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IIpeogucioBue

OTa MoHorpadus uccieayeT BO3MOXKHOCTh IPEACTaBUTh reKcarpammuoe ITose
[TlepeMeH KakK 4aCTHHIM ciydai o0iiero Merona nmpoekrta «JIOTHMKA KYPITUIITEBA
2». E€ mpeaMeTOM CITyKUT CBSI3b MEXY IIeCTUYEePTHHIM 3HAKOM, COOBITHEM
M3MEHEHUSs, OIIePaTOPHOU CBI3HOCTBHIO U IIPOEKTUBHO-TAPMOHUYECKNM PEIEPOM
KLT-ARBD. I'maBHEBIU pe3yabTaT COCTOUT B SBHOM IIOCTPOEHUU COTJIaCOBAaHHOU
MaTeMaTH4YecKou Moaesnu. Kaxkmou rekcarpaMMe OTBedaeT OTHOeslbHasa
IIPOEKTUBHASA TOYKA; U3MEHEHUS YePT OJEeUCTBYIOT Ha 9TUX TOYKaX; OJIs Iapbl
Pa3IUYHBIX COCTOSTHHUY CTPOUTCS TapMOHMYECKasi YeTBEPKA; MoTeps: nHGopMaluu
[IpHU Iepexofe K oIlepaTOPHOMY ONMKUCaHUI0 U3MEPSETCSI U IPOBEPSETCH.

g dunocodpuu «Ilepemen» Takoe IIpecTaBlIeHUe OTKPhIBAET ONIPENeIEHHYIO
HCCJIeIoBaTeJIbCKYI0 BO3MOXKHOCTh: CPaBHUBATh CIIOCOOBI MCTOIKOBAHUS 10 TOMY,
KaKue pa3nuyus OHU COXPAaHSIOT, KaKUM OTHOIIEHUSM ITPUOAOT 3HaYeHUe U Ha
KaKOM OCHOBaHUU MEPEXOOST OT OMMHUCAHUS K CYKIOEHUI0. 31eCh MOSBISIETCS
MaTeMaTHKa UHTEPIIpPeTalui B CTporoM cMmeiciie. OHa uccienyeT He TOJIBKO
pe3yabTaThl BEIYMCJIEHUS, HO U [AOIIYCTUMOCTb CaMUX IIEPEBOIOB MEXKAY sI3bIKaMM
OITHMCaHUA.

3HayeHue 3TOM ITPOTPaMMhbI CBSI3aHO C €€ CIIOCOOHOCTHIO ITOCTABUTHL HOBLIE
IIpoBePsieMble BOIPOCH. MOXKHO JIM II0 TPEM CBA3SIM MEXAy ollepaTopaMu
BOCCTAHOBUTH CYIII€CTBEHHOE OJII BLIOPAHHOI'O TOJIKOBAHUS Pa3IUYNe?
CoxpaHsieTCs JIM BHIBOM IPU CMeHe KoopauHaT? Kakue uepThl HEOOXOOUMO
U3MEHUTD, YTOOBI BOCCTAHOBUTh 3adaHHLIN KOHTYP? Kakue maHHBIE OTIMYAIOT
BPEMEHHOe IIPOX0KIOeHNWe CUrHasa OT yCTOMYMBOM o0paTHOM cBsi3u? HakoHelr,
SIBJISIETCS JIU OCHOBaHUE BHIBOJla HE3aBUCUMBIM OT KOHCTPYKIIMU, KOTOpas OOJI2KHa
OBITH ITPOBEPEHA”?

Pabora npoponxkaet MatreMaTtudeckyto BeTBb HEX-LK2-FIELD v1.7 u coxpaHseT eé
apxuB 6e3 uameneHui. Toma I u V mpoekTa UCHOJIL3YIOTCS KaK UCXOOHBIE
oIpenesieHus; HaCTOsIlasA KHUra ux He nepemnuceiBaeT. O6o3HayeHue KLT-ARBD B
9TOU peJaKLUU OTHOCUTCS K UCCIIE€I0BaTEIbCKOMY IPEeACTaBI€HUIO U ero
moKa3aTeIbHOMY amnmnapary. MHTerpanus u3nokKeHHON Moaenu B pabodee
MTPUJIOKEHNE UJIN TPOU3BOACTBEHHYIO 6a3y MaHHBIX 3[IeCh He 3asBIISIETCS.

[Tepen yuTaTesieM paciIupeHHas pabodas pegaknus MoHorpaduu v0.3,
coxpaHsIolasi MaTeMaTu4ecKyio BeTBb v1.8, oT 19 okTs6psa 2026 roga. 3To
CBSI3HBIY MCCJIEOBATEIbCKUU TEKCT C JOKa3aTelbCTBaMU, IPUMepPaMu U
IIporpaMMou npoBepku. He3aBucuMas MaTeMaTU4deCKasi PELeH3UsI U
CHHOJIOTUYEeCKas 3KCIepTU3a eIle He MPOoBeOeHbl. PyCCKUil OCHOBHOM TEKCT
COIIPOBOXKAAIOT aHIJIMMCKOE ¥ KUTalCKOe pe3toMe. IToAroToBKa TEKCTa,
BBIUKCJIEHUY U BEPCTKM BHIIIOJIHEHA ¢ moMoIlbio MH; Takas momous He 3aMeHsIEeT
BHEIITHETO PEIeH3UPOBaHUS.

YTo nodaBieHo B pegakuuu 0.3

l'ekcarpaMMHasi MOIENb BKITIOUEeHA B UCXOOHBIN MTAKeT IIpeacKa3aTeIbHOT O
nBuxkkKa ARBD Kak oTHoenbHBIM moMeH. [[oGaBieHbl riaaBel 15-22: 0630p
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MaTeMaTU4YeCKUX UHTepIIpeTaluil, CpaBHUTENIbHAsA (POPMYyIUPOBKa HOBU3HEI,
yTO4YHEHUE IIPeCTaBIeHNsI, BEPOATHOCTHBIN (haKTOD, IPOTHO3HBIN XKypHAaJI,
ncTopryeckue usobpaxenus u punocodckras nporpamma. Peectp murepaTyphl
comepXkuT 71 3anuch c yKazaHrueM paKTuuecKou riryOouHs gocTtyna. CoxpaHeHb!
IOKa3aTelnbCTBa, MpUMEPH U aTiaac pegakium 0.1, a TakKe jeMMbl 1aHa 0.2.

CraTyc 3TOlM KHUTH — paclimpeHHas pabodas MoHorpadus. [IinaH 60mbuIoro
“3OaHusg U3 24 rjiaB OCTAETCS IIPOrpaMMOM Pa3BUTHS; JaHHAs pedaKius He
BBIAETCS 3a 3aBeplileHue BceX Oyaymux riaB. MHTerpauus BHIIOJIHEHA B
HMCXOOHOM Kofie; myOGnuKanus pabodero cepBrca, He3aBUCHUMasi CUHOJIOTUYeCcKas
SKCIIepTHU3a U BHEIIHUN IPOTHO3HBIU SKCIIEPUMEHT He BBIIIOJIHEHHEL.
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BBeoeHnue

Bomnpoc o0 MaTeMaTHKe MHTEepIpeTanuu

I'ekcarpamMMa AoInycKaeT KOHEUYHOe KOJUPOBaHUeE: I1eCTh MO3UIIUHN, Ha KaXKaou
OOWH U3 OBYX TUIOB 4YepThl. MHTepIpeTalusa 3Ha4YUTeabHO O0oradye TakKoro Kofa.
OHa MOKeT 3aBUCETH OT IIO3UIIUY, OTHOIIIEHUSI MEXKIy YepTaMU, TeKCTa CYyXKOeHUs,
BHIOPAaHHOTO0 KOMMEHTAaPUs, IIOCTAaBJI€HHOTO BOIIPOCA U OOCTOSATENLCTB e CTBUS.
[TosTomy LleHTpajbHas 3afada COCTOUT B YCTAHOBJIEHUU CBSI3U MEXKIY KOHEUHBIM
3HAKOM U COIeprKaTeIbHEIM BEIBOOOM.

[Tycts S 0603HaYaeT MPOCTPAHCTBO pacCMaTPUBAEMBIX CUTyauuu, p : S — P
SIBJISIETCSI UX IIPECTaBieHneM, a ¢ : S — () BrIpaxkaeT MHTEePEeCYOLINA HaC
pe3ynbTat. IIpeacraBierHre OCTAaTOYHO AJIS 9TOM 3a4ady TOTAa U TOJIBKO TOTHa,
korpa cymectsyet ¢’ : P — () ¢ paBeHcTBOM ¢ = ¢’ o p. JI7IsI KOHEYHBIX MHOXKECTB
5TO IIPOBEPSAETCS IPOCTHIM YCJIOBUEM: OOVHAKOBEIE 3HAYEHUS P OOJIKHEI BJIeYb
OLVHAKOBBIE 3Ha4YeHUs ¢. MMeHHO Takou KpuTepuut ucnonbs3dyercs B KASVD R4M.1
[K]. Or no3BoIsIeT OTIIUYUTH COXpPaHEHNEe Hy?KHOT'0 CMBIC/Ia OT BHEIITHETO CXOOCTBa
ouarpaMm.

B aToit KHUTe S CHauyalla OrpaHMYHUBAETCSI MHOXKECTBOM reKcarpaMM. 3aTeM OHO
pacmmpseTcs 3a CYHET MaCOK U3MEeHEeHHUs, TapaMeTPOB KOHTEKCTa U
IIPOMEXKYTOYHLIX T€OMETPUYECKUX COCTOSSHUM. KaxKabiii mepexorn o0bsBIAETCS
OTOesIbHO. YuTaTeslb MOXKET YCTAHOBUTH, B KAKOM MeCTe UCIIOJIb3yeTCsI CBOMCTBO
KMTaUCKOr0 TeKCTa, TOe IPUHSATO COoTjlallleHre O KOOUPOBaHUM, a e JoKa3aHa
TeopeMa.

Tpu YPOBHSA yTBEPKIACHUH

[TepBhIlt ypoBeHb 06Pa3y0T MaTeMaTUUYeCKHUe yTBepxkaeHusi. Hanpumep,
MHBEKTUBHOCTb OTOOPaKEeHU s I1eCTUOUTOBOIO0 MHOXKECTBA B ITPOEKTUBHOE
IIPOCTPAHCTBO OOKa3kIBaeTcs anredpandecku. BTopoil ypoBeHb COCTaBIISIOT
WHTEPIPEeTAalMOHHBIE TUIIOTE3Rl: OIPEesIEHHAS [Tapa MO3UIUH MOXKET OBITh
COIIOCTaBJIEHA ONPENesIEHHOM CBSI3U OIlepaTOpPOB. TpeTuit ypoBeHb BKIIIOYAET
AMIIMPUYECKHUE YTBEPXKIOEHUS: MOOESb ITI03BOJISET JIy4llle TPeaCcKa3kiBaTh 3apaHee
oInpeneieHHbIe HabJiogaeMble COOBITUS. [loKa3aTenbCTBO Ha IIEPBOM YPOBHE He
OAaéT aBTOMATUYECKOT0 IIepexona K OBYM CIIEAYIOIINM.

Takoe paspesieHHe COXpaHsIeT coOepKaTeIbHOCTEL puaocodCcKoii 3amaun. Ecau
bopmanuzanus He pas3aIUudaeT CUTYaI[lH, KOTOPhIE pPa3IndyaeT UCTOYHHUK, 9TO
CTAHOBHUTCS ITOBOOOM YTOYHUTH MOAenb. Eciu oHa pa3yimyaeT COCTOSTHUSI, HO HE
BeIOMpaeT ciepyollee coObTHEe, HE0OOXOOUMO 3aaTh IIpaBuiio Beibopa. Ecnu
ITPABUJIO YCIIEIITHO OMTHMCHIBAET IIPUMEPHI, Ha KOTOPHIX OHO OBIJIO ITPUAYMAHO,
HyKHa IIPOBEpKa Ha APYrUX MaTepuaax.

OCHOBHOM Te3HUC

[TpoekTuBHO-TapMoHUYecKoe npeacraBinenre KLT-ARBD maé€t ToYHBIN SI3BIK OIS
KCCIIeJOBaHUsI OTHOCUTEJILHOCTH KOOPOUHAT, COXPAHEeHUs Pa3IU4YUi U OCHOBAHUM
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rnepexoga MeXKOy ONHMCaHUSIMHU. ['eKcarpaMMHOe I10Jie OOIIyCKaeT SIBHYIO
peanu3alunio HECKOJIBKUX CTPYKTYPHBIX CITOEB JIK-2: COOBITUMHO-COCTOSTHUH,
¢dakTopHU3any, TeOMEeTPUYECKOro npeacrtaBnenus, Hodge-coBMecTuMoro
rmepeHoca U TUMU3UPOBaAaHHOU OUHaMuKU. [lonHasa comepkaTenbHas
nHTepupetanus «Kuuru [lepeMmeH» TpeOyeT OOMOTHUTEIBHOM CBSA3U 3TUX
KOHCTPYKILUY C TEKCTaMHU U IIPaKTUKaMU UCTOJIKOBaAHUSI.

Bknag HacTosIe# paboThl COCTOUT B COTJIACOBAHHOM ITOCTPOEHUH TAKOTO
YacTHOTO cjiydasi ¥ B GOPMYyJIUPOBKE eT0 MPOBePsAeMbIX rpaHull. Mcronmb30BaHHBIE
(bakThHI 0 BEKTOPHBIX TPOCTPAHCTBAX, ITPOEKTUBU3AIINY, IBOMHOM OTHOIIEHUU U
OPTOTrOHAJILHBIX ITOTOKAX MPHUHAIIeXXaT CTAHOAPTHOM MaTeMaTuke. [IpuopuTteT Ha
9TU KJIaCCUYECKHEe KOHCTPYKIIUU He 3asIBIISIEeTCH.

1 Oomiuu metozn JIK 2

CoObITHE H COCTOSIHHE

B Tome I 00BEKT KaTeropuu COOBITHHHO-COCTOSTHUY 3aaéTCs 0TOOpaKeHueM

m: E — S[T1, §2.3]. Onement ¢ € FE npunangnexuT coctosiHuio m(e). Mopdusm
MeXKOy OBYMsI TaKUMH O0BbEKTaMH COCTOUT U3 OTOOPaXKeHUM COOBITHH U
COCTOSIHU, COTJIAaCOBAHHEIX C IMTPOEKIIUSIMHU. YCJIOBHE COTJIaCOBAaHUS UMEeT BU]I

ﬁ/ofE:fSoﬂ',

Il71s1 reKcarpaMM eCTECTBEHHO Pa3IuYUTh UCXOOHYI0 KOHQUTYpAILMIo YepT U
cobOriTe €€ uaMeHeHuss. OgHa KOHpUTYpaIus JOIyCKaeT HECKOIbKO COOBITHMH;
OIOHO U TO Ke U3MEHEHUEe YEePT MOXKET IPUMEHSITHCSA K Pa3HbBIM KOH(PUTYypaLUsIM.
3anuchk COOBITHSI OOHOM TOJILKO ILIeJIEBOM reKcarpaMMol 3a0bIBaeT 4acCTh 9TOMU

CTPYKTYDHL.

Crnott 7 1(s) mpencrasnsieT COGHLITHSA TPU MaHHOM COCTOSIHUM. Ero Ha3BaHUe B
IIPOEKTe He JaeT eMy aBTOMaTUYeCKU reOMeTPUYEeCKON UHITUAEHTHOCTU. YTOOH
TOBOPUTH O IIPOEKTUBHOU MPSMOM, ITIOHATOOUTCS OTHOEIbHOE ITPOCTPAHCTBO U
OTIeJIbHOe oToOpaXkeHue. JTa IrpaHuUlla CylleCTBeHHA IJIs1 BCel KHUTHU:
ynorpebiieHre 00IIero CjoBa «II0Jie» WU «JIMHUS» He SIBJISeTCS JoKa3aTeIbCTBOM
COBIIafeHUSI MaTeMaTU4eCKUX 00BbEKTOB.

Peniep u ocHOBaHHeE

Penepuoe pacumpenue umeet Buf (R, I, U; D; Dom). Cornacuo Tomy I,
OOTIOTHUTEIbHEIE KOMIIOHEHTEI He BOCCTAaHABIMBAIOTCSI KaHOHUYECKH U3 OJHOM
napsl «coObpITHE TIpU cocTossHUU» [T1, §2.6]. 17151 omHOM CUTyallud MOXKHO BEIOpaTh
pa3Hble UOeu, YHUBEPCYMBI U OCHOBaHUs. [1loaTOMy J1t060€ cofmepKaTelbHOe
pacunperue OOJIKHO COXPaHsITh CBEIEeHUs O COEJIaHHOM BEIOODE.

B manpretimem reomeTpuieckue To4ku obosnavatorcs Ry, [, U , D . Uanekc g
HYXKE€H, YTOObI OTJINYATh TOYKY IIPOEKTUBHOM IIPSIMOM OT JOKa3aTeIbHOTO
ocuHoBauus . KoopauHara, rMojiydeHHast U3 (GOPMYyIIbl, elé He SIBIISIeTCS
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OOKYMEHTOM, HaOIiogeHrueM UIu apryMeHTOM B IT0Ib3Y (pUI0COPCKOT0o Te3Huca.
OHa nmpuoOpeTaeT COOTBETCTBYIOIIYIO POJIb JIKIIE IIOCJIE OTOEIEHO 0O0CHOBAHHOTO
COIIOCTABJIEHHUS.

IloMeH 3amaéT yCIOBUS IPUMEHUMOCTH. B TEKCTOBOM MHTEpPIpPETAIUU 3TO MOTYT
OBITH BRIOPaHHAs pemaKIIus, BUO KOMMEHTApPUs, CIIOCO0 OTCYETA MOIUITUN U
o6stacTh Bommpoca. B muHaMuKe MOMEH OITpeneisieT, IPU KaKUX BXOoAax pa3pelleHa
KOMITO3UIIMS OIIEPAaTOPOB. B mMpoBepKe MPOorHo3a OH BKIIOYAEeT TOPU30HT
HaOIIOOeHUs U IPOIeNypPy PerucTpaluuu pe3ysbraTa.

HpOBKTHaH ImocsiegoBaTeIbHOCTDb

OO0mwmit MeTon MPUMEHSIETCS 3TEeCh B CIeAYyIOIIeM NMOpsAgKe: PUKCUpPyeTCcs 0OBEKT
HCCJIefOBaHUs; OOBABISIETCS ero npeacTaBiaeHne; GopMyIUpyeTCs NHTEePECYIOUUMI
BBIBO; IIPOBEPSIETCS COXPaHeHWe WH(POPMAIINK; BBOOSITCS OIEPATOPHI C JOMEHAMU;
BBIYUCJIIIETCSI T€OMETPUUYECKUN MHBAPUAHT; OTHEJIbHO OIleHUBaeTCs
OOCTAaTOYHOCTh OCHOBAHUSA OJII COOEPKAaTEIbHOTO BEIBOJA.

OTOT MOPSAAOK MO3BOJISIET MIPUMEHSTH OJHUH U TOT K€ MeTO[ K Pa3HbIM
npenMeTHBIM o6macTsM. Crenudrka «ITepeMeH» COCTOUT B BRIOOpE
IIECTUYEPTHOT 0 HOCUTEJIS U B CBSI3SIX C KUTAWCKUM KoprnycoM. OHa He TpebyeT
M3MeHEeHUs 00Ilero KpuTepus KOPPeKTHOCTHU ITPEeICTaBIeHUS.

2 KHTaMCKHH TEeKCT M PpmIocodcKasi MOCTaHOBKa

HN3MeHeHHE U pa3/IHYeHHue

B «Cuibl yKyaHb», BEpPXHSS 4acTh, raBsl 1, V u XII, o6cykmaioTcss U3MeHEeHUs
4yepT, YepeaoBaHUe UHb U SH, a TaKXKe OTHoIlleHue oOpa3a, peuu u cmbicia [C1].
KopoTkas ¢popmyia «—pE—f5Z:8i&» CBA3BIBAET a0 C WHb U STH; 3[€Ch MEI
nepenaém eé paboyuM MepeBOOOM «TO UHb, TO SIH HAa3bIBAETCS Hao». DTOT IepeBo[
CITyKUT OPUEHTUPOM 00CYKIEHUS, @ He OKOHYATENbHBIM (PUITOTIOTHUYECKUM
pemterueM. B Tex e pa3pgesiax U3MEHEHUE CBsSI3aHO C ABUXKEHHUEM, a 00pa3 1 peyb
Y4aCTBYIOT B BEIpaXK€HUU CMBICIIA.

[I71s1 HalIe MOOenu 3TO MMOBO[ MCCJIed0BaTh IIePeXo] MeXKAY COCTOSTHHUSAMU Hapsaay
C caMUM COCTOsIHHEeM. Takoe pellleHue IIPUHAOJIeXUT COBPEMEHHOU
PEKOHCTPYKINU. Y3 IpuBEegEHHOr0 TEKCTa He cienyeT HU onepauusa XOR, Hu
Pa3MepPHOCTD ITPOEKTUBHOTO ITPOCTPAHCTBA, HU KOHKPETHAs MaTpulla
OIlepaTOPHEIX CBSI3€U. DTHU 3JIEMEHTHI BBOOSATCS MaTeMaTU4YEeCKU U 3aTEM
MIPOBEPSIOTCSA MO ITOCJIEACTBUSIM.

PaznuuyeHre KOOUPOBAHUS U UHTEPIIPETAIIUN OTKPHIBAET IIPOAYKTUBHLIN BOIIPOC:
YTO OOJIZKHO COXPaHUTHLCS IIPU IIEPEBOle TEKCTA B MaTeMaTUYeCKuil o0beKT? Eciu
IIPeaMeTOM UCCIEeIOBAHUS SIBISIETCS IIOPSIAOK YEePT, JOCTATOYHO OOHOM
CTPYKTYPHI; €CJIU pedb UAET 00 YMECTHOCTH [eNCTBUS, TIOHAH00ITCS BpeMs,
KOHTEKCT U KpUTepui onleHKU. OguHakKoBoe nN300pakeHre MOXKeT Y4acTBOBATh B
pa3HBIX UCCIIeIOBaTEIbCKUX 3aadyax.
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Ilo3unusi U BpeMs

Huxusisg 9yacTh « CHITH Y2KYaHb» COIOCTABIISIET IMMO3UIMH YePT U Pa3jIndaeT Ux
¢yukumu; B rinaBe VIII BEIOpaHHOM 3JIEKTPOHHOM pa30uBKU 00CYKIOalOTCS BTOpas U
yeTBEpTasi, TPeThs U nsiTas mo3unuu [C2]. TeKCT TeM caMbIM Ja€T OCHOBaHUE
CTABUTH BOIIPOC O 3aBUCUMOCTH MCTOJIKOBAHHUS OT MeCTa. MbI He BHIBOJUM U3 HETO
TOTOBYIO TPEXOIIEPATOPHYIO CXEMY.

B pasmene «MuH 510 TyH 69HB» KOopryca «42K0y U /1103 ITu» BCTpedaeTcs Gopmyria
«EPUATFERF , XUAREE »: pabouunii mepeBong — «rekcarpaMMa yoepzKuBaeT BpeMs
CUTYyalluH, YyepTa IToKa3hiBaeT uaMeHeHue» [W2]. DnekTpoHHas nyOauKauus
COOEPKUT OCHOBHOU TEKCT U MOSCHSAIOIINHU CIIoM. X aBTOPCTBO U PEeOaKIIMOHHOE
pa3mesieHne He YCTaHABIUBAIOTCS 3[0eCh 10 OOHOM BeO-cTpaHuIle. [IJ1s apryMeHTa
OOCTATOYHO yKa3aHMs Ha caMy (hOpMyJIy U €€ MeCTO.

B nipegnaraemoit Mofesiy MO3UILUS SIBISETCA UMEHOBaHHON KOOPAWHATOM, a BpeMs
BBOIUTCS OTHEJILHEIM MapaMeTpoOM. OTO ITO3BOJISIET HE CMEIMBATh IBa Pa3HBIX
OeNCTBUS: CMEHUTh 3HaUeHNWe Ha MO3UIUU U IIePecTaBUTh caMU ITo3uliuu. IlepBas
oIepalus MeHsIeT YePThl; BTOPasi MEHSIET NOPsIAoK uTeHusi. Mx ¢punocodckue

9 deKTH MOTYT pa3nuydaThCs, JaxKe KOoTrda HEKOTOPhIe BRIYUCIIIEeMbIe TTOKa3aTenun
COBIIAAAIoT.

O0Opa3 u cmbica y Ban bu

B pa3gene «MuH cssH» BaH Bu paccMaTpuBaeT OTHOILIEHUS pedu, oOpas3a U CMbBICIA.
BripaxkeHue «{FEM&EE» yKa3blBaeT Ha BO3MOXKHOCTb OCTaBUTh 06pa3 mocie
moctuxxkeHus cMmeicia [W1]. B Tom ke pa3pgesie KpUTUKYETCS 3aKpeljieHue
OTIeJIbHBEIX 00pa30B 3a 3HaKaMu 0e3 BHUMaHUSA K TOMY, YTO MU BhEIpakKaeTcCs.
3mech CylIeCTBEHHO OTHOIIIEHVE MEeXAy CPEICTBOM BEIDaXKE€HUS U 3afadent

IIOHMMAaHHUA.

MaTeMaTudecKasi aHaJIOTHsI, KOTOPYIO MBI IIpefJjiaraeM, COCTOUT B IIPOBEPKE
OOCTATOYHOCTH IIPENCTAaBJIEHUsI OTHOCUTEJILHO 3aJaHHOT0 BOoIIpoca. MOKHO
OTKAa3aThCs OT YaCTH KOOPAMHAT, €CIIM UHTEPECYIOIINM BLIBOM OT HUX HE 3aBUCHUT.
OpHaKO TaKoOe COKpallleHue AOJXKHO ObITh JOKAa3aHOo IJI JaHHOTO BhiBoma. OHO He
pasperraeT 0OObIBUTE MOTEPSIHHBIE PA3TUYNS HECYIIIECTBEHHBIMHU IJISI BCEX APYTUX
BOIIPOCOB.

OTa aHaAJIOTUS SBISIETCS Halllel MHTepIpeTalel, a He IpUIuckiBaHueM Bau Bu
Teopuu pakTopusarnuu. OHa MMOJIe3Ha TEeM, YTO MO3BOJIIeT CHOPMYIUPOBATH
TOYHOE YCJIOBHE: Pa3nuyue 06pa30oB OOMYCTUMO 3a0BITh JIUIIH TOT{A, KOTda OHO He
MeHsIeT UCCIeqyeMOoro cMbIciia. B rimase 9 aTo ycnoBue OymeT BHIpaXkeHO Yyepes
CJIOu OTOOpaAXKeHUs.

Kak moHMMaThs 3Ha4YeHHe HOBOM MOJe I

KuTtaiickasa ¢punocodus 3mech BEICTyIIaeT KICTOYHUKOM CaMOCTOSITEJIbHBIX
BonpocoB. ®opmanuszanusa o6sg3aHa OTBeYaTh Ha HUX: KaK ITOJIOJKEeHUEe CBSI3aHO C
melcTBUEM, KaK U3MeHEeHUe COXpaHseT WU pa3pyllaeT CBsA3b, KaK CyouThb 00
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YMECTHOCTH BO3BpPalll€eHUA, YEM 3HaAK OTJIMYAEeTCsA OT OCHOBaAHHUA CYXKIOEHUI.
YucneHHas cxeMa II0JIy4daeT (bI/IJ'IOCO(bCKOG copgepzKaHue 9epel3 3THU BOIIPOCHL U
qgepe3 COIIOCTaBJIEeHHnEe C KOHKPETHHEIMU TEKCTAMMU.

Oco6eHHO ITepPCIEeKTUBHO UCCIeNOBaHNEe PA3HOTIaCUM MeXAy UHTePIpeTalusIMu.
IIBe IITKOJIBI UJIM IBa KOMMEHTATOPa MOTYT Pa3/In4aThCs HE TOJIBKO CIIOBECHBIM
BBIBOJIOM, HO ¥ T€M, KaKHe OTHOIIIEHUS OHUW CYUTAIOT OIpenesionuMu. Moaeib
TTO3BOJISIET 3aIIHMCATh 9T OTHOIIEHUS Pa3desIbHO 1 IIPOBEPUTH, IPU KAKUX
M3MEHEHUSSIX UCXOOHBIX YCIIOBUM BBIBOABLI PACXOOSATCS. TakKoM ITOAXo OOIyCKaeT
HECKOJIbKO 000CHOBAHHBIX MOIEJIel OOHOT0 KOpIyca.

BmecTe c TeM yTBepKAeHNE 0 KPYITHOM BJIMSTHUU HOBOM KOHCTPYKIIUU Ha
KUTaNCKyI0 ¢puiocopuio OTHOCUTCS K OyayiieMy eé o0CyKOeHUI0 U IPUMEHEHHIO.
B Hacrosmen pegakiiny nokasaHa UccefoBaTeIbCcKasi BO3MOXKHOCTD U BHIIIOJTHEHA
4acTh MaTeMaTu4ecKou paboThl. McTopuueckoe IpU3HaHUE UJIKM IIPEBOCXOICTBO
HaJ CYLIECTBYIOIINMU TOJIKOBaHUSIMU He IIpeAnosaralTcs 3apaHee.

3 'ekcarpaMMHOe I0JIe KaK CHCTeMa COOBITHH

KonupoBaHnue

Tonoxum H = FS. 3anuce h = hyhyhsh,hshg auTaetcs cHusy BBepx: mepsast
nudppa o603HAYAET HUKHIO 4epTy. IIpephIBUCTAs YepTa KOOUPYEeTCs HYIEM,
cryoirHas eguHune. B aTom cornamenuu 111111 coorBerctByet Lstab, 000000 —
Kyup, 011001 — I'y, 101010 — Ii3u 113u, 010101 — Bait 113u. CoOTBETCTBUSA
IIPOBEPEHHI 110 NOPSAAKY YepPT B UCIIOJIb30BAHHBIX 3JIEKTPOHHEIX TeKcTax [C3-C7].

CrnoBo «IIone» o603HavaeT 3[ieCh CUCTEMY COCTOSTHUM U repexonoB. Ha H
UCIIONB3YETCsI CIIOKEHME 10 MOAYJIIO ABa. YMHOXKeHMe KoOHeuHoro mojist GF(64) e
BBOOUTCS. BEKTOpPHOE IPOCTPaAHCTBO C 64 3jieMeHTaMu U IIojie C 64 37ieMeHTaMu
TpeOyIoT pa3HbIX HaOOPOB oIepaluii.

Inst macku m € M = H oupepenum 7,,(h) = h @ m. EnuHuria Ha MO3ULKUU MacKH
03HaYaeT U3MEHEHHUE THUIIA COOTBETCTBYIOIIEH 4epTH. [10IHOe MHOKECTBO
coGertu 3agaérest kKak £ = H X M, ¢ ucxoguemm coctosiuueM mw(h,m) = h u
iesieBBIM coctosinueM t(h, m) = h @ m.

IIpegnoxenue P17

ITapa 7 : . — H siBnsieTcs o6vekToM KaTeropuu IS Toma I. MacKu OeiCTBYIOT Ha
H mno npasuny 7,, © 7,,, = T,,¢n- Momenb comepxkuT 64 cocTosinus u 4096 coOBITHI,
BKJIIO4asi COOBITHS C HYJI€BOM MacCKOM.

Ioka3aTensCTBO. [IepBasi 4acTh ClIeOyeT U3 onpemenenus oobekta IS Kak
0TOOpaKeHusI MHOXKECTB. [IJIsI BTOPOM YaCTH JOCTAaTOYHO aCCOIMAaTHBHOCTH
CJIOZKEHUs 110 MOIYJIio ABa. Yucio cobuiTud paBHo 64 - 64. Hyneast Macka
COXpaHsIeT COCTOSIHKE, HO OCTAETCS SIBHO OTMEYEHHLIM 3JIEMEHTOM MHOXKEeCTBa
COOBITHH. []
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Bce 4096 cobOnITHi SBIISAIOTCS (OPMaIbHO AOIIYCTUMBIMHU B 3TOM ITIOJTHOM HOCHUTEIE.
9To0 yucio He 0003HaYaeT 00bEM HAOIIOOEHUN U He YTBepKIOaeT, YTO
TpagULMOHHAS Npollefypa MMoJIydYeHus reKcarpaMMhbl BEIOMpaeT X PaBHOBEPOSITHO.
BriOpaHHas IpaKTHKa MOXKET 3aflaTh ITIOJIMHOXKECTBO COOBITUM UTH pacIpenesieHue
BEPOSITHOCTEM.

JIOKa/IbHBIE IIepexoabl

Ecnu pa3pemuTs 3a IIar “3MeHeHHWe POBHO OQHOUM YepTHI, IoJlydaeTcs rpad
IIeCTUMEPHOTO Ky6a (). V Kazknoi BEepIIHUHE IIECTh COCEHel; YUCIIO
HEOPUEHTUPOBAHHEIX pé6ep paBHO 64 - 6/2 = 192. PaccTosiHue MeXAay OByMsI
COCTOSTHUSIMY PaBHO YHCITy MTO3UIINI, Ha KOTOPHIX OHU Pa3/IMYal0TCSI.

Takoe pacCTOsIHHE BhIPaXKaeT CTOMMOCTL U3MEHEHHS JIUIIb IIPHU [TOIOIHUTETbHOM
COTJIAIIIEHWHN: BCE YePThl KMEIOT OOUHAKOBEIN BeC, a JII000e UX U3MEeHeH1e
paspenieHo. Eciu u3aMeHeHUe OMHOU MO3ULUK HOPOKE OPYroro Iubo 3arpelrneHo
KOHTEKCTOM, TpeOyeTcsI nHasi MeTpUKa MU 3aJada ONTUMHUIAIINU C
OTPaHUYEHUSIMU.

T'eomeTpust Kyb6a OMUCHIBAET CTPYKTYPY BO3MOXKHBIX IEPEXO0MI0OB, a HE
MIpeamnoyYTeHue onpenenéHtoro myTu. s moboro h, k € H cyiecTByeT
eIUHCTBEHHAast Macka m = h @ k, mepeBofsIas IepBoe COCTOsIHKE BO BTOPOE.
[ToaTOMYy caMo TIOJTHOE TI0Jie He BEIOMpaeT OynyIiee.

4 TIO3UIIHU U TPHU ONEePAaTOPHBIX KaHaJIa

I'mmore3a H15

CoxpaHuM ONPUHSTYIO B IIPEeObIAYIIeN BETBU Pa3MeTKY I1ecTu pebep perepa:

IMo3unms cauldy Pebpo pemepa CpaBHUBaeMas MO3UIUSI

1 RI 4
2 RU 5
3 IU 6
4 DR 1
5 DI 2
6 DU 3

ComocTaBnieHue MIeCTH MTO3ULINM IIeCTH pEOpaM sSIBNseTCs BhIOpaHHBIM KogoM. OHO
He CJIeflyeT TOJIbKO U3 PaBeHCTBa uucen. B wactaocty, nmapet (RI, DR), (RU, DI)
u (IU, DU) B aToM pa3MeTKe Hemb3si 63 MPOBEPKY HA3BaTh TPEMsI IlapaMu
ITPOTUBOIIOJIOXKHEIX PEOEP TeTpasapa.

Onpepenum Tpu O6uTa

a(h) = (a,b,c) = (hy ® hy, hy ® hs, hs @ hg).

10
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I'mmoresa H15 npunuceiBaeT UM KaHansl a : Y — =, b : = — /A 4yepes Bo3spart B,
c¢: A — Y. B repmunosnoruu Toma I A mpousBoguT UMIyJibC, I OCYIIECTBISET
Pa3BOPOT WJIM BCTABKY, = 3aHaéT MOCeqyollee u3MeHenre. [101p30BaTEIbCKOE
CI10BO «][IBUKEHHE» 3[eCh OTHOCUTCS K HHUIUHUPYIOIIEMY OeACTBHUIO A; ero
(GbopManbHEIN KOHTPAKT GEPETCS U3 OMpeIeNieHusl MelCTBHUs, a He U3 OObLIYHOTO0
3HAQYEHHs CJIOBA.

XOR noka3bBaeT pa3nnyue ABYX OUTOB U CUMMETPUYEH OTHOCUTEJILHO UX
IepecTaHOBKU. HanpaBneHue KaHaa, CMBICI CBSI3U U IPaBUJIO «Pa3Iudue
O3Ha4aeT OTKPHITOCTh» moOaBJIeHbl TUIIOTe30M. [laphl MO3UIUM JONYCKAIOT
COIIOCTaBJIEHWE C TEMOM COOTBETCTBUS YePT B KOMMEHTATOPCKOM Kopiyce [W2],
HO 3TO COIIOCTaBlIeHUe caMo 10 ceOe He NMOATBePKIOaeT pacupenesieHrne TpPex
OIepaTOPHBIX PONIEH.

[I/IsMeHeHme EJ

b=h2@& hs a=hi1@®ha
Yyepes Bo3BpaT B

[ﬂeﬁcmme A] > [PaBBOpOT Y]
Cc=hs @ he

Pucynok 1: Tpu uMeHOBaHHBIX KaHajia runore3sl H15

IIpegnoxenue P18

Oto6paxenue o : H — [ cropbextusro. Ero siapo pasio K = {(u,u) : u € F3},
nostomy H /K = [F%. Kaxmeiii 3 BoCbMU Ipoduel KaHaloB UMeeT BOCEMb
mpoo6pa3oB. Kpome TorO,

ah®m) =a(h)® a(m).

Iloka3aTenbCTBO. JIMHENHOCTH ciieayeT u3 mokoopauHatHoro XOR. [Ins m060ro

g € F3 cocrosmue (g,000) oTobpaxkaercs B ¢, 4To [aéT CIOPLEKTUBHOCTh. Hyrnesoit
oOpa3 o3HaYaeT PaBEeHCTBO HUXXHEUN 1 BepXHeW TPoeK. Anpo uMeeT BOCEMb
9JIEMEHTOB, X BCE CJIOU SIBJISIOTCS €0 CMEeXXHBIMHU KjlacCaMHU. []

11
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[Tony4deH TOYHBLIN (GAKTOP MOJIS 1O BELIOPAHHOMY OTHOIIIEHUI0 9KBUBAJIEHTHOCTH.
BoceMb COCTOSTHUM OHOTO CJIOSI COBIIQAAIOT IO TPEM OOBSIBIIEHHBIM ITPU3HAKaM.
CopepxkKaTeJibHOE PaBEHCTBO UX TEKCTOB U3 3TOTO HE CIenyeT.

Y10 03HaYaeT UCUYE3HOBEHHE CBSA3H

ITpu a = 0 B H15 oTcyTCcTByeT KaHai OT pa3BOpPOTa K IIOCJIEAYIOIMIEMY U3MEHEHUIO.
B npuHATOM KOMEe 9TO PaBHOCUIIBHO h; = h,. TIoaTOMy ucxofmHas TUIOTE3a 00
rcyesaloniell o0paTHOMU CBS3U IIOJIydaeT TOUHOe ycjioBue. OOHAKO MOJIHBIN ITUKIT
MOXKeT pa3opBaThcs Takxke npu b = 0 unu ¢ = 0. O6GbsiCHEHHEe KOHKPETHOT O
Cly4asl OOJI2KHO yCTaHOBUTH, KaKasi UMEHHO CBsSI3b OTCYTCTBYET U COXPAHSIOTCS JIU
OCTaJlbHEIE.

HymneBasi CBA3b He ABISAETCA YHUBEPCAJIbHOU OLIEHKOU rekcarpamMmel. [Ipodumns
000 umeeT MaTeMaTHUYECKHU SICHBIM CMBICJI B 9TOM MOMEIH, HO HEe O3HadaeT
dunocodckoit 6ecnnogHOCTH, HEGIATONPUATHOCTU UJIUM OTCYTCTBUS U3MEHEHUN BO
Bcex Opyrux nHtepnpetauusax. [Ipumeps! Lsguep u KyHs B rinaBe 11 mokaxyr,
ImoyeMy TaKasi OTOBOPKa COoLmeprKaTejlbHa.

5 ITo/1HOe IIPOEeKTUBHOE IIpeacTaB/IeHHue

l'queMy III€CTH 3HAKOBBIX KOOPOIHHAT HEJOCTATOYIHO

Tlonoxum s,(h) = (—1)". Bektop (81, ..., S¢) COXpaHSeT Bce MeCTs GUTOB, MOKa
PaccMaTpUBAETCs KaK OGBIYHEIA BeKTOp. HO P IPOEKTUBU3ALUY BEKTODHL T 1
—Z 3amalT OFHY TOYKY. [109TOMy HOMONHEHHE BCEX YePT NPeBPalaeTcs B
Hepas3/In4uMOe COCTOSIHUE, U OCTAIOTCS JIULIb 32 IPOEKTUBHEIE TOUKH.

s nccnemoBanus, B KOTOPOM LisiHb 1 KyHb OONTKHEI OCTaBaThCSA Pa3TUYUMBIMHU,
Takas norteps HenprueMmieMa. OHa BO3HHKaAeT HE B HCXOOHOM OBOUYHOM KOIIE, a B
olepaluy nepexona K IPOEKTUBHLIM KjlacCaM. DTO IIPUMeEDP TOr'0, Kak
reoMeTpuyecKasi eCTECTBEHHOCTh Ollepaliy JOJI?KHa OLIEHUBATHCS OTHOCUTEIILHO
3aJayy WHTepIpeTaluu.

IIpennoxkenue P20

Beeném p(h) = [, , s;(h) u

v(h) = (s1(h), .., s6(h), p(h)) € Q7,  j(h) = [v(h)] € P*(Q).

OTobpaxeHue j UHbEKTUBHO. Matpuus p(m) = diag(v(m)) npusapgnexar
SO(7,Q) u ynosnersopsitotr v(h & m) = p(m)v(h).

HNokazaTtenbcTBo. Ecmu v(k) = cv(h), TO IO MepBLIM IIECTH KOOPAUHATAM ¢ = 1
unu ¢ = —1. B mepBoM ciy4ae Bce GUTH COBAaloT. Bo BTOPOM MEpPBhIE MIECTh
3HAKOB MEHSIIOTCSI OIHOBPEMEHHO, a WX IIPOU3BENEHUE COXPAHSIETCS, TOCKOJIBKY
mecTb 4éTHO. CeflbMast KOOPAWHATA TI03TOMY HE MOXKET YMHOXHUTHCS Ha — 1.

12
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BTopoii cniydyail HeBO3MOXkK€eH. MaTpHUIlkl p OPTOTOHAIBHEL, @ UX OIIPEefeIuTeNlb
paser p(m)? = 1. GopMmyna NeHCTBUS ClleAyeT U3 YMHOXKEHHUS 3HAKOB. []

[TpOEKTUBHOE MPOCTPAHCTBO 3[eCh UMEET Pa3MEPHOCTS IIIEeCTh, & BEKTOPHI
[IPEICTaBUTENIeH UMEIOT CeMb KOOPAUHAT. [[OMONHUTE IbHAs KOOPIUHATA
HCIIPABJISIET MMOTEPIO MIPY IPOEKTUBU3AIUY ¥ 06eCIIeYnBaeT OPUEHTALINIO
neiictBusi. CaMo TMOsIBJIEHKE YKCJIa CeMb He MOKA3hIBAeT CBSI3UM C OKTOHMOHAMH,
rpynnoi (G, unu mIockocTeio daHo.

Bo3Bpar K onnepaTopHoMy nNpoduiio

Ha kapTte =, # 0 onpenenum

2
TE— T2y
2 )
2337

2
T2 — ToTy
2 )
273

2
T2 — T3xg

b p—
(@) 202

a(z) = c(x) =

Ha muoxectBe j(H ) aTu Belpaxenus coBnagaiot ¢ «(h). O6muit macirald
TpeICTAaBUTENIEH COKPALIAeTCsl, IO3TOMY 3HAYEHUsI KOPPEKTHBI [I7Isl IPOEKTUBHBIX
Touek. ONHAKO OHM UCIIOJb3YI0T KOHKPETHBIE MMEHOBAHHbBIE KOOPAMHATHL U He
SIBJISIIOTCS. MHBAPUAHTaMU IIPOU3BOJILHOTO npeobpasosanus PG L.

3mech COCYIIIeCTBYIOT [Ba BUAA T€OMETPUYECKON CTPYKTYPHI. [107THOE BIIOKEHUE )
COXpaHsieT BCce COCTOsTHUSI. OYHKINU a, b, ¢ BEIOENSIOT ONpeaeIéHHEIe OTHOIIECHHU S
B pUKCUpPOBaAHHOM KOOPAMHATHOU cucTeMe. CoxpaHeHHUe TOIbKO 3TUX (PYHKIIUU
O3Ha4daeT CO3HATeJIbHOE COKpallleHue nHpopMaIun.

Hodge COBMeCTHMBIH IIePEHOC

Bossmém X = R7 co CTAaHOAPTHOM METPUKOM, OPUEHTAIINel 1 OOQHOM CTPATOM.
7

Cocrosiamio comoctasuM dopmy wy, = » . v;(h) dx;. Iina g, (z) = p(m)z

nonoxum L,, = (g,,})*. Torma L,,w; = wWygm & L, x = *L,,.

[TocnepHee paBeHCTBO cilenyeT U3 COXpaHEHUSI MEeTPUKU U opueHTanuu. OnepaTtop
Xopmzka OIpenessieTcsi TOXAeCTBOM 3 A xy = (f3,y)vol, u o6e ero onpepesnsmomue
CTOPOHEI COTJIaCOBAHEI C TAKUM IepeHOCOM. KoMIIo3unuu MaCcoK JalT
KOMITO3ULIMM MOP(GHU3MOB. ITO AOKa3biBaeT P21 — GpyHKTOpPHANbHYIO peann3aluio
B Hodge-coBMecTumoM BapuaHTe KaTteropuu Pack Toma I.

TeMm caMBIM ITOCTPOEH €I€ OOUH KOHKPETHHIM CJIOM 0OIIero MeToma.
COBMECTUMOCTH C TPOU3BOIBHON HEACCOMMAaTUBHOM Omepaluey IIOJIHONU MaKeTHOM
reoMeTpuu nmorpedoBasna OBl OTHEIBPHOM MPOBEPKHU €€ onpeneneHus. OHa He
BXOIOUT B HOKa3aHHOE YTBEPXKOEHUE.

13
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6 TapMOHHYECKHH pernep

KonBeHnusi I[BOfIHOl"O OTHOIIIEHHUs1

st T-IeTI::IpéX IIOIIaPHO PA3JIMYHBIX TOYEK O6H.[€fI HpOGKTHBHOfI HpHMOfI Hapf I10JIeM
XapaKTEepUuCTHUuKH, OTJIMYHOH OT OBYX, UCIIOJIB3YEM KOHBEHIINIO Toma V:

det(U, R) det(I, D)
det(U, D)det(I,R)’

ANR,I,U,D) =

Ponu Touek GpuUKCUPOBaHBI. 3aMeHa OHOPOIHOIO MPeaCcTaBUTENsI KaxKa0M TOUKHN
He MeHsIeT 3Ha4deHue, ITOCKOJIbKY MHOXKUTEJIN coKpaillaioTcsi. Ob1iee
HEBBIPOXKIEHHOE JINHEeNHOe Tpeobpa3oBaHre YMHOXKAaET KaXKIblM onpeneIuTelb Ha
OIIVH U TOT XKe OIIPeIeIuTEelb MaTPHUIIbl, KOTOPBIM TaKKe COKpaMlaeTcs. 9TO
KJIacCHu4YeCcKasl MPOeKTHUBHAs UHBAPUAHTHOCTL [TH; P].

[Tpu nepecTaHOBKe poJiel 3HaYeHUE MOXKET U3SMEHUTHCA. [J11 rapMOHUYECKOU
YeTBEPKYU IePECTaHOBKYU [Al0T 3Ha4YeHus u3 MHOXkecTBa {—1,2,1/2}. TlosTomy
3aIluCch OJHOTO Yucia 0e3 nopsaKa pojieil HeqocTaToOYHa [1J11 BOCCTaHOBIJIEHU S
penepHoOu CTPYKTYPHL.

IIpennoxenune P22

Iyist pasnuyssx b, k € H nonoxum v = v(h), w = v(k) n

R,=[v], I,=[w], U,=[v+w], D,=[v+2uw]
OTH YeThIpe TOYKM Pa3/IMYHEI, 1eXKaT Ha OJHOU IIPOEKTUBHOU IIPSIMON U UMEIOT
A = —1. ITocTpoeHKEe COTIaCOBAHO C OMHOBPEMEHHBIM OeiCTBUEM JIF000H MaCKH

Ha hu k.

Iloka3aTenbCTBO. MHBEKTUBHOCTD J O3HAYaET JUHEWHYIO HE3aBUCUMOCTD v, W. B
Gasuce (v, w) 4eTHIPE MPEACTABUTENISA UMEIOT KOOPAUHATEI
(1,0),(0,1),(1,1),(1,2). Moncranoska gaét (—1)(—1)/[(1)(—1)] = —1.
JIuse#HOCTD p(M) COXPaHsIeT CYMMEL U + w U v + 2w. [

IIpu adpdurHOM mapameTpe [v + tw] PO PacIoNIoKeHb Kak Rg =0,U g = 1,
Dg = 2, Ig = o0. Touku Ug, Dg SIBJISTIOTCSI BCIIOMOTATeIbHEIMU. [lepBas uMeeT
HyJIeBbIe KOOPAMHATEI, @ BTOPasi — KOOPAMHATHI PAa3HLIX a0COJIIOTHLIX BEJITHYHH;
nosToMy oHu He npuHamiexart j(H ). [ekcarpamMm no-npexuemy 64.

l'queMy TapMOHHYHOCTSH HEe BBIﬁI/IpEIET HCTOJIKOBaHHeE

JIro6as u3 4032 ynopsiAoYeHHEBIX ITap pa3/IuYHbIX TeKcarpaMM JO0NyCKaeT
yKa3aHHoOe fomnoiHeHue. ClieqoBaTelbHO, PAaBEHCTBO A = —1 MCTUHHO 37€Ch 0
KOHCTPYKILIMU U HE BHIAESET IPaBUIbHYIO ITapy U3 HEMPaBUILHBIX. B 4aCcTHOCTH,
OHO He BBEIOMpAaET CJIeAyIoNIyI0 reKcarpaMMmy.

14
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Ecnu TpebGyeTcsi MPOBEPUTH COIEePKATEIbHOE YTBEPXKIEHNE C TTIOMOIIIBIO
TapMOHHYECKOI'0 OTHOIIIEHUS, XOTsI OBl YaCTh JAaHHBIX YeTBEPKHU HOJI?KHA OBITh
ompepeneHa He3aBUCHUMO OT IIPOBEPSIEMOTO yCJIOBUS. BriGop Dg CHenuanabHO [JIs
MMOTy4YeHus: —1 He MOXKEeT OQHOBPEMEHHO CJTY2KUTh HE3aBUCUMBIM
MMOATBEPXKOEHUEM 3TOr0 3HAUEHUsI. DTO OTPAaHUYEHUE OTHOCUTCS K JIOTUKE
ITPOBEPKHU U COXPAHSETCS HMPU II0OBIX Ha3BAHUSIX TOYEK.

HNMeeTcst TakKKe 3aBUCUMOCTD IIOCTPOEHUS OT BLIOPAHHBIX ITpecTaBUTEeNe. B
HAIlle¥ MOZeNX OHU 3abUKCUPOBaHE GyHKIWeH v(h), I03TOMY CyMMa OIpeneseHa.
TJist OBYX TOJIBIX IPOEKTUBHBIX TOYEeK 6e3 TaKoro BEIGOpa BhIpaxkeHue (v + w| He
KaAHOHMYHO: He3aBUCUMOE U3MeHeHUe MaciTaba v ¥ W MEeHSeT IMOIy4YeHHYIO
TOUYKY. [IpOoeKTHUBHAsI UHBAPUAHTHOCTD YK€ 3aJaHHON YeTBEPKU U KAHOHUYHOCTD
€€ MOCTPOeHUsI — pa3Hble TpeOoBaHUS.

XapaKTepHCTHKA OBa

I BOUYHEBIM HOCUTENb H ¥ rapMoOHMYEcKasi TeOMEeTPHUS UCIIOJIb3YIOT Pa3HbIe II0JIs.

Hap mosyiem xapaKTePHUCTUKH OBa PAaBEHCTBO —1 = 1 MCKII0OYaeT HEBHIPOXKAEHHYIO
rapMOHUYECKYIO YeTBEPKY B CTAaHIAPTHOM KOHBEHLIMU OBOMHOTO OTHOIIIEHUS [T5,

§10.6]. [ToaTOMYy rapMOHHYECKHUY CJI0H rmocTpoeH Haf ) umu R.

[Tepexon MexXXOy CJIOSAMU 3amaH ABHOU (yHKIMEelN 3HAaKOB. OH He SBISIETCS
HEesIBHBIM IIEPEHOCOM TapMOHUYHOCTHU B IBOMYHOE TT0JIe. Takoe pa3nuyeHue
II03BOJIIET COBMECTUTH KOHEYHYI0 KOMOMHATOPUKY U BellleCTBEHHYIO T€OMETPUIO0
0e3 cMeIIeHUs UX aKCUOM.

7 [IBUXKEeHHUEe Pa3BOPOT H H3MEHEHHE

Tunsl onepaTopoB

Tom I 3amaét A : P — I, yactuynyo BctaBky I : Dy — X u ceMencTBO

E, X—=>XcT72>0,E)=1id, &, = =2, 0, [T1, §25]. TelicTBue BeIOMpaEeT
HUMITYJIbC, PA3BOPOT MOATOTABIMBAET COCTOSTHIE, U3MEeHeHe Pa3BHUBaeT ero BO
BpeMeHHu. YToOH BEPHYTHCS K UCTOYHUKY HOBOT'O AEHCTBUsI, TpeOyeTCs elé KapTa

B:X—P.

B Tome V BcTpedaeTcs mHasA TUOMU3alUs U TOPSAOOK orepaTtopoB [T5, §12].
Hacrosmasa pegaknys 1ocjaefoBaTeIbHO UCIIOIb3yeT KOHTPaKT Toma I.
CoBnameHue OYKB B pa3HBIX KOHTPAKTaxX He JA€T IIpaBa aBTOMATHUYECKU
OTOXOECTBUTH X KOMIIO3UIUH.

HpeHHTCTBHe OJIs1 BpeMEeHH

Ecnu Kaxkpoe = IIPHU BCeX BeLeCTBEHHEIX T > () IB/IsieTCS OJHOM U3
WHBOJIIOTUBHEIX MAcoK, T0 =, = (E_ /2)2 = id. CiegoBaTenbHO, HETPUBUAIEHOE
CeMeNCTBO U3MEHEHUS C TAKUM BpeMeHeM HeJlb3s IOJIYyYUTh, OCTaBasiCh TOIBKO
BHYTPH I'PYIIL MAacoK. HempeprIBHOCTE AJIST 3TOTO OTPUIIATEILHOT0 pe3yIbTaTa He
TpebyeTcs.

15



KLT-ARBD 2026

YTOOH MOYyYUTh HETPUBUAJIPHOE IBUXKEHNE MeXAy OUCKPETHLIMU COOBITHUSIMY,
PaCIIUPUM TIPOCTPAHCTBO COCTOsIHUIA. 7151 GUKCHPOBAHHOU MacKu m'y p(m)
4YETHOE YHCJIO OTPUIlaTe IbHBIX JUaroHaJIbHBIX 9JIEMEHTOB. Pa3o0neM
COOTBETCTBYIOIIIME UHIEKCEL Ha ITapbl. B KaXX[ou MOJIy4eHHOU KOOPAUHATHOU
IIJIOCKOCTH 3aJafuM IIOBOPOT Ha YroJjl 77, B OCTAJIbHEIX KOOPAUHATaX — TOXKOECTBO.
O6Go3Ha4YMM IOTy4eHHyI0 MaTpuly Q,, (7).

TTOBOPOTHI Ha HEMIEPECEeKAIIUXCsl IIOCKOCTsIX maoT Q. (s +1) = Q,.(s)Q,,,(t) u
Q,,(1) = p(m). Ons nemnoro n > 0 monydaem

Q,,(n)v(h) = v(h ® ((n mod 2)m)).

9To0 P23. I'ekcarpaMMsl SIBJISSIOTCSI TOYHBIMU 11€JI0YUCIIEHHEIMUA OTCYETAMMU
IIOCTPOEHHOTO IMOTOKA. MeXIy OTCYETAMH BO3MOXKHEI OMOIHUTE ILHEIE
coctrosiuusi. Hampumep, mis h = 000000, m = 100000 u 7 = 1/4 Bosuukaer
sextop (0,1,1,1,1,1,/2), mpoekTuBHEIA Kiacc KoToporo He nexut B j(H).
BrIGOp Mmap mI0CKOCTEeM SIBJISIETCS AOIIOTHUTEIbHOM CTPYKTYPOH.

IIpennoxkenue P24 0 THIM3UPOBAHHOM yIIPaB/JI€HUH

ITycTs Z — MHOXKECTBO KOHTEKCTOB, [ : H X Z — M — o6bsaBIeHHOe IpaBuio
BbiGopa Macku, P = Domyu, I = H X M x Z. Tlycte A C I 3apgaéT momycTuMbie
umnynbch, a F': H X M X Z — Z — o6bsiBieHHOe 00HOBJIEHHEe KOHTEKCTa.
Omnpenenum

A(h,z) = (h,u(h,2),2z),  Y(h,m,z)= (v(h),m,z), (h,m,z) € A.

Bo3bMéM pacumpenHoe mpoctpanctBo X = R7 x M X Z 1 mo1oxuM

= (z,m,z) =(Q,,(T)x,m,z).

Ecmu [z] € j(H), omHosnauHo BoccTanosuM k = j 1 ([x]) u 3amanum
B(x,m,z) = (k, F(k,m, z)), Korma 9Ta napa mpuHagnexkuT P; B 0CTalbHBIX
ciny4asix B He onpenesneHa. HyseBoi & Takxke UCKIIOYEH.

Torpma Z IBJISIETCSI OMHOM IOJIYTPYIIIION Ha PACIIHPEHHOM X, @ KOMITO3UIIUS
T = BoZ; oY oA npu BEIOIHEHUU BCEX TOMEHHEIX YCIIOBUI HaéT

T(h,z) = (h&® p(h,z), F(h® u(h,z),u(h,z),z)).

HokasaTenbCcTBo. Ha KaxkgoM cioe ¢ GUKCUPOBAHHEIMHU 11, 2 IOJIyTPYIIIIOBOE
PaBEHCTBO CllenyeT u3 cBoiicTsa (,,. [Ipu Bpemenu opus BekTop v(h)
npespaitaetcs B v(h @ m). UHbeKTUBHOCTS j HeaeT NeKOOUPOBaHUe
OgHO3HAYHEIM. OCTaJIbHEIE OTPAaHUYEHHs TOYHO COBIAHAIOT C YCIOBUSIMHU
ompepmenéunoctu A, T, B. [
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3mech TpU omepaTopa UMEIT pasHble hopMabHble PYHKIMH: BEIGODP MMITYJIbCA,
reoMeTpHUYeCKoe KOOUPOBAHNUE U SBOJIIOIKS. DTO YCHIMBAET IIePBOHAYAILHEIN
npumMep ¢ ToxaecTBeHHEIMU A u Y. OmHAKO COmepKaTelbHEINA 3aKOH [ HE
BHIBE[IEH M3 reKCarpaMMbl: OH OCTAaEéTCsI BXOIOM MOAeNu. I1o/IyrpyIna COXpaHseT
BHIOpAHHYIO MacCKy B IIpefieiaX OmHOM (Ga3wl; eé mepecMoTp MPOUCXOOUT IIPH HOBOM
npuMeHeHnu A.

8 OOpaTHas CBsi3b U BOCCTAHOBJICHHE KOHTYpa

CraTnuyeckasi cxeMa

B nopsinke y3m08B (2, A, 1) MaTpuiia KaHAIOB UMEET BUT

0 0 a
A(h)={b 0 0
0 c O

Cronbel 0603Ha4YaeT UCTOYHUK, CTPOKA — moyy4aTesns. [Toatomy A3 = abc I;. B
cTaTu4eCKoM rpade IMoIHbIN OPUEHTUPOBAHHBIN TPEXIIIATrOBHIM IIUKII CYIIIECTBYET
TouHo npu @ = b = ¢ = 1. Ecnu a = 0, pa3pblB MeXy Pa3BOPOTOM U U3MEHEHHEM
OOCTaATOYEeH [JIsI OTCYTCTBUS TAKOro nukia. OH He SBISAETCS €eOUHCTBEHHBIM
BO3MOIKHBIM Pa3pPHIBOM.

MaTpuiia onuceBaeT JOCTYIHOCTh KaHaIOB. [[elCTBUTEIbHEIE OIIePaTOPEL MOT'Y T
UMeTh COOCTBEHHEIE [IOMEHEI, 3a[IePKKHU U moTepu. [axe mpu abc = 1
KoMIo3umusa B o=_o Y o A M0OXKeT 0Ka3aThCsI HEOIIPENEIEHHOH [T KOHKPETHOT'0
nctounuka. Hanmuuume pebep rpada aBiasieTcs HeoOXOOUMON YacThio IPOBEPKHU, HO
He 3aMeHsIeT TPOBEPKY 3HAaYeHUM 0TOOpaKeHuH.

BpeMeHHOH KOHTYP

Ecnu 3a KaxObpl#i 11ar OOIIyCKaeTCsa POBHO OOHO perO 1 OXKHNOaHHe 3alIPeIlleHo,
OJis Tpex II0CiIenOoBaTEJIbHEIX MAaTPHUII ITOJIy49aeM

A2A1A0 = diag(a2clb0, byay ¢y, 0251%)'

ITpodunu 010 — 001 — 100 co3matoT Bo3BpallleHUE K IIEPBOMY Y311y, XOTS HU B
OIHOM OTHEIbHOM CHMMEKE IIOJIHOTO KA HeT. O6paTHas IIOCJIeI0BaTeIbHOCTh
100 — 001 — 010 maéTt HymeByio MaTpuiry. ITopsamok COOBITHM UMeeT 3HaYEeHUe.

OTa ¢popMya OTHOCHUTCS K BHO 3afaHHOMY peXuMy nepepauu. Ecnu curaan
MOJKET XKJaTh Ha y3Jie, Haf0 BKJIIOYUTH COOTBETCTBYIOIUE [IETIIU TN APYyToe
npaBuiio namMaTu. Ecnu gBa KaHasa IPOXOOsaTCs 3a OOUH IIar, U3MeHseTCs
MaTpulia nepexona. CMEBICT «BOCCTAHOBIEHUsI OOPaTHOM CBSA3U» II03TOMY HOJIZKEH
BKJIIOYaTh BpEMEHHOU IIPOTOKOIJI.
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IIpennoxenune P25 0 MUHHUMA/IBHOM BOCCTAaHOBJIEHHUHA

ITycts r = 3 — (a + b + ¢) — 4KCII0 3aKPHITEIX KAHATOB. [1py pa3peInéHHbIX
M3MEHEeHHUSX JTIIOOBIX OTIE/IbHEIX YePT ¥ ONMHAKOBOM CTOMMOCTH KaXka0Tro
H3MeHeHUs] MUHMMAa/IbHOE YHCJIO H3MEeHEHHEIX O3UIUH, He0OX0AUMOoe MJIs
pmoctuxenus npoduns 111, paBHo 7. UncIo GIUXKaNIINX COCTOSHUNA C 3TUM
nmpoduneM paBHo 2.

IokazaTenbCcTBO. KaxXabIii 3aKPHITHIM KaHal 3a0aéTCs ITapoil OOMHAKOBBIX OMTOB.
YT0oOHI CcHiesIaTh UX PA3HLIMHU, HEOOXOOMMO U3MEHUTh XOTS Obl OMUH OUT 3TOM ITapPHI.
Tpu mmapsl HEIlepPeceKalTCs, TO3TOMY TpebyeTcss He MeHee 1" U3MEHEHUH.
HM3MeHeHNe POBHO OOHOTO U3 ABYX OMTOB KaxXKI0M 3aKPHITOM IIaphl U COXpaHeHUe
OCTalIbHBIX MO3UIIMK OOCTUTaEeT STOU I'PaHUIIEI. B KaxKOol TaKou Iape eCTh OBa
HEe3aBUCHUMBIX BEIOOpPa, oTKyma 2". []

9To pellleHHe KOHEYHOU 3aJayy PeMOHTa KaHanoB. OHO He ompenesnser
3TUYECKYIO, TOJIUTUYECKYIO UJIN XKUIHEHHYIO TPEANOYTUTEIbHOCTD IOJIyY4€eHHOT 0
coCcTOossHUSA. 17151 TAaKOM OIEHKU MOHAA00sITCSI MHOM IleJieBOM (QYHKIIMOHAI U
copepzKaTeJIbHbIe OrPaHUYEeHUS.

IloBTOpEeHHE W YCTOMYHBOCTH

I1s1 KoHeuHOH yacTuuHOH KapTel C' onpepenum S; = Dom C' u
S,1=1s€8,:C(s) € S,}. VOrBaromas 10cnen0BaTeIbHOCTh
crabunusupyercsa. E€ npenen sBnsieTcss HauOOIbIINM IIOOMHOXKECTBOM, Ha
KOTOPOM KapTy MOXKHO IPUMEHITh 6€eCKOHe4YHO MHOTO pa3 [V16, P16].

Iloka3aTenbCTBO COCTOUT B IIOCIE0BATEIbHOM UCKIIIOYEHUH TOYEK, YbU
TPAeKTOPUU 3aKaHYMBAIOTCS BEIXOOOM M3 JoMeHa. JIto6oe MHBapHUaHTHOE
IIOOMHOZKECTBO COLEPKUTCS B KakaoM S,,; B CTaOHUIN3UPOBABIIEMCSI MHOXKECTBE
o6pa3 KaXKao¥ TOYKM CHOBa IMPUHAAJIEXKUT eMy. KoHeuHOCTh 3aTeM oOecrieyrBaeT
MIePUOOUYECKYIO YaCTh KaXKaoh 6eCKOHEYHOU TPaeKTOPHUH.

TakuM 06pa3oM, OUH yCIIEITHBIM IPOXO0MI, MHOTOKpPaTHOE AONYCTUMOE ITOBTOPEHUE
U BO3BpallleHUe K UCXOOHOU TOUKe — pa3Hble CBOMCTBa. X pa3menbHas
perucTpanus II03BOJISET JaTh TOYHBIM CMBICIT BEIPaXKEeHUI0 «IIponagauias
oOpaTHAas CBSI3b».

9 KASVD u coxpaHeHHe CMBICJIOBBIX PAa3/THYHH

KpuTepu# 1OCTaTOYHOI'O NpeaCcTaBIeHUSs

IOns clopbekiuu p : S — P otobpaxenue ¢ : S — () paKTopu3yeTcs yepes p
TOTTIa ¥ TOTHKO TOTMA, KOTTIa TIOCTOSTHHO Ha KaxmoM ciioe p 1 (u). loKa3aTensCTBO
HeoGXOOUMOCTH ciiefiyeT u3 ¢ = ¢’ o p. Il moctatounoctu 3amamum ¢ (u) = q(s)
IS JII000TO § M3 CJIOST; IIOCTOSTHCTBO 06ecIedynBaeT OMHO3HAYHOCTS.

OTOT KPUTEPUH II03BOJIIET IPOBEPUTh KOHKPETHOE COKpallleHue. [171g 3agadu
Y3HATh YHCJIO OTKPHITEIX KAHAJIOB JOCTATOYHO CYyMMEI a + b + c. [ 3amayu
OIIpPeneNuTh, OTCYTCTBYET JIK CBsA3b | — =, TpeOyeTCsi COXPaHUTh KMEHOBAHHOE
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3HaueHue g Tub0 9KBUBAJIEHTHYIO eMy uHopmanui. OgHO ITpeacTaBIeHue MOXKeT
OBITH DOCTATOYHLIM [IJIsI IIEPBOM 3aJla¥ U HEOOCTATOYHBIM IJISI BTOPOM.

Cl'IeKTp U HMEeHOBaHHBIE€ CBA3H

s mame# matpums ATA = diag(b?, ¢?, a?). Habop CHHTYISPHEIX YHCEN paBeH
OTCOPTUPOBAHHOMY HaAboDYy a, b, c. TToaTomy npodunu 011 u 101 umeroT
ONWHAKOBBLIE CUHTYJISIPHBLIE YHCIIA, HO OTJIMYAIOTCS II0 IIePBOMY KaHally.
Coctossaus 100111 u 010111 maroT KOHKpeTHBIN IpuMep Takoi rmotepu [V16, P13].

OTOT pe3ysbTaT OTHOCUTCSA K XpaHEHUIO TOJIbKO CUHTYJIAPHLIX yuces. [lonmaoe SVD
c ¢pakTOpaMu ¥ UMEHOBAHHBIMU 6a3ucaMU IT03BOJISIET BOCCTAHOBUTH UCXOOHYIO
matpuny. KASVD R4M.1 comepxkut 60siee GoraTheie TUIIM3UPOBAHHBIE 3AIIUCH,
IT0O9TOMY €MY He IIPUITHCHIBAETCSI OTPaHUYEHNE CIIEKTPaIbHBIM HaOOpPOM.

II711 BOCCTAHOBJIEHUSI BCEX BOCHMM MMEHOBAHHBIX ITpodusiedl HeoOXOOUMBI KakK
MUHUMYM TpU OMTa GUKCUPOBAHHOM OBOMYHOM 3alUCHU. JDTO CJeAyeT U3 Yucia
pPa3MUYMMEBIX KJIacCOB. bomee KOpOTKast 3aluCh MOXKET OBITh OCTAaTOYHA [JIsT UHOMH,
MeHee moapoOHOM 3aJayu.

IIpegnoxenue P19 o yacTUYHBIX 3aKOHaAX

ITycts 1" : H — H 3amaHO Kak II0JTHOE OMHCAaHKWe YaCTUYHOI'0 3aKOHA.
CyLiecTByeT YacTHu4YHast KapTa I ¢ TOYHBIM PABEHCTBOM YaCTUYHBEIX 0TOGpaKeHUH
aoT =T o TOrma U TOJIBKO TOr/A, KOTMA BHIIOIHEHE ABa yCIoBus. Jomen T
SBJISIETCSI O0bEeOMHEHNEM LeNbIX clI06B «, a &(71'(h)) NOCTOSIHHO Ha KaXkIOM CJI0e,
BKJIIOUEHHOM B MOMEH.

Heo0xoouMOCTh IEPBOTO YCIIOBUS CIIEeAyeT U3 paBeHCTBa JOMEHOB OBYX
KOMIIO3UILIMM, BTOPOTO — U3 PaBEHCTBA 3Ha4YeHUU. [Ipu BHIIOJTHEHUU YCIIOBUU
MOKHO ogHo3Ha4yHO nooxkuTh 1'((h)) = (T (h)) Ha o6pase gomeHa. []

Ecnu T' ToxpmecTBeHHO ToNbKO nipu h; = 0, mepBoe ycnoBue Hapymraercs. Ecnu
T(h) = h & hye; Bclony, Bropoe ycnosue Hapymaetcs: cocrositust 000000 u
100100 umeroT ogrHAKOBLIM TPOGUIb, HO pa3Hbie BEIXOOHBIE Tpodunu. [ToaTomy
COTJIaCOBAHHOCTh CaMOM KapThl & C GPMKCUPOBAHHEIMU MAaCKaMH eIlé He
rapaHTHUPYET COTJIaCOBAHHOCTHU C IPOU3BOJIBHEIM BEIOOPOM MAaCKHU II0 COCTOSIHUIO.

OTcyTcTBHE BXOMa B HEMOIHOM Tabuile HaOIIOOeHuN He PaBHO3HAYHO
HeoIlpenesIEHHOCTH 3aKoHa. [t mpoBepku P19 HyxkHa n1ubo monHas
cnenupUKaIUs YaCTUYHOM KapThl, TGO OTHEeIbHAs MOMesb TOT0, KaKhue 3HaYeHUSs
IMOKa HEU3BECTHHI.

10 Pa3060op rekcarpamMmmsl I'y

TeKCTOBBIH MaTepHal

'y, BoceMHamaTasi reKkcarpaMMa, B BEIOpPaHHOM 3JIEKTPOHHOMN pemaKIuy UMeeT
HUXKHIOI0 TpurpaMmy CioHb U BepxHIOIO ['9HB [C3]. TekcT cBsI3bIBaeT CUTYyalMIO C
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HCIIpaBJIeHHEM yHACJIeMOBAHHOT'0 He0IaromnoJlyyus; OTOeIbHbIe YePTHl Pa3IudaoT
OeNCTBUS B OTHOIIEHUM OTIIOBCKOTO ¥ MAaTEPUHCKOT'0, CHUCXOIUTEJIbHOCTh U OTKAa3
OT CIIyXKeHus. ITO KpaTKoe TeMaTuUecKoe ONrcaHue He 3aMeHsieT pa3bop
KaXX[oro 3HaKa.

I71s1 4eTBEPTOM YePTHI 9JIeKTPOHHAS PeHaKIus JaéeT «#MR Z&E». Mul pukcupyem
MMEHHO 3TO YTeHHe HJAaHHOTO UCTOYHHKA. CyIIeCTBOBABIINI B IPEABLIAYIIEM
HCCJIeJOBaHUHU BOIIPOC O 3HaKe & U/IU 44 B APYTOM CKaHe OCTAETCS OTKPHITHIM:
OfHa 3JIEKTPOHHAS TPAHCKPHUIIIUS HEe pa3pelaeT pa3HOUYTeHHEe KOHKPETHOTO
IIeYaTHOT'O CBUOETENsA. B 3Tol KHUIe CIIOPHBIM CKaH He MCIIOIb3yeTCs KakK
TIOATBEPXKIOEHUE.

Buiuuciaenue npoduiis

B mamei# 3anucu h = 011001. ITostomy a =000 =0,b=1640=1,
c=161=0, toects a(h) = 010. B H15 oTKphITa CBSI3b OT U3MEHEHUS K HOBOMY
[eUCTBUIO, a OBe OPYTHUe CBSI3M 3aKPHITHL. [I0JIHEIM CTATHYECKHUH KOHTYP
OTCYTCTBYET.

ITOT pe3ynabTaT YTOYHSIET UCXOIHYIO MBICJIh O Pa3phiBe MEKAY Pa3BOPOTOM U
u3ameHenueM. s 'y maHHas CBSI3b JEMCTBUTEJIPHO 3aKPHITA B IIPUHSATOM KOJIE.
OnmHOBpPEMEHHO 3aKphITa CBA3b OT AeNCTBUS K pa3BopoTy. OObsICHEHUE, KOTOPOE
Ha3bIBAET TOJIPKO MIEPBBIM Pa3pPHIB, HETIOJIHO OTHOCUTEIBHO CaMOM MOMEIIH.

CormacHo P25, MUHUMAJIbHLIM PEMOHT TpPeOyeT IBYX U3MEHEHUM U [OIIyCKaeT
yeThIpe ONIMKAUIINX pe3yabTaTa:

HcxopHoe cocTtossHne Macka IlonmyuenHoe cocTosiHue Ilpoduib

011001 001100 010101 111
011001 000101 011100 111
011001 101000 110001 111
011001 100001 111000 111

Kaxkjas Macka u3MeHsieT ofHy nosunuio B nape (1,4) u ogay B mape (3,6). [Tapa
(2,5) ocTaércst HenaMeHHOU. Tabnuia ABISETCS TOYHBIM IEPEYUCTIEHIEM
OTHMKAUIITNX PEeIIeHu ITPpu 00bIBICHHOM IIeHe H3MeHeHUH.

HNHTepnpeTanmuoHHasi T'PaHUIIA IpUMepa

TeMmaTuKa UCIIpaBIeHUSA OOMIyCKaeT COIIOCTaBIeHUEe C BOCCTAHOBJIEHUEM CBSI3HOCTH.
OTO NIPOOYKTUBHAS TUIIOTEe3a [OJIA YTEeHUS, HO He He3aBUCUMOeE IOATBEPXKECHUE
H15: I'y yke y4acTBoBajia B pa3paboTke Momesyiu. YOeOuTeIbHOCThb CJIOBECHOT'O
COOTBETCTBHUS ClieAyeT OlleHWBaTh Ha OPYTUX 3apaHee BRIOPAHHBIX CIIydasiX.

PaBHBIM 00pa3oM Hamuuue YeTHIPEX (GOpMaIbHBIX PEMOHTOB HE TO3BOJISIET
BHIOpPATh OOUH I10 TEKCTY 0€3 AOMOTHUTEILHBIX apryMeHTOB. MOXKHO 3a7iaTh
OTrpPaHUYEHHUS Ha MEHSIIOIINEeCS 4YePThl, CTOUMOCTh BMeIllaTe/ILCTBa, HaOIIomaeMbIi
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pe3ynabTaT U1K KOHTEKCT BOIIPOCa. Torma 3amaya cTaHeT comepzxKaTeJilbHee 1
MOZKET UMETh NHOU OIITUMYM.

[TpOEeKTUBHHIN perep MOXKHO MOCTPOUTH AJisi ['y 1 1I060T0 OTIUYHOTO OT HEeé
KaHguaaTa. Bo Bcex ciydasix rapMOHHYECKOe AOIOJIHEHNE JacT —1. 3HA4uT,
CpaBHEHUE YeTHIPEX PEMOHTOB JOJIKHO UCIIO/Ib30BaTh HONOTHUTEIbHEIE JaHHEIE:
TapMOHUYHOCTD B 3TOM KOHCTPYKILUU He pa3ndaeT UX Ka4dyeCTBO.

11 KoHTpOABbHBIE CIYyYad U I'PAaHUIIBI YHHBEPCAIbHOT O
YTeHHUsI

IIs1as u KyHb

Hsaub 111111 u Kyus 000000 umetoT oguHakossii mpoduns 000. Ux ucxogHbie
TEKCTHI PA3/IUYHBI; B UCIIOJIb30BAaHHLIX MyOMUKaNUIX LIsTHL CBSI3BIBAETCS C
HeIIpepHIBHLIM ycunueMm, KyHb — Cc Hecyllel U moaaepKuBaloIlei CliocoOOHOCTHIO
[C6; C7]. [Ina Hamero apryMmeHTa JOCTaTOYHO CaMOT0 Pa3/IUYus ABYX TEKCTOB U
OBYX KOHQUTypaIUi.

Ecnu 06bsaButh npodunb 000 obmum mpu3HakoM 6e30edCTBUS WU HEeyOadu,
BO3HUKHET COMepKaTeIbHOe IPOTHUBOpEeUHre C 3afadyell pa3IudyaTh 9TH CIIy4au.
[TpaBUIbHEINA BEIBOO OTHOCUTCS K 00J1acTH MpuMeHeHuss H15: oHa KogupyeT
HeCOBIaJleHHe BLIOPAHHEIX IIap ¥ He UCUYePIIbiBaeT GUI0CO(PCKYI0 XapaKTEePHUCTUKY
reKcarpaMMEL.

[TonHOe BiOXKeHUe j coxpaHsieT pa3nuune Ligub u Kyns. [ToaToMy BeIIBIEHHAsS
noteps He TpeOyeT OTKa3a OT IPOEKTUBHOTO IIPEeACTaBJIEHNUs; OHA ITOKa3hbIBaeT,
4TO IJIS TaKOr'O BOIIPOCA HeJb351 OTPAaHUYUTHCSI (PAKTOPOM (.

131 u3u 1 Bou n3m

I'ekcarpammsul 63 u 64 uMmeroT kKogbl 101010 1 010101. O6e maror o = 111. B
TeKcTe LI3U 1131 yKa3bIBaeTCsI COOTBETCTBUE JKECTKOCTU U MSTKOCTHU ITO3UIIUSIM
[C4], Torma KaKk KOMMeHTapui K Bali 113U coueTaeT HECOOTBETCTBHE ITO3UIIUSIM C
OTBETHOCTBIO JKECTKOTO U MATKOTO [C5]. 3TO 0COOEHHO SICHBIM ITPUMEP TOT'O, UYTO
IOBa BUIA OTHOIIEHUU MOTYT PACXOOUTHCH.

Onpenem/IM MO3UIIMOHHBIA II0Ka3aTelb

6
Gpos(h) = Y 1{h; =r},  r=101010.

i=1

Inst 13u 1131 OH paBeH IiecTH, It Bawt 113u Hynto. [Toka3aTesb UCIOIb3yEeT
00BSIBIIEHHYIO CXeMY YepenoBaHus U IT03BOJISIET KOJTMYECTBEHHO BHIPA3UTh
BLIOpPAHHOE pa3Iuvue.

IIpegnoxenue P27. [Toka3aTenb Qpos HE bakTopu3lyeTcs yepes .
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Iloka3zaTenbCTBO. YKa3aHHBIE ABAa COCTOSIHUS IMPUHAIIEXKAT OQHOMY CJIOI0
al (111), HO WMeIOT pa3Hble 3HAYEHUS Jpos+ HapyILIeH KpUTEPUH MOCTOSIHCTBA Ha
cnoe. []

TakuM 06pa3oM, OTKPEITOCTL BCEX TPEX KaHAJIOB COBMECTHMA C PA3HEIMU
MMO3UILIMOHHLIMH OIleHKaMu. Mopaejib CTAHOBUTCS MOJIe3HOM i1t ¢pumocodckoro
aHa/JIM3a UMEHHO TOTrha, KOTHOa 3TH OIIeHKH MPeaCcTaBIeHbl Pa3mesIbHo.

IIpegnoxkenue P26 o cuMMeTpHsIX

Iyist mosHoro momonHeHust ¢y(h) = h @ 111111 umeem a(cy(h)) = a(h). Ons
obGpaenus nopsinka ro(h) = hghshyhghohy monydaem a(ry(h)) = (¢, b, a).

Iloka3aTenbCTBO. B mepBoOM ciiyyae B KaxKIOOU ITape U3MeHsI0TCsI 00a 6uTa, 4To
coxpanseT XOR. Bo BTopoM IiepBas napa IIepeXxonuT B TPEThI0, CPEeOHASA
COXpaHseTCs, TPEThS IIEPEXOOUT B IIEPBYIO. []

CremoBaTeIbHO, YMCJI0 OTKPHITHIX KAHAJIOB U HAJIMYME IOJTHOTO LIMKJIa
COXpaHSAITCS ITpu 00eux onepaiusax. MeHOBaHHOE pacripenesieHre IePBOTro U
TpPeThero KaHaJloB IpU o0pallleHUuM MeHsIeTCsa. OTU NpeoOpa30BaHUs 3aaHbl
KOMOWHATOPHO; UX OTOXKOECTBIIEHNUE C ONPENEIEHHBIMU UCTOPUYECKUMU
IpréMaMu YTEeHUS MOTpedyeT OTOEeIbHOM NCTOYHUKOBENUECKOM PabOTHI.

[IsaTh pa300OpaHHBIX TeKCAarpaMM TeIlepb BXOIOAT B MaTepual pa3paboTku. OHU
OaloT MaTeMaTU4YeCKUe KOHTPIPUMEPHl Ype3MEPHO CUJIbHLIM YTBEPKAEHUSIM, HO
y2Ke He MOTYT CUHUTAThCs OymyIei Ciernoi BEIOOPKOU sl TOATBEPKOSHU S
WHTEePIPETAMOHHOMN I'UIIOTEe3HI.

12 OcHOBaHHEe MHTEPIpEeTalluH

IIBa 3HAYEHHSsI CJIOBAa OCHOBaHHE

B reomeTpuuecKoi KOHCTPYKIIUHU Dg SIBJISIETCSI TOYKOM. B mokKasaTebHOM
paccyxmenun ) o603HaYaeT OCHOBaHUE, PeJIeBAHTHOE KOHKPETHOMY
yTBepxKIOeHuio. [lepBoe MpoBepsIeTCs OMepalusIMU C KOOPAUHATAMM; BTOPOe
TpeOyeT yCTaHOBUTH OTHOIIIEHWE MEeXKIY NCTOYHUKOM, IOCHIJIKAMHU U BEIBOOOM.
Oo6mrast OyKBa He yCTpaHsSeT pPa3HUIly 3ajady.

Hampumep, yTBepXKaeHUe «4eTBEPTas YepTa B JTaHHOM TPAHCKPUIIIIUYA HAaYUHAETCS
CO 3HaKa #4» UMeeT TeKCTOBHIH UCTOYHUK. YTBepXKOeHUe «ayisd ['y 3aKpHIT KaHal a»
onupaetcs Ha Kox 011001 u mpaBuno H15. YTBepkoeHue «B OMMUCHIBAaEMOU
CUTYyalluu OEeHCTBUE He MEePEXOOUT B MIOATOTOBKY U3MEHEeHUs » TpebyeT eIné
COIIOCTAaBUTh TEKCTOBYIO CUTYAIHIO C OIIepaTOPHEIMHU posisiMu. Kaxkmoe
yTBepXKOeHNe UMeeT COOCTBEHHOE OCHOBAHUE.

CMellleHHe 3TUX OCHOBAHUM CO3JA€ET KPYyr: CHadasla CMBICI 3afaeTCs depe3 Kof,
3aTeM pe3yabTaT Kofia IIPeabsIBIseTCS KaK He3aBUCUMOE IOATBEPXKIEeHNEe CMBICIIA.
Y1068l pa3opBaTh KPYT, TEKCTOBYIO PAa3METKY ¥ MaTeMaTHU4YeCKOe BhIUNCIIEHUEe
Heo0X0MMO I10JIy4YaTh Pa3HbBIMU IIPOLeAYPaMU.
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IIpoBepsieMasi KapTOYKa HHTEpPIpPeTaluu

[IpennaraeTcss 3alKUCHIBATh KAXXIOBIM ClIydal KaK CBSI3aHHYIO COBOKYITHOCTD
OaHHBIX: UOIEHTUPHUKATOP UCTOYHUKA U MECTO; UCXOIHOEe UTeHue; pabouuii
IepeBod; KOHTEKCT BOITPOCA; IIeCTUOUTOBLIM KO/I; BHIOPAHHYIO KAPTY MTO3UIIUH;
oIepaTOPHHIN NTPodUsb; 1e1eBOM BEIBOJ; OCHOBaHUE; OMEH; CTATyC IIPOBEPKHU.
HewnsBecTHOe 3HAYEHME OOJIKHO OCTaBaThCsI HEU3BECTHRIM, a CIIOPHOE UTEHUE —
WMEeThb aJTbTePHATUBEI.

KopupoBaHue HECKOJILKUX OTONYCTUMBIX YTEHUN MOXKET JaBaTh MHOXKECTBO
pe3ynbTaToB. Torma MoOesb OOJIKHA BEPHYTH 9TO MHOXKECTBO UJIX O0ObSICHUTD
BBIOOP OgHOTO 3neMeHTa. PopManbHasi OMHO3HAYHOCTh, JOCTUTHYTASA yOaJIEHUEM
CIIOPHOTO BapuaHTa 6€3 OCHOBaHMUS, yXyOIlllaeT UHTEePIPETALINIO.

Ocoboe 3HaYeHNe UMEET BepCcus IIpaBujia. ECIu mmocie HOBOTO IpuMepa MeHSIeTCS
COOTBETCTBHE MO3UIUI U OIIEPATOPOB, ITPEXKHUE BLIYUCIIEHUS OCTAIOTCS
BOCIIPOM3BOAUMBIMH TOJIPKO IIPU COXpaHEHUU CTApoM KapThl. MiHaue HEBO3MOKHO
OTJIMYUTH PA3BUTHE TEOPUHU OT IIOATOHKH 3agHUM YHUCIIOM.

Pojb oTKa3a oT BBIBOIA

OTKa3 OT comepzKaTeTbHOr0 3aKJTI0YEHUS ITPHU HEJOCTAaTKe HJaHHbBIX IBISETCS
ompenenéHHbIM pe3yibTaToM. ECcu Macka He BEIOpaHa, MOOEesb IIePEedYUCIITeT
BO3MOXKHEIe Tepexonbl. Eciu 3aK0OH 3ajaH, HO BXOJ BHe JOMeHa, pUKCUpyeTcs
HEONPEeIeJIEHHOCTh 3aKOoHa. EC/IM HEeCKOIBKO CMBICJIOBHIX Pa3METOK AOIIYCTUMEI,
COXPaHsAeTCs HEOOHO3HAYHOCTb.

dTa OUCIHUIIJINHA 0COOEHHO BaXKHa IJist GuI0coGpCKOro TEKCTA, I'Tie BEIpa3uTeJIbHAA
aHaJIOTHSI JIETKO BOCOPUHUMAETCS KaK 00bsicHeHHe. Popmanu3alius mojae3Ha,
KOrj[a ITOKa3hIBaeT, KaKhe YaCcTU OOBbSICHEHUS yXKe YCTAaHOBJIEHBI ¥ KaKoe
OOMOJIHUTEIbHOE CyXKIeHHue HeOOX0OUMO HJIsS TPOMOIKEeHUSI.

13 He3aBuCHMasi IpoOBepPKa

Pa3penenue 3aga4d NpoBEepPKHU

MaTteMmaTu4yeckas IPOBEPKa BOCIPOU3BOAUT JOKa3aTENIbCTBA U BEIYUCIIEHUS.
dunonoruyeckas IpoBepKa yCTaHaBIUBAeT YTEHHUE TEKCTa, IIePeBO U T'PaHUITbI
ero CMBICJIOBBIX YTBepXKAeHUU. [IpoBepKa MHTEPIIPETALIMOHHOM MOLEIU
CpaBHUBAaeT 3apaHee 00bsIBIE€HHBIE IIpeCKa3aHus MOIEJIN C He3aBUCUMO
[IOJIy4YeHHOM pa3MeTKON. DMIUpUYecKas IIpoBepKa IIPOrHO3a UCCIenyeT
HabmomaemMble COOBITHSI BHE TEKCTA. YCIIEX B OMHOM 3ayjadye He 3aMeHseT
OCTaJIbHEIE.

B Tekyime# pemakiiiy BEIIOJIHEHB aBTOPCKKUE N0KA3aTeIbCTBA M BEIUHCIIUTEIIbHAS
IIpOoBepKa KOHEUHHIX CIIyYaeB. BHeIlTHHe pelleH3eHTH He IIPUBIIeKAIIUCh.
KuTarickoe pe3ioMe IIpecTaBiseT paboynil IepeBo COIepKaHusI KHUTH; OHO He
SIBJISIETCST 3aKJII0YEeHHEeM CHHOJIOTa.
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IIPOTOKOJI TEKCTOBOM IIPOBEPKH

[lepen Hayanom crnenyeT 3aUKCUPOBATh pedaKIInio KUTaCKOTr0 KOpPIyca, COINCOK
HMCKIIOYEHHBIX ClIy4yaeB pa3pabotku, Kapty H15 u anbTepHaTUBHBIE KapThl. [y,
sub, Kynab, 113u 1131 1 B3 113U UCKITIOYAIOTCS M3 ITOATBEPKIA0IIEN BEIOOPKHU
9TOM Bepcuu. 151 KaXKAoTr0o HOBOTO CJIy4Yasi Hy>KHO 3afaTh OOUH HaOIiomaeMbIi
TEKCTOBBIU ITPU3HAK: HaAllpUMeD, YTBepXKaaeT IU BRIOpaHHBIN (parMeHT
BO3MOZKHOCTB IIPOJOJIZKEHHUS TEeUCTBUS II0CJIe OIIPENEeIEHHOIO YCIOBUS.
OmnpeperneHre NIpU3HaKa OOJIKHO IIPeAIIeCTBOBaTh IPOCMOTPY PE3YIbTaTOB
MOJEJIN.

He mMeHee OByX cenuaanCcTOB HE3aBUCUMO Pa3MeydaloT TEKCThHI, He BUOS KOHOB
KaHaJI0B M OXKHOaeMoro oTBeTa. OHM yKa3bIBAlOT MECTO B MICTOUYHHKE, OCHOBaHUE
peleHus: 1 HeolpeneleHHOCTh. PacXoXOeHUST COXPAHSIIOTCS 0 OTHETbHOTO
corjacoBaHusi. MaTeMaTH4YeCKasl TPYIIla BEIYUCISIET TPoGUIHN M0 3apaHee
3aMOPOKEeHHOM KapTe. COIOCTaBJIEHUE BBHITIOTHSETCS TOJIBKO MOCie QUKCAIlnu
o6oux HabOpPOB Pe3yIbTaTOB.

Ecnu crieruanucTh He MOTYT HaOE€XKHO IMIPUMEHSTh BRIOPAHHBIN IIPU3HAK, 3TO
pe3yabTaT 0 HeJOCTAaTOYHOM OIlepallioHaIN3alluy Bomipoca. Ero Hemb3s
HUCITPABUTh 3aMEHOUM OTBETOB Ha 3HAUEHUs, YOOOHBIe Momenu. Creayrolasi BEepCUs
MOXKeT YTOYHUTD IPU3HAK, HO MOJI2KHA MOJTyYUTh HOBYIO ITPOBEPOYHYIO BEHIOOPKY.

AHbTepHaTPlBLI H KOHTPOJIb IIOOTOHKH

B paHee pacCMOTpeHHOM ceMeicTBe uMeeTcs 6 - 8 = 48 Ha3HA4YEeHUN: IIEeCThb
IIepecTaHOBOK TPEX IIap II0 POJIIM KaHaJIOB ¥ BOCEMb IIepeCTaHOBOK KOHIIOB IIap.
g XOR nepecTtaHOBKa KOHIIOB HE MEHSIET pe3y/IbTaT, II0O3TOMY OCTaETCs JIUIIb
IIeCTh PA3/IMYUMBIX KapT B 9TOM ceMelcTBe. CaMO CeMeNCTBO HEe UCYEePIIbIBAeT
BCeX BO3MOZXKHBIX I'DYIIIUPOBOK IECTU ITO3ULIUN.

Cnepyet cpaBHUThE H15 € 3TMMU pa3niuyvMBIMU ajlbTEPHATUBaAMU, C IPOCTHIM
MMO3UILIMOHHLIM IT0OKa3aTejieM U ¢ 6a30BOM MOMEJIbI0, UCIIOJIL3YIOMIEeN TOJIBKO
4acTOTy MeTOK. Eciiu mpoBepsa0TCS MHOTHE KapThl, BEIOOP IMMOOEOUTENS OOJIKEH
IIPOUCXOOUTH Ha oOydarollel 4acTH, a OKOHUAaTeJIbHas OlleHKa — Ha OTJIOXKEHHOM.
HWHaye 4MCI0 DONBITOK CKPHIBAETCS 3a YOAYHBIM COBIIQ[J€HHUEM.

PekoMeHOyeMbIN OTYET COOEPKUT MaTPUILy OIINOOK, JOJII0 HeollpeaeIeHHBIX
CJIy4aesB, Corjlacue pa3MeTYMKOB U TOUYHBIM CIIMCOK UCKIIIOUYeHuU. MeTpuka u
[IPaBUJIO CPaBHEHUS (PUKCUPYIOTCS 3apaHee. [lepecTaHOBOYHAs IIpOBEPKaA
BO3MOXKHa JIMIIL TPU 000CHOBAHHOM OOMEHHOCTU €OVHUI]: 3aBUCUMBIE YePTHI
OOHOU reKcarpaMMbl He/Ib3sl aBTOMaTU4YeCKY CYUTATh He3aBUCUMBIMU
HaOIIOOEeHNUSIMU.

IIPOTOKOJI COOBITHHHOIO IIPOrHO3a

Il71s1 TpoTrHO3a BHEIIHUX COOBITHI HEOOXOOUMO OTAEJIbHO 3aaTh CUTyalluio S,
IIpOLIeAypPy MOJIydeHus reKcarpaMMEl h, IIpaBUIO BEIOOPA MACKH (i, IIeJIeBYIO
IIepeMeHHYI0 (¢, TOPU30HT U cItocod® n3MepeHus ucxona. Ilpencka3aHue OOJIKHO
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OBITH 3aPETUCTPUPOBAHO IO HACTYIIJIEHUS pe3ynabTaTa. [Ipu mocaemoBaTeTbHBIX
OaHHBIX pa3fesieHre Ha o0ydyeHue U MPOBEPKY YUUTHIBAET BpeMsi.

CpaBHeHUE ITPOBOOUTCS C MOMEJIbI0, KOTOpasi UCIIOIb3yeT NOCTYITHbBIE OOBIYHEBIE
maHHBIE 0€3 reKcarpaMMHOTIO IIPecTaBIeHusi. TOIbKO TaKOe CpaBHEHUE
IIO3BOJISIET OLIEHUTH OOIIOTHUTENBHYIO HHPOPMAIINI0, BHECEHHYIO (hopManu3aluen.
B aToit MoHOTpaduy COOBITUMHBIX JAaHHBIX TAKOTO POfia HET; YHCJIEHHBIE
ImoKa3aTeJiy IIPOTHOCTUYECKON 3 (HEKTUBHOCTU HE IPUBOASATCS.

14 3rayenue mias1 ¢puiaocodpuu Ilepemen

OTHOIIEeHHEe KaK IIpeaMeT UCCiedJOBaHHUA

[TepBas ¢punmocodckasi BOSMOKHOCTDL CBsI3aHa C TEM, UTO €OIUHUIICH aHaIu3a
CTQHOBUTCS OTHOIIIeHHe. ['eKcarpamMma OCTaéTCs Y3HaBaeMbIM 3HAKOM, HO HapsAOy
C He¥M pacCMaTPUBAIOTCS CBSI3W MEXK[Y ITO3UIMSIMH, IPe00pa30BaHUSIMHU U
OCHOBAHHUSIMH BBIBOZA. DTO MO3BOJISIET UCCJIEOBATh, I0YEMY OfHA U Ta XKe dYepTa B
Pa3HBLIX OTHOLIEHUSX YYaCTBYET B Pa3HBIX UHTEPIIPeTalUsIX.

[TpoekTuBHAas reoMeTpUsi 0COOEHHO YMECTHa TaM, I'lle BaKHO COXPaHUTh
OTHOCUTEJIbLHYIO CTPYKTYPY IIPU CMeHe npeacTtaBneHusi. OgHaKO e€ MpUMeHEeHHUe
OOJI?KHO TOYHO YKa3bIBaTh COXpPaHsIeMOe OTHOIlleHue. [[J1g IBOMHOIO OTHOLIEHUS
9TO yHOpsigouYeHHas YeTBEPKA Ha 00Iled MpsIMOM; OJis HAIIero IIOJTHOTO BIOXKEHUS
— pPa3IMYUMOCTh COCTOSIHUM U COTJIaCOBAHHOCTH C MaCKaMM; OJIsl OIIepaTOPHOTO
(akTOpa — TPU KOHKPETHHIX MAPHBIX PA3JTUYHUS.

Takoi mogxo[ menaeT BO3MOXKHBIM COOepPKaTeIbHOEe COIIOCTaBIIEHUE
MaTeMaTH4YeCKuX U GuiIocoGpCKUX I3LIKOB 03 TpeOOBaHUS CBECTH OJUH SI3BLIK K
opyromy. ®umnocodCKUM BOIIPOC OIPENENseT, UYTO CIEAYEeT COXPaHSITh;
MaTeMaTHKa IOKa3bIBaeT, BHITIOIHSIETCS U 3TO TpeboBaHNe B BLIOPAHHOM MOIEIH.

N3MeHeHHe KaK IIPOBepPKa CTPYKTYPhI

BTopast BOBMOXKHOCTh COCTOUT B U3yUYEHUU YCTOMYNBOCTH UHTEPIIPETAILIUN IIPU
M3MEHEeHUU UCXOOHBIX YCIOBUM. MOXKHO U3MEHUTH OOHY YePTY, IOMEHSATh ITOPSA0K
COOBITHUM, YTOYHUTH 00JIaCTh IPUMEHUMOCTH UJIM 3aMEHUTH CIIOPHOE YTEeHHe.
3aTeM IIpPoBePsieTCsI, MEeHSIeTCS JIM BBIBOMI U 110 KAKOUW MPUYUHE,

II1st 06CyXOeHUs TPAKTUUYECKOT0 IEeNCTBUS 3TO HAET SI3LIK YCJIOBHBIX CYKOEHUM.
Mopgenb MOXKeT YCTaHOBUTH, KaKWe CTPYKTYPHBIE YCIOBUS HEOOXOOUMBI OJIs
MTPOIoIKeHus npoitecca. OHa TakKe MOXKET I0Ka3aTh HECKOJILKO PAaBHOIIPABHBIX
cr10co000B BOCCTaAHOBJIEHUS CBsI3U. ComeprKaTeNnbHBIM BEIOOD MEXAY HUMU
COXpaHseT 3HadYeHue 00CTOSITEeIbCTB U OII€HKH.

[Tpumep I'y moKa3kIBaET, UTO TaKas paboTa crtocoOHa YTOYHUTHL ITIEPBOHAYAJIbHYIO
UHTYULXIO: PA3PbIB MEXKAY Pa3BOPOTOM M U3MeHeHueM GpopManu3yeTcs, HO B
OAHHOM CJly4yae COIIPOBOZXKIOaeTCs BTOPBIM pa3phliBoM. [Ipumeps! L3y 113u u Bau
1131 II0OKa3bIBAIOT APYroe YyTOYHEHME: OTBETHOCTD I1ap U COOTBETCTBUE IIO3ULIUSAM
HeJIb351 CBECTH K OOHOMY II0Ka3aTeJlto.
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OcHOBaHHEe KaK 9aCTh MOJEIH

TpeTbsi BOBMOXKHOCTL OTHOCUTCS K ¢punocopuu o6ocHoBanus. B KLT-ARBD mMoxkHO
COXPaHsAThb He TOJILKO BHEIBOJ, HO U IIYTh €0 IIOJIy4YeHUA: TeKCT, KOOUPOBaHUE,
TUNOTEe3y, BEIYUCIIEHNWEe U CTaTyC. DTO AejlaeT Pa3HOorjlacus OOCTYIIHEIMU IIPOBEPKE.
IIBa mccriemoBaTesisi MOTYT COTJIACUTHCS C BRIYUCIIEHHEM U PacXOOUTHCS B BEIOOpE
OTHOLIIEHUS MeXIy TEKCTOM U OIlepaTOpPOM; TAKO€e PacXOXOeHUe CTaHOBUTCA IBHO
JIOKaJIN30BaHHEIM.

Inst KuTanckou ¢punocodpuu IIeHHOCTh IIPOrPpaMMbl MOKET COCTOSITh B OSIBJIEHUHU
BOCIPOM3BOAUMOTO MMPOCTPAHCTBA O0CYKIEHUS MEXOy UHTePIpeTaTOpaMu
pasHBIX Tpagunuii. Ero ycrnex 6ymeT 3aBHUCETh OT KaYeCTBa IIEPEBOAOB, YBaXKEHUS
K KOHTEKCTY U CIIOCOOHOCTHU MOIEJIel BLIIEePKUBATH KOHTPIIPHUMEPHL.
MaTeMaTudeckasi TOYUHOCTb CO3IaET HeOOXOOUMEBIE CPELICTBA, HO HE 3aMEHSIET 3Ty
pabory.

YcinoBus aIbHEHIIIEr 0 Pa3BUTHS

Crnenyroliasi pefaklius OOJI2KHa BKJIIOUUTH HE3aBUCUMYIO Pa3MeTKy HOBBIX CIIy4aes,
KPUTUYECKOE COIIOCTaBJIEHNEe HECKOJIbKUX PelaKIui UCTOYHUKA U OL[EHKY
anbTepPHATUBHBIX KapT. OTHOeNnbHas JIUHUS Pa3BUTUA KacaeTCsl COmepKaTeJIbHOTO
3aKOHa BHIOOpPA MACKU: KaKWe CBEIEeHUs O CUTYal[uu OompenesnsioT A u Kakue
YCIOBHS OEJIAl0T UMITYIBC OOTYCTUMBIM st 1 .

B reoMeTpuUYeCcKO YaCTH HYKHO UCCJIEO0BAThH BEIOOD IPOMEIKYTOYHEIX IOTOKOB U
WX 3aBUCHMOCTH OT [IOTMIOJIHUTEJIBHOM CTPYKTYPHI. B TOKa3aTeIbHOM Cioe
TpebyeTcst 060CHOBAThL CBI3b CMEICIIOBHIX poseit I, [, U, D c reomeTpu4eCKUMHU
TOYKaMHU. B IPOrpaMMHOM YacTH BO3MOXKHA Peajn3alusi UCCIeN0BaTeIbCKUX
KapTO4YeK, KOTOPasi COXPaHseT IePBOUCTOYHUK, BEPCUIO ¥ HEOIIPEIeIEHHOCTS.
OTH HaNpaBlIeHUSI KOHKPETHO MIPOAOJIXKAIOT OKa3aHHOE BKIIIOYEHUE
reKcarpaMMHOTO II0JIsI B OGN METO.

15 MareMmaTuuyeckue uHTepnperanum Ilepemen: Kkapra
HCC/IeJOBaHUH

IIpenMeT u mpenebl 0030pa

MaTteMmaTudyeckas uHTeprnperanus «Kauru ITepeMen» He 00pa3yeT eIuHON TEOPUH.
ITox 3TUM Ha3BaHMEM BCTPEYAIOTCS 110 MEHbLIIIeH Mepe BOCeMb 3amay:
KOJIMpPOBaHMHe 3HAKOB; MCCJIefOBaHNue MOpPsigKa reKcarpaMM; aareopa
nmpeoOpa30BaHuUi; IPOCTPAHCTBEHHOE pa3MellleHne; BEIYNCIeHHEe BePOITHOCTEeH
ragaTeIbHON HMPOoIenyphl; JIOTHYeCcKas PEKOHCTPYKIHUS; IIOCTPOEHHEe aJrOPHUTMa
OIITHMU3AIMK; COIIOCTABIeHHE C PHU3UYECKUMHU, OMOIOTHYECKUMHU HITH
HCTOPUYECKUMH IIpoIileccaMu. J[[0Ka3aTenbCTBO pPe3yIbTaTa B OOHOU 3afayve He
IIEPEeHOCUTCS aBTOMAaTUYECKHU B IPYTYIO.

O0630p BHIITOJIHEH I10 JOCTYIIHLIM CETEBLIM ITE€PBOMCTOUYHUKAM, U30aTETbCKUM
KapTouykaMm u OubnuorpaduyeckuM ccrikaM Ha 19 okTsbpst 2026 roma. ITouck
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IIPOBENEH Ha PYCCKOM, aHTJIMMCKOM U KMTalCKOM S3bIKaX; ppaHIly3CKHUEe U
HeMellKre pabOoThl JOIOTHUTEIBHO BBISIBIISIIINCEH 110 OMOIMorpadusM.
[ToTHOTEKCTOBBIM OXBAT KUTAUCKUX 0a3, IUccepTaluil 1 IeYaTHBIX U3TaHuMl He
ob6ecmiedyeH. [109TOMY 3TO pacCIIMPEHHBIN KPUTUUYECKUHN 0030p C OTKPHITHIM
peecTpoM, a He YTBePKAEHUE, YTO HalIeHbl U IPOUYNUTAHBl BCE CYIIeCTBYIOIINE
PaboTHI.

[TonubIN peecTp cogepkuT 71 mo3unuio: 34 yHaclieOoBaHHBIE 3allMCHU 10 IIPOEKTY,
KHUTAaWCKUM TeKcTaM, pumocodun u obinerr MaTeMaTuke u 37 HOBHIX 3amuceii. He
BCE OHMU SIBJISIOTCSI CAMOCTOSATEIbHEIMIA MaTeEMAaTUYECKUMU TeopusaMu MIi3mHa.
CTaTyChl «TEKCT, BLIOOPOYHO», «<aHHOTALlUSA», «MEeTaJaHHbIE» U «PE3EepPB»
COXPaHSIOTCSA /I KaXKOou IMo3ullnu. Yucia oTpaxKaloT COCTaB peecTpa, a He
IIOJIHOTY MUPOBOI'O KOpPIIycCa.

IIBOMYHOCTH H HCTOPpHUsA HHTEPIIpEeTalluu

Jlent6uuil, penenuus guarpaMmm lllao FOHa u nmo3gHeMIIas uctopuorpadust
COCTaBJIAIOT HeoOxomuMoe ucropudeckoe ocHoBanue [NO1-NO3, N21-N25]. 3mecs
HYKHO pa3jin4yaTh TPU MOJIOKEHUS: 3HAKH OOIMYCKAIOT JBOUYHOE KOOUPOBAHUE;
HCTOPUYECKHE CXEMBI UCIIONIL3YIOT ONpeeIEHHYI0 KOMOMHATOPHYIO OpPraHU3alinio;
aBTOPHI CXEM pacliojiarajid KOHKPeTHON apudmMeTUdecKou Teopueli. [lepBoe
IIOJI0KEeHUe JIETKO JoKa3aTh COBpEMEHHEIMU CpelcTBaMu. BTopoe TpebyeTt
KUCClIemoBaHus cxeM. TpeThe TpeOyeT UCTOPUUYECKUX CBUAETEHCTB.

O6cyxneHue Maitre moka3bIBaeT, YTO axke BOIIPOC 0 OMHAPHOCTH AMarpaMMbl
3aBUCHUT OT TOTO, YTO CUUTATh CYIIECTBEHHBEIM: IPOLIEAYPY IMOCTPOEHUS, TOPSIIOK
YTEeHUS UJIM YuCcJIoBoe ToJikoBaHue [NO2]. IIns Hamied paboTel 9TO oOpa3ell
OUCIIUIIIUHEL cpaBHEeHUA. CTPYKTypHas 9KBUBAJIEHTHOCTD €I1€ He O3HadaeT
UCTOPUYECKOTO TOXKOECTBA MOHSITUMN.

BbyineBa ajnreopa, rpynnsbl H KOMOMHATOPHBIE MOPSIIKH

Goldenberg u Schoter — cyiiecTBeHHBIE TPeAIIECTBEHHUKY anredbpausanuu [N31,
N04-NO08]. B goctynHOM TeKcTe Schoter ssBHO 3amaioTcst OyJIeBH Omlepalinu,
Bkitouyass XOR; o6cyXmaloTcsi cCuTyanuu U u3MeHeHus. [losTomy mecTubuTHOE
KOJIMpPOBaHWe, MaCKH U anrebpandyecKuil SI3bIK IIePEeX0N0B HeJlb3sT 3asIBISITh KakK
HAIl¥ OTKPBITHS.

Kutatickas nuHUS TakKkKe UMeeT cOOCTBeHHYI0 uctopuio. Dong Guangbi B
XKypHanbHOM aHHOTauu 1985 romga 3asBiisieT KOMOMHATOPHYIO, T€OMETPUYECKYIO
¥ TPYIIIOBYIO MHTEPIpPETAIUU AuarpamMM, yrnoMuHas 6ojee paHHue OMHOMUAJIbHBIE
U MaTprUuHbIe noaxonsl [N35]. 9To cyIiecTBEHHO AJii KOMIO3UIIUY MOHOTpaduu:
KuTauckas punocopuss He OOIKHA IOIBIATHCA JINIIb KaK MaTepuall eBPOIenCKOro
IPOYTEHUS.

Pa6oTel van der Blij, McKenna u Mair, Hacker u Cook 06pa3yoT TUHUIO
nccnenoBanus mopsagkoB [NO3, N10-N11, N32]. HacTe opuruHasoB eIlle He
nonydyeHa. VX BKIIOUeHNE B peecTp o3HavaeT 00513aTeJIbCTBO IMMOCIENYIOIIETO
COIIOCTaBJIEHUS, @ He IOATBEPKAeHUE UIN OIIPOBEPKEHNEe UX T0Ka3aTeJIbCTB.
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Xl Bek Ounarpammel Tpaguumnm Lao HOHa
1701/1703 JlncT byBe — JlelbHMLy; OBOWYHaa apudMeTHKa
1975-1998 BeposaTHoCTW, anrebpbl 1 byneBsl onepaunm
1985-2017 Kutanckune reomeTpudeckne mogenu; IDEA
2026 KLT-ARBD: npoBepsaemMas peKoHCTpYKL KA

XpOHOﬂOFMH HanpaBneHm"n, a He OOKa3aHHa#d uenkb BAVUAHWNA
Pucynok 2: HamnpaBneHuss MmaTeMaTu4decKou peueniuu [lepemen

Maruueckure KBafpaThl U KaJleHOapHble pa3MellleHus BhIIeIeHb] B
caMocTosATenbHYI0 BeTBb [N33, N36].

B npenpunTe Radisic onTuManbHOCTh pacCMaTpUBaeTCsI BHYTPU SIBHO
OrpaHUUYEHHOT0 KJjlacca MapoCcoYeTaHUU IIeCTUMEPHOro Kyba. ABTOpD IoJjiydaeT
ctouMocCTh 120 oy npaBuiia IPUOPUTETA pPa3BopoTa NpoTuB 192 nyisg nOonoIHEeHu;
pacimpeHue Kjaacca gaeT cTouMocTh 96 [N15]. 9To xopoiuii mpuMep
3aBUCHUMOCTHU pe3yJibTaTa OT JOIYCTUMEIX TpeoOpa3oBaHuii. CChIJIKA Ha TaKylo
TeopeMy He IIpeBpalllaeT BeCh IIOPSAA0K BaHb-BaHa B YyHUBEPCAJIbHO ONTUMAJIbHYIO
OpraHu3aluio JTIOHIX ITPOIIECCOB.

I'eomeTpuyeckue U PU3IUKO-OMOIOTHUECKHE HHTepIpeTaluu

Y Cullinane ecTh sIBHO€ coOIlOCTaBJieHHe 64 rekcarpaMm c apGuHHBIM
ITPOCTPAHCTBOM Hajl IBOMYHHLIM I10JIEM M 0OCYyXKIeHHEe CBI3aHHOI0 KOHEYHOTO
IMPOEKTUBHOTO mpocTpaHcTBa [N19]. [Ipyrue npocTpaHCTBEHHBIE U CUCTEMHEBIE
MIPOEKTHI IpeacTaBIeHbl B pe3epBe [N26, N28]. CinemoBaTenbHO, IIMPOKOE
3asiBJIeHUNE «BIIEPBbIE IPUMEHEeHa IIPOeKTUBHAas reoMeTpus K UI3uHy» He
000CHOBAHO.

Hu, Petoukhov u Petukhova uccnenyioT guagudyeckue rpynnsl ¥ MaTpUYHEIE
COOTBETCTBUSA B CBA3U C TeHEeTUUYECKUM KogupoBaHueM [N14]. [Ing cpaBHEeHUA
37leCch CyIleCTBeHHAa CTPYKTypa oToOpaxkeHui. CoBnameHue MOIIHOCTHA 64 He
oInpenensieT eUHCTBEHHYIO0 OMOJIOTMYECKYI0 NHTepIpeTannin: HeoOXoouMo 3aiaTh
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LiBeT obo3Ha4aeT oaAnH M3 BoCbMUK npodunein H15
64 BepLlUKVHbI - 192 pebpa N3MeHeHUsa 0OHOWN YepThl
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Yucno egnHuy, B Koge (0 = MHb, 1 = 4H)

Pucynoxk 3: I'pad nuamenesnus ogaou yepthl. LiBeT — nmpoduns H15; pacnonoxenue
10 CJIOAM BecCa CIIy2KUT BU3yaJIu3alluu

KapTy, COXpaHsAeMble OTHOIIIEHUA 1 HE3aBUCHUMEIE HaGHIOHeHI/IH. ITOT XKe
KpHTeprI o6si3aTesnieH OJIsi HAaIllero Iiepexona OT reKCarpaMMEI K CUTyalluH.

KBaHTOBEIE, TOIONIOTUYECKHE M KOCMOJIOTMYECKUE ITPOTPaMMbl YYTEHHBI KakK
OTHOEeNbHBIM Kilacc 3asgBneHut [N27-N29]. TepMUHBI «1I0I€», «OHEPTUI»,
«rapMOHUS» UJIU «KBAHTOBBLIM» HE 3aMEHSIOT OIIpeaesieHus IPOCTPaHCTBa,
ornepaTtopoB u usMepseMou senuduHbl. B KLT-ARBD «rekcarpaMMHOe€ I10Jie»
O3Ha4dYaeT CTPYKTYPUPOBAHHBLIM HOCUTENbh COCTOSTHUM UM IIePeXonoB; Gpu3ndecKas
I10JieBas TEOPUA U3 3TOr0 Ha3BaHUA He CJlefyeT.

BepOﬂTHOCTPl H aJITOPHUHTMBbI

Robinson ananu3upyeTt BepOsSTHOCTU OBYX IIpoLienyp nojily4deHus 3Haka [N12]. 9to
3ajada 0 MexaHU3Me reHepaiuu HabmogeHusa. OHa OTIMYaeTcss OT BOIIPOCa,
IIpencKas3biBaeT JIM IIOJIyYEeHHBIW 3HaK BHeIIHUY nporecc. B ARBD 3ty gBa 3akKoHa
OOJI2KHBI UMETh Pa3Hble UOeHTU(PUKATOPH: TeHepaTop 3HaKa U MOJeIb IIepexona
OpegMeTHOU CHCTEMEL.

IDEA Chen 1 coaBTOPOB UCIIOJIL3yET TPU IMpeodpa30BaHUs U MapKOBCKYIO MOJIENh
aHanu3a cxoguMocTu [N13]. 9To 6nukauiui 06si3aTEeNbHBIN OPUEHTUD OIS
11000T0 Te3uca O HOBU3HE «TPEX orepaTtopoB [lepemen». Haiu onepaTopsl UMEIOT
Opyrue 3asiBJI€eHHBIE TUIIH: BRIOOP UMITyJIbCa, YaCTUYHAs BCTaBKa U 3BOJIIOLIMA.
CXomcTBO 4YHClIa OIepaTOpPOB HUYETro He JOKa3bkIBaeT; CoepKaTelIbHOE CPaBHEHUE
OOJI?KHO yCTaHaBJIMBaTh JOMEHBI, KOMIIO3UIIMY U COXpPaHsaeMble BeTUUYUHEL. [IomHOE
CcoIocTaBJieHUe C foKa3aTenbCTBOM IDEA ocTaéTrcs 3agadeil mocse MoIydeHus
IIOJIHOTO TEKCTa.
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CoBpemMeHHEBIE PaOOTHI BKITIOYAIOT TaKxKe rpadnl BMemaTeabcTB [N17],
onTuMmu3aTopH [B26] u cTratucTuyeckue ayouthl nopssgkoB [N16, N37]. Chan
cooOl1aeT 00 OTCYTCTBUHU YIIyUIIIeHUsST 00y4eHUsI HeEMPOCeTel B CBOUX
9KCIepUMEHTaXx, HeCMOTPS Ha oOHapyKeHHbIie 0COOEHHOCTH T10CJIeI0OBAaTEJIbHOCTHU
[N16]. 9ToT oTpuIaTeNbHLIM pe3yabTaT BaXKeH OJIs Halllel apryMeHTalluu:
MHTEpPEeCHasi CTPYKTypa MOXKeT ObITh MaTeMaTU4YeCKM KOPPEKTHOMN U IIPU 3TOM He
maBaTh ITPUKIIAQHOTO BEIUTPHIIIIA.

MaTtemaTudeckoe onucanue Timewave Zero BKIIOUYEHO B 0030p KaK UCTOPUYECKHU
BIUSITENbHAsA YyuciaoBasi uHTtepnpertauus [N18]. Hanuuue dhopmynsl u
BO3MOZKHOCTH BHIYMCJIEHUSI BDEMEHHOTO pPsia He YCTaHaBJIMBAIOT €ro CBS3b C
UCTOPUYECKUMU COOBITUSIMU. [[JIsI TAaKOM CBSI3U HYKHBI 3apaHee 3aJlaHHas OIleHKa,

He3aBUCUMBINU MaTepuall u y‘-IéT HeyOa4YHBIX ITPOTHO30B.

16 HoBu3Ha NPOEKTUBHO-TapMOHHYECKOI' O PEIIePHOI 0

MeTOoOa

TouyHasi popMyIHPOBKa BKjIada

3asiBJIsieMbIHd BKJIAQJl 9TOH PAaGOTHI — COrJIaCOBaHHAsI KOHCTPYKIIUS
reKcarpaMMHOI'O IOJIsI KaK 9YaCTHOI'O cjIy4dasi BbIOpaHHbIX cj10€éB JIK 2, B
KOTOPOH IIOTHOE TpPedCcTaB/IeHHEe COCTOSTHUH, TapMOHHYECKOoe TOMOTHeHHe,
TUNIHU3HUPOBaHHAs TUHAMHKA, ayIUT CMBIC/IOBOI0 COKpPallleHUusI U
IPOrHO3HBIN XKYPHAJI COeJHHEHbI IBHHIMH OTOOPakKeHHUsIMHA U
NIPOBEPSAEMBIMH YCIOBUSIMH.

910 popMynupoBKa COOCTBEHHOI0 pe3yibTaTa B IpefACcTaBlIeHHOM Koprnyce. OHa
He SBJIsIeTCS N0Ka3aTeJIbCTBOM MUPOBOTO IIPHOPUTETA KaXKAOT0 3JIeMeHTa UJn
BCeM COBOKYITHOCTU. B IPOCMOTpPEHHBIX TEKCTaX He 00HAPyKeHO TOXKIECTBEHHOT O
OIIMCaHUS BCeU pealM30BaHHOM II€ITOYKH; BEIBOJ OT'PaHUYEH IIPOCMOTPEHHBIM
KOPIIYCOM U TTyOMHOM OOCTyIIa.

JJIeMeHT

YT0 yKe Uu3BeCTHO

YTo mpembsBASET 3TA
paboTa

IMTects 6uTOB 1 XOR

l'eomeTpus 64 3HaAKOB

l'apmMoHUuYeckasa
4yeTBEPKA

OmnepaTopsl Iepexona

I[IBoruyHbIEe U OyJIEBHI
WHTEPIPEeTAlnn

KoHeuHrie,
OPOCTPAHCTBEHHBIE U
IPOEKTUBHLIE MOOENHN
Kmnaccuueckas
IPOEKTUBHAA
KOHCTPYKIIUSA

AnreOphEl U3MEHEHUH; TPHU
npeobpas3oBanusi IDEA
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YTo npegbaBiseT 3Ta

OneMeHT YTO yKe U3BECTHO pabora
CoxkpallleHHe OONCaHU O61mIast Teopus Koutpunpumeps: H15,
dbakTopusanuu u ayOuT LieJIeBOr0 BHIBOAA,
OOCTAaTOYHOCTHU YyTOYHEHNE TpopuIs
IIporHO3 U OlLieHKa OO0111e MeTons! Peann3oBaHHbBIN
(pukcanyy ¥ CKOpUHTa OOMEHHBIN MOAYJIb
ARBD-HEX ¢ aBHBEIM
OTKa3oM

Hoqemy KOOpOIHUHATa YETHOCTH HMeeT 3HaYeHHe

[ITecTh 3HAKOBHIX KOOPAWHAT IIPU IPOEKTUBU3AIIUYU CKJIEUBAIOT IIPOTUBOIIOJIOXKHEIE
BEKTOPEHL. 17151 BLIOPAHHOTO KOOUPOBAHUS 9TO O3HAYAET IMOTEPIO PA3TUYUS MEKIY
OOIMOMHUTENLHLIMY reKcarpaMmMaMu. [loGaBieHre MPOU3BENEeHNS IIECTH 3HAKOB
yCTpaHseT 3Ty KOHKPETHYIO IIOTEPIO U AejlaeT AUaroHaJIbHOE OeUCTBHUE MacOK
COXpaHSOIIUM opreHTanuio. OTcIofa CIeqyoT COBMECTUMOCTE C OIIePaTOPOM
Hodge 1 BO3MOKHOCTh BEIOpaHHOM HENPEPHIBHOM peasin3aliui.

Henb3s yTBepKOoaTh, YTO CEMb KOOPOUHAT — MHUHUMAaJIbHAsI Pa3MEPHOCTh I
JTI000T0 BO3MOZKHOTO pa3MeIneHust 64 Touek. Hanpumep, KOHEYHOE MHOXKECTBO
MOZKHO HHBEKTUBHO IIOMECTUTDh Ha IPOEKTUBHYIO IPAMYI0. MOXKHO TakKXe
paccMoTpeTs abduHHOE momnonHeHue |1 : §; ¢+ : Sg]. LleHHOCTD Hawei
KOHCTPYKLIMU COCTOUT B COBOKYIIHOCTU TpeOyeMbIX CBOMCTB €M CTBUS, a He B
MHUHUMAaJIbHOCTH YMCJIa KOOPAMHAT BOOOIIIE.

ITouemy penep — 0oJibuIe, YeM YHCII0 —1

Perep dukcupyeT, Kakre pojid 3aHUMAIOT YeThIpe TOYKK U KaK OHU IOJIydYeHEl. B
HalleM rmocTpoenuu R, I 3amatoTcs coctostuusimu, a U, D — omnpenenéHHBIMEI
JTMHENHBIMY KOMOMHALMSIMY X BRIOPAHHBIX IIPEOCTABUTE Iel. 3HAUEeHHEe OBOMHOTO
OTHOIIIEHUS SIBJITETCS IIPOBEPKOM COrTaCOBAHHOCTH KOHCTPYKIUKU. YTOOH OHO
CTaJIo IIPOBEPKOM IIPEeAMETHOM TUITOTe3h, YaCTh UCXOMHBIX MaHHBIX [OJIXKHA
IIOCTYIIUTh HE3aBUCUMO OT YCJIOBUSI TaPMOHUYHOCTH.

[ToaTOMy CUTbHAS CTOPOHA PEMEePHOTO MOAX0Oa — OUCIAIIINHA YCTAaHOBIEHUS
ponelt 1 ocHoBaHuM. OHA MMO3BOJISIET CIPOCUTH: YTO ONpPEeHeIeHO TEKCTOM, YTO
3aflaHO HCCJIefoBaTeeM, YTO ClieAyeT U3 aKCHOM, a YTO ITOJIy4eHO HabJrogeHuem?
HMeHHO 3TO AejlaeT MOIelb HHCTPYMEHTOM MHTEePIPEeTaIlliH, a He TOJIBKO
crtoco60M M300pakeHusT 3HAKOB.

YcnoBusi IpoBepsieMoOro NMpuopUTeTa

g Oynyiied myoauKauuyu HeoOX0OQUMO COTIOCTAaBUTh OIIPENeeHUsI U TEOPEMEI C
nonHeIMU TekcTaMu Goldenberg, Schoter, Cook, IDEA u reomeTpudecKux
IIPOEKTOB; IIPOBEPUTh KUTAaCKUU KOPIIyC, BKitodass Dong Guangbi u ero
IIpenIeCTBEHHUKOB; 3a®UKCUPOBATh ATy ¥ BEPCUI0 COOCTBEHHOTO TEKCTA.
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A(R,ILUD) = -1

R U D
. . . ....... [O : l]
[1:0] [1:1] [1:2]

t= t=1 t=2 t=o

Runl— coctosHus; U n D — BcrnomMoraTefbHbIEe TOYKN

Pucynok 4: l'apMoHmMYecKasi mOpsMasi B KoopauHaTax Oas3uca BBIOPaHHBIX
npencraBuresieli. BeCKOHEYHOCTh IOKa3aHa CUMBOJINYECKU

[TpuopUTET IPUHAMJIEKUT TOUYHO CHPOPMYIMPOBAHHOMY M ONIYOJTMKOBAaHHOMY
pe3ynbTaTy, a He 00II[eMy CIIOBOCOYETaHHUIO «MaTeMaTudecKas MHTepIIpeTalus
ITepemen».

17 1OCTAaTOYHOCTH NPEACTaB/JI€HUsI U I'PAaHUIIBI
00001IIeHuA

MuHHUMAJIBbHOE YTOYHEHHE [IJIs 11eJIeBOro BOIIpocCa

Ilycts ¢ : H — Y — 3apaHee 3amaHHLIN 1IeJIEBON pe3yibTaT. Eciu mpoduib o ero
He COXPaHsIeT, eCTECTBEHHOE YTOUHEeHNE NMeeT BHU]I

Jlemma L1. ITpencraBienne 3 coxpaHsieT U MPOMUIIb, U 1[eJIeBOM pe3yibTaT. Eciu
[Opyroe mpeacTaBIeHKe 1° TO3BOJISIET BOCCTAHOBUTE 004, TO CylnecTByeT GyHKius f
c 8 = f or. CnegoBartenbHo, 3 3amaéT camoe rpyboe ofbIee yTOUHEHHE
COOTBETCTBYIOIINX Pa30UeHUI.

Iloka3aTenbcTBO. [0 MPEANOI0KEHNIO CYIIECTBYIOT QYHKIIUU U,V C O = U O T U

g =wvor. Torga f(x) = (u(x),v(x)) umeer Tpebyemoe CBOMCTBO. ITO OOUMIL HAKT
0 pa30ueHusIX; OH He 00BSIBIISIETCS HOBOM TeOpeMOl MaTeMaTuku. Ero
IpUMeHeHUe YTOYHSIEeT, YTO UMEeHHO HeoOxonumMmo nobasutsh K H15 s
BBIOPaHHOT'O BOIIpOCa.

Ist yucna mo3unuoHHBIX coBnagenuii ¢ 101010 yrounenne mgaét 20 Knaccos
BMecTo BochMu. OHo paznudaet 101010 1 010101, Ho He 06s13aHO COXPAHATH
7110601 WHOM CMBICTIOBOM MTpU3HAK. [10JTHOE TIpefcTaBlIeHUE j COXPaHsIeT BCe
pas3nuuns KOHEYHOTI'0 HOCUTEJISI; IpeaMeTHOe 3HaYeHNe 3THUX Pa3IndYuil BCE eIré
TpeOyeT UHTepIpeTaLN.
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j(H): 64 To4kn
10JIHOEe NpeacTaB/1eHNS

CoxpaHseTca nu

H: 64 cocTosHMA » | @(H): 8 npocunen LleneBon BbIBOA?
LecTb YyepT 8 cocToAHMNK B Cnoe HDOBepKa q= q o Q

(a,q): 20 Knaccos
nns BbIbpaHHoro q

g — YMCNO MO3ULIMOHHLIX COBMaleHNi ¢ koaom 101010

Pucynoxk 5: [lonHoe nmpepncTaBnenue, GakTop ¥ YyTOYHEHUE [J151 BLIOpaHHOT 0 BOIIpOCca

AnbTepHaTUBHBIE KapThl H CHMMETPHH

JIemMma L2. Pa3bueHui mecT MO3ULUN Ha TPU HEYIIOPSANOUYEeHHbIE Taphl UMEeTCS
5-3 -1 = 15. Ecnu BLIXOOHBIE KaHaJIBl MMEHOBAHEI, KaXK/aasl TaKast CUCTeMa
ponyckaet 3! = 6 HasHauyeHwui; Bcero momydaercs 90 pasnuunbix XOR-KapT.
HNMmeHOBaHUE CYyIIECTBEHHO, IOTOMY YTO OTCYTCTBUE KOHKPETHOU CBSI3U — APYIOU
BOMIPOC, Y€M YMCJIO OTCYTCTBYIOIIUX CBSA3EH.

JIemma L3. JIro6ast KapTa U3 9TOM CeMbHM MHBapPHUAHTHA IPU OOHOBPEMEHHOM
OONOJIHEHUY BCeXx IecTu OuToB. CremoBaTenbHO, HU ogHa u3 90 KapT caMa IIo
cebOe He pa3nuYaeT OONOJIHUTENbHYIO Tapy. BrIOoOp ydiiell KapTh HEe YCTPaHSEeT
OorpaHHYEeHME BCEro Kjacca.

9To ycunuBaeT apryMmeHTaiuio ¢unocobcku u texuudecku. [ITpobiema
WHTepIpeTauy MOXKeT 3aKJ/II04aThCs He B HeBEepHOM nog0ope lapaMeTpa, a B
HEIOCTAaTOYHOU BEIPA3UTEJIbHOCTH si3bIKa. Tormga TpebyeTcs: pacIIupUTh
IIpefCcTaBlieHNe, a He IIPONOJIKaTh NoAOUpPaTh KapTy BHYTPU TOTO XKe CeMeMiCTRa.

18 'ekcarpaMMHOe 110JI€ B IpeJCKa3aTe/IbHOM IBHXKKE
ARBD

Peain3oBaHHasi UHTErpauus

Pepakims v0.3 comepxkuT paboTalONUi UCXOOHBIM MaKeT C eQUHBIM THUCIEeTYePOM
engine/arbd.py. [lomeH chemistry BeI3bIBaeT npexHuu monysib ARBD-SE3, a
moMeH hexagram — HOBBIM arbd hex. [IlecTHaguaTh (aiiIoB IpPeKHETO0 sIapa
repeHeceHbl 0e3 U3MeHeHUsT 0AaNTOB; UX XEIIU COXPaHEHbl. DTO UHTETpalus
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HMCXOMOHOTO KOa MCCIeqOBaTeIbCKOM BeTBU. Pa3BEPTHIBAHME Ha CYIIECTBYIOIIEM
carTe Ui paboyeM cepBepe 3THUM MaKeTOM He BHIIOJIHSIIOCE.

B makeT Bomnm mmonHoe mojsie 64 coctossHuiu, 4096 map «COCTOsTHHE-MacCKa»,
ceMmenctBo 90 KapT, MNPOEKTUBHLIM MOOHEM, TapPMOHUYECKOE MOIIOJTHEHUE,
TUIIM3WPOBaHHAas peanu3alivisi, BDeMEeHHOU aHajli3 KaHajloB, IOMCK MUHUMAJIbHOT O
BOCCTaHOBJIEHUS, IPOBEPKa (paKTOpU3allui U BEPOITHOCTHOE arperupoBaHue.
HcxonHble moka3aTesibCTBa U IpoBepku P17-P27, L.1-1.3 coxpaHeHEl BMECTE C
[IENIOYKOU NPEObIAYIINX apXUBOB.

Mopyns Oynkuusga B ARBD

arbd hex/core.py AHanu3 COCTOSTHHUS, YCIIOBHBIM IIPOTHO3,
BOCCTaHOBJIEHUE, (paKTOpU3alus,
arperupoBaHUue

arbd_hex/operators.py TunusupoBaHHas KOMIIO3UIINSA,
BpPEeMeHHEBIe KaHalbl, 00IIlee YTOUYHEHUE

arbd hex/field model.py TouyHBIE KOHEYHBIE ¥ IPOEKTUBHEIE
KOHCTPYKLUY ITPeObIayIIen pegakium

arbd _hex/journal.py duKcalys IPOorHo3a U OTHOeJIbHasd
OLleHKa ucxoma

data/HEX FIELD.sqlite PeecTp cocTosiHU#, COOBITHI, KapT U
HCTOYHUKOB

Tpu pezxuMa BbIBOIA

[TepBBIM PEKUM — TOYHBIM YCIOBHBIH IMEPexXo TPH 3alaHHOM MacKe 1M

hipr = hy @ m.

Pe3ynbTaT TOUEH OTHOCUTEJILHO O0BSIBIIEHHOT'O 3aKOHa. BrIOOp Macku He cJieiyeT
U3 TapMOHUYECKOT0 IOIIOTHEHUs. [IoBTOpeHrne OogHOM (PUKCUPOBAHHOM MaCKHU
Oa€T OBYXIIEPUOOHYIO TPAEeKTOPHIO; 9TO CBOMCTBO 3aKOHA, a He YHUBepcalbHasd
HUCTOPHUS U3MEHEHUS.

BTOpoii pexxuM — pacmnpeneieHHe UCXOIO0B IIPU 3alaHHOM CTAI[iOHAPHOM
pacupeneeHuy MacoK [i:

P(h.k) = u(h @ k), pea(k) =Y p(W)P(h, k).
h

BeposiTHOCTH BBOOSITCST PAIllMOHAILHBIMUM YHMCJIaMU 1 HOPMHUPYIOTCS TOYHO. B 3TOM
BEPCHUU OHHU SABJISAIOTCS IIPEAIIOCHIIKAMU MOJENH, a He OIleHKaMM 4acTOT 110
BHEIIIHEMY KOpPIIyCcy. TpeTuil pexkuM — OTKa3 OT IMPOrHo3a, Korga 3akoH
OTCYTCTBYET, He OIpefesIEH Ha JOCTUKUMOM COCTOSSHUM UJIM 3allpoc TpelbyeTt
HEIOOTBEPKIOEHHOTO BHEIITHETO COOTBETCTBHUSI.
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YTO 03HaYaeT pa3pPbIB CBSA3HU

HiMeHOBaHMe KaHAJIOB COXpaHeHo 6e3 IepecTaHOBKH:

a: Y — =, b:=— A uepes B, c: A—T.

B nopsimke (E, A, T) CTPOKHU MaTPHUIEI 0003HAYAIOT ITOJTy4YaTessi, CTOJIOIb —
HCTOYHUK. YcinoBue a = () ¢popManusyeT OTCyTCTBHE CBSI3W Pa3BOPOTA C
usMeHeHueM B H15. OgHako OTCyTCTBHE MOMHOTO ILIMKJIa HEe yKa3bIBaeT
aBTOMAaTUYECKM UMEHHO Ha : IPUYUHOMN MOTYT OBITH b, ¢, MOMEHHEIE OTPAHUYEHHUST
UJIY BpeMeHHasts HECOBMECTHUMOCTb.

a=hleh4d
V=2
b=h2eh5
= - Ayvepe3 B
c=h3@hb6
A=Y
Mo3nunK CHU3Y BBEpPX H15: rmnoTtesa ceMaHTUYeCKOro COOTBETCTBUA

Pucynok 6: Ilo3unmu, ¢opmanbHbBle METKM OTHOLIEHWM M Tpu KaHama H15.
Ha3HayeHue MeTOK He SIBNSETCS JOKa3aHHBIM KUTAUCKUM IIPOYTEHHEM

IOns T'y 011001 mpoduns paBern 010. MunuManbHOe BoccTaHOBNIeHue mpoduns 111
TpebyeT OByX MepeBOPOTOB; uMeloTcs yeTkipe pemrerus: 010101, 011100, 110001,
111000. AnropuT™ nIpembsBIseT BCce YeThIpe. BHIOOP OQHOTO KaK IPaKTUYEeCKHU
JKeJaTeJbHOT0 TpebyeT MOIMOTHUTEeIbHOTO KpuTepusi. Ecnu 3amana macka 100100,
nonydaetcss 111101 ¢ mpexxuaum npodunem 010: nu3MeHeHME TOTHOTO COCTOSHUS
BO3MOZKHO 6€e3 U3MEeHEHHUs OIePaTOPHOTO MPODUIIS.

Tunsl n OJOIIYCTHMOCTH

dyukMs typed step pa3nuyaeT OTCYTCTBUE BHIOPAHHOT'O MMIYJIIbCA,
HEeOIIpeneIEHHOCTh BCTaBKM 1 HEOIIPENeJIEHHOCTh Bo3BparTa. Jlaxe nmpoduns 111
He CHUMAaeT 3TUX orpaHuYeHui. [[J19 HeTPepPhIBHOTO BpeMEHH UCII0Nb3yeTCs
MMOOHSATOE ITPOCTPAHCTBO, ITIOCKOJIbKY KOHeuHas rpynna XOR-uHBOIOUN HE JaéET
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HEeTPUBUAJIBHOM IOJIYTPYIIILI IIPU BCEX BEIIeCTBEHHBIX BpeMeHaX BHYTPU CcaMoi
TPYIIIHL.

OTOT pe3yJbTaT onpenesseT pojb pacuupenus JIK 2. [JomonmHUTENBHOE
ITPOCTPAHCTBO HEOOXOAUMO MJISI IIOCTABJIEHHON AUHAMUYECKOHN 3aJadyu, HO
IIPOMEKYTOYHBIE TOYKM He CIeayeT OOBbABIATHL HOBEIMU I'eKCarpaMMaMHU.
[TpeouKTUBHBIM 3aKOH OCTAETCS CAMOCTOSITEIBHBIM BXOOM.

19 BepossTHOCTHBIH (PAaKTOP M COXpPaHEHHE IMPOrHo3a

Yci1oBHUE CHIIBHOH arperupyeMoCTH

I1711 BepOSITHOCTHOT'O 3aKOHA OHOTO0 COXPaHEeHHUS YHCJla COCTOSHUN HeJIOCTAaTOYHO.
Y1006BI BOCEMUITPODUIBHOE ONUCAHNEe UMeJI0 COOCTBEHHBINM MapKOBCKUIM 3aKOH [IJIs
M000 HaYaIbHOM Mephl, He0OXOMMO U JOCTATOYHO, YTOOH s M00sX h, h' ¢
a(h) = a(h’) u mo6oro npoduns g BLHIIOIHAIOCH

ZPhk th’)

OTO CTaHOAPTHOE YCIIOBUE CUJIPHOU arperupyeMoCTd KOHEeYHOU Lienu. B Koge oHO
ITPOBEPSIETCS TOYHBIMHU PAllMOHAILHBIMU BBIYMCJIEHUSIMU; IPU HEyCIleXe BLIOAETCS
rmapa cupeTteneit. [J19 4aCTUYHOTO 3aKOHA OOIOTHUTENBHO TpebyeTcs
OIIpPeNesIEHHOCTh Ha IPOBEPSEMBIX COCTOSHUAX. JacTUUYHas QyHKLIUSA He
TPaAKTyeTCs KaK IIPOIYCK HabOIIooeHNH.

CnaencTrBHe OJisi MAaCOYHOI'0 3aKOHa

IIpennoxenue P28, npuMeHeHne CTAaHZAPTHOr O Kputepusi. Eciu
pacIpeneneHre MacoK [ He 3aBHCUT OT TEKYIEro COCTOSIHUSI, TO 3aKOH
P(h,k) = u(h @ k) cunbHO arperupyem mo « u

Plg.g)= Y  pm).

m:a(m)=g®g’

Ioka3aTensCcTBO. [logcTaHoBKa k = h @ m ¥ TUHEHHOCTb (v IEPEBOMAST YCIIOBUE
a(k) =g Ba(m) = a(h) @ ¢g’. IlpaBas 4acTh 3aBUCHUT TOJIBLKO OT g = «(h), 4TO U
TpebyeTcsi. HOBBIM pe3ynbTaToM 00Iel Teopuu MapKoBa 3TO He OOBSIBISIETCS;
ero 3HadeHUe 3[0eCh — SIBHAS CBSI3b BEPOSITHOCTHOTO uHTepdetica ARBD c
BeIOpaHHOM KapTou H15.

Ecnu Macka 3aBUCHUT OT COCTOSIHUSI, YCJIOBHE MOXKET HapymwuThcs. Hampumep,
ocTaBUM Bce cocTostHUs HemoaBuxkHbBIMU, Kpome 000000 +— 100000. CocTossHus
000000 u 111111 umeroT ogunu npoduns 000, HO maioT pa3Hbe MpoduIU
criemyrolero mara. Torma BOCBMUIIPOGUILHEIM 3aKOH He oIpeneséH 6e3
OOIIOJIHUTEILHOM MHpOpPMaLmu.
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Iaxke ycnemnrHoe arperupoBaHue COXpaHseT TOJIbKO paclipeneneHue npoduien.
W3 Hero HeJlb35 BOCCTAHOBUTH PA3/IU4YUs BHYTPHU CJIOS UJIU 3aKIIOUUTH O
COXpaHEeHUH IIPOM3BOJIBHOTO CMEICIIOBOTO BOIIpoca (. [IJIsi 3TOTO OCTAETCs
HeoOxoguMbIM Kputepuii KASVD.

20 ITporHo3HbBIH KyPHA/I H He3aBHCHMas IPpoBepKa

duKcanmsi 00 OII€HKH

[TpOrHO3HBIN 3aPOC COOAEPKUT HavallbHOE COCTOSIHUE, 3aKOH, TOPU30HT, BEPCUIO
KOOWPOBKH, BOIIPOC U IpeaMeTHYI0 001acTh. [locnenyoniui uCXoa He OOIIyCKaeTCs
B 3ampoc nporHo3a. OTaenbHasa onepanus GUKCUPYET 3allpoc, pe3ysbTaT, Xellld U
OeKJapaluio IIpoleaypsl oToopa. 3aTeM OPYroy BEI30B IPUHUMAET UCXO[ U
BBIYUCJIET OLIEHKY. [IepBbIY IPUHSATHEIM UTOI COXPaHSIEeTCs; HeyOadyHbIN UCXO[,
HeJIb35 3aMEHUTH YJauHbLIM IOBTOPHOM IIPOBEPKOM TOTO XKe UoeHTUudUKaTopa.

COCTOSIHWE U KOHTEKCT YCnoBHbIA pacyeT duKcauma NporHosa
—
3aKOH + FOpU30HT 64 cocToAHUSA Xell 1 Bepcua
HeT 3akoHa win . .
[MpoBepKa 1 OLEHKa Mo3gHenLWnin Ncxo
HEMpPOBEPEHHas CBA3bL ne Fl)abu?l I:limnr c0L>L< aHEH oT ﬂéanaﬂ 3anmc£
— 0TKa3 OT NporHosa P P A

PeanusoBaH hopManbHbI peXxuM; BHellHAsA npoeepka — NOT_RUN

Pucynok 7: ITporokon ARBD-HEX: Briuucnenue, ¢pukcauus U olleHKa

XKypuan SQLite ucnons3yet Tpan3akiuy, 3anpeT o0srdHbix UPDATE/DELETE u
LIETIOYKY Xellel. ITO JTOKaIbHBIM UCCIeI0BaTENbCKUY XXKypHas. Bpems 6epértcs us
JIOKAJIbHBIX YacoB, JeKapalius 00 OTCYTCTBUM JOCTYyIla K UCXOy He
MMOATBEPKIaeTCs He3aBUCUMOM CTOPOHOM, a Biiagenell (ansioB He TUIIEH
TEXHUYECKOM BO3MOXKHOCTHU IlepenucaTh BClo 6a3dy. B 3To# Bepcuu HET BHEIIHETO
YOOCTOBEPEHUS BPpEMEHU, OTAEIbHON JOBEPEHHOM MOANUCH U IIOJTHOTO XKypHasa
OTKJIOHEHHBIX BEI30BOB.

OneHKa pacnpenejieHUus

HCHOJ’IB3Y8TCH MHOT'OKJIaCCOBasi OII€HKa Bpaﬁepa 0e3 OeJIeHusI Ha YHUCJIO KJIaCCOB:
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BS(p,y) = Y (p(h) = 1,,_,)*

heH

I meTepMUHUPOBAHHOI'O TOYHOT'O MOMagaHus oHa paBHa 0; ms
OeTepPMUHUPOBAHHOTO ITpoMaxa — 2. [IeMOHCTPAIlMOHHBIN KypPHaJl HAMEPEeHHO
COMIEePKUT ITPOMaX C OIIEHKOH 2, YTOOHI ITOKa3aTh COXpaHeHHe HeyqoOHOTro
pe3ynbTaTa. ITO CHUHTETHYECKas IPOBEePKa MEXaHUKH, a He 9KCIIEPUMEHT I10
IIpeICcKa3aHui0 BHEIITHUX COOBITHM.

[IBe He3aBHCHMBbIE IPOTrPaMMbI

CuHomoruyeckas IIpoBepKa [0JI?)KHa YCTAaHOBUTH, ITOANEPKUBAIOT JT1 HE3aBUCUMO
MMPOYUTAHHLIE TEKCTH BEIOPAaHHBIE ITPU3HAKYU U OTIEPaTOPHBIE POJIH.
[IpenckasaTebHas IPOBEPKaA [OXKHA YCTAHOBUTH, YIIydIllaeT IU 3apaHee
3a(MKCUPOBaHHLIM 3aKOH OLIEHKY OymyInux HaOmMoOeHu. Yciex OgHO’
IIporpaMMbI He 3aMeHSIeT OAPYTYIO.

II7151 BHENTHETO 9KCIIepUMeHTa TpeOyeTcs onpenenuTh HabmogaeMblii 00 bEKT,
IIPABUJIO €TO0 KOOUPOBAHUS, MOCTYIITHYIO IO MOMEHTA IIPOTHO3a HH(POPMAIIHIO,
1IeJIeBO¥ MCXO0M, TOPU30HT, 6a30BbIe MOAEJIN U CIIOCO0 OLIEHKHU HEeOoNpemeTIéHHOCTH.
Hy>HO CpaBHUTH KaK MUHHMYM YaCTOTHYIO 6a3y, IPaBUJIO COXPAHEHUSI COCTOSTHUS
¥ CcomepzKaTeJIbHYI0 Moenb 6e3 reKkcarpaMMHOT0 cjiosi. Pa30ueHue maHHBIX
clieflyeT IIPOBOIUTH IO HE3aBUCUMBIM CUTYAIIUSIM UJIA UCTOYHHKAM, YTOOHI
Omu3KHe pparMeHTH OJHOTO0 KOMMEHTAapPH He IoIafaii OOHOBPEMEHHO B
o0ydeHUe U IPOBEPKY.

N3yuenne 90 KapT OOJIZKHO ITPOUCXOOUTH BHYTPU 00y4daroIei 4acTu.
OTI0XKeHHLIM MaTepual Helb3s UCIIOJIb30BaTh [JIsi IIOBTOPHOTO BEIOOPA
nobenuTens. [Is9Th MPeXXHUX CIydYaeB pa3pabOTKU OCTAIOTCS BHE
MMOOTBEepPIKOalomiei BEIOOPKYU. [0 BBHITTOJTHEHUS 3TUX YCIIOBUM CTAaTyC BHEIITHETO
nporro3a — NOT RUN, ucrtopuueckou runoredsl H15 — OPEN.
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21 AcTopuuyecKue U300pakKeHHusI U UX ToKa3aTeIbHoe
3HaAYEeHHEe

OIuarpamMa ByBe u JlenOHHIIAQ
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PucyHoxk 8: VicTopu4yecKui JIUCT C TeKcarpaMMaMi, IIpUHaIexkKaBini JIenOHuIy;
KaTanoru3upoBaH Kak 1701 rog

Uctounuk penpopykumu: Wikimedia Commons, «Diagram of I Ching hexagrams
owned by Gottfried Wilhelm Leibniz, 1701»; xpaHeHHe opuUTruHaja yKa3aHO KaK
Leibniz-Archiv, Niedersachsische Landesbibliothek. ABTop pucyHKa He
yCTaHOBJIEH; apa0bckue 11(ppoBLEie IIOMETHI B OITMCAaHUN aTPUOYTUPOBAHBI

JleOHuIly. PenpoayKkius onmy6IuKoBaHa CO CTaTyCcOM OOIIeCTBEHHOT'O IOCTOSHUS,
PD-Art.

JIuCcT cBUOETEeNbCTBYET O KOHKPETHOU UCTOPUHU peleniiuu nuarpaMMm. OH He
nopTBepxKaoaeT H15, Hamu nMeHa 0oIepaToOpoB UJIU CYIIeCTBOBaHUE
[IPOEKTUBHO-TAPMOHUYECKOI0 MeTOa y OPEeBHUX aBTOPOB. CXeMEI HEIHEIIHEe!
pelaknuy MoMedYeHbl KakK COBpEMEeHHbIe PEKOHCTPYKIMY UMEHHO [IJIsI TOT'0, YTOOHI
He CMellnBaTh 3TU OCHOBaAHUA.
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ITo3guun oopa3 Illao IOHa

Pucynok 9: Illao FOH. HensBeCTHBIM KUTAUCKUU XyOOXKHUK; XIX — Hagano XX Beka.
Philadelphia Museum of Art, 1929-40-2131

[TopTpet BocnpousseneH no Wikimedia Commons 1 My3eiHOM KapTO4Ke
Philadelphia Museum of Art. 3To mo3guuit o6pa3 ¢punocoda, a He ero
NpUXKU3HEHHOe n3o0paxkeHre. CTaTyCc PenponyKUuu — OOIIeCTBEHHOEe NOCTOSTHUE,
PD-Art. Tounsrit URL, aTpubyuusi u KOHTPOJIbHas cyMMa (alisia COXpaHeHHI B
peecTpe UITIOCTPaIni.

Hctopuueckasi UJIIIOCTPAIUS CITYKUT BBEIEHHUIO B MHTEJIIEKTYaIbHYI0 TPATHUIIHIO.
MaTeMaTH4YecKasi CXeMa CIIyKHUT ITPOBEPKe oIrpeneneHuii. Ix cocecTBo menaeT
KHUTY HarJiigHee, HO He CO3AaéT OTCYTCTBYIOIIET0 MOKa3aTeIbCTBA UCTOPUUYECKOHN
IIPEeeMCTBEHHOCTH.

22 dunocodcCckoe 3HaUYEHHE H MpPporpaMMa CJaeayioiero
HMCCJIeJOBaHUusA
O0pa3 Kak cuCTeMa pa3/IHIYHuH

CMEBICIIOBOM IIOTEHIIMAJ FreKcarpaMMbl HEJTb351 OTOXIECTBUTh C YHCJIOM, IPOodUuIeM
KaHaJIOB MJIM COOCTBEHHLIMU 3HAYEHUSIMH MaTPUIlbl. Kaxkabi criocoo
IIpeACcTaBIIeHUs BHIIENSET ONpeaesiEHHbBIe pa3nuuusi. PaboTa MaTeMaTUKU
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WHTEepIpeTaluu COCTOUT B TOM, YTOOBI Cie/IaTh 9TOT BHIOOP SIBHLIM U IIPOBEPUTH
eTr0 JOCTAaTOYHOCTh IJIs1 BOIpOCa.

Takoi mogxon mo3BosieT 00CyKaaTh TPAAUIIMOHHBIE TIOHSATUS TTO3UIIUH,
COOTBETCTBUSI, BpEMEHU U U3MEeHEHUS Yepe3 TOYHBIE OTHOIIEHUS, COXPAHId UX
HCTOPUYECKYI0 CaMOCTOSATENbHOCTh. OH He TpebyeT 00bABIIATL COBPEMEHHYIO
MOMeJlb TAaWHBEIM COIepKaHKueM ApeBHero Tekcra. Ee ¢punocodckas cuna
ITPOBEPSIETCST TEM, IOMOTAET JIK OHa (OPMYJIUPOBATH O0Jiee TOUHBLIE BOIIPOCH U
oO0HapyzKUBaTh 'PAHUILI COOCTBEHHBIX BHIBOMIOB.

TpH OCHOBAHHSs A OTBETCTBEHHOCTDb CYXKIECHHSA

Jloruueckoe OCHOBaHME CBA3BIBAET IIOCBUIKU C BRIBOAOM. TeKCTOBOe OCHOBaHUE
CBSI3BIBAET YTEHUE C KOHKPETHBIM (pparMeHTOM U pefakiuen. OMIUPUIECKoe
OCHOBaHUe CBS3BIBaEeT IIpeficKa3aHue c HabmoneHueM. HopMmaTBHOE OCHOBaHUE
IPaKTUYECKOTO pellleHus nobaBsieT elle U 1iejib: KaKOW UCXO CUUTAETCS
XKeJlaTeJIbHBEIM U II0YeMy. OTU OCHOBaHUS MOT'YT B3aUMOLEUCTBOBATh, HO He
3aMeHST OpYyT Opyra.

Hammpumep, MEUHUMATLHOCTD YHCJIa IEPEBOPOTOB MOKA3BIBAETCSI OTHOCUTEIILHO
BeIOpaHHOM MeTpuKU. OHa He JOKa3bIBaeT, YTO COOTBETCTBYIOIlee AeHCTBUE
CIIpaBe[IINBO, CBOEBPEMEHHO UM MOJIE3HO B KOHKPETHOM CUTyaluuu. UMeHHO
37ech MaTeMaTHKa OOJIKHA MMOAOepPRKuBaTh GHUI0COPCKOe pacCykKaeHue, COXpPaHss
BUOUMBLIMU €T0 OOIIOTHUTEIbHEIE TPEOIOCHITKH.

Pe@d1eKCHBHOCTH 00IIIEro0 MeToaa

Kputepuit KASVD npumensiercsa u Kk camomy KLT-ARBD. Ecnu Ham npodunib
TepsieT 3HaYUMOe pa3jinuyne, HeoOXOOMMO YTOUHUTD IIpefcTaBienue. Ecnu
OIlepaTOPHBIN 3aKOH He OIpefesieH, HeoOX0AMMO NPeabsiBUTL HeLocTalolee
ycioBue. Eciu ucTopuyeckoe dTeHre He NOATBEPXKIOAeTCsa, MaTeMaTuyecKas
KOHCTPYKLIMSI MOKET COXPAaHUTHCSA KaK COBpeMeHHasi MOAeJib, HO CTaTyC eé
UHTEepPIpeTaluuu OOIKEH U3MEHUTHCS.

B aTom cocTouT Haubosee comepzKaTenbHasi CBsI3b F€eKCAarpaMMHOIO II0JISI C OOIITUM
npoekTom JIK 2: MeToq aHaIU3UPYeT He TOIbKO U3MEHEeHUsI 00beKTa, HO U
OOIIYCTUMOCTh COOCTBEHHBIX IIEPEXOIOB OT CUMBOJIa K MOAEJIH, OT MOJEJHu K
BHIBO[Y ¥ OT BBEIBOAA K OENCTBUIO.

Brnuxkaiimas nporpaMma BKITIOYaeT MOTyYeHMe KITI0UEeBhIX IIOJTHOTEKCTOBHIX paboT,
He3aBHCHUMYIO KUTAlCKYIO pa3MeTKy, CDaBHUTEJILHBIN aHa/IU3 aJlbTePHaTUBHBIX
KOJVPOBOK U OJVH 3apaHee 3aperuCTPUPOBAHHBIN BHEIITHUM 3KCIIEPUMEHT.
Kaxxpas 3amada uMeeT CaMOCTOSATEJIbHEIU KPUTEPUN 3aBepIIeHUs. JHaUYeHue
MOHOTpaduu Ojid KUTauckKou dpunocopun OyOeT onpenensiThCs KaueCTBOM TaKOT0
ouasiora U IIPOBepsieMOCThI0 Pe3yJIbTaTOB, a He MacITaboM mpeaBapuUTeIbHO
3asBJI€EHHOU YHHUBEPCAJIbHOCTH.
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3aKjaueHue

[TocTpoeHa KOHeYHas peanu3allus HEeCKOJIbKUX ciloeB JIK-2 mis rekcarpaMMHOTO
[Tons ITepemeH. OHa BKmIO4YaeT 64 coctossaust, 4096 dopManbHBIX COOBITHH,
BOCBMMIJIEMEHTHHIN (DaKTOP OIEepaTOPHLIX Npoduiel, ”HbEKTUBHOE BIIOXKEHUE B
IPG(Q), rapMoOHHYECKOe NONOJIHeHUe pa3nudHblx nap, Hodge-coBMecTuMEIM
IIePEeHOC U BellleCTBEHHYI0 AUHAMUKY C TOUHBIMU OUCKPETHLIMU OoTcuéTamMu. HoBas
TUNU3UPOBaHHAsA KOHCTPYKIUSA P24 o0beuHsIeT BEIOOP MacKH, BCTABKy U
9BOJIIOLIMIO B OOWH COTJIaCOBaHHEBIM OllepaTOPHBIM MapLIPyT.

Iloka3aHbl YCIIOBUS COXPaHEeHUS MHPOPMAIIMU U YKa3aHbl KOHKPETHBIE CIIydYau eé
notepu. [Ipoduns KaHasnoB He pa3dnudaeT Lisab u KyHb, a Takxke 131 113u u Bau
[I34; ITOMHBIA MTPOEKTUBHBIM KO COXPaHAET 3TU pa3nudyusa. MUHUMAaJIbHOE
BOCCTAHOBJIEHHE TIOJIHOTO KOHTYpPa UMeeT TOYHOe pelleHue, Ho BEIOOp
comepzKaTeJIbHO MPEaIIoUYTUTeIbHOTO U3MEeHEeHUsI OCTAETCSI OTHOEeIbHOM 3agadei.

dunocodckuil pe3ynbTaT KHUTH COCTOUT B IIOCTAHOBKE MHTEPIIpeTAUU Kak
HUCCJIeAyeMOro OTHOIIIEHUS MeXy TEeKCTOM, IIpeACTaBJIEHUEM U BEIBOJOM.
3Hauyenue KLT-ARBD pns udydyenus «Kuuru [TepeMmeHn» OyfeT onpenensaTbCsa TEM,
HACKOJIbKO 3TOT A3BIK IOMOraeT GOopMyIupPOBaTh TOYHBIE BOIIPOCH], COXPaHATH
CYIIIECTBEHHBIE PA3NMUYMNSA U 0O0CHOBBEIBAThH COMEpPKAaTeIbHEIE OTBETH. HacTosimas
penaknus OpefoCcTaBasgeT MaTeMaTudYeCKoe OCHOBaHME M BOCIPOU3BOOUMBIN
MaTepHuasl Ois TaKOW IPOBEPKH.
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IIpunoxenue A O0o3HaYeHUsI

2026

O0Oo3HaueHUe 3HadeHUe

Co6ertust (h, m)

CeMeNCTBO USMEeHEeHU S

WRpBS2 mex

ST OO

Tpu napaeix XOR npusxnaka H15

HNHBbEeKTUBHOE MPOEKTUBHOE IPEACTaBIEHNE
[Tpou3BOACTBO UJIK BEIOOD UMITY/IbCa
YacTryHas BCTaBKa B IPOCTPAHCTBO 3BOJIIOLINH

[ITecTuOUTOBOE MHOXKECTBO COCTOSTHUM CHU3Y BBEPX
[Tonroe opManbHOE MHOXKECTBO MacCOK

YacTUuHEBEIM BO3BpAT K UCTOYHUKY HOBOT'O IEUCTBUS
I'eoMeTpuyeckas TOUKa rapMOHUYECKOU YEeTBEPKHU
IToka3aTenbHOE OCHOBaHVE KOHKPETHOI'O BEIBOJA
OOBSIBIEHHEBIN CEJIEKTOP MacCKHU

3apaHee BHIOpPaHHEIN 11e7IEBOM PE3yIbTaT

IIpunoxkenue b PeecTp pe3yjabTaToB

Kopg PesynbTat Crartyc

P17 I'ekcarpaMMHBIM 0OBEKT IHoka3aHo B Momenu v1.7
ES u pmelicTBHe MacokK

P18 BoceMb ci10€B HokazaHo B Momenu v1.7
orepaTopHOro ¢akTopa

P19 Kpurepuii ciiycka IHoka3aHo B momenu v1.7
YaCTUYHOTO 3aKOHAa

P20 [TonHOE IIPOEKTUBHOE HokazaHo B Momenu v1.7
npencTaBlIeHHe

P21 Hodge coBmMecTuMBIU IHoka3aHo B Momenu v1.7
IepeHoc u
BOCCTAHOBJIEHHE KaHaJIOB

P22 l'apMoHuYeckoe HokazaHo B Momenu v1.7
OOIIOJIHEHHE aphl

P23 BeriecTBeHHBIN IIOTOK IHoka3aHo B Momenu vl1.7
(uKkcupoBaHHOM MaCKU

P24 TunusupoBaHHasa IToka3aHO B 9TOM
yIpaBisieMasi penakiuu
peanusanus

P25 MuHuMaJbHOE IHoka3aHO B 9TO1
BOCCTAHOBIIEHNE KaHAJIOB penakKIuu

P26 IelicTBUE OOIIOJIHEHUS U IHoka3aHO B 9TOMU
oOpallieHust Ha npodub penakiuu
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Kopmg PesyneTat Cratyc

P27 TTo3uIMoHHBIN IIoka3aHO B 9TO1
IoKa3aTeNlb He IPOXOOUT  pemakKIuu
yepe3 pakTop

P28 BeposTHOCTHBIN (paKTOP IToka3aH B rimase 19;
MaCOYHOT'0 3aKOHa IpUMEHEHNE

CTaHOapPTHOTO KPUTEPUS

L1-1L3 YTouHeHNe 1IeIeBoro IIoka3aHHI B r'j1aBe 17
npenctaBnenus; 90 kapT;
npenen UHBapPUaHTHOCTHU

H15 Pacnpenenenue HHTepnpeTaliliOHHAA
OIlepPaTOPHBIX POJIEH MO TUIIOTE3a
napam

D u Dom ABTOpHU3aNUsd TpebyeTcst mst Kaxkaoro
COIepzKaTeJIbHOI'0 BEIBOJa Cily4yas

IIporuos ObdeKTUBHOCTD OIS He uccnepmoBaHa Ha

BHENTHUX COOBITHUM OJAaHHBIX

Hywmepanusa P17-P23 coxpaHeHa njig cBsaA3u ¢ apxusoMm v1.7. P13-P16 u3z v1.6
HCIIOJIb30BaHHI B 00CYKIEHUHU CIIEKTPa, BDEMEHHBIX TIyTeH, MUHUMATbHOTO
MMEHOBaAHHOI'O KOJla U MHBapUaHTHOI O aapa. Hymepanusa P24-P27 oTHOCUTCSA K
MaTeMaTu4yeckoi BeTBH v1.8, a HoMep v0.1 o603HavYaeT NepByI0 PeOaKIIUuI0 CaMOi
MOHOrpadun.

ITpunoxenue B UccinenoBarejlbCKasd KapTOo4yKa

[Tone TpeGoBaHuUe

case id YcTouuBeIY UAEHTUDUKATOD CIydas
source id u locus W CcTOYHUK, pemakKius U TOYHOE MECTO
reading HcxomHoe 4TeHMe C BapuaHTaMu
translation ITepeBon u cBegeHUS O IIPOBEPKE

h [ITecTs 6UTOB B OOBSIBIIEHHOM ITOPSOKE
map version Bepcus cOOTBETCTBUSA IIO3ULIUU U POJIEU

context YcnoBus Bompoca u IPUMEHUMOCTH

target q [IpoBepsieMbIil BEIBOM, 3adaHHBIN 3apaHee

mask u mask basis Macka 1 ocHOBaHUE €€ BrIOOpa

evidence D He3aBucuMoe oCHOBaHUE BBEIBOOA

status ['unoresa, TMTPOBEPEHO B MOMAEIH, HEHW3BEeCTHO WHIIN
OIIPOBEPTHYTO

[TporpaMMHas cxeMa B apXUBe SIBJISI€TCS UCClefoBaTelbCKou. B pegakiuu 0.3
moOaBrieHbl pabounii moMmeHHBIN Monysib ARBD-HEX u otmenbHEIN peecTp SQLite;
MUTPAIUs CyIIeCTBYIOIIeH paboyelt 6a3bl He BBHITIOIHSIIACh. 3alIUCH IISATH
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pPacCMOTPEHHHBIX TeKcarpaMM IIOMeYeHHbl KaK MaTepuan pa3paborku. Ilycras
dbopma gns Gynyiiedt He3aBUCUMOM Pa3METKU COXPAHSAETCS OTHEILHO OT 3TUX
ITPUMEPOB.
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IIpunoxenue I' English abstract

This research monograph develops a projective and harmonic representation of
the hexagram state space as an explicit special case of selected layers of
Kurpishev Logic 2. The formal state space is H = FS, with positions read from
bottom to top. Masks act by XOR. An operator hypothesis maps three paired
differences to named channels between action, insertion and change. This map
has eight fibres of eight states each.

A seven-coordinate sign lift, including a parity coordinate, embeds all 64 states
injectively into [PG(Q). Mask actions become orientation-preserving diagonal
isometries and admit Hodge-compatible transport. Every ordered pair of distinct
states can be completed to a harmonic quadruple with cross-ratio —1. Because
this completion works for every such pair, harmonicity alone neither selects an
interpretation nor predicts a future state.

The book establishes a typed controlled realization, a minimal channel-repair
theorem and exact limits of information reduction. Qian and Kun share one
channel profile; Jiji and Weiji share another. Their differences remain present in
the complete projective embedding. These examples show why target-specific
preservation must be checked before treating a compressed representation as a
semantic model.

The philosophical proposal is a contemporary reconstruction informed by selected
Chinese primary texts. It does not attribute projective geometry to ancient
authors. Independent sinological review, blinded annotation and empirical
predictive validation remain future tasks. This is expanded working edition 0.3,
preserving mathematical lineage 1.8. Chapters 15-22 add a critical literature
review and a source-code ARBD domain integration. External predictive validation
has not been run. The Russian text is the full monograph; this English abstract
and the separate extended synopsis are not complete translations.
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IIpunoxenue I FIIHE

ARAARIMAEN T PR BAIERM B R & X238 B & T4 MR XE— 1 BRERS 5,
BIHUBTMENANZHBMIRET , WS CHFHEEELR, — MEHRIIRRNERRIR ,
EZAXMERNNTER, EANEHZEN=1"BR&E,

ERZF L MASBLIINCENFSEEREIM AT MRS R ERANES R =6, BIEER
MARERFEER , FEEFEFHEE. EEMONEHRSE AT #MLINEL o 5 —BiEFM <,
Et |, XFIEFERS NEE R EMRERRE | b RERERFIRE,

ABIER T HHRELRVIZEH KM, MELMBEMFWRIDIMUBMN , UGB E4ERIRTHFR
R, 2ZSHERHERREERS  BRATSRFTtHARBHERNEERY , BxBRERTNREEL]
X5, BRREEES WP FSSHLE #9ie] B0 S 38,

XEREMRKESSFERERAWIRNBZEN , ATTIKERFECEZEEFT BN

o], EEFMEETEXER, &R HELREREZENXZREBHRBMITHENEZ, MIIANNFE
HE, BANENSREAHNRE RN, FERRIT BRARRIR=R , REREFN ,
FHEBINSZRALL A ARBD JRICHEEM, SMERFUNGIE ERHTT. BXEENX | A RES ZMHIH
XBEYFEXEFR , EXEFTWER,
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IIpunoxenue E IToJHBIN aT/IaC COCTOSIHHH

Kaxkmas 3anuch IMoKa3bIBaeT KoM CHU3Y BBEPX, N300pakeHre reKcarpaMMEL,
npodunk o ¥ MUHUMAJIbHOE YMCJIO U3MEHEHUM 1 OJIs1 JOCTUXKEHUS Ipoduis
[TopsimOK OBOWYHEIM, a HE TPaOUIIMOHHAS IOCIEeI0BaTeIbHOCTh FreKcarpaMM.
HazBaHus HeM3BECTHBIM CTPOKaM He IIpHcBauBaloTcs. [TomHasa tTabmuiia c

OnMuKaumuMu pelteHusIMU Haxonutcsa B ATLAS 64 v18.csv.

000000

a = 000

r

000100

a =100

r

001000

W

N

a =001

_,
Il

001100

a =101

r

010000

a =010

r

010100

a=110

_,
1]

011000

a =011

_,
1]

011100

a=111 r=

N

=

N

=

=

o

000001

a=001 r=2

011101

a=110 r=

000010

a=010 r

1]
N

000110

a=110 r

1]
—

001010

a=011 r

Il
—

001110

a=111 r=

o

010010

a=000 r

]
w

010110

a=100 r

1]
N

011010

a=001 r

1]
N

011110

000011

001011

a=010 r

Il
N

001111

a=110 r

Il
-

010011

a=001 r

I
N

010111

a=101 r

I
I

011011

a=000 r

Il
w

011111

a=100 r=

N

Pucynok 10: Atnac coctossauit oT 000000 mo 011111
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M CTOYHHUKH U TUTEpaTypa

T1. Kypnumes U. B. Ba3osrsiii npoekt KLT-RBD. Towm 1. v197 RU.
IIpenocTtasnennbi aBTopoM PDE Mcnonb3oBant! §2.3-2.6, PDF c. 17; §3.1-3.4,
PDF c. 19-21; §25, PDF c. 122-124. Homep PDF cTpaHuIIEl OTIUYaETCS OT
[Ie4YaTHOTr0 HOMepa.

T5. Kypnumes U. B. bazoswiii npoekt KLT-RBD. Tom V. v0.4.0.1.
IIpenocTtasnenHbi aBTopoM PDE. Mcnonb3oBansl §10.2-10.7, PDF c. 59-62; gnsa
pas3nnyeHus orepaToOpHLIX KOHTPakKToB §12, PDF c. 67-69.

K. Kypnumies M. 5. KASVD R4M.1 v0.1.1. 12 okTsi6ps 2026. §2, kpurepuii
COXpaHEeHUs 11eJIeBOro BEIBOAa. TeKCTOBBIM CHUMOK yHacJieoBaH U3 BeTBU V1.6.
Hcxomubiit ¢ami.

V16. Kypnumes U. 5. HEX-KASVD-TEMPORAL v1.6. MccnenoBaTeIbCKUY MTAKeT.
YrBepxkpenus P13-P16. CoxpaHéH BHyTpHU apxuBa v1.7.

V17. Kypnuiues Y. 5. HEX-LK2-FIELD v1.7. 19 okTs10ps 2026. YTBepXKaeHUS
P17-P23. TTonmHBIM apXUB BKIIIOYEH B HACTOsIIee U3naHue 0e3 U3MeHEeHUH;
KOHTPOJIbHas CyMMa IpuUBedeHa B MaHUdecTe.

C1l. «M yxyaHb». «CULbI», BEepXHIS 4acTh, rnasel 1, V, XII. OnekTpoHHas
TpaHckpuniusa Wikisource, oldid 2611140. Tekct. Ucnonb3oBaHE KpaTKUe
(pparMeHTH U TeEMaTUYEeCKHNE OJIOKEHUA; aTPUOYLMSA CTPAaHULL He IPUHUMAaETCS
KakK J0Ka3aTelbCTBO UCTOPUYECKOTO aBTOPCTBA.

C2. «M yxyaHb». «CHULIBI», HUXKHSISA 4acTh, r71aBbl VII-VIII B 371eKTPOHHOU
pa3ouBke. Wikisource, oldid 2611136. Tekcr.

C3. «Yxkoy u». I'y, rekcarpamMma 18. Wikisource, oldid 2106145. TekcT. UYTteHnue
8 OTHOCHUTCSI K 3TOM TPAHCKPHUIIIHH.

C4. «Yxoy u». 1I3u 113u, rekcarpamma 63. Wikisource, oldid 2572417. Tekcr.
C5. «Yxkoy u». Baut 1134, rekcarpamma 64. Wikisource, oldid 10647450. TekcT.

C6. «Uxkoy u». Ligup, rekcarpamma 1. Wikisource. Mcnonb3oBaHa TeKyIias
cTpaHuIla, mpoBepeHHast 19 okTsa0ps 2026; HOMep pemakliiu B PeecTpe He
yCTaHOBJIEH. TEeKCT.

C7. «4Uxkoy u». Kynp, rekcarpamma 2. Wikisource, oldid 2404999. Tekcr.

W1. Ban bu. «4Yxkoy u 1103 mu». « MUH CIH». JJIeKTPOHHAs MyOIuKaius
Wikisource, oldid 389845. Tekct. Mcnoab30BaHbI IIOJI0KEHUSI OCHOBHOTO TEKCTa
00 oO6paze u CMEBICIIE; TTIOSICHSIIONIME ab3allbl He TIPUITHCHIBAIOTCSI aBTOMATUYECKH
Bau bu.

W2. «Yxkoy u J1103 JTu». « MUH 510 TYH OSTHB». JJIeKTPOHHASA MyOIuKaIus
OCHOBHOTO TeKcCTa u nmosicienuit, Wikisource, oldid 1161705. TekcrT.
PemakiimoHHOe pacnpeneieHe aBTOPCTBAa KOMMEHTapueB TpedyeT OTHeIbHOMU
CBEPKH.
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P. Cameron P. J. Projective and Polar Spaces. 2nd ed. 2000. §1.2; §4.5, neyaTHas C.
60. ABTOpcKas nmy6nuKanus. M crnoimb30BaHbl ONIPEeIeeHUus U KJIaCCu4eCcKoe
CBOMCTBO TrapMOHNYECKUX YETBEPOK.

CL. Cockett ]J. R. B., Lack S. Restriction categories I: categories of partial maps.
Theoretical Computer Science. 270 (2002). P. 223-259. DOI 10.1016/
S0304-3975(00)00382-0. Yka3aTenb 0011ero KOHTEKCTA YaCTUYHBIX 0TOOpaKeHUM;
mokazaTenbCcTBO P19 maHO B KHUTe HelloCpeACTBeHHO. B mpepiiecTryoliei paborte
IIPOCMOTPEHEI aHHOTALS U BBEJEHUE.

Bce BHelIHME KUTaWCKUE TEKCTH B 3TOM pedaKILUU IIPeOCcTaBIeHbl 371€eKTPOHHLIMU
TPAHCKPUIIIIMSAMU. [TomHAsT KOS MeYaTHBIX U3TaHUM, PYKOIUCHBIX BApUAaHTOB
U UCTOPUU KOMMEHTapHeB He BHINOJIHEHA. Paboyue rmepeBogbl KOPOTKUX GpopmyI
croeJlaHbl OJIsT HACTOSINEero ucciaemoBanusi. O630p COBpeMEHHOM CHHOJIOTHYECKOH
JIUTEPATYPHl OCTAETCS 3afadyel pacIIupeHHON pefaKIuy; faHHas 6ubnuorpadus
He IpeTeHOyeT Ha MOJIHOTY.
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[HomojTHHUTe/IbHAsA JIUTEPaTypa H KPUTHYECKHE
AHHOTAIIUU

NO1-N37 — HOBBIE 3anuCH 3TOrO0 3Tarna. CTaTyc AOCTyIa OTHOCUTCS K pPeasibHO
ITPOCMOTPEHHOMY MaTepuany. «Pe3epB» He UCIIONb3YeTCs KaK J0Ka3aTeIbCTBO
Te3uca. B IoJTHOM MalllMHOYHUTAEMOM peecTpe TakKXKe CoXpaHeHbl 34 MO3UlnNu
IpeObIOYIIEero IjlaHa; UX NpeXHUe UAeHTUPUKATOPH UMEIOT OTHEeIbHOEe
npoctpascTtBo BO1-B34.

NO1 Ryan J. A. Leibniz’ Binary System and Shao Yong’s “Yijing”.
Philosophy East and West 46(1), 1996, 59-90.

HocTym: aHHOTaIlUsI/MeTamaHHble. AHHOTAIUS U Oubnuorpadudeckasi 3aruch.

Hctopuorpadust BcTpeuu OBYyX CIIOCOO0B OpPraHMU3allMK IBOUYHBIX 3HAKOB. [10JTHBIHN
apryMeHT CTAaThbU He PEKOHCTPYUPOBAH M0 aHHOTAIuu. McTOpuYeCcKuil IpUOPUTET
OBOMYHOTO COIIOCTABJIEHUS HE OTHOCUTCS K HAIlle HOBU3HE.

Hctounuk - DOI: 10.2307/1399337

NO2 Maitre M.-]. Is the Fuxi liushisi gua fangwei diagram attributed
to Shao Yong binary? Science in Context 36(1), 38-59. Online:
15.08.2025; Homep mapkupoBaH 2023.

Hoctym: anHoTalus/oubnuorpadusi. AHHOTAIIUS, CBeOEeHUs U3TaTelsI U CIIMCOK
JIUTEpPaTypPHL.

ABTOp 3amuiiaeT 6MHaAPHOCTL IOCTPOEHUS, pa3ryas HallpaB/leHUe YTeHUS U
crioco0l IoJIy4eHUs OC/Ief0BaTeIbHOCTH. DTO HEe TOXKIECTBEHHO YTBEPKAEHUIO O
CYIIIeCTBOBAHUM OPEBHEU NO3ULMOHHOMN apudmMeTuku. PasnuyaTs CTPyYKTypHOE
COOTBETCTBHUE U UCTOPUYECKOE IPOUCXOKIEHNUE.

Hcroynuk - DOI: 10.1017/S0269889725100665

NO3 Cook R. S. Classical Chinese Combinatorics: Derivation of the
Book of Changes Hexagram Sequence. STEDT Monograph 5, 2006.

HocTyn: npeBbio/onucanue. ABTOPCKOE MPEeBbIO, CIIUCOK NyOJIMKAIIUM U OIMCaHue
Cepuu.

I/ICCJ'IeJIyeTCﬂ KOM6I/IHaTOpHaH OpraHu3aliyd II0CJIeaJ0BaTEeJIbHOCTHU; U30aTEJILCKOe
OomnucaHUWEe CBSI3LIBAET €€ C PEKYDPPEHTHBIMU COOTHOIIIEHUAMU U 30JI0TBIM CE€YEHHUEM.
I[TonHass KHUTa He IIPOYMHTaHa. Hymepaum{ I10CIenoBaTEeJIbHOCTHU U 3aKOH
IIepexoaga KOHKPETHOI'O COOBITUS — Pa3HbIE 3ada4H.

HUcTtounuk
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NO04 Schoter A. Boolean Algebra and the Yi Jing. The Oracle 2(7),
1998, 19-34.

HocTymn: TekcTt, BbIOOpouHO. ABTOpcKui PDF: BBefieHue, mocTaHOBKa OyieBoi
MOMENM U OIlepalliuy; He IOCTPOYHAas PeleH3uUs.

I'ekcarpaMMbI TPAKTYIOTCSI KaK CTPYKTYPHBIE 0003HAUYEHUST CUTYyallui U
HUCCIenyIoTcs cpeacTBamMu OyneBoi anrebpel. [IlecTs 6UTOB, omepanuu Haf
yepTtaMu 1 ¢hopManu3alusa CUTyaluil yKe UMeIOT SIBHBIX ITPeqIIeCTBEHHUKOB.

HcTouHUK

NO5 Schoter A. Flowers and Steps in the Boolean Lattice of
Hexagrams. Journal of Chinese Philosophy 31(4), 2004, 489-504;
nepeu3nanue 36, supplement, 2009, 113-128.

HocTyn: aHHOTanus/MeTaganHele. M3gaTenbcKasa 3allUCh U aBTOPCKas
aHHOTAalTUus.

OOmuIuit sI3BIK OyJIeBOM PEIIETKYN UCIOIb3yeTCs [JIsT COIIOCTABIEHUS HECKOIBKUX
crioco00B onucaHus u3MeHeHul. [lepen3maHre He CUUTAETCS BTOPOM
He3aBHUCHUMOM paboToii. Halra mpoBepKa JOCTAaTOYHOCTH COKpPAIIeHUs OOJI2KHA
CPaBHUBATHCS C YK€ CYLUIeCTBYIOIIUMU OyJIEBEIMU MOOEIISIMHU.

Hctounuxk - DOI: 10.1111/j.1540-6253.2004.00167.x

NOG6 Schoter A. Bipolar Change. Journal of Chinese Philosophy
35(2), 2008, 297-317.

HocTyn: aHHOTanus/MeTagaHHbele. 3gaTenbcKas 3aluCh; HalimeH aBTopcKuil PDF,
IIOJIHOTO YTEHUS HET.

ComocTaBieHre BUOOB U3MEHEHU A IIpencTaBlIdeT OTOEJIbHYIO JTMHUIO
OIIEPATOPHOT O IIPOYTEHU . ToxkpgecTBa HaIUX U dBTOPCKHX OII€paTOPOB 30€Ch HE
YTBEP2KIOAKTCA. He 3asaBasaTh IIePBEHCTBO caMoH ugeu aJ'Il"erBI HU3MEHEHHu’.

Hcroynuk - DOI: 10.1111/j.1540-6253.2008.00479.x

NO7 Schoter A. The Yijing: Metaphysics and Physics. Journal of
Chinese Philosophy 38(3), 2011, 412-426.

HocTyn: MeTagmanHble. Ha3BaHUe, BEIXOOHBIE HaHHbBIE; HalijeH aBTOPCKuu PDF.

[IpenuiecTByOIIas IporpaMMa COIIOCTaBIeHUsT (OpMabHOTO s3bIKa [lepeMeH u
(bu3MKY; TE3UCH U JOKa3aTeIbCTBa TPEOYIOT OTAETFHOTO IOJTHOTO YTEHUS.
MeTamaHHBIE He TTIO3BOJIAIOT HU IPUHATH PU3NYECKYI0 UHTEPIPEeTAINIo, HU
OTBEPTHYTH €€.

Hcrouynuk - DOI: 10.1111/j.1540-6253.2011.01663.x
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NO8 Schoter A. Correctness and Correspondence. The Oracle 2(8),
1999. IIaruHanusi TpedyeT CBEPKH.

HocTyn: pe3epB. bubnuorpaduyeckrue ynoMmuHaHnus pacxogsarcs: 1-17 u 25-37;
OpUTHHAJ He IIPOBEPEH.

[ToTeHIIMANTBHO BaKHBIU IPEeAIIeCTBEHHUK 151 MO3UIIMOHHBIX OTHOIIEHUY U I1ap
1-4, 2-5, 3-6. IIpuoputer H15 Henb3sg 00BABIIATE YCTAaHOBIIEHHLIM 40 U3Y4YEHHUS
3TOr0 TEeKCTa.

HcTouHUK

NO9 Vugman N. V. Trigrams in the Ancient I Ching Oracle. An
Application of Group Theory. Journal of Chemical Education 78(2),
2001, 213-214.

HocTyn: MeTagaHHBIE. 3allUCh U3[aTesIs; IIOJIHbIM TEKCT He IOJIYYEH.

[IpuMeHeHUE TeOpUU I'PYIIl K TPUTpaMMaM DOOTBEPXKOaeT CyllleCTBOBaHUE
COOTBETCTBYIOIIET0 HallpaBjieH!sA. [ pPynnoBo# A3LIK caM II0 cebe He COCTaBIsAeT
HoBu3Hy KLT-ARBD.

HcTtounuk - DOI: 10.1021/ed078p213

N10 McKenna S. E., Mair V. H. A Reordering of the Hexa-Grams of
the I Ching. Philosophy East and West 29(4), 1979, 421-441.

HocTyn: MeTamaHHble/pe3epB. Halimeno 6ubnuorpadudeckoe onrucanue; PDF mo
9TOM CCHINIKE He MPOYHUTAaH.

[TepecTaHOBKM U albTepHaATUBHBIE TOPAOKU rekcarpamMm. Stephen E. McKenna
3nech He Terence McKenna. He cMmemuBaTh IepeCcTaHOBKY KOpIlyca C IIPOTHO3HBIM
3aKOHOM.

HUctounuxk - DOI: 10.2307/1398813

N11 van der Blij F. Combinatorial Aspects of the Hexagrams in the
Chinese Book of Changes. Scripta Mathematica 28(1), 37-49. T'og B
ouo1uorpadpusix: 1966/1967.

HocTymn: pe3epB. PaGora oGHapyxkeHa 1o 6ubnuorpadudeckoi ccoiike y Cheng;
CCHIJIKA BEeHET K UTUPYIOIIEeH cTaThe.

PanHee KoMOMHaATOPHOE UCCJiejOBaHMe; BEIXOAHBIE TaHHbIEe TPeOYIOT OpUruHara.
He ncnonb3oBaTh HENPOYUTAHHYIO CTAThIO OJI1 OTPUIIAHUS IIPEHIIECTBYIOIIETO
pe3ynbTaTa.

HcTtouHUK
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N12 Robinson D. Divination in Ancient China. Journal of the Royal
Statistical Society, Series C 24(3), 1975, 329-332.

HocTyn: aHHOTauMs. AHHOTAILMS U30aTeNs U BEIXOOHbIE TaHHbIE.

CpaBHUBAIOTCS BEPOSATHOCTHHIE CBOMCTBA MOJIy4YEeHUS 3HAKOB ITIOCPEACTBOM MOHET
u ctebrnel. Pacripenenenue pe3yabTaTa IIPOLEAYPhl OTIUYAETCS OT
mpencKas3aTesibHOM CUilbl TonKoBaHUs. B ARBD MCTOYHMK BEPOSATHOCTEHU IOJIKEH
OBITH YKa3aH OTHEJIbHO OT CMEICJIA ITOJIyYeHHOr 0 3HakKa.

HUctounuxk - DOI: 10.2307/2347094

N13 Chen C. L. P, Zhang T., Chen L., Tam S. C. I-Ching Divination
Evolutionary Algorithm and its Convergence Analysis. IEEE
Transactions on Cybernetics 47(1), 2017, 2-13; online 2016.

Hoctym: anHoTanus. IEEE, uHCTUTYyIMOHaNbHas KapTodka u PubMed;
OOKa3aTeIbCTBO CXOOUMOCTHU IIOJTHOCTHIO HE ITPOBEPSIIOCE.

IDEA ucnons3yeT Tpu nmpeobpa3oBaHus: intrication, turnover, mutual. ABTopH
OIIMCHIBAIOT IIPOCTPAHCTBO I'eKcarpaMM U IIPOCTPAHCTBO COCTOSTHUM, MaPKOBCKUU
aHaNMn3 CXOOUMOCTU. Tpu omepaTopa U CTOXaCTUYECKUU alrOpPUTM yKe OblIN
npennoxeHsl. Hamu Tumnsl Beibopa, BCTAaBKU M 3BOJIIOIUY TPeOYIOT OTOEIHbHOTO
COIIOCTaBJIEHUS].

Hcrounuxk - DOI: 10.1109/TCYB.2015.2512286

N14 Hu Z., Petoukhov S. V., Petukhova E. S. I-Ching, dyadic groups
of binary numbers and the geno-logic coding in living bodies.
Progress in Biophysics and Molecular Biology 131, 2017, 354-368.

HocTym: TeKCT, BHIOOPOYHO. AHHOTAIUSI, BBeOeHNe, MAaTPUYHbIE TPUMEPH U
oubnuorpadus asropckoro PDF.

Ivapuyeckue TPYIIE, MaTPUIEI U TeHETUYECKUE aHaIoTuu 06pa3yioT Pa3BUTYIO
anrebpandeckyio nporpaMmy. ®opmasbHOe COIIOCTaBIeHNEe He YCTaHaB/INBaeT
OpPEBHETO 3HAHWS T€HEeTHUYEeCKOro Koma. OTHenbHO MPOBEPSATh MaTEMaTUYECKOe
COOTBETCTBUE U IIPEIMETHYIO OMOIOTUYECKYIO TUIIOTE3Y.

HcTtounuk - DOI: 10.1016/j.pbiomolbio.2017.08.018

N15 Radisic A. Optimal Equivariant Matchings on the 6-Cube With
an Application to the King Wen Sequence. arXiv:2601.07175v3,
2026.

HocTym: TekcT, BBIOOPOYHO. I[TocTaHOBKA, OCHOBHEIE TEOPEMEI, IIPUMEPHI U
3asIBJIeHHbIE IPOBEPKHU; Lean-MpoeKT HaMU He 3alyCKaJIiCs.

OnTUMaJTbHOCTH ITAapPOCOYETaHUs JOKa3aHa aBTOPOM B 3aJlaHHOM KJlacce
9KBUBAPUAHTHOCTH U IPU KOHKPETHON CTOMMOCTHU. PaciinpeHue gOIMyCTUMOTO
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KJIaCCa MEeHseT pe3yJbTarT. JIro6ast ONTHMAJIbHOCTh BOCCTAHOBJIEHUS KAaHAJIOB
TaK>Ke 3aBHUCHUT OT SIBHOU IIeJIeBOM (I)YHKL[I/II/I nu Ol"paHI/I‘-IeHI/II‘;I.

HUctounuxk - DOI: 10.48550/arXiv.2601.07175

N16 Chan A. Statistical Properties of the King Wen Sequence: An
Anti-Habituation Structure That Does Not Improve Neural Network
Training. arXiv:2604.09234v2, 2026.

,]IOCTyl'I: aHHOTaAUUsA. AHHOTAIIUSI BepCHuu v2; SKCIIEPHUMEHTHI HE BOCIIPDON3BEEHEI.

ABTOpP CcOOOIIIaeT 0 CTaTUCTUYECKUX CBOMCTBAX MOPSANKA ¥ OTCYTCTBUU BHIMTPHIIIA B
ITPOBEOEHHBIX 3KCIIePUMEHTax 00y4eHus: HerpoceTel. [Tone3HbIN OTpUllaTeIbHBIN
pe3ynbTaT: CTPYKTypHasi HEOOLIYHOCTh He TapaHTUPYET IIPUKIagHOMN

9 PEeKTUBHOCTH.

Hctounuxk - DOI: 10.48550/arXiv.2604.09234

N17 Liu A. Yi Dynamics Al: A Hexagram State-Iransition and
Intervention Framework. Asropckuii PDF, 6 c.; nata u
perieH3MpPOBaHHE HEe YCTaHOBJIEHHEI.

HocTym: TekcT, BEIOOpo4YHO. [TocTaHOBKA U IepBhie pa3neiibl PDF.

[ITecTnO6UTHOE COCTOSAHUE, U3MEHEHUE OOHOM 4ePTH], Irpad nepexonoB U
BMelllaTe/IbCTBa. YKa3aHHble 384 CBsI3U COIJIaCylOTCS C HallpaBJIeHHBIMU OyraMy;
HeOpUeHTUpPoBaHHLIX pedep 192. I'pad u3 64 cOCTOSTHUN U BMeIIaTeIbCTBO CaMU
1o cebe He HOBBIE; BaKHBI 3aKOH, TUIIH U IPOBEPKa UHDOPMALIMH.

HcTOouHUK

N18 Meyer P. The Mathematics of Timewave Zero. ABTOpCKOe
un3noxkenue; appendix k The Invisible Landscape, 2nd ed., 1993,
211-220.

IHocTym: TEKCT, BLIOOPOYHO. ABTOPCKOE MaTeEMaTUUYEeCKOe OITMCaHue U
IIPOUCXOKAEHUE YUCTIOBOTO pPsfa.

YucmoBasi KOHCTPYKIUS BPEMEHHOM BOJIHBI UCIIONb3YET JaHHBIE
nocnenoBaTenbHOCTH [lepeMeH. E€ MmaTeMaTudecKasi ONIPeNeI€HHOCTDL He
MOKa3bIBaeT CBSI3b C UCTOPUYECKUMHU COOBITUSIMU. TpeboBaTh 3apaHee
(pruKCcHupyeMBIX TPOTrHO30B; CBOOOHAS ITOATOHKA XPOHOJIOTUH He SIBIISIEeTCS
IIPOBEPKOMU.

HUcTtounHuk

N19 Cullinane S. H. Space-Time and a Finite Model. ABTopckue
3ameTKH, 28.05.2007.

Hoctyn: Tekct, BeIGopouyHo. Pa3zgen Notes on the I Ching, May 28.
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64 3Haka comocTtaByieHbl ¢ AG(6,2), a 63 HeHyNneBrIX TOUKU — ¢ PG(5,2);
00CyKIalTCs KOHEYHbIEe TeOMeTPUN U Ipeobpa3oBaHus. [IpoeKTUBHAsS TeMaTHUKa
yXKe NpUCyTCcTByeT. Hallle BeleCTBeHHOE IIPeacTaBIeHe C KOOPAUHaTOU
YETHOCTU U TaPMOHNYECKOM YEeTBEPKOU UMeeT UHOM KOHTPAKT.

HcTouHUK

N20 Ko63eB A. 1. YueHHe 0 CHMBOJIaX M YHCJIaX B KHTAaHCKOH
KJIaccuYecKou ¢pumocodpun. MockBa: BocrouHasi iureparypa, 1994.

Hoctym: onucanue. Onucanue Kkuuru Uucturtyra punocopun PAH.

CsH Iy pacCMaTpPUBAETCS KaK UCTOPUYECKAsi METOIOJIOT U
ITPOCTPAHCTBEHHO-YHUCIIOBLIX CTPYKTYP. [1OJTHBIM TEKCT KHUTH B 9TOM dTalle He
mpouyuTaH. McTopudyeckasi CUCTeMa YHCeJl M COBpeMeHHasi MaTeMaThudecKas
PEKOHCTPYKIUSA TPeOYIOT pa3HbIX KpUTepueB 000CHOBaHUS.

HcTouHUK

N21 Arrault A. Les diagrammes de Shao Yong (1012-1077). Qui les
a vus? Etudes chinoises XIX(1-2), 2000, 67-114.

HocTyn: pe3epB. bubnuorpadus Maitre; MomHBIN TEKCT HE TPOYUTAH.

HccnemoBaHue nepemadyu U aTpudynuu quarpaMM. He maTupoBaTh COBPEMEHHYIO
PEKOHCTPYKIIAIO 3TI0XO0M TPAOUIIMOHHO Ha3BAaHHOTO aBTOpa.

Hcrtoynuk - DOI: 10.3406/etchi.2000.1289

N22 Arrault A. Mutations et calcul binaire de la Chine a I’Europe.
Recherches sociologiques 3, 2001, 81-96.

Hoctym: pe3eps. Ccrijika BeOET K Oubnuorpadun Maitre.

HcTopuueckuil mepexon Mexay KUTauCKUM ydyeHueM [lepeMeH U eBpOIeliCKUM
OMHaApHBIM ITpouTeHueM. TpebyeTcs MOJTHOTEKCTOBAs IIPOBepPKa apryMeHTa A0
KCIIOJIb30BaHUs B IOKa3aTeJIbCTBE IPUOPUTETA.

HUcTtounuk

N23 Arrault A. Numbers, Models and Sounds: Numerical
Speculations of Shao Yong. Monumenta Serica 61, 2013, 183-201.

Hoctym: pe3eps. bubnuorpadpus Maitre.

Yucnoswie Mogenu Illao FOHa B GoJiee MIUPOKOM KOHTEKCTe. He CBOOUTHL yUeHUE
[lTao FOHa K 0OMHOMY COBPEMEHHOMY KOOy.

HcTouHUK
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N24 Aiton E. ]., Shimao E. Gorai Kinzo’s Study of Leibniz and the I
Ching Hexagrams. Annals of Science 38, 1981, 71-92.

HocTyn: pe3epB. bubnuorpadus Maitre.

HcTopus uccnengoBanuii JleiiOHUIla U reKcarpaMM. Pe3epB Oyl yTOUHEHUS
HCTOPUHU MaTeMaTHUYeCKOUN peLeIinn.

HcTouHHUK

N25 Cammann S. Chinese Hexagrams, Trigrams, and the Binary
System. Proceedings of the American Philosophical Society 135(4),
1991, 576-589.

Hoctym: pe3eps. bubnuorpadpus Maitre.

CBsA3b OIBOMYHOU CUCTEMBI U KUTAWCKUX 3HAKOB. COIIOCTaBUTh IIOCJIE IIOJIyYEHU
OpuUTHHAalIa; He MIPUIINCHBATL CTaThe BLHIBOOBI 10 HA3BAHUIO.

HUcTtouHukKk

N26 Drasny J. The Yi-Globe: The Image of the Cosmos in the Yijing.
Budapest, 2007.

HocTyn: pe3epB. bubnuorpaduyeckre ymoMuHAHUSA U YKa3aTellb aBTOPCKOTO
IIPOEKTa.

[IpocTpaHCTBEeHHAs opraHuU3allds rekcarpamMM; OpUruHai He usydeH. [ns
CpaBHEHUS TeoOMeTPUYEeCKUX Mofiesieil TpebyeTcs ToOUHasi KapTa COCTOSTHUM, a He
BU3YyaJIbHOE CXOMICTBO.

HUcTtounuk

N27 4i%#%E [Zou Xiaohuil. (52) PHERZX : YILRFESHKER. Sciencenet,
aBTOpCKH#H 0101, 21.05.2025.

HocTym: aBTOpCKas mporpamMMa, BEI60pPOYHO. [TI0MCKOBOE OIMMCaHue U MOCTYITHBIHN
(bparMeHT aBTOPCKOM ITyOIUKAIIHH.

3asiByieHHBl OyJ1eBHl, IPYIIOBLIE U O0Jiee IIUPOKHE MaTEMATUKO-QU3NUECKUE
nonoxonbl. ITonmHBIE JOKa3aTeNbCTBa U Baluaallisg He YCTaHOBJIEHBL. [IporpamMMHOe
penoKeHne He paBHO3HAaYHO 3aKOHUYEHHOU TEOPHUH; TOT Ke CTaHOapT
NpUMeEHseTCS K Halllel TporpaMMe.

HcTouHUK

N28 Palmer K. Advanced Special Systems Theory. Proceedings of
the ISSS, 62nd Annual Meeting, 2018.

Hoctym: pe3eps. O6HapyxkeH nepBudHbi PDF, comepxxkaimui o6cyxkaenue I Ching
U projective geometries; IOJIHOTO YTEHUS HET.
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Emé omHa MTUHNS CHCTEMHOM M reOMeTPUYeCKOl HHTepnpeTanuu. He 3asIBIsITh
r100aJIbHBIN IIPHOPUTET IPOEKTHUBHOTO IIPOYTEHUS OO0 OTAEIFHOM 9KCIEePTHU3HI.

HUcTtounuk

N29 Schepis S. The I-Ching as a Subjective Quantum System: A
Computational and Statistical Analysis. ABTopckasi ny0/1HKamusi Ha
Academia.edu, 2024.

HOCTYI'I: aHHOTaHI/Iﬂ/pe3epB. ABTOpCKaﬂ dHHOTAIINA; HE3aBHUCHUMOE
peneH3npoOoBaHUE U SKCIIEPHUMEHT He YCTAaHOBJIE€HEI.

KBaHTOBO-MH(pOpPMaIMOHHasa runoTe3a. Y3 Ha3BaHUS He CJlefyeT Halu4due
(u3nyecku npoBepeHHOM KBAaHTOBOM Mopenu. B 0630p BKIOYeHa KakK 3asBlIeHHas
WHTEPIIPeTalusi, He KakK MOATBEPKAEHHBIN Pe3yJbTaT.

HcTouHUK

N30 iching-math. ABTOpCKasi BBIYHCIUTE/IbHAsI Iy IHKAIHsI
npoekra gzw1987-bit; taTa U aBTOPCTBO O rpaxKaaHCKOMY UMEHH
He YCTAaHOBJIEHBI.

Ooctym: onmucanue/pe3eps. [TIoMCKoBas KApTOYKa aBTOPCKOTO CaiTa.

3asiBJIeHO UCCIIeJOBaHUE LIMKJINYECKOU CTPYKTYpPHI; IPOrPaMMHEBIN pe3yJibTaT B
9ToM paboTe He BOCIIPOU3BEeNEH. Pe3epB BOCIIPOM3BOAUMOT0 CPAaBHEHMST; YUCIIa U3
KapTOYKU He BKJIIOYEHHBI B JOKa3aTeJIbCTBa.

HUcTtounuk

N31 Goldenberg D. S. The Algebra of the I Ching and its
Philosophical Implications. Journal of Chinese Philosophy 2(2),
1975, 149-179.

HocTyn: MeTaJaHHBIE; KOCBEHHOE U3NI0KeHUe. V3maTenbCcKas 3aluCh;
COIIOCTaBJIeHHUE olepaluii B ctatbe Schoter 1998, §2.2.

Pannss anrebpandeckas peKOHCTpyKIius [Tepemen. [To usnoxkenuio Schoter,
HUCIonb3yeT onepanuu, coorBeTcTByIOmMe XOR u AND; opuruHas DOJIHOCTBIO HE
npouuTaH. Anrebpausanus u ¢punocodpckue ciegcTBus 00CyKOaluch 3a
OecsITUIIeTUS 0 Hallnel paboThI.

Hcrtoynuk - DOI: 10.1111/.1540-6253.1975.tb00366.x

N32 Hacker E. A. Order in the Textual Sequence of the Hexagrams
of the I Ching. Journal of Chinese Philosophy 14(1), 1987, 59-64.

HocTtyn: MmeTaganHble. Ha3BaHue U BEIXOAHBIE TaHHBIE; ITIOTHBIN TEKCT HE
ITPOYMTAH.

HccnenoBaHue IIOpsAOKa rekKcarpaMmM. BktoyeHo B pe3eps 00s13aTeILHOTO
COIIOCTaBJIEHUA KOM6I/IHaT0pHBIX IIOPSAOKOB.
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Hcrtoynuk - DOI: 10.1111/j.1540-6253.1987.tb00329.x

N33 Hacker E. A. Temperature and the Assignment of the
Hexagrams of the I-Ching to the Calendar. Journal of Chinese
Philosophy, 1982.

,]IOCTYII: MeTagmaHHBIe. M3maTenbcKasa 3aluch; TOM U CTPaHUILEI 30€CH HE
BOCCTaHOBJIEHEI.

KaneHpapHEBIE U KOJTUYECTBEHHBIE COOTBETCTBUS 00pa3yi0T OTOEIbHEBIN KjIacc
uHTepupeTanuii. He cMemuBaTh KajeHOgapHOe pa3MelleHe C IPOBEPEHHBIM
IIPOTHO30M TeMIIEPaTypHI.

Hcrtounuk - DOI: 10.1111/j.1540-6253.1982.tb00581 .x

N34 Hacker E., Moore S., Patsco L. I Ching: An Annotated
Bibliography. 2002.

HocTyn: onucaHue/6ubmuorpadrnyecKkuii MHCTPyMeHT. M3gaTenbckKas KapTodyka 1
OOCTYIIHOE IIPEBBIO.

OOUIMPHBIN YKa3aTeslb aHTJIOSA3BIYHOM PEleIIiiiui, BKJII0Yasi CTaThi U IIPOrPaMMEI.
9To He olHA MaTeMaTu4decKas Teopusi. Heo6xoguM Ot MOCIeayIOIIero
CHUCTEeMaTHUYEeCKOI'0 IIOMCKA; ero HaJIu4dnue UCKITI0YaeT 3asiBJIEHNEe O 3aKPLITUHN BCEH
JIUTEePaTypPhl OOHUM CETEBBIM 0030pPOM.

HUcTtouHuUK

N35 E¢E [Dong Guangbi]. 525%% [Uu3uH u mareMarukal]. B}
iE%i@if, 1985, Ne 3.

HocTyn: aHHOTanus usgartensa. Kutarckas XXKypHaJibHas CTpaHUIla, aBTOp, o U
aHHOTAallUus.

ABTOp mpemiaraeT KOMOMHATOPHOE, TEOMETPUYECKOe 1 TPYIIOBOe ITPOYTeHUe
muarpamm Illao FOHa; ymoMuHaeT mpeaecTByoIre OMHOMUATbHEIE U MAaTPUYHEIE
Mmopmenu. Kutalickass MaTeMaTUdYecKasl pererius J0IXKHa paCCMaTPUBAThC
CaMOCTOSITEIbHO, @ HEe TOIBKO Yepe3 eBPOIeHCKYI0 ucTopuio JIeiOHHUIIA.

HcTouHUK

N36 7\F), #iH [Sun Li, Zhang Peil. ¢ (A5) L2 FHENHNFERE——E
RATHES A FHLLHEE. ESMR. BeixogHble JaHHBIE TPEOYIOT
IIPOBEPKH.

HocTym: pe3eps, BTOpUYHasi KapTouyka. OOHapyKeHO 10 KUTaliCKOMY
6ubnuorpadruecKkomMy MOUCKY; TEPBUYHBIN XKYPHAIbHBIM TEKCT HE IOTy4YeH.

[To KapTO4YKe — IIOCTPOEHUE MOPSAKa Yepe3 MarudeCcKuil KBafpaT U UTEPATUBHYIO
repeHyMepanuio. DTOT IIepecKkas3 He UCIOJIb3yeTCs KaK J0Ka3aTeIbCTBO
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pe3ynbTaTa aBTOPOB. [fo6aBlIeHO K oYepeny IIOIydYeHUs ITePBOUCTOYHUKOB;
TUIIOTEe3a O MPOUCXOXKIEHUHU ITOPsSaKa TpebyeT UCTOPUYECKUX CBUOETEIbCTB.

HUcTtounuk

N37 MMDR10. iching-64hex-null-audit. ABTopcKu# peno3uTopui
GitHub, Bepcus ctpanunsi Ha 19.10.2026.

Hoctynm: README, BeIOOpOoYHO. [IpouynTaHO aBTOPCKOE OITHMCaHue; KOO He
3amyckascs, commit He 3a¢pUKCHUPOBaH.

CpaBHHUBAIOTCS YETHIPE NOPSANKA, TeOMETPUUYEeCKUe ITI0Ka3aTelIu U YCIOBHEIE
HYyJIeBbIE MOMEeIH; OIMyOJIMKOBaHbl TaKXKe OTKa3bl OT MMPEXKHUX TUIT0Te3. Bau3kui
MEeTOLOJIOTUYECKUN IIpeliefeHT KOHTPOJISA HOATOHKYU. Pe3ynbTaTel U UCTOPUUYECKUEe
NIPUYMHHBIE TPAKTOBKU TPeOYIOT HE3aBUCUMOM IIPOBEPKMU.

HcTouHUK
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YHac/JIedoBaHHLIN PaCHIHPEHHBIH OHOIHOrpadpuIeCKun
peecTp

UpenTtudukatopsl B01-B34 oTHOCSTCA K IIJIaHYy paciimpeHHOU MoHorpaduu 0.2.
Yka3saH cTaTyc goCTyma IpeabIayLIiero sTamna; MOJIHOTO ITIOBTOPHOI'O YTEHUS 3TUX
KHUT B pegaknum 0.3 He IPOBOOUIIOCE.

BO1. Kypnumes U. B. Ba3oseiti npoekt KLT-RBD. Towm 1. v197 RU. ABTOpCKUIA
Kopnyc, 2026. JocTtyn: TeKCT. Mi30paHHbIe onpeaeieHus:, UCI0oIb30BaHHEIE B vV0.1:
§2.3-2.6, §3 u §25.

B02. Kypoumes U. b. ba3ossiii npoekt KLT-RBD. Tom V. v0.4.0.1. ABTOpCKU1
Kopmyc, 2026. [Hoctym: TekcT. §10 u §12; BrigepKKU coxpaHeHsl B v0O.1.

BO03. Kypnumes U. 5. KASVD R4M.1 v0.1.1. 12 okTsi6pst 2026. [IoCcTyn: TEKCT.
YHacemoBaHHBIN TEKCTOBBLIM CHUMOK §2; ucxomubiii PDF B 3T0# paboTe 3aHOBO He
ckauuBayiCsa. UCTOUYHUK.

B04. KypnumeB U. b. Kuura [lepeMeH B IPOEKTUBHOU U TapMOHUYECKON MOJEJIN.
Pa6ouas pemaknus v0.1, maTemaTudeckasi BeTBb v1.8. 19 okTsa6ps 2026. TocTym:
TeKCT. OCHOBHOU PYCCKHUU TEKCT U Pe3yIbTaThl IPOBEPOK; UCXOOHBIA apXUB
COXpaHEH MOJIHOCTHIO.

BO05. Kypnoumes U. b. Copubiii Koprnyc v32 v196cc.pdf. ABTopckuii apxus, 2026.
Hoctym: Tekct. Beibopouno PDF c. 15, 18-21; Beck Kopnyc u3 4718 cTpaHui He
peleH3UpPOBaICs.

BO06. Uxoy u E%. 'y, Uanss, Kyas, 113u u3u, Bait 13u. D1n1eKTpOoHHBIE
tpaHckpuniuu Wikisource. JocTymn: TeKCT. PparMeHTH U BEPCUH,
3aperucrtpupoBanHusie B SOURCE REGISTER.json pemakuuu v0.1. MCTOYHUK.

B07. U uxyaub 5{8. Cuibl ¢, BepXHSIS U HUKHSSA YaCTU. DJIeKTPOHHEBIE
TpaHckpunimuu Wikisource. Joctym: TekcT. Beibpanubie pparmeHTs v0.1; HUKHS S
vacThk oldid 2611136. McTOYHUK.

BO08. Bau Bu. Yxkoy u m03 nu FSEHF. Mun csian BB%R u MuH sio TyH O0s1Hb BAXiBE:.
Ioctyn: Tekct. Bribpanusie pparmenTsl v0.1; gnst MuH g0 TyH 6sHb oldid
1161705. UCTOYHUK.

B09. Shchutskii I. K. Researches on the I Ching. Trans. W. L. MacDonald and T.
Hasegawa with H. Wilhelm. Princeton University Press, 1979. ocTyn: onucaHue.
Bbubnuorpadryueckasi KapTodyka U OIMHCAHMNE; IIOJTHOTO YTEHUSI KHUTH B 3TOM 3Tare
He Ob1710. ICTOYHUK.

B10. Lynn R. J. The Classic of Changes: A New Translation of the I Ching as
Interpreted by Wang Bi. Columbia University Press, 1994. [ocTymn: onucaHue.
CtpaHuna u3gaTesns U orjaBieHue. MCTOYHUK.

B11. Shaughnessy E. L. Unearthing the Changes: Recently Discovered
Manuscripts of the Yijing (I Ching) and Related Texts. Columbia University Press,
2014. Joctyn: onucanue. CTpaHHUlla U3HaTENISA U OIIMCaHKE PYKOIUCHOT O
MaTepuaia. UCTOYHUK.
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B12. Rutt R. Zhouyi: A New Translation with Commentary of the Book of Changes.
Routledge, 2002. HocTym: onucanue. M3maTenbCKoe ONMCaHUE U OTJIaBIeHUe
U3OaHus; IepBOHadYalbHas KHUTa Bhiliia B Curzon B 1996. McTOYHUK.

B13. Smith R. J. Fathoming the Cosmos and Ordering the World: The Yijing (I
Ching, or Classic of Changes) and Its Evolution in China. University of Virginia
Press, 2008. [JocTyn: onucaHue. Mi3maTenbCKoe OIKMCaHKeE; TePBOHaYaIbHBIN IO
OOTIOTHUTEIBHO MMOATBEPXKIEH aBTOPCKOM cTpanulle Rice University. UcToOYHUK.

B14. Smith R. J. The I Ching: A Biography. Princeton University Press, 2012.
HocTyn: onucaHue. ABTopcKas 6ubnuorpadusa u n3gartenbckas 3anuch Ha JSTOR.
HcTOouHUK.

B15. Kpymuuckuii A. A. Jloruka peBHero Kurtas // ®unocodpckuii xkypHasn. 2016.
T.9. Ned4. C. 111-127. HDocTym: TeKCT. [LOCTyIIE€H IIOJIHBIN TEKCT; MOOPOOHO
paccMOTpeHbl TOCTAaHOBKA Bompoca, §§2.3-2.4 u 6ubnuorpadusi. MICTOUHUK.

B16. Kpymuackuut A. A. UccrnegoBaHus Torudeckou Meiciau [IpeBHero Kuras:
Tynuku U Beixonbl. YacTs II. Jloruka M-113uHa // Bonpocs punocopunm. 2015. Ne 10.
Ioctyn: onucanue. AHHOTaIUs U IPUHAAIEXKHOCTD BHIITYCKy 2015;
aBTOMaTH4YeCKOe IMTUPOBaHMe canTa yKa3biBaeT 2021, m0o5TOMY BHIXOOHEIE
cBefleHUs TPeOyIOT CBEPKU C ITeYaTHHIM BHITYCKOM. MICTOYHUK.

B17. Kpymnuckuu A. A. Jloruka OpeBHero Kurtasa. Mocksa: U[1B PAH, 2013. 383
c. ocTyn: pe3epB. 3anuck npuBefeHa no 6ubnuorpaduu S7, c. 125; MoHOTpadus
B JaHHOM 3Talle He nmpounTaHa. CChUIKa BEHET K CTaThbe, CogepxKalllell 3anuch.

W CcTOYHUK.

B18. I'epacumoBa M. A. KOHCTPYKTUBU3M KaK JIOTUUYECKUM CTUJIb U IIpobiema
KuTauckou noruku // ®unocodckuut xkypHasn. 2016. T. 9. Ne 4. C. 128-146. HocTym:
TEeKCT. AHHOTaUusA U HadaJlbHEIE pa3nensl cTaTbu. CTOYHUK.

B19. [IparanuHa-YepHasa E. I'. BriipaBrieHue UMeH: OT TpaMMaTUKU K JIOTUKE
couuasnbHOTro codTBepa // Punocodckumt xkKypHan. 2016. T. 9. Ne 4. C. 147-157.
HocTym: TeKCT. AHHOTAUUA U pa3fnesl 0 KOHCTUTYTUBHEIX ITpaBuiax, c. 147-149.
HcTouHUK.

B20. Liu F, Seligman J., van Benthem J. Models of Reasoning in Ancient China //
Studies in Logic. 2011. Vol. 4, no. 3. P. 57-81. [octyn: TekcT. ABTOpPCKas BepCHs,
BBe[leHMEe U HayaJio MOLEeJIU CUTYyalluu U OTBETAQ; BEIXOOHBIE TaHHbLIE CBEPEHEI C
aBTOPCKUMHU CIIMCKaMU. VICTOYHUK.

B21. Fraser C. The Philosophy of the Mozi: The First Consequentialists. Columbia
University Press, 2016. Hoctyn: onucanue. CTpaHUlla U3JaTesisa U ONUCaHue.
N CcTOYHUK.

B22. Leibniz G. W. Explication de I’arithmétique binaire. Mémoires de 1’Académie
royale des sciences, année 1703. P. 85-89. [JocTyn: TeKCT. DJIEKTPOHHAS
ny6nuKanusa Tekcta B coOpanuu Gerhardt, ¢ ykasanuem opurutaina 1703; ceepka
OPUTHUHATBHOTO OTTUCKA OCTAETCS OTHEJIbHOU 3amadeii. UCTOYHUK.
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B23. Strickland L., Lewis H. R. Leibniz on Binary: The Invention of Computer
Arithmetic. MIT Press, 2022. [TocTtyn: onucanue. CTpaHUlla U3gaTess U IepedyeHb
Ha3Ha4YeHus u3gaHus. FICTOYHHK.

B24. Cheng Yi. The Yi River Commentary on the Book of Changes. Ed. and trans.
L. Michael Harrington. Introduction by L. Michael Harrington and Robin R. Wang.
Yale University Press, 2019. [Toctyn: onucanue. M3maTtenbCcKasi KapTodKa U
oubnuorpadryeckas 3anuch Yale. UICTOYHUK.

B25. Zhu Xi. The Original Meaning of the Yijing: Commentary on the Scripture of
Change. Trans. and ed. Joseph A. Adler. Columbia University Press, 2019. HocTym:
onucanue. OnucaHue U gaTel popMaToB: hardcover/e-book 2019, paperback 2024.
W cTO4YHUK.

B26. Yang Y., Goh S. K., Cai Q., Wong S. Y., Tang H.-K. Meta-heuristic Optimizer
Inspired by the Philosophy of Yi Jing. arXiv:2408.05564, 2024. [IocTymn: onucaHuUe.
AHHOTaUMs IPENPUHTA; KOM, UCIILITAHUS U 3asiBJIEHHBIE ITOKA3aTEeNTH He
BOCIIPOU3BOAUINUCE. FICTOUHUK.

B27. Cameron P. J. Projective and Polar Spaces. 2nd ed., 2000. JocTym: TEKCT.
§4.5, meuaTHasa c. 60; ucronp3oBaH TakXke B v0.1. MCTOYHUK.

B28. Cockett J. R. B., Lack S. Restriction categories I: categories of partial maps //
Theoretical Computer Science. 2002. Vol. 270, issues 1-2. P. 223-259. INocTyn:
omyrcaHue. MeTafjaHHbIEe ¥ aHHOTAIMS; IPEXHAA Bepcus TakKxkKe oOpalianach K
BBemeHu1o. UCTOYHUK.

B29. Golub G. H., Van Loan C. F. Matrix Computations. 4th ed. Johns Hopkins
University Press, 2013. HocTyn: onucanue. M3gatenbckas KapTodkKa YeTBEPTOTO
u3naHusa. UCTOUHUK.

B30. Shannon C. E. A Mathematical Theory of Communication // Bell System
Technical Journal. 1948. Vol. 27. P. 379-423, 623-656. JIoCcTyIm: TEKCT.
HauanpHBIE OTIpeIeneHus ¥ IIOCTaHOBKA 3aJadyy B MOCTYIHOM mybnukainuu Bell
Labs. McTOYHUK.

B31. Blackwell D. Equivalent Comparisons of Experiments // The Annals of
Mathematical Statistics. 1953. Vol. 24, no. 2. P. 265-272. [JocTyn: onucaHue.
BrIXOmHBIE CBEIEHUS TTOATBEPKAEHEI OubIuorpapruieCKUMU 3aUCSIMU; ITOTHBIN
TEKCT ITo cchlsike Project Euclid okasancsa HegocTtyneH. UCTOYHUK.

B32. Dawid A. P. Statistical Theory: The Prequential Approach // Journal of the
Royal Statistical Society. Series A. 1984. Vol. 147, no. 2. P. 278-290. Ooctym:
onucaHue. AHHOTAIIUS M CBeJeHHUS BBIIIYCKA; JaTa 3JIEKTPOHHOM MyOIuKaIum
OTJIMYAETCS OT rofila CTaThbu. MICTOYHUK.

B33. Gneiting T., Raftery A. E. Strictly Proper Scoring Rules, Prediction, and
Estimation // Journal of the American Statistical Association. 2007. Vol. 102, no.
477. P. 359-378. doctyn: onucanue. AHHOTaAlUUs XXKYPHaJIbHOU CTaThU U 3allUCh
IIepeCMOTPEHHOr0 TexHUYecKoro ot4eta University of Washington. M cTouyHUK.
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B34. Angelopoulos A. N., Bates S. A Gentle Introduction to Conformal Prediction
and Distribution-Free Uncertainty Quantification. arXiv:2107.07511, 2021,
version 4. [TocTymn: TEKCT. AHHOTAIINS ¥ BBOOHASI 4YaCTh 0030PHOIO ITPETIPUHTA;
ITIOJTHOT'O BOCIIPOU3BEIEHUS aJITOPUTMOB He ObII0. CTOYHUK.

PeecTp n300paxKeHHH U BOCIIPOH3BOTHMOCTDH

CoBpeMeHHEBIEe PUCYHKH CO3[aHEl 110 (opMyJiaM MOJEIU; UCXOOHUKU HaXOOATCHA B
code/make figures.py. OHU He ABJIAIOTCSA PEKOHCTPYKLUUAMU UCTOPUYECKUX
pucyHkoB. CoxpaHeHbl SVG, PDF u PNG f1s1 OBTOPHOTO UCIIONIb30BaHuA. ATiac U
TpPEXKaHaIbHAs CXeMa yHacjleZoBaHH u3 pegakiuu 0.1.

HUctopuueckuit nuct: Wikimedia Commons. IToptpeT: Wikimedia Commons;
Philadelphia Museum of Art. ITognucu, gaThl, CTaTyChl IpaB U xXelun hanioB
HaxonaTca B data/ILLUSTRATION REGISTER. json.

[719 BOCIpon3BeIeHU BEIUKUCIEHUN UCII0Ib3yI0TCa Python 3, ucxogauku; engine/,
TOYHAas palroHasbHas apudmeTnka u Komaugsl u3 README. [ c6opku
OOKYMEHTOB AOIOIHUTENIbHO TpebyioTcst Pandoc, XeLaTeX, Matplotlib u
python-docx. Koneunbsle nepeGopHl IPOBEPAIOT 3aJaHHYI0 MOAEJb, HO HE
3aMeHSI0T J0Ka3aTelabCTB OOIIUX YyTBEPKAEHNM, HE3aBUCUMOM PelleH3UU WU
HaOJTI0ONeHU BHEIITHET0 MUPa.
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