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Ha o6snoxkke uzobpaxen Anan [lepiuosui (1938), amepukan-
CKHIl aIBOKAT, IOPUCT U MOJUTHYECKHI KOMMEHTATOp M0 TeMe apa-
60-H3paUILCKOr0 KOH(JIHKTA.

Anan Jlepuosni, poauicst B Heto-Hopke, CIIA. Bosbiiyio
yacTb CBOEH TPYIOBOH KM3HU OH MpopadoTan B HOPUIHYECKON
uikoJie ['apBapjia, rjie B Bozpacre 28 jieT cTasl caMbiM MOJIOJIbIM 1PO-
(heccopoM npaBa B UCTOPHH LIKOJBL. OH BO3M/IAB/SI TaM Kadepy
uM. pocpeccopa Pennkca Opankdpyprepa. Cefiuac OH MOCTOSAHHbBIN
aBtop CNN 1 no/iMTHIeCKUM aHAJIHTHKOM.

Bynyun anBokaTom, crieluann3upyioLnmest Ha anesuisiisx B yro-
JIOBHBIX Jles1aX, OH Bbirpad 13 u3 15 et o yGuicTBax u nokyieHusix
Ha yOUICTBA, a TaKkKe MPEeICTaBJsl LeJblid Psill 3HAMEHHTBIX KJIH-
eHToB, B ToM uncsie Matika Taticona, [1artu Xeper u [;kuma Bakkepa.

B 1982 rony [lepiioBuil 3aHumascs fesiom Knayca dpon Brosioa,
OpUTAHCKOrO apHCTOKpaTta, KOTOPOTO OCYAHJ/IH 32 TOMBITKY yOHii-
crBa ero cynpyrd Cannu ¢oH brosoB nocpeacTBoM BBeIeHHS HHb-
eKLMY UHCYJIMHA, YTO CIPOBOLMPOBAJIO Y 2KEHLIMHBI KoMy. OH 110-
ayan 30 siet TopbMbl. Knaye don Brosios nausin Jlepuiosuua, u
OHUM TOJ@/IM aneJUIsiHOHHYI0 kajnoly. OOBUHeHHe ObLIO OTO-
3BaHO OJarofiapsi Tomy, uto JlepiioBuIl cymes JoKazaTh (akT He-
3aKOHHOTO TIOJyYeHHs! YJIHK, KOTOPBIMH M0JIb30BaJIOCh OOBUHEHHE.
[To3nnee 6wl poBesieH BTOpo# ¢y, Ha KoTopom Knaye don biosios
Obl1 onpaBaaH okonuatesbHo. Komanna [lepiiosuia cymesna joKa-
3athb, 4To Koma Canuu don Brosios Gbuia Bbl3BaHA BOBCE HE MHCY-
JINHOM, @ MIPUEMOM Pa3JIMUHbIX MEMKAMEHTOB BKYIE C aJKOrOJIeM.
Takke sKcrepTam yianoch BbIICHUTb, YTO MIJIa, KOTOPOH KOOI
c/le1all HHBEKIUIO, GblIa MCTauKaHa HHCYJIMHOM CHAPYKH, HO He
BHYTPH, Y4TO FOBOPUT B 0JIb3Y TOTO, YTO MLV MPOCTO 0OMaKHYJIH
BO (DJIAKOH C MperapaToM, HO He BBOJMJIH T0JL Koxky. TakxKe satiuta
AKLEHTHPOBAJIa BHUMAHKE Cyaa HA TOM, YTO 33 HECKOJIbKO HEeJIe/b J10
npousotesuiero Cannu ox bioso o6patiianach B 60JbHHLLY H3-3a
npuema 6oJiee CeMUIECATH TaOJNETOK ACTMPUHA, UTO ICHO TOBOPHJIO
0 ee HeCTaGMILHOM MICUXHYECKOM COCTOSIHHH.

Anan JlepiioBui Hamucan KHUry 06 3TOM Jiesie, Kotopast Oblia
B3siTa 32 OCHOBY KMHOJIeHTHI pexkuccepa bap6era lpenepa «M3-
HaHKa cymp6b». lepuosnua B ¢uibMe chirpan Pon Cussep. B
OJIHOM 3M30/I¢ A/IBOKAT PacCKas3blBaeT COH: «3BOHUT MHe [utiep,
OH, 0Ka3bIBA€TCs1, OCTAJICS XKHUB. 3BOHUT M TOBOPUT, UTO €My [103ape3
HY’KEH aJlBOKAT. $I roBopro emy: nmpueskaiTe, Kakue, MoJ, pa3ro-
BOpbL. A cam jiymaio: Oyjty 3aiuiath win yobio?» [Tozxe B onHOM
13 HHTepBbIO OH npusHancs: «Jla. B 1943 roay s 6bl ero youn ro-
JbIMH pykamu. Ho ecain Obl ceroaust crosieTHuit Iutiep BoiGpadicst
13 Gpasu/IbCKUX JUKYHIVIEH, 1 He Hall1och Obl HUKOTO, KTO B3sICH
Obl €ro 3allyLLATh, s cTand Obl ero agBokatoM. [Totomy uTo ectb cu-
cTeMa MpaBoCy/Hsl, U JlaxKe TaKol CyKHH CbiH, Kak ['utiep, Brpase
paccuUMTBIBATh Ha Hee. 51, BeposiTHO, pourpas Obl eso [utiepa, Ho
51 Obl €10 3aLIKLLAJ».

Jletom 1 ocenblo 1995 ropa B CLLA wen «mporiece Beka», Kak
Ha3BaJIM YroJIOBHbIH Cy/L Hall ObIBILKM (yTGosHcTOM 1 akrepom O.
Jlxeem CumrniconoM. Ero 06BUHSIIN B IBOHOM YOUHCTBE — MKEHb
Huxkonb u ee npyra Pona [osimmana. Bee Heonpoep:kumo yKasbl-
Basio Ha O. Jlxkes, 6e3 BapuantoB. Ho HaHsitasi uM Komanjia aj-
BOKATOB, B COCTaB KOTOPOH BXOAM/ W JleplIoBHLL, B X0le BOCbMH-
MECSYHOro MpoLiecca COBEpLUMJIA IOpHIMYECKoe Yyl0 — Hallla
M3bAHBI B apryMeHTalMK MPOKYPOPOB, YMeJIO JUCKPEIUTHPOBAA
caabble 3BeHbs B cUcTeMe YJHK. B ofliem, mpousolsa ceHcauus
— chakrnueckoro youiiity onpasasu. [Tpapna, nos:xe, Ha rpaiaH-
ckoM cysie CUMIICOHA MPU3HAJIH OTBETCTBEHHBIM 3a YOUICTBO, Ha-
JIOXKUJTM Ha HETO OTPOMHBII LITPad, HO ITO YKe IPYrasi HCTOPHS.

B 2010 rony HepioBuil cran jaypeatom npemun nmenn Me-
HaxeMa beruna «3a cucrematnyeckoe OTCTaMBaHHE HHTEPECOB O-
cynapersa Mapausib 1 MPOTHBOCTOSIHUE TOMbITKAM JeJIeTHTHMALIH
espetickoro rocynapcrda B CMU u akajiemuueckux Kpyrax ctpat
Samnana».

Examepuna Ocanuna, omsemcmserHolll pedakmop
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MATEMATHUKA

KuHemartuuyeckoe ynpaBJjieHue WeCcTUHOrum waralwmm p060TOM

YXenoHknHa Onbra CepreeBHa, CTYAEHT;

3n06uH [lanun Opbesuy, cTyaeHT
CaHkT-MeTepbyprckuii rocyfapCTBEHHbIN YHUBEPCUTET

B danHotl pabome cmpoumcs KUHEeMAMUUEcKas MOO0eAb WecmuH02020 poboma, paccmampusaemcs oopamuas 3a-
daua KUHeMamuKu nocmpoeHHot modeil 8 08YxX opmax: AHAAULMULECKOL U YUCAeHHOU. 3amem peulaemces 3adaia
eenepauuil noXo0KU 8 cAyUae 08UNCCHIUL NO POBHOLL NOBEPXHOCML, 8 PAMKAX KOMOPOLL HAX0O0AMCL Mpaekmopuu 08u -
dCeHUS Hoe eeKcanooa.

Karuesoie crosa: pobomomexuuxa, eekcanod, uwazaouui pobon, KuLemamuyeckoe ynpasieHue.

BBepeHune

Hcropusi po6otorexuuku 6epet Hauaso ¢ jaBHux spemet. Eue B 1500 roany Jleonapno na Bunuu nzo6pes MexaHnueckoro
JIbBa, pazBopaunBaiollero repd @paHiuu nmpu Bbeszie KopoJs B ropoj. C pagBUTHEM TEXHOJOTHH poGOThI CTa/IM TIPUMEHSATHCS
B MPOMBILIJIEHHOCTH W B HacTosilllee BpeMsi BCE yallle 3aMeHSIIOT uejioBeka B padoTax, TpeGyrounx GOoJbIINX (PU3HUECKUX
YCHJTUH WJIH TTPOXOJISIIIINX B HeOMaronpusaTHbIX yeaoBusix. [llectunornii maraommi po6ot couetaet B cebe yCTOHUMBOCTD KOH-
CTPYKIMH W TIPOCTOTY YMPABJEHHUS, UTO TIO3BOJISIET UCMOJIb30BATh €T0 BO MHOTHX OTPAC/IsIX UeJOBeUeCKOH AeaTebHOCTH: TPH
JIeCO3aroToBKe, MOUCKe MHMH HJIH B KAUeCTBe CPe/CTBA MepeABUKEeHUs ISl JII0JEH ¢ OrpaHHYEHHBIMH JIBHKEHHSIMH.

KuHematuka po6ora-rekcanona

OO6beKTOM HCCe0BAHNUS SIBJISIETCS IECTHHOTHI IIaratoifii poGoT ¢ MIaThopMoii B BUIE PaBHOCTOPOHHETO HIECTHYTOJIb-
HHKa, B yIylaX KOTOPOTrO pacnoJiaraloTcst Tpex3BeHHble KOHEUHOCTH.

Koneunocerb po6oTa cocTouT U3 6e/ipa, rojieH’, KoJIeHHOro 1 6e/IpeHHOro CycTaBoB. Tak Kak cousieHeHus1 po6oTa B OTJIMYHE
OT peaJibHbIX CYyCTaBOB UMEIOT TOJILKO OJIHY cTeleHb cBOOO/Ibl, O€peHHbIH CycTaB pasjie/ieH Ha JiBa, MeKly KOTOPbIMH Haxo-
JIUTCSI IPOMEXKYTOUHOe 3BeHO. besipentblil cycran | (Mexy naathopmo U MpoOMeXKyTOUHbIM 3BEHOM ) BpalllaeTcsi BOKPYT Bep-
THKanbHOU ocH. Benpennslit cycras 2 (MexKIy NPOMEXKYTOUHBIM 3BEHOM M O€APOM ) H KOJIEHHBIH CyCTaBbl BPALLAIOTCST BOKPYT
TOPU30HTAJILHON OCH.

BeejeM jiBe cuCTeMbl KOOpAMHAT: chcTeMy KoopauHat maatdopmbl X°Y0Z%u cucremy koopaunar koneunoctn Xky*zk,
Llentp mepBoii U3 HUX pacnosiokeH B uentpe naardopmel poGota, niaockoetb X Y coBnanaer ¢ miockocTbio maarhopmbi,
och X° HanpasJ/ieHa B TOUKy NPUKPEIIeHHs IepBoil HOrk, ock Z° HanpasjieHa BBEPX OTHOCHTEJILHO 3eMJIH MEePIEHIHKYJIAPHO
nsiatopme (npeanosaraem, yto poGoT He nepeBopaurBaercs). LIeHTp BTOPO# M3 HUX PacCrosioxkKeH B TOUKE MPUKPENJIeHHs
Horu, mockoeth X*YK raoke copnanaer ¢ niockoctsio maatdopmbl, ock X¥ Hanpapsaena ot neHtpa miaathopMbl K TOUKe
IPUKpeNIeNtst HorH, och ZX nanpasJsiena, kak u Z°.

Koopamnathi cton (0KoHeuHoCTeli HOrH) po6oTa B cHcTeMe KoopamHat Koneunoct X YK Z¥ umeer cnenyroumii Bu:

x = (Lycosay + Lysina, + Li)cosas,
y = (Licosa; + L,sina, + L3)sinas, (1)
z = Lisina; — Lycosa,,
rie
X, Y, 2 — KOOPAMHATHI CTOMbI,
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L,, Ly, Ly _ nanubl 6eapa, roJeHd 1 NpOMeXKyTOUHOTO 3Be€Ha COOTBETCTBEHHO,
) _ yroJl MexK1y GepoM U M10cKocTbio X FYk

0y YToJ1 OTKJIOHEHHUS] TOJIEHH OT BEPTHKAJbHOH OCH,

03 _ YrOJl OTKJIOHEeHHs HorH oT X

PeweHue 06paTHOIi 3aAa4N KUHEMATUKM

B cucreme ypaBHenuii (1) Mbl MOJy4HsId BbipaykeHle KOOPJMHAT CTOIbI Yepe3 yIilbl COUJIEHEHUH HOTH, 3aj1auk Moj06HOT0
THINA MPUHSATO Ha3bIBaTh NPsIMON 3aiadeil kKuHeMaTHkH [ 1]. [Tocsie aTOr0 ecTecTBEeHHO 3a1aThes BOIPOCOM O BO3MOXKHOM 00-
paTHoM 1npeoOpazoBaHUH KOOPAMHAT CTOTIBI B YIJIbl OPHEHTALIMH, TO €CTh IPOBECTH pelleHre 0OpaTHON 3alaul KHHEMATHKH.
JlaHHoe pelleHre MOXKHO HCKATb ABYMsl CIOCOOaMH: aHAJWTHYECKH, BbIPA3UB YPABHEHUS [Vl HAXOXICHUS 3HAYEHUH YIVIOB
B COUJIeHEHUsX U3 cucteMbl (1), n unceaento, pa3buBasi BpeMsi Ha KOHEUHbIE TPOMEXKYTKH.

Anarumuueckul memoo

Hcnonbaysi reometpudeckuit noaxof [ 1], paspetnm cucremy (1) oTHOCHTENBHO a4, Ay, a5. B 0611eM ciiyuae pelienue jaH-
HOM 3a/1a4M He eIMHCTBEHHO, HO BbiGepeM pelleHHe, KOTOPOe COOTBETCTBYET BEPXHEMY PACIIOJIOXKEHHIO KOJIEHHOTIO CYCTaBa,

Kak 0oJiee eCTeCTBEHHOE:

L§+z2+(J§71§7—L3)2—L§
2Ly /zz+(\/x2 +y2 —L3)2

L%+L%—zz—(\/x2+y2—L3)2 -
+ (Xl -

2LqL,

1 = arccos

|z|
arctg (J—yL)

)

a, = arccos( 2

az = arctg G)
[Toc/iennoBaTebHO BLIUUCISS 3, Oy, Op, HAHIEM HCKOMOE pelleHHE CHCTEMB.

Yucarennoui memod
Jluist pellieHust 3TOM 3aj1auM BbINOJHAM JUddepeHiinpoBatne cucrembl (1):

dxp daq
Uy dt dat
v, | = dyn — 1. da; '
dt dat
Ve dzn das
dat dat
['ne
—L;sina;cosa; L,cosa,cosa; —sinaz(Licosa; + L,sina, + L3)
A =| —L;sina;sina; Lycosa,sinas  cosaz(Licosay + Lysina, + L)
Lycosay L,sina, 0

(3)

1 Uy, Uy, Uy — COCTABJIAIOLIAEC BEKTOpa CKOPOCTH JBH?KEHHsI CTOITbI. pa3p€LHI/IM CUCTEMY (3) OTHOCHTEJIBHO YIJIOB:

day
dt v
da, *
— A1
—Z =4y ),
das
dt
e
—sina,cosas —sina,sina; cosa,
/ Licos(a; — ay) Licos(a; — ay) Licos(a; — ay)
41 COSQ1C0S0; cosaqSina; sinay
B Lycos(a, — ay) Lycos(ay — ay) Lycos(ay — ay)
—sinas cosas

Licosa; + Lysina, + Lg

Licosa; + Lysina, + Lg

0
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O6pathast MmaTpuia A~' TOUHO CylIECTBYET NPH CAEIYIONIMX YCIOBHSIX:

0<a <

ANl

0< <=
az 2

Hcnonbaysi MeTon Disiepa [2], mostydnM YuCIeHHOe pellieHrne 00paTHOH 3a/ladd KHHEMATHKH:

a,(t+ At) a,(t) v, (1)
a,(t+A) | = ay(t) |+ A | vy (D) |At (4)
asz(t + At) as(t) v,(t)

Takum o6pa30M, 3aj/laBasli 3aBUCUMOCTb CKOPOCTH CTOIIbl OT BPEMEHH, 6y116M HAXOJIMTh HEOOXOUMbIe JJIs €€ JIOCTHXKEHHUST
YIJbl B COUJTCHEHUSIX.

MapameTpusaums noxoaKu

JI1s1 reHepalnu noxoaKy pazo6beM KOHEUHOCTH Ha JIBE IPYIIIbI: C UeTHLIMH U HEUETHBIMH HOMepaMu. B To Bpems Kak ojHa
TpyTna HOT pacriojiaraeTcst B BO3JlyXe, UTO COOTBETCTBYeT (hade MepeHoca, Jpyrast TPyrna HOT HaXOAUTCS Ha 3eMJle, TO eCTh
B (baze onopbl. Takas moxonka COOTBETCTBYET HACEKOMbBIM (HAMPUMEp, MypPaBbsiM ¥ MyXaM ), TI03TOMY HA3blBAETCS MHCEKTO-
suHoi. Kaxnas dasa nimrest onnnakoBoe Bpemst 7. Pasnuiia das rpynn Hor Takxke cocTaBiisiet 7.

PaccMoTpuM 11aroBbIil MK/ HOTH reKcarofa. TpaeKTopusi KOHEYHOCTH B JIOKAJILHOH CHCTeMe KOOPIMHAT TPeACTaBJseT
co6oil 3aMKHYTYI0 KpUBYIO. [laHHYI0 KPHUBYIO MOXKHO YCJOBHO PA3NIE/IUTh Ha JIBE UACTH, KOTOPbIE COOTBETCTBYIOT hase mnepe-
HOCa HOTHU | (pade oropbl HOTH. [1pu nmepeHoce KOHEUHOCTH U3 OHOMN TOUKH B JIPYTYIO BLIGOP TPAEKTOPHUH MOXKET OBITh OCY-
ILIECTBJIEH POU3BOJILHBIM 00Pa30oM, TaK KaK CTOMa HaXOAUTCs B CBOOOJHOM JIBMXKEHUU. B 1aHHO# paboTe B KauecTBe TpaekK-
TOPHH TIepeHOca HOTH HCTOJb3yeTes TIoJyJIunc. B dhaze omopbl Hora IBHKETCs 110 OTIOPHOF TTIOBEPXHOCTH BIOJb MPSIMOK
B HarpaBJieHUH, 06PaTHOM JIBH2KEHUIO BCETO MeXaHu3Ma. TpaeKTopusi yka3aHa Ha pucyHKe 1.

ZE

Puc. 1. TpaeKkTopus ABMKEHUA CTONblI KOHEYHOCTU

dasa neperoca
[TapameTrpusalisi JIMIICA B CBI3aHHOK C HUM CHCTEME KOOPAMHAT BBITJISIMT CJIE/IYIOIIMM 00PasoM:

x =0,
y =a-cost+a,
z = b - sint.

TpaekTopust hasbl nepeHoca JexKHT B MIOCKOCTH, Napaenbhoil Y*Z¥ norcrosueit ot navana koopmunar no ocu X* na
x.. TakKe Ju1s1 TOro, 4TOGBI KOHEUHbIE TOYKH JIyTH 3/IJIMIICa pacnoarajinch Ha 3eMJ1e, POU3BOMTCS CMellleHHe 1o och Z¥ Ha
BBICOTY MJ1aT(GOPMBl po6OTa. YPaBHEHHS B CHCTEME KOOPAMHAT KOHEUHOCTH HMEIOT CJIeAYIOIIHE BUL:

X = X, = const,
y =a-cost+a,

z=Db-sint — h,

rae:

_n<1+ nt)
'[—2 cosT,
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T — noJsiynepuo 0fIHOTO 1ara, To eCTh BPeMsl, 38 KOTOPOE MPOUCXOJUT MePeCTaHOBKA OHOH TPOHKH HOT,

h — paccrosiiie oT maaTQOpPMbI rekcarnoja J10 3eMJIH,

au b — Gosbliast ¥ Masiasi MOJYOCH 3JIJUTICA COOTBETCTBEHHO.

3aBUCHMOCTb NapameTpa T OT BpeMeHH MpUHATA Ha ocHoBe padoTsl [3]. Takoi ee Bui o6ecrneynBaeT NOCTaHOBKY HOTH Ha
3eMJIIO C HYJIEBOH KOHEUHOH CKOPOCTBIO, YTO MO3BOJISIET U30€KATh YAaPOB.

Myest opraHusaiiiy MoXoJIKH 3aKJI04aeTesi B TOM, YTO TJIOCKOCTh TPAEKTOPHH JIBHKEHHST KaXKJI0H CTOMbI CTABUTCS MO/ Ta-
KHM JKe yrioM K och X° (och cucTeMbl KOOpAHHAT MmatdopMbl po6oTa), KaK M HalpaBJeHue IBHKEHHST MeXaHU3Ma K 3TOW
0CH. ¥YTO0JI, HEOOXOIMMBbIH JIJIsi TOCTAHOBKH -0 HOTM B HY»KHOM HarpaBJIeHHH, PABEH:

g, = T 2m . D= T T 1
i—g_E_?(l_ )—f—z—g(l— ),

e & — yroJ Mexly HanpaBJeHUeM JBHKEHHs reKcanona  ocbio X0,

J1/151 TOCTaHOBKH MJIOCKOCTH TPAEKTOPUH CTOIbI FeKCarnoia Hy:KHbIM 00pa3oM, IpoBeeM Clleytollie AeHCTBHS: Napajuiesb-
HbIM T1ePEHOCOM CBHHEM 3/LIMIC B II0cKocTh Y*ZK | noMHoKHM Ha MaTpully moBopoTa Ha yros 6, caBuHeM 3/uIc o och X &
JI0 IOCTHYKEHHUS! €T0 HauaJIbHON TOUKOH TOUKH X,. MITOroBbIi BUJL TapaMeTpu3aliiu (asbl epeHoca TPAeKTOPHH CTOMbI:

A~

X= x,—y-sind = x, —a- (cost + 1) - sinb,
y=1vy-cosd =a-(cost+1)-cosh, (5)
Z2=z=b-sint —h,
et = §(1+cos”?t),te [0,T].

[Tponuddepenipyem cuctemy (D) /1 HAXOXKIAEHUS CKOPOCTEM, HCIOJIBb3YEMbIX B MeTOJIE Diliepa:

~ ax d(y-siné an? . . . mt

p, =L = _dosimd) _ 2T ging -sm‘r-sm(—),
dt dt 2T

~ dy d(y-cosf am? . . nt

vy=_y=—(y—)=—-c059-smr-sm(—), (6)
dt dt 2T T
~ az dz bm? . mt
V,=—=——7—=——_-"cost-sin\—).

dt dt 2T T

Pasza onopul

JI151 HaXOXKNIeHU S YACTH TPAEKTOPHH, COOTBETCTBYIOLIEH (ha3e OMopbl HOTH, COSAMHUM KOHEUHbIe TOuKH daaunca. Crenyer
3aMETHTD, UTO JIBUKEHHE MO MPSIMOK OCYLIECTBJISIETCS 3a TO »Ke BpeMsi T, UTo | 110 jiyre. Y paBHEHHe COOTBETCTBYIOLIEH Mpsi-
MOH MOKHO 3amicaTh B TapaMeTPHUECKOM BHJIE:

~

X = x,— (2a —s) - sinb,

¥ = (2a—s) - cosé, (7)
7= —h,
_ _ (t-T)
rae s = a(l cos —— ),t € [T, 2T].

3aBHCUMOCTb nmapamMeTrpa OT BpEMEHH Bbl6paHa 10 aHaJIOTHM C MmapamMeTpoM 7, TaKUM O6p830M B rpaHMYHBbIX TOYKax CKO-
POCTb oépamaeTCH B HOJIb, CJI€/I0BATEJbHO, ITPOCKaJJb3bIBaHHUE OTCYTCTBYET.

[Tpommddpepenumpyem (7):
(5 —4X_am . g, o (TE=T)
Vy=—=7 sinf sm( . ),
v, = % = % - cosB - sin (”(tT_T)), (8)
Lo dr _
U, == 0.

[ToncraBass B cucteMy ypaBHeHUH (2) B KauecTBe X, Y, Zz apaMeTpusaluu X, ¥, Z U3 cucTeMbl (5) U X, ¥, Z U3 cucremsl (7),
MOJIydUM aHAJUTHUECKUH BUJI BBIPAXKEHUH YIJIOB B COUWICHEHUSX TeKCanoa OT BpeMeHHU /1 (hasbl nepeHoca 1 asbl ornopbl
COOTBETCTBEHHO. AHAJIOTHYHO, TOACTAB/ISAA B CUCTEMY (4) B KauecTBe Vy, V), v, napamerpusauuu by, Dy, D, u vy, ¥, U, u3 cu-
CTeM ypaBHeHUH (6) 1 (8) — uuc/ieHHbIH c1oco6 MoJyueHHs TUX YIJIOB.

[IpousuiocTpupyem noJslydeHHble pe3yJ/ibTaThl Ha IPUMepe rekcarnoa co CJeiylounMH apaMeTpamu:

Lq 15 cm a 3cMm
L, 25 cm b 2.5¢cm
Ly Scm a4.(0) n/3

R 10 cm a,(0) /6

T 2¢ a3(0) 0
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Ha pucyHnke 2 nokasaH rpauk 3aBUCHMOCTH 3HAUEHUH YIJIOB B COUJIEHEHHsIX PoOOTa-TeKcarnoia OT BpeMeHH B Tpoliecce
(hasbl mepeHoca ofHoro mara. I'pak a/1st YMCJIeHHOro MeTola pellleHHs BBINJISIUT Ha MepBbId B3I TaK 2Ke, OIHAKO Bbl-
YUCJISIS PA3HOCTh MEXKJly 3HAUEHUSIMHU YIJIOB, MOJYdYEHHBIMH JIByMsI METOIAMH, MOJYUUM IpapuK 3aBUCHMOCTH OLIMOKH UMC-
JIEHHOTO MeTO/Ia OT BpEMEHH ( PUCYHOK 3).

1.2 : , , : : : :
—— yron a,

| T H"“‘x,_____.._ yron a,

— T yron o,

1} L :

T

0.8 1
06} I —
0.4 r 1
0.2r '

Puc. 2. 3HaueHMA yrnoe Npu aHaIMTUYECKOM MeToAe peLleHus

.5
10
152 : ; : : : : :

owndka o,

ownBka o,

ownGka a,

5T 1

7% Y EN R SN S N - (N N
0 02 04 0.6 0.8 1 12 14 16 18 2

Puc. 3. OwNBKA YNCNEHHOrO METOAA peleHus

Tenepb paccMoTpUM WIIOCTpALMK Mpoliecca IBH:KeHUs rekcanona. Ha pucyHke 4 mpeacraBjeHa BU3yasnusalus Liara
po6oTa B cucTeMe KoopanHaT Koneunoctd XXY*ZK A na pucynke 5 — npumep Tpaekropuu po6oTa-rekcanona (IyHKTHPHOF
JIMHHeH 0603HauUeHa TpaeKTopHs 1LleHTpa miatdopmbl poGoTa).
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Puc. 4: Busyanusauusa wara

160

140

120

80

o—d
O D —O—O—O
£
@
I

60

201

o—6—6—8 oflo—of
c—e—te—o—¢d

-100 -60 0 50 100

Puc. 5: Busyanusauus TpaeKTopmii cton Hor po6ota (BUA CBepxy)

3aknuyeHune

HccnenoBana KuHeMaTHuecKast Mojiesib poO0Ta-reKcarnoa, ¢ rmoMolbio KOTOPOH MOYKHO OINpPENeUTh KOOPIMHATbLI CTOM
B 3aBUCUMOCTH OT 00001IEHHBIX KOOpAHHAT. B IByX pas/inuHbIX BUAX pelleHa oOpaTHas 3ajauya KHHEMaTHKH, YTO MO3BOJIsSIeT
MCI0JIb30BaTh JII0OOH Cr1oco6 HAXOKAEHHS YTIJIOB B COUJIEHEHUSIX M0 CBOEMY YCMOTPeHHIO. B KauecTBe noxosiku BeiOpana no-
XOJIKa, onpejiesisieMast IBUKEHUEM HOT T10 TPOKKaM (MHCEKTOBHIHASA ). 3a/laHa NapaMeTpH3allus JIBUKEHUS CTOMbI B pOopMe 10~
Jyssvnca. Haliienbl COOTBETCTBYIOIIIHE €1 ypaBHEHHsI, KOTOPbIE MO3BOJISIIOT OCYIIECTBISATh 1arOBbIH IIUKJI B JIIOOOM Harpas-
JIEHHH.
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Jlutepatypa:

1. JohnJ. Craig. Introduction to Robotics: Mechanics and Control (3rd Edition). Pearson, 2004.

2. Ilumenos B. I'., Jloxxnnkos A. B. Uncnennble metozbl. Hacts 2. M3natesberBo ¥Ypadsbekoro yuusepentera, 2014.

3. [laBnosckuii, B.E., [Tanuenko A. B. Mojesu 1 aroputm yrpasJ/ieHus IBHKEHHEM MaJIoro IeCTHHOroro po6ota. Me-
XaTpOHHKa, aBTOMaTH3auus, ynpassaenue. — 2012.— Ne 11.— C. 23—-28.

Cunbl U MOMEHTbI B KWHEMATUUYECKUX Lensax

3n06uH Janun HOpbeBuy, CTyLEHT;

HenoHkuHa Onbra CepreeBHa, CTyAeHT
CaHkT-MeTepbyprckuii rocyfapcTBEHHbIN YHUBEPCUTET

B pabome pewaemca odpamnas 3adaua ouHanuku Kuremamuueckux yened. [loraeaemces, umo meaa coedurerol
NPOU3BOALHOIMI BPALAMENbHbIMI COYAeHeHUAMU. Henoab3yemes meHn3opHoe ucyucienue. B peayromame pabomol
noAYyHeHbl 3AMKHYMble AHAAUMUYECKUe BbLPANCeHUSL CUA U MOMEHMOB.

Karouesvle crosa: kunemamuueckue yenu, pooomomexnuka, 00pammaas 3a0a4a OUHaMuUKU, OuHanuKa yenet mea.

BBepgeHune

[Ipu nocTpoeHuH CJI0XKHbBIX POOOTOTEXHHUECKHX CHCTEM MPUXOUTCS peluaTh psijl 3ajad MJaHHupPOBaHUs ABUXKEHHST U pac-
yeTa AMHAMHUKH KOHKPETHOro Mexanuama. [Ipu 3ToM 0ObIYHO CTPOMTCS KeJlaeMoe JBHKEHHEe MeXaHHU3Ma, 3aTeM OIpeseJs-
I0TCS CHJIBI © MOMEHTBI, KOTOpble HEOOXOMMBI JYIs1 peann3aliii 3aJaHHOTO IBUXKEHHUS, TIOC/Ie Yero BbIBOJIATCS YPABHEHUS JIBU-
JKeHus. B peasibHOM ycTpolicTBe, ¢ MCM0/b30BAHUEM YPaBHEHUH ABH:KEHHSI U TpeGyeMOoro pacnpeieseHust CHl i MOMEHTOB,
cucTeMa CTabMJIH3HpyeTCsl 0KoJI0 paboyeil TpaeKTopuu. [1pu 3TOM Jo/KHA ObITH pelleHa 3aaua HaX0KICHHUsT CHJl, TaK 2K H3-
BECTHAsl Kak obpaTHasl 3aja4a IMHaMUKH. B naHHOi pabGoTe pacCMOTpeHO pelleHHe JaHHOH 3a1auu B MPUJIOKEHHH K KUHeMa-
THYECKHM LieMsiM a0COJIIOTHO TBEPAbIX TeJl CO BpallaTebHbIMH COUJIeHeHHIMU. BaXKHbIM acrieKToM MOBeCTBOBAHMSI SIBJISIETCS]
MPUMEHEHHE TEH30PHOTO HCUHCJ/ICHHUS.

Kunematuka uenei ten
MHorue MexaHu3Mbl MOTYyT ObITh npeacTaBJ/ieHbl KaK COe/IMHEHUs1 3B€HbEB, KOTOPbIE npnénm{(a}mc'ﬂ a0COJIIOTHO TBEPAbIMH

Tesiamu. B cBoto oyepenb 0a30BbIM sIBJISIETCSI MEXaHU3M U3 rnocJsegoBaTe/JIbHO COeAMHEHHbIX 3BE€HbEB. paCCMOTpI/IM KHHEMAaTHKy
nono6HOH Lienu. Brenem cienyioiye 0603HaUEHUS:

1. A; — i-e 3BeHO Uenu (aGCOIOTHO TBEPOE TEJIO),

2. n — JIMHHA KHHEMATHYECKOIl LeMH (KoJHIecTBo Te, i = 1,71),

3. 73 — BEKTOp MOJIOKEHHUS {-I'0 COuJIeHEeHHs] (HEMOABHAKHON TOYKH COCIMHEHHUS ),

4. v; — CKOpOCTb {-T0 COuNleHeHUs (HEMOJABHKHON TOUKH COEIMHEHHS ),

5. ©; — BEKTOP MOJIOXKEHHUSI COUJIEHEHHS § OTHOCUTENBHO § — 1, IPU 3TOM @, BbIGHPAETCS TPOU3BOJIBHO,
6. 09 = 1y — BEKTOp MOJIOKEHUS Hauala KHHEMATHIEeCKOM LeTH,

7. 0f — BEKTOp LEHTPA MACC TeJ1a i OTHOCHTEJILHO i-T0 COUNeHEHHUS,

8. 1£ — BEKTOp MOJIOKEHHS LIeHTpa Mace TeJia i,

9. vf — BeKTOp CKOPOCTH LIeHTpa Macc TeJa i,

10. w; — yryioBasi CKOpOCTb i-ro couieHeHHUs],

11.P;(t) — TeH3op noBopota (OpHEHTALH ) i-F0 COUIEHEHHSI.

[IpenroJsioxKum, 4To TeH30Pbl OPHEHTAIUN 3BEHbEB KHHEMATHUECKON 1IeMH BBIPAYKAIOTCSI MOCJIEI0BATEILHBIMU TTOBOPOTA-
mu: P; = Q;P;_y = Q; *...- Q1. Torna, B COOTBETCTBHH C TEOPEMOH CJIOKEHHS YIVIOBBIX CKOPOCTEH B TEH30PHOM BHjiE [D, 6],
3amuIIeM YrJIoBYlo cKopocTh 3BeHa it w; = w® + Q;w;_q, rie w® = —% [QiQiT]X — YIJIoBasi CKOPOCTb MoBopoTa Q;(31ech
u jgajiee [P, — onepaisi HaXoXKIeHHs] BEKTOPHOTO HHBapHanTta tensopa P [4, 7]). B cootBetcTBUE ¢ Teopemoil Diiiepa [2,
3] MokeM 3anucaTh JUHEHHYIO CKOPOCTb TIPOM3BOJIBHOTO COUJIEHEHHUS: V; = V;_1 + w; X 0;. Halinem tenepb yrioBoe yckope-
Hue 3pena i: w; = o® + %[ini_l] =w® 4+ 0D x (Q;w;_) + Q;@;_,. B coorBeTcTBUN C pacnpesie/ieHUeM yCKOpPEeHHUH
B TBEPIIOM Telie [2, 3] 3anuiieM ycKopeHue cousieHeHns i ¥; = V;_1 + @; X 0; + w; X (w; X 9;). AHaIOTHYHO UIsT CKOpOCTeH
M ycKopeHuil LienTpa Mace Tesa A;: vf = v + w X of , vF = v; + @; X of + w; X (w; X of). Takum 06pasom HaiiieHbl Bee
Heo6X0/IMMble CKOPOCTH U YCKOPEHHsI 3BeHbEB eI, BhIpayKeHHbIE Uepe3 XapaKTePUCTHKH OTHOCHTEJIbHBIX TIOBOPOTOB Q.
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MpounsBogHble AUHAMNYECKNX XapaKTePUCTUK

[1ycTh TEH30PbI HHEPLUH O; TBEP/BIX TeJl 3aaHbl OTHOCHTEJIbHO LieHTpa Mace. O; = P,0°PT | rie 09 — TeH30p HHEpLWH i-
i i ivili i

ro Teja B OTCYUETHBIH MOMEHT BpeMeHH, a ©; — BTekylwwmil. K] = mvf — KkonuuecTBO JBHXKEHMs (-To Tesa LienH,
K}" = ©,w; — KnHeTHUYECKMil MOMEHT TeJia | OTHOCHTeLHO LieHTpa Mace. Torna:
dK{ c
= mvi
dt” 0pT 0
dk;"  d(0w;) d(PO;P w;)) d(P;0;%;)

=P.[0%Q,; + O; x 0%Q;
dt dt dt dt (1074 + 0, (4ul

Q; = Pl w; — npasblii BeKTOp YrI0BOK CKOPOCTH.
Cunbl U MOMEHTBI B KWNHEMATUYECKOIA Lienu

PaccmoTpum aBHMxKeHHe i-ro Tesa KMHEMaTHYeCKOW uenu, MmycTb i+ 1 Teso 1enu JAedCTByeT Ha TeJo CUMoH f; =
F(A;, Aj11), TOTJIa CO CTOPOHBI MPEJbIIyIIEro Teaa aedcTByeT cuia —f;_q; = F(A; A;_1), Terepb MOXKeM 3anucath CHJy,
C KOTOPOH OKpy:KeHHe JeHCTBYeT Ha TeJo:

externaly _— earthy _—
F(A;, A ) =F(A,Ai-1) + F(A, A1) + F(A,A )=fi— fi-itmg
COOTBETCTBEHHO PACCMOTPUM MOMEHT OTHOCHTEJILHO LIEHTPa Mace, AeHCTBYIOIINH Ha TeJIO i:
c t 1\ — € c c th
ME (A, A*mT) = MO (A, Ai—q) + M (A Aiq) + MO (4;, A%T), (1)
MsBecTHO, uTO J11060H MOMEHT MOKET ObITh 3aMMCaH B CJIEIYIOLEM BUE:
MC(A4,A%Y) = (R? — RP) x F(4, A%Y) + LF (4, A®™).

3yiech P — rpou3BoJibHast TOUKa, Ha3biBaeMasi TOUKo# npuse/ienusi. [Ipu 31om, ec/in Tesio He CONpoTHUBJIsIETCsS TOBOPOTAM
0KOJIO TOUKH P BOKPYT Kakoil-/n6o ocu u, To npoekuus LF na 31y och pasua nymo. Pasnoxum Takum 06pas3oMm Bee YJieHbl
B rpaBoit yactu (1), BbiGHpasi B KauecTBe TOUKH MPHUBEIEHUS HEMOIBUIKHYIO TOUKY COOTBETCTBYIOLIErO COEIMHEHMSI, a JIJist
CHJIBbI TSDKECTH — LIEHTP Macc TeJia.

c externaly _ C C i—1 i
M®(4;, A ) =07 =) X fi = (7 =r2) X fiog + L7 (A Aimr) + L'(Ay Agya).
Beenem o6o3navenusi [; = L (4;, A;,,), yaTeM olpe/ieieHne BeKTopa 0; 1 oF, TOrjia BbIpaxKeHHe [IPUMET BHIL
i i i+1 i i
C externaly _ c C
M®(A;, A )=(0i—0i) X fitoi X fiia+1li—1liy.

Tenepb MoxkeM coCTaBUThL ypaBHeHUs GajaHca KUHETHUECKOrO MOMEHTA U ypaBHeHHe GajaHca KOJMUeCcTBa ABHKEHHS 151

KaXKJI0r0 3BeHa Ha OCHOBE TeopeM 00 H3MEHEeHUH KOJIMUECTBA JIBUYKEHHs U KHHETHIeCKOTr0 MOMeHTa TBepjoro Tedia [ 1, 3].

1
dK;
| A—
W= i~ fioa g
11
dK]

o =l i + (0 = 0f) X fi + of X fi_1.

Takum 06pa3om BbIBEEHbI JHHAMUUECKHE YPaBHEHHUS, KOTOPbIE C OJHOH CTOPOHBI MO3BOJISIOT MPUCTYMUTh K PELIEHHIO
oOpaTHOH 3ajayd JHMHAMHKM, acC JPYroll CTOPOHbI — BbiBeCTH v depeHlHalbHble YpaBHEHHsT [IBHXKEHHUs LeMu
B 0600IIEHHBIX KOOpAHHATAX (I 3TOro TpedyeTcs napamMeTpu3upoBaTh BCe TEH30Pbl OpHeHTAlUH 0600IIEHHBIMH KOOP/IH-
HaTamH ).

(2)

06paTHas 3afjaya AMHAMUKMN KMHEeMaTU4YeCKon uenu

Paccmorpum cuctemy (2), HEU3BECTHBIMU B HEll BbICTyNAIOT 2n + 2 BekTtopa f;, l;, i = 0,n, NPU 9TOM UMeeTCs BCero 2n
BEKTOPHBIX YPaBHEHHUH, JIHHEHHBIX OTHOCHTENLHO HeH3BeCTHbIX. TakuM 06pa3oM pellieHHe CUCTeMbI (2) BbipaykaeTcsl yepes
JIBa BEKTOPHbIX MapameTpa. s pelieHuss HEOTHO3HAYHOCTH BbiOepeM B KauecTBe MapaMeTpoB BeKTopa fp, [, v HaliieM BUL,
pelieHus.

Teopema. [1yctb 3anaHo ABMKEeHHE KUHEMATHYeCKOH 1iend. JlonycTuM, Hanpumep, 4To B Jit060H MOMEHT BPEMEHH U3BECT-
HbI CJIE/IyIOlIe XapaKTEPUCTHKH:

02, 0%, 09, m;,i = 1,n — KOHCTAHTBI KHHEMATHUECKO LieMH (BEKTOPA OTHOCHTEJILHBIX MOJOMKEHHH COUNeHeHHI, LeH-
TPOB Macc, TEH30Pbl HHEPIIUHU U MACChl 3BeHbEB B OTCUETHLIH MOMEHT BpEMEHH ),

00(t), Q1(t), ..., Q,(t) — onpenensiioline ABHKEHHsT (BEKTOP MOJOXKEHHST Hauaja LEMH | TEH30Pbl MOCAEI0BATENbHbIX
[I0BOPOTOB 3BEHLEB).

Torna cunbl U MoMenThl f;, l;, 1 = 0,n — 1 o1HO3HAUHO BbIpaXKaloTCs ueped BeKTopa fy, L,. To ecThb pelnenue ob6paTHon 3a-
Jlaud IMHAMUKH SIBJISIETCS] JIByTIapaMeTpHUECKUM CEMEHCTBOM CHJl | MOMEHTOB BEKTOPHbBIX MTAPAMETPOB.

Jokasameabcmso. Jlokaxkem TeopeMy KOHCTPYKTHBHO. J1/1s1 Hauasia GyieM WITH N0 BO3pacTaiollleMy HHIEKCY .

[psinoii npoxod:

Hcxonst M3 onicanHol KHHEMaTHKH, TI0C/IeI0BATeNLHO ISt i = 1, HAaXOJMM NPOH3BOJHbIE IMHAMHUECKHX XapaKTePHCTHK:

1
dK! .
—dt‘ = mvic ,
ak!!

dat = PE[O?QL + Qi X @?.Ql]
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ObpamHolil npoxoo:

Hcnonbaysi (2) BblUMC/IAEM CHIIbI, ISHCTBYIOLIME B COWIeHeHUsX it i = n — 1,0:
fir = f, e
o =f+m.qg—- 3
i-1 i ig dt
W, ananoruuno, onupasich Ha BTOpoe paBeHCTBO B cHcTeMe (2), MOMEHTHI B COUICHEHUAX:

11
l

lia =1 =

+of X fiog 4 (ei —f) X fi.

PaCKprBaH I/Ic’lrzpaTI/IBHbIe paBeHCTBa, OKOHYATEJbHO IMOJydaeM:
- dK!
fi=fh+ Z msg — F'
s=i+1 ; ] .
lL' = ln + Z?:Hl Qg X (msg - ddits) + Qs X (Z‘Ircl:s+1mkg - % + fn) - d;(ts . (3)

B custy o1HO3HAUHOCTH BCeX BBIMOJIHEHHBIX ONepalyil — pelleHue eIMHCTBEHHO TPH 3a/laHHbIX BEKTOPHBIX MapaMeTpax.
Taknm o6paszom Teopema MoJMHOCTbIO 10Ka3aHa, a pellieHHe — HaKlAeHo.

3aKknwyeHue

B paGoTte ucrosb3oBaH annapat TEH30PHOTO UCUUCJIEHHS, C TOMOIIBbIO KOTOPOTO OMMcaHa KHHeMATHKA M IMHAMHKA 11€MTHbIX
MexaHHu3aMoB. Takxke npuBeieHO MoAPOOHOE U3JI0KEHHE Tpolecca HaxoXKIeHHsl ciJal B cucteMe. TakuM 06pa3oM, OCHOBHbIM
pesyJibTaToM paboThl siBJsieTcst (3) — pellieHre B SIBHOM BUJe 0OpaTHOH 3aaud JMHAMHKH KMHEMATHYE€CKOH LeNu ¢ MPOU3-
BOJIbHBIMH BpallaTe/IbHbIMU COUJICHEHUSIMH.

Jlutepatypa:

1. Tlynbiuesa O. 10., ba6ampkansuu J1., K., [Tynbimes HO. A. Knaccuueckasi mexanuka. ManarensetBo Cankr-Iletep-
6yprckoro Yuusepcurera, 201 1.

2. Kopounes B. C., ITorouxkas U.1O., Epmosinn B. C. Teoperuueckasi mexanuka. Kunemaruka. BBM CITol'Y, 2012.

3. Kopounes B. C., ITorouxkas U.10., Epmosinn B. C. Teoperuueckas mexanuka. lunamuka. BBM CIT6I'Y, 2013.

4. Bunbuenckas E.H. Tensopnas anre6pa u tensopubiii ananus. CI16.: Msparenscrso [lonurexnuieckoro YHHBepCH-
Tera, 2012.

5. JKumun 1. A. Bektopbl ¥ TeH30pbI BTOPOTo paHra B TpexmepHoM npoctpatctse. CIT6ITIY, 2012.

JKumun 1. A, lunamuka tepaoro teqa. CIT6ITTY, 2014.

7. Leonid Lebedev, M.J. Cloud, and Victor Eremeyev. Tensor analysis with applications in mechanics, 2nd edition.
World Scientific Pub Co Inc, 2010.

Sk

HaxoxxpeHue cMn ¥ MOMEHTOB B KUHEMATUYECKUX AepeBbAX TenN

3n06uH Janun HOpbeBuy, CTyLEHT;

HenoHkuHa Onbra CepreeBHa, CTyAeHT
CaHkT-MeTepbyprckuii rocyfapcTBEHHbIN YHUBEPCUTET

B pabome paccmampusaemes 3a0a4a HAX0HCOCHUS CUN UL MOMEHIMOB 8 KUHEeMAMU1ecKom depese npou3soLbHOLU CMPYK -
mypot. [loayuenol 3aMKHYMbLe AHAALMUECKILE BOLPANCHUSL CUA L MOMEHINOB Yepe3 OUHAMUYECKUEe CIMPYKIMYpbL Me.

Karwuesole crosa: kunemamuueckue depesos, pobomomexnuka, oopamuas 3adaua OuHaAMuxu, OuHamuka de-
pesves mea.

BBepeHune

[1pu nocTpoeHnn poGOTOTEXHUYECKHX CHCTEM YacTO pacCMaTpPUBAIOTCSl KHHEMAaTHUECKHe LeMH TeJl, COeIMHEHHbIX Bpalla-
TeJIbHBIMH COUJIEHEHUSIMH, €CTeCTBEHHbIM 0000111eHHEM JaHHOIO THIIA CHCTEM TeJl SIBJISIETCS] CHCTEMA THIIa KHHEMATHYEeCKOIro
JlepeBa, T eCTb HEKOTOPOE KOJIMIECTBO a6COJIOTHO TBEPABIX TeJ, CBSI3aHHbIX BpalllaTeIbHbIMU COUJIEHEHUSIMH B COOTBETCTBUH
C HEKOTOPBIM alluKJINUeCKUM rpadom — siepeBoM. B nanHoil paGoTte paccMaTpuBaeTcs 3ajada HaxoXKJIeH!s1 CUJT 1 MOMEHTOB,
JICACTBYIOLIUX MEXKJIY TeJlaMH MOJ0OHON CUCTEMBI.
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0603HayeHusn

Onpenenum HekoTopble (yHKLMH Ha Tpadax, KoTopble Oy/IeM HCMOJIb30BATh:
1. V(G) — mHOxecTBO BepllkH rpada G,

2. incg(a) — MHOXKecTBO pebep rpada G, BXoasiiyx B Bepiuuny a € V(G),
3. leaves(Giree) — MHOXKECTBO JIMCTOB JIEPEBA Grprge,
4

brdg, ,(a,b) — MHOXKECTBO MOCTOB (Hanpumep — [yCTO®) HCXOMAIIMX M3 BeplIMHbl @ € Gy M BXOJALIMX
B Bepiuuny b € G,; Gy, G, — nojarpadnl G,
5. brdg,.6,(a) = Upey(s,) brdg,—g,(a,b) — MHOKECTBO MOCTOB HCXONALIMX M3 BEPUIMHbI @ € Gy W BXOAALIMX

B JII0OYI0 BepliuHy rpada G,,

6. dg(a,b) — MuHMMaJbHAS AJHHHA TYTH MEXK/y BeplMHaMi a, b € G.

7. cong(a) — cBsisHasi KOMIOHeHTa rpada, B KOTOPYHO BXOJMT BEpLIHHA @, /11 OPHEHTHPOBAHHOTO Tpada npejnosa-
raeTcst CHIIbHAS KOMITOHEHTA CBA3HOCTH,

8. Vcong(a) = V(conG (a)) — BePUIHHbI JAHHOH CBSA3HON KOMITOHEHTDI.

ypaBHEHMﬂ 6anaHca Konuuectea ABUXKEHUA

PaccmorpuM A — MHOXKECTBO TeJi CHCTEMbI. JIOMyCTHM, 4TO CTPYKTYpa CBsi3el MeXKIy TeJaMu U3 MHOXKEeCTBa A SKBHUBA-
JlenTHa HekotopoMmy aepesy G(A). To ectb ecn {4, B} € G(A) To mexxy Tesamu A, B uMeeTcst cBsi3b (couieHeHue ) 101yc-
Katolllee UX OTHOCHTEJIbHOE BpalllaTesibHoe JABMKeHHe (apHup). B couneHeHun aeiicTBYeT HEKOTOPBIH MOMEHT M HEKOTOpast
cuaa peakuun. Pacemorpum nzomopdnbiil 1isi G (A) opuentuposannblii rpad G(A) = {(4, B), (B, A) |{A, B} € G(A)}. Bee-
JIeM cJieflytouie 0003HaueHHUs

Kj — KOJIMYECTBO JIBUKeHHUs Tesia A € A, KOTOpOe CUUTaeM 3a]aHHbIM,

my — maccaTtesna A € A,

fap) — cuna peakuuu, JeficTylonias Ha Tes1o B € A co ctoponbl Tesia A € A, ipu 31oMm (4, B) € G(A),

2%t — pHewnsis cuaa (10 OTHOLIEHHMIO KO Beell cheTeMe ), eficTylolast Ha Teqo A € A (c/eyeT 3aMeTHTb, U4To, XOTs
CHJIA TSKECTH sIBJISIETCS BHEIIHEH CHJIOH, B JaHHOH paboTe noj cuioii £ nomuMaeTcst BHELIHsI CHJIa 33 BbIYETOM CHJIbI
TSYKECTH ).

3anuiiemM ypaBHeHHe OajlaHCa KOJMUECTBA JBHXKEHHsI /s Tesia A B MPEANONOKEHHH, YTO BHEIIHHE CHJIbI JAECHCTBYIOT
TOJILKO Ha TeJla, SABJIOLHecs JUCTbAMH fepeBa G (A):
1if A € leaves(G) |
0if A ¢ leaves(G) ()

BosbmeM Tenepb npoussoabhblil uct L € leaves(G). Bynem paccmarpusaTh noarpad @ nepeBa G MOCTPOEHHbII cJie-
JIYIOLLUM 00Pas3oM:

GHF = {{A, BYeG|A, B e A%j},

At ={A €A d;(L,A) > h}.

B rpad @ BXOJISIT BCE BEPIIMHBI, PACCTOSIHHE JI0 KOTOPBIX OT 3aaHHOr0 JiucTa L He MeHee PUKCHPOBAHHOTO unca h.

dK}
d_tA = ZceincG(A) fc + 8Affxt +myg, 8y = {

K 2K€ HaM MOHA00UTCS I - TOSAHMS JI0 BEPLIMH KOTOPOro MeHee h. Takxke onpenesm H30MOpP@HbIE OPHEHTHPO-
Tax »ke HaM noHano6uTes rpad GE~ paccto 0 Be oroporo meHee h. Takxke onpeje 30MO e opue 0
BaHHbIe rpadbl G,’;", Gy~ . Ilouty oueBHIHO cilefytollee paBeHCTBO:

ince(4) = incops ()| ] brdgp—_ope(4), h = d(L, A).

Bynewm cuutath, uto fyrq . a) = foebra ;- p.a) M fo = 0. Cyuerom Bcex 3ameuanuii ypasHenue (1) nepenucoia-
Gy -G Gy -G
R ~Gh n ~Ch

€TCs B BUJLE:
dK}
d_tA —myg = ZceinCGL+(A) fo + fora L—_ L+ (4) + SAfAEXt' h=dg (L, 4), (2)
h Gp —~Gp

Ha ocHoBe (2) mnonyunm 3amMkHyTyl0 QopMy ypaBHeHHE Jyisi BHyTpeHHUX cuJj. [lpocymmupyem (2) mno Tesam
Vcon6ﬁ+(D), DeA h=dg(L,D):

W 3 S 3 e

A€eVcon 1.+(D) A€eVcon 1.+(D) o€incg(A) A€evVcon 1+(D)
Gh Gh Gh

[IpeoGpasyem nostydeHHOe ypaBHEHHE:

1
Woma) 3 S gt 3
dt A o brdaﬁ__)clﬁ.,.(D) AJA

AeVcon 1.+(D) A€eVcon 1+ (D) o€inc,.1+(A4) A€eVcon 1+(D)
Gh Gh Gh Gh

[Tpu 5TOM cymMMa BHyTpeHHUX cua B GE*

fo= ) fi=0.

AeVcon 1.+(D) c€inc,.1+(A) oecon _1.+(D)
Gl Gy, Gl

paBHa HyJI10:
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Bbipasum cuJy, COOTBETCTBYIOLLYIO MOCTY:

— dKf{ ext
fbrdGL_ @ = ar mug — Safs*" ).
h 7%
AchonGﬁJr(D)

Paccmorpum Teneps siooe pedpo (C,D) € G, takoe uto d(L,C) < d(L,D), Torna nannoe peGpo sIBASETCS MOCTOM OT

1
Gy~ x Gyt h=d(L,D), torna ficpy = Yaeveon 1.4 (D) (%— myg — 6Aff’“). Ecan xe d(L,C) > d(L,D), To, ucnosb3ys
h

Tpetuit 3akoH Helotona, nosyunm: ficpy = —f(p,c)- O60011as JaHHblil pesy/bTat, nojyyaeM oKoHYaTe bHylo GopMy petie-
HUSA:
dK!
VoEGW) fo=10 Z <W —myg — (SAfAEXt)' h =dg (L 1(0)),
AchonG’LlJr[I(c)]

(+1if d(L,A) < d(L,B),

Sam = {—1 if d(L,4) > d(L,B),
_(Bif Sup =+1,

I((A' B)) - {A if Sap =—1

A BHELIHHe CHJIbI CBSI3aHbI ycJaoBHEM, KOTOPOE HE 3aBUCHT OT BbIGOpa L:

dK;
= Z <d—tA - mAg)'

A€leaves(G) A€A

VpaBHeva 6anaHCca KNHETUYECKOr0 MOMEHTa

1. K" — kuneruueckuil MoMeHT Tesia A € A OTHOCHTEJILHO LIEHTPA Macc,

2. lgapy — MOMEHT B COUICHEHHH, IeACTBYIOLMH Ha Tesio B € A co ctoponbl Tenia A € A, (4, B) € G(A),

3. Qap) — PalMyc-BEKTOP HEMOJABHXKHOMN TOUKH cousieHeHus Tes1 A, B € A B Tejie B OTHOCHTE/ILHO LIEHTpa Macc TeJia
B,

4. 8" — paauyc-BeKTOp OTHOCHTEJLHO LEHTpa Macc Tea A € A NPOM3BOJNLHO BHLIGMPAEMOH TOYKHM MPHBEIEHHs!
BHellIHero co6CTBEHHO MOMEHTa,

5. 18** — pHewwnuii (110 OTHOLIEHUIO KO BCel cucTeMe ) co6eTBeHHO MoMeHT [ 1], meiicTByrowuii Ha Tesio A € A, cyTh Ko-
TOPOTO 3aKJ/oyaeTcst B TOM, 4TO 00lllee MOMEHTHOE JIeFCTBHE OKPY2KEeHHs Ha Teslo A BbIpayKaeTcst MOCPeICTBOM CyM-
MBI lzxt + szt X fAEXt'

CdopmyspyeM ypaBHeHHe GajlaHca KHHETHYECKOro MOMEHTa Jyist Tesia A:

dK‘il t t ext
e D kAT ) 0o X fy + 8a0R X [
oeincg(A) oeincg(A)
[ToBTOpSISt Te XKe JeHCTBYSI, UTO W JUIst ypaBHeHHsT OaslaHca KOJIMUeCTBa JIBHXKEHHUS, TPUBOJIMM YpaBHeHHe GajlaHca MOMEH -
Ta K CJEIyIOLeMy BUILY:
dK!!
dt

lo+lyra ;o Lot Salg* + § Qs X fo + 8,05 X ¥, h = dg(L, A).
) Gp —Gp p
GElnCG%L.'. 4) o€incg(4)

AHaJOTHIHO MPEBIIYIIEMY TYHKTY CyMMHPOBAHHUEM T10 VCOTlG’ll,+ (D), D € A, h = d;(L,D) nonyuaem:
dK}!

by o) = AR A/ W Sy A
h h AchonGL+ (D) o€incg(A)
h

Beipaxkaem peluene B oGieii popme Yo € G(A), h = dg(L,1(0)):

dKAI ext ext ext
ls =0 W_SAIA = 8400 X fi - oy X fy )
AEVconGL+ [1(0)] YEincg(4)
h
dK”
W ot x i =) (S = Y e xf
A€leaves(G) A€EA o€incg(A)

3aKknuyeHue

Dbl HalJIeHbl SIBHbIE BbIpaXKEHHUS JJIsi CUJ K MOMEHTOB B KHHEMATHUECKOM JiepeBe abCoIIOTHO TBepbIX TeJl. [TogpoGHo
paccMOTpEH Mpollecc pelleHus 3a1ayn Ha ocHoBe Teopuu rpado. TakuM 06pa3oM OCHOBHBIM pe3yJibTaToM paboThbl SIBJSIOTCS
SIBHbIE BbIPAXKEHHUS CUJ1 © MOMEHTOB B CHCTEME.
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Jlutepatypa:

1. JKuaun IT. A. Tunamuka tBepaoro teqaa. CIT6ITIY, 2014,

2. JKunnn 1. A. Bexropb! 1 TeH30pbl BToporo paHra B TpexmepHoM npoctpanctse. CIT6ITIY, 2012.

3. babamkansunu JI. K., Ilyneiesa 0. 1O, TTynbiues 10. A. Knaccuueckasi mexanuka. Msnatenberso Caukr-Ilerep-
Oyprckoro Yuusepcurerta, 201 1.

4. Ope O. Teopus rpacpon. Hayka, 1980.

Bup NPpou3BoAHbIX AUHAMUYECKUX CTPYKTYP KUHEMATUYECKUX AepPeBbeEB

3no6un fanun HOpbeBuy, cTyaeHT;
¥enoHkuHa Onbra CepreeBHa, CTyaeHT
CaHkT-MeTepbyprckuii rocyfapcTBeHHbI YHUBEPCUTET

B pabome naxodumes 8ud npoudsoonsLx OUHAMUHECKUX CIPYKMYP KUHeMAMUYecKux depesbes mea (Kuxemuue-
CKO20 MOMEHMA U KoAUuvecmaa 0sudcerus). Jlanrole cmpykmypol Heobxo0umovl 048 peule s OUHAMULECKUX 3a0aU CU -
cmem mea.

Karouesvie caosa: kunemamuueckue depesos, pobOMomexHuka, KuLemamuka depesves mea, ouHamuqecKue
CMPYKMypol, KUHEMULECKUL MOMEHIT, KOAUHECNBO OBUNCCHUS, MEH30PHOe UCHUCACHILE.

Jisl IPAKTHYECKOTO PEleHHsT 3a1au AMHAMUKE MHOTAA TPeOyeTCs M0 3aJaHHOMY ABHMKEHHIO OMPEIE/UTh JMHAMUYECKHE
ILCprKTypr aGCOJTIOTHO TBEP/IBIX TEJ H HX IPOU3BOIHBIE:

1. K} — konmuectBo aBMKeHNs Tena A,

2. Kj' — kuneTHueckuii MOMEHT Tesia A OTHOCHTEJILHO LIEHTPa MAcc TeJia.

[lyctb A — MHOXKeCTBO TeJi cucteMbl. CTPYKTYpa CBsi3ell MKy TeslaMH U3 MHOXKeCTBa A SKBHBaJeHTHA HEOPUEHTHPO-
Bannomy nepesy [4] G(A). Eciu {4, B} € G(A) To mexy Teniamu A, B uMeeTcs CBA3b (COUJIEHEHHE ) I0MYCKAIOLIEE UX OTHO-
cHTeJIbHOE BpallaTe/ibHoe aBuKenne. G (A) — uzomopdublil st G (A) oprueHTHpOBaHHbI rpad:

G(A) ={(4, B),(B, A) [{A, B} € G(M)}.

SIBHBII BUL BhIpAYKEHHH IHHAMHYECKUX XAaPAKTEPUCTUK MOXKET ObITh JOCTATOUHO MPOMO3IKUM. JIjist €ro HaxoxkueHust BBe-
JIeM CJieflyloliie 0603HaUYEHHUST:

1. path;(A,B) = (04, ..., 0x) — myTh (1ocjenoBaresbHOCTb pebep) u3 Bepiuntbl A € V(G) B Bepumny B € V(G) opu-

eHTHpOBaHHOro rpaga G,

2. Vpathg(A,B) = (4, ..., B) — ynopsiioueHHas Mocje0BaTe/IbHOCTh BEPILIHH, COOTBETCTBYOMIas yTu pathg; (4, B),

3. P, — TeH30p opueHTaluu Tes1a A € A,

4. 0% — Tenszop uHepUyMK Tesia A B OTCUETHBIH MOMEHT BPEMEHH,

5. w, — yrJoBast CKOPOCTh TeJia A,

6. 7f — paimyc-BeKTOp LeHTpa Macc Tesa A OTHOCMTE/LHO HEMOABMXKHON B IaHHOH HHEpPLMATbHOH CHCTeMe oTcueTa
TOUKH,

7. v§ — CKOpOCTb LieHTpa Macc TeJa A,

8. VoeG: o =(4B)T = (B,A) — cmena nanpasaenus pe6pa rpaca.

9. 0(ap) — paiMyc-BeKTOp HEMOABHIKHOM TOUKH cousienenus Tesl (A, B) € G B Tesie B OTHOCHTE/ILHO LIGHTPa Mace TeJia
B.

(DI/IKCI/IpyeM Tesio K. Hpeanonaraﬂ, 4YTO TEH30Pbl OPUEHTAMHU 3BEHLEB KHHEMATHUYECKOI'O JIepeBa BbIpaxKaroTCs MocJjae10-
BaTeJIbHbIMH l'[OBOpOTaMI/I, IMOJIOKUM .

VAEA Py=04Qg,_, - CQglk,

Qx = Py, Vpathg(K,A) = (K, E,, ..., Eq_4, A).

3[],er QA — TEH30p OTHOCHTEJJbHOH OpHUEHTallMn TeJa A OTHOCHUTEJILHO TeJia En—1~ Takum 06pa30M 3alMCcaHHOEe Bblpa-
2KEHHUE SIBJSFCTCH B COBOKYITHOCTH HESIBHBIM OﬂpeﬂeJIeHI/IGM T€H30pOB QA~ HepeHI/ILLIGM 3TO onpeaeﬂeHHe B SIBHOM GpopMe,
YUHUTBIBasi, YTO TEH30P OPUEHTAUMUH ITIPUHALJIEKUT cOOCTBEHHO OpTOFOHaHbHOﬁ noarpyrre:

VAEA Q,=P,-PT (1)

prevg(A)'

[Ton prevE (A) nonumaercst npeapiiylee 1o OTHOLIEHHIO K Teay A Teso B aepese G ¢ kopHem K. Bripaxkenue (1) nomy-
CTUMO TaK KaK 'y KaxKJ10Io TeJia CyleCcTByeT €IMHCTBEHHOE MPe/IIeCTBYIOLIeE TeJIO B IepeEBE G, KpoMe CcaMOoro KOpHsi [epeBa.
()ILHZIKO7 IMOJIO2KHUM, YTO P;TEUK(K) =F — QILI/IHI/I‘-IHbIﬁ TeH30p. Torﬂa Bblpa)KeHI/Ie JOIMYyCTUMO JiJTs1 BCEX T€JT B KHHEMATUIECKOM

G
JiepeBe.
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BbruucsiuM Tenepb KHHeMaTHUeCKHe XapaKTePUCTHKH TeJl, BBIPAXKEHHbIE Yepe3 XapaKTePUCTHKH OTHOCHTEJ/IbHBIX TOBOPO-
1 .
ToB (nanee W = —E[QAQE]X — YIJIOBast CKOPOCTb OTHOCHTEJILHOTO BpallleHHst; [Py — orepaisi HaXOxIAeH s BEKTOP-
Horo uHBapuanta Tensopa P [1, 2]). [Tonoxum B = prevE (A), nis 106010 Tesia KWHEMATHYECKOTO epeBa, B COOTBETCTBUH
C TEH30PHOH TEOPEMOH CJIO2KEHHS! YIVIOBBIX CKOPOCTEH M TeOPEMON 0 pacrpeesieH|H ckopocTell B TBepaoM Tede [1,2,3], mo-
JKEM 3amucaThb:
— 4
ws = 0 +Quup,
C — 1,C
Vg = Vg + Wp X 0ap) — Wa X O(p,a) (2,3)
[Ipu 9TOM NOJIOKEHHE LIEHTPA MACC 3a1aeTCsl BbIpaXKEHUEM:
C _.C
¥ =1+ Z (g7 — Q5)-
oepathg(K,A)
PackpeiBast urepatuBHo (2, 3) Brosb nyTn pathg (K, A), nosydaeM siBHblE BbIpaXKeHHs:

w; = oW + Z 1_[ Oy |- 0@,
(Y,U)epathg(K,A) NeVpathg(4,U)

vi =vg + Z (wy X Q) — ©u X Qw,))-
(Y,U)epathg(K,A)

[Tpomuddepenimpyem noJydeHHble paBeHCTBA:

d
iy = 6@ + O |- 0® + - 1_[ Oy |- 0®
(Y, U)epathg(K,A) \NeVpathg(AU) (Y, U)epathg(K,A) NeVpathg(A,U)
d
a1 )=, Qs (0P X Q4) - - Qy
dt NeVpathg(AU) BeVpathg(A,U)
Vi =vg + Z (‘by X Quy) — Wy X Qr,u) T Wy X Wy X Quy) — Wy X Wy X Q(y,u))

(v,U)epathg(K,A)
[Tocsie BbIMHCIEHNST KHHEMATHIECKUX XaPAKTEPUCTHK CTAHAAPTHO BBIUMCJSIOTCS MPOU3BOJHBIE THHAMHUECKHX CTPYKTYP
1 caMM IMHAMHUYECKHE XapaKTePUCTHKH Tes1 cucTeMbl [ 1] VA € A:

l. Kl =mv§,

1 _
2. K =0,wy,
1

dKy .C
3. ar = Myv,,

aky 0 0
4. at = PA[@A-QA + -QA X @A-QA]'
0, = Pfw, — npasblii BeKTOp yIJI0BOI CKOPOCTH.

Ky akl!

BrinosiHUB Bce M3/10yKeHHbIE LIATH, MPUAEM K TAKOMY BHJLy, 4TO o atl OKa3bIBAKOTCS OJHO3HAYHO NapaMeTPH30BaHHbI

nocpencTsom vg, Q4, A € A. Takum 06pa3oM ¢ MOMOLIBIO 3aJaHUst JAHHBIX TEH30PHBIX MAPAMETPOB MOXKHO OJHO3HAYHO
HaHUTH POU3BOJIHYI0 KHHETHYECKOTO MOMEHTA U KOJIMUECTBA JIBUXKEHHUS BCEX TBEP/bIX TeJl B cucteMe. J1jist KaxKjioro KOHKpeT-
HOTO MeXaHM3Ma MOTYT HaKJ/ablBaThCsl Pa3/JHuHble OrpaHHUEHHS] HA TEH30Pbl OTHOCUTEJIbHBIX OpHeHTaluil Tes. B sTom ciy-
yae KOJIMUECTBO HE3aBUCUMBIX [1APAMETPOB OKA3bIBAETCSl MEHbIIIE, UeM KOJIMUECTBO YKA3aHHbLIX paHee MapamMeTpoB, B TAKOM
cJlyuae, 1o KpaHed mMepe JIOKaJbHO, MOXKHO Pa3pelluTh OrpaHHUEHHUs], HAJ0XKEeHHbIEe Ha CUCTEMY, U YMEHbILIUTh KOJIHUECTBO
repeMeHHbIX TEH30POB JI0 YMC/Ia HE3aBUCUMBIX B JIOKAIbHONW OKPeCTHOCTH. TakuM 06pa3oM B AHHAMHYECKHX CTPYKTYP H HX
MPOU3BOIHBIX HANJIEH.

Jlutepatypa:

1. JKwumun 1. A. Jlunamuka teepaoro tena. CIT6ITTY, 2014.

2. JKusun IT. A. BekTopbl H TEH30pbl BTOPOro paHra B TpexmepHom rpocrpanerse. CIT6ITIY, 2012.

3. Dbabamkansuu JI. K., [lynsimesa FO. 1O, [ynsimes FO. A. Knaccuueckast mexanunka. ManaresnberBo Cankr-Iletep-
6yprckoro Yuusepcurera, 2011.

4. Ope O. Teopus rpachos. Hayka, 1980.
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CpaBHEHI/Ie NMPUHLUMNOB ONTUMAJIbBHOCTU ANA KOONMEepPaTUBHbIX UTP Ha rpacbax

CopokwuH Butanuit AHgpeeBuy, CTyLeHT;
Cn3oB Hukuta AHLpeeBuy, CTYAEHT;
Oypanguu Oanuun MaBnoBuy, cTygeHT;

BoraH Makcum Bagumosuy, ctygeHT
CaHkT-eTepbyprckuii rocyfapcTBEHHbIN YHUBEPCUTET

BBepeHune

B 0GbIKHOBEHHOH T€OPHUU KOOTIEPATHBHBIX UT'P TIPUHATO, UTO UIPOKH HE OTpaHUUEHbl B KOOTIEPALIMH W MOTYT 06Pa30BbIBATh
KOAJIULIMH C JIOOGBIMU UrpoKaMu. Ho B peasbHOF »KH3HHU He BCeryia Takoe BO3MOXKHO. Hallle CyIiecTByIOT Kakue-J1u60 orpaHu-
YeHHsl Ha KOoTlepaluio. DTH OrpaHHdeHust yIoGHO TPeICTaBIsTh B BUjle rpada, B KOTOPOM BePILIMHbI 3TO UTPOKH, a pe6pa oT-
pax«aloT CBsI3H UIPOKOB, 110 KOTOPLIM OHH MOTYT KOOTIEPUPOBATh. B 3Toll cTaThe paccMOTpeHbl HEKOTOPbIE pellieHust Koorepa-
TUBHBIX UTD, KOTOPbIE PaCpeae/sioT OOUIMH BBIMTPBILI C YUETOM OrpaHHUYeHHi nocpecTBOM rpada. CyllecTByeT MHOKECTBO
TaKMX pellleHUi, MHOTHE U3 HHUX JI0CTATOUHO XOPOLIO U3yueHbl, HO B JaHHON paGote B3aThl 3a ocHoBY AT-perenue [1] 1 Ha
BekTop Maiiepcona [2].

KoonepaTtueHas urpa c orpaHuyeHHoii Koonepauymei

OO6bluHasi KOOTIepaTUBHAS UI'PA — 3TO UTPA HECKOJIbKHUX JIHLL, Y KAXKJI0TO U3 KOTOPBIX €CTh KOHEUHOE MHOYKECTBO CTpATErHil
1 07iHa 00111ast LeJb, KaK MPaBHJIO 3TO BCeM BMecCTe 3apaboTaTh KaK MOXKHO OOJIbLIE.

Hrak, nycts N — Hemycroe KoHeuHoe MHOXKecTBO urpokos, N = {I, 2, ..., n}. Jlio6oe oObenutenue urpokos (Hermycroe
NoAMHOXKeCTBO S C N) HasbiBaeTes Koaruyueil. Xapakmepucmudeckotl hyrukyueti nazbiBaercs Takas gynkuus v (S), ec-
Jm st o6bIX Henepecekatouyxest koanuuuu 7, S (T € N, § € N) Bbinosnusiercst:

o(T) +v(S) <v(TUS), v(©) =0.

Xapakrepucruueckasi (yHKIHSI CTaBUT B COOTBETCTBME KaKIOH KOAMMLMH CyMMAapHbIH BBIMIPbIL, KOTOPbIH MOJyYaT
YUACTHUKH JlaHHOH Koasuinu. Takum o6pasom napa (N, v) ecThb KoornepaTHBHasH Urpa B (hopMe XapaKTepPUCTHUECKOH (hyHK-
LHH.

I'paghom Ha N siBjisieTCsi MHOXKECTBO HEHAIpPaBJIEHHbIX Map Pa3JIMUHbIX YIEHOB MHOXKecTBA N. DTH napbl Ha3bIBAOTCS €84 -
samu, u obosHavatores {i, j} ({i,j} = {j, i}, Tak Kak cBsi3u He HanpasJeHbl). [Ilycth g — moJHbIA rpad:

g ={ij}li €Nj€ENI#j

Ilns K € 2N rpadh gx naswiBaercs noarpadom, ecn gg= {{i, j} €g|i, j €K} [ocaenoatenbHocTs 3 k pasiuuHbIX y3-
JIOB (iy,..., i ) HA3bIBaeTCst MyTeM B rpade g, ecau {iy,ip1}€E gt h = 1,...,k — 1. JIBe BepluHHI i, j cBsI3aHbl B rpacge g,
eciu i = j uau cyuiectByet nyTh (iq,...,0) ciy = in i, = j. I'pad g cBA3HbI, ecsu JioOble Ba y3ia [,j € g CBA3aHbI B
g- Ha6op yanos K HasbiBaercsi cBs3HbIM noaMHokecTBOM N, Korna noarpad gy cssizad. [logmuoxkectso Kus N sBassiercs
KOMITOHEHTOM g, €CJIi TOArpad gxMakKCUMaJIbHO CBSI3€H, T. €. gx CBs3eH s JI000# j, a noarpad g qj; necessubiid. Habop
BCeX KOMIOHEHT gk 00o3Hadaetcs yepes Ky. MoxHo ckasathb, 4to Ky 3T0 Habop MasleHbKHX KOAJMLKH, Ha KOTOpble pacna-
Jlaetcst K, ecsiv UIPOKH B3aUMOJIEHCTBYIOT TOJILKO MO CBsI3sIM, 06pa3oBaHHbIM rpacdom g. OnHaKo, ec/iu IBa UTPOKa He HMEeIoT
CB$I3U JIPYT C IPYTOM, OHM MOTYT COCTOSITb B OJIHOH KOAJIMIMH, €CJIH MEXKJly HUMH €CTb MyThb B rpade Koornepatnid. Komnonen-
Ty, KOTOpast CONEPIKUT urpoka i € K Gynem o6osnadathb (Ky);.

Tpoiika (N, v, g) HagblBaeTcsl Koonepamusras uepa ¢ 0epanuderHol Koonepayueti. PellieHueM Takol UIpbl SBJSETCS
MpaBU/I0, KOTOPOE KAXKIOH MIpe CTAaBUT B COOTBETCTBUE JIeJeK. /lesescom MAaKCHMAaJIbHOTO BbIMTPHILIA HA3bIBAETCS TaKOH
BeKTOp & = (4, ..., Ay ), YIOBJIETBOPSIIOUINH:

a; =v({i}),i €N

Loa=o(N),
rjie a; — CyMMa, KOTOPYIO MOJIyYUT UTPOK i.

Bektop MaiepcoHa

Beenem Bekrop Matiepcona, cienyst [3], Ist 5TOro HeOOGXOAUMO OTPEIeJUTh BCIIOMOTaTeIbHYI0 XapaKTepHUCTHUECKYIO
yHKIHIO vy, 3aBHUCSILLYIO OT rpada g
¥S N, vg(S) = ZTGSg o(T).
o . N o o o
CorgqacHo [2], Bektop Matiepcona 3to npasuJio Y: (N, v, g) = R", KOTOpoe Kax0il UTpe C OrpaHUUYeHHOl KooTepalilei
CTaBUT B COOTBETCTBHE BekTOp pacnpenetenus Y, (g) = (Yn(g), ..., Yo (g)). Takum o6pasom Y;(g) — BBLIMUIPbILL, KOTOPbIN
TMOJIYYUT UTPOK i €CJIH g SIBJISETCS CTPYKTYPOH COTJIallleHUsl MEXKy HTPOKaMU. K1 3TOT BbIMIpbILL paBeH
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Y [0.8] = Srieren 2= [vy(T) = v (T\{i})],
rne |T| =1, [N| = n.

AT-pewieHune

Teneps onpenesnum AT-petenne, corsacHo padore [4].

Ecsin HenanpapJsieHHblll rpad g — JepeBo C KOpHEM /1, TO Ji/Isi HETO OrpejiesiuM HarpasJieHHblil rpad 7(/4), B KoTopom
BCe peOpa HarpaBJieHbl OT TEX Y3JI0B, KOTOpble HaxonaTcst GJMxKe K KopHio i, HanpassienHbie pe6pst Gynem o6o3Hauathb (i,
j). Ecan (i, j) € T(h), To y3eJ j ABJASIETCS npeemHuKom i, ai sBjserTcs npedwecmseHHukom j. bynem HasbiBath j #
[ NOOUUHEeHHbIM [, eCJIM CYLLEeCTBYeT HanpaBJeHHbIH NyTb U3 i B j. O003HAYUM MHOXKECTBO MOAuMHeHHbIX [ B T(/) uepes
St(ny ¥ 0603HaUNM Sty (i) = Sty U{i}. Tlpumem, uto Ly (i) — 9T0 MHOKeCTBO npeeMHUKOB i B epese T(h), T.e. {i |
(j, l) S T(h) /I HO9TOMy LT(h) (l) c ST(h) (l)

AT-pewenue Z v, gl = (Z, [V, €),..., Zy [V, ]) B KOOTIepaTHBHOK Urpe ¢ KOMMYHHKALIMOHHOH CTPYKTYPOH ObLI0 BBEIEHO B
[1] 15 cydas rpacdpoB 6e3 LUKJIOB, M OHO 33/1a€TCs 10 CJIeLyIoLlIeMy paBUJy:

1 j .
Zi [U,g] = (N_g)izje(Ng)i tlj [U,g], [EN,

e t] [v, 9] = v(Sr (@) — Lketry VSt (KD

Mo2KHO cKazaTb, YTO BBIUTPBILI UFPOKA PABEH CpeHEeMY CpelH Bcex tij [v, g] — BKJIAIOB UrpoKa i B IePEBO OT UI'POKA j.
ITOT BKJIAJL B CBOIO 0Uepe/ib PaBeH LEHHOCTH KOAJULMM, COCTOSILLEH H3 MTPOKA [ U BCEX €ro NoAYHHEHHBIX B T'(j) 3a BBIUETOM
CyMMapHOH LEHHOCTH KOAMULMH, COCTOSILIHUX U3 JIIOOBIX MPEEMHUKOB UT'POKA i M BCEX MOJUMHEHHBIX ITOT0 npeeMHuKa B 7(j).

[Mpumep.

[lycte N = {1, 2, 3, 4}, xapakrepucTtuueckas (pyHKIHS onpeesieHa Kak:

v(1)=v(2)=v(3)=v(4)=0,

v(1,2)=v(1,3)=v(l,4)=Vv(2,3)=Vv(2,4)=v(3, 4) = 10,

v(l,2,3)=v(1,2,4)=v(1,3,4)=v(2, 3,4)= 30, v(N) = 100.

W nyctb ecTb Ba rpada g1 g,

H
'y
Y

DO

g1-

l

s —

g2.

[lepBoiii rpad npeacrassier co60H KOATMIUIO KAXKIOr0 ¢ KaxabiM. [lostomy u Bektop Matiepcona atoro rpada pasen
AT-petuenuio:

Y[vg,] =Z [v,91] = (25; 25;25;25).

Bropoit ke rapd nHtepecteit. OCo6eHHOCTb B TOM, 4TO 2, 3 U 4 UrPOKH HE MOTYT KOOIEepPHPOBAThCS JAPYT C APYroM, Bee
KOAJHMUMKM B 3TOH Hrpe TMpoxXoasT depe3 repporo urpoka. CiieoBaTesibHO, Y MEPBOr0 Hrpoka HauGOJbIIMH BKJAJ,
1 Haubosbiast 10J1st. CorsiacHo BekTopy MaiiepcoHa BbIMTPLILIK HTPOKOB PABHbI:

Y[v,g2] = (35;21,(6);21,(6); 21,(6)),

pacrnpenesierue, nocrpoernoe corsacHo AT-petenuto nmeer Bu;

Z [v,g,] = (77,5;7,5;7,5;7,5).

He tpynHo 3amMeTHTb, 4TO MPH OAMHAKOBDLIX YCJIOBHSIX PElleHHs 1al0T pasHbie oTBeThl. CJIeI0BATe/IbHO, ISl PA3HbIX 3a1a4
MOKHO M0106paTh pasHble MOJXO/bI K TOUCKY pelIeHHs.
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BbiBOAbI

B nanHoii cratbe paccMaTpuBaeTCs MOJIeJIb UT'PbI, B KOTOpOﬁ €CTb OTpaHUYE€HHsT HA KOolepalnto, 3TH OrpaHu4eHust MO2KHO
NPpeaCTaBUTh KakK HeHaHpaB.ﬂeHHblﬁ rpa(p, € BEPUIUHBI — 3TO UT'POKH, a pe6pa 9TO CBsA3U MEXKILy UTPOKaMHU. CooTBeTCTBEH-
HO UT'POKH MOTYT B3aHMO[L€ﬁCTBOBaTb, TOJIBKO €CJIM MeXKIYy HUMH CYUIECTBYET 3Ta camMasl CBSI3b. ,U,J'Iﬂ 3TOH MOJIEJIH paccmMoT-
peHbl 1Ba HanboJiee U3BECTHDBIX peteHust U IPOBEJICH UX CpaBHHTeﬂbeIﬁ dHaJIn3.

Jlutepatypa:

1. Herings P. J. J., Van der Laan G., Talman D., The average tree solution for cycle-free graph games // Games and
economic behavior. 2008. NO 62. P. 77—92

2. Roger B. Myerson. Graphs and cooperation in games. mathematics of operations research. Vol. 2. No. 3, August
1977.

3. Koanos A. [1., Copoxun B. A. [Ipunuunbl onTuMajJbHOCTH pacripeliesieHusl BbIMTPhIIA B 3a7aUax TEOPUH Koorepa-
tuBHLIX Mrp // Almanahul SWorld. 2019. Ne 1. C. 35—40.

4. Koznos A. J1., Copokun B. A. TTpumep peliienust Mrpsl ¢ uepapxuueckoii cxemoii // TTpolieccehbl yripaBjieHHst 0 yCToiuH -
Boctb. 2019. Ne 1. T. 6. C. 466—470.

5. [Ilerpocsn J1. A., 3enkenuu H. A., llleBkonusic E. B. Teopus urp. CI16.: BXB-Iletep6ypr, 2012.
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XUMUA

"pMMEHEHMe 1 OCHOBbI NOJIy4eHuUs KpéMHMﬁOpraHMHECKMX nonunmepos

[Jemunposa BepoHnka MuxannosHa, ctygeHTt
CaHkT-MeTepbyprckuii rocyAapCTBEHHBbI TEXHONOTUYECKUI UHCTUTYT

pPeMHHHOPraHuueCcKye MoJUMepHbIe MPOAYKThI (CUJMKOHDI ) HAXOAAT NPUMEHEHHE BO MHOTHMX OTPACJISX TPOMBIIIJIEHHOCTH:
KB MallluHO- ¥ MPUGOPOCTPOEHHUH, B JIEKTPOTEXHUKE, CTPOUTENLCTBE, MEIMIIMHE, (papMalleBTHKE, MPOU3BOJICTBE KOCMeE -
THKH, OJ1e2K/1bl, OyMaru. I TpoMbILLIIEHHOCTD BbIITyCKaeT pa3/iiyHble KpeMHHHOPraHU4eCK1e MPOJYKTbI: MOHOMEPbI U ITOJIMMEPbI
B BUJIE JKHIKOCTEH, JIAKOB, CMOJI, KayuyKOB, a TakKe KOMIO3HLMH Ha MX OCHOBE — MacCThl, BAa3eJMHbI, CMa3KH, IMYJIbCHH,
MJ1aCTMACChI.

[I1poKomy HCMONIB30BAHUIO CUJIMKOHOB B Pa3/IMUHBIX chepax :KU3HH COCOGCTBYET pasHOOOpa3ne CBOHCTB, BHIMOJHO OTJIH-
yarolee UX OT OpraHuueckuX U HeOpraHuueCcKux nosuMepoB. CHIIMKOHbI HHEPTHBI MO OTHOLLEHHIO K Pa3JIMUHBbIM MaTepHasam,
paGoTOCMOCOOHBI B IIHPOKOM MHTepBaJie Temmnepatyp (ot -100 no +350°C), oGpasytoT Ha MaTepraax aTMocdepo- U Koppo-
3MOHHOCTOHKHE MOKPLITHS, 06J1a1aI0T OTIUYHBIMH AUJIEKTPHUECKUMH CBOACTBAMM. DTH CBOHCTBA ONPEE/ISIOTCS XMMHUECKHM
COCTABOM H CTPOEHHEM CHJIMKOHOB.

Hasinune ToJIbKO CHIIOKCAHOBBIX TPYIT B CUJIMKATHBIX MOJHMEPaX 00yCJI0BIMBAET UX TBEPAOCTb U KECTKOCTb, B TO BpeMs
KaK yrJiepojIHble TPYMIIbl, XapaKTepHbIE /IS OPraHuueCKHX MOJUMEPOB, COCOOHBI 06PA30BbIBATL BO MHOTHX CJlydyasix THOKHE,
MJIACTHYHbBIE H BBICOKO3JIACTHUHbBIE MaTepHasibl. HenosisipHble G0KOBbIE MPYMIbl H CAMMETPHUHOCTb MAKPOMOJIEKYJT KDEMHHUH -
OpraHuYecKoro MoJUMepa OMpeaeIstioT ero 60JbIIYI0 THAPOPOOHOCTb U XOPOLIHEe ANIEKTPHUECKHE CBOUCTRA.

CHJIOKCaHbl HCTIOJBL3YIOTCS B KaYeCTBE M30JISILIMOHHBIX MaTepHasoB, aHTHKOPPO3HOHHBIX U aHTHA/Ire3HOHHbBIX TOKPBITHI,
NPUOOPHBIX U THAPOPOOUIHPYIOLLIHX XKHUAKOCTEH, TEMNJIOHOCUTEEH, TOKPOBHBIX U 3aLLUTHbBIX JIAKOB H 9MaJiell, CMAa304YHbIX Ma-
TepUaJIoB, neHoracutesel u ap. IIpuMeHeHne X 3HAYUTEIBHO yaIydllaeT KauecTBO MaTepPHasoB, YBEJIHUUBACT CPOK CJIyKObI
UBIENH U KOHCTPYKLIUH U B GOJILIIMHCTBE CJIyJaeB IAeT 3aMETHBIH TEXHHKO-9KOHOMHUUECKHH 3P PeKT.

[IpakTruecKasi 1IeHHOCTb MOJUCHIOKCAHOBBIX KUIKOCTEH ONpeessieTest MX HU3KOH TeMnepaTypoit 3actbiBanus (0T -60 1o
—140°C) u mMaJioil 3aBUCHMOCTbIO BA3KOCTH OT TeMrepatypbl. OHH pacTBOPUMBI B apOMATHYECKHX U XJIOPUPOBAHHBIX YIJIEBO-
JI0pojiax, HePaCTBOPUMbI B HU3LLIMX CIIMPTaX U Bojle. BJiaroaapsi aToMy MoJIMCHIOKCAHBI MOTYT ObITh HCIOJIb30BAHbI B KAYECTBE
XJIAJIAreHTOB, JeMI(UPYIOLIUX, TPUOOPHBLIX U aMOPTU3UPYIOLIUX KujiKocTel. [ToanmernsicuiokcanoBble x)uaxkoctu (ITMC)
C BLICOKUM KO3(h(HUIIMEHTOM pacTeKaHHsl U BLICOKOH aIcOPOIIMOHHON CIIOCOOHOCTBIO HCIOJIL3YIOTCSI B KAYeCTBE MOBEPXHOCT-
HO-aKTHBHBIX 100aBOK, MPOTHBONEHHBIX 106aBOK, THAPOPOOH3aTOPOB.

Ha ocHoBe KpeMHHIOpraHHUECKUX COEJIMHEHHH TOTOBAT PE3UHBbI, NpeHA3HAYeHHbIe /15 paGOThl B LIMPOKOM MHTEpBaJie
TeMIepaTyp, a Tak:Ke B YCJIOBHSX TOBBILIEHHOH BJIAXKHOCTH, ICHCTBUS OKMCJIUTEJIEH U TIPH HU3KOM JIaBJICHHH.

BbicokomoueKy isipHble KaydyKH LIMPOKO NMPUMEHSIIOTCS B aBUALLMOHHOH, aBTOMOOUJILHOM, CYOCTPOUTENLHON U 9J1EKTPO-
TEXHUUECKOH POMBILIJIEHHOCTH, B 9J1€KTPOHUKE, (hapMalleBTHKe W MeaulinHe. HuskoMolieKyasipHble KaydyKu MOTYT ObITh HC-
M0JIb30BAaHbl KaK TEPMO- U BJIArOCTOMKHE 3JIEKTPOU30JIUPYIOLIHE 3AJUBKH JUIS 9JEKTPOIPUOOPOB, a TAKKE KaK TEPMO- U BH-
OPOCTONKHE MPOKJIAIKH U151 PA3IHUHBIX YCTPOHUCTB.

KpemHuitopraHuueckue NoKpbITHS TPEUMYLIECTBEHHO IPUMEHSIIOT B CTPOUTEJILCTBE JI/Is 3alLIUThl KUPTHUa, GeTOHa, IITyKa-
TYPKH OT BO3JIEHCTBHS aTMOChepHbBIX hakTopoB. JIaku U 5Mai HCMOJB3YIOT /s M30JIALIMH JleTalell 000PyI0BaHHUS B aBHALIHH,
B PAJIHOTEXHHKE H PEHTI€HOBCKOM 000PYI0BaHUH, aHTEHHAX, aKKYMYyJISITOPHBIX 6aTapesix U T. .

[Tosucusiokcanbl ¢ JIMHEHHBIMU LENISIMU MOJIEKYJT TTOJTyYatoT peakLUsIMH THAPOJUTHYECKOH MONUMKOHACHCALIUH HJIH TTOJIHCO-
KOHJeHCALMH TM(PYHKIMOHAIBHBIX OPraHOXJIOPCHJIAHOB.

JIHyHKIHOHAbHBIE OPraHOXJIOPCHIIAHBI TIPH THAPOJU3E MPOSABJSIOT GOJbLIYIO CKIOHHOCTD K LIMKAU3aluu. Tak, Hanpumep,
JUMETHJIMXIOPCH/IAH THAPOJIU3YETCs BOLOH 10 KOHAEHCALMOHHO-10JIMMEePU3aLIHOHHOMY MeXaHH3My ¢ 00pa3oBaHHeM CMeCH
JIMMETUJICHJIOKCAHOB JINHEHHOTO M LIMKJIMYECKOTO CTPOEHHUS:
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s ]
————————> HO—Si—O—+H
o CHa -(n-1) H,0 8
Cl-Si—Cl —— = | HO—Si—OH | ——— CH; -5
I -2n HCl | _
CH,4 CHgy CHy
W H;C ?1 O—-CH3
CH,4

n
O6pazoBanue 1MKJINUECKUX COEIMHEHHWH BO3pacTaeT C BEJUYMHOM OpPraHMvyeCKHX paJuKaJsoB, CBSI3aHHBIX C KDEMHHEM.
[Ipu BBeseHHM rasoreHa B apoOMaTHYECKOE KOJIbLO TEHACHLMS K KOHAEHCALMM CHJIAHOJMOB YMEHbLIAETCS, U COOTBETCTBEHHO
YMEHbIIAETCsI CKOPOCTb OCHOBHO- M KHCJOTHO-KATANIU3UPYEMOH MOJUMEPH3ALMH 1IUKJIOCUIOKCAHOB. JloOUTbCS CHUKEHHS
00pa3oBaHus LMKJAHUECKUX COSIMHEHHH MOXKHO, oBbICHB pH cpejibl.
MsBecten cnoco6 noJiyyeHHsl MOJMOPraHOCHIOKCAHOB IMyTeM IMAPOJMTHYECKOH MOJHMKOHACHCALMH alKOKCHCHIAHOB
B aKTUBHOI cpefie, npecTaBJsiollell co60il KapOOHOBYIO KUCJIOTY.

CH3 H,CO, CH;
H,C—0— SI—O CHy——— > H Si—O0—{OH
CH, _CH,0H CH,

HOJTI/IS(i)I/Ipr CUHTE3UPYIOT KOHI[QHCaU,I/IeﬁI TJIMKOJIEH C CI/IJTI/IJT[[I/IKap6OKCHJTOBbIMI/I KHCJIOTAMH:

Q CHs
CH, HC—C_  AICL I I
H;Cy-CH,— 51—01 + || 0 —> Cl—Si—CH,—C¢H,—C—CH=CH—C—O0H —»
CH, c’ |
6 CHjy
H,0 | | . I . I I
——————— HO—C—CH=CH-C—C4H,—CH,—Si-0—Si—O—{-Si—CH,—C4H,—C—CH=CH—C—OH
CH,(C,H,)SiCl, | ' |
HO OH
N
CH,CH,

————» nomdup

HOJTI/IypeTaHbI, coliepxKaume erMHI/lﬁ B MOJIEKYJI€, TOTOBATCS 110 MMOCJI€I0BATE/IbHOCTH peaKum?l'

R R H3
| Na/Li .
c1—?1—o CH}—Cl ——> RSI\ CH2> — > HO CH2 81 o- 51 CH2 OH —>
R n 0 n H3 (:H3
C\)\ CHy  CH 7
H;CCeH,"N=—=C=0 HC-CgH,NH CHz<CHz>*Sl 0- Sl‘<CHz> “NH-CgH,~CH,

CH3 CH3
CepocojieprKalilie MoJUMEPHBI TTOJYYaloT eHCTBIEM KUCI0poa U cepbl B cpeie CS, Ha [HS(CH,),Si(CHj;),],0 naun Na,S,
Ha 6HC(XJIOpMeTI/I.)'I)[LI/IMGTI/IJ'ICI/I.}'IE[H a TaKkxKe peakluer IHaInIMMeTHICHIaHa ¢ CepOBOI[OpOI[OM.

0,. S
HS~<CH2>781—O—814<CH2>78H — = \f{ah}fsl%o S14<CH2>—

CH3

MepKanToaJKUICHIaHbl MOTYT ObITh MOJMMEPU30BAHbI B SMYJILCHU C PA3JTHUHBIMU THEHAMH.

CnocoGHOCTb aJKEHUJICHIAHOB K MOJHMEPHU3ALIMH 3aBUCHT OT HUX CTPYKTYPbl H YCJOBHH TOJMMEpPHU3alUK; G1aronpUsiTHOE
JICHCTBHE OKa3blBaeT TMOBLIIIEHHOE JaBJeHHe. Dbl MOJUMEPH30BaHbl BHHWITPUXJOPCHJIAH, BUHUJITPUMETHJICHIAH
¥ BUHWITPUSTOKCUCHIAH. BUHWIKpEMHHEBDIE COeIMHEHHUsT CJI0YKHEe TTO0JUMEPH30BATh, M0-BUIMMOMY, BCJIEICTBHE POCTPaH-
CTBEHHBIX 3aTpyAHEHHH 1 XapakTepa cBsizu Si-C.

Bouio o6Hapyxkeno, uto cucrema (CyH;);Al-TiCly npuroana ajist nojnMepusayi aJlMJICHIAHOB C MOJydeHHEM BbICOKO-
MOJIEKYJISIPHBIX KPUCTAIIHUECKUX TPOYKTOB.

B pesysibrate noJiMe prsaliy JUANIHICHIAHOB 06pa3yIoTCst TPOIYKTHI CJIeIYIOLIero THIIA:
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[ 3
CHs Al(C,Hy),
H2C:CH—CH2-?i—CH2-CHZCH2 T» S
/N
CH; H ¢~ CH,

- n
B pesysbTare peakuuu noJunpucoeMHe st HenacolieHHbIx ruapuaos tina CH,=CHSIR,H o6pasyercst nosncuistuien
1 HU3KOMOJIEKYJISIPHbIE LIUKJIHUECKHe ﬂpOL[yKTbI

S1H3
H,C= CH~<CH2>~SIH—> H- 81 CH2>fS1 CH2>7H
n+2 SiH, n+2
m

Mono- uau JUATUAPOINOJUCHIJIOKCAHBI TIOAJIEKAJAU pEeaKIHUH TOJIMKOHACHCAUUU C JUBUHWUJI- W JUAJJIAJTIONHCHIOKCAHAMU

{ 11
H?i O—?i H + HZC:CH—<CH2>—S\1 O—Si éH2>CH:CH2—>
CHz| CHy | yocml o cHy ] oy

CH,4

CH, y+2 CH3 y+2 CH3

DBblia u3ydeHa peakiiisi MOJHKOHAEHCALUH umpex-mncmaﬁa ¥ aJIJIHJIOBbIX 9({0Hp013 11laBeJIEBOH, MAJIOHOBOH, STHTAPHOH,
aJIMITMHOBOM, ceballMHOBOH, (hrasieBol, u3odraneBoi U TepedraeBoil KHCJOT:

0
\\c H,P(Cl, Gotls 0 a
——————>H-{Si-CH,~CH,—CH,—0—C C—0-CH,—CH,-CH,1-H

/
HsCg-SiHy-CHg+ H,C—=CH—CH,—0 120°C, 50 h, N, C'6H5
H,C=CH—CH,—0—C
//
0

HOﬂMMepbl MOT'YT CHHTE€3UPOBAHbI M3 XJOPMETHJICHJ/JaHa IOCTEINEHHO [0 CXeme Fpl/ll—lbﬂpa WJIK JIMTUEBOI'0 CHHTE3a,
a TakxKe MOJIMKOH/IeHCallMel rajioreHaIKuI- Uin rajioreHapuJCHJaHoB C METAJJJIMYECKUM HAaTPUEM!

cl CH3
H,C H,C TCH2Si-Cl g ¢ CH;
. Li \ . CH3 . / Li
Si—CH,—Cl ——> Si—CH,—Li ———> Si—CH,—Si—CH, ——> ur.1.
HyC CH; H;C CHy H;C  CH, CH; Cl
B MaKpOMOJIeKy.HF[prIQ BellecTBa ¢ peaKUMOHHOCHOCO@HbIMI/I prﬂﬂaMl/l MOI‘yT 6bITb BBeJ1€eHbI CUJIMJIbHbIE prﬂﬂbli
R—CH—CH,-R R—CH—CH,-R
¢Hs
+ H;C—Si=Cl L 4+ LiCl + LiBr
CH;
Br
H3C/Sl
CH,

[Tosumepnl ¢ yepenyioumucst tensimu, Harpumep, -Si-C-Si-O-Si-C-Si- noJydaior npu rujposinde CoeliHeHUH THUna
CISiRy(CH,),SiR,Cl nsin [ CISiR,(CH,),SiR, ],O, nosiyueHHbIX ¢ MOMOIIbI0 CHHTe3a [ puHbsipa.

R R R R
Cl- SIA<CH2>7$1 c1—> H—Si-~CH,—Si~0—Si~CH,—Si——OH
R R R R

B peakuuio MOryT BCTynaTh 3TOKCHCHJIAHBI:
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H,C,—0—8i-0—C,H; + Cl— CH2 $i-0— CZHSN—>H5C2 -0—Si- CHZ—S1 0—C,H; —>
CH, CH,
CH, CH3
H,0 | |
CHy ¢y J

PasBeTBJ/ieHHbIe TOJIUMEPBI CHHTE3UPYIOT MO PEAKIHH:

CH

o % ¢ g
H3C—S|1—CH2—Mg—Br + Cl—§1H —>H3C—IS1—CH2—$1H ——> ToIuMep

CH, Cl CH, Cl
Cyl1eCTBYIOT U Jipyrue crocoObl MoJydeHust MoJUMepoB:

CH CH H H

3 3 H,S0, H0 CHs CHs

H3C—|Si——CH2—CH2-CH2—CH2——lSi—CH3 — —> HC ?i—CHZ—CHz-CH2-CH2——Ti—O CH; —+ CH,

CH,4 CH,4 CH, CH,

n
G CH A
HO-CH,CHyCHy-8i-O—S8i—CH,-CH,-CH,OH —>H3C—Si\-—-CH2;CH2 — > TioMHMep
CH, CH, a0 0—CH,

B pesyJsibTare cornosiumepusaiinu 06padyioTesi CUIoKcaHbl ¢ rpynnamu -Si-C-Si-:

CH, CH; CH;  CH; CH, H,50, ?H3 CH3 CH3 ?H3
Hy,C— SI—CHz—Sl—O—Sl—CHz Sl -CH; + Hsc‘?l_o CHy—CH; ———» H,C— |51 CH2—51 ‘ESI }CH2—51—CH3

CH CH, CH, CH

; ; ; ’ O-CH,~CHy CH, CH3 CH3 CH,

[Tosumepsbl, coeprkalilie apoMaTHieCKie MOCTHKH, CHHTE3UPYIOT CJIeyIoLUM 00pasoM:

H3C\ /Cl ?H3 ?H3 CH3 Hj
Br—QBr +2 Mg +2 H3C—Si\ e Cl—%i@%—@—» H3C_51©SI O- SIOSI O—CH;
Cl CH, CH;y

[To 3Toil MeTOMMKE ObIIO MOJMYYEHO 3HAUUTEIbHOE KOJMUECTBO Pa3HO06PA3HO 3aMElIIeHHBIX U 1aXKe MOJHIHUKINYECKHX 110~
JIUMEPOB.
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bUOJIOTUS

BanAHMe aHTPONOreHHOro BO3AeMNCTBUA Ha Npouecc ypbaHusauuu
copoku o6bikHOBeHHoOW (Pica pica, L.) B r. BopoHexke

Nepetatko Onecsa JleoHM[OBHA, CTYAEHT MArucTpaTypsl
BopoHexXcKkuit rocyfapCTBeHHbI Nefarormnieckuii yHuBepcuTeT

B cmamoe anaiu3upyiomcs 8AUAHUE AHMPONOEHHbLX PAKMOPO8 HA nogedeHue U IHUusHedesmerbHocms CoOpoKU
obblkHOBeHHOU 8 wepme copoda Bopowedca. Paccmomperol pesyromameor ucciedosanutl sa npedoidyujue 200ol. [pu-
8e0eHbl Pe3yLbmaniol HAOAO0eHUL 34 MeCamMi eHe3008AHUL 8 HACMOosAWee 8peMsl, 34 0COOeHHOCMAMIU NOBe0eHU.

Karouesoie canosa: copoka, cunanmponusayus, 8parosole, AHMponoeeHHoe dasierue.

pollecchl 3acesieHusl »KUBOTHBIMH, B YaCTHOCTH MTH-

1IAMH, HAaCeJIEHHbIX MyHKTOB M3[IaBHA MPHUBJIEKAJIH BHHU-
MaHue uccnenoBatese (Ps6os, 1949, 1963; ManbueBckui,
1950; T'nankos, 1958, 1960; Hosukos, 1964; I'nankos, Py-
cramoB, 1965, 1966; Crpokos, 1965; IIposnos, 1966, 1967;
[onoBanoBa, 1969; Kazakos, 1969; Paxunun, 1969; Xap-
yenko, 1969; bBuarocksonos, 1975). B ciioxuBiIMxesi co-
BPEMEHHDIX YCJIOBUSIX HACEJIEHHBIX TYHKTOB BbIXKHTb MOTYT
TOJILKO HauboJiee ToJlepaHTHbIE W MPUCIOcOoB/IeHHbIE opra-
HU3Mbl. B cBfI3u ¢ mnpojo/pkalonMesi nepMaHeHTHbIM aH-
TPOTIOTEHHBLIM BO3JEHCTBUEM Ha TPUPOJHbIE JIaHAIIA(THI
B KOpPHE MEHSeTCs eCTeCTBeHHast cpeia 0OUTaHHs GOJIbIIHH-
ctBa BUIOB nTHl. Oco60 HATVISIAHO TaAKKe H3MEHEHHST MOXKHO
MPOCJIEIUTD B CTEMHbBIX PAHOHAX C HHTEHCHBHBIM CEJIbCKOXO-
35IUCTBEHHBIM TMPOU3BOJCTBO, TEPPUTOPHST TAKUX PErHOHOB
NoJ[BEpryIach TOTaJbHOU TpaHchopMalliK, CBsI3aHHOH C XO-
3IUCTBEHHO IesITe/IbHOCTBIO YesioBeKka. B HacTosiee Bpemst
AHTPOIOTEHHbIE JIAaHAILA(PTHI COCTABJISIOT JI0 90% Bceii mJo-
11aJ1 peruoHoB. M, ectecTBeHHO, UTOObI BbDKHUTH B TaKOH
cpejie 0OMTaHUS MHOTHE BUJIbI MITHIL, MAKCUMAaJILHO MPOSIBJISAS
CBOIO 9KOJIOTHYECKYIO TJIACTHUHOCTD, BBIHYK/IEHBI TPOHTH He -
KOTOpbl€ CTajiik CUHHAHTpoNU3aluu (ypbaHu3alum) u, Takum
06pa3oM, aanTUpoBaThCsl K YKU3HU MO COCEJCTBY C UeJo-
BeKOM. B 3ToM myiaHe ornpejieieHHbIH MHTEpeC MPeCTaBIsAeT
NpoLEeCce CHHAHTPOMU3ALUK U YpOaHH3aLMH TITHIL,

MHorue BpaHOBbIE OTHOCHTEJNBHO OBICTPO TpHUCIoca-
6JIMBAIOTCS K CyIIECTBOBAHHUIO 110 COCEJICTBY C UeJIOBEKOM,
MPOUCXOJIUT UX CHHAHTponu3alusi. CuHAHTponus U ypOaHu -
3alus — 3T0 OHOJIOrHYECKHE sIBJICHHS, BbI3BAHHbIE BO3HHK-
HOBEHHEM rOPOJIOB U TECHO CBSI3aHHBIE C HX CTPOUTENLCTBOM
1 pagButeM. C MosiBJI€HHEM M PA3BUTHEM HACEJIEHHBIX MyH-
KTOB YHUUTOXKAIOTCS €CTECTBEHHbIE MPUPOHbIE GHOLIEHO3bI
M CO3Mal0TCsl HOBble CO CBOEOOPA3HBbIMU 3IKOJOTHUECKUMH
HUILIAMH.

CrerneHb CHHAHTPOMHOCTH OT/AEJbHBIX BHJIOB BPAHOBBIX
3aBUCHMT OT PACIPOCTPAHEHHUSI aHTPOTIOTEHHbIX JIaHAILIA(hTOB
B pasJYHbIX JaHmagTHO — reorpadUuecKux 30Hax.
B ¢BsI3W ¢ poCTOM ropojioB H MHTEHCH(PUKALHEH CeJIbCKOXO-
35IICTBEHHOTO MTPOU3BOJICTBA B PErHOHAX TIPOUCXOJUT YBEJIH -
UeHHe OCEIIOCTH CHHAHTPOITHBIX U YpOAHH3UPOBAHHbIX MOMY-
JISIME BPAHOBBIX NITHL,. BpaHOBbIE NTHILBI, 06J1aas BLICOKHM
YPOBHEM DPa3BUTHSI HEPBHOH CHCTEMbl H CJIOXKHBIM TIOBEJIE-
HHeM, H30eratoT npecse/l0BaH|s YeJI0BEKOM H YCIIELIHO CO-
CYLLECTBYIOT C HUM.

Bcero 3a nepuon uceseoBaHui B rOPoACKOH uepTe 3ape-
TUCTPUPOBAHO |28 rHe3asImXCs BUIOB MTHIL

Jlnst yueta ntui, B roposie BopoHexke Mbl HCTosb30BaN
Mesikoe poOJaenue KBaaparos: 1x1 km. CoBpemenHasi o61ias
nuiol@aab ropoja cocrangsier okoso 600 km2. Beero, Takum
o6pa3om, B 30Hy ydera BKJoueHo 189 kBanparos (Ix1 km).

Copoka — Picapica (L.) Cratyc CI16. Ilpunamiexur
K JlpeBHe-jecocTennHOMY (DayHHCTHUECKOMY KoMmiliekey EB-
po-Kutaiickoro tuna cdaynbl. B Boponexckoi o6nactu —
06bIUHbINA oceTbii BUA. O6UTaeT B MoHMax pek, 1o omnylkam
JIECOB, B MOJI€3ALUTHBIX JIECHBIX 110J10CaX, CTEMHbIX GaJjiKax
C HaJHYMEM JPEBECHO-KYCTAPHUKOBOH PpACTUTEJbHOCTH,
(PYKTOBBIX CajiaX, B CEJbCKUX HACEJEHHBIX MyHKTax W ro-
poznax. [1]

B nocnemytoline roipl Hauajoch akKTHBHOE MPOHHKHO-
BEHHE BUJIA B TOPOJICKME KBapTaJbl. B 1leHTpasbHON yacTu
ropojia NMepBylo Pa3MHOKAIOLLYIOCS Mapy COPOK OOHApPYHKHJI
JLLJL. CemaroB1975r. B1980r. [lnotHocTh HaceseHust
MOYTH Ha BCEH TEPPUTOPUHM OTHOCUTENLHO HEBBICOKA U YKJla-
nbiBaetes B npesiebl 1 —9 nap/km2, 06buHO 3—5 nap.

[To pesynbraram ydetos, npoBeneHHbixB2001—2012 rr.,
YHCJICHHOCTb COPOK H B rOpocKOi yepte coctasasier 1100—
1300 exxkeronno rueaasimxcst nap. B ropoge copoka Haum-
HaeT CTPOUTb THé3na, BcpeaHem,ll mapTa (kpadiHue AaTbl:
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pannsis-08.02. 1995 r., no3nHss-25.03.2005 r.). dTo npu-
MepHo Ha 7— 10 nHell paHblie, YeM B PUJIEraloLIUX CEJIbCKO-
XO35IUCTBEHHBIX YIOJIbSIX U MPUPOJHBIX MECTOOOUTAHUSIX. [2]

Mer BEIGpan KBAApaThl, B KOTOPLIX paHee ObLIH 3adukK-
CHpPOBaHbI rHe310BaHust copok: FF3; F4; (psinom BeseTest cTpo-
urenbetBo JKK); J14 (Tepputopusi kosnemka); H8 (Habe-
pexknast). JlaHHble KBajapaTbl HHTEpPECHbI Jyisl HaOJII0AeHU
13 — 3a crelM(UKH aHTpororeHHoro aasJjenus. [lepsoe ue-
cJieloBaHue PoBOJMI0OCH B okTsi6pe 2017 rona. 24. 10. 2017
Hamu ObL10 06Hapy»keHo | rHe3o B kBajpaTe F3 n Tpu ruesna
B kBajpare 4. 26.10.2017 nBa ruesna B kBaznpate J14, 3.10.
2017 onno rue3no B kBajpare HS.

B BeceHHMil nepuoa it Hac ObLIO BaXKHO 3a(PUKCHPO-
BaTb MEPBYI0 dKTUBHOCTb COPOK TIPH CTPOUTEJLCTBE THE3]L.
B mapre copokd HauMHAIOT CTPOUTH TFHE3/A 3aHOBO HJIH pe-
MOHTHpPOBATh MpexkHue. VX rHesno oObIYHO MOMelaeTcst
B I'YCTBIX 3apOCJIsIX HA BbicOTe 2—3 M OT 3eMJiu. B KBajpate
H8 aktuBHOCTH COpOKH Gbla 3athMKCHpOBaHa B MEPBOH MO-
soBune aHs 16.03.2018. Temnepatypa Bo3ayxa cocraBu/a
—3, ofsauno, cepepHblil Betep 3 M/ c. Copoka BoCCTaHAB-
JuBaJia npexkHee ruesno. B kBanpare J14 akTUHBHOCTbL COPOK
y rHe3q 3adukcupoBana 15.03.2018. Temnepartypa Bosmyxa
+2, 10xkublit Betep 2 M/c. B kBanpare F3 y npouioroanero
THe3la aKTHBHOCTH COPOK He 3a(pUKCHPOBAHO, B KBajpaTe

Jlureparypa:

F4, aktuBHoCTh 3adukcupoBana 22.03. 2018, npu Temnepa-
Type — 1, sicHo, 3anaaublii Betep 6 M/c. Ha MmomenT Habuio-
JIEHUs1 COPOKH BOCCTaHABIMBaAJIM 2 npexkHux rHeana. Ocoben-
HOCTbIO BPAHOBBIX SIBJISIETCA 3ace/ieHHe U BOCCTAHOBJIEHHE
npexkHUX rHesl. Ho He Bceryia BpaHOBbIE MOTYT BEPHYTHCS,
TaK Kak MX THe3Jla MOTYT 3aHSATh JIPyrue MTHIbI, BbITECHSIS UX.

BeposiTHO, M3 — 3a MOrofHbIX YCJOBHH Ha MOMEHT
27.03.2018 ruesna Bo Bcex KBajiparax elle He roToBbl. Ko-
JIMUECTBO ceMel He yBeJnuuaoch B KBajapate [4 (3 cembi),
yBesinuuaoch B Kaapate J14 (2 cembu). Hanuuue myma ot
CTPOUTENLCTBA, TPAHCIOPTA, GOJBIIOTO KOJUUECTBA JIOAEH,
COPOKY He Myraet, oHa 4yBCTBYeT ceOsi KomdopTHo ['Hesno
B KBajipaTe '3 (s1610HeBbIe cajibl ) — He CMOTPS, Ha GOJBIIYIO
YAAJEHHOCTb OT CTPOMKH M TPACChl, PACIOJIOKEHHOE B TJIy-
6uHe caga — OpOLIEHO, CJEIOBATENbHO, MPUUMHON CTaJ
Jpyroi hakTop.

Ha ocHoBe noyueHHbIX HAOJIIO/IEHHIT W CPABHEHHEM C J1aH-
HbiMH 2012 rof0B, MOXKHO ¢/iesiaTh BBIBOJ, YTO COPOKH, KaK
NpelCTaBUTe/b CeMEHCTBA BPAHOBBIX, B 11€J0M Ha TeppH-
TOPHM ropojia NpeTepriesid YUCIeHHble COKpALleHHsl, Bepo-
STHO U3 — 3a YHHUTOXKEHHSI MeCT rHesioBaHusi. Ho, ctout
OTMETHTb, UTO reorpadusi pacnpocTpaHeHust He H3MEeHUJIACh,
COCEJICTBO C Y€JIOBEKOM, Y OTIE/bHbIX, OMUHOYHBIX BUIOB —
He BbI3bIBAET HEYIOOCTB JIJIS TI.

1. Amnac ruesnsuixes nruit ropofa Boponea / Hymepos A.J1., Benrepos IT. /1., Kucenes O.T. U 1p.— Bopouex:

NznatenbcrBo « Hayunasi knura», 2013.— 360 c.

2. Paxumon W.U. [Ttuipbl B yCJI0BHSX aHTPONOTeHHOi Tpanchopmatiy npupoanbx Janamadtos / K. Y. Paxumos. —

LAP Lambert Academic Publishing, 2016.— 124 ¢

3. Kypanos, B. /1. ['ne3noBast 6uosiorust NTULL B ypOaHU3UPOBAHHOM W TEXHOreHHO 3arpsisHeHHoM Janawadre [Texer]:
asToped. auc... 10KT. 6uos. Hayk / B. 1. Kypanos.— Tomck, 2009. — 50 ¢
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Pacno3HaBaHue KNOYeBbIX TOYEK NULA HA M306pa)KEHMVI yesioBekKa

AcTtawenrkosa Jlana KOHCTaHTUHOBHa, CTYAEHT;
PowynkuHa CHexaHHa HuKonaeBHa, CTyLEHT;
KyapuHckas KceHnsa BagumoBHa, cTyaeHT
CaHkT-MeTepbyprckuii rocyfapcTBEHHbI YHUBEPCUTET

B Odawnnoii cmamoe paccmampusaiomcs memoool, UCNOAb3YEeMble 8 Npoyecce AOKAAUSAUUL KAOUEBLLX MOoUeK
AUUA Her08eKa. [lemekmuposanue KAUesulx MmoueK Ha u3oopanceHuu Auya 1eaoseka npouzsooumcs 8 2 waea. Ha
nepsom — npoussooumcs nouck obaacmeil auy. /las danHoeo amana paccmampusaromes memod Buoaet-/iconca,
HeLpOoHHbLe cemu U eucmozpammna Hanpasierrolx epaduernmos (HOG). Ha smopom uiaee naiidenrnole obaacmu obpa-
bamolsaomces u onpedersioncs KAoueaole mouku, 4mo moxcem botmo ocyuecmereno HOG-deckpunmopom uau dec-
KPUNMOPOM, OCHOBAHHUIM HA A0KAAbHOLX OuHaprolx nammepHax (LBP). B peayiomame npediogcen memod onpede-
AeHUSL KAI04eBbLX MOUeK AUYA, OCHOBAHHbLI Ha memode Buoaoi-/{nconca u HOG-deckpunmope.

Karuesole crosa: karouesoie mouku auya, memod Buoaot-/iconca, eucmozpanma HanpasAeHHoLX epaduermos.

TO‘{KI/I 1300pazKeHHUs1, JIOKaJIbHble OKPECTHOCTH KOTOPLIX
06/1a1aI0T HEKOTOPHIMHM ~ OTJIMUUTEJbHBIMU  0COOEHHO-
CTSIMH T10 CPABHEHHIO C OKPECTHOCTSIMHU JIPYTHX TOUEK H306pa-
JKeHHsI, Ha3bIBAIOT KJIOYeBLIMH ToukKamu. Ha aBTomaTnue-
CKOe ornpejiesieHle KJII0UeBbIX TOUEK JIUIA BAUSIOT MacliTab
n300paykeHusl, HaJIMuKe [IyMOB, KAUeCTBO OCBELIEHHSs, 1103a
ueJIoBeKa, BhIpaXKeHHe Jinlia U nnpoure pakropbl. JleTeKTupo-
BaHHWe KJIIOYEBbIX TOUEK JIMIA HAa H306paKeHHUH MOXKHO Bbl-
MOJIHUTB 32 2 3Tana. Ha nepBom sTare 1eTeKTHPYIOTCS U J10-
KaJmayloTest o6s1acTH, oTHocsiuecs: K Juiam. Ha Bropom
sTane HaiaeHHble 06JacTi 06padaTbiBAlOTCSs, U POUCXOAUT
MOMCK KJIIOUEBBIX Touek. B JlaHHO#l cTaThe rnpejjiaraercsi Mo-
JUPULIUPOBATD MOJXO/, UCTIONb3yeMbll B [ 1].

06Hapy)XeHue nuLa Ha N306paxKeHUN

Ha nepBom starne npoucxonut o6HapyKeHHe JIHLA Ha H30-
OpaKeHHH, YTO MOXKHO BbIMOJHHTb MHOXKECTBOM CIOCOGOB,
OJIHUM M3 KOTOpBIX siBJsieTcst MeTo] BuoJbi-/xKoHca, ornu-
CaHHBIH B [2], €r0 OCHOBHBIE TPUHLMIIBI CJIEAYIOLIHE:

— HUHTerpaJjibHoe TNpejcTaBjeHre U306paKeHus /st Obl-
CTPOrO BBIYHCJIEHHUS HEOOXOAUMBIX 00 BEKTOB;

— Tpu3HaKK Xaapa Juisl IOUCcKa HYKHOTO 00bEKTa;

— OycTHHT A5 Bblbopa HauOoJiee MOAXOASIIUX MpPU-
3HAKOB UCKOMOT'0 0ObEKTA;

— KJaccuukaTopbl s OTCEUBAHHUS BbIOPAHHBIX TPHU-
3HAKOB,;

— Kackajibl MPU3HAKOB /Il OBICTPOTO UCKJIIOUEHHST OKOH,
B KOTOPBIX MCKOMBIH 0O'bEKT He Hal/IeH.

Y JaHHOTO KJACCH(HUKATOPA BbICOKHE TOUHOCTb M CKO-
pocTb oGHApYXKEHHs1 JIMIL HAa H300paxKeHUsIX, HO HMeIoTCs
U HEJOCTATKU: JI0JIroe BpeMsl 0OydeHust 1 TpeboBaHue O0JIb-
11oro o6beMa JJaHHbIX J1s1 TOTO.

JleTekTHpOBaTh JIMLLO HA M300paKEHUH MOXKHO M C T10-
MOILIbIO HEUPOHHBIX ceTell. OHM OCHOBBLIBAIOTCS HA MJlee, UTO
3a cyeT o6o6LIAIOIIMX crlocoOHOCTe!H 0OyueHHast HeHpoHHas!
CeTb MpHUMEHsIET MOJyUYeHHBIH B Tpouecce o6ydyeHHsl OTbIT
Ha Heu3BecTHble 06beKTHI. B npoliecce o6yuenus mytem pe-
LLICHHUST 3a/1auk ONTHMH3ALMH METOJOM I'PAHEHTHOrO CITycKa
MPOU3BOIUTCS HACTPOHKA BECOB CBSA3EH MeXKy HEeHpOHAMM,
TakuM 06pa3oM, HEHPOHHAS! CeTb aBTOMATHUECKU U3BJIEKAET
KJIOUeBble TIPU3HAKH, OMpENesieT HX Ba)KHOCTb M CTPOUT
B3aUMOCBSA3b MeXly HUMH. OJIHAKO CTOMT YUMTbIBATb, UTO
HelpoHHAsl ceThb MMeeT HeloCTaTKH. Bo-mepBbix, npu BHe-
CEHUH HOBOIO 3K3eMIlisipa B 6a3y AaHHbIX HEOOXOAMMO M0J1-
HOCTbIO ee nepeodyyathb, UTO SBJSETCS JIOJTHM T1POLECCOM.
Bo-BTOpBIX, MOXKHO CTOJIKHYTbCSl ¢ MpobseMoil nepeoby-
UeHHs, T.€. SBJIEHUEM, IPH KOTOPOM aJropUTM 00yUeHHs Bbl-
pabaTbIBaeT NPEACKA3aHUs, CIULIKOM OJM3KO COOTBETCTBY-
folle KOHKPETHOMY HaGopy JaHHbBIX, YTO AeJaeT ajJroOpuTM
MeHee TOYHBIM Ha JIOTIOJHUTE/bHBIX JaHHbIX. M HakoHel, 10-
BOJIBHO 3aTPYIHUTEJIbHO (hopMasiudyercsi caMm 3Tarn BblOopa
APXUTEKTYPbl CETH, HAa KOTOPOM OMpPENesieTcsl KOJUIeCTBO
HEHPOHOB U XapaKTep CBA3CH MeXK1y HUMH.

Elle o1HUM METO0M e TeKTUPOBAHUS JIULL BJSIETCS aJl-
FOPUTM, OCHOBAHHBIH Ha KJaccudukatope, 0OyUeHHOM Ha
rucrorpamme HamnpasJseHHbiX rpaauentoB (HOG) u metone
onopubix BektopoB. Mnes npumenenuss HOG-neckpunropa
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3aK/o4aeTcss B TOM, YTO BHELIHHH BUA M dopma oObekTa
B paccMaTpuBaeMoi 06/1acTi U300paKeHHs MOKHO OMUCATD
pacnpejieJicHUeM TpPaJMeHTOB HHTEHCUBHOCTEH MHKCeJeH,
COOTBETCTBYIOLIMX HE KaXKAOH TOUKE KOHKPETHO, a BCeH
stoit obsactu [3]. T. k. pabota HOG npoucxoauT JoKaibHo,
JIAHHBIA METOJl MHBAPUAHTEH K CMEILEHHIO, TIOBOPOTY, U3Me-
HeHMIO Macuitaba M spKOCTH H300paKeHHsi, HO BCe PaBHO
UyBCTBHUTEJIEH K IepeMeHe opueHTalnu o0bekra. Takum 06-
pa3oMm, Ha TIePBOM 3Tare Ha H300parKeHHH JIOKAIU3YI0TCs 00-
JIACTH, OTHOCSILLIMECS K JIULLAM, U MOXKHO MEPENTH K 9Tary no-
MCKa KJI0YeBbIX TOYEK.

06Hapy:KeHuWe KNlo4YeBbIX TOYEK

Hafitn 1 onucaTb KioueBble TOUKH JHLA Ha H300pa-
JKEHUH MOXKHO PpAsJIMUHbIMH CrocoOaMHu, HanpuMep, MpH
MOMOLIM THCTOTPAMMbI HaNpaBJEHHbIX TPajHEHTOB, T.K.
JIAHHDIH JIECKPHIITOP IIMPOKO PACTIPOCTPAHEH U UMEET MHOT'O
peasusaluii. YNpolleHHoe MpeacTaBaeHne H300parKeHHs!
WM €70 YacTH, B KOTOPOM OTOPOLLIEHA TOCTOPOHHSIS1 HHDOP-
Mallisi, Ha3bIBAIOT AECKPUNTOP-(YHKIMEH, OHA, KakK mpa-
BWJIO, NpeoOpasyeT u3oOpaxkeHue B BekTop. B Kaudectse
dyukunn HOG-jeckpuntop HcnoJib3yeT pacrpesieseHue
HarpapJeHH TPAMEHTOB, TJle CYyTh COCTOMT B TOM, UTO
HauOOoJIbLIAs BEJUYHHA T'PAJMEHTOB COOTBETCTBYET KpasiM
1 yrjiam o0beKTa, T.e. 00J1aCTsIM ¢ Pe3KUM U3MEeHEHHEM HH-
TeHcuBHocTel. [Togpo6Hee sTanbl 415 pacueTa 1eCKpUNTOpa
HOG rakoBbi [3]:

1. Mcxonnoe nzobpakenne pazdbuBaeTcst Ha sTUEHKH;

2. C nomotibto pusbTpanuu sueek supamu [—1,0,1] u
[—1,0,—1]" BLMHCASIOTCS BEJHUHHBI gy H gy, HA OCHOBE
KOTOPBIX HAXOJSIT BEJHUMHY W HATpaBJieHHe IpajHeHTa sue-
€K COOTBETCTBEHHO MO (bopmyﬂaM

9= JoE+95.6 =arctg();

3. Sldeiiku rpynmupytoTcs B 60J1ee KpYIHbIe OJIOKH;

4. Inst obecnievueHus: 6oJiee KOMIAKTHOIO NPeICTaBeHUS
3HAYEHUH TpajMeHThl MPeo0pasdyloTcsl B MHCTOrpaMMy, Ka-
HaJlbl KOTOPOH OMpPEEIAIOTCS HanpaBIeHHEM TPajIMeHTa;

5. Jlast Toro uToOBl paccuMTaHHas THCTOrpamma Oblia
YCTOHUMBA K H3MEHEHHSIM OCBELIEHHS, IPAIUEHTDI JIOKAJIbHO
HOPMHUPYIOTCS, T.€. KaXKJIbli 3JIeMEHT BEKTOPA THCTOrPaMMbI
JIeJIUTCS1 HA BEJIMYUMHY BEKTOPA.

B urore HOG — neckpunrop siJisieTcsi BEKTOPOM KOMITO-
HEHT HOPMHUPOBAHHBIX THCTOrPAMM flueeK U3 Bcex obJactert
6J10Ka.

CylecTByeT TakxKe METOJ OIMHMCAHHsT KJIOUEBBIX TOUEK
JIMIA, OCHOBAHHBIM Ha JIOKaJbHbIX OHHAPHBIX MNaTTepHaX
(Local Binary Pattern, LBP), kotopbiii H3HauaibHO Obl
npeaioxked B 1996 rony T. Ossia st pacnosHaBaHust Tek-
ctyp [4]. Meton Ha ocHoBe LBP onucbiBaet jiokasibHbli TeK-
CTYPHBIH MaTTepH TPH MOMOILM OMHAPHOTO KOJa, KOTOPHIN
3aBHUCUT OT MHTEHCHBHOCTEH COCEIHHX MHUKCeJeH H3obpa-
xKenus. [Tpunuun pa6orsl LBP cnenyromuii:

1) neckpunTop npUMeHsieTcs M0C/eN0BaTeNbHO K Ka-
JKIOMY MTUKCEJI0 U300paKeH sl i €r0 OKPeCTHOCTH U3 BOCbMH
MUKCeJseH;

2) ApKOCTb LEHTPAJBHOTO MHKCe/s TMPUHUMAaeTCs 3a
Mopor, ¢ KOTOPbIM CPaBHUBAIOTCA 3HAYEHMS SIPKOCTH KaxK-
JI0TO TIHKCEJISl U3 OKPECTHOCTH;

3) MUKCEJI0 U3 OKPECTHOCTH NPUCBaUBaeTcs 3HaueHue 1,
€cJIM 3HaUYeHHe €ro HHTEHCUBHOCTH GO0JIbLLE WM PABHO T10PO-
rOBOMY 3HaueHHIO, HHaue npucBanBaercs 0.

B pesysbrare nogydaetcs 8-OUTHOE UMCJIO, XapaKTepH3y-
folllee OKPECTHOCTb MHKcest. [ 1o 5THM JaHHBIM CTPOUTCS THCTO-
rpamMma NoaoGHbIX HAOOPOB A KaxKIOH 00J1aCTH, TaK U OMH-
cbiBaercst Jinio. MoxHo 3ameTnThb, uto LBP sddekTtrBen
B BbIUMCJIMTEJILHOM T1aHe GJarofapst paboTe TOJBKO € 11eJ10-
UMCJICHHOH apUPMETHKOH, YTO MOBbILLIAET TPOU3BOAUTE/BHOCTD.
Taxzke onepaTop HHBapHaHTEH K U3MEHEHHSIM SIPKOCTH H300pa-
JKEHUS1, CBSI3AHHBIM C YCJIOBHSIMH OCBELIIEeHHS TIPH cheMke. Of1-
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