miaBe 3, B (OMIMOOYHONM) TOIBITKE
3aCTaBUTh YPABHEHMS ONMCHIBATh cTrarndecKyro Bcenennyro. Korma on
Ipu3Haji, 4ro BceleHHas He CTaTW4yHa, TO OTBEPr KOCMOJIOTMYECKYIO
MOCTOSIHHY10. JlemeTp BO BTOpOHM pa3 MOMbITaiCs YOEAUTh €ro U3MEHUTh
CBO€ MHEHHE: KOCMOJIOTMYECKAs IOCTOsIHHas He JenaeT BceneHHyro
CTaTUYHOM, HO OHA, TEM HE MEHEE, NPaBOMEpPHAa M HET OCHOBAaHUM €€
orOpaceiBaTh. B 3TOT pa3 Jlemerp Toxke okazajics MmpaB: KOCMOJOTHYECKas
IIOCTOSIHHAsI BBI3BIBAET YCKOPEHHOE pacliupeHue BceimeHHoW, U 3TO
YCKOpEHHE HEeaBHO ObUIO M3MepeHo. VI BHOBL DUWHINTEWH omubancs, a
JlemeTp okasaics npas.

Puc. 8.2. Xopx Jlemerp. ABropckue npaBa Apxua XKopxka JlemeTpa,
JIéBen

Korma wpes mnosBnenuss Bcemennoit B bonbmioMm B3pbIBE cTana
npu3HaBarbes, nana [Iuii X1 B myOauuHOM BeIcTyIUIeHUU (22 HOsA0ps 1951



roga) OOBSBWI, 4YTO 93Ta TEOpHUS TOATBEPXKAACT COTBOPEHHUE MHUPAa,

ormmncanaoe B Kumre Berrmallll. Jlemerp ¢ Gompmmm 6GecmokoiicTBoM

oTpearupoBasl Ha 3asBiieHHE mnamnbl. OH CBA3AJCS C HAyYHBIM COBETHUKOM
NOHTU(UKA U MPUIIOKUI OOJIBIINE YCHIHS K TOMY, UYTOOBI YOEIUTh Mafy He
yBSA3BIBaTh OOXECTBEHHOE TBOpEeHHE ¢ bosbminM B3pbIBOM. Jlemerp Obua
yOeXJIeH, 4YTO MOJJOOHBIM 00pa30M CMENIMBATh HAYKY M PEJIUTHIO IO U

HeomnpaBaaHHO: bubnus Hudero He 3HaeT o ¢u3MKe, a HU3MKa HUYETO HE

suaer o bBoreMl2l TIuit XII cormacuncs ¢ ero aprymeranueif, u

KaTOJIMYECKAs [IEPKOBh HUKOT/A OOJIbIIE HE JieNialia MyOJIUYHbIX 3asiBICHUN
10 3TOMY Borpocy. He kaxx1oMy BeIllalaeT 4eCTh ONPOBEPTHYTH IAIy.

N xonewyHo, Ha 3TOT pa3 JlemeTrp Toke OBLT MpaB: CETOAHS MHOTO
TOBOPST O TOM, YTO BOJBIION B3PBIB — 3TO HE HACTOSIIEE HAYAJIO, YTO JI0
HEro MOIJIa CYIIECTBOBATh Apyras BCEleHHas. TONbKO MOAYyMalTe, B KAKOM
HEYOOHOM TIOJIOKEHUHM OKa3ajlach Obl CErofHsl KaToJIMuecKasl IEPKOBb,
eciu Obl mpuHsJa O(UIMATBHYIO JOKTPUHY, 4TO bBojblioit B3phIB U
TBopenne — ogHo u TO ke. «Jla Oyaer cBer!» mnpeBparuwyioch Obl BO
«BxmrounTe cBeT cHOBA!».

Coctszatbesi ¢ OUWHINTEMHOM U TMamnou, yOexmas HuX, 4YTO OHH
omubarTcs, U o00a pa3a oOKa3zaTbCAd IMPaBbIM — O3TO BIEYATISIOMIUN
pe3ynbrar. «Mactepy onpaBaaji CBOE UMSL.

CeronHsuIHME TaHHBIE HE OCTABIISIIOT COMHEHUI: BeenleHHas B TaJIeKoM
MPOILIOM ObljIa Ype3BBIYAWHO TOPSYEH M YPE3BBIYANHO IJIOTHOM, U C TEX
MOp OHA paciupsercs. Mbl MOKEM B AETAISIX PEKOHCTPYUPOBATH UCTOPUIO
Bcenennoll, HaunMHas C €€ MEPBUYHOTO TOPSYETO M IJIOTHOTO COCTOSIHUA.
Mps1 3HaeM, kak 00pa30BajIUCh aTOMbI, SJIEMEHTHI, TaJaKTUKWA U 3BE3/bl U
KaK pa3BuUBajach H3BecTHass HaMm Bcenennas. HemaBHue THIaTenbHBIE
HaOJIIOJIEHUs M3JTyYeHHUsI, KOTOpOe 3amoiiHAeT BceneHHylo, BBIMOTHEHHBIC
cnyTHUKOM «[ImaHk», BHOBH B MOJHOM OO0bEME MOATBEPANIA TEOPHUIO
bonpmoro B3peiBa. MBI 3HaeM C BBICOKOW CTENEHBID YBEPEHHOCTH, YTO
MPOUCXOAWIO C KpyImHOMAcIITaOHOW CTPYKTypol Hamedi BcenenHoil B
TEUCHHUE MOCHEAHNX 14 MUIMapAoB JIET, HAYMHAS C TOTO MOMEHTA, KOTAa
OHa ObLJIa OTHEHHBIM CTYCTKOM.

3aayManlTeCh: IEPBOHAYAIBHO BBIPAKEHHUE «TEOPUA BOIBIIOrO B3phIBa»
ObLJI0O BOPOIIIEHO OMMOHEHTaMHU TEOPHHU, YTOOBI BBHICMESTHh HJICI0, KOTOpas
Kazajach aOCypaHOM... A B UTOre MBI BCE€ YOCXKICHBI B TOM, 4TtO 14
MUJUTHAP/IOB JIET Ha3a] BceeneHnHas Obuta MIIOTHBIM OTHEHHBIM CTYCTKOM.



Ho d4ro e ObUI0 0o 3TOr0 HAYaJIBbHOTO TOPSYEr0o M IUIOTHOTO
COCTOSIHUA?

Bo3sBpaiasce Hazag BO BPEMEHH, Mbl BUJUM, YTO TeMIIEpaTypa pacTeT
HapsiAy C IUIOTHOCTBIO BEIIECTBA M AHEPruM. B HEKOTOpBHII MOMEHT OHM
JOCTUTAIOT TUTAHKOBCKOTO MacmTaba — 14 MuimuapioB jeT Hazad. B aToi
TOYKE YpaBHEHHUs OOIIEH TEOpUHM OTHOCUTEIBHOCTH NEPECTaroT paboTarh,
MOCKOJIbKY OOJIbIIIE HEIb3s UTHOPUPOBATh KBAHTOBYH) MEXaHUKY. MpbI
MoMajaeM B IapCTBO KBAHTOBOW IpaBUTAITUH.

KBanToBasi KocMOJOIrusl

JIns moHMMaHus TOrO, 4TO CIYYWJIOCH 14 MUIUIMApAOB JIET HA3al, HAM
Hy>)KHa KBaHTOBas rpaBuTanus. UYTo memieBass TEOpUs TOBOPUT HAM IO
3TOMY BOHNpOCy?

PaccmoTpuM aHanmoruunyto, HO Oosiee mpocTyro cutTyanuio. CormacHo
KJIACCUYECKOM MEXaHMKE, JICKTPOH, NMAJa0lUN MpsIMO HA aTOMHOE SIAPO,
JOJDKEH OBbITh TMOMJIONIEH UM M UCYe3HYTh. HO B pealbHOCTH Bce
npoucxonuT uHade. Kiaccuueckas MexaHUKa HEMOJHA, U HEO0OXOAuMO
MPUHUMATh BO BHUMAaHUE KBaHTOBBIE (P (eKThl. PeanbHbIN AIEKTPOH — 3TO
KBAaHTOBBIH OOBEKT, U OH HE JBIXKETCS MO TOYHOM TPACKTOPHUU: €ro
HEBO3MOXXHO yJepKaThb B CIWIIKOM Masioli oOmactu. Yem Oosnbline ero
C)KMMAIOT, TeM OBICTpEE OH YCKOJbh3aeT. Eciam Mbl XOTMM OCTaHOBUTH €T0
BO3JIE siIpa, TO caMoe€ OOoJbllee, YTO MOXKHO CJENaTh, 3TO BBIHYIUTH €T0
3aHSATH OpPOWTY, COOTBETCTBYIOIIYIO II0 pa3MepaM caMoOW MaJeHbKOU
aTOMHOUN opOuTanu: ONMKe K AJIpy OH JiepKarbcsi He MOoxkeT. KBaHTOBas
MEXaHMKA HE MO3BOJISIET PEATIbHOMY 3JIEKTPOHY yHacTh B sipo. KBaHTOBOE
OTTAJIKUBAHUE BBITAJIIKUBAET B3JIEKTPOH, KOTAA OH OKa3bIBACTCS CIUIIKOM
OMM3Ko K TEHTpy. Takum 00pa3oM, MaTepusi OKa3bIBA€TCS YCTOMYHMBOU
Omaromaps KBaHTOBOWM MexaHWKe. be3 Hee AleKTpoHbl majaiu Obl B spa,
aToMOB OBl HE CYIIIECTBOBAJIO, & 3HAYUT, U HAC TOXKE.

To xe camoe mnpoucxomguT co Bcenennoit. IlpencrtaBum cebe
Bcenennyto, CKMMAIOIIYIOCA U CTAHOBSIIIYIOCS UYPE3BBIYAWHO MaJI€HBbKOM,
ckarol mon JedcTtBHeM coOcTBeHHOro Beca. CoOMIacHO ypaBHEHUAM
OnHmTeliHa, Beenennas cxumainach ObI 0 OCCKOHEYHOCTH M ITOJTHOCTBIO
ucyesya Obl B IIEHTPAIbHOW TOYKE MOJOOHO 3JIEKTPOHY, MajarolieMy B
anpo. TakoB bonpliod B3pBIB, MPEACKA3bIBAEMBIN SUHIITEHHOBCKUMH
YPaBHEHUSIMH, €CIU Mbl UTHOPHUPYEM KBAHTOBYIO MEXAHHKY.



Ho ecnu npuHsATh BO BHUMaHUE KBAaHTOBYHO MEXaHUKY, TO BceneHHas
HE MOXET OCCKOHEYHO CKUMaTbcs. KBaHTOBOE OTTaJKMBAHUE 3aCTaBIISIET
ee oTckakuBarh. Cxxumaroiasicsi BceneHHass He KOJUIACHUPYET B TOYKY —
OHa OTCKAKMBAaeT W BHOBb HAYMHAET PACIHIMPATHCH, KaK €Cliu Obl OHa
BO3HHUKJIA B KOCMHUYECKOM B3pbIBE (pHC. 8.3).

[Iponutoe Hamiewt BcenenHod, TakuMm oOpa3oM, BIOJHE MOXKET OBITH
pPE3YNIBTATOM TAKOTO TMTAHTCKOTO OTCKOKa. Ero, B ommune ot bosbmioro
B3pbIBA, Ha3bIBalOT boybimnM OTCKOKOM. [lo-BHIMMOMY, OH BBITEKAET W3
YpPaBHEHHM METIEBOW KBAaHTOBOM TEOPUM TIPABUTALMM, KOIZA OHHU
IIPUMEHSIOTCS K paCIUMPEHUIO BCeneHHON.

DTy KapTUHy OTCKOKa HE€ CJeIyeT BOCIPUHHUMATh OyKBaJIbHO.
Bo3sBpaiasice k npumepy ¢ 3J€KTPOHOM, BCIIOMHHMM, YTO €CJIM Mbl XOTUM
MIOMECTHUTH AEKTPOH KaK MOXKHO OJIMKE K aTOMY, SJIEKTPOH MEPEeCTaeT ObITh
yacTUIIEH; BMECTO H3TOTO O HEM CcjeayeT HayMaTh Kak o0 oOiake
BeposiTHOCTel. TouHoe TmonokeHue OoJbllle HE HMMEET CMbIcha IS
anekTpoHa. To ke camoe u g BeeneHHo#: Mbl He MOXKeM OOJIbIlle AyMaTh
O €IWHOM, MYCTh W 3€PHUCTOM, IMPOCTPAHCTBE-BPEMEHH, HO TOJBKO O
pa3Ma3zaHHOM oOO0Jake BEpPOSTHOCTEH, B KOTOPOM BpeMsl U MPOCTPAHCTBO
oemeHo ¢GayktyupyroT. [lpu bonbimmom OTCkOKe MUpP pacTeKaeTcs
posmuMcsi  OOJTaKOM  BEpPOSITHOCTEH, KOTOPBIE TMO-TIPEKHEMY MOXKHO
OMUCHIBATh YPABHEHUSIMH.

Puc. 8.3. bonpmoit orckok BeeneHHoil B rpaduueckoM mpeicTaBIeHUN
®panueckn Bugorro, UTanpIHCKOTO YY€HOr0, BIEPBBIE MCIIOIb30BABIIETO
CIIMHOBYIO IIEHY JUIsl pacdyeTa BEpPOSITHOCTH HTOTO IIpoLecca



Hamia Beenennas, Takum o0pa3oM, MOXKET ObITh pe3yIbTaTOM KoJjijarca
NPEAbIAYIIEN CKUMAIOIIENUCS BCEIIEHHOM, MPOIIEANIEN YEepe3 KBAHTOBYIO
(dazy, B KOTOpO MPOCTPAHCTBO U BPEMs PACTBOPSIIOTCSI B BEPOATHOCTSIX.

CII0BO «BCENEHHasD» CTAHOBUTCA HEOJHO3HAYHBIM. ECiM «BCEJICHHAs»
O3HAYaEeT «BCE, YTO CYLIECTBYET», TO, IO ONPEACIECHUIO, IPYTOW BCEIEHHOU
ObITh He MOXKeT. Ho B kocMosioruu 3a ciioBom

«BCEJICHHAs» 3aKpeMWioCh JPyroe 3HaueHWe — OHO O0O03HaYaeT
IPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM, KOTOPBIA Mbl HENIOCPEICTBEHHO
BUJIUM BOKpYT ce€Os, 3aloJIHEHHBIM TrajakTukamu, GopMy U HUCTOPHIO
KOTOPBIX MbI HaOmrogaeM. HeT ocHOBaHUiA 1J1s1 YBEPEHHOCTH, UTO B 3MOM
CMbICIIC JaHHasl BceneHHas — eAMHCTBEHHAs CyIIECTBYOMAs. Mbl MOXEM
PEKOHCTPYUpPOBaTh  NPOIUIOE  BIUIOTH 10  BPEMEHH, KOTJa, IO
npeacrasieHuto J>koHa Yuiepa, NpOCTPaHCTBEHHO-BPEMEHHOW KOHTUHYYM
pacnagaeTcs, Mogo0HO MOpPCKOW TMeHe, U (parMEeHTUPYETCS B KBAHTOBOE
00J1aKo BEpPOSITHOCTEHM, U HET MPUYMH OTOpPAChIBaTh BO3MOXKHOCTH, YTO 3a
ATOW TropsYer TMEeHOW MOXKET OBITh JAPYrod MPOCTPaHCTBEHHO-BPEMEHHOM
KOHTHHYYM, TIOJIOOHBIN TOMY, KOTOPBIN MbI BOCIIPUHUMAEM BOKPYT ceOsl.

BepositHocts s Bceenennoit mnpoiitu a3y bosbiioro orckoka,
Mepeuas OT CXaTusg K PACHIMPEHHUI0, MOXHO PacCUUTaTh C IMOMOUIBIO
METOJIa, ONMKMCAHHOTO B MPEABIAYIIEH IJaBe, — METOAA MPOCTPAHCTBEHHO-
BPEMEHHBIX KOpPOOOK. VYK€ BBINOJTHEHBI pacyYeThl C HCIOIH30BAHUEM
CIIMHOBOM II€HBbI, KOTOpAasl CBS3bIBACT CHKUMAKOLIYIOCS BCEICHHYIO C
PACILIMPSOIIEHCS.

Bcé 310 11oKa HaXOAUTCs Ha CTAaAUU PEKOTHOCIUPOBOYHBIX U3bICKAHUM,
HO 3aMeYaTesIbHBbIM SIBJISIETCS TOT (DAKT, UTO y HAC CETO/HS €CTh ypaBHEHUS,
C TIOMOIIbIO KOTOPHIX MOXKHO OINMCHIBaTh TaKUe COOBITHS. Mbl HauMHaeM
OCTOPOYKHO, YUCTO TEOPETUUECKH, 3aIVIAIbIBATh MO Ty CTOPOHY bOabIIOro
B3pbIBA.
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IOMIUPUYECKHE MOATBEPKACHUA?

[IpereH3un KBAaHTOBOW KOCMOJOTMM HAYT JAajibll€ BIOXHOBIISIOIIUX
TEOPETUUYECKUX HCCIETOBaHUN TOro, 4TO Obl MOIJIO OBITH MO Ty CTOPOHY
bosbmioro B3peiBa. ECTh W apyras mpuyuMHA U HU3YyYEHUS KBAHTOBOU
TEOpPUN TPABUTALIMA NPHUMEHUTEIBHO K KOCMOJIOTHM: 3TH MCCIICIOBAHUS
MOTYT HO3BOJIUTh TPOBEPUTH, JEUCTBUTEIBHO JIM BEPHA 3TA TEOPHS.

Hayka paboraeT, MOCKOIBKY 3a THIOTE3aMH W PaCCyXJACHHUSMH, 32
MHTYULIUEN W O3apEHUSIMH, 3a YPABHECHUSIMU W BBIYMCICHUAMU CIEIYET
MPOBEPKA — HA MPABWIBHOM MBI IIyTH WJIW HET: TEOPUS JAET MPEACKa3aHUA
O SIBJICHUSIX, KOTOPBIX MBI €1l€ He HAOMI0aau, U MOXKHO TTPOBEPUTDH, BEPHBI
oHu wiu HeT. Cujla HayKu UMEHHO B TOM, UTO €€ HaJIe)KHOCTh 00OCHOBAaHa,
M 3TO TO3BOJIAET HaM OBbITh B HEW YBEPEHHBIMHU: Mbl MOXKEM MPOBEPUTH,
BEpHA TeOpHUs WIM HET. IMEHHO 3TO OTIIMYAeT HAayKy OT APYTHMX BHIOB
MBIIIJICHUS, B KOTOPBIX pEIICHWE O TOM, KTO TpaB, a KTO OIIuOaercs,
MpeACcTaBIsgeT cobOoi Topa3no OoJjiee TPYAHBIM BOIPOC, IOPOM Jaxke
JIUIIEHHBIN CMBICJIA.

Korma Jlemerp 3ammman wuaew pacuupsmomieiics Bceenennoi, a
OWHIITENH B ATO HE BEPWI, OJUH U3 HUX OIIUOAJICS, a JPYroil ObUI Mpas.
Bce moctmkenuss DWHINTENHA, €T0O CllaBa, €r0 BIUSHUE HA HAYy4YHBIA MUP,
€ro KOJIOCCAJIbHBIM aBTOPUTET HUYEro He cTowid. HabmroneHus aokasanu,
YTO OH OImmobacs, — urpa okoH4eHa. CKpPOMHBIN OCIBIUUCKUN CBAMEHHUK
okazalics npas. BoT mouemy HayuyHOE MBIIIIEHHE 00J1aaeT TAKOW CHIIOHN.

Cormosiorusi HayKu MPOJIMBAET CBET HA CJIOKHOCTH MPOIECCa HAyYHOTO
NOHMMAHMS; Kak M Jit000€ Apyroe HauMHAHUE YEJIOBEKa, HTOT IpoLecc
MOJIOH HPPAIMOHAIBHOCTU, TepeceKkaeTcs ¢ OopbOOM 3a BIacTb W
MOABEPKEH BCEM BHUJIAM COLMANIBHBIX W KYJBTYPHBIX BIUAHUU. VI Tem He
MEHEE, HECMOTpPS Ha BCE€ 3TO U BOIPEKH MPEYBEIUYECHHUSIM HEKOTOPBIX
MOCTMOJIEPHUCTOB, KYJBTYPHBIX PEISITUBUCTOB U UM MOJAOOHBIX, BCE 3TO HE
yMajseT TPaKTHICCKOH U TeopeTHdeckol 3(G(EKTUBHOCTH HAYyYHOTO
MbITIIeHUs. [lockobKy B WTOre B OOJIBIIMHCTBE CIIy4aeB MOXKHO
YCTAHOBUTH CO BCEM SICHOCTBIO, KTO MpaB, a KTO HET. M maxe BeIMKUU
DUWHIITENH MOXET OBITh BBIHYKJEH CKa3aTh: « YBHI... S ommbancs!» — u oH



Tak roBopwi. Hayka — »3T0 Jydmas cTparerusi, €Ciu Mbl LEHUM
HAJIe)KHOCTb.

OTO HE 3HA4YUT, YTO HAyKa — JUIIb HCKYCCTBO J€JNaTb W3MEPUMBIC
npenckazanus.  Hekoropele  ¢uinocodsl  CKIOHHBI  OTpaHUYUBATH
MpeAHA3HAYCHUE HAyKH OJHUMHU TOJIBKO YHMCJIEHHBIMU MPEIACKA3aHUIMU.
OHH yNOyCKalT CyTh, MOCKOJbKY NyTalOT HWHCTPYMEHTHl C UEISMH.
[IpoBepsieMble  KOJIMYECTBEHHBIE NPEACKA3aHUS — 3ITO HHCTPYMEHT
Bepudukaruu rumnore3. lleabr HaydyHOro wHcCCleIOBaHUS HE MPOCTO
MOJYy4YEHUE TPECKA3aHUM, OHA COCTOUT B MOHUMAHUU TOTO, KaK YCTPOEH
MUp, B pa3pabOTKe W Pa3BUTUU KApTUHBI MHUpa — KOHIENTyaJIbHOU
CTPYKTYpBbI, MO3BOJSIONICH HAM pa3sMblIUIATh O HeM. [Ipexne dem crarth
TEXHUYHOM, HAayKa SBJISECTCS SBPUCTUYHOM.

[IpoBepsiemble mOpeACKa3aHUs — OTO OTTOYEHHBIM HWHCTPYMEHT,
MO3BOJISIONIMKA HaM OOHapy)XHBaThb CBO€ HeEMOHUMaHue. Teopust 0e3
AMITUPUYECKOTO TOATBEPKIACHUS — 3TO TEOPHSI, KOTOPAs €IIIE€ HE CJajia CBOU
9K3aMEHbl. JK3aMEHbl HHUKOIJIa HE 3aKaHYMBAlOTCA, M TEOpHUS HE
MOATBEPKIACTCS MOJHOCTbIO HHU OOHWM, HHU JBYyMS, HH TpeMs
sKcniepuMeHTamMu. Ho OHa mocnenoBarenpbHO, mIar 3a IIaroM HapamuBacT
CBOIO HAJAECKHOCTh II0 MEpE TOr0, KaK €€ IPEACKa3aHWs OKa3bIBAKOTCS
BepHbIMU. Takue TEOopuH, KaK KBAaHTOBasS MEXaHWKa W 0OIas Teopus

OTHOCHTCJIIBHOCTH, IICPBOHAYAJIBHO IIPUBOAMUBIINC MHOT'UX B
3aMCIIaTCIIbCTBO, IIOCTCIICHHO 3aClIy’KWJIM JOBCPHUC, KOIa BCC HX
npeackasanudg — OaKC CaMbIC JOKCTpaBaraHTHbBIC — CO BpPCMCHCM

MOATBEPKAATUCH IKCTIEPUMEHTAMHU 1 HAOIIOACHUSAMMU.

BaxHOCTh SKCHEPUMEHTAIBHBIX JIOKAa3aTEIbCTB, C IPYTOMl CTOPOHBI, HE
O3HAYaeT, YTO 0€3 HOBBIX AKCIEPUMEHTAIBHBIX JAHHBIX MBI HE MOXEM
JIBUTAThCS Brieped. YacTo roBOpsT, UTO HayKa pa3BUBAETCS TOJIBKO TOTIA,
KOTJIa €CTh HOBBIE JKCIEpUMEHTalbHbIE NaHHble. Ecam Obl 3TO OBLIO
npaBAol, y Hac ObUIO OBl Majo HAIEkKIbl MOCTPOUTH TEOPHIO KBAHTOBOM
IPABUTALIMYU, NPEXKAE YEM MBI CMOXKEM H3MEPHUTh UYTO-TO HOBOE, HO 3TO
ornpejeneHHo He Tak. Kakue HOBbIe JaHHBIE cTaM JOCTYMHbI KonepHuky?
Huxakux. Y Hero Obud T€ e JaHHbIe, uTo U y [ITonemesi. Kakue HOBbIE
nanuble noyyuia HerotoHn? Iloutn Hukakux. [TTaBHBIMH COCTaBIISIONIMMU
muist Hero Obuth 3akoHbl Kemiepa u tpynbl ['anunes. Kakue HOBbIEC JaHHbBIE
MOYYrT DUHIITEWH, YTOObI OTKPHITH OOIIYI0 TEOPUI0 OTHOCUTEIHLHOCTH?
Huxakux. Jlis Hero MIaBHBIMU COCTABISIOUIMMH OBUIM CIHEIMAIbHAs



TEOpHUsI OTHOCUTEIBLHOCTH U HBIOTOHOBCKAsi Teopusi. AOCOJIIOTHO HEBEPHO,
Oynro ¢u3uKa pa3BUBAETCS, TOJILKO KOT/a MOJYyYaeT HOBBIC JJAHHBIC.

Hoctmxennss KonepHuka, HproTOHa, DWHINTEMHA M MHOTHUX JAPYTUX
COCTOSUUIM B TOM, YTO, OIUPASCh HA PAHEE M3BECTHBIC TEOPUH, B KOTOPBIX
OTpa)xkajoCh AMIUPUYECKOE 3HAHHE OO0 OTPOMHBIX OOJACTAX PEaTbHOCTH,
OHM HAXOAWIM MYTH UX OOBEAUHEHUS W TEPEOCMBICICHUS IS
YCOBEPILIEHCTBOBaHUS 0011Iel KApTUHBI MUpA.

OTO OCHOBa, Ha KOTOPOM CTpPOSATCS Jy4YIIWE WCCIENOBAHUSA MO
KBAaHTOBOM TrpaBuTaluu. VICTOUHMK 3HAHWM, KaK U BCErga B HayKe, B
KOHEYHOM cueTe MIUpUYecKkuil. OJHAKO NaHHBIC, HA KOTOPBIX CTPOUTCH
KBAaHTOBAs I'PABUTALIUA, — 9TO HE HOBBIE DKCIIEPUMEHTBI, & TEOPETUUECKUE
NOKTPUHBI, KOTOPBIE YK€ CTPYKTYPUPOBAJIM HAlIW 3HAHUA O MHUPE B
dbopmax, KOTOpbIE JIMIIb OTYACTH COIVIaCOBaHBI MEXIy COOOil.
«IKCIIEpUMEHTAJIbHBIC JJAHHBIEY» NJI KBAHTOBOM rpaBUTAIIMHM — 3TO OOMIas
TEOpUsI OTHOCUTEIBHOCTH W KBaHTOBas MexaHuka. Omnupasch Ha HHX,
MBITAACh MOHATH, KAK MOXKHO CJIeJIaTh OoJiee COTIIaCOBAaHHOW KapTHUHY MUpa,
B KOTOPOM €CTh M KBAaHTHI, U UCKPUBJIECHHOE MPOCTPAHCTBO, MBI IIBITAEMCS
CMOTpPETH BIIEPEN, B HEBEAOMOE.

Hac BIOOXHOBISIET HEBEPOSATHBIM YyClEeX TUraHToB — HbIOTOHA,
OiinmreliHa u J[Mpaka, KOTOpble paHee YK€ OKa3bIBAIHCH B TMOAOOHBIX
cuTyanusix. Mbl HE TMpeTeHayeM Ha HX MacmTad, HO y Hac ecTh
[IPEUMYILIECTBO — BO3MOKHOCTb CTOSATh HA UX IUIEYaX, ¥ 3TO MIO3BOJSET HAM
CMOTpETh JaJIbLIE, YeM OHM. TaKk WIM UHA4Ye, HAaM HUYEro HE OCTaeTcH,
KPOME KakK IIBITaThCs ATO CIENIATh.

Cnenyer oTuMyaTh YIUKU OT CTPOTHX JIOKA3aTENIbCTB. YJIUKH — 3TO TO,
yTto HaBoawio Illepioka XonMca Ha NpaBUIIBHBIM IYTh, IO3BOJAS €My
pacIyThIBaTh 3arafodHele naena. Crporme AoKas3areybCcTBa — 3TO TO, YTO
HY)KHO CyIb€ [JI1 BBIHECEHUS OOBUHHUTEIBHOTO MPUTOBOpA. YIIHKHU
MO/ICKA3bIBAIOT HaM MPABUIBHBIA MYTh K KOPPEKTHOW Teopuu. Crporue
Z0Ka3aTeabCTBA MO3BOJISAIOT BIIOCIIEACTBUUA C YBEPEHHOCTBIO TOBOPHUTH,
XOpollla MOCTPOCHHAasT HaMU Teopusi WiW HeT. be3 ynuk Mbl Oyaem BecTd
MOMCKU HE B TEX HampaBieHUAX. be3 oka3arelbCTB TEOpUs HE Oyner
HaJeXKHOMU.

Bce ckazaHHOE€ MPUMEHHMO M K KBAaHTOBOM T'paBHTAllMU. DTa TEOPHUS
HAXOOUTCSI celdac B MJIQJICHUYECKOM cTaguu. Ee TeopeTmueckuid armapar
JUIIH O0OpeTaeT TBEPAOCTh, a (yHIaMEHTAJbHBIE HJIEU HYKIAIOTCS B



NPOSCHEHUU. YJIMKHA XOPOIIM W KOHKPETHBI, HO IOATBEPKICHHBIX
npeCKa3aHuil MoKa HEeT. JTa TEOpHsl elle He c/1alia CBOU dK3aMEHBI.

CursaJsl OT IPUPOALI

Haunbonee w3yueHHas anbTepHATUBA MCCIEIOBAHUSAM, OIMCAHHBIM B
TOW KHUTE, — OBTO TEOpUs CTPyH. DBONBIIMHCTBO (PUBMKOB, KOTOpHIE
3aHUMAJIUCh TEOPUEH CTPYH WU CBS3aHHBIMU C HEW TEOPUSIMU, OXKHUIAIH,
YTO KaK TOJIbKO HauyHeT paboTaTh HOBBIA yckoputenb uactull B [{EPHe
(bAK, unu bonbiioil aapoHHBIA KoJUIaiep), cpazy OyayT OOHApYKEHBI
YacTUIbl HOBOTO THUIIA, KOTOPbIE€ HUKOTJA NPEKJE HE HaOIIOIaIuch, HO
MPEACKA3bIBATUCH TEOPHUEH, — CYNEPCUMMETPUUYHBIE YacCTULBL. Teopus
CTPYH HYXKJIa€TCSl B 3THX YaCTHI[aX JJII CAMOCOIJIACOBAHHOCTH, BOT MTOYEMY
CTPYHHBIE TEOPETHKU C HETEpPIEHUEM >KIalu ux oOHapyxkeHusa. C npyroi
CTOPOHBI, METJIeBasi KBAHTOBAsI IPaBUTALIUS XOPOIIO OIpejesieHa axe 0e3
CYyNEepCUMMETPHUYHBIX YacTHll. [leTieBbie TEOPETUKHU CKIOHHBI AyMarh, YTO
ATUX YaCTHUIl MOXKET U HE CYIIECTBOBATD.

K OTPOMHOMY pa3o4yapoOBaHUIO MHOTHUX MCCIIEOBATENIEH,
CyHNEepCUMMETPUYHBIE YaCTUILI HE ObuiM OOHapyxkeHbl. dDaHdapsl,
KOTOPBIMU OBLIO OTMEUYEHO OTKpBITHE 0030HA Xurrca B 2013 romy, HeMHOTO
3aMacKUpoBadu 3TO pa3zodapoBaHue. CynepCUMMETPUYHBIX 4YacTHI[ HE
OKa3aJOCh B TOM JAMANa30HE DHEPIruil, IJI€ MHOTHE CTPYHHBIE TEOPETUKH
OXKUJATN UX HalTH. DTO HUYETO HE JOKa3bIBaeT OKOHYATEIHLHO — 00 3TOM
peur NoKa HET, — HO MpUpPoJa NMoAOpoCcHIa HEOONIBIIONW apTyMEHT B MOJIb3Y
neTeb.

3a mocnegHue roabl B 00nacTH  (yHAAMEHTAIbHOM (U3HKK OBLIO
MOJIYYEHO TPU KPYMHBIX IKCIIEPUMEHTAIBHBIX pe3yabTarta. [lepBbiM u3 HHUX
ctaimo oTkpeiTe 60030Ha Xwurrca B I[EPHe (puc. 9.1). Bropoit — 3t0
U3MEpEHUs, cAenanHble cnyTHUKOM «lImank» (puc. 9.2), naHHbIE KOTOPOTO,
MOJITBEPKIAIONIME CTAaHAAPTHYIO KOCMOJIOTHYECKYIO MOJEINb, TakKe ObLIH
onyonukoBanbl B 2013 rTomy. Tpertuit pesyabraT — 3TO BIIEPBBIC
3apEeTUCTPUPOBAHHBIE TPABUTAIMOHHBIC BOJIHBI, O YEM OBLIO OOBSIBICHO B
Hayane 2016 roga. OTu Tpu curHajia MpUpoAa MoJajia HaM 3a MOCJIEAHEE
BpeMs.

Mexny STUMH Tpemsl pe3yiabTaTaMH €CTh HEYTO O00Illee — IOIHOE
OTCYTCTBHUE HEOXHUJAHHOCTEH. DTO HE yMajsieT UX 3HAYUMOCTH, CKOpEe
Ha000pOT, IpUAaeT UM Oosiee TIyOoKui cMbica. OTKpbITHE 0030HA XUTTCa



— 3TO KeJIe300€TOHHOE TOATBEPXKACHUE MPABUIBHOCTH WJICH, CTOSIIHNX 32
CraHgapTHOW MOJAENBIO AIEMEHTAPHBIX YaCTHUIl, OCHOBAHHON Ha KBAHTOBOM
MEXaHUKE. DTO MOATBEPKICHUE TPEICKA3aHUs, CICIAHHOTO TPUILATh JIET
Ha3zaa. M3mepenuss «llmaHka» — 3TO HAIEXKHOE IOATBEPKICHUE
CrangapTHOM KOCMOJIOTHYECKOW MOJIeTIH, OCHOBAaHHOM Ha OOIIEeH Teopuu
OTHOCUTEIBHOCTH C KOCMOJIOTHYECKOW TocCTOssHHON. (OOHapyKeHHe
I'PABUTAIIMOHHBIX BOJH — 3TO TOXKE BIEYATIISIOIIEE MOATBEPKICHUE OOIIeh
TEOPUH OTHOCHUTEIBLHOCTH, CO3JIaHHOW CTO JIET Ha3al. Bce Tpu pesynbrara
MOJIyYeHbl OJlarojiapsi HEBEPOSITHBIM TEXHOJIOTHYECKUM JOCTHMIKEHUSIM U
IJIOTHOMY COTPYAHUYECTBY COTEH YYEHBIX, 3aHSTHIX YIITyOJIE€HUEM HAIIero
MOHUMaHus cTpoeHust Beenennoi. Huuero HeoxunaaHHOTO.

="

Puc. 9.1. Co6ritue B I[EPHe, xotopoe mnoka3piBaeT 00pa3oBaHHE
YaCTHUIIbl XUTTCa



Puc. 9.2. Cnytauk «Ilmank»

OpHako Takoe OTCYTCTBHE CIOPIPHU30B caMo MO ce0e BOCIPUHUMAETCS
KaK CIOpPIpU3, IIOCKOJBbKY MHOTHE HAJESJINCh BCTPETUTh  YTO-TO
HEOXXUJAHHOE, HEKYI0 «HOBYH (u3MKy», eme He ONUCAHHYIO
ycTosiBIIUMUCS Teopusmu. Onum npeanosaranu, yto B [[EPHe Oyner
OTKpBITa CyliepcCUMMETpus, a He 0030H Xwurrca. Takke MHOTHE JKIalld, YTO
«Ilmank» OOHApYKUT OTKJIOHEHHS OT CTaHAapTHOM KOCMOJIOTHYECKOM
MOJIeNI, KOTOpbIe OyIyT CBUIETEIHCTBOBATH B MOJB3Y KOCMOJIOTHYECKHX
MojieNiel, aJIbTepHaTHUBHBIX TEM, YTO OCHOBaHbBl Ha OOIIell Teopuu
OTHOCUTEJIbHOCTH.

Ho net. Ilpupona moaTBepskaeT MPOCTYI0 BEPCHIO: 0OIIas Teopus
OTHOCHUTEJILHOCTM W KBAHTOBasT MEXaHMKa, a B paMKaxXx KBAaHTOBOHU
MexaHUKH — CTaHIapTHAsE MOJETb.

Cerogus MHOTHME (PUBUKU-TEOPETUKU HIIYT HOBBIE TEOPHUU IyTEM
poU3BOJILHOTO BeIOOpa Tunotes: «lIpencrasum, uto...» He nymato, uto Ha
TAKOM IIyTM B HAyKe MOXHO IIOJYYUTh XOpOLIME pe3ynbTarbl. Hamra
(dbaHTa3usl CIMIIKOM OTpaHUYEHHA, YTOOBI «IPEJCTABUTHY, KAaK MOXKET OBITH



YCTPOEH MUP, €CJIU TOJIHKO MbI HE BJJOXHOBJISIEMCS B HaIllUX MOUCKAX TEMHU
yJIMKaMU, KOTOpPbI€ €CTh B HallleM pacnopsbkeHuu. Mmerommuecs yiauku —
Hallli TOJICKa3Ku — 3TO MO0 MOKAa3aBIIME CBOKO YCIEIIHOCTh TE€OPUH, JINOO
HOBBIE JIKCIEPUMEHTAJIbHBIE JAaHHBIE, U HUYEro MHOTo. MIMEHHO B ATHX
JAHHBIX M TEOPUSX CIEIYET MBITAThCS OTKPBITh TO, YTO MOKA HEAOCTYITHO
HaimeMy BooOpaxkenuto. MmenHo Tak neiictBoBanu Komepuuk, HproToH,
MakcBenn u DitHmTeliH. OHM HUKOIJIa HE TBITAIUCh IMPOCTO yeaoamv
HOBYIO TEOpHIO, B OTJIMYME OT TOTO, KaK, Ha MOM B3IVISJ, MBITAIOTCS
JIEUCTBOBATh CETOJ{HS MHOTHUE (PU3UKU-TCOPETUKHU.

Tpu Ha3BaHHBIX MHOIO HKCIEPUMEHTAJIBHBIX PE3yJIbTara TOBOPSIT
rogocoM camou Ilpupoasl: «KoHuaiiTe BBIIYMBIBATH HOBBIE TIOJS H
CTpaHHBIE YaCTHIIbI, JOMOJHUTEIbHBIE H3MEPEHMS, IPYyTHe CHUMMETPHH,
napajieibHbIe BCEJIEHHBIC, CTPYHBI U BCEe TOMY Moj00HOoe. Jletanu maszna
mpoiie: oOmas Teopus OTHOCUTEIBHOCTH, KBAHTOBas MEXaHHWKa U
CranpaptHas Mozaenb. Creayromuid mar BHEped MOXKET ObITh ““JUIlb”
BOIIPOCOM UX ITPaBUJIBHOTO KOMOMHUPOBAHUS.

DT0 O0OHaIEKMBAIOIIEe COOOIIeHne MJId COOOIlecTBa MNETIEBOU
KBAaHTOBOM TpaBUTAIIMM, MOCKOJBKY THIIOTE3bI, JIEXKAIIUE B OCHOBE ITOU

TeOpUM — OOIass TEopus OTHOCUTEIbHOCTH, KBAaHTOBas MEXaHHUKa,
coBMecTUMOCTh co CTaHmapTHOM MOJEIBbI0O M HHYEro OOJIBIIE.
PanukanbHble KOHLIENTyalIbHBIE BBIBOABI — KBAHThHI IIPOCTPAHCTBA,

HWCUYE3HOBEHUE BPEMEHU — 3TO HE CMEJIbIE THUIOTE3bl, a PALMOHAIBHBIC
CIICICTBUS, BBITCKAIOIIME U3 TMPUHATHA Bcepbe3 (yHIaMEHTaIbHBIX
ITOJIO’KEHU M HAIUX JIYYIIUX TEOPUH.

Eme pa3 momuepkHy: y Hac HET HAJEKHBIX JoKazarenbcTtB. Cymep-
CUMMETPHUYHBIE YACTHUIBI BCE K€ MOIYT CYIIECTBOBAaTb, HalpUMEpP, B
MaciiTabax, KOTOPhIX MBI €llle HE JIOCTUINIM, U OHU MOTYT CYIIECTBOBATH,
Ja)Ke eClIM BepHa metieBas Teopus. CynepcuMMETpUsi HE POSIBUIIACH TaM,
I7I€ €€ OXKUIAIU, B PE3yJIbTAT€ YEro CTOPOHHUKU TEOPUM CTPYH HEMHOIO
NPUYHBLIN, & Y METIEBBIX TEOPETUKOB HACTPOCHUE NMPUIIOAHAIOCH, HO BCE
ATO TIO-TPEKHEMY BONPOC YIJIMK, HUKAKUX TBEPABIX [OKA3aTENIbCTB ITOKA
HET.

UtoObl HaliTu Oosiee HaACKHBIE TOJATBEPXKICHUS ITOW TEOPUU, HAJIO0
IIOCMOTPETH B APYTYI0 CTOPOHY. PanHss Beenennas oTkpbIBaeT nepes HaMu
OKHO JIJI MpeJICKa3aHui, KOTOpbIe CIOCOOHBI MOATBEPAUTHh Teopuio. Mmm
K€ OINpOBEpPrHyTh €e. IlpuyeM y Hac €CTb OCHOBAHUS HAIESATHCA, YTO
MIPOM30M/ICT 3TO B HE CTOJIh OTJAJICHHOM OyTyIIIEeM.



OkHo ¢ BH/IOM HA KBAHTOBYIO I'PaBUTAIlUIO

Ecnu y Hac ecTb ypaBHEHUs1, OUCHIBAIOIINE ITepexo BeeneHnon uepes
KBaHTOBYIO (pa3y, Mbl MOXKEM PacCCUUTaTh BIMSHUE KBAHTOBBIX SIBJICHUN Ha
Bcenennyro, kakoii Mbl ee HaOmromaem ceronHs. BceneHHas 3amoiiHeHa
U3JIy4YEHHEM: HTO Mope (DOTOHOB, COXPAHUBIIUXCS B KOCMOCE C paHHEH
ropsiueii asbl, 0CTATOYHOE CBEYEHHUE OT MPEKHETO BHICOKOTEMIIEPATYPHOTO
COCTOSIHUS.

DJeKTPOMarHuTHOE MoJie B HE0003PUMOM KOCMHUYECKOM MPOCTPAHCTBE
MEXy TajJakKTUKaMH TIOKPBITO PSAObI0 TOJOOHO MOPCKOW MOBEPXHOCTH
MOCJie CHWJIBHOTO IITOpMAa. DTO BOJHEHUE, 3aMOJHAIONIEE BClO BeeneHnyto,

HAa3bIBACTCS PEIUKTOBBIM W3JIy4YEHUEM, 158105 KOCMHUYECKUM
MUKPOBOJIHOBBIM (poHOM. B mpornuisie roasl ero uzydanu cinytHuku COBE
nu WMAP, a coBcem HemaBHO — «llmank». KapThHa HUYTOXHBIX

daykTyaruii 3TOro u3NydeHus mpejacTtabieHa Ha puc. 9.3. OcoOeHHOCTH
CTPYKTYPBI 3TOTO M3Ty4YEHHS paccKa3bIBatOT Ham 00 uctopuu Beenennoii, a
B JICTAJIAX 3TOM CTPYKTYpbl MOTYT OBITH CKPBITHI CIIEIbl €€ KBAaHTOBOTO
POXKIECHUS.

OnHo u3 Hanbosiee aKTUBHBIX HAIPABIIEHUN UCCIIEOBAHMS B METIEBOU
KBAaHTOBOM TPABUTALMM — O3TO HM3YYEHUE TOTO, KaK Ha 3TUX JIaHHBIX
OTPa)KAETCsl KBAHTOBAS JMHAMUKA IIEpBUYHOM BeeneHHou.

Puc. 9.3. ®OnykTyaliuu KOCMHUYECKOTO MHKPOBOJHOBOTO (poHa. ITO
HU300pakeHne caMoTo CTaporo o0bekTa BO BeeneHHOM, TOCTYIMTHOTO HAIUM



HaOmoneHusiM. DITyKTyaluu, KOTOPbIE 3/1€Ch BUAHBI, ObUTH MOPOXKACHBI 14
MWUIMAPIOB JEeT Ha3al. B HX CTarucThuke Mbl HAAEeMCs HauTu
MOATBEPKICHUE MPEAIOIOKEHUAM KBAHTOBOW TpaBUTAIIUN

Pe3ynbrarel  MOKa  NpeaBapUTENbHBIE, HO  BIOXHOBJISIOUIUE.
JlonoHUTENIbHBIE BBHIYUCICHUS W OO0Jee TOUYHBIE H3MEPEHUS JIOJKHBI
CIENaTh BO3MOXXHOW MPOBEPKY A3TOU TEOPHH.

B 2013 romy AO03%11 Amrekap, AliBeH Arymio u YwibsiM HenbcoH
OIMyOJINKOBAJi CTaThl0, B KOTOPOM paccyuTalid, YTO MPU HEKOTOPHIX
NOTIOJIHUTEIIBHBIX — MPEANOJIOKEHUSIX  CTAaTUCTUYECKOE  PACHPENCICHUE
GiryKTyanuii 3TOro KOCMHUYECKOTO M3JIY4YeHHUS JOJIKHO JEMOHCTPUPOBATH
BJIMSIHUE TEPBUYHOTIO OTCKOKA: IIUPOKOYTOJIbHBIE (DIYKTyallud OJIKHBI
OTJIMYAThC  OT TE€X, KOTOPbIE TPEICKA3bIBAIOTCA  TEOpUEH, HE
MPUHUMAIOIIEN BO BHUMaHUE KBaHTbl. (COBPEMEHHOE COCTOSIHUE
M3MEpPEHUHN MPEJICTABICHO Ha puc. 9.4, rae dyepHas JIMHUA COOTBETCTBYET
npeackazannio Amrekapa, Arymno u Henbcona, a ceppie TOUKH — TaHHBIM
n3Mmepennit. [loka TaHHBIX HEAOCTATOYHO, YTOOBI OIICHUTH, UMEET JIH MECTO
MpencKa3aHHbId aBTOpamMu 3aru0® 4depHOW JuUHUM BBepX. Ho um3Mepenus
CTAHOBSITCA Bce Oosiee TOUHbIMH. CUTyalusi MPOAOKAET MEHSThcsA. Te,
KTO, KaK W 5, BCIO JKM3Hb 3aHUMAIOTCS IMOWCKAaMH IMOHWMAHUS CEKPETOB
KBAaHTOBOT'O MPOCTPAHCTBA, C OOJILIIIMM BHUMAHHUEM, TPEBOTON U HAACKIOU
CIEMST 3a HENPEePhIBHBIM POCTOM HAIIMX BO3MOXHOCTEH HaOII0AaTh,
M3MEPATH U BBIYUCIISITH U XKJIyT MOMEHTA, KOTJIa MPUPO/Ia HAKOHEI] OTBETHT,
MIPaBbl MBI UJIN HET.
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Puc. 9.4. Bo3amoxxHoe mpejickazaHue crekTpa (POHOBOTO HM3IyUYECHUS B
METIECBOM KBAaHTOBOM TpaBUTALMU (CIUIOIIHAS JIMHUSI) B CPAaBHEHUU C
paz0pOCOM TEKYIIMX IKCTIEPUMEHTATBHBIX JaHHBIX (TOukH). C pasperieHus
A. Amrrekapa, A. Arymio u Y. Henbcona

Crnenpl 3TOro0 KOJOCCAIBHOIO MEPBUYHOTO Pa30rpeBa JOJIKHBI TAKKE
OCTaBaThCsl B CAMOM T'PAaBUTAIMOHHOM I0J€. | paBUTALIMOHHOE TOJIE, TO
€CTh CaMO MPOCTPAHCTBO, TOXKE JOHKHO OBITh MOKPBITO PSIOBIO MOAOOHO
noBepxHOCTH MopsA. [lodToMy [OMKHO CyHIECTBOBaTh KOCMHYECKOE
epasumayuonnoe (GHOHOBOE U3IIydYeHHE — elie O0oJiee CcTapoe, YeMm
AJIEKTPOMArHUTHOE, TIOCKOJIbKY TpPaBUTALIMOHHBIE BOJHBI B MEHBIIEH
CTENEHW TIOJIBEP’KECHBI BIIMSHUIO BEIIECTBA, YE€M DJIEKTPOMAarHUTHBIC, U
COCOOHBI 0€3 HCKaKEHMM paclpoCTpaHAThCS Jaxe TOorAa, Koraa
Bcenennast Obuia CIUIIKOM IJIOTHOM, YTOOBI YEpE3 HEE MOIVIM MPOXOAUTH
AIIEKTPOMArHUTHHIE BOIHBI.

MpbI cMOIIIM HETOCPEJACTBEHHO HAOIIOIaTh TPABUTAI[MOHHBIC BOJHBI C
noMomipto gerekropa LIGO. Ero pgBa 1meya JJIMHOM — HECKOJIBKO
KWJIOMETPOB PACIIONIOKEHBI MOJI MPSIMBIM YIJIOM JIPYT K APYTY U B HUX C
MOMOIIBIO JIA3€PHBIX JIyded HU3MEpSeTCs PacCTOSTHUE MEXAY Tpems
(¢buKcupoBaHHBIMU TOYKkamHu. Korjga mTpoXoauT TrpaBUTAIlMOHHAs BOJIHA,

IMPOCTPAHCTBO €JIBa 3aMCTHO PaCTATHUBACTCA W CKUMACTCA, H JIA3CPhI

CITOCOOHEI Ba(l)HKCHpOBaTB 3THU HHNYTOKHBIC Bapnauuﬂ[ﬂ] .

HaOmronasmunecs rpaBUTALIMOHHBIE BOJTHEI ObLTH MTOPOXKICHBI



acTpo(U3NYECKUMHU COOBITUSIMU — CTOJKHOBEHUSIMU YEPHBIX IbIp. OTH
SIBJICHUSI OMMCBIBAIOTCSA OOIIE TEOpUH OTHOCUTENBHOCTU 0€3 00paleHus K
KBaHTOBOM rpaButTamnuu. OgHako Oojiee MacIITaOHBIM AKcniepuMeHT LISA,
HaXOJSIIUNACS celyac Ha CTaJuu PAacCMOTPEHUS, CMOXKET MPOAEIbIBATh TO
e caMoe B ropaszno Ooibpmmx MmaciTadax. OH mpeanosiaraeT BhIBEICHHE
TpeX CIIyTHHKOB, NMPUYEM HE Ha OKOJIO3EMHYIO, @ HAa OKOJOCOJHEYHYIO
opOuTy, KaK eciii Obl OHU OBUIM MaJbIMH IUIAHETAMH, COMTPOBOXKIAIOIIUMU
3emito Mo ee opoute. DTU TpPU CIyTHHUKA OyAyT CBSI3aHBI JIA3€PHBIMU
JydamMu, U3MEPSIONIUMU PACCTOSHUS MEXAY HUMHU, WIH, JIydllle CKa3aTb,
M3MEHEHHUS 3TUX PACCTOSHUM MPU MPOXOXKJICHUU TPaBUTAIMOHHON BOJIHBI.
Ecnu skcnepument LISA Oyner 3amylieH, OH CMOXET PEeruCTpPUPOBaTh HE
TOJIKO TPaBUTAIIMOHHBIE BOJHBI, MOPOXIEHHbIC 3BE3JaMH W YEPHBIMU
apipamMu, HO U TudPy3HBIN (HOH TEPBUYHBIX TPABUTAIMOHHBIX BOJIH,
BO3ZHUKIIIUX B MepUo, OMU3KUN K BoJbIioMy B3pbIBY. DTH BOJIHBI JOJIKHBI
HECTH UHPOPMALIUIO O KBAHTOBOM OTCKOKE.

B 3THUX KpOIIEYHBIX HEOAHOPOAHOCTSAX IPOCTPAHCTBA MBI CMOXKEM
OOHApYX UTh CJIENIbI COOBITUM, KOTOPbIE MPOUCXOAUIN 14 MUIIITUAPAOB JIET
Ha3aJ I[pU BO3HUKHOBEHUM HameW BceneHHoW, W NOATBEPAUTH HAIIU
BBIBOJIbI O MIPUPOJIE€ MPOCTPAHCTBA U BPEMEHHU.
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Puc. 10.1. ITapa 13 oObIYHOM 3BE3/1bI U YEPHOU ABIPHI. 3BE3/a TEPSIET
BEIIIECTBO, KOTOPOE€ YACTUYHO MOMIONIAETCS YEPHOU IBIPOM, a YACTHYHO
BBIOPACHIBAETCS B BUJIE CTPYH (HKETOB) B HAMIPABICHUH €€ TIOJIFOCOB

UepHas nplpa B UeHTpe Hauel ["anakTuku ceiyac moapoOHO U3ydaeTcs.
Ee macca B MWUIHOH pa3 Oosbllle coMHEUHOM. Besikuil pas, Korjga kakas-
HUOyIb 3B€31a MOMJIETACT CIHIIKOM OJM3KO K 3TOMY MOHCTpY,
IpaBUTALIMOHHBIE JedOopMalliy pa3pylIaloT €€, U IUKIONUYECcKas YepHas
Ablpa TMpOMNIAThIBAET €€, KaK KUT MalleHbKylo pbIOKy. [IpencraBbre cebe

MOHCTpa pasMCcpoOM B MHUIUIMOH COJIHII, KOTOpBIﬁ B MI'HOBCHHC OKa

IIPOIIaTbiBaCT HAIIIC COJ'IHHG C CI'0 MUHHUATIOPHBIMHU IINIAHCTKAMM. . [M]

Ceiluac peanu3yeTcsi 3aMeyaTelIbHbII IPOEKT [0 CO3JAaHUI0 CETH
pasvoaHTEHH, pa30pOCaHHBIX MO Bcel 3emMyie OT Mojroca A0 MOJkca, C
IIOMOIIBIK0 KOTOPBIX aCTPOHOMBI JOCTUTHYT pPa3pelleHusi, TO0CTATOYHOIO,
YTOOBl «yBUJETH» LEHTPAIbHYIO YEpHYIO Ablpy Hamied ["amaktuku. Mpl
HaJeeMCs pasmIsAeTh MaJICHbKUM YEpPHBIM JUCK, OKPYKEHHBIH CBETOM,
VCITyCKaeMbIM ITAIA0IIEH HA YEPHYIO BIPY MaTepHUEn.



To, 4TO MOMNAaJaeT B YEPHYIO ABIPY, HUKOIJIAa HE BBIXOAUT OOpaTHO, IO
KpallHel Mmepe, €Clu Mbl UTHOPUPYEM KBAaHTOBYIO Teopuro. IIloBepXHOCTH
YEepHOU ABIPHI MOJ00HA HACTOAIIEMY MOMEHTY BO BPEMEHHU — IPOUTH €€
MOXXHO TOJIbKO B OJTHOM HampasieHuu. M3 Oyaymiero HeT Bo3Bpara. [lis
YEPHOM JIBIPHI MPOIILJIOE — 3TO BHEIIHSS 001aCTh, a OyyIliee — BHYTPECHHSIS.
Ecnu cMoTpeth cHapyxu, dyepHas Jbpipa nmogo0Ha cdepe, B KOTOPYI0 MOKHO
NOTPY3UTHCS, HO U3 KOTOPOM HUYTO HE BBIXOAUT oOpaTHO. Pakera Moxer
3aBUCHYTh Ha (PUKCUPOBAHHOM PACCTOSHUM OT 3TOM cdephl, KOTOPYIO
HAa3bIBAIOT TOPU30HTOM YEPHOM IbIpbI. J[JIsI 3TOro ABUTATENsIM MPUIETCS
OYEHb HMHTEHCHUBHO  pabOTaTh, COMNPOTUBIISISICH  TPAaBUTAIMOHHOMY
MPUTSHKEHUIO AbIpbl. MoOIlIHAAg TpaBUTAlUMs YEPHOM IBIPHI NPUBEIET K
3aMEIIJICHUI0O BPEMEHU Ha pakeTe. Ecnm pakeTa 3aBUCHET B TEUCHHE Haca
JOCTAaTOYHO OJM3KO K TOPU30HTY, & 3aT€M BEpPHETCA Ha3ajl, OKaXETCs, YTO
BOBHE TEM BpeMEHEeM IMpouuiu croieTus. Yem Onmke K TOPU3OHTY
OCTAHABJIMBACTCS PAKETa, TEM MEIJIEHHEE I10 OTHOLICHUIO K BHEIIHEMY
MHpPY TE€Y4eT €€ BpeMa. Tak 4YTO MyTEHIECTBOBATH B MPOUILIOE
npoOJeMaTUyHO, a MyTeHIeCTBOBaTh B OyAylllee JIeTKO: JOCTaTOYHO
MOJIETETh TOOJMKE K YEPHOU JbIpe, MOOBITH HEKOTOPOE BpEMsi B €€
OKPECTHOCTSIX, a 3aTEM BEPHYTHCS.

Ha camom ropus3oHTE BpeMsl OCTAaHABIMBAECTCS: €CIU Mbl MOJJIECTUM
COBCEM OJIM3KO K HEMY M BCETO Uepe3 HECKOJIbKO MUHYT MO HAIllUM YacaM
yJIeTUM 00paTHO, B OCTAJIbHOW BcelleHHo#M MOXKeT MPOUTH MUJUTMOH JIET.

[lo-HacTosiiEMy YAMBUTEIBHO TO, YTO CBOMCTBA JTHUX PYTUHHO
HAOJNIOMAEMBbIX  CETOJHS  CTPAHHBIX OOBEKTOB OBUIU  MpeoCcKa3ambvl
SUHIITEHOBCKON Teopueil. CeroHsd acTPOHOMBI M3Yy4aroT 3TH OOBEKTHI B
MPOCTPAHCTBE, HO €IIE HE TaK JABHO YEPHBIC JIBIPbI PACCMATPUBAIINCH KaK
MaJIONPaBIONOI00HbIE UM JIUKOBUHHBIE CIIEJICTBUSL  DKCTpaBaraHTHOMN
Teopur. S MOMHIO, KaK MO YHMBEPCHUTETCKUN Mpod)eccop TOBOPHI O HUX
KaK O PEUICHUSIX ypaBHEHUN OWHINTENHA, KOTOPBIM «BpSA  JIHU
COOTBETCTBYIOT  KaKHe-TO  pealibHble  OOBEKTh». ITO  IpHUMEP
NOPa3UTEIBHON CIOCOOHOCTH TEOPETUUECKON (PM3UKU OTKPHIBAThH TO, YETO
ellle HUKTO He HAOJroIall.



Puc. 10.2. [IoBepXHOCTh YEPHOM HBIPBI, MEpeceKacMas NETIAMH, TO
ecTb peOpamMu CHOMHOBOM CETH, KOTOpas ONHUCBHIBAET COCTOSIHUE
I'PaBUTALMOHHOTO mojAd. Kaxknas memis COOTBETCTBYET KBAHTY IUIOLIAIN
MOBEPXHOCTH YyepHOU AbIpbl. © J[>xoH baes

UepHble ABIPBI, KOTOPbIE MbI HAOMIONAEM, XOPOIIO OIKCHIBAIOTCS
Teopuel OWHINTeWHa, W Uil UX TOHMMAaHHUS HE TpeOyeTcs KBaHTOBAs
MexaHrnka. Ho ecTp nBe 3araiku 4epHBIX ABIP, IS PACKPBITUSA KOTOPBIX
HeoOXouMa KBAaHTOBAsE MEXaHMKA, U JUIS KaXKJI0M M3 HUX IMETIeBasl Teopus
IpeaaraeT BO3MOKHOe penieHue. OnHa U3 HUX TakkKe JAaeT BO3MOKHOCTB
MIPOBEPKU ITOU TEOPHUH.

[lepBo€e npuiIO;KEHNE KBAHTOBOM I'PABUTALIMU K YEPHBIM JIbIPaM CBSI3aHO
c 3a0aBHBIM (hakTOM, OTKpPBITHIM CTuBeHOM XOKkHHroMm. B nHawane 1970-x
rOZI0B OH IIPUIIET K TEOPETHYECKOMY BBIBOLY O TOM, YTO YEPHBIE ABIPHI



«ropsaune». OHU BeIyT cedsl KaK HarpeThble Tejla — UCIYCKAIOT U3TyYeHHE.
[Ipu 3TOM OHM TEPSIOT SHEPTHIO, a 3HAUUT U MaCCy (ITOCKOJIBKY SHEPIHs U
Macca — 3TO OJHO M TO JK€), MOCTEINEHHO CTAaHOBSACHh Bce MeHble. OHU
ucnapawomcs. IOTO UChapeHue YepHublX Oblp — CaMO€ 3HAYUTENIbHOE
OTKPBITHE, CACIAHHOE XOKUHIOM.

[IpenMeTsl OBIBAIOT TOPSAYUMH, MOCKOJIBKY HUX MHKPOCKOIUYECKHE
COCTaBJAIOIINE JBMXKYTCA. B ropsueMm Kycke eies3a, HApUMEp, aTOMBI
Kejle3a OueHb OBICTPO  KOJNEOIIOTCS BOKPYT CBOMX PaBHOBECHBIX
MOJOKEHUU. lopssumii BO3AyX TrOps4 IIOTOMY, 4YTO MOJIEKYJIbl B HEM
IBUKYTCS OBICTpEE, YEM B XOJIOAHOM BO3JIyXE.

UTo 3a 3E€MEHTApHBIE «aTOMBD» KOJIEOIIOTCS B YEPHBIX AbIpax, Aelas
ux ropssunmMu? XOKUHT OCTaBUJ 3TOT Bompoc 0e3 oreTa. lleTneBas teopust
JaeT BO3MOXKHBIM OTBET. DJEMEHTAapHbIE aTOMbI, KOTOpble BUOPHUPYIOT B
YEPHOU IBIPE U TEM CAMBIM HAJCIISIOT €€ TEMIIEPATYPOU, — OTO OTAEIbHBIE
KBaHTBI IPOCTPAHCTBA HA €€ ITIOBEPXHOCTH.

Takum oOpa3oMm, ¢ MOMONIBIO TETIEBOW TEOPUU YAAETCS TMOHATH
CTPAaHHOE TEIUIO YEPHBIX AbIP, MPEACKA3aHHOE XOKHUHIOM: 3TO TEIUIO —
pe3yabTaT  MHKPOCKONMYECKHMX  KOJEOAHWl  OTAENbHBIX  aTOMOB
npocTpadcTBa. OHU KOJIEOIIOTCS, TOCKOJIbKY B MUPE KBAHTOBON MEXaHUKU
KOJIEOJIETCSI 6C€, HUUTO HE OCTAETCS HEMOABMKHBIM. CaMasi CyThb KBaHTOBOM
MEXaHUKH COCTOUT B HEBO3MOXKHOCTH 3aCTaBUTh YTO-JIUOO MOJHOCTHIO
3aMepeTh Ha IPONOJDKUTEIBHOE BpeMsA. Tero 4epHBIX IbIP HapAMYHO
CBSI3aHO € (UIYKTyallMsIMM aTOMOB IPOCTPAHCTBA B IETIEBOW KBAaHTOBOU
rpaBUTAMU. TOYHOE MOJOKEHUE TOPU30HTA YEPHOM JBIPHI OMPEAENSIETCS C
TOYHOCTBIO JI0 3THUX MHUKPOCKOMUYECKUX (IIYKTyalluii T'paBUTALMOHHOTO
nosiga. [loaTroMy, B HEKOTOPOM CMBIC]IE, TOPU3OHT (QIYKTyHUPYET Kak
HarpeToe TeO.

Ecte m apyroil cnoco0 MOHMMaHHs NPUPOIBI TEIUIA YEPHBIX IBIP.
KBantoBble (uiykTyanuu MOpPOXAAIOT KOPPENSLUU MEXKIY BHYTPEHHEH U
BHELIHEH o0nacTaMu AbIpbl. (5 moapoOHO OCTAHOBIIOCH HA KOPPENALUIX U
TeMrieparype B mase 12.) KBaHTOBas HEONpENENeHHOCTh Ha TOPHU3OHTE
YepHOU ABIPHI MOPOXKAACT (PIYKTyallMM TeoOMeTpuH ropu3zoHTa. OpHako
(GuyKTyanuu noapasyMeBaoT BEPOATHOCTb, 4 BEPOSATHOCTD BIIEUET 33 COOOI
TEPMOAVHAMHUKY, U, KaK CIEACTBHE, Temneparypy. CKpbiBasg OT Hac 4acTh
BcenenHoii, uepHas Jpipa JAeNaeT CBOM KBAHTOBbIE (PIyKTyaluu
BOCIIPUHUMAaEeMbIMU B (hopme Terwia.



Mononot uTanbAHCKMNW YyueHblM EBreHno buanHuyu, HBIHE CTaBIIWKI
npodeccopom B CoeauHeHHbix IllTarax, BBINOJIHWI  3JIETAHTHBIE
BBIYMCIICHHUS], KOTOPBIE JEMOHCTPUPYIOT, YTO, OTTAJIKABASCH OT 3TUX UJIEU U
(dbyHIaMEHTaIbHBIX YpaBHEHUN KBAaHTOBOW TEOPUU TPABUTALUU, MOMKHO
BbIBECTHU (POpMyITy JUIsl TEMIEpaTyphl YEPHBIX JbIp, KOTOpas BIEpBbIE Obliia
npeackazana XokuHrom (puc. 10.3).

Bropoe mnpunoxkeHue MeTaeBOM KBAaHTOBOW TrpaBUTALMM K (QU3HKE
YepHbIX JbIp eme Oosnee Bnedamisiomee. CkoiancupoBaBlIas 3Be3/a
ucye3aeT Il BHEIIHEro HaOMIo[arelis: OHa HAXOAWUTCS BHYTPU YEpHOU
neIpbl. Ho 9TO mpoucxomut ¢ HEM BHYTpH AbIpbI? UTO BBI yBUIUTE, €CIU
CaMH YIIaJIeTe B AbIPY?



Puc. 10.3. CtuBen Xokunr u EBrenno buanun. Ha mocke — KirodeBrnle
YpPaBHEHHS NETIEBOW TEOPUM TPABUTALIMU, KOTOPHIC OMHUCHIBAIOT YEPHBIC
JIBIPBI

[Tonayany HUYEro OCOOEHHOIO: BbI IEpecedeTe MOBEPXHOCTh YEPHOU
JBIpBI 0€3 cephe3HOro yiiepoa, a 3aTeM Bac CTAHET TSIHYTh K LIEHTPY CO BCE
OoibiIeil ckopocThio. Yto ke nanbiie? OOmas Teopus OTHOCHTEIBHOCTH
MPEACKA3bIBACT, YTO B IIEHTPE BCE CHKUMAECTCA B OECKOHEYHO MAJIOrO
pasMepa TOYKYy C OECKOHEYHOH IIOTHOCThIO. Ho 3TO, omath ke, eciu
UTHOPUPOBATH KBAHTOBYIO TEOPHIO.



Ecou e npuHATP BO BHMMAHHUE KBAHTOBYIO TpaBUTAIIMIO, 3TO
MpeACKa3aHue NMEPECTAeT ObITh KOPPEKTHBIM, BEAb CYIIECTBYET KBAHTOBOE
OTTAJIKUBAHUE, TAKOE XK€, KaK OTTAJIKHBAaHHE, 3acTaBUBIICEe BcemeHHyro
OTCKOYUTh B MOMEHT bonbmoro B3peiBa. Mbl  OXullaemM, 4YTO C
npUOTMKEHUEM K IIEHTPY Majarolas MaTepus CTAaHET 3aMENJISAThCS ITUM
KBAaHTOBBIM JIaBJICHUEM W JOCTUTHET OYEHb BBICOKOW, HO KOHEYHOM
IJIOTHOCTU. Marepusi cllaBivMBaeTcsi, HO HE B OECKOHEYHO Malyl0 TOYKY,
MOCKOJIBKY €CTh TMpeJed TOro, HACKOJIBKO Malibl MOTYT OBITh OOBEKTHI.
KBanToBass rpaBUTanMsi MOPOXKIAET OrPOMHOE JaBIICHUE, KOTOPOE
3aCTaBJISICT MATEPUI0 OTCKAKWBATh, B TOYHOCTHM KAaK KOJUIANICUPYIOIIAs
BcenenHas MOXKET OTCKOUHTH U CTaTh PACIIAPSIOMICHCS.

OTCKOK KOJUTANICUPYIOIIEH 3BE37IbI MOXKET OBITh OYEHBb OBICTPHIM, €CIU
CMOTpPETh Ha Hero W3HyTpu. Ho, HamoMuHaro, BpemMsi TaM T€YET HAMHOTO
MeJUIeHHee, yeM cHapyxu. [Ipu HaOmroneHnyu u3BHE 3TOT MPOIECC OTCKOKa
MOXXET 3aHATh MHIJUIAAPAbLI JeT. [lo mpomecTBUM 3TOr0 BPEMEHU MBI
YBUAUM, KaK 4epHas JbIpa B3pbIBaeTCA. B KOHEYHOM cyeTe yepHas AbIpa
(haKTUYECKH OKa3bIBACTCSI KOPOTKUM ITyTEM B OTJAJICHHOE OydyIiiee.

Nrtak, kBaHTOBasI rpaBUTALINS, BO3MOXKHO, MPEICKA3bIBAET, YTO YEPHBIE
JBIPBI — 3TO BOBCE HE BEYHBIE CTAOWIIbHBIE OOBEKTHI, KaK B KJIACCUUYECKOU
oO111elt TeOpUr OTHOCUTEIHLHOCTH. B KOHEUHOM cUeTe OHU HEYyCTOWYHUBHI.

Habnronenre Takoro B3pbIBa YEPHOW ABIPHI CTAJI0 OBl BIECYATIISIOMIUM
noATBeEpKAeHUEM Teopur. OUEHb CTapble YEpPHBIE OBIPBI, U3 TEX, YTO
oOpa3oBaiuch B paHHeW BceneHHOW, MOryT B3pbIBaThes ceroas. U3
HEKOTOPBIX HEJIABHUX PACUYETOB BBITEKAET, YTO CHUTHAJIBI OT MX B3PBHIBOB
MOTYT HaOIIOAAaThCS  paJMOTeNIeCKonmaMu. bbulo  Jaxe  BBICKA3aHO
MPEATNOJI0KEHUE, YTO HEKHE 3araJO4yHble pPaJHUOUMITYJILCHI, KOTOPBIE
pPauoOaCTPOHOMBI  yo#ce  PETUCTPUPYIOT UM HA3bIBAIOT  OblCMPbIMU
paouoscnieckamu, MOTYT KakK pa3 U OKa3aTbCsl CUTHAJIaMU, BOSHUKAIOIUMHU
IIpU B3pPbIBE MEPBUYHBIX YEPHBIX NbIp. B ciydae moaTBEpk IAEHUS 3TOrO
MPEANOIOKEHUSI MBI TOJYYUM TOUCTHHE (DAHTACTUUYECKUM pe3ybTaT:
npsiMoe HaONIOIeHHE KBAaHTOBOIO TpaBUTAIIMOHHOTO siBjeHUs. OcTaercs
TOJILKO TTOAO0K/1ATh. ..






11

Konen 0eckoHeuHOCTH

Kormga wmbl mnpuHMMaeM BO BHUMAaHHME KBaHTOBYIO T'paBUTAIUIO,
HEOTpaHUYEHHOE cxaTue BceneHHOM B OJHy OECKOHEYHO Malyl0 TOUKY,
npeacKa3biBaeMoe OOIIeH Teopuer OTHOCUTENBHOCTH I MOMEHTa
bonbiioro B3peiBa, oTMeHsieTcs. KBaHTOBasi rpaBUTaldsl OTKPBIBAET HaM,
YTO HE CYIIECTBYeT OECKOHEYHO MajblX TOYeK. ECTh HIKHUN Mpeaen
JAEIUMOCTH TpPOCTpaHCTBA. BceneHHas He MoxeT OBITh MEHbIIE
MJIAHKOBCKOTO MacIiTada, MOCKOIbKY HE CYIIECTBYET HHMYErO MEHBIIETO
pasMepa.

Ecau urHopupoBaTh KBAaHTOBYH) MEXaHHKY, TO CYIIECTBOBaHUE 3ITOTO
HIDKHETO TIpejesia He TMPUHUMAETCS BO BHUMaHME. OJTO U €CTh
MaTojioruyeckasi  CHUTyallMsi,  MpeJcKa3biBaemasi  o0med  Teopueit
OTHOCUTEIBHOCTH, B KOTOPOW TMOSABISIIOTCS OECKOHEYHbIE BEIUYUHBI,
Ha3bIBAEMbIEC CUHTYIAPHOCTSIMU. KBaHTOBas TpaBUTALMS CTAaBUT MpeEIei
OECKOHEYHOCTH U «H3JICUUBACT» OOIIYI0 TEOPUI0 OTHOCUTEIHLHOCTH OT
MaTOJIOTUYECKUX CUHTYISIPHOCTEM.

To ke camMoe TPOUCXOAUT B IEHTPE UYEPHOW JIbIPbI: CHUHTYJISPHOCTH
KJIACCUYECKOM 00IIIell TeOPUU OTHOCUTEIBHOCTH MCYE3aeT, KaK TOJIHKO MBI
MPUHUMAEM B pacyeT KBAHTOBYIO IPaBUTAIHUIO.

CymectByer ©  JApyroro  poja  CHUTyalus, CBsI3aHHasT  C
AIIEKTPOMArHeTU3MOM, B KOTOPOM KBAHTOBasi I'PABUTALIMSl CTABUT IMpeei
oeckoneunoctu. KBaHTOBass Teopus TOJisA, KOTOPYIO Hadajdl CO3/1aBaTh
Hupak, a 3aBepuruii B 1950-x rogax @eliHMaH ¢ KOJUIETaMH, XOPOILIO
OMMCHIBAET ATH CHJIBI, HO NOJIHA MareMaTU4yeckux Henenocreu. [Ipu ee
WCIIOJIB30BaHUU ISl pacueTa (PU3NYECKUX MPOIIECCOB MBI YaCTO IMOyYaeM
OeckoHeuHble  OeccMbICIE€HHble  pe3ynbrarthl.  OHHM ~ Ha3bIBAIOTCSA
pacxoauMocCTAMHU. PacxomuMoCTH TOTOM HCKIIIOYAKOTCS W3 PacyeToB C
MOMOIIIBI0O CTPAHHOW TEXHUYECKON MPOLETyPhl, TPUBOASIIEH K KOHEYHBIM
UTOTOBBIM pe3yibTaTaM. DTOT METO/ paOOTaeT Ha MPAKTUKE U JA€T BEPHBIC
3HAYEHMSI, KOTOPbIE BOCIIPOU3BOIATCS B SKCIIEPUMEHTAIbHBIX U3MEPEHUSX.
Ho mnoueMy Teopuu NpUXOTUTCA TMPOAUPATHCS Yepe3 OEeCKOHEYHOCTH,
YTOOBI MPUNUTU K OCMBICIIEHHBIM YUCJIaM?



B nocnegnue romabl cBoeil xu3HU Jlupak ObUT KpaliHe pa3zodyapoBaH
OECKOHEYHOCTSIMH B CBOEW TEOPHUU U, CYIs MO BCEMY, YyBCTBOBAJI, YTO €T0
1eJb — WCTUHHOE IOHMMAaHWE TOro, Kak YCTPOEH MHp, — He Oblia
nocTurHyTa. Jlupak JoOWI KOHUENTYaJdbHYIO SICHOCTh, JIaXKe €CIu
OYEBUJIHOE /I HEro He Bcerja Obulo sicHO IpyruM. Ho GeckoHEYHOCTH He
CITIOCOOCTBYIOT SICHOCTH.

OpHako OECKOHEYHOCTH KBAHTOBOM TEOPUM TIONs BBITEKAIOT U3
JIeXKAIEr0o B €€ OCHOBAaHWHU JIOMYIIEHHS O OECKOHEYHON JeIMMOCTHU
npocTpaHcTBa. Hampumep, 11 pacuera BEPOSITHOCTH PaA3JIMUHBIX HCXOJ0B
nporecca Mbl cyMMHpyeM, kak yuut Hac DeilHMaH, Mo BCEeM MyTsM, IO
KOTOPBIM MOXKET Pa3BOPauMBaTLCS 3TOT MPOIECC, & UX YUCIO OECKOHEUYHO,
MOCKOJIBKY OHM MOTYT MPOXOJIUTHh MO KaXJ0l M3 OECKOHEYHOro 4Yucia
TOYEK MPOCTPAHCTBEHHOIO KOHTMHYyyMa. MIMEHHO MO3TOMY MBI MOJy4aeM
OECKOHEUYHBIE PE3YJIbTaThI.

Ecau ke TnpuHATP BO BHHMAHUE KBAaHTOBYK) TIPaBUTALUIO, 3TH
OECKOHEYHOCTH TOXE Hcue3aroT. [IpuumHa odeBHIHA: MPOCTPAHCTBO HE
OE€CKOHEYHO JIeJIUMO, COOTBETCTBEHHO, HE CYIIECTBYET O€CKOHEUHOTO YUCia
TOYEK U HE HY>KHO CYMMHUPOBaTh MO OECKOHEYHOMY YKCIIy BapUaHTOB.
3epHuUcCTasi, JAUCKPETHAass  CTPYKTypa MPOCTPAHCTBA  IPEOJ0JICBAET
TPYAHOCTH KBAHTOBOW TEOPUM MOJS, UCKIIOYasi OECKOHEYHOCTH, KOTOpbIE
TaK €1 JOCaXKIAIOT.

OTO TOPa3UTENbHBIN PE3yNabTaT: ¢ OJAHOW CTOPOHBI, YYET KBAaHTOBOW
MEXaHUKA CHHMAeT NpoOJIeMbl, BbI3bIBAEMbIE OECKOHEUHOCTSIMU B
SUHINTEMHOBCKOM  TEOpUU TpaBUTAIMH, TO €CTh M30aBISET OT
cunryisipaocreit. C Japyroil CTOpPOHBI, Y4YeT TpaBUTALMM CHHUMAET
poOJIEMbl, MOPOXKTAEMbIE KBAHTOBOWM TEOPUEH MOJIs, TO €CTh U30aBISET OT
pacxoauMocTteil. BMecTo TOro 4ToObl MPOTUBOPEUUTH APYTr JAPYTY, Kak
Ka3aJI0Ch NIEPBOHAYAIBHO, 3TU JIB€ TEOPUU B3aUMHO Pa3pelialoT MpoOIeMbl
apyr apyral

N306aBnenre OT OECKOHEUYHOCTEW — ATO TOCTOSHHO MOBTOPSIONIASACS
TeMa B  coBpeMeHHOM  ¢usuke. CyTb  CHEUHAIBHOW  TEOPUH
OTHOCUTEJILHOCTH MOXXHO BBIPAa3UTh KaK CYIIECTBOBAHHE MaKCUMaJIbHOMN
ckopocTH Jist ¢pusnyeckux cucteM. CyTh KBAHTOBOM MEXaHUKU COCTOUT B
OTKPBITUHU CYIIECTBOBAHUSI MAKCUMAJIBHOTO KOJIMYECTBa UH(POPMAIUU JJIsI
KaKI0M (Qu3MYecKkoil cuctemMbl. MUHHUMaIbHOE pPacCTOSHHUE — OTO
IIAHKOBCKasl JUIMHA L,, MakCHMaibHAasi CKOPOCTh — CKOPOCTb CBETa ¢, a



nojiHass uHpopMauus onpexaensercs noctosHHou [lmanka 4. Bc€ ato
cBeneHo B Tabm. 11.1.

CymecTBoBaHNE MHMHUMAIBHBIX W MAaKCUMAJbHBIX 3HAYECHUU IS
JUIMHBI, CKOPOCTHM M JEUCTBHSA 3aJa€T €CTECTBEHHYIO CHCTEMY EIMHML.
Bmecto n3mepeHns CKOpOCTH B KMJIOMETPAx B 4ac WM METPax B CEKyHIY
MBI MOXEM U3MEPATH €€ B JIOJIAX CKOPOCTH cBeTa. MOXKHO NPUHATH, 4TO 1
JJI1 CKOPOCTH COOTBETCTBYET CKOPOCTH ¢ U, HAallpUMeEp, nucars v = 1/2a54
TeJla, JBHXKYIIETOCA CO CKOPOCTBIO, PABHOM IOJIOBUHE CKOPOCTH CBETA.
AHaJIOTHYHO MOKHO MO ONPEAETIEHUIO JOTOBOPUTHCA U3MEPATH PACCTOSHUE
B E€AMHUIAX IUIAHKOBCKOM JnuHbl. TakuMm o00pa3oM, Mbl MOJydYaem
€CTECTBEHHYI0 CHUCTEMY (YHIaMEHTAIbHBIX €IMHMI], W3 KOTOPBIX
BBIBOJSITCSI BCE OCTaJIbHbIE. ENMHMIIA BPEMEHH — 3TO BpeMs, 3a KOTOpOE
CBET MPOXOJAUT IJIAHKOBCKYIO JUIMHY, U T. . JDTU €CTECTBEHHBIEC €IHHMIIbI
LIMPOKO NPUMEHSIOTCS B UCCIIEAOBAHUAX 110 KBAHTOBOM I'PABUTALINY.

Tadmuma 11.1. @OyHgaMEHTAIBHBIE  OTPAHUYEHHUS,  OTKPBITHIC
TeOpeTHUeCKOU (PU3UKOMH

mYHﬂﬂMEH'I‘ﬂHbHEH
Du3nyecKan BeNHYUHa Teopua OtkpeiTie
NOCTOAHHAA
Cneuvanbhan teopua | CywiecTsyer MaKcumMansHas
CHopocTe c y P YUIECTBY
OTHOCHTENBHOCTH CHOpOCTb
- CywecTeyer MUHUManbHaA
Wndopmaums (meiicteme) | h HBaHTOBaA MexaHuHa y y
NopUMA WHHOpMaLMK
CywecTsyer MUHUManbHan
[lmna L HeaHT0BaA rpaBuTaLMA y y
e [HHE

BrisiBienue atux Tpex (GyHIaMEHTaIbHBIX MOCTOSHHBIX CTABUT MPeae
TOMY, 9YTO KaXeTcsi OCCKOHCUYHBIMA  BO3MOXKHOCTSMH  TIPHPOJIEI.
Oxka3bIBaeTCs, TO, YTO MBI Ha3biBaeM OE€CKOHEYHBIM, — 3TO 3a4acTYIO JIMIIb
TO, UTO MBI €IIle He CYMEJH MOACUYNTATh WIIN MOHSTh. S TyMaro, 3TO BeChbMa
oO1miast uctuna. Takum 00pa3zom, «OECKOHEUHOE» — ATO CJIIOBO, KOTOPHIM MBI
Ha3bIBa€M TO, YETo emie He 3HaeM. [Ipupopga, moxoxke, ICHO TOBOPUT HaM,
YTO HAYETO TOJJTUHHO OECKOHEYHOTO HE CYIIICCTBYET.

Ecte eme omgHa OECKOHEUHOCTh, JC30PHUCHTHPYIOIIAsS  HaIlle
MBIIIJICHUE, — OECKOHEYHOCTh MPOCTPAHCTBEHHON MPOTIKEHHOCTH
kocmoca. Ho, kxak s mrcan B miaBe 3, DUHIITEHH 0OHAPYKHII, YTO MOXKHO
IpEeACTaBUTh cebe KOHEYHBIM KocMoc ©Oe3 rpanull. CoBpeMEHHBIC



U3MEPEHUS MOKA3bIBAIOT, UTO pa3Mep 3TOT0 KOCMOca AOKEH ObITh OOJIbIIIE
100 MumIHapaoOB CBETOBBIX JIET. JTO MOPSIOK BEIMYMHBI TOM 00JacTh

KOCMOCAa, K KOTOPOHM y Hac €CTh XOTs Obl KOCBEHHBIN AOCTYII. DTa BEIMYHHA

npumepo B 10'2 pa3 Gombme mnocrosHHoi IlnaHka W BeIpaXkaeTcs

eauHuLen, 3a koropon crnemyer 120 Hymen. Mexnay IUTAaHKOBCKHM M
KOCMOJIOTMYECKMM MaciiTabaMu — orpoMHasi pasHunia B 120 mopsigkoB
BesmuuHbL. KonoccanbHas. Dxctpaopaunapnas. Ho xoneunas.

B sTomM mnanazoHe — HauyMHAs C KPOILICYHBIX KBAHTOB MPOCTPAHCTBA U
Jajee Npoxods MOCIEAOBATEIIbHO KBAapKHU, MPOTOHBI, ATOMBI, XUMHUYECKUE
CTPYKTYpPBI, TOPBI, 3BE3[bl, TaJAKTUKU (KaXaas U3 KOTOPBIX 0Opa3oBaHa
COTHEN MWJUIMApPJIOB 3BE3]1), CKOIUICHUS TaJlaKTHK, BIUIOTH 0 KaXKyIIencs
OeckpaitHelt BuguMon Bcenennoi, copepsxkaieit 6osnee 100 mumauapaos
rajJjakTUK, — pPa3BOPAuYMBACTCS BCS CIOXKHOCTh Hallero wmupa. Mupa,
KOTOpPBI MBI 3HAa€M JIMIIIb B HEKOTOPBHIX €ro acrnekrax. HeoObsTHOTO.
Koneunoro.

Kocmonornueckuu MaciTao OTpa)xaeTcs B 3HAYECHUU
KOCMOJIOTHYECKOM TOCTOSHHOU A, KOTOpas BXOAUT B (pyHJaMEHTAJIbHbBIC
ypaBHEHUs Hamwux Teopui. Takum oOpazoM, (QyHIaMeHTalbHAs TEOpHUs
COJIEPKUT O4YE€Hb OOJIBIIIOEC YHCIO: OTHOIICHHE KOCMOJOTHYECKOM
IIOCTOSTHHOM K IUJIAHKOBCKOM JIMHE. IMEHHO 3TO OIrpOMHOE YHCIO JEJIAET
BO3MOXHOM KOJIOCCAJIBHYIO CJIOXXHOCTh Hamero mupa. Ho To, 4TO MBI
BHIMM W TOHMMaeM B Hamiell BceleHHoN, — 3TO He OSCKOHEYHOCTH, B
KOTOPOM MOKHO YTOHYThb. DTO OIPOMHOE MOPE, HO HMMEIOIIEE KOHEUYHBIN
pasmep.

Kuura npemyapoctu Mucyca, ceiHa Cupaxosa (Cupax) !, paunnaercs
M3YMUTEIBHBIM BOIIPOCOM:

Ilecox mopeti u kanau 00x4cOst

U OHU BEYHOCMU KO Ucyucium?

Bvicomy neba u wiupomy 3emnu,

u 6e30Hy u npemyopocms Kmo uccieoyem?

JIpyroii BENIMKHI TEKCT, HAIIMCAHHBIA CITyCTSI HEKOTOPOE BPEMSI MOCIE
TOTO0, KaK ObLIA COUMHEHBI ITU CTPOKHU, BTOPUT UM B CBOMX MEPBBIX CIOBAX:

Tocyoapw [enon! Ecmoe nt00u, oymarowue,

umo uucio necuunok 6eckoneyuno. ol



Tak nHaunnaetcsa «IIcammuty («VcuncieHue necunHok») Apxumena, B
KOTOPOM BEJIMYAWIINN YYEHBIM AHTUYHOCTH... IMOACUYUTHIBAET KOJIMYECTBO
IIECYNHOK BO Beenennon!

OH nenaeT 3T0, YTOOBI MOKA3aTh: XOTA YUCJIO MECYMHOK BEITUKO, OHO
KOHEYHO M MOXKET ObITh ompezesieHo. J[peBHsAs cUCTeMa CUUCICHMS He
MO3BOJIsIa TIPOCTBHIM CIIOCOOOM padoTaTh C OUYEHb OONBIIMMHU YUCIaMHu. B
«McuncneHnn TECYMHOK» ApXuMell pa3padaTbiBaeT HOBYIO CHCTEMY
3aMCHU YHCEII, TOXOXKYIO Ha HAIly SKCIOHEHIHAIBHYIO, KOTOPAsl ITO3BOJISIET
MaHUITYJIMPOBaTh OY€Hb OOJBIIMMHU YHCIIAMH, U JEMOHCTPUPYET €€ CHILY,
MOJCUUTHIBAST (B WIYTKY, KOHEYHO), CKOJIbKO HYKHO TIE€CUMHOK, UYTOOBI
3aI0JIHATH HE TOJIBKO MOPCKHE TUISIKH, HO U BCIO BeeneHny1o.

HecMotpss Ha mryrouHocts «lMcuucieHus MECYMHOK», 3TO IIyOoKas
kaura. B monere cBoel ¢anTazmu, Kotopas 0ojiee 4eM Ha THICSUYEIICTHE
IIPENBOCXUTHIIA WJEU BI0XH Bo3poxkaeHns, ApxXxuMeld BOCCTAET IPOTUB
Takoi (opMbI 3HAHUS, KOTOpas MPU3HAET CYILIECTBOBAHHUE TaiH, KOTOPHIE
NPUHYUNUATIbHO  HEAOCTYIHBI YEJOBEYECKOMY MbllUieHHI0. OH He
IPETEHAYET HA 3HAHWE TOYHBIX pa3MepoB BCEIEHHOW MM TOYHOI'O YUCIIa
necynHOK. OH HacTanBaeT BOBCE HE HA IMOJHOTE 3HaHMs. Hanmportus, OH He
CKpBIBAa€T NPHUOIM3UTEIBHOIO W OPUEHTHPOBOYHOIO XapakTepa CBOMX
oneHOK. OH TOBOPUT O BO3MOXHBIX BapHaHTaX OLEHKM HMCTHHHBIX
pa3smMepoB BceneHHON, MeXAy KOTOPBIMM HE JI€JIaeT OIPEIEICHHOIO
BbIOOpa. BaxkHa He nmpeTeH3us Ha 3HaHHUE BCETo, a, HA00OPOT, TOTOBHOCThH K
TOMY, YTO MpaK BYEpAIHEr0 HEBEKECTBA MOXKET OBbITh paccesH
CErOIHAIIHUM 3HAaHHWEM, a OT CETrOAHSIIHEr0 HE3HaHUs MOXHO Oyner
n30aBUTHCS 3aBTpa.

[maBHass wnpes ApxuMena — BOCCTAaHME TIPOTUB OTPEYEHUSA OT
CTPEMJICHHSI K IIO3HAHMIO: JACKIApalus BEPbl B IIO3HABAEMOCTb MHDA,
ropaas OTHOBENb TEM, KTO MpPEOBIBAET B YIOBJIETBOPEHHH OT CBOETO
COOCTBEHHOTO0 HEBEXKECTBA, KTO HA3bIBA€T OECKOHEYHBIM TO, YETO Mbl HE
IIOHMMAEM, U OTKa3bIBAETCs OT CBOETO IIPaBa HA 3HAHHUE.

[Ipouwnu cronetusi, u Tekct Cupaxa, Kak U Jpyrue TekcTol bubnuu, ectb
B OECCUETHOM YHCII€ JOMOB, TOTJa KaK JIMIIb HEMHOTHE YWUTaIUd TEKCT
Apxumena. Apxumen ObUT yOUT pUMIISSHAMH BO BpeMs pasrpadiieHus
Cupaky3, nocinegsero ropaoro ormiora Bemukon ['pennn, masmero nepen
PUMCKHMU 3aBOEBATEISIMU, KOTOPHIE B XOJ€ PAaCIIMpPEHHs] CBOEU Oymayleu
uMriepud  Bckope npuHsiii  Cupax B KauyecTBE  OAHOIO W3
OCHOBOIIOJIATAIOIIUX TEKCTOB CBOEH ouIuaITEHON peiuruu,



YKpenuBIIEHCs 0oJiee YeM Ha ThICSUy JIET. B TeueHue 3Toro ThicsuesneTus
BBIYUCIICHUS] ApXUMeEa TOMIINCh OT HEMOCTUXKUMOCTHU: HUKTO HE MOT HE
TOJIBKO MCTIOJIb30BaTh WX, HO IAKE MOHSTh.

Henopaneky ot apxumenoBbix CHpaky3 pacroyiaraercsi 