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O CUCTEME AKCHOM HEJIOKAJIBHOM KBAHTOBOM
TEOPUMU

B.B. Bapaamos
n.¢.-M.H., e-mail: varlamov@subsiu.ru

CHOHPCKUE TOCYAapCTBEHHBIH HHIYCTPUAbHBIA YHUBEPCUTET

AnHoramusa. CrucremMa akCHOM HeJIOKaJbHOH KBAHTOBOH TEOPHU OIpelessieTcs
B pamkKax KoHuenuuu [eiisen6epra-®Poka. B ocHOBaHUM aKCHOMATHUKH JIEKUT
TIOHSITHE eMHOW KBAaHTOBOH CHUCTEMBI, FeHEPHPYIOIIMM SIAPOM KOTOpPOH SIBJIS-
eTcs abcTtpaktHas C*-anre6pa. [loxkasbiBaeTcsl, 4TO passiMuHble KOHKPeTHbIE
peasv3alUu OIepaTOpHOH a/redpbl 3aBUCAT OT CTPYKTYpbl MPUCOEAHHEHHBIX
K OIlepaTopy 3HEpruM reHepaTOpOB TPyNIbl (pyHIaMeHTalbHOH cHMMeTpuu. B
cJlydyae TeHepaTopoB KOMIIJIEKCHOH 00OJOYKH TPYMIOBOH aarebpbl KOHPOPMHOH
TPYMIBl CIEKTP COCTOSIHWHM €OWHOH KBAaHTOBOH CHCTeMbl 3aJaéTcs B paMKax
npenacrasjennss Pymepa-Peta, 4To MPUBOAUT K TEOPETUKO-TPYIIIOBOMY OMHCA-
HUIO NIepUOIMUeCKOl cUCTeMbl 3jieMeHTOB MeHzeseeBa.

KuaroueBble cioBa: enwHasi KBaHTOBasi CHCTeMa, KoHIemnius [elizeHGepra-
®oka, onepartopHas aJnre6pa, KOMIJEKCHbe 000J0YKH, KOH(OpPMHAs TIpyIna,
nepuogrUecKasi CUCTeMA 3J€EMEHTOB.

1. Beenenue

[Ipo6sema oObenuMHEHHS KBAHTOBOM MeXaHUKH W CIeLHaJbHOH TEOPHUH OTHO-
CUTeJIbHOCTH BO3HHKJ/A Cpasy ke I0CJe CO3LaHHUS HepeJITUBUCTCKOH KBAaHTOBOH
MeXaHUKH B paborax [eiizenbepra, Llpénunrepa, bopua, Hupaka u ap. OnHako
3T0 0ObeqUHEeHHe IMPOU3OLIJI0 He Ha PaBHBIX OCHOBAaHHSAX (HAa 3TO B CBOE BpeMs
yKasblBasl 1e Dpoiisb), a MyTéM MOCTPOEHHS PeNATHBUCTCKOM KBAaHTOBOH Mexa-
HUKH (KBAHTOBOH TEOPUH T0Jis1) Ha (DOHE KJIaCCHYeCKOro MPOCTPAHCTBA-BPEMEHH,
CIpaBelJIMBOrO, KaK HW3BECTHO, JHLIb [Ji ONUCaHUsl MakposBieHui. Kak cren-
CTBHE, MPOCTPAHCTBEHHO-BPEMEHHOH KOHTHHYYM INpUOOpEa cTatyc (pyHoaMeHTaJb-
HOTO YPOBHSl, CBO€rO pOJa MHUPOBOH apeHbl, Ha KOTOPOH pa3BOpPaYMBAIOTCS BCe
npoueccsl MUKpomupa. [IpoTuB Tako#l TOuku 3peHUs pe3ko Bospaxana k. Ubio:
«... TPOCTPAHCTBO M BpeMsl B COBPeMEHHOM MHUKDPOCKONHUYECKOH (DU3HUKe HTParoT
NPUMEPHO Ty K€ POJib, YTO U MOHATHE 3(upa B Makpockonuuyeckod ¢usuke XIX
Beka. Bo3M0XXHO, HAM HHKOrJa He yAacTcs NPOJAeMOHCTPUPOBATh HECYIEeCTBOBAHHE
MPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa, OIHAKO, Bce OoJiblllee YUCI0 (PU3UKOB
MPUXOANUT K MBICJH, YTO JaJjibHeMlllee CyleCTBEHHOe NPOABUKEHHE B TEOPHUU Mpej-
rosiaraeT 0TKas OT HeHabJogaeMoro KOHTHHYyyMa. MBI IOMKHBI NIBITAThCS CTPOUTH
TEOPUI0 B TEePMHHAX JIHIIb H3MepUMbIX BequduH» [1]. C npyroiét ctopoHsl, BMme-
ctro oTkaza oT kKoHTuHyyMma [O.C. BnaguMupoB CTaBUT Kak OAHY H3 OCHOBHBIX
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npoOJieM COBPEMEHHOH (PyHZAMEHTAa/JbHOM TeOpeTH4YeCKOH (PU3HMKH «... NpobJemy
BBIBOJIa KJIACCUUECKUX MPOCTPAHCTBEHHO-BPEMEHHBIX MPEACTABJEHUH U3 TMOHATHH U
3aKOHOMepHOCTeH (PU3MKH MHKPOMHPA, BMECTO TOT0 4YTOOBI MPOAOJIXKATb IMOAKJA-
IBIBATh KJIACCUUECKOe MPOCTPAHCTBO-BpPeMs IOJ BCe TeOpeTHUYeCKHe MOCTPOEHHS:
HamuCaHusl JarpaHKHaHOB, NU(pdepeHUHaNbHBIX ypaBHeHUH U T. 1. Cpean UCXOA-
HBIX TI0JIOKeHUH (PU3MKH MUKPOMHpA, B MEPBYIO ouepelb, CledyeT HMeTb B BHULY
MOHATHSI M 3aKOHOMEPHOCTH KBaHTOBOH Teopuk» [2]!.

OTKyna ke BO3HUKJIO 3TO CTpeMJieHHe CBeCTH MPOCTPAHCTBEHHO-BPEMEHHOH KOH-
TUHYYM Ha 3MepIKEHTHBIH YPOBEHb WJIK BOBCE OTKAa3aTbCs OT Hero? BoT uto muuert
[elizenbepr: «... yxe nepBble paboThl B 3TOH 00/aCTH BBISIBUJIW OUEHb CepPbE&3HbIE
TPYIHOCTH B 00JIACTH, IJle KBAHTOBYIO TEOPHIO MbITAMUCh 0ObEIUHUTD CO CIelUaJb-
HOH TeOopHed OTHOCHUTEJBHOCTH ... HO 0oJiee TOUHOE HCCJIeloBaHUe I0Ka3aJso, YTO
o0e TeopHH BCTYMNAIOT B ONpPeleEHHOM MYHKTe B KOH(JIUKT, B pe3yJbTaTe 4yero u
MIPOUCTEKAIOT BCe AaJjibHeHllHe TPYAHOCTH ... AEHCTBHe Ha OO0JbIIHE PACCTOSHUS
TaK, KaK OHO BBICTyTaeT B CJydae CHUJ TATOTEHHUS B HbIOTOHOBCKOH MeXaHHKe, OKa-
3a/10Cb HECOBMECTHMBIM CO CIellMabHOH Teopueil oTHocuTesbHOCTH. HoBas Teopus
NoJKHa OblJ1a 3aMEeHUTh Takoe NeHCTBHe «OJIH3KOAeHCTBUEM», TO eCTh Nepeaayei cu-
JIbl U3 OJIHOHM TOYKH TOJIBKO HENOCPEACTBEHHO coceqHel Touke . .. [Toatomy cTpykTy-
pa NPOCTPAaHCTBA U BpEMeHH, BblpakaeMas ClellMabHOH Teopreld OTHOCHTENBbHOCTH,
npefesbHO Pe3KO OTrPaHUYMBaeT 00/1aCTb OJHOBPEMEHHOCTH, B KOTOPOH He MOXKeT
ObITb NepeJaHO0 HHKaKoe BO3[eHCTBHE, OT APYrUX o0JacTed, B KOTOPBIX HeNoCpesn-
CTBEHHOE BO3/elCTBHE ONHOIO Mpolecca Ha APYroi MoxeT uMeTb Mecto. C Apy-
rOM CTOPOHBI, COOTHOLLIEHHE Heomnpeae/éHHOCTeH KBaHTOBOH TEOPHUH yCTaHaBJMBAET
KECTKYIO0 TPaHHULy TOYHOCTH, C KOTOPOH MOTYT OBITh OJIHOBPEMEHHO H3MepeHbl KOOop-
OUHATBl 1 UMIYJbChl UM MOMEHTHl BpEMeHH U 9Hepruu. Tak Kak NpeesbHO pe3Kas
rpaHula o3HauyaeT 6eCKOHEUHYI0 TOUHOCTb (PUKCALUHU MOJOXKEHNUS B IPOCTPAHCTBE U
BO BPEMEHH, TO COOTBETCTBYIOILME HUMIYJbChl U SHEPTUU NOJKHbI OBITb MOJHOCTHIO
Heonpeae]éHHBIMH, TO €CTb C MOAABJSAIIIEH BePOSATHOCTBIO JOJXKHBI BBICTYIUTb Ha
NepBbIH MJIAH MPOLECCHl axKe CO CKOJb YrOAHO OOJbIIMMH HMIYyJbCAMH U 3HEp-
ruamu. [loaTomy Bcsikas Teopusi, KOTOpasi OQHOBPEMEHHO BBINOJIHSIET TPeOOBaHUS
CriellMaJbHOH TEOPUU OTHOCUTEJbHOCTH U KBAHTOBOW TEOPHH, BENET, OKA3bIBAETCS,
K MaTeMaTH4YeCKHUM IMPOTHBOPEUYHSIM, 2 UMEHHO K PacXOAUMOCTSAM B 00JIaCTH OUeHb
6O/IbIIMX 3HEPrui u uMnyabcoB» [8, c¢. 98-99]. Takum obpazom, pOXKIEHHBIH OT
6paka (He Ha paBHbBIX ocHOoBaHHUsX) Mexny CTO u KM «rubpun» (KBaHTOBasi TEOpHS
noJist), OblJ1 HafleJEH H3HAYaJbHO «HEH3JeUUMOH PONOBOH 60Jie3HbIO». Bece mombITKH
«H3JieueHusi» (TIepeHOPMUPOBKH) He UMeJH KOHIENTYyaJbHbIH XapakTep, a sBJsIUCD,

ICnenyer ormeTuTh, uTo B mporpamme I[lenpoysa [3,4] TBHUCTOpHas CTPyKTypa MOHMMAeTcsl Kak
nopJexaiias (6osnee pyHIaMeHTanbHast) CTPYKTypa MO OTHOLIEHHIO K MPOCTPAHCTBY-BpeMeHH MHuH-
KOBCKoOro. JlpyriMu cl0BaMH, MPOCTPAHCTBEHHO-BPEMEHHOH KOHTHHYYM He siBJisieTcsl (hyHIaMeHTa/b-
HOU CyOCTaHLMeH B TBUCTOPHOM NOAXOJE, a MPeACTaBJ/IsSeTCs TOMHOCTbIO TPOU3BOJHON KOHCTPYKLIHEH,
reHepUpyeMOH MofJeKalled TBUCTOPHOH cTPyKTypol. IlapasienbHo ¢ TBUCTOPHBIM MOAXOAOM, TE€O-
pusi feKorepeHLUH [5] yTBep:KIaeT, YTO B OCHOBAHUHU PEASbHOCTH MBI UMEEM HeAOKAAbHbLL K8AHMO-
oLl cybcmpam (KBaHTOBBIH TOMeH), a BeCb BUAUMBIE MUp (KJacCHYeCKHH 1OMEH=NpPOCTPAHCTBEHHO-
BPEMEHHOH KOHTHHYYM) BO3HHKaeT M3 KBAaHTOBOTO JOMeHa B pe3yJbTaTe Mpollecca NeKOTepeHIHH
[6,7]. O6a nanpaBsieHust (TBUCTOPHAsI POTPAMMA U TEOPHsl AEKOTEPEHIMH) PaCCMaTPUBAIOT KJIACCH-
4yecKoe IPOCTPaHCTBO-BpeMs Kak amepoicermrolli YPOBEHb.
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0 MeTKOMY BbipaxkeHHI0 DefiHMaHa, «3aMeTaHUeM Mycopa MOJA KOBEP».

OueBunHo, yto o6benuHeHue CTO u KM He JeXUT Ha NyTH «pesisiTHBU3A-
IM1» KBAHTOBOH MEXaHUKH WJIM «KBAaHTOBAHHS» TEOPUH OTHOCUTENbHOCTH. Kaxknas
M3 3THUX TEOPUH ONMHUCHIBAeT CBOH CJOH peasbHOCTH: MHKpoMmup (KM) n makpomup
(CTO). Otu nBa MUpa He U30JMPOBAHBI APYT OT IPyra, a CONMPUKACalTCs MO HEKOTO-
pO¥i MPOMEKYTOUHOU TPaHHUIIe, IEPEXOMsi uepe3 KOTOPYI0 MUKPOMHP (TOTEHIHs) mpe-
Bpallaercsl (aKTyaju3upyercsi) B MaKpoMup. B HacTosiieil cTaTbe npenpuHUMaeTCs
MOMbITKA aKCHOMAaTHUeCKM OMMCaTh 3Ty ABYXYPOBHEBYIO CTPYKTYPYy pealbHOCTH? B
pamkax koHuenuuu leiizen6epra-doka [9, 10]. McxonHbIM MyHKTOM HCC/eIOBaHUSA
SIBJISIeTCsl Olpejie/leHHe OCHOBHBIX CTPYKTYPHBIX COCTaB/siioLUX (opmannusma. Co-
rnacHo ¢oH Heilimany [11], mpuMUTUBHBIMU (HeompeaessieMbIMH) MOHATUSIMU (op-
MaJM3Ma KBaHTOBOH MeXaHHKH ABJSAIOTCS cucmema, Habaooaemas U cocmosanue’.
OCHOBHBIM HeompefiesisieMbIM MOHATHEM siBJIsieTcs edunas keanmosas cucmema U.
B kauecTBe Habmonaemoii Gepérca C*-anrebpa, cocrosilias U3 onepamopa sHepeuL
H w npucoenuHéHHBIX K H TeHepaToOpoB epynnol pyHOAMEHMALbHOU cCumMMempu
Gy. CocrosiHus enrHOl KBaHTOBOH cucTeMbl U dopMHpylOTCS B paMKaX KOHCTPYK-
nuu lenbdanna-Haiimapka-Curana [13,14], T. e. Kak yukiuveckue npedcmasienus
onepatopHo# asnre6psl. [losyuarouiuiicss B pesysbTaTe CleKTP COCTOSSHUH BO MHOTOM
nono6eH cnekmpy mamepuu leiizenbepra, B KOTOPOM COCTOSIHUS (UACTHILBI) OTNIpee-
JAI0TCA KakK (DIYKTyalMH HeJMHEHHOro CIHHOPHOrO nosisi®. [VIaBHBIM OT/IMUMEM OT
nonxona ['efizen6epra siBsisieTcsl NpeicTaBAeHNEe O TOM, YTO FeHEPATOPOM COCTOSTHUH

’B cBA3M C 3TMM MHTEPECHO OTMeTHTb CJIEAyIOUlylo aHajoruo. DU3MKM, OTpHUAIONIHE IBYX-
ypoBHeBYyI0 (ABYXCJOHHYI0) KoHUenuuio [elizenbepra-Poka, HamoMHUHAIOT cOGOH MCHXOTeparneBTa,
KOTOPBIH KaTeropuuecku He NMpH3HaeT (PyHAAMEHTaJbHYIO poJib nodcodnanus (Kak OyATo Obl U He
6110 padorT Ppefina u IOHra) Bo Bcex acmekTax NMCUXO(U3HONOTHH YeJIOBEKa, OTPaHHUYMBASCH TIPH
3TOM OfIHUM TOJIBKO CO3HAHUEM.

3 lkemmep [12] paccmatpuBaeT dopmanuaM (o HeiimaHa Kak 3TasloH MOJHOTHL U MaTeMaTHye-
CKOH CTPOroCTH, CpaBHHBAsl C HUM JaJjiee BCe IOCJeNyIollMe HHTeplpeTalul KBAHTOBOH MeXaHHUKHU.

‘Upsunr Curas, oguH W3 cosjaTesell Teopud C*-anre6p, NMepBbIM MNPeANOXKH/ HCHIONb30BaTh
abcrpakTHyto C*-anrebpy B ocHOBaHHMHM (usnueckod unrtepnperanun KM. OpHako Ha TOT MOMEHT
(40-50 rr. XX Beka) 3Ta Hiesl He MOJNYYHJIA TOLAEPKKH B Cpelle KBaHTOBOIOJEBHIX TEOPETHKOB
(raBHBIM 006pa3oM B CHJIy TNpOOGJeMbl HECUETHOTO MHOMKECTBA HE3KBHMBAJEHTHBIX IPEICTaBJIEHUH
KaHOHHUYECKUX KOMMYTAIMOHHBIX COOTHOLIEHUH).

B ocHoBY Teopun [eiisen6epra Kaaaércsi HeKoTopoe (yHIaMeHTa/JbHOE CIIHHOPHOE ToJe («IIpa-
MaTepHsi»), OMUChIBAEMOE HeJMHEeHbIM ypaBHeHHeM [15, 16]

i X

+ 120" : x(x) (X* ()oux(x)) := 0.

3mech | — mpou3Bo/bHASL KOHCTAHTa Pa3MEPHOCTH [JIMHBI, 0JeBOH omepartop x(z) ompenensieTcs Kak
IBYXKOMIIOHEHTHBIH (BeHJ/IeBCKUE) CIIMHOP OTHOCHUTENBHO MpeobpasoBaHuil JIopeHIa 1 KakK IBYXKOM-
MIOHEHTHBIH CITMHOP B U3ompocTpaHcTse, 0¥ = (1,0) — marpuusl [laynu. CHMBOJ : : BO BTOPOM UJjieHe
OTHOCHUTCSl K OMNpeNeseHHI0 MPOU3BENeHUsT TPEX MOJIEBBIX ONEPATOPOB B ONHOH MPOCTPAHCTBEHHO-
BpeMeHHO#H TouKe («BHKOBCKOe MpOU3BeleHue»). [eiizenbepr mosarals, 4to Bo30YKAEHHbIE COCTOSIHUS
noJisi x(z) MPUBOAST K pPas/UUHbIM peasbHO Hab/I0faeMbIM YaCTHLIAM, COCTABJSIOLIUM CIEKTp Ma-
tepuu. [laynu, noKa3aBIUMi MHBAapUAHTHOCTb ypaBHeHHs1 [elizeHGepra OTHOCHTEJIbHO H30CHHHOBOMH
TPYMIbl, Ha TEPBOHAUAJbHOM 3Tare PA3BUTHS HEJUHEHHOH CMHHOPHOH TEOpHU Obll €€ aKTHUBHBIM
cropoHHHKOM. OnHako Brocsencteuu [laynu moxBepr pe3koil KpuTHKe TeopHio [eiiseHbepra u moJ-
HOCTBIO OTOLIEJ OT 3TOH MPOOJEMATHKH (CM. BCTYMHTE/bHYIO CTaThio VBaHeHKo B cOopHuke [16]).
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cuctembl U sBasieTcss He «npamarepus» [elisenbepra-Ilaynu, a a6crtpakrtHas C*-
anrebpa (mo Curany). B cuny ru6koctu KoHerpykuuu HC npu Kaxno# KoHKpeT-
HOM peaJiM3alluy OrepaTopHOH aare6psl («0feBaHUH») MOJyYaeM CBOH (COOTBETCTBY-
IOIIMN NAHHOW peasiM3aliy) CIeKTP COCTOsHUE (crnekTp mMaTepun) cucteMsl U. Tak,
B cJlydyae, KOria NpucoelMHEHHble K [ reHepaTopbl rpynnbl (hyHAaMeHTaJbHOH CUM-
metpun (G = SOy(1,3) — rpynna JlopeHua) sSBASOTCSA reHepaTOpaMH KOMIJIEKCHOM
o6oJsiouku rpynnoBoit anredpsl sl(2, C), moaydaem JUHEHHO pacTyLIUH CIIEKTP Macc
cocTosiHu# («dMeMeHTapHbIX yacTul») [17,18]%. B atom ciyyae «omeBaHue» orme-
paTopHO# anrebpbl U MOCTpPOEHHE LUMKIWYECKHX TpencTaBieHUi KoHCTpyKunu [HC
OCYILECTBJISIETCS B PaMKaxX CIIHHOPHOH CTPYKTYpbl (3apsiKeHHBble, HEHTpaJbHBIE, HC-
TUHHO HeHTpaJjbHble (MaHOpaHOBCKHE) COCTOSIHHUS M MX AHUCKPeTHble CHMMETPHH
3a[al0TCsl TOCPENCTBOM MOP(PU3MOB CIHHOPHOH CTPYKTYpel, cM. [20-22]). B m.4
HaCTOSILLEH CTaTbU B KauecTBe TPYIIbl (PyHAAMEHTAJbHOH CUMMETPHUH PacCMaTpH-
Baetcs kougopmuas epynna (Gy = SOy(2,4))". B naHHOM cayyae KOHKpeTHas
peanusauusi omnepatopHoit C*-anarebpbl 3a1aéTcsi MOCPEACTBOM MPUCOEIUHEHHBIX K
H reHepaTOpoB KOMIJIEKCHOH 0OOJIOUKH T'PYMIOBOH anre6pbl $0(2,4) U TBUCTOP-
HOU CTPYKTYPBI, accouuupoBaHHoil ¢ rpynmnoit SU(2,2) (yHuBepcasbHOe HAKphITHE
KoH(opMHo#l rpymnmsl). KomniekcHast o6o04Kka anre6psl $0(2,4) NPpUBOAUT K Tpel-
craBienuto Pymepa-®era F nss konbopmuoit rpynmnsl. [Ipeacrasnenue F siBisi-
eTcsl 6a30l TeOPETHKO-TPYIIIOBOrO OMNHUCAHUS MEPUONHUYECKOH CHCTeMbl 3JIeMEHTOB
[23-25]. Kak usBecTHo, cnuHopHas ctpykrypa (CC) siBisieTcsi MOACTPYKTYpOH TBH-
cropHo#t ctpyktypel (TC), cnenoBatenbHo, Bce mopdusmbl CC nepenocsitcsi Ha TC.
Wrak, npu naHHOH KOHKpeTHOH peasnnsdauuu C*-anredpbl UMeeM CIEeKTP COCTOSHUN
cucteMbl U, onuceiBawllel Nepuoanyeckyto cuctemy asnemeHToB MenpaeneeBa. [Ipu
3TOM, B OTJIMUME OT MOZesaH bopa, aToMBl BceX 3/1€eMeHTOB OMUCBIBAIOTCS KaK equHast

KBaHTOBasi cucTeMad.

2. AKcCUOMBI JJOKAQJbHON KBAHTOBOW TE€OPUU

Kak usBectHO [26], cyliecTByeT nBa BapuaHTa JIOKAJbHOTO ajreOGpandyecKoro
TMOAXO/a: KOHKPeTHbIH (Hau meopusa Xaaea-Apaku), B KOTOPOM JIOKaJIbHbIE aareOpbl
apasioTca anreépamu Gon Hefimana A(Q) B HeKOTOPOM T'M/Ib6EPTOBOM MPOCTPaH-
cTBe H, U abcTpakTHBIH (Mnu meopusi Xaaea-Kacmaepa), B KOTOPOM JIOKAJIbHBIE

6JTiHeliHO pacTylIMii CIEKTP Macc 3/JeMeHTapHbIX YacTHLl Obl1 BrepBble oTMedeH Ham6y [19] u
BIIOCJIEICTBUH HCCJenoBascs B paborax Makrperopa, [lananuu, Cunxapra u ap. (cum. 6ubauorpaduio
B [18]).

"B HEKOTOPOM CMBIC/Ie 9TO T03BOAET YHTH OT HJIIO3HH «(DYyHAaMEHTa bHOCTH» rpynnsl JlopeHia
SOq(1, 3), onuchiBaiolel, KaK HU3BECTHO, BpAIIEHHs YeTHIPEXMEPHOTO MCEBIOEBKJHMIOBA MPOCTPAH-
ctBa RS,

8der ormeuas, uTo «... Momesb Bopa He omMChIBaeT aTOMbl PA3JIHUYHBIX 3JEMEHTOB Kak eou-
HYX KBaHTOBYIO CHCTEMY. B caMoMm peJjie, MOHSITHE KBAHTOBOH CHCTEMBI MPEAMNOJNATAET, YTO HMEETCS
THJIbOEPTOBO MPOCTPAHCTBO, BEKTOPBl KOTOPOr0 M300pakarT BCe BO3MOXKHBbIE COCTOSIHHUSI CHCTEMBI,
M YTO B 3TOM MPOCTPAHCTBE 3aJaH IaMHJIbTOHHAH, COOCTBEHHBIE BEKTODPBI KOTOPOrO H300pa)karoT
CTalOHAPHblE COCTOSIHHUSI CHCTEMBbl, — B JAHHOM CJjydae TaKHe COCTOSIHHS MOJIKHBI COOTBETCTBO-
BaTb aroMaM BCex 3jeMeHTOB. Takoro omucaHusi HeT B Mojesud Dopa ... TeM GoJiee HET B MOJEJH
Bopa rpynmbl CUMMETPHH, OMEPATOPbl KOTOPOH MepeBOAMJN Obl IPYr B IPyra BEKTOPHI COCTOSIHUS,
COOTBETCTBYIOLIME pa3HbIM 3jeMeHTaM» [25, ¢. 151].
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anre6pul sBAsOTCA abcTpakTHhIMH C*-anrebpamu 2A(O). Pasnanune Mexny 3TUMH
IAByMsl BapHaHTAaMM HMeeT 3HAueHHe JIUIIb C KOHCTPYKTHBHOH TOUKH 3peHHs. A
MMEHHO, MOXeT CJYUHUThbCS, YTO ajsrebpa HabJIOfaeMblX [OCTPOeHA paHblie, UeM
BBIOpAaHO eé (hU3HUuecKoe TpelCTaBJeHHe 7, TOTAA MPeANoYTHTesbHee aOCTPaKTHO-
anrebpanueckasi Todyka 3peHusi (teopuss Xaara-Kactsepa). Korma ke ¢usnyeckoe
MpeAcTaBleHHe m 3apUKCHPOBaHO, To aberpakTHble C*-are6psl A(O) MOXKHO CUH-
TaTb <«KOHKPeTHbIMM» ajre6pamu (oH Heiimana w(2(0O)) (nokanbHble Hab.ionae-
Mble, omnpeneséHHble B €Jaboll onepaTOpPHOH TOMOJOTMHU (DU3UUECKOTO MpencTaBJe-
nus). [IpunepxuBasice [27], mepeunucsiuM OCHOBHBIE aKCHOMBI JIOKAJIbHOTO aJsrebpa-
MYeCKOro MOJAXOAaA.

Al (Anre6pa Habmonaembix) Dusuueckas cucmema xapaxmepusdyemcs HeKo-
mopoti C*-aseebpoii A c eQuruyeti, 3pmuUmo8soL 31emeHmoL KOMopol Ha3bl8aOMC
(oeparuuernvimu) Habarooaemoinu. 3Haverue pynkyuonara w(A), ede w € S(2A),
A = A* ecmov cpednee 3nauenue Habarodaemoli A 8 cocmosHuu w.

A.Il (Cocrosinusi) Muoxcecmso ¢usuueckux cocmosuuii S (areebpol Habaro-
daemovix 2A) cosnadaem ¢ MHONCECMBOM 8CeX COCMOAHUL Sy, ACCOUUUPOBAHHLIM
c npedcmasneruem m = Tpnys (Ha3bieaemvim Quauueckum npedcmasienuem) ai-
eebpol A 8 Hekomopom eurvbepmosom npocmparcmee H = Honys (Hazvieaemom
usureckum nPocmMparcmeom,).

AIIl (ITyankape-uHBapUaHTHOCTb) B @usuueckom eusbbepmos8om npocmpar-
cmee H onpedeseno ynumaproe npedcmasierue (a,\) — Ula,\) cnunopHot
epynnol [lyankape Py (renpepovisroe 8 caraboli onepamopHoil monosoeuu), 3a0a-
roujee 3aKO0H npeobpasosanus npu MpaucAfyuax u npeobpasosarusx Jlopenya
ona Habarodaemolx

A — Ul(a,N)AU(a,\)™"

U 8eKmopos CoCmosAaHUA
@) — Ula, A) |®)

(30ecv A — npoussosvhblli asemenm areebpol HabaroOaemoblx A uru areebpul Ha-
6arodaemolx ¢orn Hetimana A, |®) — npoussorvrolii eexmop us H). lenepamopo.
amoeo npedcmasienus — oOnepamopsbL NoAH020 4-umnyrvca p u wemolpéxmepHoeo
yer08020 momenma MM — a8iat0mcs camoConpaxcéHHbiLmy onepamopami 8 H,
npucoedurénHoimu Kk areebpe nabarodaemolx ¢on Heimarna.

A1V (CnekrtpanbHocTb) Cnekmp onepamopa 3Hepeuu-umnyivbca p npuradie-
HUM 3AMKHYMOMY 8EpXHEMY C8emMOBOMY KOHYCY Ve

AV (Jlokanusauus) Kascdomy oepanuuennomy omipoimomy mroxcecmsy O
npocmparcmsa-epemeru Munkosckoeo M = R conocmasarena C*-areebpa c
edunuyeil A(O), asaarowascs nodarecebpoil areebpor Habarodaemoix A u Ha3ovL-
saemas areebpoil (L0KANbHbLX) HAOAHOAEMbLY, ACCOULUUPOBAHHBLY C MHONCECTMBOM
O; npu amom arcebpa 2 sis5emcs nonosHeHuem no Hopme ob6vedurHeHus

Qlloc - U 91(0)7

oM

9 AKCHOMY CITeKTPalbHOCTH uacTo (OpMYJHPYIOT CJeLYIOIUM o06pasoM: 8 H cywecmeyem noa-
Has cucmema COCMOAHULL C HEOMPUUAmMeAbHOU dHepauel.
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Ha3bL8aemo20 areebpoli 10KarbHbLx Habardaemoblx. Kpome moeo, 8oinoanensl cie-
OJyroujue ycarosus:

(a) usomonus: ecau Oy C Oy, mo A(O1) C A(Os);

(6) Kosapuarmuocms omrocumesvHo cobemeaennoil epynnol Iyaukape:

aa A (A(0)) = A(AO + a);

(8) rokanvras kommymamusrocmo: areebpor A(Oq) u A(Os), accoyuuposartoie c
npocmparcmgeerHonodobro pazderérroimu obaracmamu O u Oy, KOMMYMUPYOM
meancdy cobodl.

CewmetictBo {A(O)} -\ C*-anredp, yn0BIETBOPSIOLINX YCJIOBUIO H30TOHHH, Ha-
3bIBalOT cemovro C*-anredp Hax M. Ilo aHanoruu ¢ knaccuyeckod (pU3MKOH MOHATHE
MoJist B KBAHTOBOM (DU3MKe MPU3BAHO peasnu3oBaTh uueto OauskopeicTsus. [lostomy
B CUCTeMe aKCHOM JIOKAJbHOTO airebpanuecKoro Moaxoja rnosiB/isiercs akcuoma A.V.

B nokanbHOM anrebpanyeckoM MOAXOJe HHUKOTZA He YTBepXKAaaoCh, UTO CHCTe-
Ma akcuoM A.I-A.V siBiasieTcss eIMHCTBEHHO BO3MOXKHOH, W TOJBKO OHa MPHUBOAUT
K (DU3UYEeCKH TNPUEMJIEMOMY OIHCAHHUIO «PESITUBUCTCKHUX KBAHTOBBIX OOBEKTOB».
Uro KacaeTcss BO3MOXXHOCTH TOSIBJE€HHS MPHUHLIMIIHAAIBHO HOBBIX aKCHOM, TO CJe-
OyeT OTMETHUTb, YTO MPEANPUHHMAJIUCh HEONHOKPATHBIE TOMBITKH TMOCTYJHPOBATh
AKCHOMY KOPMYCKYJISIPHOH WHTeprpeTanuu. B joKasbHOH KBAaHTOBOW TEOPHM TOUCK
KPUTEpHUsT KOPIMYCKY/NSPHOH WHTEpHpeTalul UCXOMUT U3 00Lled TPAaKTOBKH UaCTHLbI
KaK «aCHUMIITOTHYECKH CTaOHUJIBHOTO LEeHTpa JoKanusauun». OnHako, Kak 0TMe4aroT
Byxrosbu u Xaar [28], 1o cux nop He HaileH aeKBaTHBIH CIOCO0 MAaTeMaTHUECKOTO
BbIPaXKEeHHsI MOJ0OHOH KOHIEMIHUH YaCTHIIBI.

Yxe Gersbiil B3rsig Ha cuctemy akcuoM A.I-A.V moxaseiBaer, 4To Hemocpen-
CTBEHHO K KBAaHTOBOHM MeXaHHKe MMEeIOT OTHOLUEHHE TOJbKO IMepBble 1Be aKCHOMBI,
a BCe MOCJenyolle aKCHOMbI TPEACTaB/SIOT COO0H MPOCTPaHCTBEHHO-BPeMEHHOH
«poH», B KOTOPBHIH TMOTpyKeHa («peJTHBU3MPOBAHAa») KBaHTOBas MexaHuKa'l.
C uenbio YHTH OT MOAOOHOrO pofa COBMELIEHHOH («THOPUAHOM») aKCHOMATHKH B
n.4 GyneT MpeanpHHSTA MOMBITKA aKCUOMATH3allMM KBAaHTOBOM TEOpHM Ha 6as3e KOH-
nenuuu lefizen6epra-dPoka.

3. KommniaekcHbie 000104KHU IpyNmnoBbIX ajareop

B stom mnaparpade paccMOTpUM KOMILJIEKCHble 00OJOYKHU TPYIIOBBIX aJjredp
5[(2,C) (rpynna Jlopenua SOy(1, 3)) u s0(2,4) (koHdopmHas rpynna SOy(2,4)). Kak
M3BECTHO, ¢ KOMIJIEKCHOH 060/104Koi anrebpnl sl(2, C) accouuupoBaHa cnuxopHas
cmpykmypa. B cBolo ouepenb ¢ KOMIJIEKCHOH 060/104K0# anredpbl $0(2,4) accouuu-
poBaHa meucmopHas cmpykmypa. CHUHOPHAs CTPYKTYpa sIBJsIeTCS MOACTPYKTYpOH
TBUCTOPHOH CTPYKTyphl. C Apyroé ctopoHsl, Kak nokasan Curan [30], anrebpa Jlu
HeonHOponHo# Tpynnbl JlopeHua (t. e. rpynmnsl [lyankape) mMoxkeT ObITbH MoJyueHa

1006pasno ropops, GeckoHeuHOMepHOe TH/ILOEPTOBO MPOCTPAHCTBO KBAHTOBOH MEXaHWKH 3/eCh
BTUCHYTO B IPOKPYCTOBO JIOXKe€ I[IPOCTPAHCTBEHHO-BPEMEHHOr0 KOHTHHyyMa. B CBSI3M ¢ 3TuUM
ne DBpofinp mucan: «... Mbl HOMKHBl C GOJBIIMMHU HJIW MEHBIIMMH TPYIHOCTSIMM BTHCHYTb MHK-
pPOCKONHMYECKHe SIBJIEHHWSI B PAaMKH TMOHSITHH TPOCTPAHCTBA M BPEMEHH, XOTS Hac BCE Bpems Oyner
6eCMOKOUTb YYBCTBO, UTO MbI NBITAEMCSI BTUCHYTh ajiMa3 B OMpaBy, KOTOpasi eMy He MOAXoauT» [29].
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nedopmaneit u3 KoHpopMmHoii anredpel JIu. B cBoto ouepenb KoH(opMHas ajnredpa
JIu aBsieTcst «:KECTKOH», T. €. He MOXKeT OBITb MoJyyeHa 1eOopMUPOBaHHEM JPyroH
anre6pel JIu. B cuay atoro cBoiicTBa KoH(opmHas ajirebpa (anredbpa HeKOMIMaKT-
HOW BelLleCTBEHHOHU ICeBAOOPTOrOHAJNBHON TPYNIbl B LIECTUMEPHOM MPOCTPAHCTBE
¢ curHarypo#t (—,—,—,—,+,+)) UMeeT yHHUKa/NbHbIH (3aBepIIEHHBIF) XapakTep H
3aHUMaeT BblJeJIeHHOe MeCTO Cpeld Apyrux ajnre6p. B n.4 npu paccMOoTpeHUH akcH-
OM HEJIOKAJIHOTO MOJX0/a B KauecTBe Ipymmbl (PyHAAMeHTa bHOH CUMMeTpUH OyzeT
B35Ta KOH(OpMHas Tpymnmna.

3.1. KommnuekcHasi 060/10uKa rpynmnoBoi ajareopsi s((2, C)
U NpeacTaBieHue BaH aep Bapaena

Kak wu3BecTHO, yHHBepcaJbHOE HaKpbITHE COOCTBEHHOH rpynmbl JlopeHua
SOo(1,3) (rpynma BpaileHuii uYeTHIPEXMEPHOTO MCEBIOEBKIMA0BA MPOCTPAHCTBA
R3) 3amaércs CIMHOPHOM Tpymnok

Spin, (1,3) ~ {(‘;‘ §> €Cy: det (‘;‘ §> = 1} = SL(2,C).

[Tycts g — T, — mpou3BOJIbHOE JIMHEHHOE NpeACcTaBJeHHe COOCTBEHHOH TPYIIbl
Jlopenua SO(1,3) u nycts A;(t) = T,,;) — MHOHHUTE3HMAabHBIH OMepaTop, COOT-
BeTCTBYIOWMH BpailenHio a;(t) € SOg(1,3). Ananoruuno nyctb B,(t) = Ty, ), rae
bi(t) € SOy(1,3) — runepGonmyeckoe BpalleHue. daeMeHTH A; U B; o6pasyioT 6asuc
rpynmnoBo#i anre6psl s[(2,C) U ynoBIE€TBOPSIIOT COOTHOLIEHHUSIM

AL Al =As, (A Al =A, (A A=A, )

[B1,Bs] = —As, [Bg,Bs] = —A;, [Bs,Bi] = —Ay,

[A1,Bi] =0, [Az, By] =0, [A3, B3] =0, > (1)
[A;,By] = B3,  [A;,Bs] = —B,,

[As,Bs] =By,  [Ay,By] = —Bs,

[As,Bi] =By, [A3,By] = —B; )

O603Hauas L23 = Al, L31 = Ag, L12 = A3, a L01 = Bl, L02 = BQ, |_03 = Bg, 3anuuieM
cootHoueHust (1) B Gosiee KOMIAKTHOH (hopme:

[LMW L)xp] = g,up'—)uz + gl/)\Lup - ngLuA - guAI—up-

[lepeiiném K KoOMIJIEKCHOH 06oJsiouke rpymmnoBod anrebpol sl(2,C), omnpenessis
ornepaTopsl

1 1
Xl = §Z(Al + iBl), Yl = §Z(Al — iBl), (2)
(l =12, 3).
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Hcnonabayst cootHoienus (1), Haxonum
[Xk, Xl] = igklme, [Yl> Ym] = iglmnYna [Xl, Ym] = O (3)

Iasnee, BBOIsI reHepaTopbl BHAa («[OBBILAMLIHE» H «IOHHXKAKIIKE» TeHEPaTOPHI
rpynnsl SL(2, C))

Xy =Xy +iXa, X_ =X — iXo,

. , , (4)
Y+ = Y1 + ZYQ, Y_ = Y1 — 7/Y2,
[MOJy4YHUM
{X37X+] - X-‘m [X37x—] = _X—7 [X—HX—] = 2X37
Yo, Yo =Yy, [Ya Y l=—Y_, [Y),Y.]=2VYs

B cuny KOMMYTaTHBHOCTH COOTHOIIEHUH (3) MPOCTPAHCTBO HENPHUBOAMMOrO KOHeU-
HOMepHOro (crmuHOpHOro) mpexacTaBienusi rpynnsl SOg(1,3) MoxkKeT ObITh HATSHYTO
Ha CcOBOKYNHOCTb (2] + 1)(2] + 1) GasucHbIX BeKTOpOB | I,m;i,m), rae I,m,i,m -
HeJible WK MoJayuesasle yncaa, — < m < [, - <m < . CJienoBaTe ibHO,

X_ | Lmylm) =/ +m)(I—m+1) | ,m—1,1m) (m>—I),
Xy | Lmslym) = /(L= m) (I +m+1) | Lm 4 1;1mm) (m < 1),

X | l,m;i,m) =m | l,m;lﬁh),

Y| Lmidin) = /()i — 1) | ol — 1) (0> ),

Yo | Lmsdyin) = /(= i) (i + o+ 1) | Lo+ 1) (< ),
Ys | 1,m;l i) =1 | 1, m; 1, ). (5)

W13 cooTHowenu# (3) caenyer, 4To KaxKa0e U3 MHOXKeCTB onepatopoB X U Y reHepu-
pyet rpynny SU(2) 1 3TH IBe TpyTIbl KOMMYTHPYIOT MexXay co6oi. Takum o6paszom,
M3 COOTHOIIEHHH (3) c/enyeT, YTO B paMKaX KOMIIJIEKCHOH 060JI0UKH TPyIIoBasi aJ-
re6pa s((2,C), no cymecTBy, 3KkBUBajeHTHa (aareGpandeckd H30MOpQHA) MPSMOH
cymme su(2) @isu(2) (cm. takxke [34, c. 28])!!. B npoTHBONOIOKHOCTb MpenCTaBIe-
nuto [enbanna-Halimapka past rpynner Jlopenua [35,36], KoTopoe Tak ¥ He HallIo
IIUPOKOTO NMPUMeHeHHs B (DU3HKe, pe/cTaBaeHMe (D) ABseTcs HauOoJ/ee UCIOJb3Y-
eMbIM B TeopeTHyeckoi (usuke (cM., Hanpumep, [31,37-39]). D10 nmpencraBieHue

1B mekoTopoMm cMbic/ie 3TO Mo3BosseT npeacTaBuTh rpynny SL(2,C) npoussenenrem SU(2) ®
SU(2), kak 3To cuenano Paiimepom [31]. Bosee Ttoro, B padorax [32,33] rpynma JlopeHua npen-

o

ol )> (R (p") 1 61,(0") -
ér(p")

MpaBo- U JIEBOIOJISIPU30BAaHHbBIE CITUHOPHI) NMPeoOpasyoTcss B paMKaX MPOCTPAHCTBA MPeNCTaBJeHHS
(7,0) @ (0, j). Onnako usomopduam SL(2,C) ~ SU(2) ® SU(2) He siBasieTcss KOPPeKTHbIM (Hake
B JIOKaJbHOM CMBICJIE) C TEOPETHKO-TPYNmoBod To4kH 3penus. HefictButensho, rpymnmsl SOg(1,3)
1 SO(4) sBAsOTCS BellleCTBEHHBIMH (popMaMU KOMIJIEKCHOH wwecTuMepHoil rpynmel Jlu SO(4,C) ¢
KoMIlJIeKcHOH anre6poit Jlu Dy = Ay + A;. BewecrBennsle anre6psl JIn KOMIAaKTHB B TOM CJydae,
korna dopma Kussnnra siBjsietcst oTpriiaTeabHOONpeneéHHoN [34]. DTo crnpaBeqinBo [Jis aareGpsl
JIu rpynnsl SO(4), Ho He a5 SOp(1, 3).

craBjiena npoussenenneM SUg(2) ® SU(2), rae cnuHops ¢(pH) = (
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nas rpynnsl JlopeHlla Oblo BrepBble NaHO BaH Oep BapaeHoM B KJaccHUecKOH
moHorpaguu [40]. CrenyeT oTMETHTb, UTO 6a3uC MpeNCTaBJEHHs, ONpeaessieMblil
dopmynamu (2)-(5), UMeeT BIOJHe OYeBHIHBIH (pu3uuecKHd cMmbica. Hampumep, B
ciydae mpoctpaHctBa npenactaBienus (1,0) @ (0,1) umeer mecto aHasorus ¢ ¢o-
TOHHBIMH CITHHOBBIMH COCTOSIHUSIMH. A HUMeHHO omepaTopbl X U Y COOTBETCTBYIOT
MpaBo- U JIEBOMOJISIPU30BAHHBIM cOCTOsiHUSM (hoToHa. [lo 3TO¥ mpuyMHe KaHOHH-
YecKHi GasHC, COCTOAWME M3 BEKTOPOB BUAA | Imj;irn), HA3BIBAIOT CRUPAAbHbIM
6asucom, uiu 6a3UCOM KOMNACKCHOEO YeA08020 MOMEHMA.

3.2. KomniekcHas 060/104Ka rpymnmnoBoi aiaredopnl so(2,4)

Kak wu3BectHo [25], cucTema MATHAALATH TeHEPaTOPOB KOH(MOPMHOH TPYTIIbL
SO0(2,4) ynoBneTBopsieT CJAEYIOLUIUM MePECTAHOBOUHBIM COOTHOIIEHHUSIM:

[La67 L'y(i] =1 (gaél-ﬂw + gﬂvl-acs - gowLﬁé - gﬂéLa'y) 3

(o, 8,7, 0 =1,...,6,a # B, v #9).

['eneparopsl L,s o6pasyior 6asuc rpynnoBoi anre6psl s0(2,4). C uesbio nepedTy K
KOMIIJIEKCHOH 0060J104Ke anredpsl $0(2,4) pacCMOTPUM JAPYTYI0 CHCTEMY TeHepaTo-
pos, npemyoxenHyto T. Mao [41]. [Tycts

Ji=1/2(Los —Lys), Jo=1/2(Lg — L), J3=1/2(L12—Lss),

Ki=1/2(Los + L), Ko=1/2(Ls; +Los), Kz=1/2(Liz+ Lsy),
P, =1/2(-Lss —Lis), P2=1/2(Lys —Lss), Po=1/2(—Lss— Lsg),
Qi =1/2(Lss —Lss), Q2=1/2(Lss +Lss), Qo=1/2(Lss— Lsg),
S; =1/2(—Lis + L), So=1/2(—Lys—Lis), So=1/2(Li2— Lss),
T, =1/2(—Lis —Lys), To=1/2(Lys — L), To=1/2(=Lipx—Lss). (6)

Ara cucrema 18 reHepaTopoB CBs3aHa TPeMsi COOTHOLIEHUSIMHU:
J3-K3=Py—Qp, J3+K3=50—Ty, Po+Qy=So+ To. (7)

B cuny HesaBucumocTH reHepatopoB L,s (o < ) (6) 3amaér M30BITOUHYIO CHCTe-
My reHepaTopoB rpymmbl SOg(2,4), U3 KOTOPOH MOXKHO MOJYUYHUTb Gasuc ajareGpbl
50(2,4), UCKJIIOUUB TPH I'eHepaTopa ¢ MoMoubio (7).

[Tepeiiném K KoMIIeKCHOH 060/104Ke anre6psl 0(2,4), Mon0XKHUB

Ji =3 £idy, PL=P;y+iPy, SiL=85;+1iS,,

Ki=K;+iKy, Qr:=Q;£iQ2, Ti=T; T, (8)

Torma
[J37 J+] = J+7 [J37 J—] = _J—7 [J+7 J—] = 2J37

Ks, Kol =K., [Ks,K_]=-K_, [K; K. ]=2K,
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[Po,P] =Py, [Po,P_]
Q0.Q,)=Q.. [Q.Q.]
S|
LI

—P_, [P.,P_]=—-2Py,
-Q_, [Q+7 Q,] = —2Qo,
[S0,S+] =S4, [So, -S_, [S4,S_]=-2S,,
[To, T4 =Ty, [To, -T_, [T, T_]=-2T,,
i, K] =0 (i) =+,-,3),
B4, Py =0, [J4,P]=-T_, [} Po]=-1/2J,
WPy =Ty, [P ]=0 [J_,P]=1/2)_,
U5, Pi]=1/2P,, [J3,P]=—1/2P_, [J3,P] =0,
4, Q=S+, [J1.Q-]=0, [J+, Qo) =1/2J4,
D-.Q4 =0, [J-,Q_]=-5_, [J_,Qo=-1/2),
[J5,Q4] = —1/2Q4, [J5,Q_]=1/2Q_, [J5,Qo] =0,
U+.S:]=0, [J4+.S-]=-Q-, [J;,So] =—-1/2J4,
D-.84]=Q4, [J-,S_]=0, [J_,So]=1/2)_,
[J5,84] =1/25,, [J5,Q-] =—1/2S_, [J5,S0] =0,
Be. T =Py, [J4,T]=0, [J4, To]=1/24,
DT =0, DT =-P, [, To=—1/20
U5, To] = —1/2T,, [J5,T_|=1/2T_, [J5, Ty =0,
Ky Py =-S;, [KiP_]=0, [Ky Po]=1/2K,,
(K ,P.]=0, [K,P]=S_ [K_ Pg=—1/2K_
(K3, P4 =—1/2P,, [K3 P_|=1/2P_, [K;5, Po] =0,
K+ Q] =0, [Ki,Q]=T_, [K; Qo=-1/2K,,
K_,Qi]=-T4, [K,Q-]=0, [K_,Q=1/2K_,
[Ks, Q4] =1/2Q4, [K;,Q-]=-1/2Q-, [K5,Qo] =0,
Ky, S4] =0, [Ky,S_]=P_, [Ki,So]=-1/2Ky,
[K_,S4]=—Py, [K_,S_]=0, [K_,Sg]=1/2K_,
[Ks,S4]=1/28;, [K5,S_]=-1/25_, [K3,So] =0,
Ky, T =-Q4, [Ki,T_]=0, [Ki, To]=1/2Ky,
K, Ti]=0, [K.,T]=Q., [K_,Toj=-1/2K_,
(K, Ty] =—1/2T4, [K3 T_]=1/2T_, [K3 To] =0,
P:,Q;] =0 (5,5 =+,-,0),
P+.5:]=0, [Py, S_]=K_, [P, So]=—-1/2P,
P_,S.]=-K;, [P_,S_]=0, [P_,So]=1/2P_,
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[Po,S4]=1/25,, [Po,S_]=—1/25_, [Pg,So] =0,
P, T4 =0, [Py, T J=-Ji, [Py, To]=-1/2P,,
P_.T,=J_, [P T]=0, [P_,To=1/2P_,
[Po. T4 =1/2T,, [Py, T_|=—-1/2T_, [Py, To] =0,

[Q+.S+]=0, [Q+,S-]=-J-, [Q+ So]=-1/2Q;,
Q.S]=J. [Q.5]=0 [Q . S)=1/2Q
[Qo,S4] =1/28;, [Qo,S-]=-1/25_, [Qo,So] =0,
Q4+, T4]=0, [Q T ]=Ki, [Q,Tol=-1/2Qy,
Q.. T =-K, [Q.,T]=0, [Q_,To=1/2Q_,
Qo T4]=1/2T,, [Qo, T-]=-1/2T_, [Qo, To] =0,
S.T] =0 (i,j = +,—,0).

PaccmoTpuM crelpanbHoe TpeactaBieHrne KoHpopMmHOU rpymnnbl SOg(2,4) aHa-
JIOTHUHOE TpeJcTaBjieHu0 BaH aep Bapmena (5) mas rpynnsl Jlopenua SOg(1,3).
IT0 20KasbHOe pencTaBeHue Tpynsl SOp(2,4) HENOCPEACTBEHHO CBSI3aHO C Mpel-
craBienreM Poka nns noarpynnsl SO(4) (cM. npunoxenue A). [To cytu aTo npen-
CTaBJIeHUe sIBJIsIeTCs pacliupeHueM npenctaBaenns Poka aiasi SO(4) 1o yHUTapHOTO
npeacTaBaeHusi KoHpopmHoi rpynmsl SOg(2,4) B npocmparcmsee Poka § ¢ nomo-
o 6asuca (A.2). Wcnonb3ysi renepatopsl (8) KOMIJIEKCHOH 000J0YKH aareOpbl

50(2,4), nonyuum

I |jor)y=V({i+0o)i—o+1)ljo—1,7),
Lljory=v(G-0o)j+o+1)ljo+1,7),
J3|j,0,7) = 0lj,0,7),

K [j,om) =V +7)G—7+Dlj,07 = 1),
Kilj,o,m) =i —7)G+7+Dljor+1),

K3|j7 g, T> = T|.j7 U7T>J
o1 1 n 1
J 2a0- 277— 9 )

. . . . o1 1 1
Piljo,r) =i/ (G — T+ 1) +o+1) ‘J+§70+§,T—§>,

P_lj,o,7) = —i/(j+0)(j—T)

c—T17+1

P0|j7 077—> = (j + T) 9 ‘]7 O—>T>a

1 +1 1
.7 270 277- 2 Y

Q_[j, 0.7y =i/ (j+7)(j— o)

1 1 1
Qo) = =i/ G =0 F DG F 75D \j+—,a——,r+—>,

2 2 2

) . o—71—1 .
Q0|j70-77—> = (j - T) |j7UJT>7

(9)
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1 1 1>
J= 50— 5:T—5 ),

Sljor)=iV(i+o)i+7)|i— 50573

. . . o1 1 1
Silj,o.m)=~i/(j+7+1)(j +o+1) ‘J+§,a+§,r+§>,

. . o+T1+1 .
SO|J707 T> = (] + T) a |ja0—7 7_>7

T ljor)=-iVi-70G-0)j=5.0+57+5

o1 1 1>
j__70_+_77_+_ )

1 1 1
T+’j70-77-> :’L\/<j—0'+1)(j—7'+1) ’j+—,0——,T——>,

2 2 2
. . o+T—1Y\ .
Tolj.0.7) = (a - T) o7

@opmyabl (9) 3anaT yHUTapHOe npencTaBeHre KoHpopMHON rpynnel SOg(2,4)
B poctpaHcTBe Poka §. B uncao popmya (9) Bxomst dopmyasl aas Ji, K, 3anato-
e npencraienus ®, B moanpoctpaHcTBax §, (cMm. (A.l), roe j; = jo = j) U TeM
cambIM mnipenctaBieHne Poka ¢ Ha noxprpynmne SO(4). Bosee Toro, mpu orpaHude-
Huu SO¢(2,4) na noarpynny SOq(1,3) (rpynny JlopeHua) noay4yum npeacTaB/ieHHe
BaH nep Bappena (5), 3amaBaemoe reHeparopaMu X, Yy, UTO M JOKa3blBaeT CXOJ-
CTBO KOMIIJIEKCHBIX 000J104€eK IPYMNoBLIX anredp s0(2,4) u sl(2, C). [IpencraBnenue,
3anaBaemMoe opmynamu (9), HasbiBaeTcsi pacuupenuem F+ npedcmasienus Poka
Ha Kowgopmuyro epynny [25]. DTo mpenctaBieHHe siBJAsSeTCS 0a30i TEOPETHKO-
TPYNIOBOrO ONHUCAHUs MEePUOIUYECKOH CHCTeMbl 3jeMeHTOB [23-25]. B n.4 mpen-
craBjeHde F't Gyner HCMoONb30BaHO /151 MOCTPOEHHST KOHKPETHOM peasn3alliu ore-
patopHoil anre6pnl 7(H) B pamkax koHctpykuuud [HC.

4. AKcHOMBI HEJOKAaJbHOIO nmoaxoaa

CorsacHo koHuenuuu [eiizenbepra-Poka peasbHOCTb HMEET [BYXYPOBHEBYIO
CTPYKTYPY: NOMEHYUALbHAS PEALbHOCMb U aKmyaibHas peasvrocmes. ['elizenbepr
yTBEpKAaJ, YTO /000U KBAHTOBBIH MUKPOOOBEKT MPUHAMJIEKHUT 0O€UM CTOPOHAM
peasibHOCTH: BO-TEePBbIX, MOTEHLUHAJbHONW peasbHOCTH Kak CyMeprno3uliusi, H, BO-
BTOPbIX, aKTya/JbHOH peasibHOCTH N0CJ/e PefiyKLHH CYNeprno3uLHrH, T. €. U3MepeHHUS.
M3mepeHue ecTb JoKaau3anus (akTyasansalus) KaKoro-iu00 COCTOSHUSI €IHHOH
kBaHToBOH cucTembl U'%2. C Liesiblo aKCHOMATH3MPOBAaTh NBYXYPOBHEBYIO CTPYKTY-

2Yunep oTMeuas, 4To «HUKaKOH 3/eMeHTapHbIl (eHOMeH He sBsieTcs (EHOMEHOM, MOKa OH He
siBJIsieTcst HabJ/onaeMbIM (perucTpupyeMeiM) heHoMeHOM». [IpencTaB/ieHre xKe 0 TOM, YTO KBAHTOBBIH
MHKPOOOBEKT CYIIECTBYET caM Mo cebe 10 BCSKOrO M3MepeHMsl B BHIE HEKOeH KOpIycKyJssl (Toded-
HOH WJIM 3aHMMamolled HeKoTopyio o6sactb (O MPOCTPAHCTBA-BPEMEHH), TAK HA3bIBAEMOT'O «aCHMII-
TOTHUECKH CTAOUJIBbHOTO LEHTpa JOKaJdu3aluu», siBjasercs petitio principii. Bosee Toro, monsTue
MHO>KECTBEHHOCTH KBAHTOBBIX MHKPOOOBEKTOB TakxKe sIBJsSeTCs JOrHueckod owmubkoit. He cyuie-
CTBYeT MHOXeCTBEHHOCTH KBAaHTOBBIX MUKPOOOBEKTOB, CyllecTByeT eluHass KBaHToBas cuctema U,
COCTOSIHHSI KOTOPOH MAEHTH(PHUIUPYIOTCS KAaK KBAaHTOBbIE MUKPOOOBEKTHI (3JeMeHTapHble YaCcTHIEI) B
peaysbrate namepenus. [lo cytu 3nech snexxuT (B paMkax U) M pelreHue npo6seMbl MHOXKeCTBEHHO-
CTH U TOXAECTBEHHOCTH.
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py KoHuenuuu [eiizenbepra-Poka ¢ nosuuuu anreOpanvyeckoro Moaxona BBeAEM
CJIeYIOLLYIO CHCTeMY akcHoM '3,

A.lI (Oueprusi u ¢yHIaMeHTanbHasi CUMMeTpusi) Edunas Keanmosas cucmema
U na gyndamenmanrorom yposue xapakmepusyemcs C*-arcebpoil 2 ¢ edunuyetl,
cocmosweti u3 onepamopa 3Hepeuu H u npucoedurnénnoix K H eenepamopos
epynnol pyrndamenmanvror cummempuu Gy, obpasyrouux ¢ H obuyyro cucmemy
cobcmeenHbvlx QyYHKYUL.

A.II (Cocrosinusi) Qusuueckoe cocmoanue C*-areebpol 2 onpedeasemcs yuk-
auveckum sekmopom |®) npedcmasrenus m C*-areebpol 8 cenapabervHom 2uib-

bepmosom npocmparcmse Hy,:
(@ | m(H)®P)
(@] ®)

Mmoxcecmso PS(2l) scex uucmorx cocmoanuii C*-arcebpor A cosnadaem ¢ mHo-
aecmsom scex cocmosHuti we(H), accoyuuposanHvlx co 8cemu HenpusoouUMbL-
MU yukiueckumu npedcmasienusmu w areebpor A, |®) € Hy (koncmpyxyus
Teavpanda-Haiimapka-Cueara).

A.IIT (IlpoctpanctBo Jayuelt) MHoxmecmso 6cex uucmoix cOcmosHuil we(H)
npu svinoaneruu ycaosus we(H) > 0 obpasyem gusuueckoe eurobepmoso npo-
cmpancmeo Hynys (8 obuwem caywae npocmpancmso Hyys Hecenapabenvro).
[aa kancdoeo sexmopa cocmoanun |V) € Hpnys cywecmsyem eounuumolil Ay
U = @ |U), ede a npobezaem sce seuwecmeentvie uucaa u /(¥|¥) = 1. [Ipo-
cmpancmso Ayuetl ecms (axmop-npocmparcmeo H = Honys/St, m. e. npoex-
mugroe npocmpancmeo o0xomepHolx noonpocmparcms us Hyyys. Bece cocmoanus
edunoil keanmosoli cucmemo. U onucoeiearomces eOUHUUHbIMU AY4AMU.

A.IV (Akcroma crektpanbHocti) B H cywjecmeyem noinas cucmema cocmo-
AHULL ¢ HeompuyuamesvbHol 3Hepeuell.

A.V (Ilpunuun cyneprnosuuuu) Ocro8Hoe coomeemcmaue mexrcoy QuauuecKii-
MU COCMOAHUAMU U dAemenmamu npocmpancmea H exiowaem npunyun cynep-
no3uyuu K8awmosol meopuu, m. e. cywecmsyem Habop 6A3UCHbLX COCMOAHUL
maKux, 4mo Nnpou3eoNvHble COCMOAHUSL mocym Obimb NOCMpoeHvl U3 HUX npu
NOMOULL NUHELHbLX CYNepno3uyull.

A.0—B.0 (ITpunuun penykuuu) Pedyxyus cynepnosuyuu syueil (uameperue)
cucmemor U onucvisaemcs kax nepexod om W =5, ¢, ¥, k ¥y, m. e.

\Il:ch\I'k — U,
k

(.U@(H) =

1331a cucremMa HM B Koefl Mepe He MpeTeHAyeT Ha HCUEPNbIBAIOILYI0 MOJHOTY M 3aKOHUYEHHOCT,
SIBJISIICh MO0 CYTH MepBbIM HaOpockoM momo6Horo poma. Akcuombl A.I-A.IV omuchiBaioT ¢yHzaa-
MeHTaJIbHBIH ypoBeHb (KBaHTOBBHIH noMeH), akchoMmbl B.I u B.II npuHanmiexar K KJacCHYECKOMY
(moxasmbHOMY) NOMeHY (aKkTyanbHOH peasbHOCTH). Akcroma penykuuu A.0—B.0 cayxuT cBoero
poza «rpaHMIed MexXay ABYMSI MHpaMu». ClelyeT OTMETHTb, YTO BCe ONpefeseHus], TaK HJIH HHade
CBSI3aHHBIE C MOLYCOM MOTEHLHH, UMEIOT PKO BhIpaXKEHHBIH ano(aTHUecKUil XapakTep: HeA0Kalb-
HbLll KBAHTOBBIH cyOcTpat, Hecenapabeavroe THIbOEPTOBO NPOCTPAHCTBO, HebyAesa JOTHKA U T. .
B cBsi3u ¢ 3TUM BcnoMHHaeTcs 3HaMeHuTas ¢pasa Burrenureiina: «O yeM #e803MOX#HO TOBOPUTS, O
TOM cJjenyet mMosuath» [42]. OnHako cpeacTBa aGCTpPaKTHO-aArebpanyeckoro moaxona, obJanaliine
NIPeNMYILIECTBEHHO He8epbalbHblm HHCTPYMEHTAPHEM, TT03BOJSIOT NepPelIarHyTh 3Ty TPAHULLY.
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¢ gepoamuocmoto |c1|? (8 coomsemcemesuu ¢ npasuramu BopHa).

B.I (Jlokanusauusi) Kascdomy oepanuuerrHomy omxpoimomy muoxcecmsy O
npocmpancmea-epemenu Munkosckoeo M = RY3 conocmassena C*-arzcebpa c
edunuyetl A(O), asasaroujascs nodareebpoti HeroKarbHoU areebpol A U Hasvi8a-
emas anreebpoli 10KarbHblX Habarodaemolx, accoyuuposannoix ¢ mroxecmsom O;
npu amom anreebpa Uy, A6A9emcs NoOnoAHeHUem no Hopme 00ve0uUHeHuUs

Qlloc = U Ql(@),

oM

Ha3vleaemozo areebpoil rokarvHolx Habaodaemolx. Kpome moeo, gvinoanerst cae-
Odyroujue ycarosus:

(a) uzomonus: ecau Oy C Oz, mo A(O1) C A(Os);

(6) rokanrvras kommymamusrocmo: arcebpor A(O1) u A(O,), accoyuuposarmoie
¢ npocmparcmeenHonodobro pasdeséunvimu obracmamu Oy u Oy, KOMMymMupy-
rom mencdy coboll.

B.II (Ilyankape-nHBapuanTHOCTh) B eusvbepmosom npocmparcmee H onpede-
n1eHo ynumaproe npedcmasienue (a, N) — Ula, A) cnunoproti epynnot Iyankape
PBo (nenpepvisroe 8 caaboii onepamopHoli monosoeuu), 3adarouiee 3aKOH npe-
06pa308aHUsL Npu MpaHcAfyuax u npeobpasosanuax Jlopenya OAa NOKAAbHLLX
HabarodaemobLx

A — Ul(a, N)AU(a,\)™"

U 8eKmopos COCmMoAHUA
@) — Ula, A) |®)

(sdeco A — npoussoavHolii 3remenm areebpor rokanvHolx Habaodaemolx A(O)
uru areebpol gpon Hetimana A(O), |®) - npoussosvroiti sekmop us H). Ipu
amom 0aa ancebpor A(O) soinoinsemcs Ycarosue K08aAPUAHMHOCMU OMHOCUMENb-

HO cobcmeennoli epynnot [lyankape:
A a (A(O)) = A(AO + a).

Tenepamopol npedcmasaenus (a, \) — U(a, \) — onepamopol noanoco 4-umnyseca
Pt u wemolpéxmeprozo yeao602o momenma MM — 264310MCS CAMOCONPANCEHHDL-
mu onepamopamu. 8 H, npucoedunénnoimu K areebpe L0KarbHbLX HAOAOO0AEeMbLX

por Heiimana 2A(O). Chnekmp onepamopa auepeuu-umnyioca p npuHadLeHcum
3AMKHYMOMY 6epxHemy C8emosomy KOHYCY V'

[Iyctpb cornacHo akcuombl A.I k onepatopy sHepruu H nprcoequHeHbl reHepaTo-
pel (8) KoMIIEKCHOH 060JI0UKM TPYNNOBOH anre6pbl $0(2,4) KOH(GOPMHOH TPYIIbI.
Torna, cornacHo dopmynam (9), monyuaem pacuiupenue F+ mpencrasienus Poka
Ha KoOH(opMHYylo rpynny. Hameli 3anayeit siB/asieTcs nocTpoeHre (pPU3UUecKoro npeju-
CTaBJieHHs1 7 orepaTopHoi anre6pel. Caenys [25], ompenesuM eIUHYIO0 KBaHTOBYIO
cuctemy U Kak meproinHuecKyio cucTeMy ajemeHToB. [IpencraBienue FT, 3amaBa-
emoe Qopmynamu (9), ellé HeLOCTATOUHO MAJisi OTMUCAHHS MEPUOANYECKOH CHCTEMBI
37eMeHTOB. C 3TOH Liesibl0 HEOOXOAMMO BKJIIOUMTBH yeTBEpTOe uucjao MapenyHra s
(aHa/MOrMUHOE CMHHY), UTO MPUBOIAMUT K TPyIIIe

S0(2,4) ® SU(2). (10)
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[IpencraBienne F)” = po ® F* rpynno (10), roe ps — yHHTapHOE mNpeacTaBJe-
nue rpynnel SU(2) B npoctpanctBe C'(2), yKe yIOBJIETBOPSiET 3TOMY TPeOGOBAHHUIO
(BKJIIOYeHHIO Yrcaia Maneaynra s). Basuc npoctpanctea §2 = C(2) ® § npencras-
nenusi F (6asuc Pymepa-Pera) nmeer Buz

In,l,m,s), n=1,2,...;01=01,....,n—1;
m=—l,—l+1,. .. 0—1,1 s=-1/2,1/2, (11)

3necb n, [, m — KBAaHTOBbIe YKCJ/JIa KOH(POPMHOU TPYIIIIHL.

KoHkpeTHasi peanusauus ornepaTopHOH a/jredpbl ¢ UCMONb30BAHHEM IPeNCTaB-
nenusi FF ompenessiercs ciepyiomum o6pa3oMm (orpaHHueHHble pPaMKH CTaThbH He
MO3BOJISIOT MOAPOOHO paccMOTpeTh 3To mocTpoenue). [lepeitném ot rpynnsl SO(2,4)
K eé yHuBepcasnpHOH HakpeiBatomed SU(2,2) ~ Spin_ (2,4) (cM. npunoxenue b),
4To o3Havaet nepexon K SU(2,2) ® SU(2), torna tBuctopsl Z“ = (£, €,,) ABAA0OTCA
3/7€eMeHTaMH MHHHMMaJbHOTO JIeBoro upeasna anredpol (fy; ~ C4, rue crnpaBefjuBa
crenymwouas gakropusanus: €4 = £12% = YN Q €M ® - @ £*. Crenosa-
TeJIbHO, KaXKIOMy TBHCTOPY Z® MOXHO CONOCTaBUTb Mapy LHUKJHYECKHX BEKTOPOB
7(H) | ®), #(H) | ®) kouctpykuuu HC, rme |®) € H,, u TeM cambim ormpe-
NeNUTh IHUKJIHUECKHe TpeacTaBjeHust (ducTble coctostHus) cuctembl U. Ilepenoc
MOP(U3MOB CIUHOPHOH CTPYKTYPbl Ha TBUCTOPHYIO CTPYKTYPY IO3BOJISIET HaJiee
MPOAOJIKHUTE «OeBaHHe» OMepaTOPHOH ajredpbl, T. €. ONpelNeSUTh 3apsiKeHHble U
HelTpaJibHble COCTOSIHUSA, a TaKKe NUCKpPEeTHble CUMMeTPHUH. B 3ToM ciaydyae BekTO-
Pl COCTOSIHUS (PU3HYECKOrO IMabOepToBa npocTpaHcTBa Hyhys M300paxkarT aToMbl
pa3/JUYHBIX 3J1eMEHTOB NepuofndecKoi cuctembl Menseneesa', monumaemoi Tenepn
KaK elrMHasi KBaHToBasi cuctema U.

MTTpu orpannuenun rpynnet SO(2,4) @ SU(2) na noarpynny SOg(1,3) nosydaem peayKummo npe-
craBjenust F Ha npexncrasienue BaH nep Bapumena W, 1. e. penykuuio U — Uy B pamkax
KBaHTOBOH noacucteMbl Uy BEKTODBI COCTOSHMSA npocTpaHcTBa Hpnys H300paXkaloT ajieMeHTapHble
yactuubl (cM. [18,43-46]). CornacHo H3BeCTHOMY BbICKa3biBaHHIO Baiickomnda simepHas ¢usuka u
(pU3MKa 3MeMeHTapHBIX YACTHIL — 3TO He [Be pa3Hble HayKH, a elHWHas Hayka. B maHHoM caydae
KBaHTOBasl cucreMa U mpexacrasisier coboil 6osee BBHICOKHH ypoBeHb OpraHM3alUK MaTepHu (6ojee
CJIOXKHAsi CHMMETPHSI) OTHOCHUTEJbHO cBoel nmompcucteMbl Uy .
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IIpunoxenue A: I'pynna SO(4) u npencraBienne Poka

Kak wusBecTHo, rpynna SO(4) siBisieTcs MaKCHMMaJbHOH KOMIIAKTHOH TOATPYI-
noil KoHgpopmHO# rpynnel SOg(2,4). SO(4) cooTBeTcTByeT (Ga3UCHBIM 3JeMeHTaM
J = (J1,J2,J3) 1 K= (Ky, Ky, K3) anrebper s0(2,4):

Ui ] = ickimdm, [, Ki] = iepimKm,  [Ki, Ki] = i€kimdim.
BBonst nnHeitnble kom6uHauuu V = (J+K)/2 u V' = (J — K)/2, nony4yum
Vi, Vil = ierimVim, [V, Vil = iermV,,-

[eneparopel V u V'’ 06pasytoT 6a3ucel 1ByX He3aBUCHMBIX aire6p so(3). To 3HAUHUT,
uto rpynna SO(4) usomopdua npoussenentio SO(3) ® SO(3)'°.

YHUBepcasbHBIM HAaKpbITHEM Tpymnmbl BpalleHH# SO(4) 4eTBIpEXMEPHOTO €BKJIH-
10Ba mpocTpaHcTBa R* aBjsieTcst CIMHOpPHAs rpynmna

Spin(4) ~ {(3 ?) cHOH: det <‘;‘ ?) - 1} — SU(2) ® SU(2).

[Tycts SO(3)y u SO(3)k — moarpymnnsl SO(4) ¢ reHepaTopaMH COOTBETCTBEHHO Jj
n Ky (k= 1,2,3), Torna kaxuoe HernpuBoaumoe mnpexacraieHue 7' rpynnsl SO(4)
MMeeT CJIeflylolllee CTPOeHHe: MPOCTPaHCTBO R mpeacTaB/eHHs: T eCcTb TeH30pHOE
MpOU3Be[eHke MPOCTPAHCTB PRy U Ra, B KOTOPLIX 3aaHbl HEMTPHUBOAUMBIE MPEaCTAB-
nenust D; u D;, moarpynn SO(3); u SO(3)k pasmepHocTedt 2j; + 1 u 2j5 + 1.
Takum o6pasom, pasmepHocTh mpeacTaBiaeHus: T paBHa (2j; + 1)(2j2 + 1), roe ji,
Jo — UeJble MM noJylenble yucnaa. [edcteue onepatopoB anreopsl Jin Ji, K Ha
Ga3ucHble BEKTOPbI 3a1aETCs1 (POPMYJIaMHK:

1lo,7) = VG ¥ )G = + Dlo — 1,7),

Jiloyt) = /(1 — o)1+ o+ Do +1,7),

Jslo, Ty = oo, ),

K_lo,7) =/ (jo+7)(j2 — 7+ 1)|o, 7 — 1),

Kilo,7) = /(2 = 7)(ja + 7+ D]o, 7+ 1),

Kslo, ) = 7|o, 7). (A.1)

JlanHoe npencrasienue rpynnsl SO(4), o6o3Hauaemoe yepes Dj, ;,, HEIPUBOAUMO U
YHHUTapHO.

Crpoenne mpencraienuss Poka ¢ rpynnsl SO(4) 3amaéres passnoxeHHeM Ha
HeNpUBOAMMbBIe cjaraemble ®, B mpocTpaHcTBax §,. Kak usBectHo [25], HempuBo-
auMmoe mnpeactaBiaeHue P, npu penykuuu no noarpynne SO(3) paszsnaraercs B CyM-
My HeNpHBOAMMBIX MpeacTaBjaeHud rpynmsl SO(3) pasmepHocteil 1, 3, ..., 2n — 1.

15Takoe mosokeHue Belllell BHIpaXKaloT cAefyloluM onpenenendeM: rpynna SO(4) 10kaioro pas-
Jaraetcsi B mpsiMoe npoussefieHre moarpynn SO(3). B yesom (1. e. 6e3 NMpPeANoJIOKEHHs, 4TO BCe
MaTpHLbl OM3KH K eIHHHUYHOMH) 3TO pas/oxeHHe HeogHaszHauHo. SO(4) — eAHHCTBEHHAas M3 OPTOro-
HaJbHbIX rpynn SO(n), gonyckawolasi Takoe JOKaJbHOE PasJoKeHHe.
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B Buay omucaHHOrO Bbille CTPOEHHs HEMPUBOAUMBIX TpeAcTaBeHni rpymmnbl SO(4),
HauMeHbllasi pa3MepHOCTb | mo/kHA ObITh paBHA 2|j; — ja| + 1, 0TKy#a BbiTeKaeT
J1 = Jjo2. CrnenoBaresibHo, npexnctaBienve O, umeer BUL Dy, j,, @ MOCKOJBKY MJIS
HauOOoJbIIeH Pa3MepHOCTH MOJKHO ObITh 2n — 1 = 2(j1 + 72) +1 = 45 + 1, 1o
j = (n—1)/2. Takum o6pasom, cTpoeHHe npencTaBaeHus Poka uMeeT BUI

D=0 O ®... D D..., 1nePy=Dus .

Tem camblM B Ka)K[IOM MPOCTPaHCTBE F, INOCTPOEH OPTOHOPMHMPOBAHHBIH Gasuc
|7,0,7), tne 7 = (n—1)/2. Bce a3Tu 6asuchl BMecTe 06pa3yloT OPTOHOPMHPOBAHHBIEH
6asuc npocrpancta Poka §:

l7,0,7) (1 =0,1/2,1,3/2,...;
0-:_]7_.]—'—1’7]_17]’ T:_j7_j+177]_17j)7 (A2)

B KoTopoM asre6pa Jlu rpynnsl SO(4) pefictByet mo dopmynam (A.1) ¢ j; = jo = j.

Ilpunoxenue b: TBucropHas cTpykrypa u rpynma SU(2,2)

[naBHasi umesi TBUCTOPHOU mporpamMmel [lenpoy3sa [3,4] 3akJouaercs B mpeacTaB-
JIEHWH KJIACCUYeCKOTO MPOCTPAHCTBA-BPEMEHU KaK HEKOTOPOH BTOPUYHOU KOHCTPYK-
MM, NosydyaeMod M3 OoJiee MepBHUHBIX MOHATHH. B KauecTBe GoJsiee MepBUYHBIX
TMIOHATHH Mbl UMeeM 371eCh ABYXKOMIIOHEHTHBIE (KOMIIJIEKCHBIE) CITUHOPBI, 60Jjee TO-
ro, TMapbl ABYXKOMIIOHEHTHBIX CIMHOPOB. B mporpamme [lenpoysa onu HaseiBaTCs
MBUCMOopamu.

Teucrop Z“ omnpepessieTcss MOCPEACTBOM Mapbl IBYXKOMIIOHEHTHBIX CIIMHOPOB:
CMHMHOpPA w® W KOBAapPUAHTHOTO CIIMHOPA 7r; U3 COMPSI)KEHHOTO MPOCTPAHCTBA, T. €.
Z° = (w®, 7). B Teopuu TBUCTOPOB MOMEHT (W) U UMMy/bC (7) YACTHILBI CTPOSITCS
M3 BeJUUMH w® U 7. OOHUM M3 BaKHEHIIHMX acleKTOB 3TOH TEOPHH SIBJSETCS
nepexod om meUcmopo8 K KOOPOUHAMHOMY npocmparcmey-epemeru. IleHpoys
OMHUCBIBaeT 3TOT MEPeXOA C MOMOILbIO TaK Ha3blBAEMOIo OA3UCHOS0 COOMHOULEHUS
meopuy meucmopos

w’® =", (B.1)
rae x¥" — CMeLIaHHbI CIIMHTEH30p BTOPOro paHra. B GoJee monpoO6HOH 3amucH 3TO
COOTHOILIIEHHE MMEeeT BH]

wy i | 2%+ 2 2l +ix?| |m

Wa V2 |2t ix? 20 — 23 e

M3 (B.1) HemocpeacTBEHHO CJeLyeT, YTO TOYKM IpoCTpaHcTBa-Bpemenn RY3 Boc-
CTaHaBJMBAIOTCS HaJ TBUCTOPHBIM mpocTpaHcTBoM C? (3TH TOYKH COOTBETCTBYIOT
JIMHEHHBIM TOANPOCTPAHCTBAM TBHCTOPHOro mpoctpaHctBa C*), aBassch mpu 3TOM
BTOPUUYHOH (MPOU3BOIHON) KOHCTPYKLHEH OTHOCUTENBHO TBUCTOPOB.
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PaKTHUUECKH TBHUCTOPBI MOT'YT OBbITb OINpelesieHbl KaK «pelylUpOBaHHbIE CITHHO-
pel» A1 niceBnoyHUTapHoi rpynmsl SOg(2,4), nedcTBYOLIEH B 1IeCTUMEPHOM MPO-
CTPaHCTBe C CHUTHATypo# (+,+,—,—,—,—). DTH peAyLHUpPOBAHHbIE CIIUHOPHI 3a/a-
IoTCs caenyomuM obpasom. OO6IIKe CITUHOPHI SBJASIOTCS JeMEeHTaMU MHUHHUMAaJbHOTO
JIeBOTO Hfieasa KoHgpopmrot arcebpor Cly 4

1 1
Iygy = Clyafos = 052745(1 + 915)5(1 + eq).

PenyuupoBaHHble CIUHOPB (TBUCTOPBI) (OPMYJIHUPYIOTCS B paMKax YETHOH Mopal-
re6per Cly, ~ Cly; (arcebpa de Cummepa). MUHMMANBHBIN JIeBEI Hieasl aareopsl
(¥4, ~ C, 3anaéres cienyomnM BeipakeHueM [47]

1 1 .
Iyg = Ul far = 054,15(1 + 60)5(1 +ieq).

CnenoBaTesbHO, mocse pefyKuud Ip4 — Iy;, reHepupyeMoH H30MOP(HHU3MOM
C’@A ~ (47, Mbl BUAMM, UTO TBHUCTOPbl Z” SBJSIOTCS 3/Je€MeHTaMH ujeana Iy,
KoTOphlii mpuBoautT K rpymme SU(2,2) ~ Spin, (2,4) € (3, (cm. nanee (B.2)
u (b.3)). HefictBuTenbHo, paccMoTpuM anreépy (Vs,, acCOUMHPOBAHHYIO C Ille-
CTHMePHBIM [1CEBIOEBKIMIOBLIM mpocTpaHcTBoM R%*%. YHuBepcaibHOe HaKpbITHE
Spin, (2,4) rpynnsl Bpautenuit SOy(2,4) npoctpancrsa R** onuceiBaetcsi B paMkax
uétHoM nomanre6pst (U3 ,. AnreGpa Clyy umeer THIn p — ¢ = 6 (mod 8), c/enoBa-
TeJIbHO, COTJIaCHO C@;q ~ (I, p—1 UMeeM CE;A ~ (ly;, tne (lyy — anrebpa ge
Currepa, accounupoBatHas ¢ npocrpaHctsoM R*'. B cBoio ouepens asnredpa Cly
uMeeT THI p — ¢ = 3 (mod 8) u, cienoBaTesbHO, HMeeTcsl u3oMoppuam (Vg ~ Cy,
rne C4 — ancebpa [upara. Anrebpa C, siBasieTcss KOMIJIeKCH(HKALHeH anreOpbl
npoctpaHcTBa-BpeMenn Cy ~ C ® (I, 3. Hanee, anredpa (¥;3 HOmycKaeT clenylo-
myto akropusauuio: (V3 >~ Cly 1 ® (fyo. OTClona HENOCPEACTBEHHO CJeNyeT, 4To
3 ~C® U @y Takum obpasom,

Sp1n+(2,4) = {S eCw® Cgl,l ® Cgo’g ’ N(S) = ].} . (52)

C npyro#t ctopoHsl, B cuay uzomoppusma Cli3 ~ Cl; @ Cly, OOWHKN 3/1eMeHT
anre6psl (¥; 3 MOXKeT OBITb 3alIMCAH B BUJE

“4(71,3 = Cgtl),leo + Cgil(ﬁ + Cg%,lw + Cgi@%
Te ¢ = €123, Y = €194 — KBaTepPHHOHHbIe enUHULB. CJieoBaTe/bHO,
Spin, (2,4) =

Codf,—iCod3, -Ceodi, +iCxd?,

={s€ 7 ’ ’ ’
Codl,+iCodi, Cody, +iC®d},

Oro6paxenus: npoctpancta R, renepupyembie rpynmnoi SOg(2,4), UHAYUUPYIOT

JIMHEeHHble NPeoGpa3oBaHKsl TBUCTOPHOrO MPOCTPAHCTBA C*, coxpansiiolie Gopmy

Z°Z, c curHarypoit (+,+,—, —). OTciona cjeiyer, UToO COOTBETCTBYIOLIEH TPyNMoi

B TBHCTOPHOM IIpocTpaHcTBe siBjsietcss SU(2,2) (rpymnmna rnceBIOyHUTAPHBIX YHUMO-
nynsipaeix 4 x 4 matpuu, cm. (B.3)):

SU(2,2) = {{é g} € Cy: det {é 15)} = 1} ~ Spin, (2,4).

N(s) = 1} . (B.3)
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Abstract. An axiom system of nonlocal quantum theory is defined within Heisenberg-
Fock conception. A notion of single quantum system lies in the ground of axiomatics.
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AnHoTamusa. B paGote monydyeHbl HeOOXOAHMMBIE W JIOCTATOYHBIE YCJOBHUS MJist
TMPUTSKEHHUS K HOPMa/JbHOMY 3aKOHY OIpeNeJEHHOT0 Kjacca (PyHKLUHH OT 3aBH-
CUMBIX CJYYaHHBIX BeJUYHH. DTH YCJIOBUS BKJIOUAIOT B cebsl TaK Ha3blBaeMble
MHHHUMaJIbHblE yCJIOBHSA CAa00H 3aBUCHMOCTH.

KuroueBbie cioBa: cuMMeTpHUecKre (YHKIUU OT CAYYaHHBIX BeJUUUH, IPUTH-
JKeHHe K HOpMaJ/lbHOMY 3aKOHY, MHUHHMaJlbHble YCJI0BUS caboi 3aBUCUMOCTH.

[Tycts mpu Kaxkaom n € N onpefeseHa CUMMeTpUUecKasl BellleCTBEeHHO3HAUHasi
byukuus f, 1o ectb f(x1,x2, ..., xn) = f(xiy, ..., x;,), AAs JOOBIX 1, ..., T, € R 071
JM060# nepecTaHoBKU {iq,...,1,} MHOKecTBa {1,...,n} (Ha camom JeJsie ompeneseHa
MoCJIe0BaTeNbHOCTh (DYHKIMH, HO YTOOBI HE 3arPOMOXKIATh PaCCyXKIEHHsS, Mbl He
OyneM MomYépPKHBAThb 3aBUCHMOCTb f OT n KAKHUMHU-JHUOO UHAEKCAMU W Ha3blBaTb f
MOCJIeI0BATENbHOCTHIO).

Cnenys [1], HazoBéM {b,,n = 1,2,...} MpaBUIBHO MeHSIOLIEHCS MOCTEI0BATEb-
HOCTBIO TMOPSIAKA p, €CaH by, « > 0 AB/AeTCA NMPaBHJIbHO MeHsouleiics QyHKUHeH
nopsiika p, rae [x] — uenasi 4acthb .

Bynem mucatb £ < 1, Np > n M % 0, B caydasx, Koria, COOTBETCTBEH-
HO, pacrmpefiesieHdsi & ¥ 7) COBNAuawT, {7,} CXOLHUTCS K 7 MO paclpeleseHHI0 U
KOTJla MocJjenoBaTebHOCTH {1,} ¥ {6,} cnabo sKBHBaJeHTHb (CM., HampUMep,
[2, §28.1]). Cnabasi 5KBHMBaAJEHTHOCTb PABHOCHJbHA MOTOYEYHOH CXOOMMOCTH pas-
HOCTH XapaKTepUCTUUYECKUX (PYHKIUHMHA BesuuuH {n,} u {6,} K Hysw0 npu n — oo
[2, c. 393]. O6o3Hauum uepe3 N (0,1) caydyaiiHyio BEJHUHHY, HMEIOIILYIO0 HOPMAJib-
Hoe pacnpenesneHue ¢ napamerpamu 0 u 1.

Bciony B Hacrosimeit pabore {{,} = {&,, n € Z} Gyner 0603HauaTh CTaLHO-
HapHYIO B Y3KOM CMBICJIe mocaenoBatebHoCcTb. [Iyets X, = f (&, ..., &,). Ecau npu
HEKOTOPOM BbIGOpe HOPMHUPYIOLIUX KOHCTAHT A, u B,

1 d
B (X, — A,) = N(0,1), n— oo,
T0 OyleM FOBOPUTD, YTO MOCJIEA0BATENbHOCT { X, } NPUTArHBaeTCs K HOPMATbHOMY
3aKOHY.

B cratbe [3] mosydyeHbl HeOOXOAMMBIE W AOCTATOUHBIE YCJOBHUS (BKJIOUAIOLINE
B ce0sl ycJoBHs C1aboil 3aBUCHMOCTH) /ISl CTallUOHAPHBIX IOCJEN0BaTebHOCTEH,
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n
obecreynBaplIre NPUTSKEHHE CYMM S, = Y & K HOpMaJbHOMY 3akoHy. B Hacto-
=1
el pabore 3TOT pe3ysabTaT 0000LIEH Ha Caydail, B KOTOPOM BMECTO CYMM .S,
yUacTBYIOT cUMMeTpuueckue ¢GyHkuuu X, = f (&1, ...,&,) -
1
Myers 1 < p < 2, B, < co, 4, = EX, [¢], = (B,
Xn=Xn—An, Ba(p) =1 Xn |l [IN(O, 1)H;1. [TocnenoBaresnbHOCTAMHU BUaa B, (p)
OCYILIeCTBJsIeTCS MaciiTabHasi HOPMHUPOBKA B MpelesbHBIX TeopeMax O CXOIUMO-
CTH K HOPMaJIbHOMY 3aKOHY IJisl T10C/Ie10BaTeJNbHOCTEH, YAOBAETBOPSIOLUINX YCIOBUIO
(p-TIepeMellIMBaHusl, CHJIbHOTO MepeMelIMBaHus U np. (cM., Harnpumep, [4]).
CkaxeM, 4TO MocjefoBaTe bHOCTh {&,} ynoBaerBopsier ycaosuio (Rg), ecau
Eexp{itB,},,(p) Xntm} — Eexp{itB, |, (p) Xy} - Eexp{it B, },,(p) Xm} = 0, (Ry)

n+m n+m n+m

n+m — oo (CUMBOJI m + m — 0O O3HadaeT, 4To n — o0, a m = m(n) —
MPOU3BOJIbHAST MOC/IEI0BATEIbHOCTh HATYPAJbHBIX UHCEJ).
fcHo, uto ycnoBue (Rf) MoxHO 3amucath Tak:

~ ~

Xn+m d Xn Xm

~ + . n+m — oo, (1)
Bn+m(p) Bn+m(p) Bn-i—m(p)

(31ech U nanee uepes Yi, ...,Y, GyaeM 0603HAUaTb He3aBuUCUMbLE CIydaliHble BeJIH-
YHHBI TaKHe, UTO }A/k 2 Yi, k=1,2,....n).

Ecan B,(p) siBasieTcst MPaBUJIbHO MEHSIOIEHCs MOC/IeN0BATEbHOCTBIO MOPsIIKa
1/2u v, =B, 1, () (An+ Ap— Anym) = 0, n+m — 00, TO 6yeM FOBOPHTb, 4TO

n+m

BBITIOJIHEHO Yycs10BHe HOPpMUPOBKH (N).

Teopema 1. /{15 moeo umobo.
By (p) X N(0,1), n — o0 2)

u 8vLnoananocy ycaosue ropmuposku (N), neobxodumo u docmamouro, umobol

goinoanssoce ycaosue (Re), nocaedosamenvrnocme {B,?(p)| X, |P} 6oira pasHo-
MepHO unmeepupyemoti u npu Arobom € > 0

lim lim sup kP{| )?n | > eBu(p)} = 0. (3)

k=00 nsoo

3ameuanue 1. [laHHbId pe3dysnbraT o6o6uiaeT Teopemy 1 u3 [3], B KoTopo#
n
X, =S, =>_&, aycaoBue (Ry) npuHumaer Bun
i=1

-~

Sner d S\n + Sm
Bn+m(p) Bn+m(p) Bn+m(p) ’

Ycnosue (R) uHTepnperHpoBajoch B [3] Kak MHUHHMAaJbHOE yCJOBHe C/1abod 3a-
BUCUMOCTH, TIPU KOTOPOM MOCJIE0BATEIbHOCTDb S, NPUTATHBAETCS K HOPMAaJbHOMY
3akoHy. B Hacrosiieil pa6ore ycioBue (Rf) siBsieTcss He TOJNBKO YCJIOBHEM CJIaboM

n+m — 0. (R)
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3aBUCHMOCTH, HO U HaKJIAJblBAaeT 3HAUMTEJIbHblE OrPAaHUUYEHHUs] HA BUI (PYHKUUHU f,
3aKJjuarpollyecs Mo CyTH B TOM, UTO pacrnpefeneHus pyHkuui f(&q,...,&,) caado
9KBUBAJIEHTHBI pacrpelesieHUsIM CyMM HeKOTOPbIX He3aBUCHUMBIX CJyYaWHBIX BeJH-
YUH.

B pa6ore [5] mosyyeH aHasoru4yHbIH Teopeme | pe3ysnbTaT, HAlOIIHHA HEOOXOMHU-
Mble U OCTATOYHbIE YCJIOBHS IJIsi MIPUMEHHMOCTH LEHTPAJbHOU NpeaesbHON Teope-
Mbl K CHMMeTPUYeCKHUM (YHKLHSIM OT 3aBUCHMBIX BeJHYMH, U aHajor yciaoBus (Ry)
MUHTEpIIPeTUPOBAJICS TaM TaK »Ke, KaK B HaCTOsILEeH cTaTbe.

Jlemma 1. [Tocaedosamenvrocms {B2} asisemcs npasuivHO MeHAOUELCS
nocaedosamenvrocmoio nopadxka 1 (a B, — npasusbro mensrouelics nociedosa-
meavHocmoto nopadka 1/2) mozda u moavko moeda, K020a 8bLNOAHEHO YCA08Ue

B2

n+m

~B:2+ B2 n+m— 0. (4)

YTBepxKaeHHe JeMMbl 0Ka3aHo B [6].
JokaszatTedabcTBo TeopeMmbl 1. Heo6xonumocTs.
[TycTb BBIMOMHEHBI cooTHOLIeHHe (2) u ycaoBue HopmupoBkH (N). Torna

B;P(p)] Xn |75 IN(0,1)]P, n— o0, B?(p)E| X, [P =EIN(0,1)]".

Otcioma  cjeayeT — paBHOMepHasi ~ MHTErPUPYEMOCTb  MOCJEN0BaTebHOCTH
{B,?(p)| Xn |’} (cMm., Hanpumep, [7, Teopema 5.4]). Ianee, TaKk Kak B,;(p) sBas-
eTCsl MPaBUJIbHO MEHSIIOLIeHCs Toc/aeoBaTeIbHOCTbi0 mopsiaka 1/2 (ycnaoBue (N)),
TO Tpu JI060M HaTypanbHOM k (He 3aBucsmeM oT n) Bui(p) ~ VAB,(p), n — oo.

Orcrona
lim lim sup kP {y X, | > eBnk(p)} -

k—=oo nooo

lim lim sup kP {W(o, )| > e\/EBn(p)} —0.

k=oo noeo

TO €CTb BBINOJHSETCS ycyoBHe (3).
Hanee, uz (2) caenyer, yto npu Jwbom t € R

Eexp{itB, ' (p)(X, — A,)} — exp {—g} , N — 0. (5)

[Tycts t € R 1 m = m(n). O6o3HauuM

it Xpim it X, it X,
A(n) = ‘Eexp {—} —Eexp {—} E exp {—H :
Bn+m(p> Bn+m(p) Bner(p)
Kak yxasbiBaJjoch Bbillle, BbITOJMHeHHEe cooTHoUeHUs A(n) — 0, n — oo npu JH0O60M
t € R paBHocusbHO yeqoBuio (Rg).
[Tockosibky B2(p) — NMpaBHJIbHO MEHSIOLIAsCS MOCJIeI0BaTebHOCTL nopsaka I,
TO B CUJy JieMMbl |

BZ,,.(p) ~ B2(p) + B2(p), n — oo,
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Tak 4TO [Jisl JIIOOOH MOC/eN0BaTeNbHOCTH HATypalbHbIX uuces {n;} CYIIECTBYIOT
0 < ¢ < 1 v noanocsenoBateabHOCTb {ngy} C {n;} Takue, 4To

B2 (p )Bfu(p)—>c, B2 (p )Bfm(p)—>1—c, n — 0o,

no +m2 ng +m2

rae my = m(ng). Ecmu ¢ =0 (c=1), To npu n — oo

B, ' (p)(Xm - An2) —0 (B ' (p)(Xm2 - Amz) — 0)

na-+ms n2+ms

0 BEepPOSITHOCTH, cjenoBatesibHo, A(ng) — 0, n — oo. Ecan ke 0 < ¢ < 1, T0 B
cuay (4)

X —A t2 ct? (1—c)t?
Eexp{ n2tme n2+m2} Nexp{——} :exp{——}exp{——} ~
Bn2+m2 (p) 2 2 2

NEeXp{ X"2 A;} EeXp{ LAM}, n — oo.
)

n2+m2 ( Bn2+m2 (p)

Otciona ¢ momoturbio ycaosus (N) mosydaem

Xn m _An m
s -feon {2z )

— 0, n — oo.

X, — A, X, — A
—Eexp {ztm—} E exp { u} exp{ityn, }
Bn2+m2 (p) Bn2+m2 (p) {

Takum  obpasom,  noKazaHo, UTO M3  JIOOOH  MOCJAEN0BATEJbHOCTH
{A(n1)} MOXHO BBIIEIUTb CXOASIIYIOCS K HYJIO IIOANOC/EN0BATEbHOCTb.
1o o3Hayaet, yTo A(n) — 0, n — 00, TO eCTb BbINONHEHO ycsoBHe (Rg).

J1oCTaTOYHOCTD.

[lycte Temepb BeimosiHeHbl ycsoBusi (R¢) u (3), a mnocsenoBare/bHOCTh

{B;p(p)| X |p} paBHOMepHO HHTerpupyema. Toraa

— 0, N — o0.

| - B[ X [? _EWN(O, 1)
fmsup P {| X | > NBu(p)} < limsup iz s = ==

M3 Teopembl [IpoxopoBa (cm., Hampumep, [7, c. 58]) cienyer Temepb, 4TO MOCJAENO-

BaTesibHOCTh { B, '(p) X} ABJIAETCS OTHOCHTEJbHO KOMIAKTHOM, TaK UTO U3 JIHGO#H
MOCJ/IeI0BATENBHOCTH HATypPaJbHBEIX UHCEJ MOXKHO BBIOPATb MOATNOC/EN0BATENBHOCTD
{n1}, n1 = nq1(n) Takyio, 4TO MPH N — 0O

BiY D) Xow s & Bl(0)(Xomy — Amy) 51,

Bn1l+m1( )(Xn1+m1 - An1+m1) i} Ca (6)

rie my; = m(ny), a £&,n U ( — caydaiiHble BeJHUYUHBL. [IpH 3TOM MOCKOJNBKY MocJe-
nosatesnpHOCTh { B, ?| X, [P} paBHOMEPHO HHTerpupyema, TO

E[¢]” = lim B, 'E| X, [ = EIN(0, 1), Ely’ = E[C[” = EJN(0, 1),
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E¢ =En=E(=0. (7)
U3 OrpaHHYeHHbIX HOCJIeJIOBaTeJIbHOCTeﬁ
By, (p) B, (p)

O,

BN AR R N AR N

BeIOEpEM MOAIMOC/EN0BATENbHOCTH {ay,, } U {fn,} Takue, 4TO
Opy = @, Bny — B, n—00, o> +p*=1.

Torna N N
Xn2 + Xm2 - An2 - Amg
VB2, () + BE,(p)

[ToHsiTHO, uTO @ + 1) UMEET HEBBIPOKIEHHOE pacrpeesieHue.
Hanee, B cuny cootHomeHud (1) u (6)

= OanB;;(p)()?nQ - An2)+

_ S S d
Bn21+m2(p)(Xn2 + Xomy — Anpme) — ¢, 1 — 00, 9)

rie ( UMeeT HEBBIPOXKIEHHOe pacrpenesende. [lo Teopeme O CXOAMMOCTH THIIOB
[2, c. 216] u3 (8) u (9) BhITEKaeT

B2 + B2 An mo An B Am
\/ né(p) (p;nz(p) — O}, 2+B2 (Qp) 2= Cy, 0<(C,Cy <00, (10)
no+mo na+msa

M3 (8) u (10) BbIBOAMM, UTO BMeCTE C MOCJEN0BATENBHOCTMHU {B;f(p)p?m — AP}
u {B, 2 (p)| Xm,—Am,|P} paBHOMEPHO HHTErPUPYEMOH ABJIAETCS N0C/e0BATENbHOCTD
{B . (D) Xy + Xony — Aty |P} 1 13 (9) mostyuaem tenepb

n2+ma

Tne = Bil (p>(An2+m2 - Anz - Amz) — EC =0.

na2+ma

Takum 06pasom, Mbl TTOKa3aJjH, YTO AJIs1 BCIKOH MMOCJEI0BATENbHOCTH HATypPaJbHbIX
4rces HAKIETCSl MOAMOCAEI0BATEbHOCTb {ny} Takasi, 4To v,, — 0, n — 0o. IT0
03Hauaert, 4T1o0 ¥, — 0, n — oo.

[Tyctb n = km + 1, 0 <[ < n. U3 ycnosus (R¢) u toro, uto v, — 0, caenyer:
€CJIM MOoC/IeI0BaTebHOCTb k = k(n) pacTéT H0CTaTOUHO MeJIeHHO, TO

k

B (p) Xu Y Yj(m) + Z(1), n— oo, (11)
j=1
rne Z(l), Y;(m), j = 1,..,k - HesaBuCHMBble CJy4yaliHble BeJHYHHBl U

Yi(m) £ B;Y(p) Xm, Z(1) £ B;(p) X,. Ananornuno (6) MOXHO [0KA3aTb, UTO
CYIIECTBYeT MOANOC/IeI0BATENbHOCTb HATYPAJbHBIX YKCe {n;} Takas, uTo

B;'(p) X €, BoE(D) Xk n, E€ = En =0, E[¢]” = E[n” = E|N(0,1)]?,
(12)
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a anaJjoruuno (10) —
B72Ll (p) ~ C3<le7%11 (p) + Bl21(p))7 Bl?:lml(p) ~ 04(]{:137%11(]))7

B,,in(p) ~ 05(Bl21(p) + B2 (p)) 2 043121(29)7 0 < 03704705 < oo, (13)

mi1—l1

ki = k(ni), my = m(ny), &y = l(n1). U3 (13) caenyer, uro B, '(p)Bi,(p) — 0,
B2 ~ C5C{' B}, (p) n— 0o, 1 mo3TOMY

El X, [P
P(Z(1)] > e} < ELXu L

< — 0, n — o0,
Br, (p)

10 ecTb Z(l;) — 0 10 BEpOSITHOCTH, TaK UTO

k1

SVim) S € n— . (14)

Jj=1

Hanee, uz (3) u (13) caenyer, uto

k1
> P{Yj(m)| = €} = kiP{| Xpm, | > B, (p)} ~
7j=1

~ B PY| Xomy | = e\/C5C Brym, ()} — 0, 1 — o0 (15)

Wz (14) u (15) cnenyer, uto & UMeeT HopMaJbHOe pacnpenenenue [2, c. 330], a
IOCKOJIBKY

E¢ =0, E[§]” = E[NV(0, 1),

d .
o & = N(0,1). Takum oGpasom, U3 JOGOH MOANOCAEIOBATEIBHOCTH MOCAEI0BA-

TesibHOCTH { B, ' (p) X} MOXHO BbIGPaTh MOAMNOCIEN0BATENbHOCTD, CXOAALLYIOCS 110

pacrpenesenuio K N (0,1). 1o o3Hauaer, 4to BuiNosHsieTcst (2).

M3 (2) crmemyer, uto B cooTHOIIeHUsIX (6) & < n 2 ¢ L N(0,1) u B (8)

af/\—i- ﬁﬁgN(O, 1), moatomy B (10) C; =1, To ecTb

Ony = Byim, () (Br,(p) + Br,(p)) = 1, n — oo
Takum 06pa3om, Mbl MOKa3aJM, 4TO AJIs1 BCSIKOH MMOC/IEI0BATENBbHOCTH HATypPaJbHBIX
yuces HaWOETCs MOMANOC/IENOBATENbHOCTD {ny} Takas, uto d,, — 1, n — oco. 1o
o3Hauaert, 4To 4, — 1, n — oo, U B cuay Jemmbl 1 {B2(p)} siBAsieTcs] MPABHJIBHO
MeHSIoIeHCs TOC/Ie10BATENbHOCTBIO TTopsiaKa 1.

Teopema | nokasana.
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AnHotauusa. [logHumaercs n3BecTHBIM Bompoc Bb. Pumana — o «BHyTpeH-
Hell MpHUYrHe BO3HUKHOBEHHS MEeTPUUECKHUX OTHOLIEHWH B MPOCTPAHCTBE» — TI0
oTHouleHHI0 K Mupy cob6biTuii. [lokazaHa akTyaJbHOCTb 3TOTO BOMpOCa AJis
MPOCTPAHCTBA-BPEMEHH: ero pellleHHe BbisBJsSeT ocHoBaHMe Mupa MuHKOBCKO-
ro, NMPUBOAUT K HOBHIM IPeACTaBJEHHSIM O B3aUMOCBA35IX B Mupe coObITHH U
MPUHLIMIIHAIBHO HOBBIM crocob6am uccyenoBanuil. OCylecTBAEHHBIH KOHIEMN-
TyaJbHBIE 0030p pasButHs moaxona A.Jl. AsekcanppoBa K Bompocy Pumana
Benércs nmo muany: 1. [TokasaHo, yto moaxon AJiekcaHApoBa 3aBepllaeT OIpe-
JIeJIEHHYIO T0CJ/1e[0BaTeJbHOCTh PadoT B UCTOpPUM Mupa cOObITHH, a MUMEHHO:
[. Munkosckoro, A.A. @punmana u H.A. KoswipeBa. 2. YcraHaBieHo, uTo
Ha OCHOBe aHaJju3a CIocoO0B H3MepeHHsi BpeMeHHM B padorax PpuamaHa u
Jx.JI. Cunra u pemwenns k. J>k. Yutpoy npo6JseMbl CTaHAAPTHBIX 4acOB BBI-
SIBJISIETCS ANpUOPHAA 83AUMOCES3b OJHOBPEMEHHBIX MHUPOBBIX COOBITHH, KOTO-
past MoxeT oOycJsioB/MBaTh MeTpUKy Mupa cobbiTuil. 3. [lpunaTo Bo BHMMa-
HHe, YTO CYTb NPOLIECCOB, MCMO/b3YeMbIX NPH U3MepPeHHH BpeMeHH, yKa3blBaeT
MyTb K HaX0XKAEHHI0 BO3MOXKHOCTH HaOJIIOIleHHsl ONpeles€HHOrO SIBJIEHHS, KO-
TOpO€e CBSI3aHO C IAHHOH anpHOpPHOH B3anMoCBs3blo. [losyueHo MaTemMaTHyecKoe
COOTHOLIEeHHE, TMOKa3blBaiollee, YTO 3THM SIBJEHHEM BLICTYIAeT BO3AeHCTBHE
BHELIHUX HeOOPaTHMBIX IPOLECCOB HA BHYTPEHHEE COCTOSIHUE CJIOKHBIX CUCTEM
JII060ro MPOUCXOXKAEHHS, KOTOpoe H3ydyeHO B padorax KosbipeBa M 060CHOBBHI-
BaeT npexacrabaenus M. [IpuroxuHa o «KOHCTPYKTUBHOH» POJU HeOOPaTHMBbIX
rnpoleccoB B Muposnanuu. 4. PaccmaTprBaloTCesi COOTBETCTBYIOLIHE PE3YJbTaThl
aCTPOHOMUYECKHX HaOMIONeHUH W Mepeurc/IsioTCs OTKPBIBLIMECS BO3MOXKHOCTH
IJIST MEXKIMCIUTJIMHAPHBIX UCC/IeI0BAHUH.

KuaioueBbie cinoBa: Mup MuHkoBckoro, Mup coObITHH, POCTPAaHCTBO-BpeMs,
MeTpHKa MPOCTPAHCTBA-BPEMEHH, U3MepeHHe BpEeMeHHbIX HHTepBaJsoB, MpodJe-
Ma CTaHIAPTHBIX YacOB, HeOOpaTUMble MPOLIECCHI.
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1. Beenenune

B cBoeli 3HaMeHUTOH BCTynUTe bHOU Jekuuu B ['€értunrene «O rumotesax, Jje-
»KalluX B OCHOBaHUHW reomeTpuur» 10 nions 1854 roga! B. PumaH Bbige/iuJ, B UacT-
HOCTH, (PyHIaMeHTaJ/JbHEHIIUH THOCEOJOTHUECKUH BONPOC — O «BHYMpEeHHel npu-
YuHe BO3HUKHOBEHUS MEmpuuecKux omroweruti 8 npocmparcmee». [Ipuuém oH
Cpasy ykasaJ, uTo pellleHHe 3TOT0 BOMPOCA BBIXOAUT 3a Mpeesbl reOMeTPUH: «31ech
MBI CTOUM Ha mopore 06J1aCcTH, IPUHALNEKALIEH 1PyTroi Hayke — pusuke» [1, c. 32—
33]. ¥ Pumana peub umé€t o6 oOBIYHOM Te€OMETPHUYECKOM TMPOCTPAHCTBE, a 0C060
UHTPUIYIOLle 3BYUYHUT 3TOT BONPOC, Korga oH aapecyercs kK Mupy MHHKOBCKOro
(Mupy coObITHIi, TPOCTPAHCTBY-BPEMEHH) — K COBPeMEHHOH 4eThIpEXMEPHOU MoJe-
JI1 (pU3NYeCcKOl peasibHOCTH B (pU3uueckod Teopuu. B aTom cayuae Bonpoc Pumana
KacaeTcsl MPUUKHBI, 00YCJOBJAMBAIOLIEH €IUHYI0 T'€OMETPUI0 MAJsl NMPOCTPAHCTBA H
BpeMeHU. (Mbl yBUIMM, UTO (pAaKTUYECKH peub HIET O MPHUPOJE ANPHOPHOH, T.e.
«BPOXKAEHHON», TPUYMHHON B3aMMOCBSI3H YeTbIPEXMEPHBIX COOBITHH, «CKPbIBAIOLILEH-
csi» 32 METPUKOH TPOCTPaHCTBa-BpeMeHHU.) K coxkalsleHHI0, HCTOPHUYECKH CJI0KUIIOCH
TaK, 4TO, XOTSl COBpeMeHHasi MaTeMaTHueckas Mojejb OOBbEeKTUBHOH peasibHOCTH
6bla ny6anyHo nposoaraamieHa [. MuukoBckum 21 centabps 1908 roma B ero
sipkoM jokjane «[IpoctpaHcTBo M Bpemsi» [2], 3ToT Bompoc PumaHna, naxe mo or-
HOILIEHHIO K NPOCTPAHCTBY, B CJydyae NPOCTPAHCTBA-BPEMEHU He 3alaBajici U He
MCCJIeIOBAJICS BCe MOCJ/eNYIOlHe TMOUTH ceMbaecsT JjeT. OH BO3HHUK TOJBKO B pa-
6otax A.Jl. AnekcannpoBa (cM., Hampumep, [3]), rie aBTop 06paTHU/I BHUMaHHe Ha
Borpoc PumaHa u, npoaHa/lu3upoBaB CUTYaLUIO U yIJAYOUB IOCIOACTBYIOLIUE MPeJ-
CTaBJ/IEHHUS O IPOCTPAHCTBe-BPEMEHH, NPEAJOKUI PUAOCOPCKO-u3uueckuli TOAXON
K HeMy. Llesp mpensaraemMoil cTaTbM — [aTh KOHLENTYyaJbHBIH 00630p padoT, KOTO-
pble (aKTHUeCKH pas3BuJM moaxonx AJsekcaHapoBa K Bompocy Pumana mo oTHole-
HUIO K MPOCTPAHCTBY-BPeMEHH M NPUBEJNH K HOBBIM (DU3UUECKHUM IpelCTaBJIEHHUSIM.
Jpyrumu cioBamH, BCKpPBITh (pr3uueckoe ocHoBaHWe Mupa MUHKOBCKOro Kak Ma-
TeMaTUUeCKOH CTPYKTYpPbl U T€M CaMbIM MOKa3aTh, MOUYeMy JAajeKo He Ge3pas/uuHo,
Ha KaKWe MpelCcTaBjeHUsl O CYLHOCTH Mupa CcOOBITUH onupaeTcs Ta W/IM HHas
¢pusuueckas teopusi. B cienyromem pasnesne, 1.2, mokaszaHo, uTo noaxon AJekcaH-
IpOBa 3aBepliaeT ONpele/EHHYI0 UCTOPUUYECKYIO JIMHUIO B PA3BUTUH NpPeACTaBJIeHUH
0 Mupe cobuiTuii. B 1. 3 n3BecTHBIE OT/E/bHBIE 3AKNIOUEHHSI U MaTeMaTHUECKHe pe-
3y/lbTaThl CKJAAbIBAIOTCS B €AMHYIO 1lelb, BBISBJSAIOLIYIO NMPUUHHHYIO (PU3UUECKYIO
B3aHMOCBSI3b UETbIPEXMEPHBIX COOBITHH, MPUHAAJNEKALIKUX OJAHOMY U TOMY K€ MO-
MEHTY BpeMeHH (T.€. C OIHOH U TOH Ke BPEMEeHHOU KOOpIMHATOM).

Jatb uucto @usuueckuil orBeT Ha Bompoc Pumana no ortHoweHuto K Mu-
py COOBITMH O3HayaeT yKasaTb ONpefeséHHOe HalJ/ofaemMoe (pU3HyecKoe sBJIEHHe,
KOTOpOe CBfI3aHO C CYLIeCTBOBaHWEM MeTPUKH NPOCTPAHCTBA-BPeMEHH, T.e. UETKO
yKasaTb, Tle ¥ NPHU KaKUX yCJOBUSX OyneT HaOJ/IOAATbCSl ONpeNlesIEHHOe SBJIEHHe,
Kakue (hr3uueckue CBOHCTBA OyAyT eMy MpUCYLIU. TakUM sIBJeHHUeM 0Ka3asocCh SiB-
JieHUe HeCUJIOBOI0 MHULUHUPYIOLIEro AUCTAHLIMOHHOTO BJAHUSHUS BHEIIHUX HeoOpaTH-

'Briepebie 3Ta JeKius Oblia onybaukoBaHa B 1868 romy: Riemann B. Uber die Hypothesen,
welche der Geometrie zu Grunde liegen // Nachrichten K. Gesellschaft Wiss. Géttingen, Bd. 13,
1868, S. 133-152, cm. [1].
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MBbIX TIPOLECCOB JIOOOH MPUPOABI HA BHYTPEHHEE COCTOSIHHUE CJIOXKHBIX CTPYKTYpPH-
POBaHHBIX cHcTeM Ji6oro npoucxoxaeHus. C nomombio atoro sBieHus H.A. Ko-
3bIpeBBIM OBlJ TpelJioKeH HOBBIH MeTOJ acTPOHOMHUECKUX HaOJIOfeHHH, KOTOpbIH
M03BOJIMJ Habsonath peannud Mupa coObiTui. B 1. 4. pesynbraTel 3TUX Ha0/I0A€HUN
COMOCTABJISIIOTCS CBOHUCTBAM CTPyKTypbl Mupa Munkosckoro. B sakmouenuu, m. 5,
MOJBOASITCS UTOTM M YKa3blBAIOTCS HOBble BO3MOXKHOCTH [JIl 9KCIePUMEeHTaJbHbIX
MCCJ/IeI0BAaHUH MPUUMHHBIX cBsised B Mupe coObITUH, Ha KOTOpble yKa3asa AJjiekcaH-
IIPOB B INpeJIOKEHHOM UM OIpeleseHUH MPOCTPAaHCTBA-BPEMEHH.

2. HeoOxogumbiit 3KCKypc B ucrtopuio Mupa coObiTuil

[To-Bunumomy, A.A. ®punmaH OblT eIUHCTBEHHBIM M3 COBPEMEHHHMKOB CO3JaTe-
Jiell CrelralbHOH TEeOPUHU OTHOCHUTEJIbHOCTH, KTO TPOHHUKCS HEOOXOAHMMOCTBIO aHa-
au3a Mupa coObITHH KakK MaTeMaTHyecKOW MoneaH (huU3UuecKoi peasbHOCTH. B
ero kuure [4] «Mup kak mnpocTpaHcTBO 4 BpeMsi» (1923) Obl1 naH HarJsiAHBIA
aHa/M3 OCHOBOINOJAralUX (PU3UYECKHUX KaTeropuil — MpOCTPaHCTBA, BPeMeHHU U
IBUKEHHUS, UTO CyllecTBeHHO ob6ocHoBaso [lyTh, mpoBosraaménusii B 1908 romy
MunkoBckum. Takum obpasom, Toiabko Ppuaman B3siics 3a npoposkenue [lena
MUHKOBCKOTr0, KOTOPBIH TaK OBICTPO — Yepe3 TPU C MOJOBHHOM Mecsilia MocJe CBO-
€ro 3HaMEeHHTOro JAOKJaja — TMpexXaeBPpeMeHHO YLIET B Jydliuid Mup. BoamoxkHo,
MMEHHO M03TOMY (PM3HUKH, 32 HEMHOTHMH HCKJIIOUEHHSIMH, BOCTIPUHSIJIA U YCBOHMJIN
MPOCTPAHCTBO-BpEMS] HOMHHAJ/bHO, YUCTO (hOPMaJsbHO, He PACIO3HAB €ro CyIIHOCTH,
TOJIbKO KaK HeKHH MaTeMaTHYeCKHH (hopMasu3M, YTO CIIPaBEAIHUBO MOABEPT KPUTHKE
AnexcannpoB B ctatbe [3]. Tem cambiM Obljla TPOUTHOPUPOBAHA U TIO3UIIHSI CAMOTO
A. DiiHmTelHA: U3BECTHO, UTO B CBOEH JIEKLIUH O CYLUIHOCTH TEOPHH OTHOCHUTEJbHO-
ctu [5] B 1921 ropy B IIpuHCTOHE OH HE TOJIBKO BBICOKO OLIEHHJ BKJag MHHKOBCKO-
r0 U ero poJb B CO3LaHHUHU CIELUaJbHOH TE€OPUH OTHOCHUTEJIbHOCTH, HO TaKKe $SICHO
BbIpa3uJl CBOE MHeHHe 0 Mupe cobbITHll Kak Quauueckotrl pearvrocmu. K coxa-
JIEHHIO, U TIOHbIHE IIMPOKO PaclIpoOCTPaHEHO MHEHHe O MPOCTPaHCTBe-BpeMEHH Kak
yI06HOM, HO BOOGparkaeMoM, (DMKTHBHOM MaTeMaTHueckoM (opmanusme?. [TosTomy
AKCHOMATHUYECKHUH TMOAXON K TEOPUHM OTHOCHTEJbHOCTH B paboTax AJieKcaHApOBa,
KoTopoMy nocBsitieHa MoHorpadusi A K. I'yua [8], aHanu3 cnenuanpHo# Teopuu oT-
HocuTesnbHOCTH [9], mpoBenénubii B 1980-x rogax A.A. JloryHOBBIM, U HeTaJbHOE
paccmoTpeHue deThipéxmepHoro Mupa Munkosckoro [10] A.A. CazaHoBBIM ObliH
HaCyIIHO HEOOXOMUMBI, U OHH MO-TIpeXKHEMY aKkTyanabHbl. Y| HecOMHEHHO, BecbMa aK-
TYyaJIbHO TPOJAOJIXKAIOIeeCs TIeper3iaHre U MepeBoll Ha Apyrue 3bIKW KHUTH Ppua-
maHa [4] (cM., Hanpumep, [11]). DTa KHUra 0c060 BbIAEISETCS CBOUM OTHOIIEHHEM
K BpeMeHHOMY acrleKkTy OOBeKTHBHOH peasibHOCTH; B HEH pacCMOTpEHBI TJaBHbIE
BOMPOCHI, OTHOCSILIMECS KO BPeMeHHU: BpeMsi Kak cepaleBnHa Mupa coObITHi, Kak
0CoOBbIll acneKT 06beKTHBHOM peasibHOCTH.

Bo-nepBeix, @puaMaH nokasas, 4To cepalieBUHA (PU3MUECKOH CYIIHOCTH Mpeod-
pasoBaHus JlopeHlla 3akJ/iroueHa B Hiee O BpeMeHH KaK pPaBHOMPABHOW KOOPAMHATE B
cucteMe oTcyéTa. B 3TOM cTaTyce oHO He MOXKET OTJMYATBhCS OT NMPOCTPAHCTBEHHBIX

?Kak mokasaHo B cTathe [6] omHoro us aBropos (B.K.), 3ToMy BechMa mocrnoco6CcTBOBaJIO COTIa-
IIeHHe YYEHBIX, NPUHATOE Ha «MIOHXEHCKOH pesuruo3Hoi Gecene», cM. Takxke [7, c. 241].
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KOOpAMHAT. DTO O3HAUAET, UTO BpemeHHds Koopournama obiadaem 06veKMuUBHOLU
peaavrocmoro max e, KaK npocmparcmeerrvie Koopouramol, u Mup cobvimuli
ecmv mamemamuueckas moodenrsv Guauieckol peasvbHocmu. Bo-BTOpbIX, UTO 0c060
BakHO, PpHUIMaH He OTOXKAECTBJSET BPEMEHHYIO KOOPAWHATY C MPOCTPAHCTBEHHBI-
MU, UMesl B BUAY UX PYHKUUOHANbHOE pa3iuuue 8 mupoddanuu. Tak, ero aHajaus
MPOCTPAHCTBA KaK acrekTa 00beKTUBHON peasbHOCTH 3aKaHUMBAETCS UETKHUM BbIBO-
noM: «Mtak, Mbl cOBepllIEHHO He MOXKeM MPOU3BOAUTH (pU3UUECKHe NeHCTBHUS, HYX-
Hble /151 9KCIIepUMEHTaJbHOI0 YCTAHOBJEHHUS (PU3UYECKOH TeOMeTPUH B TPEXMEPHOM
NPOCTPAHCTBE; [JI HAC 3THU NEUCTBUS CTOJNb HEBO3MOXKHbBI, CKOJIb HEBO3MOXKHBI /151
Hac (pu3nyeckue NEHUCTBUS B JBYMEpPHOM MPOCTPAHCTBE, Tl He/b3sl IOMECTUTh Ha-
ILIMX MPUOOPOB U IJle Mbl HE MOXKeM MOMecTUTbcs caMu. [IpuunHa 3Ttux 3arpynHe-
HUH — 8pems, 6€3 KOTOPOro HET MPOCTPAHCTBA U KOTOPoe 06yC/OBAUBAET He (hU3U-
yecKoe TpEXMepHOe NMPOCTPAHCTBO, a (PU3UUYECKOe YeThIPEXMEepPHOe MPOCTPaHCTBO —
mup» [4, c. 47-48].

Ecau MBI BOCIIpUHSINN U MOHAJH, UTO MuUp COOBITUH eCcTb 0OBEKTHBHASl pealib-
HOCTb, TOlJla Mepel HaMHU HeMe[JIeHHO pPacKpblBaeTcsl HOBOE IMOJie AeSATeJbHOCTH
N1 HaKMX uccsaenoBanuil.® [o Joruke Belleil 1Ba OPraHUYeCKH CBS3aHHBIX, CO-
JNEUCTBYIOLLIUX APYT APYTY acrnekta (hU3UYeCKOW peasbHOCTH — MPOCTPAHCTBEHHBIN
U BpEeMEeHHOH — MOJKHBl UTpaTh PasHylo poJb B MHPO3AaHUU. BpemeHHOH acnekT
He KOMHUpYyeT MPOCTPAHCTBEHHBIH — OH MMeeT CBOE (PYHKIMOHAJbHOE HAa3HAUeHHUe H,
COOTBETCTBEHHO, CBOM CHeLM(pHUUecKHe CBOWCTBA, TaK YTO BeCbMa IMPHUBJEKATEJNbHO
U HeOOXOAMMO HUX M3ydaTb.

Urak, nnsa ®@puamaHa BpeMst He pacTBOPSieTCS B MHOTOMEPHOM MPOCTPAHCTBE, U
OH HauWHaeT 00Cy>XJaTh 0coOble CBOMCTBA BpeMeHHOW KOOPAMHATHI U B pe3yJbTaTe
BBIIBUTAET KaK YPe3BbIYalHO BaXKHYIO HOBYIO (PU3HUECKYIO TpobseMy — npobiemy
80368pPAUCHUSL BPEMEHU €20 UCKAOUUMENbHO20 NONOHCEHUS 8 PU3UKE, CBA3AHHO20
¢ KArouesvim cgoticmeom mupoddanus — ¢ npuuurrocmoro. OH cpasy ke npenJa-
raet onpeaeséHHbIH TeOpeTHKO-MaTeMaTHYeCKUil Moaxof K 3Toi npobaeme. K coxa-
JIEHU10, TIpeyioyKeHHbIH DPpuaMaHoOM MOAXOoA K cOpMy/NHPOBAHHOH UM BaKHeMledH
npobJseMe He COCTOSICA — BCKOpe OH, Mofgo6HO MHUHKOBCKOMY, MpexaeBpeMeHHO
YXOIUT U3 »KU3HH.

Heno MunkoBckoro—-®puamana 66110 TPOAOSKEHO TONBKO CITYCTS TPUALATD JET
H.A. Ko3blpeBbIM — B €ro TeOpeTHUeCKHX U IKCIepHUMEHTaJNbHBIX HCCJeL0BaHHU-
X (PU3MYECKUX CBOMCTB BPeMeHHM, BPeMeHM KaK aclekTa (PU3U4eCKOU peasbHOCTH
(cm. [12]). HacyuHyio uesecoo6pasHOCTb TaKUX HCCJAENOBAaHUH OH y3pes He3aBH-
CUMO B pe3yJibTaTax CBOEro aHa/ju3a U CHHTe3a MHOTOUMCJEHHbIX HaOJ/0aTeNbHbIX
JAHHBIX aCTPOHOMMHM B NOHCKe NMyTH pelleHHs (PyHIaMeHTa/ bHOH acTPOHOMHYECKOH
npo6JeMbl — 06 MCTOYHMKaX 3B&3nHOH sHepruu [12, c¢. 71-154]*. B cBoux actpo-
(pu3nueckux M3bickaHUsX KosblpeB yBHIe], UTO HEOOXOAMMO pacCcMaTpuBaThb Mpo-

30 uém MHUHKOBCKHH 3asBUJ B CaMOM Hadaje CBOEro JOK/Jaja: O CHJe MpeisjaraeMbiX HOBbIX
BO33peHHUH Ha MPOCTPAHCTBO M BpeMsl U O UX pPaAUKa/bHOH TeHJEeHLUH.

4 [leTa/bHBIH KOHIENTYa/bHBIH aHA/NM3 3TOrO (DYHAAMEHTAJIbHOTO UCCIeI0BAHUS B BYX HacTAX,
ony6/arKoBaHHEIX B 1948 u 1951 ropmax, a Tak:Ke KPUTHKa MO3HLHH €ro ONIOHEHTOB HMEIOTCS B
monorpacduu [13] ogroro us aBropos (M.E.). 3amerum, uto B 2005 rony B crarbe [14] 6bin omy6iu-
KOBaH aHMVIMHCKHI NepeBoj 3TOro Hcc/efoBaHus Kosbipesa.
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CTPAHCTBO W BpeMsl Kak JBa OPraHUYECKH, BPOXKIEHHO B3aUMOCBSI3aHHBIX acleKTa
peasibHOCTH; MPUYEM MPOCTPAHCTBO UTpaeT MAaCCHBHYIO POJib, TOTAA KaK BPEMS Wr-
paeT aKTHBHYIO POJib B MHUPO3JAHHH, CBSI3aHHYIO ¢ (hyHIAMeHTaJbHBIM CBOHCTBOM
MHUPO3JaHHsI — C TPHUHHHOCTbIO.

Takum 006pa3om, HUCTOPHUECKH CJOXKHJIOCH TaK, 4To (hakTHuecku KosbipeB 006-
patusicsi K mpobJeme, BbIABUHYTOH PpuiMaHOM, U paspelina e€, 6o ero teope-
THUECKHE U IKCIepUMEHTaJsbHble (hU3NYEeCKHe HCCJel0BaHUs NeHCTBUTENbHO Bep-
HYJIH BPeMEHHW ero HCKJIUHTEJNbHOE TOJ0XKEeHHe B (PU3UKe, CBSI3aHHOE C MPUUYHH-
HOCTbI0, — MM OBIJIH YCIELIHO 3aJI0’K€Hbl OCHOBBI MPHUYMHHOH HJIM HECUMMeETpPHY-
Ho#t MexaHukH [12, c. 232-312] (cm. takxke [13, c. 87-136]). TlonuepkHém, uTO
MPUYMHHAST MeXaHUKa He SIBJISETCS aJbTePHATHBOH KJACCHUECKOH MeXaHHKe, OHa
TOJIBKO JOTIOJIHSIET €€ TPUHLMIIOM MPUYMHHOCTU W TPEINCTaBJEHHUSMH O CBOHCTBAX
BPEMEHHOTO acreKTa, CBSI3aHHBIX C MPUUHHHOCTBIO.

Hakonen, Bcien 3a co3nanueM (1959) npudyuHHON MJIM HECHMMETPUUHOH Mexa-
HUKH B apceHasie TeOPeTHUECKHX CPENCTB (DH3MKH MOsIBJsSETCS cPOPMYIUPOBAHHOE
AnexcaHIpoBbIM Ha OCHOBe (PHUIOCO(CKOro OINMpeesieHHs] MPOCTPAHCTBA-BPEMeHH
Kak (OpMbI CYIIECTBOBAHHS MaTepHH ero (pusuueckoe OrpeleseHue, B KOTOPOM
MPUYUHHOCTb (DUTYypHpyeT siBHBIM o6pa3oM [3, ¢. 135] (cm. Takxke [8, c. 66]): «/Ipo-
CMPAHCMBO-8PEMSL €CMb MHONECMB0O B8cCex cObbLmuLl 8 mupe, OMBAEUEHHOe Om
8cex eco ceolicms, Kpome mex, KOmopvle onpedessomcs OmHOuWeHUImMu 8030eil-
cmeus 00Hux coboimuti Ha dpyeue». Jlo6aBUM, UTO TO, UTO JAHHOE OIpelesieHHe
MPOCTPAHCTBA-BPEMEHH JeHCTBUTENBbHO BO3MOXKHO B PaMKaX TEOPHH OTHOCHTEJbHO-
CTH, OBLJIO NOKa3aHO AJIeKCaHAPOBBIM YMCTO MaTeMaTHyeckH [15].

OnpenesieHre MPOCTPaHCTBA-BpeMeHH, MpPeNJoKeHHoe AJieKCaHAPOBLIM, (aKTH-
YeCKH yKe ComepKHUT B cebe oTBeT Ha Bompoc PumaHa (M MO OTHOIIEHHIO K
MPOCTPAHCTBY, U MO OTHOIIEHWIO K TPOCTPAHCTBY-BpeMeHH), UOO yKa3blBaeT, 4TO
CTPYKTYpPY MPOCTPAHCTBA-BpeMeHH (OPMHUPYIOT OTHOLIEHHUS] BO3AEHCTBHS, T.€. TPHU-
YMHHBIE OTHOIIEHWS B MHPO3JaHWMU, a BCe MeTPHUECKHe OTHOIIEHHS 3anarTcs
CTPYKTYypoil: «OmHoulenus 8o3deiicmaus, onpedersiss CMpyKmypy npocmparcmea-
spemenu, onpedeasitom eémecme C Heli U eeoMempuro — MempuKry npoCmpar-
cmea» 3, c. 137].

YroObl Temepb H3BJeUb KaKylo-1MOO KOHKPEeTHYI0 HH(OpMalHI O XapakTepe
BO3/IEHCTBHH, 0OYCJOBIUBAIOLUIMX METPUKY MPOCTPAHCTBA-BPeMEHH, CJENyeT Orle-
peTbcsi Ha 0coOble CBOMCTBAa BpeMeHH, MOCKOJbKY UMEHHO OHO (a He MPOCTPaHCTBO!)
siBJIsieTCs], Kak nokasana @puaman B [4], cepnueBrHoll Mupa coObITHIA, U Ha omnpele-
JIeHHe TPOCTPaHCTBa-BpeMeHH, copMmyarpoBaHHoe AsleKcaHAPOBBIM. Tako# moaxon
Mbl TIPOIEMOHCTPUPYEM B CJIEAYIOLIEM pasjesie.

3. AnpuopHasi B3aUMOCBS3b OTHOBPEMEHHbIX MHUPOBBIX
COOBITHUM

B ananuze nonsitus JJHUTEJNbHOCTH, T. €. BpeMeHHéI‘O HHTEpBaJa MeXIy coObI-
THUSAMHU, CDpI/I,U,MaH npexae BCero BbIACJTHWJ W MOAHYEPKHYJI HCKJIIYUTEJ/JbHOE obcTosi-
TeJbCTBO, 4 KMEHHO: B OTJIHYHE OT OCTAJIbHBIX (puanecxnx B€JWYHH OJUTEJbHOCTDb
HU3MEPAETCA He HaIllpAMYIO, a4 4epe3 MOoCPeaCTBO HMCIIOJb30BAHHA HEKOTOPOIr'O peaJb-
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HOTO «JIBHXKEHHsl» (HampuMmep, mpolecca), KOTOpoe MOXKET HTpaTh POJb «4ACOBOTO
MexaHHu3Ma». [lockosbKy He Jsto60e JABHKeHMe (Mpollecc) sIBJASETCS TaKOBBIM, OH
MpenJoKUI HMEHOBaTh JBUXKeHHe (Tpolecc), KOTOPOe MOXKET HCIOJb30BaThCs B
npubope /51 ©3MepeHHUs] BpeMeHH (T. e. 4acax), OCHOBHbLM.

JlonycTrM, HEKOTOpBIH Tpolecc A MPUHALJEXKHT KJacCy OCHOBHBIX IPOLIECCOB.
Onpenenum Mepy anutenbHocTH, caenys Ix. JI. Cunry [16, ra. 11, § 2]: B kauecTBe
npoGHO#® Mepbl AUTEJbHOCTH OyleM paccMaTpUBaTh KJIOUEBYI0 XapaKTepPHCTHKY
npoiiecca A, KOTopyto OyneM 0003Ha4YaTh uepe3 7). l.e., ecJu COObITHIO ¢ COOTBET-
CTBYeT 3HaueHHe 3TOH XapaKTePUCTHKH, paBHOe Ty(i), a cobbituio j — 7y(j) (ans
omnpeneIéHHOCTH MYCTh ¢ < j, IJle 3HaK < O3HauaeT «IIpefllecTBYeT»), BpeMEeHHOMY
MHTEpBaJNy MeXIy COOBITHSMH ¢ M j CTaBUTCS B COOTBETCTBHE MPOM3OLIEAIIee 32
3TOT MPOMEXYTOK BpPEMEHH H3MeHeHHe BeJHMUYHHbl STOH XapaKTepPUCTHKH

T)\(Z')—TA(]') ET)\(i,j) VZ-<j

CHUHT crpaBelJ/MBO MOJAaraeTr, u4To Takas Mepa B CHUJy CBOeH MPOU3BOJBHOCTH
He MMeeT ry6oKoro (PU3MYECKOro CMbIC/]A U MOHSITHE AJUTEJNbHOCTH CJeyeT CBs-
3bIBaTh C CYLIECTBOBAaHUEM «CmMaHOApMHbLX» (HApUMep, «aTOMHBIX») 4acoB. Ta-
KAM 00pa3oM, OKa3blBaeTCsl, UTO MOHSITHE AJHUTEIbHOCTH OCHOBBIBAETCS Ha HEKHX
CTaHJAPTHBIX MPOLleccax, MO3TOMY €CTeCTBEHHO BO3HHUKAET BONMPOC 06 060CHOBAHHUU
00beKTHBHOr0 BbIOOpPA 3THUX CTAHAAPTHBHIX MpoleccoB (06CyxKAeHHe 3TOr0 BONpPOCa
(1960) cm. B [16, c. 99-101]). Bckope, B 1961 romy, IIx.Ix. YuTpoy mnpenJo-
JKUJI OPUTHHAJBHBIA MOAXO0A K MpobjeMe CTaHAAPTHBIX YacOB, KOTOPbIH HAET BO3-
MOKHOCTb UHCTO MaTeMaTHUeCKW OOHAPYKUTb MPUYMHHYIO B3aHUMOCBSI3b, KOTOpasi
croco6Ha 00yCJ0BJAMBATh CTPYKTYPY MPOCTPAHCTBA-BPEMEHH. YKaxKeM y3JI0Bble MO-
MEHTBI 1101X0[a YUTPOY.

PaccmatpuBasi mpo6JsiemMy cTaHIapTHbIX 4acos, Yutpoy [17, ra. 11, § 8] Beimenun
TJIaBHBIA MOMEHT B U3MepPeHUH BpeMeHU: mepa OAUMesbHOCMU, KOMOpas COCMOUM
u3 dsyx nocaedosamenrvHovlx OiumesoHocmetl, 0oaxcHa bbims pasHa apugpmemuye-
ckou cymme ux mep. JlaHHOe 3aKJ/I04eHHe OTpaKaeT CJAO0XKHUBILHECS TpeacTaB/eHHUs
00 afIUTUBHOCTH BPEMEHHEIX NTPOMEKYTKOB!

t(i,7) +t(j, k) =t(i,k) Vi<j=<k, (1)

rae t(a,b) — UCTHHHAs Mepa IJUTEJIbHOCTH MeXIy COOBITHSAMU a U b, a < b.
Jlanee Yutpoy HCXOAMT M3 TOrO OUEBUAHOTO (paKTa, YTO MPHU HCIOJIb30BAHUU
HEKOTOPOX MPOOHOH Mepbl T), MOXKeT 0Ka3aTbCs, YTO

T,\(Z,j)—i-T)\(j,k)#T)\(Z,k) V’l-<j-<k (2)

(Hampumep, korma B KauecTBe OCHOBHOIO TMpollecca A HCIIOJb30BaJjCsi Obl MpPoIEeCe
pagMoaKTHBHOIO pacraja W B KauecTBe Ty (UrypupoBasa Obl H0JISI PacHaBIIMXCS
atomoB [17, 1. III, § 8].) M uToGBl BHISICHHTBH, YeM XKe CTaHAAPTHLIH OCHOBHOMH
MpoLleCC OTJNYAeTCsl OT He CTAHIAPTHOrO, YUTPOY MpejJiaraeT AJsi MPOOHOH Mepbl,

SPeyb MOXKeT HATH TOMBKO O npOGHOLL, a He UCMUHHOL Mepe, TTOCKOJbKY TMpPeBapUTeNbHO Heos-
XOIHUMO COOTBETCTBYIOLIUM 00pa3oM 000CHOBAaTb BbIOOpP Mpolecca .
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MpU KOTOPOH MMeeT MeCTO HepaBeHCTBO (2), pacCMOTpPeTb BO3MOXKHOCTb BBEIEHHUS
CrellHa/IbHOTO BPEMEHHOT0 CJI0XKEHHs B, YI0BJeTBOpsIolLero ycaosuio (1):

TA(Z,j)@T)\(],k):TA(l,]{) \V/Z'<j—<k3 (3)

Ha sToM myTu eMy ynajsoch UHCTO aHAJUTHUECKH MOKa3aTh, YTO BPEMEHHOE CJI0OXKe-
Hue (3) onpenessieTcss GopMyJIOH

(i, 5) ® (4, k) = @5 H{oa(ma (i, 7)) + oa(ma(, k))}
Vi<j <k, (4)

TIe () — COOTBETCTBYIOLLAS MPOLIECCY A MOHOTOHHAsl (DYHKIHS ONHOH MepeMeHHOH,
¢3! — obpatHas (yHKuus. [Ipy 5TOM OH OCHOBBIBAJCSI TOJBKO Ha GECCHOPHBIX
00L1eM3BEeCTHBIX CBOMCTBAX BPeMEHHEIX MPOMEXYTKOB: Ha WX KOMMYTAaTHBHOCTH,
T. €.

T)\<i7j) 2 T)\(ja k) = T)\(j7 k) D T)\(i7j) Vi< ] = k,

N aCCOIIMAaTUBHOCTH OTHOCHUTEJIbHO CJIO2KEHH, T. €.

m0(0:0) @ (10 ) © (1K) = (72l ) D710 D)) @ Tl )
Vi<j<Il<k.

®opmyna (4) ykasbiBaet, uTo, B TIPUHIIHIE, KaXKAbIH OCHOBHOH TpoIlecC A MOXKeT
ObITb MCIIO/NBb30BAH KaK CTAHIAPTHBIH C MMOMOLLbBIO Mepbl

t(iﬂj) = 90)\(7—)\<i7j)) Vi< j:

KOTOpasi yIOBJIETBOPsIeT yCJOBHIO (1) M sIBJISIeTCS UCTHHHOH MepOH IJIUTEJbHOCTH
MeXJy COOBITUSIMHM i U j, OyaydH, KakK Oblsio nokasano [17, ra. 11, § 8], edurncmeen-
HOLl ¢ TOYHOCTbIO [0 MYJbTUMJIUKATUBHOW KOHCTAHTHI, T.e€. AJSl JI0OOOT0 OCHOBHOTO
npouecca A B oOLIeEM BHIE

t(i,5) = Cx - oa(na(i,4)) Vi<, (5)

roe C'y — maciiTabHbll MHOXHUTEJb /51 OCHOBHOTO Tpollecca A.

Takum ob6pasom, Yutpoy paspelins npobaeMy CTaHAAPTHBIX YacoB: cmaxdapm-
Hble 4acbl — 3amo 4acol ¢ a00umusHoL ulKkaaot; ecay npobHas Mepa 7y, BolOpaHHas
TMPYU HCIIOJNb30BAaHUK OCHOBHOTO Tpollecca A, He YAOBJeTBopsieT ycjaoBuio (1), Mbl
BCEra MOXKeM OJHO3HAYHO 10 MAacCLITAOHOrO MHOXKHTEJSI 0TOOPA3UTh €€ C MOMOILbIO
(YHKUMH @, Ha aIJAUTHBHYIO Mepy (D).

Kak yxe ymoMuHanoch, MoaXoi YHUTPoy K mpobjeMe CTaHAAPTHBIX 4acOB OT-
KPbIJT BO3MOXKHOCTb OOHAPYKUTb ANPHOPHYI0 B3aUMOCBSI3b COOBITHH, TPUHALJIEXKA-
IIUX OOHOMY MOMeHTy BpeMeHH [18]. [leHcTBUTENbHO, PACCMOTPHUM PSi OCHOB-
HBIX MPOLECCOB A, [, V, ..., KOTOPbIM COOTBETCTBYIOT UCTHUHHbIE MepPhl IJIUTENbHOCTH
Choa(ma), Cupu(ts), Coou(Ty), ..., toe Cy, C,, C,, ... — MacwTabHble (HaKTOPBI,
COOTBETCTBYIOIIIME Mpoueccam A, 4, v, .... [IpuHuMasi BO BHUMaHHe 0OBbEKTHBHYIO
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peasbHOCTb U YHHUBEPCAJbHOCTb BPEMEHH, T.€. HE3aBUCHUMOCTb M3MEpPEHHOH BeJU-
UMHBl AJUTEJbHOCTH MeXIY JIIOOBIMU COOBITUSMHU ¢ U j OT MeXaHusMma (A, u,v,...)
M3MepSIIOIIUX e€ CTaHAapTHHIX 4acoB (pasyMeeTcsl, B OIHOH M TOH e CHCTeMe OT-
cuéTa), CJIefyeT ClesaTh BBIBOA, YTO JNOJI)KHO UMEThb MECTO COOTHOLIEHHE

Crpa(ma(i,9)) = Cupu(mu(i, 7)) = Copu((i,5)) = .. Vi<j. (6)

CooTHoleHue (6) o3HayaeT, YTO BCE OCHOBHBIE MPOLECCH A, [i, V, ..., KOTOPBIE
(bUTypUPYIOT B U3MEPEHUsIX KaK He3aBHUCHMble, B NE€HCTBUTEJNbHOCTH He MPOTEKaloT
abCOJIIOTHO HE3aBUCHUMO: OHH «CO2AQCOBAHbL», T.€. UMEeTCs AnpuopHas 83aumo-
C683b WX KJIOUYEBBIX XaPaKTePUCTHK Tx,Ty,Ty,..., KOTOpasg He CBfi3aHa C sBJe-
HUEeM «DaclpoCTpPaHeHUsl AeficTBUS» B MpocTpaHcTBe®, a obycioBaeHa MX o6ujum
cyuiecmsosarnuem 60 gpemery. PaKTUUECKU 3Ta B3aUMOCBSI3b CBHUIETEJbCTBYET O
€IMHOM OCYIIEeCTBJIEHUH («Te€YeHHH») OCHOBHBIX MPOIECCOB, KOTOPOE B (PUIOCOPHUH
acColMHUPyeTcs ¢ MOHsITHEM O eirHOM MupoBoM mpouecce. Kak Buaum B (6), naH-
Hasi B3aHMOCBSI3b OTHOCUTCSI K BpeMEHHOMY acCMeKTy U OXBaThiBaeT OJHOBPEMEHHbIE
MUPOBBIe COOBITHS. BO BpeMeHHOM acrekTe HeT «pacrnpocTpaHeHHs» (KaK WU HeT
«paccTosiHui») — Becb Mup mpoeuupyeTcss Ha OCb BPEMEHH B OIHY BpPEMEHHYIO
TOYKY — TaK YTO anpHopHasi CBsi3b (6) MOXKeT paccMaTpUBaTbCsl KaK «MIHOBEHHOE»
NelCcTBHe, WIN JeHCTBUe Ha paccTosiHWU. FIMeHHO Takas ampuopHasi B3aUMOCBSI3b
crocoOHa ob6ecneuynTb MEeTPUKY MPOCTPAHCTBA-BPEMEHH.

EcrecTBeHHO, HeMeJIeHHO BO3HHKaeT Bompoc: «Kak Mbl MOKeM BBISIBUTH CYIIe-
CTBOBaHHWe TaKOH ampHOPHOM B3aMUMOCBSI3W B HAIIMX HaOJOAeHUAX?» B mpuHuune,
0OHapy»KHBaeTCsl CJAeNYIOIIUH MyTh: cjenyeT oOpaTUTb BHHUMaHHEe Ha HeoOpaTHUMble
NPOLECCH], MOCKOJbKY OHH OTHOCSITCS K KJAacCy OCHOBHBIX IPOLIECCOB, TOUHEe —
Ha BHelIHWe HeoOpaTHMble MPOLECCHl U CJ0XKHbIE CUCTEMbI, KOTOpPble UMET BHYT-
PEHHIOI CTPYKTYPy U MpeOblBAalOT B Pa3/jMUHbIX BHYTPEHHUX COCTOsIHUSX. B Ta-
KUX CHCTeMax HMMeITCSl COOTBETCTBYIOLIME BHYTPEHHHE HeoOpaTHMble MPOLECCH,
MO3TOMY JOJIXKHO HaOJ/0aThCsl MHULIMUPYIOLlee BJAHsSHUE HA BHYTPEHHee COCTOsSIHHE
CJIOXKHBIX CUCTEM CO CTOPOHBI BHEIIHUX HeOOpPAaTHMBIX MPOLIECCOB.

Takum o6pasom, Ha ocHoBe 3akJjwueHHd DpuamaHa U CHHra O BO3MOMKHBIX
crocob6ax M3MepeHHUsl BPeMEHHbIX MHTepPBAJOB U pelleHUsl mpoOJeMbl CTaHAAPTHBIX
4acoB YUTPOY BbISIBJSIETCS allpUOpHAsi B3aUMOCBSI3b OJHOBPEMEHHBIX MHUPOBBIX CO-
ObITUH, KOTOpasi crocobHa 00yCNOBAMBATb METPUKY MPOCTPAHCTBA-BPEMEHHU, U MO-
)KeT ObITb YKa3aHO (pU3HyecKoe siBJeHHe, KOTOpPOe NOJKHO OBITb CBS3aHO C €ro
CTpPYyKTYypoi. B cnienytoiiem pasnesne 6ynyT paccMOTpeHbl Har/siAHble KCIEPHUMEH-
TaJibHble TIOATBEPXKAEHUSI 3TUX BBIBOJOB.

4. Ilpumepsl nposABJIeHHs CTPYKTYypbl Mupa cobbiTU

WMHuuuuupyioias posb BHEIIHHX HEOOPaTHMbIX MPOLECCOB B MHUPO3AaHUU Karu-
TaJbHO ob6cyxaanack B MmoHorpaduu W. Ilpuroxuna [19]. Ero obiiereopetrnyeckue

STIpumep MoA0GHOH B3aMMOCBASH MOMKHO YBUJETb B (DM3HUECKOM sIBJIEHHH, KOTOPOE CKPBIBAETCS
3a M3BeCTHBIM B (pU3MKe uyacTHL npuHuunom Ilaynu.
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paccykeHHs SIBJASIOTCS N€UCTBUTENbHO 3HAYMMBIMH B CBETE€ MHOT'OYHMCJEHHBIX JKC-
nepyMeHTaNbHbBIX pe3y/bTaToB KosbipeBa, KOTOPBIH 3a ABaALATh JIeT A0 MOSIBJEHHS
unei [IpuroxuHa o «KOHCTPYKTHBHOH POJIM» HEOOPAaTHMBIX MPOLIECCOB B BO3HHUKHO-
BEHHHU, CYLIECTBOBAHWH M 3BOJIOLHH CJIOXKHBIX CHCTEM, «O BPEMEHH U CJIOKHOCTU B
(pu3HUeCKUX HayKax» OOHApYyKWJ U LieJleHanpaBJ/eHHO Hcc/enoBan (PpyHaaMeHTalb-
Helllee (hU3MYeCKOe siBJeHWe — siBJeHHe NHUCTAHIIMOHHOTO BO3IEHCTBHS BHELIHHX
HeoOpaTHMBIX MPOLECCOB Ha COCTOSIHUE BEleCTBA CJOXKHBIX CUCTEM BILJIOTb 10 H3-
MEeHEeHHsI CBOMCTB Bell[eCTBa W MPOTEKAIIUX B HEM siBJeHUH (cM. [12, ¢. 165-190,
363-383, 385-400]).

CorlacHO BBIBOZAM 1.3, 32 9THM, MO CBOEH CYTH He CHJIOBBIM, BO3JAeHCTBHEM’
CTOUT anpuopHas (MOCTOSIHHAS ¥ HeNpepbiBHAS) B3aUMOCBSI3b OJHOBPEMEHHBIX MH-
pOBBIX COOBITHH. Ec/ii 1eHCTBUTENBHO anpropHAsi B3aMMOCBSI3b KJIIOUEBBIX XapakTe-
PHCTHK OCHOBHBIX MIPOLIECCOB, NMPHUHAMJEXKAIUX OAHOMY MOMEHTY BpeMeHU, — (pU3H-
yeckasi peajbHOCTb, TO MPH OPUEHTALMH COOTBETCTBYIOLIETO TeNeCKONa Ha UCMUH-
HOe TI0JIOXKeHHe 3Be3/bl (UM 3BE3NHOM CHCTEMBI) HeOOpAaTHMbIe MPOLECCH], TPOUCXO-
ISILIHe B 3Be3Jle, NO/KHbBl He3aMeJIUTENbHO BbI3bIBATH H3MEHEHHEe COCTOSIHUSI MaTe-
pHasIbHOM CHCTeMbl, Haxoasedicss B (hOKaJbHON MI0CKOCTH Teseckona [13, c. 138].
Hanpuwmep, ecan B KauecTBe CHUCTEMBI, T. €. AaTYMKa, UCIMOJb3yeTCss HEKOTOPBIH pe-
3UCTOP, 0J/IXKHA U3MEHUTHCS ero (pu3nueckas XapakTepUCTHUKA, T. €. COMPOTUBJIEHHE.
Tak uto, ckaHHpysl Ha HeOeCHOU cdepe CyTOUHYIO MapaJJ/esb 3Be3[bl UK 3BE3AHOM
CHCTEMBbl B OKPECTHOCTH €€ BUIUMOTO MOJIOKEHHS, Mbl MOXEM peaKLHeH TaKoro
JIaTUHUKa 3aperucTPUPOBATh €€ ucmuuHoe TojnoxeHue. [lpuuem, u3Mmepsis yrioBoe
paccTosiiie A MeXJy HanpaBjeHHeM Ha BHAMMYIO 3Be31y° W TeM HampaBJeHHeM
TeJIeCKONa, B KOTOPOM JaTUMK AAET peaklMio, MOXKHO TPOBEPUTh HHTEPIPETALHIO
3TOTO HaINpaBJeHUS KaK HANPABACHUS UMEHHO HQ UCMUHHKYIO 38€30Y C TOMOLILbIO
CJenyoIUX (HOPMYJ, KOTOPBIE ONpPeNessioT TPUTOHOMETPUUYECKHH MapaJsiiake 3Be3-
Ibl T B CeKyHHIax nyru (cm. puc. l):

la.e. L U
=— —=3,26 7
m lron cAag T Aag @
A()é@ = AOK — Aaa (8)

Te ¢ — CKOPOCTb CBeTa B BaKyyMe, (i, — COOCTBEHHOE [BHXKEeHHe 3Be3[bl 110 Mps-
MOMY BOCXOXKIEHHIO «, a Az — YIJIOBOE PAacCTOSHHE MeXKIy BUAUMOH U HCTHH-
HOM 3BE3/10H MO MPSIMOMY BOCXOXKJAeHHI0, oTHecéHHOe K CosHly, a A, — pasHOCTb

"Tlo/b3ysich TepMUHOJIOTHel KHOepHETHKH, ero (Kak U Bo3lelicTBHe, CKpbIBalolleecs 3a YIOMSHY-
TBIM NpuHOMNOM [laynu) cienyer paccMaTpuBaTh Kak HH(GOPMAaLHOHHOe (Cp. ¢ TepMHHOM «HH(Op-
MalHOHHBIH Tpolecc»). B ¢BA3n ¢ 3THM o6paTHM BHHMaHHe Ha IVIaBHBIH MPHUHIHI CYILIeCTBOBAHUS
COXKHBIX cTpykTypupoBaHHbiX cucteM (IT1.K. AHoxuH, cm., Hampumep, [20, c¢. 51]): cambiM cyie-
CTBEHHBIM (paKTOPOM B OpPraHU3alMH LIeJJOCTHON CUCTEMBI fIBJSIeTCH LUPKYJ/ISALNUS B Hed HH(pOPMALHUH;
TOJIbKO OJ1arofiapsi HerpepblBHOMY 0OMeHY HH(opMaLHell MexK1y OTAeNbHBIMH 4acTSMH CHCTEMbl MO-
JKeT OCYILECTBJISATbCS WX OpPraHM30BaHHOE B3aWMOJEHCTBHe, 3aKaHUYMBalwlleecs MOJNe3HbIM 3(pdek-
TOM.

83ameTHM, 4TO MOCKOJBKY B HCC/IEIyeMOM SBJEHHH OTCYTCTBYeT «HOCHTe/b> BO3JEHCTBUS —
JaHHasi B3aMMOCBSI3b alpHOpHasi (T.e. «BPOXKIEHHAsI»), /s Heé siBjeHHe pedpaKLUHU OTCYTCTBYET.
[TosTomy wesnecoo6pasHo Hab./ioaTb 3Be3ly, KOTLa OHAa HAaXOLWUTCS B MepuAuaHe U pedpakuus eé
cBeTa OyleT HUUTOXKHOH, Torna He TpeOyeTcsl yUHUTBIBATb COOTBETCTBYIOILHE TIONPABKH Ha pedhpaKkLHIo

B (popmyie (8).
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34 1 TOX

Puc. 1. l'eomerpusi Habopenu#t ¢ nosuuuit Connua. C — Buaumoe, a C* — UCTHHHOE TOJIOXKEHHE
3Be3nbl (MacuiTal, pasymeercs, He BbigepxkaH: C” mpaktuuyeckd cosrnanaer ¢ Cp)

MeX1y CPeIHWM U BUAWMBIM TMOJIO)KEHHWEM, CMEeLIEHHBIM OTHOCHUTEJbHO CpPeIHEro
BCJIE[ICTBHE TOJMYHON abeppalliu, HyTaluu, COOCTBEHHOTO ABHXKEHUS U MPeUeccuu
OT HauaJsa OecceJieBa roja.

MMeHHO coBmajeHue BeJUUYHHBl A cyp, NOJyUeHHOH 10 (opmysie (8) B HabJ10-
nenusix gecsatkos 3se3n: 10UMa, aleo, vBoo, eBoo, aLyr, (Per, TPer, (?Aqr, 3Peg
v 1p. (pa3HOH 3BE3NHOU BEJUUWHBI, Pa3HBIX CIEKTPAJbHBIX THIIOB, C pa3HooOpas-
HBIMU COOCTBEHHBIMU JIBUXKEHHUSIMH), ¥ TOH K€ BENHUUUHBI, AQg theor, BBIIUCIEHHON
no Qopmyse (7) ¢ TOMOLIbIO M3BECTHBIX NAHHBIX MO KaTaJory TPUTOHOMETpUYe-
CKMX 3BE3JIHBIX MapaJaKkcoB, AaJ0 OCHOBaHUe Ko3blpeBy HEOCHOPUMO YyTBEpPXKIaTh,
4YTO PErucTPUPYETCs peakUus NaTYMKAa MUMEHHO Ha HUCTHHHOE MO0JI0XKEeHUe 3Be3[bl,
U TMPeNJIOKUTh NaHHBIA croco0 HaOJIOAEeHUH KaK HOBBIH, npamoil, MeTol onpefe-
JIEHHUsI TPUTOHOMETPHYECKHX MapaJakcoB 3BE3n (cm. [21]). B nanbueiiiem dakTt
BO3MOXXHOCTH PEerucTpalydyd Ha3eMHbIM AATUMKOM HCTHHHOTO TOJIOKEHUS 3BE3M U
3BE3HBIX CHCTeM OblJ MOATBEPXKAEH B HE3aBUCUMBIX HAOJIOAEHUAX APYTUX aBTO-
poB [21-23]. Takum o6pa3oM, ObIJIO IKCIEPUMEHTAJbHO TOATBEPXKIEHO, UTO pac-
CMOTpPEHHas Bblllle anpuOpHasi CBSI3b MHUPOBBIX COOBITHH, MPUHAAJENKALUIUX OLHOMY
MOMEHTY BpeMeHH, — (hbM3H4yecKasi peabHoCTb.”

Tenepp conoctaBuM cBoicTBa cTPYKTYpbl Mupa MUHKOBCKOro ¢ HabJ/1104aeMbIMU
peakUMaMH OaTuuKa. Tak, MOCKOJbKY peub WAET 00 alpHOPHOW CBSI3U OJHOBpPEMEH-
HBIX MHPOBBIX COOBITHH, NMPU HCIOJb30BAHUM YETbIPEXMEPHOH ICEBI0EBKJINA0BON
Mones i (hPU3UUeCKOH peasibHOCTH, KPOMe PAacCMOTPEHHOH Bbllle peaklUU AaTuHKa
Ha MpoekUuio Ha HebecHylo cepy cobpitusi C* (cM. puc. 2), — MBI Ha3blBaeM 3TO
cobbiTeM «McTHHHBIH 3BE3nHBIN 00beKT» (T.e. «McTuHHas 3Be3ma» uau «HMcrun-
Hasi 3BE3[Hasi CUCTeMa») — CJedyeT OXKHAATb ellé ABe pPeaklHH AaTyMKa, KOTOpbie

931ech MMeeT CMbIC] TMOTYEPKHYThb, U4TO OOCY’KAaeMoe AMCTaHLHMOHHOe BO3NeHCTBHe BHEILIHHX
HeoOpaTHMBIX MPOLIECCOB U CaMa CIOCOOHOCTb CJIOXKHBIX CHCTEM HCIBITHIBATH 3TO BO3LEUCTBHE OT-
JM4aTcs 0cobbiMU crenuduueckumu cBoiicTBamu [13, ¢. 137-139], koTopble He MO3BOMAIOT Mpen-
MOJIOXKUTh, UTO HabMofaeMast peakiisi Ha UCTHHHOE TMOJIOXKEeHHe 3Be3[bl — MPOsiBJIEHUE KAKOT0-1160
ocoboro usuueckoro mojs. Tak, Hampumep, uaes Bo3neHCTBHE, o6CyKnaeMbix B paborax [24,25],
cpasy oTBepraeTcsi (DakKTOM HaJMUMsl PeaKlMH HA 3BE3JHbIE MPOLECCH TOJBKO Yy PE3UCTOPOB OIlpe-
JIeJIEHHOTO THIMa, KOTOPBIH 3aBUCHUT OT crocoba WX H3roToBJeHus. Boobiie roBopsi, OTCyTCTBUE pe-
(pakLUHH CBUAETENBCTBYET 00 OTCYTCTBUH MAaTEpPHAJbHOTO «HOCHTEJs» HAGJIOaeMOro BO3AEHCTBHS,
4TO SIBHO IIPOTHBOPEUUT J11000H Ujee 0 KaKoM-1H00 (PU3HUUeCKOM IoJe.
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Puc. 2. Ceuenrie cBETOBOro KOHyca MJIOCKOCTbIO (x, 7). O6o3Hauenus: O — HabjonaTesnb Ha 3eMJe,
C — MHUpoBasi JUHUSA 3BE3NHOrO o6beKTa (3Be3na WM 3Bé3nHas cucrema), C_, C* u Cy —
cobbiThs «Bunnmetity, «MctunHBIH» 1 «CUMMETPUYHBIHA 3BE3AHBIH 00BEKT»

COOTBETCTBYIOT ABYM CO6bITI/IHM, HaXogAIUMCA Ha CBETOBOM KOHYCGIO, d UMEHHO:

1. Korma Tteseckon HampaBjJeH Ha TpoeKUUI0 Ha HebecHyl cdepy de-
TBIPEXMEPHOTo coObITHSI C_ (CM. puc. 2) — 3TO MoJioKeHHe 0O0beKTa B MPOLIeALIEM,
B MOMEHT, KOTJIa UM OBLJI UCIYIIEH CBET, IOCTUTIWNA 3eMJU B MOMEHT HabJ/I0feHHS
(N. B!: ato moJiokeHre Ha HeOeCHOU cdepe OTAMYAETCS MO TMOJOXKEHHS BHAMMOTO
00beKTa Ha BeJIMYMHY pedpaklUuyd HA MOMEHT HaOJIONEHHUS).

2. Korma Tteseckon HampaBJeH Ha TMpoeKLUU0 Ha HebecHyl cdepy de-
TBIpEXMepPHOTO coObiTHsI (' (cM. pHc. 2) — 3TO MoJNoXKeHHe 0ObeKTa B OynylleM, B
MOMEHT, KOTJla ero NOCTHIHeT CBEeTOBOW CHIHaJ, UCHYILEHHBbIH ¢ 3eMJU B MOMEHT
HaOJI0IeHUS.

HeiictButenbHo, KosbipeB cpa3y oOHapy>XWJ 3TH JABe peaklLUU CBOEro AaTuu-
ka'l ¥ Ha 3TOl OCHOBe cresan 3akjOueHHe O (DM3UUECKOH PeasbHOCTH TeOMeTPHH
MunkoBckoro [26]. 3mech UMeeT CMbIC 3aMETHTb, UTO Mup MUHKOBCKOTO JIEXKHT
B OCHOBe PeJIITUBUCTCKOH Teopuu rpaButaunu BiaacoBa—JloryHoBa—MecTBUPHILBU-
au [27].

JIns nmosydyeHHOro 3akJ/rueHUsl O peajlbHOCTH reoMeTpuM MHUHKOBCKOrO BeCh-
Ma HarJIsiAHbl U JO0Ka3aTeJbHbl CJedyollUe pe3y/bTaTbl CKAaHWPOBAHUS CYTOUHOH

HanomHuM, 4TO COBLITHS HAa CBETOBOM KOHYCe OTHOCATCS K OJHOMY M TOMY K& MOMEHTY BpeMme-
HH.

"Tlpu HabaioneHuy peaklMu 1aT4MKa Ha MPOEKIMIo coObTUsS «Bunumas 3Besna» B caydae, Koraa
pedpakliMs HUYTOXKHA M 3Ta [POEKLIHs COBNALaeT ¢ BUAMMOH 3Be3/0H, UTOObl CHATH BOIPOC O BJIHS-
HUH CBETOBOTO U3JyueHHs Ha AaTUMK, OH [IPOBOAMJ HaOJ/I0JeHUs IPU 3aKpPLITOH amepType TeJjeckona
JIopaJjeBol nuadparmon.
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napaJJesnyd TakKoro NPOTSKEHHOTO KPYyMHOMACLITAOHOrO 3BE3JHOIO0 00beKTa Kak Ty-
MaHHoCcTb AHupomennl (ranaktuka M 31) [28] (cm. [13, c. 160-166]):

e Ha0/I0JAMNCh TPU peakUUH AaTYMKa Ha MPOEKUHUH MPOTSKEHHBIX COOBITHH
«Bunumas M 31», «Mctunnas M 31» n «Cummerpuuynas M 31»;

® OJIHOBpPEMEHHbI BU3yaJIbHBIH KOHTPOJIb C MOMOLIBIO BU3UPHOIO MpPUCHOCOOe-
HUS, KOTOPBIH OCYLIECTBJSIJICS BO BpPeMsl 3TOT0 HabO/IOfeHHs, He OOHapyXKHJ
KaKoro-ju6o HeOecHOro oObeKTa, KOTOPBIM Obl MPOELMPOBAJICH HAa UYyBCTBH-
TeJIbHBIH 3JIeMeHT AaTYMKa BO BpeMsl 3aMUCH Npodused MpoeKUUd coOBbITHM
«Mctunnass M 31» u «Cummerpuunas M 31»;

e pasMep mnpodused NpoeKUUid NpoTsKeHHBIX coObITHH «Mctnnnas M 31» u
«Cummerpuunas M 31» mo nmpsMOMy BOCXOXKIEHHMIO U 1O CKJIOHEHHIO COOT-
BETCTBYeT pa3MepaM TyMaHHOCTH AHIPOMebI;

® VIJIOBble PACCTOSIHUS M MeXAY NMpoekusiMu cobbiThil «Bunnmas M 31» u «Hc-
tuHHasgt M 31», u Mmexxny npoekuusimu coObITHi «MctunHas M 31» u «Cummer-
puunas M 31» coctasasior (188 +2)" mo npsamomy Bocxoxkaenuio u (34 + 2)”
0 CKJOHEHMIO, YTO COOTBETCTBYET NPHUHSATBIM AAHHBIM HaOJ/I0IeHHH MO 3TOH
raJakTHKE;

e N.B!: yrioBoe paccTosiHMe Mexay mnpoekuueil cobbitus «Bugumas M 31» u
BuanMoit M 31 6bli0o mopsiika 23" 10 CKJIOHEHHMIO, UTO COOTBETCTBYET 3Haue-
HUI0 pepaklHy BUIUMOTO IOJIOKEHHS ITOr0 HeGeCHOro o6bekTa Ha MOMEHT
HabJIIOIeHUsT — 3TO 3HAUeHHe PaBHO 23,6":

® HaKOHell, CTPYKTYypa BCeX TPEX Npouell UMeeT OIHY U Ty Ke 0COOeHHOCTb —
B LIEHTpPe TaJaKTUKU MMeeT MeCTO YMeHblleHHe peaKIUMH NAaTYHKa, UTO COOT-
BETCTBYEeT KapTe pacrpeliesieHHs] HeHTpaJJbHOIO BOAOPOAA B TyMaHHOCTH AH-
JPOMEJIbl, TTOJNyUEeHHOH ¢ MOMOIIbI0 Hab/0faTebHbIX NaHHBIX [29]; OHO OKa3a-
JIOCh NTOJOOHBIM TMTAaHTCKOMY MOHYHMKY C ABIPKOW B LIEHTPe BMeCTO OXKHAaeMo-
ro AUCKONONOOHOro pacnpefesieHusi, KOTOPOe COOTBETCTBYET pachpeleseHHI0
3BE3], B 3TOH rajlakTHKe.

Takum 06pa3oM, UMeEIOTCS JaHHble AaCTPOHOMHUECKUX HabJI0leHUH, KOTOpbIe Je-
MOHCTPUPYIOT (hHU3UYecKylo peanbHOCTb Mupa coObITHH MHUHKOBCKOTO, — KO3bI-
PEeBCKUH NATUMK Ja€T peaklHi0 Ha TPOeKUHWH Ha HebecCHYH cdepy COOTBETCTBY-
OIIMX COOBITHH, KOTOpBIE ellé He HacTynuad (coObiTHs «CHMMeTpHUHas 3Be3la,
«CuMMeTpHYHast 3BE3/1HAsT CUCTEMa») M KOTOPBIE YK€ COCTOSJIUCH (COOBITHS «Bumu-
Masi 3Be3na», «Bunumasi 3BE3gHasi CUCTeMa») U KOTOpPble He COBMANAIOT C BUAMMBIM
He6eCHBIM 00BEKTOM. JTH (PaKThl JO/KHBl HAallOMHHUTH YTBepXKIeHHe DHUHIITeHHa,
YTO HH TOUKA B MPOCTPAHCTBE U HU MOMEHT BO BPeMeHH, KOTAa 4To-JAu60 MPOU30-
11710, He 00/1aal0T (PU3UUECKOH peasibHOCTbIO, a TOJNbKO caMo cobbiTHe [, c.25].

5. 3akamuenue

[logBeném utoru. B nesom npensokeHHbIH KOHLUENTYaAbHbIH 0030p 10Ka3aJ, 4YTo
pasBUTHe NpPeACTaBJeHHH O MPOCTpPaHCTBE-BPeMeHH KaK O MaTeMaTH4YeCKOH CTpYyK-
Type, 00yCJOBJI€HHON MPUUUHHBIMH OTHOLIEHUSIMU (KOTOpBIE SIBJSIOTCS €€ OCHOBa-
HHUEM), BBIBOISAT Ha OOHApy>KeHHe CYIIeCTBEHHO HOBBIX (DU3MUECKHUX B3aUMOCBsI3eH
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KU COOTBETCTBYIOIIHUX UM sBJeHUH. [J1aBHOE OOCTHUXEHHUE, TIOJYHEHHOE Ha 3TOM IIYy-
TH, — CO3daHHe MNPUHIOHUIIHAJBbHO HOBOro MeToda aCTPOHOMHUYECKHX Ha6ﬂIOﬂeHHfI.
On OTKpbIBA€T CJeAYIOIIHUEe 3aMaHUYKUBbIC TEPCIEKTHUBLI:

® BO3MOXKHOCTb 3KCIIEPUMEHTAJIbHOTO UCCJEN0BAHHUS CTPYKTYPhl MPOCTPAHCTBA-
BpeMeHH, Npexe BCero ero MeTPUYeCKUX OTHOLUEHHH;

® BO3MOXXHOCTb 3IKCIIEPHMEHTAJbHOIO HCCJENOBAHUS C TOMOLIBIO COOTBETCTBY-
IOLIMX TeJIeCKOIOB BJIMSHHUA KOCMHYECKHX IPOLECCOB M fIBJIEHHMH Ha cylle-
CTBOBaHMEe W pPa3BUTHE HA3eMHBIX CTPYKTYPHPOBAHHBIX CHUCTeM ((pH3HUUECKHX,
OUOJIOTHUECKHUX, T€0JIOTHUECKHX);

® BO3MOXKHOCTb TOJIy4eHUs] MPUHLMIHAJBHO HOBOH aCTPOHOMHYECKOH HH(GOP-
MalMH{, He CBSI3aHHOH C KaKUM-AU00 H3Jy4eHUeM, PaclnpOoCTPAHSIOIIUMCH B
MPOCTPAHCTBE W MOCTABJSAIIUM HH(DOPMAaLUIO U3 NaJE€KOro MPOLIJOro, a Mo-
JlyueHHe N0CTyNa K MH(GOPMAalLUM, KOTOPasi OTHOCUTCS K paHee HeNOCTYIHbIM
MOMEHTaM.

HakoHen, 3ToT MeTOn acTPOHOMHUYECKHUX HaOJIONEeHUH BECOMO MOATBEPAUJ BaxK-
HOe T'HOCEeOJIOTHUeCKoe yTBepxkKAeHHe DHUHILTEeHHA O TOM, YTO (PU3NYECKOH peasib-
HOCTbIO 00J/1alaeT UMEHHO TOYKa NPOCTPAHCTBAa-BPeMeHM, a He TOYKA MPOCTPaHCTBA
cama no cebe M He caM MOMEHT BPeMeHH, KOTAa 4TO-JIH00 MPOU30LIJI0, YTO MOJ-
HOCTBIO COOTBETCTBYeT OMpeJeseHHI0 NPOCTPAHCTBA-BPEMEHU KaK MaTeMaTH4yeCcKOH
MOZIe/IH (PU3UYECKOH peasibHOCTH, APYTMMH CJIOBAMH — KaK (POPMBI CYL1ECTBOBAHUSA
MaTepyH, U3 4ero u mcxoaus Anexcanapos.'?
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ISobolev Institute of Mathematics, Siberian Branch, Russian Academy of Sciences,
Novosibirsk, Russia
2Laboratory of Information Technologies, Joint Institute for Nuclear Research, Dubna,
Russia

Abstract. In the given article B. Riemann’s gnoseological question about an internal
cause of initiation of metric relations in space with respect to the World of events
(space-time) is raised. On the whole, the relevance of Riemann’s question for space-
time is shown: its decision visualizes the physical foundation of Minkowski’s World,
gives new notations about interconnections in the World of events and appreciably
new methods for experimental investigations. An executed in the article conceptual
review of historical development of A.D. Alexandrov’s approach to the Riemann’s
question is made according to the following plan. 1. Previously, it was shown that
Alexandrov’s approach is completing the definite sequence of investigations, namely
of H. Minkowski, A.A. Friedman, and N.A. Kozyrev, in the World of events his-
tory. 2. Further, along Alexandrov’s line, it is determined that on the basis of Fried-
man’s and J.L. Synge’s analysis of methods of temporal intervals measurements and
G.J. Whitrow’s decision of the problem of the standard clock choice an innate (a
priori) interconnection of simultaneous world events, that is able to create the space-
time metric, is revealed. 3. Then we are taking into consideration that the essence
of physical processes, which are used for the temporal intervals measurements, indi-
cates in fact some way to finding a possibility of observations of a certain physical
phenomenon which is connected with the a priori interconnection of simultaneous
world events. Some mathematical relation indicating that as this phenomenon figures
the revealed and successively learned by Kozyrev distance-type action of external
irreversible processes changing the internal state of any complex, structured systems,
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that can be in various internal states, is obtained and analyzed. This phenomenon,
in principle, justifies the known 1. Prigogine’s notations about a constructive function
of irreversible processes in the appearance, existence, and evolution of complex sys-
tems. 4. And finally, some results of astronomical observations, which testify about
properties of the Minkowski’s World structure, are considered and new possibilities
for investigations of various branches of science are enumerated.

Keywords: Minkowski’s World, World of events, space-time, space-time metric,
measurements of temporal intervals, standard clock problem, irreversible processes.
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BEPXHUH T'MNEPIEHTPAJIbHBIN PAJ I'PYIIIIbI
YHUTPEYTOJIbHBIX ABTOMOP®W3MOB CBOBOTHO!
AJITEBPBI JIEUBHHUIIA

A.H. Kab6anos
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Owmckuil rocynapcTBeHHbll yHUBepcuTeT UM. @. M. JlocToeBCcKOro

AnHoTamusd. [lonydeHo onvcaHue BepXHEro IMNEPLEHTPANbHOrO Psiia TPYIIbI
YHHUTPEYTOJBHBIX aBTOMOP(HU3MOB CBOOONHOH anrebpwl JlelibHuLla Hany Mpous-
BOJIbHBIM I0JieM. BbhluMcsieHa AJIMHA FUIepleHTpa/bHOr0 psja.

KaroueBbie ciaoBa: anredpa JlefioHULa, YHUTPEYToJbHBIH aBTOMOP(HU3M, T'H-
NepLEHTP.

B craTbsx aBTopa [1,2] 6bls0 IpencTaBIeHO OMUCAHHE LEHTPAIbHOH CEPUU TPYII-
bl YHUTPEYTroJbHBIX aBTOMOP(pHU3MOB cBOOONHOU asrebpel JlefibHULA 10 MepBoOro
NPefeNbHOr0 OpAMHAJA BKJOUYHUTEJbHO.

B naHHOM paboTe MpencTaB/eHO ONHCaHUe BCeH BepXHEeH LleHTPasJbHOH Cepuu
YKa3aHHOH TPYMIIbl U BbIUKCJ/EHA e€ TunepueHTpanbHas AJHHA.

HanomuumM, 4To HeaccouuaTuBHas anrebpa L Haja noJsem F' ¢ OGUIHHEHHBIM TIPO-
U3BeJleHHeM |-, -| HasblBaeTcs (mpaBoil) anrebpoit JleliOHuia, ecnn a/1s JM06BIX dJe-
MEHTOB , Yy, 2 € L BbinoJiHsieTcs: (paBoe) ToXIeCTBO JIeHOHUIA:

[z, 9], 2] = [z, [y, 2]] + [z, 2], y].
Huu, 4yto TO XKe camoe,
[z, [y, 2]] = [[z, ], 2] = [[z, 2], 9].

Orcrona BUIHO, uTO [z, [y, Y]] = O.

13 toxxpectBa JlefibHu1la TakxkKe CJAefyeT, UTO JOOOH 3/eMeHT anre6pbl L MOXKHO
TPe/ICTaBUTh, KaK JIMHEHHYI0 KOMOMHALMIO 3/1eMeHToB BUAa |[[[a, b], ¢], d], ...], moaTo-
MY /IS KPATKOH 3amucy OyneM OMyCKaTb CKOOKH, MOJIOKHB

[a,b], c] = abe.
Bonee Toro, npumemM 3anucu
[[a,b],b] = ab?, [[[a, 0], b],b] = ab® u ..

[Iycte L, — cBoGomHas anrebpa JleiibHuua Han nojeMm F' ¢ MHOXKeCTBOM CBO-
OOMHBIX TOPOKIAIIUX XN = L1, ..., Tp.
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Beipenum B rpynne Autl, Bcex aBToMop¢usMoB agare6psl L, moarpynny U,
MIOPOKAEHHYIO aBTOMOP(HU3MAMHU BHJA:

Ty = Ty + Yi,

T —= T, JF U

rie y; NPUHALJEXUT nopanredpe, NOPOKAEHHOH X1, ..., Ty, laKas MOArpyNNa Ha-
3bIBAETCS IPYMNION YHUTPEYTOJbHBIX aBTOMOP(PU3IMOB aaredpsl L,.

Jlns kpaTkocTu OyneM 3amuChiBaTh MPOU3BOJIbHBIA aBTOMOP(U3M ¢ CBOOOAHOM
anredpbl L, ¢ MHOXeCTBOM CBOOOAHBIX MOpOxKAAIIUX X, KakK ¢ = (f1, fa, ..., fn),
rae p(z;) = fi,i=1,...,n.

Torpa npousBo/sibHOE 0TOOpaKeHHe BUAA:

Ti(yi) :

¢ = (214 fi(2, s @n), s T+ [i(Tig1, o Tn), ooy Tn), (1)

rje AJs Jr6oro ¢ MHOToY eH fi(Ziy1,...,2,) € Ly, onpenensieT asromoppuam us U,
1 rpymnna U, COCTOMT H3 BCeX TaKUX aBTOMOP(HH3MOB.

B mnpeneinyiieit pa6ore [2] OblI0 NOKa3aHO, YTO LEHTPAJbHBIA Psifi TPYIIbL
U, coctosin U3 noarpynn Z, (1 < a < w), COCTOSIMX H3 aBTOMOP(HU3MOB BHAA
(1 + fi(xpn_1,2n), 22, ..., ,), IPUUEM B OFHOUJEHAX MHOrouseHa fi(x,_1,z,) dJe-
MEHT ', 1 BCTpeuaeTcsi He GoJsiee yeM o — 1 pas.

[Ipu atom Z, C Z,41.

Hna 0 < k < n— 3 BugeauM B rpynmne U, cjaenymouide MOATPYNIBl Ly, i q
(1 € a < w), cocrosiire 13 aBTOMOPGHUIMOB BHIA (T1+ f1(Tp_k—1, T2, ooy Tn)y eey Tn),s
MPUUYEM B ONHOYJIEHAX MHOTOUJEHA fi; 3JE€MEHT I, p_i BCTpedaeTcss He GoJiee yeM
o — 1 pas.

Hna n — 2 < k < 2n — 6 Bbigeaum B rpynne U, cJjenymooliye MoOA-
rpynnsl Zp,+o (1 < a < w), cocrosiuye U3 aBToMopdu3aMoOB Buaa (x; +
+f1(z1, oy ), ot fo(Ton_k—3, .oy Tn), X3, ..., Tpp), TPUUEM B OFHOUJIEHAX MHOTOYJIEHA
fo dMEMEHT X, _3 BCTpeuaeTcs He GoJiee yeM o — 1 pas.

Hnsa 2n — 5 < k < 3n — 10 Bblmesaum B rpynmne U, ciaenywouiye MNOATPYIIIbI
Zkwra (1 < a < w), cocrosiiine U3 aBToMOphU3MOB BUaA (1 + fi1(Z1, ..., Tpn), To +
+ fo(xa, ooy ), T3+ f3(T3n—k—6y -y Tn)s Ta, -, Tpy), TPUUEM B OFHOUJIEHAX MHOTOYJIEHA
f3 37€MEHT x3,_r_ BCTpedaeTcs He Gosiee ueM o — 1 pas.

Jlnsi mpousBoJibHOrO k, Haxopsilerocss B mpepenax (i — 1)n — % <k <
<in — &2(”2)’ noarpynna Zyyia (1 < a < w) COCTOUT U3 aBTOMOP(HU3MOB BHIA
(1 + fi(ze, s ), s i+ filw, it ey X))y L1y vy Tp ), TIPUUEM B OJHOUJIEHAX

MHOTOUJIeHa f; 3JeMeHT X,
in—k

n(n-3)
2

_i(i41) BCTpeuaeTcss He GoJsiee yeM v — 1 pas.
2

Hakonen, nas k = BBIACIUM MOATPYNNY Zyia (1 < o < w), COCTOSILYIO
13 aBTOMOP(®U3MOB BUAA (1 + f1(x1, ..., Tn), ooy T2+ fr2(Tn_1, Tn), Tn_1, Tp), TPH-
4éM B OJHOUJIEHAX MHOTOUJIeHa f, o JEMEeHT X, BCTpedaeTcs He GoJjee ueM o — 1
pas.

W1 Bbime UM elé ofHy rpynmy mias k = w [pynna Zj,,1 COCTOHUT H3
aBTOMOP(®U3MOB BUAA (L1 + f1(Z1, ey T )y ooy Tne1 + fro1(Tn), Tn)-

OueBHAHO, YTO TOCJEAHSIS Tpymmna coBnagaet ¢ U,.
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Teopema 1. Bgedénnoie sviuie nodepynnor Z; C Z;i 1 COCMABAAOM BEPXHULL
yenmpanavrolid pad epynnot U,.

Hokasameavcmso. HanomuuM, uyto B ueHTpatbHoM psine Zi(U,)/Zp_1(U,) =
=Z(Un/Z—1).

Honyctum, yro aas Hekotoporo 0 < k < @ 1 HekoToporo 1 < a < w
MHOXKecTBa Z1 C ... € Zpyia—1 ABJSIOTCH YACTbIO TUIEPLEHTPANBHOTO PAaa.

[lycts k HaxomuTes B mpepenax (i—1)n— % <k<in— w Beeném
o003HaueHue j =in —k — @ [lonctaBassi B j rpanulbl 0Js k, yoexmnaemcs, 4To
i+1<j<n—1.

[lyete ¢ = (21 + g1(z2, s Tn), ooy T + Gi(Tjy ooy Tn)y Tit 1,y s Tn) € Lt
a 1) — NPOU3BOJIbHBIE YHUTPeyTOJNbHBIH aBToOMOpGhH3M Buaa (1).

PacemoTpum koMmnosuuuu i u Y. B Uy, /Zyyia—1 A€ACTBUS 3THX KOMIO3ULHUH
Ha KOOpAMHATHI Z1,...,%;—1 coBnagawT. Ha koopauHarax x;ii,...,T, 3TH AeHCTBUSA
coBnagaroT paxe B U,,.

OcraJgochb paCcCMOTpPETb, KaK 3THU aBTOMOCpp3I/IMbI ﬂeﬁCTBy}OT Ha ;. HNwmeewm:
o _
X; _:Ez+fz(xz+177xn)+gz(x]+f]a7xn)7

1-?’90 =x; +gi($j> ,xn) + fi($i+1a 737n)

B muorounene g;(x; + f;,...,x,) MO CPaBHEHHUIO C g;(Xj, ..., T,) MOSBJSIOTCS Of-
HOUJIeHbl, B KOTOPBIX IlepeMeHHasi x; BCTpeuaeTcsl MeHblee UYHUCJIO0 pa3. TakuM
o6pasom, B U, /Zruia-1 xf”’ = xﬁw. CJjieoBaTe/IbHO, KOMIIO3HLIHH @) U 1) B
Un/Zw+a—1 COBNANAIOT. DTO 03HAUAET, UTO @ € Lyyia(Uy).

Ecau ke Ucnosnb3oBaTh aBTOMOPGOU3M @ = (Z1, ..., T + Gty ..., Tp), THE t > 4, U
pacemotpetb pasHocTb 2FY — 2V = g1 (Tiss 4 fiizs oo Tn) — Gri1(Tiga, oy Tn), TO
Mbl YBUIHM, UTO B 0011eM caydae B U,/Zy, a1 9TH KOMIO3ULHH PA3JHUUAIOTCS.

A nomyckasi, 4To B aBTOMOP(H3ME B OAHOYJEHAX MHOrOYJeHa ¢; MepeMeHHast
T; COIepKHUTCS o UM Gojiee pa3, Mbl B OOLIEM c/ydae MOXKeM IOJyYUTb B OJHO-

unene pasnoctu 27’ — z¥¥ nepemennyio xj o — 1 unm Gosee pas. Uro cHoBa naér

HaM 90¢ 7é WP B Un/ka—i-a—L

3HauUT, aBTOMOP(U3MOB IPYrOro BHUAA, KPOMe YKa3aHHBIX BBILE, B Li,ia(Un)
HeT.

B npene/nbHOM cilydae NpU o = w NMONYHYAEM Lt = Z(k41)w-

Tak xak s Z, npu 1 < a < w yTBepXKAeHHe NO0Ka3aHO B [2], Mo MHAYKLHUU
noJiy4aeM TO, 4TO U TpeOOBaNOCh J0KAa3aTh. |

—1)(n—2
Kak oTmeuasioch Bbille, MOATPYNNA Ly, NpU k = %

Orciona BUIUM Clienyollee CBOUCTBO TOH TPYIIIbI.

coBnagaet ¢ U,.

CaenctBue 1. [pynna ynumpeyzorvroix agmomoppusmos ceobooHot arzebpol
Jletibnuya eunepyenmpaivra OAUHbL Ww +1).
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AUTOMORPHISMS OF A FREE LEIBNIZ ALGEBRA
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Abstract. The upper hypercentral series of the group of unitriangular automorphisms
of a free Leibniz algebra over an arbitrary field is described. The length of this series
is obtained.
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ITPOBJIEMHO-OPUEHTUPOBAHHOE OBOCHOBAHHUE
COBPEMEHHOTO MATEMATHYECKOI'O AHAJIN3A
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Besiopyccknii HaMoOHANbHBIA TeXHUYeCKHH yHUBepcuteT, . MuHck, Benapych

AHHOTaI.lI/Iﬂ. Yke [IpyU CTAHOBJEHUHW MaATEMAaTH4YECKOI'o aHaJHn3a IPOABUJOCH
NpOTHBOpeUYHe MexXIYy ero CIIOCOOHOCTBIO [1oJiydyaTb KOHKpeTHble MaTeMaTH4e-
CKHUE pe3yJbTaTbl H CHeU,I/Iq:)I/I‘IQCKI/IMI/I TPYAHOCTAMU €ro obocHoBanus. Cra-
TbsA IOCBAILIEHA HpO6JIeMHO-OpI/IEHTI/IpOBaHHOMy 060CHOBaHHI0O MaTeMaTUUeCcKo-
ro aHaJ/usa.

Kirouessle caoBa: 000CHOBaHHE COBPEMEHHOI'o MaTreMaTH4eCKOro aHaJik3a,
HpOﬁ.HeMHO-OpI/IeHTI/IpOBaHHblﬁ MoAXO0MH, aCIIeKThI q)I/IJIOCO(i)I/II/I MaTeMaTHUuKH.

Beenenue

O6ocHOBaHMe MaTeMaTHKH OTHOCHTCS K YHCJY BaXKHEHIIUX (PUMOCODCKHUX TPO-
6sieM, pellaeMbIX B BHJE THOCEOJOTHYECKOH Mpoleaypbl (puaocoPpckoil pedJiekcuu
OCHOBaHUH MaTeMaTHKH M CHUCTEMHOrO aHaJjW3a MPHUHLHUIIOB MaTeMaTH4YecKOH Teo-
pun. OOoCHOBaHHE MaTeMaTHUKH COCTOHUT M3 [BYX B3aUMOCBSI3aHHBIX YpPOBHEH —
MaTeMaThyeckoro U umaocopckoro. Ecau cyllHOCTb TepBOro BHIABJSETCS yepe3
NPUMeHeHHe HalpaBJjeHUs] 000OCHOBaHUS K KOHKPeTHOH TEeOpHM, 4TO COCTaBJIseT
YUCTO MaTeMaTH4yecKyl paboTy, TO CYLIHOCTb BTOPOTO XapaKTepU3yeTcsl TeM, UYTO
KaxkJasi mporpaMmma o60CHOBAHHUS HYKJAaeTcs ellle U B (hUI0CO(PCKOM aHaNU3e ee Co-
OTBETCTBHUSI UCXOJHOH (punocopcko-meTon00rnueckoi 3agade. O6ocHOBaHUe MaTe-
MaTUKH MEeTOJOJIOTMYECKHU CTPOTO BIepBble Obl10 copmynaupoBaHo JlaBunom [mib-
O6epToM Kak mnpobsema OOOCHOBaHHSl HENPOTHBOPEYMBOCTH MaTeMaTHYECKHX Teo-
pu#l, MO CYTH MPOBO3IJIACUB 3aKOHHOCTb JIOOOH TaKOH TeopuH, Aaxke He B3Hpast
Ha BO3MOXKHOCTb ee Ccolep:KaTe/bHOH MHTeprnpeTauud. Takas yctaHoBKa [uabbepra
no-npeXXHeMy akTya/jbHa B (PUJIOCO(PUU COBPEMEHHOH MaTeMaTHKH, TaK Kak Mare-
MaTUKH CJEAST 3a HENPOTUBOPEUMBOCTbIO. ECTh naxKe HeKoTOpasi «yCTajoCTb» OT
CTapblX 000CHOBATeJbHBIX NP0o0JeM, XO0TS B (PUI0CO(PHUHN HAYKH 32 HENPOTHBOPEYM-
BOCTbI0O HUKTO «He TOHUTCs». HacTb MeTONOJIOTMYECKUX TPYAHOCTEH 0OOCHOBaHUS
MaTeMaTH4YecKoro aHaJ/u3a MUMeeT He TOJbKO TeXHHUUeCKHH, a KOHLENTyaJbHO Ipar-
MaTHYeCKHH XapakTep, UTO [eJiaeT YMeCTHOH HeOOXOAMMOCTb pPacCMOTpeThb OoJsee
IIMPOKUH (PUIOCO(CKO-METOLONOTHUECKHH TTOIXOA.

BHauasne npeacTOMT BBIACHUTb, UTO I[OHMMAaeTCs I0J CJAOBOM «0OOCHOBAHHE».
OnHo yacrto ymnoTpebJasieTcss B (hUI0COPCKO-HAYUHOM JieKCHKOHe. B sutepatype mo
JIOTUKE U METOLOJIOTMH HAayKH HUCIOJb3YIOTCS pa3/UuHble ClI0COObl U MeTOAbl 000CHO-
BaHHs, HAallpUMep, N0Ka3aTebCTBO, MOATBEPXKAEHHE, 0ObsCHEHUe, UHTEepIIpeTalus,
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npakTHueckas peanusauus. Ecin akiieHTHpoBaTb BHUMaHKE TOJbKO Ha JI0Ka3aTeJlb-
CTBe, TO MOHSTHE «0OOCHOBAHMS» OKa3blBaeTCsl MPOU3BOJHBIM OT MOHSATHUS «J0Ka3a-
TeJbCTBA», YTO HE OYEHb CMOCOOCTBYET BBISIBJIEHHIO CAMOCTOSITENBHOIO OCMBIC/IEHHUS
npo6JeMbl 000CHOBAHHUSA MaTeMaTHKHU. Kpome Toro, noHsithe «(hopMaJsjbHOro J0Kasa-
Te/bCTBa» 0 CYLIEeCTBY MPeACTaB/seT COO0H UCTOPUUECKYIO YCJIOBHOCTD, /ISl 3TOTO
JOCTaTOUYHO PEKOHCTPYHPOBATh HUCTOPHIO 0OOCHOBAHHUS MaTeMaTHUeCKOro aHaJju3a,
B KOTOPOH NMPUHLMIIHAIbHO HE NOCTHXKHUM OTKa3 OT He(opMasbHOHW MHTYHLMH, I10-
CKOJIbKY HeJslb3sl (popMa/ibHO J0Ka3aTb HENPOTHUBOPEYMBOCTb CAMOH MaTeMaTHKU B
nesoM. C TOYKH 3peHHsl MOATBEPKIEHHS, YKPEMJSIOUIero Bepy B 000CHOBBIBAEMOe
3HaHHe, Mo 00OCHOBaHUEM MaTeMaTHKH B JOBOJBHO LIMPOKOM (PUI0CO(CKOM KOH-
TEKCTe MHOTAA MOHUMAETCs MOMbITKA HAUTH TaKYI0 COepKaTesbHYI0 TeOPHIO, U3 KO-
TOPOH MOXKHO BBIBECTH BCIO MAaTeMaTHKY TPH MpPeABAPUTENbHOM METOL0JOrMYeCKOM
YCJIOBUM HENPOTHBOPEUYMBOCTH HCIOJb3yeMol Teopud. HakoHel, ecnd roBoputh o
MPaKTHYeCKOH peasM3allii, TO CJelyeT OTMETHTb YKOPEHHUBIIYIOCS B MaTeMaTHKe
NPaKTUKY HESBHOTO COOHMpaTe/bHOTr0 YrnoTpebJ/eHHs CI0BOCOYETaHUSl «0O0CHOBAaHHE
MaTeMaTHKH», KOTOpoe MpefrnosaraeT 000CHOBaHHE MaTeMaTHUYeCKHUX TeOpUH BCeMHU
UMeUIMMUCS B MaTeMaTHKe MeTOA0JOTHUeCKUMH CPeICTBAMHU.

1. IIpo6sema 060CHOBaHUSA MaTeMaTH4YeCKOro aHaJu3a

YUrobbl (humocopusi MaTeMaTUKHU He OKasasjacb YHCTO (PUIOCO(CKUM 3aHATHEM,
MOXKHO CY3UTb BONpoc 00 0OOCHOBAaHHMM MaTeMaTHKH CJedYyHoLUM oOpa3oM: Kakas
MMEHHO 4YacCTb COBPEMEHHOH MaTeMaTHKHU HyKjaaeTcss B o00cHOBaHMM? MoXXHO 3a-
KJIOYUTb, YTO peub HAET O COBPEMEHHOM MaTreMaTHueckoM aHa/ause. Ho nouemy
B NpoOJieMe 000CHOBaHHUSl TaKoe BHUMaHHUe ynesseTcss 0O00CHOBAHMIO MaTeMaThye-
ckoro aHanusa? Kak aBroputeTHO cuuTaer ¢uaocod marematuku B.{. Ilepmunos:
«B 30-x romax mpounoro Beka [1. Bepnatic copmynupoBan HEKOTOPHIH KpUTepUl
YCIEIIHOM UJIM COCTOSsIBLLIEHCS MporpaMMbl 000CHOBAaHHS MaTeMaTUKH, KOTOPbIH CBO-
OUTCS K TOMY, 4TO Jio0as Takas nporpamma AoJ2KHa ObITb CIOCOOHOH 0060CHOBATH
MateMaTHyecKuil aHanu3. CMmbic KpuTepusi siceH. MaremaThyecKUi aHa/IU3 — LeH-
TpaJbHasl NUCUMUIJIMHA COBPEMEHHOH MaTeMaTHKH, SBJSOLLAsACT HAeHHBIM UCTOKOM
OOJIBLIMHCTBA CYLIECTBYIOIIUX MaTeMaTHYeCKUX TEOPUH U OCHOBOU OOJbllIEH YacTH
MpUJIoKeHUH Matematuku» [1, ¢. 20]. 3ameTuM, UTO HY OHAa U3 U3BECTHBIX Ha CEro-
IHS IpOrpaMM 000CHOBAHHUSI COBPEMEHHON MaTeMaTUKH He yIOBJETBOPSIET KPUTEPHIO
ycnewHocT bepnaiica. TpynHOCTb MOCTpOeHHS KOHLENUHMH 000CHOBaHHUSl MaTeMa-
THUUECKOT0 aHa/u3a CBSI3aHa C TeM, UTO HMUKAKOH OMBbIT U U30LIPEHHOE JKCIepHMeH-
TUPOBaHHE HE COOTBETCTBYIOT C aOCOJIIOTHOM TOUHOCTbIO NMPUPOJE MaTeMaTHYECKHUX
uneannsauui. B obuedunocodckom naaHe 060CHOBaHHE MaTeMaTHUECKOTO aHaINn3a
HeoOXOAUMO ellé U 1J151 TOro, UToObl HAUTH CPEACTBA, rapaHTUPYIOLIHMe HAEKHOCTh
CBEPXCJ/IOXKHBIX COBPEMEHHBIX MaTeMaTHUeCKUX PacCyKAeHHUH M 10Ka3aTe/bCTB.

B TeopeTHueckoil W MpakTHYeCKOHW MaTeMaTH4YeCKOW NesiTeNbHOCTH MPUXOAMT-
CSl aHaJM3UPOBaTb pa3J/MuHble (DYHKIIMOHAJIbHBbIE 3aBUCHMOCTH, MO3TOMY MaTema-
TUYECKHU aHaJ/ U3, M3y4darlUlM{d TaKOro poaa 3aBUCHUMOCTH, MpPeNCTaBJseT cedyac
HauboJslee BaXKHbIH pa3fes COBPeMEHHOH MaTeMaTHKH. B HCTOpUM MaTeMaTHKH MO
cytu otmevaetcsi: «Cnaboit cropoHo# matematuku XVIII B. 6bl10 oTcyTeTBre o6oc-
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HOBaHHS e€ BaxKHeHIUMX yacTed. Dbl pa3BUT anmapaT aHann3a GeCKOHEYHO Ma-
JBIX 6€3 J0CTAaTOUHOH paboTbl Hal ero CTPOrMM JIOTHYeCKHM 00OCHOBaHHEM» [2,
c.370]. HecmoTpsi Ha MCHOb30BaHHE Pa3JHUHBIX CHOCOOOB OOGOCHOBAHHS aHaJH-
32, OHU He SIBJSJIUCH YIOBJETBOPUTENbHBIMH OOBSCHEHUSMU, MOKA He TOSIBUJIHUCH
MeTO/bl, OCHOBAHHble Ha MOHATHUU MpelebHOr0 nepexoaa, He ComepKallero Joruye-
ckux npobesoB. Kpome Toro, ¢ momoliibto NOHATHS Tpefena MONyYUan oObsiCHEHHe
TakKWe BaxKHeMHllMe MOHATHS MaTeMaTHYeCKOro aHaju3a KaK <«[IPOM3BOJHAS», «HH-
Terpas», «HelmpepbiBHOCTb (PYHKIHH», «CyMMa psifias U Ipyrue. 3aMeTHM, UTO YKe
TMPY CTAHOBJIEHHUH TEOPHUH MaTeMaTHUECKOr0 aHa/n3a CTaJio MPOSIB/ASATECS BHYTPEHHE
npucyllee eMy crelupruyecKkoe NIPOTUBOPeUHe MeXAy CIIOCOOHOCTBIO MOAYUYaTh KOH-
KpeTHble MPAaKTHYeCKH BaxKHble pe3ysbTaThl U (PUJIOCOPCKUMU TPYAHOCTSMH 00BsIC-
HEeHUs] UM 0OOCHOBAHHUS €ro HOBBIX MOHATHH U NMpHUMeHsieMbiX MeTonoB. OTMeTHM
TaK»Ke, UTO MaTeMaTHUeCKUH aHa/lW3 MPaKTHUECKHU peasibHO OMHUpaeTcsi Ha TEOPHIO
IEeHACTBUTEJbHBIX UHCe/, U3y4eHHe KOTOPBIX MPHUBEJNO MAaTEMAaTHKY K PACCMOTPEHHIO
6eCKOHEeUHbIX MHOXKECTB.

M3BecTHO, 4TO mocJie Toro, Kak HeMeuKHH maTemaTuk Kapsa Befiepuirpacc ne-
pedopMynrpoBas Bce onpeleseHUss MaTeMaTUUECKOTO aHa/ll3a Ha s3blke € — ¢, T10-
SBUJINCb MaTeMaTHueCKHe OObeKThbl, He TOJBJACTHblE HHTYUTHBHOMY BOCIPUSITHIO,
Hanpumep, (PYHKIHKH, HEMIPEePbIBHbIE HA BCEM MHTEpBaJie, HO TeM He MeHee HUTIE He
nuddepeHIpyeMble, UJIU HeNpepblBHble (DYHKIHH, He SIBJASIOLINECS MOHOTOHHBIMU
HU Ha KaKoM HHTepBaJje hX 00JacTH OnpeeseHHs], KOTOpble H3HAaYaJbHO MPeaCTaB-
JIJIMCh KaK MapajgokcaJsbHble, «[TI0TOMY UTO OHM aOCOJIOTHO OTOPBAHBI OT T€OMETPH-
yeckod UHTyHUUU. OHU 00/1a1a10T JIKIIb (POPMaJbHBIM YUCJEHHBIM CMBICJOM, H30e-
rasi JiloO0ro TMpeacTaBJeHHUs], JOCTYITHOTO UHTYHTUBHOMY CXBaTbiBaHHIO» [3, c. 12].
Bosblioe BausiHME HAa MaTeMaTHKy OKasaja paspaboTaHHas Beliepuitpaccom cucre-
Ma JIOTHYeCcKoro 060CHOBaHUSI MaTeMaTHUeCKOro aHaJ/ln3a, OCHOBAHHAS Ha MOCTPOEH-
HOH UM TeopUM NeHcTBUTebHBIX yuces. Hanpumep, dyHKIMOHAIbHOE ONpeaeeHre
nenbTa-(QyHKIUK — 3TO, MO CYIIECTBY, NMPOAOJKEHHe TPANUIIUK 0O0CHOBAHUS MaTe-
MaTUUYECKOTO aHaJ/|3a, BOCXOASIIEH K CUCTeMaTHYeCKOMY HCIOJb30BAHUIO MOHSTHS
«mipenena» B padorax O. Komn u K. Bebiepmirpacca. Ho xots ¢ Touku 3peHusi o6oc-
HOBaHHS MaTeMaTH4ecKoro aHanusa BelepuiTpace, mo cyuiecTBy, 3a/40XKUJ1 CTPOTHE
JIOTUUeCKHe OCHOBAHHUS [JIi HCUMUC/IeHHs OECKOHEYHO MaJiblX, HalpaBJeHHe Hccie-
NIOBaHWH 0OOCHOBAaHHS MaTeMaTHUECKOTO aHaJM3a BCE ke He OblJ0 3aKOHUEHO, TaK
KaK He ObLI0 PUI0CO()CKO-METONONOTHUECKH BbISICHEHO 3HAaUeHHe GeCKOHEUHOTO [JIs1
MaTeMaTHKH.

dusocobl MaTeMaTHKU HEPEIKO UTHOPUPYIOT pacCyKIeHHs MpodecCHOHaNbHBIX
MaTeMaTHKOB 0 MpobJjeMe 060CHOBaHHS, OTHOCSIIHECS K MPAKTUYECKOMY pelIeHHI0
KOHKPETHBIX 3a1a4, CUMTasi UX HEeLOCTATOYHO Ba’KHBIMU, W/ HeOTpedJeKCHPOBaH-
HBIMH, XOTSl UMH TIPOBEIEH aHAIU3 CelU(PUKH MaTeMAaTUIEeCKON HCTHHBI, BbIsIBIEHA
B3aHMOCBSI3b MEXKIY [0KA3yeMOCTbI0 M JIOCTOBEPHOCTBIO, a TaKXKe MPOaHATU3UPO-
BaHO MPAKTHYECKOE HCIOJIb30BaHHE KOMIIbIOTEPA B MaTeMaTHUECKHX [0Ka3aTellb-
crBax. Llenecoo6pasHo «MaTeMaTHKy Ha3blBaTh MPOOJEMHO-OPUEHTHPOBAHHOM, a CO-
OTBETCTBYIOIILYI0 el (pUI0CO(PHI0 — KOHIIENTYyaJbHBIM MparmMaTuaMom» [5, c¢.67]. C
TOUKH 3PEHHUST MaTeMaTUYeCKOro 3HAHHUS MPOOJIEMHO-OPHEHTUPOBAHHOE 060CHOBAHHE
MaTeMaTHKH BKJIIOYaeT B ce0si HECKOJbKO aCMeKTOB: BO-TEPBHIX, JOBeleHWe Mare-
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MaTH4YeCKUX TeOpUH N0 NPHUHATOIO COBPEMEHHOrO YPOBHSI CTPOTOCTH; BO-BTOPBIX,
TIOJIHOLIeHHAas apryMeHTalus CyleCTBOBAHHWS HOBBIX MaTeMaTHUYeCKUX 00BbEeKTOB; B-
TPeTbUX, YUET CaMOPA3BUTHSI MaTeMaTHUYEeCKHUX TEOPHUH NPH pelleHUH KOHKPETHBIX
3a/a4 1 n36aBJeHHS] UX OT BO3MOXKHBIX TMPOTHBOPEUHd. 3aMeTHM, UTO MpobJeMHast
CUTyalUsi 0ObIYHO cO31a8Tcs NyTéM (hOPMYJIUPOBAHUS TE€OPETUYECKUX YTBEPKIAEHUH
B BUJe 3a1a4, [JI5 pellleHUs] KOTOPbIX HEOOXOAUM KOHLEINTYaJbHbIH NTparMaTU3M Mpu
aHaJu3e W TpaHCpOpMaLHUHM UMEKLIUXCA 3HaHUH. B ucTopuM cTaHOBJeHUS MaTeMa-
TUYECKOr0 aHa/lNW3a HAIEXHBIMU NPEACTaB/SNNUCh TaKHe MaTeMaTHUeCKHe TEOpHH,
KOTOpble COOTBETCTBOBAJIM Pa3/JMUHBIM YPOBHSAM TEOPETHUECKOH CTPOroCTH, HalpaB-
JIeHHble Ha MpPaKTHUecKoe pellleHHe MaTeMaTHYeCKUX 3aj1ad B CUJY HeOOXOAHMOCTH
MaTeMaTHKH.

PaccmoTpum cienymoulyo 3agady, AOCTYNHYI MOHUMAHHUIO TeX, KTO 3HAKOM C
nousaTHeM «(pyHKUMK». CKOJBbKO pelleHHE uMeeT ypaBHenue Buaa y? — 1 = 0? Kak
NpaBUJIO0 OOBIUHO BBIAEJSIOT 1Ba OYeBUAHBIX pelleHHs y = 1 U y = —1. Ho Bce
JIX 3TO pellieHUs] YKa3aHHOTO YpaBHEHHS, U MOTYT JIM Y HEro CyLleCTBOBaTh Apyrue
peweHusi? ComepxKaTesbHbIH OTBET Ha, Ka3aJ/10Ch Obl, HEpa3pellnMblil BOMIPOC AaJIeKO
He OYeBHIEH, KaK MOXeT 10Ka3aThbCsl Ha MepBBIH B3IV, MOTOMY YTO MPOOJEeMHO-
OpPUEHTHPOBAHHBIH OTBET HA 3TOT BOMPOC YTBEPAMUTENbHBIH, UTO MOXKHO CUMTATh
NIOBOJIbHO HEOXKUAAHHBIM, a AJs1 KOro-HUOynb BooOlle HeBepHbIM. Ho B MartemaTu-
Ke, C YUETOM KOHLENTYaJbHOr0 MparMaTu3Ma, He MPUHATO TOPOMHUTHCS C BbIBOAAMH.
[lycts y = f(x), roe gyHkuus f(r) = —1 mas 11060r0 OTPHULATENBHOTO 3HAUEHHUS
nepeMeHHOH z, U f(x) = 1 mas J060r0 MOJNOXKUTENBHOTO 3HAUEHHsI MepeMeHHOH
r v aas x = 0. Bossonst y B kBampar, noaydum, uto y? = (f(x))? = 1 mas
JF0OOTO 3HAUEHHs MepeMeHHOH x, a 3TO 03Hauaet, 4To QyHKUUsS y = f(x) sABasercs
pelieHdeM ypaBHeHHs y? — 1 = 0. A CKOJIbKO eIlé peleHHd MogoGHOro pona 3TOro
ypaBHeHHUs cyulecTByeT? Jla CKOJbKO YrOAHO — MHOXKECTBO pelleHUH OeCKOHEeuHO.
Kak 3ameuaior no stomy nooay matematuku E.B. Illukun u I'.E. ukuna: «Hc-
TOpPUSI MaTeMaTUKH BOOOIle TOJHA TPUMePaMH TOr0, KaK BCTpeuya ¢ HepaspelnuMon
3ajayed (B NaHHOM cJjydae — C HepaspellMMbIM ypaBHEHHEM) MPHUBOAMJA K pac-
IIUPEHHIO KJacca 0OBbEKTOB, U3 KOTOPOro (CcTaporo) BhIOMPAJHUCh MPeTeHIeHTHl Ha
pellleHHe W B KOTOPOM (HOBOM) HYKHOe pelleHHe 3anaud (ypaBHEHHs) COlepKa-
Jock» [5, ¢. 112]. To ecTb 4TOOBI OTBETHTH Ha MOCTABJEHHBIH BhIIIE, MO CYIIECTBY,
npo6/JeMHO-OPUEHTUPOBAHHBIA BOMPOC — CKOJIbKO pelleHWH UMeeT NAaHHOe ypaBHe-
Hue Buaa y> — 1 = 0, BHauaJje Hago OBbLIO CHelHaJbHO YTOYHUTh — B KAKOM HMEHHO
KJacce MaTeMaTHYeCKUX 0ObeKTOB MILETCS ero pelleHHe.

Jlpyroii He MeHee BaxKHBIH METOMOJIOTHUECKUH acMeKT HHTepIpeTaluu
npo6/1eMHO-OpUEeHTHPOBAHHbBIX 3a71a4 MaTeMaTHYeCKOr0 aHa/llu3a COCTOUT B TOM, UTO,
BoOOIle T'OBOpSl, COBPeMEHHbIH MaTeMaTHU4YeCKHH aHa/u3 MOXKHO pas3/juyaTh B LIU-
pPOKOM U Y3KOM cMbicjie. Hampumep, Kak ompefensiioT WX HCTOPUKH MaTeMaTHKH
C.C. IlerpoBa u C.C. [IlemunoB: «AHanu3 B y3KOM CMbIC/Ie — 3T0 AU((epeHHanbHOe
¥ HHTerpajbHOe HCUUCIeHrne. AHaMU3 B IIMPOKOM CMbICJIE — 3TO BCSI COBOKYITHOCTb
MaTeMaTHYeCKHUX AUCLHUILIMH, NPeICcTaB/IsOLMX HelloCPeCTBEHHOe pa3BUTHe HIel
¥ MeTONOB NH(QepeHIHalbHOI0 U HHTErPaJbHOT0 UCUHCAeHus» [6, ¢.7]. Martema-
THUECKWH aHa/lnu3 B LIMPOKOM CMbICJE — 3TO XOPOLIO pa3BUTble celyac obJacTH
COBpPEMEHHOTO0 MaTeMaTH4eCKOTO aHa/ln3a, HalnpuMep, Takhe Kak BelleCTBEHHBIH,
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KOMITJIEKCHBIH U (PYHKLHMOHAJNbHBIH aHa/nn3, 000CHOBAaHHE KOTOPBIX HEMOCPEACTBEH-
HO CBsI3aHO ¢ npobJieMoi 6eckoHeuHoro. [Iporpecc B 060cHOBaHMH MaTeMaTH4eCKOro
aHaJ/M3a 3aBUCUT CerofHs yXKe He CTOJbKO OT U300peTeHUs] NPUHLHUIHAJIbHO HOBBIX
MeTOJOB JIOTUYECKOI'0 aHa/M3a, CKOJbKO OT YIryyOJeHHsl UCCAef0BaHUU 10 MeTOMO-
JIOTUM MaTeMaTHKHU. YKaKeM Ha M3BEeCTHYI OrPaHUYEHHOCTb CTAaHAAPTHOW TEOPHUU
pacrpesiesieHUH TPUMEHUTENbHO K HeJIMHEHHBIM 3aauaM, UTO MOC/YKHUJI0 MTPUUUHOM
NIPUMeHeHHs1 (PUI0CO(HH KOHLENTYaJbHOrO NparMaTiaMa K 000CHOBAHHIO BBeJEHUS
HOBBIX 00O0OIIEHHBIX (PYHKLUMH, [IJis KOTOPbIX MOXKHO JOCTATOUHO KOPPEKTHO OIpe-
LeNUTb UX NPOU3BeJeHHeE.

3agaua 0OOCHOBaHHUS YMHOXKeHHS OOOOLIEHHBIX (DYHKIHMH OCHOBaHAa Ha WH-
TYUTUBHOM BBeJEHUM BMECTO paclpefieieHUH HOBBIX MaTeMaTHYeCKHX OOBEKTOB,
KOTOpble, 06/1ajasi CBOMCTBAMU pacrpefiesieHUH, A10NyCcKaT elé U (popMaabHO KOp-
PEKTHYIO OMepaLrio YMHOXKeHHUS, TIPU KOTOPOH pacrpefesieHHsi eCTeCTBEHHO BKJa-
IBIBAIOTCS B KJacChl HOBBIX 00beKTOB. /i KOHCTPYKTMBHO BBENEHHBIX OmNepalui
YMHOXKEHHS HCIOJIb3YIOTCS KJacChl «HOBBIX OOOOLIEHHBIX (PYHKIUH», MOCTPOEHHbIE
¢dpanysckum marematukoMm 2Kanom-@Ppancya Komom6o. [IpousBenenve dhyHKUMNH,
pa3pbIBHOH B TOYKe, KakK OOOOLIEHHOH (PYHKLHH, U JebTa-pyHKLUHH yXKe He MpH-
Ha/JIeXKUT KJIaCCHUYECKOMY MPOCTPAHCTBY OOOOIIEHHBIX (DYHKLMH, YTO MNPUBOAUT K
11eJIOMy psily HeynoOCTB MPHU MCCAef0BaHUHU 3anad AuddepeHHaNbHbIX YPaBHEHUH
C HOBBIMU 00OOILIEHHBIMU (PYHKLMUSIMH, COAEePKAIIUMU NPor3BeaeHHe 00001IEHHON U
pa3pbIBHOM (PyHKLHH, HO HauboJlee CylleCTBEHHBIM OKa3blBAeTCsl TO, YTO pellleHUueM
o pepeHInanbHOro ypaBHeHUs B (PUI0COPCKO-MEeTOA0JOTUUECKON UHTepIpeTalun
iBJIsIeTCSl He pa3pbiBHAsA (pyHKLMS, a 0600ménHas pyHkuus Konom6o. Tak, puaocod
Hayku JI.A. MuKelrHa yTBepKIaeT, 4TO «0OIIleHayuHble METO0JOTHUECKHEe TIPHH-
[IUMbl TECHO CMBIKAIOTCS W B3aUMOIEHCTBYIOT ¢ (PUAOCO(CKHUMHU U He BCerga BO3-
MOKHO YeTKO UX Pa3TPaHHUUTh U KBaJIU(DUIHUPOBATh» [7, ¢.275]. MHoOro4yuc/eHHbIe
npuMepbl U3 (PYHKLHMOHAJNBHOIO aHaJ/JM3a MOKa3blBAKOT, UTO LEJOCTHOCTb HalpaBJe-
HUH 0OOCHOBaHMS, peasiM3ylolllas KOHLeNTyaJbHbIH MparMaTu3M MaTeMaTH4yecKOoro
aHaJ/M3a, NPOSICHSET CYLIHOCTb NPOOJeMHO-OPUEHTUPOBAHHOIO 000CHOBAHHUS.

2. 3akJamuyenue

B 3akntoueHHUH OTMETHM, UTO 0630p NpobieMbl 000CHOBaHHUSI MaTeMATHKH [103BO-
JIleT BBISIBUTH CJ1a00CTb METOHOJOTMYECKUX M (PUIO0CO(MCKUX MPeaNOoChlNIOK Mpefbl-
AYLIKX MporpaMM OOOCHOBaHMUS MaTeMaTHKH — JIOTHIM3Ma, (opMau3Ma U HHTYH-
IMOHU3Ma. PacxoxaeHure Mex/1y HHTYUIIUOHU3MOM, UK OJHUM U3 €ro HanpaBJeHHH
— KOHCTPYKTUBHU3MOM, U MJaTOHU3MOM, U/ Peasu3MOM, B OLlEHKE OHTOJOTMYECKOTr0
cTaTyca 00BbEKTOB MaTeMaTHKH COCPEJOTOUEHO Ha TOM, YTO MJATOHHW3M INPU3HAET
CYLIECTBOBaHHE 0OBbEKTOB HE3aBUCHMO OT MBIIIJIEHUS 4YeJ0BeKa, a KOHCTPYKTHBHU3M
TpeOyeT NpenbsiBAeHUS] 3TUX aOCTPAKTHBIX O0OBbEKTOB HE3aBUCHUMO OT OHTOJOTHYe-
CKHX Mpeanochliok. B MaremaTHuyeckKoM aHaJ/M3e YCTOSIBLIMECS IOHSITHSl «Helpe-
PBIBHOH (DYHKLHH» U «IU(PPepeHurpyeMod (pYHKLUHH» HMEIT OOLIHOCTb, KOTOpas
pacrpocTpaHsieTcsl 32 MHTYUTHBHbIE MpeicTaB/ieHUss 0 HUX. ONHAKO C MOMOLILbIO
KaHTOPOBA MHOXKECTBA MOXKHO, HalpuMep, MOCTPOUThb HaxKe TAKYI0 HelpepbiBHYIO
MOHOTOHHYI0 (PDYHKLHIO, TPOU3BOAHAS KOTOPOH MOUTH BCIOAY paBHA HYJIO, a UCTOU-
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HMKOM CTOJIb MHTYHTHUBHO HEMOHSTHOTO NpHMepa SIBJASETCS KaHTOPOBO MHOXKECTBO.
[loatomy 6e3 cTporo ¢opmasnbHOM MaTeMaTH4eCKOH MNpoLefypbl UHTYUTHBHO [0-
BOJILHO TPYAHO MOHSAITh, NoueMy (yHKUHUA KaHTopa MOYTH HUTAe He pacTéT, XOTs
OHa OLLYTHUMO pAacTET Ha MHOXKeCTBe HYJEeBOH Mepbl, B CB3HM C 4yeM e& 00pasHO
Ha3bIBAIOT elllé U «KaHTOPOBOH JecTHHLEeH». [Ipu 3ToM ycToHuMBOCTL MPOGIEMHO-
OpPHEHTHPOBAHHOIO 0OOCHOBaHMSI MaTeMaTH4eCKOro aHa/jusa obecrevyuBaeTcs ellé
U TeM, 4TO eC/JU eCTb peasbHOe B3aWMOAEHCTBHE MPOTUBOINOJIOXKHOCTEH, TO OHHU
He JOCTHUTalT aHTaroHU3Ma, MOCKOJbKY 3JeMeHTBbl MpPoOJeMHOT0 CHHTe3a He MC-
KJI0YaT APYr APyra, a XapakTepU3yloT LeJOCTHOCTh B paMKax HOBOHM KOHLENLHH
000CHOBAHHUSl COBPEMEHHOH MaTeMaTHKH.

[Ipo6seMHO-OpHeHTHPOBAHHBIH NOAXOA 000CHOBAaHHSI MaTeMaTHUKH, axe Ha MpU-
Mepe a0CTPaKTHBIX 0ObEKTOB MaTeMaTH4eCKOro aHa/n3a, (PUKCUpPYyeT TakxkKe, KaKOB
J0JI2KeH ObITb colepKaTe/bHbI YpOBEeHb MaTeMaTHUeCKHX TEOpPHH W KaK KOHIell-
11Ms1 000OCHOBaHHS MaTeMaTHKH XapaKTepU3yeTcsl CHUCTEMHOH LeJoCcTHOCTbio. CH-
CTEMHOCTb 000CHOBATE/bHBIX MPOLEAYP 03HAYaeT, UTO OHU NPEACTaBJSIOT CBA3HOE,
Hepas3pblBHOE 1leJ10€, B KOTOPOM LEJOCTHOCTb KOHLEMUHUH OOOCHOBaHUS MaTeMaTH-
4YeCKOro aHa/M3a BbITeKaeT U3 (PUIOCO(CKOro eIMHCTBA M KayeCTBEHHOIO0 MHOTO-
00pa3usi COBpEMEHHOH MaTeMaTHKM M U3 TOro, 4to 00e 3TH BaxKHble XapaKTepu-
CTUKH SIBJSIIOTCS IpOsiBJeHMeM e€ caMoopraHusalud. B coBpeMeHHOM MaTeMaTH-
YeCKOM aHaJ/iM3e LIMPOKO HCIOJb3YeTCsl CHHTe3 Pas3HbIX MOAXOA0B K IOHUMAaHHIO
HOBBIX NP00JIEMHO-OPUEHTUPOBAHHBIX 3a1a4. KOHKpeTHBI MaTeMaTHYecKUH Npumep
npo6/IeMHO-OpPUEHTHPOBAHHOIO CHHTEe3a OYeHb PA3HbIX HANpPABJEHUH U pa3fesoB Ma-
TEeMaTHKH, TaKUX KaK TeOpHs 4YHUceJs, MaTeMaTH4YeCKHMH aHaau3 U audepeHLHab-
Hble ypaBHEHUs, IeMOHCTpUpYeT ajirebpa o606mEHHbIX (YHKUME Konombo, B KoTo-
POH NpaKTHYeCKH BBOAUTCS MPOU3BEeHHe JIIOObIX IBYX JIEMEHTOB U3 KJaCCHYeCKO-
ro MpoCTpaHCcTBa 00001IEHHBIX (DYHKLHH, XOTS B OOLIEM CJydae 3TO MPOU3BELeHUe
siBJIsieTCsl y2Ke 00001EéHHON pyHKUHeld KosomM60 U He MpUHAIEKHUT KJACCUUECKOMY
NPOCTPAHCTBY paclpesieseHH .
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AnHoramusa. [lpensoxeHa aBTOMaTH3MpOBaHHAasi cHUCTeMa [Jisi TPOBeNEHHs
30H/IOBBIX M3MepeHWH B HHU3KOTeMIepaTypHOH msasme. Perucrtpaunss BoJbT-
aMMepHbIX XapaKTePUCTHK IMPOU3BOAUTCS C TMOMOIIbID YHUBEPCAJBHOH MJIaThl
cbopa naHHbIX. [IBykpaTHOe AuddhepeHIMpOBaHHE XapPaKTEPUCTUK OCYLIECTBIS-
eTcs C TIOMOIIIbI0 TPOrPaMMHO peaM30BaHHOro LHUdpoBoro ¢uabtpa. [IpuBenén
NpUMep BOCCTAHOBJIEHUS! (PYHKLHUH paclipeleseHus 10 SHEPTUU U3 SKCIIepUMEH-
TaJIbHOH 30H0BOH XapaKTePUCTHKHU BO3AYLIHOH MJa3Mbl MOHMKEHHOTO [AaBJie-
aus. O6CykaaeTcs BJAUSIHHE WIMPUHBI OKHA LUU(MPOBOro (UAbTPA HA TOYHOCTh
omnpesie/IeHUs] TeMIepaTypbl 3JeKTPOHOB.

KunroueBbie cioBa: 3oH1 Jlenrmiopa, ¢unbtp CaBunkoro-losesi, nuddepeHiu-
pOBaHHe 3KCMEePHMEHTaNbHBIX 3aBUCHMOCTEH, aBTOMAaTU3aLUsl U3MEPEeHHUH.

BBenenue

[Ipy M3yuyeHUM KUHETHKH MPOLECCOB, MPOTEKAMIHUX B XHMHYECKH aKTHUBHOH
mJa3Me, KOTOpasi HCIOJb3yeTCsl JJIS OCaXKAEHWS Pa3JMYHBIX MOKPBITHH, 00JblIoe
3HaueHWe MMeeT WH(OPMALHUs O MapaMeTpax 3JeKTPOHHOH KOMIIOHEHTHl TJIa3MBl.
DKcrnepUMeHTabHO 3Ta UH(OPMALUsl MOXKeT OBITh MOJydeHa B pe3yJbTare MpUMe-
HEHUS Pa3/JMYHbIX METOJOB AUATHOCTHKH Mya3Mbl. ONHUM U3 HMIMPOKO MPUMEHSIEMBIX
B HaCTOsilllee BPeMsl SIBJISIETCST METOJ 3JEeKTPUUYECKUX 30HAO0B [2].

Merton npenJsioxkeH u 060cHOBaH JIeHrMIOpOM M, HECMOTPSl Ha TO, YTO 3TO OBLIO
cleslaHo MoCTaToyHo naBHO (1923 r.), MeTon He yTpaTHJ/l CBOEro 3HaueHWs IO Ha-
CTOSIILIEr0 BpeMeHH. BoJIbIINM TOCTOMHCTBOM 3JIEKTPHUECKUX 30HMIOB SIBJISIETCS BO3-
MOXKHOCTb OTpeJesIeHUsl JIOKaJbHbIX 3HAUeHHH MapaMeTpoB B TOUKe, IJie HAXOTUTCS
30HI. J[pyrdM MpeUMyIIeCTBOM 30HAOBBIX METOJOB SIBJSIETCS] MPOCTOTA U3MEpPEeHHUH,
He TPeOyIOIMX CHeLHabHON CJ0XKHON annaparypbl.

PesynbTaThl 30HIOBBIX H3MEPEHHH — BOJIbT-aMIlepHasi Xapaktepuctuka (BAX),
— 3aBHCHMOCTb TOKa Ha 30H] OT €ro MOTeHIMaJja OTHOCHUTEJbHO IJIa3Mbl, a TaKXkKe
e€ TIPOU3BOJIHBIE MO TMOTEHIHaNy 30HAA MPH ONPeNeJEHHBIX YCJIOBUSX MO3BOJSIOT
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onpenesUTh TaKHe MapamMeTpbl CBOOOAHBIX 3JEKTPOHOB MJa3Mbl, KAK HUX MJOTHOCTb
U sHepreTuyeckKWil crekTp. Oco6eHHOCTH NpPHUMEHEHHUS 30HJAOB [/ AMAarHOCTUKH
3JIeKTPOHHOM KOMITOHEHTHI MJ1a3Mbl, a TaKxKe MeTOAbl 00paboTKHU pe3ysnbTaToB H3Me-
pEHUs IOCTATOUHO TOJIHO M3JI0XKeHbl B psine padot [1-3].

Haubosee obuiuii noaxon npu aHa/ju3e pe3ynbTaTOB 30HAOBBIX W3MEPEHUH OIMHU-
paetcs Ha ¢opmyay JlproBecTelHa, CBS3BIBAIOLLYI0 BTOPYI MPOM3BOIHYIO TOPMO3S-
mero yuactka BAX no moreHnuasy 30HAa C SHEPTeTUYECKHUM CIIEKTPOM 3JEKTPOHOB
naasmbl [1]:

d*i 2mnge’

vz m?
Tie e, m — 3JeKTPUYeCKHUH 3apsifi U Macca 3JeKTPOHA COOTBETCTBEHHO, Ny — KOH-
LleHTpaLHUs 3JeKTPOHOB, fo — (PYHKLHSA pacnpeneseHUs 3J1eKTPOHOB MO CKOPOCTSIM.

B cBoto ouepenb, onpeneiuTh BTOPYIO Mpou3BoaHy0 BAX B03M0OXKHO KakK TeXHHU-
YeCKHMH, TaK M UHUCJEHHBIMU MeTodaMHu. B ciyudae mprMeHeHHUs MepBbIX MPOU3BO-
JIUTCSl HEMOCpenCTBeHHOe NUu(d(epeHHMpPOBaHHE XapAaKTEPUCTUKHU 30HIa CPeICTBAMU
AHAJIOTOBOM BBIUHMCJUTEJNBHOH TeXHUKH Ha 0ase ONepalMOHHBIX yCHJHTeseH, 100
NIPUMEHEHHEM Pa3JIMYHbIX MOAY/ISALMOHHBIX METOMOB.

[IprmeHeHMe BTOpBIX CBSI3aHO C pelleHHeM OOpaTHOW 3afayd, KOoTopas, NpuMe-
HUTEJbHO K pacCMaTPUBAEMOMY CJyyalo, SIBJsETCS HEKOPPEKTHO MOCTaBJEHHOH M
A7l pellleHus: TpeOyeT HETPUBHAILHOTO anroputma [4]. A/NbTepHATHBOH peIIeHHIO
00paTHOW 3a1auyM SIBJASIOTCS pas3jUyHble ajJrOPUTMbl UACJAEHHOTO AUQGhepeHpoBa-
HUs [D], B TOM 4HcJie C HCIOJIb30BaAHHEM METOIOB LU(PPOBOH 006pabOTKH CHTHAJIOB
[7]. Bce 13 mepeunc/ieHHBIX METONOB 00/1aJal0T ONPeNeJEHHBIMA NOCTOUHCTBAMH M
HeJ0CTaTKaMH.

[Tpsimoe nuddepenunrpoanue BAX o6saanaer HU3KOH MOMEXOYCTOMYMBOCTBIO H
He oOecreyuBaeT NpUeMIeMON TOUHOCTH ONpefiesleHUs] BTOPOi mpousBonHoH. Mony-
JIILLUOHHbIE MeTO[bl TPeOyIOT NMPUMEHEHHUs JOMOJHUTENbHBIX TEXHUYECKUX CPENCTB,
K KOTOPBIM MPEAbSABISAIOTCS I0CTATOUHO XKECTKHE TPeOOBaHHUS MPU MOCTAHOBKE IKC-
TIepUMeHTa.

[IprmeHeHMne 4YMCIEHHBIX METONOB [JS1 ONpele/ieHUss BTOPOH NPOHU3BOAHOH 30H-
NOBOW XapaKTEPHUCTHUKHU CHHUKaeT TpeOOBaHHUS K amnmapaTHOMY O(OPMJEHHIO dKCIe-
puMeHTa. B aBTOMaTHU3MpPOBaHHOH CHCTeMe 30HAOBOHM NUArHOCTUKH, KOTOpas Mpe-
JIOXKeHa B NaHHOHM paboTe, mporpaMMHoe obOecredyeHue peructpauuu BAX 3soHmaa
JIOTIOJIHEHO TIpoLenypaMu UudpoBoil (uabTpauun [8], ¢ MOMOIIBIO KOTOPBIX BHIMOJ-
HseTcsl nUddepeHLHpoBaHUe pedy/abTata M3MepeHuil. [Ipu Takom crnocobe ompene-
nenust d?i/dV? 3aTpaThl BHIYHCJMTENbHBIX PECYPCOB OKA3bIBAKTCH HHXKE, YeM MpH
BOCCTAHOBJIEHUH MPOM3BOAHON MO METONY pellleHHs1 0OpaTHOH 3aiayH.

fo(eV),

CocTaB KoMILIEKCaA

CTpyKTypHasi cxema aHaJ/OroBOHM 4YaCTH CUCTEeMbl 30HIOBOH AMAarHOCTHUKH IpHU-
BenmeHa Ha puc.l. Jna perucrpaunu BAX wucnosnb3oBaHa mniaBawoiiasi CHCTeMa,
peanuayromiasi MeTox npoTuBo3oHna [l]. [las pasBEPTKH XapaKTepUCTHKH 30HIA
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HCIoJib3yeTcs: reHepaTop pas3sépTku ['P, siBasomuiics, o cyTH, MOLIHBIM ONepalu-
OHHBIM YCHJ/IMTeJ/IEM C BHIXOAHbIM HanpskeHueM 10 80 B. [lononHuTesnbHBIA HCTOU-
HUK HamnpskeHus Ucy obecrneyrBaeT NOAJepKaHHe CUCTeMbl 3/1€KTPOLOB B 00/1aCTH
MOTEeHLMaJla U30JIMPOBAHHOIO 30HAA. TOK, TeKyLIMH B 30HAOBOH LeNH MOCJe HOp-
MaJn3aluuu npeobpasoBaTesneM TOK-HampsikeHue [ — U W OrpaHuyeHHUsl CIeKTpa
¢uabTpom HHxHUX yactoT PHY, nepenaéres /s usmepeHus.

R PaspsagHas
=) Kamepa

L-264
,\7

Ucw I>U | oHY [ Tox
. 30HA4Q
1 Motex-
hs unan
30HAA
Pass.
re BAX

Puc. 1. CTpykTypHas cxema CHUCTeMbl 30HIOBOH AHArHoCTHKHU. P — 3oun JleHrmiopa, R — omnopHBIH
snekTpon, [P — renepatop passéptku, Ucy — HUCTOYHUK cMeleHusi, I — U — mpeobpasoBaTesb
ToK-HanpsikeHne, PHY — ¢uibTp HIKHUX yactoT, L-264 — nyata c6opa naHHBIX
¢ ycranoBsenHeiMu ALLIT u [TAT]

YnpaBJjieHHe KOMIOHEHTAMH aHAJIOTOBOH MOACUCTEMBI, a TaKXKe OlU(POBKA aHa-
JIOTOBBIX BEJMYHMH OCYIIECTBJISIETCS epPCOHANbHBIM KOMIIBIOTEpOM. B KauecTBe HH-
Tepdelica MexKy KOMIIBIOTEPOM U aHAJIOTOBOK UACTbIO CHCTEMBI UCIIOJb3YeT s KapTa
cbopa nmanHbix L-264 npousBomctBa L-card [9], ycraHOB/JeHHasi B CJIOT pacliupe-
HUsI CUCTEMHOH MarucTpajid KOMIbloTepa. B coctaB KapTel BXomuT 12-paspsiiHbli
aHaJjioro-urpoBoi npeodpaszosarenb (ALLIT), ¢ momoublo KoTOporo ouudpoBbIBa-
FOTCSI CHTHAJIbI, COOTBETCTBYIOIIME MOTEHLIHATY U TOKY 30HMa, a BXOASIIUH B COCTaB
0060pynOBaHHUsl KapThl LU(po-aHasoroBuiid npeobpasosarensb (LLAIT) ucnosbsyercs
ISl yTIpaBJIeHHs] TeHepaTOPOM Pa3BEPTKH.

MaccuBbl OUU(POBAHHBIX NAHHBIX B JajibHeHlleM MepefalnTcs MpoLeaypam,
OCYLIECTBJSIOIUX UX 00paboTKy. B uacTHOCTH, NByKpaTHOe HU(pQepeHLHpoBaHHe
30HI0BOM XapaKTEePUCTUKH BBIMIOJHSETCS MOANPOrpaMMoi, peausyoulei 1udpoBoi
¢uabtp Casunkoro-l'oses[6].

PesynabTaTbl M3MepeHU

Ha puc. 2,a) npuBeneHbl pe3yJbTaThl PETUCTPALMU BOJbT-aMIIEPHOH XapakTe-
PUCTHKH B MJa3Me ras3oBoro paspsijia B Bodayxe mnpu aasjeHuu raza 0,64 Top u
Toke paspsina 80 MA. Dta BAX Oblna ucnosb3oBaHa MAJisi ONpeesieHUs BTOPOH
MPOM3BOAHOM TOKA 30HIA 10 MOTeHUMaN y ¢ nomoulblo (uabtpa Casuukoro-loses
C pa3JMUYHOM MOJYIIHPUHON oKHA m = 16, 20, 24 (cm. puc. 2,6) u puc. 3).
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Puc. 2. a) BosbT-aMIepHast XapakTePUCTHKA JIEHTMIOPOBCKOIO 30H/A B IJ1a3Me BO3/yXa IpH
nassenun 0,64 Top u Toke paspsina 80 MA; 6) BTopast IPOU3BOAHAS, MONYUYEeHHAs! IH(PPOBBIM
(PUIBTPOM C MOJYIIMPUHON OKHA m=16

Ha sTux pucyHkKax BHAHO, YTO CIJIa’KEHHOCTb BTOPOH MPOU3BOAHON yJydllaeTcs
C POCTOM MOJYLIMPHUHBI OKHA.

Kak wusBecTHO [3], BTOpasi NMpowW3BOAHAS 30HIOBOTO TOKAa IepeceKaeT OCh T0-
TEHIMaJI0B B TOUKe MOTeHLHaJsa MpocTpaHcTBa Vi, T. €. SHEPreTHUeCKOMY CIeKTpy
3JIEKTPOHOB OYleT COOTBETCTBOBATb Y4YacCTOK BTOPOH MPOM3BOJHOH OT TOUKH I1O-
TeHIlMaJa MPOCTPAHCTBA B CTOPOHY OTPULATEJNbHBIX MOTEHLHaN0B (Ha puc.2,6) 3To0
yuyacTok JieBee Toukd V = 5 B). B cooTBeTcTBUM ¢ 3THUM 00/1aCTh PacoJOXKeHHs
(DYHKLMH pacrpenesneHus 3JeKTPOHOB OIpeaessiziach CIBUTOM HYJS OCH MOTEHIHAaa
B TOYKY MOTEHLHa/ja MPOCTPAHCTBA C MOCJEAYIOLIEH HHBEPCHEH BCeX OTpPHULlATeJb-
HbIX 3HAUeHHWH MOTeHLHaJa.

0.20

0.15
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\/ V 0.00
~0.05 4 \/
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Puc. 3. Pesysbrar nByKpaTHOro AH(QepeHIHPOBaHHS 30HIOBOH XapaKTePHCTHKH LU(POBbIM
(uabTPOM ¢ mapameTpaMu a) m=2; 6) m=24

BeineseHHble TAKUM CIOCOOOM y4acTKH BTOPOW MPOU3BOAHOM, COOTBETCTBYIOLIHE
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9HEPreTUuYeCKOMYy CIEKTPY 3JIEKTPOHOB, HOPMUPOBAJMHCH C TIOMOLILBIO BbIpa>Ke€HUA:

o0

/51/2f(5)d5 =A

0

W 3aTeM HCII0JIb30BaJJHCh AJis OlpeneJieHus CpeII,HteI 9HEPTruu 3JEeKTPOHOB:

1 [e.e]
£ = Z/ﬁ”f(s)de,

0

rie A — KOHCTaHTa HOPMHPOBKH.

3HaueHUs £, COOTBETCTBYIOLIME MapaMeTpaM MOJayIHPHUHBEl okHa m=16, 20, 24,
OKa3aJuchb paBHBIMHU 5,25; 5,67 u 6,64 3B coorBercTBeHHO. Takum ob6pasom, yBe-
JIMUeHHe TOJYIIUPUHBI OKHA COMPOBOXKAAETCS YBeJWYeHHEM CpeqHeld SHepruu 3JeK-
TPOHOB. DTO MOXXHO OOBSCHUTH «pacTArMBaHUeM» KPUBOH BTOPOH MPOM3BOAHOMN IO
OCH TOTEHIMaJsa C POCTOM MOJYLIMPUHBI OKHA. B CBfI3W ¢ 3THM BO3HHUKaeT BONPOC
0 BBIOOpE ONTHUMAJbHOrO MapamMeTpa OKHA M, UTO TPEACTaBJseT COO0H OTAENbHYIO
3ajayvy.

PaspaboTaHHBIN KOMIJIEKC TT03BOJISIET MPOBOIUThL 30HIOBbIE U3MEPEHUs B HHU3KO-
TeMIepaTypHOH MJla3Me: OCYLIeCTBJISATh NPOrpaMMHOe YIIpaBJieHUe H3MepHUTeJbHOH
yacThio co ctopoHbl 1K, peructpupoBath BoJbT-aMIepHble XapaKTePUCTUKU 30H/0B
JleHrMioopa W BBINOJIHATb UX MaTeMaTH4yecKylo o0paboTky. Pesysbrarthl, npeacras-
JIeHHble B paboTe, NEMOHCTPUPYIOT BO3MOXKHOCTb CHMXKEHHS TPYHOEMKOCTH 30HJIO-
BOW TUArHOCTHUKH MJa3Mbl 6Jarofapsi MpUMeHeHHI0 COBPEMEHHBIX CPeNCTB aBTOMa-
TH3aLKUH U aJrOPUTMOB 00PabOTKU U3MEPUTEbHOH HH(POPMALHH.
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Abstract. Automated system for probe measurements in low-temperature plasmas
is considered. To acquire of current-voltage characteristics a multifunctional data-
acquisition board is used. The double differentiation of characteristics is provided
by the programmed digital filter. The test probe characteristic of air lower pressure
plasma was obtained and the electron energy distribution function was recovered
from it. The influence of filter’'s parameter on the accuracy of electron mean energy
measurements is also discussed.
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Abstract. In the first approximation, the Universe’s expansion is described by
the Hubble’s law v = H - R, according to which the relative speed v of two
objects in the expanding Universe grows linearly with the distance R between
them. This law can be derived from the Copernican principle, according to
which, cosmology-wise, there is no special location in the Universe, and thus,
the expanding Universe should look the same from every starting point. The
problem with the Hubble’s formula is that for large distance, it leads to non-
physical larger-than-speed-of-light velocities. Since the Universe’s expansion
is a consequence of Einstein’s General Relativity Theory (GRT), this problem
is usually handled by taking into account GRT’s curved character of space-
time. In this paper, we consider this problem from a purely kinematic view-
point. We show that if we take into account special-relativistic effects when
applying the Copernican principle, we get a modified version of the Hubble’s
law, in which all the velocities are physically meaningful — in the sense that
they never exceed the speed of light.

Keywords: cosmological expansion, Copernican principle, special relativity,
faster-than-speed-of-light.

1. Introduction

Universe’s expansion and Hubble's law: reminder. Since the 1920s, it is
known that distant galaxies are moving away, with a speed v which is proportional
to the distance R: v = H - R. This empirical formula is known as the Hubble’s
law.

The empirical discovery of the Universe’s expansion turned out to be in perfect
accordance with Einstein’s General Relativity theory, according to which the Uni-
verse cannot be stationary: it either expands or retracts. Moreover, the expansion
predicted by General Relativity is in very good accordance with the Hubble’s law;
see, e.g., [1].

Hubble's law follows from the Copernican principle. Later, it turned out
that the Hubble’s law can be derived from the so-called Copernican principle,
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according to which, from the cosmological viewpoint, there is no special location
in the Universe, and thus, the expanding Universe should look the same from
every starting point. This principle is named after Copernicus, which argued that,
contrary to the then-prevalent opinion, there is nothing special about the location
of Earth in space — and moreover, if we do not try to place Earth at the center
of the Universe, our description of celestial mechanics becomes much clearer and
simpler; see, e.g., [1].

The problem with the Hubble’s law. From the physical viewpoint, the Hubble’s
law has a problem: for large distances R, the corresponding velocity v exceeds
the speed of light ¢. This runs contrary to one of the main principles of special
relativity, according to which physical velocities cannot exceed ¢ (see, e.g., [1]).

How this problem is solved now. Since the Universe’s expansion is a con-
sequence of Einstein’s General Relativity Theory (GRT), this problem is usually
handled by taking into account GRT’s curved character of space-time [1].

What we do in this paper. In this paper, we consider this problem from a purely
kinematic viewpoint.

We show that if we take into account special-relativistic effects when applying
the Copernican principle, we get a modified version of the Hubble’s law, in which
all the velocities are physically meaningful — in the sense that they never exceed
the speed of light.

The structure of the paper. We start, in Section 2, by reminding the readers
how, in the non-relativistic case, the Copernican principle leads to the Hubble’s
law. Then, in Section 3, we show that a special-relativistic modification of this
derivation leads to a physically meaningful special-relativistic modification of the
Hubble’s law.

2. How the Hubble’s Law Is Derived from the Copernican
Principle: A Brief Reminder

What we want to analyze. We want to find out how the relative velocity v of
two galaxies depends on the distance R between them.

We can safely assume that the dependence v(R) is continuous — even differen-
tiable.

Copernican principle: reminder. With respect to the Universe’s expansion, the
Copernican principle states that the expansion should look the same from every
starting point.

Consequences of this principle. The Copernican principle states that, for any
real number R > 0, if we take an object A at a distance R from the Earth, then,
from the viewpoint of this object, the Universe’s expansion looks the same as from
the Earth. In other words, an object B which is at a distance r from the object A
along the line Earth A (and which is thus at the distance R + r from the Earth)
moves with velocity v(r) relative to the object A.
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Relative to the Earth, the object A moves with the velocity v(R). When B
moves with velocity v(r) relative to the object A, and the object A moves relative
to the Earth with the velocity v(R), we can conclude, in the non-relativistic case,
that B moves with the velocity

v(R) + v(r)

relative to the Earth.
On the other hand, since the object B is located at the distance R+ r from the
Earth, it moves with the velocity

v(R+T)

relative to the Earth. By comparing the above two expressions for the B-relative-
to-Earth velocity, we conclude that

v(R+7r)=v(R)+v(r) (1)
forall R >0 and r > 0.

This formula implies the Hubble's law. Indeed, by applying the formula (1)
multiple times, we conclude that

v(ri+ .o r) =v(r) 4+ o(r)

for all possible values rq,...,7r, > 0. In particular, for every natural number n, for
rn=...=r,=—,wehaver; +...+r, =1 and thus,
n
1
v(l) = <—) +..+v (—)
n n
nt‘irrnes
1 1 1
So, v(l)=n-v <—), hence v <—) =—-v(1).
n n n
Similarly, for any natural number m, for ry = ... =r,, = —, we get
n
m 1 1
v(—) =v|—)+..+v|{—],
n n n
m?i?nes
thus

() =me(3) =

So, for rational numbers R = @, we have v(R) = H - R, where we denoted
n

H < o(1).

Since we assumed that the dependence v(R) is continuous, and every real
number can be approximated, with arbitrary accuracy, by rational numbers, we
conclude that v(R) = H - R for all real values R > 0. This is exactly the Hubble’s
law.
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3. What If We Take Special Relativity into Account

Let us recall the above situation. Let us consider the same situation: we have
the Earth, we have an object A at distance R from the Earth, and we have an
object B at the distance R+ r from the Earth along the same line as the object A.
Relative to the Earth:

e the object A moves with velocity v(R), and
e the object B moves with the velocity v(R + r).

The expansion should look the same from the viewpoint of the object A as it
looks from the viewpoint of the Earth.

Let us take relativistic effects into account. In the non-relativistic case, from
the viewpoint of the object A, the object B was at the distance . However, in the
relativistic case, since the object A is moving with velocity v(R) relative to Earth,

v(R)

2
the distance AB shrinks to 7 =7r-4/1 — ( > ; see, e.g., [1]. Therefore, from

the viewpoint of the object A, B moves with velocity v(7) relative to A.

We need to combine the A-relative-to-Earth and B-relative-to-A velocities into
the B-relative-to-Earth velocity. In the non-relativistic case, we simply added the
given velocities. In the relativistic case, we need to use the special-relativity

%; see, e.g., [1]. In particular, for

1+
C2
v; = v(R) and vy = v(7r), we conclude that

R 4o [y 1- (”<R>)2

formula for such a combination: v =

c

FEURGEENS - ()

C

2

aef V(1)

This formula can be simplified if we consider an auxiliary function u(R)

instead of the desired function v(R). For this auxiliary function, the above formula
takes the following simplified form:

u(R) +u (ry/T= (W(R)))
1+ u(R) - u (rm)'

w(R+r) =

What can we derive from this equation? Since we assumed that the dependence
v(R) is differentiable, we can differentiate both sides of the equality (2) by r and
take r = 0.
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In the left-hand side, we get the derivative «/(R). In the right-hand side, we
can use the usual formula for the derivative of the ratio:

P g(r) — £ g ()
(9(r))? |

(f/9)'(r)

thus

Similarly, for g(r) =1+ u(R) - u (ry/1 — (u(R))2> , we have ¢g(0) =1 and

g(r) = u(R) - (ry/T= (W(R)P) - /1= (u(R))”.
So, for r = 0, we have

g'(0) = u(R) - u'(0) - /1 = (u(R)).

Let us denote «/(0) by h. Then, by equating the derivatives of both sides of the
formula (2), we conclude that

[ VT ORI 1= w(R) - [u(R) - b T= @R

12

= [n VI=@@®P] - () h- VT= (R,

u'(R) =

hence d
T =(R) = he/T= () - (1= (u(R)?).

By moving all the terms related to u to the left-hand side and all the terms related
to R to the right-hand side, we get

du
Vil (1—w)

By integrating both sides, we get

=h-dR.

du
= [h-dR=h-R+C,
/\/1—u2~(1—u2) /
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for some integration constant C'.
To find the expression for the integral in the left-hand side, we can substitute
u = sin(f), then du = cos(0) - df, and the integral takes the form

cos(0) d _ cos(0) do _ / db
/1 —sin*(0) - (1 — sin2(«9)) \/cos?(0) - cos?(0) cos?(0)

This integral is known — it is equal to tan(#), hence tan(f#) = h- R+ C. For R = 0,
we have v(0) = sin(f), hence 6 = 0, tan(d) = 0, and thus, C' = 0 and tan(f) = h- R.
Here,

_ sin(f) sin(0) B u
ten(6) = cos(d)  \/1—sin?() V1-u?
S0 "
T =h-R.

By squaring both sides and multiplying both sides by the resulting denominator,
we get
w?=(1—u?)-h* R*=h>-R*—u’ h* R

By moving the terms containing u? to the left-hand side, we get
u? - (14+h*- R?) = h?- R?
hence S
o h*- R
1+ h2- RY

therefore ,
-r
uw(R) = ——.
®) V1+h?- R?
So, for v(R) = c- u(R), we get

c-h-r

W

e H
If we denote H & ¢. h, so that h = e we get the following formula.

Resulting formula.
H-R

o ()

For this formula, as one can easily see, the velocity never exceeds the speed of
light.

v(R) =
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JEUCTBUTEJIBHO JIU BCEJIEHHAY PACIHIUPIETCH BBICTPEE,
YEM CKOPOCTb CBETA: KWHEMATUYECKUN AHAJIN3 HA OCHOBE
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AnHotaumsa. B nepBom npub/ivkeHUH paciiupeHure BcesieHHOH omUChIBaeTCsi 3aKOHOM
Xab6na v = H - R, cormacHO KOTOPOMY OTHOCHTEJIbHAsi CKOPOCTb ¥ ABYX 00BbEKTOB B
paciuupsioiieiics BeesieHHOH pacTér JMHeHHO ¢ paccTosHHeM R Mexay HUMH. DTOT
3aKOH MoxKeT ObITb IoJydyeH U3 npuHuuna KonepHuka, coryacHO KOTOPOMY KOCMOJIOTH-
4eCKH HeT 0c000ro MeCTONOJIOKeHUs BO BcesieHHOH, U, cile0BaTeNbHO, PaCIUUPSIOLLa-
sicst BcesleHHast Mo/KHA BBITVISIIETh OAMHAKOBO C KaXKJOH OTHpPaBHOU TouKu. [Ipobiema
¢ opmysiolt Xab66sa 3aKa04aeTcsi B TOM, YTO IJis1 OOJbIIUX PACCTOSHUN 3TO IPUBOAUT
K He(pU3U4eCKUM CKOpPOCTSIM, IPEBBIIIAIOIIAM CKOPOCTb cBeTa. IlocKosbKy paciivpe-
Hue BcesenHoll siBisieTcs cjlefcTBUeM OOlIeHd TeOPUH OTHOCHUTEJbHOCTH DHHIITeHHa
(OTO), sty npobieMy OOGBIYHO peIIAlOT YUYHUTBIBAs HCKPHUBJIEHHOCTb MPOCTPAHCTBA-
BpeMeHd B OTO. B atoif craTbe MBI paccMaTpUBaeM 3Ty NpoOJEMY C YHUCTO KHHe-
MaTH4eCcKOH TOUKH 3peHHusl. MBI MoKa3blBaeM, UTO eClH y4ecTb 3((eKThl CrelralbHON
TEOPHUH OTHOCHTEJNBHOCTH MPH NPUMeHeHUH NpHHLUKNa KornepHuKa, Mbl MOJYYUM MOIH-
(hUIMPOBaHHYIO BepcHio 3akoHa Xab6Jsa, B KOTOPOH BCce CKOPOCTH (PU3UYECKH 3HAYMMBI
— B TOM CMbICJIe, UTO OHM HUKOI/a He MPEeBbIIAIT CKOPOCTh CBeTa.

KuaioueBbie clioBa: KOCMOJIOTHUECKOE pacuiupeHune, MpuHIUI KOHepHI/IKa, criequadJb-

Hasg TeopHs OTHOCHUTEJIbHOCTH, CBEPXCBETOBAsA CKOPOCTh.

Hama nocmynaenus 8 pedaxyuro: 30.08.2017
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YpanbcKuil rocynapcTBeHHbIH yHUBepcUTeT nyTel coobienus (YpI'¥YTIIC)

AnHoTtamusa. B pa6ore paccmMaTpuBaloTCs TpEXMepHblE H33HTPONHUYECKHE Teye-
HUS IOJUTPOITHOTO Ta3a B YCJIOBUAX AEHCTBHUS CUJIBI TSIXKECTH. B KaduecTBe marte-
MaTH4YeCKOH MOZEJH HUCMOJb3yeTCsl CUCTeMa YPaBHEHWH ra30BOH AWHAMHUKU AJis
nosuTponHoro rasa. Ilpu nmokasarese moautponsl y = 7.02 3Ta cUcTeMa OMU-
CbIBaeT [BHKEHHe BOAbl. B cucTeMe BBOAMTCS OPTOroHaJ/bHas KPUBOJMHeHHas!
cucTeMa KoopauHar. [l mocTaHOBKM 3allaud O pacnajie clielMajbHOro pa3peiBa
B CHCTeMe [esaeTCsl BEIPOXKAEHHAsl 3aMeHa MepeMeHHbIX, 2 UIMEHHO: 3aBUCUMble
U He3aBUCHUMBble MepeMeHHble MEHSIIOTCS POoJisiMH. B HOBBIX MepeMeHHBIX AJis
CUCTEeMbl CTaBUTCS HayaJbHO-KpaeBasi 3ajaua C JaHHBIMU Ha 3BYKOBOH Xapak-
TEePUCTHKE U NONOJNHHUTEJbHBIM yC/10BHeM. PellleHHe HauasbHO-KpaeBOH 3afauu
CTPOMUTCS B BHUJE CTeleHHbIX psinoB. JlokasblBaeTcsl CXOOUMOCTb MOCTPOEHHbIX
psiioB B 06J1aCTH OT IMOBEPXHOCTH CJab0oro paspblBa A0 TPaHULBI Ta3-BakyyM
BKJI0YUTeNbHO. Lyl onpenesieHus: 3aKOHA [BUKEHHUSI TPAHHIIBI a3-BaKyyM BbI-
MHUChIBAeTCS KBA3WJWHeHHAasi CUCTeMa ypaBHEHHWH C YaCTHBIMH MPOW3BOAHBIMH,
KOTOpasi C IOMOLIbI0 XapaKTepUCTHUECKOTo IlapameTpa CBOAMUTCS K CHUCTeMe
0OBIKHOBEHHBIX AH((epeHIUaNbHbIX YpaBHEHHH.

KiroueBble cioBa: MaTeMaTHYeECKOe MoAeJJrupOBaHue, HOJ'IPITpOl'IHbIﬁ ras, Ba-
KYyM, CHJIa TAXKECTHU, CUCTEMA ypaBHeHI/Iﬁ rasoBOM OJVHaMHKH, T'paHUlla ras-
BakKyyM, 3ajayda O pacrnajne crneurajJbHOro pa3pbiBa, HadaJlbHO-KpaeBasd 3a4aya,
3BYKOBasi XapakTepHCTHKA.

BBenenue

3anauu 06 UCTeUeHHWH rasa B BaKyyM B YCJOBHSIX HeHCTBHS BHEIIHHX MAaCCOBBIX
cus paccmarpuanuch panee [1]-[6]. [TonpoOHBIH 0630p MOJTYUYEHHBIX Pe3y/bTAaTOB
MOXKHO HaiiTh B [1]. B pa6otax [7]-[8] npu omucaHuM NBHXKEHHUS BOMBI MPeIJIOXKe-
Ha MoJeJb Ta30BOM NMHAMHKH MJisl TOJHUTPOIHOTO Ta3a ¢ ToKa3aTeJseM IMOJUTPOIIbI
v = 7.02. [IpencraBiisieTcsi, 4TO 3Ta MOAE/b CKHUMaeMOH CIJIOLIHON Cpefibl SIBJsIeTCS
aJeKBAaTHOU (PU3UUECKOH NPUPOJAE XKHUAKOCTH M MO3BOJHUT MOJYUYUTb HOBBIE COIEp-
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)KaTesbHble pe3ysabTaThl. B naHHOH paboTe HCMONb30BaHHE 3HAUEHHUH TMOJUTPOIIbI
v = 7.02 OyzeT MOfeNHPOBATH TeYEHUS BOJBI.

1. IlocraHoBKa 3agauu

B pabote paccMmarpuBaloTCs TPEXMepHble H3IHTPOMHUECKHE TeUeHHUS MOJUTPOI-
Y
HOTO rasa C ypaBHEHHeM COCTOSIHUSl p = % U CJEeAYIOIHMHA UCKOMBIMH Ta30[MHa-

MHUUYECKHMHU NapaMeTpaMu: ¢ = pWT_l — CKOpPOCTb 3ByKa rasa; U — BEKTOp CKOPOCTH
rasa; t,r,1,2 — He3aBUCHMble NepeMeHHbie; u',u?,w — [eKapTOBbl KOOPAHHATBI
BEKTOpa CKOPOCTH rasa; p — IJIOTHOCTb rasa; p — [aBJjeHue; v > 1 — 1okasaresb
TIOJIUTPOIBI Tasa.

[Iycte B MoMeHT ¢ = (0 BepTUKaJ/bHasi HelpoHULaeMas cTeHKa [’ oTnensieT uue-
aJIbHBIA TMOJIMTPOMHBIN TOKOSIIMECA ra3 oT BakKyyma. B 3ajmaue npeanosaraercs,
4TO Ha ras JeHdcTByeT cuJja TsakecTH (cM. puc. 1). Bymer mpeanmosaratbesi, uto B
HadaJbHBI MOMeHTHl BpeMeHH t = () Ha cTeHke [ pyHKUHS c|r > 0, TO eCTb HUMeeT
MeCTO pas3pblB IJIOTHOCTH rasa.

r
[Tokostuiics Bakyym
ras
1 1
u=v=w=0
u=vi=w=0 9| _
c=0
C=c(2)
L

Puc. 1. O6sacTu nMoKost ¥ BakKyymMma

B MomeHT ¢ = 0 HempoHMIlaeMasi cTeHKa [' MTHOBeHHO paspyluaeTcss U HauMWHa-
eTcs UCTeyeHHe rasa B BakyyM (cM. puc. 2). B pesynbrate pacnana paspbiBa BO3HHU-
KaeT BOJIHA pa3pekeHHUs, OTAeJEHHAs OT 00J1aCTH MOKOSLLErocs ra3a noBepXHOCTHIO
[y, ABAsiIONIENCA 3BYKOBOH XapaKTepPUCTUKOH 3TUX TeueHHUH. C APyrod CTOPOHBI
BOJIHA pa3pekeHHUsl NMPHUMbIKAeT K BaKyyMy uepe3 cBOOOAHYIO rpaHuLy ['os.

Hanee nnst onucanus BoAbl OyeM UCIIONb30BaTh YPaBHEHUS] COCTOSTHUSA IJIs1 1aB-

2,7
JIEHHUS TOJIUTPOITHOIO rasa p = % C IoKasarteseM MNoJauTponsl 7 = 7.02, s =1

[71, [8].

CBo6oznHas rpanuua ' — 3To rpaHulla Mexxay BOfOH M Bo3ayxoM. [TockosbKy
MJIOTHOCTh BOJBI U BO3[yXa CYLIECTBEHHO OTJHYAIOTCS, OyAeT Mpearnoarathcs, YTo
Ha CBOOONHOH MOBEPXHOCTH [g2 MJIOTHOCTb KHUAKOCTH OyHeT paBHA HYJIO BO BCe
MOMEHTBl BPEMeHHU:
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[Tokosmumiics I Bonna 1 Bakyym
ras a3pexeHus
pasp ut=vi=w=0
ut=vi=w=0 c=0
C=0Co (Z)

Puc. 2. O6sacty nokost, BaKyyMa 1 BOJIHBI pa3peKeHus

p(t, Y, Z)|F02 = 0.
[Tocnennee npennosnoxkeHue fesaeT UCMOJAb3yeMY MOAENb NPUOJIUKEHHOH.
B pa6ote OyayT CTpPOUTbCS 3aKOHbl JBHKEHHs: CBOOOAHOH MOBEPXHOCTH ['go,
MOBEPXHOCTH cJ1aboro paspbiBa ['j5 ¥ BoJHA pa3pexxeHUs .
Cucrtema ypaBHeHHH, OMUCHIBAIOLLAs TPEXMEpHble H39HTPONHUYECKHE TeyeHUSs
UJ1eaJbHOI0 MOJUTPONHOro rasa B (opme I'pomeku-JIsamba B yc/aOBHAX AeHCTBUS
CHJIBI TSKECTH C YUETOM ypaBHEHHUSI COCTOSIHUSI, UMeeT B [9]:

v—1

¢ + U - grade + c-divU =0,

(1)

1 2
U, +rotU x U + §gradU2 + i gradc = F,

rie F = {0,0,—g}, g — yckopeHue cBOOOAHOrO MajeHHUs.

BeprukanbHas noBepxHoCTb ' siBsisieTcsl JIMHEHUaTOH MoBepXHOCTbIO. B muoc-
KocTH z = 0 3amaérea JauHMA L, KoTopasi, ABUrascb BHosab ocu Oz, ompenesser
noBepxHocTh I

[Tyctb nuHus L 3apaércs napaMeTpuyecku

Tr = ¢1(f)a Yy = ¢2(§)»

WJIK B BEKTOPHOU (opme r = r(§).
[enaetcst mepexon OT AeKapTOBBIX KOOPAMHAT I,%, 2 K HOBBIM OPTOTOHAJbHBIM
KPHBOJIMHEHHBIM KOOpAHHATAM &, 1), 2 110 CJIELYIOLM (hopMynaMm

’

z=¢1(&) +nma(§), y=2() +nma(S), z=2,

uau B BeKTopHOH (popme R = r(&) + nn(§)

3necb R={x,y,z} — panuyc-BeKTOp MNPOU3BOJBHOH TOYKH TMPOCTPAHCTBA,
¢ — mnapameTp, ¢ MOMOILBID KOTOPOro 3amaércs L, n — paccrosgHue ot I', n3me-
psieMoe BIosib HopManu, n(&)={ny,ns} — eNUHUUHBIA HOPMAJIbHBIH BEKTOP K JIMHUH
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L. anee nnis onpefen€éHHOCTH OyleT MpenrnoJiaraTbCsi, YTO BEKTOP N HaIpaBJjeH
BHYTpPb BaKyyMa.

flko6uaH npeobpasosanus paseH J = R, R¢R,. Ecan |r¢| # 0 B Touke £ = £¥ Ha
quaud L (n=0), To ata Touka M(&y,0) He siBsieTcst 0co60# Touko# Juuuu L. B
faJibHEeHIIeM 3TO MpearosaraeTcst BbIOJIHEHHBIM. Torna siko6uaH mpeoGpa3oBaHUs
J Oynet oranded ot Hysas B Touke MY(&y,0) U eé OKPeCTHOCTH.

Ilns nepexona B cucreMe (1) K OpTOroHa/JbHBIM KPHBOJHMHEHHBIM KOOPAMHATAM
&,m, 2 HeOOXOAUMO BBIYMCJIUTL KO3 hULKeHTH Jlame:

Hi=R,[=1,  Hy=|R¢|=[rc+mme|, Hz=[R.[=1

[Tockonbky ne = —k(§)re [10], rme k({) — 3HaueHHe KPUBU3HBI JHUHHUH L, TO
Hy = |re|(1 — k(§)n). 3ameTuM, uto Ha moBepxHocTH [ Hy|p = |r¢| # 0. Koaddu-
uveHT Jlame obpaiaetcs B HOJMb MpU 1) = ﬁ TO €CThb B TOYKaX MPOCTPAHCTBA,
ynanénHelx oT [' B HampaBJieHUH HOPMaJIk Ha PacCcTOsIHUe, paBHOE Pajinycy KPHUBH3-
Hbl JIUHUHU L.

3ameTtuM, 4To QyHKUUS Hy, = —k(&)|r¢| 3aBUCUT TONBKO OT HE3aBUCHMOH Iepe-
MeHHOH &, a GyHKuusI Ho, 3aBUCHUT OT HeHU3BeCTHOH (pyHKUMH n(t, &, ¢, 2).

Cuctema ypaBHeHu# (1) n/s1 naHHOH KPUBOJMHEHHOH CUCTEMBI KOOPAMHAT HMEET

Bun [1]:

1 '}/—1 1 HQn HQZ
Ct‘f‘CnU—f-FCEU—FCZU)—FTC un+FU€+wz+_“+ w| =0,
2 2

1 Hy,
Ut + Uyl + UV + U W — —— V" +

q, 1, - 1cc77 =0, o
1 Hy, H,, 2 1
Uy + VU + Evgv + v, w + Euv + , vw + ﬁgcq 0,
1 Hy, , 2
Wy + Wyt + Ew5v+wzw— , V7 + - 1002 = —g.
3nech u,v,w — TMPOEKIUH BEKTOpa CKOPOCTHU rasa Ha KOOpPAMHATHBIE OCH 1), &, 2

COOTBETCTBEHHO. B 3TOH cHcTeMe KOOpPAMHAT MepeMeHHasi z COXPaHseTcst ¥ Mo3To-
My B KauecTBe HEH3BECTHOH (YHKIMH COXPAHSETCs TPeThsl KOOPAHHATAa BEKTOpA
CKOPOCTH rasa w.

Ecau B cucreme (1) momoxuts u! = u? = w = 0, 10, Kak u B [6], mep-
Bble TPH YDABHEHHS BBIMOJHSIOTCS TOXKAECTBEHHO, a B YETBEPTOM yDaBHEHHH [O-
ayduM —2ccc, = —g. MHTerpupyst mosiydeHHOe ypaBHeHHe, MMeeM ¢ = co(z) =
= /2, — (y — 1)gz — pacmpereseHHe CKOPOCTH 3BYKa MOKOSILIErocst rasa. 31ech
Cop — CKOPOCTb 3ByKa MoKosiierocst rasa npu z = 0.

Ilanee BosiHa pa3pexkeHHsi CTPOUTCS IJisi 3HAUEHHH z M3 MHTepBaJa

2
C
0<2< —00 (3)
ST T (=1
CQ
[Tpuuém Ha BepxHel rpaHule NpU z = ﬁ BOJIHA pa3pexeHHsl MpPUMbIKaeT
v—1)g

K BaKyyMmy. B nmaHHo# paGoTe BoJiHa paspekeHHs1 OyleT MOCTPOeHa IJsi BHYTpPeH-
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HUX Todek MHTepBaJsa (3). KoHdpurypauus teyeHusi B OKPECTHOCTH HENPOHHUIIAeMON
cTeHKH z = 0 U BepxHel rpaHMLbl ra3-BakKyyM paccMaTpUBaTbCsl He OyJeT.

Jln1si moCTpOeHUs] BOJIHBI pa3pexkeHHs, Kak U paHee [1] mpu pemieHuu 3amaud o
pacmane pas3pbiBa, B cucTeMe (2) mesaeTcs 3aMeHa nepeMeHHbIX. HesaBucumasi re-
peMeHHasl 1) U Hen3BeCTHasi PYHKLHs ¢ MEHSIOTCS POJISIMH, TO €CThb 32 He3aBUCHMble
nepeMeHHble OepyTcs ¢, ¢, &, 2, a 32 HEU3BeCTHble (DYHKLHUHU 7, u, v, w. B pesyabrare
TaKOH 3aMeHbl BMeCTO CHCTeMbl (2) mosyuaeTcsi CUCTeMa:

1 +7—1 [ n 1 n +H27, 1 ]
=U— —NeV — N,W clu. e | =—ve +w, + —u | — —nev. — Nyw,|,
Tt H2?7§ n B U , ¢ , H27l5 Ui

+ —1 + 202 + — N — —1 — + 2 =0
e | u UV + U, W ) U v LW | U c ,
n t i, 13 7, Mt H, Ne n

+ e v+ B2y 4 ! 2 1 0
e | v + —vev + v+ —uv U—1n — —MnNe¥ — Nw | v, — ————cne = 0,
e v+ e T, M= eV = TR

1 1 2
e (wt et wzw) + (u — T e nzw) We = €M = =1
(4)

s yno6¢TBa nasbHeHIIero uecaenoBaHus cucteMy (4) mepenuiieM B BHIE:

1 v—1 1 H2,7 1
M =U— =NV — Nw + 5 C |Ue + Me — g +w, + —u | — — NeVe — N We |
2

H H, Hy Hy
Ne (ut + Hi2u§v + u,w — %ﬁ) _X ; 1c[uc+
1 Hy, 1 2
+1e (Evg +w; + Eu) - En{vc - nzwc:| Ue + —— 17 0,
Ne (vt + HLQ%U + v,w + %uv) _2Z ; 1c[uc+ (5)
1 Hy, 1 2 1
+1e <Evg +w; + EU> - Eﬁgvc - nzwc] Ve — ﬁgcné =0,
1 v—1
Ne (wt + Ewgv + wzw> — 5 c[uc—ir
1 Hy, 1 2
+1e (Evg +w, + Eu) — Engvc — nzwc} W, — - 16772 = —gne.

3aKoH JBHXKeHHs XapakTepucTHKU ['1o (7 = no(t, &, 2)) onpenensercs U3 pelie-
HUs nuddepeHIHaIbHON 3anaun [9]

1
ot = CO('Z)\/l + ‘I‘§|(1 o k(g)no)ngg + 77327 77(0757 Z) = O (6)

3anaua (6) mo Teopeme KoBasneBCKOH HMMeeT eIMHCTBEHHOE aHANHTHUECKOE pe-
lLIeHHe, YTO M03BOJIsSeT MOCTAaBUTh HadyaJ/bHble JaHHble HAa XapakTepUcTHKe ['15:

u|77:770(tzévz) = O’ w|77=770(t:5’2) = 07 C|77=770(t7§72) = CO(Z) (7)
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Teuenue B o6sactu Mmexny ['1o u gy Oymem CTPOUTh Kak pelleHHe CUCTeMBI (D)
C IaHHBIMH Ha xapakTtepuctuke ['15 (7). [lockosmbky ['5 — XapakTepucTHKa KpaTHO-
CTH OJMH, TO IJ5 MOJY4YeHHUS eIMHCTBEHHOTO JIOKaJbHO-aHAJUTHYECKOr0 pelleHHs]
HeoOXOMUMO 3alaTh OMHO MOMOJHUTeNbHOe ycjoBue [l11]. Ecau 6bl moBepXHOCTH
I'1, yOupanach MeaJieHHO, TO TaKMM YCJOBHEM OblI0 Obl YCJOBHE HENPOTeKaHUs
Ha cTeHke. [lockosbky cTeHka 7 = ( yOupaeTcsi MTHOBEHHO, 3THM YCJOBHEM B
MPOCTPAHCTBE MepeMeHHBIX t, &, ¢, z CayKHUT [1] cooTHolIeHHe

1(0,¢,2,6) = 0. (8)

2. IlocTpoeHue BOJIHBI pa3perxeHus

Teopema 1. Cyujecmsyem t, makoe, umo npu 0 < t < ty 8 Hekomo-
poti okpecmuocmu My(&o, no(to, &0, 20)) cyuecmeyem edurncmsenHoe AOKAAbHO-
anaiumuueckoe peutenue 3adauu (5), (7), (8) o pacnade cneuuarvroeo paspolsa.

Jokaszamenvcmeso. JlokasaTeNbCTBO TeOPEMbl COCTOMUT, KakK ¥ B [l], B cBeneHuH
sapauu (5), (7), (8) K xapakTepucTHyeckol 3anaue Komu cranmaptHoro Buma [11].

|
Paznoxum peuenue 3anauu (5), (7), (8) B psig mo crenensm t
f<t7£767 Z) = ka<§7c7 Z)E ) f= {nvuuv7w}' (9)
k=0

B cucreme (5) mosoxkum t=0 u ¢ yuérom (8) mosyuum ypaBHEHHSs MAJis Onpeje-
JIEHHs] HyJeBbIX Koadduiuentos psaa (9):

—1
m = Uug + CUQc,
—1 2
—72 cug, + 1c:0,
—1
- CUpcVoc 07
—1

CUgcWoe = 0.

[locsie mpeo6pazoBaHUi MOJMYYHUM MNPOCTEHIIYIO CUCTeMY AH(QepeHLHnanbHbIX

ypaBHEHUH:
2
Uoe = :l:—> Voe = O, Woe = 0.
v—1
BriGop HampaBsieHHs BEKTOpa N MO3BOJISIET ONpPENeNUTh 3HAK B MEPBOM ypaBHe-
HUHM CUCTEeMbl. DTO 3HAK MUHYC. B pe3ysbTaTe UHTErpPUPOBAHHS CUCTEMbI C YUETOM
(7) umeem:

co(2),  uo=-—

— 9
m OéC“‘fy_l 7_1
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1 2
3nech 2o = i 3ametum, uto Ny = 0, N1 = =20, N, = ——Co(2).
v—1 v—1
[Tponuddepenuupyem cucremy (5) mo ¢, nonoxum t=0 u ¢ yyétom (8) mosayuum:

—1

H.
M2 = u + ! C<U1c + %Uomc); Hy = |r],
2
2
CUle — QU = 1ak(§)c(c —co(2)),

cvie — 2001 = 0,

4
cwi. — 20w = 209 + (7 — 1)2CC02<Z>‘

B pesysbraTe MHTETPUPOBAHHUST HMeEEM:
npu o« # 1, a # 2

8(vy —2)(vy+1)

_ 2—a a
YT - e T
2 1 2
AP ak(5)02 T Sk(€)eo(2)e,
V1 = O,
2a 2
wy = wip(2)c™ — — 1cgz(z)c —q;

npu a = 1 (y = 3)

uy = uyo(z)c + k() — k(€)co(2)clne;

I
Wl
~—

npu a =2 (v

w1 = uo(2)c® 4+ 6k(€)c? Inc + 6k(€)co(2)e.

[Tponuddepenuupyem cuctemy (5) mo ¢ IBaxkabl U ¢ Y4€ToM (8) mosyuum:

N3 = U + 7 cuge + Foi (e, 2,€),

Clge — 2auy = Fys(c, &, 2),
cUge — dawy = Fa3(c, &, 2),

cwae — 4awy = F24(Ca g, Z)
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31ech:
—1

vy H.
For = = 2n,wy + C[—szwlc + 772c?2(;7uo+
2

Hy H,
+ 2n1¢ (wlz + Fgul — H—gg|rg|k(£)mu())} ;
1

Fy = — micup,wy — 5772cU1+

’7—10|:]_ Hzn H

HZn 2n
9 5”&:?81@0 + Ne | W12 + Fgm - H_ggnluo — M Wi | +
v—1

cu U1e + %u
B 1lc 1lc nchg 0]

2 1 yv—1
Foy =———— T e ),
» v—urgrc(““ 2 5)

_|_

+

H
F24 :7 — 167722 — gM2c + (7 - ]-) & (ulc + 7710??“0) W1c-

ITH QYHKUUHU HMEIOT CJIeYIOULYI0 CTPYKTYPY:

Fyy = pyy (€, 2) + A pra(, 2) + T pis(€, 2) + i€, 2) + Ppis(E, 2)+
+ cpi6(§, 2) + pro(§; 2),

Foy =M pa1 (€, 2) + A paa(€, 2) + A pas(€, 2) + T pau(€, 2) + Mpas (€, 2)+
+ Epas(€, 2) + Epar(€, 2) + epas(€, 2) + (€, 2),

Fys =c"ps1 (€, 2) + Epsa(€, 2) + Ppss (€, 2),

Foy = a1 (&, 2) + M paa(€, 2) + A pas(€, 2) + < paal€, 2) + < pas(€, 2)+
+ T pag(€,2) + Epar(€, 2) + Epas(€,2) + epag (€, 2) + pao (€, 2).

B urore umeewm:

U2 :C2a U,QO(Z) +/

FZZ(C7 <, f)C_2a_1dC:| )

N | —

vy = vg(2) + /FQg(C, z,ﬁ)c‘ﬂ“’_ldc} ,

wy = [wo(2) +/F24(c,z,§)c4a1dc] )

[locsie vHTErprUpOBaHUA MOJyUyaeM CJAEAYIOLLYI0 CTPYKTYPY A5 KO3(PPUIHUEHTOB:

Uy = g (€,2) + (&, 2) + a3 (€,2) + T qaa(§, 2) + P gos (€, 2)+
+ Pao6(&, 2) + Paer(€, 2) + cqus(€,2) + 2o(€, 2)* Inc + gao (€, 2),

vy = a1 (€, 2) + P&, 2) + Aass(é, 2),

wy = A (€, 2) + M qua(€,2) + s (€, 2) + (€, 2) + P aus (€, 2)+
+ 7 qus(€, 2) + Cr(€, 2) + Aqus(é, 2) + cquo(€, 2) + quo(€, 2).
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[Tponuddepenuupyem cucremy (5) mo ¢ k pas u ¢ yuérom (8), nosmydum

/y_
NMi+1 = Uk + Cukc+Fk1 C,Z,g )

( )
Clge — 200Uy, = Fia(c, &, 2),
CUke — dav, = Fis(c, €, 2)

(¢, &, 2).

CWke — 4ozwk = Fk4 C,

3nech Fyi, Fro, Fis, Frs — GYHKUMH, 3aJaHHble U3BECTHBIM 006pa3oM, 3aBUCH-
IHMe OT yXKe HakIeHHbIX Kod(duuueHToB psaa (9).
WHurerpupys, nmeem

CrpykTypa pelueHusi A5 o = 1,2 B LIeJIOM COBMAajaeT C MOJy4eHHOH BbIlle U
3/1eCb He MPUBOAMUTCS B BUIY 'POMO3IKOCTH.

Ananus cTpykTypbl K03(hPUHeHTOB psina (9) MPUBOTUT K CJIEAYIOLUIUM JIeMMaM.

Jlemma 1. Koagppuyuenmor pada (9) npu k> 1, 1 <y < 3 umerom caedyro-
wyro ecmpykmypy: f.(c, z,£) = £2(z,€) + cPy(c, clne, c®), ede Py, ecmo mroeourerol
OM YKA3AHHLLX ApeYyMeHmos, cmeneHu Komopolx He eviuie wem Ak (A = const).
Koagpuuuenmor mnoeourenos — pynkyuu, 3asucsawue om z, €.

JleMMa nokasbiBaeTcsl HHAyKIMeH no k. basa WHAyKUWHK caenyeT U3 CTPYKTYPhI
Hadya/ibHBIX Ko3(p¢uureHToB psiga (9). [locse MHAYKTHBHOTO MpPENTONOXKEHHUS MO-
Ka3blBaeTcsl, 4YTO MpaBble 4acTH AU(QepeHLHaNbHbIX ypaBHeHUH n7s fj, o6aanaior
HYKHOH cTpykTypoi#. Ilocse uHTerpupoBaHUsi cUCTeMbl NOKa3biBaeTcsi, uTo U fj
00J1aa10T HY>KHOH CTPYKTYpPOH.

Ha ocHoBanuu seMMbl | MOXKHO yTBep:KAaTh, UTO CTPYKTypa pelleHHs 3aaqyu
(5), (7), (8) caenyrormas:

n= no(t Z §)+Cn1<t70a275)7
u=u"(t,z,&) + cu(t,c, 2 &),
v =128 + 't cz§),
w— 1

)
w(t, z, &) + cw'(t, c, 2,€),
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rae

n°(t,2,€) = an k‘7
tZ£ Zuk kla

ot 2,6) = kazgk,,

(10)

w(t, 2, &) = Zwszk'

Ias n°(t,2,€), u(t, z,€), v°(t,2,€), w(t,z &) cupaBenavBa cienyomas Jem-
Ma.
Jlemma 2. Paoot (10) seasaromes peuieruem caedyrowieti 3a0auu:

1
e+ e Fnaw =u, o 0(0,2,6) =
2
ut+—vgv+uzw—%vz, u(0,2,€&) = co(2);
H2 H2 7_1 (11)
v oy (0,2,€)
U+ —veU + vw = ———uv,  v(0,2,€) =
Pyt H,

wy + ngv +w,w=—-g, w(0,z¢) =
Hy

B 370l cucTeMe m/is MPOCTOTHl BOCTIPHUSITHSI BEPXHHe HYyJEeBble HHAEKCHI OIMyIlle-
HBI.

JlemMMa nokasbiBaeTcsl pasJsioxKeHUeM B Psifl 10 CTemeHsIM ¢ perieHus 3agaun (11)
M CpaBHEHHEM ToJydeHHBIX psinoB ¢ psigamu (10). Psimbl okasbiBaroTCsi paBHBIMH.
Cuctema (11) He umeer ocobeHHOCTeH, Mo3TOMYy 3anada (11) MMeeT eqHHCTBEHHOE
JIOKaJIbHO-aHAJUTUUECKOE DelleHHe, KOTOPOe MOXXHO TpeAcTaBuTh psinamu. Cieno-
BaTesibHO, psifibl (10) cxomsitcsi. Ha ocHoBaHWM NMpHUBENEHHBIX JIEMM J0KAa3bIBAETCS
caenyrouias

Teopema 2. /ina 1 < v < 3, npu 0 < t < t, obracme cxodumocmu psados
(10), a maxxe psados f,,f., f. £ noxpoieaem scro sony meuenus om I'iyy 0o L'py
srarouumenvro. [lpu amom 3axorn dsuscerus c60600HOU eparulbl onpedessemcs
u3 peuilenus scnomozamenvrotl zadauu (11).

Hokasameavcmeso. JlokazaTesbCTBO TeOpeMbl aHaJOrMUHO N0Ka3aTesbCTBY M3 [1]
¥ MPOBOAUTCS 10 MeTonuke [11], mo3Bosisioliell ycTaHOBUTb HEOTPaHUYEHHOCTb 00-
JIACTH CXOAMMOCTH PSIIOB MO COOTBETCTBYIOLIEH nepeMeHHOH. [Ipn nokasartesnbcTse
UCIoNb3yeTcsl TeopeMa 1 U mosMHOMMa/bHAs CTPYKTYpa Kosdduuuenton psaa. M

[IpoBeném uccienoBanue 3anauu (11). C moMormibio BBeeHUS] XapaKTepUCTHUe-
CKOr0 nmapaMmeTpa JaHHasi CHCTeMa ypaBHEHWH C YAaCTHBIMU NPOHU3BOAHBIMH CBOIUTCS
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K CJenylolledl cucTeMe OOBIKHOBEHHBIX AH((pepeHHaNbHbIX ypaBHeHUH [12].

dt d& 1 dz dn

_ = 1’ _— = — — =W —_— = ,

dr dr H, dr dr (12)
ou _Hy o, dv_ Hy ~—dw_

dr  Hy ' dr H, U ar Y

M3 nepBoro ypaBuenusi cucrembl (12) mosmyuum ¢ = 7. MHTerpupys cembmoe
ypaBHeHHe cucteMbl (12), Gynem umetb w = —gt.
YMHOXas msiToe ypaBHeHHe B cucteMe (12) Ha w, mecToe Ha v, CKJIAAbIBAs UX,
MOMYy4YHM:
uu, + vv, = 0. (13)

Wurerpupyst ypaBaenue (13), umeem:
u? 4+ v = C?, (14)

rie C' — KOHCTaHTa, onpefessieMasl TOUKOH Ha MUCXOAHOH moBepxHOCTH I'. Ecan Mbl
Ha MoBepXHOCTH ' BO3bMEM TOUKY ¢ KoopauHaTamu (o, zp), To C ompeneautcs: U3

2
dopmyael C' = 100(2). U Torna
’Y —

2
2
u? +0? = co(z) ) . (15)
v—1
Cucrema (12) B o6LieM ciydae He HHTEPUPYETCs, HO TIPH 3a1aHUH KOHKPETHOTO
3HaYeHHs] KPUBU3HBI k(§) MOXKET ObITh HCC/IEI0BAHA YHUCIEHHBIMH METOLAMH.

3. BruiBoabl

[IpoBenéHHble Hccle0BaHUS MO3BOJSAIOT CAENaTh CJAeAYIOLINe BbIBOAbL:

1. JlokasaHbl JloKasbHasl 1O BPeMeHU U ryobajbHasi M0 MPOCTPAHCTBY TEOPEMBI
CYLLeCTBOBAHUSA U €JUHCTBEHHOCTH IOCTABJEHHON Haua/JbHO-KpaeBOH 3aaud.

2. B Bule CXOASILIMXCS PSIOB MOCTPOEHO TeyeHHe rasa B 00JIaCTH BOJIHBI pas-
pexKeHHs OT MOBEPXHOCTH ¢/1a00ro paspbiBa 0 PAHMILBI Fa3-BaKyyM BKJ/OUH-
TeJIbHO.

3. [nsa onpeneneHuss 3akoHa JBHXKEHHS] I'PAHMLbI ra3-BaKyyM W 3HaueHUH raso-
JUHAMHUYECKHX MapaMeTpoB Ha HeHl MojyyeHa cUCcTeMa OObIKHOBEHHbIX IH(-
(hepeHIMANbHBIX YPABHEHHUH.

4. TlocTpoeHHoe pellleHHe 3ajaud O pacrnaje paspblBa SIBJASETCS aHAJTUTHUECKUM
B UHTepBase 1 < v < 3. a5 MonelUpOBaHUS TeUeHHWH BOABI HEOOXOAHWMO
3apatb v = 7.02. [loaToMy, OCTpOeHHOEe pelleHHe MOXKeT OBITb MCII0Jb30Ba-
HO /I MOJEJMPOBAaHUS TeUeHHWH, BOZHUKAIOLIUX MOCJe pa3pyLleHHs MJIOTHHBI
TOJIBKO NPUOJHKEHHO. B 3TOM nposiB/isieTcsl OrpaHUYeHHOCTh MeTOoAa MOCTpPO-
eHUsl aHaJUTHUYECKUX pelleHHH. 3aMeTHM, UTO B MJOCKO-CUMMETPHUHOM CJy-
yae [6] pelieHHe MOCTPOEHO MpH 7y > 1. DTO MO3BOJSET HALEATHCS, UTO H B
TPEXMEPHOM cJy4ae NpUO/IMKeHHble pelleHUsl OyayT aaeKBaTHbI (PU3UUECKOH
NPUPOJE KUAKOCTH.
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Abstract. The paper examines the three-dimensional isentropic flows of a polytropic
gas under the action of gravity. As a mathematical model, a system of equations of
gas dynamics for a polytropic gas is used. With the polytropic index v = 7.02, this
system describes the movement of water. The system introduces an orthogonal curvi-
linear coordinate system. To formulate the problem of the disintegration of a special
discontinuity, the system makes a degenerate change of variables, namely: dependent
and independent variables change roles. In new variables, an initial-boundary value
problem with data on the sound characteristic and an additional condition is posed
for the system. The solution of the initial-boundary value problem is constructed in
the form of power series. The convergence of the constructed series in the region
from the surface of a weak discontinuity to the gas-vacuum boundary is proved. To
determine the law of motion of the gas-vacuum boundary, a quasilinear system of
partial differential equations is written out, which, with the help of the characteristic
parameter, reduces to a system of ordinary differential equations.

Keywords: polytropic gas, vacuum, force of gravity, the gas dynamics equations,
gas-vacuum boundary, initial-boundary value problem, Riemann problem, centered

wave.
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CuOHpPCKHUE rocyapCTBeHHBIH YHUBEPCUTET TeJEeKOMMYHHKAIUH W HHPOPMATHKH

AnHoTtamusa. B cratbe paccmaTpuBaeTcs CYIIHOCTD U POJIb YeJIOBEUECKOTO
(hakTOpa B OLEHKE KauyecTBa COLMAJbHO 3HAYUMOH nesrespHOCTH. [Ipencras-
JieHa 3BOJIIOLHMS TAHHOH KaTeropuu, HauWHas ¢ Mepuona paboT HEOKJIAaCCHKOB
[0 Hacrosilulero BpeMeHH. [IpensioxkeHo ompefnesneHHe YesoBeyeckoro Qakropa
B KOHTEKCTe COLIMaJbHO 3HAUUMOH [esiTeJbHOCTH. /11 ONHMCaHHs KOMIIOHEHT-
HOTO COCTaBa MHTerpaJsibHOro MokasaTeJsi uejoBedecKoro (pakropa onpeneseHa
KJacCU(pUKALUSA [0 PA3JHUUHBIM OCHOBAaHHUSIM: (popMa BOIJIOLLEHHS, XapaKTep
B3aWMOJEHCTBUS BHYTPH CHUCTEMBI, CONEpXKaHWE 3HAHWH, CYOBEKT dYesoBeye-
ckoro (akrtopa. [IpoaHaqn3upoBaHbl OCHOBHBEIE MOAXOAbl K OLIEHKE YejoBeye-
ckoro (axrtopa. IlpensoxkeHa NBYXKOMIIOHEHTHasi MOZE€Jb OLEHKH 4YeJsoBeye-
CKOro (paKTopa B COLIMA/NbHO 3HAYUMMOH NesiTeJIbHOCTH, COCTOsillasi U3 OJIOKOB
KayecTBEHHOT0 U KOJMYECTBEHHOr0 aHaJsn3a AaHHBIX C HUCIOJb30BaHUEM JIMHT-
BUCTHUYECKOH, 0a/JbHOW W HHTepBa/JbHOH WIKaja. KojuuecTBeHHass KOMIIOHEH-
Ta MpeicTaB/sieT COO0H HHTErpajbHYIO OLEHKY XapaKTEePHUCTHK, HU3MepseMbIX
IpU TOMOILLM KOMIlJIeKCca MeAMLHMHCKHX NpPHUOOpOB M annaparoB, KOMOMHALUH
NCUX0(PHU3HONOTUYECKUX TecTOB. KayecTBeHHass KOMIIOHEHTa COAEPXKHUT OLeH-
Ky TPyOHO (POpPMA/M30BaHHBIX XapaKTePUCTHK B YCJOBUSX HeONpeneséHHOCTH
UCXOAHBIX AaHHBIX.

KuaroueBbie cioBa: uejioBeuecKUi (hakTop, HEYETKAs JIOTHKA, WHTePBaJbHBIH
aHaJ/M3, OLEHKA KayecCTBa, COLMAJNBHO 3HAUMMas AeATeJbHOCTD.

BBenenue

CouuanpHo 3HauuMas aesrebHocTh (C3[1) — 3TO HOPMAaTHBHO OpPraHW30BaHHbIN
TeXHHUKO-TeXHOJIOTMUECKHUH LIMKJI IPOLIeCCOB Ye/I0BeuUeCKOl akTHBHOCTH, HallpaBJeH-
HBbIA Ha yIOBJIETBOPEHHE KaKOH-I10O0 COLUMANbHO 3HAUUMOH MOTPEOHOCTH.

Huka npoueccoB C3]], Kak MpaBuUio, BKJIOYAET:

BO3HMKHOBEHHE COLIMAJbHO 3HAYMMOH MOTPEeOHOCTH;

— CO3[aHHe JesiTeJbHOCTH 0 yIOBJETBOPEHHIO NTAHHOH MOTPEOHOCTH;
nosiyyeHre TpebyeMOro peayJsbTarta [0 HTOTaM JAesiTeJbHOCTH;
KOHTPOJIb Pe3yJbTaTOB M KauecTBa BbIIOJHEHHOH paboThI.
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[lon TepmuHoM «oueHka KadectBa C3/l» Oynem MOHMMATb pe3y/bTaT BbINOJ-
HeHHUSl CPaBHEHMS] C NPUHSATHIMH KPUTEPUSIMH CPaBHEHHUS /I JAHHOrO BUAA Jesl-
TeJbHOCTH, KOTOpPbIE SIBJISIIOTCS COBOKYITHOCTbIO COOCTBEHHBIX XapaKTEPUCTUK LUK/
TMPOIECCOB (TEXHUKO-TEXHOJOTMYEeCKUX, HOPMATHBHO-OPTaHU3ALHOHHBIX U IPYTHX) C
yuétoMm uejioBedeckoro aktopa (UD).

BakHBIM 3BeHOM B JIaHHOM cJjydae siBjisieTcsi MoHsATHE «HD».

PaspaboTka MeTonoB KoMmIjieKcHOH olleHKH U®d HeBo3MoOxKHa 6e3 BCeCTOPOHHe-
r0 M3ydeHHUsl NPOOJEeMBl MOATOTOBKH CIELHASUCTOB B KOHTEKCTe WX BJHSHUS Ha
(YHKIHOHUpPOBaHUEe pbiHKa Tpyna. HemoctaTouHblél yuét cBodcTB 4yesoBeka (D)
MPU MOCTPOEHUHU CHUCTEM YIpaBJeHUS MOXKET MPUBECTH K HEYH0BJETBOPUTEJbHOMY
pelleHHo JI0ObIX MPOM3BOACTBEHHBIX 3a7au: CHHUXKEHHWI0 Hal&€XKHOCTH, YPOBHSA 0e3-
OMaCHOCTH, NOCTOBEPHOCTH M T. I. IPUHUMAaeMbIX pelieHUd [15].

1. pouronud nmoHATHA «HDP»

CoBpemeHHasi UCTOpUs (OpMAJU3ALUU TICHXOJOTUUECKUX MepeMeHHBIX U Moje-
qei HauuHaetcss B XVII Beke. B nocneBoenHbl#l nepuon XX Beka AaHHBIM Mpoliecc
MPOXOIHUJ B paMKaX KHOepHeTHYeCKHX HCCJENOBAHWH, MOCTENEHHO CK/AIbIBasCh B
CaMOCTOSITe/IbHYI0 THCLUHMILIMHY — MaTeMaThdeckyio ncuxosoruio [10].

Cam TtepmuH «H®D» nosiBuscsi B cepenuHe XX BeKa Kak HOBasi MeXXIUCIHUIIU-
HapHast 06/1acTb 3HAHUH MPU OMUCAHUU CMEIU(PUKU MHOTOBHIOBOTO B3aUMOJEHCTBUS
YyesloBeKa U TeXHHUKH B Gosbliux cucremax [8]. [TosmHee obsacTb CyleCTBOBaHHUS
YKa3aHHOTO TepMHMHA 3HAYUTEJbHO paCIIMpHJach, BKJOUasi B cebsi, B TIepBYIO oYe-
pelb, UCCIeN0BaHUs POJIM U MecTa paboTalollero 4yesjoBeka B MpoLeccax, npoTeka-
IOIIMX B CJIOXKHBIX CHCTEMax Pas3JMYHOr0 Ha3HAUEHHs W HalleJeHHbIX Ha pelleHue
BeCbMa LIUPOKOro crekTpa 3aaad. OnHol U3 BaKHEHIIUX CPeIH HUX SIBJSETCS OLleH-
Ka M ONTUMM3alHsl BJIHSIHHS YesoBeka (ColUyMa) Ha 3(P(PeKTHBHOCTb W KayeCTBO
(hYHKIIMOHUPOBAHUST CUCTEM, BKJOYAIIIKUX €ro.

Pactymuit Bec u posbp UD, ero MHHOBALMOHHBIA XapakTep, MPOSIBUBLIMNCS B
MEeHe/’KMEHTEe KauecTBa, a TaKKe BbICOKAasl pPe3y/JbTaTHUBHOCTb €ro yuéra Mpu pe-
IIEHUH aKTyaJbHBIX MpobjeM KauecTBa OOYCJOBUJH TMOSIBJEHHE HOBOTO HAyUHO-
MPOX3BOJACTBEHHOIO HAIMpPaBJeHUS — YIPaBJeHHUs] SPrOHOMUYHOCTHIO.

Ananu3 mokasaJj, 4To B Hay4yHOH JIUTepaType IO CHX MOp He CHOPMHPOBAJIOCH
€IMHOT0 YETKOTO ompefieseHust kareropun YD,

B Bosbiiom ToskoBoM c/ioBape pycckoro sidbika non penakuued C.A. KysHenosa
YD noHMMaKOT «KaK POJib M 3HAaueHHe 4esoBeKa B OOIIECTBEHHOH >KU3HH, COILM-
aJIbHBIX TIPOLECCaX C YeJIOBEKOM Kak CyObeKTOM JesTesbHOCTH». [Ipu aTtom cJo-
BO «(DaKTOpP» pacKpbIBaeTCsl KakK «CYIIeCTBEHHOe 0OCTOSITeJNbCTBO, CIIOCOOCTBRYOLIEE
KakoMy-JH00 mpoleccy, siBJeHd0» [4].

Ucrtopuueckn UP paccmatpuBasd B paMKaxX HAEH UeJOBEUECKOTO KaluTaJa
Y. Ilertu, ®. Kens, A. Cmut, K.Bb. Cait, Ixx.C. Musnes, K. Mapkc. Bosee Toro,
passutue Teopuu UD B koHle XX BeKa MPOU30III0 BMECTe C PaCNpPOCTPaHEHHEM
TepMHHA «HHTeJJIeKTyaJsbHbli Kanutaa» [2]. [IyTb uccenoBaHUs HHTEJIEKTyasb-
HOTrO (haKTopa, ero MCTOUHHKA, Clelu(UKH NBHXKeHHs Hadascsi el B 60-e rombl
XX Beka B paboTax HEOKJIACCHKOB, B yacTHocTH, M. dpunmaHa, KOTOPBIHA BbIIETHJ
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B COCTaBe aKTHBOB MPEANPUATHS TYMaHUTAPHbIM KamnuTasa U onpenesu HeKOTOpble
ero ocobeHHocTH. [To MHenuio M. @puamana, riaBHbIH HCTOUHUK OyyLIero 10Xona
OT TYMaHHUTapHOT0 KamuTaja 3aKJ4éH B paboTHUKaX (upMbl [1].

B XXI Beke Bo3pociu 00BEMBI HAayKOEMKOIO MPOHU3BOACTBA, HWHTEJJEKTyaJlb-
HBIH TPy PaclIpOCTPaHHUJ/CA B CaMbIX Pa3/JMYHBIX 00/acTAX. YTOUHEHHEe COfeprKa-
HUsl coBpeMeHHoro Ud kak ob6bekTa HccaenoBanus Oblio npomomxkeHo B.C. [oii-
go, B.JI. MuosemuessiM, P.M. KanensuinukoseiM, C.M. KaumossiMm, K.-3. Cseii-
6u, T. Crioaptom, . Toddaepom, P.M. LiBbineBbiM, JI. dnuncconom u ap. UD
aKKyMyJHpyeT HayuHble 3HaHWS PaOOTHHUKOB, UHTEJJEKTyasbHYI COOCTBEHHOCTb,
HaKOIJIeHHBIH OMBIT, OOlLleHHe W OpPraHU3allMOHHYI0 CTPYKTYPY, MH(OPMaLUOHHBIE
CeTH M UMHIK KOMIAHUH. Bce 3TH a/eMeHTHl paccMaTpuBarTCs KakK (PaKTOPBI, OT
KOTOPbIX B TOH WMJIM HWHOH CTeleHH 3aBUCUT CO3laHHe OOoraTcTBa 4Yes0BEUECKOro
oOL1eHuS.

B coBerckuit nepuon YD onpenensiiv B paMKax COLMAMBHOH CYIIHOCTH YeJsOBe-
Ka Kak «KaTeropuio yepe3 COBOKYMHOCTb BCeX MOTEHIHAJIbHO AeSTeJbHBIX UJIEHOB
0011eCTBa, UX TBOPUECKHUX CIOCOOHOCTEH, HPAaBCTBEHHBIX M COLIMAJBHBIX KaueCTB»
[7,16].

B nocrtcoBerckuii nepuon Bodpactanue pond YD sBumoch 06beKTUBHOH HeoOXO-
IMMOCTBIO, KOTOpast Oblja 00ycJoBJIeHa YPOBHEM Pa3BUTHsI NMPOU3BOAUTENBHBIX CHJI
M COBEpLIEHCTBOBAHWEM IPOU3BOACTBEHHBIX OTHOLIeHHH. DakTopamu, MOPOKIAI0-
ILUMH 3Ty HEOOXOAUMOCTb, SBUJIMCH:

- poCT MaclITabHOCTH UCTOPUUYECKUX LieJieH;

- YCKOpEHHe COLHANbHO-9KOHOMHUECKOTO Pa3BUTHS;

- U3MeHeHHe MecTa U pOJIM YesioBeKa B CHCTeMe OOIleCTBEHHOro MpOU3BOACTBA
TOJ BJIUSIHUEM Hay4yHO-TeXHHYECKOH peBosouuu [16].

B 370 Bpems Obl70 MPUHSATO ONpefneseHre, coraacHo Kkotopomy UD onuieTBopsin
BBICOKOOOPAa30BaHHY0, XOPOLIO NMpo(ecCHOoHa bHO NMOATOTOBJEHHY0, HPABCTBEHHYIO
U JIyXOBHO OOraTylo JIMYHOCTb, BbIpaxkasi KaueCTBEHHOe COCTOSIHUE COBOKYMHOH pa-
6ouell CUJIbI HA COBPEMEHHOM YypOBHE €€ Pa3BUTHS C BO3MOXKHOCTbIO COBEPILIEHCTBO-
BaHHUS B (PU3MYECKOM, TBOPUYECKOM, HHTEJ/IEeKTyaJbHOM W HPaBCTBEHHOM aclleKTax.

Ha cerogHsiiHu#l neHb Haubosbliee BHHUMaHHe K npobiaemam YD cocpenoToue-
HO MMEHHO B COLIMAJbHO 3HAYMMBIX cepax (chepe o6pa3oBaHHs, HAYKOEMKHUX H
TeXHHUUYECKH CJIOXKHBIX (OMAcHBIX) OTPAaC/saX, HApHMep, B aBHALMH, TOPHOM JeJje U
Ip.).

B skoHOMHuecKO# JUTepaType, Hanmpumep [9], 4acTo OTOXKIECTBJSIOT MOHSITHE
U u arperaTHbIH HHAEKC Pa3BUTHS YeJOBEUECKOTO TMOTEHLHAA.

B o6sactu uHpopmMauMoHHbIX TexHoJorHi [12] UP — 310 crenunaauctsl ¢ onpe-
NeJEHHBIM ypOBHEM MpodeccHoHaNlbHON KBalU(pUKALKWU, a TaKKe ¢ MHOTooOpasu-
eM TCHXOJIOTUUECKUX XapaKTePUCTHK, 3HAHUH, OMbITA, CTHUMYJOB U MOTpPeOHOCTEH.
Ananus u yuyér UD cBsizaH ¢ GOJBIIMMH TPYIHOCTSIMH, MOSIBJISIOUIUIMUCS Ha CTHIKe
pas/JuuHbIX Npodeccuil U obaacTell 3HAHUH.

Hexotopsle aBTopsl onpenensitor nousitue U@ yepes npoTHBONOCTaBIEHHE MOHS-
THIO yejioBedyeckHue pecypchl. [locienHee moHsiTMe OCHOBAHO Ha TEeXHOKPAaTHYECKOM
MOAXOAe K PA3BUTHIO MPOW3BOACTBA, IZle HAEMHBIH pabGouni OTUYKAEH OT cebs B
mpoliecce Tpyna. TeXHOKpaTHYeCKHUH MOAXOM K paboded cuJe, cBopsiuiui eé Kk UD,
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KajapaM, MepcoHaqy MPUBOAUT K PACCMOTPEHMIO CYLIHOCTH Tpolecca YrpaBJaeHUs
TOJIbKO B Y3KOM cMbicJye [14].

C Touku 3peHus counosoruu HP, yejoBeyecKuil Kanuras, 4yeja0Be4eCKUH MOTeH-
IMaJl pacCMaTPUBAIOT KaK KauecTBa JIIOJeH, onpefiessiolide pe3ybTaThl 1esiTeNbHO-
CTH, B KOTOPYIO OHHU BOBJIEYEHBI.

B cepe o6pazosanus UHP noHnmaioT Kak HanboJee IUPOKOe 0003HAUEHHE BCel
COBOKYITHOCTH JIMUHOCTHBIX KauecTB 4esioBeKa (MOTHBOB MOBelEHHS, TOTPeOHOCTEH,
[IeHHOCTHBIX OpPHUEHTaLHH, HHTePeCcOB, SMOLUOHAIbHO-BOJIEBOH C(epbl), BIUSIOMINUX
Ha KayeCTBO W TPOM3BOAMUTEJBHOCTh TPyAa [9].

B pamkax mncuxosoruu 6e3onacHoctd, Hanpumep [3], mon UD nonumaroT cre-
LMAJUCTOB, B3aHUMOAEHUCTBYIOIIUX C TEXHUKOH, OKPYXKaWILLeh Cpelod, APYyTUMHU Clie-
nuanuctamu, nokymentauued. CorsacHo uccaenoBanusm [3], noas U HeykaoHHO
BO3pacTaeT ¥ Ha CErofiHSILIHUU JAeHb cocTaBsier mopsiaka 90 % Ha doHe yObiBa-
HUSI TEeXHUYECKOro (pakTopa B CBS3HM C KaueCTBEHHBIM H3MeHeHHeM TeXHHUYECKHX
XapaKTepUCTHK.

Tak, Hanpumep, B aBHauuu «H®P — 3To Hayka o JioAsiX B TOH 0OCTAHOBKE, B
KOTOPOH OHM JKUBYT, TPYAATCS, 00 UX B3aHUMOAEHCTBUU C MAlIMHAMH, NPOLEeLypPaMHU
U OKpy»Katwollled 0OCTAaHOBKOW, a TakxKe O B3aWMOJEHCTBUU JIOfeNd MexAy CcOoOOM».
Acnekramu UD ompenensioT TNPUHIUIL, NPUMEHHMBIE K MPOIeccaM IPOeKTHPO-
BaHHUsl, CepTU(UKALMH, MOATOTOBKH KaApPOB, 3KCIJyaTallMOHHOH AeATeJbHOCTH H
TEeXHUUECKOTo 00C/ayKHBaHUS U HalleJeHHble Ha obOecreyeHre 6e30MacHOT0 B3aUMO-
NeUCTBUS MeXIY 4YeJOBEKOM M APYTHMH KOMIIOHEHTaMU Pa3/JHUHOI'0 pOAa CUCTEM
MOCPENCTBOM HaJIeXKallero yuéta Bo3MOKHOCTeH (crnocobHocTeil) uesoBeka [11].

CyluecTByeT psil HOpPMAaTUBHBIX JOKYMEHTOB, PerJaMeHTUPYIOLIUX POJib U 3Haue-
e UD (cm. Taba. 1).

Ecau B 3apyGexHbIX cTaHmapTax / TpeGoBaHUsiX (cM. Tabs. 1) Bompochl yuéra
YD B o6sacTH MOArOTOBKU CIELHUANUCTOB pa3paboTaHbl U UMEIOT YETKYI0 3aKOHO-
JlaTeJbHYI0 OCHOBY, To B Poccuu npo6sema co3naHus MpakTHUECKHU OTCYTCTBYIOLIEH
HOPMaTUBHOU 6a3bl CTOUT OCOOEHHO OCTPO.

2. CywmHocTb ¥ Kaaccupukauusa YP

CoBpemenHasi kKoHuenuusi Y® He orpaHuurMBaeTcs aHaJHM30M 3HAHWH, BOIMJIO-
IIEHHBIX B YeJIOBEKE M CIOCOOCTBYIOUIMX CO3UJATENbHOMY TPYLY, NEMOHCTPUPYS
6oJiee IIMPOKUH MOAXOM, pacCMaTpUBasi Kak 4desJOBeUeCKHH MOTEHLHaJa He TOJbKO
3HAaHMSA, BOILIOLLEHHbIE B Ye/0BeKe, HO M HAKOIJIeHHble HayuyHble 3HaHHs, 00beK-
TUBHPOBAHHble B HOBBIX 0a3ax NaHHBIX U Jp., a4 TaKKe B OTHOLIEHUSX C APYTMMH
9KOHOMHUYECKUMH CyObeKTaMH.

YD moxeT 6bITh ONpeaeéH Kak crellupruuecKUi BKJIaL YyejaoBeKka B obecrieyeHue
KayecTBa U 3(PPeKTHUBHOCTH JAeSITeNbHOCTH PA3JHYHBIX CUCTEM, 3JIEMEHTOM KOTOPBIX
oH siBasietcst [13] (cm. taba. 2).

Takum o6pazom, UP, ¢ onHOH CTOPOHBI, SIBJASETCS KOMIIOHEHTOM CHCTEMBI, C
IPYTOH, caM SBJSIeTCS CUCTEMHOM KaTeropued, (OpMHUpPys MHOXKECTBO CUCTEMHBIX
KOHCTPYKLHMH, B KOTOPBIX OH CaM BBICTyMaeT KaK UX MOACUCTEMA WUJIM 3JEMEHT.
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Ta6nuua 1. IMogxonsl K ouenke U

HaumeHoBanne pokymeHra /
Title of the document

Iloxxon K posu uejioBeKa B CH-
creme / Approach to the role
of a person in the system

Tpeb6oBanus MKAO |Peanuzoana wmopmeab SHELL
(International ~ Civil  Aviation|(2003 r.): S — Software (npoue-
Organization) k  moxroroBke | nypsl, cuMBosibl) H — Hardware

aBMALMOHHOIO  IlepcoHasa B
obmactu  YUP: craHpaptel U
peKoMeHayeMast MpaKTHKa

(mammnna) E — Environment
(cpema) L — Liveware (4esnoBek)

JloKyMeHTBI opranusaunu | [Ipaktuyeckue Bompochl obecre-

Eurocontrol yeHUs1 6€30MaCHOCTH, KOJJIEKTHB-
Hasg paboTa, (QYHKUUH PabOTHI
KOJIJIEKTHBA

JloKyMeHTHI opranuzauuu |[UD kak 3neMeHT pa3BUTHS, H3-

European Joint Authorities

MEeHEeHUSsl YPOBHS KBaJH(PUKALUH.

YesoBeueckass omMOKa Kak IOM-
cucrema passutua P

Y BksouaeT Kak NMPUPOAHBIE, TAK U COLIMAJbHBIE 3/J€eMEHTbl, MHOTHEe U3 KOTO-
pPbIX MOTYT OBITb Pa3BHUThl U YCOBEPLUEHCTBOBAHBI MYTEM (PU3HYECKHUX M MCHUXO0JO-
THYeCKUX NeHCTBHH, 06pa3oBanus. PopMHUPYsCh U HAKAMIWBASICh B TeUeHHUE XKHU3HU
uHaMeuaa, YP no mepe pa3BUTHUS MPOU3BOACTBA TepsieT MPU3HAKH MPUPOAHOTO pe-
cypca, npuobpetasi uepThl (POPMHUPYEMOTO U BOCIPOU3BOAUMOro. [J1aBHBIM 3jeMeH-
TOM 3J1eCb §IBJISIeTCSl HelpepblBHOE 00pa3oBaHHe, KOTOPOe CIOCOOCTBYeT (hOPMHPO-
BaHHUIO COLMANbHOH KOMIOHEHTH UD.

AneMeHTel UP MoryT OBITb KJACCU(PULHUPOBAHBl MO Pa3IUYHBIM OCHOBAHUSAM:
(hopMa BOIJIOLLLEHHS, XapaKTep B3aUMOAEHCTBUS BHYTPHU CUCTEMBI, COAePKaHHe 3Ha-
HUi, cyobekT UD.

C Touku 3peHHs: cyObeKTOB Kak Hocuteseidl UD moxeT ObITh HHAWBUAYAJNbHBIM
1 KoJJIeKTUBHBIM. HekoTopeie ydénbie kiaaccuduuupytor YD Ha KaapoBblid, OpraHu-
3aLHOHHBIA U MOTPeOUTebCKUH, COBNANAIIINE 110 COAEPKAHUIO C YEJIOBEUeCKUM U
CTPYKTYPHBIM.

Baxneiie# yactbio UP sBasieTcss yHUBepcabHbIH NOTEHLMAJ, KOTOPbIH 00pa-
3yeTcsl 3HaHUSIMH, (DOPMHUPYIOLIMMH OCHOBY OTPAaCJ/H AeATeJbHOCTH. 3HAUeHHe yHU-
BepCaJ/bHOrO MOTEHLHMasa OlpejiessieTcss TeM, UYTO OH IpelcTaBJjseT cobod 6asy,
UCTOYHHUK, (PYHIAMEHT [/ BCeX APYrUX (opM NOTEHLHAJA.

BropeiM anemenToM U®D siBAsiOTCS HaKOMJeHHble HayuHble 3HAHUS. DTO MOTEH-
[1MaJl, OCHOBaHHBIH Ha TEXHOJIOIMYEeCKUX 3HAHUAX KakK (pOpMe KalUTaJbHOr0 pecypca
Npou3BOACTBA. J[aHHBIH KOMIIOHEHT fIBJSIETCS MOABUKHBIM, U3MEHUHBBIM.

OH BKJIIOYaeT BCIO COBOKYIMHOCTb HMHTEJJIEKTYyaJbHbIX dKTUBOB, HAy4YHbI€ U TE€X-
HOJIOTHYECKHE HAeH, 3HAaHHUH, OIBbIT U KBaJII/ICbI/IKaLlI/IIO pa6OTHI/IKOB U T. II.
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Tabnuna 2. UenoBeyecku# (akTop KakK CHCTEMHAst KaTerOpHs

CeoiictBo cuctembl / System |Peanmuszauus B pamkax YP/

property Implementation in the human
factor

CTpyKTypHOCTD Ud kak c0KHOE MHOTOMEpHOe
siBJIeHHe

Wuterpauus U pasBrBaercss BO B3auUMOJel-

CTBUM C OKpyXawlled cpenon
(9KOHOMHUECKHe, MOJUTHUECKHE,
(bM3MUecKHe U Ip. BUABI B3aUMO-

NeHCTBUH)

0O60c006/IeHHOCTD YD gpasieTcs JIOKAJbHBIM BhIfe-
JIeHHBIM (DparMeHToM H3 oOlleH
COBOKYTMHOCTH

HepapxuyHocThb Yd — mHoroacnekTHoe MOHATHE,

cocTosimiee M3 OOJBIIOrO YHCJA
CTPYKTYPHBIX HHBAapHAHTOB, OT-
paXKawllWX pa3Hble CTOPOHBI U
cBoiicTBa UD Kak cHUCTEMBI

HeagauTuBHOCTD Hecsogumocts cBodicte UP K
CyMMe COCTaBJISIIOIIUX €ro KOM-
MIOHEHTOB, MpeJrnoJaraeTcss HaJju-
gyhe y CHCTeMbl HWHTErpaTUBHBIX
KayecTB

Tpetuit snemeHT — couuasbHblil noteHunan YP. CnocoOCTByeT MOBBILIEHUIO
MIPOM3BOJUTEBHOCTH Uepe3 BKJIAA COLMA/JbHOW OpraHu3auuu oOllecTBa B IPOU3-
BOJICTBO M 9KOHOMHUYECKHH POCT. DTO MOTEHLHAJ B3aHMOAEHCTBHS, COTPYIHHUECTBA,
(hopMHUpyeMOro B TMPOCTPAHCTBE MEXKJWYHOCTHBIX 3KOHOMMUYECKHX W COLHAJbHBIX
OTHOLLEHHH.

. Cgeiibu, . duBUHCCOH, J. BpyKUHT mpensaraioT BKJWOYUTb B cocTaB YD
noTpebUTeNbCKUN (PaKTOp, CIOCOOHOCTh KOTOPOrO 3aKJIOUYaeTCsl B YAOBJIETBOPEHUH
3anpocoB notpebutesnei. Jpyroe HasBaHue AJs NOTPeOUTENbCKOrO (pakTopa, BCTpe-
qarlleecs B JJUTepaType — «MOTeHUHAJ KaneHTa». [log HUM moHUMaeTcst opTdeb
JIOTOBOPOB C MOTPeOUTENSIMU NMPOAYKLHH U YCJIYT.

OTMeTHM, UTO CIUCOK cOCTaBHbIX UMD He sB/SETCS HMCUEPIBIBAIOIINM, MOCKOJb-
Ky MOxKeT ObITb AONOJHEH HWJM BUAOU3MeHeH. Hampumep, momyctumo npo6G.JeHue
couuaJsbHOro noreHuunana Y®P Ha moauTHYECKHH, SKOHOMHUYECKHH, 3KOJOTHUYeCKHUH
U T. I

B pamkax C3J1 YD moxHO ompenennTb, KaK OOLIECTBEHHOE OTHOIIEHHE, BbIpa-
JKalollee COLHATbHO-9KOHOMUYECKYI0 (DOPMY HeBelLleCTBEHHBIX LEHHOCTEH deJsoBe-
YeCKOH NpPHUPOABI, KOTOpble, CTAHOBSICb OOBEKTOM UbeH-MH00 COOCTBEHHOCTH, Ha-
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Kal/JUBalOTCS 32 CYET HMHBECTHULUH, MPOU3BOAUTENBbHO MCIOJb3YIOTCS B TeueHHe
omnpefeséHHOr0 BPeMEHHU C LieJiblo nosydeHus: noxona. Y®P He umeeT MarepuasbHO-
BellleCTBEHHOH (POPMBI MPOSIBJIEHHUS, 00BbeAUHSAET HeBelleCTBEHHbIe LIeHHOCTH UHTeI-
JIEKTyaJIbHOH MPUPOJbl, BOMJOLEHHBIE B pabOTHUKAX.

3. Poub u crpykrypa ouenku UP B C3]]

Ha ceropHsIIHWH [eHb OTCYTCTBYIOT METOMbl KOMILJIEKCHOro oueHuBaHus YD
BBHUIY CJIOXKHOCTH (POPMajM3alMH €ro XapaKTepPUCTHK U KOJHYECTBEHHOW OLleHKH
JIAHHOT'0 MHOTOACMEKTHOTO MOHSATHS, TaK Kak 0COOeHHOCTAMU nposiBaeHuss YD BbI-
CTyNaT:

— JUINTEJIbHBIA MHBECTULUOHHBIH MEPUOL;

— BBICOKasl CTeleHb PUCKA;

— HU3Kas CTeleHb JIMKBUIHOCTH.

Bosnee toro, U® He TO/JBbKO BJMSET HAa pa3BUTHe PbIHKA TPyLa U B 1leJIOM Ha
COLMAJIbHO-9KOHOMHYECKOH CHUCTEMBl, HO U CaM HCIBITbIBa€T MHOTOYMUCJIEHHbIE BO3-
NelCTBHUS CO CTOPOHBI BHelIHeH cpedpl. Ha Hero cepbésHoe BiHsHHE OKa3bIBAIOT
SKOHOMMUECKHe, TMOJUTHUECKHEe, COLMAJNbHO-KY/JIbTYpPHblE U TeXHOJOrndeckue Qak-
TopHI [6].

M3yuenue conmep:kaHusi v crerneHd BausHUs UD gBisoTcs TaBHbIMH 3ajada-
mu oueHku C3]]. B koHTekcTe oueHku kKadectBa C3Jl mox YD OGymem noHuUMaThb
ONpeesIEHHBbIA KOMIIJIEKCHBIA KaueCTBeHHO-KOMMUEeCTBEHHbIH M0Ka3aTesb B pa3pese
XapaKTepUCTHKH YPOBHS 00pa3oBaHHUsl creuuasucta B cooTBeTcTBylomed C3J u
KOMILJIeKCa MCUX0(MU3UOIOTHUECKUX CBOUCTB JIMUHOCTU (CM. pHc. 1).

[Icuxodursunonornyeckre xapakTepUCTUKHU CTPYNIIMPOBaHbl B BUJe 4-X Hemepece-
KaIOLIMXCS KaTeropui KayecTB JIMUHOCTH, 4 UMEHHO:

— HepreTHYyecKHe, XapaKTepu3ylollihe YPOBeHb aKTUBHOCTH MCUXO(pHU3NONOrHYe-
CKMX (YHKIHH U cucTeM (KpoBooOpallleHHs], AbIXaHHsI, 0OMeHa BelLIeCTB U [Ip.);

— HMH(pOpPMaLMOHHblE, XapaKTepusyolde 00paboTKy MOCTyNUBLIeH HUH(DOPMALUU
U TMpPHUHSATHE Ha €€ OCHOBE pellleHHH, T. €. OTpPaKawllhe KOTHUTUBHBIE MPOLECCH
(MBIIJIEHHE, TTAMSITh, CTPYKTYPY JUYHOCTH, HHAUBUAYAJIbHOCTD);

— 3(¢heKTopHBIe, OTBeYawllre 3a peasu3al{i0 MPUHATHIX pelleHHd (Kosuue-
CTBEHHbIe U KaueCTBeHHble [10Ka3aTesu NPo(ecCUoHalbHON NeTeJbHOCTH U (PU3HO-
JIOTHYeCKHe MapaMeTphl);

— aKTHBalLMOHHBIE, 00yC/aBAMBaOLLKE HAMPABJAEHHOCTb U CTelleHb HAMPSKEHHO-
CTH TmpodeccHoHaTbHOH NeATeNbHOCTH (YypPOBEHb BHUMaHHS, CTPECCOYCTOHUYUBOCTH,
0COOEHHOCTH MOTHBALMOHHOH c(epsl U T. 1.).

Taxkum obpasom, ouenka UD B cTpykType omeHKH KadecTBa Jo6ou C3]] siBais-
eTCsl BaXKHbIM HalpaBJ/ieHHeM Hay4YHO-NMPaKTHYeCKHX UCCeN0BaHUH.

[Tpu dopmupoBannn KommaekcHoH oneHkd UD, rinaBHbIM 00pa3om B cdepax o6-
pa3oBaHUs U HH(DOPMALHMOHHON 6e30MacHOCTH, HE0OXOAUMO YUUTBIBATh CYLIECTBYIO-
ILYIO CeUM(PUKY 3aJauu: CJO0KHOCTb NMOHATUHHOrO anmnapara; npobJjaeMbl CHCTEMHO-
ro nopxona K oOecrneyeHHWI0 M YJAYYLIEHHUIO OLleHKH B 3aBUCHMOCTH OT KOHKPETHBIX
YCJIOBUH; OBICTPOTY NMPUHHUMAEMBIX pelleHUH; CJ0XKHOCTb MOJyUYeHHs UCXOAHOH WH-
(hopmMalMu A IPUHATHS pellleHUH U BpeMsl, 3aTpauyrdBaeMoe Ha IMoJyueHHe UHGop-
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ToTOBHOCTH K Mpodeccuu B paMKax
KOMIIETEHTH. I0AX0a

YpoBens u

— XapakTepHCTHKa
o0Opa3zoBaHus
CogepiueHcTBOBaHHE (0TI
o6pasoBanmue)
YEJIOBEYECKHH
— — OHepreTuveckue
®AKTOP B C3/],
— HMudopmauroxHHkIe
| |[Icuxodusunonornyeck
e XapaKTepUCTHKH
— dddexropHsie
— AKTHBaLIMOHHbBIE

Puc. 1. KomnouneutHni#t coctas U® B C3]]

Mall1H; CJOXKHOCTb HCIOJIb3YEeMBIX aJTOPUTMOB IMOJYyUYEHHsI UCXOAHOH HH(OpPMaLUU
U aJTOPUTMOB NPUHATHUS PeLleHUH U T. A.

OnHuM M3 crnocoboB pelleHHUs 3aJaud KOMIJEeKCHOH oueHKH YD B KOHTeK-
cre C3Jl MoxeT sIBAATbCS BHeIpPEHHE aBTOMATU3HPOBAHHBIX CUCTEM TaKOW OLEeH-
ku. Kaxknas rpynna ncuxohr3uosorudeckux XxapakTepucTHK MpelycMaTpUBaeT YHU-
KaJbHbIH HaOOp MeTOOB U MojeJseld (DOPMUPOBAHHSI TOH OLEHKH.

OObIYHBIE METONbl aHAJHW3a CUCTEM U MofeaupoBaHue Ha DBM, ocHOBaHHbIe Ha
TOYHOH 06paboTKe UHCJOBBIX NAHHBIX, M0 CYLIECTBY He CMOCOOHBI OXBATHUTb OI'POM-
HYIO CJIOKHOCTb MPOLECCOB YeJ0BEYECKOT'0 MbIILIJIEHUS U MPUHATHSA pelieHud. OleH-
Ky U®D B ycsoBUSX HeomNpeaeJeHHOCTH MapaMeTpoB eé (HyHKIIMOHUPOBAHHUS MOXKHO
copMHpOBaTh C HCMOJAb30BAHHUEM COTJIACOBAHHOIO CeMeHCTBa MOJeJseH, afanTUB-
HO KOHCTPYMPYIOLIUXCS OfHA U3 APYrod WU HeNpepblBHO COBEPILIEHCTBYIOLIMXCS Ha
OCHOBe ONTHUMAaJbHOTO BbIOOPA UCXOAHBIX AaHHBbIX. J[/1s1 3TOU 1lesI BO3MOXKHO Tpef-
JIOXKUTb [BYXKOMIIOHEHTHYIO MOJiesib, COCTOSILLYI0 U3 OJI0OKOB KaueCTBEHHOT'O0 U KO-
JINYECTBEHHOI0 aHaJ/n3a NaHHBIX C UCMOJb30BAHHUEM JUHTBUCTHYECKOH, OasbHON U
WUHTEpPBaJIbHOM LIKAJI.

PaccmoTpum ux noapobHee (cM. puc. 2).

1. KosmuectBenusit kommnoneHT (K;) mpencraBsisieT co60il MHTErpasbHYy0 OLEH-
Ky 3HepreTHuyecKWX, aKTUBALMOHHBIX MoKa3aTesed. MHcTpymeHTapueM wuccnenoBa-
HUSl B JAHHOM CJly4yae MOXKHO CUMTATb KOMILJIEKC MeAULUHCKUX MNpPUOOpOB U am-
napaToB (B TOM uyucJje mosurpad), a TakKe KOMOWHALHIO MCHXO(PU3HOJOTHIECKUX
TECTOB.
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1. OnpeeneHne Kpurepues oleHKU KadyecTBa C3/]

bnox ITAPAMETPBI bnox KPUTEPHMH

-V

2. @OPMHPOBaHHe ITAJIOHOB

. MeToasl 00pabOTKH SMITHPHIECKOH
HMHTepBalbHO-CTATHCTHYIECKIH MeTO,
mrbopMary

DL

3. IIpontegypa onmenxu C3/]

OHTPONUHHBIN TOIXO0], HeveTkoe mopempoBaHue

W

4. OGo0uIeHNe 1 MHTEPIIPETAUA PEe3Y/IFTaTOB

bannpaas mkaza JIMHrBMCTHYeCKas IIKaIa HHT@pBEUIBHaH IIKaJ/Id

D2

5. PopMupoBaHHe BBIBOJOB U IIpeJ/IOYKeHU N

(koppeKkTHMpPOBKa MO/Ie/IH )

Puc. 2. O606wénnbiil anroputm oueHku YD B C3]]

Takum o06pa3oM, KOJHYECTBEHHBIH KOMIIOHEHT SIBJISIETCS OTOOpaKeHHUEM COCTOs-
Hus sHepretuueckux (K.) u akTuBaunoHHbIX nokasartesed (K,):

Ky — (K., K,) (1)

HJIN

(Ke, Kq) = (k7). (2)

AHanus nuTepaTyphl MOKa3aJs, uUTO Ha CErONHSIIIHHWH eHb He CyLIecTByeT (op-
MaJIbHBbIX METOJIOB ONMHCAHMUS B3aUMOCBSI3U Pa3pabOTAHHBIX KOJHYECTBEHHBIX METO-
NI0B OLIEHKH 3HEepreTHUeCKUX, aKTHBALIMOHHBIX MOKa3aTeJsedl U KayecTBa MOATOTOBKU
CMeLMaNuCTOB B paMKax (pOPMUPOBAHUS KOMIJIEKCHOI'O HHTErPaJbHOIO0 KOMIIOHEHTA
«yeJjioBeueckKuil ¢pakrtop». [loaTtomy npo6sema BbIsIBJEHUS U NPeACTaBIEHUS NaHHON
CBSI3U HMeeT CaMOCTOsITe/IbHOe 3HaueHMUe.

2. KauectBenHbiii komnoHeHT (Ks) comep:kHT oleHKY HH(MOPMALHUOHHBIX U (-
(heKTOpPHBIX KayecTB JIMUHOCTH. B NaHHHOM cJjyyae BO3MOXKHO MpPeNJIOKHUTb Psil
MoleJsiell U MeTOJOB, MCIOJb3YIOLUIMX B CBOEH OCHOBE HEUYETKYIO JIOTMKY W HHTEp-
BaJIbHbIH HJIM MHTePBaJ/bHO-CTATUCTHUUYECKHI aHa/N3.

KauyecTBeHHBIH KOMIIOHEHT §IBJISIeTCS OTOOpaKeHHWeM COCTOSIHUS WH(OPMAaLHUOH-
ueix (K;) n apdekropubix mokasareseit (K,). bonee Toro, kauecTBeHHBIH KOMIIOHEHT
OTpaxKaeT TakKxKe MHOTOKPHTEPHAJbHBIH IOKa3aTe/b «yPOBeHb U XapaKTePUCTHKA
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o0pa3oBaHHUsA», B KOMIIEKCE MPENCTaBJ/SAIIMH N0Ka3aTeab NPo(hecCHoHa bHON ro-
TOBHOCTH creninanncra (P,):

Ky — (Ki, Ky, By) (3)

HJIN

(Kz‘a Kpa Pg) = f(KQ) (4)

3nech W nanee OyieM paccMaTpuBaThb MOKasaTesb «poecCHOHaNbHOH TOTOB-
HOCTH» KaK MYJIbTUCOLLUOMETPHUECKYI0 XapaKTepUCTHKY, OTParKalollylo YypPOBHHU
KOMIIEeTeHL M CllelualucTa B paMKax NpodeccHoHaNbHOH nesiTesqbHOCTH. Ha Haiu
B3IVISIA, B Ipolecce POPMHUPOBAHUSA MOKa3aTesss «IpoPpecCUOHATbHOU TOTOBHOCTH»
MOXKHO paccMaTpPUBATh BapUaHThl pelleHUs NpSMOH U 0OpaTHOH 3anauu:

1. Ilpsimas 3amava npennosaraetr y4éT B CTPYKTYpe KOMIETeHLUH 3HAHUH, yMe-
HUH, HaBBIKOB M HMCXOAWUT B OLleHKE KOMIETeHUHH OT OLleHOK 3HAaHWH, YMeHHUH, Ha-
BBIKOB, KOTOpble BeCbMa aKTHBHO HCIOJb30Ba/JUCh B COBETCKOH M MOCTCOBETCKON
cucremax odpaszoBanus (mo 1990-x rr.). JlaHHas joruueckas Lernouka mpearnojaraet
TO, YTO CYyIIeCTBOBABIIME paHbllle 3HAHMS, YMEHHS, HaBbIKM 0 KaxKJOH OCBauBae-
MO¥ JHCUUIJIMHE MO3BOJISIHN CIIeLHATUCTy B 00/1aCTH 00pPa30BaHUS 1aTb KayeCTBeH-
HY10 (DOPMYJUPOBKY MO COAEPKAHHUIO KaXKJ0H O0CBaUBaeMOH KOMIETEHLHH.

2. ObpatHast 3ajmaya, ¢ KOTOPOH MPUXOAMUTCS CTAJKMBATbCS ClELHAJHUCTAM B
o6sacTH 00pa30BaHHs HENOCPENCTBEHHO B MOBCEIHEBHOH MpPaKTHKe, 3aKJ/0UaeTcs
B TIOMBITKE IEKOMIO3ULUHU TpelJaraeMbiX CBepXy KOMIETeHIHUH AJs TOro, 4ToObl
MOHATb UX COMEPXKaHWE W peasr30BaTh HA MPAKTHKE, B TOM YHCJE KOHTPOJUPOBATH
X OCBOEHHE.

Mbl npensiaraeM paccmaTpuBaTth mpoliecc (popMUpPOBaHMS MoKazaTess npodec-
CHUOHAJIbHOM TOTOBHOCTH B paMKax MpsiMOH 3anaud (hOpMHUPOBAHHUS KOMIETEHLHH
crniequaauctoB. Huxe chopmynupyeM HecKoJbKO MaTeMaTHUECKHUX [OCTAaHOBOK 3a-
fa4 B 00JIaCTH OLIEHKH KOJMYECTBEHHBIX U KaueCTBEHHBIX KOMIOHeHTOB UD.

[. Mozenb OLeHKH KaueCTBEHHBIX KOMIIOHEHT MpeArnoJaraer, 4yto rpymnna uz N
9KCIIEPTOB OTBeUaeT Ha N BOMPOCOB, COOTBETCTBEHHO COCTABJIEHHBIX MPOBEPSIOLIUM
no HeuéTKoH mkase. [Tlo orBeram skcrepToB opmupytoT Hedétkoe yuciao (HU) Z;
(t = [1; N]), KoTopoMy CTaBSIT B COOTBETCTBHE OJHO W3 3TaJOHHBIX. 3HayeHus HY,
COOTBETCTBYIOLIME OLlEHKE OTBETOB BCEH TPYIIbI IKCIEPTOB Ha j-U pasnen (Bompoc)
(j = [1;n]), onpenensitor o dopmyne:

N

L= (7). 5)

~

roe Z — HEUYETKOEe CJIOXKEHHE, BBIIIOJHEHHOE II0 ONHOMY H3 METOHOB peaJiku3alluu

~

onepauri HeYETKOH apU(PMETHKH.
CyMMapHy0 OLEHKY KadeCTBEHHbIX KOMIIOHEHT OTpeNessioT C YYETOM paHee
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BBIUHCJIEHHBIX K03 uuneHToB BaxkHocTH (KB):

LS = (JZZ;PM x LN]> (6)

~

rne PN; — Hopmasn3oBaHHble KB.
O6pasoBaHHoe LS cpaBHMBAIOT ¢ 3TajoHHbIMU HY, nss dero ucrnosnbsyoT a-

ypoBHeBoe pacctosiHue (AYP):

NIE

k
d(LS,LV;) = *=

|z — ;4
1

k

rae o — 3agaHHoe 3HaueHue a-ypoBHs (0< a <1); LV, — sranonueie HY; z; ny; —

Ny > o, (7)

HOCHTEJIM MoJlydeHHoro u aTtajsonHoro HY LS u LV;; m — KoJHW4eCTBO KOMIOHEH-
toB HY LS; k— koamnvectso komnonentos HY LV ¢ dyHkuue#d npuHannexxHoCcTH

(PIT) py > a.
Kpurepuem coorBeTcTBUsl LS onHOMY U3 3TafoHHBIX HY cuuTaloT MUHUMaJ/bHOE

~

AYP, xotopoe U ompeesisieT OLeHKY KaueCTBEHHOH KOMIIOHEHTHI.

B kauectBe MmeTonma ompenesnenus napametrpoB PI1 nHaubosee s3hdexTHUBHBIE U
aJlaniTHBHbIE Pe3Y/bTAThl T03BOJISIET MOJYYUTh UHTEPBAIbHO-CTATUCTUYECKHUH METOJ
(UCM).

II. Mopenb OLlEHKM KOJNHYeCTBEHHBIX KOMIIOHEHT 0a3upyeTcsi Ha I0JOXKEHUSIX
®DenepanbHOr0 rocynapcTBeHHOro 00pa3oBaTesNbHOrO CTaHAapTa BhicIIero obpaso-
Bauus (PIrOC 3, 3+), +), roe chopMynUpOBaHbl OOIIEKYNbTYPHbIE, MPOQecCHO-
HaJbHble, 00L1IenpodeccHoHaNbHble U NPO(peCcCHOHANbHO-CIIellUaIU3HPOBAHHbBIE KOM-
nerenuuu (OK, 1K (PK), OITIK (OPK) u I1CK (PSK)) nns rymanurtapHoro, couu-
aJbHOTO U 3KoHOMHuYecKoro uukaa (I'CJ), maremarHueckoro U ecTeCTBEHHOHAYUHO-
ro nukaa (MELL), a Takxe nmpodeccroHaNbHOTO [[HK/a Ha 6a3e OUCLHUIJIUH 6a30BOH
U BapUATHUBHOH 4YacTeH.

O60o3HauuM uepe3 M Habop peasn3yeMbIX KOMIIETEHIHH B paMKax pabouero
yueOHOTo MJaHa UCCJ/eyeMOoro HalpaBjeHHUs TOATOTOBKU B pa3pe3e TeopeTHUYeCKOro
(t) u mpakTHYecKoro acnekra (p) cOpMHUPOBAHHOCTH:

M = <OK?.OK'.PK*.PK'.OPK*.OPK'.PSK*.PSK"'~, (8)

rie OK? = {OKY,--- ,OKP} — naGop paccMaTpuUBaeMbiX OOLIEKYJIbTYPHBIX KOMITe-
TEHLHH, peasu3yeMbiX n JTUCLHHUIIMHAMA pabouero yuebHOro maaHa B MPakTUYeCKOM
aCIeKTe;

OK'={OK},--- ,OKL} — naGop paccMaTprBaeMbix OOILIEKYIbTYPHBIX KOMIIE-
TEHIHH, peaju3yeMbiX n AUCUUIIKHAME pabouero ydeGHOrO MJaHa B TeopeTHde-
CKOM acCIieKTe;

PK? ={PKY,--- ,PKP} — Habop paccMaTpHBaeMbIX MPO(eCcCUOHaNbHBIX KOM-
MeTeHIHH, peasn3yeMblX m AUCHUIIMHAMH pabouero yueGHOro MJaHa B MPaKTHUe-
CKOM acIieKTe;
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PK'={PK!, --- | PK!} — naGop paccMatprBaeMbix Mpo(hecCHOHaIbHbIX KOM-
NeTeHUHUH, peasn3yeMblX m IUCLHUIIIMHAMU paboyero yueOHOro IJlaHa B TeOopeTHYe-
CKOM acCIIeKTe;

OPK? — {OPK?Y,--- ,OPKP} — Habop paccMaTpHBaeMbIX 00llenpodeccro-
HaJIbHBIX KOMIIETEHIHH, peasu3yeMblX s JAUCUUILIMHAMM padodyero yueGHOro MJaHa
B MPaKTHYECKOM AaCIEKTE;

OPK'—{OPK!,--- JOPK!} — na6op paccMaTpuBaeMbix 0611enpoheccHoHab-
HBIX KOMIIETEHLMH, peajudyeMblX s AMCLMIIMHAMH paboyero ydyeGHOrO MJiaHa B
TEOPETHYECKOM aCleKTe;

PSK? — {PSKY,--- | PSKP} — Habop paccMaTpuBaeMbiX MPO(ecCHOHaNbHO-
CTeHaJU3UPOBAHHBIX KOMIIETEHIUH, peasu3yeMblX v AUCUMILIMHAMH paboydero
y4eOHOTr0 MJaHa B MPaKTHYECKOM aCIEKTE,;

PSK' — {PSK},--- ,PSK!} — unaGop paccmarpuBaeMbix MpodecCHOHaIbHO-
CelHaJM3UPOBAaHHBIX KOMIIETEHIIMH, peaju3yeMblX v JHUCLUHIJIMHAMH pabouero
y4eGHOro MJIaHa B TEOPETHUYECKOM ACIEKTE.

O603HauUMM MHOXKECTBO AWUCLHUIUIMH paboyero ydeGHoro msaHa kak D = {d;},
i = 1.k, k — ofliee 4HUCJAO0 DUCLHMIINH, ki, ko, ks, k4 — KOJHMYECTBO IMUCLMIIJIHH,
peanusytouux OK, IIK, OIIK u IICK coorBercTBeHHo. MrtoroBas martpuia nMeer
pasmepHocTb k X (n+m + s+ v).

PesynbTaThl 0CBOEHUSI CTYNEHTOM j-0oi KomneTeH MK Buaa OK nucuuniuHbl ¢ B
TEOPETHUECKOM U MPAKTHUECKOM acleKTax MpeIcTaBUM Kak dt?Kj 1%} dp?Kj COOTBET-
crBeHHo. Juaa kommereHuuil supa 1K, OIIK u IICK anasoruuyno (dthi U dpr",
dtOP% y dp@tHa | atPS %y dpPS%i). Orpannyenus no peanusanyuy KOMIETeHIHH B
paMKax AUCLUIJIUH yueOHOro MJjaHa UMeT BHUI:

0 < dt?f < 100;0 < dtF™ < 100;
0 <dpf™ <100,Y; = 1.k,V; = L.n+m+ s+ v;
0 < dt?"% < 100;0 < dpPP™ < 100,V = 1.k, V; = L.n+m + s+ v;
0 < dt!™% < 100;0 < dpf®™ <100,V = 1.k,V; = L.n+m + s + v;
k n+m+s+v k n+m-+s+v
St A0 Y dt? A0 A A0 Y dp?™ £ 0;
i=1 j=1 i=1 j=1 9)
k n+m-+s+uv k n+m+s+v
Yot A 0 Y A0 Ay A0 S A A0
1= Jj= 1= Jj=
k n—+m-+s+v k n-+m-+s—+v
Statdti A0 S At A0 dpy R A0 S dp? TR £ 0;
i=1 j=1 i=1 j=1
k n+m+s+uv k n+m+s+uv
St A0 At A0 dp 00 Y dpP £,
i=1 j=1 i=1 j=1

I/IHTeI‘paJ'IbeIG OLEHKH B TEOPETHYECKOM U IPAKTHYECKOM KOHTEKCTaX pacCyu-
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THIBAIOT MO (pOpMYyJ/aM:

n k n+m k
Ly=aY PNok,*» di;" « PN;+ % Y PNpg Y dt; "/« PN, +
7=1 i=1 j=n+1 i=1
n+m-+s k
+y% Y PNopk,* Y _dt{"™™ « PN; +
j=n+m+1 i=1
n+m-+s+v k
+(1—a—B—9)x Y. PNpsg, > di;*™ « PN; (10)
j=n+m-+s+1 =1
n k n+m k
Ly=aY PNog,* Y dp/"™ « PN;+ B+ Y PNpg, Y dp; "’ % PN;+
Jj=1 =1 j=n+1 i=1
n+m+s k )
+y% Y PNopk,* Y dp{"" « PN; +
j=n+m+1 =1
n+m+s+uv k
+(1—a=B=7)* Y PNpsg, Y dp;”" % PN; (11)
j=n+m+s+1 =1

rie PN; — HopMmanu3oBaHHble KB nucuunauHbl B paMKax peajusallid KOMIETeH-
LM, pacCUMTAHHble HAa OCHOBE MaTpHIbl MapHbIX cpaBHeHU; a — KB Habopa kom-
nereHuui OK; f — KB nabopa komnerenuu# [1K; v — KB na6opa kommereHuni
[1IK; PNok;,PNnkj, PNopkj, PNpsk; — HopMaau3oBaHHble KB kommeTeHuu#
(OK, IIK, OIIK u I1CK).

4. IlepcneKTHBBI UCCJIETOBAHUSA

B HOBBIX COLMA/bHO-9KOHOMHUYECKHX YCJOBHUSIX, Korga poib YD B MoBbIIEHUH
MPOU3BOAMUTEILHOCTH M KayecTBa TPyAa B CTPYKType MPOU3BOACTBA 3HAYUTEJIBHO
BO3pacTaeT, 3Ta TeHJAEHLHs NOJKHA HaXOAWUTb CBOE OTpaxKeHHe, NpeXKae BCEero, B
CONlePXKaHUH CHCTEMBbI HElpepbIBHOrO 06pa3oBaHus [J].

CoBpeMeHHBIH PBIHOK Tpyla MpeNbsiB/sSeT 0coOble TPeOGOBaHHUS K CIeLHAIUCTaM,
6a30BBIMH KOMIIOHEHTAMH KOTOPBIX SIBJSIIOTCS BBICOKHE YPOBeHb MpodecCcHoHa n3Ma
¥ MICUXOJIOTHUYECKOH YCTOHUHBOCTH.

Ilnst paGoTonatenelt akTya bHOH CTAHOBUTCS pa3paboTKa KOMIJIEKCHOH MpoLeany-
pbl MHTErpaJibHOM LIEJOCTHOH OLEHKH JUYHOCTH C YUETOM HHIUBHUIYAJTbHOI'O CBOE-
o0pasusi eé MOTeHUHAJbHBIX BO3MOXKHOCTEH K OOY4YeHHI0, Pa3BUTHIO U COBepILeH-
CTBOBAHHIO B MPO(eCCHOHABbHON JesiTeJbHOCTH, TaK HadbiBaeMoro Ud.

ONHHM K3 HHCTPYMEHTOB, COCOOCTBYIOMUX pa3BUTHIO UD U yCcH/IeHHIO ero po-
JIH, SIBJISIeTCS] HEOOXOMUMOCTD TJIAHUPOBAHUS CHCTEMBI HENPepbIBHOIO 06pa3oBaHHus,
BKJIFOYAs POBe/ieHre HayuHO-060CHOBAHHOTO MPO(eCCHOHANBHOTO MCHX0JI0THUeCKO-
ro orbopa B LieNOYKe:

— WIKOJIbHUK: B paMKaX MOCTYIJIeHUsI B MPO(HUIbHbBIE KJIACCHI;
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— aOUTypHEHT: NPU MOCTYIJEHUH B BY3bl 110 CllEeLMAJU3UPOBAHHBIM HaMpaBJeHU-
SIM;

— COMCKaTeJb: MOBbILIeHHe KBaIU(PUKALMH 110 CHEelHaJbHOCTH.

[IpoeccruoHnanbHBIA NCHUXOJOTHUECKUHE OTOOP MO3BOJISET NOCTATOYHO OBICTPO U
00BEKTUBHO U3MepSAThb 0O0JbLIOE KOJHUYECTBO MCUXO(PU3UONOTHUECKHUX CBOHCTB, BbI-
ABJATH IVIyOOKYIO CTPYKTYPY MHAMBHUIAYaJbHBIX OCOOEHHOCTEH JIMUHOCTH, AeTePMHU-
HUPOBAHHBIX (PU3MOJIOTHYECKUMU cHcTeMaMM opraHuama. [IpodeccronanbHelil neu-
XOJIOTUUECKHH OTOOp NMPOrHO3UPYeT BO3MOXKHOCTH KaHAWAATa, a UMEHHO: ero Cro-
COOHOCTb K 00y4YeHHI0, a B KOHEYHOM UTOre — ero 3(h(eKTUBHOCTb KaK CIeLHaNUCTa
B Tpollecce Mocjenywlleid npodeccnoHanbHol nestenbHOCTH. OTCIOIA yCTaHOBJE-
HHe COOTBETCTBHS CBOMCTB M KauecTB JIMYHOCTH COMCKaTeJss1 TpeOOBaHUSIM BbIOpaH-
HOH mpodeccuu siBjsieTcs TJIaBHOU 3afiaueil NMpodeccHoHaMbHOrO MCUX0J0THYeCKOro
otbopa.
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Abstract. In article the entity and a role of a human factor in an assessment of
quality of socially important activities are considered. The evolution of this category
is provided, since the period of operations of neoclassics until now. Determination of a
human factor in the context of socially important activities is offered. For the descrip-
tion of component composition of an integral index of a human factor the classification
by different bases is provided: the form of the embodiment, the nature of interaction
in system, the content of knowledge, the subject of a human factor. Basic approaches
to an assessment of a human factor are analyzed. The two-component model of an
assessment of a human factor in socially important activities, consisting of units of
qualitative and quantitative analysis of data with use of linguistic, mark and interval
scales, is offered. The quantitative component represents an integral assessment of the
measured characteristics by means of a complex of medical instruments and devices,
combinations of psychophysiological tests. The qualitative component contains an
assessment of difficult formalized characteristics in the conditions of uncertainty of
basic data.

Keywords: human factor, fuzzy logic, interval analysis, quality assessment, socially
significant activity.
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BBenenue

O6BbéM paboTbl NpodeccopcKo-NMPenofaBaTeNbCKOr0 COCTaBa B By3ax YCTaHaB-
JIUBaeTCs C y4yéTOM HeOOXOAMMOCTH BBITIOJIHEHUS BCeX BHUJAOB yueOHOH, yueOHO-
MeTOIUYEeCKOH M HayuyHO-UCCJIeI0BAaTe/NbCKOH padoThl, BhITEKAaollel U3 3aHHMaeMOn
NOJKHOCTH, yueOHOTO MMJIaHA M IJIaHA Hay4YHO-HCC/eN0BaTeNbCKOH padoTel. O0b-
€M pas3/MUYHBIX BUJIOB pabOT, BBIMOJHSEMBIX KaxKAbIM MpernojgaBateseM, yCTaHaBJ/IM-
BaeTCs B 3aBUCUMOCTH OT XapaKTepa KOHTHHTeHTa ofydaroluxcsi (CTYIeHTHI, ac-
MUPAHTBI), OT HEOOXOMUMOCTH yuyacTHsl TperofaBatesisi B yueOHOU, HaydHOH WU
MeToAUYecKod paboTe, a TakXKe C yU4€TOM €ro HHAMBHAYaJbHBIX BO3MOXKHOCTEH
B Haubosiee 3P(HEKTUBHOM BBIMOJHEHUH TOr0 HJU HHOro Buaa pa6oT. OCHOBHBIM
JIOKYMEHTOM, OIpelessiolUM paboTy KaxKAOro INpernofaBaTessi Ha BeCb CPOK €ro
U30paHus, SIBJAseTCS UHAMBUAYaJbHbIH IJIaH, B KOTOPbIH €XXerofiHO BHOCUTCS IJa-
HUpyeMasi eMy Ha TeKyIIMi ydeOHbIH rof yuebHas (B yacax), yueOHO-MeTOAHYECKaS,
Hay4yHO-HCCJIeIoBaTeIbCKAs U APyrHe BUABI padoT [1].

B [2] omuceiBaeTcsi mpyrasi mporpamma, KOTopasi Mo3BOJsieT aBTOMaTH3HPOBATh
npolecchl pacyéra yyeOHON HArpy3Ku Kadeapsl U reHepaldd OTUETHBIX HOKYMEHTOB
CTaHAAPTHOT'O BUJA.

Hns pacnpenenennss yuyeOHOH HArpy3Kd MOXKHO MCIOJb30BaTh passHyHble HH-
cTpyMeHTH [1,3], HO HaubGoJiee MPOCTBIM U YIOOHBIM SIBJISIETCS UCIIOJIb30BAHHE BO3-
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MoxkHocTe#t MS Excel. MIMeHHO msfi 3TOro MHCTPyMEHTa M PacCMOTPHM pelleHHe
HEKOTOPbIX HauboJ/ee 4acTo BCTPeUaroLUXCcs 3a1au.

IlocraHoBKa 3amaum

3agaya pacnpefeseHUss y4yeOHOH Harpysku sBJsieTCs CTaHIApTHOH 3ajaueld
yrpaBJ/eHUsl yueOHbIM MpolieccoM Kadenpbl. TeM He MeHee, KaxKAblili By3 HMeeT
coOCTBeHHble IAOJMOHBI MPeNCTaBJAeHHSl KaK MCXOAHBIX NAHHBIX, TaK WU pe3yJbTa-
TOB pacrnpeneseHusi Harpy3ku. OmHM By3bl NMPOM3BOASIT PacyéT TOJNBKO B dYacax,
ApyTHe e W B 4acax, ¥ B KpPeAWTax. YU€T KPEeIHUTOB 3HAUHTEJbHO YBEJUYMBAET
BBIUMC/JUTENbHYI0 HArpy3Ky W AjuHy mabmoHa. CpaBHUM 11a6JIOHbI MTPeaCTaBIeHHUS
pe3yJbTaToB pacnpeseseHus (pUCyHKH 1, 2).

YTERENED
TIPOPSKTOP N0 SKA0GMMSCROH QORTANLHOLTH H HaYES
RAH. NPOPEOOOP
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Puc. 1. Pesynbrathl pacnpesnesieHusi yueGHOH Harpysku B yacax

Puc. 2. Pesynbratel pacrpeznesieHusi yueOGHOH Harpy3kd B 4acaX M KpeouTax

Kak BHUAHO M3 MpPeACTaBJEHHBIX PHUCYHKOB, KOJHUYECTBO CcTONOI0B BO BTOpPOM
BapHaHTe€ 3Ha4YMTEJbHO BO3pacTaeT II0 CpaBHEHHIO C II€PBbLIM. PesyanaT pacqéTa
HEBO3MO2KHO pPa3ME€CTHUTb Ha OOHOM I€4YaTHOM JIUCTE, YTO Tp@6y€T BBeJEeHHA OOII0J-
HHUTEJbHBIX MEP B BHJE€ CKPBLITHA CTOJIOLIOB C HYJI€BbIMH CyMMaMH HJIHW HCII0Jb30Ba-
HHA CKPOJIJIMHTA.
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Kpome pe3ynbTaToB Mo pacnpefiesieHHIO Harpy3Kd Cpelu rpernopaBatesei Tpedy-
eTcsl pas3fesuTh €€ Ha OCHOBHYIO U JIOTIOJHUTEJbHYIO, €CJIH KOJUUYEeCTBO CTABOK Ipe-
BellIaeT ofnHy. [Ipu HeGOJbIIOM KOJMUECTBe MpernofaBaTesiell Takylo 3aady HeTpy.-
HO pelIUThb BPYUHYIO.

Jasi o6JerueHns pelleHUs 3ToH 3agauu B 11aGJOH BBEJEHbI JOMOJHUTEJbHbIE
CTPOKH, KakK MokKaszaHo Ha pucyHke 3. OCHOBHAsl U JOMOJNHUTEbHAS HArpyska cyM-
MUpYeTCsl OTAEJbHO IJ51 KaXKJIO0ro ceMecTpa, eCjd CTPOKU KaKUM-TO 00pa3oM OTMe-
TUTb KaK OTHOCSILIMEeCS K OCHOBHOH M JOMOJHUTEeJNbHOH Harpy3ke. Haubosee mpo-
CTOH croco® [Js 3TOr0 — BBeIeHHe NOIOJHUTEJbHOrO CToJ0La ¢ 0003HAUEHUSAMHU
«0» U «Jl», UTO TO3BOJISIET 3aMUCaTh B COOTBETCTBYIOIIMX siUeliKax (HOPMYJIbI:

=CYMMECJIN($BX155:$BX179;"0";N155:N179)

=CYMMECJIN($BX155:$BX179;"n";N155:N179).

Wroro 1 cemecTp OCHOBHAA
Wroro 1 cemecTp QONONHATENbLHAR

Wroro 3a 1 cemecTp

Wroro 2 cemecTp OCHOBHAA

Wroro 2 cemecTp QONONHATENbBHAR
Wroro 3a 2 cemecTp

WToro 3a rog 0cHOBHERA

WToro 3a rog 4ONONHATENbHARA
Wroro 3a rog

Puc. 3. CTpok# 1/ OCHOBHOH M HOTMOJHUTENbHON Harpy3KH

Tak Kak 6oJiblIasi TOUHOCTb NPU pa3fieleHUH HAarpy3KH Ha OCHOBHYIO U JOMOJIHU-
TeJIbHYIO He TpeOyeTcs, TO MOXKHO NyTéM Nepebopa nogoodpaTh NOAXOAALIMN BAPUAHT
L7151 KaXKI0Tro Tpernojasareisi, Kak 3T0 B OCHOBHOM U feJsaeTcs. [Ipu a3TOM, KOHeuUHo,
HeoOXOAUMO NPUOJNH3UTEIbHO ONpeNeJUTh KOJUUeCTBO YacOB MJIM KPeJUTOB Ha OC-
HOBHYIO MJIM JOMOJHHUTEJNbHYIO CTaBKY. DTy 3a/auy, XOTs U OueHb MPOCTYIO0, Jyyllle
BCEe-TaKH BBIMOJHUTb C MOMOILbIO (DOPMYJI, KaK 3TO 0Ka3aHO Ha pPUCYHKe 4.

Hac
en

98,50 4,66
64,00 3,40
88,75 4,43
58,75 343
60,00 2,00
370,00 17,92
0,00 0,00
370,00 17,92
30,00 1,00
30,00 1,00
116,50 5,86
28,00 1,62
8,00 1,20
10,00 1,50
3,00 0,10
60,00 2,00
285,50 14,28
0,00 0,00 4759333
285,50 14,28 CTABKH KpefuTsl
655,50 32,20 1,00 2146
0,00 0,00 |a 0,50 10,73
655,50 32,20 1,50 3219

T o oo oo o

5,970667

T o o oocoooo o

S

Puc. 4. Ilogcuér konnuecTBa KPEeaUTOB AJisd OCHOBHOM W JOMOJHHUTENbHOH Harpysku
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B mnocnenHeil cTpoke ykKaszaHO KOJMUYECTBO CTaBOK mpenofaBatess. M3 3amna-
HUPOBaHHBIX 1,0 CTaBOK OfiHA CTaBKa YXOOUT HA OCHOBHYyIO Harpysky u 0,5 — Ha
NONOJIHUTebHYI0. B cocenHeM cTos0Le crpaBa ONpefieseHO KOJUYeCTBO KPeaUTOB,
a B coceHeM CTosi0lLe cJeBa YyKasaHbl [Js ynoOcTBa «0» U «O». Kpome 3Toro,
ornpenesieHbl KpPeIUTbl Ha [OMOJHHUTEJNbHYIO Harpy3Ky [Ji OCEHHEro U BeCeHHero
CeMeCcTpPOB, YTO M03BOJsieT OoJiee TOYHO BBIMOJHATH BblUMCAeHHUs. Ecau Harpyska
onpeeJ/sieTcss TOJbKO B dacax, TO CTOJOLOB C KpeAuTaMH He OyneT, a (popMyJibl
OynyT HaCTPOEHbl Ha aKaJeMH4yeCKHe 4achl.

[Tpu noctaToyHo 6OJBLIOM KOJHMYECTBe MpernopaBateseil Kadenpbl H/uan Heob-
XOIUMOCTH TEPUOAUYECKH BBIMOJHATH 3aroJHeHHe TabJul 3aHOBO, BO3HHUKAET I10-
TpeOHOCTb HCIIOJNb30BAHUS OTAEJbHOTO a/JTOpUTMAa AJs BbIOOpa «0» U «I» B COOT-
BETCTBYIOLLEM CTOJOLE.

CresnaeM MaTeMaTHYeCKyl0 IOCTAHOBKY 3aJayH.

Hwmeetcst m cTpok Harpy3ku | cemecTpa ¥ n CTPOK HArpy3KH 2 ceMecTpa, 00bEM
KPEIUTOB [/ Ka)KHOH CTPOKH H3BecTeH b;1b;o (i = 1,...,m,j = 1,...,n). Bse-
IEM BeKTOpHYIO mepeMeHHy© Xj (k= 1,...,m,...,m + n), KOOPAUHATBl KOTOPOH
MPUHUMAIOT 3HaueHus1 U3 MHOxkecTBa {1,0}, mpuuém 1 — ecu CTpPOKa BXOAUT B 10-
MONHUTEJbHYI0 Harpy3ky ¥ 0 — ecaiv B ocHoBHYI0. Torna 3agayy MOXKHO COpMYJ/IH-
poBaTh CJENYIOIIUM 00pa3oM: onpeneanTb X; TaKUM 00pa3oM, UTOObl BHIMOJHSINCH
yeqioBust (1):

m m-+n
=1 i=m+1

OueBHIHO, 4TO B ycsoBHsiX (1) paBeHCTBO BBIMOJHSIETCS He CTPOro, a MpUOJIH-
x)eéuHo. CyielyeT OTMETHUTb, YTO MOTPEIIHOCTh BHIYMC/JIEHHS B 1 cemecTpe MOXKHO
MepeHecTH BO 2 CEMEeCTpP W Y/NYUIIHUTb 3a CUET ITOro OOWIMEU pe3ysnbraT. Torma ycJo-
Bus (1) MOxXHO GoJjiee TOYHO mepenucaTh B Buue (2)

m m+n
S Xixbimk, Y Xixbmk+k—K, (2)
i=1 i=m+1

rne K =57 X; *b,.
Ec/ii orpaHHuUUTLCS MOCTAHOBKOK 3a[ayd B TAKOM BHJE, TO €€ HEeTPYAHO MpHUBe-
CTH K IOCJIe0BATEIbHOCTH ABYX LEJOYUCIEHHBIX 3a1ad ONTHMH3ALKUU 3.

F1: in*bl—kl
=1

m-+n
FQZ ZXi*bi—lﬁ‘l—k?Q—K

i=m-+1

(3)

min Fi, min F5.

[loka 3TH 3amauu 6e3 orpaHuuyeHui. Ho orpaHuueHus yaiie Bcero cjenyer BBO-
IUTb, TaK KaK B JIONOJHHUTEJNbHYIO HATPY3KY JOJKHBI BXOAUTb ayAUTOPHbIE 3aHATHUS.
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AT0 mpocTeiiliie orpaHUYEHHs, HO OHHU MOTYT OBIThb YCHJIEHBl 32 CYET OoJiee XKECT-
KUX YCJIOBUH.

Beeném Bektop Di(k =1,...,m,...,m + n), KOTOPbId NPUHHMaeT 3HayeHHe |
17151 ayAUTOPHOH Harpysku (aucuuniauH) u 0 — nss BHeayIUTOpPHOH (HeaKTHBHOH)
Harpysku. [Ipeanosoxum, uTo JoNo/JHHUTENbHASA HArpy3Ka JOJKHA COAEPKAThb XOTSH
Obl ONHY AMCUMIIMHY B KaXXIOM ceMecTpe. B aToM ciy4yae orpaHu4YeHHs NPUMYT
BUJL:

m m+n
> XixDi>0, > X;xDi>0. (4)
i=1 i=m+1

Takum o6pas3om mosyyaeM 3anady LeJOUYUCJIEHHON JIMHEHHOH ONTUMMU3aLUU 3 C
orpanuueHusimu 4. Cjenyer ydecTh, UTO BO3MOXKHA CHUTyalMsl, KOra B Harpyske
npernogaBaTessi MOTyT OTCYTCTBOBATb ayIUTOPHBIE UAChl, UTO MO3BOJISET YUUTHIBATD
OrpaHMYeHHs KakK KeJaTesbHble, a He CTPOro 06s3aTesbHbIE.

PaccMoTpuM afropuTMbl pellieHHs ABOMUHBIX 3a/1a4 ONTHMHU3alUK C OrpaHUYeHH-
smu. Cpasy cjenyeT OTMETHTh, UTO Hcrosb3oBaHre nHctpymeHta MS Excel «Ilouck
pellleHHsI» OKasaJjcs Masjod(p(eKTHBHbIM JaxKe AJs OAHOrO TpernogaBatens. Hau-
6osiee TOYHBIM $IBJISIETCS, KOHEUHO »Ke, TepeGOpHBIH alrOpUTM, WK PEeKYPCUBHbBIH
aJTOPUTM C BO3BPATOM.

KosinuecTBO CTPOK Harpy3ku B ceMecTpe u3MeHsieTcss oT & go 20, UTo mesaet
TOYHbIE aJITOPUTMBI HENPUTOAHBIMU. M3 MpUOIMKEHHBIX aJrOPUTMOB XOPOLIO 3ape-
KOMEH/I0BaJ ce0si »KalHBIH aJrOpUTM.

AnropuTMel, TNpefHa3HAUeHHble /s pelIeHHs] 3afad ONTHMH3ALHH, OOBIYHO
MpeacTaB/sSI0T coO0H Moc/en0BaTeNbHOCTb [1aroB, Ha KaxKIOM M3 KOTOPBIX Mpelo-
CTaBJ/sSIeTCS HEKOTOPOe MHOXecTBO Bbl6opoB. OmpeneseHue Hauaydyllero Bbl6Opa,
PYKOBOJCTBYSICb MPUHIMNAMH IMHAMHUYECKOTO MPOTPaMMHPOBAHHS, BO MHOTMX 3a-
fladax ONTHMH3allMM HAallOMUHAeT CTpesbOy M3 MYyLIKH 110 BOPOObAM; IPYrUMH CJIO-
BaMH, /Uil 3THUX 3a/a4 Jyullle MOAXOAAT 6oJsiee MpocTble U 3(PPeKTUBHBIE AITOPUTMBI.
B xanHom anroputme (greedy algorithm) Bcernma nesnaercsi BBIGOp, KOTOPBIE KaKeT-
Csl CAaMBIM JIyUIIMM B JAHHBIH MOMEHT, T. €. MPOU3BOAUTCS JIOKAJBbHO ONTHMAJbHbBIH
BBIOOP B HaJeXK/e, YTO OH MPUBEAET K ONTHMAaJbHOMY peIIeHHI0 I100aJbHOH 3a/1auH.

2KanHble anropuTMbl He Bcerjga MPUBOAAT K ONTHMAJbHOMY pelleHHIo, HO BO
MHOTHX 3aJadax OHHU JalT HYXHbIH pedynbraT. 2KaaHblll MeTon o6sanaeTr jpocra-
TOUHOH MOIIbIO U XOPOLIO MOAXOAUT AJIsl AOBOJBHO IIUPOKOTO CreKTpa 3anay [4].

B o6uiem ciyuae Hesib3si CKa3aTh, MOXKHO JIM MOJYYUTb ONTHMaJbHOE pelIeHHe C
TIOMOLIBIO ’KAa/IHOTO aJrOPUTMa MPUMEHHUTENbHO K KOHKpPeTHOH 3anade. Ho ectb nBe
0COOEHHOCTH, XapaKTepHble [J/s 3a/au, KOTOpPblE DEIIAlTCs C TOMOLIbIO KaaHbIX
aJITOPUTMOB: TIPUHLMI »KaJHOr0 BbIOOpA U CBOMCTBO ONTHMAJIbHOCTH /IS MOA3aAay.

HpI/IHI_lI/II'I IMPUMECHEHUA KAAHOTO aJropuTrma

['oBOpAT, UTO K 3a4aue ONTHUMHU3ALHUH IPUMEHHUM NPUHLHMI KAJHOTO BbIOOPA, €CaIr
10CJ1eJ0BaTeNbHOCTD JIOKAJbHO ONTUMAaJbHBIX BIOOPOB NAET I100a/bHO ONTHMAJb-
HOe pellleHHe. B 3TOM COCTOHWT I/iaBHOE OTJIMYMe KAJHBIX aJrOPUTMOB OT AMHAMMU-
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4yeCcKOro NporpaMMHpPOBAHHS: BO BTOPOM MPOCUYUTHIBAIOTCS Cpa3y MOCJEACTBUS BCeX
BapHUaHTOB.

Yro6bl N0Ka3aTh, UYTO KAAHBIH aJrOpPUTM HAET ONTHMYM, HYKHO MOMNBITAThCS
MPOBECTH [0Ka3aTeJbCTBO, aHAJOTHUHOE J0KA3aTeJbCTBY aJropuTMa 3afadd O Bbl-
6ope 3asiBok. CHauasa Mbl MOKa3blBae€M, UTO KAAHBIH BBIOOD HA MEpPBOM Iare He
3aKpblBaeT MYyTb K ONTUMAaJ/JbHOMY peLIeHHIO: [Jis JI000ro pelleHHst ecTb IPYroe,
corjlacoBaHHOe C »KafHbIM BbIOOpOM, W He XyxKe nepsoro. [Torom Mbl mokasbiBaeM,
4TO MOj3ajaya, BO3HUKILIASA MOCJ/e »KaaHOTOo BbIOOpa Ha MEepBOM Ilare, aHaJorH4yHa
ucxonHou. [lo uHAYyKUMEK OymeT c/enoBaTh, YTO TakKas MOCJEN0BATENbHOCTD KaTHbBIX
BBIOOPOB [AET ONTHMAJbHOE pelLIeHHe.

B komOuHaTOpHKe CYyleCcTByeT pasfeJ, CBI3aHHBIH C KAAHBIMU aJATOPUTMAMH —
Teopuss MatpounoB. [Ipu momomiu 3ToH TeopuM 4YacTo (XOTS U He BCETAa) MOXKHO
peLIUTb 3aady O MPUMEHUMOCTH KaIHbIX aJrOPUTMOB.

XoTsl MPUMEHHUTENbHO K paccMaTpUBaeMoOH 3agadye Hesb3sl 10Ka3aTh, YTO TOCJe-
NI0BaTEeJIbHOCTb JKAJHbIX BBIOOPOB JMA€T ONTHMaJbHOE pelleHHe, HO MpaKTHYecKoe
NpUMeHeHHe 3TOro aJropuTMa MoKasano ero 3p(eKTHBHOCTb.

Hrak, anropuTm BblGOpa AOMONHUTENbHOW HArpy3KH BBIMOJHSETCS CJEAYIOLIUM
ob6pa3oM: BHayaJjle paccMatpuBaercsi 1 cemectp.

OnpenensitoTcsi aKTUBHBIE U HEAKTHBHBIE BUIBI HAarpy3Ku. Ec/n ecTb ayanTopHas
Harpys3ka, To OflHa CTPOKa BbIOMpAETCsl B JOMOJHUTENbHYIO Harpysky. M3 ocraBmux-
Csl CTPOK BbIOMpaeTcs CTPOKA C MaKCHUMaJbHbIM BECOM, KOTOPbIH MOXXHO NOOGaBHUTb
B CYMMapHYIO NOTOJHHUTEbHYIO Harpysky. TouHocTb BbluucjeHH# 3amaércs B 0,5
KpenurTa.

Korna Harpyska 1 cemectpa BbiOpaHa, TO aHAJOTHUHO BhIOMpaeTCsl Harpyska 2 ce-
MeCTpa, TOJbKO LeJseBast PyHKIUS U3MeHsieTcsl coryiacHo (opmyJse (3), ¥ TOYHOCTb
BBIYMCJIEHUH MOXKHO MoBbICUTH 10 0,1 Kpeaura.

Hcnonb3oBanue xanHoro anropurMa aias 20 mpenopaBaTesiell MoKasaso CJefy-
IOLIMHA pe3yabTaT (PUCYHOK D).

1lcem 2 cem rog NOrpeLwHoCcTe
nnan par abcon nnas | ganr | abeon nnan | daxt | abooniors | otHoont
1 7,228( 7,6902222| -0,462222 5702| 5173] 0,529 12,53] 12,86322| 0,0667778| 0,52%
2 6,892| 7,0194444| -0,127444 6,8233| 6,55494| 0,26839 13,71533| 13,57439] 0,1409444|  1,03%
3 4,822| 4,9176667| -0,095667| 8,124 7,92078| 0,20322 12,946 12,83844| 0,1075556]  0,83%
4 | 66786667 6,704] -0,027333 6,227| 6,10944| 0,11756 12,90367| 12,81344| 0,0902222] 0,70%
5 | 6,0383333| 6,1171111] -0,078778] 6,965 6,71983| 0,24517 13,00333| 12,83694| 0,1663889)  1,28%
6
7
8

6,516| 6,8973333| -0,381333 6,4 6,02733 0,37267 12,916 12,92467| -0,0086667|  0,07%

5,926, 7,984 2,058 7,126| 5,14733| 1,57867 13,052| 13,13133) -0,0793333|  0,61%
6,5293333| 6,6517778| -0,122444) 6,5753| 6,31378| 0,26156) 13,10467| 12,96556| 0,1391111]  1,06%
9 8,532] 8,736 0,204 4,4 4,25267| 0,14733 12,932| 12,98867| -0,0566667|  0,44%
10 | 83473323 8,4145556| -0,067222 4,765 4,51678| 0,24822] 13,11233] 12,93133 0181 1,38%
11 4,314 4,854 -0,04] 8| 8 0| 12,814 12,854 -0,04]  0,31%
6,3333333| -0,333333 6,54222| 0,45778, 13| 12,87556 0,1244424)  0,96%
13 | 7,1373323( 7,3326667| -0,195333 5,88| 5,48744| 0,29256 13,01733] 12,82011 0,1972222| 1,52%
7,6666667| -0,666667| 5,9267| 5,18444 0,74222 12,92667| 12,85111| 0,0755556]  0,58%
15 | 51173333 5,2511111| -0,133778 7,656 7,36311] 0,29289 12,77333| 12,61422| 0,1591111|  1,25%
8,3333333| -0,332333 s| 4,65833] 0,34167] 13| 12,99167| 0,0083333| 0,06%
17 3,028) 3,356 -0,2976 3,2| 3,0924] 0,1076 6228 6418 -0,19]  3,05%
18 | 7,2833333| 7,4144444| -0,131111 5,818 5,48706| 0,33094] 13,10133| 12,9015| 0,1998333| 1,53%
19 8,44| 8,5824444| -0,142444) 4,838| 4,56244| 0,27556| 13,278| 13,14489| 0,1321111| 1,00%
20 2| 28 -0.,8 al 361 039 6| 6,41 -0.41]  6,83%
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Puc. 5. CBonHBIe aHHBIE O pacIpeleseHUH HarpysKH

AHanu3 mosiyueHHBIX Pe3y/bTaTOB MO3BOJISIET CleaTh BBIBOL O MPHMEHHMOCTH
)KaJHOTO aJIrOPUTMa AJsl 3alaud pas3fiesieHusi Harpy3Kd Ha OCHOBHYIO W JOMOJIHHU-
TeabHYy0. B cpenHem Ha 0,5 cTaBKM MPUXOAUTCS, corsiacHo Tabuuie, 13 KpeauToB
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(mocniennss ctpoka coorBercTByeT 0,25 crTaBKM M 6-TH Kpemutam). [lorpeurHocts
OT NMpHMeHeHHUs aJropuTMa cocTtaBJser He 6osee 0,5 Kpenura, npuuém Haubosbliee
3Hauenue 0,41 npuxomuTCs Ha NpernojaBaTesss ¢ MUHHMAaJbHBIMU BecaMU Harpysku
B | KpemuT, B OCTaJbHBIX Ke Cjydasx abCOJIOTHAs MOTPELIHOCTb He MpEeBHIIaeT
0,2, uto cocraBJssietT He 6osee 3 % OoTHOCHTeNbHOU morpewmHocTH. CrefyeT HMeThb B
BHU/Y, UTO CTPOKA Harpy3KH He ApoOHUIAch Ha HECKOJBKO CTPOK C LIeJbI0 YAyUIlIeHHs
tToyHocTH. Jlasi mpenopaBaTeJsiell, NaHHble KOTOpbIX yKazaubl B 11, 12, 14, 18 u 20
CTpOKax B cTosblax «pakT» OTHOTO UK 0OOHMX CEMEeCTPOB yKa3aHhl LieJible UHC/a.
ITOo MOKa3bIBAET, UTO HATPy3Ka CONEPXKHUT TOJBKO ayAUTOPHBIE UAChl C KPeIUTaMH,
KpaTHBIMU eUHHLEe. B aTOM ciydae MOKHO OKHMJaTb HaUXyAllero pedynabrara. s
3 mpernopaBatesiell Harpy3ka COIEep:KHUT TOJNBKO ayIHUTOpPHble Yachbl B 0OOMX CeMecT-
pax, 3to 12, 18 u 20 crtpoku. [l HUX HarpysKy MOXKHO pasle/UTb TOJBKO C
TOYHOCTbIO 10 eAMHHLBl. Ho W [/151 HUX MOJyuyeHHBIH pe3y/bTaTr sBJSETCS O4YeHb
XOPOLIHM.

CpaBHuM nokazatesu 1 u 2 cemectpoB. B 1, 7, 12, 14 u 20 cTpokax camble Xyj-
Me nokaszatenu 1o 1 cemectpy. Ecau 6bl /51 BTOPOro ceMecTpa paclpesiesieHue
MPOM3BOAMJIOCH HE3AaBUCHMO OT | ceMecTpa, TO CyMMapHbIe TI0Ka3aTe | 3a I'ofl TOJb-
KO YXYyIIIUJIUCh O6bl. Ho TOT (pakT, 4To BO BTOPOM CeMecTpe YYUThIBaeTCsl pe3y/bTar
BeIOOpa MOMOJHHTEJNbHOH Harpy3kud B 1 cemecTpe, MO3BOJISIET 3HAYUTENBHO YJyd-
IIUTh UTOTOBBIN pe3y/bTatr. Tak, HampuMep, Hauxymamas abCOMOTHAS MOTPEIIHOCTh
1 cemectpa B 7 cTpoke —2,058 KOMIeHCUpPYyeTCs TOXKe XYIIIEH, HO MOJOXKHUTENbHOH
MOrpelIHOCTbI0, UYTO NMPHUBOAUT K romoBoi mnorpemHoctd B —0,079. B 20 crpoke
—0,8 B 1 cemectpe kommneHcupyercss +0,39 Bo 2 cemecTpe, 4TO NPHUBOAUT K He
yaAy4lllaeMOMYy pe3yJbTaTy MPH PYUYHOM BBIMOJHEHHH NeHCTBUH.

CpaBHUM MporpaMMHOe U py4dHOe pacrpefeseHHe Ha MPUMepe, MpeacTaBAeHHOM
Ha pucyHke 6. Kak BugHo, pydHoe pasmeneHue Gosee TouHoe: mpu miaaHe 10,73
nonyueHo 10,75. Tlporpammuoe ke pasnenenue nonyuunao 10,88 kpenuToB. DTo mMo-
TPeLIHOCTb KaaHoro airoputMa. Ho ans uccienyemoil 3agadu Takasi NOTPeLIHOCTb
LOMYyCTHMA.
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4,759333 532 4,759333
14,28 craskn  KpeauThl 14,28 cramkn  kpepuTH
2132_|o 1,00 2146 2145 o 1,00 2146
1088_|a 0,50 10,73 1075 |a 0,50 10,73
32,20 1,50 32,19 32,20 1,50 32,19

Puc. 6. [IporpamMHoe (caeBa) ¥ pyuHoe (crmpaBa) pasmeseHue

Ha pucynke 7 cieBa mpesncTaB/ieHbl pe3yJsibTaThl pacyéTa Mo OMUCAHHOMY B TPO-
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rpamMmme ajroputMmy. B 1 cemecTpe u3 nsanupyemsix 7,69 kpenutoB BeiOpaHo 7,23
Ha JONOJHUTEeJbHYI0 Harpy3ky. Bo 2 cemecTpe ¢ yuyéToM mnepeTekaHHsi HeLOMNOJY-
YeHHBIX KPeIHUTOB B 1 cemecTpe pacmpenesieHo 5,7 KpeouTa, uTo mpuBeso k 12,93
n3 12,86 nnanupyembix. Eciu ke, Kak 1MokasaHo B MpaBod TabJHlle, BO BTOPOM Ce-
MeCTpe NPOHU3BOIUTCS He3aBUCHMOe paclpejiesieHue, Toraa M3 MJaaHupyeMbix 9,173
KpenuTa BbOpaHo 5,1, ¥ 3TO mMpuBeJO K cCymMMapHOMYy KosuuecTBy 12,33 us 12,86
MJIaHUPYeMBIX. DTOT pe3y/bTaT XyKe, YeM pe3yJbTat B jeBoi Tabmuue. Takum obpa-
30M, YU€T HejopacripeqesieH|sl KpeAUTOB 1 ceMecTpa MpH pacrpenesneHUu 2 cemMecTpa
MPUBOAUT K O0Jiee TOYHBIM pe3yJibTaTaM.
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5,173 5,10 5173
15,52 craskM KpeauThl 15,52 craBkn  KpeauTH

2567_|o 1,00 25.73 2621 _|o 1,00 2573
1293 |a 0,50 12,86 1233 _|a 0,50 12,86
38,60 1,50 38.59 38,60 1,50 38.59

Puc. 7. Paspnesnenne 3aBucumoe (cjeBa) U He3aBUCHMOeE (CIpaBa)

BriBoabl

Paspnenenve yue6HOH Harpy3ky Ha OCHOBHYIO U JOMOJHUTENbHYIO M03BOJISIET BhI-
MONHATh AaJjbHeHIIne NeHCTBUS, a UMEHHO (POPMHPOBATh HHAMBHAYaA/IbHbIE KHUTH C
Harpy3KoH /il KaxKAOTo MpernojfaBaTelis, a TaK:Ke OTUETHl [0 BBIMOJHEHHUIO Harpys-
KH.

Takum o6pasom, MpuUMeHeHHe MaKpOCOB M03BOJISIET 3HAYUTEJNbHO YIPOCTHTh pe-
lIeHHe MHOTHX 3ajiay, CBSI3aHHBIX C paclpenesneHueM yyeOHOH Harpysku Kadeapsl.
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Abstract. There exist techniques for decision making under specific types of
uncertainty, such as probabilistic, fuzzy, etc. Each of the corresponding ways
of describing uncertainty has its advantages and limitations. As a result, new
techniques for describing uncertainty appear all the time. Instead of trying to
extend the existing decision making idea to each of these new techniques one
by one, we attempt to develop a general approach that would cover all possible
uncertainty techniques.
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1. Formulation of the Problem

Need for decision making under uncertainty. The ultimate goal of science and
engineering is to make decisions, i.e., to select the most appropriate action.

Situations when we have full information about possible consequences of each
action are rare. Usually, there is some uncertainty. It is therefore important to
make decisions under uncertainty.

There are many different techniques for describing uncertainty. There are
many different techniques for describing uncertainty: probabilistic, fuzzy (see, e.g.,
(4,10, 12]), possibilistic, interval-valued or, more generally, type-2 fuzzy (see, e.g.,
[6,7]), complex-valued fuzzy [2], etc. For many of these techniques, there are
known methods for decision making under the corresponding uncertainty.

All the current techniques for describing uncertainty have their advantages
and their limitations. Because of the known limitations, new — more adequate
— techniques for describing uncertainty appear all the time. For each of these
techniques, we need to understand how to make decisions under the corresponding
uncertainty.

A problem that we try to solve in this paper. At present, this understanding
mostly comes technique-by-technique. A natural question is: can we develop a
general framework that would allow us to make decision under general uncertainty?
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The main objective of this paper is to develop such a general formalism.

Towards a precise formulation of the problem. Let us start with a monetary
problem. Suppose that we need to make a financial decision, such as investing a
given amount of money in a certain financial instrument (such as shares or bonds).

[f we knew the exact consequences of this action, then we would know exactly
how much money we will have after a certain period of time. This happens, e.g., if
we simply place the given amount in a saving account with a known interest rate.

In most situations, however, we are uncertain of the possible financial con-
sequences of this action. In other words, for each investment scheme, there are
several possible consequences, with monetary amounts zi,...,z,. By using an
appropriate uncertainty technique, we can describe our degree of certainty that
the ¢-th alternative is possible by the corresponding value p;. Depending on the
formalism for describing uncertainty,

e a value y; can be a number - e.g., when we use probabilistic or fuzzy uncer-

tainty,

e it can be an interval — when we use interval-valued fuzzy,

e it can be a complex number — if we use complex-valued fuzzy,

e it can be a fuzzy set — if we use type-2 fuzzy techniques, etc.
For another investment scheme, we can have n’ different possible consequences,

with monetary values 7, ..., 2/, and degrees of certainty p},..., ul,.

To make a decision, we need to compare this investment, in particular, with
situations like placing money in a saving account, in which we simply get a fixed
amount of money after the same period of time.

e If this fixed amount of money is too small, then investing in an uncertain

financial instrument is clearly better.

e If this fixed amount of money is sufficiently large, then getting this fixed
amount of money is clearly better than investing in an uncertain financial
instrument.

There should be a threshold value of the fixed amount at which we go from the
instrument being preferable to a fixed amount being preferable. This threshold
fixed amount of money is thus equivalent, to the user, to the investment in an
uncertain instrument.

So, for each uncertain investment, in which we get:

e the amount x; with degree of possibility us,

e the amount z, with degree of possibility puso,

 J

e amount x,, with degree of possibility pu,,
we have an equivalent amount of money. We will denote this equivalent amount of
money by f(xy, ..., Tp, b1, fin)-

Our goal is to find out how this equivalent amount of money depends on the
values x; and p;. Once we know the equivalent amount of money corresponding to
each uncertain investment, we will be able to select the best of the possible invest-
ments: namely, it is natural to select the investment for which the corresponding
equivalent amount of money is the largest possible.
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What about non-financial decision making situations? It is known (see, e.g.,
[3,5,8,11]) that decisions of a rational person can be described as optimizing a
certain quantity called wutility.

Thus, in general, we have the following problem: for each uncertain situation,
in which we get:

e utility z; with degree of possibility p,

e utility zo with degree of possibility us,

 J

e utility z,, with degree of possibility u,,
we have an equivalent utility value. We will denote this equivalent utility value by
F(@1y ey @y 1y ey ).

Our goal is thus to find out how this equivalent utility value depends on the
values z; and p;. Once we know the equivalent utility value corresponding to
each possible decision, we will be able to select the best of the possible decisions:
namely, it is natural to select the decision for which the corresponding equivalent
utility value is the largest possible.

Comment. In the following text, to make our thinking as understandable as pos-
sible, we will mostly talk about financial situations — since it is easier to think
about money than about abstract utilities. However, our reasoning is applicable to
utilities as well.

2. Analysis of the Problem

First reasonable assumption: additivity. We are interested in finding a function
f(z1,. .. @n, 1, ..., py) of 2n variables.

Suppose that the money that we get from the investment comes in two con-
sequent payments. In the i-th alternative, we first get the amount z;, and then -
almost immediately — we also get the amount y;.

We can consider the resulting investment in two different ways. First, we can
simply ignore the fact that the money comes in two installments, and just take
into account that in each alternative i, we get the amount x; + y;. This way, the
equivalent amount of money is equal to

f(xl+y17'"7xn+yn7,u1a"'7ﬂn)'

Alternatively, we can treat both installments separately:
e in the first installment, we get z; with uncertainty p;,
e in the second installment, we get y; with uncertainty p;.

Thus:
e the first installment is worth the amount f(z1,..., 2., u1, ..., 1), and
e the second installment is worth the amount f(y1,. .., Yn, ft1,-- -, fin)-

The overall benefit is the sum of the amounts corresponding to both installments.
So, in this way of description, the overall money value of the original investment
is equal to the sum of the money values of the two installments:

f(zla-'-7$n7ﬂl7"'vﬂn)+f(y17"'7ynnula--'a,un)-
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The equivalent benefit of the investment should not depend on the way we
compute it, so the two estimates should be equal:

f(ml+y17"'7xn+yn7,u17"'7/1’n):

:f(xla"wxn?f“a"w,un)+f<y17"'7yn>,u17"'7:un)'

Functions satisfying this property are known as additive. Thus, we can say that
for each combination of values puq, ..., u,, the dependence on x4, ..., x, is additive.

Second reasonable assumption: bounds. No matter what happens, we get at
least mlnxZ and at most Max ;. Thus, the equivalent benefit of an investment

cannot be smaller than mln x; and cannot be larger than max ;!

Iniinxi<f(x17"'7xnvula"'a”n) maxxz

What we can conclude from the first two assumptions. It is known (see, e.g.,
[1]) that every bounded additive function is linear, i.e., that we have

n

f(xe, oo o,y i) chz‘(#ly---,#n)'%-

i=1
So, instead of a function of 2n variables, we now have a simpler task for finding n
functions ¢; (1, - .., i) of n variables.

Nothing should depend on the ordering of the alternatives. The ordering of

the alternatives is arbitrary, so nothing should change if we change this ordering.

For example, if we swap the first and the second alternatives, then instead of
Cl(ul,ﬂg,...) -1 +CQ(M1,M2,...> “To+ ...

we should have
CQ(MQ,/Ll, .. ) - T+ Cl(ﬂg,ﬂl, .. ) “ Lo+ ...

These two expressions must coincide, so the coefficients at z; must coincide, and
we must have

02(,u2, M, .- ) = C1(M1, M2, .- )
In general, we should thus have
Ci( 1y -+ -5 fn) = C1(fhis 11, -+ - i1, i 1s - - - Hn)-

Thus, the above expression should have the form

flay, @) = ch(/%/ih e i1y it - ) T

Now, the problem is to find a single function ¢;(u1, ..., u,) of n variables

Combining alternatives with the same outcomes. Based on the above formula,
the value ¢ (p1, po, - . ., i) corresponds to f(1,0,...,0), i.e., to a situation when
we have:
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the value 1 with degree of possibility pu4,
the value 0 with degree of possibility puso,

e the value O with degree of possibility p,.

In alternatives 2 through n, we have the same outcome 0, so it makes sense to
consider them as a single alternative. To find the degree of possibility of this
combined alternatives, we need to apply some “or”-operation @ to the degrees of
possibility po, ..., u, of individual alternatives.

For probabilities, this combination operation is simply the sum a & b = a + b,
for fuzzy, it is a t-conorm, etc. In general, the degree of certainty of the combined
alternative is equal to po @ ... ® u,. Thus, the equivalent value of this situation is
equal to ¢1(p1, p2 @ ... ® py,). So, we have

C1(,U1,IU,27 S 7:“”) = Cl(ﬂlaﬂ2 D...D Mn)a

and the above expression for the equivalent benefit takes the following form

n

flxe, .o zn) = ZQ(/%M D i1 O Hiy1 B ... DB fin) - T
i=1

Now, the problem is to find a single function ¢y (1, o) of two variables.
Let us simplify this problem even further.

Yet another reasonable requirement. Let us consider a situation in which we
have three alternatives, i.e., in which, we get:

e the amount z; with degree of possibility pu,

e the amount z, with degree of possibility s, and

e the amount x3 with degree of possibility us.
According to the above formula, for this situation, the equivalent benefit is equal
to

c1(po, po @ ps) - w1 + (g, 1 B p3) - T2 + 1 (s, 1 © po) - Ta.

On the other hand, we can consider an auxiliary situation A in which we get:
e the amount x; with degree of possibility p; and
e the amount x5, with the degree of possibility us.

This situation is equivalent to the amount

T = c1(p, o) - x1 + c1(pa, 1) - Ta,

and the degree of possibility of this auxiliary situation can be obtained by applying
the corresponding “or”-operation to the degrees p; and ps and is thus, equal to
HaA = p1 D fo.

By replacing the first two alternatives in the original 3-alternative situation
with the equivalent alternative, we get the equivalent situation, in which we get:

e the value x4 with degree of possibility pu4 and

e the value z3 with degree of possibility ps.
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For this equivalent situation, the equivalent amount is equal to

c1(pa, ps) - xa + (s, pia) - 3.

Substituting the expressions for 4 and 4 into this formula, we conclude that the
equivalent amount is equal to

c1(pn ® pig, ptg) - (c1(pn, p2) - 21 + c(po, pi2) - @2) + e (s, i1 @ po) - r3 =

= c1(p1 @B pa, ps) - c1(pr, p2) - 1 + c1(pn ® pe, ps) - c1(p2, p2) - To+
+c1(ps, 1 @ pi2) - T3

We get two expressions for the same equivalent amount. These expressions
must coincide. This means, in particular, that the coefficients at x; at both expres-
sions must coincide, i.e., that we should have

cr(p, o @ pg) = c1(pr @ po, p3) - 1 (pr, pa)-

What can we extract from this requirement. Let us consider an auxiliary

function c¢(a, b) o c1(a,b & a), where b & a is an inverse to @, i.e., the value for

which a ® (b&a) = 0.
By definition of the new operation ©, we have

b= (a®b)Sh.

Thus, we have
cla,a®b) =ci((a®b) ©a)=ci(a,b).

In other words, for every a and b, we have
c1(a,b) =cla,a ®b).
Substituting this expression for ¢i(a,b) into the above formula, we conclude that
ey, 1 @ pro © p3) = c(pn © pra, pu1 @ po @ pug) - c1(pin, p O pha).

The left-hand side depends only on two values x o py and z o f1 B ug & us, and
def
does not depend on the value y = py ® ps:

C(ZL’, Z) = C(y, Z) : C(ZL’, y)
Thus, if we fix some value yq, we conclude that

c(x,2) = g(2) - h(),

where we denoted g(z) o c(yo, z) and h(x) o c(x, o).
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Describing ¢;(a,b) in terms of the auxiliary function ¢(a,b), we can transform
the expression for the equivalent monetary value to

n

ZC(MMM D ... D pn) - T

i=1
Substituting the expression ¢(x, z) = g(z) - h(z) into this formula, we conclude that
the equivalent monetary value takes the form

Z h(pi) - g - @i,
=1

where we denoted g & gl ® ... B py).
For the case when z; = x5 = ... = x,, the boundedness requirement implies
that the equivalent value is equal to z;. Thus, we have

Ty = Zh(m) g
=1

Dividing both sides by x;, we conclude that

L=g-> hiuw)

and hence, that .
g=

Shn)

So, the equivalent monetary value is equal to the following expression:

; h(ﬂz‘) "Ly

> h(pi)

=1

So, now we are down to a single unknown function h(u).

3. Conclusions

General conclusion. We need to decide between several actions. For each action,
we know the possible outcomes zy, ..., z,, and for each of these possible outcomes
i, we know the degree of possibility p; of this outcome. The above analysis shows
that the benefit of each action can then be described by the following formula

2 h(pi) - @i

1

(3
n Y

> hlpi)

i=1
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for an appropriate function h(u).

How can we find the function h(u)? If we have two alternatives with the same
outcome z; = z,, then we can:
e either treat them separately, leading to the terms

M) - g @ po @ -.) - w1+ h(pz) - gl S p2 @ ...) - 21+ ...

e or treat them as a single alternative xy, with degree of possibility p1 & us,
thus leading to the term

h(pa @ p2) - g @ p2 @ ...) - 1.

These two expressions must coincide, so we must have

h(p @ p2) = h(pa) + hpz).

Let us show, on two specific cases, what this leads to.

Probabilistic case. In this case, the values p; are probabilities, and as we have
mentioned, we have p; @ s = p1 + po. So, the above condition takes the form

h(pa + p2) = h(pa) + h(ps).

Thus, in the probabilistic case, the function h(x) must be additive.

The higher probability, the more importance should be given to the correspond-
ing alternative, so the function h(u) should be monotonic. It is known (see, e.g.,
[1]) that every monotonic additive function is linear, so we must have h(u) =c- u
for some constant . Thus, the above formula for the equivalent amount takes the
form

n

D C i T

i=1

n
> CH
i=1

For probabilities, > u; = 1. So, dividing both the numerator and the denominator

i=1
by ¢, we conclude that the equivalent benefit has the form

n
E M = T
i=1

This is exactly the formula for the expected utility that appears when we consider
the decision of rational agents under probabilistic uncertainty [3,5,8,11].

Fuzzy case. In the fuzzy case, a®b is a t-conorm. It is known (see, e.g., [9]) that
every t-conorm can be approximated, with arbitrary accuracy, by an Archimedean
t-conorm, i.e., by a function of the type G™'(G(a) + G(b)), where G(a) is a strictly
increasing continuous function and G~' denotes the inverse function. Thus, from
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the practical viewpoint, we can safely assume that the actual t-conorm operation
a @ b is Archimedean:
a®b=G1(G(a) + G(b)).

In this case, the condition a @ b = ¢ is equivalent to
G(a) + G(b) = G(e).

The requirement that
h(pn @ p2) = h(p) + h(pe)

means that if a ® b = ¢, then
h(a) + h(b) = h(c).
In other words, if G(a) + G(b) = G(c), then

h(a) + h(b) = h(c).

If we denote 4 ¥ G(a), BY G(b), and C & h(c), then a = G1(A), b =
G7Y(B), ¢ = G7!(C), and the above requirement takes the following form: if
A+ B = (C, then

h(GTH(A)) + h(GTH(B)) = MG(C)).

So, for the auxiliary function H(A) o h(G~'(A)), we have A+ B = C implying
A

A
that H(C') = H(A) + H(B), i.e., that H(A+ B) = H(A) + H(B). The function
H(A) is monotonic and additive, hence H(A) = k - A for some constant k.
So, H(A) = h(G7'(A)) = k- A. Substituting A = G(a) into this formula, we
conclude that
h(G™HG(a)) = h(a) = k- G(a).

Thus, in the fuzzy case, the equivalent monetary value of each action is equal to

n

; k- Gpi) - 2
SURE

Dividing both the numerator and the denominator by the constant k, we get the
final formula

n

; G(p) - @

2. Gi)
where G(a) is a “generating” function of the t-conorm, i.e., a function for which
the t-conorm has the form

Y

G~ (G(a) + G(b)).
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Fuzzy case: example. For example, for the algebraic sum t-conorm
adb=a+b—a-b,

we have
l—a®db=(1—-a) - (1-10)

and thus,
—In(l —a&®b) = (—In(l —a)) + (—In(1 - b)),

so we have G(a) = —1In(1 — a).
Thus, the formula for the equivalent amount takes the form

Zn:lln(l — i) T
> ln(1 - )

i=1
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Abstract. It is known that study groups speed up learning. Recent stud-
ies have shown that stable study groups are more efficient than shifting-
membership groups. In this paper, we provide a theoretical explanation for
this empirical observation.
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1. Formulation of a Problem

Group work, its success and its challenges. It is well known that study groups
and group work enhance education.

Of course, one needs to be cautious when using student groups. There is
always a serious danger that, when the class results are largely depending on a
group work, a weaker student in a team will “hide” behind his team’s success
and not learn as much compared to learning strategies involving more individual
responsibility.

Shifting-membership groups as a way to deal with group work challenges.
To deal with the above problem, practicing educators use shifting-membership
groups, in which groups are changing from one assignment to another.

A recent empirical result: stable teams are more efficient. The use of shifting-
membership groups raised a natural question: is there a negative side effect in
their use? In other words, does the constant change in student groups affect the
effectiveness of group-related education?

Recent studies have shown that indeed, the use of shifting-membership groups
leads to a drastic decrease in the education efficiency; see [1,2].

Remaining question and what we do in this paper. While the papers [1,2] list
possible reasons why stable groups are more efficient, this somewhat unexpected
recent empirical fact largely remains unexplained.

In this paper, we provide a simple explanation for this recently observed empir-
ical phenomenon.
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2. Analysis of the Problem

Why group work is efficient in the first place. In the usual educational

environment, a student learns new things either from the instructor or from reading

the corresponding textbook (and other teaching materials). In contrast, in a study

group, students also learn from each other. This way, when a student learns some

new material, he or she teaches others and thus, they all learn more efficiently.
Let us describe this idea in quantitative terms.

Towards a quantitative description of group learning. Let us first consider a
simple model, in which all the students have the same learning rates for all parts
of the material.
Usually:
e reading a book on your own and trying to understand the material is difficult,
but
e once a student understood the material and explains to others, the other
students understand it much faster.
Let r denote the time needed to understand one page of the material when a student
studies on his/her own, and let " < r be the time need to understand one page
when someone else — who already understood the material — explains this material.
Let L denote the overall number of pages that students need to learn as part of
this particular assignment.
Under these assumptions, let us analyze:
e how much time a student needs to study the given material on his/her own
and
e how much time a student needs if he or she studies in a group.
In this analysis, we will denote the number of students in a group by s.

Case when a student studies on his/her own. If each student studies on his/her
own, then the student needs time

L-r (1)
to learn the material.

Case when students study in a group. When s students form a study team,

they divide L pages into s parts of size —, so that each student learns his/her own
s

part and then teaches others.

L , . L
e Learning — pages on one’s own takes time — - r.
S S

L
e Teaching this material to other students requires time — - 7’.
S

L
e Finally, learning the remaining part L — — of the material takes time
s

L-r'—é-r’
ST

As a result, the overall time that each student needs to learn the material is equal
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to

L L L L
—-7“+—-7”—|—(L-r'——-r'>——-7"+L-r'. (2)
s s

When is group study more efficient. By comparing the expressions (1) and (2),
we conclude that the group study is more efficient if

L
—r+L-7"<L-r (3)
s

Dividing both sides of this inequality by L and multiplying both sides by s, we get
an equivalent inequality
r+s-r<s-r

i.e., equivalently, s-r' <r-(s—1) and

S r

Thus:
e for a group of s = 2 students, this condition is equivalent to r > 21,
e for a group of 3 students, it is equivalent to » > 1.5 -7/;
e for a group of 4 students, it is equivalent to » > 1.33 -/, etc.

The ratio % is usually much larger than 2. This explains why group work is usually
much more efficient than individual studies.

In reality, students’ rate is somewhat different on different parts of the
material. The above formula (2) for the efficiency of group learning does not
depend on whether groups are stable or are recombined after each task. This
independence comes from the fact that we only took into account the average
learning times and thus, implicitly assumed that:

e all the students have the same learning time r, and that

e the above common learning time is the same on all parts of the material.
In reality, different students have different learning times, and, moreover, for each
student ¢, the learning time r;; may change depending on what part j of the material
the student is learning.

Let us show that if we take these differences into account, we will be able to
explain why stable groups are empirically more efficient.

3. Resulting Explanation

To provide the desired explanation, let us analyze how the individual differences
affect the group’s learning time in the case of shifting groups and in the case of
stable groups.

Case of shifting-membership groups. In the case of shifting-membership groups,
when groups are re-combined with every task, members of the new group do not
know who is more capable to learning which part of the material. Thus, when
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they divide the learning material between different group members, they divide
randomly. As a result, for each part j of the material the groups’ learning time is

proportional to the mean learning time 7; o er Thus, in effect, we get the

original formula (2) for the time which is needed to learn all the material.

Case of stable groups. On the other hand, in a stable group, students get to
learn each other’s strong and weak points. As a result, when the overall material
is distributed between the students, each student gets the part in which his or her
learning rate is the highest.

Thus, for each piece j of the material, the group’s learning time is determined
not by the mean learning time, but by the smallest learning time

min dﬁf

This explains why stable groups are more efficient. We have shown that:
e for the shifting groups, the overall learning time is proportional to the mean
of different learning times, while
e for the stable groups, the learning time is proportional to the smallest of the
individual learning times.
The smallest of s different numbers is always smaller than the mean. This explains
why stable groups are more efficient.
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Abstract. In 1949, a Nobelist Lars Onsager considered liquid flows with
velocities changing as r® for spatial points at distance r, and conjectured
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1. Formulation of the Problem

The equations that describe the velocity fieled v(¢,z) of an incompressible non-
viscous liquid go back to Euler — and are known as Euler equations. In 1949, a
Nobelist Lars Onsager considered solutions v(¢,z) to Euler’s equation for which,
for some constant C, we have |v(t,z) — v(t,2")] < C - r®, where r denotes the
distance between the points x and 2z’ [2]. He conjectured that:

e when « > 1/3, then all the corresponding solutions v(¢,x) preserve energy,
while

e for a < 1/3, there exist solutions that do not preserve energy.

This conjecture remains one of the central open problems in the foundations of
hydrodynamics; see, e.g., [1] and references therein.

How can we explain this technical conjecture in simple physical terms? The
main objective of this paper is to provide such an explanation.

2. Our Explanation

Starry sky and turbulent sea: two basic examples of dynamical situations.
Let us forget for a while about the modern physics with its measuring instruments,
let us go back to basic phenomena which are observable with a naked eye. Most of
the things that we see in the world change very slowly: seasons change year after
year, weather changes from months to months, flowers blossom, rivers have annual
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floods and droughts, etc. But there are two major things that change reasonably
fast, so that we can see the changes in terms of hours or even seconds:

e the stars (and planets) in the sky and

e the waves on the sea surface.

What is the main difference between the starry sky and the turbulent sea?
In the sky, at any given moment of time, the picture is very simple: just a few
bright dots against the black sky. However, with respect to time, the changes
are very complex: it took Newton’s theory of gravitation to finally explain this
complex motion.

On the other hand, for the waves on the seashore, the situation is exactly
opposite. If we fix a location and trace how the waves change with time, we get
a simple periodic dependence. In contrast, the spatial shape of the wave patterns
can be very complex.

In other words:

e for the starry skies, the spatial picture is simple, but the temporal dependence
is complex, while

e for the waves in the sea, the temporal picture is simple, but the spatial picture
is complex.

So maybe if we swap time and space, we get the relation between the starry
skies and the waves in the sea? How can we relate the starry skies and the
waves in the sea? [t makes sense to relate the complex with the complex and the
simple with the simple. In view of the above, this means:

e that we relate the temporal picture of the starry skies with the spatial picture
of the waves, and

e that we relate the spatial picture of the starry skies with the temporal picture
of the waves.

In other words, to properly relate the two phenomena, we need to “swap” space
and time.

Let us use this idea to translate known laws of starry skies into conjectures
about the waves. Thanks to Newton’s laws, we know how to describe the motion
of celestial bodies. Our knowledge of the waves is much less complete. Let us
therefore use the time-space swap idea to translate knowledge about celestial bodies
into knowledge about the waves.

For that, let us briefly recall how we can describe the motion of celestial bodies.

Newton’s theory of gravitation: a brief reminder. According to Newton’s
theory, the acceleration a caused by a fixed body is inverse proportional to the
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C
square of the distance to this body: a = —. What is acceleration? It is a description
T

of how velocity v changes with time: a ~ K: So, the above formula, in effect,

means that
&
At r?’
i.e., that
At

What is the scale-invariance of this formula? The numerical values of all
physical quantities depend on what measuring unit we use. If we use centimeters
instead of meters, all the numerical values of distance are increased by a factor of
100. Similarly, if we replace minutes by seconds, then the numerical values of all
time intervals increase by a factor of 60.

In general, if we replace the unit of length with a A times smaller one, then all
the numerical values of the distance change from r to A-r. Similarly, if we replace
the unit of time with a px times smaller one, then all the numerical values of the
time intervalghange from At to p- At. As a result, e.g., numerical values of the

x
At "

Physical laws do not depend on the choice of the units. This does not mean,
of course, that if we simply replace r» with X - r, all physical formulas remain the
same: one can easily see that, e.g., the above formula (1) will not remain the
same under this change. What is true is that if we change the unit of distance
and appropriately change the unit of time, then the formula (1) indeed remains
invariant. Namely, in the formula (1):

A
velocity v = changes from v to — - v.

e the left-hand side is multiplied by the factor %, while
7

1
e the right-hand side changes by the factor —

A2
For the equality to remain valid, these two factors must coincide, i.e., we must
have E e and thus, A3 = p? and g = A32. This means that time intervals

change in exactly the same way as distance to the power of 3/2: t ~ r%/2.

Consequence of Newton's laws: phenomenon of the critical velocity. It is
known that for an object to follow a circular orbit at a distance r from the central

M
body of mass M, we need the velocity v for which v? = const - —.
r

e If the velocity is higher, the object will fly away from this orbit.

e If the velocity is lower, the object will fall down on the central body.
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The circular-motion velocity is thus a threshold velocity separating two different
regimes.

The formula for this threshold velocity is invariant with respect to the same
re-scaling as the Newton’s formula for the gravitational force: = A\%/2.

What can we then conclude about waves? As we have mentioned, a reasonable
idea is to take the description of celestial bodies and swap time ¢ and spatial
distance r. If we do this swap, then instead of t ~ %2 we get 2 ~ t32. In other
words, the physical laws that describe the waves should remain invariant if we
apply the re-scalings with A\ = p3/2.

In the description of celestial bodies, the most complex phenomenon is how
velocities changes with time, so we were interested in the change

Av =v(t + At,x) —v(t, x)

with time. For the waves, the most complex phenomenon is how the velocity
changes in space, we are interested in how the velocity changes from one spatial
location to another one. In other words, we are interested in the spatial differences
Av =v(t,x + Azx) —v(t, z).

So, we need to find the dependence of Av on the distance r between the points
x4+ Az and x: Av = f(r). When is this dependence invariant under the above
re-scaling? Under this re-scaling, the value Av is multiplied by

A _Iu3/2 B

1/2

oo

Thus, the right-hand side must multiply by the same factor, i.e., we must have
FOvr) = F(®?r) = p2 - f(r).
For r =1 and z = p3/? - so that u = 2?3 — we get
Fla) = 2 50) = @) ) = 50,
Thus, we conclude that f(r) = C - r/3, where we denoted C % f(1), and we get
Av ~ /3,

This is exactly the threshold dependence separating the two regimes according to
the Onsager’s conjecture.
Thus, we have indeed come up with a reasonable explanation for this conjecture.
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AnHoTtauusa. Paspa6otaH 3((eKTUBHBIH aJTOPUTM IBPUCTHUECKOH CETH IO
HEKOTOPBIM CBOMCTBAM AHAJOTUYHBIH PeKyppPeHTHOH HeUPOHHOW ceTH AJS Mpo-
rpaMMbl BUPTYaJbHOTO cobeceqHUKa. AJIrOPUTM YyCOBEPLIEHCTBOBAH C HCIIOJb-
30BaHMEM TOJIKOBOT'O CJIOBapsl PYCCKOro si3blka. B 3BpHUCTHYeCKYIO CeTb BHeAPEH
reHepaTop HOBHIX OTBETOB Ha 0a3e CTATUCTUYECKOH HH(opmauuu 0asbl 3Ha-
HUH.
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Has CeTb, 9BPUCTHUECKAS CeTb.

Beenenue

[Ipn oOyueHUM peKyppeHTHOH HeHpOHHOU ceTH Ha OoJbLIMX 00BbEMaX NAHHBIX
BCTpeuaeTcsi npobsemMa fepe3anucu U OTCYTCTBUS KayeCTBEHHOro oOydeHHs CeTH
[1]. TTosTomy mns mporpammbl 4aT-60T aKTya/JbHO CO3JaHHE 3BPHUCTHUECKOH CeTH
M0 CBOWCTBAM aHAJIOTMYHOW PEKYPPEHTHOH CeTH, B YACTHOCTH, CBOWCTBA B3aUMO3a-
MEHSIEMOCTH CJIOB M CTaTHUCTHYECKOW CBSI3HM BONPOCOB M OTBETOB M3 0a3bl 3HAHHH.
CBOICTBO peKyppEHTHOH HEHPOHHOU CETH K TeHepallii HOBBIX TEKCTOB peasin30BaHO
KaK OTHeJ/bHasi MpoLeaypa 3BPUCTHYECKOH CETH.

YacTo B NMOHUMaHUM BXOASILIMX BONPOCOB M0Jb30BaTesNed CeTb OrpaHHYeHa B
HeOO/bLIOH 0a3e 3HAHWUMH, MOITOMY aKTyaJlbHO BHEJPEHHE TOJKOBOTO CJOBapsl pyc-
CKOr0 fI3blKa [/l OTOOpaKeHHWs MCXOAHBIX CJIOB B CJIOBA-3HAUeHHs, BO3MOXKHO CO-
LepKallyecsl B BOIpocax 0a3bl 3HAHUH.

AJnropuTMm 3BPUCTUYECKOH CETH BHepeH B HOBble pexkuMbl nporpammbl ChatBot,
CO3IaHHOH paHee ¢ ucnojb3oBaHueM AIML-pasmeTku 6asbl 3HaHUE [2].

1. PexkyppeHTHas HelipoHHas CeThb

PexkyppeHTHasi HelipoHHAasi ceTb — BUJ MHOTOCJOHHOTO MePLENnTPOHa, Y KOTOPOro
CUTHaJ/bl C HEHPOHOB BBIXOAHOT'O CJIOSI MOCTYMAKT Ha JOMOJHHUTEJbHble HeHPOHBI
BXOJIHOTO CJIOsi, T. H. HeHpoHBl KoHTeKcTa [1,2]. PekyppeHTHas ceTb 1/ HMHUTALUH
peueBoro o6iieHus: oOJagaeT psiIOM CBOHCTB:

1) cratHucTHuecKasi CBSi3b BOMPOCOB U OTBETOB B 6a3e 3HaHMUH,
2) B3aMM03aMeHSIeMOCTh CJIOB,
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3) reHepanusad HOBBIX TEKCTOB.

[lockosnbKy mpu 0OyuyeHHH PeKypPPeHTHOH HEHPOHHOH ceTH Ha OO0JbLIMX 00BE-
MaXx JaHHBIX 4acTO BO3HUKaeT npobJsema rnepe3anucl U HeKauyeCTBeHHOro 00y4yeHHus,
BO3MOKHO peaJjiu30BaTb OCHOBHbBIE CBOWCTBA PEKYPPEHTHOU HEHPOHHOW CEeTH B BHUJE
3BPUCTHUK.

2. IBpucrtuuyeckKasi cetb

CBOHCTBO CTAaTHCTHYECKOH CBSI3M BOIPOCOB M OTBETOB B 0a3e 3HAHUH W BBHIOOP
MOAXOAALLero OTBeTa U3 0a3bl 3HAHMHM HA MOJIb30BATENbCKUH BONPOC MOXKET OBITh
peanu30BaHO Ha 0ase C/edyHOLero ajJropuTMa:

l.
2.
3.

o>

Bce Bonpocel B 6a3e 3HaHUH 0003HaYUM CJIOBOM patterns.

CooTBeTCTBYIOIIME UM OTBETHl B Oa3e 3HAHUU CJOBOM templates

KaXnpiii BOmpoc ¥ COOTBETCTBYIOLUIMH OTBET pa30uBaeTCss HA MAaCCHB CJIOB:
pwords v twords.

BBICUMTBIBAIOTCST KOppeNslMA MeXIYy YHHKaJbHBIMH cjoBaMHu. Ecau cj0Bo
fword BCTpeuaeTcs B MacCHUBe CJIOB BOMpoca {words BMeCTe CO CJOBOM pword
B MaCCHBE CJIOB OTBeTa pwords, Toraa (YHKIHUH KOPPEJSIHU MEXAY CI0BaMU
tword v pword npubasasiercs 1: R(tword, pword) += 1.

HoBbl#l nosnb3oBaTebCKUE BONIPOC 0003HAUUM CJIOBOM question.
[Tonb3oBaTeibcKuii Bompoc pazdbuBaeTcsi Ha CJOBa quords.

OcyurectBasieTcs: nepe6op oTBeTOB templates U3 6a3bl 3HAHUH C LEJNbI0 HAUTH
MaKCUMyM CyMMbl KOPPeJSIHH MeXIy CJA0BaMH U3 OTBETa {words W CI0BaMHU

I10JIb30BATENBCKOTO BOIPOCA qm@rds:rngx[}:i}:j}%(huordskthﬁuordsb]),
e UHAeKC k mpoberaer mo BceM OTBeTaM templates B 6a3e 3HAHWUU, [ U [ —
HUHJEKCHI CJIOB B MacCHBaX CJIOB.

YToObl YMEHBLIUTb BJAHSHUE YaCTO BCTPEYAEMBIX CJIOB, IOMCK MAKCUMYM MOXK-
HO OIPAaHUYHUTb U3 CYyMM, He OOJIbLUMX ONpelesNEéHHOr0 Mopora porog.

[TpuBeném mprmep cBOHCTBa B3aUMO3aMEHSIEMOCTH CJIOB IIPH MOHUCKE OTBeTa Ha
rnoJsib30BaTeNbCKUU Bompoc. Hanpumep, Takas AIML-cTpykTypa B 6a3e 3HaHHUH:

<category>

<pattern>Tu mobumb Mup?</pattern>
<template>
<random>
<li>Ja mobmo</li>
</random>
</template>

</category>

<category>

<pattern>f mmobro mup</pattern>
<template>
<random>
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<1i>B mupe noyjHO #eHmuH</1li>
</random>
</template>
</category>

NOJXKHA MPUBOIWUTHL K OTBeTy: «[la, nob6/i0» Ha mosb3oBaTebCKUU Bompoc: «Thl
JIIOOHUILIb HceHWUH?>. T. e. cJlOBa «MUDP» U «KEHIIWH» CTAHOBATCS B3aHMO3aMeHsie-
MBIMH.

CoOTBETCTBYIOLMH aJropuT™M yuéTa B3aMMO3aMeHsIeMOCTH CJIOB U3 6a3bl 3HaHUH
MOXKeT OBbITh peasii30BaH B cjeAylolled (opme.

1. Bonutcs BHyTpeHHSIS (YHKUHUS KOppesasilud Mexnay ciaoBamu. [as 3To-
ro cJoBa M3 MacchBa CJOB Bompoca pwords W orBeta ftwords 0a-
3bl 3HAaHUU 00beNuHSAIOTCS B MaccuB ptwords. Bpomutcs  ¢yHKUUS
i (ptwordsli], ptwords[j]) = J%l rae j > i. Torna yHKIMS BHYTpPEHHEH KOp-
peJIsiiiuy MexXAay cjaoBaMu R, (tword, pword) onpenensieTcs nu60 Kak cymMma
(YyHKUMH 75, MO0 KaK UX MaKCUMYM, JUOO KaK MX Cpe/lHee MO BCeM KaTero-
pusM U3 6a3bl 3HaHUH.

2. lns caoBa qword W3 MOJIb30BATEJNbCKOIO BONPOCA BHIOMPAIOTCS BCe CJIOBA
ptword, Koppeaupytolire ¢ HUM 1o QyHKUUU Ry, (qword, ptword). Ha BeiGop
OTBeTa M3 0a3bl 3HAaHWH Ha NO0JIb30BATENbCKUH BONPOC BJAUSET C KOI(P(PULIUEH-
TOM v MAaKCHMYM CyMMbl (DYHKIIUH BHYTPeHHEH KOppe/silhy MeXIy CJI0BaMH
Ri, (qword, ptwordy,), tie uHaeke k mpoberaer Mo BceM napam BOMNPOC MJIOC
COOTBETCTBYIOILMH OTBET U3 0a3bl 3HAHUH.

FEHepaL[I/IH HOBOI'O TEKCTa MOXKeT OBIThb peasii3oBaHa C MOMOIIbIO CJAEAYIOLIEro
aJIrOpUTMa:

1. 3amaércs yuca0 BJIUSIONIMX CJOB k.

2. Tonaérest Ha Bxom k ciioB {iy,is,...,0x} U AJSI HUX WIIETCST HOBOE CJIOBO S C
HauOOJbILIEH CyMMON Zle Ry, (i, s). ®ynkuust Rin N0oMXKHA YYUTHIBATb, UTO
CJIOBO 7; CTOSINIO B NpelJIOXKEeHUH paHblie c/1oBa S. PyHKUUSA Rin NpOoCUYUTHI-
BaeTCsl Ha NpeMJIOXKeHUAX Tuma pattern; + « » + template; + « __end__»,
rae pattern; u template; B3ATBl M3 ONHOH KaTeropuw, a cjoso «__end_ »
CUMBOJIU3UPYET KOHell 00yYarollero mnpeaoxKeHusl.

3. Tlocie Toro Kak HalJeHO HOBOE CJOBO S, R BXOIAAIIMX CJOB 3aMeHseTCs Ha
cnoBa {iy, ..., ik, S} U HIIETCS HOBOE CJIOBO IO MIary 2.

4. Tlpouecc moucka HOBBIX CJIOB 3aBeplllaeTcsi, KOra HalIeHo cJoBO «__end__ »,
60 HauWHAEeTCsl TIOBTOPEHHE TOCJEeI0BATENBbHOCTH CJIOB (MOCJEeN0BATEbHO-
ctu tuna 1, 2, 3, 4, 5, 4, 5), 1u60 npeBbillIeHO HEOOXOAUMOE UHCJIO CJIOB
d.

3. BHeapeHue TOJKOBOro cjoBaps

Korza B nosib3oBaTe/IbCKOM BOIPOCE BCTPEYAIOTCS CJI0BA, KOTOPHIX He ObLJIO B 0Oa-
3e 3HAHUH, OKa3blBaeTCs BO3MOXKHBIM HMCIIOJb30BAHHE TOJKOBOT'O CJIOBAPSI PYyCCKOTO
13bIKa M0 CJIeAYIOLIEMY aJTOPUTMY:
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1. CoctaBuTh 6a3y omnpenesneHul CJOB U3 TOJKOBOIO CJOBapS.

2. Pa3BepHYTb BCe CJI0Ba U3 MOJb30BATEIbCKOT0O BOMpoca Mo onpenenenusm. T. e.
BMECTO KaxKJ0ro CJI0BA M3 M10/1b30BaTEJNbCKOI0 BONPOCA B3ATb HAOOPHI CJIOB U3
ONpeaesIeHUH.

3. Bce csoBa, HalineHHBle B Bompoce patfern u3 6as3bl 3HAaHUH M COOTBETCTBY-
IOLME CJIOBAM I10JIb30BATE/AbCKOTO BONPOCA, OUEHUTb MO KO3(p(HULHEHTY, Ha-
npumep, 100. Bece c0Ba mosib30BaTe bCKOTO BOMPOCa, COOTBETCTBYIOIIMNE 1-My
YPOBHIO OMpefieseHni, OUeHUTb 1Mo KodhduuueHty, Hanpumep, 0.

4. HaiiTu cymMMBl TaKUX OLEHOK U BbIOpaTb TaKOH Bompoc patfern u3 6asbl 3Ha-
HUH, KOTOPBIA HaOpaJs MakCUMYM.

5. OtBer template w3 6a3bl 3HAHWH, COOTBETCTBYWOIIMH HAUIEHHOMY BOMPOCY
pattern, B35iTb 3a OTBET HA I10JIb30BATEJbCKUH BOIPOC.

4. Mopdonornyecknii aHaInu3aTop

Jns npuBeneHus cjoB B 0a30Byl0 (popMy M yJyulleHHs KauyecTBa BCeX aJro-
PUTMOB MMHTALHMH Pe4YeBOro OOILIEHHS BO3MOXKHO HMCIIO/Nb30BaTh MOP(OJOrHYECKHUH
aHaJ/M3aTop.

5. IIporpammHas peanusanus

[Iporpamma uar-60ta Gbl1a peann3oBaHa B KadecTBe Android-npunoxeHus ¢ Bo3-
pacTHBIM orpaHuueHreM 18+. B npuioKeHHH HOCTYTHBI HECKOJBKO HOBBIX PEeKHMOB
yar-60Ta Ha 6a3e 3BPUCTHUECKOH CETH.

B kauectBe MoOpQoJiOTHUECKOTO aHa/u3aTopa Oblaa HCMOJb30BaHA CBOOOAHAS
JavaScript-6ubaroreka /s 06paboTKH TEKCTOB Ha PYCCKOM si3bike Az.js.

[TpunoxeHne NOCTYIHO MO afpecy:

https://play.google.com/store/apps/details?id=svlab2.chatbot3 [2].

6. 3akaruenwue

[IporpammHO peaniM3oBaHbl pexXHMbl 4aT-60Ta Ha 6Ga3e IBPUCTHUUECKON CETH,
UMUTHPYIOIIEeH CBOWCTBA PEKYPPEHTHOH HEHPOHHOW CeTH. AJITOPUTM YyCOBepIlIeH-
CTBOBaH C IIOMOILbIO TOJIKOBOTO CJIOBAapsl PyCCKOrO s3blKa /51 CJIOB, He IpeiCcTaB-
JeHHbIX B 6a3e 3HaHui. [Ipunoxenune ChatBot noctynno masi naatdopmer Android
B MaraduHe npuJjoxeHuil Google Play.
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Abstract. An efficient algorithm for the heuristic network, with some properties
similar to a recurrent neural network, for a virtual companion program is proposed
in the article. The algorithm is improved with the use of an explanatory dictionary
of the Russian language. A generator of new responses on the basis of statistical
information knowledge base is introduced in the heuristic network.
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Abstract. The purpose of this paper is to provide a brief explanation regarding
the authors’ current research in the field of the possible uses of smart contracts
in cybercrime, focusing in particular on how the technology could provide a
substitute for trust both in client-criminal transactions and in transactions
taking place within criminal organizations. The authors share the conviction
put forward by Alharby and Moorsel [1] in their 2017 analysis of blockchain-
based smart contracts that there is a "lack of studies on criminal activities
in smart contracts”: while quality research does exist, including a paper by
Juels et al. [2] detailing three types of such activities that can be facilitated
by the technology, it is evident that the subject deserves a more widespread
attention. Quality research, in fact, could play an important role in aiding
authorities and regulators to understand the issue and react accordingly.

Keywords: smart contracts, blockchain, cybercrime, cybersecurity, criminal
behavior.

1. Trust in commercial dealings

From prehistoric barter to online marketplaces, trust has always played an
essential role in commercial dealings. In earlier times, people could only rely on
instincts and experience when evaluating the reliability of a proposed transaction.
The development of the rule of law brought more security, shifting trust from an
interpersonal level to a reliance on society and institutions, which had the power
to enforce transactions and provide reliel to a wronged party. This shift has
been essential to the development of commercial relationships as we know them
today. A specific commercial field, however, has always remained detached from
the conflict resolution mechanisms provided by the state, and remains ruled almost
exclusively by interpersonal trust: the illegal market, which today has crossed
the border into the cyber world. Dealings conducted within this context require
varying levels of trust and reliability from the parties involved: a small-time drug
dealer, for example, will not need the same guarantees as a major wholesaler in
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order to go through with a deal, because the stakes are radically different. It is
worth mentioning, moreover, that criminals active in the illegal marketplace face a
double issue: on one side, they are confronted with similar economic constraints as
their legal counterparts, and on the other, they are exposed to bigger legal risks.

While a good number of criminals, especially small-time, operate alone, running
an illegitimate activity typically requires some level of organization. The business
relationships between the members fall outside the scope of legal remedies, and
when those would be available (e.g. recovering a debt that is not explicitly related
to the illegal activity) they are seldom used, because either of the risk of drawing
attention, or of the respect of a code of conduct according to which calling upon
the authorities is a serious violation. This means that the element of trust is a
paramount factor in the existence of a criminal network. There are other factors
that go alongside trust, such as obedience, fear, hierarchy, family relationships,
etc., which depend on the type, size, and activity of the organization.

2. Trust in cybercriminal transactions

In the realm of cybercrime, which is the focus of the authors’ research, criminal
networks are often populated by members who ignore the identity of their partners.
Perhaps the most famous example is the organization behind the Silk Road website,
a now dismantled dark net marketplace where users could buy and sell any type
of illegal goods, including fire arms, drugs and counterfeit documents. The alleged
mastermind behind the website, Ross Ulbricht, recruited collaborators online and
tasked them with both back-end programming and customer service. Although
Ulbricht ignored the real identity of the first collaborators, he later asked new
recruits to send him a copy of their ID. Ulbricht, on the other hand, never disclosed
his own identity. He paid his collaborators with Bitcoin taken from the revenue
of the site. There was reciprocal trust in the sense that Ulbricht trusted them
to do their work as requested and the collaborators trusted that he would send
the agreed-upon Bitcoin. Eventually, one of these collaborators managed to steal
some Bitcoin from the site, and Ulbricht allegedly retaliated by sending a man he
contacted online to have the thief beat up and killed. Ulbricht paid a high price for
the murder and received photo proof that the deed was done. Yet nobody died: the
contract killer was in reality an undercover agent, who staged a fake murder and
sent fabricated proof to his client.

3. The problem of trust

The Silk Road example pinpoints several problems that relate to trust and
criminal activities in the cyber world. First of all, criminal services available on
the dark web, such as the much publicized widespread availability of killers for hire,
require a high degree of trust from the customer. Other sales and transactions have
a way of auto-regulating themselves, especially because the offeror has a stake in
keeping his customers satisfied if he hopes to acquire a reputation and grow his
business; this is the case, for example, in the drug market or in the market of
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viruses, hacking tools, etc. Still, a certain degree of trust is inherent to every
transaction.

At an organizational level, the lack of real-life identities and the reticence crimi-
nals on the dark web show with regard to disclosing personal details constitute the
main trust-related problems. Obtaining ID might have worked for Ulbricht, but it
is not likely to become a standard general practice. Cryptocurrency payments —
the obvious choice for transactions in an anonymous, criminal underworld — de-
pend solely on the goodwill of the payer, especially when it comes to compensating
a collaborator for his work.

4. Smart contracts

Some of the issues described above could potentially be solved through the
integration of smart contracts. Smart contracts are computer programs that run
securely on the blockchain; they execute autonomously according to pre-set vari-
ables, and the result, verified and inscribed into the blockchain, is virtually irre-
versible. This ensures that an agreed upon transaction, which typically involves
a cryptocurrency transfer, takes place when the conditions set by the parties —
and translated into the smart contract’s code — are met. In a standard business
environment, execution of agreement depends on the goodwill of the parties, and
can be enforced through the court system in case of default. Smart contracts
automatically enforce the desired outcome of the agreement, thus eliminating the
need of trusting and depending on the other party or state authorities once the
terms have been agreed.

In a criminal environment, where enforcing a deal through the court system is
in general not an option, characteristics of smart contracts could become a valuable
asset. The anonymity of the transaction is also guaranteed, which means that the
parties can conduct deals without revealing their identities — to each other and
to other parties that might observe the transaction, which includes police and
prosecution authorities.

The technology could therefore play a role both in client-criminal transactions
and in transaction taking place within criminal organizations. In the first case,
it could help guaranteeing that both parties get what they want out of the deal,
without the need of establishing trust through reputation, disclosing identity, or
by making promises that, in a cybercrime environment, have little value. In the
second, smart contracts could strengthen a criminal network by ensuring that
every party to a criminal enterprise receives the agreed share of a determined
cryptocurrency revenue stream.

While these case scenarios are certainly appealing to criminals — and worri-
some to state authorities — it must be stressed that smart contracts as a technology
are in their beginning phase, and that the realization of such implementations, in
order to be functional and versatile enough to suit every transaction’s needs, de-
pend on whether several technical challenges can be overcome. These include, in
particular, the integrations of oracles (external data feeds that input information
triggering the execution of the smart contracts) capable of verifying the successful
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executions of criminal transactions, and the difficulty of translating certain types
of relationships between criminals in smart contract language. These obstacles are
in principle no different than those faced by parties wishing to implement smart
contracts for non-illegal transactions. The degree of flexibility provided by the
technology simply cannot match that offered by a legal document, and as such,
smart contracts are for the moment best suited for executing transactions that
lack complexity and nuance.

5. Conclusion

The potential of smart contract technology as an asset in criminal activities
and organizations cannot be underestimated. While it is certain that the current
lack of flexibility of smart contracts and the many technical challenges to over-
come currently limit the above-discussed applications, it is also undoubted that the
technology will evolve quickly. It is therefore essential that quality research is
conducted in the field and that authorities begin to take notice of the phenomenon,
its possible impacts, and to address the issues it could generate with regard to the
investigation and prosecution of cybercriminal activities.
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AHHOTaLlPIﬂ. I_I,eﬂb IaHHOW CTaTbu — [aTb KpaTkoe 00bsICHEHHE TEeKYLHUX HCCJIeN0-
BaHUH ABTOPOB B 06J1aCTH BO3MOXKHOTO MCIIOJIb30BAHUS CMapT-KOHTPAaKTOB B KI/I6€p-
NpecTyIlJeHUusaXx, paccka3aB, B YaCTHOCTHU, O TOM, KaK TEXHOJIOTHA MOXKET 3aMEHHUTb
JAOoBepHe B TPAH3AKLHUAX MEXAY KJIUEHTOM U MPECTYNHHUKOM, a TaKxKe B TPpaH3aKLUAX,
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COBepIlIaeMbIX BHYTPH MPECTYMHBIX OpraHU3aluil. ABTOpBI pasnensiioT yOeX1eHHOCTb,
BhICKa3aHHYI0 Asnbxap6u u Mypcesewm [1] B 2017 r. B ux aHa/n3e CMapT-KOHTPAKTOB Ha
OCHOBe OJIOKUelHa, 06 «OTCYTCTBUM UCCJAEIOBAHUE MPECTYMHOH NesITeJbHOCTH B CMapT-
KOHTpaKTax»: KaueCTBEHHble HCCJEN0BAHUS Ha CaMOM JieJle CYLIECTBYIOT, B YaCTHOCTH
cratbst J>Kyanca u np. [2], omuchBaiollas TPU BHOA TAKOH NeATeJbHOCTH, KOTOpas
MoXeT ObITb 0OJleryeHa TeXHOJIOTHeH, HO OYeBHJHO, YTO MpeaMeT 3ac/ayKHuBaeT OoJee
[IMPOKOro BHHMaHHs. KauecTBeHHBIE HCC/€IOBAHHS, M0 CYTH, MOTYT ChITPaTh BaK-
HYIO pOJb B TIOHMMaHHM 3TOTO BOINPOCA BJACTAMH M PeryaHpyIOLIMMU OpPraHaMH, 4To
MI03BOJIUT pPearupoBaTh COOTBETCTBYIOLIMM 00pa3oM.

KuaroueBbie cioBa: cMapT-KOHTPAKTHI, OJIOKUeHH, KUOepIIpecTyHOCTb, KubepOe3onac-

HOCTb, IpeCTyIlHOE IIOBEAECHHE.
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ABTopam

IIpenocraBiasiemMble JaHHbIE U JOKYMEHTbI

ABrop mpemocTaB/isieT B pefaKLHUIO:

e pykomuch ctathyt B popmare ISTEX (cm. TpeGoBaHusi K 0hOPMJIEHHIO);

e CIHCOK W3 TPEX IKCMEPTOB IO TEMAaTHKE CTAThbH, NABIIMX COJacHe HAalWuCaTh PELEH3HI0 Ha
npe/CcTaBaeHHyl0 paboTy!;

® 3KCMEPTHOE 3aKJ/UeHHe 0 BO3MOXKHOCTH OTKPHITOTO OMyG/JIHKOBaHHUSI.

JIunieHsupoBanue

CornacHo 'K P® ct. 1286 s1LeH3HOHHBIH AOrOBOP C aBTOPOM [Jis MyOJMKAUMK B MepHoaude-
CKHX H3IaHHSIX MOXKET ObITb 3aKJHOUYEH B ycTHOH (opme. Cam (hakT MOSyUeHHS PYKOIMMCH CTaThH
penKoJerned x)ypHana «MaTemMaTHueCKHe CTPYKTYPbl U MOAEJHPOBAHHE»> SIBJISIETCS aKLENTOM (IpH-
HSITHEM) JIMLIEH3HOHHOTO J0r0BOpA.

Bce cratbu B XypHase «MaTemMaTHyecKHe CTPYKTYpPbl M MOJAEJHPOBaHHe» MyOJUKYIOTCS TOL
aunensuedl Creative Commons Attribution 4.0 International (CC-BY). TekcT JMLIeH3UH HaXOAUTCS
no agpecy https://creativecommons.org/licenses/by/4.0/legalcode.

TpeOoBaHus K 0(pOPMJIEHHIO PYKOIUCHU

K ny6mnukauuu npuHuUMaloTcst pykonucHd o6béMoM He Gosiee 16 cTpaHull.

ABTopam He0OXOIHMMO NMPENOCTABUTH CJENYIOLYI0 HH(MOPMALUIO HA PYCCKOM M aHIVIMHCKOM s3bl-
Kax:

Ha3BaHHE CTaTbH;
CIIMCOK aBTOPOB C yKa3aHHEM
— (haMMJIUH, UMEHH U OTYECTBa,
— Y4€HOro 3BaHHU4,
Y4€HOH CTeMNeHH,
— IOJKHOCTH,
MecTa paboThl UMK yUéOHhl,
— [eHUCTBYIOLLEro aipeca 3JEeKTPOHHOH IOUTHI;

e anHoTauus (abcTpakt) o6bEMOM oT 100 mo 250 cios;

® CITUCOK KJIIOUEBBIX CJIOB.

ABTop Takxke ykasbiBaeT YK (yHUBepcasbHbBIH IeCATHUHBIH KOI) cTaTbu. Ero MoXXHO nono6paThb
M0 TeMaTHKe CTaTbU B CcIpaBouHHKe http://msm.univer.omsk.su/udc/.

Bubauorpapuueckue ccblaku opopmastores cornacHo FOCT 7.0.5-2008.

Pykonuchk cTaTbu MpeACTaBseTCS B PENAKLHIO MO 3JEKTPOHHOH moute B ABYX (opmatax pdf
u tex. CraTbs mo/kHa ObiTh HabpaHa ¢ HCToJb3oBaHHeM Makponakera IATEXu ctuast msmb.cls,
npeaocTaBJsieMoro pefakuueld http://msm.univer.omsk.su/files/msmb.zip. Pekomenny-
erTcs ycraHoBUTh KoMnuasaTop MiKTEX, Tak Kak HMEHHO UM IOJIb3YIOTCS B PeNAKIHH.

OTkyoHeHHS B O()OPMJIEHHH PYKONHCH OT NPHUBENEHHBIX MPABUJ MO3BOJSIOT PEAKOJJIETHH TPHU-
HSITb pelleHHe O CHSITHU CTaTbhH ¢ My6auKauuu. CTaTbs MOXKET ObITb OTKJIOHEHA 110 MPUYMHAM Heco-
OTBETCTBHUSl TEMAaTHKe XKYPHaJ/a HUJM B CBS3HM C HU3KUM YPOBHEM KaueCTBa HAyYHOI'O UCCJENOBAHMS.

B craTbe 3ampelaercs nepeonpenensiTb CTaHAAPTHblE KOMaHIbl U OKPYXKEHHS.

Hywmepyewmbie (hopmysiel HeOOXOOUMO BHIIENSTb B OTAENbHYIO CTPOKY.

Hywmepanusi Tosnbko apabckuMu uppaMu B MOPsiiKe Bo3pacTaHusi ¢ efrHuubl. HymeposaTth cie-
IyeT TOJbKO Te (OpMYyJibl, HA KOTOpbIe B TEKCTE MUMEIOTCS CCBIIKHU.

'Heo6xouMBI To/THbIE 1aHHbBIE 3KCTEPTOB (MeCTO paboThi, yuéHas CTereHb, NOJKHOCTB), C yKa-
3aHHeM crocoba cBsa3M ¢ HUMH (e-mail, Tesedon). Penkosserus MoxeT oO6paTHTbCS K OXHOMY M3
IKCIIEPTOB U3 MPEJIOKEHHOr0 CHHUCKa ¢ MPOChOOH HamucaTh PEeLEeH3HI0 MM MOXKeT Ha3HauyuTb pe-
LleH3eHTa U3 COOCTBEHHOro CIMCKA.
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3anpelaeTcs HCMOb30BaTh B opMmynax OYKBbl pyccKoro ajdasuta. Ecinm 6e3 HUX HHKakK He
00OUTHCH, TO CJENyeT UCIOJNb30BaTh KOMaHy \mbox{...}.

Bce pucyHKM © TaGauUbl [OOMKHBL HMeTb MOAMHCH, O(MOPMJEHHYI C TIOMOIIBIO KOMaHMIbl
\caption{...}.

®afinbl ¢ pucyHkamu Heobxomumo mnpeactaButh B (opmare PDF uau EPS (ucnosnbzoBaTh pe-
nakTopel BekTopHOH rpaduku Truna InkScape, Adobe Illustrator unu Corel Draw).

Hcnosb3yiiTe crangapTHble KOMaHAbl [EPEKJIOYEHHS Ha TOTHUECKHH, KalJaurpauyeckuil u
axypubl#l wpudTh: \mathfrak, \mathcal u \mathbb.

He nomyckaercsi 3akaHYMBAaTh CTAaTbi0 PUCYHKOM WJIH TabJulel.

B cnucke quTepaTypbl 00s13aTeNbHO YKaszaHHe CJAEAYIOUIMX NAHHBIX: I/ KHUT — (aMUJIUU H
WHHLHUANBl aBTOPOB, Ha3BaHWE KHUTH, MECTO H3[AaHHs, HU3IaTeJbCTBO, ION HM3NaHUs, KOJHUYECTBO
CTPaHHUL; O/ CTaTell — (aMUJIMK U HHULHKAJbBl aBTOPOB, Ha3BaHHWE CTAaTbH, Ha3BaHUe XKYypHaJa, rof
U3[aHUsl, TOM, HOMep (BBIMYCK), CTPAHHLBl Hayala U KOHLA CTaTbH (I HENOHUPOBAHHBLIX CTaTel
00s13aTeIbHO YKa3aTb HOMEP PerucTpaluH).

KaBblUKH B pycCKOM TeKcTe («abBri») HOJMKHBI ObITh YIJIOBBIMH, B aHTJIMHCKOM — TMPSMbIMH
BepxXHHUMH KaBblukaMmH ("abcdefg" nmm “abedelg”).

O6s3aTesbHa paclinpoBKa COKpALeHUH MPU MEPBOM BXOXKIEHHWH TepMuHa. Hampumep: ... uc-
KyccTBeHHbIH HHTeMTeKT (MH)...

Ilopsinok perieH3upoBaHUSA

[lepBuuHast 3KCIepTH3a MPOBOAUTCS TVIABHBIM PeNaKTOPOM (3aMeCTHTeseM IJIABHOTO PenaKTo-
pa). [Ipu mepBHUHOH 3KCMEpPTH3e OLIEHWBAETCS COOTBETCTBHE CTATbU TeMaTHKe XKYpHaJa, MpaBU/aM
oopmyieHUs] U TpeGOBaHHUSAM, YCTAHOBJEHHBIM pelakiyed xKypHana K HaydHbIM MyO6aUKaLHsAM.

Bce craTby, MOCTyNUBIIME B peNakLMI0 HAaydyHOro KypHana «MaTemaTuyeckue CTPYKTypBl U
MOJeJIUPOBaHUE», IPOXOAAT Yepe3 UHCTUTYT peLeH3UPOBaHHS.

PenieH3eHT BbIOHpaeTcs IaBHBIM PeIaKTOPOM KYpHasa U3 YHMcCJa UYJEeHOB PEAKOJJIErHH HJH Be-
NYIIKAX CIeLHaJHUCTOB MO MPO(UIII0 AaHHOH paboTHL.

PelieH3eHTb! YBEIOMJISIOTCS O TOM, YTO NPUCJIaHHbBIE UM PYKOMHCH SBJSIOTCS 4aCTHOH COOCTBEH-
HOCTbIO aBTOPOB ¥ OTHOCATCS K CBELEHMSM, He MoJJexallluM pasryalleHuio. PelleH3eHTaM He paspe-
aeTcsl feJaTb KOMHUU CTaTed AJsi CBOUX HYXKI.

Cpok [J1s1 HaNMCaHUs peLeH3UH YCTaHABJIMBAETCS 0 COIVIACOBAHHUIO C PELIEH3EHTOM.

PenieH3usi no/XKHA pacKpblBaThb aKTyaJbHOCTb IMPEACTABJEHHOTO MaTepHalia, CTeleHb HayuHOH
HOBU3HBI UCCJIENIOBAHUS, ONpPENE/SATb COOTBETCTBUE INpensaraeMoro K myOJuKalud TeKcTa obLieMy
NPOUNIO H3NAHUS U CTHJb U3JIOXKEHHUS.

PelleH3eHT BBIHOCHUT 3aKJIOYeHHe O BO3MOXKHOCTH OMYyOJHKOBAHHS CTaTbHU: «PEKOMEHIYETCS»,
«peKOMeHIyeTcsl ¢ yUETOM HCIIpaBJeHHUs 3aMe4YaHWH, OTMEUeHHbIX PELleH3eHTOM» HJIH «He PEeKOMeH-
nyetcsi». B coyuae oTpuLaTesNbHOH pelieH3UH pefaKl sl HalpaBJsieT aBTOPy MOTHBHPOBAHHBIN 0TKa3,
3aBepeHHbIH IVIABHBIM PeIaKTOPOM HJIH €r0 3aMeCTHTEJIEM.

B ciayuae Hecorsacus ¢ MHEHHeM peLleH3eHTa aBTOP CTATbH HMEET MPaBO MpPeLOCTaBUTb ap-
TYMEHTHPOBAHHBIE OTBET B pelakLuio KypHasta. CTaTbs MOXKeT ObITh HalpaB/eHa Ha [OBTOPHOE
pelleH3HpoBaHue, JUO0 Ha COIVIaCOBAHHE B PeNAKIMOHHYIO KOJJErHIO.

[Tpu Ha/MMUUKM B pelieH3WH peKOMEeHJALMH MO MCIPaBJAeHHIO U 10paboTKe CTaTbH aBTOPY Harpas-
JISETCS] TEKCT PELEH3HH C TMpeaJoKEeHHeM yUeCTb WX MPH MOATOTOBKE HOBOI'O BapHaHTa CTATbU HJIH
apryMeHTUPOBAHHO (4aCTHYHO WJIM MOJHOCTBIO) UX OMpoBeprHyTh. opaboTaHHas (mepepabGoTaHHast)
aBTOPOM CTaThbsl OBTOPHO HAMPABJAIOTCS Ha PELleH3UPOBaHHE W pacCcMaTpuBaeTcs B 0OLIeM MOPS-
Ke. B 3TOM ciyyae naToll mocTymseHUs B pefaKLUMIO CUMTAeTCs JaTa BO3BpallleHUs NopabOTaHHOU
CTaTbH.

[Tocsie mpuHATHS pefKOJIerHed pelleHHsl O JONYyCKe CTaTbd K MyOJHMKALUK aBTOP MH(OPMHUPY-
eTcsi 00 9TOM M yKa3blBalOTCS CPOKH MyOJHKALNH.

OpI/IFI/IHaJIbI peueﬁsnﬁ XPaHATCA B peAaKIHH B T€YEHHE MATH JIeT.
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ABTOpCKas 3THUKa

ABTropbl myOGaHKALKMH HOJ/KHBl TapaHTHPOBATh, YTO B CIIMCOK aBTOPOB BKJIIOYEHBI TOJBKO JIHLA,
COOTBETCTBYIOLIME KPUTEPUSIM aBTOPCTBA (/MLla, BHECLIME 3HAUUTEJbHBIA BKJad B paboTy), U UTO
3acyly’KMBaKLIMe aBTOPCTBA HCCJ/eN0BaTeN He UCKJIOUYeHbl U3 CIUCKA aBTOPOB.

JosXHbEl pa6oTaTh BMeCTe C pefaKTopaMu /M U3AaTesIMH Ui CKOPEHIIero HCIPaBJ/IeH s CBOUX
pabot B ciyuae oOHapy>KeHHsI B HUX OLWIMOOK WJIH YNYLIEHUH Tocye MyOJHKalnH.

O6s13aHbl He3aMeIJIUTeNbHO YBEIOMJATh PENAKLHIO B c/aydae OOHApy»KeHHs OWHOKH B J0OO0H
MOfaHHOM WMH Ha MyO6JUKALMIO, IPUHATOH AJs MyOJUKALKMK WU yKe onyOJUKOBAaHHOU paboTe.

He BnpaBe xonupoBaTh W3 APYrUX NyOJHUKALUH CCBIIKM HAa paboThl, C KOTOPbIMH OHHM CaMH He
03HaKOMHJINCh; LWTAThl U CCBIIKH Ha ApPYyrue paboThl NOJKHBI ObITb TOUHBIMH W O(OPMJIEHHBIMH B
COOTBETCTBHH C NPEbIABJSEMBIMA TPeOOBAHUSIMH.

JI0JXKHBI CChlaThCsl MAaKCUMaJbHO TPABUJbHO U TOYHO Ha MMEOIIMe OTHOLIEHWe K MyO/auKaluu
npeablayliiMe paboThl Kak APYrUX HccjaefoBaTesed, Tak U CaMUX aBTOPOB, oOpalllasich, Npexje Bce-
ro K MEepBOMCTOYHHKY; JNOCJOBHOE BOCIIPOM3BeleHHe COOCTBEHHBIX paboT W UX NepedpasupoBaHHe
HelpHeMJIeMbl, OHH MOTYT ObITb HCIOJ/b30BaHbl JIMIIb B KayeCTBe OCHOBHI [J151 HOBBIX BBIBOZOB.

Heo6xonumo ykasblBaTb aBTOPCTBO AAHHBIX, TEKCTA, PUCYHKOB U HIeH, KOTOPBIE aBTOP MOJYUHJ
U3 JPYyTHX HMCTOYHMKOB — OHHM HE NOJDKHBI MPEACTABJATHCS, KaK MNPHHAIJeXKallde aBTopy mnyo6-
JIUKALWHK; MpsMble LUTaThl U3 paboT APYruX HCCJaefoBaTesied NOJKHBI BHIAENSTbCS KaBblUKaMHM U
COOTBETCTBYIOLIEH CCHIIKOH.

Jlo/kHBl cobJ00aTh HOPMbl 3aKOHONATE/bCTBA O 3alllMTe aBTOPCKHUX MpaB; MaTepHaJbl, 3allu-
IIEHHBIE aBTOPCKUM MpPaBOM (Hampumep, TaGJHLbl, UU(Pbl WU KPYMHBIE HUTAThl), MOTYT BOCIPOHU3-
BOAMTBHCS TOJBKO C pPa3pelleHus] UX BJAJE/bLIEB.

IlamaTka AJg nepeBoga OOJKHOCTEH, YUEHBIX CTeNeHe!
M 3BAaHUH HA aHIVIMMCKUU F93bIK

[Tpodeccop = Professor

Houent = Associate Professor

Crapmu#i npenonasatesb = Assistant Professor
[IpenonaBaress = Instructor

Accucrent = Instructor

Acnupant = Postgraduate Student nau Ph.D. Student
Couckatesab = Ph.D. Doctoral Candidate
Marucrpant = Master’s Degree Student

Crynent = Student

n.¢.-m.H. = Dr.Sc. (Phys.-Math.)

K.(h.-M.H. = Ph.D. (Phys.-Math.)

n.17.H. = Dr.Sc. (Eng.)

k.T.H. = Ph.D. (Eng.)

Wuxkenep-nporpammuct = Software Engineer
Crapuuii/Maaaini HayuHbl coTpynHuk = Senior/Junior Scientist Researcher

3JIeKTp0HHaﬂ noyra aJd OTIpPaBKH craren

lavrov@omsu.ru — 3aM. IVIaBHOTO pefakTopa (oTBeTCTBeHHBIH 3a Bhimyck) JI.H. JlaBpos.
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