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Beenenne

VY4eOHoil nmporpammoit kypca «Kene300eToHHbIE U KaMEHHBIE KOHCTPYKIIMM»
NOMUMO TEOPETUYECKUX 3aHATHI MPEayCMOTPEHO BBINOJIHEHHE CTYyJEHTaMU
YeThIpeX JIabOpaTOPHBIX padboOT ¢ OOIIMM 00bEMOM Y4eOHOTO BPEMEHHU — 8 4acoB.

OcHoBHasi 1edb Ja0OpaTOpHBIX pabOT B 0OIIEM IUIaHe — YIIyOJIeHHeE,
pacuIMpeHne U 3aKperieHUe 3HAHUMU, MOJTYYEHHBIX Ha TEOPETUUYECKUX 3aHSATHUSAX 10
JaHHOMY KYpCYy.

Kpome Toro, B mpoiiecce BBINOJHEHUS JIA0OPATOPHBIX pPAOOT CTYJEHTHI
MOJTy4aloT U OCBAUBAIOT:

- METO/IMKY TOJyYeHHUS! MPOYHOCTHBIX XapaKTEPUCTHK OETOHA W apMaTyphl IO
pe3ynbTaTaM MCHBITAaHUM O00pa3loB (pealbHBIX MCHBITAHUA WM  BbIJIAHHBIX
KOMIBIOTEPHON POrpaMMOit [ TaOOpaTOPHBIX PaObOT YCIOBHBIX 3HAUEHUH);

- IPEJICTABJICHUE O KOHCTPYKTUBHOM PEUICHUU PEAIbHBIX OIBITHBIX 00pa3lioB
(apMupoBaHue, omamyOOUHbIe pa3Mephbl U Ap.) WM WX BU3YAIbHBIX MPEICTaBICHUN
Ha nepcoHanbHbIX KoMmibtoTepax (I1K);

- CYIIECTBYIOIIYI0 TPUOOPHYIO0 0a3y, OCHACTKY U 000pY/I0BaHUE, HEOOXOIUMbBIC
JUIS IPOBEJICHUS UCTIBITAHUM OMBITHBIX 00pa310B B JIA0OPATOPHBIX YCIOBHUSX;

-HaBBIKH B OKCIIEPUMEHTAILHON TMPOBEPKE TEOPETUUYECKUX OCHOB PaOOTHI
KEJIe300€TOHHBIX KOHCTPYKIIMA TIOJ HArpy3Kol TIpH pPa3IUYHBIX CHJIOBBIX
BO3/ICHCTBUX U XapakTepa pa3pylIeHHs ONBITHBIX 00Pa31oB;

- METOJIMKY COTOCTaBJICHHSI OMBITHBIX MAapaMeTpoB, TMOJYYCHHBIX MPH
UCTIBITAHUU 00PAa3II0B, C UX TEOPETUUECKUMH 3HAUYCHUSIMHU.

B npouiecce BbIOTHEHMS J1a0OPATOPHBIX pabOT KAkl CTYIEHT AOKEH BECTH
PETUCTPAIMIO OMBITHBIX TapaMeTpPOB Ha BCEX JTalax HarpyXeHus o0pas3IoB B
MpOTOKONIaX (KypHajlax) AJi JIabOpaTOpHBIX paboT ¢ TrpaduyueckuM MOCTPOSHUEM
COOTBETCTBYIOIIIUX CXEM, TAOJHII, JUArPaAMM.

Kaxnmas pabota mdomKHAa 3aBepliaThCs 3aKIOYCHHEM O TPOBEACHHOM
UCIBITAHUU C aHAJM30M IOJYUYEHHBIX Pe3yJbTaTOB U cAauel CTYIEHTOM 3adyeTa IO

Kaxaoh J1abopaTtopHoi paboTe, TMpU  YCIOBUM  IOJOXKUTEIBHOM  OIIEHKH



CaMOCTOSITENIbHBIX OTBETOB CTYJEHTa Ha KOHTPOJIbHBIE BOMPOCHI MPENOJaBaTEINs,
IPOBOAMBILIETO J1a00paTOpHbIE PAOOTHI.

JIaGopaTopHblie pabOThI MOTYT ITPOBOAUTECS 110 OJHOMY U3 ABYX BApHAHTOB:

1) HcnpiTaHue peanabHBIX ONBITHBIX  00pa3lioOB, BBINOJHEHHBIX U3
)Kee300eToHa Ha CUIIOBOM 00OpY0BaHUU,

2) BuptyanbHble ucnbITaHUsl 0ajJOK C HMCIOJIB30BAHHMEM KOMITBIOTEPHBIX
IPOrPaMM.

JlanHHOoe  MeToaMyYecKoe Ioco0ue  Mpeijiaraercs  MCIHOJb30BaTh  Kak
BCIIOMOTaTeNbHbIM MaTepuan NpH 3aloJHEHUU MPOTOKOJIOB HCIBITAHUNA B pamKax
KaXaou snabopaTopHoil paboThl. ONMH IK3EMIUISP MOCOOUS Ha JBOMX CTYJEHTOB
BBIIACTCSL Tepel BBHITIOJHEHHEM J1a00paTOPHBIX pabOT W TOCIe WX OKOHYAHUS

CAACTCH ITPCIIOJAaBaATCIIHO.



JlabopaTtopnasi paGora Nel
HcnbiTanue Kene300eTOHHOM 027K HA M3rud ¢ pa3pylieHneM 1o
HOPMAJIbHOMY Ce4YeHUI0

[lensto  mabGopaTropHOod  pabOTBI  SIBISICTCS ~ M3YYCHHE  HAMPSIKCHHO-
ne(OpMUPOBAHHOTO COCTOSIHUSI U3TM0AeMOro >Kejie300€TOHHOTO 3JIEMEHTa IO
HOPMAJIbLHOMY CEYEHHUIO Ha Pa3ju4HbIX CTagusAX 3arpy>KeHUs: CTaguu yIpyrou
paboThI OaJIKK, B CTAJAUU PA3BUTHUS TPEUIUH U B CTAJAUU Pa3pyLICHHUS.

Jlns mpoBeieHUsT UCTIBITAHUN M3TOTOBJEH (i cMmojenupoBaH Ha [1K) obOpaszery
B BHJIe OaJKu NPAMOYTOJbHOTO cedeHus mupuHod 10 cM u BbicoTOM 15 cM ¢
pacueTHbIM nposietoM 117 cm. banka apMupoBaHa NPOCTPAHCTBEHHBIM KapKacoM C
IPOJOJIbHON paboueld apmarypoil B HibkHeW 30He - 2012 A400 u momepeyHoit
apmatypoi B5S00 g3mm.

[Tonepeunas apmarypa 1o jjinHe OajgKku MOCTaBJIEHa HEPABHOMEPHO: B KpaltHUX
TPEeTSX MpOoJIeTa yalle, a B CEpelluHe — pexke. Takoe MomepeyHoe apMUpPOBAHHE

obecrnieynBaeT paspyuicHuc 0aJIKu 1o HOPMAaJIbHOMY, a4 HC 110 HAKIIOHHOMY CCUCHUIO.

FeomeTpUYeCKUe pasMepbl U CXeMa apMUpOoBaHUA Ganku

Jnuxa Bamku =1 300 MM .
Pacuemnan dnuxa Ganku L,=1170 M

Bricoma cedeHun h =150 MM

Patiouas ewicoma cedyeHus h =120 MM

WupuHa ceueHus 5 =100 M
Faccmosuue om HuxHel epadu cederus do UeHmpa MAXECMU apMamypel As a=31 M

Mnowads cederun apmamyps A, =226 e

Modynes ynpysocmu Bemoxa Ep=32 700 Him?
Modynes ynpysocmu HexanpAzaeMol apMamypsl E =210 000 Hi?
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Puc 1. 'eomempuueckue pazmepsl u cxema apmuposanus 6aiKu



Puc 2. Apmamypnuviii npocmpancmeenubwlii Kapkac 6aiku

Iopsook evinonanenuss pabomoi:

1. OmpenelieHne  pacUeTHBIX  XapaKTEPUCTHK OEToHa Ha  MOMEHT
HCIIBITAHUS;

2. OmnpenenieHne pacueTHBIX XapaKTEPUCTUK apMaTypHhI;

3. OmnpenerieHne XapaKTEPUCTHK TPUBEACHHOTO CCUCHHUS,

4. Omnpenenenne TeOPEeTUYECKOT0 MOMEHTA TPEIMHOOOpa30BaHMS,

5. OmnpenelieHne TeOpPETUYSCKOro Pa3pyIIarIero MOMEHTA,

6. Cxema Harpy>XeHHs OaJIKH;

7. HcnpiTanue 0aaku;

8. CornocTaBIeHHE TEOPETHUYECCKUX U SKCIICPUMEHTAJILHBIX 3HAUCHHI;

9. YcraHoBIEHUE OMBITHOTO MOMEHTA TPEIMHOOOPA30BaHUS M CPAaBHEHHE

CT0 C TCOPCTUUCCKUM 3HAUYCHHUCM,
10. YcTaHOBIEHHE ONBITHOIO paspymaromero MOMCHTa U CpaBHCHUE €Iro C
TCOPCTUICCKUM 3HAYCHHUCM,

11. OrnpeneneHre MakCUMaIbHOTO MPoruda Oaku MoJT Harpy3Koi.

Onpedenenue pacuemusvix XapaKmepucmux 6emona Ha MOMeHm UCHbIMAHUS
s ompesneneHuss TPOYHOCTHBIX XaPaKTEPUCTHUK OETOHA MPOU3BOIUTCS
ucnbiTaHust 3-x OeTOHHBIX KyO0OB C pebpom 15 cm, caenaHHBIX BO BpeMs
OceToHUpoBaHuUsl Oanku W3 oaHoro OertoHa. Ilo pesynabTaTam HCHBITAaHUNA KyOOB

OmpeJeNsieTcsl CpeliHee 3HaueHWe KyOuKoBoil mpouHocth OertoHa. [lo Benmumne



CPCAHCIO 3HAYCHUA KY6HKOBOI>'I IMPOYHOCTHU, II0 H3BCCTHBIM OMIIMPUICCKHUM
3dBUCUMOCTAM HaAXOIATCA IIPUBMCHHAA [MPOYHOCTDH OeTOHA ONIBITHOM 6aJIKI/I,

IPOYHOCTH O€TOHA Ha PACTSKEHUE, & TAKXKE HaYaJIbHBIA MOAYJIb YIIPYTOCTH.

Onpe,qeneuue pPacHeTHbIX XapaKTePUCTHUK 0eTOHa Ha MOMEHT UCNbITaHNA
Onpenenexnne KyOWKOBOI NPpOYHOCTH BETOHA N0 MCNLITAHWAM KyYOoB C pefipom 15 oM

R1=37,2 Hmm®

R2= 41,5 Him?

R3= 40,1 Hmm?

CpedHee 3HadveHue kybuxkosol npovyHocmu BemoHa Mo pesynbmamam
ucneimaHus Kybos:

fold R1 +R2 +R3 :: 39,6 Hiun
3 3

lMpusamenHas npoyHocms Bemoxa, omseyaoLuas cpedqel Kybukosol npoYHocmu:

R, =(0,77—0,00125R)R = (0,77 —0,00125 55 |)-[55 |= 285 Hins?

lpoyHocms 6GemoHa mnpu ocesoMm SR 5-[396
1 k i

pacmsKeHul, omeedaowas cpedrell - . = 23 Hiun2
KyBukogoli npoyHocmu: bt 45+R 45+ .

R L3906
HavaneHsll  modyns  ynpyzsocmu s 33000R = 55000 =32700 !—HMM2

Gemona, omeevyalowull  cpedHeil b 274+ R = a7 +

Kybukogoll npodHocmu:

Puc 3. Onpeoenenue pacuemnuix xapaxmepucmux bemona

Onpeoenenue pacuemuvix XapaxKkmepucmux apmamypbl
Taxke MPOM3BOAUTCS HUCIHBITaHUE 3-X 00pas3oB pabodeil apMmaTyphl Kiacca
A400 ol2MM Ha pacTsKEHHE, MO pe3yJbTaTaM KOTOPBIX OMNPEAEIIEHO OIBITHOE

(pacueTHOE) COMPOTHBJICHUE apMaTypbl Kak CpelHee 3HauyeHue (PU3HIECKOTro

npeacia TCKy4eCTH.



OnpeneneHue pac4yeTHbIX XapakTepucTUK apmaTypbl
OnpepeneHre coNpoTUBNEHWA PACTIKEHUID CTepxHeBOI apMaTypbl knacca Al {(anameTp 12 mm)

O, = 365 Him’ G,z = 356 Hiun? O,y = 362 Him?

PacyemHoe conpomueneHue apMmamypbi pacmsxeHu (cpedHee 3HavyeHue DUILNECK0z20
npedena meky4ecimu):

R :O-_y1+o-y2+o-y3:++: 361 Hiana?

: 3

Puc 4. Onpedenenue pacuemmuvix xapaxmepucmux apmamypvl

Onpeoenenue xapaxmepucmuk npueOeHHO20 ce4eHus
Jlis  mocnenyromero HCMOJb30BaHUS TPU  pacyueTe OMBITHOro oOpasia
OTIPENEISAIOTCS XapaKTEPUCTUKU TPUBEACHHOTO CEUYEHUS: IJIOLIAh MPUBEJACHHOIO

ceueHus - A, , CTaTUYECKUM MOMEHT IUIOIMIAJU MPUBEIAECHHOTO CEUEeHHS - S, ,

MOMEHT HWHEepUuu - |, MOMEHT CONPOTUBIEHUS - W, , YOPYro-rjiacTUYECKUn

MOMEHT CONIPOTUBJICHUS W, .



OnpegeneHne XxapakTepucTUK NpUBEAEHHOro ceYyeHns

Pacuemwan dnuxa banku L =117 M i
As Bricoma cevexusa h =150 MM
i\ Pabouas esicoma cedeHus h =120 MM
[ B Ulupura ceyeHus b =100 MM
: Paccmoaxue om HuxHed apaHu cedeHus do a=31 M
o -
5 = | uenmpa maxecmu apmamyper As
>-_ 1 © Mnowade cedexus apMamype! A =226 wine?
|
b Modyne ynpyzocmu bemoxa Ep=32700 Hiu?
Modyne ynpyeocmu HeHanpAzaemol apmamype! E =210 000 Hiw?
210000
S
a, ==t=—=—-6,42

E,
IMnowads npusedenHozo ceverusA,,, = bh+ o A : 130 : 16 450 wmm2
Cmamuydeckuid MoMeHm fnnowadu npusedeHH020 CeYeHUs OMHOCUMENLHO HLKHED 2paHu;
i @] |
L —L_JL__1 s |26 [.p1 [|=
Sred ol 2 +““(:}:r.slq.s'{""!I T 2 + _ 1169 000 mm2

PaccmoaHue om UeHmMpa maxecmu npueedeHHo20 celeHuURA Ao HUKHel apaHu;

1162000
ks | S?'Qd _ 1 1

& /-1., S 16450
(2

Momerm UHepLul ﬁpueeaeﬂﬂoeo CeYeHUA OIMHOCLIMEensHO LeHImpa MAMXeCITIl CeYeHUnA:
i’

3 =
L =2 i, <252 v e A, ey L i e ) -

= 30 680 000 mm4
MomeHm conpomueneHus npueedeHHozo Yrpyzo-nnacmuyecKull MOMEHM COMpomueneHus
CeYeHUA OMHOCUMENbHO HIXHE apaHL: OMHOCUMESIbHO HUXHED 2PaHL:

7 _
1 I”,—e I 431500 wm3 W, =1,75W,,, =1,75[550 75100 mm3
Q

Puc 5. Onpedenenue xapaxmepucmux npuseoeHno2o ceueHusl

MM

Onpedenenue meopemuuecKkoc0 MOMEHMA  MPEWUHOO00PA308aAHUA U
meopemuuecKozo papyuarnuiezo MomeHma

[lepen mpoBeneHWEM WCTHBITAaHUS Oalkd C HWCIOJB30BAHHWEM  OMBITHBIX
IPOYHOCTHBIX XapaKTEpPUCTUK OETOHa U apMaTypbl, a TaKKe TIeOMETPUUYECKHUX
apaMeTpOB CEUCHUsI, OTPEICISIOTCS] TEOPETHUECKUA MOMEHT TPEIINHOOOpa30BaHUS

Y TEOPETUYECKUN pa3pyLIAOIINI MOMEHT.



OnpegeneHne TeOpeTUYECKOro MOMeHTa TpelnHoobpasoBaHuA

Yapyzo-nnacmudeckuil MOMeHmM CORPOMUEneHUs OIMHOCUMENLHO HUMHeU epanll

W, = 755100 w3
W,= 7551 __ o
lpoynocms bemona npu ocesoM pacmmKeHul

RM: 2,3 Him2

= Kaclom’

Teopemuveckul MomMeHm 0bpaszoeaHun MpeLwuH:

M = RbIij =l23 [755100

cre ol

1736000 Hwmwm

M

cre ool

=17 360 krc-cm

Puc 6. Onpedenenue meopemuueckozo MomeHma mpewunooopazo8anusl

OnpeneneHue TeOPeTUYECKOro paspywariwero MOMeHTa

r
PacuemHoe CoMpomuensHue apMamypel PacMmKeHuU0 R.,= 3680 wac/om?
Mnowads MonepeuHoz0 CeUEHUA HeHaNpAzaeMol apMamypal 4 = 2,26 cu?
Pacuemroe conpomuenesue Bemoxa cxamuwn Ry= 2905 P e
Pabouas ecicoma ceueHus h,= 12 oM
Uupura ceyerua b= 10 CM =

ha

Beicoma cxamodl 304k 86 cmaduu paapytueHus;

R A 3630 | «[226
X e oy = = 2,86
Rbb LA #

Teopemuyeckoe 3HaYeHUe paspyliakiuieso MoMeHma:

2,96
M 0 = Rbx(h - g) = w05 J[o s (|- ) = 87810 Krc.cm=8781000 H-mm

cm

U

Puc 7. Onpeoenenue meopemuueckoco pazpyuaoueco MoMeHma
Cxema nazpyscenusn 0aiku
HcnbiTanue O6anku MpoU3BOIUTCS HAa THIPABIMYECKOM IIPECCE C 3arpy>KeHHEM
e€ JByMs COCpPEIOTOYEHHBIMH CHUJIAMH, MPUJIOKEHHBIMU B TpETAX mposera. B
mpolecce 3arpykeHusi Oalku ¢ TIOMOIIbI0 HMHJIMKATOPOB YacOBOTO  THIIA
PErUCTPUPYIOTCSL MPOTUOBI B CepeauHE IMpoJieTa OajKh ¢ YYETOM OCaJKH Omop, a

TakXKe ¢ MoMOoIIbio TeH30MeTpoB T-1, T-2 — nedopmarin 6eToHa Ha BEPXHEU CKATOU



rpanu (T-1) u Ha HIKHEN pactanyTod rpanu (T-2). Ha OokoBoil rpanu Oanku B
CepeIuHE MpoJieTa MOTYT ObITh HAKJIEEHbI TEH30PE3UCTOPHI, C TTOMOIIbIO KOTOPBIX

buxcupyroTes nedopmaiuy 6€ToHa M0 BICOTE OaIKH.

Cxema 3arpyxeHus 6anku U pasmelleHns U3mepuTenbHbIX NpUuGopos

t‘} Harpyaka oT npecca
H-1 . n-2
£y e
, ., = Py ,

i o - A

. T2 N\
B @ : g
L/3=390 MM Lo/3=390 MM L+/3=390 MM
T T
PACUETHAS CXEMA BANKA
W-1HOMKaTOPE YacoBOro THNA t ll T DN HRE TN AN AT
", FAY

Puc 8. Cxema 3aepysicenus banku u pasmewjenus usmepumenbHuix npubopos

WUcnbiTaHne 6anku

Wcneitanwe  Ganku  NpoBOAMTCA  Ha  ruaopaeBnuuyeckom  npecce.  Harpyaka
NPUKNAALIBASTCA NO3TANHO C BbIASPHKOH He MeHee 5 MUHYT NOCNe Kaxaoro atana
3arpyseHuA. Harpyaka KOHTpOMMDYETCA N0 MNOKA3aHWAM WKAMLI CHMNOM3MEepUTens.
MNocne Kaxknoro aTana Harpy*eHns CHUMAaKITCA NOKAa3aHWA MEeXaHMYecKux npudopos u
TeH3opeaucTopoB. Mo Mepe yBeNMYeHMA Harpysku npormbel B cepeduHe Danku
Bo3pacTaT. B cpenHeil yacTu Dankn, NoABEpHEHHOW YKCToMY WMaruby, NoABNAKTCA
NepEbIe TPEWWHBI

Puc 9. bBanka 6 cmaouu ucnvimaHus



B IMPOTOKOJIC HCIIbITAHHUA CTYACHTBI 3dpPHCOBBLIBAIOT CXEMY TpPCIIUH 110

MacIITa0OHOM CETKE.
[To Mepe Bo3pacTaHusi HArpy3KH Ha OaJIKy B HEH MOSBJISIOTCS HOBBIC TPEIIUHBEI,

a B paHee 00pa30BaBILUXCS TPEUIMHAX YBEIMYMUBACTCS IIMPUHA PACKPBITHS U BbICOTA

(rmybuna).

Mpu  pancHedweMm  yBenWYeHWW  Harpyaku
NOABNAIOTCA HOBble TPEelMHbl, a WHpHHa |
BbicOTA  TpelWH,  NOABMBILMXCA  paHee,
yBenuMyueaeTca.

Puc 10. Obpaszosanue, pazeumue mpeujum

Mepen pa3pyweHwem Oanku C Hee CHUMAaKT
MexaHuyeckne npubopel VX nokasaHuwA Donklie
He nNpencTaBnNAKT WHTEpeca, a OonacHoOCTb
NONOMEN - BEMNKUKA.

Puc 11. IIpoyedypa cuamus npubopos



Hcenvimanue oanku
B mpomecce ucnbitanms (ukcupyercs Harpyska, IpH KOTOPOH 00pa3yroTcs

nepBble TPEUIUMHBI, U HArpy3Ka, BhI3BaBILAs pa3pylleHue OalKu.

WUcnbiTanne Ganku

Harpyaka oDpa3oBaHuA TpeLwmuH Z'Fcrc exp=758 Krc

Paspywatowan Harpy3ka 2-F =4 548 KFC

ul.exp

VILAKLWEA HarpyaKa

Paap:
l 2F=44 .94 vH

ity N e W S
Q -le;l:?/! 3 /'/}';’g W#
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-HENTPaNsHAA 0Cb

Puc 12. Quxcuposanue pe3ynbmamos ucnvlmanus

lMpy poCTUMEHWW B pacTAHYTOW apmartype
npeaena TeKydYecTw, a B CxaTtol 3o0He DetoHa -
- npedena npoYHOCTM HAa CHaTWe, NPOUCXOAWT
pa3pyleHue Banku.

Puc 13. Hauanenoiii sman paspyuienust onblmnozo oopazya



BremHuM mpu3HaKOM paspylIeHHs OMBITHOTO oOpas3na Oanku sBIsSETCS

3HauuTenbHble (Oonee 1,8-2,0MM) packpbITHE TPELIUH ¢ OOJIBIION BHICOTOM pa3BUTHS

(mo (0,7-0,85)h), 6eicTpoe HapacTanue nmporuoos ( f > 5—10I0) C IOCTHXKEHUEM TIpejiena

TEKy4eCTH U pa3BUTHEM IUIACTHYECKHX JedopManuii B paboueil mpoAoJIbHON

apMmatype. Ha 3aBepiaroriem srane mpoucxXoauT pa3pylieHne 0eToHa CKaToi 30HbI.

BuaHo, kaKk oTkaneiBaeTcA OeTOH CcxaTol 30HBL Apmartypa
TeyeT. B peaynetate, npoucxoauT DbICTpeId pocT nporuba
Dankk ©Oe3 yBENWYEHWA Harpy3KW, C MOCNEQYIOWMM e
CHIDEEHUEM.

Mpu AOCTIKEHMM NPefenbHOro paspylialolero 3HauyeHuA
u3rnbarolero MoMeHTa pocT AedopmMauui NPouCXoauT Dea
YBENUYEHIA HAarPy3K.

Puc 14. 3asepwarowas cmaous paspyuienuss 6amKu

Conocmaenenue meopemudeckux u IKCHEPUMEHMATbHBIX 3HAYUECHUL

[Tocne ucnbiTanust TPOBOAUTCS 0O0pabOTKa MOKa3aHWl MPUOOPOB U CTPOSITCS
rpaduku. Ilo pesynbTaTam HCHOBITAHUS OMPEIACIAIOTCS AKCIIEPUMEHTAIBHBIC
(OTIBITHBIC) 3HAYECHHUS] MOMEHTA OOpa30BaHUS TPEHIMH W Pa3pyHIAONIEr0o MOMEHTA,
KOTOpbIE CPaBHUBAIOTCS C PAaCUETHBIMH 3HaueHUsMH. Kpome TOro, BbIUHCISAETCA
MaKCUMAaJIbHBINA TTPOTUO OATTKH 1O HATPy3KOH.

[Ipy BbIYMCIIEHHH 3TUX MOMEHTOB W Iporuba B Oajke cleAyeT Y4YUThIBATh
Harpy3ku Ha OajiKy, CO3JaBaeMble PACIPEACIUTEILHON TPaBepCoOil U COOCTBEHHBIM

BECOM OAQJIKH.



Pacuemuan dnuxa banxu b= 117 oM =

Bricoma ceuexus h= 15 oM
lupura cedeHus b= 10 oM

i =17 g
Teopemudeckul MOMexm obpaz08aHUR MpELUUH Mcrc_. ca~ 17 360 KEC-GM

Teopemuueckoe 3HaUEHLE Da3PYLUEHILLEE0 MOMEHME Mm'_ el 87 810 KaG GM

Bec 3azpy304HbIX yempolicme (mpaeepce! U m.gd.): P =200H :
3

O6bemHsiil eec Ganku (6emon). ¥, = 2500ke / m” =0,0025krc/cnm? =0,025 H/cm

CobcTBEHH bIV OO HHBIN 1= b'h'?”b ] :|]00 |_|]50 |_|mm5|_| 1 |: 0.375 H/mm

Bec 6anku : v
SRS SHE 0375 1170 [, 17 s

8 8
sy P‘EU :': 3900 Hwmm

Monerm om cobcmeeHHo20 seca Banku: M, ce.

MomeHm om eeca mpasepesi: M g =
2:3 2-3
Hazpyaka, coomeemcmayiollas meopemuyeckoMy MOMEHMY MpelUuroobpazosaHus:
A —— G S i(|?736000|—|64767 |-[3%000 |) =
cre oal cre ol CE rap 1170
I =41867 H

Hazpyska, coomeemcmeyioLas meopemuyeckoMy paspyLuaemy MOMeHmy:

Ff,cai :%(Muf,caf _Mc,s _Mmp): 3 ( |878]000|_| 64167 | _EQOOO D =

= 1170

0 =22251 H

Puc 15. Onpedenenue nacpy3ox, coomeemcmayiouux meopemuiecKkomy MOMeHmy

mpewuﬂoo6pa306aﬂuﬂ U meopemudecKkomy paspyuarowemy MOMeHmy

Ycemanoenenue onvimnozo momenma mpemunooﬁpas'oeauuﬂ U CpasHernue
€20 C meopemuieCKum 3Hauernuem

OrnpeniesieHUe OMBITHOIO MOMEHTa TPEIIMHOOOpa30BaHUSI MPOU3BOIUTCS IS

CCPCANHBI IIPOJICTA OaJKu II0 BEJIWYHMHE Harpy3kKu Fcrc,exp ) BBI3BaBILICH ITOSIBJICHUE

TPEIIHH.

Ota Harpy3ka MOXeT ObITh 3aUKCHPOBAaHA MO TIOKA3aHUIO CHIIOM3MEPHUTENS
IIpU BU3yaJbHOM OOHApy)XKEHUU TPEIIMH Ha OOKOBOM rpaHu Oajiku WU Io Oosee
3aMETHOMY YBEJIMYCHHIO Ha JIAHHOM JTalle MOKa3aHWi mpuOOpoB (TEH30METpa Ha
HIDKHEH rpaHu 0ajaku U mporudbomepa (MHAMKATOPa) B CEPEAUHE MPOJIeTa).

MowmeHT 00pa3oBaHus TPEIIUH MPU UCTIHITAHUA MOXKET OBITh YETKO OMPE/IEIICH
no rpadpuky "M - f"(moment-iporud). Ilocne ompeneneHus OMBITHOTO MOMEHTA
TPEIMHOOOPa30BaHUS ONPEACIISETCS BEIMIMHA €T0 OTKIOHCHHS OT TEOPETUIECKOTO

MOMEHTa TPEIMHOOOPa30BaHUs B IPOIEHTAX.



Hazpyaka, omeevaiowas MoMeHmy mpewuHoobpaszoeanus I S 3790 H

OnsIMHBIG MOMeRM mpelLUHoobpa3oeaHUs:

M, =(F,,  +05P)L/3+q-L /8 )

o¥e BXpD ore, Bxp

=([3790 |+ 0,5-[200 |)-| 1170/ 3+[0.375]-[1170]/8 = 1581267  Hmm

Benuquxa omknoHeHus e %:

M — M 1736000 | —| 1581267
ere cal TEED 100% = | | | | -100% = g.01 %
Mcrc,cm‘

Puc 16. Ycmanoenenue onbimnoco momenma mpemuﬂoo6pa306aﬂuﬂ U cpasHernue eco ¢

meopemuiyecKum 3Hadernuem

Yemanoenenue onvimmnozo paspywaroweco momenma u cpaemnenue ezo ¢
meopemuyecKum 3HaueHuem

OnpeneneHue ONBITHOIO — pa3pylIAIONIErT0 MOMEHTa IPOM3BOAUTCS IS
cepelMHbl OalKM TO BEJIIMYMHE HArpy3Kd, BBI3BaBILEW paspyllieHue oOpasia.
Pa3pymaronias onbiTHasg Harpy3Ka ONpenessieTcs: Mo MOKa3aHUI0 CUIIOU3MEPUTENIS B
MOMEHT pa3pylieHus Oanku. I[locie BBIYUCIEHHS OMBITHOTO pa3pyIIAIOIIEro
MOMEHTa ONPENEISETCS BEIUYMHA €r0 OTKJIOHEHHUS OT BEIMYMHBI TEOPETUYECKOIrO

pa3pyIIaIIero MOMEHTA B IPOIEHTAaX.

OnbImHLIL pa3pyLwianuul MOMEHIT

My o= (Fy o +0,5-P)- Ly /3+ q- L7 /8= :
= ([2790)4+0,5.[200 ]).[T770 | /34{0375 | [1170_|/8 = 8971767 H

BenudyuHa omknoHeHuA & %:

M

W cal _Muf,aqp 100%:

8781000
Mw‘ el

Puc 17. Yecmanoesnenue onvimnoco paspyuiarouieco Momenma u CpasHeHue eco ¢ meopemudecKum

|878?000| —|897?767 |

100% =-217 %

3HavYeHuem

Onpeoenenue npocuda 6anKu noo Hazpy3Koul nepeo 00pazosanuem mpewiun
[Tporu6 OGanku mepex oOpa3zoBaHUEM TPELIUH OMPEIENSIECTCA KakK AJs YCIOBHO
yOpPYyroro CruiomHoro tena. [lpu 3ToM KpUBU3HY Kelne300€TOHHOTO JIIEMEHTa

OIIPENeNAI0T KaK YaCTHOE OT JEJIEHUS] M3rnOaroIero MoMeHTa M . Ha KeCTKOCTb

KeIe300€TOHHOTO AIeMeHTa Tpu n3rube. XKecTkocTs /0 nemenTa npu padote 63

TPCIINH IIpu HCIIPOOAOJLKUTCIBHOM ,Z[€I>’ICTBI/II/I Harpys3kKu BBIYHCIIACTCA C



WCIIOJIb30BAaHUEM KPaTKOBPEMEHHOTO Momyist nedopmaruu E,, = 0.85E, ¥ MOMEHTa

uHepuuu |, .

OnpeaeneHne nporvuba noj HarpyzKom

Teopemudeckull MOMEHM MpeLUuHooBpa308aHUSA. Mere cal =1 736 000 H-mne =
HauansHeid modyns ynpyeocmu bemoxa, omeedaouwul Ey =32 700 Hum?
cpedred KyBuKoeoU NPOYHOGIIU.

Momenm uvepyu MpusedexHOE0 GEYEHUS OMHOGUTIENLHO lredt =30 680 000 wnr?
LEHMPE MAKECTIY CEUBHUA.

Pacuemnas dnuxa banku: Lo =1 170 MM
Kosghguyuerm dna ceoboduo onepmod Ganku u s =0,106 -

KpaTkoBpemeHHLIi Modyns dedopmanii DeToHa:

E, =085-E, =085 |= 27790 Him2

JKecTKoCTe 00 00pa30BaHUA TPELLWH:

D= Em .fmd — 27790 . [30680000 |:352 600 000 000H-Mm2
KpuBuaHa o oOpasoBaHua TPeLuH:
1 Mo 1736000
( )a cre == = 332600000000 | = 0,00000204 1/mm
e D = |
[MpornG ao obpa3oBaHuA TPELLWH:
o ke 0| [r0000 0,3
=s5-L, | — :|0:106 |.|11.-D | .|o:ooooodm |: ; MM
max

Puc 18. Onpeoenenue npoeuba noo nacpy3roi

Onpeodenenue maxcumaipbHozo npocuba 0alKu npu Hayane meKyyecmu
PaAcmaHymoi npoooibHO apmamypol.

Hcnonvzyemvie napamempui.

e[Ipu3meHHast IpOYHOCTh OE€TOHA - R, = 2850 H/cm?;

e TeopeTHUECKHIl MOMEHT TPELTMHOOOPA30BaHUS -

M =173600 H - cm (17360 kr - c™m) ;

crc,cal
e TeopeTHueCKHUil pa3pyIIarOIIui MOMEHT - M, ., =878100H - cm (87810 kr - cm) ;
ePaboyas BeicOTa c€YeHUs - h, =12cwm;
elllupuna ceuenus - b=10cwm;
e[lnomans ceyeHus: apMaTypbl pacTIHYTOM 30HBI - A, =2.26cm” ;
eMoaynb ynpyroctu 6eToHa - E, =3270000 H/cm® ;
eMoaynb ynpyroctu apmMaTypsl - E, = 20000000 H /cu® =2-10"H/cm? ;

eOTHOCHTENBHAs AeQopMalysg OCTOHA CKATOM 30HBI &, g = 15-10;

eKoapdunuent S, ansg cBodboaHo onéproii 6anku - S =0.106;



ePaccrossHue OT HWXKHEH TrpaHu Oankd A0 LEHTpa TSHKECTH CEUYCHUS -

Yo=71.1mm,

eMakcuManbHBI Tporu0d OajKyW MpU pa3pylIeHUH TPU HATUYUUA TPEUIUH

1
OIPEHEHACTCd IO  BBIPAKCHUIO: f=s- IOZ(— ;IIPpK  3HAYCHUHM  KPUBHU3HBHI,
max
o . 1 Mul,cal
ompenensieMoit mo popmyne: — = ——=— T7e
Eb,red : Ired
M, cu -~ 3HAYCHHE TCOPETUYCCKOIO Pa3pyIIAOIICTO MOMCHTA,

Ey s - IPUBEACHHBII MOLYJIb JEPOPMALMH CKATOrO OETOHA;

R
Eb red — : ' F,Z[C
’ 8bl,red

Epred =15-10 - OTHOcHUTeNbHas Jedopmanus O€TOHA  CXKATOM  3OHBI

MPUBCACHHOT'O CCUCHUA ITPHU HCIIPOAOJDKUTCIIBHOM I[GﬁCTBPIPI HAIrpy3KH,

2850

1510 — 1900000 H/em?;

bred —

Ired - MOMCHT HWHCPLHHMHU IMNPUBCACHHOI'0O CCUCHHA OTHOCHUTCIBHO €ro HICHTpa

TAKCCTU C YUCTOM ILIOHIaAM CCUYCHUSA TOJIBKO c)KaTou 30HbI, IINIOIIIaAHu CCUYCHUA

cKaToi apMaTypbl ¢ KOd(PPUIIMEHTOM MPUBEIECHUS oy, U PACTAHYTOW apMaTyphl C
KO3 PUIIMEHTOM MPUBEICHUS o, .

BricoTa cxxatoii 30HBI IJIL OJICMCHTOB MPAMOYT'OJIBHOI'O CCUYCHUA MOKCT OBITH

OIIpCACIICHA 11O BBIPAKCHHIO!

2.26
x=h{/z2+2 . —z(,TOE u. = A =~ =0.0188
0 Hs - Oy }9 it U bho 10.12

L S 2-10° =12.53;
Wy Eppeg 0.84-19-10° ’

173600

=0.84;
878100

M
vy, =1-08—"% _1_08

ul,cal

Z=p,- -0, =0.0188-12.53 = 0.236;

X :12{\/0.2362 +2-0.0188-12.53 — 0.236}212{«/0.527 N 0.236}:12 -0.49=5.88cm



b-x3 x ) 10-5.88° 5.88)°
|red=712 +(yb—2j -b-x+ocsz.As-(y0—a)2=12+[7.89—2j -10-5.88 +

+12.53-2.26 - (7.11— 3)° =169.4 +1440.7 + 478.3 = 2088.4 cm*

1 _ 878100 =o,000221i;
fax  19-10° - 2088,4 cM

f=s- |§(1J =0,106-1172-0,000221=0,32 cm=3,2 MM .
I

max

HCHOJ’ILB}UI CBOM KOHKPCTHBIC HMCXOJHBIC IdHHBIC II0 (I)I/ISI/IKO-MeXaHI/I‘-IeCKI/IM
XApaKTCPHUCTHUKAM OcToHa W apMaTypbl, a TaAKXC TI'COMCTPHUUYCCKHUC IIapaMCTPhI
CCUCHMU:I, K&)KI[LIIZ CTYACHT 3aIlOJIHACT C HGO6XOI[I/IMBIMI/I BBIYHCJIICHUAMU IMPOTOKOJI
BBIITOJIHCHU S Ha6opaT0pH0171 pa6OTBI U OTBCYACT HA KOHTPOJIBHBIC BOIIPOCHI

MpernoiaBaress, IPOBOSIIETO JaHHYIO JJA00PAaTOPHYIO padoTy.

Bompocs! 11t MOATOTOBKH K 3amuTe gadopaTopHoit padoTsr Nel
1. Kaxkas niens cTaBuTCS 1TpH MPOBEICHUN JAaHHOW J1TA00OpaTOpHON pabOThI?
2. KoHCTpyKTHBHON pemieHne W pacyeTHas CcXeMa HCIBITHIBAEMOMN
XKene300eToHHOM Oanku?
3. Kak ocymectBnsiercs 3arpykeHwe Oajdkd TPH HUCHBITAHUM |

KOHTPOJIMPYETCS BEJIMYMHA TPUKJIIAAbIBAEMON HArPy3Ku?

4. Kaxue npubopsl ycTaHaBIMBAIOTCS HA UCIBITHIBAEMON OaJIKy U YTO UMHU
U3MEPSIIOCH?

S. [Touemy HOpManbHBIE TPEUIMHBI B OaNIKe MOSABISIIOTCSA B CPEIHEH YacTH
npoJjera?

6. Kak BbryuciauTh mporu® ONbITHON OalKM OT 3aJaHHOW HArpy3Kd IpH
UCIIBITAHUN?

7. Kak mo rpadpukam nedopmanum — OeToHAa U TEpeMeleHU Oanku

ONpeNEINTh HArpy3Ky 00pa3oBaHUs TPELUH?



8. Kak omnpenenuts (u3NKo-MEeXaHUUYECKHUE XapakTEpPUCTUKU OEToHa U
apMaTypbl HCTIBIThIBAEMOM Oanmku?
9. Kakue craanu HampshpkeHHO 1e(hOpPMUPOBAHHOTO COCTOSIHUS MOJIOKEHBI

B OCHOBY pacyieTa TPEeUIMHOCTOMKOCTH, MPOru0O0B U HeCcyIleld CHOCOOHOCTH OaIKu?

10. Kak omnpenenuTs TeOpeTHYECKYI0 HArpy3Ky oOpa3oBaHUsS HOPMaJIbHBIX
TPELIUH?
11. Kak onpenenuts T€OPETUUECKYIO HArPy3KY, BBI3BIBAIOLIYIO Pa3pyIICHUS

OaJIKK 10 HOPMAJILHOMY CEUEHHUIO?

12, Kak BBIUMCANTD OTKJIOHEHHE OIBITHBIX 3HAYCHHUU pa3pylIaromien
Harpy3KkH OT €€ TEOpETUYECKOIO 3HAYECHHUS !

13. Uem OOBSCHSIOTCA OTKJIOHEHUE OIBITHBIX W PACYETHBIX 3HAYCHUM
pa3pylaronieil Harpy3ku?

14. Kak wu3MeHuTCs Hecymas CIOCOOHOCTh Oallku 10 HOPMaJIbHOMY
CEYEeHMIO ITPU U3MEHEHUH Kiiacca 0eToHa, TuaMerpa padboueid apMaTyphl?

15. KakoBbl mpu3Haku mOpuOIMKAIONIETO  pa3pyllieHuss Oamku 10

HOPMaJIbHOMY CEUECHUIO?

16. Kakue cymiectByloT ciyyau paspylieHus Oajkd MO0 HOPMalIbHOMY
CEYCHUIO?
17. [To KakOMy KpHUTEpHIO MOKHO CYIHUTh O CIy4yae pas3pylleHusl OalKu Mo

HOPMAJIbBHOMY CEYEHHUIO?

18. Kakyio Benmuuny mnporuba wu3rudaembix k/0 3JIEMEHTOB CIEQYyeT
CUMTATh HEJAOMYCTUMOM JIJIsl MX AKCIUTyaTauu?

19. Kak m3mensieTcs smropa HanpspKEHUN B COKaToW 30HE OETOHA, M Kakas

3MI0pa B CKATOM 30HE O€TOHA MPUHUMAETCSI PU PacyeTe MPOYHOCTH?



[IpoTokon BeimoaHEeHUs Jab0paTopHOil padoTh Nel
Hcnvimanue drcenezobemonnoti 6anku Ha us2ub ¢ paspyuieHuem no

HOPMANTbHOM)Y CEYEHUIO

Onpedenenue pacuemnovlx XapaKkmepucmux 6emona Ha MOMEHm UCRbIMAHUS
Cpennee 3HaYeHHE KyOUKOBOW MPOYHOCTH OCTOHA TIO pe3yJIbTaTaM UCIIBITAaHHS
KyOOB:

_R+R+R;
3

R H/Mmm?

[Tpu3smenHast mpoOYHOCTH OETOHA, OTBEYAIONIAs CPETHEH KyOUKOBOW MTPOYHOCTH:
R, =(0,77 —0,00125R)R = H/mm?
[TpouHocTs GETOHA P OCEBOM PACTSIKEHUH, OTBEYAIOIIAs CPEAHEH KyOUKOBOIA

IMPOYHOCTH:

SR

= = H/MNI2
45+ R

Rbt

HavanpHbIi MOIyJIb YNPYrocTH OETOHA, OTBEYAIOIIMM CpPEIHEN KyOHMKOBOM

IMPOYHOCTH:

_ 55000R

== H/mm?
27+R

b

Onpeoenenue pacuemnovix XapaKkmepucmux apmamypbol
dakTryeckoe (OMBITHOE) COMPOTUBICHUE apMaTyphl PaCTSHKEHHIO (CpemaHee
3Ha4YE€HHUE (PU3NYECKOTO Mpejielia TEKYYECTH ):

G, +G6,, +0
R, =— ; Ll H/vm?

Onpeoenenue xapaxmepucmuk npueedeHHO20 CeUeHus:

[Inomanp IMPUBCACHHOI'O CCUCHUS:
A =bh+a A = MM
CraTudecKuii MOMEHT miIomaan MpUuBCACHHOTO CCUCHUA OTHOCUTCIIBHO HIDKHEH

IpaHu:



bh?
Sred =7+OLSA38.= MM2
Paccrosnue ot LOCHTPA TAKCCTHU IIPUBCACHHOI'O CCUHCHUA /10 HOKHEN I'paHu:

S
Y, = Zred _ MM
A

red

MomeHT HHCPpUOWH TIPUBCACHHOTO CCYCHUA OTHOCHUTCIBHO ILCHTpPA TIXKCCTHU
CCUCHMUSI.

3 2
=bh+bh(Y0 —ZJ +a AlY, —a) = wn

I red 12

MomeHT COIMPOTUBJICHUA IIPHUBCACHHOI'O CCUCHUSA OTHOCUTCIBHO HMDKHEMN

IpaHu:

Wred — red — MM3
Y
0

yﬂpyro-HHaCTI/I"IeCKI/Iﬁ MOMCHT COIIPOTUBJICHUSA OTHOCHUTCIIBHO HIDKHEH I'paHu:

W, =1.75-W,, = mm®

Onpeoenenue meopemuuecko20 MOMEHMA MPEUWSUHOOOPA306AHUS
Teopernyeckuit MOMEHT 00pa30BaHMS TPEUIUH:

Mcrc,cal = Rbt ‘W :—H *MM

pl

Onpedenenue meopemuueckozo pa3pymanuie2o MoMenma
BricoTa cxatoli 30HbI B CTAIMU PA3PYILLCHHUS:

_RA

X= CM
Rh ——

TeopeTnueckoe 3HAYEHHUE PA3PYIIAOIIETO MOMEHTA.!
X
Mul,ca,sz-b-x(ho—z): H-cm

Harpy3ku Ha 6aiky npu UCIBITAHUN

Bec 3arpy30uHbix ycrpoiicts: & - ——H
CobcTBeHHblii Bec 6anku: 9=00250-h-1= Hiem
Harpyska, COOTBETCTBYIOLIAS TEOPETUUECKOMY MOMEHTY

TPELMHOOOPa30BaHUS:



M, 3gL
Fcrc,cal = [C,Cal - 98 ¢ 0.5P = - H
0

Harpy3ska, cooTBeTCTBYIOIIAst TEOPETUUECKOMY Pa3pyIlIaOIIEeMy MOMEHTY:

3M ul,cal _ 39

F 30 _osp- H
8

ul,cal =
I-0

Hcenvimanue oanku

Haepyzka obpasobaqus mpewuH — Ki 42
Pospywarowan Hazpyska — K

()
Conocmaenenue meopemuuecKux U IKCnepumenmaibHblx 3HAYeHU
YCcTaHOBICHHE ONBITHOIO MOMEHTA TpCHlI/IHOO6p8.30BaHI/I}I N CpaBHCHHC €ro C

TCOPCTUICCKUM 3HAYCHHUCM

I:Cl’C ex - Kre (H)
Harpy3ska, oTBeuaromiass MOMEHTY TPELIMHOOOpa30BaHUsI =~ ¢

OnbITHBIA MOMEHT TPELIMHOOOPA30BaAHUS:

M

2
+o.5P)':‘l+gli

cre,exp (Fcrc,exp KI'C - CM (H . CM)

Bennunna orkimonenus B %:

(M M, . )-100% = %

cre,cal ~— " creexp )

YCTaHOBIEHUE OIBITHOTO paspymaromero MOMCHTa H CpaBHCHHUE C€ro C

TCOPCTUICCKUM 3HAYCHHUCM

. I:ul exp — KFC(H)
Harpy3ska, oTBeuaromas pa3pyumaromemMy MOMEHTy: 4P

ONbITHBIN pa3pyHIalONIUid MOMEHT:

L, oLj
)—0+h krc-cm (H-cm)

Mul,exp = (Ful,exp +0.5P

Bennunna orkimonenus B %:

M

M
ulcal cre,exp 100% — %

ul,cal



Onpeoenenue MmakcumanvbHo20 npo2uda 0aiku noo HAZpy3Kou nepeo
obpazoseanuem mpeuwjun

KparkoBpeMeHHbIM MO1yb AedhopMaliuu OeToHa:

E,, =0.85E, = Hiw/ 2 (Hicm?)

XKectkocTh 10 00pa30BaHUs TPEIIHH:

D=Ey -l = Hiw/ 2 (Hicw?)

Kpusuzna 10 00pa3zoBaHus TPEIIHUH:

M
[1J = e _ 1/ (Lem)
r D

max

[Tporu6 no oOGpazoBaHUs TPEITUH:
f:S'Io'(lJ: mm (Cm)
rmax

Onpeoenenue MaKkcumanbHO20 nPo2uda 6anKu npu paspyuieHuu:

1 M

whea 1/m (1/em)

Fmax Eb,red ’ Ired

[TpuBeneHHbIN MOTYIb nedopMaluu:

Eppeg =— 2= Him? (Hicw? )

x:ho(«/zerzusoc52 —z)z oM

_A
ILIS bho
Es
Usp = =
Vs Eb,red
I=H0,=__  CM

M,
KospduimenT vy, =1-0,8- = =

ul,cal

OTtHOCUTENbHAs BBICOTA CKATOM 30HBI:

z=hy ——= cM



[Tporu® mpu pa3pyuieHun:

f:s-lo-( ! j=_MM<cM>

rmax

daxkynbTeT, Kypc,

rpynmna

CryneHTsl

[Ipenonasaresnb

IToanuce

ata




