@ HAVYKA YEPE3 [TPU3MY BPEMEHU Ne 7 (52) 2021r.

YK 51-7
YETBEPTOE IPOCTPAHCTBEHHOE U3MEPEHUE U TIOCTPOEHUE
YETBIPEXMEPHOI'O 'NIIEPKYBA
AsneeB Biaaagumup BacuibeBuu

KaHauaaTt OHOJOrHYECKUX HayK, IICHCUOHED, I'. BJ'Ia,Z[I/IBOCTOK

AHHOTanusA. PaccmarpuBaeTcss HHOM MOAXO0J K MOHMMAHUIO IPUPOJBI TPEXMEPHOIO MPOCTPAHCTBA.
OTO MO3BOJWIO TE€OMETPUYECKH OIPEACTUTh HAMpaBiICHUs BEKTOPOB 4-T0 MPOCTPAHCTBEHHOIO
M3MEpEHUs] OTHOCUTENBHO LIeHTpa BcenenHoil u mocTpouTh BOCBMEPUYHBIN TUIepKy0. YcTaHOBIeHA
CBSI3b ETUIIETCKOr0 TPEYIOJIbHUKA C BEKTOPOM 4-TO IPOCTPAHCTBEHHOTO U3MEPEHUSI.

KuroueBble ciioBa: ueTBepTOE MPOCTPAHCTBEHHOE U3MEPEHUE, TMIEPKYO, ErUIETCKUIl TPEyrojbHUK,

Bceaennas.

[IpeqmeTom HACTOSIIMX WMCCIIEIOBAHUMN, IMOJKPEIUICHHBIX N€OMETPHUYECKMMH ITOCTPOCHUSMH,
SIBJISIETCS] YETBEPTOE MPOCTPAHCTBEHHOE M3MEpeHUe. Peub nIeT He 0 4eTBIPEXMEPHOM IIPOCTPAHCTBE-
BPEMEHHU TEOPUH OTHOCHUTEJIBHOCTU (IIPOCTPAaHCTBE MHUHKOBCKOT0). DTO JOMOJHUTEIbHOE U3MEPEHUE
K TpeM OOILEU3BECTHBIM M3MEPEHMSIM — JUIMHE, IIMpUHE U BbIcoTe. DU3MKHM CUMTAIOT €ro MATHIM.
OOBIYHO IIPH MONBITKE 000OCHOBATH CYIIECTBOBAHUE PACCMATPUBAEMOI'0 U3MEPEHUS PYKOBOICTBYIOTCS
CYUIECTBYIOIIMMHU TPEACTABIECHUSIMU 00 OJHOMEPHOM, JBYXMEPHOM M TPEXMEPHOM IPOCTPAHCTBE.
I'eomeTpuueckl 3Ta MOCIEIOBATENBHOCTh MEepexoaa K 00beMy OTpa)KeHa JIMHUEH Kak ClieZioM OT
IBIDKEHUS TOYKH, IJIOCKOCTBIO — KAK CJIEIOM OT ABHXKCHUSA JIMHUM U TEIOM — KakK CJIEAOM OT
JBIKEHUs IUIOCKOCTH. BoO Bcex ciydasx [JBUKEHHE OCYIIECTBISACTCS 10 HANPABICHUSAM HE
3aKJIFOYEHHBIM B 3TUX F€OMETPUUECKUX PUTYpax.

Kazanoce Obl, Takoil XOA pacCyXIeHUIl NO3BOJSET paccMaTpUBaTh MPEANOIaraeMyro
YeThlpeXMepHyI0 (urypy kak ciex oOT JBWKeHus Tena. CyliecTByeT MpeACTaBIE€HUE, YTO
YEeTBIPEXMEPHOE TMPOCTPAHCTBO MOKHO MPEACTaBUTh KAaK OECKOHEYHOE KOJUYECTBO TPEXMEPHBIX
IIPOCTPAHCTB, PACIOJOKEHHBIX II0 YETBEPTOM OCH KoopAuHAT. VIMEHHO Takoro HampaBIICHUS
MBILUIEHUS TPUAEPIKUBAIOTCS T€, KTO, CABHUras Ky0 B MpEANoJiaraéMoOM WMHU YETBEPTOM HM3MEPEHHH,
MOJTy4Yal0T 3aMKHYTYI0 OOBEMHYIO (UIypy, COCTOSIIYI0O W3 JBYX TpYNI MapajuleJbHBIX JHHUH,
KOTOPBIE COEUHEHBI APYT C APYTOM HOJ MPSIMBIM YIJIOM M CBSI3bIBAIOT aHAJIOTMYHBIE BEPIIUHBI 3TOTO
TPEXMEPHOTO Tejla B €r0 HauaJbHOM M M3MEHEHHOM MpOCTpaHCTBEHHOM nosioxeHuu (Puc. 1.a.). Peus
uaer o0 OJHOM M3 IIECTH aHanoroB IIMaTOHOBBIX Ten, U3BECTHOM IOJ HAa3BAHUEM «TECCEPAKT» U
IPUHUMAEMOM 3a FMIIEPKYO YeThIPEXMEPHOTO IPOCTPAHCTBA.

OnmHako 37eCh HAIMIIO IBHOE HECOOTBETCTBHE. ECiin peds UIeT 0 TeccepakTe Kak O TUIIepKyoe,

CO3JaHHOM JIBHXXCHHEM KY63. B HallpaBJICHUU NPCANIOJIaracMoro 4e€TrBCepToro MU3MEpCHUA, TO ITO
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HUKAaK HE JAaeT OCHOBAaHHE CUYUTATh €ro TAKOBBIM. ['€OMETpHUYECKH THHEPKyOOM YETHIPEXMEPHOTO
MPOCTPAHCTBA JOJDKEH OBITh MHOTOTPAaHHHK, rae (opma Kyba gommkHa OBITh HEM3MEHHAa Kak Ha
YPOBHE 3JIEMEHTOB, CJIATraloIluX €ro CTPYKTypy, Tak ¥ Ha YPOBHE €r0 KakK LIeJI0ro.

B 5T0#i CBSI3M BO3HHKAEeT COMHEHHE B MPABOMEPHOCTH CYIIECTBYIOUIETO IMOIXO0JA B MOUCKE
4yeTBepTOro wu3MepeHus. Ecnu [BWKEHHE TOYKH, JIMHUM M IUIOCKOCTH TIO3BOJISIET OCO3HATh
CYIIECTBOBAHUE TOJBKO TpeX W HE Oojiee MPOTHKEHHOCTEH TPEXMEPHOTO MHUpA, TO JBHKCHHE Tejla B
MIPOCTPAHCTBE B HAINPABIICHUH, HE 3aKJIIOYAIOLIEMCS B HEM, M IIPHU 3TOM IMEPIECHIUKYISIPHOM K TpeM
ero M3MEPEHHUsIM HE IMO3BOJISICT BBIHECTH IPEJICTABICHUE O CYIIHOCTH YETBEPTOro M3MepeHus. MEl
OyzieM MMeTh JIeJI0 TOJIBKO C MPSMOJIMHEHHBIM JIBI)KEHHEM TOYEK, JIMHUN U IUIOCKOCTEH, ClIararomnx

TPEXMEPHOE TEJIO.

Puc. 1. IToctpoenue <TeccepakTta> - 0THOTO U3 aHATOTOB [ ITATOHOBBIX TEN, pacCMaTPUBAEMBIX KaK
TUNEpKYO (a); MOCTPOEHUE TUTIEPKYOa OTHOCUTEIHLHO TOUKH B 3aMKHYTOM TPEXMEPHOM MPOCTPAHCTBE
M €T0 CBSI3b C YETBEPTHIM U3MEPEHUEM

CrnenoBaTenbHO, B MUpPE TMOAOOHBIX (OpPM UYETBEPTOEC HM3MEPEHHE ATO HE eIle OJHa Mepa
MPOTSHKEHHOCTH TPEXMEPHOTO MPOCTPAHCTBA B HEMOCTIXKMMOM ISl HAC HAMPABICHHH, a HEYTO
JPYTO€ U €r0 HaJ0 MCKATh BHYTPH €ro nposiBieHus. OHO COMPSKEHO ¢ HAM U SBIISETCS OTPaKEHUEM

CYLIECTBOBAHMSI HEKOW MPUYMHHOCTH, OOYCIIaBIMBAaIOLIEH, C OJHOW CTOPOHBI, MPOSBICHHE U3
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HEOBITUSI OJHOMEPHBIX U JIBYXMEPHBIX 3JIEMEHTOB MPOTSHKEHHOCTH, a ¢ IpYyroi, — GopMUPOBAaHUE U3
HUX CTPYKTYPBI TPEXMEPHOTO MPOCTPAHCTBA. B 3TOM ciydae mpaBOMEpHBIM OYAET MpeICTaBICHUE O
YeTBEPTOM H3MEPEHUU KaK O BEKTOpe, OOBEAMHSIIONIEM CBOMCTBA TPEXMEPHOIO MPOCTPAHCTBA
OTHOCHUTEINFHO LIEHTPa ero (POpMUPOBAHHUSL.

CymiecTBytoniye Ha JaHHBI MOMEHT 3aTPyIHEHHUS B ONpPEICICHUU YETBEPTOr0 H3MEPEHHUS
M3HAYaAJIbHO MPEIONpEe/IeIeHbl BECbMa YIPOILIEHHBIM, IIOJHBIM YCJIOBHOCTEH MPEACTABICHUEM
CYIIHOCTH OKPY>KaIOIIETO HAC TPEXMEPHOTO Mupa. Mbl BOCIPHHHUMAEM €TI0 OTHOCHUTEJIbHO HaIIero
TPEXMEPHOI0 Tejla KaK HEKOE€ MPOCTPAHCTBO C TPEMS YCIOBHBIMH KaTETOPUSMHU €0 MPOTSHKEHHOCTHU:
JUTMHOM, IIMPUHON M BBICOTOH. DTO OOYCIIOBJICHO YCIOBUSMHU MPOXKUBAHUS YeIOBEKa Ha 3emiie, rie
KaK HU MapaJIoKCalbHO, €T0 CO3HAHUE M MHUPOOIIYIIEHHE BO MHOTOM MPEIONpPeIeIeHbl HEU3MEHHBIM
MPOSIBJICHUEM BEPTUKAIIA B MPOTSIKEHHOCTH TEJI OTHOCUTENIBHO MOBEPXHOCTU Haie raHeTsl. Ecimu
3Ta MPOTSHKEHHOCTH BCET]a CTPOTO OPUEHTUPOBAHA OTHOCUTENILHO NEPIICHANKYIISApa Ha Hee, TO AJMHA
Y IIMPUHA 7Sl yCTAaHOBJICHUS MOJIHOM 00bEMHON MPOTSKEHHOCTH Tella B CBOMX HAIPABIICHUSX BEChbMa
YCJIOBHBI M HECYT B ce0€ TOJBKO MPEBOCXOJCTBO HA TOPU3OHTAIBLHOM IUIAHE BEIMYMHBI OJHOMN
MPOTS)KEHHOCTH HaJ APYTOM.

Ha mpaktuke 1is omnpeneneHuss MECTONOJNOXKEHHs] TOW WM WHOW TOYKH B IMPOCTPAHCTBE
HCIIONB3YIOT JIEKapTOBY MPSMOYTOJIBHYIO CHUCTEMY KoopAuHaT. Hampumep, Haxoasch B MOMELIEHUH,
YeJIOBEeK MPOEHUPYIOT MPSAMOYTOJbHYIO CHCTEMY KOOPJIMHAT Ha HCCIEIyeMOe 3aMKHYTOE
npoctpancTBo. [Ipu 3TOM 1St HETO HE UMEET 3HAUYE€HHUE OTHOCHTENIBHO, KaKoro yriia OyAeT BhIOpaHO
Hayano kKoopauHaT. OH PYKOBOACTBYETCS TOJBKO yIOOCTBOM MJiSi TOCTIDKEHUS 1enu. Takoil Meron
OpUEHTALIMM B MPOCTPAHCTBE HUCIIOIB3YETCSA M MPHU BBIXOJE 3a Mpeleibl 3eMIIU. 3JeCh ONpeAesICHUE
MOJIOKEHHUST KOCMHUYECKOro armapara B MPOCTPAHCTBE TAKKE OCYILECTBISETCS C HCHOJb30BAHHUEM
MPSIMOYTOJIBHOM CUCTEMBI KOOPJIUHAT.

Ha moii B3rmsia, Bo Bcex ciydasix TaKou MOAX0J B HOHUMaHUU MEPHOCTH MPOCTPAHCTBA, XOTS U
MO3BOJISIET PEIIaTh MPAKTUYECKUE 3a7a4M, HO B TUIAHE OCO3HAHUSI UCTUHHOU MPHUPOBI OKPYKAIOIIETO
Hac MHUpa KaK TPEXMEPHOW CHCTEMBI MPUYNHHO-CJICICTBEHHBIX CBSI3EH, Je/IaeT PElIeHne dTOW 3a1auun
3aTpyAHUTENbHBIM. [ JTaBHOW MpOOIEeMON SBISIETCS OTCYTCTBHE TMOHUMAHHS TOTO, KaK COOTHOCHUTCS
paccMmarpuBaeMasi CUCTeMa M3MEPEHUU ¢ IEHTpOM cdepbl BcelneHHON — MCTOYHHKOM MPOSIBICHUS
MIPOCTPAHCTBA U BPEMEHH.

[TormpoOyem, MCTONIB3ysl TEOMETPUUYECKHE TTOCTPOCHUS, B3TJIAHYTh Ha 3Ty aKTyaJIbHEHUIIYIO
po0eMy KOCMOJIOTHH HECKOJIBKO IO WHBIM YTJIOM 3peHwus. JJist 3TOro mpuBjedeM KyO Kak MOJIEb,
KOTOpasi HUJCAIbHO OTpakaeT TPEXMEPHOE MpocTpaHcTBO. [IpeacTtaBuM, 4To Mbl HAXOAUMCS BHYTPHU
€ro 3aMKHYTOI'0 IPOCTPAHCTBA U MPHU 3TOM TaKUE MOHATUA KAaK BBICOTA, JUIMHA U IIMPUHA ISl HAC HE

CYIICCTBYIOT. Oco3HaBas CAWHCTBO TAKOro mpoCTpaHCTBA, Mbl JOJDKHBI COINIACUTBCA C TEM, YTO

KaKJash M3 BOCBMM BEpIIMH Ky0a B paBHOM Mepe MNpeTeHAyeT Ha Hadallo CaMOCTOATEIbHOU
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MPSIMOYTOJIbHON CUCTEMBI KOOPAMHAT.

Hcxonst w3 3TOM NpEANOCHUIKH, MOMpoOyeM HAWTH CBOE MECTOIOJOXKEHHE OTHOCHUTEIBHO
BOCBMU CHUCTEM OTcueTa. MBI CTOJIKHEMCS C TEM, YTO B KaKIOW TOYKE IPOCTPAHCTBA, 3a
UCKIIIOYEHUEM €ero IIeHTpa, KOOpIMHAThl OTHOCHTENBbHO HHUX OyayT pasHble. Bo3nukaer
napajioKcanbHasi CUTyalusi — ¢ OJHON CTOPOHBI, €CTh OCO3HAHHE €IMHCTBA MPOCTPAHCTBA, a C IPYTOM,
— HaJUII0 BOCBMEPUYHOE MPOSBICHHUE €ro TpeX Mep. ToJIbKO B LIEHTPE 3Ta IBOMCTBEHHOCTh HCUYE3aeT
U eIMHCTBO BOCCTaHaBIIMBaeTca. Takum oOpa3oM, Ha MpUMepe 3aMKHYTOTO MPOCTPAHCTBA KyOa, B
IUIaHE OCO3HAHUSl CYIIHOCTH TPEXMEPHOIro IMPOCTpaHCTBa BO BceneHHOM, MoiydaeT CBOIO
aKTyaJlbHOCTh LIEHTp ee cdephl, Kak TOYKA TOPOXKACHUS U OOBEAUHEHHS] CTPYKTYpPbI
MIPOCTPAHCTBEHHO-BPEMEHHOTO KOHTUHYYMA.

JUist BBISICHEHHS CKPBITBIX CBOWCTB Ky0a Kak ONTUMAIIbHOW (POPMBI MPOSBICHHUS TPEXMEPHOTO
MIPOCTPAHCTBA, B IMOMNBITKE HAXOXJACHHUS B HEM HAIIPABJICHUS YETBEPTOTO M3MEPEHHS U BBIICHEHUS
CBSI3M €r0 C NPOTSHKEHHOCTHIO OTHOCHTENBHO LIEHTpa CO3UJaHHs, OOpaTUMCS K TMOCTPOCHHUSM Ha
pucynke 1.6. Ho npexne cienyer HalIOMHHUTB, YTO paHEe MHOIO 110 STOMY BOIIPOCY OBLIO BBICKA3aHO
cienytomee: “K  kakum  Obl  NONBIMKAM — MAMEMAMUYECKO20  0OOCHOBAHUA — BO3MONCHO2O
CYUecmeo8aHus 4emeepmozo usmMeperus Mol He npubde2aiu, OHO He 0yoem YKa3vl8amv HA PeanlbHYIo
Qusuueckyro  cumyayuro. Tem 6Oonee nvimamvca Haumu — OONOJIHUMENbHOE — HANpAslieHue,
nepneHoOuKyIApHoe Cpas3y K mpem 6 Hauem npocmpancmee. Beob cyme makoz2o cmpemienus 00nxicHa
CB800UMBCSL He K NOUCKY NePREeHOUKYISIPHOCMU, d K 00bedunenuio cywecmsyroueco” [1, c.108].

[TpuHuMas 3TO mpeABapUTEIbHOE 3aMEeYaHHe K CBEJIEHHIO, MONpodyeM 00OCHOBATh, TO, YTO
MOXET OOBEeIUHATh TPU MEpbl MPOTSKEHHOCTU. [lJis 3TOro B NpEICTaBIEHHOM Ha pPUCYHKE KyOe
COCMHMM  OTHOCHUTEIBHO  €ro  IIeHTpa  JBYHANpPABICHHOW  JMaroHaJbIO-BEKTOPOM  JBE
MPOTHBOJIEKAIIME BepmuHbL. [IpruMemM WX 3a Havaja JABYX HE3aBHCHMBIX IMPSMOYTOJBHBIX CHCTEM
KOOPJMHAT, 00pa30BaHHBIX TPEMs B3aMMHO MEepHEeHAUKYIApHBIMU ocsiMu OX, Oy, Oz u O'X’, Oy,
O’Z’. B kax/0il cucTeMe OTCUETa TPU B3aUMHO MEPICHIUKYISIPHBIC OCH SIBISIOTCS peOpamu IBYX
TPEXTPAaHHBIX YIJIOB, TPAaHU KOTOPBIX BMECTe 00pa3yioT KyO0.

Ecmu paccmarpuBarth TpaHb TpPEXTPaHHOTO yria KakK IUIOCKOCTh, TO IS HAXOXKICHHS
MECTOMNOJIOKEHNsI Ha HEHl TOYKM HEOOXOJMMO HCIIONIb30BaTh JIBE M3 TpeX OcCeil MpsMOyrojabHOMN
CHCTEMBbl KOOPAMHAT, KaXJasi U3 KOTOPHIX SBIISIOTCS MEPOH MPOTSKEHHOCTH JAHHOTO JIBYXMEPHOTO
npoctpancTBa. OHAKO OFHA OCh HE SIBIISICTCS MEPOW MPOTHKEHHOCTH TPEXMEPHOTO MPOCTPAHCTBA.
TOJBKO TUIOCKOCTH TPaHW TPEXTPaHHOTO yria sBisieTcs ero. CleqoBaTeNbHO, IS OObEIHHEHUS
TUIOCKOCTEH, Claralolux TpeXTpaHHbIA yroi Kyoa, He00X0AMMO UCTIOIb30BaTh MIIOCKOCTD.

Jiss HaxOX/IEHUsSI €€ COCMHMM KOHLBI TpeX Ocei MpsSMOYToyibHOM cucTembl koopauHat OX,

Oy, Oz. B pesynapTaTe mOJIy4MM pPaBHOCTOPOHHHM TpeyronbHUK XYZ. Tenepb, pyKOBOACTBYSCH

nekanoit [Tudaropa, pazodbem KaxIyr0 OCb KOOPJIWHAT HA ACCITh PABHBIX YaCTEH M TaK)Ke€ COCITUHUM
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KOHIIBI YETHBIX OTpe3KoB JuHHUsAMH. Kak urtor, mnepen Hamu OyneT cUCTEMa YBETUYMBAIOIIMXCS B
pasMepe paBHOCTOPOHHUX TPEYrOJIbHUKOB, INIOCKOCTH KOTOPBIX IIPH B3IVIAJE IO IUArOHAIU-BEKTOPY
Ha Hadano KoopauHaT O  MO3BONSET BU3YadbHO OIIYTUTH MPOSBICHHUE U POCT TPEXMEPHOTO
MIPOCTPAHCTBA B JAHHOM cuctemMe otcuera. [Ipu 3TOM MIIOCKOCTh TPEYroJbHUKA SIBIIAETCS TEM
HUCKOMBIM 3JIEMEHTOM, KOTOPbIH HE TOJBKO OOBEOUHSET TpPU B3aUMHO NEPIECHIUKYISIPHBIC
JBYXMEpPHBIE MPOTSKEHHOCTH, HO U SBJIAETCS NMPOEKIMEN yBenumuuBaromierocs odbema. boiee toro,
CIeyeT KOHCTATHPOBATh, YTO ABYHAIPABICHHBIH BeKTOp-auaronanb OO™ OyaeT meprneHIuKyIspoM K
IUIOCKOCTH TPEYroJibHUKa OObEeIWHEHHUs. DTO JaeT HaM OCHOBAaHUE MPEAINOJIOKHUTb, YTO JAHHBIN
BEKTOP MPOTSHKEHHOCTH 00beMa KyOa SBISETCSI HCKOMBIM YE€TBEPTHIM U3MEPEHHEM

1 moaTBep:KIEHHST TOTO, YTO AAHHOE IMPEANON0KEHHE COOTBETCTBYET IEHCTBUTEIBHOCTH
HEOO0X0/AMMO, HCIONB3Ysl MOJENb Ky0a, OTOHTH OT CYIIECTBYIOIIETO CIOCO0a OIpeaesieHus
MOJIOKEHUS TOYKH B TPEXMEPHOM MpocTpaHcTBE. OOBIYHBIA CIOCOO HAXOXACHUS €€ KOOPAUHAT
OTHOCUTEJIHO TPEX B3aUMHO MEPHEHIUKYISIPHBIX KOOPAMHATHBIX IUIOCKOCTEN MO3BOJISIET MOIYYUTh
KOHKpEeTHbIE 3HayeHus X, Y, Z. OfHako B 3TOM cCiy4yae MPUXOJUTHCS KOHCTaTUPOBATH, YTO Mbl
HCIOJIb3YEM OJHOMEPHBIE 3JIEMEHTHI MPOTSHKEHHOCTU, KOTOPBIE HE SIBJISIOTCS MEPOIl MPOTSAKEHHOCTU
Tena. DTO CTAHOBUTCS OYEBUIAHBIM MPU YCTAHOBJICHHH KOOPAUHAT JIO0O0N TOUKH MPOCTPAHCTBA KyOa
paccMaTpUBaEMBbIM CIIOCOOOM.

s HaxoXIOEHWs TPEXOCHOM CHUCTEMBbl KOOPJIMHAT, KOTOpas IO03BOJsUIa OBl HampsMYyIO
BOCIIPUHHMMATh Ky0 KakK II€JIOCTHOE OOBEMHOE TeNo, O0paTUMCS K TpEyrojibHUKaMm OOBbEeIWHEHUs
IlockocTeil TpexrpaHHoro yria c¢ BepmuHoW O. IlpoBenem Ha ero rpaHsxX JUaroHaiH,
NEPIEHIUKYJIAPHBIE K CTOPOHAaM J3TUX TpPEYroJIbHUKOB. llomyueHHBIE TOYKM IepeceueHust
NPEICTABIISIOT KAy JAEJIEHUH TOMOJHUTEIBLHON TPEXOCHOM KOCOYTOJIbHON crcTeMbl KoopauHat OX’,
Oy, Oz'. Ee ocu sBIsOTCS peOpaMd TPEXTPAHHOTO yrila, TPAHSIMH KOTOPOTO SIBIISIOTCS
PaBHOCTOPOHHHE TPeyroJbHUKU. OHM BO3HUKAIOT NMPU OObEIMHEHUN KOHIIOB OCeH MaHHON CHCTEMBbI
orcuera TpeyrodbHUKOM X'Y'Z', KOTOpBI CBS3bIBACT KOHIBI OCEH  3epKATbHO CHMMETPUYHON
npsMOYTOJIbHOM cucTteMbl koopaumHat O'X, Oy, O'zZ. CMexHble TpaHU TPEXTPAHHOTO yrJa
JOTIOTHUTEIFHOM CHUCTEMBI KOOpAMHAT 00pa3yroT yroa 60°. HMwmes olmiee Hayaino KOOpPJIWHAT C
npsMOYTobHOH cuctemoil koopaunat Ox, Oy, Oz, oHa nmoBepHyTa OTHOCUTENIHHO Hee Ha yrou 45°.

CpaBHHBas 00e CUCTEMBI OTCUETa, MOKHO YOEIUTHCS B TOM, UTO MPHU HAJMYUU OOIIEro Havania
KOOPJMHAT TOJBKO OCH KOOpPJAWHAT, NPOXOIAIIME Yepe3 CEPEeIUHBl CTOPOH TPEYrOJbHHUKOB
00BEIMHEHNUS, UMEIOT MPSIMOE OTHOIIEHHE K TPEXMEPHOMY MPOCTPAHCTBY KyOa. Jlisi moka3arenscTBa
MPOBEJEM OT KaXJOH TOYKM JENEHUS OCed 9ITOM CHUCTEMBI KOOPJAMHAT B MPOCTPAHCTBO KyOa
NEpNEeHIUKYIApEl. B pe3ynbrare Mpl MOJIYyYMM COOTBETCTBYIOIIEE UMCIO TOUYEK UX IEPECEUEHUs,

KOTOpBIE CTPOTO COBHAAYT C JUAroHalblO-BEKTOPOM YETBEPTOro M3MepeHus. J(OomoJHUTENbHO OT

TOYEK JIeJIeHUsI OCell MPOBEAEM MEePHEHAUKYIISIPHI MO MIIOCKOCTSAM TpeXTpaHHOro yria kyba Ha ocu OX,
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Oy, Oz. CneacTBueM 3TUX TEOMETPUUYECKHUX IMOCTPOCHUM, OyeT 00pa30BaHUE CUCTEMBI, OTPaKAIOIICH
MocjeIoBaTelbHOEe yBEIHUeHHEe B pasmepe Kyba. Ilpu 3TOM BEKTOp 4YETBEPTOro HM3MEpEHHs, IO
KOTOPOMY B TPOCTPAHCTBE IEpPEMEIIAeTCsl BEpIIMHA KyOa, yKa3bIBaeT HAlpaBJIICHUE MNPOSBICHUS
JMHAMUYECKOI'0 aCIeKTa B YBEJIIMYEHUU 00beMa JaHHOI'O TPEXMEPHOT0 TeNa KaK LEeJIoro.

OO0pa3Hoe BocHpuATHE CBA3M Ky0a ¢ 4eTBEpThIM H3MEpPEHUEM Ha pHUCyHKe 1.0 MOYKHO
NpeAcTaBUTh MHAye. JlJii 3TOro HEeoOXOIUMO paccMaTpuBaTh H300paKEHUS YBEIMYMBAIOIIETOCS
pa3mepa 0JJHOTO Ky0a Kak u300pa’keHHe pa3HbIX KyOOB, CBSA3aHHBIX BEKTOPOM YETBEPTOTO U3MEPEHUS
[0 NPUHLUILY «MATPELIKK», TIe KaKAbIi Mocieayromuil Ky0 BKIOYaeT B CBOM 00beM NIpeAblAyIuit
KyO. Takoi B3ris[ Ha TpeXMEpPHBIH MHMp OTJIMYAETCS OT MPEACTaBIECHUS €ro Kak COBOKYIHOCTH
O0ECKOHEYHOT0 KOJMYECTBA JBYMEPHBIX IUIOCKOCTEH, pPACIOJIOKEHHBIX BIOJb TPEThEH OCH.
OtmeueHHas cBs3b 4-ro u3MepeHus ¢ Kyoom coorserctByet B3rsay I1. JI. Yenenckoro, “umo udes
uemeepmoz20  UBMEPEHUsi  MOXCem  B03HUKHYMb  NpU  HAONIOOEHUU  cepuu  NpocpeccusHo
VBeNUUUBAIOWUXCS UTIU YMEHbUUAIOWUXCA Wapos uiu Ky608” [2, c. 108]

CoBeplieHHO WHasi KapTWHA HAOIOJaeTcs MPH MOJOOHBIX T'€OMETPHUYECKUX MOCTPOCHUSX
OTHOCHUTEIIFHO Oceil mpsimoyroinpHOW cuctembl koopauHatr OX, Oy, Oz. Ilpsmoro BwIXOga B
IIPOCTPAHCTBO Ky0a Kak B HEPBOM cilyyae 37ech HeT. [ 3Toro HeoOXOoIMMO CHadajia MPOBECTH
NEePIEHAUKYIISAPBl Ha MIOCKOCTAX TpaHel OT TOYEK JIeEeHUs YKa3aHHbIX OCeH, YTO MO3BOJIMT BBIMTH Ha
COOTBETCTBYIOIIHME JIEICHHUS OCEH KOOpIWHAT CPaBHUBAEMOW CHCTEMBI OTCUETa C IMOCIEIYIOIINM
BBIXOJIOM B TPEXMEPHOE TPOCTPAHCTBO KyDa Ha BEKTOpP €ro 4eTBepToro m3Mmepenus. M3 storo
CIIEIyeT, YTO MPUMEHUTENILHO K MPOCTPAHCTBY KyOa JeKapToBa CHUCTeMa KOOpIHMHAT, 00pa3oBaHHas
B3aMMHO MEPHEHIUKYIIPHBIMU JIPYT K JPYTY OCSMHU, HE UMEET MPSIMOI'0 OTHOLIEHHS K €ro o0bemy, a
SBIISIETCS AJIEMEHTOM, MPOCHUPYIOIIUM POCT TPEeX MEePHEHIUKYISPHBIX APYT K APYTY IBYXMEPHBIX
NPOTSHKEHHOCTEH. DTUMHU HAITPABJICHUSMHU SIBJISFOTCS IMArOHATN-OCH JIOTIOTHUTEIbHON crcTeMbr OX',
Oy’, Oz". Kak cnencrBue, He MPEICTABISICTCS BO3MOXHBIM IIEIIOCTHOE BOCIPHSATHE IAHHOTO
TPEXMEPHOTO MPOCTPAHCTBA. MBI MBICIUM €ro 4epe3 CUCTeMY JBYXMEPHBIX MPOTSHKEHHOCTEH, U
MOATOMY OHO OCTAETCS /ISl HAC OTKPBITHIM.

OpHako ecnu ecTh TPU Mephl TMPOTSHKEHHOCTH, TO, Kak W J000e Telo, TpeXMepHOe
MIPOCTPAHCTBO B T'€OMETPUU CBOETO MPOSIBIECHUS JOKHO OBITh 3aMKHYTBIM. VIMEHHO K Takomy
MOHMMAHHUIO MBI TNPHUXOJIUM, KOrja oOpaiaeMcsi K CHCTEME OTCuUeTa, YbM OCH KOOPAMHAT Kak
JMAarOHAN JIENST TUIOCKOCTH TPEXTPaHHOTO yIiia IOTOJaM M TIOBEPHYTHI Ha yroil 45° OTHOCUTEIHHO
psSMOYTONIbHON crucTteMbl kKoopauHat OX, Oy, Oz. B 3Tom ciydae TOYKH JCIICHUS HA OCAX JTAaHHOW
CHCTEMBl OTCYETa HE YTO HMHOE, KaK BEpIIMHBI MpPOSBICHHS HA TPaHIX TPEXTPAHHOTO Yria
YBEJIMYMBAIOLIUXCSA B pa3Mepe KBAApaTOB MPOTsLKEHHOCTH. IIpenenomM MX yBETHUEHHS SBISIOTCS

LEHTPBI TpaHeil, a sl Ky0a, MOCTPOCHHOTO HAa UX OCHOBAHHH, MPEAETIOM €ro YBEIHYEHUS SBIISETCS

LEHTp KyOa, MPUHITOTrO 32 MOJIETh TPEXMEPHOTO MPOCTPAHCTBA.
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K moctpoeHnto BTOporo momoOHOro Ky0a MBI TPUXOIMM, HCIOIB3YS 3€PKAIBHO
CUMMETPHUYHYIO MPSIMOYTOJbHYIO cuctemy koopamuar O'X', O'y", O'zZ". Hauano koopauHar 3TOM
CHCTEMBI OTCUETa MPUXOAUTCS HA POTHBOIOJIOKHBIN KOHEIl pAaCCMaTPUBAEMOT0 BEKTOPa YE€TBEPTOTO
u3Mepenusi. HeoOXoauMo OTMETUTh, 4YTO TJIABHBIM TPEYrOJbHUKOM OOBEIUHECHUS — Ocei
JOMOJHUTEIBHON TpexocHO# cucteMbl Koopauuat O'X, O'X, O'z 3xech sBiseTcst TpeyroiabHuk XYZ,
KOTOPBIN COeMHSAET KOHIIBI IPOTUBOJICKAIIECH TPAMOYTOIbHOM cuctembl koopaunat OX, Oy, Oz.

Ecnu mpuMeHHTh aHAJIOTWYHBIE IOCTPOEHUS, MPUBIEKAs OCTaJbHBIC BEPIIMHBI Kyba Kak
Hayaja IIeCTH JIONOJIHUTEIBHBIX MPSIMOYTOJIBHBIX CHCTEM KOOPIUHAT, TO OOBEM 3TOrO
IIECTUTPAHHUKA OyJeT TOJHOCTHIO OXBau€H YETHIPhMS MapaMu KyOOB, 3€pKaJIbHO CHMMETPHUYHBIX
OTHOCHUTENLHO ero meHtpa (Puc. 2.a). Bce kyObl compshkeHBI B OOIIEH Il HUX BEPIIUHE, KOTOpas
NPUXOJUTCA Ha LEHTP UX OObEAMHEHHUS. B 1enoM MBI NMPUXOJWM K BBIBOAY, YTO Iepea HaMHU
YeThIPEXMEPHBIH TUIepKy0. OH 00BbEIUHSIET B OJIHO MPOCTPAHCTBO TUIAH TPEXMEPHOW CTPYKTYPHI U3
BOCBMH B3aUMOCBSI3aHHBIX KYOOB U IUIaH Y€TBEPTOTO W3MEPEHUS, ONPEICISIFOIINN COOTBETCTBYOIIIEE
YHUCIO HANpaBJIeHWH B WX B3aWUMHOW OPHEHTAIlMA OTHOCHUTEIFHO OOIIero il HHUX IIEHTpa
BO3HUKHOBEHHUS, KaKOBBIM sBJsieTcss LEHTp  cdepbl BceemenHoi. Takoil B3mmsam Ha Tpupomy

BO3HHMKHOBCHHA TpeXMepHOﬁ CTPYKTYPbI Bcenennoi YKa3bIBACT HAa HEPA3PBIBHYIO CBA3b €C C(i)epbl C

TUIEPKYOOM, 71 KOTOPOTO OHA SIBJISIETCS TOPOKIAIOIIEeH ero Gurypomu.
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Puc. 2. T'uniepky0 — OpTOLEHTPUYECKOE YETHIPEXMEPHOE TEIO (); MOCTPOSHUE OPTOTPEYTONbHHUKA
A;B1C; B Tpeyronparke ABC (0); oprotpeyronpank AjB;Ci — rpanb okTasapa B TpeyroiabHOM IpaHu
ABC Tetpasapa (B)

CBouMH CBOWCTBAMH PacCMaTPHBAEMBIA TUTIEPKYO KapIUHAIBLHO OTIMYAETCS OT TECCEPaKTa U
€My TOJOOHBIX BBIMYKJIBIX MHOTOIPAaHHMKOB, NMPUHUMAaeMbIX 3a runepkyd. [Ipexme Bcero, oH,
HECMOTpPS Ha TO, YTO COCTOUT W3 BOCBMHU KyOOB, cBOel (pOpMOI COOTBETCTBYET Ha3BaHHUIO «KYO» —
re€OMETPHUYECKOMY OJIMIIETBOPEHHIO TPEXMEPHOTO IMPOCTPAHCTBA. Boruiomenne paccMaTpruBaeMoro
THIepKy0a TO3BOJISIET CAENaTh BBIBOJ, YTO MBI UMEEM [0 C OPTOICHTPHUYECKOW 3aMKHYTOMH
TPEXMEpPHOW CHUCTEMOH. B TeoMeTpuu MOHATHE «OPTOIEHTPUUYECKUI» CBS3aHO C TETPa’apoM, B
KOTOPOM BCE€ BBICOTHI, OMYIICHHBIC U3 BEPIIMH Ha MPOTHBOIOJIOKHBIE TPAHU TIEPECEKAIOTCS B OJHOM
touke. /s TOro 4toOBl yOEIWUTHCS B TOM, YTO JIaHHOE OIpPEICNICHHE COOTBETCTBYET OIHOMY W3
CBOMCTB pacCMaTPUBAEMOT0 TUIIEPKy0a 0OpaTuMcsi K pUCYHKY 2.a.

Eciu TPCYTrOJIbHBIC IMJIOCKOCTH, CBA3BIBAOIIHNC I'PaHHU TPCXTPAHHBIX YIJIOB BOCbBMH BHCHIHHUX
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IPSIMOYTOJIBHBIX CHCTEM KOOPAMHAT, YCIOBHO NPUHMMAEMBIX y THUIIEPKyOa Kak CaMOCTOSTEIbHbIE
CHCTEMBI OTCYETa, OOBEIUHHTH, TO 00pa3yloTcs ABa TeTpa’dapa. OHu, mepecekasch, (HOPMHUPYIOT
3BE3JIHBINA TeTpasap. DTO BBITYKIOE TEJO, UCATbHO BIIMCAHHOE CBOMMH BOCEMBIO yIJIaMHU B TUTIEPKYO,
TPEYrOJIbHBIMUA TI'DAaHSMU CBOUX TETPA’IpPOB OPTOTOHAJIEH BOCBMHM BEKTOpaMH 4-ro H3MeEpeHus,
UCXOAAIIMX U3 LEeHTpa runepkyda. OTpe3KkHu 3TUX BEKTOPOB SIBISIOTCA BBICOTAMHU, KOTOpPbIE, OyIydH
NEPIEHANKYISIPHBI TPaHsAM JBYX TETPadApOB, JAIOT OCHOBAHUE CUYMUTATh, YTO OOPa30BaHHBIA HMHU
3BE3/IHBIA TETpadJp SIBISCTCS OPTOLIEHTPUYECKHM TEJIIOM B TPEXMEPHOM IPOCTPAHCTBE THIEPKyOa.
CBonMH nepeceKaroIuMucs peOpaMu OH OIpeiesIseT LIEHTPhI Ha €ro IrpaHsiX.

[Tpu coearHeHUM JTMHUSAMH LIEHTPOB I'paHeil runepkyda MmojsyyaeT CBOE BOILIOLIEHUE OKTadJIp
A:B1DEC;F (Puc. 2.a, B). DTOT MHOTOTpaHHUK CBOMMH TPEYTOJbHBIMHU I'PAHSMHU TAKXKe OPTOTOHAICH
BeKTOpaM 4-To m3MepeHus runepkyba. Ero rpanp sBIsSeTcs OpTOTPEYrOJbHUKOM. JTO CTAaHOBUTCS
OYEBHIHBIM IIPU COIOCTaBJIEHUU PUCYHKOB 2.0 u 2.B. Ha mepBoM M3 HUX MpPEJCTaBICHO NPUHATOE B
reOMeTPHH ITOCTpOeHHe JaHHOTo TpeyronbHuka AiB;Ci, BepIInHbBI KOTOPOTo SBJIAIOTCS OCHOBAHUSAMU
BbICOT BHemHero tpeyroipHuka ABC. Jlnsi opTOTpeyroiibHMKa BBICOTBI BTOPOTO — TPEYTOJIbHUKA
ABIISIIOTCST OuccekTpucamu. Ha BTopoM puCyHKE MOJ00Hasi CBSI3b PacCMaTPUBAEMBIX TPEYTOJILHUKOB
OTpa)KeHa B CONPSKEHUU TPaHM OKTayzpa ¢ rpaHbio Terpa’iapa. TpeyrosnbHas rpanbs AjB;C; nepsoro
MHOIOIpaHHHMKa, BrMcaHHas B rpaHb ABC BTOpOro MHOIOTrpaHHHUKA, SBISIETCS Ui HEro
OpPTOLIEHTPUUYECKUM TPEYTrOJbHUKOM. EcinM y4uThIBaTh, 4TO MBI UMEEM JIEJI0 C PAaBHOCTOPOHHUMU
TPEYroJbHUKaMH, TO, KaK CJIEJICTBHE, B 3TOM Cllydyae BEPIIMHBI OPTOTPEYTrOJIbHUKA MPUXOJATCS HA
CEpeNHBI CTOPOH BHEUIHETO TPEYTOJbHUKA.

B nenom 3Be3aHBIN TETpa’Ap U OKTadAp CBOMMH TPEYTOJIbHBIMU I'DAaHSAMH, I1OCIEJOBATEIBHO
ONTUMHU3HPYS 00bEeM THIepKyOa, sABIsA0TCA [11aTOHOBBIMU TETaMu, KOTOPbIE T€OMETPUUECKH

OTpaXalOT HEPa3phIBHYIO CBSI3b paccMaTpUBAaEMOW TPEXMEPHOW CTPYKTYphl C LIEHTPOM,
ABJIAIOIIMMCS UICTOYHUKOM €€ BO3HMKHOBEHHMs. Bekropa 4-ro usmMepeHus, UCXOAsIUeE U3 HETO, — 3TO,
KaK y)XK€ OTMEYaJIoCh, HE JIOMOJHHUTEIbHASA MPOTSHKEHHOCTh K TPEM MepaM M3MEpeHMs Tumnepkyoda, a
HampaBJIEHUsT B3aUMHOM OpUEHTAlMM KyOOB OTHOCHTENbHO IIieHTpa cdepbl BcenenHoit B
(GbOpMHPOBAHUU €T0 BOCBMEPUUHOM CTPYKTYphl. [1o cyTH, mocTpoeHHbIN runepky0 BoriomaeTr codoit
JIeKapTOBY MPSMOYTOJIBHYIO CHCTeMY KoopauHaT B mpoctpaHcTBe (Puc. 3). Cnararomiue ero KyObl
COOTBETCTBYIOT BOCBMHU OKTaHTaM JaHHOM CHUCTeMBbI oTcyeTa. bynydunm compsikeHbl oOuiei A HUX
BEPIIMHON C LEHTPOM THIEepKyOa, OHM BHYTPEHHUMH CBOMMHM TpaHsIMH OOpa3ylOT TpU B3aUMHO
MEPIEeHIUKYJIIpHbIE KBaJpaTHbIE IUIOCKOCTH, KaXJas U3 KOTOPBIX IMpEACTaBieHa YeThIPbMS
BHYTPEHHUMHU KBaJpaTaMu.

IIpn paccMOTpeHMM YyKa3aHHBIX KBAJpPATHBIX IUIOCKOCTEH BMECTE BO3HHMKAIOT TpHU

MEPIEeHIUKYISAPHBIX IPYT K IPYTY OCH BHYTPEHHEH CHCTeMbl KOOpJMHAT, Hayallo OTCYETa KOTOPOH,

MPUXOAUTCS HA LEHTP rUnepkyda. DTa cucTeMa KOOpJMHAT HAMPSMYIO CBSI3aHA C OKTa’IPOM, TaK Kak
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KOHIIBI €€ OCeil MPUXOAATCS Ha IIECTh BEPIIMH JaHHOTO MHOrorpaHHuka. Cienyer TakkKe OTMETUTD,
4TO TPCYrOJbHBIC I'PaHU OKTas[gpa ABJIAKOTCA IJIOCKOCTAMH, KOTOPBIC IO aHAJIOTMKU C T'paHAMU ABYX
MEPECEKAIOIINXCST TETPAdJpOB OOBENAUHSIOT IUIOCKOCTH BOCBMH TPEXI'PAaHHBIX YIJIOB BHYTPEHHEH
cucteMbl orcuera. Crnenys 3TOM AaHAJIOTHM, NOCTPOEHUE JOMOJHUTEIBHOM KOCOYTOJIBHOW CHCTEMBI
KOOpJMHAT B OJJTHOM U3 OKTAHTOB, IO3BOJISIET, KAK U B CPABHHUBAEMOM BapUaHTE, HAIIPSIMYIO BHIWTH Ha
BOIUIOLICHHE YBEIMYUBAIOIIETOCS B pa3Mepe KyOa, BEpUIMHA KOTOPOTO B IPOCTPAaHCTBE KyOa

THIIEpKy0a COBMEIIEHA C BEKTOPOM 4-TO H3MEPEHHS.
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Puc. 3. T'unepky0 — 3aMKHYTOE YEThIPEXMEPHOE MPOCTPAHCTBO, B KOTOPOM MPHUCYTCTBYET
AHTHUCHUMMETPHS BO B3aUMOCBSI3U BHYTPEHHEH U BOCHbMH BHEIIHUX MPSMOYTOJIBHBIX CHCTEM
KOOpJAHMHAT

PaccmarpuBast BOceMb BHEIITHUX MPSIMOYTOJIBHBIX CUCTEM KOOPIAMHAT, KOTOPHIE CBOMMHU OCSIMH
(GOopMUPYIOT BHEITHUI KOHTYp THIEpPKYyOa, U BHYTPEHHIOIO MPSIMOYTOJIbHYIO CHCTEMY KOOPAMHAT C
HAYyaJioM OTCUeTa B IICHTPE IIEeCTUTPAHHUKA, CTAHOBUTCS OYEBUAHBIM, UYTO IMEpe] HAMHU 3aMKHYTOE
YeTHIPEXMEPHOE MPOCTPAHCTBO, HAMIEIIEHHOE OTPE/ICICHHBIM (PU3MUECKUM CBOMCTBOM. Peub mumer o6
YCTQHOBJICHHOW BBIIIE 3E€PKATBHOM CHMMETPUM MEXKIy JBYMsS BHEITHUMH TPSIMOYTOJbHBIMA
CUCTEeMaMH KOOPAMHAT OTHOCHUTEIBHO 00IIero ajsi Hux Bektopa 4-ro uamepenwus (Puc. 1.6). Ta xe
CUMMETpHUsl HAOMIOMAeTCsl Ui KaXJIO0H W3 HHUX 10 OTHOIICHHIO K BHYTPEHHEH NPSIMOYTOJIbHON
CHUCTEME KOOPJIMHAT COOTBETCTBYIONTUX MM KyOOB mecturpannuka (Puc. 3).

Ecnu paccmarpuBaTh runepky0 B LI€JIOM, TO HapsLy ¢ IPOTHUBOMOIOKHBIMU HAMIPABICHUIMHU Y
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OJTHOMMEHHBIX OCEH OTHOCHUTEIBHO BEKTOPOB 4-T0O M3MEPEHHSA Yy CPAaBHMBACMBIX IPAMOYIOJBHBIX
CHCTEM KOOpAMHAT THUIEepKyba, Takke HaONromaeTcss cMeHa 3Haka. TakuM o0pa3oM, MOXKHO
KOHCTAaTUPOBaTh, YTO BHIOPAHHBI TE€OMETPUUYECKHI TOJXOJA TO3BOJMWI HE TOJBKO IOCTPOUTH
BOCbMEPHUUHBIN THIIEPKYO, a BMECTE C HUM ONPEAEIUTh HAalpaBiIeHUs 4-T0 U3MEPEHUs], HO U IIPUNHTH K
BBIBOJlY O HAJIMYHMH B OTPAHUYEHHOM MM IIPOCTPAHCTBE aHTUCUMMETpHUH. Kak M3BECTHO TakoW BHJ
CHMMETpPUU CBSI3aH C MPeoOpa3oBaHUSIMU, KOTOPbIE UMEIOT MeCTO B Kpuctayutorpadun. Ecnu Takyio
AHAJIOTHIO TPUHATH K CBEACHHUIO, TO HEOOXOIMMO B3IJIIHYTh Ha THIEPKYO, KaK Ha BOIUIOIICHHE
3aMKHYTOM OPTOLEHTPUYECKOM MPSAMOYIOJIbHONM CHCTEMbl KOODAMHAT, IZI€ HArsAgHO OTpa)keHa
00001ICHHAsT CUMMETPHSI.

B nanHON KOOpAMHATHON cUCTEME €€ BHYTPEHHSS M BHELIHSS YacTH SKBUBAJIEHTHBI JIPYT
ApYry B IUIAHE TPEX NEPEMEHHBIX — IEOMETPUYECKUX KOOPAMHAT IPOCTPAHCTBA, HO AHTHPABHbI B
peoOpa3oBaHUU OTHOCUTEIBHO BEKTOPOB 4-ro m3MepeHus. Peub uaer o yeTBepTOil MEPEMEHHOM,
KOTOpasg uMeeT WHOW ¢u3ndyeckuid cmbici. C 1elbl0 BBUSICHEHUS €€ HPUPOJbl 00paTUMCs K
n300pakeHUIO THUMEepKyOa Ha pPHUCYHKE 3, OJHMIIETBOPSIONIETO pPAcCMaTPUBAEMYIO OOBEMHYIO
NPSIMOYTOJIBHYIO CUCTeMy KoopauHar. C TeOMEeTpPHUYECKOW CTOpOHBI oOpamaer Ha ce0si BHUMaHHE
B3aMMHOE PacIiOJI0KEHHE TPEYTOJIbHUKOB O0bEIMHEHUS OCEel BHYTPEHHEH U BHEIIHEH KOOPJMHATHBIX
CHCTEM OJIHOTO U3 KyOoB runepky0a. OHU MOBEPHYTbI OTHOCUTEIBHO JIPYT Apyra Ha yroua 60°. Eciu
JAaHHBIE TPEYTOJIBLHUKU CHPOEIUPOBATH MO BEKTOPY 4-T0 M3MEpEeHus Apyr Ha JApyra, TO Mepel HaMu
IIPEICTAaHET IECTUKOHEUHAs «3Be3aa JaBuna».

OTO W3BECTHBIM B CaKpaJbHOW TI'€OMETPUHM CHUMBOJI, KOTOPBIM B pacCMaTpMBaeMOM Cllydae
BU3YaJIM3UPYET TMPUCYTCTBUE AHTHCUMMETPUM B (OpMHUpOBaHMM KyOa rumepkyba Kak 3JIeMEHTa
BOCBMEPUYHON KYyOHWYECKON CTPYKTypbl CTaTMUECKOTO HampsDKeHUs. JlaHHBIM BUJ CUMMETpUU
IpearoyaracT  IPUCYTCTBHE MIPOTUBOACUCTBYIOIIMX CHJI Kpy4Y€HHUs, [JEHCTBHUE KOTOPBIX
reoOMeTpHUecKH (OpPMATIN30BaHO B HAJIMYUM BJE€MEHTa CBEPTKM KybOa rumepkyba. Vm sBisercs
3aMKHYyTas JoMaHHas uepe3 yroia 90° tpexmepnas kpuBas X —Y Z —X Y —Z, koropas OyKBajibHO
pacnsTa HIeCTUKOHEYHO! 3Be370i. OHa JEMOHCTPUPYET aHTUCUMMETPHUIO OTHOCHTEIBHO BEKTOpa 4-
ro HM3MEpeHUs M SBJSIETCS TOH ueTBepTOW IEepeMEeHHOH, KoTopas coOoi oTpakaeT JelcTBue
JBOMCTBEHHOU TBOPSIIECH CHUIIBIL.

Ha pucynke 4 npeicraBieHbl TpeXMEpHbIE KpUBbIE CBEPTKH BOCbMH Ky0OB runepky6a. Kak mbl
BUJUM, aHTUCUMMETPHS B ACMCTBUU CUJI KpyUEHHs HAOII0JaeTCsl KaKk Ha YPOBHE KaXXA0Tr0 U3 HUX, TaK
U Ha YpOBHE CONPSKEHHS MX B 3€PKAJbHO CHUMMETPUYHbIE Mapbl OTHOCHUTENHHO OOIMIMX IJIsi HUX
JIBYHAIIpaBJIICHHBIX BEKTOPOB 4-ro u3MepeHus. B equHONW aHTMCUMMETPUYHON CHUCTEME CKPYTKU
IPOUCXOIUT (OPMHUPOBAHUE YETBIPEXMEPHOH CTPYKTYphl HANpPSDKEHUS, KOTOPOE OOpa3HO MOXKHO

CpaBHUTL C PACIIyYCKAHUCM H3 TOYKU MeTa(bquecxoro «IIBCTKa», BOCCMb JICIICCTKOB KOTOPOIoO

NPUHUMAIOT (popMy KyOOB.
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st Gonee OCO3HAHHOTO BOCHPHUATHS CYITHOCTH YETBEPTOrO HM3MEpPEHHS B (OPMHPOBAHUHU
runepkyba odparumcs K pucyHky 5. Ha Hem m300paxkeH oJJuH U3 €ro KyOOB, KOTOPBIH CONPUKACASICh
BEPUIMHOW TPEXI'PAHHOTO YIJIa ¢ IUIOCKOCTBIO, CTPOrO OPHEHTHPOBAH 10 BEPTHKAIM OTHOCHTEIBHO
Hee. JlanHoe u3o0paxkeHrne Kyba ObLJIO paHee MpUMEHEHO BO 2-oM ToMe «Bcenennas Ceera» [3], rae
BMECTE C PEIICHUEM JIPEBHETPEUECKUX 3a/1a4 TPUCEKLIMS yIila M KBaJAparypa Kpyra ObUIO MPEATIOKEHO
peleHre 3aauu yaBoeHHe KyoOa. PacronioskeHue Ky0a 1Mo3BOJISCT 3pUTEILHO BOCIIPHHSTE POXKICHHE

€ro TPEXMEpPHOT0 Tejia B MPOCTPAHCTBE U3 TOUKU B HANPABICHUH BEKTOpa 4-TO U3MEPEHHUS.

Puc. 4. 3aMKkHYTBIE TPEXMEPHBIE KPUBBIE CBEPTKH BOCHMU KYOOB THIIEpKy0a

Crnemyer oOpaTuTh BHHMaHHE Ha KOHTYpP HIECTUYTOJbHHKA HAa TOPH30HTAIBHOW IUIOCKOCTH,
KOTOPBI BO3HHMKAET IPH OCBEIICHWH Kyba CBepXy. DTO TEHb TPEXTPAHHOTO YIiia, BEPIIMHOMN
KOTOpPOTO IIECTHUTPAHHHUK COMPUKACAETCA C IJIOCKOCThI0. He TpymHo goraaatbes, 4YTO KOHTYP
IIECTUYTOJIbHAKA O0pa30BaH MIECThIO pedpaMu Kyba, KOTOphIE BMeCTE OOpa3ylT 3HAKOMYIO HaM
3aMKHYTYIO TPEXMEPHYIO KPUBYIO CBEPTKHU KyOa. [laHHOE 0OCTOATEIHCTBO CHITPANIO KIFOUEBYIO POJIb,
TaK Kak MO3BOJIHIIO MPUNTH K BBIBOAY, YTO 3aj]adya «yJIBOEHUE KyOa», KaK U JIPYrue ABE OTMEUYCHHBIE
BBIIIIE 33/1a4M, IMEET KOCMOJIOTHUECKOE 3HadeHHe. bbulo yCTaHOBIEHO, YTO 00BheM U300paKEeHHOTO
Ky0a B /1Ba pa3a Oouiblie Ky0a, peOpoM KOTOPOTO SIBIISIaCh ObI CTOpOHA IIECTHUYroJIbHWKA. Takas
CBsI3b Ky0Oa THIIEpKy0a, OPHEHTHPOBAHHOTO IO BEKTOPY 4-TO WM3MEPEHHUs, C €ro IMeCTUYroJbHON
MPOEKIMEH Ha TOPU3OHTAIBHON 1O OTHOLICHUIO K HEMY IUIOCKOCTH OIpe/elieHa ACWCTBHEM 3aKOHA

NCPCIICKTUBLI. On npeaonpeacsicT yMCHbBIICHHUEC OTPC3KOB TpeXMCpHOI\;I KpPIBOfI CBCPTKHU Ha Vi mx




@ HAVYKA YEPE3 [TPU3MY BPEMEHU Ne 7 (52) 2021r.

JUTMHBI, TaK KaK OHH PACITOJIOKEHBI TIOJ] YTIIOM K TUIOCKOCTH.

K ckazanHOMYy BbIIE HEOOXOOUMO CHAENaTh BaXXHOE JOMOJHEHHWE OTHOCHUTEIHHO
IECTUYTOJIPHAKA, KAk MPOSKIIMH TPEXMEPHOTO JJEMEHTa CBEPTKH Ky0a Ha IUIOCKOCTD,
OPHEHTUPOBAHHOTO IO BEKTOPY 4-TO M3MepeHus. Eciiu MpuHATH K CBEICHUIO, 4To chepa Beenennoi
IUIsl TUNIEpKYOa, Kak W s Apyrux [1aTOHOBBIX Tel, SBISETCS MOPOXKIAONIed ux (GUrypod, TO B
JaHHOM ciiydae pedb uaeT o «HalOmomatene», HaxomsAmeMcs: B IEHTPE CO3WAAHUS M OOJIaJaroIIuM
cepudeckuM 3peHHeM. J[JIsi Hero peanbHO CYIIECTBYET TOJBKO THIIEPKYO, Tak KaK MPOTSHKEHUE €T
TPEXMEPHOTO Tella IO BOCBMH BEKTOpaM 4-TO HM3MEPEHHUsS OTHOCHTEIBHO IICHTPA CO3UJIAHHS
panuanbHO U BOUCHIBAeTCs B 00beM cdepbl BeeneHHoi.

bau3kuM K CKazaHHOMY O 3HAa4eHUU 4-TO HM3MEPCHHS B OIPEICICHUH pPEaTbHOTO
CYIIECTBOBAHUS TPEXMEPHOIo Telia B cepe BceneHHON sBisieTcs: clieayroliee MHEHUE Y CIIEHCKOTO:
“Peanvnoe meno 00axicHO 001adamev xoms Obl CAMbIM HUYMONCHLIM NPOMSNCEHUEM 8 Yem8epmoM
uzmepeHuu, umave mo Oyoem 6oobpadcaemas @ueypa, Npoexkyus mena uemvipex usmepeHuti 8
MpexmMepHoOM NPOCMPAancmee, nooodHoe KyOy, HaApucoeanwomy Ha oOymace. Taxum obpazom, mwvl
NPUXOOUM K 3AKTIOUEHUIO, YMO MOJNCeNn CYuWecmeosanms mpexmepHulil Kyo u Kyo yemvipexmephwiii. M
MONbKO wemvlpexmepHulil Kyo Oyoem peanvro cywecmeyiowum” [2, c. 100]

[Ipu m3ydyeHnn n300pakeHUs HA PUCYHKE 5 OBUIO YCTAHOBJICHO KOCMOJIOTHYECKOE 3HAYCHHE
erurierckoro tpeyroibarka KGC B opreHTanm Kyb0a OTHOCUTEIIBHO YCIIOBHOW BEPTHKAIH, KOTOPAS
ceifuac paccMarpuBaeTcsi Kak BEeKTOp 4-To m3MepeHus. [IpucyTcTBHE yka3aHHOTO TpeyrojbHUKa
CTaJI0 OYEBUIHBIM MPU BOCCTAHOBJICHHUHM CBSI3U LIECTHYTOJIBHUKA C TPEXMEPHON KpUBOIl cBepTKH. J{7s
3TOro U3 BepmuHbl C BEpXHEro MpsMOTo yria CBepTKH KyOa ObUT OIYIICH MEPIICHIUKYIISAP, KOTOPBIHA
copman ¢ BepmuHOW K mrectuyronmbHuka. COeAMHEHHE STOW BEPIIMHBI IMECTUYTOJHLHUKA C TOYKOH
MopokJieHus: Kyba u mpuBnedeHue auaroHanu GC rpaHu HUKHETO TPEXTPAHHOTO YIiia TO3BOJIUIIO
MIOCTPOUTH PACCMATPUBAEMBI MPSMOYTOJIBHBIA HEPaBHOOCAPEHHBIN TPEYTOIbHUK, CTOPOHBI KOTOPOTO
HaxXoJATCS B cOOTHOIIeHNH 3:4:5.

Kak MbI BHJIUM, THIIOTEHY3a JAaHHOTO TPEYroJIbHUKA, OPUEHTHPOBAHHOTO OOJBIIAM KaTETOM
M0 HAMPABIIEHUIO YCIOBHOW BEPTUKAIH, SBISETCS TUArOHAIBIO TPaHU HIDKHETO TPEXTPAHHOTO yriia
Kyb0a. DTO CBHIETENBCTBYET OO0 OCHOBOIIOJIATAIOMICH POJM ETUNETCKOr0 TPEYTrONbHHUKA Kak
JIBYXMEPHON (UTYPHI, ONPEICISIONICH B3aMMHYIO OpPHUEHTAIMIO KyOOB THIEpKy0a B HaIlpaBJICHUU
BOCBMH BEKTOPOB 4-TO HU3MEPEHHUS OTHOCHTEIHHO OOIIeH JUII HUX TOYKH BO3HUKHOBEHHUS B
mpocTpancTBe.  Takas CBsI3b ErHIETCKOTO TPEYTrOJIbHHKA C BEKTOPOM YETBEPTOTO H3MEpPEHUs
MO3BOJISIET OCYIIECTBUTH OoOJiee TPOCTONH TEOMETPUYECKUN CHOoco0 MOCTPOCHHUS 3aaHHOrO KyOa
THIIEPKy0a, OPHEHTUPOBAHHOTO OTHOCHTEIBHO TOYKHM CBOETO BO3HUKHOBEHHS B HAIpPaBICHUU

YKa3aHHOT'O U3MEPEHHUS.

Jljis 3TOTO MPOBEAEM YCIOBHYIO TOPU30HTAIBHYIO JIMHHUIO U Ha Hell HaHeceM Touky (Puc. 6).
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OTHOCHUTENBHO HEE B 00€ CTOPOHBI 0003HAYMM JUHUSAMHU YIIIbl 53° 1 37°, 4TO COOTBETCTBYET OCTPHIM
yriaM erMIeTCKOro TpeyrosibHuka. Ha muHH, orpaHuduBaronieid 00JbmMid yroi, 0003HAYUM JITUHY
quaroHanu pebpa ky0a, a Ha JIMHMM BTOPOTO yriia 0003HAYWM JUIHHY €ro pedpa. 3aTeM C KOHIIOB
MOJTYYCHHBIX OTPE3KOB OMYCTHUM MEPIEHAUKYISPHl Ha TOPU3OHTAIBHYIO JIMHUIO. B pe3ynbprare Mbl
noiyunM JBa erunerckux TpeyroipHuka OBD u OAC. Pa3Mepsl UX CTOPOH HaxodsTcs B
cootHomeHnu 3:4:5. Jlanee, mpoBes B MPOCTPAHCTBO U3 BEPIUH B 1 A 3THX TpeyrojabHUKOB JMHUY,
HEPICHIUKYIISIPHBIC THUIIOTEHY3aM, BO3HUKHET mpsiMoyroabHuk OAQ'B. Peur umer He 0 mpocToMm
NpSIMOYTOJIBHUKE, a O MapajuiejorpaMme, OOpa30BaHHOM JIBYMSI €THIIETCKUMHU TPEYTrOJIbHUKaMHU.
OOmiasi THIOTEHY3a O3TUX TPEYrOJbHHUKOB, SBISISICH JAMATOHAIBI0 YKA3aHHOTO MPSMOYTOJbHUKA,
oTroOpakaeT OAMH U3 BOCBMU BEKTOPOB 4-T0 M3MepeHUs B (OPMUPOBAHUHN THIIEPKYyOa OTHOCHUTEIBHO
TOYKH B TIPOCTPAHCTBE KaK IIEHTPA €r0 BOSHUKHOBEHHUSI.

H

Puc. 5. Ky0 runepky6a, opueHTUPOBaHHBI OTHOCUTEILHO TOYKH CBOECTO BO3SHUKHOBECHHS B

HaIlrpaBJICHUHN 4-ro HU3MCPCHUSA, ONIPCACITIACMOM COOTHOMICHUCM KATCTOB CTUIICTCKOI'O TPCYIrOJIbHUKA

KaK COOTHOIICHUCM MCKIY YCHOBHOﬁ TOPU30HTAJIBIO U YCHOBHOﬁ BCPTUKAJIBIO (a); BUJ CBCPXY
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TpEXTpaHHOTO yria Kyba (0)

Tenepb HEOOXOAMMO YCTAHOBUTH O KAaKOM MPSIMOYTOJbHON IUIOCKOCTH MIET peub, B KOTOPOM
HaXOJUT CBOE KOCMOJIOTUYECKOE 3HAUCHHE ErMIIETCKUH TPEYroNIbHUK KaK JBYXMepHas Qurypa,
OpPHEHTHUDYIOIAsl IOJO0XKEHHE TPEXMEpPHOro Tejna Kyba Trumepkydba OTHOCHUTENIBHO —LEHTpa
BO3HUKHOBEHUS 110 HAPABJICHUIO YeTBEpTOro usmepeHus. OOpaTuBLIMCh K PUCYHKY 6.2, CTAHOBUTCS
OYEBHJIHBIM, YTO PEYb UIET O MPSIMOYTOJIbHHKE, IFIOCKOCTh KOTOPOTO 10 JUArOHaIH IMepeceKkaeT Kyo.
B Heli rmaBHOE CBOHCTBO €THIIETCKOTO TPEYrojbHUKA 00Pa30BhIBATH COOTHOLICHUEM Pa3MEpPOB CBOUX
CTOPOH HPSAMOM Yrosl MpOsBISET ceOsl OTHOCUTENBHO BEKTOpa 4-ro M3MEpEeHMs, HUCXOASILIEro W3
LIEHTpa THIEepKyOa.

[IpencraBnsier 0ocCOOBIE MHTEpPEC OTHOIIEHUE ETHIIETCKOTO TPEYTOJbHHKA K YETBEPTOMY
U3MEpEeHnI0 B cBere Teopembl Iludaropa, cormacHO KOTOpOH CyMMa KBagpaTOB KaTETOB
TPSAMOYTONBHOTO TPEYroIbHIKA PAaBHA KBAAPATy €ro rumoTeHyssl a2 + b? = ¢ Kak m3BecTHO, uis
HaXO0XKJCHU JUIMHBI AMaroHallu Ky0a UCIOb3YIOT TpeXMEepHBbIi BapuaHT Teopemsl [Tudaropa. Ecnu a,
b 1 ¢ — cropousl kyba, Torma a’+h?+c? = d* IIpumennTenBHO K Ky6y THIIEPKY6a, OPHEHTHPOBAHHOTO
[0 HAMpaBJICHUIO 4-TO MU3MEPEHUs, HAXOXKJICHHE JUIMHBI €ro JUaroHald KakK BEKTOpa YKa3aHHOTO
U3MEPEHUsl ¢ MPUMEHEHUEM PAacCMaTPUBAEMOM TEOpPEMbl MOYKHO, UCIOJbB3Ysl AMArOHAlb € TpaHu U
cropony a (Puc. 6.a). D10 mo3BoiseT BhIATH Ha eruneTckuil TpeyroabHuk OAO” mpsMOYroiabHOM
wiockocty OAO’B, gmensmieii 1o aumaroHand Ky0 1momonam. B 3ToM ciiydae THIIOTEHy3a 3TOrO
TPEYTOJIbHUKA SIBIISIETCS TUArOHAIBIO-BEKTOPOM 4-TO M3MEPEHHs, YTO TO3BOJISIET OIPEICIUTh €ro
many o popmyie d? = a’+e?,

B nonHom oObeme CBOMCTBO E€rMmeTcKOro TPEyroJIbHUKAa HAXOJUT CBOE OTPaKEHHE MpHU
paccMOTpPEHMH TMOAOOHOW MPSMOYTOJIBHOM IUIOCKOCTH Yy Tunepkyba B 1menom. Ha pucynke 6.8
MIPUBEJICHO M300pakeHNE OIHON W3 IECTH IUIOCKOCTEH, KOTOpPbIE 1O IHATOHAIN TEPECEKAI0T JBE
napbl KyOOB, 3€pKaJlbHO CHMMETPUYHBIX OTHOCHTEIBHO LieHTpa runepkyba (Puc. 2.a). B ocHoBy ee
noctpoeHust B3aT mnpsmoyronbHHK OAQO'B’, KOTOpBIN BBINIE C HCIIOIB30BAHHEM ETUIIETCKOTO
TPEyroJIbHUKA OBLT BOTUIOIICH KaK JAHaroHajibHas TUIOCKOCTh OJHOTO M3 KyOoB rurepkyoa (Puc. 6.0).
B npenenax ee Hanwio BOTUIONMIEHHE BCE MHOTOOOpAa3ne eTUNETCKUX TPEYTOJIbHUKOB, KOTOPHIE CBOCH
reoMeTpuel 1mojoous OTpakaloT Ha JABYXMEPHOM YPOBHE BOCHPHUSTHS TapMOHHMIO, CHMMETPHUIO U
paBHOBECHE BO B3aUMOCBS3H TPEXMEPHOM CTPYKTYpPHI THIIEPKYOa ¢ BEKTOpPAMH YETBEPTOI0 U3MEPEHUS
OTHOCHTEIIFHO IIEHTPa CBOETO MPOSBICHUSI.

[TpocrmennM, Kak TOMIArOBO ETUIMETCKHE TPEYTOJbHUKK OBUTM TIOCTPOCHBI B CTPYKTYpe
JMAarOHAIBHOM TUIOCKOCTH ceueHHs Turepkyoa. Ho mpexxae HeoOXoauMo NMpHUHATH BO BHUMaHUE Ha
MPUCYTCTBUE B HEHl YETHIpEX BEKTOPOB 4-TO U3MEPEHHUS, OTPAKAIOIIMX HAIPaBICHUS (POPMHUPOBAHUS

COOTBETCTBYIOILIETO YMCIa TPEXMEPHBIX Tell KyOoB. [loaToMy mocTpoeHuss HEOOXOJUMO HauWHATh C

MPOBEJECHUSI 4Yepe3 LIEHTP paccMaTpUBAEMOro NPSIMOYTOJIbHUKA MEpPHEeHAUKYISIPOB K BEKTOpaM
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JIAaHHOTO M3MEpeHHs A0 OOKOBBIX CTOPOH TMapajljieiorpaMma, MPEACTABISIIONIUX —TUaroHaIu

MPOTUBOJICKAIIUX TpaHEH rumepkyda. OTUM cambiM OyayT o00O03HA4YeHbl JIMHUU YCIOBHBIX

TOPU30HTAJICH, TPOXOAIINUX Yepe3 MEeHTp runepkyoa. CoeqMHUM TOYKH UX KacaHUs OOKOBBIX CTOPOH

MPSIMOYTOJIbHUKA, YTO MIPUBEET K MOCTPOCHUIO MpsiMoyrosnbHuka EFGH.
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Puc. 6. Ky0 runepky6a, opueHTUPOBAHHBIN B HANPaBIECHUN 4-TO U3MEPEHHUS (2); TTOCTPOCHHUE
MPSIMOYTOJIBHOM JMarOHAIBLHOM TIOCKOCTH Ky0a rurnepky0a B HampaBlIeHUH 4-T0 U3MEPEHHUS C
MIPUBJICYEHUEM €TUTIETCKOTO TPeYroibHUKa (0); CCTeMa eruMneTCKUX TPEYyTrOJIbHUKOB B TUATOHAIBHOMN
TUTOCKOCTH TUTIEpKy0a, OTpakaromasi OpTOrOHaIbHOCTh B IIOCTPOSHUH €r0 CTPYKTYPBI OTHOCHTEIBHO

[IEHTpa B HAIIPABJICHUU BEKTOPOB 4-T0 U3MEpeHUs (B)

Janee, kak mpumep, paccMoTpum mpsMoyronsHuK O—YO 1Y, mnpeacTaBasiomuil cedeHue
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omHoro u3 kyb6oB. C TOUYKH TMepecedeHus €ro MNpaBoll OOKOBOW CTOPOHBI C BEPXHEW CTOPOHOM
npsmoyroinbHuka EFGH omyctuM mnepneHaukyssip Ha JTUHHIO TOPU3OHTAIBHYIO K BEKTOpPY 4-TO
MU3MEpEeHUs paccMaTpuBaeMoro Kyba. B pesynbrare Oyner oOpa3oBan erunerckuit TpeyroibHuk OAB.
Taxkoil >xe TpeyroJbHUK BO3HHUKAET MPU aHAJOTUYHBIX MMOCTPOCHUSIX OTHOCHUTEIBHO MPSMOYTOJIbHHUKA
OYO'1Y, npeACTaBisIOIIEr0 CEYEHUE CMEXHOTO Kyba. O0a ermmeTcKux TpeyrojbHUKa,
CONPSDKEHHBIX CBOMMHM THIIOTEHY3aMHM C OOIIEH JJIsl pacCMaTpPUBAEMBIX MPSMOYTOJILHUKOB CTOPOHOM
OxY, cBouMH OONBIIMMH KaT€TaMH OTPAXKAIOT HAIMPABICHHUS BEKTOPOB 4-TO H3MEpEHUs
COOTBETCTBYIOIIUX UM KyOOB runepkyoa.

Eciu paccmarpuBaeMble €TUIIETCKHE TPEYTOJbHUKU 3PUTEIBHO YBEIMYMBATH, TO HX
MaKCHMAaJIbHBIE pasMepsl OyIyT BOILIOmeHbI B Tpeyronbaukax OA +Y u OC'+Y". Ux GoJplive KaTeThl
CTaHyT YaCTSIMH JUAroHaJieil paccMaTpUBAEMbBIX HPSIMOYTOJIBHUKOB, KOTOPHIE TEPIECHINKYISIPHBI K
yCIIOBHBIM ropu3oHTaNbHBIM TMHUAM OG u OF. O0beauHsIs 3TH TPEYTOIBHUKHU CO CMEXHBIMU C HUMH
erunierckumu TpeyroibHrukaMu OA"Y u OC—Y, MbI MOJy4YUM JIBa OJ0OHBIX YBEIHUCHHBIX B pa3Mepe
tpeyrompauka OY1Y u O—YxY. Bmecte oHn 00pa3yioT TpeyroiabHUK Y+Y—Y C yriiomM B OCHOBaHWH,
paBHBIM 53°. DTO CBUAETENBCTBYET O TOM, YTO TEpel HaMU KOHTYP BEPTUKAIBHOTO  CEUCHHS
erUIeTcKoi nupamuasl XedpeHa.

CoBeplIMB aHAIOTUYHBIE TOCTPOEHUS B NMPSAMOYTOJbHUKAX, MPEACTABISIOMUX JUaroHaIbHbIe
CEUSHHSI OCTAJBHBIX JIBYX KyOOB, MBI TIOJIY9UM TOT YK€ Ha0Op ETUNETCKUX TPEYroIbHUKOB. Cpenu HIX
HaXOJUT CBOE BOIUIOIICHHE CEYCHHE eIle OJHOW mupamuabl XedpeHa, KoTopas CBOUM OCHOBAHHUEM
COIpsDKEHa Ha OCH OpJMHAT BHYTPEHHEH MPSMOYIOJIbHOM CHCTEMbI KOOPAMHAT C OCHOBAaHMEM BBILIE
OTMEYEHHON MoJ00HON mupamuioi. BepiimHbl 3TON mapbsl mUpaMua MPUXOIATCS HA OCH OpAMHAT
BHEIIHUX MPSIMOYTOJIBHBIX CHCTEM KoopAuHAT. [IpsiMoe OTHOIIEHWE ermreTcKOro TPEyrojbHHKa K
(GbopMHpPOBaHNIO KOHTYpa PaccCMaTpHUBAEMOM ETHIIETCKON MUPaMUIBl B CTPYKTYpPE UETBIPEXMEPHOTO
TUNepKy0a He OrpaHMYMBAaeTCs YK€ OTMEUEHHBIMH MUPaMUAaMd. JIOTMOJHUTENTBHO MBI HMEEM
3epKaJIbHO CHMMETPUYHYIO Napy MUpaMHJI, Y KOTOPBIX 00I11ast /Uil HUX BEPIIMHA COBMEIIEHA C 00IUM
OCHOBaHHWEM TIePBOM Taphl MUPAMUJI, & OCHOBAHHS COBIIAIAIOT C €€ BEPIIMHAMHU.

B menoM B3amMHas OpHEHTAIMsl ABYX MEPECEKAIOIIUXCS Tap MUPaMUJ CBHIETEIBCTBYET O
NPUCYTCTBUM B WX B3aHMMOOTHOIICHUM AHTUCUMMETPHM, YTO COOTBETCTBYET OTMEUEHHOW BBIIIE
10/I0OHON CUMMETPUH BO B3aMMOCBSI3M BHYTPEHHEH M BHEIIHUX MPSIMOYTOJBbHBIX CUCTEM KOOPAWHAT
runepky6a. Ecnu momoiTv ¢ mo3unmuy CUMBOJIM3MA U IPUHSTH BEPIIUHBI PACCMATPUBACMBIX ITHPAMU]]
3a MeTau3UYecKhe KOPHU POCTA, a OCHOBAHMS 32 TOYKH IPOSBICHHUS OIHOMEPHBIX DJIEMEHTOB
IPOTSDKEHHOCTH KyOOB THIIEpPKYOa, TO MPOCIEKHMBACTCS ONpEACICHHAs aHAJOTHSl C M3BECTHBIM B
JTPEBHEKUTANCKON MHU(OJIIOTHH CUMBOJIOM CO3HAATeNbHOTO eauHCcTBa «Hb-SH» B BUjae kpyra. B Hem

OTpaX€HO BSaHMOHeﬁCTBHC IMOJIAPHBIX CHJI KaK OCHOBBEI IIPOSABJICHUSA IBUXKCHHA B KOCMOCE.

[IpyuMeHHUTENIBHO K paccMaTpuBAaeMbIM IHUpaMUIAM AaKTUBHYIO pPOXIAWOINYI cuily JSH
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MIPEJICTaBIsIeT 3epKajJbHO CUMMETpPUYHAs Mapa MUpaMuf, oOmias BepIIMHA KOTOPBIX MPHUXOAUTCS Ha
neHtp cepsl BceenenHoil, a ocHoBanus Ha peOpa rumepkyoa. OOpasyiomme HX THUIOTEHY3bI
€TUIIETCKUX TPEYroJbHUKOB OTPaXarOT HaNpaBiIeHUs 4-r0 H3MEpPEHUs, KOTOPbIE OINpPEAEIAIOT
B3aMMHYIO OPUEHTAIMIO B MPOTSHKEHHOCTH CBEPTHIBAEMBIX KYOOB OT LIEHTpa MX BO3HUKHOBEHUS MpU
dbopmupoBanuu Tena runepkyba. B mporuBomeiictBMM K cuie SIH HaxoIUTCS TACCHBHAs
B3pamuBaromas cwia VHb, KOTOPYIO IpPEACTABISAET 3€PKaJbHO CHUMMETPHUYHAs Ilapa NHUPaMHUI C
BEPIIMHAMH, PACIIOJIOKEHHBIMA HAa OCHOBAHHUSAX MEPBOM Mapbl MUpaMuj, a OOLUIMM OCHOBaHHEM —
COBMEIIeHa ¢ MX oOmel BepmmHOW. Ee AeiicTBHE MPOTHUBOIMOIOKHO cuie SIH, 94TO B HEJIOM TNpH
00BbEIMHEHNHU MPOTUBOACHCTBYIONINX CHJI JIEAaeT YEThIPEXMEPHBIN THIEPKY0 OYKBAJIBHO PACHATHIM B
npenenax cdepsl BeeaeHHOH OTHOCHTENHFHO a0CONIOTHO HETOJBM)KHOTO IEHTpa co3umanus. C aToi
MO3UIINH, PACCMATPUBAEMbIE B HEM OCH 00BETMHEHHOHN MPSMOYTOJILHOW CUCTEMbI KOOPMHAT, €CTh HE
YTO MHOE, KaK MeTapU3NYECKOe BOIUIOLIEHUE CTPYKTYPhI HAIPSHKEHUSI, HAJICJIEHHON OpPTOrOHaIbHOU
OTHOCUTEJILHO LEHTpPa BO3HMKHOBEHHUS CHCTEMOW CBS3M OJHOMEPHBIX 3JIEMEHTOB HANpPSHKEHUS —
pebep kyOoB rumepkyoa.

Ponpb erunerckoro TpeyrojiibHUKa Kak 11a0jg0Ha, B COOTBETCTBUU C KOTOPBIM YCTaHaBJIMBAETCA
OPTOTOHANILHOCTh B (DOPMHUPOBAHUU  CTPYKTYpHl THIEpPKyOa, IMOJy4aeT JOMOJHUTEIbHOE
MIOATBEPXKICHUE IIPU PACCMOTPEHHU CBA3M NEPHEHIUKYIAPHBIX JIpPYyr K APYry BEKTOPOB 4-T0
U3MEPEHUSI W YCIOBHBIX TOPU30HTAJIBHBIX K HUM JIMHUHA CO CTPYKTYpOH paccMaTpHBaeMOM
JIMaroHaJIbHOM IUIOCKOCTH IeCTUrpaHHMKA. OHA CTAaHOBUTCA OYEBHIHON IpPHU COEAMHEHWH KOHIIOB
YKa3aHHBIX OPTOTOHAIBHBIX JpPYr K JpYry  JUHUI. B pe3ynpraTe BO3HUKAIOT ETrMIETCKUE
TPEYroJIbHUKU, KOTOphle 00pa3yloT JABE 3€pKalbHO CUMMETpPUYHbIE Mapbl nupamuj XedpeHa. OHU
BMECTE, UMesl OOIlIMe OCHOBAaHUS HAa TOPU3OHTAIbHBIX MO OTHOIICHHIO K BEKTOpaM 4-ro U3MEpEeHHs
JUHUSX, OTPaXarT KaYECTBEHHO HUHYIO OPTOTOHAJIBHYIO CBSI3b B CTPYKTYpE TUIEPKyOa 10 CPaBHEHUIO
C BBILIEPACCMOTPEHHBIMH THPaMHIaMHU.

[lepecekass npyr apyra, 3TW NUpPaMHUIbl CBOMMHU BEpIIMHAMH OOBEIUHSET MO JAMArOHANIAM-
BEKTOpaM 4-ro HM3MEpEeHHUs MPOTUBOJIEKALINE YIJIbI MPSMOYrOJIbHHKA, a WX OOIIMe OCHOBaHUS
00pa3yroT MOCIEIHIO Napy 3epKaIbHO CHMMETPUYHBIX MUPaMUJ], BEPIIMHBI KOTOPHIX COBMEIIEHBI B
LEHTpE MapajuiesiorpaMma, a OCHOBAaHHSI SIBJISIIOTCS OOKOBBIMU CTOpOHaMH npsimoyroibHuka EFGH. B
3TON 00BEAMHEHHON CUCTeME MUpaMUa 00pa3yIoIINe X €THUIETCKUE MUPAMUIBI OTPAXKAIOT MPAMYIO
OpPTOTOHAIILHYIO CBSI3b BEKTOPOB 4-T0 U3MEPEHHUS C IIEHTPOM BO3HHUKHOBEHMSI TUIIEPKYOa.

Hakonen, camplii 00JbIION €rHNETCKHI TPEyroJbHUK IOJIydaeT CBOE BOIUIOLIEHHE IIPH
00BbEIMHEHNHU KaXKJOTO BYHAIPABICHHOTO BEKTOpa 4-ro M3MEPEHUs ¢ Majlol M OOJIBIION CTOPOHOM
paccMaTpuBaeMoi IPSIMOYTOJIBHOM TJIOCKOCTH, JEINAIIEH 1Mo JUaroHaly runepkyoa momoiam. B atom

JIETKO 00BbEIMHUTHCS, TaK KaK B 00pa30BaBILIEMCs MPSMOYTOJIbHOM TPEYTrOJIbHUKE YroJl MEXAy Majion

CTOPOHOM M TUIOTEHY301 paBeH 53°.




% HAVYKA YEPE3 [TPU3MY BPEMEHU Ne 7 (52) 2021r.

BriOpanHbIii c11OCOO TeOMETPUUECKOT0 HAXOXACHHUS 4-TO TPOCTPAHCTBEHHOTO HW3MEPCHHUS
MO3BOJIMJIM HE TOJIBKO €ro ONPEAETUTh M KaK CIEJACTBUE MOCTPOUTH TUIEPKYOD, HO U TIO3BOJISET
KOHCTAaTUPOBATb, 4YTO IIPUCYTCTBHUC B HCM TCTpasJpa U OKTadJgpa CBUIACTCILCTBYCT, O HAJINYUU

YEeTHIPEXMEPHOT0 €BKIIUA0BA TPOCTPAHCTBA.
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