NMPUMEP BbINOJIHEHNA SK3AMEHALUWOHHOI'O BUNETA

BUJIET Nen

Moaynb Ne1
| BnustHue nTMHAMUYECKOTO HArpy>KeHHs Ha ©3MEHEHHE ynpyrou neopmanuu paboyeii KJIeTH U TOYHOCTh

npokara
2 Tect

Moaynb Ne2

OTBET

Moaynb Ne1

1 BnusiHue QuHaMu4ecko20 HaepyxXeHusi Ha U3MeHeHue ynpyeoﬁ 6e(popmauuu pa6oqea Kriemu U mo4HoCcmb rpokama

Tounocmob 2eomempuueckux Xapakmepucmuk 20mogo2o MemaiionpoKama onpeoensaemcs 60 epems npokamxu. Mzmenenue pasmepos noiocwl
NPOUCXOOUM 6CIEOCMBUE USMEHEHUS. YNPY2UX OehopMayuil HASPYICEHHbIX Yacmeil paboueli Kilemu, KOmopbwle A6IAI0MCs pe3yibmamamu usme-
HeHUus 0aBIeHUs MeMAiNd Ha 8AIKU U OUHAMUYECKO20 HASPYHCEHUs YPY20U cucmembl paboyell Kiemu.

Dakmopul, erusIoWUe HA USMEHeHUe 0A6lleHUs NPU NPOKAMKe, d CIed08AMENbHO, YNpy2oll Oedopmayuu Kiemu.

UsMeHeHuUe memnepamypbl Memarina,

HeoOHOPoOHOCMbL Memaria (Xumuyeckuli cocmae u cmpykmypa);

HEenocmoAHCmMeo pa3mMepos nodkama;

HamsxeHue nosockl;

mpeHue Mexdy eankamu U nonocou;

6bueHue sakos u m.o.

Hmak, 6ce npununbl, 8b13v18aiowue usmMeHeHue 0asieHus Memaiia Ha 8aku, 6y0ym 0OHOBPEeMEHHO OKA3bl6amb GIUAHUE U HA USMEHeHUe Oe-
dopmayuu paboueii Kiemu, a cied08aAMENbHO, U HA MOYHOCMb 2eOMEMPUYECKUX XAPAKMEPUCTUK NOOKAMA.

IIpu 00bIuHbIX paACYémax eenuUUHblL NPYIHCUHbL KAEMU He YUUMbIBAIOM XapaKmep UsMeHeHUs HAepy3KU 60 6PeMeHU, m.e. 3a0ayy paccmampusa-
10M KaK cmamu4eckyio.

Oonaxo 6 peanbHOCMU NEPeXOOHbIe U HEYCMAHOBUBLUUECS NPOYECCHl, UMEIOujie MECMO NPU NPOKAMKe, MO2YM UCHOIb308AMbCA Ol cCIamute-
CKUX pACYémo8 moabKo ¢ 04eHb OONbLUUM OONYUEHUEM.

Paccmompum pabouyio kiems npoKamHo2o cmaud.

Cucmema aensemcsi 00CMAMOUHO CLOICHOU, OOHAKO €€ MOJICHO NPeOCmagums 6 guoe 0OHOMACCOB0U paciémHoil cxemvl (pucynox 1.1).

PucyHok 1.1 - Pacuémnas cxema 0ns onpedeneHus ynpyeol decpopmayuu paboyel knemu

Hugppepenyuanvroe ypasnenue 0sudicenus Maccvl maxou cucmemst Oyoem umenms c1e0yiowuil uo:
2
d-s
m—-+cS=F (r)
dt
20e m — npusedeHHas Macca 8arnkoe ¢ nodywkamu, ypasHosewusalweeo mexaHusma u dpyaux snemesmos; S — ynpyeas degpopmayus paboyel knemu; ¢ —
xécmkocmb cesi3u (knemu); F(z) — osmywarowas cuna, USMEHsIIOWAsIcs 80 8PEMEHU.
Paccmompum npouecc 3axeama Memarnna sankamu. B HadanbHbIl MomeHm epemeHu (t=0) Hagpy3ku omcymemayom.
ﬂﬂ}l ananusa npoyecca zaxeama memaiild 6diKamMu npumem JIUHELHbLU xXapakmep HapacmaHnus Hacpys3Ku 6 cucmeme (daeﬂenue memaiia Ha
sanku) (pucyrok 1.2):

(1.1)

t
F(r):PE —nput=0...1; 12

F(T)=P — nput>t,

2de P - nonHas cuna NnpoKamku, to — 8pemA 3axeama Memarna eankamu.
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PucyHok 1.2 — 3aKoH HapacmaHus Hagpy3ku npu 3axeame memarina eankamu

Tloocmasus 3nauenue F(7), umeem:

P P sin pt P I-cospt, .
S=—7F-—— Po cospt0+—2—p0smpt0. (1.3)
mp~  mp~ Pty mp~ Pty
Buipasus uepes 00ny mpueonomempuueckyio pynxyuio, 6yoem umems:
sin TA .
S=S., +SCT—sm(pt+y), (1.4)
A
2 . to N .
2de S, =P/mp~ - cmamuyeckas depopmayus pabodel knemu; A = ? — OMHOWeHUE 8pemMeHU 3axsama K nepuoly konebaHull ynpyeoll cucmems!
/ , sin 2wA 3
knemu; p=+/c/m - yacmoma cobcmeeHHbIX KonebaHull cucmemsl; y = —arctgﬁ — ecnomozamenbHblll napamemp; T =p/2n -
—cos2m

yacmoma konebaHull cucmembi.
U3 svipasicenus (1.4) cnedyem, umo 6 obwjem ciyuae npu ounamuyeckom 3axeame ynpyaas oegpopmayus paboueii Kiemu cocmoum uz cmamu-
ueckoll deghopmayuu u Ounamuueckol cocmagasiiowel (pucynok 1.3). Amnaumyoa korebanuti dehopmayuii 3aeucum om napamempa A: uem
Menbule A, mem 6oabuie OUHAMUYECKAs: aMnaumyoa u oowas oeopmayus kiemu 6 momenm s3axeama (pucynox 1.4). Ilpu A>=5 ounamuueckas
cocmagasowas oegpopmayuii He npesviuiaem 5% om cmamuieckou.
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PucyHok 1.3 — Xapakmep usmeHeHus ynpyaoli Oechopmayuu Knemu npu 3axeame Memasnsa eankamu

Konebanus cymmapnou ynpyzou oegpopmayuu paboyeti kKiemu MO2ym CKA3amuvCsi Ha MOYHOCMU PA3MeEPO8 NPoKamd, 0CoOeHHO npu cpagHuU-
menbHo bovuiux depopmayusx u manoii monwune nonocel. Coomeemcmeenno nepemewyenuio S OYOym usMeHAmMbCsA HANPANCEHUS U YCUTUS 8
YRpY2uXx c6s35x paboueti Kiemu, Ymo HeoOXo00UMo YUumvleantv npu pacuemax.
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PucyHok 1.4 — 3agucumocms duHamuyeckol cocmaenstowed Oechopmayuu om napamempa eé HaepyxeHus



T E C T 14.YevkuTe uncro creneHeii ceoboab | (1,2, 3,4) ynpyroi cuctemb . C1+CZ (;102
a)C1+CZ'b)C1CZ'u)C o ')c C
1. Mo Kaxoi 13 hopMyn onpenenAeTCs HECTKOCTL Ha M3 KOHCONU? — // 172 ~1772
a) =l ;b) 0 [\
£'b£' B ! 5 2 15.B KakvIX CHCTEMaX JEVICTEYIOT CUb  yTIDYTOCTY, CWITb | FTABYHECTH,
a)3E-I’ ) B ’C)SE-I‘d) 7 & %'d] CWTbI TSKECTU M CMeLLIaHHD I CUTb I:
2.Yemy paBHa BeMM4MHA MOMEHTA MHEPLIM POTOPA AEKTPOABUrATeNs,

ecm GD2=400T2?
) 102rcedh ) 102rmoe2 o 102rasce ) 0.102rmoed

3. Yravme umcrio creneHeri caobob 1 (1,2, 3,4) y 6anku ¢ paciipeaernieHHow
Harpy3KOiA, M30MHyTast OCh KOTOPOM MONET Ob T ONICaHA YPABHEHNEM
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4. B Karvx cycTEMAX CUITb | YTPYTOCTY CESI3EY MIMEHOT TIMHEHYHO 3aBUCH-

MOCTL, HENMHEHYHO 3aTyXaFOLLIYHO, HeTHEVIHYHO BO3PACTAIOLLIYHO, HeT-
HEVHY0 C 30HO! HEYYBCTBUTENILHOCTU?

a)
, P
9 d

5. YkavkuTe u1cno creneHeii ceoboab 1 ynpyroii cvctemb (1,2, 3ud).

6. Ykanraame umenio creneHeli caoboppb 1 (1,2, 3,4) y Heecomoii Ganiu co
COCPEOTOYEHHL IMV MacCamu.
ml m2 m3

o
\—J
7.YraxuTe, kakve 13 NPVIBEEHH IX CUCTEM COBEPLLAKOT CBOOOHb Ie Kore-

6aHVs, Bb Hy)aEHHb e KoneGaHus, NapameTpy4eCkyie KoneGaHysi v aBToKo-
neGaHust:

a)  8CronbkocreneHeii codoapbi (1,2, 3unmd)y cvcrembi?

I
\
— ]

9 Yemy paBHa NOATIMBOCT LIMIMHOPVHECKOTO YuacTka Bana?

6
EREAREARLE

10.Hemypam-anmummmcra\bl,mm1m20?

™ 202t 20 m2 1.
11Momeurwep|.wu1opmmaamapaﬁoaimemmprolon=1MMoek2
,AameTp 6041 oroproro anka Do =1500 MM, avaveTp Goikv paGouero
Barka DpﬂomMquwpaBeﬂmummﬁﬂblﬁmmwmmMawpﬂo-
To Barika (k ocu paboyero Barka)?

a)4.5T-M~Oak2; b)0.445T-M-oeo<2; d)0.890T-M-oeo<2.

12. Mo Kakoi1 3 hopMyr OnpenenAeTCs COBCTBEHHAN HACTOTA ABYXMACCO-

BOV KOneGaTerisHoi cUCTeMbI?

v, s "('1+'2)d) ()
oyt Wb o

a)  13.MoKakoi 13 chopMyn onpenensieTcs NpuUBeeHHs Kocv Bana 1

KECTKOCTL Bana 2?

of
C Ayt 2 m21
20) 2m21 0122

a)c, a_)f'b)

16. Mo Kakoi 13 hopmyn onpeenAeTCs COBCTBEHHARA YACTOTA NPOACIEHBIX
KoneGaHuii a)ocmmmoooﬁm?

C
N[ e[
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17. [lamb onpenerieHvie pasnHHb X TUTMOB KorleGaTesTbHb IX MPOLIECCOB:
CBOOOIHL IX KONeGaHHIA; Bb IHYMOEHHb IX KONeGaHuIA; NapameTpUIECKVX
KoneGaHuiA 1 aBTOKoNEGaHuIA:

a) BbI3bIBAHOTCH NEpVIOTYMECHIMM VBVIEHEHVSIV MEpaMeTPOB C/ICTEMb; b) Kore-
BarerbHble MPOLE0CH], NOLAEMK/BAEVbIE UCTOHH/KAM SHEPIVW HexoneGaTer -
HOD XapaKTepa; C) BOsH/KAKOT BOTIELICTBYE [SVCTBYS Ha MEXaH/HECKYHO CTEMY
BHELLH/X NepeMeHHb X T, d) COBEPLLIBKOTCS MeXaH/HEQKOV OICTEMON, TALLEHHON
TTPUITOKG BHEPTV V13BHE, ECTV CYCTEMA BbIBEZIEHA V13 00CTOSH/S PABHOBECVS, @
3aTeM MPE0CTaRMNeHa camon cede.

18. YiaxuTe onpezeneHns BOCCTAHARMVBAHOLLIEV CUTb L, AUCCUNATVIBHON
CUTb1, BOSMYLLIAHOLLEY CUTb |, VT | CMELLIAHHOTO XapaKTepa

) bl TPEHVS, CoBEPLLIAIOLLIE HeoBpamMyto paloTy; b) orb, 3anaHHbIe BBITE
STBHb X PYHKLI BOEMEH, HE 3aBICAILLE OT [IBVOKEHVS O/ICTEMb, HO aKTVBHO
BIVFHOLL/E HA HEID; C) OTb, HE paariaraenbie Hacymvy o Py), P 7 ). P(); )
OATbl, BOSH/KGHOLLE B CBSI3/ COTKTOHEHVIEM QYICTEMb | OT NOTIOKEH/A PaBHOBE-
O/, U CTPEMSILLECS BEPHYTH (VICTEMY B 3TO NOMNOKEH/E

31

19, Yiavkure wicnio cTeneHed ynpyroi cuctemb (1,2, 3unmd).
! I1 Iz N

§01 : cz c3 !
3y

20.Yemy paBHa 00LLIAs KECTKOCTL NPV NOCTIEA0BATENbHOM COBIMHEHN
KECTKOCTeI?



MOAYJIb Ne2

1 dakmopsI, enusitowue Ha conpomuereHue ycmanocmu. KoHuyeHnmpayusi HanpsixeHuil
B pesynsmame nposedeHust MHO204UCTEHHBIX 3KCNEPUMEHIMO8 No Onpedenienuto conpomusneHus ycmanocmu G_, 0ns demanell HamypHbIX pasMepos

oKa3arnock, 4mo conpomuesiexue yemanocmu 0nst demarneli HamypHbIX pasmepos G, 00bIMHO 8 2...6 pa3 MeHbuwe, Yem A enadkoeo n1abopamopHo2o

obpasya manozo duamempa (0koso 7,5 Mm).
Lns oueHku amoli pasHuybI ucnonb3yemcs koaghgpuyuerm K, yyumsieatowul enusiHue 8cex ghakmopos, ceolicmeeHHbIX demanu HamypHbIX pa3vepos, pa-
bomaroweli 8 onpedenieHHbIX yCo8UsIX, Ha CONPOMUBIIEHUE yemanocmu:

K=0c,/c,,.

B obwem crnyyae Ha conpomusiieHue ycmanocmu okasbiealom enusiHue credyroujue thakmopb!:

®  KOHUEHmpayus HanpsixeHuu;

macwmabHbIl hakmop (811usiHUE pa3mMepos NONEPEYHO20 CEYEHUs);

Kadyecmso 0bpabomku nogepxHocmu;

aKcnyamayuoHHbIe hakmopb| (8/IUSHUE MeMnepamypb|, KOpPO3UU, YaCMOMbI USMEHEHUS Hagpy3ku u 0p.);

mexHonoauyeckue MemoObl NOBEPXHOCMHO20 yNpouHeHus Oemanel (NOBepXHOCMHOe nnacmudeckoe dechopmuposaHue, XUMUKO-mepMuyeckue memo-
Obl, NOBEPXHOCMHas 3akaska u 0p.).

B c8apHbIX COeAUHEHUSX CYWECMBEHHYI0 porb Ueparom makxe deghekmbi ceapKu (Henposapbl, NOOPe3kl, MPEeWUHbI, 8KIIOYEHUS) U OCMamoyYHble Hanpsxe-
HUsi.

Ecnu ceveHue demanu meHsemcs 8 kakom-nubo mecme (Hanpumep, 8 Mecme cmyneH4yamoeo nepexoda, 8 kaHaske, pesbbe, y KPOMKU omeepcmusi, y wno-
HOYHO20 nasa), Mo MakcuMaribHble HanpsKeHUs 8 3mom mecme bydym npesbiuams HOMUHaIbHbIE HanPSXXeHUs!, onpedesnsembie no mpaduyuoHHbIM ¢hop-
Myrnam conpomusneHus Mamepuaios:

Gl(j’? = Mll32 / W

uze’

S pene) =P/F; T =M,<p /pr-

SlerieHue MeCMHO20 NPEBbILUEHUS HANPSIKEHUU NO CPABHEHUIO C HOMUHaITbHBIMU 8 30HaX PE3K020 USMEHeHUs pasMepos U odepmanull demanu Ha3bisalom
KoHUeHmpayuel HanpsixeHud.
[ins xapakmepucmuku smoll pasHuyb! 8 HaNPSXEHUAX 8800UMCA MeopemudecKull Ko3aghuyueHm KOHUEHMpayuu HanpsixeHuU:

HoM * (1)

Benudurb! o, Ons pasnuyHbix demanel Haxo0am unu Memodamu meopuu ynpy2ocmu, Unu cneyuansHbIMu aKkcnepuMermarbHsimMu Memodamu. Koagpu-

0,=6,,/0

UUeHm oL CyWecmeeHHO 3a8UCUMm Om niaeHocMu nepexodog NpU USMEHeHUU ceyeHull p - (pucyHok 2.1).

Qakmu4eckoe CHUXeHUe npedena 8bIHOCIUBOCMU Oemanu ecriedcmeue KOHUeHmpayuu HanpsukeHul xapakmepusyemcs ahhekmugHbIM K03ghhuuUeHmMom
KOHUEHMpPaUUU HanpskeHUU:

Ko-chld /Gle’ (2)

20e ©_,, - npeden ebiHoCUOCMU 00pa3ya be3 KOHUeHmpauuu HanpsxeHull ¢ pasmepamu NoNepeqHo20 CEYEHUS, PagHbIMU pasMepam NonepeqHozo ce-
yeHus demarnu (0n1s omOeneHus enusHUS MacwmabHo20 (hakmopa).

TP
PucyHok 2.1 — 3aBucumocTb koadduumeHTa
KOHLIEHTpaLMn HanpskeHnn o, OT paguyca

KPUBU3HbI NOBEPXHOCTU p




