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AKTYaJIbHOCTh TeMbl HCCJIEJ0BAHMS U CTeNeHb ee Pa3padoTAHHOCTH.
[IpenbsBisieMble MNPAaKTUKOW TpeOOBaHMS HAASKHOCTH M SKOHOMHUYHOCTH TIPH
CO3/TaHUM WH)KEHEPHBIX KOHCTPYKIIUU MPUBOAAT K HEOOXOJAMMOCTH HCIIOJIb30BAHUS
000JI0YeK pa3IUYHBIX KOH(pHUTypamwid. IDTO OOBSICHATCS TEM, YTO 000JOUYCUHBIC
KOHCTPYKIIMH 00JIaJIal0T BBICOKUMHU MPOYHOCTHBIMU CBOMCTBaMH, HEOOJIBIIIMM BECOM
U ycToWumBOCTHIO. OO0NacTh TPUMEHEHUS OO0OJOYCUHBIX KOHCTPYKIIMHA BeChMa
0OIIIMpHA, 3TO MPOMBINIICHHOEC U TPa)KJaHCKOE CTPOUTEIHLCTBO, MAIIMHOCTPOCHHE,
CYJIOCTpO€HHE, aBUacTpoeHHe. B mpoiiecce skcruryaTaliuu 000J0YKH MOJIBEPratoTcs
BO3/ICHCTBUIO BHYTPEHHUX M BHEIIHUX CHUJIOBBIX (DaKTOPOB, MOATOMY pacdeThl Ha
MPOYHOCTh M MX COBEPIICHCTBOBAHME BHIXOIAT HA MEPBBIM IJIaH.

B co3manum oOmel TeopuH TOHKUX OOO0JIOYEK BaXKHYKO pOJb ChITPaIH
oTeuecTBeHHbIEe ydeHble Bmacos B.3., Hosoxwuno B.B., bugepman B.JL,
Tumomenko C.II. Bekya WM.H., Boaemup A.C., ITukyns B.B., I'amumor K.3.,
Kopanmmma M.C., bonotun B. B., I'puromox 3.U., Yepupix K.®., [Taitmymmun B.H.,
u ap. C pa3BUTHEM U TOCTOSHHBIM TOBBIMIEHHEM 3((OEKTUBHOCTH KOMITBIOTEPHOM
TEXHUKH BcE OOJIBIIIEE PACIpPOCTPaHEHHWE CTajdd TOJIydaTh YHCICHHBIC METOMbBI
pacuera 000J0UYEK, B pa3BUTHE KOTOPHIX BHECIW BKJIAJ Takue ydeHble kak [leTpos
B.B., Hemuposckuii 10.B., MarBuenko IO.I'., Xalipymmn @&.C. u gpyrue.
HanbGonplyto H3BECTHOCTh U3 BCEX YHUCIEHHBIX METOJOB NpUOOpeNn METo.
KOHEUYHBIX 37ieMeHTOB (MKD), B pa3BuTHe KOTOPOTO BHECIH CYIECTBEHHBIA BKJIAJ
OTeYeCTBEHHBIC U 3apyOexxHbie yueHble [loctHOB B. A., 'onoanos A. U., rnatees
B. A., Kocuupin C. b., baxenos B. I'., Kanyctun C. A., Illanomuuxos H. H.,
Aranos B. II., Sxynos H.M., CepazyrannoB M.H., Ckonunckuii B. H., 3enkeBuu
O.M., Kantun I'., baxenoB B.A., Conoseit H.A., Posun JI.A., Knay¢ I1., bate K.,
Onen [x., I'annarep P., Kenesnos JI.I1, Kabanos JI.B. u np.

OU3NYECKYI0 CTPOWHOCTh KJIACCHYECKOW TEOpUM HapyIIaeT HEOOXOIUMOCTH
BBEJICHUS TTOTIEPEUYHON CUJIbl. MI30aBUTHCS OT ATOTO HEIOCTAaTKa MOXKHO MYTEeM ydeTa
nedopMmanmii momnepednoro capura. Caurosas Teopusi 0ojiee TouHA M (QU3HUICCKH

MocJIeJ0BaTeIbHEE KJIAaCCUUYSCKOM TCOpHUM.



Ieab padoTsl - cO3MaHNE ANTOPUTMOB KOHEUHO-3JIeMeHTHOro aHanu3a HJIC
00o0JI0ueK ¢ y4yeToM JAeopMalii MONEPEeYHOro CABUIa Ha OCHOBE peallh3aluu
[aKkeTa aBTOPCKUX MPHUKJIATHBIX IPOrpaMM IO pacueTy Ha MPOYHOCTh 000JIOYEUHBIX
KOHCTPYKIIMM  IPOM3BOJIBHOM TE€OMETPUM NPU  HHBAPUAHTHOM  BEKTOPHOM
anmpokcuManuu moJsel mepememieHnid. OOOCHOBaHHME HEOOXOJUMOCTH ydeTa
nepopmanuii nonepeyHoro ciasura npu onpeneneHun HJIC KOpOTKOIPOJIETHBIX,
’KECTKO 3allleMJICHHBIX 000JI0YECK.

3ajgauu uccae10BaHUA:

- BBIBOJl TEOMETPUYECKHUX COOTHOILICHHH TOHKHUX OOOJIOUYEK C YYETOM
nedopMalii  MONEPEYHOro CABUra NpPH pa3IUYHBIX BapHaHTaX OTCUETa yria
IIOBOPOTa HOPMAJIH;

- pa3paboTKa KOHEYHO-3JIEMEHTHBIX MOJENEel TOHKUX O0O0JIOUEeK IMpHU
Pa3IMYHBIX YCIOBUSAX ONMPAHUS U BUJIAX 3aJaHHOW HArPy3KU;

- pa3paboTrka  anroput™Ma  (QOPMHpPOBAHUS  MaTpHLl  KECTKOCTEH
YEeThIPEXYTOJIbHBIX KOHEYHBIX 3JIEMEHTOB J[UIsl pacuera OO00JOYEeK C YYETOM
aepopMai MONEPEYHOro CIABUTA IMPH HCIOIb30BAaHUM CKAJISPHOW U BEKTOPHOM
(dbopM anmnpokcMMaluid MoJIed NepeMElIeHH; pa3padoTKa aJlropuTMa MpOrpamMMbl
BBIYMCIICHUN HANPSHDKCHUMH;

- BbInoHeHWe uyucineHHoro aHanmm3a HIAC obGomouek ¢ ydyeroMm nedopmariuii
MOMNEPEYHOT0 CABUTa MPU PA3IUYHBIX BapHaHTaxX OTCYETA yrjla HaKJIOHAa HOPMAaJld B
npoiiecce neHOpPMUPOBAHUS ISl CKAISPHOM M BEKTOPHON (OpM anmpoKCUMaIun
MOJIEH MIEPEMEILICHU M.

Hayuynast HoBM3HA:

- MOJy4YeHbl OCHOBHBIE T€OMETPUYECKHE COOTHOIICHUSI MEXAY AehopMalusiMu
U MEepEeMEILIECHUIMHU TIPU aJbTEPHATUBHOM OOILETIPUHATOMY BapUaHTy OTCUETa YIJia
IIOBOPOTa HOPMAJIH;

- paspaboran  anmroput™M  (OpMUPOBAHHS  MATPUIl  KECTKOCTEH
YEeThIPEXYTOJbHBIX KOHEYHBIX 3JIEMEHTOB NPHU OOILETIPUHATOM M aJIbTEPHATUBHOM

BapuaHTax OTCYETa YIJIa MOBOPOTa HOPMAJIW JUIsl pacyeTa TOHKUX OO0OJIOYEK C



y4yeTroM JAepopMalMi IMONEPEYHOro CABUTa Ha OCHOBAHWU CKAJISIPHON KOHEYHO-
AJIEMEHTHOW MHTEPIIOIALUOHHON TPOLENYPHI;

- paszpabotaH  anroput™  (HOpMHUPOBAHHMS ~ MATPUIl  KECTKOCTEH
YEeTBIPEXYTOJbHBIX KOHEYHBIX 3JEMEHTOB MpPU OOIICTIPUHATOM M albTePHATUBHOM
OTCUETE YyIJIa NOBOPOTAa HOPMaIM JUIsI pacdyera TOHKUX OOOJOYEeK C YYETOM
nedopMalii OMEePEeYHOro CABUTa HA OCHOBAaHUM BEKTOPHON KOHEYHO-3JIEMEHTHOU
MHTEPIOIALUOHHON ITPOLEAYPHI;

- BbIMoONHEH uwuciaeHHbd a”Hanmu3 HJIC oGomnouek c¢ ydetom aedopmarimii
IIONIEPEYHOr0 CABMIa MPU PA3JIMYHBIX BAPUAHTAX OTCYETA yTrila HAKJIOHA HOPMAJIU B
npouecce e(@OpMUPOBaHUS C HCIOJb30BAHUEM CKAJSIPHOM  aNMpOKCUMAaLUU
NEepEeMEIEHNH, MOKa3aBLUIMI MPEeUMYyIIeCTBa albTEPHATUBHOIO CIOCO0a oOTcyeTa
yTJIa IOBOPOTa HOPMaJIH;

- BbINOJHEH uucieHHbll aHamn3z HJIC ob6onouek ¢ yderom nedopmanmii
MIONIEPEYHOr0 CIBUTa IIPU PA3IMYHbIX BAPUAHTAX OTCYETA YIJla HAKIOHA HOPMAJIU B
npoiecce Ae(pOpMHUPOBAHUS MPU UCIIOJIb30BAHUM BEKTOPHON anmpOKCHUMAIH MOJIeH
NepeMEeIeHN, TMOKa3aBIIUI CYIIECTBEHHbIE MpeuMYIIecTBa pa3pabOoTaHHbBIX
AITOPUTMOB pacyeTa ¢ BEKTOPHOU MHTEPHOJIAIIMOHHON NPOLIETYPOMA.

JIOCTOBEPHOCTh Pe3yJabTATOB JIHCCEPTALMOHHON paboThl OOecreunBaeTCs
MaTeMaTHYeCKOH  OOOCHOBAaHHOCTBIO  BBIBOJA  OCHOBHBIX  I€OMETPUYECKHX
COOTHOIIEHHUM, KOPPEKTHON MATEMATUYECKOW MOCTAHOBKOM 3a]1a4 ¢ UCIIOJIb30BAHUEM
BEKTOPHOTO M TEH30PHOTO aHajn3a, TCOPUU TOHKUX 000JI0ueK, nuddepeHInanbHon
r€OMETPUHU, TEOPUU aIMPOKCUMALUU (PYHKIUH, COOTBETCTBHEM KayeCTBEHHBIX
pe3yNbTaTOB pacyeTa (PU3NYECKON KapTHUHE MCCIIETyEeMbIX MPOLECCOB, COBMAJICHUEM
KOJIMYECTBEHHBIX PE3YyJbTATOB, MOJYYEHHBIX IMPH MCIOIB30BAHUH Pa3paOOTaHHBIX
ANrOPUTMOB, C pE3yJbTaTaMU MCCIEAOBAHUWA JPYTUX aBTOPOB, peE3yJbTaTaMH,
MOJIy4YEHHBIMHU 110 aHAJIUTHYEeCKUM dopmynaM. Bo Beex nmpumepax pacuera 00010ueK
KOHTPOJIMPOBAJIACh CXOJUMOCTh BBIYMCIUTENLHOTO TMpollecca, Kak HEOOXOIUMOro
YCIJIOBHSI aIEKBATHOCTH JItOOOTO YMCIEHHOT'O METOA.

IIpakTHyeckass WLEHHOCTb JUCCEPTALIMOHHOW pabOThl 3aKIIIOYaeTcs B

pa3paboTKe alrOpUTMOB M MaKeTa MPUKIAIHBIX IPOTrpamMM IO pacyeTy Ha MPOYHOCTh



TOHKUX O00O0JIOYEK C Y4eTOM JedopMalluy IONEPEYHOro CHIBHUra, KOTOPbIE MOTYT
OBITh VICIIOJIb30BaHbI IIPOEKTHBIMH, Hay4YHO-HMCCJIEI0BATEIILCKUMU 51
DKCIUTyaTallMOHHBIMU OpraHu3anusaMu npu aHanuse H/IC ameMeHTOB coopyxeHul,
MOJIETTUPYEMBIX 000JIOYKAMU Pa3IUYHON KOH(QUTYypaluu TpH TPOU3BOJIHLHOM
XapakTepe BO3JACUCTBAN U YCIOBUN 3aKPEIUICHHS HA TPAHULIAX.

MeromoJ10russ M METOAbI JMCCEPTALMOHHOIO HccjaeqoBaHusi. OCHOBOMI
JUCCEPTALIMOHHOTO HMCCIENOBAaHUS SIBIIAIOTCSA IOJIOKEHUs BAapUALlMOHHOTO METOAA
cTpouTenpHOM MexaHuku — MKD, kiaccuueckas Teopusi TOHKUX OO0OJIOUEK,
ocHoBaHHasi Ha runore3e Kupxroda-Jlssa, casuroBas teopus tuma C. IL
TuUMOILIEHKO, ONMUCaHHBIE B TpPyAaX OTEUYECTBEHHBIX M 3apyO€KHBIX aBTOPOB.
IIpoBeieH TEOPETUYECKUM aHAIU3 JUTEPATyPHBIX UCTOYHUKOB U MATEPUAIOB CETH
MHTEPHET. ABTOPOM B XOJ€ HCCIIEIOBAHUSA HCHOJIB30BAJIUCH CIEAYIOIINE METOJBI:
JIOTUYECKUN aHaJIM3, BEKTOPHBIM W TEH30pPHBIM aHaiau3, CTaTUCTUYECKUNM aHaIU3
(comocTaBiieHusl, CpPaBHEHMsI), CUCTEMHBIM MOAXOA, TAOIMYHBIM M TpaduyecKuit
METO/BI.

Huccepranusi COOTBETCTBYET macnopTy cneuumanbHoctn 05.23.17 -
CrpoutenbHass MexaHWKa, B YaCTHOCTH, NyHKTY 2 «JIuHelHas W HenuHeWHas
MEXaHUKAa KOHCTPYKUMH W COOPYKEHHH, pa3paboTka (HU3MKO-MATEMATUUECKUX
MoJieel uX pacuera» U NyHKTY 4 «YUucieHHble METOIBI pacyeTa COOPYKEHUN U UX
AJIEMEHTOBY» 00JIACTH UCCIIEI0BAHU.

OcHOBHBIE pe3yJbTATHI pa00Thl, BBIHOCMMBbIE HA 3AIIUTY:

- TEOMETPUYECKHE COOTHOLIEHUS MEXAY AehOopMalMsIMU U MEePEMEIECHUIMU
IIPY Pa3JIMYHBIX BapUaHTax OTCUETA yIjia NOBOPOTA HOPMAJIH;

- aNTOPUTM (POPMUPOBAHUS MATPHUIL )KECTKOCTEH UYETHIPEXYTOJIbHBIX KOHEUHBIX
AJIEMEHTOB IMpPU aJbTEPHATUBHOM M OOLICHPUHATOM OTCYETaX YIJIa MOBOpPOTa
HOpMaJM AJisi pacuera o0OJIOYEK C ydyeToM jaedopmaiuy MONepeyHOro CABHra Ha
OCHOBAHUU CKAJIPHOW alIPOKCUMALIUU MIEPEMEILICHUMN;

- QJITOpUTM (POPMHUPOBAHUSL MATPUILL KECTKOCTEH YETHIPEXYTOJIbHBIX KOHEUHBIX

QJICMCHTOB IIpH aJIbTCPHAaTHBHOM H 06IHerI/IH$ITOM OTCUYCTax Yyrjia IOBOpPOTa



HOpMallu JUIsl pacyeTa o0O0JIOYEK € ydeToM aedopmaliii MOMEepeYyHOro CABHUTa C
BEKTOPHOM anIpOKCHUMALMEN ITOJIEN IEPEMELICHNN;

- pesynbTarhl ucciaenoBanus HJIC mpu anbTepHaTUBHOM W OOLICIPUHSATOM
OTCUeTax yrjia MoBOPOTa HOPMAJIH C UCIIOIh30BAHUEM CKAISIPHON M BEKTOPHOU (hopM
MHTEPIOISIUOHHON MPOLIEAYPhI, TOKA3aBIIHNE CYIIECTBEHHOE MOBBIIIEHUE TOYHOCTH
pPacyeToB O pazpabOTaHHBIM AITOPUTMAM.

Anpodauusa padorbl. OCHOBHBIE TMOJIOKEHUSI JUCCEPTALMOHHON padOTHhI
JTOKJIapIBAINC, U oOcyknamch Ha VIII MmexmayHapoaHOW HaydHO-NPAKTHYECKOU
koHpepenmmu «Mmkenepaple cucteMbl — 2015» (Mocka, PYJIH, 2015);
MEXIYHAPOIHOM HAYYHO-TIPAKTHYECKOU KOH(epeHIuu "CTtpareruueckue
OpPUEHTUPbl WHHOBAIMOHHOTO pa3BuTus AIIK B COBpPEMEHHBIX 3KOHOMUYECKHX
ycioBusx" (Bomrorpan, Bonl’AY, 2016); mnepBoii HaIMOHAJIBHON HAay4HO-
npakTuyeckod KoHdepeHnnn «CoOBpeMEHHOE HAyyHOE 3HAHHE B  YCJIOBHSX
CUCTEMHBIX HM3MEHEHUN», MOCBSIICHHON MATWIETHIO OpucBOeHUs uMenu II. A.
Cronsimuaa Omckomy 'AY (Omck, Omckuit I'AY, 2016) u npyrux. IlomHocTbrO
paboTa oKIapIBaIach Ha pacIMpeHHOM 3acenanuu kadeapsl «Breiciias MaTemaTukay
Bonrorpaackoro rocyapcTBeHHOTO arpapHoro yausepcuteTa 6 pespans 2018 .

yoaukannu. [lo TemMe nuccepranuu OnMyOJMKOBAaHO ABEHAIAUATh HAYYHBIX
paboT, U3 HUX YETHIPE - B PEIEH3UPYEMBIX U3/IAaHUAX, PEKOMEHJIOBAHHBIX MEPEUYHEM
BAK PO.

Ctpykrypa M 00béM padoTbl. OCHOBHBIC TOJIOKEHHUS JIUCCEPTAIIMOHHOMN
paboThl H3JIOKEeHBl Ha 168 cTpaHMIlaX, COCTOST W3 BBEICHMS, UYETHIPEX TJIaB,
3aKJIFOUYCHUS, BBIBOJIOB, CITMCKa auTepaTtypsl M 2 npuiiokeHui. Pabota
wuirocTpupoBana 19 tabnumamu u 37 pucynkamu. COHCOK JTUTEPATYPHI COIEPIKHUT

189 ncToYHUKOB, B TOM UKciie 53 3apyOekHBIX aBTOPOB.

COAEPKAHUE PABOTbI
Bo BBegeHMHm O00OCHOBaHa AaKTyaJlbHOCTb MCCIEAYEMOM  MpoOJIEMBI,
chopMylIMpOBaHbl 1IeJIb W 3aJaddl HCCIEAOBAaHWSA, yKa3aHa HayyHas HOBHU3HA U

IMPaKTUYCCKasa ICHHOCTDb pa6OTbI, OomrMcaHa CTPYKTypa AUCCCPTaLlUN.



B nmepBoii riaaBe nposesieH 0030p CYIIECTBYIOIIUX B HACTOsIIEE BpeMs paboT
no uccienyeMor teme. Bo MHOrmx paboTax HCIONB3YeTCs KIACCHYECKash TEOpHs
IUTACTUH U O0O0JIOYEK, KOTOpas NpoBEepeHa BpPEMEHEM M [IJIsl €€ HCIOJIb30BaHUs
MMEETCS MIUPOKOE MOJIE MPAKTUUECKOro NMpuMeHeHus. Hemocratkom knaccuueckou
TEOpUHU SIBISIETCS TOTPEIIHOCTh, CBsi3aHHas c o00oOmeHHoU cuioi Kupxroda.
Jlannast mpoOiiema pemiaercs IMyTeM ydeTa nedopmaiuil MONepevyHoro CABUTa.
CnsuroBas teopust Oosee ToOYHa U (PU3MUECKH MOCIENOBATENIbHEE KIIACCHYECKON
TEOPUHU.

Ananu3 pa®oT, MOCBAILIEHHBIX PAacyeTy TOHKUX oOosiouek Ha ocHoBe MKD,
MOKA3bIBAET, UTO K HACTOSIIIIEMY BPEMEHH JIJI pacuera 000JI0YECYHBIX KOHCTPYKIIUU B
JUHENHOUN 1 HeTMHEWHON OCTAHOBKAaX HUCIIOJIb3YETCSl BECbMa IUPOKUN HAOOP TUIOB
KOHEUHBIX D3JIEMEHTOB, Pa3IMYAIOMIUXCA MEXIy co0oi ¢Gopmoil, KOJIMYECTBOM
BApbUPYEMBIX IMApaMETPOB, BHUJIOM aNMpoKCUManui GyHKUUNA, HAIUYUEM WIH
OTCYTCTBUEM KPUBHU3HBI, OPUEHTAIIMEN HA CPEAUHHON MOBEPXHOCTU. IIpuBeneHHbBIC
KOHKPETHBIE pacyeThl O000JIOYEYHBIX KOHCTPYKIUMH, Uil KOTOPBIX HMEIOTCA
AHAJIMTUYECKUE PEUICHUS WIM TPUBOJATCS  PE3yibTaTbhl, MNOATBEPKICHHBIC
AKCIIEPUMEHTAJIbHBIMA JaHHBIMHU, TO3BOJISIOT CAeNaTh BBIBOJ O JOCTAaTOYHOM
TOYHOCTH Pa3padO0TaHHBIX KOHEUHBIX AJIEMEHTOB JJIsl HHKEHEPHON MPAKTUKHU.

B OonpmmHCTBE paboT, TMOCBAIICHHBIX pacdyeTy o000JI0YeK C YYETOM
nonepeyHoro casura (Bomsmup A. C., Pukapnc P. b. u apyrue), orcuer yria
IIOBOPOTAa HOPMAJM OCYLIECTBISETCA OT MCXOJHOTO COCTOSIHUS, B TO K€ BpEMS, C
reOMETPUYECKONM TOYKM 3peHus, 0ojiee KOPPEKTHO paccMaTpUBaTh BapUaHT, KOrja
yIroJ MOBOPOTa HOPMaJId OTCUMTHIBAETCA OT €€ J1e(OPMUPOBAHHOTO COCTOSHUS.
JlaHHBII BapuaHT OBbLT IPEJIOKEH U PEAIM30BaH B HACTOSIIIEM HCCIICIOBAHUY.

Tak>ke akTyaabHOM ocTaercs mpoljemMa yyera CMEUIeHU KOHEYHOTO 3JIEMEHTa
KaK JKECTKOI'0 LIEJIOr0 MPHU UCIOJIb30BAHUN KPUBOJMHENHONW CHCTEMBI KOOpauHaT. K
HACTOAIIEMY MOMEHTY Vy4Ye€T JKECTKUX CMELIEHUW JUCKPETHOrO JJIEMEHTa
npeasaraeTcss ocymectsisath B siBHOM ¢popme (Kocuupin C. b., Manyiinos I'. A.,

l'omoBanoB A. U., Ky3snenoB FO. M. u npyrue), 4UTO SBISIETCA AOCTATOYHO



TPYAOEMKHM TIPOLIECCOM, BO MHOIOM 3aBUCAIIAM OT KOHKPETHOTO THIIA
000JI09€YHON KOHCTPYKIUH.

B psine pabor (Hukomaes A. I1., bBanaypun H. I'., Kioukos 1O. B.) npoGiemy
cmenieHuss KO kak jKeCTKOro Lenoro MpeayioKEHO pellaTh B HESIBHOM BHUJE Ha
OCHOBE BEKTOPHOM HMHTEPIOJSLMHU MEPEMENICHUM, OCHOBAHHOM HA MCIIOJb30BAHUU
MHTEPIOISIUUOHHOTO BBIPAXKEHUA ISl BEKTOpPA MEPEMENIEHUS B LIETIOM, a HE JJISI €T0
OT/ENIbHBIX KOMIOHEHT. Oxnako, Bompoc onpenenenus HJIC ToHkux 000J04eK C
ydeTroM AedhopMalvy MOMEPEeYHOro C/IBUTa, JOMYCKAIOIMIMX KECTKUE CMEIIEHUs MOJ
JNEUCTBUEM  3aJJaHHOW  HArpy3Kd  HM3Y4Y€H  HEJOCTaTOYHO, 4To  Tpelyer
JOTIOJIHUTEIIBHOTO UCCIEA0BAHUS.

Bo BTOpOIi I1aBe Ha OCHOBAaHUU TEOpUU TOHKHX 00oJsouek Hosoxunosa B.B.
OBLIIM BBIMOJHEHBI pacueTsl o onpeaesneHnto HJC smiunTruyeckoro HUIMHIApa Npu
Pa3IMYHOM XapaKTepe BO3ACHCTBHI (COCPEIOTOUYEHHBIE M PACIPEICTCHHBIEC CHIIBI,
BHYTpPEHHEE JIaBJIEHWE) W YCIIOBUM 3aKperuieHHs Ha TpaHulax (CBOOOMHBIA KpaW,
HIapHUPHOE  ONHUpAaHHME, JKECTKas 3ajesika). PacyeTsl NpOBOAWINCH MpH
WCIIOJIb30BAaHUU  CKaJSIPHOW W  BEKTOPHOW (OpM  almpoOKCUMAIMA  TOJIeH
MEPEMELICHU.

KoHeYHBIM 371€MEHTOM BBIOMpAETCS YETHIPEXYTroJibHAsE 001acTb OO0OJIOYKH,
MIPOM3BOJIBHO PACIONIOKCHHAs Ha €€ CPEIWHHOW TOBEPXHOCTH C y3mamH i,j,k, .
KpuBOIMHENHHBII KOHEUYHBIM 3J€MEHT OTOOpakaeTcsli Ha KBaapaT C JIOKAJIbHBIMU
KOOpIWHATaMH & U 3, BBEICHHBIMU IS BBITOJTHCHUS YMCICHHOTO WHTETPUPOBAHUS.

CkansipHas UHTEpHOJSIIMOHHAs poueaypa. CTonben y3710BbIX HEU3BECTHBIX B
JIOKaJIbHOM U I100aNbHON CHUCTEMAX KOOPJAMHAT ObLI BEIOPAH B CIEAYIOIIEM BHUJIE

U} =Y Y () | () =) ) {w) ey
1x72 1x24 1x24 1x24 1x72 1X24 1x24 1x24
T , , , , , .
{1132312} = {m'..m'm}, ...mllamfﬁ ...mllﬁm"aa ...m,laam"ﬁﬁ ...m'lﬁﬁm"aﬁ ...mfaﬁ},
{mg,}T = {m'..m'mi ..mim} . omiml, ..mbomb, ombomb, oml ),
1x24
IJie M - 3TO KOMIIOHEHTA BeKTopa nepemenienus v, v2 umm v.



[Ipyn ckansipHOM MHTEPNOISAIMOHHON TpOUEAype OTIAeIbHAs KOMIIOHEHTa
BEKTOpa IMEPEMEIICHUSI OMpEeNeNsaeTcsl 4Yepe3 y3JOBbIe 3HAYCHUSI OTOM Ke

KOMIIOHCHTBI U €€ ITPOU3BOAHBIC

m= {}}" {mj}, (2)
1X24 24%x1
rne {x}F ={x;..x24} — MaTpuma-cTpoka, KOTOpas COCTaBJI€Ha W3

MIPOU3BEICHUIN MTOJIMHOMOB DPMUTA ISATOM CTEEHH.
Matpuna KEecTKOCTM U CTOJOEL Y3JO0BBIX YCWJIMHA YETBIPEXYTOJIBHOTO
KOHEYHOTO D3JeMeHTa (OPMHUPYIOTCS Ha OCHOBE paBEHCTBA padOT BHEIIHUX U

BHYTPCHHHUX CHII HAa BOBMOKHOM IICPEMCIICHUN

T ..
j {gf]} (gi}av = j (UYT {P}dF, 3)
|4 F
rie {sfj}, {G”} - medopMalMy U HANPSKEHHS B IIPOU3BOJIILHOM CII0€ 00OJIOUKH,

OTCTOSIIEM OT CPEIMHHON IMOBEPXHOCTH HA PACCTOSHUM ¢ , {P} - cTonbel BHEIIHEH
HIOBEPXHOCTHOM Harpysku, {U} ={ 'v¥}.

[Ipy BEKTOPHOM CIIOCOOE MHTEPIONSANMU CTOJOEL BEKTOPHBIX y3JIO0BBIX
HEU3BECTHBIX JUIS YETBHIPEXYTOJBHOIO DIEMEHTa B JIOKAILHOM M II00ANbHOM

CUCTEMaxX KOOpAUHAT OyAET OMpeAeaThCs CIEAYIOMNM 00pa3omM

T . . s . ,
=1 _ =7 =] =7 >1 = > =7 =1 >0 -1 > -1 .
{vy} = {v V'V VoV .V Vqq - VaaVpgp - VpgUap ...v,aﬁ},

1X24
T . , . , ,
=r _ =7 =] =0 =] = > =7 =1 =i =1 =i -
{vy} = {v e VU Un U UiVl e Ui Ut oo Ve Ul ...v’xt} (4)
1X24
e ' ... ¥' — BeKTOpHI IIepeMele sl TOUeK, HAXOAAIIMXCS B Y3IaX JJIEMEHTa;
Vg Vg Vaq - Vpgp Vgp ...ﬁlaﬁ — TMepBble W BTOPBIC TPOU3BOIHBIC

BCKTOpa NNEPEMCIUICHHUA Y3JIOBBIX TOUYCK B JIOKAJILHOM CUCTEME KOOpAWHAT,

VYoo DY Vg o DYy o Uly .. Ul - TIEPBBIE M BTOpBIE IPOM3BOJIHBIE BEKTOPA

)

MMEPEMCIICHUA Y3JIOBbIX TOUCK B r1100aJbHON cHCTEME KOOpAHHAT.

Cronbelr BEKTOPHBIX Y3JI0BBIX HEM3BECTHEBIX B JOKAJIBHOM CUCTEME KOODIHUHAT
MOKHO TIPEICTABUTH MATPUYHBIM [TPOU3BEIECHUEM
{iy} = [GL] [A] {n,} = [GL] [A] [TR]{U}}, (5)
24x1 24X24 24%72 72x1 24X24 24x7272X72 72x1
rae [GL] - maTpuiia mepexojga OT {173’,‘} K {17{,}; [/T]- MaTpHIa, SJIEMEHTAMH

KOTOpOI>’I SIBJITIOTCS Oa3MCHEBIC BCKTOPbI Y3JI0B KOHCYHOI'O 3JICMCHTA,
10



— 1i,,20,,0 1lig1i Le1i lp10 I 410 I 1042041 L.
{n,} ={v vl vl el ebed] el )b LthotibeEel, Lt )
r
[TR] - maTpua nepexozaa ot {ny} K {Uy}.
BekTop mepeMerieHrss BHYTPEHHEH TOYKH KOHEYHOTO DIEMEHTa MOKHO

BBIPA3UTh YCPC3 BCKTOPBLI INMCPCMCIICHUA Y3JIOB C IMOMOIIIBIO HHTCPIIOJIIITHMOHHOI'O
BBIPAKCHUA

o= (0" {7} = " [A] [GR] (TR} {U}}, (6)

1X24 24%1  1X24 24x72 72X72 72X72 72%1
rae [GR] — onpenensiercst u3 paBenctsa [GL| [ff] = [ff] [GR].

BasucHbIe BEKTOPHI Y3JI0B KOHEYHOTO DJIEMEHTA MOTYT OBITh BBIPAXKEHBI Yepe3
0a3KMCHBIE BEKTOPHl BHYTPEHHEH TOYKM KOHEYHOIO DIEMEHTAa MATPUYHBIMH
COOTHOIIEHUSIMH

{€°} = [p*llp] e}, (7)
rae [pP] u [p] onpenensiores 3 pasencts {é°} = [p?|{t}; {€} = [p{i};
(EY = (@0 &9 &9); (e0)T = (6776 &2°); (i) = {i] k).
Kgasumaronanshast matpuua [A], cocTaBineHHas W3 y3JIOBBIX BEKTOPOB
JOKaIbHOTO 0a3uca, ¢ yueToM (7) MOKeT ObITh TIPECTaBIeHa CyMMOM

4] = & [A1] + 2[4,] + &3[4s]. ®)
24X72
Cootromenue (6) ¢ yuetom (8) mpumMeT BUJT

v'ey +vieg +vep = ()7 (€7[As] + €9[Aa] + €R[AsD{Qy ) (9)
rre {Q,} = [GRI[TRI{U}}.

NHTEPNIONSAUIMOHHBIE BBIPAXKEHUS U1 KOMIIOHEHT BEKTOpPA MEPEMELICHUS TIPU
BEKTOPHOM CIIOCO0€ MHTEPIOJAIMU MOTYT OBITh ToydeHbl u3 (9) u 3amucaHbl B
CIEAYIOLIEM BHUJIE

vt =" ) v = T4 v= 0014 e (10)

IIpyu BEKTOPHON MHTEPIOJALUOHHON IIPOLEAYPE KaXK1asi KOMIIOHEHTa BEKTOpa
MepeMeNIeHNs W €€ MPOM3BOJHBIC MO TJIOOATHHBIM KOOpPAMHATAM 3aBUCUT OT
Y3JIOBBIX 3HAYEHUN BCEX TPEX KOMIIOHEHT BEKTOPA MEPEMEIICHUS U UX TTPOU3BOIHBIX
B Ti00anbHON cucTeMe KOoOpAWMHAT. B 3TOM W COCTOMT OT/IMYME BEKTOPHOU
WHTEPHOJSAIUA OT OOMICTTPUHSTON CKAISAPHON HHTEPIONSIUN TEPEeMEIICHUN, TTPH
KOTOPOW OTJI€JIbHAs KOMIIOHEHTAa BEKTOpa MEPEMENICHUS] 3aBUCUT OT Y3JIOBBIX
3HAYEHHM TOJBKO 3TOM K€ KOMIIOHEHTbl M HE 3aBHUCUT OT Y3JIOBBIX 3HAYCHUU

OCTAJIbHBIX ABYX KOMIIOHCHT.
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[Tpumep 1. DmmunTuyeckuid
UUAJIAH]IP 3arpyxeH
COCPENOTOYEHHOU CUJIon F u

MMEIOIUN Ha JIHaMETPAIBHO

X 9
< MPOTUBOIIOIOXKHON  CTOpPOHE
HIAPHUPHYIO oropy,
MPENATCTBYIOUTYIO

Puc. 1 — PacueTHas cxemMa JIIUITHYSCKOIO BepTHKaHBHOMy CMEIICHHIO0

LHWJIMHAPA, HATPY>KEHHOI'O COCPEAOTOYEHHON CHIION

(puc. 1).

PacueTsl BBITONHSUIUCH B JBYX BapHWaHTax: B TICPBOM BapHWaHTE NPHUMEHSIACH
CKaJIsIpHAas almpoOKCUMAIIHsI TIEPEMEIICHH; BO BTOPOM — BEKTOPHAsI alllpOKCUMAIIUs
nosieit mepemernenuii. Mcxoanwsie nannsie: L = 26,289cm, b = 12,58cm, t = 0,24
cM, F =453,6 H, E =0,738-10°> MIlIa, v = 0,3125 . OTHolleHHe HapaMeTpoB
n = b/c NonepeyHoro CeUYeHUsl UIMNTUIECKOTO IUINHAPA BapbUPOBAIOCH OT 1 110
4. Tlpu BbBIOpaHHOM pacueTHON CXeMe HampsHKEHUS B TOYKE MPUIIOKECHUS
COCPEOTOYEHHOM Ccuibl (TOYka 1) M B TOYKE MIAPHUPHOrO ONMHMpaHus (Touyka 2)
JOJDKHBI OBITH paBHBI. J[71s1 ynoOCcTBa aHaIM3a KOHEUHO-3JIEMEHTHBIX PEIICHUI ObLIH
MCIIOJIb30BaHbI CIEAYIONINEe 0003HAYEHUS

= O /0% ; = o3y /0% ; = oy /o ; = afi' /it (11)

T/Ic BEPXHHUE MHIICKCHI «B» U «H» YKa3bIBAIOT, UTO HANIPSHKCHHS BBHIYHMCIICHBI Ha
BHYTPEHHEHI W HaApY)KHOH  TOBEPXHOCTAX  JJUIMINTAYECKOTO  IMJIMHIpA
COOTBETCTBEHHO.

Pe3ynbpTaThl MOBapMaHTHBIX PACUETOB MPEACTABICHBI HA PUCYHKax 2 U 3, Ha
KOTOPBIX TIOKa3aHbl W3MeHeHHs KoddduuumentoB y U w (11) B 3aBucHMOCTH OT
oTHOIIeHUsI N = b /c npu cetke nuckpernsarmu 10x10.

Kak BuaHO wu3 pamarpamMm, 0OpU BEKTOPHOM BapUaHTE AaNIpPOKCHUMAIIUU
MepeMenieHnii  3Ha4eHus] KOd(PQPUIIMEHTOB Y W @ PaBHBI €IUHUIIE TIPU JIFOOBIX
oTHOomeHUsAX b/c . Tlpu WCMONB30BAaHWU CKAISPHOTO BapHaHTa aIpPOKCUMAIIAN
MEepEeMENICHU ¥ M @ paBHBI €IWHWIC JWIIb npu b/c =1, T.e. Tpu pacdere

KpPYroBOTO LUJIMH/PA.
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[Tpu yBenuuennn otHoMIeHUsI N = b /c (T.€. Koraa MUIMHAP MPUOOpPETAET BCe
Oonee  BBIPOKEHHYIO  JJUIMNTUYECKYI0O  (QopMy)  OTKIOHEHHS  3HAYEHUU
K02 (PHUITMEHTOB ¥ ¥ W OT €UHUIIBI CTAHOBSTCS BCe O0JIee 3HAUYNTEIILHBIMU.

PesynpTaThl, TpeACTAaBICHHBIE HA  JOMarpaMMmax,  IOJIY4YeHB  TPHU
¢dbukcupoBaHHol ceTke muckperm3aruu 10X10. ITosToMy WMHTEpec NpeacTaBIIICT
M3MCHCHHC 3HAYCHUN HANPSHKCHUH TIPH CKAJSIPHOM BapHaHTE aIlPOKCUMAIIUN
MepeMENICHU TPpU 3HAYMTEIILHOM CTYIIEHWHW CETKH JUCKPEeTH3aluu. Pe3ynbTaTel
PAcYeTOB ALITUNITHICCKOTO MIWJIMHIAPA TP N = b /c = 3 moKa3aim, 9T0, HECMOTPsI Ha

3HAYMTEIBHOE CrylieHre ceTKu (n, = 841), 3HaueHMsS Y U W BECbMa JAIIEKH OT

€ITUHHULIBI.
3,5 3’2 2,987
PPN 2,749
5 i <085 I 3,264 2,5
=2 / e 2 1522
¥ 1,567 1,5
1,5 1
1 & 4 *— 05
0,5 ’
0
0 n
. 5 3 A n 1 2 3 4
——CkanspHas annpoKcUMalus Cranspras annpoxkcnmanus
=&— BeKTopHasl almpoKCUMAIIUs —>¢—BekTopHas annpokcumanus
Puc. 2 — [luarpamMma 3aBUCUMOCTH Puc. 3 — luarpamMma 3aBUCUMOCTH
KO3 UIMEHTa Y OT OTHOIeHUI N = b/c KodpUIMeHTa @ OT OTHOIIEHUsI N = b/c

TakuMm 00pa3zoM, MOXKHO C/I€JIaTh BBIBOJ O TOM, UYTO MPU KOHEYHO-IJIEMEHTHOM
pacuere JJUIMNTUYECKUX LUWIMHIAPOB ¢ NpuMeHeHuem Teopun Hosoxuinoa B. B.
HEO0OXOJIMMO HCMOJIb30BaTh BEKTOPHBIA BapUaHT UHTEPIOJSLUUA TIEPEMEIICHUM, TaK
KaK IPUMEHEHUE CKASIPHOTO BapUaHTa UHTEIMPOJISILUY NIEPEMEIIEHNUN B 3TOM CIIy4ae
HE MO3BOJISIET IOJYYUTh YJIOBJIETBOPUTEIBHBIM PE3YyJIbTAaT AK€ IPU JTOCTATOYHO
M3MEJIbYCHHOM CETKE TUCKPETU3ALNY.

B Tperneii miaBe M3JI0KEH pacdyeT TOHKUX 000J0YeK ¢ ydeToM aedopmariuu
MONEPEYHOr0 CABUra TMPU HCIOJb30BAHUN CKAULIPHOM HHTEPHOISAUNUM TOJEH
MEepEMENICHUI TPHU JBYX BapHaHTax OTCYETA yTIJia MOBOpOTa HOopmaiu. B mepBom
BApPMAHTE pacuera OTCUET YyIJla MOBOPOTAa HOPMAalu OCYIIECTBISIETCS OT €€
MCXOJIHOTO COCTOSIHMSI, BO BTOPOM — OT €€ Ae(h)OpMHUPOBAHHOTO COCTOSIHHUS.

['eomeTpuss TOHKOW O00OJIOYKM B HCXOAHOM cocTtossHuu. CpenuHHas

MMOBEPXHOCTh 000JI0YKH MOXKET OBITh 33/laHa PAINYC-BEKTOPOM
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RO = xT+ yj + z(x, y)k. (12)

BekTtopsl nokanmpHOro ©0aspca W HMX [POU3BOJAHBIE MO TI00AIbHBIM
KOOpJMHATaM OMHUCHIBAIOTCS (popMyrIamMu

@ =RY; d$=RY; (13)
55,/11 = ﬁ,‘ilali C_ig,zz = R)ﬁlzz; ag,ﬂz = ﬁ,?lz,le ag,ﬂl = R)ﬁzzl- (14)
I[J'Iﬂ SJUIUIITHYCCKOT' O HI/IJ'II/IHI[pa paI[I/IYC'BeKTOp MOXECT 6BITB 3aIIMCaH B
CJICYIOIIEM BHJIC
R° =xT+ b -sin(t) ]+ c - cos(t) k, (15)
BCKTOpBI JIOKAJIBHOI'O 6a3I/IC21 n Hux HpOI/ISBOI[HBIC 10 FJIO6aJ'IBHBIM
KOOpJMHATaM OMHUCHIBAIOTCA (hOpMyIaMu

ad = ﬁ‘; =1 as= ﬁ)‘; =b-cos(t)]—c-sin(t) k;
dg = ag x ag/|ag x ag| = a x ag/aj; (16)
[lonoxenue TOYKH, OTCTOHHIeﬁ oT CpGI[PIHHOﬁ IMOBCPXHOCTHU HA PaCCTOAHHNU C_,
B UCXOJHOM COCTOSHHH OIPCACIIACTCA paanyC-BEKTOPOM
R°¢ = R° 4 ¢ap. (17)
BGKTOPBI 62131/1021 B UCXOOAHOM COCTOAHHUHU MOKHO IIPCACTABUTH 3aBUCUMOCTIAMHA

— =0 = - = - - — =0 -
g? = R,xZ = (RO +{an x = Ro,x + Zag,x = asg; g(3) = Rg{ = dp;

=0 _ p9 _ (po >0\ _ poO >0 _ 30
82 =R, —(R + {ay t_R,t+Zan,t_a2(1+('q32)' (18)
_ 0 [,0
TIe g3, = cb/an+/ ay.
['eomeTpust 06o0uku B jaehOpMUPOBAHHOM cOCTOsTHUHU. [lojoskeHue TOUKH
CPEAMHHOMN MOBEPXHOCTH B IIpoiiecce AehopMaliiu ONpeAeTUTCS COOTHOILIEHUEM
R =R° + v. (19)
Bekrtops! gokanpHOTO 6aszuca B 1e(pOpMHUPOBAHHOM COCTOSSHUHM IIPEACTaBICHBI
COOTHOIIICHUSIMH

d; = R; = (R°+ ), = a? + tfag + t,ds;
d, = d% x @2/|d? x ag| = —t a? — t,as + a. (20)
[TonoxxeHne TOYKH, OTCTOSAIIEH OT CPEAUHHON MOBEPXHOCTH HA PACCTOSIHUU (
B JIe(OpMHUPOBAHHOM COCTOSIHUH, OTIPEJICIISACTCS PAINYC-BEKTOPOM
RS =R + V. (21)
BekTop mnepemenieHuss TOYKH, OTCTOSAIIEN OT CPEIWHHOM NOBEPXHOCTH HaA
pPacCTOSIHUM {, MOKHO ONPENCIIUTh OJTHUM U3 CIEAYIOIIUX COOTHOIIECHUM
V="%5+{ xadd); (22)
V==5+7@"xadld) + 7 xad), (23)
14



rae v

B nepBom BapuanTe (puc. 4) OTCYET yriia MOBOPOTa HOPMAJU OCYIIECTBIISACTCS
OT ee HCXOAHOro cocrostHus (22), Bo BTOopoM (puc. 5) — or mepopMupOBaHHOTO
cocrostHUA (23).

BekTop yrimoB moBopoTa HOopMalieil OmMHUChIBaeTCsl cooTHolneHueMm (YUepHbIx
K.®.)
7 = —y2@° + y1as + 0,,a°. (24)
Hedopmariun B MPOU3BOJIBHOM CJIO€ JJi MEPBOIO M BTOPOTO BaPHUAHTOB
OoTCcueTa YIJOB IOBOPOTa HOPMAJM OMNPENEISIOTCS COOTHOIICHUSIMH MEXaHUKU
CIUTOLTHOM cpebl

ef; = (91— 9%)/2. (25)

M?

8] 8]
Puc. 4 — Orcuer yria noBopota HOpMaJu OT €€ Puc. 5 — Orcuer yria noBopota HOpMaJli OT €€
HCXOJIHOTO COCTOSTHHS J1e(OPMUPOBAHHOTO COCTOSTHUS

Cronberr y370BBIX HEHM3BECTHBIX YeThIpexyrosbHoro KD B sokanbHON H

rJI00aJIbHON CUCTEMax KOOpJMHAT BHIOUPAETCS B BUJIC

U} = o ) ) 00) 0 1 (03) =10 () () ) O5)

1x44 1x12  1x12 1x12 1x4 1X4 1x44 112 1x12 1x12 1x4 1x4
T . . . T ., .
{mgl,} = {m'..m!'m}, ...m'lamfﬁ ...mfﬁ}; {y;} = {yPlyPiyPlyrt,
1x12 1x4
T . . ,
my} ={m'..m'ml, .. .mlm} ..m.}, (26)
1x12

I7ie M - 3TO KOMIIOHEHTA BeKTopa nepemenienus v, v2 umm v.
IIpr ckansgpHOM MHTEPIIOALMU IEPEMEIICHUNM KOMIIOHEHTBI BEKTOpa
MIEPEMEIICHUSI U KOMIIOHEHTHI BEKTOpA YIJIOB IMMOBOPOTa HOPMAJM ONPEIEISIOTCS

4Cpe3 HHTCPIIOJIIMMOHHBIC BBIPAKCHUA CIICAYIOIICTO BUJIa

m= P} {m}}; yP = fh}T{Vf b (27)

1X12  12x1 X4 4x1
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rie (Y} ={;..¢;,} — MaTpuma-cTpoka, KoTopas COCTaBjeHA U3
npousBeneHUi momuHOMOB Jpmmuta Tpetheil crenenu, {h}’ = {h h,h;h,} —
MaTpHIa-CTPOKa, coaeprkarias OmmnHeHble QyHKIIMN JOKATBHBIX KOOPAUHAT.

[Ipumep 3. 3ameMieHHBIM 1O TOpIIaM KpPYroBOW UWIWHAP HarpyXeH
BHYTPEHHUM JaBjicHHeM uWHTeHcuBHOCTH ( (Puc. 6). Mcxomueie maHHBIE: R =
1,0 ;L =10mE =2-10°Mlla;v = 0,3; q = 5 MIla. Pac4eTpl BBIONHUIUCH B
JIBYX BapHaHTaX, B IEPBOM BapHaHTE OTCYET yIjia MOBOPOTa HOPMAJIU MPOU3BOIMIICS
OT €€ UCXOJHOTO IOJIOKEHHUS, BO BTOPOM — OT €€ J1e(HOPMUPOBAHHOTO TIOJIOKECHHUS.
Pe3ynbTaThl MOBapMaHTHOTO pacyeTa IMPEACTABICHBI HAa PUCYHKE 7, HA KOTOPOM
MOKa3aHbl 3HAYCHHUS] (PU3MUECKUX HAIPSIKEHUH O,, B JKECTKOM 3ajelike Ha
BHYTpPEHHEH (BEpXHsS 4acTh JAMArpaMMbl) U BHEIIHEW (HWKHSS 4acTh AHArpaMMbl)

IOBEPXHOCTAX NUIMHAPA B 3aBUCUMOCTH OT YMUCJIa DJICMCHTOB JUCKPECTU3AlINHU Ny.

600
4734 | 475 4752, 4753
500 470,7 474,5 475 475,27 '7°475,3 2 sapuanT

pacyeTa

400 403.1 437,1446'2451 ;155,4458’1460,1
300 I+ 372,2 74254 ’
200 —— 1 BapuaHT
pacyeta
100
0 } } } } } } } } — Ny

2
-100 116 24 36 48 64 80 96 112 128 Cacers
200 722535 3174 1 .33) | 3384

-305,7 -326,4 | -335,7 -340,4

3Hauenus Hanpsikenuii o, MIla

-300
400 0% 28 1 BapuaHT
- ¥ P = C ’ ;354
3495 453773353 77353, 67 354 P
Puc. 6 - kpyroBoii mumHIp, Puc. 7 — JluarpaMma HOpMaJbHBIX HANPSHKEHUH Oy, B )KECTKOM
HArpyKE€HHbIA BHYTPEHHUM 3ajIeJIKe B 3aBUCHMOCTH OT YHCJIa 3JIEMEHTOB JIUCKPETU3AIINI

JaBJICHUEM MHTCHCHUBHOCTHU

AHalM3 JAuarpaMMbl  MOKa3bIBA€T CYIIECTBEHHO JYUYIIYI0 CXOJHMOCTh
BBIUUCJIMTEIBLHOTO MPOIIECCAa BO BTOPOM BAPHUAHTE pacyeTa 1Mo CPABHEHUIO C NIEPBBIM
BapuaHTOM. JlJIsi TOCTHXKEHUSI aHAJIOTUMYHOTO YPOBHSI TOYHOCTH B NIEPBOM BAapHUAHTE
TpeOyeTcs Ha MOPSIIOK OOJIBIIIEe YUCIIO AIEMEHTOB JTUCKPETU3AIUU, YeM BO BTOPOM
BapHUaHTE.

ONIopbl UBMEHEHUN HANPSKEHUU Oy, O, BIIOJH OOpaA3YIONICH HMWIMHAPA IS

IEPBOro M BTOPOro BapHAHTOB OTCYUCTA YIJIOB IMOBOPOTAa HOPpMAJIN IIpH CKaHHpHOﬁ
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anmpoKCcUMaIuu npejcTaBieHbl Ha pucyHkax 8 — 11. Ilpu pacuerax ucnosib3oBanach
ceTka nuckpernzanuu (2x51). Kak BuIHO U3 pucyHkoB 8, 9 B cepenuHe nposera
HaOo1aeTcsi OE3MOMEHTHOE COCTOSIHUE M MOMEHTHOE B JKECTKOM 3aflelIKe, YTO
COOTBETCTBYET (PM3MUECKOMY CMBICITY PEIIaeMOl 3a1auu.

AHanu3 cABUTOBbIX AchopMmaruii (pucyHkd 10 um 11) mOKa3bIBaeT, UYTO Oy
OJIU3KKM K HYJIO B CEpPEeIMHE MpOoJIeTa U JOCTUTal0T MAaKCHUMAJIbHBIX 3HAYCHUN B
KECTKOM 3aJieNIKe, YTO TaKXe YAOBICTBOPSAET (PU3NYECKOMY CMBICITY pelraeMoun
3a/layu.

Ha ocHOBaHMHM TPOBEIEHHOIO CPABHUTEIBHOIO aHajIW3a JBYX BapHaHTOB
pacyeTra JIUIMNTUYECKOTO LMIMHApPA ObUI CAENaH BBIBOJ, YTO BTOPOM BapHAHT
II03BOJISIET MOJIYYUTh YAOBJIETBOPUTEIBHBIC 10 TOUHOCTH 3HAYEHUS HAIIPSKEHUI TIPH

OTHOCHUTCIIBHO pCI[KOﬁ CCTKC 3JICMCHTOB AUCKPCTU3alUU.

500 438 600
474,9
= —
E BHYT 400 —0— BHyTp
= peHH
; 2,03 91 86139’24 97.6 ee entee
= ’ | , 141
g 60,16 800 200 L 6185 4 7914124 BOTIOK
= : KHO 2,89 HO
= ) \| | <= BHew 0 -21,85
27,84 1e
; 7,68 8 -19,54 22,1 Hee 10 40 BHew
g BOJIO 57,84 Hee
A KHO -200 BOJIOK
-318,87 Ho
- ’ -353,73
400 1 BapuaHT -400 2 BapuaHT
Puc. 8 — Dmopa HanpsikeHU# gy, U IEPBOTO Puc. 9 — Dmropa HanpspkeHu gy, 119 BTOPOTO
BapHaHTa OTCYETA yIila HOBOPOTAa HOPMaJIU BapHaHTa OTCYETA yIila MOBOPOTa HOPMAJIU
5
= ? 05065 | 1, 541, 02 —0—BHyT 10 04o,55 1,83 2,76 Bryrpe
é 0 & “'_11'5 1 541 0 f—f—{ X, CM z:HH X, M HHee
BOJIOKH
5,‘:‘ 5 1,05 iO £0 406,2 50 BO/IO .
Y
g = 62 KHO BHewHe
= 210 ’ BHelw e
z° Hee 131,11
S om0 \ BOJIOKH
s 18,61 KHO 31,74 o
o -18,61» -40
-20 1 BapuaHT 2 BapWaHT
Puc. 10 — Dnropa HanpsKEHUH ¢ VTSI IEPBOTO Puc. 11 — Dnropa HanpsHKEHUH ¢ U1 BTOPOTO
BapHaHTa OTCYETA yIiia TOBOPOTa HOPMAIIH BapHaHTa OTCYETa yriia MOBOPOTa HOPMAJIU

B 4deTBepTOii ry1aBe M3JI0KEH AITOPUTM pacueTa TOHKHUX 000J0UEK C y4eTOM
nedopManuy TMOMEPEYHOTO CABUTAa B JIBYX BapuaHTax OTCUeTa yrja IOBOpPOTa
HOPMAJIM TIPYU HMCIOJIb30BAHMM BEKTOPHOW MHTEPIIOALMU TOJIeW nepeMmenieHnii. B

JaHHOW TJIaBe ObUT BBINOJHEH CPAaBHUTENBHBIN aHAIU3 CKaJsIPHOH W BEKTOPHOU
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aHHPOKCI/IMaHI/Iﬁ B IICPBOM H BO BTOPOM BapHaHTax OTCUCTa YIJa IIOBOPOTa
HOpMaJIN. HOKaSaHO, 4dTO BCKTOPpHAA HWHTCPIIOJIALUA IMO3BOJICT Yy4YCCTh CMCHICHUA
YCTBIPCXYTOJIBHOI'O 3JICMCHTA JUCKPCTU3AIHNH KaK JKCCTKOT'O ICJIOTO.

Matpuiia )KeCTKOCTH YEThIPEXYTOJIBHOTO 31eMeHTa 44X44 1pu UCNoJIb30BaHUU
BEKTOPHON HMHTEPIOIAIMN Toyiel mepemenieHuid. Ctonben BEKTOPHBIX Y3JIOBBIX
HEU3BECTHBIX JJII YETHIPEXYTOJIbHOIO »JJEMEHTAa B JIOKAJIbHOW U IIOOATbHOU
CUCTEMax KOOpAUHAT OyAET OMpeAeNaThCs CASAYIONINM 00pa3oM

_, T T T)] (=T T ¢, T
JI — S = r — ST =
=i W ={s) ) (28)
1X16 1X12 1x4 J 1x16 112 1x4
e
(B3} = {9079"0'5, 0, 00,00 5h )
1X12
—>k—>l—>l —>]—>k—>l —>l —>]—)k—) —)k—)l
() = @osstaiaaetolsloioly (B) = 777 (29)
1X12 1x4 _
D' ... D! — BEKTOpHI TepeMelIeHus Y3IO0BBIX TOUYEK;}' ...J'- BEKTOpHI YTIIOB
TMOBOPOTA HOpMAIe; Uy ... Uy Vg .. ﬁlﬁvx BLPY .Y — nepebie mpom3BOAHBIE

BEKTOpa TMEpPEeMEIICHUSI Y3JI0BBIX TOUEK B JIOKAIBHOM W TJIO0AIBHOM CHCTEMax
KOOPAUHAT COOTBETCTBEHHO.

B3auMocBsA3b MeXx1y BEKTOpaMu {‘Z,H}TI/I {IZ,F}TOHI/ICHBaeTc;I dopmynoi
(72} = [T (7). (30)

16x1 16X16 16x1
Bektop mepeMemieHrss W BEKTOp YIVIOB ITOBOPOTa HOPMAaJE BHYTPEHHEU

TOYKHU AUCKPCTHOI'O 3JIEMCHTA MOYKHO BBIPA3WTh 4YCPC3 BCKTOPHBI Y3JOBBIX TOYCK
3aBUCUMOCTAMHU
v =Y {5} = W7 [TM {55} 7 = (W7 {7, ). (31)
1X12 12x1 1x12 12x12 12)(1 1X4 4x%x1
CTOJ'I6CI_[ BCKTOPHBIX Yy3JIOBbIX HCU3BCCTHBIX B riIo0ajJbHON CHUCTEME
KOOpAMHAT MOKHO IMPCACTAaBUTh B BUAC MATPHUYHOI'O IMTPOU3BCACHUA

{5} = [4] {z} = [4] [TP]{U;}, (32)

16x1 16X44 44%1 16x44 44><44 44%1

(z,} ={z"{z} } (2} = {riv?ivl L vtefiedie] e o)
{Zy} — {yu 1]y2]y1ky2kylly21}_ (33)
Ha ocnoBanuu (32) 3anil>;fleM cootHoueHus (31) B cnegyromeM Bujie
P 8 I R0 7 = (AN R el U )- (59

KBasuanaroHaibHbIE MaTPHULIBI [Av] u [Ay], COCTaBJICHHBIE U3 BEKTOPOB

JIOKaJIbHOTO Oa3mca MOT'yT OBITH MMpEACTAaBJICHBI CIICAYIOIIHNM 06pa30M
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[A ] Apqlai + [Ay,ld3 + [Ays]an; [Ay] = [Ay1]a1 + [Ayz] . (35)
12x36 4%8

C yuerom cootnomenuii (35) 3aBucumoctu (34) npumyT BI/II[
vla(l) + vzao C_i;‘)t = {w}T([ vl]a(lj + [sz]az v3 an){Ly} (36)
y'yaz,ar + (VZ/\/ azz)az = {h}T([Ayl]a? + [AVZ]a(ZJ){ y}' (37)

rne {Ly} = [TR11][TP11]{U3F/17}' {My} = [TRzz][szz]{Ugrzy}-
NHTEpNONSIMOHHBIE Bapa)KCHUsI IS KOMIIOHEHT BEKTOpAa MEPEMELICHUA U

BEKTOpa YIJI0B OBOPOTA HOPMAJIU OMUCKHIBAIOTCS 3aBUCUMOCTSIMU

= WY Anl{Ly }v? = WY [An){Ly ) v = @ [4s]{Ly )
=AM} v = (T[4 ]{my) (38)

Ananm3upysi cootHomeHusi (38), MOXHO cHelaTh BBIBOJ, UYTO Kaxaas
KOMIIOHEHTa BEKTOpPA IMEPEMELICHUs IPOU3BOJIBHOM TOYKHM KOHEYHOI'O DJIEMEHTA
3aBUCUT OT Y3JIOBBIX 3HAYEHUN BCEX TPEX KOMIIOHEHT U MHOI'OYIEHOB, COJEpIKALIUX
Y3JIOBBIE 3HAUYEHUS ITUX TPEX KOMIIOHEHT M MX Mpou3BoAHble. Kaxaas koMnoHeHTa
BEKTOpa yIJIOB IIOBOPOTa  HOPMAJIH
3aBUCUT OT Y3JIOBBIX 3HAUYECHHUUA 00eux
KOMIIOHEHT BEKTOpa YIJIOB IIOBOPOTA
HOpPMaJIH.

[Ipumep 4. OmnpeneneHue HanpsKEHHO-

ne(opMHUPOBAHHOTO COCTOSTHUS

Puc. 12 — PacueTHas cxema

OCCKOHEYHO IJIMHHOTO AJUTUNITUYECKOTO
SJITUIITUYCCKOI'O IMMJINHAPA
HAJIMHIpA, HArpy>KeHHOTO BJOJb OOpasywllell JHUHEWMHO pachpeaesICHHOM
Harpy3kKoi, UHTEHCUBHOCTH (] U1 MMEIOUIETO Ha JUAaMETPAIbHO MPOTHUBOIOJIOKHOM
oOpasyroleld HUWIMHApPA MPYXKUHHBIE OMHOpPBI (pHuc. 12), KECTKOCTh KOTOPBIX
BapbupoBanack. Mcxoguele naHubie: ¢ = 5-1073 MIla; b=0,1 m; E =2 10°
MIla; v = 0,3; h=0,001 m. Beanuuna napametpa ¢ 6bu1a npunsata pasHoii 0,025 M.
Pesynbrathl pacderoB HJIC »>munTuyeckoro MHWIMHAPA C OPYKUHHBIMHU
OTIOpaMHu JIJIsl IEPBOTO M BTOPOTO BAPUAHTOB OTCYETA YIJIOB [IOBOPOTA HOPMAJU MpPH
WCIIOJIb30BAaHUU CKAISIPHOW M BEKTOPHON (opM anmpokcuManuii nepemerieHui
IpeACTaBICHBl B Tabiuiax 1 m 2 COOTBETCTBEHHO. B 3TuX Tabnuiiax mpuBeICHBI

3Ha4YCHUA HaHp}DKeHI/Iﬁ Ot B 3aBUCUMOCTH OT BCIIMYHHBI JKCCTKOI'O CMCILICHUA. B

INEPBOM BapHaHTC pacdcTa, KOorga yYroJl OTCUYHUTBIBAJICA OT HCXOAHOI'O COCTOSAHHSA
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HOpMaJli, MCIOJIb30Bajach ceTKa auckperu3auuu (337x2), BO BTOPOM BapuUaHTE

pacuera, mpHU OTCUETE yria OT JAe(OpMHPOBAHHOTO MOJOXKEHHUS HOPMAH, IS

CKaJIIpHOW amnmpoKCHUMAalluu BblOMpasiach ceTka auckperusanuu (145x2), ansa

BEKTOpHOI — 49x2. AHaiu3 TaOJIMYHOIO MaTepHasia MOKa3bIBAET, YTO HANPSKEHHS

O IIpH CK&J’ISIpHOI?I HHTCPIIOJIALUU B oboux BapHaHTaX 3HAYUTCIbHO U3MCHAIOTCA 110

BCIIMYMHC, B TO BPCMA KaK IIpU CMCIICHHUHN 000JIOYKH KaK TBCPAOro TcCjia, OHHU

JOJDKHBI OCTaBaTbCs HCU3MCHHBIMU.

Tabmuma 1 — Pacuer HJIC »smmunTuveckoro MHUIMHIpA

Tabmuua 2 - Pacuer HJIC annuntudeckoro NUiaMHApa Npu

pyu OTCUCTC yIJla MOBOPOTAa HOPMaAJIXW OT €€ UCXOAHOT'O OTCUCTC yria IOBOpOTa HOpMaJIn oT cc
COCTOsSIHHUA [[e(l)OpMI/IpOBaHHOFO COCTOsIHUA
XKectkocTb NPy KUHBI, JKectkocTh NPy UHBI,
102 H/w © 01 | 001 | 002 102 Hit o 0.1 001 | 002
BenmunHa %ecTKOro BenmunHa xecTKoro
evemers, 102 a 0,00 1,00 10,00 20,00 evemers, 102 0,00 1,00 10,00 20,00
Z g 5z = < E § o | 8
O o~ . < - =
E % H =2z & E 3HaueHHs HANIPSKEHUH B KOHTPONHPYEMBIX % S| E2 | = | 3uavenns nanpssenuii B KOHTPOMMpYEMBIX
g & = §- ; ke g oo |TOUKAX, TIPH 3a/IAHHBIX CMEILEHHSX 000JI0YKH g é =l & § & 5 | rouxax, npi 3a1aHHEIX CMeLEHHAX 0BONOUKH
< Q
= T 2 E S e 5
— ol 157,19 153,22 | 117,74 | -213,55
ELS s o~ ol 158,40 129,14 111,22 108,14
< K~ O
w o~ w T L.
S| 2= | on | 15679 | -15289 | 117,96 | 20822 =5 £ S
§ 3| & Oct ' ' ' ' g g ol -158,01 | -129,70 | -112,36 | -109,39
g £ = :
Z =
§ 2| - of | 15721 | 161,07 | 19554 | 51745 Eg | a| o | 15819 | 9613 | 5811 | 5158
El €~ E | Bk
e T E<
e~ | off | -15681 |-160,61 | -19454 | -511,36 & of | -157.79 | -9501 | -5655 | -49,94
BeprukanbsHoe cMeleHne
Beprukazeroe cueluerne 0 0,99928 | 9,92892 | 19,32095 oGomnouxn, 107% m 0 042056 | 0,07818 | 072243
o6omouku, 1072 M
N 157,20 15720 | 157.20 | 15720 88 af 158,46 158,46 158,46 | 158,46
2 o = s .
RS 55| 2S
g g all -156,81 -156,81 | -156,81 | -156,81 E.E = ol -158,35 -158,35 | -158,35 | -158,35
2 o 2 a
R & 5 = ol 157,20 157,20 | 157,20 157,20 Mm E s o ot 158,46 158,46 158,46 158,46
slies I EEOP
= = = =
off | -15681 | -156,81 | -156,81 | -156,81 off | -15835 | -158,35 | -158,35 | -158,35
BeprukansHoe cMeneHne 0.00 1.00 10.00 2000 BepTukansHoe cMelieHne 0.00 1.00 10.00 20.00
o6onouku, 1072 m ' ' ' ' o6omnouku, 1072 m ' ' ' '

IIpu BekTOpHOU

000JI0UEK C YYEeTOM

VMHTEPHOJLSIUMUA [OJIEM NEpPEeMEIICHUA MpPU pacyeTe TOHKUX

nedopMany MONEPEYHOTO CIBUTA YHCJICHHBIC 3HAYCHUS

HaHpH)KCHI/Iﬁ OCTArOTCA HCU3MCHHBIMU, YTO CBUACTCILCTBYCT O TOM, UTO BCKTOpHAasd

HHTCPIIOJIALNA HepeMCHlCHI/Iﬁ MO3BOJIICT ABTOMATHYCCKH YYHUTBIBATH CMCHICHHA

KOHCYHOI'O 3JICMCHTA KaK KCCTKOI'O IICJI0IO.
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OCHOBHBIE PE3YJIBTATHI U BBIBO/IbI

1. Paspaboran anroputm wuccinegoBanuss HJIC ToHkmx o0o0mo4ex c
UCIIOJIb30BAHUEM YETHIPEXYTOJIBHOIO KOHEYHOrO 3JJIEMEHTa pa3MepoM 72X/72 Ha
OCHOBaHMH cooTHoueHuM HopoxunoBa B. B. nmpu ucnonb3oBaHuM CKaJsIpHON M
BEKTOPHOM MHTEPHOJSIMOHHBIX mporenyp. Ha ocHoBe pa3paboTaHHOTO 3JIeMEHTa
000CHOBaHAa HEOOXOAMMOCTb TPUMEHEHHS] BEKTOPHOM HWHTEPHOJISIUU IOJeH
NepeMeIeHNI TpHu pacdyere TOHKUX OOO0JIOUeK, HE SBISIOUIMXCA O000J0YKaMU
BpAICHUS.

2.  llomy4yeHbl =~ OCHOBHBIE T'€OMETPUYECKHE  COOTHOILUCHHS  MEXKIY
nedopMalusIMU 1 MEPEMEIICHUSIMH C Y4eTOM JiepopMalinii monepeyHoro cABUra mpu
pa3IMYHBIX  BapuaHTax oOTCYeTa yIrjla HakJIOHa HOpMalud B  IpoIEcCce
neopMHUpPOBaHUS.

3. Ilpemnoxen airoputM KOHEUHO-dNIeMeHTHOTro wuccienoBanus HJIC
o0oyiouek ¢ y4deToMm naedopMandu mornepedyHoro ciupura. [Ipu sTom oTcuer yria
MIOBOPOTAa HOPMAJIM OCYLIECTBISJICS OT €€ MCXOAHOrO M J1e(OpMUPOBAHHOTO
noyioxkeHui. b1 000CHOBAaH BBIBOJ O MPEANOYTHTEILHOCTH BapHaHTa pacuera C
OTCUETOM yrja MOBOPOTa HOPMalu OT €€ JAe(POPMUPOBAHHOTO COCTOSHHUS, HPH
KOTOPOM MOJKHO TOJy4aTh YJOBJIETBOPUTEIbHbICE IO TOYHOCTH 3HAYCHUS
HaIpsKEHUI TPU OTHOCHUTENIBHO PEKON CETKE AIIEMEHTOB TUCKPETU3ALNH.

4. Pa3paboTaH ajiroput™M KOHEYHO-dJIeMeHTHoro wuccienoanust HJIC
000y04eK ¢ ydeToM aedopMalMHM TONEPEYHOrO CABUTA IPHU HMCIOJH30BAHUHU
paziuuHbIX  (opM anmpokcuMainuili mepeMeinieHui. BrnepBble HCMoJb30Baiach
BEeKTOpHas (opmMa HMHTEPIHOJSIIMOHHON MNpPOUEAYpHl JUIsl BEKTOpa yria IMOBOPOTa
HopMmanii. Ha mpumepax pacdeToB ObUIO MOKa3aHO, YTO MCMOJIH30BAHME BEKTOPHOM
alnmnpoKCUMAalUM TOJIEM TIEPEMEIIEHUWM W YIJIOB IIOBOPOTAa HOpPMAaid  JaeT
BO3MOJKHOCTh y4eTa B HesiBHOU (opme cMmemieHnus KD kak XKeCTKOTo IIeJoro, B TO
BpeMsl KaK NpPU HCHOJIb30BAHUM CKAISAPHOW aNMpPOKCUMALUM HMCKOMBIX BEIUYHH
TaKas BO3MOXXHOCTb OTCYTCTBYET.

5. Ha ocHoBanum umcienHoro anammza HJIC o0osouek, mokaszaHa

HEOOXOIUMOCTh  yueTa jAedopMalvii  MOMEpPeYHOro CABUra TMpU  pacyuere
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KOPOTKOIPOJIETHBIX, KECTKO 3aIIeMJICHHBIX 000JIOYEYHBIX KOHCTPYKIUH. [okazaHbl
MPEMMYIIECTBA MPEJI0KEHHOTO BapuaHTa OTCYETa YIVia HAKJIOHAa HOPMald IO
CpPaBHEHMIO C OOIICTIPUHITHIM BapUAHTOM B COYETAHUU C HHTEPIIOJAIMCH IOjei
BEKTOPOB MEPEMEUIEHUN U BEKTOPOB YII0B MTOBOPOTA HOPMAJIH.

6. PaspaboTaH makeT MNPUKIATHBIX TMPOTPAMM, TTO3BOJISIONINN TTOBBICUTH
TOYHOCTh KOHEYHO-3JIEMEHTHOTO HCCIICIOBAHUS HAIPSKEHHO-Ae(HOPMUPOBAHHOTO
COCTOSIHHSI TOHKHX OO0OJIOYEK C y4eToM jedopManuy IONEPEYHOr0 CIBHUTA,
BHEJIPEHHE KOTOPOT'0 B PACUETHYIO MH)KCHEPHYIO MPAKTHUKY MOXET CIIOCOOCTBOBATH
CHIKEHHMIO MaTepUATIOEMKOCTH 000JI0UE€UHBIX KOHCTPYKIIHUM.

OcHOBHBIE MOJI0KEHUSI 1 HAYUYHbIE Pe3yJbTAThl IMCCEPTANNH HU3JI0KEHbI
B CJIEYIOIIUX MyOJIMKAIUSAX.
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YEeTHIPEXYTOJbHOIO KOHEUHOI'O 3JIEMEHTAa JUIsl pacdera 3JUIMOTHYECKOrO LUMIMHApA
IIpM  OTCYETE yria [OBOPOTA HOPMAIM OT €€ HCXOAHOIO0 COCTOSHHS C
UCTIOJIB30BAHUEM BEKTOPHOHM ammpokcuMmaruu moiieil mepememniennii /| FO. B.
KnoukoB, A. II. Hwumxomaes, T. P. Hmanos; mnpaBooOmamarenr ®I'BOY BO
Bosrorpaackuit I'AY. - Ne 2017660732; nmara mnoctymienus 25.10.2017; nara
peructpanuu 13.12.2017.

12. Csua. 2017664156. Ilporpamma pacyera HampsHKEHUH B AJUIUNITHYECKOM
HUWJIMHAPE C YYETOM CABUTOBBIX JAedopManuii Ha OCHOBAaHMUM BEKTOPHOM
anmpokcumMarun noner nepemeriennit / 10. B. Kmoukos, A. I1. Hukonaes, T. P.
Nmanos; npaBoodnanarens ®I'bOY BO Bonrorpaackuii 'AY. - Ne 2017660781,
nata noctyruienns 25.10.2017; gara peructpanuu 18.12.2017.

HNurasos Tiek PaxmeronoBuu

KOHEYHO-2JIEMEHTHBIN AHAJIN3 HATIPSDKEHHO-JIE®@OPMUPOBAHHOI'O
COCTOAHMA TOHKNX OBOJIOYEK C YUETOM IIOITEPEYHOI'O CABUI'A TTPU
PA3JIMYHBIX BAPUAHTAX AIIITIPOKCUMAILIMN VI JIOBBIX TEPEMEILEHUIM

ABTtopedepar
IMoxnucaso B nedars 05.10.2018. ®opmar 60x84°
Ven. neu. 1. 1,0. Tupax 100. 3aka3z Ne .
UIIK ®I'bOY BO Bousrorpaackuii 'AY «Husay.
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