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IVIOBAJIBHAA MUHUMI3ALA
KOJIMYECTBA MEKC/JIONMHBIX ITEPEXO/ZIOB

Hcnoavsosanue nped.ioxennotl npoyedy-
pol 8 MONOJIO2ZUUECKOM MPACCUPOBULUKE
FreeStyleRoute nozeonsiem ¢ 10-30 pas
YMEHLUWUMD KOAUUECTNBO MEIXKCIOUHBLY
nepexo0os.

YBesmyeHre KOJIMYECTBA 2JIEMEHTOB HA MTEYATHOM
mrare nan kpuctaiaiae BUC, yenoxuenne camMmux aJie-
MEHTOB NPUBOJAT K TOMY, YTO 3a/lada TPAaCCUPOBKU
COeIMHEeHNH CTAHOBUTCS BCE 6oJiee TPYAHOM.

Jlnst yBesImueHns MJIOTHOCTH KOMITIOHOBKH COE/TITHE-
HUH UCTIOB3YIOTCS /[BA OCHOBHBIX C1I0C00a: yMeHbIIIe-
HUE MAPUHBI TPOBOJHUKOB U 3a30POB MEXKAY HUMU U
yBeJMYeHNEe KOJTMIECTBA TPACCUPOBOYHBIX cJioeB. O6a
criocoba BeAYT K CHUKEHUIO TEXHOJOTUIHOCTU M3TO-
TOBJIEHUA 1 PEMOHTOIIPUTO/JHOCTH I/ISZ[CJH/IfI, yBeJin4ie-
HUIO TTPOIIeHTa OpaKa.

Oco6y10 CIOKHOCTD MPEACTABISAET TpobaeMa MU-
HUMU3AINN KOJTMIeCTBA MEKCIONHBIX TTepexoaoB. Ha
MPaKTHUKE OOBIYHO MTPOKIAIBIBAIOT YYACTKY MTPOBO/IHU-
KOB CTPOTO OPTOTOHAIBHO (BEPTHKAIBHO B OJ[HOM CJIOE
¥ TOPU3OHTAJIBHO B ]lpyI‘OM), a JIMIIHNE IIEPEeXO01bl yia-
JISIOT TOJIBKO TIOCJIe 3aBepIeHus TpaccupoBKu. [lis
3TOTO (PParMeHT TPACCHI TIEPEHOCAT U3 OJTHOTO CJIOS B
Jpyroii. BoaMoskHOCTH TaKo# MpoIeyphbl BecbMa orpa-
HUYEHBI, T. K. MOJy4aeMoe KOJUIECTBO MEPEXOIOB B
JIECSATKY pa3 6oJIblile HeOOXOIUMOTO.

[Lst pertiennst yKa3aHHOM 33/1a9M TTPe/IJIaranch cJie-
JIYTOIIHEe METOJIBI:

— Munnmusarus uncia caoes [ 1, ¢. 231] na ocrose
packpacku rpada niepeceuennti. 3agada NP-tpymana, Kpo-
Me TOTO, XPOMaTHYeCKoe YHCJI0 rpada repecedeHnit Mo-
JKET 0Ka3aThCs GOJIbINE 33JJAHHOTO YNCJTIA CJIOEB.

— IlocaemoBatebHOE BhIZIEeHNE B Tpade Tiepece-
YeHU MaKCUMAaJbHBIX TJIOCKUX cyrpados [2, c. 226].
Hepnocratku e sxe. IIpu 3TOM BO3MOKHO BO3HUKHOBE-
HIE TIOTPENTHOCTH 32 CUeT MCIMOJb30BaHUS ~KaJHOTO
anroput™a‘“. MOKHO OTMETUTD, UYTO HAaXOXKIeHUE MaK-
CUMAJIBHOTO TIOCKOTO cyrpada — 3ajada He TPOIe
TIEPBOM.

— Haxosx/1eare KJINKOBOTO MOKPBITHS Tpada mmepe-
Ce‘leHHﬁ, B KOTOPOM BEPIINHDI, COOTBETCTBYIOIIINE HETIE-
PECEKAIOIUMCST OTPE3KaM, CoeInHeHbI peOpoM [3, ¢. 64—
69]. 3agava o mokpeiTir NP-TpyHa, TP 3TOM BXOJI-
Has [ernovKa — uncao Kk rpada (B xyamem ciaydae
— 3n/3),

C105KHOCTD IIPAKTUYECKOH peann3yeMOCTH yKa3aH-
HBIX METOJIOB CBH/IETEILCTBYET 00 aKTyaTbHOCTH Pas-

pa6oTku 9 PEKTUBHBIX AJTOPUTMOB PEIEHUST 3a1a4H
MUHUMU3AIUN KOJTMYECTBA MEXXCJIONHBIX TIEPEX0/10B.
OnvH 13 BO3MOXKHBIX MOJIX0/IOB PACCMOTPEH HIUKE.

1. 3asaua paccJi0enusi COBMENIEHHOI TONOJIOTHH U
rpad goMeHoB

[Ipu TpOEKTUPOBAHNT MHOTOCJIOMHBIX TTEYATHBIX TLIAT
CO CKBO3HBIMH METAJTU3UPOBAHHBIMU OTBEPCTUSIMU B
HEKOTOPBIX METO/IAX TPACCUPOBKHU ITPEIBAPUTEHHO IIPO-
KJIQZBIBAIOT TPACCHI B OIHOM TiIockocTu. [Ipn aTom pas-
PEIIeHO TIepeceyenne Tpace, Ho He 60JIee IBYX B KayK-
JI0i1 TouKe repeceuenusi. [losydeHHbIi pe3yabTaT Ha-
3bIBAETCSI COBMEINEHHON TOTIOJIOTHEl Tpacc. 3aTeM He-
00X0/IMMO PaCIpPeeSUTh PParMeHTbl TPACC 110 UMEI0-
IMCST CJIOSIM TaKUM 00Pa30M, YTOOBI TPACCHI HA OJTHOM
CJI0e He MEPECEKAJNCh U KOJUYECTBO TEPEXOOB CO
CJI0ST Ha CJION OBLIIO MUHUMAJHHBIM.

Ecau nst TpaccupoBKE TOCTYITHO TOJIBKO JIBA KOM-
MYTAIIMOHHBIX CJIOSI, 33/[aud MUHUMHU3AIMH KOJIMIeCTBA
MEPEXO/IOB MPU PACCIOEHUH MOKET OBbITh TOUHO peTiie-
Ha HeTlepeOOPHBIM AJITOPUTMOM.

Onpedenenue 1. HazoeM TOUKM TIepecedeHust
Tpacc domenamu. Hazpanve cBsI3aHO ¢ TeM, 4TO B
KaK/IOW TaKOH TOUKE MEPeCceKatoTcsl POBHO JIBE TPACCHI,
MIpUYEM BO3MOKHBI TOJIBKO /IBa BapuaHTa: Ju60 o/lHa
Tpacca MpOXOINT Yepe3 TOUKY Mepecevdenst B IepBOM
cJoe, a Apyrasg — BO BTOPOM, JIHOGO HA060POT. DT /1BA
BapuaHTa MOYKHO COOTHECTH C ABYM BO3MOYXHBIMUI OpH1-
EHTAIISIMU JIOMEHA.

[Ipon3BoJIbHO BBIOPAB OPHEHTAINIO JIJISI KasK/I0TO
JIoMeHa, Ha30BEM ee MCXOIHOM.

Ha puc. 1 yepHble KPYKKN H306paKaioT KOHTAKT-
Hble mromaaryu (JI0CTymHble Ha 060MX CJA0SX), TOUKH

[anENan]

Puc. 1. CoBMerenHas TOMOJIOTHS IPOBO/IHUKOB
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IepeCceueHnst TPACC — JOMEHbI — OOBE/IEHBI CKPYTJICH-
HbIMU KBajgpaTamu. Tak Kak B 9TOM IpPUMeEpE OTPE3KH
TpacCC MPOJIOJKEHDI JINIIb B IBYX HAIPABJICHUAX, TIDUMEM,
4TO B MCXO/IHO OpPUEHTAIMN BEPTUKAIbHBIE OTPE3KN
IPOXOJAT Yepe3 TOUKH IepecevyeHust B TEPBOM CJIOE
(;KMpHbIE JTUHUN), a TOPU3OHTAJIbHBIE — BO BTOPOM
(TOHKME MyHKTUPHBIE JIMHUM).

PaceMOTpUM y4acTOK TPacChl MEK/LY ABYMS COCE/I-
HUMH TOUKaMU IIE€peCeucHmA. Eciau ero KOHIIbI IIPpUHA/T-
JIesKaT PasHbIM CJI0SIM, Ha YYacTKe HeOOXOIMM MEPEXO/T
C OJTHOTO CJI0sT Ha APyToil (Ha pUCYHKe TIepexo/ibl n306-
PaykeHbI MaJIeHbKIMU CBETJIbIMA Kpy>kkamu, ux 10), nave
nepexo/ Ha ydyactke He HykeH. CoeqnHuB Ha rpade
JoMeHoB (pHC. 2) COOTBETCTBYIOININE JOMEHBI PEGPOM,
npumnmieM pe6py Bec +1, ecam Ha yu4acTKe HET mepexo-
na, u—1, ecsm nepexo/ ectb. [1o0KUTENBHbIE W OTPH-
HaTesbHble pebpa U300pakeHbl Ha PUC. 2 TOHKMMHU |

JKUPHBIMU JIMHUAMUA, COOTBETCTBEHHO.

Puc. 2. CoorBercrByionuii rpad JOMEHOB U ero HanboJiee
OTPHUIATEbHBIN pa3pe3

[Ipy ONTUMAIBHOM PACCJIOEHUH OIHI JIOMEHBI COXPa-
HAT MCXO/HYIO OPUEHTAIINIO, JIPyTHe — M3MEHAT ee Ha
POTUBOIOJIOKHYI0. CllelyeT OTMETHTD, UTO TIPU M3Me-
HEHNN OPUEHTAIIUN JOMEHA MbI JOJI’KHbBI TaK)KE€ N3MEHUTDH
3HAKY BECOB MHIMAEHTHBIX AoMeny pebep (puc. 3).

X2 -X2
X1 Xy

X -Xi

XN -Xn
Puc. 3. 3menenne OpUueHTalun JOMeHa

Tax xKak mpH KAKJIOM KOHKPETHOM PACCIOEHUN CyM-
MapHbBIA BEC OTPULIATENBHBIX pebep cooTBeTcTBYET (110
a6COJIIOTHON BEJIMYUHE) KOJMYECTBY [IEPEXO0/I0B, TO OIl-
peniesieHne ONITUMATBHOTO PACCJIOEHHST CBOJAUTCS K BbI-
SIBJIEHUIO B Tpade 1oMeHOB HanboJiee OTPUIIATETHHOTO
paspesa (B TepMunosorun A. 3pIKOBa — KBaJHpaspe-
3a[4, c. 199]). ITpu onTUMaIbHOM PACCIOCHAN JOMEHEI,

HAXO/ISIINECS TI0 OJTHY CTOPOHY Pa3pesa, COXPAHSIT CBOIO
OPHEHTAINIO, a 10 JAPYTyIl0 — U3MEHST ee, TIPU 3TOM
KOJIMYECTBO TIEPEX0/I0B UBMEHUTCS Ha BEJUYUHY Pa3-
pesa. WHTepecyiomuit HAC pa3pes TTOKa3aH Ha puc. 2
BOJIHUCTOM JiuHuell. Ero Benmnyuna paBHa +3—8 = =35,
T. K. OH COCTOUT U3 TPEX TOJOKUTETHHBIX U BOCHMU
OTpUIATEJbHBIX Pebep.

Kaxk u3BectHo, /s rpadoB o61ero Buja 3ajada
roucka HanboJjiee OTpuIiaTeIbHOTO paspe3a NP-ciioxkHa,
HO JIJISI TTAaHAPHBIX rpadoB paspenmma 3a MoJuHOMU-
aypHOe BpeMs. Jlerko Buaeth, 4to rpad T0OMEeHOB BCe-
raa nanaped. OanH n3 3Qp@PEeKTUBHBIX AJITOPUTMOB
[5] pemraer aty samauy 3a O(PNlogN+P3logP) npu
tpebyemoii mamsitn O(PN), rae N — umcs0o Bepimn
rpada nqoMeHoB, P — dmcio rpaneit, orpaHUYeHHBIX
HEYETHBIM YUCJIOM pebep OTPUIIATETHHOTO Beca.

2. Peaykuus rpada 1oMeHOB

[lepeceyennst Tpacc Ha puCyHKe COBMEIIEHHOW TO-
TTOJIOTUY TUTTMYHOW COBPEMEHHON CXeMbl NCUNCJISTIOTCS
JIECSITKAMHU TBICSTY,4TO BeIET K GOJIBINIOI Pa3MEepPHOCTH
rpada momenoB. [Ipu aTuX yca0BUSAX OTPEGHOCTH BO
BpEMEHHU ¥ TAMATH J1aKe MOJMHOMUAIBHOTO aJITOPUTMA
moncka HanboJiee OTPUIIATEIBLHOTO pa3pe3a OKa3bIBa-
I0TCS Ype3MepHO 6OTbITIMU. /7151 TIPaKTUIeCKOTO TPH-
MEHEHUS MOXKHO JIOTYCTUTH aJTOPUTMBI TOJBKO C JIU-
HEHBIMU TPEGOBAHUSMY K MTAMSTH U TOJBKO C JITHEH-
HBIME TPeGOBAHIAMY K YUCJIY OMEePAITHIi.

[Tepeuncrenubie HUXKe TPEOOPA3OBAHIS PEAYKIIUT
rpada JOMEHOB 3a JTUHEHHOE YHCJIO OTIepaIuil yMEHb-
nrafoT ero pasmep 6e3 MOTEPU ONTHMAJIBHOTO pelire-
nus. Ilocse onpesenenns onTUMaabHONW OpUEHTAIINN
JIOMEHOB PEYIIMPOBAHHOTO rpada JIErko BOCCTAHOBUTD
OIITUMAJIbHYIO OPUEHTAIINIO 1 JIJIsI HCXOHOTO rpada.

B o61miem carydae rpad 10MEHOB SIBJISIETCS MYJIBTH-
rpadoM, TIOCKOJIbKY OH MOKET UMETH METJIN U KPATHbIE
pe6pa. OaHAKO TETJIM He BXOAST HU B OJIUH Paspes,
MIO3TOMY MX MOKHO Y/JaJauThb. IIpu aTOM Tak Kak netin
OTPHIIATETBHOTO BeCa COOTBETCTBYIOT 06S3aTeTbHBIM
nepexo/iaM, TO y/aJisis OTpUllaTesIbHbIe NTETJIH, 3al10M-
HUM UX cyMMapHbiii Bec (co 3nakom "mutioc"). Haszo-
BEM 3Ty BEJIMYMHY HAKOILJICHHBIM KOJUYECTBOM Tepe-
xonos (HKIT).

IIpeo6paszosanue 1 (puc. 4). Ilycrb gomens
A 1 B coenunensl cpady HecKoJbKuUMH pebpamu. Tak
Kak aTu pe6pa BXOAAT B JI060i paspe3 TOJBKO BCe

X+y
A {B] — (8]
y
(X + I —x+yl)/2
00513aTENbHBIX [IEPEXO/I0B

Puc. 4. IT'paduueckast nimocTpanus K rnpeobpasoBanuio 1

BMeCTe, TO 3aMEHMM UX Ha OXHO Pe6pO CyMMapHOTO
Beca. IIpu aToM ecsm Beca pebep UMeNN pasHble 3HAKH,
TO HEKOTOPOE KOJUYECTBO TIEPEXO/IOB TOMAJET B Pa3-
psn o6s13aTeTbHBIX. Jl06aBUM 3Ty BEIMYNHY K HAKOII-
JICHHOMY KOJIIYeCTBY IIepeX0/0B. Bec pesy IbTHPYIO-
mero pe6pa MOXKET OKa3aTbCsl U PABHBIM HYJIIO, TAKOE
peGpo IPOCTO HCUe3aeT.
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ITpeo6pasosanue 2 (puc. 5). Ilyctp Bec peGpa
AB mosioskuTesieH 1 HaCTOJIbKO BEJIMK, 4TO CyMMa abco-
JIIOTHBIX BEJIMYNH BECOB OCTAJIbHBIX peéep, MHITNJECHT-
HBIX JIOMEHY A, He IpeBbIlaeT ero. Toraa cpein Hau-
60Jiee OTPUIIATETBHBIX PA3Pe30B CYIIECTBYET paspes,
He coep:kainuii pebpa AB.

Puc. 5. IIpeoGpasoBanue 2

JleiicTBUTENIbHO, TIPETIONOXKNM, 9TO pebpo AB BXO-
JIUT B HanboJiee OTpUIlaTeIbHbIN pa3pes. Toraa, 3ame-
HUB B 9TOM pa3pe3de pe6po AB Ha COBOKYIHOCTH OC-
TAJIbHBIX pebep, WHITUACHTHBIX IOMEHY A, MBI MOJTYINM
pa3pe3 He MeHee OTPUIATEIbHbIH.

Crsnem pe6po AB, o6bennnuB Bepuiuibl A u B B
ozny. (B 4acTHOCTH, BCerja MOKHO CTSHYTb OHO U3
pebep, MHITMAECHTHBIX JIOMEeHyY cTerienu 2 uim 1.)

ITpeobpaszosanue 3. V1301upoBaHHOMY JIOMEHY
TIPUTINTIIEM TTPOU3BOJIbHYIO OPHUEHTAINIO U yIATNM €T0
U3 JQJIbHEHIIEr0 PacCMOTPEHHS.

X,¥,2>0

Puc. 6. ITpeoGpasoBanue 4

X,y,2>0

N
x+y2 Y |w|
i=1

Puc. 7. Boirosa nipeo6pa3oBanust 4

IIpeo6pasosanue 4. Ha puc. 6 ciesa nokasana
TpeyrosbHas rpaib ABC, Beca Bcex ee peGep TOJIOXKHU-
TEJbHBI. DKBUBAJEHTHBIN TTOATPad TTOKA3aH HA TOM JKe
pucyHKe cripaBa. [Ipeo6pasoBaHue KOPPEKTHO, TIOCKOJTb-
Ky pe6pa TpeyroJbHOI IpaHu BXOJAT B JTI060i pa3pes
TOJIBKO TTOMAPHO.

B ueMm ke cocTOUT BBITOJA JAHHOTO TIPe0OPa3oBa-
nus? Benb unciio pebep octanioch MPeKHUM, a YUCJI0
BEPIIUH JA)Ke YBEJTUINIOCh.

[leno B TOM, 4TO HOBBIE peGpa UMEIOT GOJIBbIINIT BeC
1 OGBIYHO CPa3y ke GbIBAIOT CTSIHYTHI IIPe06PA30BAHU-
eM 2. Y CcJIOBUMCS TIPUMEHITD TPeo6pa3oBaHue 4 ToJIb-
KO B TOM CJIy4ae, ecjid XOTsi GbI OJHO U3 HOBBIX pebep
6yzet ctsiryTo. Toraa Yuc/io BEPIIH He YBEJMIUTCS, a
yucyo pebep ymennimures (puc. 7).

Eme HeckopKo uyTh 60JI€€ CIOXKHBIX TTPE06PA30-
BaHWii GyJIeT TIPUBEIEHO B pasjelie 4.

Teopema .

UYwucsio oneparuit, TpeOyioreecst A peAyKIIIT rpa-
a moMeHOB, JIHEHHO 3aBUCUT OT CYMMBI YHCJIa BEp-
NIMH 1 yncaa pebep rpada.

[leficTBUTETBHO, KasKI0€ Tpeo6pa3oBaHue BBITOJTHS-
eTCsI 32 KOHCTAHTHOE YMCJIO OTIepalliii, a T. K. TOCJe
KaKOTO TPeo6pa30BaHNS YMEHBIAETCS WU YHCJIO pe-
6ep, WK YUCJIO BEPIINH, TO 0OIIee YUCJIO OTlepaliiii He
npebiiraer O(N+M), rane N — yucso Bepmma, M —
pebep.

[TocJ1e prMeHEHYIST OITIICAHHBIX TPe0OPA30BAHNIT pa3-
Mep rpada JoMeHOB yMeHnbIaeTcsl. IlockombKy aTH 1pe-
06pa3oBaHusI He HAPYIIAIOT TTaHApHOCTH Tpada, K pe-
JIyIPOBAaHHOMY rpady MOXeT ObITh IIPUMEHEH ajro-
pUTM TIOMCKa HanboJiee OTPUIATETBHOTO pa3pesa [S].
Bormpoc, HaMHOTO Ji pe3yIbTUPYIONIHIA Tpad) MeHbIIe
MCXO/IHOTO, OCTAETCS OTKPBITBIM. MOXKHO yKa3aTbh, 4TO
3a 10 jieT mpaKTHYeCKOro TpuMeHeHus GbLIU 011po6o-
BaHbl MHOTHE THICSYH PeaTbHbIX TormoJornii. s kax-
JI0i n3 HUX pa3Mep rpada TOMEHOB B pe3yJIbTate pe-
JYKIIUU YMEHBIIAJICS JI0 HYJIS.

3. IIpumep peaykiuu rpada 10MEHOB

[TocmoTtpum ermte pa3 Ha puc. 2. 3aMeTuM, 4TO J0-
MeH 25 UMeeT JIMIb OJHY CBsI3b — ¢ IoMeHOM 24. Bec
3TOTO pebpa TMOJOKUTENEH, CJIEIOBATETBHO, JIJIST OTCYT-
CTBUS HA HEM Tepexojia Heob-
XOJIMMO, YTOOBI JIOMEHBI 25 1 24
OB OPUEHTUPOBAHBI O/TNHA-
koBo. CTsIHYB pe6po, 06beu-
HUM JOMEHBI 25 U 24 B OaUH.
OcTtaBumM 32 HUM HOMED 24, 3a-
MOMHUB, YTO JIOMEH 25 UMeeT
TaKyIO JKe OpHeHTaImio. B rasmn-
HEWIIeM U3JI0KeHnu OyIeM nc-
MOJTh30BaTh KPATKYIO 3aIlNCh
00beTMTHEHNST BEPIIVH:

1. 25—> 24,

OG6paTtuM BHUMaHKE HA JI0-
MeH 5. Ero crerienn paBHa ByM,
CJIeJIOBATETHHO, MBI OIISITh BIIPa-
Be MMPUMEHNTD TIPeo6pa3oBaHue
2. I1pu atoMm, T. K. Beca 060UX
pebep COBIAJIAIOT 110 a6COJIIOT-
HOMY 3Ha4eHU10 (XOTS UMEIOT
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pasHble 3HAKN), PABHOIPABHBI [Ba BAPHAHTA €TI0 IIPH-
MeHeHus: 160 00beIMHNATD JOMEHBI 5 1 15, cunTas, uto
WX OpUEHTAIUs OJMHAKOBA, JINO0 OObEeIUHUTD JOMEHbBI
51 14, cunrasi, 4TO UX OPHEHTAIMs pa3anyHa. Beibepem
nepBbIi Bapuant: 2. 5—> 15.

Tenepp okasanoch, 4To HOBBII JoMeH (32 KOTOPBIM
MBI OCTaBU/IM HOMeD 13) u moMen 14 coenuensr cpasy
JByMs pebpamut: pe6poM ¢ BecoM +1 1 peGpoM ¢ BecoM
—1 (puc. 8, a). B 3aBuUCHMOCTH OT TOTO, OUHAKOBYIO

Puc. 8. Baumoynuuroskenue napol peéep

WJIN Pa3Hyio OPUEHTAIUIO TOIYYaT B OKOHYATETLHOM
paccIoeHuu AoMeHbI 14 1 15, Ha TOM WJn IpyroM pedpe
notpeGyeTcs mepexo/l. 3aoMHUM 3TOT (PaKT, JO6ABUB
OJIMH TIepeX0/l K HAKOIJIEHHOMY KOJIMYECTBY TIePeX0-
nos (HKII), nepsonayasbio Hystesomy: HKIT=1.
[Ipumenenue nmpeobpaszoBanus 1 MpUBEJIO K TOMY,
yTo fIoMenbl 14 u 15 GoJibliie He coeuHEHBI PeGPOM
(puc. 8,6). O6osnauas Bec peGpa MKy JOMEHAMHU a
u b uepes W(a,b), sammmem: W(14,15) = 0.
Teneps cremenn qoMeHa 15 crasa paBHOIl eAMHUIIE, U
€TO0 MOJKHO OOBEMHUTD € IOMEHOM 24: 3. 15 —> 24.
Bropyro crenenn nmerot fomennt 1, 4, 6,9, 12, 13, 14,
21, 22, 24, 28, 30, 33, 37 u 38. CiuenosaresnbHo: 4. 14—
>23,3.1—>2,6.4—>11, 7.6—>7, 8. 9—> 10,
9.12—>11, 10. 13—> 12, 11.21—> 20, 12. 22—
> 23, 13. 24—> 23, 14. 28—> 27, 13. 30—> 39,
16. 33—> 37, 17. 37—> 36, 18. 38—> 39.
Temepn, mocJie mara 18, cTeneHn BcexX BEPIIUH I'pa-
(ba Gospie wem 2 (puc. 9), u npeoGpaszoBanue 2 K €ro
aJIeMeHTaM HelpuMeHuMO. [IpuMeHnM K TpeyroIbHOi
rpanu, o6pasoBaHHoi JoMenamu 18, 19 u 20, mpeoGpaso-
BaHMWe 4.

Puc. 9. I'pad noce mrara 18

Ha puc. 10, a Bugno, uto HoBbIA goMeH (0603Ha-
YeHHBIN 3Be3/I04KO0i1) cBsI3aH ¢ qoMeHamu 18, 19 u 20
pe6pamu Beca +2. [TockombKy Bce Tpu pebpa MOKHO
CTSIHYTb C TIOMOIILIO TTPe0OPa3oBaHus 2, TO TOMeHbI 18,
19, 20, a TakyKe HOBBIH JOMeH OYAyT 0ObeINHEHDI B
oann (puc. 10, 6). OcraBuM 3a HuM HOMEp 20, 3a110M-
HUB, uTO fioMeHbl 18 u 19 umeloT Takyio ke opueHTa-
mmio: 19. 18, 19—> 20.

Puc. 10. IIIar 19

Anamormyno: 20. 29, 32—> 31, W(31, 36)=0,
HKII=2; 21. 3, 11—>10.

Tekymee cocrognue rpada mokaszano Ha puc. 11.
22. 36—>35; 23. 31—>27; 24. 17, 26—> 20,
W(20, 27)=0, HKII=3; 25. 2, 10—>8, W(8, 7)=0,
HKII=4.

Puc. 11.
I'pac nocae mara 21

Jlanee peyKiyst IpoTeKaeT JauHoo6pasHo (puc.
12). [lomen 27 coeiMHEH JHIIb ¢ IOMEHOM 35, HO Bec
coegunsionero pe6pa orpunarenen (—1). Cramnys pe6-
PO, OTMETHM, YTO JIOMeH 27 ¥MeeT OPUEHTAIIUIO, TIPOTH-
BOTIOJIOKHYIO OPHEHTAINH! foMeHa 35: 26. 27 —>-35;

Puc. 12.
I'pad noce mara 25

Texuosorust 1 KOHCTPYUPOBaHKE B JIEKTPOHHOI armaparype, 2001, Ne 2




INPOEKTMPOBAHUE.

KOHCTPYUPOBAHME

27.35—> 34, W(34, 39)=0, HKII=5; 28. 34 —> 23;
29. 39—> —-23; 30.7—> 16; 31.23—> 8, W(S,
20)=—2; 32.20—> 16, W(8, 16)=—3; 33.8—> —16.

Ocrasicst equHeTBennbIii fomen 16 (pue. 13), u nmopa
IPUMEHUTD IIpeoGpasoBaHue 3.

Puc. 13. I'pa¢d nonnoctbio pazobpan

[Tyctb nomen 16 coxpaHUT NCXOAHYIO OPUEHTAITHIO.
OGpaTHBIM XO/IOM aJITOPUTMA BOCCTAHOBUM BCE JIOMeE-
HBI HICXOJHOTO rpacda 1 y3HAeM UX ONTUMAJBHYIO OpH-
EHTAITHIO:

33. lomen 8 opreHTHPOBAH MPOTUBOTIOIOXKHO JIoMeny 16.
32. /lomen 20 opueHTUPOBAH TaK ke, Kak u JjoMeH 16.
31. /lomen 23 opueHTHPOBaH TaK JKe, KaK U JOMeH 8.
30. /Tomen 7 opueHTHPOBAH TaK e, Kak 1 jjoMeH 16.
29. [lomen 39 opnueHTUPOBAH MPOTUBOTIOJIOKHO TOMe-
Hy 23.

2. /loMeH S5 OpUEHTHPOBAH TaK K€, Kak u JJoMeH 15.
1. /Tomen 25 OpueHTUPOBAH TaK JKe, KaK U JJOMeH 24,

HaxormieHHOE KOIUYIECTBO TIEPEXO/I0B OKA3aTI0Ch
paBHbiM 5. Ha puc. 14 nokasan Haii/leHHbIN pa3pes, a
Ha puc. 15 — coorsercTByoiiee paccioenue. IloTpe-
6OBAJIOCH, JIEWCTBUTEBHO, O MEPEXOJIOB.

Puc. 14. OntumanbHast opueHTanus I0MEHOB

;:Fz::;:_.#
—

L= | o] |]
S 'I e
= e e
sr |l

Puc. 15. OnruMasibHOE paccioeHe

4. [TonosnuTepHbIH HAGODP MpeoGpa3oBanmii rpada
/IOMEHOB

ITpeo6pasoeanue 5 (puc. 16) o6parto peoGpa-
30BaHmIo 4. BosHukatonme mpu 5ToM TpeoOpa3oBaHuN
IpoGHbIe Beca pebep He TOJIKHBI HIKOTO CMYIIATh, 110-
CKOJIBKY MaHMITYJISIINH ¢ TpadoM 9ncto (hopMaIbHBIE.

y+z-x) /2

x+y-2)/2

X, ¥,2>0
X<y+z
y<x+z
Z<X+ty

Puc. 16. TIpeoGpasoBanue 5

Kaxkyio opueHTaiuio cjaeyer npuimucaTh yaasse-
Moii BepmnHe D Bo BpeMsi 06paTHOTO XO/a aJiTOpPUT-
Ma? Jlerko noHATh, yTo foMeH D [o/KeH oLyuuTh TY
OPHUEHTAIINIO, KaKoll 06;1a/1aeT GOJIBITIHCTBO U3 CMEXK-
HBIX ¢ HUM foMeHoB A, B u C. 3amnuiiemM 3T0 CUMBOJIU-
yecku: D—> (A, B, C).

Tenepb 3aMeTnM, 4TO TTPH JTIOOBIX U3MEHEHUSX
OpHUEHTAINH TOMEHOB YeTHOCTD YHCJIa pebep OTpulla-
TEJIbHOTO Beca B JIIOOOM ITHKJIE COXpaHseTcs. TakuM
00pa3oM, CyTIEeCTBYIOT TOJBKO /[BA TPUHITUITHAILHO Pas-
JIMYHBIX THUIIA TPEYTOJbHBIX TPaHEll: Bce pebpa 1moJo-
JKATEJTHHOTO Beca WM OHO W3 pebep nuMeeT OTpHIla-
TesbHbIA Bec. Ilpeo6pasosanue 4 (puc. 6) paboraer
JIUIITb C TPEYTOJbHUKAMU TIEPBOTO THTIA.

IIpeo6pasoeanue 6 (puc. 17, a). Paccmorpum
Tpeyrosbhyto Tpaib ABC, omHO 13 pebep koTopoit AB
MMeeT OTPUIIATEIbHbBII BeC — Z.

N
OGoznaunm S = ;lwil . W nycrs x +y — 2228,

[lo6asuM BpeMeHHO K Tpady pe6po CD Beca x+y—2z
(puc. 17, 6). 3ameruM, 4TO MOCKOJbKY BEC HOBOTO
pebpa He MeHbIIeS, TO BeJInunHa HauboJiee OTPUIIATE b-
HOTO paspe3a He usmenurcs. [looGeraeM He paspesaTb
pe6po CD.

[TpumennM K BpeMeHHO J06aBIeHHON BepimuHe D
npeo6pasoBanue 5. Terepb Bepiunbl A u B coennne-
HBI cpa3y AByMs pe6paMu ¢ BecaM¥ Z U —Z, KOTOpbIe
B3aMMHO YHWYTOXKAIOTCS, A Z MEPEXO/0B MOMAJAET B
paspsia o6s3atenpubix (puc. 17, 6).

Bo BpeMs o6paTHOro Xo/1a aIropuTMa BCIOMHHUM O
cBoeM oGenianuu He pazpesarb pe6po CD. Eciu ono
BCE KE 0KA3aJI0Ch Paspe3antbiM (9TO MOKET MPOU30ii-
TH, eciin X+y—27z=S), TO U3MEHNM OPUEHTAIINIO IOMEHA
C, nepenecst TeM caMbIM pa3pe3 ¢ pebpa CD Ha oc-
TaJIbHbIE MHIUAeHTHBIE ioMeny C pe6pa. [Ipyrumu cJio-
BaMW, €CJIU TTPH OOPATHOM XOJIe OGHAPYKUTCS, YTO OPHU-
eHTanus 060MX T0MeHOB A 1 B oTJiiryaeTcst oT opuenTa-
mn qoMena C, to opuenTanuio gomena C Hamo usmMe-

HUTDH. 3ammmieM sto cumBosmaeckn: C—> (A, B, C).
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X,y,2>0 + z 00s3aTeJbHBIX
nepexonoB
N
x+y=222%w|
i=1
a 6 6

Puc. 17. IIpeo6pa3oBatue 6

d=(x+y-S)/2 + d o0s3aTeNLHBIX
niepexo10B
a 6 8

Puc. 18. Yacrtuunoe npeo6pasoBanue 6

N
>J
<
O
e
)
o
N
L
>
p U
o
=

an

X, y,z,w>0 x+y=2S,
il y+zz$
S, = la, | X+z2S+S

B
> b

S,

Puc. 19. TIpeoGpasosanue 7
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JIto6ombITHO cpaBHUTD pucyHKH 7 1 17.

A dto, ecm x+y>S, HO X+y—22< S? Torga pe6po
AB coBceM y6parb HeJib3sl, HO MOJKHO YMEHBIIUTD €T0
a6eosmoTHyo Besmmunty Ha (x+y—S) /2. HacToJbKo ke
yMenbmarcs u Beca peéep AC u BC (puc. 18).

He 6ynem BBOANUTD [JIST 3TOTO IPe06PA30BAHNUS OT-
JeTBHOTO HOMepa, TIOCKOJIbKY OHO aHAJIOTIMYHO TTPeos-
pasoBaHuio 6, 3a UCKJIOYEHNEM TOTO, UTO YHCJI0 pebep
He yMeHbIIaeTcss. TeM He MeHee HAKOTLIEHHOE KOJIuYe-
CTBO TIEPEXOIOB YBEJIMYMBAETCS, TIOITOMY 3alIUKJINBA-
HIIe HEBO3MOXKHO.

IIpeo6pa3sosanue 7 (puc. 19). Paccmorpum ue-
TBIpeXyTobHy0 Tpaib ABCD. O6o3naunm

N M
S, = z1|ai|, Sy = Zi|bi|,
i= =

U IyCTh XTy2S,, y+22§,, x+72S +S,.

W3 nepBoro HepaBeHCTBA CJIEAYET, 4YTO CPeId Hau-
60Jiee OTPUIIATETBHBIX PA3PE30B CYIIECTBYET paspes,
He cofiepskanuii copmectno pebep AB u AD.

[leficTBUTELHO, TIPETIOJIONKIIM, YTO B HAa6OIee OT-
punaTebHbIi pa3pes Bxoaat pe6pa AB u AD. Torna,
3aMeHUB B 3TOM paspese pebpa AB u AD Ha coBoKyT-
HOCTb OCTQJIbHBIX pe6ep, MHIIUAEHTHBIX IOMEHY A, MbI
MOJIyYUM paspe3 He MeHee OTPHUIIATebHbIH.

W3 aByX Apyrux HEpaBeHCTB TOYHO TaK XKe CJIe/Ly-
€T, 9TO cpeay HamboJiee OTPUIATETbHBIX Pa3Pe30B Cy-
IIECTBYET paspes, He COAepIKaIInuii COBMECTHO pebep
AB u BC u coBmectno pebep BC u CD.

Takum 06pasoM, cpeyt BceX BO3MOKHBIX Pa3pe3oB
yerbIpexyroabHuka ABCD ocranuch ToJbKO pa3pesbl
CD+AD, CD+AB u CD+BC. lx BeIu4nHbI COOTBET-
CTBEHHO PaBHBI X+w, y+w u z+w. 13 puc. 19 Bugno,
4TO Mpeo6pas3oBaHue He HAPYIIaeT BEJNYNH 3THX Pas-
pe30B.

[Tepedenb MpeoGpasoBaHmii MOSKHO TIPOAOIIKITH (Ha-
TIpUMeD, TIPOBECTU NTPeo6Pa30BAHUE TIATHYTOJIBHOMN Ipa-
HI), HO JIJIs1 TPAKTHYECKUX HY3KJI BIIOJHE JOCTATOUHO
NpUBEIEHHOT0 Habopa.

[TpaxkTuka Takske MOKA3bIBAET, YTO IPeO6GPA30BaAHIE
5 (11peBpatiieHne TPOIHNKA B TPEYTOJIBHIK) OYeHb BasKHO,
O/THAKO TIPUMEHSTD €T0 CJIe/lyeT B TOCJIeIHIO 0Yepe/b,
KOT/la IpyTHe Mpeo6pa3oBaHusl HEPUMEHUMBI. JTO,
KCTaTH, eIMHCTBEHHOE TTpeo6pa3oBaHue, KOTOPOe He
yMeHbIIaet yncJa pebep rpada, yMeHbITaeT TOJbKO YiC-
JIO BEPIINH.

5. Touku pasBerBJeHHd TPAacC M NIaHAPHbIE
KOHTAKTHBIE IIOMA/KH

KpoMme cKBO3HBIX KOHTAKTHBIX TLIOIAJ0K, HA pe-
AJIbHDBIX ILJIaTaX BCTpG‘IaIOTCH 1 TaKHUe 3JIEMEHTDI I1eYaT-
HOTO MOHTa’Ka, KaK TOUKU PA3BETBJIEHUS TPACC U TLIa-
HapHble KOHTAKTHBIE IIomaku (IIomanKu, JoCTyII-
Hble TOJIBKO Ha OHOM CJIOE).

OG6paTiM BHUMAaHKEe BHaYaJie HA TOYKHU BETBJIEHUS
CTETIEHN TPU — TPOMHUKHU. 3aMeTUM, YTO U3 TPeX TPaCC,
MOJIXOSIINX K TPOMHUKY, XOTs ObI JBE TOAXOIAT B
OoJIHOM cJjioe. Ecyim B TOuKe BeTBJIEHUS €CTh MEKCJIOM-
HBII TTepexXo/1, TIepeHeceM ero Ha OCTaBIIYIOCS Tpaccy.
Temnepb TPOWHUK TIETMKOM HAXO/IUTCST HA OJTHOM CJIOE,
Ha rpade eMy COOTBETCTBYET JJOMEH, TPUYEM U3MEHe-
HUE OPUEHTAINY JJOMEHa O3HAYAeT TiepeMeleHre TPOoii-
HUKa Ha JIPYTON CJION.

K coxkasnenuro, ¢ ToukaMu BeTBJIeHIS OOJIBIINX CTe-
neHeit moso6HBIM 06Pa30M TTOCTYINTD Hesb3s. He cy-
MIECTBYET aJIeKBATHOTO MPE/ICTABJICHNS TOUEeK BETBJIE-
HUs crerneHn 6osbine Tpex. Ho MoCKoIbKy Takux To-
YeK He GbIBAET MHOTO, TIPE/JIAraeTcsl, JKEPTBYSI TOUHOC-
TBIO PEIICHNS, PACCMATPUBATD UX KaK KOHTAKTHbIE I1JI0-
MAaIKH, JOCTYIHBbIE HA 000UX CJI0sX. Taxwe MIonaIKy,
TI0 OTIpe/iesIeHNIO, JOMEHAMH He SIBJISTIOTCS 1 Ha rpade
JIOMEHOB HUKaK He (PUTYPHUPYIOT.

Oco60 caemyer cka3aTb O MJAHAPHBIX KOHTAKTHBIX
ILTOMIA/IKAX, T. €. TIOII/IKAX, JOCTYITHBIX Ha O/THOM, (DUK-
CUPOBAHHOM cJjoe. Tak Kak M3MEHUTb HOMEP JIOCTYII-
HOTO CJIOSI MBI He MOXKeM, TaKUM IIJIOMIQIKaM COOTBET-
CTBYIOT IOMEHBI (PIIKCHPOBAHHOI opueHTarm. 11pu atom
BCE 3TN JIOMEHBI MOXXHO Cpasy ke O0beJMHNUTD B OJIHH.
OTOT JAOTIOJHUTENBHBIN JOMEH UMEET CBSI3U C GOJIBIITIM
KOJITYECTBOM [IOMEHOB, M Tpad mepecrtaer GBITH ILJIa-
HApHBIM. A 3TO 3HAYUT, YTO 3a/1a4a TIOMCKa HanboJiee
OTPUIIATETHHOTO pa3pesa cTaHOBUTCST NP-CI0:KHOM.

Ho Benp npu onmcarny mpeo6pa3oBanmii Tpada Mbl
HUT/le He TpeOOBAJHN eT0 IJIAHAPHOCTU. JKCIePUMEHTBI
MOKA3aJI1, YTO U IIPU HAJTNYNY TIJIAHAPHBIX KOHTAKTHBIX
IJIONAIOK PEAYKIMSA He TOJbKO BO3MOXKHA, HO JIaKe
OCYIIECTBJISIETCS € 6OJIBIIEl CKOPOCTHIO.

Haxkoserr, Ipe/moIo;kuM, 9TO CTOMMOCTH TIEPEX0/I0B
Ha PA3JIMYHBIX Y9aCTKaX TPACC PA3JIMYHbI, M HeOOXO/I-
MO MUHUMU3NUPOBATDb CYMMApHYIO CTOUMOCTD IIEPEXO-
JIOB. DTOTO MOXKHO JOCTHYH, HA3HAUYUB pebpaM CoOT-
BeTCTBYIONIME Beca (3HAKU BECOB MO-MIPEKHEMY OTIpe-
JIEJIAIOT HAJIMYKeE WM OTCYTCTBHE TIePeXo/IoB). 3ajaua
pelaeTcst aHAJIOTHIHO.

6. 3aknouenue

Onmnucana appexkTrBHAS TIPOIEAYPA MUHUMU3AIINN
KOJIYECTBA MEXKCJIOWHBIX TIEPEXO/I0B Ha OCHOBE pe-
nykiuu rpada qoMeHoB. [l TpoBeeHNs peayKITH
paspaboran HabOP JIOKAJbHBIX TTpeoGpa3oBanuii. [1o-
Ka3aHo, UTO Npe/I0’KeHHbIe JIOKAIbHBIE Tpeo6pasoBa-
HUSI He TIPUBOJIAT K TTOTEPE ONTUMATBHOTO PEIIeHNST.

[TokazaHno Tax:ke, 4TO CJOKHOCTD AJITOPUTMA JIMHEH-
HO 3aBHUCHUT OT KOJIMUECTBA TlepeceyeH i IIPOBOTHUKOB.

[IpenmosxkenHas B crathe TPOIEAypa TI00aTbHOM MU-
HUMM3AIINN YUCTA TIEPEXO/I0B TIPUMEHSIETCS B TOTIOJIO-
rudeckom tpaccuposuike FreeStyleRoute. B pesyJib-
TaTe OOBIYHO JOCTUTAETCS KOJMYECTBO MEXKCJIOMHBIX
nepexoioB pumepHo B 10 —30 pa3 Menbiee, 4yem y
TPACCUPOBIINKOB, He MCIOIb3YIONIUX 3Ty TIPOIEAYPY -

NCIIOJIbBOBAHHbBIE MCTOYHUKU

1. Cemotur B. A. MammnHHOe KOHCTPYHPOBAHNE 3JIEK-
TPOHHBIX ycTpoiicTB. — M.: CoB. paauo, 1977.

2. MemuxoB A. M., Bepmrreiin JI. C., Kypeitunk B. M.
[Ipumenenue rpadoB A1 NPOEKTHUPOBAHUSA JIUCKPETHBIX
ycrpoiicts. — M.: Hayka, 1974.

3. basuseBuu P. I1. /IeKOMITO3UITMOHHBIE W TOIIOJIOTHYEC-
KHe METO/Ibl aBTOMATH3MPOBAHHOIO MeTO/la KOHCTPYHUPOBA-
HUST 9JIEKTPOHHBIX YCTPOUCTB. — JIbBOB.: Burma mkouma, 1981.

4. 3p1koB A. A. Ocnosbl Teopun rpacdos. — M.: Hayka,
1987.

5. Kapsanos A. B. Airoput™M MakcuMasbHOIl yHaKOB-
KI HEYeTHOTIOJIOCHBIX Pa3pe3oB U ero npusioxkenus // B
kH.: VccaemoBaHusi 10 TPUKJIAIHON Teopuu TpadoB. —
Hosocu6upck: Hayka, 1986. — C. 126 —140.

TexHosorns 1 KOHCTPYHPOBAHUE B 3JIEKTPOHHOI ammapatype, 2001, Ne 2




