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Oowme NoHATUA

l'apMoOHHYECKMI aHAJMN3 NIPEAHAZHAYECH IS PEUICHUS YPABHEHUU JUHAMUKU B ClIy4yae
YCTAaHOBUBIIIMXCS BBIHYKJICHHBIX KOJICOAHUM OT TAPMOHUYECKOTO BO3ICHCTBUS IS
3aJIAaHHOIO JIUara3oHa 4yacrtor.

[M{i}+ [CHuj+ [K]{u} = {F}

'M] — marpuia macc,

(C] — marpuna nemidupoBanus,

K] — MarpwIia )KeCTKOCTH,

{ii} — BexTOp yCKOpEeHMII B y3aX,

{0 } — BekTOp CKOpOCTEM B y31aX,

{u} — BexTOp HEepemeneHni B y3ax,

{F} — BexTOp NPHIIOKEHHBIX BHEITHUX YCHIIUH.
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Buabl cnnoBoro Bo3myLieHus

« Cwuna
« MomMeHT
« [laBneHue

Buabl KWNHEMaTU4YeCKOro BO3MyLLUEHUA

* YcKopeHue
« CwmMeleHue
« CKOpOCTb CMeLleHus

d= 3arpyxenuna

= pec Banku 1 0
< cuna Ha Banky 0 0

e cocpemrosermoi vooos LI
3HayeHus a3 :

3arpy»xeHus

HazeaHune MHOMUT...  @azoewli yron, [rpagyc] Bwn/B...

7
7
7

LpeT

il
I

< I

JNobasnTb...

YOanuTe

i

AKTHEHBII

A->AKTHBHOE

K

i

Harpysku ana A

EHHEMETH'B Y3noe E

3arpyxeHue [Barppxeune 0 - ]

Tun Karpyskiu M

MepemeLLleHne
Harpyaka & f CI{OEOCTI:
no X [Mm/c™

no ¥ [Mmfc™2] 0

ne Z [Mmfc™2] 1
BoKpyr X [rpagyc/c™2] O
sokpyr Y [rpagyc/c~2] O
sokpyr Z [rpagyc/c~2] O

Cnocob 3agaHwa
O [obaenThb K CyLLeCTBYLLMM
@ 3aMEHHTL CYLLeCTBYHILLME

| T—— |

[ox_] [omenn] [am]




Hactpolkk nporpammsl

Hez EO0

----- §  Nuneiinas ycroiumeocts -
g HACTOTHI COBCTBEHHBIX KONEBAHWMA
[-£7 OAHOCTOPOHHKUE OMNOPLI/KaHaThI
+-E% BrinyxaeHHbIe KONebaHua

- YeTanocTHbI pacuér

+-# FrapMoHMueckMi aHanus

- B8 (DWHNAMEHTHI

1

CeoicTEO 3HaueHwne
[M].{x}" + [C].{x}" + [K].{x} = {F(w)}

MapameTpbl BUZYaNUZaLMWKM CNEKTPOR
HavaneHoe zHaYEHWe YACTOTOTHOTD M. 1
KoHeuHoe 2HaJeHWe JyacToToTHOrS WMH... 100

Ofuwee KoN-BO YacToOT Ha 3adaHHoOM K., 1000

Tun pazmelleHMA PAacYETHBIX YacToT MacwTtad no coBCTEEHHBIM YacTOTam

MuHWMaNsHoe Yucno pazgeneHlid Na.. JIMHeldHBIA MacwTab
. Norapudmnyecknia macwral
MacwTab no cobBCTEeHHBIM YacToTam

MpoueHT Mexay JacToTamK 4NA KX pa.

CoxpaHATe 4nA YacToT

Twn 2agaHna gemndnpoBaHKA JemndupoeaHe K2 CEOWCTE MaTeprana
YmonuatensHoe gemndrpoBaHmMe 0.001
Alpha - gemndrpoeaHne 0

Beta - gemndupoeaHmne 0.001

CeoACTED

[M].{x}" +[C.ix} + [K]. {x}={F(w)}

HacTtpouku pacyeTa

JHaueHKWe

MapameTpbl BMZyanuzaynmM CNeKTpos

HavaneHoe 3HaYeHWe YACcTOTOTHOTO W...
KoHeuyHoe 2HAYeHKME YACTOTOTHOMD WH...

Ofules KOMN-BO YACTOT HA 3343HHOM W...

Tun pasmelleHMA PacyYETHLIX 4acToT

MUHWMaNEHDE YMCNO PazaensHUiA No..,

MpoUeHT Mex Ly JacToTaMK 407 WX Pa...

CoxpaHATe AnA YactoT

Twun 2agaHma AemndrpoBaHUA
¥monuatensHoe gemndupoBaHne
Alpha - gemndupoeaHmne

Beta - aemndmpoeaHmne

1

100

1000

MacwTal no cobcTEeHHEBIM YacToTam
7

0.1

CoxpaHaTe AR Pe30HAHCHBIX

AemndrpoBaHWe M3 CEORCTE METEpIr‘IE!I

JemndupoeaHue M2 CEOWCTE MaTepMana

Peneeeckoe gemndumpoeaHme

0.001



TnHelHeIA cTaTuuecknid pacueT

[ | Pacuet ycroiiunsocTu

CobCTBEHHEIE YACTOTHI

HenwHeliHkIid pacuet

BEIHYKASHHEIE KonebaHuA

W

|| rapmonuueckne koneBanns

ONA 3arpy#edun | 3arpyxedune 0

|:| MpenBapuTenbHOE HArpyxKeHne | 3arpyxeHue 0

YCTAaNoCTHBIA pacuet

PacueT cTauWoHapHOR TeNNoNpoBOAHOCTH

[ | PacueT HecTaumoHapHoi TennonpoBoaHOCTH

l?:aI'ICIIHHHTb] [ Pacuér ] [ OTMeHa

3agaHue Ha pacyer

O6WMe HacTpoiku
A FapMoHMYeckni aHanns

EOMCTEO 3HaqeHue
[M].{x}" + [C].{x}" +[K].{x}={F(w)}
AaropuTi peweH.. AaropwTtm FULL
TouHocTs pewen..  0.001

MakcumaneHoe k.. 100

TUHeRHBIR CTaTMYeCKWiA pacyeT )
[ | Pacuet ycroitumsocty &)
CoBCTBEHHbIE YACTOThI )]
HenuHeiHbIi pacueT ()
BuiHyKaeHHble koneBaHns )
|| rapmoHnueckre koneGanua @
ANA 2arpyxednd | 3arpysenune O hd l
[ |npeneapuTensHoe Harpykenue | 3arpyeHue 0 - |
YCTanocTHLIR pacHet -
PacueT CTaUMoHapHOI TennonpoBoAHGCTH ()
[ | Pacuet necraunoHapHoii TennoNpoBoAHOCTH v

l?aamnmm:I I Pacuér I l OTMeHa l

ObsEm onepaTue... UL

XpaHeHue pazno.. AutoDecide

Pazmep cermendTa.. 1500

MapameTphl EUZYyaAMZaLNMN CAEKT...

HauanbHoe 3HadeHn... 1
KoHeuHoe 3HadeHwne .. 100

Ofuwee Kon-eo Yacro.. 1000

Twn pazmewteHa pa.. MacwTab no cof..

MuHWMansHOe Yuen.. 7

06LEm onepaTMBHOW NaMATH
Pazmep onepatueHoi namati (RAM)
AOCTYMHOR anroputyy pelweHna CIAY.
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P

TN pacyeTa ’rapmunuecmﬁ pacuyer v]

CTaTvka | Anumaums

3arpy#eHue |,£Ln;| OuHamMukn Bes npegHaTara - |

wiar 4- 5487 E

I M Frequency[Hz]

6.885 E

Tun pesynsTaTos >

6 8.236
|E| ObLeMHBIE ane 9,543
Nonoxenne kapTsld 10.81
Konuuecreo usoyp ’ 12.03
13.21
@ YcpeaHATE 2Ha 1 1435

MokazbleaTs Wi, , 15.45 !
MacirabHelii kosg 13 16.52
T 14 17.55
R— 15 18.55
16 19.52

17 20.45 il

V| KapTa pesyneTaToE

Twun pes3ynsTatos Brbpoy
[¥] OB6BemHBIe 3neM

MonoseHwe Ka PThHI

BubpoyckopeHua
€ BubpockopocTu
BubponepemeleHnA

e —
|

MonoxeHwe KapTel Ha ae »v Real

. AX_Image
KonwuecTeo M3oypoBHeER -
oyp A¥_Angle
|E| YCpeoHATE 3HAUeHWA No yAY_Abs
AY_Real
—In -
OKAZLIBATE LWUKANY B BMO AY Image
AY_Angle

MacwTabHeli kosdduumeHT AZ Abs

Jedopmupoeannan koHcr] AZ_Rel
AZ_Image
HenedopMUpoBaHHas KoH: AZ_Angle
ASUM_Abs
0 ASUM_Rel
ASUM_Image

ASUM_Angle
ASUM_SumaAbs




I\ AINMM

@ fap‘ra pesyneTatos (Dlsplasmen ‘ t): f[10] = 45.64 Iy ﬁpovswnunﬂﬁbu@v-a-ﬁﬁ
UZ_Abs[mm]

Ax_Real
AX_Image

A% _Angle
AY_Abs

AY Real
AY_Image
AY_Angle
AZ_Abs

AZ Rel
AZ_Image
AZ_Angle
ASUM_Abs
ASUM_Rel
ASUM_Image
ASUM_Angle
ASUM_SumAbs

KapTa pesynbraTtoB

[£] Kapra pesynuratoe (Displasment): f[10] = 45.64 'y MpowssonsHbii ana |- |- 53]

AZ_Rel[mmic2]

 |2.707e+06
- |-2.920+0B

-3.133e+06
-3.345e+06
-3.558e+06
-3.77e+06

-3.983e+06
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KuHemaTunyeckoe Bo30yxaeHmne danku

Barnka npu pe3oHaHce

A banka
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PezyabTathi 'OKHO Crpaeka

FEeH HY

»dl=

[ T¥

rEER

Bribop mogenw Ans BoIBOAA pe3yALTaTOB...

Harpyzkun...

Kapta pezynetaTtoe..

Hactpoikn kapT pezyastatoe FGA..
HanpaxeHWA B ceueHUm

Cunoesle QakTopbl B 3MEMEHTE...

Peakuwn B onopax...

Cpez KOMNOZMTA..

KosbduumeHT KOHUEHTpaUMKM HANPAXEHWA...

OI'IF)E,II,EJ'] eHMe UeHTRa Ch..

Tabawua pacxoaa...

Pezynetatm PCY...

YCToMYMEDCTS...
CoBCcTERHHBIE YacTOThl...

AHUMALWA

BuiHyxAeHHble koaebaHuA...

napaMEprl EBIEOAS aHMMAUWK EBIHY X AEHHEBIX KonebaHuiA...

Mpaduk NepemMelLeHna

[paduk HanpAxeHWHA

[onroEeuHocTs NpW CAyYaiHOM YCTAAO0CTHOM HarpyxeHuM...

CnekTp No pesynsTaTam rapMoHWMYeckoro pac4éra

(ol o,

KapTa apMUpOEaHKA...

MapameTpel BbIEOAE aPMUPOBAHKA...

[lManazoH pezynsTaToE..

MapameTpwl BbIBOAE pe2yALTaTOR...

CeoWcTED 3HadeHKe

IMI.{x)"" + [C].{x}" + [K].{x} = {F(w)}]

H MapameTphl BUZyannzauumn cneKTpoe

baza embponepemewteHi, [mm] Se-09

baza embpockopocTtel, [Mm/c] Se-05

baza embpoyckopeHui, [mm/ch .. 0.3

Vcnonszoeadme ab @

WMenonwaoeanme My @

VicnonszoBaHWe norapudmMmpo...

BriBoT TMNa 2HaveHWA enbpad.. BubponepemelteHune
BriboT Tvna pacuyéta gna AHX OawH ysen
BrBoT TMNa 2HaveHWiA anA esl...  Moayne
Bua cnextpa AYX
MWHWMaNEHaA YacToTa aHanMz., 1
MakcrmansHan yactoTa aHani.. 1000
3HadeHKMe JacToTel aHanmza, [[.. 100
HacToTel ANA pPacdyéTa Becs amManazoH
Tun eMbpo-zHaYeHWA MakcrmaneHoe

Twn ans wactoT Ana MakcuMansHoro

CnekTpbl (AYX-PYX)

BuIGOT TMNA 2HAYeHWA EMBpaLL... [slelslslal=e = RIITE]ELY |

BuiboT TMNa pacyéta ona ANX sl =l st MR T T |

BriBoT TMNa 2HaYeHWA 40A Bbl.. BubpockopocTs

Bua crexToa BubpoyckoperHne

BuifoT TMNa 3HaYeHWA AnA Bol.. RenVilS |

Mogyme |

MMWHWMaNLHaA YacToTa aHaua.., LeACTBUT.UACTE
MHWMaA yacTe

Bua cnextpa

MakcrmaneHas YacToTa aHanm..,

Bwa cnektpa AMX |

MuHUMaTsHas UaCTOTa BHaMa.. }

MakcumaneHana 4acToTa aHanw... OHX

D,II,I-";H yzéﬂ |

BeiboT TMNa pacyéTta ana AYX

BeifoT TMNa 2HaYeHWA 4R Bol... [BGITEREY

Bua cnexTpa Mapa yznoe
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A4UX
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VEIBDE 4 B F . E | x-808 v=1.39488e02
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Mepemeuierre oT HacToTsl - [nA AuHamukn 6es npegHaTAra

Yacrora, 'y
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VESGEE BT . E x589 Y=1605
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N
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Pe3ynbTaTbl rapMOHM4YeCKOro aHanusa

CBONCTED Inay A padurkn = | (=] ||i&|
(MI-Bg" =[O0 =Ko | o SR @ B L 11 14 s B F B | %=1528; ¥=3.11236e-01

= MapameTpel BU3YanHuza...

baza embponepe.. 8.

[MNepemewleHre ot qan:m;é (HMarb )AL BT e-06H SADMNET £ LUTAMAAT]

F
" =N K _ Pf
Mcnone3ogadwne ab %

Mcnone3ogaHue My, |+

Wcnonssosanme ., [ o
- — ,n-'&-—'—-—__ e
Ew&op TMNa 3Had... B.. —

Bobop TMNa pacd... ..

baza ewb6pockopo. 5.

Buibop TWMNa 3Had... M.

Bug cnekTpa AU =
MapameTpel COXpaHeHna
ANropUTM peweHna .. A, -
HadaneHoe 3Ha4eHw.., 10 =
KoHeyHoOe 3HadeHKWe., 5. -
JEWwee Kon-60 4acro.. 250 o —

MNepenewenue, Hogyns, ab/20
|

Tvn pazmeweHK1a pa... M.

Ediarvrasa=mr vomm vivarn =
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PesynkTraTthbl rapMOHMYECKOro aHanusa

BapbupoBaHue 3-gemndpupoBaHmem BapbupoBaHue a-gemndumnpoBaHnem

10* E ! ! i 10°

10°E i i { 102 | | alpha = 1
F beta = 1e-06 E | | | = = alpha=100
[ - — beta=1e-05 | | | |

102 Ll e beta = 0.0001 | | | | —=—-alpha = 1000
£ “<=- beta=0.001 é | i i ~alpha = 5000

—beta=0.01 | | | | = = alpha = 10000
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[MpomMmeXyTo4YHble UToru

1) PeanusoBaH metoa FULL, ¢ BO3MOXHOCTLIO BbIOOpa Tuna pasmeLleHns 4acTtoT Ans pacyéeTa, B
TOM YUCIIE C OMNOPON Ha 3HAYEHUSI COBCTBEHHbLIX YAaCTOT KOHCTPYKLIUMN.

2) [Ons cunoBbiX U KMHEMATUYECKN 3aJaHHbIX HArpys3oK pearnim3oBaHO MNONydYeHwe pes3yrbTraTtoB B
KOMMJIEKCHbLIX 3HAYEeHUAX NnepemMeLLeHnin, CKOPOCTEN N YCKOPEHUN, a TakK Xe 3HadeHun gedpopmaunm
N HanpsKeHnn angd 3agaHHblX 3Ha4eHUW HavyanbHOU dpasbl U YacCTOoThl.

3) [lonb3oBaTentd OOCTyNMHA BO3MOXHOCTb 3adaHuMsa NpeaBapuUTENbHOrO  HarpyXXeHums  Ha
KOHCTPYKUMIO KaK TMOCTOAHHOrO BO3OEWUCTBUS, HE WU3MEHSeMOro no rapMOHUYECKOMY 3aKOHY
(Harpy>xeHue Tuna Beca unun tepmmyeckne gedopmaumn).

4) JocTtynHO Ha BbIGOP Nonb3oBaTens MHopmMmauus no pesynsraTtamM B BUAE KapT pe3ynsTraTtoB Ans
BCEWN KOHCTPYKLUMM MO ONpeaeneHHON YacToTe N B BUAE CNeKTpanbHbIX rpadduKoB Anst BbIOpaHHOro
y3na wunm napbl y3ros.

5) OcyuwecTBneHo cpaBHEHMe pe3ynLTaToB A9 pasfnMyHOro Bmaa Bo3MyLLaloWero Bo3gencTeus, a
TaK e TWUMOB KOHEYHbIX 3JfIEMEHTOB CO 3Ha4YeHUsS MW, MNONyYeHHbIMU B KommMnekce Ansys.
PacxoxgeHne no 3HadeHusiM BUOPO-NepeMeLleHnn Ha pPe3oHaHCHbIX YacToTax He rnpeBbicurio 5%
ONs HEHYNeBOro AemMngupoBaHug.



[Toka3 paboThbl
APM Structure3D v.17
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AKTyanbHOCTb 3agauu

A OcnabneHue KoXxyxa (apebear)

/ WNanom kabenA
— /

c
/ A BrninaHue pe3oHaHca Ha
2 anemMeHTbI npu6opa

NpubopHaa naHenb
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HOpMaTVI BHbl€ OJOKYMEHTDbI

1) TOCT PB 20.39.304-98. TpeboBaHMs CTOMKOCTM K BHELUHMM BO3L4EWCTBYHOLLUMM aKkTopam
annapaTtypbl Ha3eMHOU, MOPCKOU, asuayUOHHOU, pakKemHoU U KOCMUYeCKOU MeXHUKU, a TaK Xe
annapartypbl 6oenpunacoB aptunnepun. Cpean BO3OENCTBYIOLWNX (PaKTOpOB — CUHycoupanbHas
BMOpauusa n cny4yamHasi LULMPOKONONOCHas Bnbpauus.

2) TOCT P 513189-2008. Metogbl uCNbITAHUS Ha CTOMKOCTb K MEXaHUYECKUM BHELUHUX
BO34ENCTBYHOLLUMM (pakTopamMm MalunH, NpubopoB U APYrnx TEXHUYECKUX usgenun. McnbiTaHna Ha
Bubpauuo. LupokononocHas cny4damHasa Bubpauusi, y3KOMOJZIoCHasa crny4auHas Bubpauus,
rapMmoHun4eckas smbpauums.

3) KeanudukaumnoHHble TpeboBaHus KT-160D. YcnoBusi akcnnyataumm n OKpyKarolen cpeabl ang
bopTOBOrO aBMaUMOHHOrO obopyaooBaHus. TpeboBaHUsA, HOPMbl U MeTodbl UCMbITaHUN. Cpean HUx
METOAMKN UCMbITAHU HA CUHYCOoMAArbHYI M Crny4YauHyr Bubpauuio.






KoMmnoHeHTbI TeCTOBOM BUOPOCUCTEMDI

<

AKcenepomeTp
-~

1

O

= L=

KoHTponnep Ycunurtensb BubpocTon



Jpoiinasn amrnnuTyaa sBUOpocMeleHHa
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Hopmbl

Mlina

JroiiMmp
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CurHan yckopeHusi oT BpeMeHM
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RMS - root mean square
CpenHekBagpaTuyeckoe
3Ha4yeHune

O - CTaHOapTHOE OTKITOHEHWNE
STD - standard deviation

Bpemsa
—>

—

—

Li

M’i’.!ml

I

|
|l

i

I

MukoBoE 3HaYEHKE

I

! M]I

BepoaTHOCTE

HopmanbHoe
(Fayccoso)

pacnpeneneHue

BEPOSATHOCTY

X



CneKkTpanbHas NANOTHOCTb KaK YaCTOTHOe pacnpeaerieHue gucnepcumn
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Buabl curHanoB Bo BpeMeHU U UX cnekTparibHble NOTHOCTU
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. Kpupan CK3, ¢

i B2 0.7

i B 1.48

| c 4,12
D 8,92
E 7,94

HekoTopble HOPpMbI UCTIbITAHUN
Ha CnyYanHyo CTaHOaPTHYHO
BMOpauuio

CnKTpanbHas nIoTHOCTE MOILHOCTH BHGpoyckopenns, g/Tu

0,1
0,08

0,04

+3 dB OCT

0,02
0,012

0,00

0,002
0,001

0,0005

0,00001

S

Yacrora, ['u

Lad
=
-
=

10

10000
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3apaHue
cneKTparibHoOu
NAOTHOCTU

noy,y,y

fapmMoHun4yeckun
aHanus

UToroBble pe3ynbraThl

BepoATHOCTHbIE
pe3ynbTaThl
no x, Xx, X,
ENC
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UToroBble pe3ynbraTbl

___ DNnosoe sHavenme |
Cratuctndeckas
BEPOATHOCTb
Ang HopMaribHOro
Cpenrexsanparvuroe {1 RE HH pacnpeneneHnd
JHaueHne !i ] ']
-U;”hl BHytpu | tlo | 68,27%
—» Bpemn ] {

CHapyxu 1o | 31,73%

ﬁ—.
BHyTpu +30 | 99,73%
20
CHapyxu +30 0,27%
"~ Tnkosoe sHavenwe " 30

O - CTaHAapTHOEe OTKIIOHeHue
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MepemMelleHne ¢ BepOATHOCTLIO 10

"'I(apra: apTa pesynbTaTos m‘Sigmai MpouseonsHBIi 813

UToroBkle pe3ynbraTthl

SKBUBANEHTHbIE HanpsXXeHUsl C BePOATHOCTLIO 30

'f '( pesyn » d(p}oblgoa g -)¢

USUM[mm]
17.44

125 MM

375 MM >’J\
| Eeen e
£00 MM Ry

250 mm

SYM[HMmm"2)
288.5

278.2
267.9
2576

247 2

2369
226.6
216.3
2058
195.6
185.3
175

164.6
154.3
144

133.7

123.3
z

O - CTaHAapPTHOEe OTKIIOHeHue



3a.qatm Ha 6nmkaﬁmyro nepcne;TMBy

1) CpaBHeHVe pe3ynbTaToB YNCNEHHONO MOAENMPOBaHNA He TONMbKO Mo 3apybexxHbiM KO-cuctemam,
HO N C aHaNUTUYECKNMM PELLEHUAMM.

2) PacwwupeHne moaynsi OTOOpaXKeHUs  4YaCTOTHO-BPEMEHHbIX  rpadmMkoB  OyHKLMOHANOM,
NO3BOSMAKOLLMM MPON3BECTU KAaK OCHOBHLIE CTaTUCTUYECKME PpacYETbl, Tak N crneundunyeckne, Tuna
pacyeTta norapudpmMmyeckoro gekpemeHta KornedaHusa nnn goOpPOTHOCTU PEe30HAHCHOro nuka. A
Tak e [OonorfiHeHue cneuudundeckumn rpadukamu, Kotopble BOCTpeboBaHbl Ha CTEHOOBbIX
NCNbITAHUSX.

3) CosgaHne moaynsd BUOpPOycTanoCcTHOro pacyeta Ha ocHoBe A 1 3agaBaemMoro nosib3oBartenem
rpadpuka cuHycomnganbHon Bubpaunm n/unu rpadurka cnektpanbHOM NIOTHOCTU MOLLHOCTW.

4) [Ona 3agadn BMObpousonsauMM  pacyeT napameTpoB gemndepa M BbIOOP M3 OOCTYMHOMO
acCoOpTUMEHTa.

5) 3agaym poTOPHOWN AUHAMMUKMN.
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