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|. BBenenue

Hacrosmue Metonuueckue ykazaHus MpeaHa3HAYEHbI U1 OKa3aHUA [IOMOIIU CTYAEHTY
B €ro paboTe M0 U3YYEHHUIO TUHAMHUKU U YCTOMYMBOCTH COOPYKEHUH.

C 1TOH LEenbI0 CTYAEHTY NpelaraloTcsl 00IKMe U TEMAaTHYECKHE METOINYECKUE yKa3a-
HUS, KOTOpble OYAyT HampaBlIATh €ro JAESITENIbHOCTh M0 NMPUOOPETEHUIO 3HAHUH, YMEHUU U
HAaBBbIKOB B PELICHUU TUIIOBBIX 3a7a4 10 U3y4aeMOU JUCLUILINHE.

Peanuzanus MeTOOMYECKUX YKa3aHUW IPOUCXOAUT B XOAE INPAKTUYECKUX 3aHATUU U
BBIIIOJIHEHUS JOMAIHUX 3aJaHUM, CBA3AHHBIX C 3aKPEIJICHUEM IIOJIyYEHHBIX HA 3aHATUAX 3HA-
HUW U YMEHHUM, a TAK)Ke IMOATOTOBKOM K KaXKJIOMY IPEACTOALIEMY 3aHATUIO. 1 3TOro Kaxao-
My CTYAEHTY Ha MPOTSXKEHUH BCETO y4eOHOIo MepHuoja BBIJAIOTCA CTPOrO MHIAUBUIYAJbHbBIE
3a/laHus, KOTOPBIE JOJKHBI OBITH BBIMOJIHEHBI HEMOCPEACTBEHHO B X0JI€ MPAKTHUYECKUX 3aHS-
THM.

B ToMm ciydae, korna CTyA€HT HE CIPAaBMIICS C 00bEMOM pabOT, KOTOpBIE JUIsl HETO 3a-
IUTAHUPOBAHBI JIJI1 KOHKPETHOTO 3aHATHUS, OH 00s3aH BBIMOJIHUTH 3aJaHUe JIoMa U MPEAbsIBUTh
pe3yabTaThl TOM pabOTHI B Hayaje CACAYIOLIErO 3aHATHUS.

PaGoTta Haj BbIJAaHHBIM MHIMBUIYaJIbHBIM 33/IaHHUEM BEJIETCA B BUJIE CAMOCTOATEIbHON
paboThl MPU KOHCYJIBTATUBHOW MOMOIIHU TMpernojaBarens. Pe3ynbTaToM 3TOM paboThI sSBIsSETCS
YCBOCHHUE AJITOPUTMOB PELICHUS THUIIOBBIX 337a4 CTPOUTEIBHOW MEXAHWKH, & TaKXKe S3bIKA
OMMCAHMS PACUETHBIX CXEM M 0003HAYEHUH, UCTOIb3YEMBIX TPH (POPMYIUPOBKE MaTeMaTuye-
CKMX 3aJ1a4, KOTOPBIE SIBISIOTCS CIEACTBUEM IIPUMEHEHHUSI METOJI0OB CTPOUTEIILHOW MEXAHUKU.

BaxxHo momuepkHyTh, UTO MpUOOpEeTaeMble B XOJI€ MPAKTUYECKUX 3aHITHN 3HAHUA,
YMEHUS U HaBBIKU SABJISIIOTCS OCHOBOM UISl IIPUHATHS PELICHUH IIPU IPOCKTUPOBAHUY 31aHUN U
COOPYKEHUHN B KypCOBOM M JUIIZIOMHOM IIPOEKTUPOBAHUU. B 4acTHOCTH, yMEHHUE NIPABUWIBHO U
OBICTPO CTPOUTH SMIOPHl YCWJIMNA TapaHTUPYET JOCTOBEPHYIO HCXOAHYIO MH(OpMAaLUIO JIs
OIPENEIICHNs CEYCHUN HECYIIUX DJIEMEHTOB KOHCTPYKIIUH.

1. O0mue meTonnueckne yKazaHus

OcHOBHOII 00beM MaTEPHAJIOB, HEOOXOUMBIX JIJIS YCIICIITHOTO BHITIOJTHCHUS 3aJaHUN
Ha MPAKTUYECKUX 3aHATHUAX 10 CTPOUTEIIBHON MEXaHUKE, CKOHLIIEHTPUPOBAH B IPUMEPaAX
yueOHuka [1] (rmaser 10-11, mm. 15.5-15.6). [ToaTomy pekoMeHayeTCs yKa3aHHBIN yueOHHUK
UMETH C CO00 M MOJIB30BATHCS ATUMU MaTepUaIaMu ISl BBIMOJTHEHHS CBOETO MHANBUTYalb-
HOTO 3aJlaHusl.

ITockonbKy TeMaTHKa MPAaKTUUECKUX 3aHATUNA COOTBETCTBYET TEMATHKE TJIaB, Pa3JejoB U
MO/IPa3/IeNIOB YKa3aHHOTO y4eOHMKA, PEKOMEHIyeTCs Tepe/ KaKIbIM HOBBIM 3aHSATHUSAM IO3HA-
KOMHTBCS C MaTepHUallaMi Y4eOHUKA U COOTBETCTBYIOILIEH TEMOM B HACTOAIINX YKa3aHUSIX.

KoHTposb BBITIOTHEHUS 3aJaHUs HA KOXKIOM KOHKPETHOM 3aHSTHH OCYIIECTBIISIETCS 110
pe3yabTaTaM, KOTOPbIE TOJKHBI OBITh MOJIYYEHBI B XOJI€ BBIMOJIHEHUSI COOTBETCTBYIOIIEH Ya-
CTH aJITOpPUTMAa PEUICHHS TUITOBOM 3a1a4ur. Bce 3TH aJiropuTMBbI IPUBEACHHI B [1].

CrnenyeT yunuThIBaTh, UTO KaK aJrOPUTMBI, TaK U IPUMEPHI UX Pean3allui JOCTYITHbI
CTyJIEHTaM HE TOJIbKO B OyMaKHOM BHJI€ (HAa CTpaHUIIAX YYEOHUKA), HO U HA JIEKTPOHHBIX
HOcUTeJsIX. UTOOBI IOMYYUTHh COOTBETCTBYIONTUE MAaTEPHAIIBI, CTYACHT JIOJDKEH 00paTUTHCS K
MpenoaaBaTesto, BEAYyIEMY MPAKTUYECKHUE 3aHITHS, C MPOCKOOM O 3aNIMCU Ha HOCUTEIIb CTY-
JIEHTa COOTBETCTBYIONIEH MH(OPMALIUH.

DNEeKTpOHHbIE MaTepualibl pacrpocTpanstores B popmare PDF, u nng ux npocmoTpa
Tpebyercs nmporpamma Adobe Acrobat Reader, kotopas OecriaTHo pacrnpoctpansiercs Gup-
Moii Adobe u Takke MOXKET ObITh 3allMcaHa Ha HOCUTENb CTYJCHTA.



JUist ToCTH>KEeHMsI 1IeJIeld Ha TI000M MPAaKTUYECKOM 3aHATUU CTYAEeHT A0JIKEeH NMeTh B
CBOEM PACTIOPSHKEHUH YUCTYI0 OyMary, KapaHaalll, TPeyTrOJdbHUK, KAIbKYJISATOP, Y4€OHUK
CTPOUTEIBHOU MEXaHUKU U HACTOALLIUE METOAUYECKUE YKAa3aHHUs.

IIpu padore Hag JOMalIHEd YAaCTBIO 3a/laHMS PEKOMEHAYETCS NPUIECPKUBATHCS Cle-
OYIOIIMX PEKOMEHIALIU .

Bcest TeopeTnueckas yacTh yueOHBIX MaTepUajioB M3JaraeTcsi B (popMe Tak Ha3bIBA€MBbIX
(YHKUIMOHAIBHBIX JAMAarpamMM, Ha KOTOPBIX MPUBEAEHbI (YHKUUU, OOBEKTHl W MPUUHMHHO-
CJIEACTBEHHBIE CBA3U MEXIY HUMHU, KOTOPbIE UMEIOT MECTO B TOM WJIM MHOM paslesie CTpOu-
TEJIbHOW MEXaHWKU. Bce nuarpamMMbl SIBISIIOTCS 3JEMEHTAMM OJHOW M TOM K€ CTPYKTYpBI U
YIOPSA0YEHBI 110 OTHOLIECHUIO IPYT IPYry TaK, YTO Ka)KAas MOCJIEeAYrolas quarpamma ccblia-
€TCs Ha IPEIBIAYIILYIO U PACKPBIBAET €€ COACPIKAHHUE.

Takum 06pazom, AMarpaMMbl HY>KHO YUTaTh MO MPUHIIUIY «CBEPXY-BHHU3», a B Mpeesiax
OJIHOTO YPOBHS MEPAPXHUH — «cleBa-HanpaBo». OQHAKO mepexoi K auarpaMMam CIEAYOIIETro
(YTOUHSIIOIIET0) YPOBHSI UMEET CMBICI OCYIIECTBIAThH MOCIE YSACHEHUS JUIsl ce0s BCeX dJIeMEH-
TOB JIMarpaMMbl (IMarpamMm) TEKyIIEro ypoBHA. T.e. HE JOJKHO OCTaBaThCS HUKAKUX HESCHO-
CTeil B MOHMMAaHUM MECTa, 3HaUY€HUs U (PYHKUMOHAIBHOW POJIM HU OJIHOTO U3 AJIEMEHTOB U3Y-
4aeMOM JTHarpaMmal.

IIpumepbI-00pa3ubl penieHNsi OCHOBHBIX THIIOB 33/a4 M3JI0)KEHBI C MPEAEIBHON CTe-
NEHBI0 NOAPOOHOCTEH, BKJIIOYAs OONBIIOE KOJIMYECTBO MOSICHSIOUIUX PUCYHKOB M (POPMYIL
[ToaToMy pabota ¢ npumepamMu-oOpaslaMu J10JKHA MPOTEKaTh B TPU dTana:

* Ha I[IEPBOM JTaIle€ HYKHO U3YYUTh IIPUMED, BBINOJIHSASA BCIO IIOCIEA0BATENBLHOCTD pelle-
HUSI CAMOCTOSITENIBHO, C TEM, YTOOBI OOHAPYX UTh U 3aPUKCUPOBATH T€ MOMEHTHI PEIICHHUs, KO-
TOpbIE OKa3aJIUCh TPYAHBIMH, HEMOHSATHBIMU U T.I.; TO3KE UX HY)XXHO OYyJEeT MPOSICHUTH Ha
KOHCYJIbTALUAX C MPENOJaBaTEeNIeM WM B COOTBETCTBYIOIIMX yUYeOHUKAX U3 CIIMCKA PEKOMEH-
IyeMOM JINTEpaTypBbl;

* Ha BTOPOM OJTalle CJIEAYET NPUMEHUTH OIEPALlMOHHBIN aJIrOPUTM, PEAIU3OBAHHBIA B
npuMepe-oopaslie, A pelIeHus 3aJaud, BHIOpAaHHOW (WM TOJIYYEHHOM OT MpernoJiaBaTess)
JUI. CaMOCTOSITEJIBHOTO PELIEHUs; IPU 3TOM Ba)XKHO COOJIIOAATh 1B YCJIOBUS: CTPOTO€ CIEH0-
BaHUE AJITOPUTMY PELICHUS] U HE MEHEE CTPOroe Cjel0BaHuE TPeOOBaHMSIM MO WIIIOCTPUPO-
BaHUIO JICUCTBUMN, COCTABISIOIINX pellieHue (KaK 3TO BBIIOJIHEHO B IpUMeEpe-00pasiie);

* Ha TPEThEM 3Talle Hy>KHO OTpadOTaTh HaBBbIK B PEIICHUH 3ajayd KakJ0ro BHUJA, JUI de-
ro cieayer pemuts oT 8 10 10 OAHOTUIHBIX 3a/1a4 (HaIpUMep, U3 MPUIOKEHUS K YUYEOHUKY);
IIPY 3TOM II0JIE3HO HAYYUTHCS OIMCHIBATH IOJYyYaeMBbI€ PELICHUS ¢ MUHUMAJIBHOU CTEIIEHBIO
oJIpoOHOCTEHN, HO ¢ 0053aTeNbHBIM KOHTPOJIEM NMPOMEKYTOUHBIX U OKOHYATEIBHOI'O PE3yJlb-
TaTOB TEMU CPEACTBAMU, KOTOPBIC 3aJI0KEHBI B ONEPALlMOHHOM QJITOPUTME; BAXXHO IOJYEPK-
HYTb, YTO MPEABABIAS PEIICHUE 3a/1a4H, CTYIEHT JOJKEH ObITh YBEPEH B MPABUILHOCTH MOJTY-
YEHHOTO PE3yJIbTaTa, UMEHHO II0 OTOM IPUYMHE NOJIyYEHHE HAaBBbIKA B OCYIIECTBICHUU KOH-
TPOJIBHBIX ONEPALUi AIrOPUTMA SBISETCS a0COIIOTHO HEOOXOIUMBIM.

JJI moJ1yYeHUsl OLeHKH CTeNeHH YCBOCHHUS M3YYE€HHOI0 MaTepUuaJia B MPUIIOKEHUAX
K yueOHHKY [1] mpennararoTcst TECThI K pPa3IMYHBIM Pa3esiaM CTPOUTENbHOM MexXaHukKH. [Ipu
paboTe ¢ HUMM BaKHO HE TOJIBKO IIPABWIIBHO OTBETHTH, HO M MPABUJIBHO OOBSICHUTH IOITYYEH-
HbI pe3ynbratr. [loaTOMy mocie peleHusl TECTOBBIX 3a/1ad HEOOXOAUMO OOpaTUThCS 3a KOH-
CyJIbTAllUEN K MPENOAABATEII0, OCYIIECTBISAIONIEMY PYKOBOJICTBO BBIITOJIHEHNEM KOHTPOJIBHO-
KypcOBbIX paboT. Llenb KOHCYIbTUPOBaHUS 3aKIIOYAETCS B MOJYYEHUH MOATBEPIKIACHUS Ipa-
BWJIBHOCTH PACCYKIECHHUM, KOTOpPbIE NPUBEIN CTYACHTA K IPABHIBHOMY PEIICHHIO TECTOBOMU
3a1a4d. B NMPOTMBHOM ciydae CyHIECTBYET ONACHOCTbH IOJYYEHUS HU3KHX DPE3YJIbTAaTOB BO
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BpEMsl NMPOMEXYTOUHOI'O WJIM UTOTOBOI'O KOHTPOJBHOTO TECTHPOBAHHUSA, KOrja OyayT 3anei-
CTBOBAHBI IPYTU€ TECTOBBIE 33J1a4N COOTBETCTBYIOIIETO THUIIA.

I11. TemaTu4eckne MeToaMYecKue yKa3aHusi
METOJ/IOM 3KBUBAJIEHTHOI'O CTEPHKHSI.

TpeOyeTcst mproOpecTH yMEHHE MPOBOJUTH OIEHKY JHUAra30Ha 3HAYCHUN KPUTHICCKOM
na koddunueHta cﬂz

3anstue Ne 1. OueHka 3HayeHUs KPUTHYECKOM HArpy3KH IIPU Y3JIOBOM HarpyKCHUH
Harpy3KkH JUisl POCTENIINX PACYETHBIX CXEM THUIA «Pama» Ha OCHOBE I€OMETPUYECKOTO CMBIC-
P3ziﬂepa :( T

000HOM JIMHBI B (pOpMyJie KpUTUUYECKON HArpy3Kku no Diliepy
“EJ.
Kp MI

1)
JIJ1st 3TOr0 HYHO YCTaHOBHUTH CBSI3b 3HAUYECHMSI 3TOT0 K03 duimeHTa ¢ GopMoit KprBOii
npu norepe ycroitunBocTH. CtangapTHble (OPMBI 3TOM KPUBOM ISl pa3iUYHBIX CIy4aeB 3a-
KpEIUIeHHsl pUBEIeHbI Ha puc. 1.

Puc. 1. Kputudeckas cuia

Ounepa B OAHOMPOJETHBIX
CTEPIKHSIX



Wnest oueHKH KpUTHYECKOM CHIIBI MIPU Y3JI0BOM Harpy3ke 3aKiIF04aeTcsl B TOM, YTO YIIpY-
ro ONEPTOE CEYEHHE CIKATOTO YYaCTKA MPEACTABISAETCS ABYMS KpaHHUMU CIIy4asiMU:

1) ympyroe cCONpOTHBIICHUE B KpaifHEM CEYEHUHM OTCYTCTBYET (M3rHOHAs )KECTKOCTh CO-
MPSHKEHHOTO Y4acTKa PaBHO HYIIO);

2) yIpyro CONpOTHBIICHHE B KpaifHEM CEUYCHUU KpaliHEe BEIMKO (KECTKOE OITUPAHUE).

Jlnana3zoH MexAy COOTBETCTBYIOIIMMU ABYMS 3HAUEHUSIMH U JAA€T MEePBOE MPUOIHKEHNE
OLICHKH.

Ha BTOpOM 3Tane, ucxons U3 TOro, 4TO J00O€ 3HAYEHUE PEAbHOM KECTKOCTU OIOPHI
3HAYUTENBHO OOJIbILIE HYJIEBOrO, OLIEHKA YTOYHSETCS MyTeM MPHUOJIMKEHUS K 3HaYeHHUIo ¢ ab-
COJIFOTHO JKECTKOU OIIOPOH.

OtmeTuM, 4TO OOJNBIIYIO POJIb B BHIIOJHEHUH QJITOPUTMA OLEHKH UTPAaeT yMEHUE Ipa-
BUJIBHO COMOCTABUTH KAXXIOMY KpailHEMY Clly4yal0 OJMH U3 BapUAHTOB ONMHUpaHus (M 3HAYCHUS
KPUTHUYECKOU cuiibl) puc. 1.

JleTanbHBIN IPUMEP PACCYXKICHHUI 10 TIOCTPOCHHUIO OlICHKH mpuBeeH B [1] (rmasa 10, m.

10.2).

3ansaTue Ne 2. AHanu3 cily4aeB 3aKpeIUICHUs YYaCTKOB, CKAThIX Y3JIOBBIMU CH-
namu. IloctpoeHne mHTEpBana, cOAEpXKAIIEro NapamMeTp KPUTUYECKOTO 3HAYEHUs Harpy3Ku
JUISL KQXKI0r0 CKaTOro y4acTKa.

TpeOyeTcst HaAy4yUTHCS HMCIIOJNB30BATh OTHOCHUTEIBHOE 3HAUEHHE MapaMeTpa Harpys3kw,
UCIIOJIb3YS JJAaHHBIE TaOJIUI] METOJIa IEPEMEIICHUI ISl CKATO-U30THYTHIX CTEPXKHEH, TJie ITOT
napaMeTp OIPENEIIAETCs BhIpaKECHUEM

riae K — Homep ckaToro yyactka JuMHOM |y, Harpy»xeHHoro culoi cxkaTust Py M MMEIOIIero ma-
pameTpsl u3ruoHoi sxectkocTH (EJy).

Mexny nmapamMeTpom Harpysku V,
1 Kod3(phUIIMEHTOM CBOOOIHOMN JIJTUHBI CYIIECTBYET

COOTHOIICHUE Wk =T /V, .

Takum o6pa3zom, 3HaUeHU K03 uUIlMeHTa CBOOOTHOM JJIMHEI Ha pUcC. 1 MOTYT OBITH
MCITOJIb30BaHBI MPOBEJICHUS OIEHKH KPUTHYECKOW CHIIBI B 3HAYCHUAX Kod(uimeHTa cBooo/1-
HOMU JUINHBI.

[Ipu 3TOM caM MOAX0/ OCTAETCA HEM3MEHHBIM: aHAJIM3UPYIOTCS J1BA MPEIEIbHBIX CIyYast
3aKpeTICHUs KaKI0TO CKATOTO yJacTKa ¢ UCIOJIb30BaHUEM 3HAUCHHI KO3 (UIIMEHTa CBO-
00THOW NITMHBI, MPUBEICHHBIX Ha pucC. 1.

OueHka 3Ha4eHUS KPUTHUYECKOTO MapaMmeTpa AJisi pPaCUETHOW CXEMbl B II€JIOM TpeOyeT
YMEHUSI ONpPENENsATh Y4acToK, KOTopblii B 3PC TepseT ycTOMYMBOCTh MPU MUHUMAJIBLHOM 3HA-
YEHUU MapaMeTpa BHEIIHEN HArPY3KH.

[Ipy HanMMUYUM HECKOJIBKUX CXKATHIX YYACTKOB Ha Ka)XJOM U3 HUX MOKHO MPOU3BECTH
OLICHKY MHTEpBaJia 3HAYECHUN KPUTHUYECKOT0 MapamMeTpa METOJA0M KBUBAJICHTHOI'O CTEPKHS.

B cooTBercTBUM C OmpeneNeHuEM KPUTHUYECKOW HArpy3KM Kak MUHMMAaJbHOM U3 BCEX
Harpy3o0kK, CIOCOOHBIX MOJAECPKUBATH JBA CMEXHBIX COCTOSIHUS PaBHOBECHS, a TaKXe C yde-
TOM (opMyJIbl (2), MOKHO YTBEpPXKIaTh, UTO pacyeTHasi cXeMa TePSeT YCTOMUMBOCTh, KaK TOJb-
KO MOTEPSIET YCTOMYMBOCTh OJUH U3 CHKATHIX YUACTKOB.
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CreoBaTenbHO, HY’KHO OTBETUTh HA BOIIPOC, KAKOM M3 yY4aCTKOB 3TO CHIEJIAET NEPBBIM —
IpyU MUHUMAJbHOM 3HAQUYEHHHM MapamMeTpa KPUTHUYECKON Harpy3Kd, BBIPA)KEHHOM B 00IIEM
MacmTabe u3MepeHus. B To Bpemsi Kak Jpyrue ckaTbleé YYaCTKHU MPOCTO M30THYTHCS, BBINOJ-
HsIsl 3aKOH COBMECTHOCTH ITEPEMEILICHU.

CpaBHUMBas OLIEHKM IapamMeTpa Harpy3Ku Ui KaXJO0ro y4acTKa 3TO MOYKHO CAenaTh OJl-
HO3HAYHO TOJIBKO JUJISl MPOCTENIINX KOMOMHALIMNA CHKAThIX YYAaCTKOB B COCTABE PAMHBIX CUCTEM
TP y3JI0BOM HArpy3Ke COCPEAOTOYEHHBIMU CUIIAMH.

JleTanbHbI TIpUMEpP TMPUMEHEHHs OIMCAHHOTO mojaxojia mpuseneH B [1] (rmasa 10, m.
10.2).

3ansitue Ne 3

[Ipumep mpuUMEHEHUsT METO/a MEPEMEIICHUN MPHU Y3JI0BOW HArpy3Ke paMbl.

TpeOyercs yCBOUTH pa3HUILYy B peau3alluyd METOJa MEePEMEIICHUI JJisl CTAaTUKU U
YCTOWYUBOCTH, KOTOpAst 3aKJII0YACTCA B CIAEIYIOIIEM:

1) mpu y370BOM HAarpy3Ke B BHJIE COCPEIOTOUYCHHBIX CHJI, BBI3BIBAIOIIMX MMOTEPIO YCTOM -
YUBOCTH, CTATUYECKUN METOJI pacyeTa JOJKEH OMHUCHIBATH CMEXHOE COCTOSHUE PABHOBECHS,
T.€. HAJIMYUE TPOJOIbHBIX CHUJ U BO3HUKHOBEHHUE IOIMEPEUHBIX MEPEMEIICHUMN, a TAaKXKE CBA-
3aHHBIX C HUMU ITOBOPOTOB Y3JIOB;

2) B cily4yae NMPUMEHEHMs METO/a MepeMelleHnid Juis y3aoBoi Harpy3ku B 3PC He BO3-
HUKAIOT DSIIOPhl M3rHOAIONIUX MOMEHTOB, T.€. cBOOoaHble uieHbl KCY paBHBl Hymo. A
Harpy3ku B BUJI€ IOBOPOTOB M CMEIIICHUI HAJIOKEHHBIX CBI3€ UMEIOT MECTO.

B 5Tux ycnoBusIX pelIeHHs 3aJa4d CTaTUKU CMEKHOIO COCTOSIHUSI PABHOBECHUS C HEHY-
JIEBBIMHU TEPEMEIICHUSMH B JOMOJHUTEIBHBIX CBA3SX BO3MOKHO TOJBKO IMPHU YCIOBUU PABEH-
CTBa HYJIIO ONpPEACIUTENsT MAaTPUIbl KO3(P(UIIMEHTOB NPU HEU3BECTHBIX. JTO YCIIOBUE U TO-
POXKIAET ypaBHEHUE YCTOUYHUBOCTH.

CyliecTBeHHBIM SIBIIIETCSI IOHUMAHKUE TOTO, YTO B CIy4ae HAJIMYMS HA y4acTKE CKUMA-
IOIIEH CHJIBI, BUJI DITIOP U3rHOAIONIero MOMEHTAa Ha HEM CTAHOBHUTCS KPUBOJMHEWHBIM, TaK Kak
IJICY0 Y OCEBOM CHKMMAIOIIIECH CUITBI U3MEHSITCS 10 3aKOHY KPUBOH MOMIEPEYHOro mporuda.

OpnHako eciau Takod CHJIbI Ha Yy4acTKe HET, TO M3TM0 ydacTKa MPOUCXOJUT MPHU JTUHEH-
HOM M3MEHEHHUHU U3Tru0aronero MOMeHTa, TakK, KaK 3TO MIPOUCXOIUIIO B CTATHKE.

Takum o0pa3oMm, M NMPUMEHEHHUS METoJa TMEepeMelIeHHUH B 3ajJadax YCTOWYMBOCTHU
HYHBI 3IIOPBI HE TOJBKO I CKATO-U30THYTHIX CTEPKHEU, YUUTHIBAIOIIUX JOIOJIHUTEIIbHBIE
MOMEHTBI OT CKHUMAIOIIEH OCEBOM CUJIbI, HO U 3IIOPHI ISl U30THYTBIX CTEPKHEN, KOTOPBIE pa-
HEE UCIIOJIB30BAIUCH B 337]a4aX METOa IIEPEMELICHUIN B CTaTUKE.

Eme onHoll 0COOEHHOCTHIO TPUMEHEHHSI METO/Ia MEePEMEILICHUI IS 3a7a4 YCTOMYMBO -
CTHU SIBJIAETCS HEJIMHEWHas 3aBUCUMOCTH IIONEPEUYHBIX CHJI BJOJb OCH ydacTka. I[loaromy cie-
nayeT ObITh BHUMATEIBHBIM TIPU OMPEJCICHUN WX 3HAYCHUW B CEUCHUSX, BHIPE3AIONIUX Y3IIbI
7utst OPMUPOBAHUS YPABHEHHSI PABHOBECHSI.

Hakonen, cneayet ObITh BHUMATENbHBIM B OTHOILIEHUH MapaMeTpa Harpy3Ku: AJi y4acT-
KOB Pa3HOM [JIMHBI, Pa3HOW BEJIWYMHBI CKATHUA M PA3HOM JKECTKOCTH 3TOT MAPAMETP HMEET
pa3HOe 3HaueHHue, BEIpaKEHHOE B 00IIeM MaciTabe n3MepeHusl.

JIpyrue OCOOEHHOCTH TPUMEHEHHS METO/a MEePEMEIICHUN MOJHOCThIO COBIAAIOT C
OCOOCHHOCTSIMU, PaHEee W3YUYaBIIUMHUCS MPU PELICHUU 3a]]a4 CTATUKH.

3ansaTue Ne 4. ®opMupoBaHUe TUHAMHUYECKOM PacYETHOM CXEMBbI C KOHEYHBIM YHCJIOM
ITUHAMHWYECKHUX CTEIIEHEN CBOOOIBI.



HamomuuM, 9TO Maccy KaxAoro MPSMOJIHMHEHWHOTO y94acTKa PAacueTHOW CXEeMBI MOYKHO
COCPEIOTOYHTh B €T0 CEpeIMHE WM PA3HECTH B KOHIICBBIC CE€UYCHM. |[IpUHIMIMANBHON pa3HH-
bl B noaxoaax HeT. OQHAaKo ClIeAyeT MOMHUTH O TOM, YTO 3aME€Ha PacCIpeIeICHHON MacChl
COCPEIOTOYCHHOU «OTPYOIsIeT» pelieHre 3a1auu JUHAMUKH.

AHanu3 BHJIOB TUHAMUYECKUX CTETICHEH CBOOOJBI B TOYKAX COCPEAOTOYCHHSI MACChI
YYaCTKOB TIOKA3bIBAET, UTO Ha TUIOCKOCTH A ()EKTUBHBI IBE CTEIICHU CBOOOIBI: JIMHCHHBIC TIe-
pEMEIICHHUS BO B3aMMHO OPTOTOHATBHBIX HAIIPABJICHHSIX.

CocTtaB Harpy3ku W3 CWJI HHEPIUH, JCUCTBYIOIIUX B «TSHKEIBIX» TOYKaX, HE BCETIa
HY’KHO HCIIOJIB30BaTh MOJHOCTHIO. J[€7T0 B TOM, YTO IENBIO PEUICHUS 3a/1audl JUHAMUKH 5BJISI-
€TCSl OTpEICICHUE HU3IICH YacTOTHI COOCTBEHHBIX KOJICOAHHMA M COOTBETCTBYIOIIUX €H CHII
uHepruu. [103ToMy JIT HEKOTOPBIX PACYETHBIX CXEM YacTh JUHAMUYCCKUX CTETICHEH CBOOOIBI
COOTBETCTBYET 00Jiee BEICOKMM YacTOTaM COOCTBEHHBIX KOJICOAHUH.

Hampumep, 11 KOHCOMBHOW (epMBbl, JUIMHA KOTOPOH B 5 pa3 MPEBBINIAET €€ BBICOTY,
MOTICPEYHbIC KOJICOAHUS MMEIOT 3aBEJOMO 00Jiee HU3KYIO YacCTOTY, HEXEIH MPOoAoabHbIe. To
K€ OTHOCHUTCS U K MPOJOJIbHBIM KOJIEOaHUSIM OaJloK.

Takum 00pa3om, ciemyeT NPOBOAWTH AHAIU3 BBISBICHHBIX JHHAMHYECKUX CTCTICHEH
cBO0OIBI HA JIe(HOPMUPYIOIINE M BCE OCTalbHbIC. IMEHHO TIEpBBIE COOTBETCTBYIOT HU3KUM Ya-
CTOTaM KoJicOaHMiA. 3/1eCh YMECTHO TIPOBECTH aHAJIOTHIO C ONPEACIISIONIMMY YCHIIUSIMHU B pac-
YETHBIX CXEMax CTPOMTEIBbHON MEXaHUKH: JePOPMHUPYIOIINE CTEIICHH CBOOOJBI OOecreynBa-
10T BOBHHKHOBEHUE onpenestonux ycunuii B 3PC.

VYdyer Bcex 0€3 UCKITIOYCHUS THHAMHYECKUX CTEIICHEH CBOOOBI BEJIET K HEOMPaBIaHHO-
MY POCTY pa3MEpPHOCTH 3aJ1a4¥l TUHAMUKH.

JleTanbHBIN pUMEp OIpeneeHHs 1epOPMHUPYIOIINX CTENEHEH CBOOOIBI MPUBEACH B [1]
(rmapa 11, m. 11.3.1).

3ansaTue Ne 5. Pemenue TecTOBBIX 3a/laHHM MO TEMAaTHKE CIOCOOOB (popMuU- pOBaHUS
MojieNiel ¢ KOHEYHBIM YHCIIOM TUHAMUYECKUX CTEIEHEH CBOOO/IBI.

BapuaHTbl TECTOBBIX 3a/IaHUN BKJIIOYAKOT:

1. Onpenenenue 3¢ (PEKTUBHBIX TUHAMUYECKUX CTEMEHENH CBOOOIBI IO KOJUYECTRY.

2. Onpenenenre 3QPEKTUBHBIX JUHAMUYECKUX CTETICHEH CBOOOIBI 110 HAIPABJICHHUIO.

3. Onpenenenne 3P(HEKTUBHBIX JUHAMHYECKHUX CTEIEHEH CBOOOJBI B 3aBHCUMOCTH OT
TUTIA pacu€THOM cxeMbl (pepma OamodHas, pamHas; 0ajaka, pama).

4. OnpeneneHue BEIMYUHBI MACCHI, TIEPEMENIAIONICHCs M0 Kaxaoi 3P deKTUBHON cTeme-
HU CBOOO/TBI.

B kauecTBe pacdE€THBIX CXeM HCIONB3YyIOTCs 3ananus |1, Tadm. [12.29-30]
T z ] !
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3ansaTue Ne 6. [Ipumep permieHus 3a7a4v 0 CBOOOJIHBIX KOJIEOAHUSAX pacuer-

HOM CXEMBbI C HECKOJbKUMHU JIMHAMUYECKUMHU CTerneHsIMU cBOOOJbI. [locTtpoenune dhopm cob-
CTBEHHBIX KOJICOAHUMN JIJII HU3IITUX YaCTOT.

[TockonbKy 37€MEHTaMH BEKOBOT'O YPAaBHEHUS SBIISIIOTCS MEPEMEIICHHUS OT €IMHUYHBIX
CHUJI MHEPITUH, TO OHU BBIYUCIISIFOTCS 10 YK€ U3BECTHBIM MAaTPUYHBIM (DOpMysiaM CTaTUKH.

OO6patuM, ogHako, BHUMaHue Ha TO, 4To 3PC MoXeT ObITh CTaTUUECKH HEOoIpeaeInma.
[ToaToMy A KakJ10M €IMHUYHON CHJIBI MHEPIIMHM MPUJIETCS pelllaTh 3a/1adyy CTaTUKU C BbIOO-
POM COOTBETCTBYIOIIETO METO/1a (METO/Ia CUJT WJIM METOJa TIEPEMEILICHHUIA ).

Ecnu Bol xopoio Biajgeere o0eMMu METOaMH, TO CIEAYeT TOT METOJ, KOTOPbIA UMEET
MEHBIIYIO TPYJIO0EMKOCTh. B MpoTHBHOM cilyyae BbIOMpalTe TOT METOM, KOTOpbIii Brl ocBomN
0oJee HaJEKHO: KaK MPABWIIO, UCIIONIB30BAHWE METOJA CUJI JAeT MEHBIIEe KOJIMYECTBO OIIM-
OOK, XOTSI MOXKET OKa3aTbcsl 00Jiee TPYTI0EMKHUM.

@OopMHUPOBAHUE HAIPABISIIOIIMX MATpPULl OT €IMHUYHBIX CHJI MHEPUHH MOXXHO MPOBO-
auTh B 110001t OCMC (ertie OQuH ILIIOC METOAA CHII).

Peanuzanus matpudHoi (popMBI ompeesieHUs] TIEPEMEIICHH OT CTaTUYECKOW HArpy3Ku
M3yvanach B pa3ziesie CTaTUUECKHU ONPENEIUMbIX CUCTEM U UCIOIb30BANIACH NIPU U3YUYEHUU ME-
ToAa cwi. Tak 4To NpensaTcTBUM JJIsl COCTABIEHUS BEKOBOTO YPABHEHUS HET.

Pemienrie BEKOBOTO YpaBHEHUS CIIEIYET MPOBOAUTH C YYETOM TOTO, YTO HA IJIaBHOM Jua-
TOHAJIM CTOSIT PA3HOCTH TMEPEMEIICHUN M MapaMeTpa 4acTOThl COOCTBEHHBIX KoseOanuii. T.e.
BBIYHCIICHUE OMPENETUTENs C TIOMOIIbI0, Hanpumep, metoga Capproca mpuBeaeT K hopmymnu-
POBKE HEJIMHEHHOTO alNredpandeckoro ypaBHeHus nopsjaka Wo.

Omnpenenenne HA3IMIMX YaCTOT COOCTBEHHBIX KoyieOaHuii. Penienre BEeKOBOTO ypaBHEHUS
BPYUYHYIO BO3MOXKHO TOJIBKO JUIsl MAJIOTO YHMCJIa TMHAMHYECKUX CTETIEHEeH CBOOOIBI (MAaKCUMyM
Tpex). [loaToMy akTyanbHBIM SIBISIETCSI MCIOJIb30BAHHE YHUCIECHHBIX METOJ0B IIPUMEHEHUE CO-
OTBETCTBYIOIIIETO ITporpaMMHOro obecreueHuss Ha DBM. Hanpumep, ucnoib3oBaHHE IMaKeTa
«CtpowutenbHas mexanukay [1] (rmasa 15, m. 15.6).

B 10 ke BpeMs CylmIecTByeT METOAMKA PELICHUS 3TOM 3a1audd «BpyuHyro». lIpumep ee
peanm3anuy npuseneH B [1] (rmasa 11, m. 11.4).

IToctpoenne ¢opm cOOCTBEHHBIX KoOJICOAHWUW MJISI HU3IIMX YacTOT SIBISETCS 3ajadei
MOJIHOCTHIO aHAJIOTMYHOW 3a7a4ye MOCTPOeHUs: POopM MOTEPH YCTOMUUBOCTU (CM. COOTBETCTBY-

9
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folllee MpakTudeckoe 3ansaTre). CMBICT 3TOro MOCTPOCHHSI COCTOUT B TOM, UTOOBI YOEIUTHCS B
takoM AedopmupoBanuu 3PC, mpu KOTOPOM BO3HUKAIOIIME KPUBU3HBI COOTBETCTBYIOT MPE.i-
CTaBJICHUIO O MUHUMAJILHOM 3amnace MOTeHIUAIbHOW YHEPTUM U3THba, COMPOBOXKIaIOIIEH co0-
CTBEHHBIE KOJICOaHUS C MUHMMAJIbHOM YaCTOTOM.

JleTanbHBIN TIpUMEp MO MOCTPOEHUI0 (HOpPM COOCTBEHHBIX KoJieOaHHWU mpuBeleH B [1]
(rmapa 11, m. 11.5).

3anaTne Ne 7. Pemienue 3agauv O BBIHYKICHHBIX KOJIEOAHUSAX pPacuyeTHOM
CXEMbl C KOHEYHBIM YHCIIOM JAMHAMUYECKUX CTeneHeil cBOOObl 0€3 yuyeTa CONpPOTUBICHUS.
ITIpumep cocTaBiieHUs pa3pellarolleil CUCTEMbBl YPABHEHUN.

TpeOyeTcst HaydUTbCSI COCTABIATH Pa3peUIAIONIYI0 CUCTEMY YpPaBHEHUM BBIHYKICHHBIX
KOJIeOaHUI Ha OCHOBE €€ MaTpU4HON (POPMBI:

0% m +e }{Y*A}+{AA}:{9}, {AA}z(M')T[B J{m At (6)
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I7I€ CUMBOJIOM «A)» 0003HaYeHbl AMIUIUTYJHbIE 3HAYEHUS, CBSI3aHHBIE C aMIUIUTYJHBIMHU 3HA-
YCHUSIMU MPHUIOKECHHON HArpy3Ku, UMemeil yactory 0 (0OBIYHO 3Ta YacTOTa BBIYUCIISETCS
KaK 49acTh [3 4acToThl COOCTBEeHHBIX KoeOanuii: 0 ); I, K usmensrores ot 1 10 Wi,

W3 >TX QopMyi cieayer, 4To pelieHre 3aJayd BbhIHYKJIEHHBIX KOJIEOaHUN BO3MOKHO
TOJIBKO MIPU U3BECTHOM yacToTe COOCTBEHHBIX KojiebaHuil. KpoMe Toro, Hy>)kHO BiajeTh amra-
paToM BeluucieHus nepemenieHuil B 3PC OT eAMHUYHBIX CHJI MHEPUUU U aMIUIMUTYAHBIX 3HA-
YEHUU BBIHYXIAOLICH Harpy3KHy, MPWIOKEHHON CTaTUYECKHU.

[lepBBIM 1IaroM B 3TOM HAIIPaBJICHUU SIBISETCS (POPMUPOBAHUE CUCTEMBI Pa3pelIaroInX
ypaBHeHHH B KoymmdectBe W, . OOpaTtuTe BHEMaHUe Ha 0003HAUYCHHE Ejk B (hopmyrie (6). ITo
¢dyHKIHs, KoTopas uMeeT 3HaueHue 0 It HeCOBIAAAIONINX HHIEKCOB, U 3HaUeHue | — s
OJIMHAKOBBIX WX 3HAYCHHIA.

[Tpumep GpopMUpOBaHUs pa3pemIaoieii CHCTEMbl YpaBHEHUH BBIHYKIECHHBIX KOJICOaHUH
0e3 conporuBienus npuseacH B [1] (rmasa 11, m. 11.6.2).

Onpenenenne K03(pPUIUEHTOB U CBOOOJHBIX WICHOB pa3peliaroiieil cucteMbl ypaBHe-
HUM.

Onpenenenne kKod((PUIMEHTOB pa3pelniaroieil CUCTEMbI BBIHYKICHHBIX KoJieOaHul 0e3
corpoTuBieHus 1o ypaBHeHHIO (10) TpeOyeT BBIYUCIEHUH M0 MAaTpUYHBIM (OpMYyJiaM, U3BECT-
HBIM U3 TEOPHH BBIYHCIICHHSI MTEPEMEIICHUN OT CTATUYECKOW HArpy3KH W SIBIISIETCS YUCTO TEX-
HUYECKOU 3a7aueH.

Crout, omHaKo, MOAyMaTh HaJ BOMPOCOM BBIOOpAa METO/NA PACKPBHITHS CTATUYCCKOU
Heomnpenenumoctd. Kak u B 3a7ade cCOOCTBEHHBIX KOJIEOAHUM, PEKOMEHIYETCs] MPUMEHEHUE
METOJla CHJI, €ClIi MMEIOTCS COMHEHHs B NPUMEHEHUU MeToja nepemenieHuit. [Ipumep uc-
OJIB30BaHus Tociaeanero nmpuseaeH B [1] (rmaea 11, m. 11.3.3).

Pemenue 3amaun coOCTBEHHBIX KOJIEOAHUM — TMEPBBIN ATal pelIeHUs 3aJa4l O BBIHYXK-
JEHHBIX KoJieOaHusl, TaK Kak 0e3 3Ha4eHHUs] COOCTBEHHOM YaCTOTHI HE YJACTCS ONPEACIIUTh aM-
IUIUTYAHbIE 3HAU€HUS BOSHUKAIOIIMX CUJI MHEPIIMH, KOTOPBIE OMPENESIoTCs 1Mo hopmyie

| A=-mp 202 (7)

1,S I S S

dopMHpPOBaHUE CUCTEMbI YPaBHCHHM BBIHYXICHHBIX KOJI€OAHWM IS HU3IICH YacTOTHI
COOCTBEHHBIX KOJICOaHUH.

Pemenue 3amaum mo onpeeeHUIo AIEMEHTOB MaTPHI] B pa3pelaolleil cCucTeMe ypas-

Henuii (6), a TaKKe ONpeNeNeHrne MUHUMATBHON coOcTBeHHOM yacTothl 3PC 2, mo3BONISIOT

MOCTaBUTH 3a/1a4y O PEUICHHE CUCTEMbl HEOAHOPOHBIX alreOpandecKux ypaBHEeHUH (6) OTHO-
CUTEIIFHO aMIUIMTYIHBIX MEPEMEIICHUH, OMPECIIAIOMNX aMIUTUTYHbIC 3HAYCHUS CHJI WHEP-
uuu (7).

Onmnako st ynoOcTBa pemeHus cucrtemMy (6) ciaemyer 3amucaTh B HOBBIX IIEPEMEHHBIX C
TeM, 4TOOBI peraTh ee B 0e3pa3MepHOM BHJIE.

JleTanpHBIN TpEMEp 3TOH Tporieaypbl npuseaeH B [1] (rmasa 11, m. 11.6.2).

OmnpenerneHre aMIDTUTYAHBIX 3HAYCHUWA CHJI WHEPIIMH NPH HU3IICH YacToTe KojeOaHui

IIPOBOJUTCS B MATPHYHOM BH/JE 110 (hopMyIie
A _ 2 2 _ P2 2
Ii,min =—M iB mir® min = mir® min {miYﬁhin}
Cmi — DIIEMEHTBl MATPHLBI-CTONOUA PELICHUs paspelaromeii cucteMbl ypasaenuii (6),

roe Y
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c(hopMUPOBAaHHOM NI HU3IIEH YaCTOThl COOCTBEHHBIX KOJICOAHUH.

ITocTpoeHue 3m0pbl aMIUITUTYAHBIX 3HAYEHUN ONpENeISIOINX YCWINN B 3aJJaHHOU pac-
YETHOM cXeme ISl HU3IIEeH 4acTOThl KoJieOaHui.

[locTpoenue 3MmOpbl AMIUIUTYAHBIX YCUIUN MPOBOAMTCS MO (OpMyJiaM, aHAJIOTHYHBIM
dopmynam nis TOCTPOEHHS! OKOHYATENLHBIX SIOP B METO/AX CUJI M [IEpEMELCHU:

M )= {MA}+2IA{M—'} (8)

0,8
i=1

OpnHako ecTh 0J1Ha OCOOEHHOCTh B IOCTPOSHUHU aMIUIMTYAHBIX JIIOP, O KOTOPOi cleayer
TBEPAO MOMHUTH: MTOCKOJIBKY peub UAET O Mpolecce KoJIeOaHUi, TO Kaxabli MOJIyNepHo CU-

JbI UHEPIIMKM MEHSIOT CBO€ HampaiieHue. CieoBaTeIbHO, aMIUTUTYIHbIE SMIOPHI MPEICTaBIIe-
HbI napamu rpadukos [1] (rmasa 11, n. 11.6.3, puc. 11.9).

JleTanbHBIN TpUMEp peain3allui ajJroOpyuTMa PEIICHUS 3a/lauyd JUHAMUKHU JJIsl MOJIENN C
KOHCYHBIM YHCJIOM JUHAMHYCCKUX CTereHer cBo0o sl (puc. 23) npusenaeH B [1] (rmasa 11).

3anaTue Ne 8. [Ipumep peleHus 3aja4u O BBIHYKICHHBIX KOJeOaHUSIX OaKuC
pacnpenenéHHoi Maccoi 6e3 yuéTra conmpoTHUBIICHUS.
PaccmaTpuBaeTtcs pacu€rHasi cxema TuIia

vVa
.

g sinawf

Ny
I
=
—
>
g

TpeOyeTcst pemnTh 3a/1a4y O BBIHYKJICHHBIX KOJEOAHUX, UCTIONB3YS pelieHrne B popme
METO/a HayaJIbHBIX [TapaMETPOB.
[lepBas mpobiiema 3aKiIr04aeTcs B MPABUIBHOM 3aMIOJIHEHUH TaOJUIbI KPA€BBIX YCIOBHIMA

pu GOPMUPOBAHUHU BEKOBOTO YPABHEHUS

- W @0 My Qo —
x=0 0 @0 0 Qo | = wx)
x=8a 0 ?2 0 Qa1 |U

O |l O | O -

- w(/)=0|0 |M(/) =00 -

B aroli Tabnuue ciaegyer 4€TKO pa3iauyvaTh yCIOBHS (HYJIEBble HadallbHbIE MMApaMeTPhl),
KOTOPBIE MO3BOJISIOT YMEHBIINTH YUCIIO CIAra€MbIX B 06H1€M BBIPAKCHUU PELICHUS 3aa4n

Po . ' ' ".-"n g
w(x) = wp & ( Ox) + weee £o( J X E3(Px) = = K4( ‘U' )

Eig? EJS

U YCIIOBHSI, KOTOPBIE MO3BOJISIOT CPOPMUPOBATH OMPEACITUTENh YacTOT (MCIOJIB30BAHUS «00-
PE3aHHOTO» PEIIEHUS JJISI HEHYJIEBBIX KPAEBBIX YCIOBHUIA.

Bropas npobiiema cBsizaHa C UCIOJIb30BAHUEM PEIICHUS ISl BRIHYKJIEHHBIX KOJeOaHu
10 METO1y Ha4aJIbHBIX IMAPAMETPOB:

w(x) = wo&Ky(yx) + —Ka(yx) 4 = — K3(yx) 4 —~_=}_; Ea(yx) + —=—[Ki(yx) -1
7 A

A T &
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[lockonbKy TabiMIa KpaeBbIX YCIOBUMH HE W3MEHMJIACh, HO TENEph 3aJaHa 4acToTa
BHEIIIHETr0 BO3JEHCTBUSA, KOTOpasi HE paBHA COOCTBEHHOM YacToTe (MUHUMAJIBHOM), TO «YKOPO-
YEeHHOE» peuIeHue I Nporuda NpH BBIHYKJIECHHBIX KOJIEOAHUMN HYXKHO HCIIOIB30BATH IS
OINpEJEICHUs] HEU3BECTHBIX HadalbHbIX MNapameTpoB. Ilocne uero (yHKUMS aMITUTYIHBIX
nporu0oB Oanku OyAeT onpeiesieHa OJJHO3HAYHO.
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