3agaua 2.9.1. UcnbiTanus aBromodbmieii (10 6aioB).ABTOMOOWIB
JIOJDKEH TPOeXaTh C MOCTOSIHHBIM YCKOPEHUEM MPSIMON y4acTOK JTMHOM
Lot JINHUU crapra AB o JIMHAU CDmy, mnocie eé
MEPECECUCHHM S, PA3BEPHYBIIUCH 110 IYI'e OKPYKHOCTH Ha 180°, repeceyb 3Ty
JMHUIO B OOpaTHOM HampaBieHud (cM. puc.). HadanapHas CKOpPOCTb

aBTOMOOMIIS paBHa HYJIIO, 4 Ha 3aKPYIJICHHOM YYaCTKE IMOCTOSAHHA U paBHa

CKOPOCTH, JOCTUTHYTOH NP pa3roHe 1o MpsiMOi. Y CKOpeHHe aBTOMOOUIIS

BO BpCMs BCCTO ABMKCHUAHC NOJIKHO IMPCBLINIATH amax

Bo ckonpko pa3 Bpems tpaBmkeHust aBTromoOunsior AmoD mpupasrone na yvactke ACc

YCKOPEHHUEM @, , IPEBHIIIACT MUHUMAIILHO BO3MOXHOE BpeMs tp nBmkeHus ot AqoD?

max *

Bo3mo:knoe pemenue (C.Kapmasumn). Ilycth pasroH MpoUCXOAWT € yckopeHuema. Torma

BpeMmst JBIKeHHs Ha ydactkeACpaBHo 7, =+/2L/a , a jmocturmyras npu 3TOM CKOpPOCTb

Ul='\/2|_a . MuHUMaIBLHO BO3MOKHBIN paanuyc 3aKpYIIJICHHUA OIPCACIICTCA MAaKCHUMAJIbHO

BO3MOJKHBIM YCKOpeHHeM U paBeH R . =u’/a  =2la/a_ . Bpemsasmkenus aBToMoOWiIs Ha

sakpyrinenun 7, = 7R . /u, = z<2La/a,, . O6uiee Bpems

t=1,+7,= f Z_pra- 7L \/amau 7a (1)

a za a

max max

BoipakeHHe B CKOOKAax MPUHAMAET MHHHMAIBHOE 3HAYCHHE DPABHOC 2 TPH /&, / (72'8.) =1
(epasencTBo Kommn). Takum 06pa3oM MUHHUMAaJIbHO BO3MOXHOE BpeMst

2zLla,,, =22z LIa,, . (2)
¥ JIOCTUraeTcst Ipu &, = 8, / 77, 4TO He MPOTUBOPEUMT YCIOBHIO &, < &,

Ecnune nonb3oBaThest HepaBeHcTBOM Kormu, To cienyer iau0o0 B3STh MPOU3BOJIHYIO IO 4,

anbo  HpUpaBHATH BbIpakeHMe B ckoOkax w3 (1) Kk  HekoTopoil mepeMeHHOU

Y= \/amax /(ﬂ'a) + .\/ﬂ'a/amax , BO3BECTU I3TO YpPAaBHCHHUEC B KBaJpaT MW pPCIIaThb IMMOJIYYCHHOC

KBaaApaTHOC YpPaBHCHUEC OTHOCHTGHBHO@..HHCKPHMHH&HT OTOr0 yYpaBHCHHUSA OKAXETCA pPaBHBIM

HYJTIO TIpH Y =2 W OTpHIATENbHBIM TIpH Y <2 . CrenoBarenbHO, Y =2 — 3TO MHHHMAJIBHO
BO3MOYKHOE 3HAUEHHUE IS Y, U IPU OTOM &, = &, [ 7

[Ipu pasroHe ¢ MaKCHMaJIbHO BO3MOXHBIM YCKOpPEHUEM a = a,,, BPEMsI HCIIBITaHUs (BBIPAKCHUE
(1))paBHO

b7 117,

N

2zL| |1 2L
t=1+7,= il ;+\/72' = a—(1+ ) .OKOHYATENBHO, N =t—l
max max 2



Ne | 3apaua 2.9.1. Kpurepun ouenuBanus (10 6a/10B) bansbl
1 | Ykaszano, uTo MunuManbHBI paguyc 3akpyrienus opu pasrone R =2lala, 2
2 Haiineno Bpemst apmxenust Ha yaactkeAC: 7, =v2L/a 1
3 | Haitzeno BpeMsl IBUKEHUS Ha 3aKpyIJieHunu: 7, = 7+/2La /a, 1
4 | HalizeHO MHHMMaJIFHO BO3MOXKHOE BpeMs UcTbITaHusAt, (JIF0OBIM CIIocoO0M) 3
Ecnu unes HaxoxxJIeHUsI MUHUMYyMa HE pealii30BaHa, TO 3a MyHKT 4 Oonbiue 1 Oamia
HE CTaBUTH
Haiineno Bpems ucmbITaHus Uy IpU pa3roHe ¢ MaKCUMAIBHO BO3MOXKHBIM YCKOPEHHUEM
6 | [omyduen orBeT 3amaun: N~1,17

3apaua  2.9.2. TpexaurpoBblii cocyn (10 Oango).
TonkocTeHHBIN cocyn (B popmMe yroyika) 6e3 aHa, n300pakeHHBIN o

Ha PUCYHKE, YCTAaHOBJICH Ha rHaHKOﬁFOpHSOHTaHBHOﬁ

noBepxHOCcTU. B Hero yepe3 HeOonblIoe OTBEPCTHE B MPaBOil

BepxHel rpaHu HamuBaloT Boay. Korma 5/606bema cocynma

a )
OKa3bIBACTCsA 3allOJIHCHHBIM, BOJa HAYHMHACTBBITCKATb HU3-I10J /Ir

Hero. OnpenenuTe Maccy cocyna eciiv u3BectHo, uto a =10c¢wm, a

2a
MJIOTHOCTB BOJIbI p =1,0 -10° kr/m®.

Bo3moxnoe pemenue (A. EBceeB). B MoMeHT Hauana noAaTeKaHUs pe3yNbTHPYROIIAs CHII
JTaBJICHUSI BOJbI HA TOPU3OHTAIBHYIO IPaHb M CUJIA TSDKECTU COCya HE JIeKaT Ha OJTHOM MpsAMOil.
[ToaToMy OHHayMHAeT NOBOPAUMBATHCA BOKPYI IPaBOrO0 HU)KHErOo pedpa, OTHOCUTEIBHO
KOTOpOTro U 0yJieM paccMaTpUBaTb MOMEHTHI CHIL.

[TpunogHumats cocyn OyneT cuia JAaBlieHUs BOJbI Ha JIEBYIO BEPXHIOIO rpaHb. [loaTekanue
Ha4YMHAETCs, Kor/a 3amnojHeHo 5/6 o0bema. B 3TOT MOMEHT JaBjieHHe Ha BEPXHIOK I'PaHb PABHO

2 o
pgal2,acuna ,Z[aBJIeHI/IH( poal 2)a . ITne4o 3toit cuibl paBro 3a/2.

C cuol TSHKECTH TJIaBHAs CIOXHOCTH 3aKJIIOYAETCS B OINPEACICHUU IOJOXKEHUS IIEHTpa
Macc KOHCTPYKIUU. Pa3o0beMcocy Ha OIMHAKOBBIC YacTH (HAaIIpUMep, Ha JINCTHI pa3MepoM a-a
), VT KOTOPBIX MOJI0KEHHE [IEHTPAa MacC OJHO3HAYHO ONMPECISACTCS, M 3alUIIeM MOMEHTBI CHIT
aTux 4Yacted. O003HaYMM Maccy OJHO# Takoil wactu —M. Toraga momHas macca cocyna Oyaer

paBHa M =12m. [TonpaBuiry MOMEHTOB:

2mg-0+5mg-(a/2)+mg-a+3mg-(3a/2)+mg-2a=(pgal/2)a*(3a/2).

Tocite mpuBeneHus MOXOOHEIX moxyanm: M= pa’(3/40). Orcroma: M =0,9pa’ = 0,9 kr.

Ne | 3apaua 2.9.2. Kpurepuu ouennBanus (10 6a1710B) banabl
VY4reHo, 4TO KOHCTPYKIIUS Oy/IeT BpallaThcsi BOKPYT MPaBOi HUXKHEH TpaHu 2
3anucaHo BBIPA)KEHUE I CUIIBI JABJICHUS BOJBI 2
KoppekTHbI y4€T MOMEHTA CHJIBI TSKECTH KOHCTPYKIIAN 2




N

4 3amucaHo IIpaBUJI0 MOMECHTOB

[EEN

5 | Iomyuena popmyma M =0,9pa’

[EEN

6 | YucioBoe 3HaUE€HHE MacChl COCY/Ia

3agaya 2.9.3. JleBsiTb  Pe3HCTOPOB. — 1 2 3

:‘)J'IeKTpI/ILIeCKaH Oerib COCTOHUT H3 JCBATHU

’Tl';b
N
th

OJIMHAKOBBIX PE3UCTOPOB U TPEX UACATBHBIX 6
amriepMeTpoB (A, A1, Az). Uepes ammepmerp @
Ay ipoTekaeT Tok criioily = 9 MA. 7 8 } {9 ]

Onpenenurenoka3aHus aMnepMeTpoB Aj u As. Puc. 1

Bo3mo:knoe pemenune (B. Cnobomasinmn). PesuctoppiRim RicoemuHeHbl mapaiuienbHO, a
pe3ucTop RommocnegosarensHO c HUMH.

,ﬁ| |i| DOKBUBAJICHTHOE COIMPOTUBICHHE 3TOT0 y4YacTKa
L | L3 |
— I, e R,=R,+R, =15R. Takoe e 3KBMBAJIECHTHOE
A L — ! B
& L & COIIPOTHBJICHHE TOJTydaeTcs U3 pe3ucTopoB Rg, Rg
—
I, R I, 1, ¥ Ro. Ha puc.2 mpuBeneHa ynpolieHHas cxema
— —
7 [ UCXOJHOM 1enu. ITO HecOaTaHCUPOBAHHBIN
R L,5R SJIEKTPUYECKHIA MOCT.

BBeném 0003HaueHHS TOKOB, IPOTEKAOLIUX
Puc. 2 yepes Hero. 3aMeTHUM, YTo uepe3 pe3nuctopsl Rz u Ry
CUJIBI IPOTEKAIOLINX TOKOB OJMHAKOBBI.
3anuiiuemM CUCTEMY ypaBHEHUIL:
) L+, =1
2) L+l,=1;
3) L15RI,=RI +RI,.

I,
Otkyna monyunM: 11 =5 MA,l =4 MA. —
) y L3
Bepuémcs k wucxomgHoit cxeme. Ha puc.3 mnokazano R e
pacnpesieieHie TOKOB, IPOTEKAIOIINX Yepe3 pe3srcTophl Rs, Re u @ B
Rg, a Tarke ammepmeTrpsl Ag, Ai, Az Toxkl, pacmpenensiercs %f e ~
HIOPOBHY MeIy pe3ucTopamu Rg u Rg. CrieoBarensHo, cuia ToKa, % I,
MPOTEKAIOIIETO Yepe3 amnepMeTp A pana I, =1,/2=2MA,a 7~ -
? ]
gepe3 ammepmerp A; paBHa |, =1L +1,/2=7MA wm 2
la=1l,— 1 =7TMA. Puc. 3
Ne | 3apaua 2.9.3. Kputepuu ouennBanus (10 6a110B) Bbanianl
1 | YopomieHne HCXOAHOW CXeMbl IIYTEM HaXOXKICHUS HSKBUBAJICHTHOTO 3
COTPOTHUBIICHUS y4acTKOB (110 1 6anmty 3a Ka)aplit dTar)
2 | Ompenenenue cuibl TOKOB MOJIYYEHHON CXEMBI (JTFOOBIM CITIOCOO0OM) 3
3anucaHo ypaBHeHue (1) (1 6amn)
3anucaHo ypaBHeHue (2) (1 6amn)
3anucano ypaBHeHue (3) (1 6am)

3 | Pemena cucrema ypasuenwii (1), (2), 3) u 2

S



HaligeHa cuia Toka lp (1 6amn)

HaiigeHa cuia Toka lo (1 6amn)

4 | Haiinensl mokazanus amrepmeTposB (1o 1 6amry) 2

3anaua 2.9.4. Ucnapenue azora (1) (20 6a/u10B). B cTakaH, yCTaHOBJICHHBIM Ha Becax, HAJIUT
XKHUIKUNA a30T. M3-3a TermmooOMeHa ¢ OKpysKarollei cpeoi a30T BBHIKMIAET U TMOKa3aHUs BECOB

YMEHbIIAIOTCA. B HEKOTOpBII MOMEHT BPEMEHM B CTAaKaH OIYCKAIOT LWIMHAP, UMEIOLUN
KOMHaTHYIO Temneparypy (t, =+24°C). 3aBUCMMOCTb IIOKa3aHUs BECOB OT BPEMEHHU IIPUBE/IEHA

B Ta0IHUILE.

T, MuH 0 1 2 3 4 5 6 7 8 9 10 11 12

m, T 250,0 | 244,0 | 238,0 | 232,0 | 289,5 | 270,5 | 251,5 | 232,5 | 220,0 | 214,0 | 208,0 | 202,0 | 196,0

e [locrpoiite rpaduk 3aBucuMocTH M (T) .

e  Omnpenenute yIENbHYIO TEIUIOTY A HCHApEHUs a30Ta.

Temnepatypa kunenus azora t, =—-196"C, macca nununaapa M =70r . 3aBUCUMOCTb yJIeIbHOM
TEINIOEMKOCTH MaTepualia IHIuHApa OT TemmnepaTypsl B auana3zone ot —200°C mo +50°C

JMHEHas, pu 3TOM yaesibHas termtoemkocts nmpu —200°C pasna 300 Ix-xr/°C, a npu 50°C

pasna 1200 JIx-xr/°C.

Bo3moskHoe pemenue (A. AnoJioHCKHil). J[0 MOrpy:XeHUs LUWIMHAPA B CTAKaH HCIIApEHUe
a3oTa IPOMCXOAUT 3a CYET TeIUla, IOCTYINAIOLIET0 W3 OKpyXKaromen cpenbl. MolHocTh

TerI000MeHa TakoBa, uTo 3a 1 MuH ucnapsercs 6 T a3ora.

[Tocne morpyxeHuss B a30T IWUIMHAPA HMHTEHCUBHOCTb MCIAPEHMs] BO3pPACTaeT H3-3a
Ter1000MeHa ¢ IWIMHIPOM JI0 TeX IMOp, [TOKa €ro TemrepaTypa He YMEHBUIUTCS OT KOMHATHOM

A0 TEMIICPATypPhl KUIICHUA KUJIKOT'O 430Ta.

H3-3a TermiooOMeHa ¢ IHIHHIPOM JOTOTHATEILHO HCIIAPAETCS Macca a30Ta paBHast




3,I[CCB Q — KOJIMYCCTBO TCINNIOTHI, KOTOPOEC OTAACT HUIMHAP IPH OXJTAXKIACHUH.

BBuy nuHEHHOCTH 3aBUCUMOCTH YJEJIbHON TEIIOEMKOCTH OT TeMIIeparypsl i pacuera Q

MOXHO  MCIOJIb30BaTh ~ CPEJHEE 3HAYEHHE  TEIUIOEMKOCTH C, , COOTBETCTBYIOUIEE
temnepatype —86°C. e, Ax
Kr °C
1200 - P
_ //
1000 -
HpI/I 3aJaHHBIX 3HAYCHUAX //
TEIIOEMKOCTH B MHTEpBANE L
. . -
temneparyp ot —200°C mo +50°C 1 p=
) 600 _ P
snagenue C, =710 x/(xr "C ). P
] LA
[Ipn sTomM 400 i
>
t,°C
Q=c M(t, -t ). 1) 200 T
P (0 K) 200 -150 -100 -50 0 50 100

Bmecro  3nauenus  C,, (to—tK) MOXHO B ¢opmyny (1) mnoacTtaBuUTh BEIHUYUHY,
NPONOPIMOHATBHYIO  IUIOMATU  MOJ  IpaduKoM C(t) JUIE  WHTEpBAJIa  TEMIIEpaTyp

t e( -196°C ++24°C) . B pesynbprare nomydum:

Q=c,M (t,—t, ) =(710-0,070-220) klx=10,9 ]Ix.
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N3 rpaduka BunHo, uto 10 210 ¢ uaér ucnapenue a3ora, 0OyCIOBICHHOE TEILIOOOMEHOM C
OKpy>Karolei cpenoit. B paitone 210 ¢ B cTtakad omycTuinu mWIMHIAP (HAOMIOAaeTCs CKAavYOK B
noka3aHusx BecoB paBHbIN 70 r), a mocie 450 cekyH CKOPOCTh MCIAPECHHUs a30Ta CPaBHSIIACH C
nepBoHavyanbHO. CreoBaTenbHO, MUJIMHAP OCTHUI 10 TEMIIEPATypbl KUIEHHUS a30Ta U TEIJIO

HO-TIPEKHEMY ITOCTYIAET TOJIbKO B PE3yJIbTaTe TEMIOO0OMEHA C OKPYXKAIOIIeH cpe1oil.

Ecnu Obl nunuHAp B a30T HE MOrpyaiu, To K 450 cexkyHae Mmoka3aHUs BECOB OKa3alUCh
paBHbiMH 205 r. C yyeToM Macchl LMIMHApPA BeChl MOKa3bpiBanu Obl 275 1. Takum oOpazom,

JIOMIOJTHUTEIBHO MCTIapuBIIasicst Macca azoTa Am, =52 (anunHa otpeska BC). Otcrona

- QUSMOT) Q08 )y g
A A Am_ 0,052\ «kr KT

a



Ne | 3agaua 2.9.4. Kputepun onennBanus (20 6a/10B) Banxabl
1 | [ToctpoeH rpaduk 3aBUCHMOCTH Macchl a30Ta (MJIM MAcChl UCITAPHBILIETOCS 8
azora) or BpemeHHU. [Ipm 3TOM Trpaduk XOpOIIO YHTACTCS, MOAMHUCAHBI
KOOPJMHATHBIC OCH, BBIOpaH yI0OHBIN MacmTad u T.1.
[TommucaHbl OCH W yKa3aHbI €MHUIIBI H3MEPECHUS (1 6amn)
BriOpan pa3yMHbIii MacTad KOOPIUHATHBIX OCEH (1 6ammn)
HaHeceHbl Bce DKCIIEpUMEHTAIbHBIC TOUKH (1 6amr)
Yepe3 3KCIEPUMEHTAIBHBIC TOYKH IMPOBEACHBI COOTBETCTBYIOIIUE JIUHUH
(TIpsiMBbIC Ha HAYAJILHOM M Ha KOHEYHOM y4JacTkax rpaduka) (2 Oaia)
B okpectHocTn 210 ¢ mokasan cka4ok mMaccel Ha 70 T (2 6amna)
BrImosiHeHa 3KCTpanosays Ha4allbHOTO y9acTKa rpaduka
(mo 450 c 1.e. no nepeceyeHusi ¢ orpe3xkom AC) (1 6amn)
2 | BanmcaHo ypaBHEHHs TEIIOBOro OasaHca, noiaydena popmyna A =Q/Am, 2
Onpe/ieieHo KOJTMYECTBO TEIUIOTHI, OTJAAHHOE MPH OXJTAKICHUH IMIINHIPA 3
Qe (10, 7 +11,1) kJIx
Ecmn Q €(10,5+10,7) x/lx mmn Q e (11,1+11,3) x/Ix (2 Gamna)
Ecmn Q €(10,3+10,5) k/Ix nmn Q €(11,3+11,5) x/Ix (1 Gamn)
3 | YureHo wu3MeHeHHE T[OKa3aHW BECOB, CBS3aHHOE C MOTPYKEHUEM 2
mmrHapa (1 6amn) u reruiooOMeHa a3oTa ¢ okpykarorien cpenoit (1 6amn)
4 | Ompenenena macca a3oTa, BBIKUIIEBIIAs M3-3a TEIUIOOOMEHA C IHJIMHIAPOM 3
Am, €(50+54)r
my €(48+50)r mm m, (54 +56)r (2 Ganna)
m, €(46+48)r wm m, €(56+58)r (1 6aymm)
6 2

[Tonyuen otBeT miist A € (200 -+ 245) KJIK/KT




3apaua 2.10.1.2Kénod (13 6amuos). [lapuk nBrxercs 1o
raaKkoMy xkEnoly, pacroJOKEHHOMY B BEPTHUKAIBHOM
IUIOCKOCTH, U3 TOYKM A 0e3 HauanbHOU ckopocTH. XKénob
coeMHACT  (HUKCHPOBAHHYIO. TOYKY A, HMEIOUIYI0
KoOpauHATHI (I;F), ¢ HEKOTOPOH TOYKOM B, nexaiel Ha ayre
OKpYy>kHOCTH pamuyca R ¢ merntpom B Touke O (0;0). Ilpu
HEKOTOPOM IOJIOXKEHUH TOYKK B Bpemsi nBHKEHUS IIapuka
Ha yyacTke AB oka3piBaeTcs MHUHHUMAaJIbHO BO3MOXKHBIM (B
Ipolecce ABMKEHHUs 1Iapuka Touka B He mepememaercs).

X

Ompenenure, 4eMy paBHO 3TO MHUHUMalbHOE Bpems t. "=

YckopeHnue cBOOOIHOTO MajieHus J.

Bo3mozkHoe pemenue (A. Yitmun).HaiinéMm reoMeTpuyeckoe MECTO TOYEK B KOTODPBIX MIAPUK
MOJKET OKa3zaTbcd B MOMEHT BpemeHu t. IlycTh @ — yron, KOTOpBI cOCTaBiI€T *Kenod ¢

ropu3oHTOM. M3 BTOporo 3akoHa HeroTOHa ycKOpeHHe mapuka OyJaeT paBHo a = g Sina.

. at® gsina-t’ S
HpOI/I,I[eHHOC IIapruKOM paCCTOSAHHC S= ? = T OTCI’OI[a CICAYCT, UTO —; = 5
sina

To ecth ansa Bcex TOYCK, B KOTOPBIX MOKCT OKa3aTbCs MIIapUK

crycts Bpems t, BenmauHa S / Sin ¢ OyieT 0nHAKOBOM.
[ToxaxkxeM, 4TO BCe 3TH TOYKU JI€KAaT HA OKPYKHOCTH, LIEHTP
KOTOPOM JIE)KHT CTPOrO MOJ TOYKOW A, a cama OKpPYKHOCTb
MPOXOJUT Yepe3 TOUKY A.

[ToctpouM Takyro OKpYKHOCTb IJIsi OJHOTO M3 BO3MOKHBIX

nonokeHu  skemoba. M3 reomerpum LABC, =90°  (kak

BIIMCAHHBIN, onuparomuiics Ha auamerp), torna ZBC A=a, u

s gt
AC =——= =2, rael — paanyc Vi
sina 2

HApHCOBAHHON HaMM OkpykHOcTH. [Tonywaetes, uto o~ b~o~_ | 4
pamuyc Takoil OKpPY)KHOCTH HE 3aBHCHUT OT yrja r
HaKJIOHA k&noba. lvg R
B Takom ciydae, Bpemsi CIycka Imapuka Oyzer 0 B
MUHMMaJbHBIM,  KOTJa  HAapHCOBaHHAs  HaMHU !
OKPYKHOCTh KOCHETCSI TyT'H panuyca R. |

Beipasum paccrosiare OO, nByms criocobamu. i

|
(00,Y =(R+5) =r?+(r-r), . R 0
OTKyma I, = M
2(r+R)

g-t* 4n

Panee MbI mokaszanu, 4ro I, = , 3HauuTl =




Ne | 3agaua 2.10.1. Kputepuu ouenuBanus (13 6a/10B) Bbanabl
1 | HaiimeHo yckopeHue IBHKEHUS T10 KEIT00Y 2
2 | Jloka3aHo, 9YTO MHOXECTBO TOUEK, 33JJAIONINX BO3MOXKHOE TOJIOKEHHUE MAPHKa B 4
MIPOU3BOJILHBI MOMEHT BPEMEHH, MIPEICTABISAET OKPYKHOCTD;
00 U3 KUHEMAaTUKHU MOJTy4YE€HO YPABHCHHE, CBSA3BIBAIOIIEE BPEMS IBUKCHUS
IapuKa 0 Jyrd OKPYKHOCTH C YTIIOM HaKJIOHA kKEI00a K TOPU30HTY
3 | YkazaHo, 4TO MUHHMAJILHOE BPEMSI COOTBETCTBYET KaCaHUIO OKPYKHOCTEH; 2
JIn6o yka3aHO MPaBUIBHOE YCIOBHE MUHUMAIBHOCTH JJIsi KHHEMAaTHYEeCKOTO
ypaBHeHUsI (IPOU3BOIHASI BDEMEHHU 110 YIIIy paBHA HYJIIO)
4 | IlomydeHO 3HAYCHHE yTJIa HAKJIOHA KEN00a WK JUTMHBI JKeo0a, 2
COOTBETCTBYIOIINX MHHUMAIBHOMY BPEMEHH
5 | HaiigeHO MUHMMAaJIBHOE BpEMSI. 3

3agauya 2.10.2. PasBerBiaénnass uens (12 6aanoB).Ha pucynke mnpencraBieHa dYacTb

Pa3BETBIEHHOM JJIEKTPUYECKOM LIEIH,

BKJIIOYAIOUIEH JEBSATh PE3UCTOPOB U HJCAJIbHBIN

amnepmetp. ConpoTusiieHus pe3uctopoB paBHel: R, =1,00Mm, R, =2,00Mm,... Ry =9,0 OMm, (Ha

PHUCYHKE MIPUBEICHBI HOMEPA PE3UCTOPOB).

HAarpaBJICHUS yKa3aHbI Ha .
pucynke.  Ompenenure  CUibl — —2
_ L T L
TOKOB,  mpoTekaomux  yepes Lo=I14A i I,=45A
PE3UCTOPBI R, u R, a eo— ] -
A
TaKKEHAINPSDKEHNE MEXKIY ? 4 > 8 B
1 1
ToukamMu 4 u B. ‘T' ITI

Cuna TokoB, nmporekaromux yepe3 R, m amnepmerp usBectHnl: |y =14 A, | ,=4,5A, ux




Bo3moxknoe pemenne (A. AnoJsioHckuii). Hanpsbkenus Ha pesuctopax Ry u Rz, R, u Rg

oauHaKoBbI. [103TOMY JUIs TOKOB uepe3 HUX crpaBeuiuBel cootHouenus |, =31, 1, =3l .
B y3ne C tok pazpgensiercs: |, =1, +1,. g yzma D: I, + 1, =1+ 1.

Cwiia Toka |7=|3_|6+|A=%|1_%|2+|A:%|A+|A=g|A=6A-
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Cuna Toka L,=1,—(1,+1;)=1,-41,. (1)

CyMma HanpspkeHHi Ha pesuctopax R, n R, paBHa cymme Hanpspkennii HaR, uR;:

3I,R,+(31,—1,)R, = 1,(R, +Ry). (2)
Pemras coBmectHo ypaaenus (1) u (2), momyunm: 1, =2,0 A.

U = 4Ry + 1, (R, + Ry )+ I,R, = 208 B.

Ne | 3apaua 2.10.2. Kputepuu ouenuBanus (12 6a1108). Banasbl
BepHo npumeHeHo ycinoBHe pa3BeTBICHHs TOKOB IS JIFOOOTO U3 y3JI0B 1
VYkazaHo, 4TO CyMMa TOKOB, BTEKAIOIUX B IPUBEAEHHBIN B YCIOBUU Y4aCTOK 2

LCIHU paBHa CYMMC TOKOB, BBITCKAIOIINUX U3 HCT'O

3 YkazaHo OJHO U3 COOTHOIIIEHUN MCKAY HAIIPSKCHUSAMU 2
U1= U3I/I.HI/IU2 = U6HHHU1+U2 = U4+U5HHI/IU3+U6 =U4+U5HHI/I
BCPHO 3aIllMCaHO BTOPOC MpaBUIIO KI/IpXFO(ba IJI KOHTYpa U3 pE3UCTOpOB 1-6.

4 3anucaHo, 4yTO HampsbkeHue Ha ydactke AB paBHO cymMe HanpsbkeHuit Ug, Ug 1

Y HaIIpsDKEHUS Ha OTHOM U3 TPEX LIEHTPAIbHBIX BETOK.

5 Haiinena cuna tokal, (popmyna + ymcino) 1+1

Haiinena cuna tokalg (popmyna + umcio) 1+1

7 Haiineno nanpsbxenue AB (popmyna + uucio) 1+1




3agaya 2.10.3.Ha ckaage (10 Oannos).Ha Tteppuropun
MPOMBINIJICHHOTO 00BekTa, oOHeceHHOU 3abopom FGHE,
pacnoyioxkeH mocT oxpanbl (touka O) u ckinag ABCD.
OXpaHHUKH KaJIOBaJUCh, YTO C MOCTa UM HE BUIAHO CTOPOHBI
ckimana AB u AD. Jlna pemenus mpoOiieMbl ObUIO PEIICHO
YCTaHOBHUTH IUIOCKME 3epkasia. Tak Kak MO0 TEepPUTOPHH
00BEKTa TOCTOSHHO TIEPEABUIacTCs TsDKENash TEXHUKA, TO
3epKajla MOYKHO BeIIaTh TOJILKO Ha 3a00p WM Ha CTCHBI
ckianga. Ilpu 3TOM IUIOCKOCTh 3epKaja JOJDKHA COBMAAATh C
IUIOCKOCTBIO CTEHBI/cKiana. Cxema TeppUTOpUH MpHUBEIeHa Ha

pucyHke. Pazmep on0ii kiierouku paseH 10 m.

BC

AD

Oe

1) Vkaxwure, rie Hy)KHO Pa3MECTUTh IUIOCKOE 3epKasio, YTOOBI C MMOCTa OXpaHbl ObLIa BHHA

Bcs cteHa AB ckiana. [loctpoenusiMu JoKkakuTe, 4TO B 3epKalie Oyaer BuaHa Besi creHa AB.

2) YKaxuTe MUHUMAaJIbHO BO3MOXHYIO HIUMPUHY 3€pKajia IJIA ITYHKTa 1 u A€ OHO JOJIDKHO

pacojiaratbCs. Cson BBIBOJBI ITOAKPECIIUTE IIOCTPOCHUAMU U PACCYKACHUAMMU.

3) Bo3moxxHo nu pacIoJIOKNUTh Ha CTCHC EH OJ[HO 3C€pKaJIO TaK, YTOOBI C IOCTA OXpaHbl B HETO

ObL1a BUHA Best cteHa AD? CBoll OTBET MOJKPENUTE MOCTPOSHUSIMU U PACCYKACHUSIMU.

4) Hapucyiite cxeMy pacroioXKeHHs 3epKajl ¢ TIOMOIIBI0 KOTOPOH OXpaHa OyAeT BHICTh BCHO

creny ckinaga AD. Bam HE0OXOIMMO HCIONB30BaTh MUHHMAIBHOE KOJMYECTBO 3€pKall.

[TocTpoeHnssiMu TOKaXHTE, YTO B 3epKajiax OyaeT BuaHa Bcs creHa AD.

Bo3mo:knoe pemenune (M. Kapmanos).
Bompocst Nel,2.

Pasmectum 3epkano Ha creHe EF.J[ns Hawanma mpeamosioKuM, YTO 3€pKalo MOKPBHIBAET BCIO

creny. IloctporM wu300pakeHHe CKiIana B 3epkaie. M300paxkeHue, co3laBaeMoe IUIOCKUM

3epKaJIOM, CHMMETPUYHO HMCXOJHOMY MPEIMETY OTHOCHUTEIHHO TUIOCKOCTH 3epkana.lloctponm

nsobpaxenne AB, cTensl cknana.Ham HyXxHO, 9TOOBI

Jy4yd OT BCEX TOYEK H300paK€HUs CTEHbI CKJajaa
5
JOXOMWIM 10 mocta oxpanbl. [loctpoum KkpaitHue G,

ayau AO u BO. HmeHHO 3TH Iyun U 3aJaroT C,

rpaHullbl 3epkana Z;Z;. Bce ocranbHble HY)KHBIE HaM
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Jy4yH OYAYT JeKaTh MEXAY STUMU KpaHUMHU JIydaMu.
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Pa3smepsl 3epkama  MOXHO HAWTH U3  MOI00MS
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Bompocsr Ne3, 4

Jlnsg Hauana aHaJOrM4YHO IyHKTaM lu 2 1ocTpoum

n3zo0paxenus crensl AD ckiaja B 3epkaiie, pa3MELIEHHOM Ha

3abope EH.

Kax BHUJAHO H3 HOCTpOGHI/Iﬁ yroji D CKJIaZa HE ITO3BOJIACT

YBUZETH B 3epkajie Bcio cteny AD. MoxxHO yBUIETh JTUIIb €

IIOJIOBUHY SD.3nayut OIHOTO 3€pKajla HEAOCTATOYHO.

Ho6aBum eme ogHO 3epkano Ha creHy AD, 4ToOBI 1y,

BBIICAIINNA M3 TOYKA A TOCiie OTpa)kKeHUsi OT 3epKaja Ha

3abope, nomnajai Obl B 3epKajio Ha CTEHE CKJIa/a, 3aTEM OIISTh

B 3CpKaJIio Ha 3a60pe " J0XOOWJI 40 IMOCTAa OXpPaHbI.
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Hpome BCCTO BU3YyaJIM3UPOBATH XOA TAKOI'0 J1y4a, CCJIM IIPHU KAXKIOM OTPaAXKCHUU OT 3€PKaJIa

n3rubare He caMm Jy4, a OTpaxXaTb OTHOCHUTCIIBHO 3€pKajia

IMPOCTPAHCTBO, B KOTOPOM OH IICPEMCIIACTCA. 3aHYCTI/IM JIy41

B 00paTHOM HarmpaBieHud u3 Touku O k Touke 4. CHayana

OH JIOJDKEH OTPasuThCs OT 3epkana Ha 3abope. [Ipu stom

MOKHO CHHUTATh, YTO JIYY IIPOAOJIKUIT ABUIKCHUC I10 HpHMOﬁ,

a CKJIaJ OTpa3uIICs CUMMETpH4HO 3a00py. [Tociie oTpaxkeHust

OT 3CpKaJla Ha CTCHC CKJaJa TaKXE MOKHO CUUTATb, 4YTO

JYYUK TPOJOJIKIII IBUKCHHE 110 MPSIMOM, HO 3a00p HYXHO

OTpasuTb CUMMETPHUYIHO OTHOCHUTCIIBHO CKJIada U T.H.

U3 MMOJIYYHUBHICTOCA PHUCYHKAa BUAHO, 4YTO JIsI TOrO,

YTOOBI YBUACTb YaCTb CKJIala AS HYXXHO pPasMECTUTL Ha

CTCHC CKJIaJla 3C€PKaJI0 OT TOYKH S moutu A0 yria D, a

3epkaiio Ha 3ab6ope EH momkHO uaTH 0 TOUKH Z4 110
TOYKH Zs.
Takum o0Opa3oM JIOCTATOYHO ABYX 3e€pKaid. A

pa3 OAHOTO HEAOCTATOYHO, TO OYCBUIAHO

JBa
ABJIIETCS MUHUMAJIBHO BO3MOKHBIM YHCIIOM.

Ecte u npyroii BapuanT peuieHus. Bropoe
3epKajio MOXKHO pacloJIOKuTh He Ha creHe AD
ckiama, a Ha 3a6ope QH. IToctponM aHaOTHYHBIM
oOpa3oM xoj sydel uig aroro ciaydas. Kak BuaHO

U3 PUCYHKa MOKHO JOOHUTHCS 0030pa BCEil CTEHBI 3a
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cueT pa3MenieHus 3epkana ZgZ7 Ha cteHe EH u 3epkama ZgZg Ha crene QH.
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Ne | 3agaua 2.10.3.Kputepuu ouennanus (10 6a1oB). Bbanasl
1 [IponeMoHCTpUPOBAaHO BEPHOE MOCTPOCHHUE XOJAA JIy4el MOocje OTPaKEHHsS OT 1
3epKaia

2 [TponemMoHCTpHpPOBaHO BEPHOE MOCTPOCHKE 0071aCTH BUTUMOCTH 1

3 OTBeT Ha MepBbIii BOMPOC + 000CHOBaHUE 1+1

4 Bepublie nocTpoenust st BTOpOTro BOIIpoca + BEPHOE YHUCIIO 1+1

5 BepHnriit orBeT Ha 3 Bonpoc + 000CHOBaHKE 1+1

6 BepHblii 0TBET Ha YeTBEPTHIN BONPOC + 000CHOBAHUE 1+1

3agaua 2.10.4. I'mapocraTuyeckuil «cepHblii sAmWUK». (15 6ananoB).Buyrpu «ceporo
ALK, IMEIONET0  (OPMYNPSMOYTOJIFHOTO — TMapajuleNielueNna,  HaxOIsATCS  TOHKHE
NEPEropoJIKK, KOTOpPblE MOTYT OBITh  PAclONOXEHbl TOJBKO  BAOJAb  ITYHKTHPHBIX
JUHUI(CM. PUCYHKH) TNEPHEHIUKYISPHO OOKOBBIM CTEHKaM sIIMKa (OOKOBBIMU Ha3bIBAIOTCS
CTEHKH, Ha KOTOPBIX HapHCOBaHa cTpenka). [leperopoaku MOTryT HAYMHATHCS U 3aKAaHYMBATHCS
aMb0 Ha CTEHKaX «ceporo siiuka», JMOO B TOYKaX IEpPECeUeHUs NYHKTUPHBIX JIMHHM.
[leperopoiky TONHOCTBIO NEPEKPBHIBAIOT PACCTOSIHUE MeEXAYy OOKOBBIMM CTEHKaMU U
HENPOHUIaeMbl KakK JUIsl BOJBI, TaK U s Bo3ayxa. CIIOMOIIBIO MMEIOLIErocss 000py10BaHUs
OTIpe/IeNIUTE PACIIOJIOKEHHUE MEPEropoAoK M MX pa3Mepbl. TONIHMHON NEeperopojoKk U CTEHOK
«Ceporo SIMKa» MOXHO MpeHeOpeub. O1eHNBaTh NOIPEUTHOCTh HE HYXKHO.

Oo6opynoBanue

«Cepblil ALIMK», MINPULl C UTTOH, MOJOCKa MUJUIMMETPOBOM OyMaru, CTakaH C >KMJKOCTBIO,
MyCTOH CTakaH, HOKHUIIBI, CKOTY.

P.S. Ot Bac TpeOyercs 00paboTaTh NPHUBEICHHBIC HIKE HW3MEPCHHS WM CHEJIaTh BBIBOJIBL
B kauecTtBe oTBeTa HEOOXOJUMO TPUBECTH CXEMY pACIOJIOKEHHS] HEPEropoJoK B «CEPOM
amuke». OTBET J0JKeH ObITh 000CHOBAH U HE MPOTUBOPEYUTH UMEIOLIUMCS JaHHBIM, KOTOPBIE
MOJTyY€HBI SKCIIEPUMEHTAIILHBIM ITYTEM U [T0O3TOMY COJIEPKAT MOTPEIIHOCTH.

Onucanue o6opyaoBaHus

«Cepblil MK - KBaZpaTHast KOPOOOYKa HEOOIBILIOMN Otseperie A B
TOJIIUHBI C XXCECTKUMU HerOSPaqHBIMH CTCHKaMU _‘___f____é____EL ______ i___i___j____
ceporo nBera. Ha pucyHke mokazana O0OKOBasi CTEHKa ___________
KopoOouku. B ogHOM W3 yIioB KOPOOOYKH €CTh 1 7S - ITo
oTBepcTHe (A). B IPOTHBOMONIOKHOM YTy CAENAHO J 10
otBepctre (b), B KOTOpoe MOMeIIeH Bpalaromuncs e
IITYIIEp C 3aKpPeIIEHHOM Ha HEM MNpPO3pavHoOM 1 """" HI;
TpyOoukoii. IllTynep u TpyboUuka HE ChEMHBIE, HO ﬁ: ©
TpyOOUYKY MOKHO MIOBOPAYUBATh B MOJIOKEHHE 1, UK ﬁL

B mnojoxenue 2.Ilmpurt MemuuuHCKUN 00BEMOM EO.TBeiPCiHef B\:;

100 M1 ¢ meno#t menenus 1 mon. WMrma mig mmpuma. —~- -~ - -~ """ T"- - - --------- -
I A A pun ITonoxenue 2

[Tomocka MumIMMETpOBOK OyMaru mupuHOM 1 cM u



mmHo# 15 oM. [InactukoBsiit ctakan (00bemMoM 200 MiT) ¢ MOAKPAIIEHHOM KUIKOCTBIO, KOTOpast
IUIOXO CMayuBaeT TPyOKy M CTeHKH KopoOouku. I[lycTol miactukoBeiii crakan (oobemom 200
MIT).

Hosxuunpsl kanuenspckue. Hebomnpmas 6001uHa y3KOro cKoT4a.

IIpoaenanHbie IKCIEPUMEHTHI H pPe3yJbTaThl H3MepeHMit
OmnbiT Nel. Mzmepenue pazmMepoB KOPOOOUKH.
C momouIpo MOJIOCKH MHJUTMMETPOBOW OyMaru m3MepuMm pasmepbl KopoOouku. OHU paBHBI
100 MM x 100 MM x10 MM . M3MepuM paccTOSSHUE MEXIY IMYHKTHPHBIMHU JIMHUSMH, a TaKKe OT

MYHKTUPHBIX JIMHUN 710 CTEHOK KopoOouku. Bee aTu pacctosnus paBusl 10 mwm.

OnbiT Ne2. 3mepeHue BHENTHETO AUaMeTpa TPYyOKH.

Jis u3MepeHus BHEIIHEro AuaMerpa TPYOKH H3MEpUM JUIMHY €€ OKpYXKHOcTH. s 3Toro
HAMOTaeM Ha TpPYOKy HOJOCKYy MuiuiuMerpoBoid Oymaru. Caemaem 2 oGoporta. [liuHHa
HAMOTaHHO yacTu Oymaru paBHa 8,9 cm.

OnbiT Ne3. V3mepeHue BHYTPEHHETO JuaMeTpa TPYyOKH.
HabGepem B mmpuil »XHAKOCTh, 3aT€M MPUCOSAMHUM IINpHI] (0e3 UIribl) K TPYOKE U BBIIaBUM
YacTh JKUJKOCTH B TPYOKY Tak, uTOOBI KHAKOCTh OOpa3OBbIBANa CIUIOIIHON HWIMHIP Oe3
my3bIpbKOB BO3ayxa. OOBeM BbIAABICHHON XUAKOCTH paBeH 8§ M. C MOMOIIBIO MOJIOCKU
MUJUTAMETPOBOI OyMaru U3MepuM JIJIUHY YacTH TPYOKH, 3allOJTHEHHOH XKUAKOCThIO. OHA paBHA
8,0 cM.

OnbiT Ned4. VcraHOBUM KOpPOOOUYKY Ha TOPH3OHTANBHBIA CTON Tak,
4TOOBl HApUCOBaHHas Ha HEHMl cTpelka ykasbiBaja BBepx. HaGepem B
mrmpuil 100 Mt sKUIKOCTH U OyJeM 3aluBaTh €€ B KOPOOOUKY MOPIUSIMU
yepe3 OTBepcTHe A Tak, 4TOOBI 3a KaXAYI0 MOPIHI0 YPOBEHb BOJBI B
TpyOOUKe MOJHUMAICS Ha 5 MM. YpoBeHb h JXKHAKOCTH B TpyOOuKe
OyIeM HU3MepATh OT HUKHEH CTEHKH KOPOOOYKU C MOMOIIBI0 MOIOCKU

MWIIMMETPOBOM Oymaru, NpuKiIeeHHON K KOpoOoUKe.
[Tony4yenubie u3mepenust h(V4) 3anHecem B Tabnmiy. Ecnim mpu  10CTaTOYHO OONBIIOM
yBEJIMYEHUU 00bEMa JKUIKOCTH B KOPOOOUKE YPOBEHb B TPYOOUKE HE M3MEHSETCA, TO 3aIlUIIeM
B Ta0/IMIly /1Ba KpalfHUX 3HAYEHUSI 00bEMOB, COOTBETCTBYIOIUX ITOMY YPOBHIO.

OnbiT NeS. BoubeM BCIO JKHUAKOCTE U3 KopoOouku. Ilpum sTom .

3aMeTUM, 4YTO TIOCTE€ TMPOCTOTO TIEPEeBOpOTa KOPOOOUYKHM U3 Hee
BBITEKAeT HE BCSI JKUIKOCTh. UTOOBI W3BIEYh M3 KOPOOOYKH BCIO --
KUJKOCTh €€ HY)KHO HAKJIOHATH IO Pa3HbIMU yriaMu U TpscTu. [lo --i-

3BYKY OINpCACIMM, 4YTO HaM YAaJOChb BBUIUTH BCHO KHUIAKOCTb HU3 -

KOpPOOOYKH. Y CTaHOBUM KOPOOOUKY TakKe, Kak B OmbITe No4. - Jﬁm

B

Temeps OyneM 3anuBaTh KUIAKOCTh Yepe3 OTBepcTHEe b, B KoTOpOE
BCTaBjIeHa TpyOouka. J[ist aToro Habepem B mmpuil 100 M1 )KUAKOCTH, HaICHEM Ha HETO MIITy U
AKKypaTHO MPOTKHEM HIJION TPyOOUKy B caMOM HH3y. TakuM 0Opa3oM MBI CMOKEM I10/1aBaTh
KHMJIKOCTh B CamMoe¢ OCHOBaHHMe TpyOoukd. CHHUMEM aHaJOTHYHYIO

3aBucUMOCTh N(Vs5) — ypOBHS KHIKOCTH B TPYOOUKE OT 00bEMa HATUTOU [T
KUAKOCTH. [loJydeHHBIE JaHHBIC 3aHECEM B TaOJIHUILY.
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OnbiT Ne6.BHOBb ynanuM BCIO JKHIKOCTh M3 KOPOOOYKH. 3akKJieUM IBIPOYKY B TPYOOUKe C
noMomeio ckorya. IloctaBuM KOpoOOUKy Tak, 4TOOBI CTpelIka CMOTpeNna BIPaBo, a TpyOOoUKa
pacnoyiaranach B mojoxkenuu 2. IloBropum Te ke aelcTBusi, uro B omnbiTe No4, 3anuBas
XKHJIKOCTh yepe3 oTKpbiToe oTBepeTue A. [Tonyuennsie nanubie h(Vg) 3aHeceM B TaOIHILy.

OnpiT Ne7.0mTh ymanuM BCIO JKMIKOCTh W3 KOPOOOYKH U I
HOBTOPUM ONBIT Ne5, HO pacnonokKuB KOPOOOUKY KaK B OIIBITE
Ne6. TTonyuennsie nanubie h(V7) 3anecem B TabIuILy.

Hd S
Tabauna
hymvm | Vgyoma | Vs,maa | Ve, mix | V7, ma
0 0-9 0 0-10 0
5 11 2 15 6
10 13 4 21 11
15 15 6 26 17
20 17 8 32 22
25 19 10 38 28
30 21 12-21 43 33
35 25 25 46 36
40 28 28 49 39
45 31 31 52 42
50 35 35 55 45 - 55
55 37 37 56 56
60 38 39 58 58
65 40 41 59 60
70 44 -71 | 43-71 61 61
75 75 75 62 62
80 79 79 64 63




85 83 83 66 65
90 87 87 67 67
95 91 91 68 68
100 95 95 70 70




Bo3mo:knoe pemenne. (M. Kapmanos).

1. OOparum BHMMaHUE, YTO NPU 3aJTUBAHUU KUJKOCTH B «CEPBIH SIIKK» YaCTh €€ OKa3bIBACTCS
B TpyOouke. Boruncianm miomiaas BHyTpeHHEro cedeHus Tpyoouku. U3 onbita Ne3 cnenyer, 4to
IUIOIIA/lb BHYTPEHHEI0 ceueHust TpyOodkH paBHA S;p = 1,0 cM?. DTO 3HAYMT, 9TO B MOJTHOCTHIO
3aMOJIHEHHON TpyOouKe OymeT HaxomuThesl 10 MIT )KUIKOCTH, YTO CPABHUMO C OOIIMM 00HEMOM
3anuroit xuakoctd. [lepecuntaeMm 3HaueHHs B TaOIMIE, BBIUTSA U3 HUX 00beM S;hkuakoctu B
tpybouke. [Toctpoum rpaduku 3aBucumoctu h(V).
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I'paduk nns 4 u 5 onbITOB.
[InrocukamMu OTMEYEHBI TOYKH, COOTBETCTBYIOLIME 3aMBAHHUIO JKUJKOCTH «CBEPXY», a
KPECTHKHU — «CHU3Y». Kak BUHO, rpaduku OTiIMYaroTCs TOIbKO A7 yyacTtka 0-30 mwm.
[lpn 3anmBaHMM KHUIKOCTH «CBEPXy» OHA CHayaja 3aloJHAET HEKOTOPYI TMOJIOCTh,
PaCIIOIOKEHHYIO COOKY OT HMXKHEro orBepcTusi. O0BeM 3TOM MOJOCTH paBeH 9 Mil. YUHTHIBas,

yto mociie 30 MM rpaduku UAYT COBEPIIEHHO OJMHAKOBO, MOXHO

]
—TTr1T

CACIaTb BBIBOJZ, YTO IIpU 3allOJHCHHHU «CHH3Y» I3Ta KC IOJIOCTh
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3anoJiHsgeTcs mpu ypoBHe Boabl B 30 Mm. To ecTh BrICOTa IEPETOPOIKH,
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OTACJISIONIEN ATy MOJOCTh OT oOTBepcTus, paBHa 30 mm. Takxke
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3aMC€TUM, 4YTO IPH 3aJIMBAHUU «CHHU3Y» IIOJIOCTH Hadajla 3aIlOJIHATLCS
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MOCJIE TOro, Kak OBUIO 3aJuTO0 9 M KHAKOCTH. TO ecTh 00BeM
MPOCTPAHCTBA CIIpaBa OT MEPEropojaKu Toxke paBeH 9 miu. Hapucyem
CaMbIil ITPOCTOM M3 BO3MOYKHBIX BapUaHTOB, COOTBETCTBYIOIIMX 3TOMY YyCIOBHIO. KpacHbiM
0003Ha4YeHbl TMEPEropoJKH, B KOTOPBIX MbI OoJiee-MEHEee YBEPEHbI, a CHHHM - KOTOpbIE
pacroIoXkeHbl BECbMa yCIOBHO.

[Toncuntaem >d(PeKTUBHYIO IUIOMIAb, 3aMOJHAEMYIO >KMJIKOCTBIO, MpPH Ppa3IUYHBIX €€
ypoBHsix. U3 rpaduka BugHO, uTO Ha ypoBHE 30-50 MM 3amoHsAETCS III0MIaIb B 6 cM?, 50-70 MM
-3 CM2, 70-100 MM — 7 cM>.

Paz6epemcs ¢ ypoBaem 30-50 MM. JIOTKHBI 3aTIOJTHATHCS TOIBKO 6 KIETOK B Py U3 4-X.
[IpaBble 4 KJIETKU TOTKHBI 3aM0OJIHATHCS, TAK KaK HMHAYE TP 3aJIMBAHNUN KUJKOCTU CHU3Y HE
OyZIeT ee meperoka uepes neperopoaky. Ilpeanonoxum, 4To CTeHKa HAXOAUTCS CJIEBA.



Pazbepemcs ¢ ypoBaem 70-100 mm. Tam 3amomHsieTcst 7 KIETOK B M
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psny U 00si3aHa 3aMOJHATHCS KIETKa, MPHJIETAoNias K OTBEPCTUIO. ;_:f_ H N R
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[TycTh meperopoakamu otpe3aHa obnactb pasmepoMm 3x3. Ecim sra 3 -ra-r1-fr +=r=
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00JlacTh pacronaraercs HE B IPaBOM BEpPXHEM YIUIy, a CABUHYTA g Fra-FA-n - Fa-
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L e
KHUJIKOCTh BCE PAaBHO HE CMOXKET 3a0eXaTh, TaK Kak TaM oOpasyeTcs R B B
11 | 1 .
e

BO3AYIIHBIA My3bIpb, 3HAYUT OOJIACTH PpACIOJOXKEHA B IIPABOM
BepxHeM yray. CoOCTBEHHO, HIDKHSS TOPU3OHTAJIbHAs TIEPEropojKka ATOH o0JacTu He
o0s13aTeNbHa, TaK KaK XKHUJIKOCTh B JIIOOOM ciTydae He OyJeT 3aTeKaTh B Hee.

[lepeitnem Kk paccMOTpeHUIO 6 U 7 OIBITOB.

I'padux 115t 6 1 7 OMBITOB.

L 7, MM
100 /“

90
80
70
60
50

40 /
30 e

20
10

|

0 10 20 30 40 50 60 V, M

W3 rpaduka BUAHO, YTO 3aAlOJHEHHE CBEPXY M CHU3Y HJET OJMHAKOBO, C TOM JMILIb
pa3HHULIEH, YTO IPU 3a0JHEHUN CBEPXY M3HAYAIBHO KHUJIKOCTh 3aMOJHSET M0JIOCTh 00bemMoM 10

MJI, KOTOpast TIPU 3allOJTHEHUN CHU3Y 3aIlOJHSAETCS TIPU YPOBHE KHUJIKOCTH ELLIT LU
B 50 MM. 3amonHsAeMble IIOMAAN I KaKA0T0 ypoBHSA paBHbl: 0-30 MM — | “F17"ro=r7=r+7
10 CMZ, 30-50 MM — 5 CMZ, st ydactka 50-100 MM Hemnb3s —ra-T ‘::'Ij:: '[ ;::
rapaHTHPOBAHHO YTBEPXkIAaTh, YTO Tpaduk yuHEHHbIM. Ho, ecnm om _':: j:t%t _T:_-
JIHHEIMHEIHN, TO 3aI0THIAEMAs IUTOIAb PaBHA 2 CM-. =TT
[TIpu 3amonHeHMn cHU3y OO0 ypoBHS 30 MM 3aIlOJIHAETCS BCE CEYCHHE -:T-:I: -:r-Tf -E-:T- -E -:r--*: 1
KOpOOOUYKH, 3HAYUT TaM OTCYTCTBYIOT BEPTHKAJIbHBIE (U1 3TOTO G -
TIOJIOKEHHST KOPOOOUKH) TIePETOPOIKH.

Hanee, 3ameTum, 4To npu ypoBHE B 50 MM B KOPOOOUYKY BMEIIACTCS L L L L L]
50 MJT )KMAKOCTH MPHU 3aMIOJTHEHUH XOTh CBEPXY, XOTh CHU3Y. TO €CcTh mpHu [ SERERNS R |
ypoBHe B 50 MM J0/pKHa OBITh 3allOJIHEHa BCS HWXKHAS (V1A 3TOrO ; - :-_J: —:r—-i: —:—TI- - —:r— =
pacrtoyioKeHus: KOpoOOYKH) TOJIOBUHA KOpoOOouku. Takke ydrem, 4To g ::::::': 1. :E I:_-i_-l:_-'
TIPY 3aIOJTHEHUH CBEPXY, KHUIKOCTH JIOJKHA CHAdaa 3aroHATh TOJIOCTh E :TFT-:_- _-: Iﬂ_-E-'I_-
06bemMoM 10 MII, 3Ta MOJIOCTh MOKET PACIOIAraThCs TOJIBKO Ha YPOBHE ETrT—I_— I
oT 30 go 50 MM, HO TIpH 3aMOJHEHUH 3TOTO YPOBHS CHU3Y, 3aMOJIHSIEMAst B W _:_4'_{;

2

miomaas paBHa 5 cMm”. Torga mo CyTM €IWHCTBEHHBIA BO3MOKHBIN



BapHaHT PacIOJIOXKEHUS 3TOM MOJIOCTHU CIEAYIOLIUH:

Bepnemcs k 4 u 5 onbiTam.

B mpaBom BepxHem yriy y Hac oOpaszoBanack moiocte obovemoMm 15 mu. Ilomublit 00BbeM

KHUJIKOCTH, BMEUIAIONIEIHCS B KOPOOOUKY paBeH 85 MIJI, TO €CTh HE3aIOJHEHHBIM OCTAETCS Kak

pa3 00beM MOJOCTH B MPAaBOM BEPXHEM YIJy, a BCE OCTAIBHOE MPOCTPAHCTBO JOJDKHO OBITH

3aI10JIHEHO.
Ha yposre 50-70 MM IO/KHO 3amOJHATECA TPU KICTOUKH B PSAY, @  cwr 1|1 ;
(v N L
nocine 70 MM HACT 3amojiHCHKE HONOCTH 0ObeMoM 27-28 M. Camblit Ll cai il
L] I 1
MPOCTOM CIOCO0 OOECTICUUTh 3TH YCIOBUSI — MOIHATH CHHIOI CTCHKY g _:f]_,': _i I _;_;:_
IR W
10 ypoBHs 70 MM. Takske 9TOOBI JKMIKOCTb M3 BEPXHErO OTBEPCTHA HE 6 [T 177 7
6 [ ri-roCiaoras
normajiaina B JIEBYIO TOJOCTh, HY)XKHA TOPU3OHTAIbHAs Teperopoaka. [T iy i i 1~
i RS
Takoe pacrnosioKEHHUE IEePEeropoloK MOJHOCTBI)  COOTBETCTBYET IaEE e st

TAHHBIM ONBITOB 4 U 5.

Bepnemcs k onbiTam 6 u 7.

=R R N TR R
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el e
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1
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i e e e

[lepBas mpoOsiemMa 3akitoyaeTcs B TOM, YTO TEMEepb MPU MOAbBEME
KUAKOCTU 70 ypoBHS B 40 MM IpaBasi CHHSISI CTEHKa 3alpeT BO3AYyX B
JIEBOM BEPXHEM YIJIy U HE MO3BOJIUT 3AIOJHATH ATy MOJOCTh. 3HAYUT,
CHUHIOI CTCHKY HaJ0 YKOpOTHTh. OOmuii o00beM IKHIKOCTH,
BMEIIAIOUICHCss B KOPOOOUKY IIPU TaKOM PACIONIOKEHHH paBeH 60 Mi1, TO

€CTh MoJIocTh 00beMoM 40 MII HE JOJDKHA OBIThH 3alOJIHEHA, U OHA SIBHO

] pacrojoXeHa B JIEBOM BEpXHEM yrily kopoOouku. Kpome Toro, HaunHas ¢

YpPOBHA 50 MM JOJIXKHO 3aIlOJIHATHCA TOJIBKO IO 2 KJIETOYKHU B pAaa, 4TO COOTBECTCTBYET O6’I)€My B

10 M. Torma HyKHO MEPEHECTH CUHIOIO TIEPETOPOJIKY JIEBEE U YKOPOTHUTH €e.

[TomyuynM OKOHYATENBHBIA BAPUAHT PACIOJIOKEHUS IEPErOpPOJIOK,

HUCXOOHBIM JaHHBIM.

HE MPOTUBOpEYALIUN
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Ne | 3agaua 2.10.4. Kpurepun ouenunBanus (10 6a/10B) Bbanabl

1. Y4yeT o0bemMa KHIAKOCTH, HaXOJISIIETr0oCs B TPYOKe 2

2. | CooTBeTCTBHE MPEATIOKEHHOTO PACIIOJIOKEHUS MEPErOPOAOK YCIOBUSAM IPH
PAacIoIOKEHNH KOPOOOUKH «CTpENKa BBEPX)»

2.1. | Umeercs monocth 00beMOM 9 MiI, 3amosHseMas B MEPBYIO O4Yepeab NpHU 1
3aJIMBaHUU yepes A.

2.2. | Umeercs monocts o0bemoM 9 (12) mu ¢ BwicoToil meperopoaku 30 Mmw, 2
3aroJiHsAeMast B IEPBYIO OYepe/ib pU 3aIuBaHuu yepes b.

2.3. | OOBEeM KUIKOCTH, BMELIAIOMIHICS B KOPOOOUKY, paBeH 85 (95) mi. 1

3. | CooTBeTcTBUE MPEAJIOKEHHOTO PACHOJIOKEHUS MEPETOPOJIOK YCIOBHIM TPU
PacMoI0KEHUN KOPOOOUKH «CTPEJIKa BIIPABO»

3.1. | Umeercs momocte o0bemoMm 10 M, 3amonHsiemas B NEPBYIO O4epeab Npu 1
3aTMBaHUM uepe3 A.

3.2. | llpu 3anonmnenun uepe3 B mepmeix 30 (33) M 3amonHseTcss BCs INIMPHUHA 1
KOpPOOOYKH

3.3. | llpu 3amomaennn vepe3 B 50 (55) M oka3wiBaeTcs MOJHOCTHIO 3aIlOJIHEHA 2
HDKHSSI TIOJIOBUHA KOPOOOUKH.

3.4. | O6beM XHUIIKOCTH, BMEIIAIOLIUICS B KOpoOouKy, paBeH 60 (70) mi. 2
4. | Bce mneperopojku pacmojOXKeHbl TOJNBKO HA MYHKTHPHBIX JMHUSAX U 1
HAUYMHAIOTCS/3aKaHUYMBAIOTCS TOJIBKO B TOYKAX MX MEPECEYCHUsI U Ha CTEHKaX

KOPOOOUKH.
5. | [lomyuyeH oTBeT, COOTBETCTBYIOLIMI BCEM YCIOBHUSIM. 2




3amaya 2.11.1. Pa3ron npm oTk/JI04¢éHHOM ucTouHMKe (12 0a/uoB)./[Be 01MHAKOBBIE MPOBO-
Jse 000109k B (popMe ITUITUHIPOB ¢ MAJIBIMH OTBEPCTUSIMH C

Ha oOmiel ocu 00pa3yroT KoHueHcatop éMkocTthio C.B meHTpe
JIeBOM 00O0JIOUKHU yISPKHUBAIOT MAPUK ¢ 3apsaoM (. CyMMapHbIi
3apsii BCEH CHCTEMBbI, BKJIIOYAs 3apsij IIapuKa, PaBeH HYJIIO. q
KonzeHcarop 3apsokaroT, MOJKIIOYUB K HCTOYHUKY C HampsKe- === rT ™
HueMm U, 3aTeM OTKITIOYAIOT OT UCTOYHHMKA U OTITYCKAIOT IIAPHK.

H_IapI/IK Ha4YMHACT ABUI'aTbCA BAOJIb OCHU U, IIPOJICTEB YEPE3 OT-

BEPCTHUSI, MTOMA1aeT BHYTPh MPaBOH 0OOJIOUKH. KL {L
Kakyro KuHeTH4ecKyIo SHepruto OyaeT UMETh IIapuK B LICH- +Z o=
TpE MPaBOi 000JOUKHU?
[Ipu kakoMm 3apsiie MapuKa 3Ta YHEPrus MakCUMaibHa U YeMY OHA paBHA?
Briienenuem Terma u3-3a Toka B 000JI04Kax MOXKHO IIpeHeOpeus. [lone TskecT He yUuThI-
BaMTE.

Bo3moxknoe pemenne. (. Bopoones).

1. Bnauasne Ha BHYTpeHHEH MOBEPXHOCTHU JIEBOH MOJOCTH MMEETCS SKPAHUPYIOLIMH 3apsa — (,
4YTO JAET HYJIb B CYMME C 3apsaoM Iapuka. Ha BHyTpeHHEN IMOBEpXHOCTH IIPaBOM MOJOCTH 3a-
psija Her.

2. Tlocne NOAKIKOYEHHs MCTOYHMKA, TONHBIHA 3apsi]] CHCTEMbl OCTAETCS PABHBIM HYJII0.3aps bl
Ha BHEIIHUX TOBEPXHOCTSIX 000J0YEK MPOTHBOIOJIOXKHBIE IO 3HAKY, a TaK Kak 000JI0YKH 00pa-
3YIOT KOHACHCATOp EMKOCTBIO C,T0 3TH 3apsiabl paBHBIQ,=CUn —Q,.

3. Tlocne nepemereHus MapUKaB EHTP MPaBoii 06onouky k 3apany Q, = CUneBoit 0607109KH
nobaBuTCA 3apsi — ( ¢ e€ BHYTpEHHEH MOBEPXHOCTH, a K 3apsaay — Q.IpaBoit 000104kH J100a-
BUTCS 3apsij (] U3-3a yX0/a 3apsiga— ( Ha HOBEPXHOCTh MOJIOCTH MPaBoi 000JI0UKH (JUTSIKpaHHU-
poBKH3apsiaa mapuka). Takum o0pa3oM, 3apsiibl Ha BHELIHUX MOBEPXHOCTSAX CTAHYT PaBHBIMU
Qu — Q, rreQ = CU — q.HanpsokeHue Ha KOHJeHcaTope mpu 3ToM craneT paBHbiMV = U — g/C.
4. Beuay Takoro xe, Kak B JIEBOMIJMJIMH/PE, PACIIOJIOKEHHS 3apsAaa (CIIpaBa, SHEPTHS €ro
B3aUMO/JICHCTBUS C «IKPAHUPYIOLUIMMM» 3apsijlaMid Ha BHYTPEHHEH MOBEPXHOCTH IMIMHIpA He
U3MEHHTCS.

5. M3MeHseTCs TOJNBKO KMHETHUYECKAs DHEPrHs IIapMKa W SHEprus KoHaeHcaropa.Torma mpu
OTCYTCTBHMHM NOTEPB d3HEPTUUC U%2 = CV?2 + K, rneK-kunerndeckas SHEPTHUs IIapUKa B IEHTPE
npaBoii oGonouxu.K = qU — g%/2C.

6. Haubonpas kuHeTHYECKas sHeprus otsedaer ciaydaroV = U- g/C =0, Torga q = CU,aK =
cu/2.

Ilpumeuanue: I1pu ¢, maoro menbiiem CU, K=qU.BoGrmiem ciydae Hy)XHO y4ecTh HaBeIEHHBIE
3aps/ibl M CBSI3aHHOE C 9TUM M3MEHEHHUE HaNpsKEHUST MEXy dJIeKTpoJiaMu. BakHO MOHATE, 4TO
NOTEHIMAJIbHAs PHEPTUSI CUCTEMBI CKJIA/IbIBACTCS M3 SHEPIMM B3aUMOJIEHCTBHA 3apsjia ¢ «dKpa-
HUPYIOIUMI 3apsa1aMH Ha BHYTPEHHEH MOBEPXHOCTHU IIMJIMHIPAU SHEPTUU KOHICHCATOopa.



Ne | 3apaua 2.11.1. Kpurepuii (12 6an10B) banibl

VYka3zaHue Ha d3KpaHUPYIOLIUNA 3apsaa — ( 1
VYkazano (Jin00 HMCIMONB3YeTCsl B PEIICHUH), YTO PA3HOCTh MOTECHIUATIOB MEXIY- 1
000JI0YKaMH 3aBUCUT TOJIHKO OT 3apsJI0B Ha X BHEIIHUXIIOBEPXHOCTSIX

3 | [IpoTHBOMOMIOKHEIN 3HAK 3apsA0B HAa BHEIIHEH MOBEPXHOCTH OOOIOYCKH HX 2

cBs13b ¢ HanpspkeHueM Q, = CUu — Q,.

[TpaBuIIbHO OIpEAEIICHBI 3apsi/Ibl 000JIOYEK MMOCIIE IEPEMEIICHHS [IIapHUKa

Onpe;[eneHo HAIPs’KCHUE HAa KOHACHCATOPE IMOCIICIICPEMCIICHUS IapHUKa

HeunszmeHHOCTD 3HEpruM B3aMOICUCTBHUS LIAPUKA C SKPAHUPYIOIIUM 3apsIA0M

Haxox1eHne KuHEeTH4eCKON SHEPTUun

Haiinen 3apsn mapuka ¢, pyd KOTOPOM KMHETHYECKAsl SHEPTHUSI MAKCUMAJIbHA

©| o N| o ;|
PR N R RN

Haxoxnenne makcuManbHOW BETMYMHBI KHHETUYECKOW SHEPTUU

3apaua 2.11.2. Hesmmneiinasa nenb(12 6as10B).2JaeKTprUUecKas 1elb COCTOUT U3 HICATLHOTO
uctounnka ¢ DJIC & =20B, pesucropa c¢ comporuBieHHeMR =5 OwM, Karymku ¢
UHAYKTUBHOCThIOL = 20 MI'H ¥ HYNEBBIM CONPOTUBICHUEM U HEIHMHEWHOTO AJIEMEHTa, BOJIbTAM-
nepHasi XapaKTepUCTHKa KOTOPOTo npeacrasieHa Ha pucynke (lg = 3 A). M3naganpHO K04 pa-
30MKHYT, TOKa B IlenH HeT. Kakoe KOMU4ecTBO TEIUIOTHI BBIACIUTCA HA PE3UCTOpe depe3 0oib-
II0M IPOMEKYTOK BPEMEHH TOCIIE 3aMbIKaHUS KITF04a?

—1 ®o A

\ Lt

Bo3mo:xknoe pemenne (A. Yitmun). s Manoro npoMexyTka BpeMenn df KONHYECTBO Teria
dQ, BBIACISAIOIETOCS HA PE3UCTOPE C COMPOTUBICHUEMR
dQ=U;l.dt=U_.dq. (1)
3nech Uy |, — HampspbkeHHe Ha pe3UCTOpe W CHIIa TOKa, MPOTEKAOIIEro yepe3 Hero, dq — 3a-
P, MPOLIEAIINN YEPE3 PE3UCTOP.
VYcranoBum cBsi3bU () B Hamem ciydae.byneMm HCIonb30BaTh M3BECTHOE COOTHOIICHHE

JUTSI TTapalljieNIbHO COEAMHEHHBIX pe3ncTopaR U MHAYKTUBHOCTHUL!
di R
_ L . _ _ . _
RIR—LE, RI.dt = Rdq = Ldl ; Iq—IL. (2)
Cpa3y mocie 3aMbIKaHUS KIIOYa, HEIMHEHHBIH DSJIEMEHT BeleT celds Kak pe3ucTop
CONMpoTUBIIEHUEMR (peXHUM «IIOCTOSHHOTO CONPOTHUBIICHUSA»). 3aTEM OH MEPEXOAUT B PEKUM
«IIOCTOSTHHOTO TOKa». Takol mepexoj peanu3yercs, Tak Kak B YCTAaHOBUBLIEMCS peXHME Ha-

NpsDKEHHE Ha MHIIYKTUBHOCTU M CHJIa TOKA Yepe3 pe3ucTop OyayT paBHBI HYIIO, a HAIPSDKEHUE,




MIPpY KOTOPOM HEJIMHEUHBIA 3JIEMEHT MEPEXOJUT B PEKUM «IIOCTOSSHHOTO TOKay, meHbiie 3/C

ucrounuka (1,R =15B<€ =20 B). Onpenenum cBsizbU ; (q) A5 STHX PEIKUMOB.
a) Pexxum «rioctostHHOTO conpotuBiieHust». /Jist cuitbl Tokal yepe3 HeTMHEHHBIH AJIEeMEHT
I=1_+1,.
[ToBTopomy npaBmity Kupxroda
E=IR+I;R=2I,R+IR.
[Moncrapnss || u3 (2), nomydnm
RZ
E=2U,+—0q.
L
OTcroza isl pekuMa «IOCTOSTHHOTO COTIPOTUBIICHUS
1 R?

U,==|E-q]. 3
RT3 = 3

HennHelHLIN 2JIEMEHT OCTAETCS B 9TOM PEKUME N0 TEX IOP, [TOKA BBIMTOJIHACTCA YCJIOBUC
U,=E-1,R,

WK, ¢ y4eToM (3), MoKa BeTUYHMHA MPOLIEAIIETO Yepe3 pe3ucTop 3apaaa

L £
=—| 21, ——|.
q<q R( 0 RJ

CormnacHo BBIPAXKCHUTO (1) KOJIMYCCTBO TCIIJIOTHI 6y,HeT MMpONOPHUOHAIIBHO IIOMIAAW TTOA I'pa-

duxkomU,(q) Ha yuyactkeO < g < 0,. [Tockonbky 3aBHCUMOCTS (3) sIBISICTCS JTMHEIHOM, TOTyYa-

€M IJId KOJINYCCTBA TCIIJIOTHI QlB 9TOM PCIKUMC

Q =Mql =(35 |Oj£(2|o_%)=0,06 TIK.

2 2R °)2
0) PexuM «[10CTOSHHOTO TOKa». | W
R
le=1o-1 = Io_rq;
RZ

Uy =Rl =RI; =0,

OTOT peXUM pealin3yeTcs 10 MOMeHTa, mokal ,

Yo

HE CTaHCT PaBHBIM HYIIIO, T. €. ITIOKA( HE CTAHECT

LI
paBHBIM (, = FO . 3apsn, NpoleAmni uepes

ILL L EY L(E
g =21, -2 == 2, .
q2 ql R R( 0 Rj R(R Oj

PE3HCTOP B 3TOM PEKUME

KonunuectBo TGHHOTLIQQ, BBIJICIIMBIICECS B OTOM PEKUME, C Y4E€TOM TOTO, yTtoU R (Q) HU3MCHACTCA

muneiHo oTU, = £ — Rl 10 Hyns



L(g j (6 )2

==, | E-1,R L|=-I

_ _IR 0 0 0

Q,= %% £-lR _RIR = R2 =0,01 [Ix.

2 2
OO611ee KOJIMYECTBO TEIUIOTHI, BBIICTUBILEECS HA PE3UCTOPE,
L&, LIZ L&
Q=Q+Q,=—2-—%-—5=0,07 [l

R 2 4R*



Ne | 3agaua 2.11.2. Kputepuii (12 6aj1;10B) Bbanbl
1 | 3amucaHO ¥ UCIOJIB30BAHO MPU PEIICHUH BhIpaxkeHHe (1) IU1sl CBS3U BBIICIUBILIC- 1
rocsi TeIula ¢ BeJIMYUHOMN 3apsizia
2 | [lonydeHo BwIpaxkeHue (2) /Ui CBSI3M U3MCHEHHS CHJIBI TOKa 4Yepe3 WHIYyKTHB- 1
HOCTb C BEJIMUMHOM 3apsa, MPOLIEAIIEro Yepe3 pe3UcTop
3 | [dns pexxuma “IoCTOSHHOTO COMPOTUBIICHUS HCIOJIB30BAHO YpaBHEHHE BTOPOTO 0,5
npasuia Kupxropa & = 21;R+ 1 R.
4 | Ilony4eHO BbIpaXKEHUE JUIsl CBA3M HAIPSIKEHHs Ha PE3UCTOPE C MPOLIECIINM 3a- 2
RZ
PSLIOM TSI peXKHMMa “TIOCTOSHHOTO conpoTusieHus U, = > £ _Tq .
5 | IlonmyueHo ycnoBue aJisi BETWYUHBI 3apsijia, MPOIICIIIET0 4Yepe3 PEe3UcCTop, Ha 15
L £
MOMEHT IEepPEeX0a MEKAY pekuMamu ¢, = —| 21, —— |.
R R
6 | Ilpu uaTerpupoBaHuu (rpaguecKOM WM AHATUTUYECKOM) TOJTYYEHO BBIpaKe- 1,5
Hue Qg
7 | IlomydeH BepHBIN YMCICHHBINA OTBET TsIQ1 0,5
[Tonmy4yeHo BBIpaKEHHE AJISI CBSI3U HAIIPSDKEHHS HA PE3UCTOPE C MPOIIEIIINM 3a- 1
RZ
psnoM ams pexuma “rnocrosnHoro Toka” U, =Rl =Rl — T q
9 | [NomyueHo BhIpaXECHHE JIJISI BEITUYHHBI 3apsija, MPOIICIIICTO Yepe3 PEe3UCTop 3a 0,5
LI,
BCE Bpemd (, = —
R
10 | IIpu ucmonb30BaHUM UHTETPUPOBAHUS (TPpadUIECKOTO WM aHAIUTHIECKOTO) T0- 2
JTy4eHO BhIpaxeHne asiQ;
11 | TToryueH BepHBIN YNCIEHHBINA OTBET UTIQ2 0,5

HpuMeanue. Bo3MoxHO pemICHUC, TP KOTOPOM AHAJIUTUYCCKOC BBIPAKCHUC ,[[J'ISIQl I/IQZ HC

MOJIy4EeHO, OJJHAKO ONPE/IeICHBI YUCIICHHBIC 3HAYCHUsI Touek ~n3ioma” Ha rpadukeU,(q) u

IOJIYUYCH BCpHBIﬁ YHCICHHBIM OTBeT. Takoe PCHICHUC NOJDKHO OLUCHHUBATLHCA IMOJIHBIM oam-

JIOM.




Pemenne ¢ ucnosib3zoBanueM auddepeHuaibHbIX YpaBHEHHI.
IToka cuiia TOKa, MPOTEKAIOLIETO 4Yepe3 HEJIMHEUHBIN 3JEMEHT, He Jocturiialy, TOKM B LEMH
YIOBJIETBOPSIIOT YPaBHEHUSIM

E= l.+1, R+1.R; |RR:L%.

Hckmrounm | :

dl

E=2L—L+RI,.
dt
[Tpumennm nmojacTaHoBky |, = X! o __R X
L —_—— . —_— = A
R dt 2L

£ _Rt
Orcroga ¢ yaerom toro, uto X(0) = R HOJTy4aeM X = E(e 2L J;

£ _Rt s R
IL:E l1-e2- |, lg=——e?.
9TO0T PEKUM IIPEKPATUTCA K MOMCHTY BpeMeHI/Itl, Koraa

_Rty
L+l =1; e :2( —%j.

K 9TOMY MOMCHTY BpCMCHHU CUJIA TOK, ITPOTCKAOIICTO YCPE3 KATYIIKY 6y,[[eT

&
I, =2l,——=.
R
MOoIIHOCTb, BBIACISIONIAACS HA PEUCTOPE,
Rt
g =
P,=—e*".

4R
K MOMCHTY {1 BBIICIMBIIIASACS TEIIOTa COCTaBUT

t 2 Rt 2 2
! LE — LE E
Ql:JPRdt:4R2(1_e Lj:4R2_L(E_IOJ .

ITocae TOro, Kak CHuJla TOKa, MPOTCKAIOMICIO 4YCpE3 HEJIMHEWHBIA JJIEMEHT, YCTAHOBUTCA Ha

3Ha'—I€HI/II/I|0, TOKHU B IECIU MOXXHO OITMCAaTh YPAaBHCHUAMUA

dl
I.+1, =1; RI,=L—L.
R L 0 R dt
Uckmrounmlg:
L%+ RI, =Rl,.
[Tpumenum nojctanoBky |, =1, -y
dy R
L

Rt

OTCfoz[acyquOMy(tl):IO—Ileg—IO, HOJTYYHM: y:(%—loje L




£ 7RtL—t1
le=|=-1, 1€ :
R
2Rty

2
8 L
MouHoCTb, BBLAENAIOIAACS Ha pe3uctope, P, = R R I, | e

KomnaectBo TCIJIOTHI, BBIACIINBIICECA ITOCICUCTCUYCHUA BPEMCHU ts:

L

2
» L( Oj
2 J‘ R 2 1 .

O6mee KOJIMYECTBO TCIIJIOTHI

0- LE L(S
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Ne | 3apaua 2.11.2. Kpurepuii (12 6an110B) banbl
1 | [Ipu pemienuu ass pexxuMa “lOCTOSSHHOTO COTPOTUBIICHUS MCIOJIB3YETCS ypaB- 0,5

HeHne Broporo npaswia Kupxroga: £ =2RI, + Rl
2 | IlomydeHo BbIpakeHHUE JUTSl CUITBI TOKA Yepe3 Pe3UCTOp IS pexKnMa 2,5

_Rt
“IoCTOSHHOTO conpoTuBieHus” |, =—e 2t
2R
3 | IlomydyeHo ycnmoBHe JIsl CHJIBI TOKAa HAa MOMEHT Iepexo/a MEXAYy pPEeKUMaMH 1,5
&
l,=2l,——wm |, =1, =——1I
L1 0 L1 R1 0"
R R
4 | [MonydeHo Beipakenue s Qq 3
5 | [lony4eH BepHBIN YHCIEHHBIN OTBET MTsIQ1 0,5
6 | IlonmydeHo BbIpaXKeHHE JUIS CUIIBI TOKA Yepe3 Pe3UCTOp Ul pekuMa “TIOCTOSTHHO- 1,5
R t-t
2 8 - L -
roToka” I, =| ——1, |e
R

7 | Ilomy4aeHo BeIpaxkenue siQ; 2

[Tomy4yen BepHBIi YHCIEHHBIN OTBET 1Q; 0,5

3amgaua 2.11.3. Benbimka B ky6e(12 6amnoB).B kyOe u3 BelecTBa ¢ moka3aTesieM MpeoMIie-

HUSIN =2 TOYEUHBIH MCTOYHHUK HMCITYCTHJI KPAaTKOBPEMEHHYIO BCIBIIIKY, CBET OT KOTOPOH pac-

XOOUTCA OOJHOPOAHO BO BCEX HAIpPaBJICHUAX. CBeT BeIIEeCTBOM KY6a He morjiomaercsa. Kakme

SHAYCHUA MOXKCT IMMPUHHUMATE A0JI47 SHEPIruKu BCIIBIIIKH, BI)IH_IeJIH_IeI\/'I HAapy»xy, B 3aBUCUMOCTH OT

IMMOJIOKCHHA NCTOYHUKA BHYTPHU KY6a? yKa)KI/ITe, IIPpHU KAKHX IMOJIOXKCHUAX MCTOYHUKA O3Ta OOJIA

MHHHUMAJIbHA, ITPHU KaKNX MaKCMaJIbHa U YEMY OHa paBHa‘?

HpI/I MmaaCHUM CBCTA HA IpaHUNY pas3aciia 4aCThb €TI0 SHCPTHU, 3aBUCAIIAsA OT yIJjia MaJgCHHud, OT-

paxkaeTcsi, a 4aCTbh MMPOXOAUT Uepe3 rpaHully pasjena.




Ilpumeuanue: npu pemiennd Bam Moxet noHagoouThes popmyna

IUIONIA/IM TOBEPXHOCTU CPEPUUYECKOTO CErMeHTa (CM. pUCYHOK):

S =27Rh, rneR— paguyc chepsi,h — BeicoTa cermenra.




Bo3moxknoe pemenne (A. AINOJIOHCKHI).

1. HanpaBum ocv KOOpAMHAT MEPICHIMKYISPHO rpansm kyba. Ilycre €= c,,C,,C, BekTOp

CKOPOCTH HEKOTOpOTo Jiyya cBeTa. [Ipu oTpaskeHuu oT rpaHeil, nepneHaukynsapHbeix ocu OX, y
CKOpPOCTH OTPaKEHHOTO JIy4a MEHSET 3HaK mpoekius Ha ock OX, a JBe OCTaIbHBIC MPOCKIUH
OCTalOTCs HEM3MEHHBIMU. AHAJIOTUYHO U IIPU OTPAKEHUHU OT JBYX APYTUX Map TpaHei.

2. IlonHOE OTpakeHHe MPOUCXOAMT, KOT/Ia Yrod MEXAY MaJarolliM Ha IpaHb JTy4oM M HOpMa-

JIBIO K TPaHU IPEBOCXOAUTYTON @, TAeSiN g, =1/n=1/2 Torna cBer 4epe3 rpaHb HE IPOXOIUT

coBceM. Ecnm a10T yron mensme ¢, =30°, TO IPOUCXOJUT YaCTUYHOE OTPAKECHUE CBETA, a He-

HyJIEBasl 4YacTh BBIXOAUT U3 Ky0a HapyxKy.

3. Paccmotpum nyd, manaromuii Ha nepneHaukynspayro OX rpaHb, Ipd KOTOPOM HET MOJTHOTO
OTpPaKEHHUsI, a YaCTh CBETA BBIXOJUT HAPYXKY. Y CIOBUE 3T0My|CX| lc>+312. [Tpu 3TOM MOAyNH
NPOEKIIK Ha JIBE OCTAIbHBIC OCH 00sI3aTEIbHO MEHbIIIE C/2.

4. Ecau CKOpOCTb JIy4a yJOBJIETBOPSIET YCJIOBI/IIO|CX|/ c>+/3/2, Ho OH momajaeT cHauana Ha
rpanu, neprneHaukyisipasie OY u OZ, To I COOTBETCTBYIOUINX MPOCKIUNA HMCCM‘CY‘/ c<1/2

u |CZ|/ C<1/2, 1.e. Ha 5TUX TPaHAX NPOMCXOIMT IOJHBIE OTPAKEHHS, B PE3YIBTATE KOTOPBIX
CBET MOMaAET Ha TPaHu, eprneHauKyIspHsie OX.
5. Utak, npu BHIIOJHEHUU YCJ'IOBI/IH|CX|/ c> \/5/ 2 KakuMH OBl OTpakeHUsI He ObLIH CBET OyzaeT

BBIXOJIUTH TOJBKO uepe3 mepneHauKyasipHble OX rpaHu U B KOHEYHOM cuére (IOCKOJIBKY IO-
IJIOIEHHE OTCYTCTBYET) BECh TaKOM CBET MOKMHET KyO HE3aBHCHUMO OT TOT'O, I'JIe HaXOJUTCS HC-
TOYHHUK. AHAJIOTUYHO U IS IPYTHX JIBYX Hap TpaHen.

6. Utak, KyO MOKMHET CBET, BBIXOAIINN U3 TOUEYHOTO UCTOUYHUKA B IIECTh KOHYCOB, OCH KOTO-
PBIX TIEPIEHIUKYIISPHBI TPaHsIM Ky0a, a yroJl pacTBopa KoHyca coctasisieT60°’. OcTaibHOl CBET
OyJeT UCIIBITHIBATh TOJIBKO MOJIHOE OTPAKEHHE, U HUKOTa KyO HE MOKUHET.

7. ickoMas 101151 BBILLIEAIIETO CBETA paBHA OTHOLIEHNIO CYMMAapHOT'0 TEJIECHOIO yIila 9THX IIec-
TH KOHYCOB K TOJHOMY TejecHoMy yray 4z . V3 yka3aHHOH B ycioBUM (OPMYJIbl TEIECHBIN

Yr'oJI IMIpu BEPIIUHE OJHOI'O TAKOI'0O KOHYCa

B3

27Rh  27R-R 1-cosg, ’
2

« R® R?

Takux KOHYCOB IICCTh, MO3TOMY HOJIA SHEPTrHUU CBETA, IOKHUIAIOIICTO K}/6 npu JI00BIX MOJIOXKE-

HUAX UCTOYHUKA BHYTPU Ky6a OAWNHAKOBAa U paBHA

6Q _127(, V3|_,(2-+3
2

Q  Arx 2

TIOJIH

~ 0,4 =40%.



Ne | 3agaua 2.11.3. Kputepuii (12 6a/1;10B) Banabl

1 | YTBepxkaeHue o COXpaHEHHM MOAYJS INPOEKIMH Jyda CBETa Ha OCH Napauleib- 1
Hble (MEpIEHAUKYISPHbIE) pedpaM KyOa MM SKBUBAJIECHTHBIN UM aHalIu3 CBA3U
YIJIOB MaJCHUS

2 | Yka3aHO, 4YTO MpHU 3HAYCHHM YIJax MaJeHHs Ha TpaHb, NPEBOCXOISIINX 1

@, =arcsin 1/n =30°, cBer MOAHOCTBIO OTpaX)aeTCst

3 | IlokazaHo, YTO CBET, UCIBITHIBAIONINI YaCTHYHOE OTPAKEHHE HA OJTHOW U3 rpa- 2
Hell ky0Oa, B JalbHEHIIEM IOJHOCTBIO OTPaXKaeTcsl OT MEPHEHIUKYISPHBIX el

rpaHei

4 YKa3aHo, 4YTO CBCT, HUCIBITHIBAIONINN YaCTHYHOC OTPaXCHUC Ha OJIHOH M3 rpaHeﬁ 1
KY6a, IIOCJIC OTPAXKCHHUA OT HepHeHﬂHKYHHpHOﬁ e I'PaHd BHOBb HCIIBITBIBACT

YaCTUYHOC OTPAKCHHEC Ha napanneanoﬁ eu I'paHA

5 | Ob6ocHOBaHHBIN (HAa OCHOBaHUH I1.4 ¥ OTCYTCTBUS MOTJIOLIEHUS) BBIBOJ] O ITOJIHOM 1
BBIXOZIE U3 Ky0a CBETa, YaCTUYHO OTPAXKAIOUIETOCs OT JBYX MapauIeIbHBIX I'pa-

HEW, B PE3yJIbTATE MHOIOKPATHBIX OTPAXKEHUMN

BriBO 0 HE3aBUCUMOCTH 1 OT IOJIOKCHUA UCTOYHHUKA

yTBep)K,I[eHI/IC, 4YTO HAPYXKy U3 Ky6a BBIXOJUT CBCT, paCHpOCTpaHHIOMHﬁCH BHYT-

PH ILIECTH KOHYCOB C YIJIOM pacTBopa paBHbIM 60°

8 | Onpenenena Benu4MHa TEJIECHOTO yIJIa IS TAKMX KOHYCOB

9 | OxoHYaTeNbHBII BEPHBIN OTBET IJIs17]

3amaua 2.11.4. Onpenesienne yaejdbHO# TEMJIOThI HCIAPEHHUs KUAKOT0 a3ota (14 6aioB).
Hesp 3KCHIEpUMEHTA — ONpPEACICHUE YIETbHOW TEIIOTHl UCIIAPEHUS KUJKOTO a30Ta MpHU
aTMoc(hepHOM JaBICHHH.

Macca munuaapa m, =69 r, HaganbpHas Macca KoHTelHepa ¢ asotomM M = 250 r, remnepa-

Typa nomenennsn+23 °C . TemnepaTypa KUTIEHUS KUIKOTO a3oTa—MUHYyC 196 °C .

Onucanue 3xcnepumMenTa. XXuakuid a30T, HaJUTHIM B NMEHOIUIACTOBBIA KOHTEHEp, M3-3a
TerIooOMeHa ¢ OKPYXKAIOIIeH cpenoi ucmapsercs, ¥ ero Macca ymeHbaetcs. [lpu morpyxe-
HUU B JKUJKUM a30T aJIIOMUHUEBOIO LIUJIMHIPA, UMEBIIETO TEMIEPATypy MOMEIIEHHUs, a30T Ha-
YHHAET aKTUBHO KUIIETh M HHTEHCUBHOCTH €T0 HCMapeHus yBenuunBaercsa. Macca MkonTeitHepa
C XKHUIKUM a30TOM(PHUKCUPYETCsI C TTIOMOIIBIO AJIEKTPOHHBIX BecoB. [loka3aHusi BECOB B 3aBUCH-

MOCTHU OT BPEMEHU MPUBEJEHBI B TAOIUIIE.

t,Mua :c | 0:00 | 0:49 | 1:32 | 2:05| 2:41 | 3:22 | 4:06 | 4:50 | 5:23 | 5:52 | 6:07 | 6:30

M, T 250 | 246 | 242 | 238 | 234 | 230 | 226 | 222 | 218 | 274 | 264 | 254

t,Mua:c | 6:54 | 7:25|7:48 | 8:20 | 8:49 | 9:33 | 10:15 | 10:55 | 11:37 | 12:20 | 13:05

M, T 244 | 232 | 229 | 224 | 219 | 215 [211 |207 |203 |199 | 195




Ilpumeuanue. Y aenpHas TEIIOEMKOCTb ATIOMUHUS 3aBUCUT OT TeMiieparypsl. ['paduk 31oii 3a-
BHCHUMOCTH IPE/ICTABIICH HA PUCYHKE.
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3ananmue. Vcronb3ys pe3ynbTaThl U3MEPEHHS 3aBUCHMOCTH MACChl a30Ta OT BPEMEHH M TpaduK
3aBUCHUMOCTH YHCHBHOﬁ TCIIJIOEMKOCTH aJIFOMHUHUA OT TEMIICPATYPhI, OIIPCACINTE YACIbHYIO TC-
IUIOTY UCHIAPEHHUs a30Ta A.

N3-3a OrpaHWYeHHOr0 BPEMEHM BBINOJIHEHHUS 33JaHHs IMOTPELIHOCTh OMpPEICNCHHUs A
OLIEHUBAaTh He TpeOyeTcs, OJIHAKO TOYHOCTH MOJYYEHHBIX BaMH MPOMEXKYTOUHBIX U KOHEUHBIX
pe3yabTaToOB OyJET YUUTHIBATHCS MPH BHICTABICHUU OAJUIOB.



Bo3moxknoe peleHue (A. Anosionckmuii).Crnocod 1. I'padux 3aBUCUMOCTH
MaccbIMKOHTEMHEpa ¢ KUJIKUM a30TOMOT BpeMEHHU t TMpejcTaBieH Ha pucyHke. [Ipu onpenene-
HUU MAacChl UCHIAPUBIIETOCS a30Ta YYUTHIBATOCH U3MEHEHNE MTOKa3aHUN BECOB MPU MOTPY>KEHHU-

UB Hero nwimHapa.BuaHo, 4To Ha HauvampHOM yuactke (1o MomeHTta Bpemenut, ~ 320 C)cko-

M T pPOCTh HCHApEHUs] ONpeAessIach
A TEIUIOOOMEHOM C  OKpY»Karouiei
290 +— \ | )
X cpenoit. C mMomeHTa t; 10 MOMEH-
270 Hﬁ ta Bpemenut, ~ 440 cucnapenue
v OTIPENIeISIIOChTEINIOOOMEHOM €
250 e_ o
s ‘e UWIMHAPOM U OKpPYXKAIOLIEH cpe-
ﬁ\ “\ (V)
230 N \ s Joi (0ypHoe kunenue). Haunnas ¢
..N.‘\ = ..
-3 X “b\“ MOMEHTa BpeMeHU {, BHOBb MOLIEN
210 NIASE I .
\ <L . TOJIBKO TEIUIOOOMEH C OKpYKaro-
\ T~ ha Y . .
190 Y AN ®.._ Imel cpenoi (LMINHIP OXJIAAWICS
- <
s JI0 TEMIIePaTyphl KATICHUS a30Ta).
170 X Jlasiee BO3MOXKHBI HECKOJIBKO
ral
150 — f,c CHOCOOOB ONpEAENCHUsI MacChl
5
0 200 400 600 800  a30Ta UCHApPUBIIETOCs B pe3yJbTa-

Te OXJaKAeHUs uWiMHApa. OAMH U3 BapUAHTOB ClleAyeT U3 rpaduyeckux noctpoeHuit. Ckayok
Macchbl Ha 69 1 B MOMeHT t = 320 ¢ 00yci0oBJIeH MOTpyKeHUEM LMIMHAPA B XKUAKUNA a30T. OTpe-
30k AC — Tak)e COOTBETCTBYeT Macce muiamHapa. Otpe3ok BCCOOTBETCTBYeT Macce aszota (
m, ~ 48 T.), ucrapuBIIIErocs 13-3a TEII000MEHA C [IIIHHAPOM.

Tennora Q, KOTOPYIO OTJAN aTFOMHUHHUEBBIM LMIMHIP MPU OXJIAXKIAECHUU C YUETOM 3aBUCH-

MOCTH €T0 TCIINIOEMKOCTH OT TEMIICPATYPhI, HPOIIOPHUHOHAJIbHA TIIOIIAAN 101 Fpa(bI/II(OM Cul T

B MHTepBasie Temreparyp or —196 °C no+23°C.

Uucnennoe 3HaueHre Q MOKHO TIOJICYMTATH 0 KJIeTKaM Ha rpaduke. [lomygaercs

Q=m,SCAT ~691-155 10,7 /.
T

3HauecHUE yﬂeHBHOﬁ TCIIJIOTHI napoo6pa30BaHH;1 a3oTa Haiimem u3 YpaBHCHUA TCIIJIOBOT'O

6amancaQ = Am, . Otcrona

_Q :%(KH’KJ - 223(“[[”‘).
m, 48-10 KT KT



Ne | 3agaua 2.11.4. Kputepuu ouenuBanus (14 6asioB) Bbanabl
1 | [TocTpoeH rpaduk 3aBUCMIMOCTH MacChl a30Ta (MM MacChl UCIIAPUBIIIETOCS a30Ta) 3
ot BpeMeHH. [Ipu 3TOM TpaduK XOpOIIO YMTAETCS, MOIMHCAHBI KOOPAUHATHBIC
ocH, BBIOpaH y100HBIH MaciuTad u T.1.
[Toanucanbl OCH U YKa3aHbBI €IUHUIBI U3MEPEHUS 0,5 dayuta
BriOpan pa3yMHbIii MacTad KOOPIUHATHBIX OCEH 0,5 6ayma
Hanecensl Bce 3KCIIEpUMEHTATbHBIC TOYKU 0,5 6ayuta
Uepes sKCIIepUMEHTATbHBIC TOUYKH MTPOBEICHBI COOTBETCTBYIOIINE JTHHHUH
1,5 bamna
2 | 3ammcano ypaBHEHUs TEIIOBOTO OayaHca, mojydena popmyna A = mLﬁl' 2
3 | YureHo n3MeHeHue oKa3aHUi BECOB, CBA3aHHOE C IMOTPYKEHUEM IIIINHIPA 2
(1 6amn) u TemooOMeHa a3oTta ¢ oKpyskatoiiei cpenoi (1 6amn)
4 | OnpeneneHa Macca a30Ta, BBIKHMIICBIIAs H3-32 TEIUIOOOMEHA C IHIJIMHIPOM 3
my € 46+50 r
m, e 44+46 r wiu my € 50+52 r (2 6asuna)
my e 42+44 r nmu my € 52+54 r (1 6amn)
m, € 38+42 rumu m, € 54+58 r (0,5 6amnna)
5 | OnpeneneHo KOJNMYECTBO TEIUIOTHI, OTJAAHHOE TMPH OXJIAXKICHUHM IHIMHAPA 3
Qe 10,5+10,9 x/Ix
Ecmu Qe 10,3+10,5 k/lxwmu Q € 10,9+111 xJ[x (2 6anna)
Ecmu Qe 10,1+10,3 x/Ixnmmm Qe 11,1+11,3 x/[x (1 6amn)
Ecmu Qe 9,7+10,1 x/Ixwm Qe 11,3+11,7 x/x (0,5 6amra)
6 | [Momyuen otBer gl e 200= 245 kJIx/xr 1




Cnocod 2. I'paduk 3aBUCUMOCTH MaccChl UCIIAPUBILIETOCS a30Ta My (t)OT BpeMeHH t MpesCTaB-
JieH Ha pucyHke. [Ipu onpeneneHur Macchl HCIAPUBILIETOCS a30Ta YYUTHIBAJIOCH H3MCHEHHE T10-

Ka3aHH BECOB IPU MOTPYKEHUH LIUITUH/PA.
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BugHo, 9TO Ha HAaYaNFHOM YYacTKE 10 MOMEHTa BpeMeHHl; ~ 323 CCKOpOCTh HCIapeHUs
a30Ta oIpeJeNAeTcs TEII000MEHOM C OKPY>Karollel cpeoit, C MOMeHTa 1 10 MOMEHTa BpeMEeHU
t2 = 529 ¢ Term000MEeHOM C IUIIMHIPOM M OKpYKarolen cpenoii (OypHoe kurenue). Haunnas ¢
MOMeHTa 1y ocTa€Tes TOBKO TEIII0O00MEH C OKPYXKAIOMIEH cpeoi (MIMIMHAP OXJIAUIICS 10 TeM-
nepaTypbl KHIIEHUS a30Ta).

[Tpu ucnonp3zoBanuu rpaduyeckoil 00pabOTKM MM METOAa HAaMMEHBIINX KBaJpaToOB, ONpe-
JieisieM CKOPOCTH HMCTIApeHUs a30Ta Ky - 0 MOTPYKEHUS IIIUHIpA U K, - TOCIe 3aBepIIeHHS
OYpHOTO KHIIEHHS, KOTOPOE COOTBETCTBYET YCTAHOBJICHHIO TEMIIEPATyphl IUJIMHIpPA, PaBHOMN
temneparype kumeHus. CKOpPOCTb MCIApeHUs as30Ta IMepel MOrpyKeHHeM LWIMHIpa
cocraBisietk; = 0,099 r/c. CkopocTh MCHApeHUs TOCJE 3aBEpUICHUS OypHOro KWIeHHsk, =~
0/08#Mrg0pazom, CKOPOCTh MCHAPEHHUS JI0 M TIOCIIC MOTPYKEHUS [IIMHIPA HEMHOTO OTINYAI0T-
csi. [TosToMy CKOpOCTh MCIIapeHHusi a30Ta BO BpeMsl OypHOTo KHUIIEHHUs M3-3a TEIIOOOMEHA C OK-

pyXXarolei cpeoil olleHnM, Kak cpeiHee 3HaueHue kq u k,
k=522~ 0,0965 .
Macca a3ota, uCapuBILIETOCs U3-3a TEINI00OOMEHA C aJFOMUHUEBBIM LIMJIUHAPOM paBHA
myt = (my(t,) —my(t)) — k(t, —ty) = 48,1
Komnuectso TCIIOTBI, KOTOPOC OTAACT ATIOMHHHUEBBIH HNUIIMHAP IMMPU OXJTIAKACHHUU C YUCTOM

3aBUCHUMOCTH €ro TCIINIOCMKOCTU OT TCMIICPATYPhI, ONPCACTIACTCA HHTCTIPAJIOM



To
Q =m CAl(T)dT
)

3HavyeHne MHTErpajia, MPONOPIHOHAIBHO MIomanu nox rpadpuxom cy;(T) u paBHO mpudIn-
k/x
3uTensHo 155 —- KoangecTBo TEIIOTHI, OTAaHHOE anroMuaueM, Q = 69 - 155 = 10,7 k/Ik.
T

3HaueHue YACNbHON TEIIOTH Mapoo0pa3oBaHUs a30Ta HaiJeM W3 YpaBHEHHS TEIIOBOTO

Oasanca
1= %(Kﬂm) - 223(@(_”‘)
m, 48-10 KT KT
Ne | 3agaua 2.11.4. Kputepuu ounenunBanus (14 6as1oB) Bbanabl
1 | [HoctpoeH rpaduk 3aBUCIMOCTH Macchl a30Ta (MM MacChl HCIIAPUBIIETOCS a30Ta) 3

OT BPCMCHHU. HpI/I 3TOM l"pa(bI/IK XOopomo 4YHUTaCTCA, IMOAIMCAHBI KOOPAWHATHLIC

ocH, BbIOpaH yA00HBINH MacIiTad u T.1.

[TonmucaHbl OCH U YKa3aHbI SMHHIIBI U3MEPECHUS 0,5 6amna
Bri6pan pa3yMHbIil MaciTab KOOpJMHATHBIX OCE 0,5 6amna
HaHeceHbl Bce DKCIIEpUMEHTAIbHBIC TOUKH 0,5 6ama

Yepes sKkcriepuMEHTAITbHBIC TOUYKH TPOBEICHBI COOTBETCTBYIOIINE JINHUH
1,5 oamna

2 | 3amucaHo ypaBHEHUs TEIIOBOro Oananca, monyyena popmyna A =Q/my 2
3 | YureHO M3MEHEHME MOKa3aHUI BECOB, CBS3aHHOE C MOTPYKEHHEM LWIMHIPA B 2
a30T

(1 6anm) u TenmoobMeHa a3oTa ¢ okpyskatomien cpeao (1 6amn)

Ecnu ckopocTh ncnapeHust onpeseneHa o JaHHbIM TaOIuIlbl 0e3 UCTIONIb30BaHUs
rpaduka, 3a Bechb IyHKT OLIEHKA He JOJbkHA rpeBocxoauT 0,5 Ganna

4 | OmpeneneHa macca a30Ta, BBIKMIEBIIAs M3-32 TEIUIOOOMEHA C IMJIMHIPOM 3
my € 46+50 r
mye 44+46 r wmm m, € 50+52 r (2 6anna)
mye 42+44 r wmu m, € 52+54 r (1 6amm)
my € 38+42 rmm my € 54+58 r (0,5 6amna)
5 | OnpeneneHo KONMWYECTBO TEIUIOTHI, OTAAHHOE NPH OXJIAKICHUHM IMIMHIpA 3

Qe 10,5+10,9 x/Ix

Ecmn Q e 10,3+10,5 x/lxumu Q € 10,9+111 xJIx (2 6amna)

Ecmu Qe 10,1+10,3 x/Ixwmm Qe 11,1+11,3 x/Ix (1 6amn)

Ecmu Qe 9,7+10,1 x/Ixwm Qe 11,3+11,7 x/x (0,5 6amra)

6 | [Momyuen oteer g A € 200+ 245 kJIx/xr 1




