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OIIUCAHUE

IIEHTPAJIBHBII TEHEPATOP PUTMOB /IS TEHEPALIMH CUTHAJIOB
YIPABJIEHHS IOXOIKOM IIATAIOIIETO POBOTA|

[Texunueckas o6aacth

[0001] U300peTeHne OTHOCUTCS K KOjeOaTeabHbIM CHCTEMaM M MOXKET HCIOJIb30BaThCs B
pOOOTOTEXHUKE Ui TeHepaliy CHTHAJIOB, 3aar0IINX TMOXOIKY Iararllero podora, a
TaKXKe JUId YTPABJICHUS PEKUMAMH TOXONKH (HApUMep, MEePeKIFOYeHUEe MEXIy

pekuMaMu «xoap0ay/ «ObicTpast xoapbay/ «oery»).
IIpenmecTByromuii ypoBeHb TeXHHKH
[0002] B HacTosmeit 3asBke Ha U300pETEeHHE UCTIONB3YIOTCS CISIYIOIINE MTOHSTHUS:

[0003] LleHTpanbHBIA Te€HEPATOp CHUTHAJIOB, KOTOPBIH MpencTaBisieT COOOW TeHepaTop

MaTTePHOB PUTMHUYECKOIO CUTHAJIA, AAJIEE MO TEKCTY — LIEHTPAJIbHbIN T€HEPATOP PUTMOB
(LII'P).
[0004] JIuHeWHBII TUCCUITATUBHBIN KOJIEOATeIbHbIN KOHTYP — MACCUBHBIN IeHepaTop.

[0005] ABmkeHue yenoBeka W OONBINMHCTBA KUBOTHBIX — STO PUTMUYECKUH mporecc. B
HacTosllee BpeMs B pOOOTOTEXHUKE OOJNbIIOE BHUMAHHME NPUBJIEKAIOT HCCIENOBAHUS
YIPaBJIEHUS IBWKEHHEM KOHEYHOCTEH. DTO OOYCIIOBIEHO CTPEMUTENBbHBIM Pa3BUTHEM
TEXHOJIOTUH 1 HEOOXOAUMOCTBIO POOOTOB KaK B IMPOMBILIIEHHOCTH, Tak 1 foMa. Ocoboe
BHUMAHHE yJENSAETCS HCCIEAOBAHUAM B OOJIACTH YIIPABIEHUS KOHEYHOCTSIMH POOOTOB,
KOTOpbI€ HAIMpaBJIeHbl HAa KOHCTPYUPOBAHUE IBIXKYLIUXCA MEXAaHUYECKHUX H
OMOHMYECKHX YCTPOMCTB, CIIOCOOHBIX pewaTh CIOXKHBIE 3aJa4i B PA3JIMYHBIX YCIOBUSIX
okpy:xaroteii cpenst [1-8]. UccaenoBanus B faHHOW 00JaCTH MPUBENH K MOSBICHHUIO U
Pa3BUTHUIO LIEHTPAJIBHOTO KOHTPOJUIEpa, TaK HAa3bIBAEMOIO LIEHTPAJbHOIO IeHepaTopa
putmo (LII'P), KOTOpBII TreHEPHPYET PUTMHYECKHE KOMAHIbI U  YIIPABIICHHS

JABUKCHUSMU.

[0006] B mpocreiiiuem cinyuae Ui yOpPaBICHUS IOXOOKOH pobOTa HMCIONB3YIOTCS
ocLUMJIATOPbI, Hampumep ocuuuiAstop Ban nep Ilons. B nanHOM ciydae curHaibl C
OCHMIIIATOPOB, BXoasammx B LII'P, momarorcs Ha OTAENbHBIE COWIEHEHHs («CyCTaBb»)
IIATraroIero podoTa M ONPEAeNsIOT COOTBETCTBYIOIIME YINIBI IIOBOPOTOB 3BEHBEB
KOHEYHOCTeH. Takme OCHMIUIATOPBI OTBEYAIOT 3a BBIPAOOTKY MPABUIIBHOIO pPUTMA

ABUXKECHUA OJIs1 KAKAOT0 CyCTaBa HAa OCHOBEC CTCHCPHUPOBAHHBIX ITATTCPHOB.



[0007] Baxneitmum csoiictBoM LII'P siBnsiercst crabmiibHasi W mpeackasyemasi TeHeparus
VIPABISIIOMUX CHTHAIOB TpeOyemMol (opMbl M aMIDIUTYyAbl, a TaKXe 3aJaHue u
coxpaHeHue TpeOyeMbIX CIBHUrOB (a3 MexIy OTHEIbHbIMU CHUTHAJIaMH. Takke BaKHA

BO3MOXKHOCTb yTIpaBJIeHuUs pexxuMoM padotsl LII'P.

[0008] M3BecTHO TexHuueckoe perneHue «Cucrema ymnpaBieHUsi, YCTPOMCTBO yIIpaBleHUs
KonebaHusIMH M Crnoco0  TeHepalUud  YIPaBSIOIIMX — CHTHAJIOB»,  MATEHT
NeUS20110015790 [9], mnpuoputer ot 04.03.2008r. WM300peTeHne mMO3BOJSET
peanmn3oBath ceTh LII'P, uMeroiyro BBICOKYIO yIpaBisieMocTh. CrcTemMa BKIIFOUYAeT B cebs
Habop otaenbhbx LII'P (CPG) u oqun 3anarommii reneparop (RG). Bee anementsr (CPG
u RQG) onuceiBarotcs ypaBHeHussMu Ban nep Ilonst, a aMIIuTy bl ¥ IEPHOABI BBIXOHBIX
CHUTHAJIOB HE3aBUCHUMO PETYJUPYIOTCS BHEIIHUM CUTHAJIOM. UTOOBI KOHTPOJIMPOBATH
pasHocTh (pa3 mexny snementamu CPG, mepuon kaxxnoro CPG koHTponupyercs: depes

coenuHeHust Mexxay kaxasiM CPG u RG.

[0009] HenocTaTkOM TakOro TEXHHUYECKOTO PEIICHUS SIBJISIETCS] TO, UTO B HEM HCIIOJIb3YyETCs
CETh, COCTOSALLAsA U3 MHOKECTBA AKTUBHBIX OCLIMJLIATOPOB, YTO MPUBOJUT K YCIOKHEHHUIO

KOHCTPYKIHHU IIPU €ro UCIOJIb30BaAHUN B MHOTOHOI'MX pO6OTaX.

[0010] Hanbonee OMU3KMM TEXHHYECKUM PELICHHEM SIBJISIETCSI YCTPOMCTBO, OMUCAHHOE B
craTtbe «lMcronp30BaHNE HEIMHEWHBIX CBS3EH B LIEHTPAJIbHOM IE€HEPATOPE MATTEPHOB!
NOBBILIIEHHE  HAAEKHOCTH 32 CYET paciuupeHuss OOJacCTH  TNPUTSDKEHHS |
MIPOU3BOAUTENBHOCTH 3a CYET YMEHbIIEHUs MepexomaHoro Bpemenwy», 2020 r. [10]. B
IAHHOM yCTpoucTBe conepxkurcss 4 ocuumuisitopa Ban nep Iloss, CBSI3aHHBIX MeEXIy
cO0OH HEeNIMHEHHBIMH CBSI3SIMU. Y CTPOICTBO paboTaeT ClaenyroIuM o0pa3oM: OTeNbHbIE
OCLMJUIATOPHl T€HEPUPYIOT YMPABJAIOLINE CHUTHAJIbL, a HEJIUHEWHBbIE CBS3U MEXIy
OCUWJIISITOPAMHU  TIOANEPKUBAOT  HeoOxonumble  (a3pl  KojmeOaHUM  KakKIOro U3

OCLIJIISITOPOB, KOTOPBIE COOTBETCTBYIOT XONbOE.

[0011] HemocTaTkoM Takoro TEXHHYECKOrO peEIIeHHs SBISETCS TO, YTO TNpU padore
YCTPOHCTBA HCIONB3yeTCsl KonedaTenbHas CHUCTeMa, COCTOsmass u3 N  aKTHBHBIX
HEJIMHEWHBIX OCLMJUIATOPOB, YTO MPUBOAMUT K YCJIOKHEHUIO KOHCTPYKIMU TeHeparopa
IIPU €ro MCHOJIb30BAHUU. Takke Takoe PELIeHUE YCJIOXKHSAET PEeATU3aLUI0, CHHXKAET

HaZIE&KHOCTh U CTAaOMIIBHOCTH F€HEPATOPa PUTMOB.

KpaTtkoe uznoxxkenue nsodpereHust



[0012] IIpennaraemoe m300peTeHre CBOOOMHO OT YHOMSIHYTBHIX HEIOCTATKOB M COCTOUT W3
OOHOIrO AaKTUBHOI'O OCHUIIJIATOPA B OTIMYHUEC OT aHAJIOrOB, Y KOTOPbLIX KOHCTPYKIH:
COCTOUT TOJBKO M3 N aKTHBHBIX OCHUJLIATOPOB PABHBIX KOJNYCCTBY KOHe‘{HOCTeﬁ,
KOTOPBIMH IUIAHUPYETCS YNPABISITh. Takke, B MpeasiaraeMoM U300peTeHUN UMeeTCs, Mo
MEHbIIeH Mepe, OIMH JIMHEHHbIH TUCCUIIATUBHBIN KOJeOaTeNbHbI KOHTYp — MacCHUBHBIHI
I€HepaTop, 3TO TMO3BOJIAET YIPOCTUTb KOHCTPYKLHMIO, MOBBICUTH HAJEXKHOCTb U

CTaOUJIBHOCTD KOJIE0ATEIbHOU CUCTEMBI B LIEJIOM.

[0013] TexHu4eckuM pe3yJbTaTOM, OOECIEeUMBAEMbIM MPUBEASHHONH COBOKYITHOCTHIO
MPU3HAKOB, SIBJIAETCS YIPOINEHUE KOHCTPYKLUMU M PACIIMPEHUE BO3MOXKHOCTEN

reHepaTopa pUTMOB.
Texnnueckas 3agaua

[0014] Texuudeckoii 3amadeld  W300pETeHHsS]  SIBJISIETCS  YNPOINEHWE  KOHCTPYKIUU
LEHTPAJbHOTO TEeHepaTopa CUTHAJIOB, TMOBBIIEHWE HANEKHOCTU U CTa0WIBHOCTH

KOJie0aTeIbHOU CUCTEMBI.
Penrenue 3agauu

[0015] TexHuyeckuil pe3yJIbTaT JOCTUTAETCS TEM, YTO LIEHTPAJIbHBIA I€HEPaTOpP PUTMOB IS
reHepaliil CUTHAJIOB YIIPABJIEHHs MOXOAKOW MIAraroIiero podoTa COCTOUT M3 OJHOIO
AKTUBHOIO OCLUMJUIATOpPA C HEJIMHEHHBIM 3aTyXaHUWEM, W IO MEHbLIEH Mepe, OAHOrO
JIMHEHHOTO IHMCCHUIIATHBHOTO KOJIeOATeNbHOrO KOHTypa — IIACCHBHOTO T'€HEpaTopa,

BKJIFOUEHHOI'O B LI€NIb AKTUBHOT'O OCHUJLIJIATOPA IMapalJICJIbHO Y€PE3 KOHACHCATOP.

[0016] Taxxe TeXHUYECKHI pE3yJIbTAT JOCTUTAETCS TE€M, YTO B IIEHTPAJIbHOM TI'e€HEepaTope
PUTMOB JIJIsl TeHEPAI[MH CUTHAJIOB YIIPABJICHHS MOXOAKON Iararuero podoTa akTHBHBIN
OCLWJIISITOP C HEJWHEHHBIM 3aTyXaHHWEM MpencTaBisieT cobol ocuwuisitop Ban nep

Tlons.

[0017] Taxke TEXHUYECKHI PE3YJbTAT NOCTHUTAETCS TEM, YTO LIEHTPAJIbHBIA T'€HEPATOP
PUTMOB JJIsl TeHEPALMY CUTHAJIOB YIIPABJICHUS TIOXOIKOH MIararimero podora ConepKuT
BJIEMEHT BHELIHErO BO3ACHCTBUS, BKJIKOYEHHOIO B LE€Mb AaKTUBHOIO OCLMJUISTOpPA

napajjicJibHO 4E€PE3 KOHACHCATOP.

[0018] Taxke TEXHUYECKHI PE3YyJIbTAT JOCTUTAETCA TE€M, YTO B LIEHTPAJILHOM T'€HEPATOpE
PUTMOB JUIsl TEHEPAI[UU CUTHAJIOB YIPABJICHHS MOXOAKOW IIArarIero podora 3JIeMeHT

BHEIIHETO BO3JIEHCTBUS MPEACTABIISIET COOOM reHepaTop CHHY COMNAIbHBIX CUTHAJIOB.



IMonoxuTtenbHbIe 3¢ (peKkThI OT H300pEeTeHHUsI

[0019] OCHOBHBIMU TPEUMYILECTBAMH MPEAJIaraéMoro LEHTPAJIbHOIO I'e€HepaTopa PUTMOB
IUIl TEHEpaLy CUTHAJIOB YIPABJIEHUS MOXOAKON IHIararoero podora, o CpaBHEHHIO C

N3BECTHBIMU TEXHUYCCKUMU PCIICHUAMU ABJIAOTCA CJICOYIOMINE.

[0020] Bo-nepBeIX, B mpenjgaraeMoM pELIEHUH HMEeTCs BO3MOXKHOCTb H3MEHSTh
aMIUTUTYAHbIe U (a30Bble  COOTHOLIEHHMS MEXKAY AaKTUBHBIM  OCLHUISITOPOM
(ocumnsitopom Ban nmep Tlons) u  JNUHEHHBIM JTHCCUINIATHBHBIM  KOJI€OATENIbHBIM

KOHTYPOM, YTO MO3BOJISIET YIPABJIATh OXOAKOH pobOTa, 3a1aBast €€ pUTM.

[0021] Bo-BTOpBIX, B MpenjaraéMoM peLIeHUH HCIIONIb3yeTCsl TeHepaTop CHHYCOUAANbHBIX
CHUTHAJIOB, 4YTO IIO3BOJISIET H3MEHATb B KOJEOATENbHOW CHUCTEME LEHTPAIbHOTO
reHepaTopa PUTMOB YacTOTy M AaMIUTUTYIy, COXpaHss (pasoBble CIOBUTH MEXKIY

reHepaTopaMu. JTO MO3BOJIAET YIPABIATh PEKUMAaMU LIEHTPAJIbHOTO T'€HEepaTopa pUTMOB.
KpaTtkoe onucanue uyeprexei

[0022] Ha ¢urypax obosznauensr: 1 — ocumisitop Ban nep Ionst; 2 — HeMMHEHHBIN 371eMEeHT
ocuwuisitopa Ban nep Ilons, 3 — reHepaTtop CHUHYCOMAANBHBIX CHUTHAJIOB. Y CIIOBHBIE
obo3nauenns Ha cxemax coorBercTBytor ['OCT 2.710-81 «Enunas cucrema
KOHCTPYKTOPCKON nokyMmeHTaunu. O6o3HaueHns1 OyKBEHHO-IIM(POBBIE B SJIEKTPUUIECKUX

CXeMaxy.
®urypa.l
[0023] CyIimHOCTb 3asBJISIEMOT0 H300peTEHHE MOSCHSAETCS YEPTEKAMU.

[0024] [dur. 1] nokazaHa oOmasi CTPYKTypHasi cXemMa MPeanaraeMoro reHeparopa puTMOB C

OJTHUM IaCCHBHBIM KOJI€0aTeIbHBIM KOHTYPOM.
®durypa.1A
[0025] [dur. 2A] mokazaHa cxema ocuuyuiaTopa Ban nep o u ero HeMMHEHHOTO 3JIeMeHTa.
®urypa.2

[0026] [¢ur. 2] moka3zaHa CTPYKTypHAst CXeMa MPEeAsiaraeéMoro reHepaTopa pUTMOB C IABYMs

[MACCUBHBIMH KOJI€OaTEIbHBIMU KOHTYpaMHu.

®urypa.3



[0027] [pur. 3] moka3aHbl SKCIEPHMEHTAJIbHbIE BPEMEHHbIE Psifibl U (Pa30BbIE MOPTPETHI
CHUCTEMbI C OJHUM AaKTHUBHbIM ocuuiuiATopoM Ban nep Ilonst um AByMs NacCHUBHBIMU

OCLIJUIATOPAMHU.
®urypa.4

[0028] [¢ur. 4] mokazaHa KapTa pPEKUMOB NPENJIONKEHHOIO TeHepaTopa MOA BHELIHHM

rapMOHMYECKHUM BO3EHCTBHEM.
®urypa.S

[0029] [pur. 5] mokasaHBl: a) BpPEMEHHBIE psIIbL, Cr€HEPUPOBAHHBIE MPEIIIOKEHHBIM
T€HepaTOpOM pUTMOB, KOTOPBIE OIPENENSIOT YIJIOBblE CMELIeHus Oefpa U TOJIeHH
NIepBOH HOTHU B pexxumMe Oera;, 0) Mozenupyemasl IByHOTasi OXOAKa B MOMEHTHI BPEMEHH,

o0o3Ha4YeHHbIE Ha ().
®urypa.6

[0030] [pur. 6] moOKa3aHBI JKCIEPUMEHTANbHbIE BPEMEHHBIE PSAbl MPEIIOKEHHOTO

reHepaTopa Moj BO3AeHCTBHEM BHEIIHEro OeJIoro rayccosa Lryma.
Onucanue BApUAHTOB OCYLIECTBJICHHSA

[0031] Ilpennaraemplii LiEeHTpajbHBI TE€HEPATOpP PUTMOB [Jid TE€HEpPAalUud CUTHAJIOB

yIIpaBJIeHUs TIOXOAKOH Iarariero podora padoTaer Cieaymum 00pa3om.

[0032] Ha ¢ur. 1 npencraBieH LEHTpaJIbHbIA T€HEPATOP PUTMOB, OCHOBAHHBIM HAa MPOCTON
CUCTEME€ M3 JBYX CBSI3aHHBIX DJJEKTPUYECKOM CXEMOH 3JIEMEHTOB, AaKTHUBHOIO
ocumuaTopa (1) U maccuBHOrO reHeparopa. AkTuBHbIN ocumstop (1) mpencrasnser
coboli aBroreHeparop — ocuwuisiTop Ban nep Ilomsa, B KOTOpoM Msrkoe Bo30OyKIaeHHe
o0ecrieynBaeTCsi IByMsl SJIEKTPOHHBIMH YMHOXHUTEISIMU (2), KOTOPBIE, B CBOKO O4Yepeb,
peamm3yroT B cxeme KyOuwdeckyr HemuHeWHocTh (dur. 1 wm ¢ur.1A). JluneitHslit
IMCCUTIATUBHBIN KOJIeOATebHBI KOHTYD TPENCTaBIsIeT COOOW MACCHBHBIN T'€HEpaTop,

KOTOprfI COCTOMT U3 KATYyLIKHW MHAYKTHUBHOCTHU U KOHACHCATOPA.

[0033] IIpennaraemoe n3o0peTeHue peanusyer aBTOKOJIeOaTeIbHbIS PEKUMBI,
NpEeACTaBIsIEMble NMPEACTbHBIMU LUKJIAMH Ha ()a30BOM MOPTPETE, M XapaKkTepU3yeTcs

My.]'IbTI/ICTa6I/IJ'[bHOCTbI-O U TUCTEPE3UCOM.

[0034] B mpennaraemoe u300peTeHUN HANPSKEHUE TIONASTCS MEXKAY KJIIEMMaMH TOJISIPHOCTH

NOAKJIOUEHUsT UCTOUHMKA mnuTaHusg + u — (pur. 1A). VYnpaisemblil HanpspkeHUEM



UCTOYHHUK TOKa Ha 0a3e OMepaliOHHOTO YCHJIMTENsl oOecrednBaeT BO30YKIeHHE LEmH
L1C2C4 (dur.1 u ¢ur.1A). ITaccupHbiii konebarenpHbl KOHTYP (2) (dur. 1) ¢ nensro
L2C3 (¢wur.1) cBszan ¢ axtuBHbIM ocuwusitopoM (1) uwepes koumencarop Cl.
[TepexmroyeHne COCYIIECTBYIOIIUX PEKUMOB PEaTU3yeTCsl yTEM BapbUPOBAHUS EMKOCTH
koHneHcatopa C4, koTopasi ompenensier pacCTPOMKy COOCTBEHHBIX YaCTOT AKTUBHOTO
ocumwnasitopa (1) u maccuBHoro rexeparopa (2) (¢ur. 1). Ilone3Hblii ynpaBisiOLIHiA

cCUrHaJI CHUMaeTcst ¢ Touek ul u u2 (¢wur. 1).

[0035] YpaBuenuss Kupxroda mis TOKOB B AKTUBHOM OCLHUUIATOPE M TMACCUBHOM

K0JIe0aTeIbHOM KOHTYPE UMEIOT CIIEAYIOLINIA BU:

[0036] [MaremaTuueckast popmyia 1]

i2+’iL1 +'L.C’24 —I—icl —i—icl =0,

[0037) \*Gr T ics T, Hig, =0,

[0038] rme ic24 = ic2 + 1cs4, 1G1 H 1G2 — TOKH, TMPOTEKAIOIINE Yepe3 PEe3UCTOPbI B LEISX C
npoBoguMocTsiMu G1 1 G2, KOTOPBIE OTPAKAIOT CyMMapHbIE TIOTEPH B COOTBETCTBYOIIUX

LOCIIAX.

[0039] Manee mpeoOpa3yem maremaruueckod ¢opmynoit (1) B popMmy ¢ HampspkeHUSIMH B

LeMsAX, CUUTAasl, YTO BOJIbT-aMIIEPHAsl XapaKTEPUCTUKA 3JIEKTPOHHOIO YMHOXHUTENSA (2)
3
octmmsTopa (1) — ky6uueckas nonnsHoMuanbHas Gyrkums (ia2(ur) =ou; + 7 41):

[0040] [Marematuueckast hopmya 2]

1 d d(us - u
—auy + ’}"Uf-‘f + L_1 / uldt + 024% + G1u1 + Cl% = 0
dlus —u du: 1 7
C1w + Cg% + . uadt + Gaug = 0,
[0041] 1 t Lo

[0042] rne Ca4 = C2+C4, ul u U2 — HampsDKeHHs B aKTUBHOM U MAaCCHBHOM KOHTYDax;
JaHHbIE CUTHAJIbI SIBJISIOTCS BBIXOAHBIMH YIPABISIOLIUMHU CHUTHAIaMU LIEHTPaJbHOIO

reHepaTopa putMmoB. JudpdepeHuupys meppoe W BTOpPOE ypaBHEHHs BO BPEMEHU H

nepexozst K HOBOMy Oe3pa3MepHOMy BpeMeHU 7 — 1//L1(C2a + C1) TIOJTY YHIM:

[0043] [MaremaTudeckas popmyia 3]



d2u1 L1 2 dul C] dQ’UQ
R 1 S |
72 G O G = T

([2U2+ 24/ 1.(CQ4+01)4£+L1(CQ4+C71)” G d*u,
dr2 Ci+ Cs dr | La(Ci+Ca) & Ci+Cy dr?

[0044]

[0045] Hanee, 3aMeHHUB MepeMEHHBIE U NMAPAMETPhI CISAYIOIUM 00pa3oM:

[0046] [Marematuueckast hopmya 4]

1/ =1V =y/—(ax—Gy)
094—}—(1 o (24+Cl (c 1)

. L1(Cay + C1)
: 28, —
e a+@ 7 CL+ Cs

m~ -
12 —
024 + Cy’

2= Li(Cay + C1)
047) BalGi= G
[0048] nonyuyaem ypaBHEHHUs B BUJE ABYX CBSI3aHHBIX 3JIEMEHTOB aKTHBHOI'O OCLIMJUISTOPA U

NMaCcCUBHOI'O reHepaTopa, OMUCBIBAOIINX TUHAMUHKY !

[0049] [MaremaTiueckas popmyia 5]

i1 — (g = 21%) &1 + 21 = Y1280,

(00s0] | #2 + 26182 + pr’ea = 211

[0051] rne € — mapameTp AUCCUMNALMM, YIPABIAIOLINI HAKAYKOW BSHEpPruell akTUBHOIO

It
OCLIHJUIATOPA, B _ nmapaMeTp AHCCUMALUM MacCUBHOTO OCLMJLIATOpA;, p1 — HapaMmerp,
ONpPENENsOIMA  PaCCTPOMKY COOCTBEHHBIX 4YacTOT —OCUMJUIATOPOB, /12» 721 —

napamMeTphl CBA3U MEXKAY COOTBETCTBYHOIIUMU OCHUJIJIATOPAMMU.

[0052] dnst pacmimpeHuss BO3MOXKHOCTEH LIEHTPAJbHOTO TE€HepaTopa PUTMOB HMMEETCS
BO3MOYKHOCTh YBEJIMYECHUSI YUCIIA TTACCUBHBIX T€HEPATOPOB (JIMHEHHBIX TUCCUMIATHBHBIX
KOJIeOaTEeIbHBIX KOHTYPOB), C KOTOPBIX CHHMAIOTCSl YIIPABJISIOLINE CHTHAJBI, a TAaKXKe
yIpaBlieHus: peskuMoM paboTel. B ycTporicTBe Ha ¢ur. 2 UCHONB3yeTCs IBa MaCCUBHBIX
reieparopa L2C3 u L3C5 wu osneMeHT BHEUIHEro BO3JEHCTBUS — TIeHepaTop
CHHYCOWIaNIbHBIX CUTHANOB (3). B »TOoM ciyuae ypaBHenune Kupxroda npuaHMaer

CIEAYIOLIUN BUA:

[0053] [MaremaTuueckas popmyia 6]



( 1 du; dlu; —u
— oy + yuy + I ]uldf + 6'2407l + Gy + Clw =0,
d(uz — ul) dus 1 d(uz - U3)
Ci—=——L + O3—= 4 — | wadt + Goug + Cg—=—22 =),
<Oy a + C3 o7 + I, ugat + Gaug + Cyg dt ;
d(ug — ug) dUS 1
Co—l f O f dt + Gaus = 0,
| C6 ;7 + °dt+L3[u3 + Ggus :

[0054]

[0055] Ob6o3nauenust B Gopmysie (6) aHAJIOTHYHBI HCIONb3yeMbiM B ¢opmyse (1); G3 —
MIPOBOIMMOCTh PE3UCTOpPA BO BTOPOM MACCHMBHOM KOHTYpe, OTpakarouasi CyMMapHbIE
MOTEPU B KOHTYpPE, U3 — HAMpssKEHHE BO BTOPOM MACCHBHOM KOHTYpE, MaHHBIH CUTHAJ
SIBJIIETCS. TPETHUM BBIXOIHBIM YTPABJSIONIUM CHUTHAJIOM IIEHTPAJIBHOTO Te€HEpaTopa

pUTMOB (TIEPBBIHA U BTOPOH yIpaBJsIFOIINe CUrHAIbI — ul 1 u2).

[0056] B HOpMHUPOBAHHBIX MEPEMEHHBIX CUCTEMa YPaBHEHHUH (6), ONMUCHIBAIOIIAST JUHAMHKY
LIEHTPAJIPHOIO TEHEepaTopa PUTMOB C OAHUM AakTUBHBIM (1) M ABYMS NAacCHBHBIMU

KonebaTebHBIMU KOHTYpamH (ur. 2), MpUHUMAET CICAYIOMUH BHUI
[0057] [MaremaTuueckas popmyia 7]
B — (g —ai) &y + 21 = Yi0da,
Ty + 281E0 + pire = Ya1d1 + Yasis,
[0058] \ &3+ 25223 + pixs = y3ait,
[0059] rme

[0060] [Marematuueckast hopmya 8]

chgli Wzgg%gi
PO+ YT O+ OG5+ G
Ce Cs

e N T TS

28, — Gay/L1{Cay + C1) 98, _ GS\/LI(C24+CI)§

Cl+03+06 ’ m2 CS+CG
o 11(Coy+ Cy) 5 L1 {Caq + Ch)

P O+ Cs 1 C) P27 TI(Cs 1 Cy)

[0061]

[0062] BL? — TapameTpbl TUCCUTALMHM TACCHUBHBIX OCLUUJUIATOPOB, P12 — MapaMmerphl,
OTPENeNSIOIUEe  PACCTPOHKY  COOCTBEHHBIX  HYAaCTOT  MEXAY  AKTUBHBIM W

712.21,23.32

COOTBCTCTBYIOLUM TMACCUBHBIM OCLHUJIJIATOPAMMU, — HnapamMeTpbl CBA3U

MEXIY COOTBETCTBYIOIIMMHU OCLUJUISTOPAMU, € u i ONpPEAENSIIOTCST  KaKk B

Marematuueckoit popmyie (4).



[0063] Jlanee  paccMOTpUM  pe3yJbTaThbl  MPOBEIAEHHBIX 3KCIEPUMEHTOB  COIJIACHO

3asIBIIIEMOMY H300PETEHUIO.

[0064] Ha ¢ur. 3 moka3zaHbl BpeMeHHbIE psAbl U (pa3oBble MOPTPETHI CUCTEMBbI C OJHUM
aKTHBHBIM OCHMIUIATOPOM (1) 1 AByMsI TACCUBHBIMH KOHTYpamu 10 (a, b), moce nepBoro
(c, d) u mocne BTOporo (e, f) Oudypraunonusx nepexonos; npu 3roM C4 = 150 n® (a, b),
C4 = 250 n® (c, d), C4 = 400 nd (e, f). 3eneHass xkpuBasi Ha BPEMEHHBIX pPsIaX
COOTBETCTBYET CHrHaNy Ul ¢ akTUBHOrO ocumyuiaTopa (1) mokazaHHOTO Ha Qur. 2, CHHsA
KpHBasi — CUTHAJY U2 C IEPBOTO MACCHBHOTO KOJIEOATEIbHOTO KOHTYPA, a KpacHask KpHBast

— CHUTHAJIy U3 CO BTOPOTO MAaCCUBHOTO KOJIE€0aTENbHOrO KOHTYPA.

[0065] Ha ¢wur. 4 mpencraBieHa kapra pexkumoB npemnokeHHoro LII'P mon BHemrHMM
TrAPMOHMYECKUM  BO3JEHCTBHEM,  CO3llaBaeMbIM  TeHeparopoM  curHaioB  (3).
[lepekmroyeHne MeXIy pPa3IUYHBIMH PEKUMAMH JUHAMHKH TPOHCXOOUT 3a CUeT
U3MEHEHHUs] COOCTBEHHOH YacTOThl aKTUBHOro ocmmwuisitopa (1) wuimm mapamerpos
BHEIHETO BO3/ICHCTBUS, HAIIPUMEP C TIOMOILIBIO T€HEPaTOpa CUHYCOMIAJIbHBIX CUTHAJIOB
(3). UsmeHenne coOCTBEHHON 4acTOThI MEHseT (ha30BBbIE CIBUTH MEKAY IMAaCCHBHBIMU
reHepaTopaMu (JIMHEHHBIMU KOJIeOATeNbHBIMA KOHTYPaMH) M COOTHOIIEHUE aMILTUTYI.
Hanpotus, BHelHee BO3AeiiCTBHE N3MEHSIET YaCTOTY U aMIUIUTYABL, COXpaHss (pa3oBble
cnpurd. COOTHOIIEHHE AaMIUIMTYIbl M (pa3bl MEXAy AaKTUBHBIM OCLMJUIATOPOM U
NACCHBHBIM T'€HEPaTOPOM KOHTPOJHMPYET TMOXOAKY M, TakuM 0Opa3oM, MOXKeT
peryJaupoBaThCsl B 3aBUCUMOCTH OT BHEIIHUX ycjoBui. Hanmpumep, dacTora BHeIIHEro
CUTHaJla MOXET CIY>KUTb B KauecTBe Iapamerpa Ui ynpasieHus pexumom LI'P u
peanu3anmu OOpATHON CBS3M, YTO IO3BOJHUT H3MEHSTh XaAPAKTEPUCTHKH MATTEPHOB,
dopmupyembix LII'P, U KOHTPOIMPYEMbIX MMM JABMKEHHH B 3aBUCHMOCTH OT YyCJIOBHMH
OKpy>Karomiel cpenbl. TakuM oOpa3oM BO3MOXKHO YHPAaBIATb peXUMaMu, Ha ¢ur.3
npeacTaBieHbl BpeMeHHble psiabl npu C4 = 170 nd nns pexuma 3 (f = f0 = 1.13, b);
pexxuma 1 (f = f0 =0.93, ¢) u pexnma 2 (f =0 =1, d); A = 1.5 B. 3enenas xpuBast Ha
BPEMEHHBIX psaX COOTBETCTBYeT curHainy ul ¢ aktuBHOro ocuwwuisitopa (1), cuHss
KpHBasi — CUTHAJTYy U2 C TIEPBOTO MACCUBHOIO KOJEOATENbHOTO KOHTYpa, KpacHasi KpUBast
— CHUTHaJIy U3 CO BTOPOrO MACCHBHOrO KOJe0AaTeNbHOrO KOHTYpa, (pHroneToBas KpuBas —

CUTHaJI BHCIIHETO TapMOHNYECKOT'O BOSHeﬁCTBHﬂ.

[0066] B kauectBe wWiumrOCTpauMud Ha (ur. 5 mnpencraBieHbl a) BPEMEHHBIE PSIIBL,
CreHEpUPOBAHHbIE MPEAJIOKEHHBIM LIEHTPAJIbHOIO TIEHepaTopa pPUTMOB C ABYMs

MaCCUBHBIMU KOJIEOATEIbHBIMHU KOHTYpaMH, KOTOPBIC ONPEACTAOT YIJIOBBIC CMCIICHUA
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Oempa u rojieHu epBOi HOTU B peskuMe Oera;, X1 — CUTHAJ C aKTUBHOTO OCLUJUIATOPA, X2

— C IIEPBOTro NMacCUBHOTO KOoHTypa; A = 0.03, f=0.94;

[0067] b) cHUMKHM MOnenUpyeMOi IByHOTOlH IMOXOAKH B MOMEHTHI BPEMEHH, OOO3HAYEHHbIE

BCPTUKAJIbHBIMU Iy HKTUPHBIMU JIMHUAMHA Ha (a)

[0068] BcnencTBre TOro, B peajbHbIX CUCTEMAxX MPAKTHYECKH BCErJia MPUCYTCTBYIOT LIYMBI
pa3IM4YHOro Xapaktepa, HeoOxoaumo, 4toObl LII'P Obla yCTOWYMBBIM K BO3IEHCTBHIO
BHEIIHUX IIyMOB. bBbBUIO MOKa3aHO, YTO XapakTEPUCTUKH BBIXOJHBIX CHUTHAJOB B
npeanokeHHOM L[I'P cTaOuibHBI NpU HaJMYUM WHTEHCHUBHBIX BHEINHUX IIyMOB. Jlis
WDTIOCTPALIMK 3TOTO Ha (Ur. 6 MpencTaBlieHbl SKCIIEPUMEHTAIbHBIE BPEMEHHBIC DPSIIbI
npemanoxkeHHoro LII'P mox Bo3melcTBHEM BHEIIHEro Oeoro rayccoBa IMIyMma,

CO371aBaEMOr0 reHepaToOpPOM CHHYCOHIATIbHBIX CUTHAIOB (3).

[0069] Ha ¢ur.6 mpencraeneHa (a) aMIiUTyna IIyMa B YeThIpE pa3a MEHbINE aAMILIHTYIbI
HATPSDKEHUS] B aKTUBHOM OCLIMJUIATOPE, T. €. oTHomeHue curHain/mym (SNR) cocrasisiio
24 nb; (b) SNR = 12 nb. BHOCHMBIi1 IIyM HE BJIUSET HAa CPEIHIOK YacTOTy KoJjeOaHWi B
cCHCTEME;, MEePEKIIFOUeHNe KOIeOaTeNbHbIX PEXKUMOB OCYyIIeCcTBIsIeTCs naxke mpu SNR =
12 nb, a ¢a3oBble CABUTU MEXAY CUTHAIAMU COXPAHSIOTCS AK€ MPH BBICOKUX YPOBHSX

Iy Ma.
IIpomMbImJIeHHASI MNPHMEHHMOCTDH

[0070] U300peTeHne MOXKET UCIONb30BaThCSI B POOOTOTEXHHMKE Uil T€HEPALUU CUTHAJIOB,

3aAr0IMX MMOXOJKY LIararoiiero podora
HenaTeHTHasi 1uTepaTypa

[0071] HenarenTtHast murepatypa 1: L. M. Izquierdo-Coordoba, J.M. Rosario, D.A. Hurtado,
in Advanced Robotics and Intelligent Automation in Manufacturing (IGI Global, 2020),
pp. 233-268

[0072] HenarenTHast nurepatypa 2: C.M. Pinto, Nonlinear Dynamics 70 (3), 2089, 2012r.

[0073] HenarenTtHast mureparypa 3: M. Vukobratovic, B. Borovac, International Journal of

Humanoid Robotics 1(01), 157, 2004r.

[0074] HenarentHas nmutepatypa 4: B. Siciliano, O. Khatib, Springer Handbook of Robotics
(Springer, 2016r.)

[0075] HenarentHas nmureparypa S: G. Taga, Biological Cybernetics 78(1), 9, 1998r.
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[0076] HenarenTtHast murepatypa 6: H. Kimura, Y. Fukuoka, A H. Cohen, The International
Journal of Robotics Research 26 (5), 475, 2007r.

[0077] HenarentHast turepatypa 7: A.J. Ijspeert, Neural Networks 21 (4), 642, 2008r.
[0078] S.L. Hooper, e LS, 2001r.

[0079] IlarentHas nutepatypa 9: Ilarent CIIIA NeUS20110015790, «Cucrema yripaBieHus,
YCTPOMCTBO YMpaBIEHUS KOJEOAHUSIMH M CIIOCOO reHepaluy yIpPaBIISIONUX CUTHAJIOBY,

npuoputet ot 04.03.2008r.

[0080] HenarenTHast nuteparypa 10: Alireza Bahramian, Ali Nouri, Farzad Towhidkhah,
Hamed Azarnoush and Sajad Jafari, «Introducing a nonlinear coupling for central pattern
generator: Improvement on robustness by expanding basin of attraction and performance

by decreasing the transient timey, Journal of Vibration and Control, 2020, Vol. 0(0) 1-10. |
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DOOPMVIIA

[{IynxT 1] II_[eHTpaanbH‘/'I FEHEepPaTOp PUTMOB Il IE€HEpPaLMU CUTHAJIOB YIIPABIIECHUS
MOXOJAKOH IIAraroIero podoTa COCTOMT M3 OAHOTO AaKTUBHOIO OCLWUIATOPA C
HEJIMHEHHBbIM 3aTyXaHUeM, U 110 MEeHbIIEH Mepe, OAHOrO JIMHEHHOrO JUCCUIIATUBHOIO
K0Je0aTeNbHOrO KOHTYpa — IIACCHBHOIO TI'€HepaTropa, BKIIIOUEHHOrO B LeMb

AKTUBHOTO OCLMJLIATOPA MapajliebHO Yepe3 KOHASHCATOP.

[ITynxT 2] LlenTpanbHblil reHepaTop PUTMOB ISl T€HEpalMd CHUTHAJOB YIIPAaBJICHUS
MOXOAKOH ILIararomero podora mo m.1 OTaryYaeTcst TeM, YTO aKTUBHBIA OCLMJUIATOP C

HEJIMHEWHBIM 3aTyXaHHEM MpeacTaBisieT codolt ocimuisitop Ban nep Ioms.

[ITynxt 3] LleHTpanbHbIil reHepaTop PUTMOB ISl T€HEpalUM CUTHAJOB YIIPaBJIEHUS
MOXOAKOW mIararommero podora mo m.l uiam m2 OTIMYaeTcss TeM, YTO COHEPIKHT
3JIEMEHT BHEIIHErO BO3JEHUCTBUs, BKJIKYEHHOTO B LIE€Nb aKTUBHOIO OCLAJUIATOpA

napayuiCJIbHO 4€PE3 KOHACHCATOP.

[IIynuxt 4] LleHTpanbHblil reHepaTop PUTMOB sl T€HEpalUM CHUTHAJOB YIIPAaBJIECHUS
MOXONKON MIararomero podora Mo m.3 OTIMYAeTCS TEM, YTO JJIEMEHT BHELIHErO

BO3/IEHICTBUSI IPEACTABIISIET COOOI reHepaTop CHHYCOUNANIBHBIX CUTHAJIOB. ]
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JIOTOBOP O MATEHTHOM KOOMEPAIIUN

PCT

OTYET O MEXAYHAPOJHOM IMOUCKE
(cratbs 18 u npaBuna 43 u 44 PCT)

Homep Jiena 3asBHTCII MM ArCHTa VIS JAJTBHEMAIIMX em. @opmy PCT/ISA/220
D-2761132 JEVCTBUIA M, €CJIM TIPEMCHUMO, TyHKT 5 HIDKE.
Homep MexynapoaHoit 3asBku Jara Mex1yHapo/IHO#M 1moJ1auu Camast paHHsIs JlaTa IPHOPUTETa
PCT/RU 2021/050452 28 mexaOps 2021 (28.12.2021) 17 mons 2021 (17.06.2021)
3asBUTCIb
ABTOHOMHA 1 HEKOMMEPYECKAS OPTAHU3AIIUA BBICILIETI'O OBPA3ZOBAHUSA "YHUBEPCUTET
HMHHOITOJIUC"

Hacrosimuii oTdeT 0 MEX/IyHapOHOM IOKCKE HOATOTOBRICH JJAHHBIM MexyHapOAHBIM ITIOMCKOBLIM OPTaHOM M HAIIPABIISCTCS 3aSBUTEIIO B
coorBercTBHH co Crarneit 18. Komms oTdera Hanpasisiercs: B MexkayHapoaHoe 610po.

Hacrosimuit OTHeT 0 MEHKIYHAPOIHOM HOMCKE COCTOUT U3 2 JHCTOB.

D K HCMY IIPUJIArarTCs KOMMUHU BCCX CCBIJIOYHBIX JIOKYMCHTOB, YKa3aHHBIX B JAHHOM OTHUCTC.

1. OcHoBa oruera
a.  OTHOCHTENHHO SI3BIKA MEXKTYHAPOTHEIHN ITOVCK TIPOBEACH Ha OCHOBE!

MCKTYHAPOAHOM 3aIBKM HA SI3BIKE, HA KOTOPOM OHA ObLIa MOaHa.

|:| IIEPEBOA MEXKAYHAPOAHON 3a5IBKH HA CICAYIOMUN SI3BIK , KOTOPBIi SIBISICTCS

SI3BIKOM TICPEBOJIA, TIPEJICTABICHHOTO JUTS T1eTie MexmyHapoaHoro noucka (IIpaemna 12.3(a) u 23.1(b)).

b. D JlaHHEI OTHET 0 MEXK/YHAPOAHOM ITOVCKE TIOJITOTOBICH C YIETOM HCNPABJICHHS 0UeBHAHOM 0IMOKH, Pa3pelIcHHOrO

JaraeIM OpraHoM WK JOBECHHOTO JI0 cBeAeHus nanHoro Oprana corsacuo [Ipaemny 91 (Ilpaewmio 43.6bis(a)).

c. |:| OtHOCUTENBHO F000i MOC1eA0BATENLHOCTH HYK/IE0THAOB H/HJIH AMHHOKHCJIOT, PACKPBITOH B MEXIYHAPOIHOM 3asBKeE,

cum. rpady [
2. |:| HexoTopsie nyHKTHI (pOPMYJIBI He IOAJIEKAT MOUCKY (cM. rpady II).
3. D Enuncteo nzobperenns He cobaroneno (cM. rpady III).
4. B uacrtu Ha3BaHusl.
IIPUHSAT TEKCT, IPEICTABICHHLIN 3asBATEIICM.

D JaHHBIM OpraHoM YCTAHOBJICH CIICMYOMIHIA TEKCT:

5. B gacru pedepara.
IIPUHAT TEKCT, IIPECACTABIICHHBIN 3asBATCIICM.

|:| JaraeIM OpraHoM yCTaHOBJCH, coracHo IIpasuny 38.2, TekcT, npuBeneHuLIM B rpade [V. 3asBurens MOXET B TCUCHHE

OJTHOTO MECSIIIA C JIATHI OTIPABKH HACTOSINETO OTYSTA O MEK/[YHAPOIHOM MMOUCKE MPEACTABUTH CBOM KOMMCHTAPUM B JIAHHBIH
Opran.

6. B uactu geprexeii.

a. Cpedeparom nomkHa ObITh OIyOIMKoBaHa Gurypa Ne 1A

KaK MPETIOKEHO 3AIBUTEIEM.
I:' KaK HpeioskeHo tuM OpraHoM, Tak Kak 3asBUTeIb He yKasail GUrypeL.
|:| KaK Mpeanokeno 3TuM OprasoM, Tak Kak JaHHas Gurypa Iydire XapakTepusyeT m300peTeHue.

b. |:| pedepar Oyner omybankoBaH 6€3 HePTEKEIH.

®opma PCT/ISA/210 (nepssiit uct) (Uroas 2019)




OTYET O MEXJAYHAPOJHOM ITOUCKE

Homep MexynapoaHoit 3asBku

PCT/RU 2021/050452

A. KIIACCUOUKALUS ITPEIMETA U30BPETEHUS

B25] 13/00 (2006.01)
HO3B 5/30 (2006.01)

Cornacao MexyHapo/iHo# narenTHo# knaccudukanmn MITK

B. OBJIACTD IIOUCKA

TIpoBepeHHBII MUHIMYM IOKYMEHTAINH (CHCTEMa KIacCU(UKAITIN ¢ MHACKCAMH KIacCH(UKAITiN)

B25J 13/00, HO3B 5/30, 29/00, 11/04

Jlpyrast mpoBepeHHast JOKYMEHTAIWHS B TOi Mepe, B KaKOH OHa BKIIIOUCHA B IOMCKOBBIE ITOJI00PKHI

Dnexrpounas 6a3a JAHHEIX, UCIIOIL30BABIIASLCS [P MOUCKS (HA3BaAHKE 0236l M, €CIIH, BO3MOKHO, UCIIOIH3YEMBIC TIOMCKOBBIC TCPMUHEL)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE

C. JJOKYMEHTBI, CHHTAIONTUECS PEJIEBAHTHBIMU:

Kareropus* Iutupyemble JOKYMEHTHI ¢ YKa3aHUEM, TJIe 3TO BO3MOXKHO, PEIIEBAHTHBIX acTeit OTtHOCHTCS K IyHKTY Ne
A RU 2154886 C2 (JIOMHKAE ITATEHT AC) 20.08.2000 1-4
A RU 2127482 C1 (PAKETHO-KOCMHYECKA 1 KOPITOPAITUA "OHEPTHS" UM. 1-4
C.II. KOPOJIEBA) 10.03.1999
A RU 2030830 C1 (KUEBCKU YHUBEPCUTET HM. T. LIIEBYEHKO) 10.03.1995 1-4
A WO 2001/031784 Al (THE NATIONAL UNIVERSITY OF SINGAPORE) 1-4
03.05.2001

D MOCTCAYIOMAE TOKYMEHTH YKa3aHHl B MPoAo/pkeHUH rpads C.

D JAHHBIC O IMATCHTAX-aHAJI0raX YKAa3aHbl B IIPUJIOXKCHUN

* Oco6BIE KATErOPUH COBLIOUHEIX JIOKYyMEHTOB:

“A” JIOKYMEHT, OIIPE/IC/ITIONTHE 00T YPOBSHE TEXHUKA M HE CHUTAFOIITHHCS
0C000 PEICBAHTHEIM

“D”  JOKyMEHT, IMTHPYEMBIi 3aSBHTEIEM B MEIK/TyHAPO/THOH 3aMBKE

“E” 6oee PAaHHSST 3aMBKA MM TIATCHT, HO Oy OIMKOBAHHAS HA /ATy
ME3K/TyHAPO/MHON IO JAUH MM II0CIIC HES

“L” JIOKYMEHT, TIO/IBEPrafOIIHit COMHCHHIO TIPHTA3AHAC(S) HA IPUOPHTET, HIH
KOTODEIH IPHEO/IATCS C TE/TBIO YCTAHOBICHMS JIATEI Ty OIMKAIIMH JIPYTOTO
CCBUIOYHOTO JJOKYMEHTA, a TAakOKe B IPYTHX NEJDIX (KaK yKa3aHo)

“Q JIOKYMEHT, OTHOCATITMACA K yCTHOMY PACKPBITHIO, HCTIONB30BAHUIO,
SKCTIOHMPOBAHMIO M T.I.

“p» JIOKYMEHT, OIYOIMKOBAHHbIH /0 JATHI MEK/TyHAPOIHOMN TOIauH, HO TOCIE

JIATHI HCTIPAIMHBACMOTO IPHOPUTETA

“T 6oTee MO3HMIA JOKYMEHT, OITyOIMKOBAHHBIH MOCIIE JATH ME/TyHAPOIHOM
o Ja9H WA HpI/IOpI/ITeTa, HO HpHBe}:[eH:HHﬁ JUIA IOHAMAaHWA lTpI/H'H_u/]IIa HIA

TCOpHHM, Ha KOTOPHEIX OCHOBBIBACTCS H300PCTCHIE

“X” JIOKyMEHT, MMEIONTHi Haubojice G/IM3KOE OTHOIMICHHE K TIPE/IMETY TIOMCKA;
32IBJICHHOE H300pPETECHIE HE 00IaacT HOBU3HOH MWIN H300PETaTeIbCKUM
YPOBHEM, B CPABHCHWH C JIOKYMCHTOM, B3ATHIM B OTACIBHOCTH

“Y” JIOKyMEHT, MMEIONTHi Haubojice G/IM3KOE OTHOIMICHHE K TIPE/IMETY TIOMCKA;
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