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Beryn

Ilepmia 3ragka mpoO TPHUKYTHY TOCTiIOBHICTH
OiHOMiaTbHUX KoediLieHTiB 3ycTpidaeThes y
KOMEHTapsX IHIIHCBKOr0 MaremaThka X CcTopidus
Xanaroaxu A0 TPYHiB iHIIOro mareMmarwka, [liHramu.
TpukytHuk nocnijkysascst OmapoM XaisiMoM OJIM3BKO
1100 poky, Tomy B IpaHi Mmoo cxeMy Ha3UBaKOTh
TpukyTHHKOM Xaisma. Y 1303 pori Oyno BHUIIYIICHO
KHUTY KuTaiicekoro matematuka Wxy [lumze «Smmose
J3EpKali0  YOTHPbOX  EJIEMEHTIB», B sKiii OyB
300pakennii TpukyTHUK [lackanms. BBakaeTwcs, 1m0
BUHAWIIOB HOTO IHIMMHA KHUTAaHCBKMH MareMaTHK SH
Xye#, 1 KnTalll Ha3MBalOTh HOro TPUKYTHUKOM SIHa
Xyes. TpukyTHuk OyB Takox 300paKcHUH Ha
TATYJBHIA CTOPIHIII MiApYYHHKA 3 apU()METHKH,
Hamucaoro 1529 poky Iletpom AmiaHoM. A Bxke y
1653 poui Buiinnia kuura biesa ITackans «Tpakrar npo
apu(OMETHIHIA TPUKYTHHK.

AHaJI3 J0ciKeHb 1 myOaikanii

3BepHEMO yBary Ha Jesiki 3 BiJOMUX BJIACTUBOCTEH
TpukyTHHKa [Tackans [1;2]:

1. iC,’: =2", n=0+o,
k=1

e n - HOMEP TOPH3OHTAIBHOTO psAKAa TPHUKYTHHUKA
ITackas.

VHigepcumem  0yOigHUYmM8ea i

nioxio - 0o
binomianvuux Koeiyicnmie mpuxymuuxa Ilackans 3 mouxku 30py
npocmopogoi eeomempii. Enemenmu mpuxymuuxa Ilackans posensoarome
K napamempu po3MipHOCmI JIHIIHUX npocmopis. Pospobaeno aneopumm
dopmysanns keadpama i MpUKYmMHUKA 8 NPOCMOPAX PI3HUX POZMIDHOCEIL.
3anpononosana ¢opmyna 38'a3Ky midc napamempamu yux gicyp 6 NHIHUX
npoCmopax pisHuUx po3mipHocmeii i OIHOMIATbHUMU KOepiyicHmamu.

/()HMCAHME ﬂMHEﬂHbA

INPOCTPAHCTB C nOMOIIbIO
KOMBHUHATOPHBIX
KOHO®UT'YPALUI

Tpeonooicen  opueunanvhulli n0OX00 K
npumeHeHuo OUHOMUATILHBIX

KoapPuyuenmos mpey20nbHUKa

ITackans c moyKu 3penHus
npocmpaucmeemtoﬁ ceomempuu.
Dnemenmoi mpey2ojlbHUKa ITackans
paccmampuearom Kak napamempbuol

Pa3MepHOCMU TUHEUHbIX NPOCMPAHCING.
Paspaboman aneopumm @opmuposarus
Keaopama u mpey2onbHUKa 6
npocmpancmeax PA3IUYHbIX
pasmepnocmeil. Ilpednodxcena gopmyna

3acmocCy6eaHHs Medncoy

cea3u napamempamu - 3mux
Queyp 6 nuHeliHbIX nPOCMpPAHCMBAX
PaAZIUYHBIX pasmeprocmeil u

OUHOMUATLHBIMU KOIPhuyuenmamu.

DESCRIPTION LINEAR SPACE
USING COMBINATORIAL
CONFIGURATIONS

An original approach to the use of
binomial coefficients of Pascal's triangle
. in terms of spatial geometry. Elements of
Ky6) 2lnepkKy 6) Pascal’s triangle are considered as
parameters dimensional linear spaces.
An algorithm for forming a square and a
triangle in  spaces of different
dimensions. The proposed formula for
the relationship between the parameters
of these figures in linear spaces of

different  dimensions and  binomial
Qeﬁ?cients. /

guciio 11 B cremeHi n (me n — HOMEp psIKa,

1 =0+00) nopisHIOE unCITy, IKE CKITAAAETHCA 3 UBP
n-ro psangka TpukyTHUKa [lackans (Hampuxmazg, ot n=3
maemo: 11°=1331, a 7Tperiii pAgOK TPUKyTHHKA
TTackans mae Bursia: 13 3 1).

3. YV rtpuxkyrauky Ilackanms MoxHa
nociioBHicTh iboHAYI.

4. Slxkmo y tpukytHuky Ilackans Bci Hemapi
gucia 3adapOyBaTH UYOpPHUM KOJHOPOM, a TapHI —
OinmM, Buiize TPUKYTHUK CepITiHCHKOTO.

5. Posrnsinatoun TpukyTHUK [lackains y KOHTEKCTI

3MaTHOCTI ~ OMUCYBAaTH TI€BHI  MPOCTOPOBI
€JIEMEHTH, MM MOKEMO 3HAWTH TaKOK HOBI, 10 CHOTOIHI
HE BIAKPUTI (OPMYJIH, 1110 IPUXOBaHI B HHOMY.

JlociimKeHp, 0 CTOCYIOThCS YETBEPTOTO BUMIpPY 1
(diryp y HbOMy, Ha ChOTOMHI HE Tak 6araro. Mu 3HaEMoO,
[0 TMPOTSTOM 0araThb0X MUHYJIUX CTOPid, KOKHOTO, XTO
HABa)XXYBAaBCS TOBOPHUTH IMPO ICHYBAaHHS YETBEPTOrO
BAMIpY (i3HIHOTO TPOCTOPY, YeKalla CTpallHa HayKoBa
iHKBI3HMIisA. barato TalaHOBUTHX IIOACH ONMUHUIIICS
gyepe3 I Ha 3ajJBIpKax HAyKH, JEXTO K 3 OUIbII
MPaKTUYHUX, TPOCTO BUPINIYBaB HE PO3KPUBATH CBOI
JOCTi/DKeHHs. SIKk 'y mepmioMy, Tak 1y Apyromy
BUMAJKaX, 0araTo HAyKOBHX IMpalb, 10 CTOCYBAIUCS
I[bOTO PO3JLTY «Taly», 3HUKIIM Y BUPI Yacy.

ChOroJiHi miepes; BUSHUMH CBITY TIOCTAIO TTUTAHHS
MO0 iCHYBaHHS YETBEPTOrO Ta OIMbIIMX BUMIPIB
npoctopy. Tak, MH MOKEMO 3rafiaTd TCOPIK CTPYH Ta
MeMOpaH, 10 ONepyITh ICHYBaHHSAM TPOCTOPIB

3HAUTH
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onMHAMIATH BuUMIpiB. [lommpenHs Hal0yma TaKOX
TEOpisl MepexoAy HAIIOro BCECBITY Ha HOBHH piBEHb
ICHyBaHHS — Yy TiNeprnpocrip. ACTPOHOMH JiHIIIH
BHCHOBKY, IIJ0 Ha IOYaTKy CBOTO iCHYBaHHS BCECBIT OyB
OJHOBHUMIPHUM, aJIe¢ IIOCTYIIOBO PO3IIUPIOIOYHCH, TOCAT
PiBHSI TBOBUMIPHOTO, a MOTIM 1 TPUBUMIPHOTO, Je 3apa3
1 3HaXOAMThCA Halla IulaHeTa. ToMmy MosiBa 4eTBEPTOrO
BHMIpY TIPOCTOPY, 3 OTJISIAY HA IF0 TEOPilo, IUIKOM
3akoHOMipHA. Imero 3ampomnonyBaB JlesH CroiikoBuY,
BYCHUMH, KU O4otoe rpyny (i3UKiB B YHIBEpCHTETI
micra Byddano. 3apas, abu goBecTH 110 TEOPilo, BYEHI
HPOBOJSATH EKCIICPHMEHTH.

3arajom ke, ides ICHYBaHHS YETBEPTOro 1
OIIPIIMX  MOPSAKIB  BHMIpIB  NPOCTOpY —  Ha
CHOTOHIIIHIA JCHb OAHE 3 HAWOIIBII CyHepedINBHX
muTtadb [1]. Ase Hag THM, SK TICHO IIPOCTOPOBICTH
IOB’si3aHa 3 KOMOIHATOPHUKOIO, 3aMHUCIIIOBAJIOCS JIyXKe
MaJIo JIOACH.

Merta i 3aBIaHHSA TOCTiIKEHHA

MerToro cTaTTi € JocimkeHHs Qiryp y mpocTopax
pi3HMX  BHUMIpIB 32  JONMOMOTrOK  OiHOMiaJdbHHUX
Koe(illieHTIB ~ Ta  BCTaHOBIECHHS  3B’S3KY  MIXK
napaMeTpamu po3mipHocteil ¢iryp Ta OGiHOMialbHUMHU
koedimieHTamMu.

BuxJsiax ocHoBHOro MaTtepiaay

B crarTi 3anponoHoBaHO HOBWIA MiAXiJ 0 CEHCY
OiHOMiaJIbHUX KOE(IUI€HTIB 3 MOMIAAY HPOCTOPOBOI
reomerpii.

3ayBaxuMoO, 10 B HANIOMYy TPUBHUMIPHOMY
MPOCTOPI MK MOXEMO YSBHUTH YOTHPUBUMIPHUI
npocTip, SK TpM KOOpIAMHATHI Bici 1 4eTBepTa
KOOpJIuHaTa — 9ac. ABTOPU TPOTIOHYIOTh CBill HOTJISL
Ha MOOYIOBY (Pi3WIHUX MPOCTOPIB YETBEPTOTO 1 BUIIIHX
BUMIpiB, TOOTO TakuX, J€ KUIbKICTh 0a3MCHUX
KOOpJMHAaTHUX OCEH CHIBIAJa€e 3  PO3MIpPHICTIO
pOCTOpY.

[epen Ge3nocepeiHIM HIepexoa0M JI0
00roBOpeHHs TEMH, JIOMOBUMOCS Ha3UBaTH
napaMeTpamMu po3MIpHOCTI mpocTtopy abo ¢irypu B
mpoctopi — 0a30Bi XapakTEPUCTUKH IHOTO TPOCTOPY
abo ¢irypu, Taki SK IOYaTOK KOOPIMHAT, KUIBKICTbH
KOOPJIMHATHHUX Oceil a00 TUTOIIHH, pedep abo CTOpiH.

PosriasiHEMO oHOBHMIipHHIT mpoctip. Moro Gasuc,
mpsMa 1 TOYKa — TOYaTroKk koopauHat. ToOto,
MO3HAYMBINK  KUIBKICTh  IOYATKIB KOOPIUHAT Ta
KUIBKICTh OCe MM OTPUMAEMO TaKy TOCHIIOBHICTE: 1;
1. Tyr mnepmia OAMHUI — KIUIBKICTh TIOYATKiB
KOOpJHMHAT, a Jpyra — KUIbKICTh 0a3MCHHX BEKTOPIB.
[MepneHaUKyISpHUN TIEpepi3 ILOTO MPOCTOPY — TOUKA,
sika po30MBa€E HOTO Ha JIBI YACTHHH.

JlBoBUMIpHHIT TIpOCTIp — IUIOLIMHA.
KOOpIWHAT — TOYKa, dYepe3 sKy TMpoBeIeHi JBi
MIEPTIICHIUKYISIPHI MidK CO00I0 0Ci, 1110 PO30UBAIOTH TIEH
npocTip Ha KBaapaHTH. ba3ucoM 1poro npocropy € 1sa

ITouaTok

MEPICHIUKYJISApH, Ha AKX 1 cpopMoBaHa OJHA
mwiomuaa.  To0TO, TOCHIIOBHICTh, IO  OIHCYE

JIBOBUMIPHHH IPOCTIp, TaKa:
1,21,

ne uudpa 1 - KUIbKICTh MOYaTKiB KoopauHart; udpa 2 -
KUTbKICTh KOOPJAMHATHUX oceH; mudppa 1 - KiJdbKICTh
TUTOLIHH.

TpuBuMipHUI TmpocTip — CBIT, y SKOMY MH
icayemo. BiH Mae Takumii 0a3uc: OJWH TOYATOK
KOOpJWHAT, TPH KOOPAWHATHI OCi, TPHU KOOPIWHATHI
IVIOMIMHU 1 mpocTip, chopmoBanuii Humu. Temep
YHUCIIOBA MOCIIJOBHICTh 0yJIe TAKOIO:

1;3;3;1,
TakuM YUHOM, MH MaEMO TPUKYTHY TaOJIHIIIO:

1
11
121
1331

e i € TpukyTHuK [lackans, eleMEHTaMH SIKOTO €
OiHomianmpHi  KoedimierTn. OTke, 3 JOMOMOTOIO
OiHOMiaJIbHUX KOe(illi€HTIB MOXKHa ONUcaTH OyIb-sKi
6azoBi  xapakrepucThku npocrtopy. KoedimienTu,
poO3TalioBaHi MO TOPHM3OHTaN TpUKyTHHKa [lackams
ONUCYIOTH ~ MapaMeTpu  PO3MIPHOCTI  TPOCTODY.
Koedimientn, mo  po3ramoBaHi y  BHCXIJHHX
JliaroHassIX, SKi MPOXOIATh Yepe3 3a/aHi TOPU3OHTAILHI
Koe(illi€eHTH, OMHMCYIOTh 3HAYCHHS OJHOTO i TOTO X
napaMeTpa IJIsl IPOCTOPIB pi3HUX po3MmipHocTel. I Toxi
CTa€ 3pO3yMisio, MO cyMa Koe(]ilieHTiB #-TO psay, siKa
JIOPIBHIOE 271, 3aJa€ KiJIbKICTh YacTHH TPOCTOPY
po3MipHOCTI #, Ha sKi HOro JAUIATH NPOCTOPH
po3mipHocTi (n-1). Hanpuxnan, npsima (poctip neproi
PO3MIPHOCTI) PO3MIISAETHCS HABILI TOYKOKO (TIPOCTOPOM
Hynb0Bo1  posmipHocTi). Ilmommua  (xBOBHMIpHMIHA
NpoCTip)  PO3AUISETBCS  HA  KBAJApPaHTH  JBOMA
NEepIeHINKYIAPHUMH HIPSMUMHU (IIPOCTOpaMH IIepIIOi
PO3MIpHOCTI). IIpocrip TPETHOL PO3MIipHOCTI
pO3IUISETBCST  TPhOMAa KOOPAMHATHUMHU  IUIOIIMHAMHU
(IBOBHMIpHUMU MPOCTOPAMHU) HA OKTAHTHU 1 T. M. OTKke,
TpUKYyTHUK [lackans — TieBHa TaOnWms, y SIKid
3amm¢poBaHa iHdopmauis mpo BCi  mapameTpu
IPOCTOPY MEBHOT PO3MiPHOCTI.

YotupuBUMIpHHHA TIpOCTip Oyme ONMHUCyBaTHCS
TaKOIO TOCIIIOBHICTIO:

1;4;6;4; 1
ne BiamoBigHo wnudpa 1 — KUIBKICTH IOYaTKIB

KoOpauHaT; udpa 4 — KiJIbKICTh KOOPAWHATHUX OCEH;
mudpa 6 - KUTbKICTh TEPIIEHINKYIIPHUX KOOPIUHATHHX
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mwionuH, mudpa 4 — KUIBKICTh TEPHNEHAUKYIAPHUX
npocTopiB; nudpa 1 — HOBUH TimepIPOCTIp.

Temep MOXHa BHBSCTH 3aralibHy (opMymy
napaMeTpiB pO3MipHOCTI IPOCTOPY:

[[,=¢/. ij=0+0

e [T
Yy

i; i — PO3MIPHICTh MPOCTOPY (HOMEP pslKa TPUKYTHUKA
[Mackans);
j — HOMep mapameTpa IpoCTOpy PO3MipHOCTI i (HOMep

— 0a30Ba XapaKTEpPUCTHKA IPOCTOPY CTETEH1

mwidpu B i-My PAAKY); Cl-j — eNeMEHT TPUKYTHHKA
[Mackans, 1o CTOITh HA j-My MICILI B i-My PSIKY.

Po3rasHyBImM MeTon OMHCY JIIHIHHUX TMPOCTOPIB
32 JIOIOMOIOI0 TPHUKyTHHKa [lackans, MH MOXeMO
MEPEXOUTH A0 aNropuT™My (opMmyBaHHsS QIrypH a, siKy
y IIBOBUMIPHOMY IPOCTOpPi HAa3WBAIOTh KBajpar, a y
TpuBUMipHOMY — Ky0. Hanmani BBakarumemo, 110 1ie HE
pi3Hi ¢irypu y mpocropax pi3HHX PO3MIPHOCTEH, a
¢dirypa 3 OIHAKOBHMH BJIACTUBOCTSIMH Y IPOCTOpPax
pi3HHX po3MmipHOcTei. lleli amropuTM Mae Takui
BUTJIS: Yy JHIHHOMY TIPOCTOpi pPO3MIpHOCTI 7 3
MOYaTKy KOOpIMHAT (AKMH TakoX Oyne 3aMiHATH
nepiy BepmmmHy (Girypu «) 1Mo KOOPAMHATHUX OCSX
MIPOBOJATH /1 BiAPi3KiB PiBHOI MOBXHMHU. Ha KiHIIX X
BiZIpi3KiB (OPMYIOTHCSI BEPIIMHU (IrypH o, TaKuUM
YUHOM: B KOXHIN OTpHMaHii BepIIHHI OyIyOTh (11-1)
BiIpI30K, pIBHUH 3 TIONMEPEJHIMH 3a JOBXHUHOKIO Ta
HampsiIMKOM 1 TIEpHeHIUKYIIPHUH 10  IMOWHO
nposeeHoro. Onepanilo MOBTOPIOIOTh PIBHO 7 pasiB,
nonoku (irypa He Oyjae 3aBepiieHa, TOOTO Miiiae Takoi
TOYKH, B SIKIf 3yCTPiHYThCS N BiAPI3KIiB.

OckinbKy  mapamerpu po3MmipHocTi  dirypu o
3alIeXarh BiJ] PO3MIPHOCTI TMPOCTOPY, B SKOMY BOHA
3HAXOAUTHCS, MM MOXKEMO 3aIaTH iX 3a JOIOMOTIOI0
koediuienTiB TpukyTHuka [ackamns (puc. 1).

{0 v {4
i1
124 &2 O darnpeds fa oty
{331 &
14641

Puc. 1. 3anexxHicTh MapaMeTpiB po3MipHOCTI QirypH o
Bifl PO3MIpPHOCTI IPOCTOPY

:\”1" e

Orxe, Gopmyna, 1O oOmMHCYye Oyab-sAKy 0a30BYy
XapakTepucTuky ¢irypu o B mnpocTopi Oyab-sKoi
PO3MIpPHOCTI Ma€ TaKUH BUTJISA:

Q,=C/-2" i, j=0=+00

>

e O - 0a3oBa xapakrtepuctuka Oirypuw o; i —

PO3MIpHICTh TpOCTOpY (HOMEp psIKa TPUKYTHUKA
IMackans); j — HOMep mapamerpa ¢irypu a (HOMEp

mappu y i-My pSAKY); C if, €IEeMEHT TPUKYTHHKA

[Mackaust, 1m0 CTOITh Ha j-My Micli B i-MYy PSIKY.

3a momoMororo 1€l GopMyIr MU JIETKO MOMXKEMO
MipaxyBaTH IapaMeTpu po3MipHOCTI irypu o y
npoctopi  Oynb-KOi  PO3MIpPHOCTI,  HampHUKIaA,
yerBepToi. B 1ii ¢irypi €: 16 Bepummn; 32 pebpa; 24
IOMMHK; 8 00’eMiB; 1 TIPOCTip HOBOT PO3MIPHOCTI, 110
NPUHHSATO Ha3UBAaTH TiIEPIIPOCTOPOM.

3aranpHa (opmyna Juisi 0a30BHX XapaKTEPUCTHK
¢dirypu Sy mpocTopi OyIb-SKOT0 BUMIpy Ma€ BUTIIS;

i i+l >

i,j =000,

ae T;--— 6azoBa xapakrepucthka Qirypu P (KUIbKICTh

BEpIINH, pedep 1 T. 1.); i — PO3MIPHICTb TPOCTOPY

(Homep psnka TpukyTHuka [lackans), j — HoMep

napamerpa ¢irypu B (Homep mUppH Yy i-My PSIKY);
+1

C lﬁ J - €NeMeHT TpHUKyTHHKA [lackans, mio croitk Ha

(j+1)-my micui B (i+1)-My psaKy.

Anroputm  QopmyBaHHS  Girypu  f, SKy Yy
JIBOBUMIPHOMY TIPOCTOpi HA3WBAaIOTh TPUKYTHHK, a B
TPUBHMIPHOMY — TeTpaeap IOKa3aHO Ha puC 2.

{ (=0 . 18
11 =4 — 28 1ap
12 1 =2 AN 38 3mp 1
1331 =3 <11> 48 6mp 4m 10§
14644 v+

Puc. 2. 3anexxHicTh apaMeTpiB po3MipHOCTI QirypH B
BiJl pO3MIPHOCTI IPOCTOPY

Temep MU MOXEMO [i3HATHCS  IapaMeTpu
po3mipHocti ¢irypu S y mpocropi 4 po3mipHocTi: 5
BepmmH; 10 pedep; 10 wrommn; 5 06’emiB; 1 mpoctip
HOBOi  PO3MIPHOCTI, IO TPUWHATO  HA3WUBATH
rineprnpocropoM. BaximBo 3ayBakuTH, 110 JaHi
(hopMyIH MOXYTh BHUKOPHCTOBYBATHCS ISl IOLIYKY
nmapaMmeTpiB po3MmipHOCTe ¢iryp a Ta S y mpocTopi
Oynb-sIKOT pO3MIpHOCTI.

BucnoBku

1. IIpoBeneHi TeOpeTHYHI JOCHTIHKEHHS OKA3aIH,
mo OiHomiaybHI KoedimieHTH TpuKyTHHKa Ilackas
JIO3BOJISIIOTH PO3paxoByBaTH 0a30Bi mapamerpu Qiryp
Ta MPOCTOPIB.
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2. 3Haiizeno ¢GopMmynH, 3a JOTOMOTOI0 SIKHX
MOXXHa ONHCATH OYAb-SIKy KUIBKICHY XapaKTEPHCTHUKY
0a3MCHUX pO3MIPHOCTEH TPUKYTHHKA Ta KBajapara
(diryp a Ta f) y npoctopi Oyab-1K0i1 pO3MipHOCTI.

3. PesynbTaT JIOCITi PKEHb MOXYTh
3aCTOCOBYBAaTHCS y  CHCTEMHOMY  aHalli3i  Ta
KOMIT'FOTEPHOMY MOJCTIOBaHHI CKIJIQJHUX CHUCTEM Ta
0araToBUMIpHHUX MPOIIECIB.
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