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KOMBHUHATOPHBIN AHAJIN3 CXEMBI IIEPECTAHOBOK

C 3AJJAHHBIM YHCJIOM IIOJPSI MIAVIIIX
®UKCHUPOBAHHEIX DJIEMEHTOB

H. KO. Duarckasa

Mocxoserutl uncmumym SAeKMPOHURY U MAMEMAMUKU

Hoyuonarvnozo uccaedosamennckozo yrusepcumema «Bocuian WrOLL IKOHOMUKYS

Tpcmiaractes mpoucaypa NpAMOrO ICPCIUCICHHES HCXONO0B CXCMBL € OINPCACJICHHOR
AucnannmHol mx Hymcepamun. Ha sToit ocHOBC IpoBogaTed HCCICIOBAHTS N0 CIRCTY-
IOAM HATIDABICHUAM: HAXONATCA OBINCC YHCIIO MCXOAOB CXCMBI, DCHIACTCHA 3anata
HYMCDAIUH, CTPOATCS AJITOPUTM OBICTDPOTO MOJCIHPOBAHHS CC HCXOHOB.

Kunmouceric cnogsa: IICPCCTAHOBKH: 3aaYa HYyMCPAIlHH: MOJCIIHPOBAHUC.

N. Yu. Enatskaya. COMBINATORIAL ANALYSIS OF A
PERMUTATION CIRCUIT WITH A GIVEN NUMBER OF
CONSECUTIVE FIXED ELEMENTS

We suggest a procedure for direct cnumeration of the outputs of the circuit with
a given discipline of their cnumeration. Proceeding from this, the following aspects
arc studicd: the total number of outputs of the circuit is found, the enumeration

problem is solved, the algorithm of rapid modcling of outputs is constructed.

Keywords: permutations; enumcration problem; modcling.

BBEIEHUE

B omnmame or pasee npemioxkeHHOro B [1]
OBIIEr0 TOAXOAA K AHAJNH3Y CXEMbl [EpPecTAHO-
BOK C OFDaHWYEHHEM HA €€ HCXOZBl HA OCHO-
Be OTOPAKORKH HCXOHOB AHAJIOIHYHOM cxeMbl 6es
OrpamEdYeHuli, He COOTBETCTBYIOIMX YCIOBHIM
OTPAHWYEHHs], 3/1€Ch IPA KOHKPETHOM 38JAHHOM
OTPAHMYCHHEN HA HCXOABl OKA3BIBACTCSI BO3IMOIK-
HBIM LPOBOIWTEH HCCASIOBAHHS IO JAHHON Cxe-
Me, OLIpEJEICHHO B HASBAHWH CTATHH, Ha Gasze
HIPSIMOTO SIBHOTO Hepebopa ee Hexonos. DTo 0cBo-
GO TAeT 0T HEOOXOAUMOCTH PaboTh! ¢ GONbIIAMEA
MAaCCHBAMY «JIMIDHHAX> HCXOIOB, HE OTBEYAIONIHX
TpebOBAHNAM OrPAHMYCHHAMN, B MO3BOJISIET IPOBO-
JHUThH AHAJIAS CXEMBI H HOJYYIATDb PE3YJIbTATHI Te-
MH JK€ METOJAMH, II0 TeM K€ HAUDABICHHAM H

TOrO K€ YPOBHS, KAK M B y¥Ke HCCIEeIOBAHHOH B
[1] amanormano# cxeme Ge3 OrpaHIIeHHIA.

1. OOMCAHUE CXEMH U BH/] EE HCXOZOB

B cxeme HepecTaHOBOK C 1 RJIEMEHTAMH C HO-
MepaMu OT 1 A0 n, rie BBIAeNeHO { HOMEpOB
i1, ..., % JEMECHTOB U3 1, T < N, HAC HHTEPECyIOT
HMCXOARI, B KOTOPBIX 3JIEMEHTHI € STHMH HOMEPAMHU
AayT nonpsa. Byaem HaseBaTh MX Giaronpusir-
HBIMH HCXOAAME (€XeMbl IePEeCTAHOBOK ) MIIH IIPO-
CTO MCXOJAMH CXEMBI, HMesl B BHAY HCCIEAYEMYIO
€XeMy IEepPEeCTAHOBOK € JAHHBIM OTDAHMYEHHEM.

Pasnaple MCXOABI CXeMBI 33JaI0TCS Habopamm
HOMEPOB BCEX T 3JIEMEHTOB B DA3HOM IODPHAJKE —
6yaeM HX 3aIHCHBATE B KPYIVIBIX CKOOKax depes

3aIATYIO.



IIpuamep 1. Ilyctb R =3, t =2, 21 = 1,
ip = 2. Torma Bce MCXOABI CXEMBI IEPECTAHOBOK
ECTh! (1- 2- 3)- (L 3* 2)‘ (2~ 1 3)* (2" 3- l)- (3" 1~ 2)*
(3,2,1), a OGparonpHaTHEIME OYIYT HCXOIBI
(1,2:3),(2:1.33,(3,1,2). (3:2. 1)

He napymas ofmmuocTH, B JaJbpHEHIIEM A5
yrobersa 06o3Hadennii GyaeM CYMTATH, 9TO BhI-
JeNeHHble { HOMEPOB NOC/HEAHHE, T. €. HAYT OT
HOMepa (n —t + 1) 710 1, 9T0 JOCTHTAETCS COOT-
BETCTBYIOIIEH MepeHyMepan#eii 3JIeMeHTOB.

2. YUCJIO U IPOLEAVPA [IPIMOTO IIEPE-
YHCIEHUS BIATONPUSITHBRIX MCXONOB

Ywucmo N HCX0mOB cxeMbl OIPEXENISeTCs 03 CO-
obpakeHrsT ux upsiMoro nepebopa, KOTOpEIH 3a-
KJII09AeTCs B IOCIEN0BATENHHOM Iepebope Beex
B3aMMHBIX HOPSLIKOB IEPBBIX 7t — { HOMEDOB 3Je-
MEHTOB H ONHO{ IpyInsl { NOCNEAHHX BRIIEIEH-
HBIX HOMEPOE B OJHOM 3a()UKCHPOBAHHOM LIOPSI -
ke (KAK OJMH 3JIEMEHT IIEDECTAHOBKH), HAIpH-
Mep, BO3PACTAIOMEM, B COYETAHNE CO BCEMH B3a-
HMHBIMH TIODSIIKAMHE 3THX § HOMEPOB MEXAY CO-
6oii. Ileprrrit nepefop, KaK H3BECTHO, COBEPIIA-
ercst (n — t + 1)! comocoBamu, a Bropo# — ¢! cmo-
cobamu, OTKyJa IO IPABHIY YMHOMKEHHs KOMOH-
HATOPHKH IOJIY9aeM

N = (n—t+ 1)I(HL (1)

(B mpumepe 1 wo (1) maxogum N = (3—2+1)121 =
4, 9TO COBIAAAET ¢ BH3YAJIBHBEIM PE3Y/IBTATOM ).

[Iponeaypy uepebopa GIAaroUpHsTHBIX HCXO-
noB Gymem crpouTs B cooreercTeHE ¢ (1) Me-
ToAO0M rpad)oB [0 CXeMe ABYX NOCTeT0BATEIb-
HBIX HelicTBuil, npuBeneHHOH B [2], semsmommxcs
37ech epPecTAHOBKaMH pasMepaMu (n—t+1) u t,
a aJIrOPHTM Hepefopa HX HCXOA0B M KOMOMHATOD-
HbIH aHAIHA3 CXeMbl IePECTAHOBOK IPEICTARIIEH B
[1].

Ans manpHefinx WCciIeI0BaHWH HAUOMHHM
ANITOPHATM IOCTPOEHHS CAY9alHOrO Ipolecca Ie-
PEYHCICHES HCXOJ0B W WX HyMepalu#u B CXeMe
IepecTaHOBOK.

Crponm ciaygaiiabiii ODponece IOeIUHHIHOrO
Ao6aBIEHHS] B IEPECTAHOBKY 3JIEMEHTOB C PACTy-
muME oT 1 1o n HOMepaMmu, CTaBs KayKAblil u3
HHX IIOCNEAOBATEIBHO M CIY4aiHO OTHOCHTEIB-
HO KaKJ0# uMeromeiics IEepPeCTAHOBKH Ha OIHO
W3 MECT: JIeBee JIeBOTO 3JIeMeHTa, MeXJy Bce-
MM 3JIEMEHTAMH MW IIpaBee IpPaBOTO M HYMepys
CJIeBa HAIPABO IIOJAYYAIOIIHecs Ha JAHHOM IIa-
re IpPONEcca NePecTAaHOBKH B IIOPSIIKE IIOIaa-
HEAS AoGaBJeHHOr0 3jemMenta. Wszo6pasum omm-
CaHHYIO HPONEAYPY HOMYIEHHS BCEX BO3MOMKHBIX
[epecTAHOBOK (DHKCHPOBAHHOI'O Da3sMepa B BHIE
rpad)a HEPEXOI0B W3 COCTOSIHASI B COCTOSTHHE 3a-
JaHHOTO CJIy9aiHOro mpomecca OT Iara K Iary,
T. €. IIDH POCTEe IIepecTAHOBOK HA OJHH 3JIEMEHT.

Byzem o603HaUaTE 9epes Efj ) = (a1, a9,...,0a;)
i-~e cocTosiHEE Nponecca (T. €. i-I0 IEePECTAHOBKY
@y, as, - ..,a;) Ha j-M mare. Torma npHEBeaeM BRI
rpada nepexogoB Ha HpHMEDe HePBBIX TPeX IIa-
ros (pmc. 1).

£
£,3(5,4,3)

é@ £t 4.5,3)
(/ 2 (4,3,9)

E2(3)
‘\ £5%(5,3,4)
E;‘:(-:—Eg.’:(s,s,t}
: .E‘?’("’"'”

Puc. 1. I'pad nCpCYncICHHSA HCXONOB ICPBBIX TRCX
maros B mpaEMcpe 1

B wacTHOCTH, mocTpouM rpadsl Hepebopos
BCEX HMCXOIOB IIEPECTAHOBOK N — ¢t + 1 m ¢ aje-
MEHTOB Ha YHCJIOBOM IIpHMEpe.

IIpuMmep 2. Ilycte n = 5, t = 3. Torma nony-
guM caenyiomme rpadbl HEPEeTHCTCHUST HCXOA0B
IIEPECTAHOBOK CHAYANA JJIsl T SJIEMEHTOB ¢ HOMe-
pamu 3, 4, 5 (puc. 1), a moToM ¢ HoMepamu ot 1
o0 n—t | SNEMEHTa ¢ HOMEPOM *, KOTOPBIM IIOKA
3aHyMepyeM IPYINY H3 ¢ CASKYIOIMX IOApSI B
IIepPEeCTAHOBKE BBLIEICHHBIX JIEMEHTOB Oe3 ygera
WX B3aHMHOTO TOpsiaka (puc. 2).

\ &h(s,1,2)
@ﬂ?uw

Pue. 2. T'pacd DcpcYnCICHHA TPYNIIIE BBIICICHHBIX
3JICMCHTOB € OCTAJILHEIMH 3JICMCHTAMH B IpHMcpce 2

[£Y
£g=(1,2,3)

B cxeMe mocnefoBaTeNbHBIX AeiicTBuit (B
VCJIOBHSX HCCHeAYEeMON cXeMBl — ABYX IedcTBHI
IO cxeMe HepecTanoBok) u3 [2] momysaem rpad
nepefiopa HCXOZ0B HccaeayeMoli CXeMel, T. e, 6a-
TOIPHATHEIX MCXOA0B BAEAA (puc. 3).




(n-t+1)!

t!

Puc. 3. T'pad mepeumciicHAs: HCXORMOB CXCMEL B [DH-
Mcpe 2

Tereps mJist HATTISITHOCTH HA IPUMEpE Tpef-
CTaBHUM rpad TPSIMOTO TEPEIUCHEHAST HCXOI0B
HCCIIEYEMO# CXeMBbI, T. €. BIArONPHSITHBIX HCXO-
JIOB.

IIpumep 3. Ilycrs, Kak u B ipaMepe 2, n = 5,
t = 3, T. e. B IEpeCTAHOBKAX 3JEMEHTHI ¢ HOMeE-
pamuz 3, 4, 5 mOJDKHBI CTOATH TOAPSA B JIIO6OM
B3aAMHOM TOPSIIKE.

IIpusegem rpad nepeyucIeHHs BCEX HCXOIOB
cxeMsl (pHe. 4).

s, Eff:(S.l.s.:.?i
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Pue. 4. I'pad nepeumcicHrs UCXOI0B CXCMBIL B IIPH-
Mepe 3

_____.._’-""::’(1.2.4.5-5}

5 Ar2.1)

y

o235
€201,2,5,5,4)

Ha Bcex pucynkax cocTositHusT B Tpadax obo-

3HAYMAEM Tepe3 Ei(") , THIe BepXHUH HHAEKC B KPyT-
JBIX ckoDKax obo3HAaYaeT HOMEp IIara Ipomec-

ca mepebopa ero CcocTosiHM (HCXOJ0B CXEMBI), &
HIDKHHN — HOMep COCTOSHHSH HA 3TOM IIare.

3. 3AOAYA HYMEPAIIUH HCXOJOB CXE-
MBI

Hna pemenmsi 38798 HyMepamaH B dbopme
npsiMoil 1 06paTHO#H 3ahaY HyMepamnyH, cOCTOs-
IUX COOTBETCTBEHHO B HAXOXIEHHH BHIA HCXO-
Jla cXeMEl II0 €r0 HOMEpPY | HOMEpa HCXoIa 0 ero
BHTY, BOCIOJIb3yeMCs Pe3yJIbTATAMHK €€ PeIleHHs]
JJISI ACTIONTB3YEMBIX 371eCh CXE€M IE€PECTAHOBOK [1]
H CxeMBbl [TOC/IeNOBATE/IBHBIX JeficTBuil [2].

IIpaMasa 3agada HyMepaluKu

IIycth 3aaa8 HOMep Hcxoma cxembr N = N(2),
Tpebyercs: majita ero sug R = R(?). O6ozuage-
HHASI HOMEDA. | HCXOAA 37eCh AHBI B COOTBETCTRAN
C IPHHSITEIME B PeSyABTHPYIONE cxeme apyx no-
clIe0BATeNbHRX AeficTeril [2] oumcannpx Beime
CXeM IepecTaHOBOK. BEeaeM OLpeNeIsiomuit 3Ty
cXeMy BEKTOp 7. = (n1,73), 30JAI0INMA 9HCTEH-
HOCTH HCXOAOB STHX JABYX JEHCTBHII, T. €. 3THX
JABYX IEpecTasoBok: my = (n—t + 1)}, ny = ¢l
Hasee cxeMmy HepecTaHOBOK C YHCIOM HCXOIOB N1
6yJeM HA3BIBATH IEPBOH, & ¢ YHCIOM HCXOAOB Tio
— sropoii. Torma no |2] u3 smavenns N{(?) ppraue-
aszem uomep NP mexoma, mpusogsmero x man-
HOMY, ITOCHe IEePBOro JelicTBr 1o dhopmye

(2) o
N~ [}Yﬁ__ijm_l:l : (2)
no
rae [Z] — menas dacte wmena Z. [Janee muim
Kaxkzaoro 7 = 1,2 BruMcHsieM 3HAYeHHE ¥; =
N® mod n; u
Ji=vi+ Co_y ns, (3)

rae Cf; — 9uCIIo cOYeTanui U3 a 1o b, n — moboe
HATYPAJBLHOE GHCIO, & J; — HOMED cocTosaus (uc-
x0/a) B mydKe rpada, IPHBOASAINETO K HCKOMOMY
¢ manmeiM HOMepoM. Ilonydennsie 4mcia j; | o
OyOyT SIBASITHCS HOMEPAMH HCXOAO0B CXeM Iiepe-
CTAHOBOK Pa3MepaMH COOTBETCTBEHHO (n—1+ 1)
u 1, IPUBOASINNX K HCXOAY € JTAHHBIM HOMEPOM
HecaeayeMoil CXeMbl, COCTOAINeH H3 II0CIaeIOBa-~
TeIBLHOTO IIPHMEHEHHAS 3THX CXEM IeDeCTAHOBOK.
Teneps MO PemIEHHOH JISI CXEMBI TIePECTAHOBOK
IpsIMOi 3a7a9e HyMepanuu B [1] B repmunax ma-
JIEKCOB 9JIEHOB BAPHAIMOHHOIO DSIOa BXOJSAINIX
B HHX HOMEPOB B BBEIYHCISEMOM HHXKE IODSIKe
HAXOIHM BHABI HX HCX0A0B R1. m Ro,. Ipuuem
B UEepBOi CXeMe 3aMEeHsIeM SJIeMEeHT * TIPH CTaH-
JApTH3AOWA Ha 9ECHO L.

B utore obpaTHO# 3aMeHON HOMEPOB 3JIeMeH-
TOB IIE€PECTAHOBOK KX (DaKTHIECKHAMHA HOMEDaMH
norygaem WX BuAel ) B Rl B Hamelr cxeme.
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IIpusegeM ucnonb3yeMule 30ech GOPMYIEl B3

[1] mnst oupenenenms BuaOB Hexomos Ry, u R,

e [Ltf—i] ; (4)

o

rae r — pa3Mep nmepecrtaHOBKH, Np, m=1,....,r

— HOMeD HCXOHa Ha T-M IIare MepeducAeHns He-

XOHOB IIEPECTAHOBKH, IIPHBOISIIIETO K KOHETHOMY

€ JaHHBIM HOMEPOM, a [Z] — mellad 9acTh YHEla
Z,a

M, = (N;—1) mod s+ 1, (5)

rae M, — HoMep mozunuu 3jeMeHTa § Cpead H9u-
cen 1,2,...,5 B mepecTAHOBKE CJEBA HANDPARO.

Torma uckomele puasl {R;.}, 2 = 1,2 oupe-
JIeJISIOTCS. B3AUMHBIME HOPSLIKAMEA HOMEDPOB 3JIe-
MEHTOB, 3aJaHHbIX wmcaavu {My} s i = 1,2
(ent. [1]).

st onpefiesieAAs OKOHYATENBHOTO BHAA HC-
XOIa OCTAaeTcsl B BHA HCxoma R, B KOTOpoM B
mcxona Rs oB6o3EakYeH *, IOCTABHTE €r0 HA €€ Me-
CTO, IIPEABAPATEIHLHO HOJLYYHB BAABI HCXOA0B 1)
u R3 3aMeHOil COOTBETCTBEHHO B BHAAX HCXOIOB
Ri, 1 Ry, HOMepa HX 3JI€MEHTOB Ha (haKTHHe-
CKHe.

IIpnBegem 4wcneHHbIH HPHAMED.

IIpumep 4. [IycTs HapaMeTpsl CXEMBI 3a7a-
HEI B IIPEMEPE 3, B COOTBETCTBHHA € KOTOPBIMH HA,
pucyske 4 npueenen rpad HepedHCIICHHsS BCEX
cocrosimit, n nyets N = N = 27, Haiinem Bax
ncxoma R = R®). Mo rpady R = (1,4, 3,5,2). Ilo
JAHHBIM IIpUMepa, ny = ny = 3! = 6. Oupenennm
R 1o dopmynam (2), (3): N = N@ =27; N =
[(27T+6—-1)/6] = 5; v2 =27 mod 6 = 3; v} =
5mod 6 = 5; 15+0 =5 jo» = 3+0 = 3.
Orcroga B obosHaterusx [1] Bo Bropoi cxeme me-
PECTAHOBOK, COCTOSIMeH W3 ¢ = 3 DAEMEeHTOB ¢
HOoMepaMmu 3, 4, 5, 3aMeHsIsT X A8 CTAHAADTH-
32Uy BRIYHECICHHN HA HOMepa 1, 2, 3, nojygaem
uexon Ro,, coBuagaomuii ¢ mcxomom Rs npu o6-
paTHOo# 3amene HoMepos 1, 2, 3 Ha dakTuueckue
3, 4, 5, mo popmynam (4) u (5). (B cuny Toro, uto
r1 = r9 = 3, B 0oBGeHxX cxeMaX IEepPECTaHOBOK J0-
CTATOYHO OIPEJeHTh MECTa ABYX HOMEDOB 3Jie-
MEHTOB. )

Bo BTOpO#i cxeme mepecTAHOBOK HCXOI OLpe-
AeJIsieM CAenyIoell Meno4YKoi BhIYHCICHHN:

Ny=3o=3; Na=[(3-3+1)/3]=1;

My =(383—-1mod3+1=3 M= (1~
1) mod 2 +1 = 1, orkyma monydaem Ry, =
(2,-,3), smasmr Ry. = (2,1,3), a Torma Ry =
(4,3,5).

B neproii cxeme mepecTaHOBOK AJISI CTAHIAD-
TH3anEK BeraEcnennii o (4) u (5) 3amMensiem HO-
Mep 3JIEMeHTa * Ha 3, a [I0CJIe HOMYICHHAS PezyiIb-
tata Rj, npomspoauM o6pATHYIO 3aMeHy:

Ny=j1=3; Na=[5-3+1)/3]=2

My =(B-1mod3+1=2; My = (2 —
1) mod 2+ 1 = 2, orkyza nonydaem Ry, =
(-,3,2), sgasur Ri. = (1,3,2), a Torma Ry =
(1,%,2).

OTcoga HCKOMBI BHJ HMCX0OJA BCell CxeMbl
ectb R = R® = (1,4,3,5,2), wto coBunamaer
€ BE3YANBHBIM DE3YJIBTATOM MO0 rpady Ha PHCYH-
e 4.

O6paTHasa 3a7a4a HyMepaiuM

[lycte 3a7a8 BEA Hcxoga cxembl B = R(3),
Tpebyerca maiita ero szomep N = N, O6osna-
JeHMsT HOMEpA W HCXOAA 37eCh JaHBl B COOTBET-
CTBUHA ¢ TPHHSTHIMH B De3YABTHDYIOMIEH cxeme
JBYX TIOCTeAOBaTeNbHbX Aeiicrrus [2] ommcan-
HBIX BEIIIe cxeM mepectanosok. Oupeamensronmit
3Ty cxeMy BeKTop i = (nj,Ns) 385aeT YHCAEHHO-
CTH HCXOAO0B STHUX ABYX JEHCTBHH, T. €. 3THX ABYX
nepecTaHOBOK: N1 = (B —t+ 1), no =t Kak u
PaHBIIE, CXeMY II€PECTAHOBOK € UHC/IOM MCXOJ0B
n1 6ymeM HASBIBATH LIEPBOH, & ¢ THCIOM HCXOAOB
ny — BTOPOH.

JIasT pelneH#s 324398 IO CMBICIY CXEMbI [0~
CJIeIOBATENBHBIX ACHCTBHI, COCTOSIIMX B JBYX
HePecTAHOBKAX, BBHINUCHIBAEM BHABI HX HCXOJOB
Ry v Ry, IpHBOIAINX K AAHHOMY HTOTOBOMY BH-
ay R. JIasi cTaHIapDTH3AIUY PACYeTa HX HOMEPOB
IIPH [ePEeIHCICHAN HCXOA0B B CXEMAX IEePECTaH0-
BOK IPOH3BOIMM OIMCAHHYIO B IPsSMOH 3amate
3aMeHY HOMEPOB WX 3JIEMEHTOB H 10 DereHHoH
B [1] a7 exeMbl nepecTaHOBOK 06paTHOH 33084
HyMepanun oupenensieM ux HoMepa N = Ny n
N = N3 no dopmyme

r—1 H
rl
N=> (M- 1) + M, (6)
=2

rae uucna r 1 M; olpexneneHsl B IIPsIMOiL 3aaaqe
nymepanmn. Jamee spagennss N1 m N3, nepeo6o-
3HAYMEB COOTBETCTBEHHO I€pes j; U j2, MOACTABRAM
B mpEBegcHAYI0 B3 [2] dopMymy

k-1 k
N® =3 —1) [] ne+ i (7)

i=1 i=I+1

npH k = 2, OTKYAa ¥ MOJY9IaeM HCKOMBIH HOMep
N@) grorosoro mcxoma cxemsl.

[IpuseneM gucIeHHEBIH TpAMED.

IIpumep 5. Ilycrs napameTpsl CXeMbl 3a-
JaHBl B UpHMEpe 3, B COOTBETCTBHH C KOTOPBI-
MH Ha pHCYHKe 4 mpuBeneH rpad mepedmcie-
HHASI BCEX COCTOSIHWH, W MyCTh BHZ HCxoma R =
R® = (1,4,3,5,2). Tpebyerca HaliTH ero HOMep
N = N® o rpady ua pucyske 4 HCKOMBIiH HO-
mep pasen 27. Oupegemam ero no gopmynam (6)
u (7). o massbM npmMepa, ny = np = 31 = 6.
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7151 5TOro BHIIHIIEM COCTABIISIIOIIME HAILY CXEMY
IIEPECTAHOBKY KaK JBa TOCIEIOBATENHHBIX Aeii-
creus: Ry = (4,3,5) m By = (1,%,2), samenns
X O7sl CTAHJAPTHIANHE BeI9ACACHEUH 10 GopMy-
saMm [1] r [2] cooTBercTBerHO Ha Rox = (2,1.3) 1
R;. = (1,3,2). Haiinem ux nomepa 1o (6), ykazan
saadenus Mo u Mg anst obenx CxeM ImepecTanc-
BOK m3 mx BHAOB. Pacuers HaguwnaeMm mo (6) co
BTOPOH CX€MBI, T. K. OHa ABJISETCS BHYTPEHHEH
Ans nepsoii. Jlnst sropoit cxemer My = 3, M3 =
1, mostomy

3!
Ny = jo = (M, — 1)§{+ﬂff3 =(1-1)3+3=3.
st mepeoit cxemur My = 2, My = 2, noaroMy
1
N1 =j1 = (Afz—l)%-ﬁ-ﬁ’fg = (2— 1)3+2=5

Orcrona o dhopmyse (7) momygaem N@) = (5 —
1)6 + 3 = 27, 9T0 cOBIAAET C BU3YAIBHBIM De-
3YMBTATOM TIO Tpacdhy Ha pHCyHKe 4.

IIpumep 6. [IposenemM Teneps MPOBEPKY COB-
HAJEHNs] HOMEPA HOCE HErO UCXOAA CXeMBL ¢ 06-
muEM gmcinoM ucxopos B npmMepe 3. Ilo morm-
Ké AUCOHIUIHHEB HYMEPanHh HCX0A0B IPH HX IIe-
PedHCIeHHER 1O MeToay rpaoB BEI HOCTIETHETO
mexofa odesuneH u ecte R = (1,2,3,4,5). Pe
mus o6paTHYIO 3ajady HyMEDAallH, IPOBEPHM,
aro ero momep N3 copnanaer ¢ ancnom ncxonos
cxemel IV, Beramensiemoit mo (1): N = 313! = 36.
31ech BCE PACCYZKAEHHSI TONHOCTHIO MOBTOPSIIOT
upumep 5 m 6yayr omymensl. IIpuBenem Toms-
KO KOHKpeTHBIE BhraucaeHms: Ry = (3,4,5) n
Ry = (1:2!*)1 Ry, = (1: 2~3) u Ry = (11 2.3).
Hna obeux cxem mepectaHoBoK M) = 1, mo = 2,
M3 = 3, mosromy

. g 3!
N1=N2=31=J2=(1142‘—1)5‘,+M3=
=2-1)3+(3—1)+1=6.

Orciona no dopmyne (7) nomygaem N @ = (6 —
1)6 + 6 = 36, 9To COBNANAET C BA3YATBHBIM De-
3yJbTATOM IO Tpady Ha pucyHKe 4 H COBIamaeT
¢ pesyneTaroM 1o (1).

4. BEPOATHOCTHOE PACIPEIEJEHUE UC-
XO0OoB CXEMBI

B cuiy 09eBHAHON CHMMETPHE HCXOA0B B IIPO-
necce ux nepebopa Bce OHU PABHOBEPOATHBI. O1-
CIOHa CIEIYET, YTO YCHAOBHASI BEPOSITHOCTD JII060-
TO W3 HUX IPH BBINOJHEHWH YCJIOBHS OTPaHHYe-
HMSI B CX€Me IIEDEeCTAHOBOK €CTh BeJuduHa, 06-
PATHAS YHCIY HCXOAOB Hamel cxemsl (¢ JaHHBIM

orparmgenneM) u pasHa 1/{(n—1t+ 1)1, nons xe
TAKHX UCXOTOB CPEIH BCEX B CXEME LIePECTAHOBOK
P €CTh BEePOSTHOCTH BBHIOOJHCHHS B HEll TaHHOTO
OrpaHIYEHUs] B BhrauciseTcsa no ¢bopMyie oTHO-
[IEHHUS] HCXOJO0B B HAINEH CXeMe K YUCIy UCXOJ0B
CXeMBI TIepeCTAHOBOK:

_mt D mn—141
i nl B

n

(8)

ITpoeepmM dopmyny (8) Ha mpumepe.

IIpumMep 7. IIycTts nmapaMeTpsl CXeMbl 3814~
HBI B IpAMEpe 3, B COOTBETCTBAN C KOTOPBIMHE Ha,
pucyrke 4 npwseneH Tpad NEDPEYHCICHHS BCEX
cocrostamit. Vix gucno uo rpady passo 36, a gmc-
JIO HCXOJIOB B CXEMe HEPECTAHOBOK TOTO JKe pas-
mepa 5 passo 5! = 120. Torma nogy=aeMm, 9TO
BEpOSITHOCTH BBIIIOJHEHHAST JAHHOIO OrPAHAYEHMS
B cxeme TiepecTanoBoK p = 36/120 = 0,3, a mo
dopuyne 8) p = (5 -3+ 1)/CE = 0,3, = e

pe3yabTaThl COBIIAJIH.

Il

5. MOOAENUPOBAHHE BO3MOXKHOI'O HMC-
XOIA CXEMBI

Ilepsriii criocob 3aKM0IAeTCs B MOJETHDO-
BAaHHH BO3MOKHBIX HCXOAOB CXEMBI IEPECTAHOBOK
TOrO e pasMepa, nprseienuoM B [1] u [3]. To-
raa TpebyeMoe YHC/I0 HCXOI0B CXEeMBI IIePeCTan0-
BOK JJIsl HOJIyYEHHS] OJHOIO BO3IMOXKHOIO 3HAYE-
HUS HAIlell CXeMBbl HMEET TFeOMETPHYECKOe pac-
HpeeNedne ¢ TapaMeTPOM P, BRIYHCJISEMBIM IO
(8), co cpemmmm smenoM 1/p.

Bropoii ciocob cocronuT B <OBICTPOM» MO-
JeIMpOBAHAY MeTOJ0M MapKupoBkH ([3]) mus
PA3BITPEIBAHKS IO OJHOMY CAYYAWHOMY HYHCIY
OMHOTO W3 PABHOBEPOSTHBIX HOMEDOB, OIpere-
genbrx 1o (1), BO3MOXKHBEIX HCXOJOB CXEMBI C
JanpHeHITHM HAXOXIEHHEeM €r0 BHIa II0 PE3YJib-
TATy peIieHns TPSIMOM 3aJa4H HyMepauuH.
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