














10. KoHcmpykmop

Llep>Kallero Ha OCHOBHOM JIMHEWKE BPeMEHW HECKOJIbKO KafpoB (aHUMaLMs WK 3BYK), a
Takxke ans eugeo (pann B popmate FLV) aBTOMaTHuecku co3paétcs naHesb ynpaeaeHus
npourpbiBaHueM, cogeprkaas kHonku [MYCK /TMTAY3A /CTOI.

Baokcro! B nmeHax hainoB, pa3mMellaeMbix Ha 3KpaHe, HYy>KHO UCMOJIb30BaThb NATUH-
ckue BYKBbI U LUdpbI.

Mocne Bbibopa haina oH aBTOMATUUECKH NOSIB/ISIETCS HA IKPAHE B KPACHOM paMKe, Npu
HEoBX0AUMOCTH OOBEKT MOXKHO NEPEMECTHTb UMK U3MEHUTb ero pa3mep. [NepemelueHue 1
M3MeHeHWe pa3MepoB KOHTEWHEPOB NPOUCXOLUT aHANIOFMYHO TEKCTOBbBIM KOHTEHHEPAM.

lMpumeuarue. NMpu cozpannu pexxuma Ckpbime Ha OCHOBHOM [TaHeau uHcmpymeHmoB
CTaHOBWTCS aKTUBHOM KHoMKa Pedxcum Ckpoime.

Mocne 3aBepLueHUsi paboT MO CO3AAHWIO U PEAAKTUPOBAHHUIO COLEPIKATENIbHOIO Ha-
NOJIHEHUSI TEMATUYECKOTO IKpaHa clefyeTt HaxkaTb KHOnKy 3akpeims pedakmupoBarue.

B okHe KoHcTpyKTOpa nosiBaTcsi MUHWaTIOpbl CHOPMUPOBAHHbIX TEMATUYECKHUX IKpa-
HOB.
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36




11. 3nu3006! ypokoB

WUcnonbays llanens uncmpymenmoB Ne 1, cnefyet coxpaHWTb BCe M3MEHEHUs B Mo-
cobuu:

1. Bocnonbayiitecb kKHonkoi CoxpaHums, NOSIBUTCS OKHO, FAe B CTPOKE WMs dhaina By-
LleT 3anucb «lesson.lsn», KOTOPOE MOXKHO U3MEHUTH MO CBOEMY YCMOTPEHHIO, HE MEHSIS
pacluupenus (Hanpumep, «OKUCIIEHHWE W BOCCTAHOB/IEHHE.ISN»), U HAXKaTb COXPaHHTb.
lpumeyarue: B nmeHn coxpaHsemoro aina MOXXHO HCMONb30BaTb KUPUAULY (pyc-

cKkue ByKBbl).

2. 3akpbiBaeM okHo Koncmpykmopa, nossnsetca OziaBaeHue nocobus. Ecnm tematu-
UECKHWI 3KpaH Bbln CHOPMHUPOBAH Kak OTAE/bHbIM MOLY/lb, TO OH ByeT HaXOAWTLCS B
TOM NOC/IeA0BATENbHOCTH, B KOTOPOK BObll yCTAHOBNEH NpW hopMupoBaHuu depeBa
OzsaBnerus. Ecnv TeMaTMueCcKuii 9KpaH SIBNSIETCS 3aKNaAKoH B MOy e, TO BbibepuTe
HOMEP MOLY/NIA U 3aKNafKH, rae OH Bbll cchopMUpOBaH.

Mpu NoBTOPHOM 3anycke Nocobusi HeoHXOAUMO:

1. BowTtu B pabouee okHo KoHcmpykmopa v HaxaTb 3azpy3sume.

2. Bbibpartb cepuio «HarnsgHoro nocobusi», B KOTOpoM Bbl CaeNaHbl U3MEHEHUS, U Bbl-
BpaTb M3 NOSBMBLLErOCS CMMCKA HYXKHbIN chaii.

3. Haxatb Omkpoeime.

Ecnn nonb3osartento HY>KHO UCMO/Ib30BaTbh CPOPMHUPOBAHHbIN (hai/l He Ha CBOEM pa-
6oueM KoMMbloTEPE, TO HEOOXOAWMO €ro CKOMMPOBATb HA CbEMHbIM HOCHUTENb U BbINO-
HUTb CieaytoLL e AeNCTBHS:

1. CkonupoBaTtb CO CbEMHOro HOCUTENS (Pai C CO3[aHHbIM TEMaTUYECKUM IKPaHOM Ha
KOMMbloTep.

2. Otkpbitb KoHcmpykmop nocobus.

3. 3arpysuTb CKONWPOBaHHbIN hak.

Brumarue! 3arpy3nTtb MOXHO TOJIbKO Te ¢haiibl, KOTOpbIe OblsM CO3AaHbI B aHANOMMY-
HOM MO Ha3BaHWIo nocobuu. Hanpumep, ecnim akpaHbl co3pasanuch B Nocobun «Duanka
7%, TO MX MOXKHO OTKPbITb TOJIbKO B MOCOBUSIX C TAKUM Ha3BaHWEM.

11. 3nu3oabl YPOKOB

11.1. YpoK maTeMaTUKM.
Mpadumk KBagpaTt4HOM GYHKLUH

Axmyanuzayus 3HaHUU
. Kakoe ypaeHeHuWe Ha3biBaeTcs KBagpaTHbIM?
. Kak onpegen1tb KopHU KBagpaTHOro ypaBHeHUs ?
Bcerga i kBagpaTtHoe ypaBHeEHWE UMEET KOPHU?
Kakas dyHKLMA ABNsSeTCs KBagpaTHUHOW?

AW =

Mpadhmk KBagpaTUUHOM OyHKLMK Npu k # 0 HasbiBaeTcs napaboow.
Paccmotpum doyHKumio iy = kX2
O6nacTblo onpefeneHust 3Tol PyHKLWKU ABNAIOTCA 3HAYEHUS X, €OAUHCTBEHHBIN HYJb

atou doyHKumu x=0.
| 37 I
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11. 3nu3006! ypokoB

Keapgpatuunas dyHkuus
paduk kKBappaTUiHON dyHKLMM (1)

1

2

y= 1-x

-9 - 0 9
et rr e

0)

~L]

T

TPADYIK ®YHKUMU y = Ia® (k#0) — TAPABOJIA
C BEPLUNHOW B HAYAJIE KOOPAWHAT;

OCb CUMMETPUN MAPABO/IbI - OCb 0y,

BETBW MAPABOJ1bl HAMPABJIEHb!

MPU k> 0—-BBEPX

MPU k< 0-BHU3

CsovicTsa:

1) D(f) = (~o; +)

2)y=0npux=0;y>0nmpu x#0

3) y = kx— HenpepbiBHas PyHKLYS (T. e. e€ rpaduK — CrIOLLUHAs JMHNS,
KOTOPYIO MOXHO Ha4epTUTb, He OTPbIBast KapaHaaila oT Oymars)

4) yuam =0 ; Yuav6 HE CYLUECTBYET

@

PR

5) @yHkums y = kn? Bo3pacraert nipu x >0 u yobiBaeT npu x <0

BbicTaBnsiem Ha akpaHe hyHKUMIO y = 1% C NOMOLLbIO 3HauKa .

Mpu k> 0 cbyHKuMA yBbiBaeT Ha x < 0 1 Bo3pacTaeT Ha x > 0.

x = 0 sBNseTCs MUHUMYMOM (PYHKLUH.

O6n1acTb 3HaUEHHWI (PYHKLMK B 3TOM Crlydae ABnseTcs npoMexxyTok [0, +w).
Mpu k < 0 cbyHKUMA Bo3pacTaeT Ha x < 0 1 ybbigaeT Ha x> 0.

x = 0 sBNseTcs MaKCUMyMOM DYHKLMU.

O6nacTb 3HaueHUM hyHKLIMK B 3TOM Cllydae SBASeTCs NpoMexyToK (—w,0].

@KBHA]}ETM‘!HEE DyHKUUA
paduk kBagpaTNIHOM GyHKLUMKM (1)

1

y= -1-x

0}

\
\
\ /
\
\

)
[

I

2

0 1 9
L I A O R A AR B |

4 TPADUIK ®YHKUMN y = I (k # 0) — TAPABOJIA
C BEPUINHOM B HAYAJIE KOOPAUHAT,

\ | OCb CUMMETPUU INTAPABOJIbI — OCb 0y;
BETBW NMAPABOJ1bl HAMPABJIEHb!

/
/
/ IPY k> 0-BBEPX
/ I I NP k< 0-BHU3
i

CsovicTsa:
1) D(f) = (~o; +e0)
12)y=0npux=0;y<0npu x#0

4) Yuaus =0 ; Yuaum HE CYLLECTBYET
5) @yHkums y = kx* BospacTaet npu x <0 u y6biBaeT npu x >0

3) y = kx>~ HenpepbiBHast PyHKUMSI (T. €. €€ rpaduk — CrOLIHAS INHYS,
KOTOPYIO MOXHO Ha4YepTUTb, HE OTPbIBAs KapaHaalLa oT Oymary)

@
@
®

®J

e« # 0l E E

BHauane HaxkmuTe ans ouKcaumun pyHKUMK iy = 122 KHOMKy @

BbicTansiem Ha akpaHe yHKumIo y = — 122

Ipadpmk dpyHKUMK F(X) = ax® + bx+ ¢ nerko nocTpouTb U3 rpadouka yHKUMHK £(x) = k?

2
b D
reoMeTpUYECKUMU NPeobpasoBaHUSMH, UCMONb3Ya hOpMyy Y :a(x+—] ~ 1
a

2

2a
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Lins 3TOro Hy>KHO pacTsHyTb rpacuk B @ pa3 ot ocu Ox, Npu HEOBXOAUMOCTH OTPA3HB

€ro OTHOCUTEJIbHO OCH a6u,ucc.

D
CmecTuTb nony4yuBLUMAUCA rpad)m( Ha 7 BJIEBO U Ha T BHHU3 (ech KaKoe-Mbo U3 aTUX
a a

4yucen MeHblle Hynd, TO COOTBETCTBYOLLEee CMEeLLEHHUE HY>KHO NPOU3BOOUTb B NPOTUBO-

MOJSIO>KHYIO CTOPOHY).
Hanpumep, f(x) =22+ 8x+ 4.
OTKpbiBaeM BTOPOW TEMATUUYECKHH 3KPaH MOLY/Is U YCTaHAB/IMBAEM

pPaMeTpbl 4N14 nocnenoBaTtesibHOro U3s1I0XKeHHUsa Mmatepuana:

HeO6X0ﬂ,MMbIe na-

KeapgpatuuHnas dpyHkums

5|

paduk kBagpaTnUHHON GyHKLUMN (2)
KBALIPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, «
TAE a, b, ¢ — TPOV3BOJIbHBIE YUGTIA, MPUYEM a # 0 o
b\?, dac—b*
FPADVIK DYHKLMN y:ax2+hx+c:a(x+z)+ =0 _MAPABONIA @
KOOPIMHATHI _
BEPLUMHH( 2%; 4112;“) OCb MAPABObI * =75,
MAPABOJTbI
| [ a:-lol\\I-FI\\I?IO\IISI\\IH(
\
-10 -5 0 5] 10
\\ ,’ b=t T v
\ [ ‘
_ -10 5 0 5 10 =
Vi C= 1Ll ritrll ‘ [ A A |
1. 0 el
% Aa
y=2-x2+ 0 x+(0)
E = @ o
~~,
2 7)
]
y=2~(x+ 0)— 0 @@3'
J)
nepsas nosuvuma a=2, b=0,c=0
KeapgpatuuHas dyHkuus
paduk kBagpaTUHHON GyHKLMK (2)
KBALPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, “
TAE a, b, ¢ — TPOV3BOIbHBIE YUCTIA, MPUYEM a # 0 o
FPADVK OYHKLMN y=a?+br+c=a (x + 2%) + 4“2; B APABOMA @
KOOPZMHATHI ) _ b
BEPLLIVHbI (,2%; 4112;“) OCb MAPABOBI * =75,
MAPABOJTbI
| [ a:-lol\\I-FI\\I?IO\IISI\\IH(
\
| -10 -5 0 5 10
“ \\,',’ b=||u|||u|||u|||\©||
A} ‘
\ ="l 5 0 5 1 =
\ N | [ ‘ [
& Aa
|| = 2+ +
R y 2 X 8 -x ( 0 )
o - @ -
VA, S 2 @ @
y=2-|x+ 3

BTOpas nosvuus a=2, b=28,c=0

E2
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KeappatuuHas dpyHkums
paduk kBagpaTNHHON GyHKLUMN (2)

=5

KBALIPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, “
[LIE a, b, c— TPOU3BOLHBIE YAGTA, TPUMEM a # 0 o
b\?, dac—b*
FPAGVIK OYHKLMN y:ax2+hx+c:a(x+z)+ =7 _MAPABONIA @
KOOPAVHATEI b
Bé‘,MMHbl (,A; 4116472) OCb MAPABOJTbl ¥ ==75-
NAPABOMEI + 24 44
ll | " [ az-lol\\l-lsl\\l?l \||5|\\|1(|)
L 6
-10 -5 (4] 5 10
\\ ,’ b=||u|||u|||u|||\©||
\ [ ‘
N 0= [T - - =
N1/ [Ne]
/A e @ A.Ja
y = 2 -x%+ 8 -x+ 4 —_
; y 9
= —
= =3 o
y=2 -(x + 2 ) - 4 @ 2
J)

TpeTba nosvums a=2, b=28, c=4

Mocne obbsAcHeHUs ydyalwmmca npennaraetca 3afgaHue: NoCTpoUuTb rpad)MKM KBagpa-

TUYHOM PYHKLMMK.
Hanpumep, f(x) = —2x*+8x+ 2, f(x) =12+ 4x+ 3.
Mocne BbINONHEHHOM PaBOTbl NPOBEPKY MOXKHO MPOU3BECTH C UCMO/Ib3OBAHUEM TEMa-

Thueckoro akpaHa Ne 2.

f(x)=
a=-2
b=38
c=2

Keagpatuunas dyHkuma

paduk kBappaTNHHON QYHKLMN (2)

=5

KBALIPATUYHAS (PYHKLVS — 3TO GYHKUMSA BUIA y=ax + bx +c,
TAE a, b, ¢ — TPOU3BOJIbHBIE YACA, MTPUYEM a # 0

_ _ b2, dac—b*
TPAGUK GYHKUMN y=a+bx+c=a (x + 2) + 32— NAPABOIA
KOOPLMHATEI o _ b
BEPLLIVHbI (,2%; 4ﬂi‘;b) OCb MAPABOMBI * =~ 75,
TMAPAEO/TbI

Q

o

K

i
[ |l| y= -2-x2+ 8 -x+ 2
J

|

_ -0 -5 0 5 10
= ||u|||\®|||u|||u||

\ -10 -5 0 5 10
\\ b: IIHIIIHIIIHIII\@II
_-]o -5 ? 5 1
- Lrrrrrrintd I@\IIIHI

3

«
L4
@

OfS)

o 4 8 [l & [E L

—2x*+8x+2

g
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Keappatuunas dpyHkums
paduk kBagpaTNHHON GyHKLMN (2)

KBALPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c,
TAE a, b, ¢ — TPOU3BOJIbHBIE YACA, MPUYEM a # 0

2 ~_ )2
FPADVK OYHKLMN y=a?+bx+c=a (x + 2%) + 4“211 B APABOMA
KOOPAMHATHI o _ b
BEPLLIVHbI (,%;‘mimb) OCb MAPABOJTbl ¥ ==75-
MAPABOJTbI
\F [ . -5 0 5 19
- Ll [
\ N ®
-10 -5 0 5 10
\\\ /’ b=||u|||u|||u®||u||
\ \/ / _ 10 5 0 5 10
a 1, C= il [N
2 ®

=

y= 1-x2+ 4 -x+ 3
=
2
2 )= 1
@

y= 1 ~(x+

(OIS
o t3MEE

«
L4

flx)=122+4x+3

a=1
b=4
c=3

Pa6oma ¢ mecmamu [NJ (¢ 1 no 6).

MoxHo pacneuvataTb (&) Kak pa3faTouHbli MaTepuan, a 3aTeM NPOBEPHTb Y JOCKH

(&)): camo- nnu B3aumonposepka.

Keappatuunas dpyHkuus
BbinosiHuTe 3agaHns

-

y =x2+ 3. YKaxuTe 3TOT PUCYHOK.

AL /

EEnaEE Ims

Ne5. Ha ogHOM 13 prCYHKOB M3006paxeéH rpaduk GyHKLMN

=2E

LU 6 )

- 4 $ [l ¥ [E L

€

o~
=
=

!g@wwa%

J

[TocmaroBka fomawrHezo 3a0aHus.

)
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11.2. YpOK XUMHUM.
CBoicTBa 6€/IKOB U UX NPUMEHeHUe (geHaTypauus)

Mepen Hauanom paboTbl BCMOMUHAEM W OBCYXKXOAEM MOHATHS, TEPMHUHbI, 3aKOHOMEP-
HOCTH, CBSi3aHHbIe CO CBOMCTBaMU W CTpOeHHeM besika.

MNepen yueHWKamu cTaBsTCA BONPOCHI:

MO>KHO /K HapyLWKTb cocTosiHWE Benka?

Kakoe siBneHue HasbiBaeTcs AeHatypauuen?

Jlenamypayus — npouecc paspylieHus CTpyKTypbl 6enka. MpuunHamu siBnstoTcs
COJIM TS>KENbIX METAJI/IOB, HarpeBaHue, U3JslydeHWe, MexaHM4YeCcKoe BO3[eUCTBHE.

Kakue nnst atoro Heo6xoanmbl 060pyLoBaH1e U peakTHebl?

DopmynupyeTcs Lesib paboTbl, COCTABAAETCA NNaH JeMCTBUM (3anuch B TeTpaasx).

Mpuctynaiot K HabAOAEHHUAM U UCCNELOBAHWIO B3aMMOLENCTBUS Benka ¢ pacTBOPOM
HWTpaTa CBWHLA, CNMPTa U NPU TENJIOBOM BO3LENCTBUM.

Ceov HabiofieH1sl yUeHUKH 3arnucbiBaloT B TETPadb.

&

MOMOLLb operka

Vccnepyiite BansHue
pasHbIX PpaKTOPOB Ha Genok.

hacTBop
aTa CBUHLIA

Ha 3KpaHe 3KCNePUMEHT NO UCC1ef0BaHUIO BJIMAHUA Pa3/IUYHDIX (*)aKTOpOB Ha 6enokK.

Mepsbiit 3Tan. Tennosoe Bo3aeicTBUe Ha HeNOK.

topona

pacraop
arpara comia

8

cpr

ropenia

» @z

Mpu HarpesaHuK NPOBHUPKK C PacTBOPOM AWUHOro Benka B Hel nosensioTcs Gesble
xnonbs. KuHetnueckas aHeprus, coobuiaemas 6enky, Bbi3biBaeT BUOpaLuIO ero aToMoB,
BCNECTBHE yero cnabble BOJOPOAHbIE M MOHHbIE CBS3W pa3pblBaloTca, U 6eoK cBepTbi-
BaeTcs (Koarynupyet). Ha cKopocTb M MHTEHCMBHOCTb Npouecca TEnI0BOH AeHaTypaLmH
oKasblialoT 6o/blioe BausHWe pH pacTBopa M NPUCYTCTBUE 3NEKTPOIUTOB.

Yualpeca usyyaiot KpaTKyio yuebHyo HHGOPMaLHMIO O MPOUCXOASALMX U3MEHEHUSX B
CTPyKType 6esika Ha MONeKyNSAPHOM YPOBHeE.

()
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Bropoii atan. BnusHue pactsopa Tsxenoro metanna Ha 6enox.

Ha npumepe pacTBopa HUTpaTa cBMHLA

ropona

pacrsop.
irpara coa

8

anpr

pacraop pacraop
wTpara comna iTpara conna

&

cnpr

» @)

B aTOM cniyuae peHatypaums 6eska Bbi3blBaeTcs aacopOumer MOHOB TSXKeNbIX MeTan-
NIOB Ha NOBEPXHOCTH BENKOBbIX MONIEKY C 0OPa30BaHUEM HEPACTBOPUMbBIX KOMMJ/IEKCOB.

MonoXKUTENbHO 3apsiXKEHHbIE MOHBI TAXKENbIX METanoB (KaTMOoHbl) 0BpasytoT npou-
Hble CBSAI3U C OTPULATE/IBHO 3apS>KEHHbIMW MOHAMHK W YaCTO BbI3bIBAIOT Pa3pblBbl MOHHbIX
ceazei. OHW TaKXKE CHUXKAIOT J/IEKTPHUUECKYIO NONSAPU3aLMIo Benka, yMeHbLuas ero pac-
TBOPUMOCTb. Yualrecs U3ydatoT KpaTKyto yuebHyio MHopMaLmio 06 NPOUCXOAALLUX U3-
MEHEHHWAX B CTPYKType Benika Ha MONeKy/IIpHOM YPOBHeE.

TpeTtuit atan. BnusiHue opraHuueckoro pacteopurens Ha 6enok.

Ha npumepe cnupTa

ropona

pacrsop.
irpara coa

8

anpr

ropona

pacraop pacraon
wirpara comesa wirpara comesa

cmpr cmpr

» @) » = »@e

OpraHuyeck1e pacTBOPUTENH paspyLLatoT ruapaTHyto 060n0uky 6eska, 4To NpUBOAUT
K MOHUXKEHHIO €ro YCTOMYMBOCTH W BbINageHHio 6e/ka B ocafok.

LnnTenbHbIl KOHTaKT Benka co CNMPTOM NPUBOAMUT K HEOBPaTUMON AeHaTypauuu.

Yualueca usyyatoT KpaTKyto yuebHyto MHopMaLmMio 06 NPOMCXOAALMX U3MEHEHUAX
B CTPYKType Benika Ha MONEKYISPHOM YPOBHE.

MNepen nogsefeHUeM UTOrOB UCCNIEQOBAHUS MOXKHO PAacCMOTPETb NOJIOXKHUTESbHbIE U
oTpULaTENIbHbIE CTOPOHDI SIBJIEHUS AeHaTypauuu B BUAe AoKNafos. [loknaapl yueHukamu
roToBATCs 3apaHee (2—3 yyeHuKa U3 Kfiacca).

Bo3MoXkHble TeMmbl:

1. Wcnonb3osaHue feHaTypauuu B MeauLMHe (CBOWCTBO BE/IKOB CBA3bIBATb UOHDI TSXKe-
NibIX METasI/IoB UCMO/b3YeTCs B MEAULMHE NPU OKa3aHWW NepBOW NOMOLLU NOCTPAAAB-
UMM OT OTPABJ/IEHWSI CONISIMU MELH, CBUHLA, PTYTH).

2. TlpUUMHbBI CTAPEHHSA U TMBENU XKUBbIX OPraHU3MOB.

O6uwire BbIBOADI MO MCCNEROBAHUIO (OTBETbI HA BOMPOCHI):

1. Yto sBMNOCH NpUUMHOMN aeHaTypauun?

2. Yrto npousoLusio B pe3ynbTaTe geHatypauun?

3. O6patuma 1 gaHHaa geHatypauus?
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11.3. YpoK PU3UKU. IKcnepumMeHTalbHana 3aja4ya

Llesnv ypoka: onpepenvTb yaenbHyO TENNOEMKOCTb BELLECTBA, M3 KOTOPOro chefaH
UHMAWHAP.

Mpexxae yem NPUCTYNUTb K BbiNOJHEHUIO paboTbl, cneayeT obCyauTb C ydalUMUca
OCHOBHOE MOHATHE — «yfAesibHas TennoémkocTby. CornacHo onpeneneHuto pazobparbcs
B H606XODMMOM 060py,D,OBaHMVI Y OLUEHWUTb BO3MO>XHbl€ NOrpeLlHOCTHU B NOJTy4YEHHbIX pe-
3y/ibTartax. 3aTem NPUCTyNaTh K PELUEHHIO U aHaNn3y HabIloAaeMbIX SBAEHWH.

OrtkpbiBaeM TeMmaTuueckuit akpaH «OTMPEAENEHUE YIEJIbHOW TEMJIOEMKOCTU
BELLLECTBA».

BO TEMJI0Thl. Y, &l b M TENJIOTA CropaHust
Onpegenexue yaenbHON TenIoEMKOCTU BELLEeCTBa
: (

® ® "

62,4r 46T

= ~ k-
D@
TeMnepaTypa 50 .19 o 10 20 30 40 50 60 70 8o 9o [ Ml
Tena Aa
D
|

TemMnepaTypa 3o 40 50 60 70 80 90
BOA,,LD..‘m‘....‘u.‘....uu.‘....\ =
«

o6bem 15 20 25 30 35‘
LASLL L L L | 2

BO,ELI:IIVIIICD

. Ha tematuuyeckom akpaHe BbIOUPaEM LUIUHAD.

YcTaHaBnMBaeM HauanbHytO TemMnepartypy As LUAUHAPA U BOLb.

YcTaHaBnMBaeM 06bEM BOLbI B MEH3YPKE.

YcTaHoBHB Kypcop Ha BbIOPaHHbIM LMAMHAP, NEPEMELLAEM ero B MEH3YPKY W Habto-
[aeM 3a NpoLieccoMm.

AN

KonuuecTeo TENNOThI. Ynenbnasl TEennoéMKOCTb M TENoTa cropaHus
OnpegeneHne yaensHoM TeMNoEMKOCTU BELLECTBa

[
| 2
L
13
g
© @ 6 @ "Er
v
62,41 46T O
o
2@ =
TEMNePaTyPa 50 .10 0 10 20 30 40 50 60 70 80 90
RCRENN S s s i uat i s s w9
TeMnepaTypa 3o 40 50 60 70 80 90|
:§ BOA! T T T T I T T T T T (| e
= 8
= 06bem 15 20 25 30 35‘ ‘;
U S Yo7 7 LI L L L L 2
Ll ]

5. TonyuyeHHble faHHble 3aNUcCbiBaeM B TeTpaib.
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SAOAYA

B kanopumetp Hanunu Boabl Temneparypor 30 °C 8 o6béme 20 mn. B Bogy onyctunm
unnnHap maccon 127,5 r, temneparypa kotoporo 20 °C, npu 3Tom TemMneparypa Bogpl CTa-
na 26,5 °C (yaenbHow Tenno€MKOCTbIO BHYTPEHHErO CTakaHa KafopumeTtpa npeHebpeub).

[aHo: AHanus 3agauu:
LUununpp LUunvHop oTHaéT HekoTopoe KOJIMYECTBO TensoTbl
m,=127,5r=127,5-10"kr |sope:
= ;0 OCO Q=c,-m - (t,—t,).
£, =26,5°C Boga nonyyaet oT uMAMHAPA HEKOTOPOE KOJIMYECTBO
?/O'D'azo 20 106 TEnoThl:
= M = . M

2 . Q=c,-m-(t,—t).
toz = 30 C 2 2 2 2 02
t,=26,5°C

¢, = 4200 L/ (kr - °C)

Haitn: ¢, — ?

I'Ipouecc nepenayn HEKOTOPOro KoJsindecCcTBa TeN/1I0Tbl OAHOIO Tesla APYyromMy Ha3blBa-
eTcsa TennoobmeHomM. B pe3ynbTaTe Takoro npouecca noany4yaem

Q=0,;

Comy - (G = 8) = ¢, my- (t, = ).

Tak Kak faH 06béM Bofbl, a HaM HeOBXOAMMa Macca, TO He0BXOAMMO BOCNOb30BaTb-
ca hopmyion

m, =V, py
rae naoTtHocTb Bogbl p = 1000 kr/m?,
Torga
cpomy - (b, —t)=¢, Vyop, - (8, — 1),
Pewenue:

. _4200-20:1000-(30-26,5) .,
' 127,5-10°(26,5-20)

MpoBepka eAnUHHUL, U3MEpPEHUS:

c :{ Dok -m® -kr-°C } Iox

kr-°C-M° -kr-°C

kr-°C

Ortset: ¢, = 354,7 [k /(kr - °C) — natyHb.

45

=)
-



11. 3nu3006! ypokoB

11.4. YpoK GU3UKMHU. naﬁgpaTopHan pa6ota
«ABMEPEHME YAEJIbHOU TENNOTbI NJIABJIEHUA JIbAA».
Pa6ouui nuct

paboTbl.
O byabTte ocTOpPOXHbI NPU paboTe C KUAATKOM W HarpeTbiM TENIOM.
O He pasnuBaite Bogy — BO3MO>KHbI O>KOTH.
O byabTte ocTopoXHbI NpK paboTe CO CTeKNSHHON nocynow (TepMOMeTp, CTakaH, MeH-
3ypkKa).
O PryTb, copepKawascs B TepMmomMeTpe, 408u1Tal
O CHumamTe gaHHble, He BbIHUMasi TEPMOMETP U3 KULKOCTH!
O Ha ctone He fOMKHO ObITb HUKAKUX MOCTOPOHHWUX NPeaMETOB.
KonuuecTBo TeNnoThl. Ynenbuan TEMJIOEMKOCTb M TEMJIOTA cropadusi
=% Onpepenerne yaenbHol TENI0EMKOCTH BELLECTBA
€«
. 2 o
= e @
e I
ol Q
& |
50 Mmacca
® @ ® @ v
62,4r 461
40
: o
30 @@
- TeMMEPaTyPa 50 .10 0 10 20 30 40 50 60 70 80 90
E Tena TR TE T T T T T T T g TR TR T T T TIT) Aa
B 20 @ Ad
i
E ) Temnepatypa 30 40 50 60 70 80 90
E Boﬂb@\\II\\\\II\\\II\\\III\\III\\I L3
1 @«
l = obbem 15 20 25 30 35‘ 5
— Bogpl M T T T T AT T T 1T T 1T 1 111 11 2
‘l O
Xog paborbi:
1. Onpepenute ueHy feneHus TepMoMeTpa.
2. Onpepenwute LeHY fefleHUS MEH3YPKHU.

dama

Lless: onpenenvtb yaenbHyto TENIOTY NiaBNeHus Nbaa.
O6opydoBaHue:

(yvawuecs onucsiBarom no 3KPAHY)

lMpaBuna mexHuku 6e3onacHocmu. BuumatenbHo npounTaiite npasuna.
OTmeTbTe Te npasuia, KOTopble HEOBXOAUMO coblofaTb NP BbINONHEHWUH LaHHOM

ua =
46
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11. 3nu3006! ypokoB

3. Habniopaiite npouecc Ha akpaHe (Ha MHTEPaKTUBHOM AOCKE).

KonuuyecTtBo Tennotsl. YaenbHasi TENMOEMKOCTb U TEMJIOTA CropaHust @

OnpepnenexHve yaenbHOM TEMNNOEMKOCTUY BELLLECTBA
«
. - L4
= e @
28 v
S 1
@ @ @ @ Macca
62,4r 46T
=6
TEMNEePATYPA 5 .40 0 10 20 30 40 50 60 70 80 90‘
Tena Bl T Aa
TEMNEPaTyPa 30 40 50 60 70 80 90
BO.D'M,,I;\\‘\\\l\\\\l\\\\l\\\\l\\\\l\\\\l‘ )
«
0o6beM 15 21 2! 30 35 -
BO,EI.bIl\\\\/W;\‘\\\\lwwwwlwwwwl 2
4. 3anonuute Tabnuubl.
Ta6auya 1
m, Kr C, D/ (kr-°C) o °C L8 °C
CTakaH BHYTPEHHHWH
W3BECTHa M3BECTHA
Ta6auya 2
m,, xr C, Ox/(kr-°C) t, °C t,, °C
Bopa
Tabauua 3
} m, Kr t, °C A, ok /Kkr
Nen

5. OnuwuTe npouecchl, NPOUCXOASLLME C BOAOW, CTAKAHOM U /1bAOM. 3anuLunTe pacyeT-

Hble pOpPMY/ibl ANt ITUX NPOLECCOB.

1)

2)

3)

4)

6. Kakoe siBneHuve bl Habnopaete?

A
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7. To paHHbIM NepBoOM Tabu1Lpbl paccunTanTe Q.

8. To paHHbIM BTOpOM Tab MLl paccunTanTe 02.

9. WM3o0 nbpa B npouecce nnaenenus obpasosanack Boaa. MNonbayscb gaHHbIMK Tabnuy 2
¥ 3, paccuuTanTe KoNMyecTso TennoTbl @, NoNyyeHHOe 3TOM BOAOH.

10. Ans Habnoaaemoro npotecca MOXHO 3anucats: Q, + Q, = Q+Q,rne Q=m -
Monyuaem chopMyny ans pacuyéta yaesbHOM TennoTbl NAaBAEHWUs Nibaa (YUeHWKH 3a-
MUCbIBAIOT CAMOCTOSATESIbHO).

11. Paccuntaiite yaenbHylo TenaoTy NiaefieHus fbja (yY4eHWKW BbIMOJHAIOT CaMOCTOS-
TEJNIbHO).

12. MonyyeHHbIH pesynbTaT 3anuwuTe B Tabauuy 3. CpaBHWUTE NONyYeHHOE 3HaUYeHHe C Ta-
61MLeN yaebHOM TENIOTbI N1aBNEHNUS BELLECTB.

13. Cpenaiite BbIBOL, U yKaXKMTe BO3MOXHYIO MPUUYMHY HECOBMAaLEHWUs PaCYETHbIX WU Ta-
BNIMUHDBIX 3HAYEHWI YAENbHOM TENNOTbI NIABIEHUS NibLa.

)
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11.5. Ypok 6uonornu. OnopHo-aBurartesibHas cucTtema 4ejioBeKa.
CTpoeHue Kocten

Llesu ypoka: NO3HaKOMMTb YUaLLIMXCS C COCTABOM U (PYHKLMSIMH ONIOPHO-ABUraTe/IbHOM
CUCTEMbI, CTPOEHUEM Y CBOMCTBAMM KOCTEMN.

XO[ YPOKA

O6vscHeHue HoBo2o mamepuaa.

Bonpocbl Kk yyawumcs:

— Yro Ham nomoraeT gsuratbcs?

— W3 yero »ke COCTOUT ONOPHO-ABUraTesIbHbIN annapar?

PaccmoTpuM dbyHKLMHK, KOTOPbIE BbINOHAET CKEET.

1. Onopa Tena W ckeneta — NPOSBASETCA B TOM, UTO KOCTH CKesleTa U Mblllbl 06-
pasyloT NPOYHbIM KapKac, NOALEP>KUBAIOLLMIM BHYTPEHHWE OpraHbl U He Al UM CMe-
Lwarbcs.

2. [iuratesibHas — OCYLLECTBASIET NEPEMELLEHHE TENA B NPOCTPAHCTBE.

3. 3awmTHas — 3awuLLaeTt opraHbl OT TPABM.

4. O6MeH BelecTB — B KOCTAX HAaXOOMUTCS KPaCHbIM KOCTHbIA MO3r, y4acTBYIOLLWI B
npoLeccax KPOBETBOPEHHS.

PaccmoTpum cTpoeHue KocTu.

=
g CTpoeHue, TNbI KOCTeN U ux coepuHenme (2) (_[o]x]
Makpockonuyeckoe CTpoeHMe KOGTU ﬂ
TUMbI KOCTEN - «
- Ld
, ronoeka Tpy6uatoi
KOCTH
lyG4aToe BewecTeo
@
MnotHoe BelwecTso @
HankocTHuua @
@
Cpentsis YacTb @ Aa
TpyGuaTOi KOCTM @
LY
OKEnTbIii KOCTHBIN MO3T @ -
2
=
g CTpoeHue, TNbl KOCTeN U ux coepuHenme (2) (_[o]x]
Mwukpockonmieckoe GTPoeHUe KOGTU ﬂ
TUMbI KOCTEN - «
o
HapkocTHuua \ @
O\ ly6uatoe
7 | £ BELECTBO
7 | KocTn
MnotHoe
BEWeCTBO ©
KOCTN V@
KocTHble @
° et |(3)
@
® =
KpoBeHoctbie " @
cocyap! =
W HepBbl @ «
2
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Yyaluecs 3aprcoBbIBalOT KOCTb M NOLMUCHIBAIOT €€ OCHOBHbIE YacTH.

3a CUET KaK1X BeLLecTB AOCTUraeTcsl MPOYHOCTb KOCTU? 3a CUET HEOpraHUYEeCKHX Be-
LLECTB — COJIEN KasbLus U dpocopa. PaccMoTprM BHyTpeHHee cTpoeHHe KocTH. Mocmo-
TpYM pparmeHT ubma.

Cr , TUMbI KOCTE# 1 UX coeuHeHue (2) (=) x] )
|CTpoeHue KocTeln J -]

=
Y

SIDIGISIOIOIS)
E]

=2 ¢ 3

Kakoe BHYTpeHHee cTpoeHHe UMetoT KOCTM? KoCTH NOKpPbITbl NIOTHOW COeAUHUTE b~
HOW TKaHblO — HaAKOCTHULEN. Y KaXKAOH KOCTH BbIGENSIOT KOMNaKTHoe (M1oTHoe) 1 ry6-
uaTtoe BeLLEeCTBO.

MoryT nu koctu pactu? B kakom HanpasneHnn? Koctu MOryT pactu B AJIMHY W TOJILLU-
Hy. B LnMHY OHM pacTyT 3a CUET AeNieHUs KNETOK XPSLLa, PACNOJIOXKEHHbIX Ha €€ KOHLaX.
3a cuéT feneHus KNeToK BHYTPEHHEro €105 HAAKOCTHULbI KOCTU PAcTyT B TOJILLMHY U 3a-
pacTaroT npu nepesiomMax.

Kak coeguHsiotcsa mexkay coboi kocTu B ckenete? MocMoTpuM dparMeHT dunbma.

g CTpoeHue, TUnbl KOCTel U UX coeguHeHue (2) igggh
Tunbl coOefUHEHUS KOCTEN [ ]
TUMbI KOCTEN - «
L4
@
CycTasHas]|
\ rosoBKa
e
HenopewxHoe
(MO3BOHKM KpecTLa, @
KOCTV Yepena) CycraBHas @
cymka
B
o Moasorkm o— Nz !
Ca_l) X @
Xpswesas o @ Aa
npocnoiika ¢ = o
.Y Cycrasras Xuposas
mé) KMUAKOCTb TKaHb @ Q
@ e
MopBrxHOE — CycTaBbl 1
MonynoggwxHoe (No3BOHKM) (1OKTEBOMA, KOJIEHHbIN 1 Ap.) 21

(50 )
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—
g CTpoeHue, TUNbI KOCTEli 1 MX COeaMHeHMe (2)
CoefvHeHue KocTen

B

SICICISICISIS)

g R A

MoskHo BblAE/IUTb TPU THUMa COeOUHEHUA KOCTeM: HenoABU>XXHOe, NonynogBHU>KHOE
noaBuU>XHOeE. nOCﬂe,D,HMIjI TMN CoegUuHEHUA Ha6mop,aeTc;| B CyCTaBax. J1o obecneunBaeT

NOABUXHOCTb KOHEeYHOCTEMN.

PaCCMOTpMM CTpOeHHWE CYyCTaBOB U ABUXKEHUE B CyCTaBax.

—
TPOEHIe, TUNbI KOCTeI! 1 UX CoeAmMHeHue (2)
CoefvHeHus cycTaBoB — 3D-monenu

2

@@@@@@@
B

g R A

@

—
CTpoeHue, TUNbI KOCTEli 1 MX COeaMHeHMe (2)
Buabl cCoeVHEHWI CYCTaBOB — Caia-Luoy.
[l

SICICICICISIS)
B

00000 @»

g R A
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Cycrae 06pa3syetcst KOHLAMK KOCTEH, 3aK/IIOYEHHbIMU B CYCTaBHYIO CyMKy. [lBrxkeHue
B CyCTaBax OCYLLECTB/ISIETCS MbILULAMH.
3apaHus Ha 3aKpensieHWe Mateprana MOXKHO NPeASIOXKUTb B TECTOBOMW hopMme.

g CTpoeHme, TUMbl KOCTEl 1 NX CoeauHeHue (2) HES
BbinonHute 3agaHus.
Al 4
Ne 1. KocTb 06pasoBaHa TkaHbio @ o
_ HepBHOW @ @
J snuTennansHom @
J COEVHUTESNILHO @
) MBbILLEYHO @
I
® |
o
«
992"
hd
g CTpoeHme, TUMbl KOCTEl 1 NX CoeauHeHue (2) HES
BbinonHute 3agaHus. -]
Al
Ne 2. T110CKOI KOCTbIO SIBNSIETCS @ o
@
» 6GenpeHnHasa r@
2 nonatka @
2 MO3BOHOK @
J nokrtesast
©) -
® |
o
«
992"
hd
—
g CTpoeHue, TUMbl KOCTEl 1 Mx coeauHerme (2)
BbinonHute 3agaHus.
. Al
Ne 3. MyBuaTOI KOCTbIO IBNSETCSA @ o
O nokrtesast @ @
-
D MO3BOHOK ©)
 Manas 6epuoBsast @
J KOCTU cBOJA Yepena @
I
®
o
«
992"
hd

(52 )
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CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2) BER
I BbinonHuTe 3agaHus. ™ ]
N Al
Ne 4. HemnomBmXHOe COeAMHEHWE KOCTe JocTuraeTes @ o
obpasoBaHuem @

0 WwBOB @

0 XPSLLEBbIX MPOKIAA0K @

_ COEMHEHVS KOCTE C MOMOLLBIO XPSALLEN @
J CycTaBoB @ I
ok
o
«
5"

v

CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2)
Bbimonxute 3apgaHus.

PN
Ne 5. MoaBMXHOE COEAMHEHNE KOCTeN 4OCTUraeTcs @ o
obpasoBaHuem @
J CyCTaBOB @
0 XpALLEBbIX NPOKNALOK @
o . 7
_ COEOVHEHWsI KOCTEN C MOMOLLbIO XPSLLEN @
J weoB @ -‘
ok
o
«
58"
v

CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2)
‘ Bbimonxute 3apgaHus.

Ne 6. Ckenet obecnednBaeT Teny 5 o
_ BCe HasBaHHble YHKUUN @ &
o onopy @

coxpaHeHnune pop @
J XPaHEHN Mbl
©,
0 3almTy BHYTPEHHMX OPraHoB r@ ;
@ N
@ Q
«
599"
V|

g
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11.6. Ypok 6uonorun. CKener 4yesioBeKa

Llesu ypoKa: U3yunTb CTPOEHHE CKeNeTa YenoBeka.

XOA YPOKA

ObvscHeHue HoBo2zo mamepuaa.

Bonpocbl k yyawumces:

— BcnomHuTe M3 Kypca 300/10rMM OCHOBHbIE OTAE/bl CKesleTa MieKonuTatoLwux. Mo-
npoObyiTe Ha3BaTb OCHOBHbIE aHAIOTMYHbIE OTAESbI CKE/IETA YEIOBEKA.

CkesneT 4enoBeKa [e/IMTCS Ha TP OCHOBHbIE YaCTH: CKE/ET rofIoBbl, CKE/IET TY/IOBULLA,
ckeneT KoHeyHocTew. [locMoTpuTe Ha aKpaH.

9| CTpoenue, Tunel KocTel U ux coepuHenue (1) HQQQ
CKeseT YenoBeka 6
o S @ “w
KoCTH | KoCTH o7
Bucounan
oo @

xooTs
seprieseniocTHan
xocTs
ay6ui

@) coynosan
- xocTs
WENHBLIA

oTAEN @ HUXHEeniocTHas
M03BOHOYHIKA KoCTb,
samenounan
o @ @ Yoo
nnevesan 2 ® nonanca
oors @
pétpa 7
rpyanva (0 MOSICHUYHBIN @
o
Koot NOBBOHOMHVKA @
npeanncubn T
KoeTH KuCTH
[PYAHOW OTAEN " @
no3soHOHIkA & ECTHOBA ]
NOBBOHOMHMUKA @ Aa
Tasosue (7
KOMYMKOBBIN
) &
Genperran MO3BOHOUHMKA
e =
apkonenmas X
wwanan Gapuoas 2
KOGTU FoneHm KOCTM CTONL! @ 2)@]]
CTpoeHue, TUMbl KOCTe U ux coeguHenve (1) IQQQP
Ckenet [}
“«
v
a7

L

DISISICICIS
\EA

onm @)

]
—

Ckenet ronoebl — yepen.
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PaCCMOTpMM OCHOBHbIe OTAeNbl Yepena: MO3roBow U ﬂMLJ,eBOle. 3anuvem B TeTpagb,
KaKUWMU KOCTAMU 06pa3OBaH MO3roBoM 1 ﬂMLl,eBOl:i OTAeIbl Yepena.

J

9| Ctpoenue, Tunb! kocTel u ux coegutenve (1) BE
CTpoeHue Yepena

o
=
=

2

DIGICIOICES)
S 30 [E

S
—

@)

Yepen BbINOMHSAET: 3aLMUTHYIO (PYHKLMIO — 3aLLMLLAET OT BHELLHWX NMOBPEXAEHWH ro-
JIOBHOW MO3T W OpraHbl YyBCTB, ONMOPHYIO — K HEMY KPENSATCS MbILULbl IULA.

OcHoBHble OTAENbI CKe/eTa Ty/IOBULLA — 3TO rpyAHas KJeTka U No3BOHOYHHUK. Mocmo-
TPUTE BULEOPOJIMK U OTBETbTE Ha BOMPOC: Kakasi 0COBEHHOCTb B CTPOEHWH MO3BOHOUHUKA
CMsIr4aeT TOIUKM NpU Xofbbe, Here, npbikkax? PaccMOTpUM, U3 KaKUX OTLEIOB COCTOMT
NO3BOHOYHMK.

J

CTpoeHue, TUNbI KOCTEV U UX coeguHenue (1) aE
CTpoeHme MO3BOHOYHUKA

o
=
=

2

(B

DISISIGICES
S & 3l

S
—

@)

PaccMoTpumM, KakuMK OTAenamu npeacTasieHa rpyaHas KaeTtka. 1o rpyauHa, pebpa
(12 nap), pebepHbie xpswu. [pyaHas KneTKa BbINOAHAET PYHKLUWK: 3aLUUTHYIO — 3alliu-

&2
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WaeT cepaue, Ierkue, KpyrHble coCyAbl U Apyrve opraHbl OT NOBPEXAEHUH, ONOPHYIO -
CNY>KUT MECTOM NMPHUKPENIEHUS IbIXaTe/IbHbIX MbILLL,.

g CTpoeHue, Turbl KOCTeN U ux coegutenue (1) !gggp
CTpOeHMe FPYOHOM KNeTKu

=

SIOISIOIOYS
> ¢ 30l

58
S

En OO

3akpenneHue 3HaHUK NPOBOAWTCS B NPOLIECCE BbINOJIHEHUSI MHTEPAKTUBHOIO 3aiaHus
«Cobepu ckenet BepxHEH KOHEUHOCTHY.

g CTpoeHue, TUNbl KOcTel u ux coeguHexue (1) lgggP
Cob6epu Mofesb BEPXHE KOHEYHOCTU YesI0BEKA:

=

‘%

DIDISIOIOYS
> ¢ 3l

58
S

=AOLOL

MpoBepKa yCBOEHUS yUaLLMMUCSH OCHOBHbIX 3HAHWH NPOU3BOAMTCS NPH NOMOLLM WHTE-
paKTUBHOM Tabnuubl.

56
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Cr , TUNbI KOCTel U ux coeauHenue (1)
Ckener 4yenoseka

(_lofx]

4«
4

[DIGISIOIOIS)
£ 3 fil X &

OC

2@]

Tak ke MOXXHO npennoXX1Tb ydyalwMMcs BbIMOSIHUTb TECTOBbIE 3a4aHUA U OTBETUTb Ha

BOMPOCHbI.

Cr , TUNbI KOCTel U ux coeauHenue (1)
BbinonHure sagaHus.

Ne 8. 0 4MCy NO3BOHKOB CaMbIM KPYMHBIM SBSETCS OTAEN

 MNOSICHNYHbIN
KPEeCTLOBbI

rpyaoHou

LIeHbIV

o8

4«
4

NGEONOICICICICIOIOIGL

Cr , TUNbI KOCTel U ux coeauHenue (1)
BbinonHure sagaHus.

Ne 11. OTBETbTE Ha BOMPOCHI:

(1) Kakve Tunbl kocTel pasnuyatoT no dopme
n GyHKUMaM?

(2) Kakoe cTpoeHue umeeT TpybuaTasi KoCTb?

(3) Kakue KoCTU OTHOCHT K ryGyaTbiM, a kakue —
K MI0CKUM?

(4) Kakve cyLLecTBYIOT TUMbI COEOVHEHNS KOCTER
1 KaKoBbI MX pasnuyms?

NS ISECIOICICIOIOIOION

(57 )




12. lpunoxerue

12. MpunoxkeHue

12.1. NMepeyeHb UHTEPAKTUBHbIX NOCOOUI N0 PU3UKe
cepun «HarnapHas wKona»

1. ®wusuka. 7 knacc
2. ®wusuka. 8 knacc
3. ®wusuka. 9 knacc
4. JOneKTpoMarHWTHbIE BO/HbI
5. leomeTpuyeckas v BOJIHOBas ONTHKA
6. KeaHToBas chusmka
1. SpepHas dpusnka
8. 3Jsonoumsa Becenennown
9. KuHemaTvKa M juHaMuKa. 3aKOHbl COXpaHEHHS
10. Cratuka. CTO
11. MexaHuueckne KonebaH1a 1 BOJHbI
12. MKT v TepmognHamuKka
13. dneKkTpocTaTiKa U aNeKTpogMHaMUKa
14. TlocTosAHHbIN TOK
15. MarHuTHOe nosie. DneKTpoMarHeTuam
12.2. CopepxaHue pucka «feomeTpuyeckan U BoJIHOBas onTuka»
YcnoBHble 0603HaYeHUs
ZononHuTeNbHble MaTepuabl K 3KpaHy
3% — WHTepakTWBHas Mogenb
— T1abnnup
@ — yBe/IMueHue pparmMeHTa, LONOJIHUTE IbHAs MH(DOPMaLMS
UHTepaKTUBHbIE 0BGbEKTLI Ha IKpaHe
§) — WHTEPAKTUBHOCTb
&, — aHumauus
Iy — 3D-mogens
TabuLibl KO BCEM TEMATUYECKUM 3KpaHam
1. Mpuctasku CU gns 0603HaYeHUs KPATHBIX U LOJIbHbIX €AHHUL,
2. DUsnueckue NoCTosHHbIE
Ne akpaHa TemaTtHueckuii Mopy/ib / 3KpaH
1 MpuHuun MNoiirenca. OtpaxeHue BosH (1)
1.1 BosnHa Ha noBepxHOCTH skuaKocTH. MpuHumn MNokreHca
1.2 OtpaxkeHue cBeTa. Bo3HWKHOBEHHE OTPaXKEHHOM BOJHbI
1.3 OTparkeHue cBeTa
=
1.4 OtpaxeHue BonHbl (3,
a7
1.5 3aKoH oTpaxkeHHa (3,

58
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12. lpunoxerue

Ne akpaHa Temaruueckuii Mopysib / aKpaH

1.6 OtpaskeHue BOJIH W norioleHme BosH G,

1.7 OtpakeHue CBETA OT 3epKasibHOM noBepxHocTH (3,
2 MpuHumn MNolireHca. OTparkeHWe BosH (2)

2.1 la sepkana %,

2.2 OtpaéHHas BosiHa

2.3 3epkanbHoe W paccesHHOe oTpakeHHe ¥

2.4 OtpakeHue iyya OT BbIMYK/IOTO U BOTHYTOTO 3epKana yf
3 U3obpakeHue npeameTa B NJIOCKOM 3epKane

3.1 Nyy nasepa @3,

3.2 Tenb &,

3.3 Monytenb T3,

3.4 TeHb fepesa ¥

3.5 MN306parkeHne TOUKH B 3epKasne

3.6 UN3ob6paxeHne npegmeTa ‘Q\)

3.7 N3obpaskenne Touku B ABYX 3epkanax )

3.8 CeolcTBa U306paskeHHa B NIOCKOM 3epKase @0

1% N3o6parkeHue B N10CKOM 3epKase

4 MNpenomnenue ceeta

4.1 Mnockas BosiHa Ha rpaHuLEe pa3pena ABYX Cpes,

4.2 3aKoH npesioMeHus ‘Q\)

4.3 lNpenomneHue cBeTa niockonapanieibHoW NaacTMHOM ‘Q\)

4.4 Nsobparxenne npeameTa npu npesomneHuk Y

4.5 AdppekTbl NpenomaeHus

4.6 3akoH npenomnenns G,

4.7 lMpenomMmneHune BoMH Ha rpaHuLLe ABYX Cpef, ‘@0

4.8 MnockonapannensHas nnactuHa (G,

4.9 OT uero 3aBUCHT cMelLeHKe nyya? ¥
5 MonHoe BHyTpeHHee OTpaXkeHHe

5.1 MNonHoe BHYTpeHHee oTpakeHue

5.2 Xog nasepHoro fiyua B Boge

5.3 Mpu3ma NosHOro BHYTPEHHErO OTPAXKEHHS

5.4 Mepwckon

5.5 BuHoknb

5.6 BonokoHHas ontuka

@ PacnpoctpaHeHue ceeta B cBeTOBOAE

5.7 OnToBONOKOHHbIN KaBenb {5,

[0




12. lpunoxerue

Ne akpaHa Temaruueckuii Mopysib / aKpaH
@ PacnpoctpaHeHue ceeTa B CBETOBOAE
5.8 Mpr3MeHHbIH BUHOK b »F
@ PacnpocTpaHeHue ceeTa B CBETOBOAE
ABCOMOTHbIE NOKA3aTeNu NPEeIOMIEHUS HEKOTOPbIX CPES,
1% Mpenomnerne. MonHoe oTpaxkeHHe
6 [Jucnepcus ceeta
6.1 OTparkeHue 1 NpesioMaeHne CBeTa NPU3MOM
6.2 PasnoskeHue 6enoro ceeTa B UBETHOM CMEKTP ‘Q\)
6.3 3aBUCUMOCTb Nokasatesisi NPesIoOM/IEHUS OT YacTOTbl
6.4 O6pasoBaHue pagyru
Ab6conioTHble NoKasaTesiu NPesIOM/IEHUS HEKOTOPbIX Cpes,
1 JIuH3bI
7.1 CobupatoLme 1H3bI ‘Q\)
1.2 PacceuBarolume nnH3bl )
1.3 [LBosikoBbinyknas (cobupatoLias) nMH3a ‘C:;O
ABCoMOTHbIE NOKA3aTeNu NPeIoMIEHUs HEKOTOPbIX CPeS,
8 CobupaloLiasn nMH3a. Xog siyyeit
8.1 "naBHbIM POKYC IMH3bI
8.2 ®okycHoe paccTosiHHhe
8.3 MapannenbHblie nyun. Mcnonb3oBaHue nMH3bI ‘Q\)
8.4 Jlyun B nuH3ax ¥
Ab6conioTHbIE NOKa3aTes M NPeIOM/IEHHUs] HEKOTOPbIX Cpef,
9 U3obpakeHue npeameta B cobupaioweit iuHze (1)
9.1 DopmMUpoBaHHe JENCTBUTENBHOrO M300OPaKeHHUS
9.2 MocTpoeHWe feHCTBUTENBHOTO H306paXKeHHUs
9.3 DopMUpoBaHHE MHUMOTO H30BpaskeHUs!
9.4 MocTpoeHne MHUMOrO H306parkeHH1s
9.5 YMeHbLUIEHHOE W yBeIMYEeHHOE U3006parkeHHs
9.6 N306paxeHue, naBaemoe cobupatoLen IMH30M ‘,C:;O
9.7 Cobupaiowas nmH3a (1) (&,
9.8 Cobupaiowas nmH3a (2) (&,
9.9 Cobupaiowas nuH3a (3) (&,
ABconoTHbIe NOKa3aTeNu NPesloMIEHUs HEKOTOPbIX CPes,
1% MNocTpoeHue U306pakeHNs B TOHKOM WH3e
1% OnpegeneHne POKYCHOrO PacCTONAHMS COBUPAIOLLEN IUH3bI
10 U3o0bpakeHne npeameta B cobupaioweit iHze (2)
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12. lpunoxerue

Ne akpaHa Temaruueckuii Mopysib / aKpaH
10.1 N3ob6paxeHue, nasaemoe Nynom ‘C:;O
10.2 N3o6pasketue, naBaemoe cobupatoLLel TMH30M ¥
10.3 Monyuerne n306pakeHUsi C NOMOLLBIO Jynbl ¥
10.4 3aBUCHUMOCTb THNa U306PaKEHNS OT PAcCTOsHUS O obbeKTa ¥
10.5 N3o6paskerue npeameTa B COBUpaIoLLEl nnH3e y#
Ab6conioTHble NoKasaTesiu NPesIOMIEHUS HEKOTOPbIX Cpes,
1% MocTpoeHue U306paKeHs B TOHKOM IWH3e
1% OnpegeneHne POKYCHOrO PacCTONAHMS COBUPAIOLLEN IUH3bI
11 Pacceuarowasn nuHsa
11.1 MNapeHue nyuew ceeta Ha NMH3Y. [NaBHbIM HOKYC NUH3bI
11.2 OcHOBHbIE /lyuu B IMH3E
11.3 ®DopmrposaHue H3o0bpaskeHUs
11.4 MN306paxkeHne N1HeHHOro npeamerta
11.5 YMeHbLueHHOe npsaMoe U3obparkeHne
11.6 N306paxkeHne, naBaeMoe paccemBaloLLei IMH30M @0
ABCoMOTHbIE NOKa3aTeNn NPeIoMIEHUs HEKOTOPbIX CPeS,
1% MocTpoeHue U306pakeHNs! B TOHKOM IWH3e
1% OnpegeneHne POKYCHOrO PacCTOSIHUS COBUPAIOLLEN JIUH3bI
12 Yenoseueckuii rna3 kak ontuyeckas cucrema
12.1 CTpoeHue yenoBeyecKkoro rnasa
@ [nas uenoeeka
12.2 AKKOMOJaum1s HopMasbHOrO rasa
12.3 Koppekuus 3peHus
12.4 BospacTtHas koppekLus 3peHus
12.5 CrekTpasibHas 4yBCTBMTEIbHOCTb rNnasa
ABconoTHbIE NOKa3aTeNn NPesIoMIEHUs HEKOTOPbIX CPes,
1% Koppekuus fiecbexta 3peHus
13 OnTuueckue UNNIO3KUK
13.1 Cnupanb ®Opaiizepa
13.2 «Muratowas» pelétka
13.3 OpHoBpeMeHHbIM KOHTpacT
13.4 «KpwuBbie» nposoga
13.5 CpaBHeHwe L/IMH OTPE3KOB
13.6 [Lenenue otpeska nononam gyramu
13.7 Ceeua B Boge (3,
13.8 Noxka B cTakaHe ¢ Bogoi (G,
14 OnTtuueckue npubopsi (1)

)
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Ne akpaHa

Tematnueckuit Mmopynb / 3KpaH

14.1

Jlyna. Yrnoeoe yBenuuenue

14.2 YBenuueHHoe nzobpaxkeHue
14.3 OnTuueckuit mukpockon. Ycrpoiicteo [
14.4 OnTuueckuit MUKpockon. YrioBoe yBesnyeHue
14.5 OnTuyeckum Teneckon-pedpakTop
14.6 Teneckon-pednektop
14.7 U3obparkeHne npegmeTa B MUKPOCKONe @0
14.8 N3o06paxkeHue npeameTa B hoToannapate @0
ABconoTHbIE NOKa3aTeNn NPeloMIEHUs HEKOTOPbIX CPes,
15 OnThyeckue npubopoi (2)
15.1 MN306paxkeHue npeameTa B 3epKaibHOM Tefneckone @0
15.2 XapaKTepuUcTUKK BUHOKASA @0
15.3 Xog nyuer B Teneckone-pedpaktope @0
15.4 Teneckon-pecpnektop (G,
ABconoTHbIE NOKa3aTeNu NpeioMyIeHUs HEKOTOPbIX CPe,
16 UHTepchepeHuus BosH
16.1 CnoxkeHue BOJIH OT HECKOJIbKMUX UCTOUHHUKOB
16.2 KorepeHTHble UCTOUHHUKH
16.3 NHTepdepeHums KorepeHTHbIX BONH QY
16.4 NHTepdepeHLHOHHas KapTUHa @0
16.5 MbinbHbIM Ny3bipb @0
16.6 KomnakT-auck Kak audppakumorHas pewertka (G,
17 B3aaumHoe ycunetue u ocnabnexue BosH
17.1 NHTepdepeHLMs OT ABYX KOFE€PEHTHbIX UCTOYHUKOB
17.2 MpocTpaHcTBeHHas MHTepdepeHLMs ABYX UCTOYHUKOB (1)
17.3 MNpocTpaHcTBEHHAs MHTEPdEPEHLMUS LBYX UCTOUHWUKOB (2)
17.4 CnoxkeHue BONH Ha Bofie
17.5 NHTepdepeHLMOHHas KapTUHa ANs ABYX UCTOUYHUKOB
18 OnbiT lOHra. MNonyueHne korepeHTHbIX UCTOUHUKOB
18.1 Pasnenexune BonHoBoro cpoHTa. UHTepdepeHums
18.2 OnpepfenexHye ANuHbI BOJIHbI CBETA
18.3 MonyyeHue KOrepeHTHbIX UCTOYHUKOB
18.4 MNpoceeTneHue onTuku. MbinbHas NNEHKa
18.5 MNpoceeTneHue ontuku. NpocBeTasiowee NoKpbITHE
19 Audpakuus ceeta
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Ne akpaHa Temaruueckuii Mopysib / aKpaH
19.1 LOudpakums BonH. UHTEHCMBHOCTD CBeTa 3a Liesblo
19.2 OcBeLEHHOCTb 3a HENPO3PayHbIM NPENsTCTBUEM
19.3 Ludpakums ceeta Ha OTBEPCTUAX
19.4 Judbpakums ceeta (&,

20 JAundpakuus ceeTa Ha LWenu
20.1 [udbpakuroHHas kapT1Ha 3a Wenbio
20.2 Hyneeow MakcMMyM v nNepBbId MUHUMYM ‘Q\)
20.3 [ndpakuroHHas KapThHa NPy Pa3HOM LUWPHHE LLLeSn
20.4 PacnpepeneHue MHTEHCUBHOCTH CcBeTa
21 AudpakuuoHHas pewéTka
21.1 MHTEHCHBHOCTL cBeTa 3a AUdPaKLUOHHOM PELLIETKOM
21.2 [ndpakLmMs MOHOXPOMAaTHUYECKOrO CBeTa
21.3 PaznoxxeHue usanyueHus B cnektp
21.4 Paspeluatowas cnocobHOCTb
21.5 DucbpakumorHas pewérka (&,
21.6 MN3mepeHue An1HbI CBETOBOM BOJIHDI @0

12.3. UHTEPAKTUBHOCTb B NOCOGUM

B onucaHuu nHTepakTuBHoCTM LB — neBasi KHOMKa MbliLuu.
9KPAH: N3o6paxeHue npegmMeTa B NJIOCKOM 3epKase

MHTEPAKTMBHAA MOLEJIb «MN306paskeHre B NNOCKOM 3epKasex»

N30BPAXEHUE B NJTIOCKOM 3EPKAJIE

’ noctpoetue usotpaxerus M [
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YcnosHble 0b6o3HaueHus:

1 — noasukHas Touka-npeagmer

2 — Nyy OT TOUKK-NIpEAMETA Ha 3epKasio

3 — Touka-uzobparkeHve

4 — nuHelKa, nepeMelllaeTcs BBEPX / BHHU3

5 — BK/IIOUYMTb / BbIK/IOUUTb NPOPHUCOBKY JTyueH W IMHWI NOCTPOEHHS U300paXKeHUs
6 — nocTpoeHue U306pasKEHHS TOUKU WK OTPe3Ka

7 — BK/IIOUNTb / BbIK/IIOYNTb OTOBparkeHHe nepneHanKYISPOB B TOUKY NafeHus nyyen
Ha 3epKano

8 — 3admKcHpoBaTh NpeaMeT U U300paXkKeHUe Ha PUCYHKe

9 — ynanuTb Bce 3apUKCUPOBaHHbIE 30BPaKeHHs

MHTEPAKTUBHbIE PUCYHKW, nnnioctprpytowime xon nyden npyu NOCTPOEHUH U30-
OparkeH1s npeaMeTa B NIOCKOM 3epkane. Ha nepBoM pucyHKe MOXHO nepemeLuatb Uiu
nosopaunsatb npeamet AB. [py 3TOM NPOPUCOBbLIBAETCA XOF Jydel U CTPOUTCS u3obpa-
>KEHWe npenameTa B 3epkane. Ha npaBom pucyHke, aHanorMyHo, MOXKHO nepemMeLLartb To-
UeyHbIM UCTOYHMK cBeTa S W HabnoAaTb NOCTPOEHHE XOAa Jlyder U nonydaemoe M3obpa-
>KEHWE TOYEUHOro UCTOUHHUKA B 3epKare.

W30BPAXEHUE MPEAMETA W30BPAXEHUE B HEBOJIbLLIOM SEPKAJIE

TIpeameT KOHeYHbIX Pa3MEPOoB TocTpoerue u306paxeHus: TOHKu S
C MOMOLLLIO ABYX NyHeEit

BO1 =08’

1 — domKcHpoBaHHbIM HaxkaTueM LB Ha Kpasx KpacHol cTpeniku (npepmet AB) eé
MOXHO NOBOpauuBaTh.

2 — (pMKcUpOoBaHHbIM HaxkaTheM LB B LieHTpe KpacHOH CTPenKu MOXKHO NepeMecTuTb
npenmet AB.

3 — ToueuHbIM UCTOUYHUK CBETA, NEPEMeLLAeTCs (PUKCUPOBaHHbIM HaxkaThem LB.

MHTEPAKTUBHAA MOJEJIb napb! 3epkan v To4eUHOro UCToUHWKa ceeTa. [o3eonser
Habsoaatb Xo[h Nyder U NoCTpoeHue U306paskeHHs TOHEYHOrO UCTOUHWKA CBETa B nape
3epKal, pacnosioXKeHHbIX No4 HEKOTOpbIM yrnoM. OfHO U3 3epKas MOXKHO NaBHO NOBO-

o)

pauvBaTb.
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1—3a BerHMI‘/'I Kpaﬁ O4HO U3 3epKasl MOXXHO MNJIaBHO NOBOpPayMnBaThb.
2— YCTaHOBHWTb 3€pKasia nog onpenesieHHbliM yrsiom.

OKPAH: NMpenomneHune ceeta

WHTEPAKTUBHbIV PUCYHOK, unniocTpupytoLuii Xof lyda CBeTa Ha rpaHuLie cpej
BO34YX—CTEK/IO U CTEK/IO—BO3AYX.

Mepexop, BO3AyX—CTeKSI0 Mepexon CTeKN10-BO3ayX

1 — duKcupoBaHHbIM Haxkatem LB Ha cTpenke napatowero nyva (ons nepexona
BO34YX—CTEK/I0 — BEPXHWUM Nlyd, ANsi Nepexofa CTEK0—BO34YX — HWXXHUIA) MOXKHO
WU3MEHSATb Yro/ NajeHus.
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WHTEPAKTUBHbINA PUCYHOK, unniocTp1pytoLuii NpoxoxaeHHe cBeTa yepes nio-
CKomMapasiesibHyto NAaCTUHY Pa3HOM TOJLLWHDI.

Jlyy, npoLueaLnii naocKonapaniesbHyo
NacTuHy, BLIXOAUT U3 HEE NapasnnesibHO
HarnpasneHuio NageHms.

Bokosoe cmetlerne h y4a
PONOPLUMNOHATLHO TONLUMHE d NNACTUHBI /|I|
h=0.21xd

n=1.57
d=4
[ T T e 1]

Bbokosoe cmeterHne nyqa

&

o= 29.8°

10 20 30 40 50 60 70 80%

JAY

1 — perynsTop A8 U3BMEHEHUS TOJILLLMHBI NIACTUHbI.
2 — perynsTop A/ U3MEHEHUs yrna nafeHus syya CBeTa Ha NaacTuHy.

MHTEPAKTUBHbBIA PUCYHOK, wnniocTpupytolmii hopMUpoBaHHe W306pakeHus
npegmeTa, Haxogswerocs B soge. MNpeamert (TOYeUHbIM UCTOUHUK CBeTa UK pbiba) nome-
WaeTcsa Ha pasHyto riybuHy v HabnlogaeTcs (hOPMUPOBaHUe U30OPAKEHUS 3TOTO Npes-

MeTa.

MOCTPOEHWVE N30BPAXEHUI
Xog nyqeri Mrumoe nzobpaxeHve pbibbl

S A~ Ha6niogatesno kaxeTcs, 4To pblba NibiBeT
1“1~ p Ha MeHbLLei rybuHe, YeM Ha CaMoMm fiene

1 — TOYeUHbIM UCTOUHUK CBETa, NEePEMELLAEMbIN Ha Pa3HYIO FIyOUHY.
2 — npepnMerT (pbiba), NnepemeLLaembli Ha pasHyto rayouHy.
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12. lpunoxerue

OKPAH: NMonHoe BHYTpeHHee oTpaXeHue

**UnTtepakTuBHaga mogenb «MPEJIOMJIEHUE. NOJIHOE OTPAXKEHUE»

B mMozenu MoxHo Habntogatb xof siyda CBeTa Ha rpaHuue pasgena AByX Cpef C pas-
JIMYHOMW ONTUYECKOM MIOTHOCTbIO. B MOLENU MOXKHO U3MEHATb KOI(HULMEHT Npeome-
Husi Kaxkgom cpedbl (o1 1 go 3) v yron nageHus nyuya. Mpu onpegeneHHOM COOTHOLEHUH
nokasaresiei NpPenoMeHUs MoLesb NO3BOJISET HABNOAATD NPENOMEHHE, NPENOMIEHHE
U YaCTMUHOE OTpaXKeHWe, NOJIHOE OTPAXKEHHE.

MPENOMNEHME. NONHOE OTPAXXEHVE

B =274 2 80 %

1, 2 — perynatopbl 415 U3MeHEHHs KO3 PHULHUEHTA NPENOMIIEHUS.
3 — perynstop A/ U3MEeHEHUs yria NafieHus Jiyda CBETa Ha rpaHuLy ABYX Cpef.

OKPAH: Aucnepcusa ceeta

HUHTepakTHBHAA MOLENb, UANIOCTPUPYIOLLANA Pa3fioyeHWe 6esioro ceeta B CMeKTp, a
TaK>Ke pPasfinuus B OTKIOHEHWH Jyuel pa3Horo LBeTa Npu NPOXOXAEHWH yepes CTEKNSH-
HYIO NPHU3MY.

lpnama HeioToHa

DuroETOBLIV CBET NPEIOMSIETCS CUTLHEE, YEM KPaCHbIM

1 — WUCTOYHMK CBeTa, NnepemelL.aeMbli BBEPX-BHU3.
2 — BbIBop ueeTa nyua (6enbii, KpacHbIN, 3eNEHbIN, PUONETOBbIN).

(o7 )
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9KPAH: Co6upatowasa nuH3sa. Xog nyyei

MHTepaKTUBHbIA PUCYHOK MOCTPOEHUS XOha NapasiesibHbIX lydei Yepes TOHKYIO co-

BGUpPAIOLLYIO JIUH3Y.

NAPAJIIESIbHBIE IYHU Tlocne np:

JYan ... Vv|

Mpenomnerne napannenbHsIX Jyqedt

1
2N
N

ﬁ

o F

okanbHasi
M/10CKOCTb

:
H
H
H
H
H
|

1
1
H
H
H
|
'
:
:

—_ N W

WF' 2

2

TekcT Yepea cobUparoLLyio IMH3Y

VCMNOJIb3OBAHUE JIUH3bI

1 — ny4yok napannesbHbIx Nyyen, Nnagaowmi Ha NuH3y. Jlyun MOXKHO nepemeLLatb

BBEPX-BHUS.

9KPAH: N300paxeHne npegmMmeTa B coOupaioLlei imH3e

**«MOCTPOEHUE USOBPAXXEHUA B TOHKOW NIUH3E»
MHTepaKTUBHbIN PUCYHOK NMOCTPOEHUSI U30OPAKEHUS B TOHKOM IH3E.

MNOCTPOEHME N30BPAXEHWSA B TOHKOW JINHIE

=4

Bi A~ ¢
N
E h
2
\CKPbITbﬂVHI/I cobupaowas M

pacceusaowan [

1 — ToHKas nMH3a. Haxkatem Ha IMH3Y MOXKHO U3MEHWTb POPMY ee H300paskeHHs Ha
PUCYHKe (CXemaTUyecKoe W/n B BULe ceveHust ChepUyecKnux NOBEPXHOCTEN).
2 — rnaeHble hOKycCbl NMH3bI. Nepemelatotcs Bneso /Bnpaso.

3 — npegwmer. [epemelyaetcs Bneso/Bnpaso.

Mpu nepemelienun cokycos (2) u

npesamera (3) cTpomTcs M3obpaxkeHue A, B, npenmeTa B MH3e (MOCTPOEHWEM Napbl Xa-

PaKTepPHbIX yYen, UOYLLMX U3 TOUKKU A).
4 — CKpbITb UK NPOPHUCOBATb XO[ Sy4er Npu No
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**«OMNPEOENIEHUE ®OKYCHOIO PACCTOSSHUA COBUPAIOLLENA JINH3bI>»
Mogesnb 3KCnepuMeHTa no onpeaeneH1io POKyCHOro PacCTOSIHUS COBUPAIOLLEH IUH3bI.
ONPEAEJIEHVE GOKYCHOT O PACCTOAHVIA COBVPAIOLLEEV JINHGbI

1 — UCTOUHMK cBeTa ((DOPMHUPYET TOHKUH /Y4 >KENTOrO LiBeTa).

2 — nuH3a. PoKyCcHOE PacCTOSIHUE JIMH3bl U3MEHSIETCS HAXKaTUEM Ha YMC/IOBOE 3Ha-
uenue (5). NepBoHauasibHO 3HaYeHWe POKYCHOro PacCTOSIHUS CKPbITO U NPOSIBASETCS
HaxkaTueM Ha (4).

3 — akpaH.

McTounuk ceeta (1), 1MH3a (2) 1 3kpaH (3) MOXKHO NepemMeLLaTb No ONTHUYECKOW CKaMbe
[0 NOJyYeHUs YUETKOrO U306pakeHHs Ha 3KpaHe.

6, 7, 8 — yBenuueHHoOe M306parkeHHUe JIMHENKH LSt TOUHOTO ONPeSeNieHUs NOIOXKEHHS
MCTOYHUKA CBETA, JIMH3bI U 3KpaHa.

OKPAH: YenoBeueckuii rnas Kak ontu4yeckas cucrema
**«KOPPEKUWUA OEDPEKTA SPEHUA»
Mogenb, UnnCTpUpytoLLas BO3HUKHOBEHHE ONTUYECKOrO AedeKTa 3peHus (6nM3opy-

KOCTH UK Aa/ibHO30PKOCTH) U €r0 KOPPEKLIMIO C MOMOLLbIO COBUPAIOLLLEN UM pacCenBato-
LLLEW SIUH3bI.

cobupalowas ~,_________ _______

\

rd

pedexT 3peHus |

ISy
ONTUYECKan Cuna NNH3bI ()}
BnMSOPiKOCT b | |.ﬂAﬂbHO§KOCTb|

&2

paccevBaioas

-




12. lpunoxerue

~

-~

1 — BbIbOp AedeKTa 3peHus.

2 — BbIBOP UH3bI. [poOCTbIM HaXKaTHeM BbiBpaHHas IMH3a yCTaHaBAMBAETCA Ha NyTH
CBETOBbIX Jy4eH nepes rnasom.

3 — perynstop A5 U3MeHeHWs BeJiMuMHbl Aedpekta 3penus. MNpu nepemeleHunmn pery-
naTopa B 30He «>0» u3MeHseTcs cTeneHb AasbHO30PKOCTH, B 30He «<0» — cTeneHb
6/1M30pYKOCTH.

4 — perynsatop pJ/1s U3BMEHEHWSI ONTUUECKOMW CHU/Ibl IMH3bI (N1 pacceqBatoLLeN B 30He
«<0», ans cobuparowieir — B 30He «>0»).

12.4. OTBeTbl K 3afjaHUAM

lMpuHumn lNovireHca. OTpakeHne BOJH

YBenuuupatotcs 9. YmeHblmTCca Ha 20°
60° 10. MNopg yrnom 45°

70°

N306parkeHne npegmeTa B 1/I0CKOM 3epKane

1,5m 9. 5

20 cm 10. 40°

0,8m

lpenomneHne ceeta

1,73 9. 25°

40,6° 10. 12 cm

1,24 -108m/c

lonHoe BHyTpeHHee oTpaKeHne

N3 anmasa B Boay 9. 1,49

B anmaze 10. 30°

1,625

Aucnepcusi ceeTa

TpeyrosibHyto CTEKNSHHYIO NPU3MY 9. KpacHbiti

B kpacHbIH 10. ®uonetosoro
3eneHoro

JIMH3bI

BorHyTo-BbINyK/IblE 9. B onTtnueckn bonee nnoTHOM
Mnocko-Bbinyknyto 10. B cpepe ¢ ontUueckom niOTHOCTbIO Ta-
B ontnueckn meHee nioTHOM KOW >Ke, KaK W Yy JIMH3bI
Cobupatowjas nmH3a. Xoa ny4en

YMeHbLuaetcs 9. OA>F

BF 10. Mpsamoe, yBenuueHHoe
OA<F

N306pakeHne npegmeTa B cObMparoLLen IMH3e

8cm 9. 48cm

0,24 m 10. 2F

75 cm
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12. lpunoxerue

-~

PacceuBatolasi 1MH3a

MHuMOe, npsiMoe, yMeHbLUIEHHOE 9. 60cm
=5 anTp 10. 0,04 m
0,25 m

YenoBeyeckui a3 Kak onTn4yecKasl cucrtema

[lencTBuTENbHOE, YMEHbLUeHHOe, ne- 8.
peBepHyTOE 9.
10. [lanbHO30pKOCTbIO

YBenuuutcsa
OnTu4yecKkue nan3nmn

Mo ropusoHTanu 9.

Bropo#

®oH, Ha KOTOpbIW HaHeceHbl okpyx-  10.

HOCTH

OnTuyecKume npmbopsl

5 9.
2,5 10.
200

UHTEPDEpEHL S BOSH

B Hel HeT 3BYyKa 9.
MuHumym 10.
Makcumym

BzaumHoe ycuneHue u ocnabieHne BoJIH
Ycunexuve 9
Ocnabnexue

Ycunenue

10.

YBenuuuBaetcs
BnusopykocTbio

M306paxkeHne NPOBOJOB C MOMOLLbBIO
KOHTPACTHbIX HAKJIOHHbIX ﬂMHVIFi
C nomoLLbto IMHENKH

150
120

Makcumym
MuHUMyM

MuHumym
Makcumym

OnbIT KOHra. [Mony4eHne KorepeHTHbIX UCTOYHUKOB

Het 9. 682 Hm
NHTepcepeHLusa ceeTa 10. 1,4

120 UM

AnppaKkuyns ceeta

3BYKOBbIX 9. YMeHbLWwHTbL

[Jundpakuus ceeta
d=~ )\
AunppaKumns cBeTa Ha Lweam

10. BonHoeyto

0,118 9. 1,25.-105m
0,2 10.7,5-107"m
30°

AnppaKuynoHHas pelléTka

4,2-107%m 9. 600

5,248 Mkm 10. 3

0,18

)
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Cepus «<HATNAOHAA LLUKOJIA»

NHTepakTUBHOE yuebHOEe nocobue
«HAMTNAOHAA OU3UKA.
eomeTpHuecKas 1 BOSIHOBas ONTHUKa»

WNnes nocobus — KydpsBueB A.A., LLlanoB B.J1.
CueHapuu 1 gusaiH uHTepakTMeoB — KyopsBueB A.A.
[u3aiiH 1 xyposkectBeHHoe odpopmaerne — JemosHoBa /1. B.
Nnnoctpaumu — Box B.Y.
XypoXkecTBeHHbINW pepaktop — HemesHoBa J1.B.
ABTOpbI 3a8aHUKH — 3acy>KEeHHbIW yuuTesb
Poccuiickon Mepepaunu fpomyeBa O. /.,
KaHaMaaT oM3uKo-MatemMatMueckux Hayk — bobowura C.b.
YuebHo-meToanueckoe copepxkanne — Jlanno J1./., [MonoG M.A.
Pepaktop — JloHyoBa I A.

Koppektopbl — CadoBrukoBa H.C., MBaroBa JI. /.
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