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IJIOTHOCTHU JeHCTBHST MMEIOMIMXCs B 001acT (MOUYIIUX CyIIECTBO-
BATh [T KazKJ0i 13 BOBMOXKHBIX CBA3HOCTEl) dacTuil. Tak aro s
IIOJTHOTO ONMCAHUS HaM He XBaTaeT JIalPaHKeBOU IIJIOTHOCTU YaCTHUI]
B PaCCJIOEHHOM TPOCTPAHCTBE.

10.5 JlarpaHxkuaH 4acCTHUIl B PaCCJI0€HHOM
MIPOCTPAHCTBE

B knaccuyeckoMm npubMKEHUUW MbI CHAYAJa BBEJIM IOHATHE Ieii-
CTBUS HA TPAEKTOPUN OTAEIbHON JaCTHAIBI. TOIBKO TTIOTOM MBI BBEIN
IJIOTHOCTH JIefiCTBUSA B 00/IACTU TPOCTPAHCTBA-BPEMEHU U TTOKA3AJIN,
9TO €6 MHTEerPUPOBAHUE PACIIAIAeTCsl HA WHTEIPUPOBAHUE JefCTBUS
BJIOJIb TPAEKTOPHUI OTHE/bHBIX YACTHUII, HAXOMSAIIUXCS B 3TOI 00/1a-
cru. Tak 9TO [ABa ONpeeeHnsT TefiCTBIs, Yepe3 KAHOHMIEeCKW CKa-
JIIPHBII TApaMeTp, i Yepe3 IMJIOTHOCTh CKAJIAPa COTJIACOBAHBI [TOJTHO-
croio. [IpoucxoauT 310 3a CYET HAMUYUUS CUHTYJISPHOCTEH B CBA3HO-
CTH TOJIBKO Ha TPACKTOPUAX KJIACCUICCKUX YaCTUIl 1 HUT/IE 60.)'[]31_[[8.

B kBanTOBOM HpUOJ/MMKEHUU MBI BBEJIM PACCIOEHHOE HHGOPMA-
[IMOHHOE MPOCTPAHCTBO U CBA3HOCTH B HEM. llenbio saBisgerca ympo-
IeHue, JIMHeAPW3aIus OMUCAHNUS CUTYAIIUN, KOTJA U TPAEKTOPUH Pe-
AJTbHBIX TACTHI[, W CAMO KOJWIECTBO COOBITHII B HEKOTOPOIT 00ja-
CTU He sIBJIFIOTCA KECTKO omnpeseeHubiMu. M cooTBeTCTByONINE 10~
JIS CBA3HOCTH TOXKE. BMECTO rapaHTUPOBAHHBIX CHUHTYJISIPHOCTEH Ha,
HEKOTOPBIX TPAEKTOPUAX MbI TEIeph JO/KHBI PAbOTATh C pacipe-
JIEJIEHUEM, NAOMHOCTDI0 8EPOAMHOCMY HAJIMIWsST CODBITHIT HA MHO-
JKECTBE TPAEKTOPHii, KOTOPbIe MOTYT OBITh ( WM He ObITH!) B 3TOI
obnactu. Ilpu onpeseneHun MIOTHOCTH JEHCTBUS B TAKUX YCJIOBU-
AX MblI Ha4aJin C OIIPpeaeICHNuA 9TOI BeJIMYWHBI JJIA II0JId CBASHO-
ctu B pacciaoeHHoM mpocrpanctBe. B § 10.4 mam ymasmock jocra-
TOYHO TTPOCTBIM CHOCO6OM TTOCTPOUTDH JIAI'PAH2KEBY IIJIOTHOCTH AQI';I—
CTBUSA i 6celi COBOKYITHOCTH BO3MOXKHBIX DPeabHBIX CBI3HOCTEM
B IIPOCTPAHCTBE-BPEMEHM, TOIMEHUB €€, 3Ty COBOKYITHOCTH, CBSI3-
HOCTBIO B PACCI0EHHOM TpOocTpaHcTBe. CUBA3HOCTHIO, OMUCHIBAIOIIEH
9BOJIIOOUIO BEKTOPOB COCTOAHNA KaK CHMHTETUYICCKUX I/IH@OpMaHI/IOH-
HBIX 00beKTOB. CUBSI3HOCTD 3Ta B HEKOTOPOM CMBIC/IE TOPA3/I0 yA00-
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Hee Jyst onucanust. OHa CPaBHUTE/BHO MPOCTA, T.K. SIBJISIETCA Pe-
aju3alyeil, npeacraB/JIeHueM OJHONU JOCTaTOYHO IIPOCTON TI'PYIIILL.
Penepsr, ¢ mOMOIIBIO KOTOPBIX MBI OIUCHIBAEM BEKTOPBI COCTOSTHU
BBIOPAHBI OJMHAKOBBIME JIjI BCEX TOYEK MPOCTPAHCTBA BPEMEHW.
MpI Tak:Ke yIIOMSHYJ/IU, YTO YPABHEHUSI, TIOJTYYAIOIINECs IPHU IIPUMe-
HEHUU BapUAIMOHHOTO TPUHIUIE K 3TOW JArPAHXKEBOH IJIOTHOCTH
moJig OyIyT JIefCTBUTEIbHBI BCIOMY, 33 WCK/IIOYEHUEeM TPAEKTOpHUil
peaIbHBIX JACTUIl, UMEIOIINXCA B paccMaTpuBaemoii obractu. Kcre-
CTBEHHO, U3-3& CHHTYJISPHOCTEN, UMEOIIUX MECTO B COOBITUIX. DTO
yPaBHEHUS [IJIT HEKOTOPOI'O MoKae, CHOPMUPOBAHHOTO U3 CBA3HOCTHU
PACCI0EHHOTO IIpocTpaHcTBa. 1o ke caMoe MMeeT MeCTO U B KJIacCh-
9eCKOM MpubmKeHnn. TOIBKO TaM BHJT 9TONO TOKA HA TPACKTOPHUAX
(B CHHIYJISIDHOCTSIX) TOJIYYIUTH JIETKO, TIOCKOJIBKY pPedb UIET 06 m3-
MEPHMBIX BeJIMUNHAX. A KAKOH »Ke B JOJKEH UMETh TOK, TTOCTPO-
eHHBI 13 BEeKTOPOB cocTosiiusi? U Kakyio (popMy mMeer MmiIOoTHOCTH
JIEHCTBHsI, COCPEJIOTOUEHHAs] HA TPAGKTOPUIX YACTHUIL (UTO BaKHO,
BCEX BO3MOXKHBIX cpasy!) B paccmarpusaeMoii 06acTu mpocTpaH-
CTBa-BPEMEHU, €CJU €€ BBIPA3UTH TMOALKO 6 MEPMUHAL 6EKMOPO6
COCTOARUSA U CBAZHOCMYU 6 PACCAOEHHOM NpocmpaHcmee, 0e3 yda-
CTUSI MATEMATHIECKUX 00PA30B M3MEPUMbBIX BEJTUYUNHT

[Ipex e vem 3auaThCA pOpMaAIA3ANUENl OTBETOB HA ITU BOIIPO-
ChbI, HY2KHO CJIeJIATh OJIHO BaxKHoe 3aMeuanue. Heobxoammo octamo-
BUTBLCS HA ONPEJENEHHOM (M BAXKHOM) OTJIMYMU TIPUMEHEHUsS] PUH-
I[AIA CTAIIMOHAPHOCTH JeHCTBUs (& 3HAYUT M MOCTPOEHUS MTOJTHOTO
JIArPAHKUAHA) [IPU U3Y9I€HUN BO3MOYKHBIX COCTOSTHUIN PEAThHBIX da-
CTUIl B KBAHTOBOM OIMCAHWK OT KJIACCHMYECKOro ciydas. lleiicTBue,
HA TPAEKTOPUU UK B 0OJIACTHU, €CTh He YTO UHOE KaK IUCJIO COOBITHIA.
B kmaccrmaeckoMm mpuOIMKEHNH OHO OYEHB DOJIBINOE W MBI CUUTAEM
ero unsapuarmom onucanua. Ho Beb KBAHTOBOE OMHMCAHUE TEM U
XapaKTePHO, YTO HAKOILIEHHOE YUHMCJIO COOBITHI i Padhoil Iy Teit
MPUXO0/a YACTHUIIBI B TOUKY, TJI€ UMEET MECTO BBIJEJEHHOE HAMU CO-
ObITHE, HAM He Modicem 6bimb udsecmio. Kax xe MOXKHO IPUMEHITH
TOT/Ia MPUHIIUAI CTAIMOHAPHOCTU JEHCTBUSA, €CIM YUCTO COOBITHIA,
JleficTBYe, TPUHIUITHAIBHO HE SIBJISIETCS B 9TOM CJIydae CTaIlliOHap-
HBIM !
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W BCé-Taku, IPUHLIKIL CTAIMOHAPHOCTU JIEHCTBUA IIPEKPACHO pa-
6oraer u B 3TOM ciiydae. ToJIbKO OH JTOJT2KEH OBITH HEMHOTO MO TU(U-
IUPOBaH. BecmoMunM, 9TO Macca nokoa 6CAkol peasvHoti 4GCMuULbL 6
HAUWEM NPUOAUNCEHUY BCE eW ABAAENCA CE0O0OHBIM NAPAMETMPOM.
Ho Benp Macca moKOs 1 IBSIETCSI CKOPOCTBIO IIOSIBJIEHHSI COOBITHI Ha,
TPAEKTOPUK YacTUllbl. /laske eciu Mbl paCCMaTPUBAEM IIPEBPAIECHUE
HEKOTOPOT'O COCTOSIHUSI PEATBHOM YaCTUIBI (HEKOTOPBIX COCTOSHI
peaIbHBIX YaCTUIl) B APYTUE, TO BCE MACCHI HAYAIBHBIX M KOHETHBIX
COCTOSIHMIT MBI BCETIa II0JIaraeM M3BECTHBIMU. A 3HAUUT, XOTS UUCJIO
COOBITHII B KBaHTOBOM OIMCAHUM M He (PUKCUPOBAHO, CKOPOCTH MX
[IOABJIEHUS B €JUHUIY BPEMEHN Ha JIIOOBIX BO3MOXKHBIX TPAEKTOPH-
AX PEAADHBIT HACTULL, UMEIOIIUXCA B 00JIaCTh OCTAETCA MHBapUaH-
TOM KaXKJOT0 KOHKPETHOI'O SKCIIEPUMEHTA, BBIIOJTHEHHOIO WJIH Pac-
cunTaauoro. JleiicTBrue MOXKHO BBIUYHNCINTD ABYMs cmocobamu. Yepes
JIArPAHKEBbI [JIOTHOCTH JIJI YACTUIL ODILEro BUa, U 4epe3 3adaH-
Hble TTApaMeTPhbl, MACCHI YACTHIL. /JIAA MPou3soAbHbLLT Nymel G6CET
BOBAECUEHHDIT “ACTNUY, PE3YALMAMDL, BOIHUCAEHHBIE IMUMY 08YMA
cnocobamu obazamenvro cosnadatom. ClIeT0BaATENIbHO, UL PA3HOCTD
scezda pasha HYar0. Bor 3Ta pazHOCTH, NMEIOIasi HYJIEBOE 3HAYEHME,
1 ABJISIETCS CKAJIAPOM, K KOTOPOMY B KBAHTOBOM C/Iydae IIPHMEHS-
erCsl IPUHLMII CTAIMOHAPHOCTH JieiicTBus. B jlarpaHKuan BBOLATCS
MACCOBBLE 4 NAECHDL, KOTOPBIE 8bI%UMGI0MCA N3 TIOJTHOIO JarpaHKIaHa,
TOYHEe, W3 KayKJA0W COCTABJSIONIEl JarpaHKUaHa a9 OIpeIeTcH-
HOrO copta dactut,. CaMu MACCHI IIPH 3TOM OCTAIOTCSA CBODOIHBIMI,
3aJaHHBIMI H3BHE mIapaMerpamu. IlosTomy oHm He BapbUpPYIOTCH.
Bapuamusiv miogsepraiorcst TOIbKO (DYHKIUU TIOJIsT U BEKTOPBI CO-
crogHusd. JIerko BUIETH, YTO B CTAHIAPTHON KBAHTOBOI TEOPHH BCE
BBIYUC/IEHUS] IIPOBOIATCA UMEHHO C TAKUMU JIAIDAHKUAHAMU.

MaccoBble UI€HBI SBIAIOTCSI HambO0jIee MPOCTO KOMIIOHEHTOM
[OJTHOT'O JIarpaHKuaHa. VX MOXKHO HalucaTh TPAKTHIECKU cpasy. B
CaMOM Jiejie, MBI y2Ke OIPEeIeININ IIJIOTHOCTh BEPOATHOCTH ITOABIE-
HUST 0MOEAbHO20 CODBITHST HEKOTOPOTO 3a/IaHHOTO THIA (OIpeIesisie-
MOTO BBIODAHHBIMU HAYAJIBHBIM M KOHEUHBIM COCTOsTHHEM). VMeercst
3a/IaHHBII M3BHE LapaMerp My, OLUPEIAEISIONINi CKOPOCTh IOsB/Ie-
HIS COOBITHII 9TOrO THIIA, €CJU OHN OObLEIUHAIOTCI B IEIOUKY, pea-
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JINBYIONILYIO COOTBETCTBYIONIYIO peanbuyio dactuiry. CiesoBaTenbHo,
JUTL 410007 TPAEKTOPUN TaKO JaCTHUIThI, BO3MOXKHOI B JJAHHOI 006/1a-
CTHU IIPOCTPAHCTBa-BPEMEHH, COOTBETCTBYIOIIee eil BO3MOXKHOE YUCIIO
coOBbITHIT, BO3MOXKHOE jeficTBue Oymer paBHO

5= /moﬁ(x)\l:(x)d‘lx = /moﬁ(l)\y(l)dz. (10.16)

[TockonbKy My ABASETCS BHEIIHHM IIapaMeTpoM, TO 371eCh M Jajiee
Mbl BKJIFOUAEM MHOXKUTEIb 1/ B onpejesienne Macchl IOKOst 1My J1lst
VIIpOIeHus 3anucu. VIHTerpupoBaHue B JeBOil YacTi (pOPMYJIbI IIPO-
U3BOAUTCS IO BCel 00JIaCTH, a B IPABOIl 10 JIIOOOMY MEMPUHECKO-
MY TIApaMeTpy BIOJIb KarKJI0#l TpaekTopuu. Kpome Toro, B mpapoii
9aCTU JOIYINEeHa HEKOTOpasd HEOPEXKHOCTh B 0bo3HaveHusx. Mbl cO-
XPAHUINA IS CKAAAPHOT, BEPOSTHOCTH TO Ke camMoe 00O3HadeHHe,
YTO U JJIsI ILJIOTHOCTU BEPOATHOCTH, TOJBKO IIOJCTABUIN B KAUECTBE
apryMeHTa 3HAUYeHUe [mapaMerpa Ha TPAeKTOPUU BMECTO KOODIUHAT
TOYKH B IIPOCTpAaHCTBe-BpeMenn. HyKHO OTMeTHTh, 9T0 B 9TOit hop-
MYyJie COBEPIIEHHO HE BaXKHO, KaKne MMEHHO TOYKU B OXBa4YEHHOM
00J1acTH TIPOCTPAHCTBA-BPEMEHN IIPOXOAMIA 3Ta peajbHas YaCTH-
a, /i KaxK/0r0 3HadeHud mapamerpa. Bces sra mndopmarus, Bce
BO3MOXKHOCTH HAKPBITHI 3aBUCHMOCTBIO OT TOUKH IIPOCTPAHCTBA-BPe-
MEHH ILJIOTHOCTU BeposiTHOCTH WW, KOTOpAsi BBIPE3AET TPACKTOPUI
BMECTO CHHTYJISPHOCTH B KJaCCHIeCKoM mpubsmKennu. [losmoxenne
TPAEKTOPUil B KBAHTOBOM OIUCAHUU HE (DUKCUPOBAHO, CJIEI0BATE b=
HO MPAKTHYIECKOe 3HAYEHHE MMEET TOJbKO JIeBad JaCTh PABEHCTBA,
[IPEICTaBAAIONAA cob0ii muTerpaa mo obmactu. IlosTomy MBI U He
CTaJII BBOJUTL KaKOT'O-JIMOO CIIEI[MAJILHOTO JIOIIOJHUTE/JIHLHOrO 000-
suadennd. [Ipu Takoit ¢popme 3amncu JTarpaHKnuaHa CIpaBa Mbl TaK-
K€ dBHBIM 00pa30M OTrPAHUYUIN BBHIOOD CHCTEM KOODIWHAT B IIPO-
CTPAHCTBE-BPEMEHH TOJIHKO JIOKAJIHHO JIOpEHITeBBIMI CHCTEMAMH OT-
C4€Ta, COXPAHAIOIMIUMU BBEJAEHHYIO KJIACCUYECKYI0 METPUKY.

C TouYKHM 3peHus OIepaToOPOB, AEHCTBYIOIINX B IIPOCTPAHCTBE CO-
crosiamit, neficreue (10.16) npeacrasasier coboit cpednee s3nauenue
HEKOTOpOro omeparopa. Omeparopa, pe3yJbTaToM IeHCTBHA KOTO-
pPOTO Ha BEKTOP COCTOSTHUSI SIBJSIETCST CKOPOCTH TTOSB/IEHUST COOBITHMI
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Ha, TPAEKTOPUAX PEATbHBIX YACTHUI[. TaKuM OIepaTOpOM sIBSETCS
oTepaTop SHEPTUU-uMIyibca. OIHAKO, HEITOCPEICTBEHHBI Pe3y/Ib-
TaT ero JeificTBUA BCE-TaKM HE COBCEM TO, YTO HaM HYKHO, T.K. OH
ABJISIETCS (OTHOCUTE/ILHBIM) KOBapuaHTHBIM BekTopoMm. C ero nomo-
IIbI0 MOYKHO MOJIYYUTH TOJBKO OTHOCUTEJIbHBIN CKaJsSp, CBEPThIBAd
¢ KacaTeJbHBIM BEKTOPOM. A HaM HYXK€H OIEepaTop UMEIOIHil B Ka-
“ecTBe COOCTBEHHOI'O 3HAUEHUs IJIOTHOCTH CKAJIApPa, TAK KaK Kaca-
TeJIbHBIIT K TPAEKTOPUN BEKTOP HE OIpee/IEH B KBAHTOBOM OITHCA-
HUU €MHCTBEHHBIM 00pa30M, eC/IH 33/1aHa TOYKa HA TPAEKTOpUH (B
NPOCTPAHCTBE-BPEMEHN ).

B kaccuueckoMm citydae mpobjieMa pemraeTcsd € IMOMOIIBI0 MPO-
M3BEJIEHNs] KOBAPUAHTHOTO TPAJMEHTa TJIOTHOCTH JIeHCTBUS (CyMMbI
SHEPIUU-UMITY/IbCA U MMOTEHIINAA BHEIITHErO M0JIs1) Ha 6€KMop Moka.
B kauecTBe BeKTOpa TOKA CAYKUT KacaTeJbHBIN K TPaeKTOPUU dTa-
CTHUIIHI BEKTOP, OTHECEHHBII K METPUIECKOMY CKaJISIPHOMY ITapaMeT-
Py U [PEBPAIEHHBIN B IJIOTHOCTH C IIOMOIIBIO CUHIYJIAPHOTO MHO-
kurens, 3apaga. C ero moMoupbio JeifCrBUI0, TOMUMO CKaJIsipHOI
IUIOTHOCTU CTABUTCA B COOTBETCTBUE eIE M IIJIOTHOCTH €ro TOKA,
KOBAPUAHTHOU AUBEPreHlueil KOTOPOI'0 U OKa3blBACTCA CKaJldpHAd
IOTHOCTH JeficTBug. CoBCTBEHHO, B 9TOM U COCTOUT CMBICJ BTO-
poii nape! ypasuennit Makcsesia. Beap coornomenue (6.23) MoxKHO
[IepenuncarTb Kak

S = /(mo + Azjl)dl = /[(8180 + eAZ)da:Z/dl]dl, (10.17)

B KBAHTOBOM ONMCAHUU MBI y7Ke OOHAPYKUJIU, 9TO B PACCJIOEH-
HOM ITPOCTPAHCTBE JIefiCTBUTEILHO NMEETCsl BEKTOP TOKA, ITOPOK Tae-
MBIt CBA3HOCTBIO B 9TOM npocrpanctse (10.14) u cocpemoroueHubrit
TOJBKO HA TPAEKTOPUSX (BO3BMOMKHBIX!) peambHbIX wdacTul] Taxum
00pas3oM, 1 IPABUILHON 3alMCH JTArPAH?KEeBON TLIOTHOCTH YaCTHIL
HaM HEOOXOMMO MOCTPOUTH W3 BEKTOPOB COCTOSIHUS He TOJIBKO ILI0T-
HOCTH BEPOSITHOCTH COOBITHIT, HO U MOK 8EPOAMHOCU COOLIMUL, T
CpeJIHEe MO COCTOSHUSM TAOMHOCTIU MOKA 6EPOATHOCTIU COObIMUL,
KOTOpOe M Oy/eT MCKOMOIi JIarpaHKeBoil MI0THOCTHIO.

TOK BEPOATHOCTH $BJISIETCS B MPOCTPAHCTBE COCTOSTHUI OOpa-
30M OTHECEHHOIO K METPUYECKOMY IapaMeTpy KacaTeJIbHOro K Tpa-
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€KTOPUN YACTHUIIBI BEKTOpa. BeIOmpasi I BCEX TOUYEK MPOCTPaH-
CTBa-BpeMeHN HEKOTOPLI CTAHIAPTHLIN BEKTOP, KaXK I KOMIOHEH-
Ta KOTOPOIO B IIPOCTPAHCTBE COCTOSHHUI OyIeT HEeKOTOpOil mOCTO-
SHHON MaTpuieil, Mbl (PAKTUIECKH OPUEHTUPYEM HAIIe TPOCTPaH-
CTBO COCTOdHWUI, 33/1aéM B HEM HallpaBJieHHe, CONPAXKEHHOE OIlepa-
TOPY SHeprun-uMIry/ibca. VI Takum 06pa30m morydaeM BO3MOYKHOCTD
n300parkaTh BEKTOPAME COCTOSHUS 0A30BYI0 KOHCTPYKITHIO JIIs IIPO-
U3BOJHON AEWCTBUA II0 HAIIPABJICHUIO B HPOCTPAHCTBA-BPEMEHH —
dsg/dl = 0;sodz’ /dl. BaaTue cpemero 3HAYEeHHS OT TAKOTO BEKTOPA
(omeparopa) 1mo BCeM BO3MOYKHBIM BXOJSIIIUM M BBIXOJSIIUM COCTOSI-
HHASAM IIPOEIUPYeT Pe3y/IbTaT B IPOCTPAHCTBO-BpeMs, CO3IaET B HEM
IIJIOTHOCTH BEPOATHOCTU B ﬂa.HHOI;'I TOYKe JJId KaCaTe/JIbHOI'O BEKTO-
pa JaCTHUIBI IMETh KAKOe-TO 3HAUEHNe, OMNCHIBAET /I Heé BO3MONK-
HOCTb MMETh B JAHHOI TOYKE TPAEKTOPHIO HAIIPABICHHYIO TE€M WJIH
HUHBIM CIIOCODOM.

CoOoTBeTCTBEHHO, CTPYKTYPa INIOTHOCTH TOKA, BEPOSITHOCTH OIIPe-
JIeJIIeTC U3 CJIeAYIONmMX coobpazkenuii. B mepByto oduepen, 910 cpei-
Hee 3HaYeHHne HEKOTOPOTO OIepaTopa, MMEIOIEro 4emmuipe KoHmpa-
8APUAHMHYLIE KOMIIOHEHTHI C TOYKW 3PEHUs TPeobpa3oBaHUil B mMpo-
CTPAHCTBE-BPEMEHM:

T =W(z)v'®(x). (10.18)

ITockosibky omeparop 9TOT [AefiCTBYeT B IPOCTPAHCTBE COCTOSAHUIA, TO
Kaotcdas e2o0 xKomnonwenma asasemcs 4 X 4 mampuyet, T.K. KaxkKIasa
KOMIIOHEHTA IIPEJICTaBJIeHa B IIPOCTPAHCTBE COCTOAHUNA 110 OT/IE/Ib-
moctu. 11 '7i = ('y‘bl)i, I7e MHIEKCHI @ U b MefiCTBYIOT B IPOCTPAHCTBE
COCTOSTHUIA.

B mpocrpancTBe-BpeMeHr Mbl OTPAHUYUBAEMCS TOJIHKO JIOKAJIHHO
JlopeHneBbIMI IPeoOPA3OBAHUIME KOOPIUHAT, IIO9TOMY BEKTOD *yi B
KaXKJIO¥ TOYKe JIOJI?KEH yJ0BJIETBOPATH YCJIOBUIO

gy =1=20;. (10.19)

C y4éTroM CUMMETPUYIHOCTU METPUYECKOT0 TEH30PA 3TO SKBUBAJIEHT-
HO COOTHOIIEHHIO

S =50 ) =gVl (10.20)
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Buech Mbl BBesn obo3Hadenune { A, B} st anmukommymamopa By x
maTpuil (uau ornepatopos) A u B.

J110boit omepaTop, 0duHaKo6vIT 60 6CET IKZEMNAAPAL NPOCTIPAH-
cmea cocmoanUull, aCCOTMNPOBAHHBIX C PA3HBIMU TOYKAMH TTPOCTPAH-
CTBa-BpeMeHH, yaoBJaeTBopstomuii coornomennto (10.20) moxker
OBITH BRIOpAH B KA9eCTBE OIEPATOPA BEKTOPA TOKA BEPOSITHOCTHU CO-
OprTuit (omHOrO M TOro Ke BHAA!) Ha BO3MOMKHBIX TPACKTOPHUAX pPe-
AJIbHBIX YaCTHII.

Cpe/iHee 110 COCTOSHUSIM TIJIOTHOCTU TOKA BEPOATHOCTU COOBITHIL
JIOJIZKHO OBITh C TOYKM 3peHusi mpeodpa3oBaHuii B MPOCTPAHCTBE-
BpEMEeHHU CKaJIIpPHOU mIoTHOCTRIO. [losToMy 310 Bymer cpe/tee HEKO-
TOPOTO CKAISIPHOTO B 9TOM CMBICJIE OMEPATOPA, TTOCTPOECHHOTO C O~
MOTIIBIO IJIOTHOCTH TOKa. C 0mepaTopoM TOJBKO TOKa BEPOSITHOCTU
ACCONMUPOBAH €/IMHCTBEHHBIM TAKOH OlepaTop, ero JIUBepreHIus,
Vv, TIo9TOMy KazKeTCsi eCTeCTBEHHBIM PACCMATPUBATH B KAUECTBE
JIarpaHKeBOil IJIOTHOCTU CpejHee 3HadeHue jguBepreHiuu. OqHAKO
TaKoi BbIOOp OKazaJics ommnbouHbIM. HyKHO BCIIOMHUTH COOTHOIIE-
ure (10.17) u Torga CTAaHOBUTCS SICHBIM, ITO JIJIS COIVIACUS C KJIACCH-
9eCKUM TPUO/IMKEHIEM TaKUM OIIePATOPOM I0/I2KHA ObITh HE IUBEp-
TeHITUs BEKTOPA TOKA BEPOSITHOCTHU, & MPOEKITNS I'PATUEHTa BEKTOPA
COCTOSIHUSI HA, 9TOT BEKTOP, T.€. oreparop, GopMupyembIit Kak CBEpT-
Ka

P =~V (10.21)

KOTOPBI U OyJeT CKaJsIPHOI ILJIOTHOCTHIO CKOPOCTH O00Pa30BaHUs
JIeiCTBUS, CKOPOCTHIO TTOSBJIEHIS BO3MOYKHBIX COOBITH HA 9TUX TPa-
EeKTOPHUAX. DTOT OIEepaATOP BPO/ie ObI MAJIO OTIMIAETCA OT OIIePaATOPa
JUBEPTeHInr. B cTaHZapTHOW KBAHTOBOW TEOPWH WACTh OTMEpPaTOpa
]3, BKJIIOYAIONIAs TOJHKO YaCTHBIE MMPOW3BOIHBIE MO KOOPAMHATAM,
paccMaTpUBAETC M KaK MMEIONMi 4 KOMIOHEHTBI oreparop (Cym-
MUPOBAHUE TI0 i B €ro ONpeIe/IeHHN He MPOU3BOIUTCA). B Takoii
dopme ero TpuHATO HA3BIBATH OMEPATOPOM SHEPTUHU-UMITYJIHCA, 10
CKOJIBKY B OTCYyTCTBUE BHEITHEIO IT0JIsd €r0 COOCTBEHHBIMU 3HAYCHU-
SIMU FBJIAIOTCS KOMIIOHEHTHI BEKTOPA SHEPTUN-UMITY/IbCA PeaTbHbIX
cBoboubix wactur. O6parum BHuManue, uro B dopmyse (10.21), B
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OT/INYNE OT OIEPATOPa IHEPrUU-UMILYJIbCA, HTOPAJOK COMHOXKUTEIEH
CYTIECTBeHeH, TIOCKOIBKY B OMEpaTop V; B PACCIOEHHOM IIPOCTPAH-
CTBE BXOJIUT CBSI3HOCTH 3TOr0 MPOCTPAHCTBA, COBCEM He 00s3aTe/IbHO
KOMMYTUDYIOIIasd C MaTpUllaMn ’YZ I/IMQHHO B 93TOM M COCTOHUT OT-
JIMTIHe OTePaToOpPa P or olrlepaTopa JUBEPreHIINd TOKA BEPOSTHOCTH.
B sTOM BOmpoce HEPA3pBIBHO CB3aHBI TAKWE MOHATHS KAK BBHIOOD
HAIPABJICHNS BpeMeHN (KaKue BEeKTODPBI COCTOSHUS COOTBETCTBYIOT
NPOIIIOMY, & KAKHUe OyIyIemy ), ONpPeIeIeHne TaCTUIL i aHTHIACTHIL
u TpebOBaHUE MPOTUBOIO/IOKHOCTH 3HAKOB UX 3aPS0B. JTYy CBA3b
MBI OyIeM 00Cy2K/IaTh MOAPOOHO TaJiee.

B crammaprHOI KBaHTOBOI TEOPHUU WCHOJL3YIOT BCe HefCTBU-
TeJIbHBIC KOOPDAWNHATHI 1 JIOKaJIbHaA IICEeBA0CBKJINJIOBOCTH IIPOCTPAH-
CTBa-BpeMeHHU M300PaXKaeTCs YCAOBUAME HA METPUIECKUIT TEH30p —
g = —1, gt = 1. Baech MBI TICEBIOEBKIMIOBOCT MPOCTPAHCTBA-
BpeMeHu n300pazkaeM Pa3HUIeil B KOOPAWHATAX — JIEHCTBUTE/IHHBIE
YUCA I MPOCTPAHCTBA, MHUMOE 49ucjo g Bpemenu. CooTBer-
CTBEHHO, JIOKQJIbHBI MeTpI/ILIeCKI/Iﬁ TEH30p y HaC HE OT/IM9aeTCd OT
eBKMIOBa, T.e. g¥ = 0. Hyxnasd pasHuIa B 3HAKAX MOSB/ILCT-
¢ M3-3a MHUMOCTH OJHOUW u3 koopauHar. CjegoBare/bHO, B Ha-
IIeM ONMCAHHUE M BUJ MATPHUIL ', YIOBIETBOPSIONIIX COOTHOIICHUIO
(10.20), u coorBeTCTBYIOIUiT BUJI OEPATOPA SHEPrUU-UMITYIHCA, p
OyAyT HECKOJIbKO OTJIUYATHCA OT CTaHAapTHOro. [loaTomy mbr mpu-
Be,Z[éM KaK CTaHJapTHBIE BbIDAXKEHUA, TaK 1 HpI/ICHOCO6JIeHHbIe JJIA
HAIIEro ONMUCAHWA.

Coornorrernio (10.20) ymoBaeTBopsieT He €IMHCTBEHHBIN HAGOD
marpur; 4'. O[HEM U3 IPUMEPOB HCKOMBIX MaTpuii 6yayT 4 X 4 mar-
PHUIIBI, 3AIUCAHHBIE KaK OJIOUHBIE 2 X 2 MATPHUILI C 2 X 2 OJIOKAMHI

Vst —0 0 ’ Vst —09 0 ’
0 o 1 0
3 3 4 _
’Yst_<_o.3 0 >7 75t_<0 —I>

OTn MaTPHUILI HA3BIBAIOTCI MaTpunamn Jlupaxka.
Marpumpsr 2 X 2, obo3HadeHHBIE KaK 04, a = 1,2,3 , Ha3pIBAIOT

(10.22)
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0 )(10.23)

[0a,08] = 2i€q3,0, u (10.24)

marpunamu Ilaysn.

/01 (0 -
=1 0) 270Ui o

OHu y10BIETBOPAIOT COOTHOIIEHUSIM

e
N~—
=

3
I
Y
S =
|
—_

1 1
5{00”0’6} = §(Gaaﬁ +0300) = 8apl = 0apl. (10.25)

Unpexcer o, 3 u vy npoberator sHadenus 1,2,3. CuUMBOI €,3, Me-
HSIeT 3HAK I[IPU IEPECTAHOBKE JIBYX COCEIHUX WHIEKCOB U €193 = 1.
[TepBoe M3 3TUX COOTHOIIEHWI O3HAYALT, IYTO MATPUIIBI 10, /2 peasin-
3yIOT IpeJCcTaBjienne ajaredpor JIu rpymnbl TPEXMEPHBIX BPAIIEHUT
SO(3), a Bropoe rapaHTHpPYeT COXpAaHEHHe TAKUME Mpeobpa3oBaHuU-
SME METPHUKH gn8 = 0. DTO yCIOBHE XapaKTePU3yeT UMEHHO MY
IPYIIILy, TapAaHTUDPYET COXPAHEHUE E6KAUJ060T JTOKAJIBHOW METPUKU
npocrpancTBa. s TOro, 4TOOBI MOJYEPKHYTH 3TO, MBI U BbIOpa-
s jijig Homepos marputt [laymm rpedeckue OyKBbI, KaK €A ITO
OOBIYHO paHbIIeE i UHIAEKCOB B TpéxMepHoM mnpocTpanctse. [lo cy-
TH JIej1a, CAMMETPU30BaHHOE mpou3Benenne marpull [layim u asis-
eTcd peajiu3alieil 3Toit TPEXMepHO#l IPOCTPAHCTBEHHON MeTPUKH B
NPOCTPAHCTBE COCTOAHUM.

Bwmecte ¢ enmunuunoit marpureit I, marpunst [layaun obpasyror
MOJTHBIN 6a3uC B IPOCTPAHCTBE MATPHUIL 2 X 2.

Coornorrernio (10.20) y1oBIETBOPSIIOT HE TOJBKO MATPHUIIHI BH-
ma (10.22), vo u yiiobBIe ApyTHe, CBsI3aHHBIE C JAHHBIMU YHUTAPHBIM
npeobpazoBaHueM Mo 00ust. 3aluCAHHBIA BbIIE BUJ HCIOIb3YeTCs
vare Bcero. /[y HaC OH TOJIE3eH TeM, YTO MO3BOJISET CPal3y BU-
JIETh CBA3b ITOJIyYaIOIIEerocd MPEICTaB/IeHns COOCTBEHHON I'DYIIIIbI
Jlopenma SO(3,1) co cnmropHBIM TpejacTaBierneM rpymmbl SO(3).
DTy CBsI3b MBI 00CYyIUM 9yTh HUXKe. TakKe Kak u Jjist Marpui, [la-
yJId, CUMMeTPU30BaHHOe MpousBejerue marpull /lupaka aBjisgercs
peajim3aliueil CeBI0eBKINI0BOM MPOCTPAHCTBEHHO-BPEMEHHONW MeT-
PUKHU BEKTOpaMu MpoCTpaHcTBa coctosuuili. Ho yxke mojiHoit, YeThi-
péxmepnoit merpuku. B mamem ciydae, Korjaa METPUIECKUI TEH30D
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SIBJISIETCH €BKJIMIOBBIM TI0 BUJY, a I[ICEBIOEBKJ/INI0BOCTH M300parKa-
€TCd MHUMON KOOPAUHATOMN x?
pur v4, MaTpmmer v = iv% myt =~

[Mlecruaauars marpul, — eguauddas I = 6%, yerbipe MaTpPULbI
Jupaka ~*, marpurma v° = —iyiyly%~3, dersipe marpunsr DP =
iv'y® u mects marpuny % = L(viyk — yk41) (i < k) ssrsorea
JINHEHO HE3aBUCHUMBIMU, U MOTYT OBITH HCIIOJb30BAHBI B KAUECTBE
6azuca B mpocrpaHcTBe 4 X 4 koMmiiekcHbiXx MaTpuil. OHu 06pa3yior
deticmsumenvryro anredbpy B M (4, C'). Ucnonb3oBanne 0603HAUCHUS

o™ ne nosmkHO NpUBOAUTH K myTanwute ¢ marpuramu [laymm, T.x. B

, MBI OyJIeM HCII0/Ib30BATh BMECTO MaT-

9TOM CJIydae HHIEKCOB 6cezda IBa. A OIpaBIaHO OHO TEM, UYTO TH
MaTPUIIbI B 9eTHIPEXMEPHOM CJIy9Yae UTPAIOT POJIb, IIOXOXKYIO HA, POJIb
marputl Ilayan B 1ByMepHOM KOMILIEKCHOM IpocTpaHcTse. [Ipeobpa-
30BaHue OT 6a31ca, OCHOBAHHOI'O Ha CTAHIAPTHBIX MaTpuiax lupa-
Ka K 0a3ucy, OCHOBAHHOMY Ha MCITOJIb3YEMBIX 3J1€Ch MATPUIIAX SBJIs-
eTCs YHUMOIYJIAPHBIM. KaK JIerko BHUIETh, BECh DA3UC MOXKHO ChOp-
MUPOBATh, UCIOJIB3Ysl KMEHHO YeThipe Marpuiisl v'. Ilosromy ux na-
3BIBAIOT 06DA3YNOULUMU COOTBETCTBYIOIIE aJIreOphl.

Jamee HaM Tak»Ke IMMOHAIOOWTCS €Ié OAWH MATPUIHBIN Oasmc,
OTIMYAIOINIAICA OT JAHHOIO Iepeolpene/ieHrneM 00pa3yionmx MaT-
pur; anre6psr, v°, a Takxke u ~y°. COOTBETCTBEHHO, M3MEHSIOTCS 1
npomsBoaHble oT mux Marpunel D' u o™, Basuc 5TOT HA3BIBAIOT
Kupasvhvm. B KupaabHOM Hasmnce

0 —io,
Ye = < ; 0 > (10.26)

Ou

T.e. OTJINYAIOTCS OT BBEJIEHHBIX BBINIE MATPUIL Y 3HAKOM, a MaTPU-
el Y4 1 4° bakTHUecKn MeHSIOTCS MecTaMu:

0 I
4 5
Ye = 7Y < I 0 ) ) (1027)

I 0
V= vevevive =t = < i > . (10.28)
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ITockoJibKy TOK BEPOSTHOCTH TIO OIPEIEJIEHUIO OJI2KEH TPeod-
pa30BBIBATHCS TIpu peobpaszoBanusx Jlopenia Lél B IIPOCTPAHCTBE-
BpeMeHU KaK KOHTPaBaPUAHTHBI BEKTOD, TO HaM BaXKHO HAWUTH CO-
OTBETCTBYIOIEe KaK/I0My KOHKPeTHOMY IpeobpasoBanuio JIopeHia
mpeobpas3oBaHre BEKTOPOB COCTOAHMSI, KOTOPOe TaKxKe Oyaer mpeob-
pasoBaHmeM ToH00ust s y-marpull Jlupaka B IpoCTPaHCTBE COCTO-
suuit. OIMHAKOBBIM JIJIsi BCEX MATPHI], HO Jelcmeyowum Ha Kaic-
dyro y-mampuyy no-omdesvrocmu. Tak 9To pe3yibrar ero geiicTBus
HA BCe YeThIPE MATPUIIHI BMecTe Oy/IeT BBIIVIAIETh KaK ITOBOPOT Ue-
TeIpEX BekTOpa. OueBuaHO, BCeit rpymie JlopeHila B TPOCTPpAHCTBE
cocTosgHmit Oy/IeT COOTBETCTBOBATHL TOXKE IPYIIa MpeoOpa3oBaHUil,
HEKOTOPOE TpeJcTaBienne rpyimnst Jlopenna (Moker ObITH HE €uH-
creernoe). T.e. HaM HY>KHO HAUTH MATPHIIBI U(irs), Taxkue, 410

(10.29)

SBHBI BUI MaTpPHIT U(M) MBI TIOJIyYUM B CJIEAYIOIIEN TJyiaBe, Mpu
TOIPOOHOM OOCYKIeHUH IPeICTABICHN IPYIIIEI JIopeHrta.

Bepuémca Teneps k riaBHO# Teme 3TOro maparpada, Kk o0CyK-
JIEHWIO BUIA [JIOTHOCTH JIEHCTBUSA, IMOPOXKIAEMON 803MOMCHBIM CY-
[IECTBOBAHMEM B 33/IaHHON 00/1aCTH PeabHBIX dacTuil. Mbl Ternepb
nMeeM B PyKaxX BCE, 9TOOBI HAMKNCATDH eIié OaHy (pOpPMYIIy Mg Bepo-
SITHOTO JEWCTBUST PeaJbHON YaCTHIBI B PAcCMaTPUBAEMOi obaacTn
IIPOCTPAHCTBA-BPEMEHHN, KaKOil Obl He OblIa €€ TPAeKTOpHs B ITOit
obsracTu:

5= / W (z)y 'V, ¥ (z)d . (10.30)

3/ech MO BCEM BHYTPEHHUM [T MPOCTPAHCTBA COCTOSHUIT HHJIEK-
cam mponsBoguTcst cBépTKa. [lomHas mmoTHOCTH Jlarpan»ka mTaHHOM
06/IACTH TIPOCTPAHCTBA-BPEMEHH SBJISIETCS CyMMOIl IIJIOTHOCTH OIS
CBSI3HOCTH PACC/a0eHHoro npocrpanctia (10.15) u maoraocru (10.30)
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IJIS 8CEX IACTUIL, KOTOPBbIE MOTYT MMEThCH B JIAHHON 0bjacTu:
. 1
5= /(\Il'ylvi\Il + ng)d‘*x. (10.31)

Yro6Bl UMeTh BO3MOXKHOCTH IPHMEHHTH K JAHHOI OOJTACTH IPHH-
I[JUII CTAIIMOHAPHOCTH €€ JleficTBUS, U3 e€ IIO/IHOH IJIOTHOCTH JI0JI2KHbL
OpTh BRIUTEeHB! IToTHOCTH BUAa (10.16) das wasicdoti us peanvroir
YACMUY, MOTYIIUX TMOIBATHCI B 00J1acTH:

. _ 1
s = /(\Il'ylvi\Il —moPW¥ + Z.’F’g)d4$. (10.32)

[Tapamerp mg caemyer 3/1eCh pacCMaTPUBATH KaK ODOOIEHHBIN CIM-
BOJI, IIPUHUMAIOIINIT 3HAYEHUE MACChl MOKOS JJisd KaxK/10i KOHKPET-
HO{I peasIbHOl YacTHIE TOra, Korja B WW BXOJUT COOTBETCTBYIO-
U 3TON YaCTHIle BEKTOP COCTOsTHUs. DTa POPMYyJIa, JIJist JefiCTBUsT
BCEryIa JAET Hyie6bie 3HATECHUS .

Bapbupyst mosHbIil JarpaHkuaH MbI MOXKEM IOJy9YUTh TEIePh
KaK ypPaBHEHUS B PACCIOEHHOM IIPOCTPAHCTBE [Iisi BEKTOPOB COCTO-
AHNHA, OMMUCBIBAIONINX T€ WJIN MHBIE PEAJIbHbIC YaCTUIbI, TaK U ypaB-
HEHUS CBS3BIBAIOIINE 3TU BEKTOPHI COCTOSHUS W CBI3HOCTH B pac-
caoennoM npocrpancree. Cresrath 9T0 0YeHb MPOCTO, T.K. BCE TpH
0/I/IeYKAIIIE BAPHUPOBAHUIO COBOKYITHOCTUA — BEKTOPBI HAYAJBHBIX
cocrosumit W, BEKTOPHI KOHEUHBIX cocTogumii W U cBa3HOCTH JA;
(BXOIAmAsA B KOBAPUAHTHYIO MPOU3BOIHYIO) — COBEPIIEHHO HE3aBHU-
CUMBI C 3TOI TOYKHU 3PEHUA U MbI [OJIYIaeM CJIeIYIONINE TPU yPaB-
HEHUA.

CramuoHapHOCTL JeficTBus HpH Bapuanuu W Tpebyer, YTo6bI
JJIsI IPOM3BOJILHOTO 3HAUeHHsT 0W, NCUE3AIONIEr0 Ha IPAHMIIE 00J1a-
CTHU, BBIMOJHSAIOCH COOTHOIIIEHHE

os = / O (y'V;® — mo®)d*z = 0. (10.33)

Orcroja HEOOXOUMO CilejlyeT ypaBHEHUe

Y'Vi® —moW¥ = 0. (10.34)
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910 ke TpeboBanue npu Bapuanuu W BeJET K COOTHOLIEHUSsIM

0s = I(E’ylvzé\y — moﬁ(S\Il)d‘Laj = (10 35)
[(FY'0;00 + T~ A; 00 — moPIP)diz = 0. '
[Ipumem Bo BanManue, uto 0;( Py 0W) = 0; W~ 6 + W~'0;6W¥. Nn-
TerpaJ mo o6bLEMy 06JIaCTH OT JUBEPreHINN, CTOSIIEH B JIEBOI IaCTh
9TOr0 COOTHOIIEHUsI PABEH WHTErPaJIy 10 IPAHUIE ITOH 06JacTh OT
W~'6W i obpalaercs B HyJIb 10 yCJI0BHAM Ha, Bapuaruu 0. Coor-
BETCTBEHHO,

/ (U~0;0®)d'x = — / (0, T~ 6W)d . (10.36)
Torma coorromterne (10.35) MOXKHO Iepenucarb B BUE

ds = /(—&-E’yi + Wy A — me®)o®dtr = 0. (10.37)
DTO COOTHOIIEHNE BBINOJIHSETCSI, €CJIU CIIPABE/JINBO yDABHEHHE

U~'V; + me¥® = 0. (10.38)

3rmech MbI BBes obo3Hauenme V; = 0; — JA; 719 KOBapHAHTHOI
HPOU3BOHON B PACCA0EHHOM IIPOCTPAHCTBE CO CBA3HOCTHIO, COIPsi-
’KEHHOI no snaxy. Kpome Toro, mpy B3aTHH IPOU3BOAHOM A; yMHO-
Kaercs Ha W cnpasa.

Haxouerr, npu Bapuanun A; yCTaHaB/IHBAETCA CBA3b MEKILY [H-
BepFeHL[I/Ieﬁ TEH30Pa KPUBU3HBI 1 CPEJHUM 3HAYCHUEM TOKa BEPOAT-
HOCTH PeasbHON JacTUIbl (MBI OIyCKAeM BBIK/IAKU, TPUBEIEHHDIE

B §10.4):
ViFF = J0 = U~ 0. (10.39)

ITo cytu mesa, mocse/iHee COOTHOIIEHNE SIBJISIETCS TPOCTO OIPeIeie-

HHEM CpeIHEro 3Ha4YeHHud TOKa peaﬂbHOﬁ JaCTHUIBI, TaK 2K€ KaK 3TO

nMeJjI0 MeCTO B KJIaCCHYeCKOM HpI/I6.)'[I/DKeHI/II/I. 2

2QHo gB/IgETCS TAKIKE U OIPEIEICHIEM CPEIHEro 3HAYCHHS [0 BCEM BO3MOK-
HBIM TPaeKTOPHUAM KacCaTeJbHOIO K TPAeKTOPHH BEKTOPA, OTHECEHHOI'O K Mem-
PUUECKOMY TTAPAMETDY.
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Bax#o ormerntsb, 9TO, X0Td npu (GOPMUPOBAHUU JIATPAHIKUA-
uoB (10.31,10.32) Bce BHYTpEHHIE /JsI BEKTOPOB COCTOSTHUST HHIEKCHI
JTOJIZKHBI OBITH CBEPHYTHI, B ypaBHeHusax (10.34,10.38,10.39) sro yxe
HE TaK, IMOCKOJbKY DTH yPaBHEHUS IOJI?KHBI BBITOJHITHCA MIPU Ba-
puanuu xaxcdoti KomnonenTsl W, W nu A; no-oTaeabHOCTH, He3a-
BUCHMO JPYT OT Apyra. llpm 5TOM, KOHEYHO, YPaBHEHMS OCTAIOTCS

CIIPaBEJJINBLIMU U IIPU CBEPHYTHIX BHYTPEHHUX MHIEKCAX.

10.6 O6cyxaeHne

B 9TOI IJ1aBe MbI yBuAe/iM, Kak B HalllEeM OIIMCaHUN €CTECTBECHHBIM
00pa3oM MOABJISIOTCA PACCIOEHHBIE IPOCTPAHCTBA U KATNOPOBOTHEIE
noJid — Ta IIOAOCHOBA, HA KOTOPOW BBIPOCJO 3[aHWE COBPEMEHHON
KBaHTOBOI Teopuu.

Onucanve Mupa € TOMOIIBIO PACCIOEHHOTO MPOCTPAHCTBA Ha-
MHOI'O VIIPOITAET YUET TOr0, UTO MH(MOPMAINA, UMEIOIAACI Y HaC
0 peaJlbHOM MUpe, TPUHINIHAJIBLHO OTpaHnveHa. Bcé MmHOroobpasme
BO3MOXKHBIX CHUTYaIlMii BHE BBIAEIEHHOTO JIJIA MCCIEIOBAHNSI 00bHEK-
Ta TPOMHTErPUPOBAHO U JIOKAJIU30BAHO B OKPECTHOCTU dTOr0 00b-
eKkTa. Bce BOBMOXKHOCTU COCPETOTOYEHBI B CJIOSIX ITPOCTPAHCTBA CO-
CTOAHUI, X MOYKHO KJIACCH(MDUINPOBATH U BBIUUCIATH BEPOSITHOCTH
X peain3alinm. MbI HE CO6I/IpaeMCH IIOKa 3aHUMATHCA BBIYUCJICHUA-
MU BEPOSTHOCTEN TeX MJIM WHBIX ITPOIIECCOB, W IMOITOMY HE VIAEJILIN
JOJIZKHOI'O BHUMAHUA ITOMN CTOPOHE OIMMCaHMA.

K macrogmmeMy MOMEHTY MBI yXKe UMeeM B PyKaX IMPaKTUIECKH
BCeE HeO6XO,Z[I/IMbIe UHCTPYMEHTBI IJjid OINCaHUA MHPa B HEKJIACCHU-
JecKuX (KBAHTOBBIX) TepMHUHAX. Vl 9TW MHCTPYMEHTBI HE OTPHUIIAIOT
KJIACCHYECKUE, a8 €CTECTBEHHBIM 00PA30M BBHIPOC/IM U3 HUX KaK Pac-
[IHpeHre W YTOYHEeHNe X CBOUCTB B Oosee obrmeit curyarun. [lo-
Has KOHCTPYKIUS JIJIsi OMMCAHUS MUPA TEIEPh MPeACTaBasgeT coboit
HOBBIII MaTeMaTUYecKuii obpa3 — paccI0eHHOe TPOCTPAaHCTBO. Ba-
3011 3TOr0 IIPOCTPAHCTBA, €r0 OCHOBON OCTAETCS COOCTBEHHO IIPO-
cTpaHcTBO-BpeMs. B 0ase, B mpOCTPAHCTBE-BPEMEHU, CYIIECTBYIOT
Pa3HOOOpA3BHBIE TEOMETPUIECKIE 00HEKTEI, AGAANOULUCCA PESYALIA-
mamu uameperuli oaunX PU3MIECKux 00HEKTOB ApyruMu (pusnde-



