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1. TEJY OCBOEHUSI JUCIUITINHBI

HCJI}IMH OCBOCHUS JUCITUILINHEL ({HpI/IKHaI[HaH OIITHKA» ABJIAIOTCA

1. Tlonydenne mpencTaBieHuss 00 OCHOBHEIX 3aKOHAX PaclpOCTPAHEHH

GopMupoBaH H300paKEHUH.
2. ®opmupoBaHue 3HAHHK 00 5IeMEHTHOH 0ase ONTHYECKHX CHCTEM; O
XapaKTePUCTUKAX, THIAX M MOJEIsX & ONTHYECKAX CHCTeM; 00 OCHOBHBIX
nocTpoerus U GYHKIIMOHUPOBAHMS 6a30BBIX THIIOB ONTHYECKAX CHCTEM.
3. TlpmoOpeTeHue NPaKTHYECKUX HABBIKOB HAYAJIBEOIO CHHTE3A, rabapuTH
HCXONHOTO BEIOOPA ONTHYECKUX .CXeM H TNPUMEHEHHsS THIOBBIX MCTOJIOB KOM
aHamM3a ¥ ONTUMU3AIMH OTITHYECKAX CHCTEM PasIIUIHbBIX KJIACCOB.

2. MECTO ANCHUILINHLI B CTPYKTYPE OITOII BO

l2:[1/1(.‘/I_II/II‘IJ'II/IHEJ. «HpI/IKJ'IaL[Haﬂi OIITHKa» OTHOCHTCA K 00A34TCIHEHBIM

4 CBeTa H

0 OCHOBHBIX
[IPUHIATIAX

OO0 pacyeTa,
IBIOTEPHOIO

HCIUITIIMHAM

BAPHATHBHOM 9ACTH OCHOBHOM NpoghecCHOHANTBHON 00pa3soBaTeNBHON IIPOrPAMMEL. Usygenne

JTUACIATUIUHEI TIPOXOJUT B IIECCTOM CEMECTPE,

I/ISY‘-IGHI/IG JUCITUILIAHEL IIPEAIIOIaracT HaMu4Ine y CTy/lCHTOB CI)yH,ZIElMeHTaJII:

NOJIYYCHHEIX B paMKax HU3yHUCHHA JUCTUILIHAH <<(DI/I?>I/IKa>), «OCHOBEI OIITHKKY; 4 Ta
(I)YH,Z[aMCHTaJIBHBIX MareMaTHdeCKX 3HaHUi.

Ocroenne AYCUUININHBL HeoOX0uMO IS A3yYICHUA CIICAYIOmMUX AUCHHUILIN

yueGHoro miana: «JlazepHas Texmukay, «JlasepHble TexHONIOrHM», «JlaszepHblc
«Hayuso-uccnenosarensckas  pabora | B cemectpe»,  «l[IpomsBoacTBERHAS
BBITTOJHEHME BEITYCKHOM KBAMM(WKAIMOHHOM pabOoThL

3. KOMIIETEHIIIU OGYYAIOIIETOCsl, @OPMHAPYEMBIE B PES
OCBOEHMS JUCTIUITJINHbI

B pesynbrare 0CBOCHIS UCHUTUIMHEI O0YHAIOMUICS JOJDKEH JICMOHCTPUPOBAT)
pe3yJbTaThl 00pa3OBaHMS:

KOoMITeTeHITIH, YacTHYHO GOPMHUPYEMBIE B PAMKAX OCBOCHHUS JIMCIIUITIMHEL:

OIIK-4. CnocoGHOCTB YYHTBEIBATH COBPEMEHHBIC TCHACHIWMH DasBUTHSA
TEXHOJIOTHH B CBOEH TPodeCCHOHANBHOM JIeATeTEHOCTH;

OITK-6. Cnocobnocth colupath, 06pabaTbiBaTh, aHATH3UPOBATb U CHCTEN
HAy4YHO-TEXHAYECKYIO HHGOPMALHIO IO TEMATHKE HCCICNOBAHMS,

[IK-1. CrmocoGHOCTE K aHamu3y IOCTaBICHHOM 3ajaud HCCIICIOBaHHUI]
IIpHOOPOCTPOCHUS,;

[TK-3. CiocoGHOCTE K MPOBEJICHUIO U3MEPEHUI U HCCIICAOBAHUA PA3JIMIHDIX
3aJITAHHOM METOJIUKE;

HBIX 3HAHHUH,
OKe HaJIU4ue

H W TIPaKTUK

U3MEPEHHUS
TPaKTHKaY,

JYIBTATE

b CICOYIOIIUNE

TEeXHUKH H
{aTU3UPOBATH
B ofOnactu

0OBEKTOR IO

TIK-4. CriocoGHOCTBIO K Hala[Ke, HACTPOIKe, FOCTHPOBKE U OIBITHOU IIPOBEpKE IPHOOPOB

H CHCTEM;

I1K-5. CuocoOGHOCTh K aHaM3y, DPacu€Ty, MPOCKTUPOBAHHIO M KOHCTP)
COOTBETCTBUM ¢ TEXHUUESCKHM 3aJ[@HMEM THIIOBBIX CHCTEM, NPHOOPOB, JETalCH
"XEMOTEXHHUCCKOM U 3JIEMEHTHOM YPOBHIIX]

[IK-6. CrnocoOHOCTL K OIEHKE | TEXHOJOTMYHOCTH W TCXHOJOTHYCCKON
IIPOCTHIX ¥ CPEHEH CIOKHOCTH KOHCTPYKTOPCKUX PEmIECHHH, pa3spaboTke TUIIOB
KOHTPOJIS IIAPAMETPOB MEXaHMIECKHX, ONTHYCCKIX U OITHKO-3IEKTPOHHBIX JICTall

1) 3naTh:
e aKTYaJIBHbIC HAPABIEHUS PAa3BUTHs OITHICCKON M IasepHOH TeXHUKH ((

6);

HUPOBAHUIO B
W y3JIOB Ha

y KOHTpPOJIIO

JIX [IPOLIECCOB
el 1 y3I10B.

DIIK-4, OTIK-




¢ OCHOBHbIE XapaKTCPHCTUKH, TUILI K MOJCIHH ONTHHYECKAX CHCTCM (TIK-5, 11
e OCHOBHbIC IPUHITUIEL TOCTPOCHNS i GYHKIMOHUPOBAHUS Oa30BBIX THIIOB
cucteM (ITK-5).
2) YMers:

K-6);
ONITUYECKNX

® AHAM3HPOBATH IIOCTABICHHYIO IilpOGKTHYIO 3aja4dy H 3aady I/ICCJ'IC,H()BaHl!Iﬁ B obmacT

mpudopoctpoenus (1IK-1);
¢ BHIGUPATH ONTHMANBHBIC ONTHYCCKHE CXEMBI JULS PEIICHIS IIOCTABIICHHBL
1);
® DACCUYUTHIBATE ONTHYECKUE CXEMbI PA3IMIHEIX TUIIOB (TIK-5);
* IIPOBOIUTH U3MEPEHHS C UCIIONB3OBAHMCM PasIMIHBIX ONITUYCCKAX CHCTCN
* IIPOBOJMTH HACTPOKKY, IOCTHPOBKY ONTUICCKUX CHCTEM (TIK-4).
3) Brnagers:
NPAKTAYeCKUMHY HAaBBIKAMY HAYAIBbHOI0 CHHTE3a ONTHICCKIX CXeM (OIIK-
IIPAKTHIECKMMU HABBIKAMHI HCXOJIHOTO BHIO0PA OLITHYECKUX CXEM (TIK-1);
MeTojiaMu rabaputHoro pacuera onTudeckux cxem (ITK-5);
e METOJAMH KOMIILIOTCPHOTO aHAIM3a ¥ ONTHMH3ZIIMH OUTHYECKUX CHCTC]
kiaccos (ITK-6)

4. CTPYKTYPA U COJAEPKAHUE JUCHUILINHbI

O611ast TPyIOEMKOCT TUCIUILTAHB COCTABIIET 9 3a4E¢THBIX AMHNIL, 324 Hacos,

¢ 3amaq (11K-

(IIK-3);

6);

M pa3IYHBIX

Buast yueOHolt paboThl, BKITOYAT 06 Dopmel TEKYIIErO
< CaMOCTOATENBHYIO PaboTy CTYAEHTOB . geM, KOHTpONA
= g W TPYAOCMKOCTS (B 4Hacax) )r/);%o:g:d YCMEBAEMOCTH
No Pasnen (Tema) 3 § 9 g © ¢ NMPUMEHEHHEM s
n/m JMCLIUMJTHHBL 2 8 = 5w g - A, | MIHTEPAKTHBHBIX cemecmpa),
© 8 g e B ?é £ 5 U = METOJIOB i)
E 2 E % R ‘é_lg & = & TEEEx /%) NPOMENYTOUHOH
3 :
= <) g = z = I~ aTrecTalmM
= ,g = (no cemecmpant)
PefiTunr-
Nel
, | FeomeTpuueckas KOHTPOTS
) i P 6| 16| 16 4 | 14 |- | 42 | - | 18/40% |[3amura
FFHIE, Jab0paTOPHbIX
paGot
Pe#tunr-
KOHTpOIb No2
WTUHI-
~ | OnTryeckue 7- 8 PeRifh
2 6 38 22 22 | - 120 | + 48 /58% KOMTpOJib Ne3
CHCTEMBI TIPHOOPOB 18
3amura
J1a60paTOPHBIX
paboT
Bcero 6 | 18 54 36 | 36| -]162 | + | 66/52% | sx3amen (36
q,)
Copep:kanue pas3/ieJioB THCITHILIMHEI
. Koi-Bo npakti- | praGopa-
Tembr, pa3yenbl JUCHUIITHHEL FeKLNN , cpe
' JACOB YeCKkHe | |TOpHbIE
Paznen 1. 'eomeTpnyeckas ONTHKA 86 16 14 14 42
Tema 1. OcHOBHBIE TTOHATHS U 3aKOHBI T€OMETPUHECKOH 5 4 .
OITHKH & 4 2 12
Tema 2. MneanpHast oNTAYECKA] CHCTEMA 2.8 4 6 6 12
Tema 3. OrpaHuveHHAE MY4KOB JIy4cH B ONTHISCKHX 96 4 A 6 12
CHUCTEMAaX T




|
TeMbl, pa3eIbl AUCIUTLIAHEL RonBO | oreum | TPAETH o cpe )
qacoB YECKHe TQpPHLIC
Tema 4. AGeppalli ONITHYECKUX CHCTEM 10 4 - - 6
Paznen 2. OnrHueckne CHCTEMBI npwﬁoponé 202 38 22 22 120
Tema 1. OnTrueckue AeTAIM : 34 10 6 6 12
Tema 2. Onruyeckue CUCTEMBI U1 J1a3CpOB | 52 4 - - 48
Tema 3. I'ta3 kaxk onTHYECKas CUCTEMA ' 16 4 - - 12
Tema 4. TenecKOMUYECKHE CUCTEMBI ' 26 6 4 4 12
Tema 5. Jlyna 1 MHKPOCKOTI | 24 4 4 4 12
Tema 6. ®oTorpaduueckuii 00bLEKTHB 24 4 4 4 12
Tema 7. OCBETUTEIBHBIE U IIPOEKIMOHHbIS CI/I,[CTCMBI 26 6 4 4 12
IK3aMeH ' 36
Hroro _ 324 54 36 36 162
JlaGopaTopHbIE 3AHATHIS
Ne mopmynsa Ne | HaumeHoBaHHe W/¥IIH KpaTKOe cOfiepKaHue IabopaTopHbIX padoT prnoéMKOCTb_|
JUACIMITTAHEI /1 (uacoB)
Pazpen 1. 1 ['eomeTpuyecKkas OITHKA 2
l'eomeTpuyec-
Kasi OITHKA
2 | Iocrpoenwe xoza jiydeit B uealbHON OUTHYCCKOHR CUCTEME 2 )
3 | PacueT Kap/MHAIBHBIX JIEMEHTOB HAICATbHON ONTUYCCKOH 2
CUCTEMBI
4 | 3amuTa 1ab0paropubx paboT 2
5 Pacuer )ln:a@parﬁftm, BXOJHOI'O, BBIXOJHOIO  3pavka 4
ONTHYECCKOU CUCTEMBI
6 | 3amuTa 1aGoPaTOPHBIX paboT 2 I
Paznen 2. 7 | PacueT muH3 pa3IMMHEIX THIIOB, pacyeT 3epKall 2
Ornrtnyeckue
CHCTEMBI
prOopoB
8 | PacyeT IIOCKOMAPAIICIBEHEIX TUIACTHHOK, KIIMHBCE, IIPU3M, 2

JINH3 (DpCHeJU{, AKCHKOHOB, OINTHYCCKUX PACTPOB

9 | 3ammra 1abopaTOpPHEIX padoT 2
10 | Pacuer omrrudecKkoli CXeMBbl TENECKOIMICCKHIX CHCTEM 4
11 | Pacuer mymsr. PacdeT ONTHUECKON CXEMBI MUKPOCKOLIA 4
12 | Pacuer doTtorpaduueckoro 00bEKTHBA 4
13 | PacueT SmMCKOIMYECKOM MPOEKIIMOHHON cHCTeMEL. Pacuer 2
JIUACKOTTHYECKOR rﬂpoexumHHoﬁ CHCTEMBI

14 | 3ammTa 1abopaToOpHEIX paboT 2

| UTOI'O: 36

5. OBPA3OBATEJILHBIE TEXHOJIOT'A

e JIEKIMOHHO-CEMHHApCKas cucTeMa oOydeHHs  (TpajgHIEOHHBIE  JICKIMOHHBIE U
nabopaTopHBIE 3aHATHA),
e 00yucHHE B MAIBIX TPYNIaX (BHIMOJHEHHE I1a00paTOPHBIX palboT B IpylHax U3 JABYX WIH
TpEX YENIOBEK);
e MacTep-KIacChl (JCMOHCTpAlUf Ha JAOOPATOPHEIX W MNPAKTHICCKHX  3AHATHIX
IPUHIWIIOB PacueTa i MPOSKTHPOBAHMA ONTHICCKHX CHCTEM),;




6.

IpEMEHCHHE MYJIBTUMEIHa TEXHOJIOTHH (IPOBEICHHE JICKIMOHHBIX U
3AHATHH ¢ IPUMEHEHAEM KOMIIBIOTEPHBIX IIPE3CHTAIIN 1 IGMOHCTPALKOHE
C TIOMOIIBIO IIPOEKTOPA HIIH KOMIIBIOTEPA);
n(pOPMAHOHHO-KOMMYHUKAIMONHEIE  TEXHOJIOTUY  (IPHMEHEHHE HH{}O]
TEXHOJIOTHI JUTI MOHUTOPHHTA TEKYIIEeH yCIIeBAEMOCTH CTYICHTOB H KOHTPC

CMHUHAPCKUX
IbIX POJIMKOB

HMAaIlMOHHEIX
JIst 3HAHU).

OIEHOYHBIE CPEJCTBA JUIS TEKYIIETO KOHTPOJIA YCIIEBAEMOCTH,

MMPOMEKYTOUYHON ATTECTAIIAN ITO HTOI'AM OCBO

EHUA

JUCHATINHBI 1 YYEBHO-METOJUYECKOE OBECIIEYEHUE

CAMOCTOSITEJLHON PABOTHI CTYAEHTOB

TeK'yIIII/Ii;I KOHTPOJAb YCIICBAEMOCTH ABJIACTCH paCHpeI{eﬂéHHEJM 1 OCHOBAH Ha OIICHKC

HECKOJBKUX COCTABIIAIONINX.

1. PesynbraThl pEHTHHT-KOHTPOJISL.
2. BrinonHeHne | 3a1uTa 1a60paTopHBIX padorT.
3. BomonHenve IpakTHUECKUX 3a/aHuH.

4, BEHIIONHEHUE U 3aiTa KypcoBOi paGoThL
Bomnpocer pedTrnr-koHTposst Nel

Nl i A Al o

—_—
LI N — O

14.

15.
16.

17.
18.
19.
20.

21.
22.
23.
24,
25.
26.
27.

3aaun pedTHHr-KOHTposs Nol

dusmyeckas u reoMerpudeckas olnruka. [pukiaaas onTuka.
CpeTsmascs TO4Ka, CBETOBOM JIyd, ONITHYECKAs JUTHHA JTy4a.
["OMOIIEHTPUYHOCTD ITYUKa JTy4ci.

IIpenmer u ero n3obpaxeHue. ConpsHKEHITBIE TOUKA.

[IpocTpancTBa IPEAMETOB H H300paKenuit, MEEMOE 1 JCHCTBUTENHHOE M3 Opaxenue.
OnTHyeckas CHCTEMa, ITeHTPUPOBAHHAs OTITHYecKas cucTeMa. OnTHYecKas OCh.

[IpaBuia 3HaK0B.
[TokazaTeslb IPEIOMICHHUS CPEe/IbL.
BaKoH IPAMOIIMHENHOr0 PacIPOCTPAHEHHS CBETA, 3aKOH OTPaXKEHUS.

(bokabpHas IIOCKOCTb.

KapamuanpHBIC SIeMEHTHL Iepefumit  dokyc, nepepHee (OKyCHOE
nepeausist oKaIbHas IIOCKOCTB.

KapauHanbHbIe SMIEMEHTBL: TJIABHBIC TOYKY ¥ INIOCKOCTH.

KapuuHanbHEIE 3eMeHTsI: (OKycHble paccTosHust. llooxuTenbuas u of
OIITHYECKAsl CHCTEMA.,

dopmyna Herorona, Gopmyra o1peskos, Gopmyina ['aycea.
VTIIoBOe ¥ MpooIbHOe yBenuueHne, CBA3h MEXTY yBEIHICHUAMA.
JIga cr1oco6a HaXodICHHUs [OJI0IKEHA U pazMepa M300paKeHHL.

. 3aKOH HE3aBHCUMOTO PACIPOCTPAHEHNS CBETOBBIX ITy4YKOB, 3aKOH IPEIIOMIICHNSL.
. Teopns wIeanbHOM ONTHIECKOH CHCTEMBI.

. Jluneiinoe yBennyeHe USaIbHON ONTUYECKON CHCTEMBL.
. KaprunanpHeie sIeMEHTHL 3aJHuil (okyc, 3anHee GOKyCHOE PaCcCTOfl

HUE, 3aJIHSIS

pacCcTosHuC,

puLaTeNIbHAs

OHpCIIGJIeHI/Ie II0JIOJKCHHU S (l)OKﬂHBHBIX 1 IJaBHBIX IUIOCKOCTEeH B MHOTOKPMIIOHCHTHEBIX

OIITHYECKHAX CHCTEMAX.

JuadparMs! ¥ UX HasHadeHue.

Tpu Bujta nuadparm (OIPEIeTCHHS, PUCYHKH).

AJl, BXOIFIOH U BBIXOAHOM 3pavKu.

Omnpenenenne TONOXKeHUT AJl B CIOXKHON ONTHYECKON CHCTEME.

1)1, nuHeiHoe 1 YIIOBOE MOJII ONTHICCKON CHCTEMEL.

B/, BxoaHoe u BeixoaHoe okHa., KoadpuineHtT BUHLCTHPOBANKA.
Omnpejenenue MWIOMAIN ASHCTBYOEro OTBEPCTHA BXOJ[HOTO 3pavKa.

L.

[Toj1 KaKuM YIJIOM JOJDKEH l1afath JIyd Ha TOBEPXHOCTh CTeKIa (n = 1,5749)
npesoMIieR st ObUL B [IBA Pa3a MEHBIIE yIJia ajeHUs?

, UTOOBI yroJ




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

[lox KakuM YIJIOM JIOJDKEH YHacTh Jiyd Ha IOBEPXHOCTH CTEKIA (n=1,5
MPeJIOMIICHHBII JIyd OKa3aylcst NePHEHIMKYIAPHO K OTpaKEHHOMY?
JIyd majiaeT Ha MOBEPKHOCTH BBt (1 = 1,33) mox yriaom 40°, TToa xaxum y1
YIIaCTh JIyd Ha IOBEPXHOCTH CTEKIA (g = 1,5183), 9T0o0BI yroj mpenoMIieH
TaK¥M Ke?

Ha Kakoif yroJI OTKJIOHHTCS JIyd OT [IEPBOHAYAIBHOI0 HATIPABIICHU, YIIaB IO yTIIOM 45°

Ha TT0BEPXHOCTH cTekna (n = 1,5324)? Ha noBepxHOCTH anmaza(n = 2,4194)7
Ha CcTeKkNsHHYyIO IUTACTHHKY € IOKasareneM IPEJIOMICHHUS n = 1,54 nanae

paser 90°?

JIyu cBera mamaer HoJ yriioM 41918 u3 cTexia ¢ mokaszareneM mpenomnenus 1,5152 B
Bo3ayX. OIpenenuTs yroj HpeJloMICHUS Jyda. Byner nmu CBET UPENONMISTECS IIPH
roro? Cser

MafeHUd Ha 9Ty OJKe TPAHMIY | CPex HOA yriaamu, OONBIIMME 33/aH
T10/[pa3yMEBAECTCSs MOHOXPOMATHYECKHIH.

[Iy4ox cBeTa OT JIAMIIBI IaJ(aeT Ha IOBEPXHOCTE CTOJIA II0JL YTJIOM 45° Oup¢renurs yrom
K TOPU30HTY, IO KOTOPBIM HAJI0 [IOMECTATE IIOCKOE 3epKao, yTOOBI OCTE OTPAYKEHHS

OT HETO IIy90K CBETa HAIPABUIICS NapayIeIbHO IIOBEPXHOCTH CTOJIA.
Tloxa3aTenp IPEOMIICHHS allMa3a OTHOCHUTEIHHO BO3JyXd Np = 2,417,
IpeAenbHbIA yroj MONHOTO BHYTPEHHETO OTPAKEHUSA Ha TPaHMNEC aiMasd
quis uane Hatpud D.

Ol’[pCIICJIPITB IIpeACIbHEIC YIJIbL ITOJIHOTO BHYTPCHHETO OTPaXCHUA Ha rpamyge paszciia

IIBYX CPEJl «CTEKIO-CTEKIIO» JUIA JIBYX CITy4acB:
1). Ecmu ny = 1,5617 unp = 1,4721;
2). Ecmr ng = 1,8138 u ny = 1,4846.

Vron maaeHus Jyda Ha OPEJOMISIONIYIO HOBEPXHOCTH €= 30° yrox [pemoMiIeHHs

¢’ = 15°, Haliti CKOpOCTD PaCIPOCTPAHEHNS Jiyda B CTEKIIC.
CKOPOCTb PACTIPOCTPAHEHIS CBETA C JUTMHOW BOMHBL A = 589,3 HM B BOJG

OTHOCHUTECJIILHO BOJEL.

CKOpOCTh pacIpOCTpaHEHHs CBETAa B alIMase v=124-10° xm/c. Haittyi moxasarens

IIpeIOMJICHHUS CBETA B aJIMasc.

Ompe/IeNUTs Yroyl MpeOMIEHHS Jyda Ha IUIOCKOX MOBEPXHOCTH, pa3rpaHIIHBAaIOIICH
cpesibl ¢ MOKasarelsIMK IpesioMyenns n =1, n" =n; = 1,5183, ecmu yrou IajieHus Jiyda

g1 = 30°

[Trockas MOBEPXHOCTD Pa3JienseT ABE CPEIbl ¢ TTOKA3ATCIAMK MPCITOMIICHI N = 1,54 n
n, = 1,62. HaitTi yrox mpeioMiIeHus s JTy4da, [1a/[alol(ero Ha II0BEPXHOCTE M0/ YIJIOM

20°,

YCTaHOBUTh CBSI3b MEXKIAY NOKa3aTCIIsIMKU npejomMnenus. H CKOpPOQTAMH  CBETAQ,

COOTBCTCTBYIOINNC VM.,

['paudecky TOKa3aTh, YTO B CHCTEME M3 IBYX IUIOCKHX 3€pKall, PacHONpKCHHBIX MO
YIJIOM 0 APYT K JPYTY, YTOJ MEIY TanaiOLiM JIyIOM U OTPaKEHHBIM Oyjiet B 1Ba pasa

GOJIBIIE yIITa MEXKIY 3EpKalaMu.

['my6una Boxs! B BomoéMe paBHa 2,5 m. HabmonaTens cMOTPUT Ha IPeNICT, JEKAIIUI
Ha [He, IPUYEM Tyd 3pEHHS HOPMAJCH K IIOBEPXHOCTH BOABL ONpefe/ufh Kaxymeecs
PACCTOSIHKE TPEMETa OT MOBEPXHOCTH BOJBL [IoxazaTesh MPEIOMIICHHUS BOBI HPHHATL

paBHEIM /,33.

[IoCTpOUTH ¢ HKCIIONB30BAHMEM 3aKOHA INPETOMIICHHA XOI Jiyda B OFpaiKe TENBEHON
TpU3Me, BBIIOJIHEHHON M3 CTEKIA MapKU K8 (n, = 1,5183), ecnu yriiel Ipu OCHOBAHUH
IPU3MEL PaBHEL 45 °, JIyu AB najiaet Ha mpusMy IapalIebHo OCHOBAHMIO [IPU3MEL

] B BHIIYKIOM
3epKaie, eCIH MPeIMETHAL TOYKA A PACIIONAraeTes Ha ONTIYEeCKOH ocH (zameuanue: obe
TOuKH (OKYCa COBMANAIOT M HAXOMITCS MEXIY LECHTPOM Chephl H ¢€ BEpUIMHON;

['paduueckuM MOCTPOCHHEM HAMTH IONOXKEHUE COMPSDKEHHON TOUKH A

D08), uToOBI

JIOM JOJIZKCH
U oxasaliCia

I JIyd CBET4.
KaKkoB yroil IaJeHus JlyHa, €CIH yToN MEKy OTPAKEHHBIM M IPENOMICHHEIM JIydaMu

Onpenenuts
C BO3JYXOM

3
vy =225-10
KM/Cc, a B CTEKIE 1)2=].98,2~I:03 ¥M/c. HaliTm noxazaTeiab PEIOMICHHS CTCKIA



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

rjasHple IIOCKOCTH BEPUINHY
IIOBEPXHOCTH).
I'papuueckuM IOCTPOCHUEM HAMTH IIOJNIOKECHUC conpsokEHHOM Toukn A4’
sepKalle, eI TIPE/IMETHAs ToUKa A PacTioyiaraeTesl Ha OITHYSCKOH 0ch (3an

Toukd (OKyca COBHIANAIOT H HAXOMATCS MEXIY HCHTPOM cepsl 1 e

COBMAJAdT MW IHOpoOXomdT Hepes

TPAKAIOLIEH

B BOTHYTOM
icuanue: o0c
BEPIIUHOM,

IJIABHEIE IUIOCKOCTH  COBIJAIOT M HPOXOJAT Hepe3  BEPIIMHY QTpaykaroue
[IOBEPXHOCTH).
TlocTpoeHHeM HalTH XOJ IPOM3BOIBHOTO nyya [ (CM. PUCYHOK) 4epe3 |THH3Y, €CIIH
3a[(aHbl OJIOYKEHHE TTIABHEIX TIOCKOCTEH 1 POKYCOB JIHH3LL.

e
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I'padhuueckuM IOCTPOCHHEM HalfTH W300paKeHHe IIPEAMETA BB;, ecnu of obpasyer ¢
OITHHYECKO# OCHIO OTPHIATENBHOI onTHYecKol cucTeMsl HH yron y u —f =/ %
B IpOCTpancTBe MpeaMETOB OLUTHYSCKOK cucTeMbl HH' pacmonaracTes IpiMOYroNbHIK

BCDE. I'paduueckuM HOCTPOSHHUEM HAHTH M300paKEHUE ITOrO HPAMOYTO
I'paduaeckuM OCTPOCHHEM HalTH H300paxeHie NpeaMeTa AB, nepricHIs
OTITMYECKOM OCH, ITOJOXHUTENLHOM onmTrudeckoldt cucTemsl [1TH', ecii OH P
MeXxIy Toukamu ' u H.

ILHHKA, €CIH

[KYJSIPHOTO K
ACTIONIAraeTCs

I'padH9IeCKUM [IOCTPOCHIEM HaHTH U300paXkeHue IpeamMeTa AB, mepleHIHKyIIPHOTO K

OIITHYECKON OCH, MOJIOJKUTENLHOM ONTHYecKoil cucreMel HH', ecnn OH P
pasee TOUKU [,
TTocTpoeHMEM HAHTH XOJ IPOM3BOIBHOrO Jyda [ (CM. PHUCYHOK) depes
3aJ(aHEI TOJIOXKEHNE TJIABHEIX INIOCKOCTEH U X0 APYToro MpOu3BOILHOTO JI)

B 1poCTpanCTBE MPEMETOB OTPHIATEBHOH ONTHYCCKOH creTeMbl HI |

acriojaracrTes

JIUH3Y, €CIIH

aa 2.

acroyjaracTes

npsmoyronsuuk BCDE. I'paduueckuM TOCTPOCHHEM HAWTH u300pajKeHne 3TOro

IIpAMOYTOJIBHYKA, ¢CTHu f= -f .
I'padudecKuM  MOCTPOCHUCM | HAHTH n300paxeHue MpsMOYIOJBHUK
ONITHYECKOM CHCTEME COCTOSIIEH M3 JIByX TOHKHX JIMH3 B Bosxmyxe. lle
OTpHIATENIBHAS, BTOPas — IOJIOKMTETbHAL.
I'paduyeckuM OCTpOCHUEM HafiiTH usobpaxenue npeamera BB, eciu
OIITHYECKOM OCHO IIOJIOKHUTEILHOM onTryecKoi cucreMsr HH "yron y u—f
I'paduuecKuM TOCTPOSHHEM HaiTH MOJI0KEHIE U BEIIAHY H1300pakeHus
TIPY €r0 MEPEMELIEHIH BIONb ONTUYECKOH ocH (IATh TTOJIO’KEHH).
[paduyecky HAWTH IHONOXKEHHE W pasMep H300paxCHUsA NpPEAMETa A
OTPHUIATESIHFHOM JIMH3E IS JIBYX CIY4aeB:
a). mpeaMeT AeHCTBUTEIBHBIH,
6). mpeaMeT MHAMBIH,
['padudecky, BEIIONIHMB HOCTPOCHHE XON@ JIyIeH ¢ HCTIOJIB30BAHUEM 3aKOM
[I0Ka3aTh, HAPYNIAET JIM IUIOCKAsl OTPaKaIOLIas MOBEPXHOCTE TOMOICHTPHY

il
ppas JIMH34d —

ABCD B

H oOpasyer ¢
I

npenmera AB

B B Touxo#

a OTpaXXeHHU,

HOCTD ITy4Ka.




33. T'padudeck, BEINOIHIB OCTPOEHHE X0/Ia JIyUel ¢ HCIOTIb30BAHUCM 3aKOHE
[OKa3aTh, Hapymaer jiu cheprdeckas OTpaxaromias IOBEPXHOCTH IOMOLY
nmyuka (ABa CITydas: BOTHYTOE ¥ BRIIYKIIOE CHCPHICCKHS 3epKaa).

34, IToctpouTh M300paXKEHUE MHHUMOIO NPEAMETa AB=y=10Mm B CHCTE
TOHKHX JIMH3 B BO3IyXE, eciu f; = 45 mm, f27 = 20 mm, d = 50 mm.

35. Haift rpadudecKd OKBHBAICHTHOE Tepemmee (JOKYCHOE DPACCTOSHKC —CHCTCMBI
cocTosIelt W3 TPEX TOMKHX JIHH3 B BO3IyXe, €ClH - = f1" = 60 mm, -f2=J5" = 30 mn, -
f3=13" =25 mm, dy = 50 mm, dy = 20 mm.

36. OmpeenuTh BEIMUHUIY M300paiKeHUs y’, 1aBaeMOr0o KOMIIOHCHTOM, €CIId
f=f=120mmunz=-4z".

37. Haittu rpaduuccky SKBUBAICHTHOE 3a1HEE (OKYCHOE PACCTOTHUE CUCTCM

w3 TpEX TOHKHX JIHH3 B BO3uyxe, eciu -f;=f;" = 100mm, -fr=

f3=13 =50 mm, d; = 70 mm, d 7 20 mm.

OIpeneNuTh BHICOTY H300paXeHHs, o0pa3oBaHHOrO OGHLEKTHBOM Ha !

IpeIMET EMeET BBICOTY y = 30 .MM M DPACTIONONEH NPei OOHEKTHBOM He

a=-110 mm. ®okycHoe paccrosgue O0OBEKTHBA, PACHOJIIONKEHHOIO B BO

100 mm. KaxuM D0/DKHO GBITH pa¢CTOSHUE OT OOBEKTHBRA 10 SKpaHa?

Toukuil MPOEKIMOHHbIH OOBECKTHB 00pasyeT Ha JKPAHE, PACHOJIOMEHHOM ClpaBa OT

00BeKTHBa Ha paccTosHrH [, § M, NEHCTBUTEIBHOC nzo0paxeHue BeigoTol /00 M.

BeunciauTs GOKyCHOE paccTosHye 0GbeKTHBA, ECIIH BhICOTa mpeamera 20 af.

OmpeneiiTh B3aMMHOE PacIiONONCHIE TOHKOM JMH3BI ¢ (OKYCHEIM |pacCTOSHUEM

100 mm, IpeMETa U SKpala, Ha KOTOPBI IIPoeupyeTcs JeHCTBUTEIbHOC H300paXeHue

T[peAMETa ¢ TIATHKPATHEIM YBEIHUCHUEM. '

Haiiti QoxycHoe paccTosHHe TOHKOH JMH3EI B BO3LYXE, €CIH PacCrq

JCHCTBATEIEHEIM IPEJIMETOM 1 ACHCTBATENEHEIM H300paxkerneM L = 240

yBE/IMYEHHE CHCTeMEL = -2, | '

Ompenemuts (pOKYCHOE PACCTOSHHE TOHKOHU JIMH3BI, PACIONIOXCHHOM B E

a’ = -100 mm, muueitnoe ysennuenue S = 2.

Ornpe/ieIMTh BEIUYAHY M300paKeHns,, co3/1aBaeMOro TOHKOH JIHH30H B 1

AB=y =30 mm, -f=f =50mm, pacCTosHHC MEXKAy MIPSAMETOM K H

L =300 mm.

Jltst TMHSE PACIIONOMKEHHON B BO3LyXe, HAliTH TIONOXEHAE MpeAMeTa A

eclId BeTMurHA H300paxkerus A B'=y" = -20 mm, a oTpe3ok z” = 80 mm.

OTpaKCHHU,
CHTPUYHOCTL

ME M3 JBYX

y =30 mm, -

L1 COCTOSIIICH
o' =-40 mm,
38. KpaHe, eciiu
pacCTOAHUU
BIyX€, PaBHO

89

40.

41. SHAC MEWKIY

1M, THHEHHOE

42, 031yXe, eCiu

43. 03/1yXe, ecnu
30OpaXeHueM

44, 3=y = 10 mm,

45. ToHKasl IMH3a B BO3TyXe UMeeT -f =f = 120 mm. ONpefienuTh BEIMUUHY [M300parkeHu
npeymera AB=y = 30 mm, €CI OTPE30K z paBeH ~60 mm.
46. VineansHass ONTHYecKas CHUCTeMa COCTOUT M3 JBYX TOHKHX  KOMIIOHEHTOB,

PACIIONIOKEHHEIX B BO3JyXe HAa PACCTOAHUU 20 MM U EMEIOMMX boKyCHEI

pagusie f; = 100 mm, f>” = -100 pm. OTIpeesnTh IKBUBAICHTHOE (OKYCH(

¥ PACCTOSHMS, ONMPENENSIONIE ONOXKEHIS [IEPEIHEr0 ¥ 3a/(Hero (GoKyco

IPOMEXYTKE MEXIY KOMIIOHEHTaMM (DOKYCHOE PAcCTOSIHHE BTOPOTO K(

BIMsSeT Ha 3HAYeHHE SKBUBaIeHTHOro (okycHoro paccrosuma? Kax pa

9TOM CIIydae IICpeTHUM U 3aHUI SKBUBATIEHTHEIE (POKYCHI?

Onrryeckas CUCTEMA COCTOMT M3 JBYX TOHKHMX KOMIIOHEHTOB, DPACII

Bosayxe: f1 = 139,78 mm, fo'=-222,1 mm, d=72,2mm. Onpeneny

paccTOSHUE CHCTEMB], KOOPIMHATDI dF, a’r’,ay a’y’,aTaKKke a 'z, y’, €Ciy

ay =25 mum.

48, OnpenenuTh SKBUBAICHTHOE (POKYCHOE PACCTOSHUC CHCTEMBI M3 JBYX T
fi'=20mm, fo'=-40mm, eciu pPacCTOSHHC MEXAYy HHMH DAaBHQ
PACCTOSIHHIO TAKOH JIMH3EI, JUIs KOTOPOH IpH JHHEHHOM yBenudeHun ff =
oT nepeanero Goxyca 10 IPEeAMETa PABHO —5 MM.

49. OrTudeckass CHCTEMA COCTOMT W3  JBYX PpACIIOJIONCHHBIX B BO3
KOMIIOHEHTOB ¢ (OKYCHBIME PacCTOSHUAME f;° = 100 mm 1 fr" = -50 mm.
OECKOHEUHO YAAISHHOTO NpeAMeTa JOJDKHO IOJyYUTBCS Ha pPacCTOsH]

47.

C pacCTOSHU,

¢ pacCTOSTHHE
8. [Ipu xaxom
MIIOHEHTa HE

CIIOJIOKCHBL B

VJIOKCHIHIBIX B
'L

¢oxycHoe
aj = -400 mm

OHKHUX JIMH3 C

hoxycuomy

-] paccTosHue

TyXe TOHKHX

N3o0paxenue

m 200 mm OT




50.

51.

52.

53.

54.

53.

56.

Bonpock! peTHHI-KOHTPOIIA No2

SaMHel [IJABHOM TIMOCKOGTH BTOPOro KommoHenTa. OnpefenuTh 9K
hOKyCHOE PACCTOSHHME CHCTEMBI M PACCTOSHME, HA KOTOPOM JIOJIKHEI HaXQ
OT Apyra TNIABHBIE IIOCKOCTH KOMIIOHEHTOB.
[Nepen qBYXJIUH30BOK OIITHYECKON CHCTEMON M3 TOHKHX JIMH3 B BO3JYXE H
a; =-170 mm OT mepBoif JwmmH3HI ¢ f;” = 50 MM pactonioxen upeamer AB
Bropas muH3a ¢ (GOKYCHBIM PaccTOSHHEM f' = 60 Mm pacroyiokKeHa Ha
d = 25 mm oT TiepBoit ymH3s1. Haifti monoxeHne H300paXeHUs IPE/IMETA O
BTOPOM JIMH3EL _
Ilepes ABYXTMH30BON ONTHYECKOH CHCTEMON U3 TOHKHX JIMH3 B BO3JyXC H
a; =-170 mm oT mepsoit JHH3H ¢ f;° = 50 MM DPacIONOKEH NMPCAMET AB
Bropas mmH3a ¢ (GOKyCHBIM paccrosumeM f>” = 60 mm DAcHonoXeHa HA
d = 25 MM OT IIEpRO} JMH3bL BHUHCIUTE BeMMUMHY H300paXkeHus (3amau
dopmynam ["aycca).
[Tepen ABYXNHUH30BOM OUTHYECKOH CHCTEMO U3 TOHKHX JIMH3 B BO3ZYXC H
a; =-170 mm OT TepBOM MHH3BL C f; = 50 MM pacIonoxeH mpeaMer A5
Bropas nmH3a ¢ (GOKYCHEIM paccTosueM f = 60 mm PacToNoXKeHa HA
d = 25 mm OT IepBOM JTHH3BL BRIMHCINTS BeNMUHIy H300paxeHus (3amar
dopMyIaM IIPOU3BOIIBHBIX TAHICHCOB).
Haittn rpaduuecky OKBUBANSHTHYIO IIEPEIHIOI TNABHYIO TIIOCKOC
COCTOSINEH 13 JBYX TOHKHX JIWH3 B BO3LYXe, CCIH ~f; = f1” = -60 MM, -2
d =50 mm.
OmpesenuTs TOIOKEHAE U JAAMETPHl 3padkoB B CHMMETPHYHON CHC
fi=fi"=f2=f" =120 mm; d = 50 mm; agg = 25 mm; D = 20 mm.
Ilepes TOHKOW JIMH30M Ha paccrosHud 60 mm yCTaHOBJICHA nuadparma
20 mm. doxycHoe paccrosuue Jwmissl [ = 100 mm. B 3anHedt QoxaybH(

ycTagoBNeHA Tonesas [uadparma muamerpoM [0 mm. Haditi yriosoe 1
[[POCTPAHCTBE IPEIMETOB, CCII IPEIMETHAs TIOCKOCTh Paciosoxkena B be

a3 kotoporo fl17=36,59 MM, 27 =-21,57 MM, 3" =33,45 mm. Paccr

I'h

reMe, CClini

J48

BHBATCHTHOE
IATECS JIPYT

PacCTOSHUH
=y =10 mm.
paccTOANNI
THOCHUTEJIBHO

PACcCTOSIHUM
=y =10 mm.
PacCcTOSTHAN
y perartk 10

| PACCTOAHWHN
=y =10 mm.
paccTOsTHUH
y pemaTh II0

CUCTEMBI
12 =30 mm,

JMAMETPOM
TJIOCKOCTH
oJie JIMH3BI B
CKOHEYHOCTH.

[

STHUE MEXKIY

)IaHa OnTHUYECCKad CHCTCMa 00BeKTHBA THUIIA TPUILICT, Q)OKyCHBIe pi;ifJC'l‘i}yﬂHHH TOHKHX

mumsamu d1 = 6,4 Mmm, d2 = 7,6 MM, OnpeAeIuTh MONI0XKEeHNE U JUAMETPHI |
amepTypHas juadparMa paclojioO’KEHa TOCie BTOPOH JIMH3BL Ha
aAJ[ = 5,4 mm; DAJT =21 M.

i

el B

10.
11.
12.
L3
14.
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3amaun pedTHr-KOHTposrst No2

OCHOBHBIE XapaKTEPUCTUKH ONTUYECKUX MATCPUAIIOB.

JInassl. KoHCTpYKTHBHEIE TapaMeTphl. Kap(uHalIbHbIC 3JICMEHTEL
JTunzsl. @opMel EHE3 (PACIOIOKEHHE TIIaBHBIX TOYEK).
ITnockue 3epkana. OCHOBHBIE 3aKOHOMEPHOCTH.

Cepuueckre 3epxana. OCHOBHBIE 32aKOHOMEPHOCTH.
ITnockonapaniesibHble IaCTHHEL. OCHOBHBIC 3aKOHOMEPHOCTH.
Onrtrueckue KInHbs. OCHOBHBIE 3aKOHOMCPHOCTH.

ITpusmer. O603HAYECHUA IPH3M.

[penomsstromue mpu3Mel. OCHOBHBIE 3aKOHOMEPHOCTH.
OtpaxarenbHble TPU3MbL, OCHOBHBIC 3aKOHOMEPHOCTH.

Pacuét pasMepoB OTPaKATENBHLIX [TPU3M.

[Ipumeps! Ipu3M.

JInnssr OpeHens.

AKCHUKOHBI.

Onruaeckuil pacrp.

1.

HaifTi KapIHHANBHEBIE OTPE3KH CUMMETPHYIHON NBOSKOBBIILYKIION JIMH3EI U
(n. = 1,5713), y xotopo# r; = 27,3 mMm, TOJIIUHA UIH3EL d = 6 MM.

£]

pavKoB, CCIH
pacCToAHNH

crexna FKI10




Bompock! pelitiHr-KkouTpoird Ne3d

Omnpenenuts TepenHee W 3aiHee (QOKYCHBIC PACCTOSHUS JIMH3BI C KOHCTPYKTHBHBIMH

napamerpamu r; = 100 mm; vy = 282,94 mm, d = 10 mm, CTCKIO K8 (n=1

nepBas cpena — BO3AYX, a MocIeaHss cpefa — Boga (n = 1,333).
B pesynbraTe uW3MepeHHM JUIs JIMH3EL  ONPEJICTCHBI  CJIETYIOIHE

,9183), ecin

IapamMeTphl:

ri=ry=19mm, d=6mm, [ =300 mm. Uemy paBeH moxazareib NPEIOMJCHUI CTCKIIA

JINH3EI?

Onpememutd (OKYCHOE pACCTOAHHE M TOJIOXKCHHE TNABHBIX TOUE
rp=r;=100mm,d =50 mm,n=1,5.

KoHIeHTpUYecKas JIMH3a C pPajAycaMHM KPUBH3HBI IIOBEPXHOCTCH

r, = 165 mm BBImONHeHA U3 crekna K8 (n, = 1,5183). Onpenenuts GOKyCHO
NUH3BL, TONIMHY JHMH3KI ¥ (hoKambHBIE OTpe3KH. [IpUBECTH DPHCYHOK,
[I0KA3aTh BCE KapAWHAIBHEIE OTPE3KH KOHIICHTPHYCCKON JIMH3BL
CHMMeTprYHas BOSKOBLITYKIIas JIMH3a, clenaHHas u3 crekna K8 (n. = I,

¢ JIMH3BL C
r; = 180 mm;
¢ PACCTOSIHUE

Ha& KOTOpOM

5183), nmeet

doxycnoe paccrosaue /00 mm, ToMmuHy 5 mm. OUpPENeNUTh PaLyChl KPUBH3HBI THH3EL,

pPacIOIOXKCHHON B BO3AYXC.
Onrtudeckass cucTeMa obpasoBana aByMs 3epkanamu r; = -200 mm 1
PacCTOSHHE MEXIy 3epKanaMu paBHO -83,52 mm. Paccuwmrats Qoxycno
OTITHYECKOH CHCTEMBI, IIEPEHIHA 1 3a1HuiT HOKATBEHEIC OTPE3KH.
3a 06bexTUBOM ¢ (OKYCHBIM paccrosHueM [ = /20 mm, OTHOCHTCIBHEI
1:4, yrnoebiM molieM 2w = /2P yCTaHOBJICHA IpU3MA HA PaCCTOAHUH
Bxo/HOI 3pauok COBNANAET ¢ ONpaBoit 0GbeKTHBA, IPHHEMAEMOTO GeCKOH
Haiitn nnudy Xozna jiyya B IpU3Me.
[lepen TIOCKONApa/IeNbHOM IUTACTHHKON Ha paccroanmm s; = -100 4
npeaMer. ONpenenuTh INONONKEHHE €ro M300pKEHHS ¥  BCIMUMHY
CMeEINEHMs JIyda, €CIM TONINUHA TIACTHHKH d = 60 MM, IOKa3aTelb
creknan = 1,5,

S

W
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11.
12.
13.

14.

15.
16.
17.
18.

19.
20.
21.

YcrpoiicTBo riasa.

XapakTEpUCTUKH T71a3a.

CroifcTBa ITa3a; aKKOMOIAITAS, A/IANTAIs i Pa3peIIaromas ciocoOHOCTb.
CaoiicTBa rnasa: OUHOKYJSPHOE 3PEHUE, CTEPEOCKOIMIECKOE 3PEHIE, IMMS
rias.

TpeGoBamusl, MPEXBABILEMbIC K BA3YaTbHOMY ONTHIECKOMY PHOODY.

ry = -40 mm,
> PacCcTOSHUE

OTBEPCTHEM
d; = 30 mm.
YO TOHKUM,

A1 TIOMEIIEH

IIPpOAOJIBLHOTO
[IPCIIOMJICHU

TPOTTAYCCKUN

Buaumoe YBCJIHYCHUE U Pa3peLarOnias CIIOCOOHOCTh OITHYECKOTO npnﬁopa COBMECTHO

¢ IJ1a30M,

Teneckonuueckue cucTeMnl, 3pureisuas Tpyda Kemiepa.
Teneckonuueckue cucTeMbl. 3putrenpnas Tpyoa amuaned.
TeJlecKOIMMYECKHE CUCTEMBL, XapaKTEPUCTHKH.

Jlyma u e XapaKTepUCTHKM.

Tune! y1.

MHKpPOCKON U ero XapaKTepUCTHKH.

OCBETUTENBHBIE  CHCTEMBI  MUKPOCKOIIOB. OCBETHTENBHAS — CHCTEMA
MPOXOMSIIEM CBETE.

OCBETHTENBHEIC CHUCTEMEI MHKPOCKONOB. OCBETHTEIbHAsS  CHCTEMA

OTpaykEHHOM CBETE.
IIpocTeitiue oCBeTHTENBHEIE cUCTEMB. KoekTop U KOHIEHCOP.
OCHOBHEIE XapaKkTepuCTHKH (HoTOrpadryeckoro o0bEeKTHBA, DKCIOZUIHUSI,

Kénepa B

Kénepa B

[ny6una pe3ko u300paxkaeMoro pocTpaHcTBa GoTorpaguyaeckoro OOLEKIHBA.

Ceerocmiia  ¢ororpadhuaeckoro o0OBEKTHBA.
MadparMeHHOTO YUCIAa.

OcCBeTHTENBHLIE CHCTEMBIL. BUIbl OCBETHTENBHBIX CHCTEM.
[IpoeKTOp U ero OCHOBHEIE XapaKTEePUCTHKH.

[TpoeKIMOHHbIE CHCTEMEL. DIHUCKOMMYeCcKas IPOEKIMOHHAS CUCTEMA.

Knacenpuranuas DO 1

0

3HA4YCHUIO




22. TIpoeKIiOHHEIE CHCTeMBL Jlnackomuyeckas POeKIHOHHAS CUCTEMA.
3a/1aud pedTHHT-KOHTPOIIA Ne3

1. B MHKPOCKON BHIHO pe3koe H300pakenne mpeamera. Ecmum Mexiy HpeaMeToM H
0GBEKTHROM MUKDPOCKOIA BBECTH ILIOCKOLAPAIIICIBHYIO TUIACTHHY ¢ d = J MM, TO UL
IOJNYYeHUs PE3KOro M300payKeHUsl HYKHO IICPEIBHHYTH IOpeIMETHBI| CTONHMK Ha
1,16 mm. Uemy paBeH TIOKa3aTeb [IPEIOMIICHHNS IIOCKONAPATIIEIBHOM TIACTHHBL?

Jlyia BUIHA HEBOOPYXKEHHEIM InasoM mop yriom 3/°. IToj KakuM yIyioMm |OHa BUIHA B
TENEeCKOTI, ecd (POKYCHOE PAaccTOsSHUE 00BEKTHBA TEJICCKOIa PaBHO 2000 ym, BUAUMOE

Teopuelt nudpaknuy;
BO3MOKHOCTSIMH I71a34.

yBeueHue oKynspa 2,5

[amneeBckiil OMHOKIb WMEET| CNEAYIOIMe Xapa-KTepueTukd: [ =3,

qmamerp 06sekTHBA Dos = 32 MM, IHAMETp BBIXOIHOTO 3patdka D " =4 mm

CBETOBROH
, OIITHYECKAs

jumHa L = 80 mm, yaaneHve BEIXO/HOTO 3pauka @ pr = 10 mm. Oupefenuth BeluIuny 1

[OJIOKEHNE BXOIHOTO 3pauka, YIIJOBOe 1Mojie GMHOKIIA B IPOCTPAHCTBE IIPe]
SpurensHas Tpyba Kemepa cocromr m3 oObextuBa (fo5 =1 00 mm,

20 =8° u okymsipa (f o = 20 mm). OnpenenuTs BHAUMOC YBEITHYCHHE
Tpy6Hl, IUAMETPBL BXOHOI'O I BLIXOJHOTO 3payKOB ¥ YITIOBOE IOJIE OKYJIADA.

BEIYUCTHTE YIJIOBOM TIPEIeN Pa3penTeH s 3pUTeIbHON TPyOb! ¢ BUIMMBIM
10™ ¥ [MaMeTpOM BBIXOJHOTO 3pauKa 3 Mm, OIpeleaeMbli:

METOB.

D/f o5 = 1.5,
3pUTEIBHOM
3l
YBEJIUNYEHUCM

6. TeneobbEeKTHB 3PUTENLHON TPyOs! ¢ yBenudenHeM I = -20 COCTOUT U3 |IBYX TOHKHX
KOMIIOHEHTOB ¢  (DOKYCHEIMH | paccrosHusMu [ =-f2 =f =200y Tak, 410
SKBUBAICHTHOE (DOKYCHOE paccrosHue o0BeKTHBA f o5 = 2f . Ompenenuty pacCTOAHKC
MEXIY KOMIIOHGHTaMH OOLEKTHBA W JUIMHY 3pUTEeNsHOH TpyGel Okymap cquTaTh
TOHKHM.

7. OmlpeenuTh TOJOKEHAE BXOAHOTO 3padka B TENECKOIMYECKOH CUCTEME Kermtepa
qtaHOM 150 MM, ecmm (hokycHOe paccTosHEC 00BeKTHBA [o5 = /20 MM, ynaneHue
BEIXOZHOTO 3pauKa § p- = 35 mm, 3ajiuuii HOKaIbHEL 0Tpe3ok okyisipa 30 .

8. B spuremsHoit TpyGe (oxycHOe paccTosHEE O0bEKTHBA fog = 150 My, (boxycHbIE
PACCTOSHHS KOMIIOHEHTOB CHMMGTPHYHON 000paunBalomell CHCTEMBI [ == 200 mm,
BO3AYLIHBI IPOMEXYTOK MEX(Iy OSTHMH KomnoneHTamu ds = 80 mm.| Onpenenurs
(oKycHOE paccTosHHE KOJNIEKTHBA, UPWHUMAs BO BHHMAHMC, UTO| aneprypHas
juadparMa HaXOJTUTCS B CEPEARHE BO3JYIIHOTO POMEXyTKa ds, a a'pr =

9. Ilpm anuse MexaHudeckoro TyOyca /30 mm BHIUMOE YBEIMYCHNE MUKPOCKOTIA -19, Kax
M3MEHATCS YBEIHYEHHE 9TOr0 MUKPOCKOIIA, €CIIH JUTHHA MEXaHHHYecKoro Tybyca craHer
1) 160 mm; 2) 190 um? DoxycHOE paccTosHHE OOBEKTHBA MUKPOCKOIa 33,1 mm, a
BHJIMO€ YBETHUCHHE OKyJIsIpa 7| .

10. OnpenenuTh TIyOGUHY PE3KO H300paKaeMOro MPOCTPAHCTBA MHKPOCKOIIE, COCTOSMICrO
u3 o6nexTuBa 90% 1,25 1 oxynIApa ¢ GOKYCHBIM PaCCTOSHUEM 29 MM.

11. Kakoli mauConpmell BelInIiHEl 00BEKT MOKHO PACCMOTPETH B MUKPOCKO[I, ¥ KOTOPOIo
BHJIIMOe yBenudenue ~400, BUANMOe YBeTIUeHne OKysipa 0", muueiHoe|mone OKyJLIpa
14 mm?

12. B MeramiorpaguyeckoM MMKPOCKOIe, IInMHA TyOyca KOTOPOTO HPHHATA paBHOM
6eCKOHEYHOCTH, HCLIOJb3YeTes QOBEKTHE ¢ (POKYCHBIM paccTosHueM 40 iy 1 YUCIOBOU
ameprypoit 0,1. @okycHoe paccrosHme TyOycHo# munsbl 250 mm. Hajitu monesnoe
yBeNMYeHHe MHKPOCKOLIa M II0J0OpaTh OKyNAp M3 mMerormerocs Habppa: BHAAMOC
yemmuenue 6,37 10, 12,57 1673 20™; 257,

13. Ompezienuth (OKYCHOE paccTOAHHE OOHEKTHBA MUKPOCKOTIA ¢ BUJIAMBIM YBCIHICHHCM -
400. ®oxycHOe pacCTOSHUE OKYIApa paBHO 25 mM. PaccTOSHIE MEXKIY IMPEIMETOM 1 €I'o
m3obpaxkeEreM 1ociae oObekTuBa /80 mm. KOMIIOHEHTBI MHKPOCKOMNA  CUUTATh
0EeCKOHEUHO TOHKAMH.

14, OnpesienATh TMHEHHOe ToJle U JIMaMeTp BEIXOIHOTO 3padKa MUKPOCKOIA (¢ 00BEKTHBOM

8%0,2 vt OKyNSPOM ¢ POKYCHBIM PACCTOSIHHAEM 25 MM W YTIOBBIM 1OJIeM 3(

Q




15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

HanGonpImass ameprypa ONTHYecKoro Mumkpockoma /,6. KakoBa ppaspentaromas
CII0COGHOCTS MUKPOCKOTIA B BEAUMON 001acTH cleKTpa?
Ompemienuth TIyOMHY —pe3KO | H306pakaeMoro  IPOCTPAHCTBA  OMQUIOTHMECKOro

MHKPOCKOIIA, YKOMIUIEKTOBAHHOIO aXPOMATHICCKUM obnexTrBOM [0*(0,3 # OKYNApPOM ¢

BHJIUMBIM YBCJIIMUCHUCM 1 0 Haﬁﬂ}OHGHI/IH BEBEITIQJIHAROTCS B CBCTC € U1

0,0005 mm.

Onpenenursb npeaci pasperenus MeTaIorpapuIecKoro

YKOMIUIEKTOBAHHOTO IUIAHAXPOMATOM ¢ (OKYCHBIM paccTosHueM 6,3 m

WHOII BOJIHEI

MUKPOCKOIIA,
W5 Ty6yCH0171

NMUH30# ¢ GOKYCHBIM paccTosHHEM 250 Mm W OKYJISIPOM ¢ BUAMMBIM YBEIIICHACM 107,

JluameTp BEIXOAHOTO 3pauka papen 0,82 mm. HaGmoneHus BBIIONHAIOT
quroii BoytHbI 0,0005 mm.

¢s1 B CBCTC C

Ormpenenurs TAyOUHy PE3Ko H300PaXKAEMOro IIPOCTPAHCTBA METAaLIONpPa(HIECKoro

MEKPOCKOITA TIPY HAGIIIO/(EHUH B CBETE ¢ UMHOM BOJHEI 0,56 Mkm. MUKpO
u3: 00BEKTHBA ¢ QOKYCHBIM PACCTOSHHUEM 25 MM U UCJIOBOH anepTypoH
JHH3H ¢ QOKYCHBIM paccTossHUEM 250 mm 1 OKYJIsIpa ¢ BUIUMBIM YBEJIUYCH

HaifT mpupallleHue BUANMOTO YBEIMYEHMS MHKPOCKOIA ¢ (OKYCHBIM [
00BeKTHBA H OKyJsipa IS5 mm 25 mm COOTBETCTBCHHO IIPW YBEIHHCHUU

JumHel TyOyca Ha 10, 20, 30 mm.

Aspodotorpadhuposanre BemdT¢d € caMoNE€Ta, JIETAINEr0 HA BLICOTY

CKOPOCTBIO 450 km/4, poroannapaToM ¢ 0GBEKTHBOM, UMEIOIIUM (HOKYCHC
300 mm. JIOTMyCTHMEBIA CcOBAT M300paskeHust 3a BPEMs DKCIOHWPOBAHH
0,03 mm. KakoBa MakcUMalIbHAsS! BBLIEPIKKA?
C Kakoro MAaKCHMAaJbHOTO pacCTOsSHHUS MOXXHO choTorpaduposarh Ma
TEKCT ¢ BBICOTOH OYKB 2,2 MM ¢ IpEMEHEHHeM OOBEeKTHBa ¢ (OKYCHBIM
1000 mm?  ®otorpaduueckas  paspemiaromias —CHOCOOHOCTL — COCTaBN
PasmecTuTcs 1M BCS MAINMHOIMCHAS CTpaHulia B Kajape 24 %36 mm?
BHMMaHUE, 9TO TIIOIIAb CTPAHUIIEL, 3II0THEeHHAas TEKCTOM, COCTaBIseT /8

OnpenenuTh HAauMEHBIIHH pasMep INPEeIMETOB, KOTOPEIE MOXKHO pac
aspoOTOCHUMKe, ~ eciau  Beicota  chSMKM 20 km,  (OKYCHOE
aspooroobrexTuBa 2000 MM, OTHOCMTenLHoe oreeperne 1011, |

cniocobroCTh hoToruEnku /00 Mm
BRIUHCIAETCS 110 (hopmyiie S50/K]

, 4 pa3penarIias ciocoGHOCTb apod

Onpemenuts  TIyOHHY — M300payKaeMOTo  IPOCTPAHCTBA — HIpU  pag
n3obpaxcenust rinazoM (L =250 mm). Paccrosmme N0 TIpenMera |
YBEJIUYECHHE Bos =-0,1;  oObexTHB uMeeT GOKYCHOE pPaccTos

nnadparMenHoe mcio 8, yBeIUYCHHUE B 3padKax f, = 1.
OmnpefieuTh [IyOWHY pPE3KOCTH TPH  PacCMAaTPUBAHMM  H300paKe
(L = 250 mm). Paccrosmme no mpeamera p; = 2000 mm, yBenudeHue
06BeKTHB UMeeT hokycHoe pacctosue 200 mum, naadparMeHHoe Yueio &,
3pavkax f, = 1.

®dororpaduucckuii 00bexTHB € GOKycHBIM paccTosHueM S0 MM YQ
MCTAHIHMIO cheMKY 3 m. HaliTu nepennuit u 3auuii 1IaHe! pu quadpar
3,5 n muamerpe mstHa HepeskocTy 0,03 mm.

C pomomplo oO0bekTEBa ¢ (OKYCHBIM  paccTossHHEM 58 mum
chororpadupoBarh HPOCTPAHCTBO OT 3,5m JO OECKOHEUHOCTH.
HeoGXoqIMOe UIS 3TOro JuadparMeHHoe YHCIO M JUCTAHIHMIO (QOKyC
IAAMETP AOIYCTUMOro TisITHA HepeskocTH 0,03 mm.

CKOII COCTOUT
2; TyOycHOMI
iem 12,57,

ACCTOSHIAMHI
OIITHYECCKOM

5000m co
e pacCcTOsIHUE
| COCTaBJISIET

[IIMHOIHCHBIN
paCCTOHHI/IeM
et 18 mm”
[Tpunsare Bo
)% 250 mm.
CMOTPETh Ha
paccTosiHue
a3peraronas
HTOOOLEKTHBA

CMaTpUBaHUU
;= 2000 mn,
pre 200 mm,

HUS  I'J1a30M

ﬁoﬁ = '01 1;
YBCJIINICHHUC B

TAHOBJICH Ha
TCHHOM YMCIIC

HeoOXOIUMO
Onpenenutsb

HPOBKH, CCIIH

Haiitn muameTp u300pakeHiss HCKYCCTBEHHOTO CIIyTHHKA 3€MJIM, UMEIOIIEro IHaMETP

50cm wm mponeraiomero w4 Beicore 00 xm, Tpu pororpapu
(hoToanmapaToM ¢ 0GBEKTHBOM, ¥ KOTOPOro HOKYCHOE PacCTOsHIE [ o5 =
Kaxpie K01e6aHMs BBHICOTBI caMOIIETa NOMYCTHMBI Ipu a3pooTOChEMKE
GokycHEIM paccTossHueM 600 mym KW IUaMCTPOM BXOJHOIrO 3pauka
JONTYCTUMBIN KPYXKOK HepeskocTn u3obpaxenus 0,2 mm, a Maciurad Chey

hOBAHUU
100 ymm.
NOBEKTUBOM €

€ro

60 mm, ecnu
xu 1:50007 C




KaKOH BEICOTHI IIPOM3BOJAMTCA ChEMKA? Kax M3MEHHTCS NOIYCTHMOC KOJIEOFHHE BBICOTEI,
CCJIM TIPY TEX JKE MIPOUMX YCIOBHAX 3aauadparMupoBaTh O0OBEKTUB 1O OTBEPCTHS 6 MM?

29. OnpenennTh HAMMEHBINYIO BBICOTY, ¢ KOTOPOH BO3MOXHO adpodoTorpadupoBanne
00beKTUBOM C (OKYCHBIM paccTostHeM 50 cv 1ipu BpeMeHM BbLACpkKKH [/200 ¢ n
cKopocTH camonéta 720 km/4, eCi JOIyCTUMEIN CIIBUT n3o0paxkernus 0,2 mu.

30. Kakyio ¢otorpaguueckyro pa3pemaioniyio crmocoOHOCTh MOMKEH HMelb OOBEKTHE,
KOTOpEIM mo3Bonmr Obl coTrorpaduposats Ha Kagp 24 %360 mm MAIHHOIMCHYIO
cTpaHuUIly ¢ BbICOTOW OykB Tekcra 2,2 mm? OmnpenenuTs (DOKYCHOE| PacCTOANME
00BEKTHBA, ©CIH pAacCTOSIHHE OT TekcTa QopMaroM 210x%300mm 10 IIOCKOCTH
n300pakeHus coctaBseT 600 mm.

31. Ceergiieecs TEJIO JIaMITBl HaKaJMBaHVS pazMepoM 2,8 X2 mm mpoenupyercs Ha dKpaH
JIMH30H CO CBETOBBIM JiEameTpoM 30 mm. PaccrosHue OT JHH3EL 0 JKPaHp COCTaBISET
Sm. llommeni cBeTtoBod motTok Jsammbl 250 am. OnpenenuTh  OFCBELIEHHOCTH
n3obpaxxenus. [loTepsamu cBera B lIH3E NpeHEOPEUb.

32. Uzobpakenne ConHna c(oOKycHpOBaHO Ha Jjmcre OyMard ¢ IIOMOIUBIO JIMH3BL ©
hoxycHpM paccrostHEeM S0 MM M cBeTOBBIM anameTpoM 10 M. OmpeneiiuTh ouamerp
H300paXKeHusT ¥ €ro OCBELIEHHOCTh, ojaras sipkocTh Comama Luer = 1,5{109 kn/M2, a
ero yrosoii iuamerp 20 = 30°. Koaduunent nponyckanus auH3sl toc = (),9.

IIpomMeskyTOUHAs aTTECTAIIUSA IPOXOJUT B hOpME dK3aMEHA.
Bompock! K 9K3ameny

1. OcHOBHEIE ONIpeAETIEHUS U MOHATHS T€OMETPUUIECKON ONITHKH.

2. llpaBuna 3HAKOB B IPUKIAAHOMN ONTHKE.

3. 3aKOHEI F€OMETPUYECKOH OIITHKH.

4. KapnunanmpHble 3J€MEHTHl HeanbHoit onTuueckod cucremsl. llonosuTeneHas u
OTpHLIaTeIbHAS ONTHYECKAs CHCTEMA.
3aBUCHMOCTH MEXJy MOJNIOKEHISIME W pa3MepaMu Mpeamera U H300pakeHus
(XapaKTepHBIE PACCTOSHUS).
6. Tpu Thna yseiudeHus.

7. Uerwipe crrocoba MOCTPOSHUS X0/1a JIyya uepes HAealbHyI0 ONTUYECKYIO CHCTEMY.

8. Pacuér xoza yua yepe3 HICaTBHYIO ONITHIECKYIO CHCTEMY (OCHOBHEIE (JDPMYJIBI),

9. Ilepemusis W 3amHSAS TJIABHBIE TOYKM MHOTOKOMIIOHEHTHOHM ONTHYECKOH CUCTEMEL
DKBUBAJIEHTHOE (HOKYCHOE PaCCTOSHIE.

10. TnadpparMsl 1 UX Ha3HAICHHUE.

11. AneprypHas nuadparma. BxosiHo# 1 BEIXOTHOHN 3payukHy.

12. OnpezeneHne TONOXKEHUS alepTypHOH aumadparMbl B OITHYECKOH CHCTEME C
OOJIBITUM KOJHYECTBOM Auadparm.

13. TTonesas muadparma. JlnneltHOe U YIIIOBOE MOJISt OIITUYECKON CHCTEMEL

14. Bunsetupyromas auadparma. Bxogroe wu  Bpixommoe oxHa.  Noaddumment
BUHBETHPOBAHUS,

15. Onpenenenue IeHCTBYIOMET0 OTBEPCTHS BXOJHOTO 3payuKa.

16. OCHOBHEIE XapaKTEPUCTUKH OIITHYECKHX MATEPHAIIOB.

17. Jlunrzer. KoneTpyKTHBHEIE TapaMeTprl. Kap/uHaibHeIe 2JIEMEHTE.

18. JIna3sl. @OpMEL IHH3 (PACcNO/IQKEHIE TTIABHEIX TOYEK).

19. ITnockue 3epkana. OCHOBHBIE 3aKOHOMEPHOCTH.

20. Chepuryeckue 3epkana. OCHOBHEIC 3aKOHOMEPHOCTH.

21. ITnockonapauiensHble mwacTuHbl. OCHOBHEIE 3aKOHOMEPHOCTH.

22. Ontudeckue KMuHbs. OCHOBHEIE 3aKOHOMEPHOCTH.

23. Ipemomirsttontye Mpu3Mbl. OCHOBHBIE 3aKOHOMEPHOCTH.

24. OrpaxaTenbHble TpU3Mbl. OCHOBHEIE 3aKOHOMEPHOCTH.

25. Jlunzel Openens.

26. AKCUKOHEI.

27. OuTrueckuit pacTp.

28. YerpotiicTBo rmasza. XapakrepucTuku riaza. CBOHCTBa Iiasa.

i




.

29
30
31
32
33
34
35
36. OcBeTUTENbHEIE CUCTEMBIL. BHbl OCBETUTC/IEHBIX OITHYECKHX CHCTEM.
37. IIpoXeKTOp U €ro OCHOBHEIE XAPAKTEPHCTHKI.

38. IIpoeKIMOHHEIE CUCTEMb]. ONHCKONMYIECKad IPOCKIIMOHHAS CHCTEMA.
39, TIpoekIMOHHEIE CUCTEMEL. JHackommyeckas IPOEKITMOHHAS CHCTEMA.
3anaun K 5K3aMeHy

. Teneckommueckue cucTeMsl, 3puTenbHas Tpyba Kemepa.

. Teneckommyeckue cucTeMsl. 3putenbhas Tpyda [ames.

. JIyna u e€ XapaKTepUCTUKH.

. Mukpockon u ero xapakTepuCTHKH.

. ®ororpaduueckuit 00beKTUB. (OCHOBHBIC XapaKTEPUCTHKH,

. IIpocteiimue ocBeTUTENbHBIE CHCTEMEL KOIEKTOp H KOHJACHCOP.

. OcBeTHUTENIBHEIE CUCTEMBI MUKPOCKOIIOB, OcBeTHTENbHAs cucTeMa Kéer

Brisectyt GopMyIIBl JUIs CIPE/e/ICHUs JUTMHBL OTPE3KOB @7 W dj, & TaK¥He (HOKYCHOTO

PAcCTOSHMUS, €M JIMHEHHOe YBEIHYCHHE IIPH CMEMIEHMH OITHYECKOIo
U3MEHAETCS B k pas, a paccTOsiHUEe MEXTy HPeIMeTOM M H300paxkeHue

0CTa&TCs IMOCTOSHHBIM.
TpebGyercs chotorpaduporars depTéx pasmepamu S0X75 em’ ¢ oMo
dokycHoe paccTosue KoToporo pasHo [50 mm. Ha KakoMm paccTOSHUM
CHENyeT IOMECTUTh UYepTEX, uT0OBl HM300paKeHWEe Ha INIACTHHKE UM
10X15 em®?

[Ipu mpoerwpoBanuy GuipMa ¢ KaapoM 24 X306 mm Ha BECh SKpaH, UMEr
1200%1800 mm ¢ moMoupio 00BeKTHBa ¢ GOKYCHEIM pacCTOsSHUEM f = |

3aj1a JOJIDKHA OBITh HE MEHEC 5,] M. I[J'II/IHa MMEIOIIETocCs 3ajla HE MOMKT

3,5 m. B oToM ciyuyae m3oOpaxkeHue 3aiiMET UMb YacTh dKpaHa. Ompes

300 paKeHus] Ha SKpaHe.

TeneoOBLEKTHB COCTOMT M3 IHOJOYKUTECIBHOTO TOHKOTO KOMIIOHEHTA

paccrodaueM f;” = 300 Mm 1 OTPULATENBHOTO KOMIIOHEHTa ¢ f2" = -100 M)

Mexay KommoHeHTaMu d = 275 mm. OIpENenuTh [DOJNOKEHHUE TIIOCK

OTHOCHUTECIIBHO BTOPOTO KOMIIOHEHTA, €ClId IIPEeAMET paclOIOXCH TI¢

KOMIIOHEHTOM Ha paccTostHuu 1 0m.

OmnpenenuTh B3aMMHOS PACIIONOIKEHAE TOHKOH JIMH3BL ¢ POKYCHBIM PaceTy
PACIIOIOKEHHOMN B BO3/LyXE, IPeAMETa U DKPaHa, Ha KOTOPOH IIPOCIUPYETC

9TOM NUH3BI JEHCTBUTENbHOE U300paskeHNe NpeaMeTa ¢ IATHKPATHLIM
Kax m3MeHSATCS STH PACcCTOSHUS, €CII BTOpast cpesia — Boja (ng = 1,333)7?

Ha paccrosaum s; =50mm u s =100mm OT HCTOUHHKA CBETA
YCTaHOBJIEHEI AUadparMbl ¢ OTBEPCTHIMH, PATUYChl KOTOPBIX Ry = 15 mm
OmnpenenuTh, ACXOAS W3 3a1<0n0{3 IPSIMOJIMHENHOTO M HE3aBHCUMOI'O Pac

CBETA, Pa3MEpPBEI 30H TEHM U HOJIYTCHH Ha IKPAHC, PaciIoJIOKCHHOM H

53 = 500 MM OT UCTOUHHKA CBETA, €CIH EHTPHI HCTOYHIKA CBETA, HUadp

JexKaT Ha OJTHOM IIpsSIMOI.

Ha cxoipko M3MCHHTCS KaKyliascs IinyOuHa Bomo&Mma, €cloy CHauaa
TaKyl0 TOYKY JHA, YTO JIyd 3PCHHS OKA3bIBACTCS NCPICHIMKYISPHBIM K
BOJBI, 4 3aTeM CMOTpPETh Ha TOUKY AHA, KOTOpas yJalleHa OT MepBOi Ha
pomo&ma 2 m. [lokazarens npenomnenns Bojwt /,33.

Ha myTd cBETOBOrO JIyda, WIAYINEr0 M3 BO3AYXA, HOCTABWIM IUIACTHHY
ny; = 1,5183, TOBEpXHOCTH KOTOPOH MapajueNbEEl Apyr Apyry. Toumy

d = 4 mm. Kak u3MeHHUTCsI OTTHYecKas JUIMHA ITyTH JTy4a, eclu 1y4d AB Oy
IACTHHY: &), HOpMabHO; 0). mop yriom 30°,

Ilpenmer  y =100 mm  pacHoONOIKEH HA PACCTOAHUH S = -450 mm
sepkaina ¢ ¥ = -200 mm. Oupenenuts y’, s', B, Dy, a Taxke ap’ u D', ecy
nradparMa pacroyioxneHa BIepe/ii 3epKana Ha paccToanuy 70 mm v Dy =

KOMIIOHEHTA
M, paBHOE L,

0 00BLEKTHRA,
HT 0OLEKTHURA
2JI0 pa3Mepel

DITUN pasMep
00 mm anvHA
1 OBITE OoJiee
CIATE pasMep

¢ (HOKyCHBIM
{, PACCTOSIHHC
DCTH  TUIEHKY
pel TMepBLIM

auue 130 mm,
51 ¢ IIOMOILIRIO
Y BEJIMUCHUEM.

2y = 20 mm)
1 Ry = 20 mm.
1POCTPAaHEHUA
| PacCTOSIHUU
arM M 9KpaHa

CMOTpETH Ha
OBEPXHOCTH
! m? I'mybuna

U3 CTeKyIa C
HA IUIACTHHE
eT NajaTh Ha

OT BOTHYTOTO
W anepTypHas
50 mm.




10. TTosamu aymbl ¢ (QokKycHBIM paccrosuueM [ =50 mMm Ha pacCTosHHN a = 23 MM

11.

12.

13.

14.

15.

16

17.

18

19.

20.

21.

22.

23.

24.

PAcIONIOXKEH I1a3 HaOIIOATENs,| AUaMeTp 3pauka KOTOPOTO PaBeH J MM

IIOJIOKCHUEC U TUaMETPEI 3paiuKoB,

TeneoOBeKTHB COCTOUT H3 JBYX TOHKHMX KOMIIOHCHTOB, PaCIIOJOXKCHHBIX H

d =120 mm ppyr oT apyra. DOKycHOe pacCTOSHUE [IEPBOTO KOMIIOHEHTA
BTOpOTO /2" =-100 MMm. Tlocepenyne MexIy KOMIIOHEHTAMH YCTAHOBJIEH
nuagpparma  aumameTpom 70 mm.  ONpefeNuTh  NOJ0XKCHHE

BXOIE
TeIe00BEKTHBA OTHOCHUTEIHHO | IEPBOTO KOMIIOHCHTAa ¢  BBIXOJHOI(

Onpenenursb

| PACCTOSHUU
;"= 200 mm,
anepTypHas
0ro  3pauka
3payka

OTHOCHTEIBHO BTOPOro KoMIToHeHTa. HaiiTu imHeliHOe yBEIIMYeHHE B 3pauKax.

Ilepen ToHKON NMH30M Ha paccTOSHMH 60 Mm ycTaHOBICHA nuadparma

20 mm. Dokycuoe paccrogaue |JuH3bl f = 100 mm. HaliTm yriosoe
YBEJIMUYCHHUE B 3padKax.
Jlana JBOSKOBBIMyKJIas JmH3a W3 crekna bKIO (n,=1,5713), ¢ 7]

TONIIUHON d = 6 mm. IIpu Kakoit TOMIIMHE JINH3a CTAHET TEJIECCKOMUYECKON
Haiiter TonmmuHy NMH3BL ¢ KOHCTPYKTHBHBIMH TapameTpamu r; = 40 mm;

np=1,5163, ipu xoropoil oHa craner adoxanpHod. Ilpm pacuére He
(hopMyITy ONITHYECKON CHIIBI IMH3EL.
JluH3a HMeeT CIICYIONINe KOHCTPYKTHBHEIC INapaMeTprl: 7; = 120 mm;

d = 20 mm, crexio K8 (n = 1,5183) n pactuionoxeHa B Bozjayxe. Oupenenyi

IUaMETpOM
U JUHeHHoe

=273 MM W
)

ro =-30 mm,
ICIIONIB30BATE

ry = 100 mm,
b THII JTUH3E,

e& doxycHoe paccTosHue /M (DOKAIbHBIE OTPE3KU Sp, § f. OUpPENETUTh MPIOKCHUE Sy,

$f’ TIABHBIX TOYCK, HE MOJB3YsIChL GOPMYJIaMH.

. B nuH3e-mape 3amHuil  Qoxyc COBII@mAaeT ¢ BEPUIMHONH BTOpOU

OtpenenuTh MOKa3aTeNb IPEIOMIICHUS CTEKTIA H,.

OnTuyeckas cujia IMOJIOKUTENBHON TUH3EL 5 Onmp, OTPULATENBHON JINH3LI

Haiitn GoxycHOE pacCTOSHUE CHCTEMEI, KOTOPAs MONYYHTCS, €CIH JIMH3bI
BILIOTHYIO.

\ IIYHOI( TapaJuICIIbHBIX Hy‘leﬁ I'IE’(?)IaCT Ha INIOCKOIIAPAJUICIIBHYRO IINNaCTUH

n=15). B HavanpHOM IIOJIOKCHUY TUIACTHHA TNEPICHANKYIIPHA ITyY
IIOBOPAYMBAIOT Ha J°, UeMy paBHO NONEPEUHOE CMEIIECHNE JTydel ITyuKa?

I0BEPXHOCTH.

3 onmp.
DACIIONIOKEHBI

(d =20 mm,
(y, 3arem €

BrruncennTs MoNIoKeHHE BXO,[[HO;I"O 3pavdKa B TPY6€ Fannneﬂ, COCTOALLEN M3 TOHKOIO

obpextiBa ¢ (QOKYCHBIM paccrosaaeM 90mm M TOHKOTO OKYIAPA

paccTostHueM -30 mm, €CIU THa3 yAalIEH OT OKyJsIpa Ha paccTrosHue [J

|
YTJI0BOE 1oJIe Oy/IeT UMeTh TpyOd, €ClIH OTHOCHTENIBHOE OTBEPCTHE 00BEKT

(DoxycHOE pacCTOSHEE OOBEKTHBA 3PUTCIBHOK TpyOBI  [IPSIMOTO

f1 =150 mm, a obopauusaionieii MMH3BL f'3 = 50 mm. Bumumoe ysenu
r=06", a yeenmmdyeHune oGopaunBaromeit nuH3El f =-1. Oupeneny
paccTosiHIE KOJIIEKTHBRA U ILHI/IHy‘ 3PUTENBHON TPYOEL

3purensHas Tpyba ¢ GOKYCHBIM PACCTOSHHEM OOBEKTHBA fo5 = 500 mm yd

¢ (hOKYCHBIM
6 mm. Kaxoe
iBa /.57

H300parkeHus
HeHUe TPYOBI
‘b (POKYCHOE

TAHORJICHA Ha

GeckoneunocTs. Ha kakoe paccrosmue Ad Hamo mepenBMHYTH OKYISp TpyObl, UTOOHI

SICHO BUIETH IIPEAMETHI Ha paccTosHun 50 m?

s paccMaTpUBaHHS MEJIKHX | OpPraHW3MOB HpuMeHsitoT Jiynmy Crenxpra, KoTopas
IPEJCTABIISIET  COOOM  MOJONKHUTENBHYIO KOHIEHTPHUECKYIO JHH3Y ¢ 2 =-(1/3)d.
OmpenenuTs IOJOKEHHE (QOKYCOB M IVNABHLIX IUIOCKOCTEH JIymbl H3 CTeki1a ¢
IoKazareyieM TpeloMieHus n = /,5. I'me pmomKkeH pacnoiaratbgs — IPeAMET,
paccMaTpHUBaeMbIi yepes3 TaKyro ILymy?

Jlna paccMaTpWBaHWS MEIKUX | OpraHW3MOB IpPAMEHSIOT Jiynmy CTeHxpiia, KoTopas
IpeJCTaBasteT CcoOOU  IMOJOXUTENBHYI0 KOHIEHTPUYECKYI0 JHH3Y ¢ r2 =-(1/3)d.

BEIMHCIUTG PafuyChl KPUBUM3HPL, TOJNIMHY, (OKYCHBIC pacCTOSHUA I (poxalbHLIE

OTPE3KHU JIYIIbl, Y KOTOpol BUAUMOe yBeaudeHue 2J. Ilokazarens mpeinomil
PaBHBIM 1 = 1,5.

OnpezenTh KOHCTPYKTUBHBIE NAPAMETPHI OJIHOJMH30BOM JIyIBI B BHJ(E C
JIBOSIKOBBIITYKJION JIMH3BI ¢ BHAMMBIM YBEIHUYEHUEM 4, JIMHEHHBIM II0OJIE)

CHIYS IIPHAHATD

IMMETPUYHOH
1 2y =45 mm,




JAaMCTPOM BBIXOJHOI'O 3pavKa D’ =4 mm, YAAICHHACM BBIXOTHOI'O 3payKa jip

IToxazaTenb IpeioMyIeH s MPUHSTH PaBHBIM 1 = 1, 5.
25.

OTCUETHBIA MHUKPOCKOI HMECT BHIUMOE YBCIHMUCHHE -200, ¢okycHoE

=35 M.

pacCTOgHIC

oKyisipa 25 mm. AnieprypHas nna{bparMa pacIoyokena B 3aiHeH QOKANBHQH IOCKOCTH

o0BbeKTHBA U €€ IuaMerp pa eH 7mm. PaccTosHmEe MeEXIy IIpSAME
n3obpaxkenreM mociie MuxkpooObexrtusa L = 192 mm. OOBEKTUB CUMTATE

ETOM W ero
OecKOoHEYHOo

TOHKHAM KOMIIOHEHTOM. HaliTu nososkenne 1 qJuaMeTp BRIXOJHOTO 3patka MUKPOCKOIIa.

26.
oxyisipa 10", PaccTosiHME MEIK/Y HPEIMETOM U H300paKeHHeM 1ocie MU

L =192 mm. Kakum noiokeH ObITh AuaMerp anepTypHOH QuaparMel, yCTy
sazmell (GoKaNbHOM IUIOCKOCTH MHKPOOOBEKTHBA, CCIIH JHAMETD BBIXO)

mukpockona D’ =1 mm? OOBEKTHB 1

KOMIIOHCHTaMU.

OKyJIsSp CUHTaTh Oeckoxeu

27.

00BEKTHBA MHKpOCKOIa ¢ (OKyCHBIM paccTosHueM 13,5 mm. H3obpa

00BEKTUBA PACCMATPUBACTCA HepPe3 OKYNAp ¢ (QOKYCHBIM DPACCTOSHUEM .

BUJIIMO€ YBEJIMICHIE MUKPOCKOIIA ¥ ONTHYECKYIO IIHHY TyOyca.
28.
PAcCTOSHUE OKyJsApa fu = 20 mm, paccrosHAE MeXay OeckoHed
KOMIIOHEeHTaMK 00beKTHBa W OKynspa d = /10 mm. JlmaMeTp anepTypHO
Dyg=10mm. HaliTm pasmep |BBIXOTHOTO 3pauka,
pacIoIoKeHa Ha PaCCTOSHAN a; + -45 MM.
29.
4 m. Hatitm nepegHuil W 3aJHUNA IUIGHBL OTHOCHTENBHO INIOCKOCTH
nuadparMeHHOM 4uciie 5,6 1 Auamerpe matHa paccesuus 6 = 0,04 mm.
®0T000BEKTHBOM ¢ (HOKYCHBIM [pacCTosHMEM 28 MM HEOOXOAMMO COOT
IIPOCTPAHCTBO OT 3 M 1m0 Oeckoneunoctd. OnpelennTs auapparMeH
JACTAHIHUIO GOKYCUPOBKH, €CIHU JIOITYCTHMBIH KPY)KOK PACCEsHUs 0 =
Kakyro doTorpapuyeckyro paspeiiaionyio CrocoOHOCTh HOJDKEH HME

30.

31.

OTcuéTHEI MHKPOCKOIT WMeeT |BuauMoe yBenuuenue -200. Bumuamoe

B Bu3MpHOM MHKpOCKOIE (OKYCHOE PacCTOSHUEC OOBEKTHBA fos = 30 Mu,

CCJIn IIPEeAMCTHA

!

0,03

YBEIHYECHHE
{PO0OLEKTURA
HOBJIGHHOU B
[HOTO 3pauka
10 TOHKHUMH

I

IIpemMeT pacIoiodKeH Ha paceTofHuM [,55 mm Tepen Toukod mepemjiero (oxyca

KeHue Iocje
0 mm. Hatitn

(poxycHoe
0 TOHKMMH
i ;uadparMel
1{ TJIOCKOCTE

DoT000BEKTHB ¢ POKYCHBIM paccTosisueM S0 mm yCTAHOBJIEH Ha JUCTANIUIO CHEMKU

IUIEHKW  [IpH
rpadupoBarh
0€ YHCIO MU
MM,

s OOBEKTUR,

KOTOpEIH mosBoyua Gel  chororpadupoBaTs Ha Kagp 24x36 MM MAIIHHOIKCHYIO

CTpaHUITy C BBEICOTOM OyKB TeKCTa

00BEKTHBA, €CIH paccTosHue OT Tekcra QopmaroM 210x300 mm 1

u3o0pakenust cocrapiusger 600 MM, NuHEHHBIA TpeAeH  pasperneHs

0" = 0,04 mm.

CamocrosiTeJbHast Pad0TA CTY/ICHTOB BKIIOUACT B ceOst:

1. AynuTopHas caMouTo;ITcJIbHaa paboTa CTYIEHTa 110 MUCIHUILIMNE
Ha JJaGOPATOPHBIX W MPAKTUYECKUK 3aHATHAX IIPH PCIICHUH 3a1aY.

2. BHeaymuTopHas —caMocCTOsTeNbHas paboTa  BLIIONHAETCS  CTY
YOayONeHHOM H3Y4YeHUH JUCUUIUIAHBEI 110 TEME IPOMJICHHOW JCKIMU, IIPU
nabopaTopHEIM  paboTaM, TIPU BBIIOJHEHWH KypcoBod paGorer.  OcHOB
CaMOCTOATENBHON paboThl CTyIEHTA ABJISIETCS U3y4YEHHE KOHCIEKTa JIEKIHH, PeKd
JIATEPATYPHL.

Brimonnenune KypcoBoit paboTst

Kypcosas paGoTa BeITONHAETCS 10 TeMe «PacyeT ONTHIEeCKOH CHCTEMBL 1T
JTa3epHOr0 W3JIydeHus». JIs Ka)Kmoro, CTyJEHTa ONPEIENCHBl WHIAMBHIIyaIbHE
TEXHHYECKHUE TTapAMETPBL, TI0 KOTOPBIM [IPOU3BOIAUTCS PACUeT.

Saganus 10 BapUAHTAM JUIS BEITOJIHEHNS KYPCOBOK paboThl

2,2 mMm?  Ompenenuth (HOKYCHOG

paccTosHue
D TUIOCKOCTH
s (hoTOCIOS

BBIIIOJIHACTCS

[ICHTOM  TIpH
[OATOTOBKE K
0¥t dopmoit
MEHJIOBAHHOM

(pOoKyCHPOBKH
¢ HauaJIbHBIC

JnvHa BOJIHBL Paguycel Jlnuna HuameTp Jry4a Ha Paccrosuue no Iosopor
E M3IYHeHNS, A KPUBH3HEI pemﬂﬁvmpa, oOpabaTbiBacMoi obpabaTtbiBaeMoH OMTHUEC KO
g (tum nazepa) aepKai L MIOBEPXHOCTH, IOBEPXHOCTH, A ocu
B pesoHaTopa, d=2y"
A I u -
l 10,6 MxM 5™ 0,8 m 200 mrm Y Onno
CO;-nazep -5 ™ NOBOPOTHOE




3epKajIo
2 0,6943 Mxm 250 MM 500 MM 0,05 MM 3000 mm HET
PYOHHOBBIMH -250 MM
nasep .
3 632,8 uMm 200 MM 30 cm 0,002 Mmm 0,7wm HET
He-Ne-niazep -200 MM
4 0,448 MxM 300 MM 450 Mm 1 MM 30 cm HeT
aproHOBEII -260 MM
Jazep
5 510,6 am 0,75 M LL5Mm 3 MM 1,5m Onso
Jmasep Ha mapax | -0,75m TIOBOPOTHOE
MeIH 3epKaso
6 340 am 400 MM 0,6 0,8 MM 600 MM HeT
Jlazep Ha -400 MM
KpacHTeJIsIxX
7 337 um 20cMm 250 mm 2 MM 780 mm Oario
a30THBIN nazep | -20 cM MOBOPOTHOE
3epKao
8 116,1 am 120 MM 240 mm 0,7 MM 350 cm HET
BOIOPOIHBIH -120 Mmm
aToM o
9 676,4 am 140 cMm 70 cM 0,3 cm SM HeT
KpPUIITOHOBBIH -140 cm |
Jazep |
10 | 193 am, 80 cm 120 cM | 200 Mxm 2M HET
3KCUMEpHEIH -60 cM '
Jasep
11 1,06 Mmxm 400 MM 280 MM| 0,5 mm 540 mm OnHo
HEOJUMOBBI -400 MM NOBOPOTHOE
Jlazep 3epKaio
12 | 1,03 MM, 1M I,IMm | 0, 02 MM 0,8 m HET
Yb-HAT-mazep | -1 M
13 | 627 nm, 50 cMm 0,75 m 0,1 cm 670 MM HeT
Jlasep Ha mapax | -50 cm
30J10Ta -
14 | 440 nMm, 175,5 MM 350 MM 1 MM 60 cm OnHo
He-Cd-nazep -175,5 Mmm [IOBOPOTHOE
sepKajo
15 1100 uM, 0,5m 0,45 m 0,008 MM 950 MM HET
TUTAH- -0,5 M
can(upoBkIit
Jazep
16 | 1,315 MxM, IM 560 MM 0,06 MM 580 cm Onuo
XUMMYECKUH -3Mm MIOBOPOTHOE
aasep 3epKaio
17 | 1,06 MxMm 1M 0,9Mm 125 MxM 850 mm HET
Nd-HAT srazep | -0,6 M
CamocrosarenbHas paboTa 3aBepIIaeT 3aauyl BCeX APYTHX BUIOB yueGHOr( mpolecca u
MOXKET OCYIICCTBIIATECA Ha JICKIHAX, CCMUHAapax, NPaKTHYCCKUX 3aHATHLX, H‘ESOpaTOp,HI:IX
3aHATUAX, KOHCYJIBTAIlHIX. Kax (bopMa Opranu3anuu yqe6Horo Iponecca CaM{pCTOSTCIEHAS
pa60Ta CTYACHTOB IPCACTaBIIACT coboti OCJICHAIIPABIICHHYIO CUCTCMATHUYCCKYIO fICATCIIEHOCTD

10 IPROOPETEHUIO 3HAHUM, OCYIIECTRIILE
KoHTposs BEIMONIHEHUS CAMOCTOSTS

3aMTEI J1a00paTOPHBIX PaboT N0 JAHUCIH
3alUTe KypcoBoit paboThl, Ha 9K3aMEHE.
Bompock! Ut KOHTPOJIS CaMOCTOIT

IUINHE, TIPK BBIITOJIHCHHUH IIPAKTHYCCKUX

VIO BHE ayJIUTOPHUH.
NBHOH pabOTh! OCYIIECTRIIACTCS B XOJ€ B

clbHo# PaboThI

1.
2. Monoxpomarnueckue abeppai
3. Pasnoxenue 3einerns. Chepnt

MoOHOXPOMATHUECKUE ¥ XPOMATHIECKHE abeppaliuy.

an. Pazioxenue 3eiinens.
ieckas abeppanusi.

LITTOJTHEHUS U
afanui, pu




Pasnoxenne 3efinens. Koma. ,ED,I/ICTOpCI/IH.
ACTUTMaTH3M ¥ KPUBU3HA TTOJISI.
Xpomarmueckue abepparny. XpOMaTH3M TON0KEHHUSL.
XpoMaTu3M yBeMUeHUS. BTOPUYHELA CIIeKTp.
Pacuér abGeppanuii onTuueckoi cucTeMbl (OCHOBHEIC TIOJIOKEHUS).
CymMupoBanue abeppaliuii.
. OGBEKTHBEL 3pUTENBHEIX TPYO.
11. Oxynsaps! 3pUTENBEHBIX TPYO.
12. O6bexTuBEI MuKpOcKkonoB. Kinaceunduxanus.
13. Oxymsipel MEKPOCKOTIOB,
14, Knaccudpukamms  Gororpauaueckux
y3koyronkaee GO,
Knaccuduxamus  dortorpadhudecknx 0OHLEKTHBOB.
[IEPEMEHHBIM (POKYCHBIM PAaCCTOSHHEM.,

o v

O o0

00TLEKTUROB,

15. Hopmanenere @

7. YYEBHO-METOJIMYECKOE 1 HTHOOPMALUOHHOE OBECTI

JUCIHHUITIJIMHBI (MOAYJIST)
a) OCHOBHA{l JIUTEepaTypa™;

[MIupoxoyi

I0JILHBLIC H

D u ®O ¢

EYEHNE

1. Bappamsn B.A. @usudeckue OCHOBBI ONTHKK [DNEKTpOHHEIE pecype]: yueOuoe

nocobmne/ Bappansa B.A.— Diexrpoi.TexcToBsie janHble.— HoBocHGupck
TOCYIApCTBEHHEIN YHUBEPCUTET TeIIeKOMMYHUKaIUY U nHpopmaTuky, 2015.— 23
nocryua: http://www.iprbookshop.ru/40554.— 3BC «IPRbooksy.

2. Hlangapos B.M. OcnoBbl dusmueckoifl ¥ KBAHTOBOW OITHKM |

ToMCKu#l rocymapcTBEeHHBIl YHUBEPCHUTET CHCTEM YIPABICHHUS W PajIHOJIEKTPOF
197 ¢.— Pexxmm mocryna: http://www.iptbookshop.ru/14018.— DBC «IPRbooksy.

3. Omunokos C.b. Pacder, komcTpywpomanme u usrorosjenwe audpa
TOJIOTPAMMHBIX ONTHYECKHX JJIEMEHTOB [ DIICKTPOHHEIN pecypce|: yuebroe mocols
C.b., Cararensan I'.P., Kosanes M.C.— DJeKTpOH.TEKCTOBEIE HaHHLIE,— M.:
FOCYIapCTBEHHBIM TeXHUUecKuil yHuBepeuter uMmenn H.O. Baymana, 2014, — 124
nocryna: http://www.iprbookshop.ru/31628 — 55C «IPRbooks».

0) JOMOJIHATENLHAS JIUTEPATYPA™:

1. Sxymenkos IO.I'. Teopus 1 pacuer ONTHKO-3JICKTPOHHBIX MPUOOPOB ||
pecype]: yueOnuk/ SxymenkoB O.I'—| Onexrpon.TexcroBnie manunie.— M.: J1
568 c.— Pexxum moctyna: http://www.iprbookshop.ru/9130.— 3BC «IPRbooks».

2. Kopuna JI.B. Ontuxa [OnexTpoHHBIN pecype]: ydeOHoe mocobue/
CrapmmnoB b.C.— ONexTpoH.TEKCTOBBIE Jamabie.— M.: MOCKOBCKHMH Trocy
Texnuyeckuit yHuBepcurer umenu H.D. baymana, 2011.— 88 c¢c.— Pex

http://www.iprbookshop.ru/31128,— DBC «IPRbooksy.

Cubupexuii
b ¢.— Pexum

PrexTpoHHbIN
pecype]: yueOHoe 1ocobue/ IllamumapoB B.M.— DieKTpoH.Te€KCTOBLIE JAHHb

e.— TomMmck:
ik, 2012 —

KOWOHHBEIX U
e/ OnnuoKos
Mockorckuit
L ¢.— Pexum

DJIEKTPOHHBIM
roc, 2011.—

lopuna JI.B.,
I[ApCTBEHHBII
M IOCTyIa:

3. IlpukmagHas ontuka: y4eGHOe mHocobme it By3oB 1o wmampasieduo 200200 -

Onrorexunka u ontudeckuM cnenuansroctsim / JI TN, Bebuyk [ ap.]; mos
3akasHoBa.— M3x. 3-e, crep. — Canxt-IlerepGypr : Jlanp, 2009 — 312 c.
(YyeOuuku ans By3o, CrenuaibHas jiuteparypa) .— bubnuorp.: ¢. 300-301 .—
c. 302-308 .— Nwmen. yka3.: c. 309 .— ISBN 978-5-8114-0757-6.

B) MEPHOAUYECKYIe H3AAHMSL:

1. Ontuueckuil xxypuai, ISSN: 0030-4042.

8. MATEPUNAJILHO-TEXHUYECKOE OBECITEYEHUR
AN COUTTJIMHBI

JIeXIIMOHHEIE ayIUTOPHH OCHALIEHBl JOCKOM (Ui Mela WIIH Mapkepa),
IPOCKIIMOHHBIX CUCTEM, IIPOCKTOPOM B HOYTOYKOM.

pen. H. IL

A, tabn. —

[peM. ykas.:

ODKPAHOM ISl




AYL[I/ITOPHI/I AL IIPOBCACHHUA BiJHﬂTI/Iﬁ OCHAaIIEHE] COBPECMCHHBIMH  IIE€PCOHAJILHBEIMHUA
KOMITLIOTCpaMH, O6’BCI[I/IH6HHBIMI/I B JIOKQJIBHYIO BBIYHUCIHUTCIIBHYIO CETh U YKOMI]J'IIFKTOBaHHBIMH
<

HEOOXOJMMBIM CHCTEMHBIM H HPHKJIAJHEIM [IPOrpaMMHBIM obecreucHmeM (naker ZEMAX,
| o
CHCTCMa MaTeMAaTHYECKUX ¥ HHXEHEpHBIX pacuéToB MATLAB).




Pabowas nporpamma ,I[I/ICIII/]IHJH/IHET[ COCTaBJICHA B COOTBETCTBHU ¢ Tpebosafimsamu PI'OC

BO o nanpasenmto 12.03.05 Jlazeprast TexHuka ¥ a3epHLIE TEXHOIOTHHY.
|
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