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Pa6oTa BHIT6JIHeHa B ]aoopaTop:iru BH'illCJmTeJII,HOil TeXHm<H u aBTOMa

TH3~ 06~e,!Ul:H0HHoro lliiCTHTy-Ta smepHHX llCCJI0.I{OBaHHli. 

QIJJfilHaJII,HHe OITITOH0HTH: 

.I{OKTOP ~ll3HRO-MaTeMaTnqecKHX Hayi, 

rrp~eccop .AJreKceil :BJJ:a,nm.mpoB~ I'y.imH 

1. 06maR xapaKT8pllCTllKa paOOTH 

B nnccepTan00 paspa6oTaH ennHHrr rro,nxon q0CJieHHoro aHaJI0sa sanaq 
Ha COOCTB8HIIll8 3Ha~eHna:B JJ;Byx- ll TpeXMepmnc OORaCTRX,B03HllKa!0010X rrpn 
llsyqeHllll ypaBH8Hllli, OilllCHBalOOlllX ~03llqecK09' rrpou;eccu B SJI8KTpOI{llHaMllK9 
ll KBaHTOBOO M8X8HllK8'. JJ:aHHHfi rronxon· SaMTO'CfaffTCJI B arrrrpOKCPIM8!lllll llCXO
I{HHX ypaBH9HllTI CffTQqH11M0 M9'TOI{8Mll ll CB9.I{9Hlli1 llX It o6o6meHHOH aJire-opa-
11qec1torr rrpoc5JieMe co6cTBemmx sHaqemiii Ciom,moii pasMepHOCTll. ,llJrR pemer
mm i:raCTll'CfHOll sanai:rll llCilOJI1,SY9'TCR paspae5oTaHHHIT B I{llCCBpTaIJ;llll llTe'pa
IJ;llOHHHIT MSTOI{ MllHllMll3aIJ;ll0 'PYHKUllOHaJia PMeJI-PHTIJ;a. ITpe.n;;rOJKSHHHIT rron
X(ll( IlO3BOJIB9'T paSB0TI, Mace HOBHX M9TOI{OB l(JIR pemeHllJI STOH sanaqlJ, a 

TaKJKE!' IlOJIY'tfaTI, rrapaJIJIS-JI1,HH8 ll MHOroceToqHHe aJirOpllTMH • 

.I{OKTOP ~ll3HRO-MaTeMaTnqecKHX HaYK' '.1 A1qyaJII,HOCTI, rrp00JI8MH 

rrp~eccop IleTp lliiliaHopoB~ 3rumnH 

.I{OKTOP ~ll3HRO-MaTeMaT~eCKHX HaYK, 

rrp~eccop JOpuil .AJreiceeB~ KysHeuoB 

Benymee HaV'IBO-llCCJienoBaTeJII,CKOe TIJ)0llUI9HHe: 

]eHHHrp~cKnil rocy.napcTBBHHllil YHHBepcnTeT HM.A.A~Jlf,u;a.HoBa. 

ABTop~epaT pasoc.naH i,_n ------ I900r. 

3aJ!lllTa ,!Ul:CCepTanHH COCTOHTCJI" " ______ I988r. B "--" 

qacoB Ha sace.I{a.Hllll YqeHoro COBeTa ]aoopaTOpllll BHqHCRHT0JII,HOR TeXlll!'.

KllH aBTOMaTH3anHll Ollilli, r.,llyOHa MOCKOBCKOR OORaCTH, JJ:047.0I.04. 

C 'AHCCepTa.rmeit MOJKHO O3HaKOMllTl,CJI B OHOJmOTeKe OIDill. 

YqeHHil ceKpeTap1, CoBeTa 
. . 

K~aT ~ll3HRO-MaTeMaT~9CKHX HaYK Ji / 3.M.liBaaqeHKO 
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3anai:rn, paccMaTpllBa8MH9 B n0ccepTaIJ;llll. CBR3aHH C rrpot:rKTllpOBa
Hll8M pesOHaTOpHOH qacTll JillH9HHHX ycKOpllTErJI8ll sapRJKErHHHX i:racTllU ll C 
llCCJIEmOBaHll8M KBaHTOBOM8X8Hll'Cf8CROH CllCT9MH Tpe'X sapmK8HHHX i:raCTllU, 
OIIllCHBaSMOli Tp9XMErpHHM ypaBH8Hll8M illpennttrepa. CJIOJKHOCT1, M8T9M8Tll'Cf8C
KOU rrocTaHOBRll STllX sa;n;aq, HarrpllM9p OC5JI8CTI> ll3M9H8HllH H93aBllCllMllX 
rrepeMeHHHX, rpaHllqHHe YCJIOBllR, O6e-crrei:r0Ba!Oll1ll8' orpaHll'Cf9HHOCTI, COOTB8T
CTBYIOOlllX pemeHllfi, rrepeMemme ROsqipllIJ;ll9HTll, HaJill'Cfll8 OCOC5HX TO'CfeK, no 
cymecTBy, HCKJIIOqaeT BOSMOlKHOCTI, llX pemeHllH aHaJI0T0qecRllMll ll Ka'Cf8CTB8H
HHMll M8TOI{8Mll. ITOSTOMY rrpaKTll'Cf9CKll 8I{llHCTB8HHHM nyTeM rrOJiyi:reHllR peme
HllR RBJI.ffilTCR rrpOB8I{9Hll9' BH'CfllCJillT9JI1,HOrO 3KCil9pllM9HTa Ha OCHOBe TeOpllll, 

pasmiTofi B pae5oTax A.A.CaMapcRoro, r.TT.MapqyKa n npyrnx aBTOpoB. J].n:Jt 

STOrO H800XOI{llM8 paspa6oTKa :iif.1,eKTllBHHX M9TO.I{OB ll a;rropllTMOB qnCJieH
Horo pemeHllR ITOCT8BJI8HHHX sanai:r, O6ecrreq0BalOOlllX H900XOI{llMYTO TOqHQCTI, 

pesyJI1,TaTOB, cosnamrn Ha ex OCHOB_e 38MKHYT!lX rrporpaMMHHX CllCT9M l(JIR 

sm. Bee STO B orrpe;n;eJieHHOM CMllCJI8 9KBllB8JI9HTHO IIOJIHOMY peme'Hl!D STllX 

sanai:r •. 
IlpoeKTlipyeMl:le B HaCTOffillEra' BpeMH ®nsni:reCKlle' ycTaHOBKll ll 9KCII8pll-

M9HT!l CTa'BRT IlOBHlll8HHH8 Tpee5oBaHBR R TO'CfHOCTll paci:reTOB COOTBSTCTBYJO
mex MaT8M8Tll'Cf8CKllX MOI{8JI8ll. OI{HllM ll3 BO3MOJKHHX crroco6oB I{OCTlllK9Hllfl 
TpS--0J8MOtt TQqHOCTll BHqllCJI9Hllll HBM8TCH paspae5OTK8 cxeM BHCORoro n,o
pH;n;Ra TO'CfHOCTll. B STOM CMHCY.~ !itllle50Jiee sipijleKTllBHHM CIIOCOOOM BHBO.na 
T8KllX CX8M rrpencTaBMeTCfl MeTO.I{ KOH8'CfHHX M9M9HTOB, KOTOp!:IB Il03BOJIH
eT EJnllHOo6pasHo rrOJIYi:ran, cxeMH i:reTBepToro, mecToro n T.n. rropH;n;Ka 

TQqHOCTll. OcHOBHaR TpyI{HOCT&, BO3HllRa100laR rrpll STOM, CBR3aHa C p8ID9'
Hll9M IIQJIJ'Cf9HHOH oe5oe5meHHOll aJiree5panqeCROll rrpo6JI8MH COOCTB8HHHX 3Ha-
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qeHl'lil, pa3M8pHOCTl'J B H8CKOJII,KO neCJJTKOB TUCH'!. 0TM8Tl'IM, qTQ ~ peme
Hl'IH Cl'JCT8Ml1 Rl'IH8liH!:lX a~re6paeqeCKl'IX ypaBH8HBil B IlOM8l(H!:lR ro,IUl paspa-
6oTaHO MH0~8CTBO 61ICTplIX B 3KOHOMllqffilx•ET8paueoHHHX M8TO.IJ;OB. B TO ~8 
BP8MH cymecTByeT cpaBHllT8RI,HO H86~moe qRMO pa60T, IlOCBememrnx C03-
naHE10 aHanornqHHX MeTo.noB B aa,naqax Ha co6cTBeHHHe 3Haqemur. 

B CBH3ll C 3TllM 8KTY8RI>HHM npencTaBRH8TCJJ BOnpoc paapa60TKll Me
TonoB pemeHM TaKllX aanaq, Il03BOJIJllClllHX nMyqllTI, OilTRM8RnHHET I(8KOMIT0-
3IUU!B yqaCTBYlOllll'IX MaTp~, nonyC.KaJallllX llCilMn30B8HR8 napaM8RI,H!:lX BH

ql'IMl'IT8RI,HHX CllCT8M, p8aJ.W3YJ(lllHXCH Ha IlOM8.IJ;OB8T8RnHOCT.IIX BJIOlK8HHHX 
C8TOK. !IOM8I(HET8 Il03BOJIH8T He TMnKO YB8Rl'JqETI, CKOpOCTI, CXOl(l'IMOC_Tl'I 
3Tl'IX l'JT8P8UBOHHHX M8TOI(OB, HO ll npOB8CTl'I yToqHeHl'l8 nMyqeHHHX peaynI,
TaTOB. 

Pa6oru, IlOJI0~8HHI:18 B OCHOBY pe~epnpyeMOil .IJ;BCC8pTaUBl'I, BIIIlMH8HH 
B COOTB8TCTBlW C npo6JieMHO-T8MaTliqecKHM WiaIIOM Hay'lll:O-liCMeno:saT8JII,
CKBX pa60T Ollirn. 

UeRI, B aanaql'J BCMenoBaH~~ 

Uem l'ICMenoBaHl'lil, npencTaMeHHHX B nJ!CC8pTanee, COCTOl'IT B paa
pa6oTKe ql'JM8HHHX M8TonoB B COOTB8'TCTBYIOlll8ro nporpaMMHOro o6ecneqa
HBH ~ O.IJ;HOBP8M8HHOro BI,IqllM8HllH p~ L Ml'IHl!M8R'E>HHX co6CTB8HHHX 3Ha
qeHl'Jil l'I COOTB8TCTBYlOllll'IX l'IM co6CTB8HHHX qJYHR:nBil aa,naq 

tL+Yc..,,Ju<.x>; A'I.L1,-1~ . (I) 
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rne Jc t,Jl - orpaHEqeHHaH o6nacTI> npocTpaHcTBa R , 1h:: i, 3 • 3rrJUIIITl'l-
qeCirnil nwiep8Hill'l8R'E>Hllll onepaTop ... ¼ l'IM88T Bl'I.IJ; lk•I 

L=-.l '> 2- i< .. l)lg_ LL~-11. f,t;.J;, L.,~_L'L....? tl:1~1. 
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pememm nocTaMeHHHX aana-q, .f<-,,1 ~ o - BeooBaH TYH!tnl'IH. CymecTBeH-
HaH oco6eHHOCTI, 38!(8"! (I) 0 (2J .COCTOl'IT B TOM, qTQ KOS!p!p~l'l8HTH 
o6pama10TCH B HYR'E> Ha H8KOTOPIIX tJaCTHX rpaHBnH o6nacTl'l • ..0. • II03TOMY 

npl'I llOCTaHOBK8 rpaHl'JqHHX YMOBl'lil, o6ecneql'JB8l0llll'IX orpaHl'Jq8HHOCTI, co6c
TB8HHHX ~YHR:nl'lfi, H806XOI(l'IMO l'ICM8I(OB8T'E> IlOB6.IJ;8Hl'l8 nOT8Hil1'18ROB B6Rl'J31'1 
aTl'IX rpaHnu. B Myqae ypaBH8Hl'IH IllpennHrepa, xorna o6nacTI> ..0.Heorpa
Hl'ltJSHHasr no onHoil Ml'I nBYM nepeMSHH11M, Heo6xo.nnMo npaBl'JRnHO ITOCT8Bl'JTI, 
rpaHl'JqHHa YMOBl'IH B nocTaToqHo 60Jinmoil KOHeqHofi o6nacTl'I .n.,. ,o/, ,•~,., .I2.>1t, 

Paapa6aTHBaeM11e B nnccepTaUl'll'I MeTo.nu ql'JMSHHOro pemeHM yxaaaH
HHX aanaq OCHOBIIB8IOTCH Ha annpOKCl'IM8Ul'll! ypaBH8Hl'lfi MSTo.noM KOHEmHHX 
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aneMeHTOB, B xaqecTBe 6aaoBoro MeTona pemeH:wr qacTHtIHoil o6o6~eHHott 
npo6R8Mli co6CTB8HHHX SHaqeHllli ;II)Ul He6onnmoil pa.3M8pHOCTH yqaCTBYJOOIRX 
MaTpHD; ("' !500) HCllOR'E>30BaH M8Ton HTe~il nonnpocTpaHCTBa. 

AJrJI nocT.11JK8HM IlOCTanneHHOli UeJili Tpe6yeTCH: 
I. Cqio:pMyR:HpOBaTI, Cll8RTpaRI>HHe aanaq:H, OllliCl:ll38llllU18 qJH3H'I8CRH8 

nponeccll 3R8KTpO,nmiaMKKH H RBaHTOBO~ M8:xaHHKli, HCTIOJII,SYH npH 3TOM 
HaH6onee 8CT8CTB8HHH8 ROOp,nHHaTHlle CHCT8Mbl. Bl1B8CTH COOTB8TCTBYJ001YIO 
:sapnrunioHHYJD nocTaHOBRy sTHX aanaq,Heo6xo.nHMYJO ;II)IH no.ny,reH:wI Bapna
UROHHO-pa.3HOCTH!ll CX8M HX q:HCR8HHOro pemeH:wI. 

2. Cqiop,!YR:HpOBaTn MO,ttHqJHKaIJ;IDO MeTona KaHTopoBHtia ;II)Ul pemeH:wI 
aana"l (I) H (2) llpll m = 3, HCCR8,I(OBaTI, llOBeneHHe 3qlql8RTHBHHX llOT8H
URMOB H CKOpOCTI, CXO,IJ;HMOCTH M8TO,I(a Ha OCHOB8 q:HQR8HHOro axcnepHMeH
Ta. 

3. Paapa6oTaTI> MeToi q:HCReHHoro pemeHM qacTnqaoft o6o6~eHHott 
anre6paHtiecxoft npo6new co6cTBeHHHX sHaqeHRft 

~ ·r T A,, t-::: ..,\ Ai, t J A1,.;: A1, >..') ,I A' _;c 13,. > 0 (3) 

c neHT0"1HllMH MaTpnuaMR A h H I~ i. paaMepHOCTli A/ ) ) j H noxaaaTI> ero cxo
,IJ;HMOCTI>. 

IlpaRTH'I8CK08 npHM8H8HR8 liCC~8,I(OBaHlim K ROHRp8THllM aanaqaM llOTpe-
60BaJIO paspa60TKli a.JII'OpHTMOB, llOSBOJUUCIIUll 8,IUIB066pa3HO npOBO~I, qnc
~8HH09 pemeHRe aanaq:H (I) H (2). ,llJIH aToro 6HRo Heo6xo,IJ;HMo:· 

I. IlpoBeCTH annpO.KC~ pemaeMHX aanaq npn llOMOlllH RB8,IJJ)aTH'I
HHX HsonapaMeTpHt!8CRHX cnpe~omnc KOH8'IlillX 3R8M9HTOB. Ta.Kofi cnoco6 
,I(liCRp8TH8~ Il08BOM8T e,nm1006pa3HO ~TllBaTI, RpHBOJI:mlettHlie rpaHHnH 
06.nacTH H rpaHHtIHHe yc.noB:wI BToporo po.I(a Ha aTHX rprumua.x. KpoMe To
ro, 0611lM Teop:wr M8TO,I(a ROH8qJlliX 3~8M9HTOB, pa3BHTM B pa6oTax 3eHRe
BHtia, CTpeara, ®mca, MapqyI<a, OraaeCJIHa, PyxoBua H np., nosBoMeT 
0~8IDITI, TOqffOCTI, no.ny,raeMHX pesyJII,TaTOB. 

2. BllnOJIHHTI, 1iHCR8HHH8 HCCR8,I(OB8lillll Ha MO,I(8RnllliX aanaqax C ~e
JII,Xl aHaJm:3a TOqffOCTH paapa6oTa.HHlll anropHTMOB, nayqeH:wI HX oco6eH
HOCTeil npH pea.,m:3~ Ha 3BM li BOSMOlKHl:lX nyTeil OllTHMH3~. 

Pea.,ms~ 3THX nyHRTOB ll0Tpe6o:sana: 
- paapa6oTaTI, S!p!p8KTHBHH8 anropHTMli aBTOMaTnqec.Koro llOCTpOeHmt 

ROH8qff0-8R8M8HTHOft C8TRH; 
- paspa6oTaTI, anropHTMll ;II)Ul e,nm1006pasHoro llOCTp08HRfl MaTpHD; 

Al H 8~ ;II)Ul o,I(HoMepHlll, nBYM9PHlll H 
0

TpeXMepHHX sana"l; 
- paapa6oTaTI, 8ROHOMH'IHH8 6RCTp0.I(8liCTBYJ(llllie nporpaMM11; 
- npoB8CTH 1iHCR8HHHli aHaJm:3 TOqffOCTH nyTeM HCllOJII,30BaIIHH MOlK8H-

HHX C8TOR liRH Ha OCHOB8 CpaBH8HRfl C H3B8CTHllMli pesyJII,TaTaMR. 
l!lic~eHHoe pemeHHe WHPOKoro xpyra sanaq snexTpo,nmiru.mKR n RBaH-
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TOBOfi M8XaHllliR ITORa3MO BHCORYJ) 3qq)8RTRBHOCTh R YHRB8pcaJil,HOCTh pas
pa60T8HHHX M8TO'AOB. 

Hay;rnM HOB:e:saa n sHa'!RMOCTh pa6oTH 

B ITP8'ACTaBJIR:8MOfi ~CC8PTan;m! paspa60T8H e~HHfi ITO~O'A R 'Il!CJieH
HOMY aHBJmsy MHoroMepHHX Cll8RTpaJll,HHX aa,u;ai:i: TeopeT~8CROfi ~HSRRR Ha 
OCHOB8 RX arrrrpoRCRMan;m! M8TO'AOM ROHe~ a~eM8HTOB. 

Paspa.60T8HHH8 M8TO.IJ;H R ~OpRT.M!i Il03BO~ C03'AaTh BH'Il!C~Te~
HHe CX8Mll 'l:8TBeproro llOpa,D;Ra TO~OCTH ,IVlfl pemerum Cll8RTpaJll,HHX sa,u;ai:i: 
C rrepeMeHHHMR R03qqlliUR8HTaMH B CJIOJKHHX o6~CTJIX R3M8H8IDIII Hesrumc:e:
Ml:lX rrepeMeHHHX. IlporpaMMH, peaJmsyniure aT:e: MeTo.IJ;H, o6~e~eHH B crre
~aJIH3RpOBaHH!,1fi llaR8T MULTIMODE, ,IVlfl pemerum OCHOBHHX sa,u;ai:i:, B03HR
RaJllUIX rrp:e: rrpoeRTlfPOBaHRR pesoaaTopaofi i:i:acTn ~e:liHHx ycRopnTMefi. 
IlaReT ITO CBOl!M BOSMOJ!tHOCTJIM rrpeBOCXO~T Bee H3B8CTHH8 llB.I(8TH aHaJIO
r~oro Hasaai:i:erum. 

IlOCT~eHH Cll8RTpaJll,HHe sa,u;a'Il! ,IVlfl Ollp8'A8~8HWI SHai:i:eHRtt aHeprim 
R BO~OBHX ~YHR~ CB1i38HHHX COCTOJllld RBaHTOBOM9~9CROfi CRCT8Ml:l 
TpeX sapmit9HHHX 'l:aCT~ B Cq>9pOn'AaJt&HHX ( ·5. , '2 > R ) :e: rnrrepajlep~e
CRRX ( J.. 1 0, K ) ROOp'ARHaTax :e: rro.nyqeHu RX Bap:e:~oHHHe ~R~oaa-
JIH. 

Ilpe,nJIOllteHa MO~RR8llIDI M9TO'Aa KaHTopollli~ ,IVlfl pemeH:wI STOH sa
'Aa'Il! rryTeM pa.s~OJteHWI ee pemeHWI no co6cTBeHHHM ~ 'ABYMepHoro 
rnrrepajlep~ecRoro 6aanca. 

0606111eHRe M9TO'Aa rpym:IoBofi pe~crunm:, llp8.nJ.[Olt8HHOro XeCTRH8COM, 
:e: ero a,u;arrT8llIDI Ha R~cce MHoroMepHHX crreRTpaJll,HHX sa,u;ai:i: MB.T9MB.T~e
cRofi q>RSRRR B ~CRp0THOM ITP9'ACT~8HRR IIp.lU39Jlli R cos~ M9TO'Aa HTe
prunm 8Jll,T9pliRPY1llUIX llO'AllpOCTpaHCTB Ha llOCJI9'AOBaT9~HOCTJlX BJ10Jlt9HHHX 
C9TOR. M9TO'A RT8pa.Inm aJil,T8plilIPYJ)lU!X llO'AllpOCTpaHCTB (MHAI!) 'A8JI BOS
MOJltHOCTh Bll9pBHe llpm.f9HRU R pemeIDUJ ypa.ml8Hl'lll lllpe~epa. C9TO~e 
M9TO.IJ;H. Bli"mc.mrre~HHe CX9Mll rro.nyqeHH B par.max M9TO'Aa ROH9~X a~e
M9HTOB. Paspa60TaHHH9 MHOrOC9TO~e ~OpnTMli ll03BOJIHJm CY1118CTB8HHO 
llOBHCRTh CROpOCTh CXO,IUWOCTR M9TOAA H oneHHTh rro.nyqeHHHe pesy~TaTH 
Ha OCHOB9 06111ea T90pKH M9TO'Aa ROH8~ 8~8M9HTOB. 

P88.Jm38llIDI M8TOAA KaHTopoBll:~ BlillOJIH9Ha rrp:e: llOMOIIU! IPY}lR~OHaJil,
HOro HaIT0~8Hl'lll llaR8Ta llpO:rpa.MMJruLTIMODE , 'ITO ll03BOJIH8T _IIpo'A9MOHCT
plipOBaTh 6Mee m:e:pox:e:e ero B03MOZHOCT:e:. 

Ilp9'ACT~9RHH9 B ~ccepranmf M9TO.IJ;H llOC.nyx:e:Jlll: OCHOBOA ,IVlfl pa3-

pa.60TRR HOBHX ~op:e:TMOB pemelU'lll RB.I( Cll9R~HHX sa,u;ai:i:, TaR.H H~
Heibwx 38,ll;a'l: B Teop:e::e: 'A)t039~COHOBCRRX rrepeXO'AOB, ROH'A9HCHpOBaHHHX 
CP9'A, B HMHHefurax llM9Bl:lX T90pWDC, B T90p:e::e: RBapneBWC p830HaTopoB. 
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IlpaRT~ecRM rro~esHOQTk pa6oTH 

C ITOMOIIIDD rrpe,nJIOllt8HHHX M9TO'AOB llOJIY'I8H IJM peay~TaTOB, :IIM8Kll\HX 
CaMOCTOJIT8~HHfi ~R3~9CR:wl RHTepec. 

Paapa60TB.Hl:ll:,lli B ~CC8PTan;m! llaR8T npllli~a,u;HHX rrporpaMM MULTIMODE 
,IVlfl pa.ci:i:eTa a3RMJTaJil,HO-O'AHOPO'AHHX BH'AOB RO~e68Hwl B OC9CHMM8Tp~x 
pesoHaTopax :e: B nep:e:o~ecR:e:x CTPYR~ no~ m:e:poRoe pacrrpocTpa.
HeHRe :e: BHe'APeH B IJM8 opraH:e:s~, TaR:e:x, RaR Ollffil, 11@33, 11m1 AH CCCP, 
WI<I/ CO AH CCCP, Bl{ CO AH CCCP, w'TII RM .Beeya - CyxJM:e:, HAS AH 
YaCCP, Mwffl, BHHHTBll - JieHRHrpa,u;, IDIBW?A HM • .E1ppeMoBa - JleHRHrpa,u;, 
OBM AH CCCP. 

IlaReT aRTRBHO :e:cno~syeTCR ,IVlfl npOB8'A8HWI npe~3ROHHHX paC'l:9TOB 
IJMa CY1118CTBYJOIIIIDC :e: npoeRTnpyeM!:lX ~eil:!mx ycRopnTe~efi. KpoMe aToro, 
ITB.ReTMULTIMODE CTBJl OCHOBOH ,IV1fI pa3BHTWI aHaJIO~HHX naR8TOB B 
ll~3, IITW? • 

BH'Il!C~8HH C TO~HOCThD 10-4-I0-5 a.a. 3Ha~eH:wI ·aHepr:e::e: OCHOBHOrO 
H H8ROTOp!DC BHCOROB036Y!i,ll;9HHHX COCTOJllillli RBaliTOBOMexaH~ecRott CHCT9-
.M!i f'"- = e~ e-e-. · . 

Ilo.nyqeHH, C ~eTOM ROH8~ pa.3M8pHOCTefi R,D;ep, T9p,4ll H BO~OBHe 
~YHRnim sa,u;a'Il! 'AByx neaTpOB, H906Xo~e ,IVlfl ~c~eHWI BepOJITHOCTR 
pacrrp9'A9~9HIDI MDOHa ITO OCRO~aM MI'HOBeHHoro 'A8~9HWI M830aTOMOB ypa
Ha R ~TOHWI. 

IlyT9M pemeHIDI MKS R MHA.Il ypaBH8HWI lllpe~epa. B ajlepOn'ABJlbHHX 
ROOP'AllliaTax no.nyqeHH C TO~HOCThD ro-2 aB.3Hai:i:erum 3Hepr:e::e: OCHOBHOro 
H B036ylK,1{9HHOro COCTOJIHR! M830M0~9RY~ H30TOnOB BO'AOPO'Aa c;{(;/J,.,., H 
Hr rrp:e: aHa~emm no~oro op6nTaJII,Horo MOMeHTaJ = 0, a Taruite 3Hai:i:e
HRe aHepr:e::e: OCHOBHoro COCTOJIHIDI M930M0~9RYJIH el. 6-r· rrp:e: J = I. B 
paccMaTpHBaeM!:lX c.nyqaJIX pemaJIHch MHAII ~e6p~ecR:e:e npo6~eM!:l co6cT
BeHHHX 3Hai:i:eHR! nopa,D;Ra OT 2000 'AO 40000. Ilo.nyqeHa MO~llli8llIDI MHAII 
,IVlfl pemeHl'UI ~e.ttlmx ~e6~eCRRX CRCTeM. 

Paspa.60TaHHH8 ~op:e:TMH :e: IIpOrpaMM!:l ycnemao liCil0~30~Cb B pa:
'A9 'APyrRX HCC~8'AOBaH:e:fi B MB.T9MB.TH'l:8CROM liHCTHTYT8 EoMapcROH a.Ra,u;e
MIDI HaYR, JlI'Y, 11~3 :e: B 'APJrRX H~ neHTpax. 

Anpo<)armg · pa<)oTH 

Peay~TaTH, BOm8'Afil:e:8 B ,JUJ:CC8PT~, 'AOR~Cb Ha YIII Bceco
maofi Ro~epeanim ITO WR3llli8 3~8RTpOHHHX H aTOMHHX CTO~HOB8HHH (Jie
HRHrpa,D;, I98I), YIII n IX BcecoD3HOM coBemaHHR no ycRop:e:TeJUIM aapa:JKeH
HHX i:i:acT~ (IlpOTBRHO, 1982), (,Ily6Ha, 1984), M8J!r,IJ;yHapO'AHOfi ROH~epeH
rnr:e: "CoBpeMeHHHe rrpo6~eMH 'l:RC~8HHoro 8H8.Jill3a" (MOCRBa, 1986), Mex
'AJHapo'AaOM CRMIT03:e:yM8 no onTHMBJlbHHM aMOPHTM8M (EJraroeBrpa,u;, 1986), 
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MSJK,JJ,YliapO,lUIOii ROI@epemnm no "llICJI8HlWM M8TO,II;8M lI Ilpl:IJIOllt8HRR:M (CcxpHJI, 
1984), Me.lK)(yllapO,lUIOM COBe~amm no IlpOrpa.MMllJ)OBaHID) lI MaT8MaTH'l:8CRlIM 
MeTo,n;aM pemeHHJI qin3wi:ecREX 3a,na'i (,Ily6Ha, 1985), Ha Hay,nwx ceMmiapax 
Jla6opaTopl!lI BH'il!CJilITeJII,HOii TexmmII II aBToMaTR3arnm Ollilli,BU CO AH CCCP, 
OPM AH CCCP, MaTeMaTwi:ecRoro lIHCTIITYTa EAH. 

OCHOBHOe co,n;eJ)lK8.Hlle ,II;lICCe!)Tarnm OTpallt8HO B ny6JI1IRa:qmnc B Bl:l,Il;e 
CTaTett B .H~. B BecTHlIR8 JlI'Y, NIM ," A.nroplITMl1 lI 8JII'O!)ll:TMH'l:9CRlI8 JI3li
RlI1: ,II;ORJIB,nOB B Tpy,D;ax M9.lK)(yllapO,ll;HWC ROI@epeHnHtt lI COB8Ill8,Hllli, npenplIH
TOB Olliill, H~B3, lliill AH CCCP. 

CTPYRTYW 1!llccepTamm 

,li,liccepTanim COCTOlIT 1!3 BB8,II;8HHJI, '19Tlip8X rJiaB lI 3aRJIDqeHHJI, co
,IJ;8:(lllWT 187 CTpawrn; MamlIHOillICHOro T9RCTa, 41 plICYHOR, 28 Ta6Jiln:I, cim
COR JilIT9paTypH 1!3 126 Hal!M8HOBaHD. 

CorJiaCHO CqiOpMYJmpOBa.HHHM Blifil9 3!3,Ita...aM Ilp9,ll;CTaB.ll!l9MliX lICCJI8,IJ;O
Ba.IUm, MaT9!)ll:8Jl nepBoil: rJiaBH CO,IJ;9:(lllWT MaTeMaTH'l:8O:eyD noCTaHOBRY 
cneRT!)aJII,lWX 3a,na'i, MO,IJ;9JmpYJ(llllIX 3JI8RT!)OMaI'HllTHllX noJiett B OC8CRMM9T
pwi:ecRlIX CTPYRTypaJC, M9TO,II;li lIX 'il!CJ19HHOro pemelilIJI, CTPYRTYIJY lI OIlll:Ca-
Hll9 IIlIII MULTD40DE • II, III, lY rJiaBH noc~ellll lIOCTaHOBK9 cneRT!)aJII,-
HOil: sa,na'il! ,JJ;Jill ypaBH8HHJI lllpe,II;lIHrepa KBaIITOBOM8xamI'i9CKOil sa,na'il! 
Tp8X 3apsmeHHHX 'iaCTHII; lI pa3BlITli!JO M8TO,IJ;OB ee 'il!CJ19HHOro pemelilIJI. 

,llirnU,lii BRJiaII aBTopa 

ABTOp ,nRCC9!)Tainm, pa6OTaJI B ROJIJ19KTlIB9 COaBTOpOB, 06~9,IJ;lIHJIDlllIX 
COTPY,JUllIKOB Jla6opaTOpl!lI Bll"llICJilIT8JII,HOii T9XID!RlI lI aBTOMaTR3runm, T90-
p9TH'l:8CROii giR3lIRlI OIDIB, H~8 R IDil1 AH CCCP, 6HJI 1IHID4'IaTopoM ,n;aHHllX 
lICCJI9,II;OB8.Hlm R IJYROBO,IJ;l:IJI paspa6oTROii Ilp8,ll;CTaBJ1!19MliX 'il!ICJ18HHHX M8TO
,IJ;OB. OH Henocpe,D;CTB8HHO Y'iaCTBOBaJl B MaTeMaTH'l:8CKOil: nocTaHOBKe pac
CMaTpl!BaeMHX 3a,na-q, lIX arrnpoRCRMrunm no MK8, B paspa60TK9 COOTB9TCT
~ero nporpaMMHoro o6ecne-qerum, B npoBe,D;eHl!lI 'il!CJieHHoro pemeHRJI R 
B a.HaJIR39 no~eHHHX pe3yJII,TaTOB. HM C8MOCTOJIT9Jll,HO pa3pa6OTB.Hli Bee 
IIplllHnlUlliaJII,Hli9 BOIIpOCH, OTHOCJIIIUl'.9CJI K o6ocHOBaHID) 'il!CJI9HHHX M9TO,II;OB, 
,n;qxasaT8Jll,CTBY CXO,n;HMOCTlI, a T8.IO!t9 R BO3MOlltlil:lM o6o6~eHIDIM lIX peaJllI
srunm. Ilo BC9M 3TlIM BOIIpOCaM ero BKJIB,n JIBJlSI9TCJI onpe.n:eJlJIX.1Ill™, XOTJI 
H9ROTOp!:l9 ,II;9TaJII,Hli8 paspa6OTRlI BliilOJIHJIJIRCb COaBTOpaMR. 

II, KpaTR09 COilAP¥HH8 llllCC9PT8rmpr 

BBeneIIBe R peqiepIIpyeMoii ,nRcce!)Trunm co,D;e:pl!WT xpaTRoe oilll:caHRe 
nocTaHOBOR cneRT!)aJII,HliX 3a,na-q, BO3!IBR8lll),HX IIpR MaT9MaTH'l:9CKOM MO,II;8JIR
pOBa.HlilI YCROpm::mRX CTPYRTYP B OC8CRMM9TpH'l:HHX pesoHaTopax R IIplI RC-
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CJI8,IJ;OB8.HHJIX H8ROTOp:lX npo~eCCOB RBaHTOBOtt M8XaHlIRR. 06OCHOBlffiaJOTCJI 
H8O6XO,n;HMOCTb paspa6OTRR 8,IJ;lIHOro 'il!CJ18HHOro M8TO,Il;a R OO3,II;aHRe 34J4l8R
TlIBHOro nporpaMMHoro o6ecne'ie.HIDl ,JJ;Jill pemeHHJI aTRX sa,na'i Ha ocHoBe RX 
arrnpORCRMrunm C8TO'llillMR M8TO,II;aMR. 

~aHli Oilll:CaHRe CTIJYRTYp!:l ,nRCC8!)Trunm R nepe'i8Hb OCHOBHHX pesyJII,

TaTOB no rJJaBBM. 
B rJiaBe I "l!ncJieHHoe Mo,n;eJmpoBaIIBe cneRTpa 'iacToT R aJieKTPOMa.I'

IDITHHX noJieii B OC8CEMM8Tplr'llWX pesoHaTopax R npo,II;OJII,H0-O,lUIOIJO,ll;HWC 
BOJIHOBO,n;ax" CO,II;8:(lllWTCJI nocTaHOBKa Cll8RT!)aJII,HliX sa,na'i, ROTOplie IIpRXO
,II;lITCJI pemaTb ,JJ;Jill no~eHRJI BC8X cneRTpaJII,HliX xapaRT8pRCTRR, Heo6xo
,n;HMHX IIpR IIpO8RTRpOBa.HRlI pesoHaTOPHOii 'iaCTR JIRHettliliX ycRopnTeJiett sa
psmeHHHX 'iaCTmi;. B ,II;lICC8!)Tainm R3Y'i8JOTCJI BOllpoCli O Bli'il!CJ18HID1aSRMY
TaJibHO-O,lUIOpO,n;HHX Bl:l,Il;OB ROJie6aHD B pesoHaTopax R Il9pRO,JJ;Wl:8CRRX CTpy

RTJpax. 
B IIp8,JJ;IIOJIOllt8HRlI O 6eCROH8'1HOfi llpoBO,n;HMOCTR M8TaJIJIH'l:8CRlIX noBepx-

HOCTeii pesoHaTopa r aTa sa,na'ia HMeeT Bl:l,Il; 

L - <>L'i> .. ·«?J 'i)z ,. \: r-- (4) ,Uc:A'k L :-"• - r., - - - , 0.,x.,/ """L. 
« > ~ 71-1 ,,., -;,,-t . 

3Ha'i9IIB8 c:J. = l COOTB8TCTBY9T OC9C.l:lMM8TpH'l:HOMY CJIY'i8.IO, a o( = 0 - npo-
,II;OJll,HO-O,lUIOPO.lUlOMY. fpaIIB'iHHe yCJioBHJI ,JJ;Jill iw~ 2-<- SalllICHBa.IOTCJI 

~u I = o ,JJ;Jill 
'c) h, r 

·E(l-i) BOJIH. u.l-=o ,JJ;Jill 
I f 

HU:=) BOJIH. (5) 

Ha rpawrn;ax CRMM8TplilI O6.naCTR CTaBJITCJI YCJIOBRJI,COOTB9TCTByx:ll\R8 
cRMMeTpRR IWHR~ U • IlpR ·i1 = O B c~ae d. = l llMeeM U( o) x,.): o, 

B nepRO,JJ;H'l:8CRRX C CRMM9TpH'l:HHM nepRO,II;OM CTIJYRTYp8X H9O6XO,II;l!MO 
onpe,n;eJIRTb 3aBRClIMOCTb 'iaCTOTli OT c,JJ;BRra qJa3li IlOJIII tf Ha ,JJ;JIIDIY ne
pllo,n;a CTIJYRTYPH D • B aToM c~ae BOSHl!RaeT cJie,JJ;yXl!laJI cneRT!)aJII,HaJI 

sa,na'ia (Hanp., npz d.. = 1): 

L1 U::: ;\tt.:, ~:tJ/o, (1A-:i/ 0 l:, ZA:(o,JC.l)::c/7,t=-1,2- (6) 

..... . ( 1:,, '.E 
._.1 U., - . ,! / I! -- - 0. 1,.(.z .::=o l( . I I 
? ~ LL-=11 1-z.=i' . 0 ,-) 

Ln,. --
. ;:; "J~ 

- "".) e ){ u ) 2 I 

-= 0 (7) 

i:hff.j;( 1-l~, 
i 1 = D/2 

llHTepec npe,n;cTaBJllIJDT MmlllMllJU,HHe p co6cTB8HlillX sHa'iem R co-
OTBGTCTBymµre llM co6CTB9HHHX \PYH~ sa,na'i (4)-(5) lI (6)-(7). Hcxo
,n;g RS Tpe6oBaHRtt R TO'iHOCTR Bl:l'IBCJI8Hl!ii ll CpaBHlIT8JII,HOro aHaJIRSa cy
~9CTBYJCl!Ull M8TO,JJ;OB pemeHRJI 3TlIX sa,na'i, ,II;aHO o6OCHOBaIIB8 BH60pa npe,n;

JIOllt9HHHX M8TO,Il;OB. 
CJIOlltHOCTb pemeHRJI sa,na'i (4)-(5),(6)-(7) o6yCJioBJieHa cJia.JJYXlllllM: 
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I. Ha.mPme RPRBOJIHHeihmx J"IaCTROB ~ r o6JiaCTR .Q H ycJio
BH8 HeIDwmHa Ha 3TOH rpamme. 

2. B p!I,ll;8 c.cy,.aeB CYII!8CTBym RpaTHH8 HJlH 6JIH8RR8 co6CTB8HHH8 
8Ha1Ierum. 

3. ,lI,rui B!PmCJ18Iillll CII8RTpaJII,HllX xapaRTepRCTHR, TBiraX,RaR ,TJ;O6poT
HOCT!,, MOII\HOCT!, IIOTep:r, B IlpOBO,TJ;lmUDC IIOB8pxHOCTJIX, sanaceHHBJI 8H8pl'RII R 
.IQ>,,Heo6xo,TJ;HMo o6ecnei:mT:r, Bl:lCOeyJO TO'IHOCT!, Bll'mCJI8HHH RaR co6CTB8H
HWC SHa'!eHd, TaR R co6cTB8HHHX !pYHR~. 

0TM8'!8HO, 'ITO IlpR 'IRCJ18HHOM pememm 8THX 88,IUl'I HYJ!lliO IIOCTp0llT!, 
Bl:li:mCJIHT8Jl!,Hl:l8 CX8MH BblCOROro IlOp!JJJ;Ka TO'IHOCTll ll Bb16paT:r, ajq}8RTRB
HHH M8TO,TJ; pememm aJire6pan-qecRott sa,n;a'IR (3). Ha OCHOB8 T111aT8JI!,HO npo
B8,TJ;8HHOro aHaJIH8a p!I,ll;a CYII!8CTBYJ[IIIRX M8TO,TJ;OB ll IIporpaMM B ,TJ;RCC8pTa.Inm 
Ilp8,TJ;JIOJ!t8HO aIInpORCRMRpOBaT!, 8Tll sa,n;a'lll: BOC:r,r,my8JIOBHMR ll8OIlapaM8Tpll
-qecRm.m ROH8'lllll:lMR 8JI8M8HTBMR, a ,lf)lfI pemelill/I 88,IUl'IR (3) llCIIOJI!,8OBaT!, 
M8TO,TJ; llTeprunm IlO,TJ;IlpOCTpaHCTB (MIDI), pasBRTmt B pa6oTax PyTncxayse
pa, Ea.ca, IlaPJI8TTa. OCHOBHl:IM maroM MIDI .IIBJlli8TCSI pemeHRe Ha R8llt,Il;Ott 
:e:Teprunm cncTeMH JmHeihmx aJire6pan-qecRHX ypa.BHeHRii c MaTpm:J;ett At,. . 
,lI,rui ae60JII,moi pasMepaocTn aToii MaTpRJ:Ol ("'1500) y,TJ;o6ao BOCIIOJII,8OBaT:r,
CSI IIp1IMW,4 MeTo,TJ;oM pememm, ocaoBaHHID4 Ha ee ,TJ;eRoMIIo8:m:J;HR A,..,, L,':D,. Lt, 
L 1,. - Bep:xwm TpeyronHaa: MaTpm:J;a c e,TJ;RR:m:J;SMR Ha ,TJ;RarOHaJIH, D,. - ,TJ;Ra
rOHaJll,HBJI MaTpm:J;a. PeaJIHsarnm: 3Toro paMOX8Iillll Tpe6yeT xpaHeHWt TOJI!,
RO :aepXHeii IlOJIOBRHH IlpO(.PHJI!i MaTpRJ:Ol A 1,, , 'ITO IlpRBO,T.l;RT R CYII!8CTB8HHO
MY YJ,(8R!,ID8Hllll Tpe6yeMott IIBMllTll 3BM. 

Blidop TaRoro cnoco6a pemewm nocTaBJiewua: aa,n;a-q npe,D;IIoJiaraeT. 
paspa6oTey aJirOpHTMOB ,lf)lfI aBTOM8TR'I8CROro IlOCTpO8Iillll C8TIDI, nepeH3"Me
p~·ysJIOB C8TRll C I.l8Jl!,ll MmWMl!8~ ,TJ;JlRHH Ilp~liLllli MaTpm:J; Jlt8CTROCTll 
Ai. :e: r.mccs Br. , me BOCCTaHOBJleRHe ns JIORaJIJ,HHX (Ha RBlE,Il;OM aJieMeH

Te) MaTpm:J; Jlt8CTROCTll ll MaCCH ll T.,TJ;. Bee paspa6OTaHHH8 aJirOpHTMbl pea-
Jm8OBaHH B IlaR8T8 IIpRRJI.8,I1;Hlil nporpaMM MULTil!ODE • Ilpn 8TOM oco6oe 
BIUIM8Fll8 Y,TJ;8JI8HO MOOHJI!,HOCTR nporpaMM, OCYDt8CTBJl8Hml ,TJ;illlBMH'i8CROro 
pacnpe,tt8JI8RHJi IlawITH, Ilp0B8,T.1;8Hm) BWmCJieRHi! C ,ttBOi!:Hol TO'IHQCT!,ll IIpH 

. HCIIOJII,so:aamm 3BM capo EC. KpoMe aToro, O6ecne1IeH (np:a: Ha.mttnm co
OTBeTcTBYJ]lll!IX YCTpOICTB) ~ecRd BHBO,tt 1)85YJII,TaTOB padoTH npo
rpaMM aBTOMaTR'I8CROro IIOCTPO8RHJi C8TRR R nporpaMM, odpa6aTHB8mpa 
IIOJIY"l8HHH8 pesyJII,TaTH C J.l8JII,ll Bl:li:mCJ18Hml Heo6XO,TJ;Rl,lliX BTOpR'DIHX B8Jm
'IHH. 

1IRCJiemme 3RCII8pRM8HTH np:a: pememm 38,lta'I, JIM8DIUIX aH8.llllTR'I8CRO8 
pememi:e~ Ilp0B8,tt8RH Ha IIOCJ18,TJ;OBaT8JlliHOCTJIX B,lt'B08 :a.nozemmx C8TOR.Olm 
IlO,TJ;TB8p,ttBJm T8Op0TR'I8CRYJl TO'IHOCT!, BWDICJIHT8JI!,HHX CX8M, EOTOpBJI .lm

Jlll8TCJI B8JmlD!BOI 1i8TB8pTOro IIOlllJ,ltRa OT mara C8TRR. Ilp:a: paC1i8T8 peso
aaTopo:a,,lf)lf! ROTOpiX CYlll8CT:syllT SRCII8PBM8HTaJI!,H1i8 RSM81)8RHJi, IIOJIY"l8HO 
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COBila,ll;8Hll8 paC1!8THl:lX ll 3RCII8pl:lM8HTaJII,HllX p03YJII,TaTOB C TO'IHOCTJ,ll 
10-4 ~. CpaBH8RH8 pesyJII,TaTOB BWll!CJieliRtt no IIIIIl MULTIMODE 

C P93YJII,TaTBMH CYII!8CTBYJ[IIIRX IIpOrpaMM Ilpll RCilOJI!,8OBaHIDI O,TJ;RHaRO.BllX 
3BM ,lf)lfI pac1IeTa o,TJ;Horo H Toro 1te pesoaaTopa, noRasa.no; 'liTO ,TJ;OCTIDKe
HRe O,TJ;mlaROBOI TO1iHOCTll OCYII!8CTBJlll8TCSI Ilp8,TJ;CTaBJlll8MHM IlaR8TOM B 10-
-IO□ pas 6HCTpee. 0TM8TRM. 'ITO IIIIII MULTIMODE ' B OTJIH'IR8 OT paaee 
paspa6OTaHHHX IIaR8TOB aHMOrR'IRoro HaSHa1IeHIDI,IlOSBOJUt8T pacc'lliTHBaT!, 
nepllO,ttR'I8CRll8 CTpyl(TYpi (sa,n;a-qa (6)-(7)), 'ITO ,TJ;aeT IIpmmmniaJII,HO HO
Bble BOSMOJltHOCTll IIpO8RTll!)OBl!\llKaM pesoHaTopHOH '!aCTll JmHefumx YCROPllT8-
JI8!. 

BTopaa: 'IaCT!, ,ttllCC0pTrunm IlOCBm!l8Ha paspa6OTR8 M8TO,TJ;OB 'IRCJI8HHO
ro pemewm cneRTpam,Hott sa,n;a,m ,lf)lfI TpeXMepHoro YpaBH0Iillll IDpe,D;RHrepa, 
COOTB8TCT:eyIIIl8ro RBaHTOBOM8XaHll'I8CROfi CHCT8M8 Tpex 8apmlt8HHWC 'IaCT:m:J;. 

B rJiaBe Il "YpaBHeHRe_lllpe,IUmrepa·cncTeMH Tpex -qacT:m:J; c eyJioHoB
cRl!M B8anMO,TJ;8HCTBll8M11 BblBO,TJ;RTCJI cneRTpaJII,HBJI sa,n;a-qa ,lf)lfI OIIp8,TJ;8JI8Iillll 
8Ha'!eHd saeprnn CBJISaHHHX COCTOHHRH RBa.I:ITOBOM8XaHR'I8CROtt CllCT0Mli 
Tpex -qacT:m:J;. COOTB8TCTBYJ(lll88 YpaBH8Hll8 lllpe,D;RHrepa B Ilp8,TJ;CTaBJI8Hllll 
noJIHoro MOMeHTa J no.ny-qeao B cqiepoH,D;aJII,HHX ( J; ~, /? ) n rmiepcqie
pll'!ecRmc ( «., & , ~ ) ROOp,ItWiaTax. PaccMOTpeHH CJIY'IaH J = 0 n J = I, 
HaH6oJiee BamiH8 npll ll8J"I8Hlm Ilp0I.l8CCOB MllOHHOrO RaTaJmSa JI,TJ;8pHHX pe
~ llSOTOilOB BO,TJ;Opo,D;a, a Ta.IOJt8 ll ,lf)lfI llCCJI8,TJ;OBa.HllJI reJIH8BOIIO,TJ;O6Hl:lX 
CllCT0M. B rmiepc~epll'I8CRHX ROOp,D;RHaTax Ilpll r = I Heo6xo,TJ;HMO Hai!Tll 
'IRCJIO t < 0 l! B8RTOp-!pYHI(InII) F{J, 0, r,.): ( f:o (.,1, (1, 'KJ, F~ CJ, tl ,,d) , 
y,TJ;OBJI8TBOpmJ!ll118 CllCT8M8 YpaBH8Hd 

{(:; :J. ( :.' :,)}(:)= f (: :){;:) 
(8) 

1 - ' :i ' <bl.- 'J -l l - J. ( 'v 'l. I" :! ' . ,:J ~ 'i) ~ -::,)· r,TJ;8 - - - - - II. I, ·- ~ = - - - ,nae f,bv - +-<'\,; - filli .J:. - ~,. t 'i>K 2 1i > T ·,r1. 'I A>t' (It/ ~ ~ :.. 

~' ~-.1. l 'k,c.,..2.J r;,10 2 - -re. 1 Qo/_ 
) 'r = ')j ~ • "' 

~ r:11..i s,nv., 
<f 

V, ·= .L V ~ ~ ) ~ -= - .cols t7 ) V = ..L Vt 
C' 'R ?..Zj;,,j e.'-{;1/5i 2 i 

2. 
) 

'°R 2
J;t,~ s:h& 
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,,_ 
V~ .~M 

~. .l . ,h J 1 · l- 1 J~ t.,IJ° :j, • 2 fj '-"6;1 ,~e • [ '] \ lA <,}. 
J::(l.,t 

3'A0C1, l,1 H l i - aapsI.IUI TmK8JIWC 'laCTHU, ( le = -I), a ROHCTa.HTH M , 
Yh

1 
([ .. ) Ii- onp0)1.8JlfilJTCJI '181)83 Ma.Celi /\f,,~ µ<- :.r M<- paccMa.TlJHBaeMHX 

'laCTHU. He3amJ:CHMhl8 II81)8M8~8 H8M8HJDOTCJI B 06.118.CTH J2.::: 1 r., .!o d ~ ~} 
o ~ O ~ 'ir , o ~ I<- .. ;;,-, j , l - rID10p:pa.n:.ryc c:.rcT8Mli. I'pa.IDI'l-

Hli8 YCJIOBIDI, Y'IHTliB8JOO!li8 R01)1)8RTH08 IIOB8)1.8HH8 BOJlliOBOil g)ym(rnm: F , 
IIOJIY'l8Hli H3 HCCJ18)1.0Ba.HM nOB8)1.8HM 4JYHRD;m 7: v. , ,;, = 0,1,2 B6Jm:-

1,, 

3M ~ 06.118.CTH _fl. H HM8m Bli)I. 

A, .. L) ilF( t,m >,n«-.-"O 
J. -')Q:• •~,J. I 

lm 'ls ~F; - -o 
'K·)() 'i)~ - J 

l.,. i:,,,0 'Z'Fo.:O; F,(ol)o/~).:i;(J,n/l)..:o, 
0 ·)a,, v0 

. -:: 0, 
F; l'"R.~1.-.. >>i 

t" o.., .1. 

(9) 

(IO) 

IlOJJY'l8HO Tal0it8 ypaBH8HH8 llip8)1.HHr8pa CHCT8Mli Tl)8X 'laCTHU B cqi0-

l)OH)l.8Jll,HliX Roop)I.HHaTax ( 'J , 7 > R ) => R - paccTOJIHH8 MeJK,Izy' 'laCTimaMH 
0.. li (5 • B OTJJ1Pm8 OT (8), COOTB8TCTB~ on0paTop T CO)l.8plKHT CM8-

Wa.HHli8 npoH3BO)I.Hli8 no II81)8M8HHliM ·~, R H. ~- , R • IlpH nOMOIIlli n0-

p0xo.na OT ROOp)I.HHaT ( f , ?. , R ) K ROOp)I.HHaTaM ( l, 'l > P-. ) , 1 -
rHII0p:pa.n:.ryc CliCT8Mli Tl)8X 'laCTHU, nOJJY'l8H Ra.HOHH'l8CKllli BH)I. 3TOro ypaB
H8HIDI. IloRa3a.HO, 'ITO BO BC8X paCCMOT1)8HHliX CJJY'IaHX COOTB8TCTBYl(lllliil 
)l.liqJql81)81IWi8.J11,Hliil on0paTOp .flBJI.ff8TCJI CaMOCOI!pfDK8HHliM H BliB8)1.8Ha Bap:.ra
~OHH8.ll nocTa.HOBRa 3THX sa.na-q. 

l'JiaBa lli "llliCJI8HHli8 M8TO)l.li p0W8HM Tl)8XM8l)HOrO ypru!p8HM llip8)1.HH

r8pa IIyT8M 0ro 1)8.nyRrnm: R CHCT8M8 06liRHOB8HHliX )l.liqJql81)8HIJ;li8Jll,HliX ypaB

H8Hllli11 IIOCBfilll8Ha paapa6oTR8 0)1.HOH MO)I.HqJHRarnm M8TO)l.a KaliTOl)OBH'la. 

B .D.a.HHOM no.nxo.n.0 npe)I.Jlara0TCR p0m0HH0 sa.na'lll (8)-(IO) F { d, 0) ~) 
pa8JI0.lltliTb B p!I)I. no co6CTB8HHliM g)ym(~ cn8RTpaJ!bHOli 3a)l,a'lli 

i(-.~~ 'T~1). + (Ve V1) L{·~o)= E('K)(·, ')(<p•)· 
IO; i V, V~ J cpj O l <1JJ . (II) 

IO 

3'A8Cb C06CTB8HH8.ll ~ <P {J, f91 •~).: ( rJ,,,, c/>.i.) ~)I.OBJ18T~OJl!!8T ~ 
ycJIOBMM (9), ycJiomrn OlJTOHo:pr.m:poBaHHocT:.r j 7: (¢? • cP," t (J); <b., JJ.id0.~. 

j (> ,I. • I tJJ 
-0., :: { Cl !:ol ~ r.) 0 ~ {)~'ii 1 li 3al!HCHT OT rIDl8p:pa.IOiyca ~ RaR 
oT napaM8Tpa. IIo.ncTa.HoBRa qioJ)M8Jll,Horo pasJIOJK8HM p0m0HM sa.na'lll (8)
-(IO) 

Fol..t>0>'H= o/ }: (1?) cp~(..<, 19;~), Fi (J, 0,'K).· 1- f, ('K)(/).1..(ol,GJ,'K) (12) 

B COOTB8TCTB~ Bal)li~OHHliil gJYHR~OHaJI H 0ro llmHliMll3a.IJ;IDI Ill)HBO,wIT 
R 68CROH8'lHOli CHCT8M8 o6liRHOB8HHliX )l.liqJql8p01IWi8.J11,HliX ypaBH8Hllli )I.JlJi on-

1)8)1.8Jl8HM 8Ha'q8HWI 3H8l)I'lm i H R03<Wl~8HTOB }::: { J,W¥pa3JIOJK8HM (12). 
3Ta aa.na11a. 3anHCliBa8TCJi B BH)l.8 

1 r .1_ J.. 'R oL " t U1 + Q Jy: - ..L J. ·to i r -
, 2 -i~ J~ Ji .r . j~ r 1i ~n. . s "' f- - 1 1 (13) 

11,. fnl J J " I .. f) ~ t m /\ -- = 0:, J' 'b t'K - l · (14) 
~ ~i ~ ~-
f- "'>O u f(] 

3Ix})8RTHBHli8 noT8HitJ,l8Jll,I li L{ Bli'IHCJlfilJTCJI no qJOJUYJiaM 

?J,fj(C~.>= j f 't(ucb/ 'Jcl>0 .; + )q,/?d/);.,1~n Jfr-.. .. i.), 
. ..(2, pi{ vi '1~ ol Jc. C7+ 2\'"..i ~1;;, 1-..J O;J·• 

Q (. · ,..._ .- j · .i , • (15) 
;.; = l- b; ·) Gl... Q· •. .,,, .. .1. 't ( ti>,' ~ . d> ... ;)d,/) J,.J Ip_ 

J •J > •J . [2 L ~ t' I -- ,vf, i;/, _, I . - ~ . ~ .l , ? f; u~ 
t.l - 1

" ' /I J II, (" ) /l'l .Ii 
Ilpli 8TOM BliIIOJIHJllOTCJi YCJIOBlm i,t.;_; ('R):: Vlj ~ ~ > l:x;J·(~) -=- U',.,·(~J • 
B OTJmlllI8 OT HCnOJ!b3Y8Moro paH88 pa3JIOJlt8HM pem0HW1 B Cql8l)OH)l.aJII,HliX 

KOOl).u;RHaTax ( 1, '11 R ) no BOJlliOBW4 ~ sa.na'lll lJ$YX 1{8HTl)OB' 
Sa)l,a'la. (8)-(10) HM88T TOJ!bRO .u;RCK1)8THllii cn8RTp, 'ITO n03BOJill8T OJKH)l.aTb 
6liCTpyll) CXO)I.HMOCTD :pg,ltOB (12). 

P0a.n:asanim 3TOii MO)I.HqJKRarnm M8TO)l.a KaliTOl)OBH'la Tp06y0T paspa6oT

Rli M0TO)I.OB Bli'IHCJI8HM T8p.lOB E i ( 'R ) H COOTB8TCTBYJlllliX BOJIHOBHX gJYHR
D;m (/), ( ,.)

1 
(J ~ 1() , 3<Wl8RTHBHliX noT8~0B 1,<,·~ C'R), Q; · (~) 

:.r p0m0Hwfaa.na,m (13), (14). ~ 
P0m0HH0 38,ll;a'lli ( 9)-(II) H BH1DICJI8HH8 MaTpli'IHliX aJI8M8HTOB V ;J· (t) 

H () · .~) OCYl!l8CTBJIIJJIOCb IIyTeM l)a3BHTM 3aJIOJlt8HHliX B IIIlII MULTIMODE ·~ M8TO)I.OB, ~TO llOSBOJm:JIO IIpoRJlJllllCTl)H:pOBaTb 60JI80 WlipORH8 BOSMOlKHOCTH 
IlaI(8Ta. K pem0mm aa.na,m (13)-(14) npHM8H8Hli RB8,IU)aTH'lHll0 0)1.HOM8l)Hli8 

3JI8M8HTH, ~TO 060cn0'lHJIO BliCOeyl) TO't!HOCTb Bli'IHCJ10HHR 3Ha'l8HM 3H8p

re t . 
Ilo.npo6Ho :.rccJ10.noBa.Ha c:.rcT0Ma Ps--= e + e - e. - np:.r J = O. Bli'IHCJ10-

Hli n0pBli8 ;D;8CIITb T8:pMOB 3a)l,a'lli (9)-(II), o6HaPYJlt8Hli TO'ql(ll RBa8HII81)8-

ll 



C8'19HIDI T9p,10B. IloRa3aIIO, 'ITO llpll pememm 3a,JJ;a'lll (I3)-(I4) ~OCTaTO'!HO 
llCnOJU,30BaTb 3-5 ypa.BH8Hllli, 'lT06H nOJIY'IHTb 3Ha'l9Hll8 8H8p!'Hlt OCHOBHO
ro COCTOHHll/I ll HSROTOpIDC BHCOROB036YJK,neHHIDC COCTOSillllli C TO'lHOCTbID 
I0-4 a.e. TeM CaMIIM nO~TB9pll':,n9H qia.RT 6HCTpOii CXO,IUIMOCTll :psI.IJ;OB (12). 

EcTecTBelilillM npnMeHeHneM npe,IVIo~eHHoro 6asnca SIBJIHSTCJI pactJeT 
npouecCOB pacceRHIDI M930aTOMOB B BHCOROB036YJK,IleHHIDC COCTorumJIX, ecJm 
~~ellll:e no rHneppa,IUiycy. (pa,IUiycy) C'lllTaTb RJmCCll'l8CRllM. 

B 3TOM CJIY'Iae 3Ha'l8Hll8 T8pMOB 1:, , E _; H MaTpll'!Horo 8JI9M9HTa a.i.j 

B 0Rp9CTHOCTH TO'IRH RBasnnepecetJeHIDI T9p,10B ~OCTaTO'lHO ,nJ.1R BH'lllCJie
HIDI BepoRTHOCTeii nepexo~a P( ,'-• j) • 

B nocJISMSM naparpaqie ~aHHOH rJmBH pa3BHTH cnoco6H B~CJISHIDI 
BepOJITHOCTH pacnpe~eJieHIDI MlOOHOB no OCROJIRaM MrHOB8HHOro ~eJieHIDI RJJ.
pa M830aTOMa ypaaa H IIJJyTOHRR. liOBHM MOM8HTOM 3~8Cb RBJIRSTCR BWmCJie
Hll:9 T8p,10B E,i,(~) 3a,JJ;a'lll ltB'JX U8HTPOB H MaTpll'!Horo 3JI9M8HTa Q_ i.j 
B nOT8HUllaJI8, ~TIDlaxJllSM ROH9'1HH8 pa3M9pH SI,Ilpll. 

3Ta sa,n;atJa cyry6o .IU3YMepHM, n Ree pememm ycrrenmo npRMeHeHH 
paspa6oTaIIHH8 paII88 M8TO~. 

B I'JlaBe IY "trn:cJieHHoe pemeHne TpeXMepHoro ypa.BHerurn Illpe~epa 
CSTO'llWMl! M8T0~8MH" npe,IJ)Ifil'a8TCJI HOBlm no,IOCO~ R B~CJI8HRID 3HatJerutii 
BHepr:im: H BOJIHOBHX WYHI<unil CBRSaHHIDC COCTOIDlllli RBaHTOBOM8:xrumtJ9CROil 
CHCTSMH Tpex saproiteHHIDC tJaCTRU. B OT.7Ili'lll8 OT Cyn\8CTeyDlllIX M8TO~OB 
ee pemeHIDI (pa3Jm'lHH8 MO.I(HqiRRanim M8TO~a KaHTopoBll'!a H BaPHanROHHHe 
MSTO~) B ~ccepTanim npe,IVI~0HO pemaTb STY s~-qy B H8ROTOpoii cne
UHaJU,HO BH6paHHoii ROHS'lHOii o6JmCTll .o,~ll3M8H9HRR H838.BllCllMHX nepeMeH
HHX, Taxott, 'ITO d ,-,, .., S2.._ ">> i , a 'lllCJieHHoe pemeHne sTott npo6JieMH npo
BO~Tb no MSTOJtY ROHS'!HIDC 8JI0M8HTOB. B 3TOM CJIYliae TO'!HOCTb llOJIY'I8H
HOro pemeHRR M~O OU8HHTb rrpn IIOMOIIlll o6meii Teop:im: MK3. B pesyJIDTaTe 
arrnpoRCRManim npruco,IUIM R o6o6meHHoii aJir86pall'l9CROii npo6JI8M8 co6CTB8H
HHX sHatJeHllil (3) .IT,1IH MaTpnu At. n B "- , pasMepHocTH Hecxom,xo ~ecRT
ROB THCR'l. 0CHOBH8JI TPYMOCTb peaJIRsanim 8Toro no,IOCo~a COCTOHT B pa3-
pa6oTR8 sqq>SRTllBHOro MSTO~a pemeHIDI tJaCTll'!HOii npo6JieMH (3). 

B ~CC0pTarnm ,nJ.IR pemeHM 3TOH 3a,D;a'lll RCnOJID3Y8TCR M8TO~ llT8pa
U:IIB aJU,T0pHllpyl[llU'IX no~OCTpaIICTB (Mll.AII). Mll.AII - 3TO M8TO~ ,nJ.IR OMO
Bp8M0HHOro BWmCJISHIDI MIDIBMaJU,HHX ~ co6CTB8HHIDC 3HatJeHllii ll COOTBST
CTBynIUDC RM co6CTB9HHIDC BSRTOPOB 3a,D;a'lll (3) npn nOMOIIlll MllHllMll3anim 
WYHRUROHaJm PaJIM-PllTua B cneUHam,Ho BH6paIIHHX rro~ocTpaIICTBax 
(am,TepHllpyllllUie no~poCTpa.HCTBa) Ha nocJie~oBaTSJIDHOCTRX BJI~eHHHx 
CSTOR. B rrpe~OJI~emm O npOCTOT8 co6CTB8HHHX 3Ha'l8Hllii sa,n;a'lll (3) 
~oRa3aIIa TeopeMa O CXO~OCTll Mll.AII. 

PaccMoTpeHH pas.7Ili'lHHe cnoco6u rrocTpoeHRR am,TepHllpyl[llU'IX no~
npocTpaHCTB. B tJaCTHOCTH, llpll llX IIOCTPOSHHR Hae~ opTax npe~-
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JI~8HH BH'lllCJlliT0JU,Hli0 cxeMH, ~onyCRaia!ill0 pemeHHe sa,n;a'lll npll HCllOJU,
SOBaHHll napaJIJISJU,HHX BWmCJillT8JU,HliX CHCTeM. Oco6oe BHllMaillle y~eJISHO 
BOllpOCaM onTRMH3anim BH'lllCJillTSJU,HHX 3aTpaT. Ha npRMepe MO~SJIDHOH 
3a,JJ;a'lll noRa3aHO, 'ITO npH HCnOJU,30Balillli BJIO~SHHHX C8TOR Heo6xo~oe 
Bp8MS! 3BM ,IV.lR pemeHM saia'lll Ha R8.llt.IJ;Oii C9TR8 JillH8HHO 3aBllCHT OT 'lllC
Jm Y3JIOB C8TRll. 0TM8TllM, 'ITO MaRCllM8.Jll,H00 'lllCJIO YSJIOB B pactJeTax 
paBHRJIOCb 33792. • 

Paspa60TaHHHH M8TO~ npllM8H0H R B~CJI0Hm0 3Ha'l0HIDI BHepr:im: H 
BoJIHoBHX WYHI<unil cBRsaHHHX cocTOJlHllit MesoMoJieeyJI JJ1, H l {r 
npll 3Ha'leHHR noJIHoro op6HTaJU,HOro MOMSHTa .f = 0 H 3Ha'l0Hllll 3H8prHH 
OCHOBHoro COCTOHHll/I M830MOJI0RYJIH . ,,I 6 .}'l npH J = I. IlpH arrnpORCllMaU:IIB 
YpaBH0HM lllpe~repa, 3anllCaHHOro B cqiepotmam,HHX ROOp~aTax ( '!, > 

12 1 R ) , HCnOJID30BaJillCb TpllJillH0HHH8, TpllRB~Tll'IHH0 .1.18.I'paHJK8BH0 3JI0-
M8HTH H 20-ySJIOBHe Cllp0~0BH0 8JI0M0HTH. B Ta6JIRU0 npllBe~eHH pesyJID
TaTH B~CJI0HRR SHa'!eHRR eHepr:im: c,~ OCHOBHoro COCTOJIHllR M0SOMOJI0RY
JIH tU.;. npn J" = I. PemaJmcb sa,n;a-qa (8)-(IO) B cqiepo~am,HHX xoop~
HaTax. B Ta6JIRUe l 1 , Li., L:\ osHa'laIOT 'lllCJIO RHTepBaJIOB B HanpaBJieH:im: 

1 ' 'l ' R ' Nt - 'lllCJIO 3JI0M8HTOB' Iv - 'lllCJIO Y3JIOB C8TRll, 
NN' - 'lllCJIO H8ll3B0CTHHX, m - 'lllCJIO llT0paunil Mll.AII Ha R8.llt.IJ;Oii C0TR8. 

Ia~,mma 

L, L2 Li ife. tr Ntv m - t,'"'? 

5 2 6 60 330 456 4 0,523950 

IO 4 I2 480 2280 3720 5 0,541444 

20 8 24 3840 16800 3II92 5 0 1542ns8 

ol..:fri. 
4 • kl, i . 31lQ-,. t,., -~;" / .2 = .ti - t "' = 0 15428202 

. •l,l t:, i;;-., t ,.· • ;11 

Alia.mis pesyJIDTaTOB noRa3HBaeT, 'ITO TO'!HOCTb B~CJieHllii oneHRBa-
8TCJi B8JIR'lBHOii 3,I0-5 a,e., 'ITO COOTB8TCTBY8T TO'IHOCTH 5•10-2 SB, 
CpaBH0Hll8 SHatJeHHR ~,-(->B) = -232,38 C .D;PYI'm.ffl ll3B8CTHHMK :pesyJIDTaTa
MR no~TB0plll',D;a8T STY TO'lHOCTb. 

B ROBIJ;e rJmBH npHBe~eaa MO~aURR r.mAil ,nJ.IR pemeHM CllCT8Mli 
JIRHe:l!ma aJire6pall'lecxmc ypamieHllii c ~Tpnueii A e., • 

B aax.nmemm .n;nccepTau:im: (l)Op.!YJmpym'CJI pesym,TaTH llp8ACTaBJI8H
HHX HCCJie~oBaHllii. 

• 
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ill, 0CHOBlill8 pesy.m,TaTH n BHBOJIH 

1. !IOJJY'18HH BWIBCJillT8JII,Hli8 CX8MH !!!8TB8,PTOro nopH.IU<a TO'lffiOCTH 
,n;JJJI pemeHIDI cneRTpa.m,lillX sa,n;a~ c nepeMeHHHMR ~oajqimnreHTaMH B c~OJir.
HllX ;IU3YM8.PlillX o6~aCT.fiX li3M8H8HIDI H83aBliCl'!MllX nepeMeHHllX. Ha OCHOB8 
paspa60TaHHHX M8T0,11;0~ n aJII'O!)liTMOB C03,11;8.H cne~aJIE:3:ll:]?OBaHHHH naReT 
IIpliR~a,n;HHX rrpor_paMMMULTIMODE ,n;JJJI orrpe;n;e~eHIDI C BliCOROfi TO~HOCThID 
a3IDzyTaJII,HO O;n;HO!)O~X cneRT_paJII,HllX JrapaRT8,PHCTlm OC8CliMM8T.P~ 
pesoHaTO!)OB li nepno~eCRliX YCROJ:l!Il!IIUIX CTpyRTyp. 

2. Cq>oJ?MY~OBaHH cneRTpa.m,HHe sa,n;a~ ,n;JJJI orrpe;n;e~eHIDI sHa~eHHfi 
3Heprlili li BO~OBHX ~YHR~li CBJI3aHHllX COCTOJIHirli CliCT8Mli Tpex sapmiteH
HllX ~acT~ B c~epol'l,ll;a.m,Hmc ( '!,, 'l, R ) H B rHIIepc~epH'l:ecRHX ( ol, IJ/K. ) 
ROOp~aTax. !IOJJY'18lili BapR~omw:e qiyBR~OliaJibl H Ha liX OCHOB8 BliB8,11;8H 
R8.H0~8CRlili Bl'l,ll; COOTB8TCTByn:tero ypaBH8HHII IDpe~epa. 

3. Ilp8MOZ8Ha H p8aJIE:30BaHa MO~lm~ M8To;n;a KaHTOpOBH'Ia ,n;JJJI 

~MeHHoro pemeHIDI sTofi sa,n;a~n rryTeM pas~ozeHIDI ee pemeHIDI no ;IU3YM8P
HOMY rliIIep~epH'l:eCROMY 6asncy, orrpe;n;e~eHHOMY B ROH8'1ffi0li o6~CTli H3-
M9H8HHII nepeMeHHHX ol n () • 

4. Ha OCHOB8 M8To;n;a rpynnOBOH pe~c~ n ero a,n;arrT~ Ha 
R~cce MHOrOM8pHHX cneRT_paJII,lillX sa,n;a~ MaTeMaTlft!8CROfi ~HSHRH B ~CR
peTHOM rrpe;n;cT~eHHH paspa60T8.H HOB!Ui M8TO;n; pememm ~aCTH"IHOfi o6o6-
~8HHOfi aJII'86~ecRofi rrpo6~8Mli co6CTB8HHHX 8Ha~emn1 ,n;JJJI CliMM8T.PB"llWX 
no~OZHT8JII,HO orrpe;n;e~eHHHX ~8HTO'lffiliX MaTp~ 60.m,mofi pasMepHOCTH. ,ll.oRa-
88.Ha CXO'AHMOCTh M8To;n;a H HCC~e;n;oBalili BOIIpOCli ero onTHMaJII,HOfi pea.nn-
8~. 

5. Ha OCHOB8 e~ott arrnpoRC~ BOSHHRaJJIIHX sa,n;a~ no M8TO,Dy 
ROH8'1ffiliX 8~8M8HTOB H C nOMO~hID paspa60TaHHHX M8T0,1l;OB, aJII'OpHTMOB H 
nporpaMM nOJJY'18H PH,!( HOBliX ~H8lft!8CRHX pesy.m,TaTOB. 

6. IIpeMOJir.elllill.H e~Hfi no.nxo;n; R ~c~eHHOMY pemeHHID MHoroMepHHX 
sa,n;a~ Ha co6CTB8Hlili8 SHa~emm .fIBJ1ll8TCH OCHOBOfi ,n;JJJI paspa6oTRH HOBliX 
M8T0,11;0B pemewm: cneRT_paJII,HliX H H8JIHH8fiI!lix sa,n;a~ MaT8MaTH'l:8CROfi WHSll
RH. 
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