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IHHOACHUTEJIBHAA 3AIINCKA

['maBHOW 3amaveil cpegHero mpodeccuoHATBHOTO O00pa30BaHUS SBISETCS
MOATOTOBKA KOMIIETEHTHBIX CHeNUalIucToB. B mpouecce ¢dopmupoBaHus
NpoPECCUOHANBHBIX W OOIIUX KOMIIETCHIMIN J1a0OpaTOpHbIE 3aHSTUS 3aHUMAlOT
MPOMEXKYTOYHOE TIOJIOKEHUE MEXK]Y TEOPETHUYECKUM M TPOU3BOJCTBEHHBIM
o0yueHHeM U CIy)KaT OJIHUM W3 BAXKHEHUIIMX CPEJCTB OCYIIECTBICHUS CBSI3U
TEOPUM U TPAKTUKU. BpIMOMHEHWE Ta00paTOpHBIX paldOT HaIMpaBICHO Ha
JOCTH)KEHUE CISAYIOIINX LeJIei:

- popMHUpOBaHUE HABBIKOB U3MEPEHUS (PU3NUECKUX BETUYUH U TPABUIILHOTO
MPE/ICTaBIICHUS PE3yIbTaTOB U3MEPEHUS,

- OBJIaJICHUE MPAKTUYECKUMU HABBIKAMHU MPOBEJCHUS UCCIIEI0BAaHU, METOIaMH
00pabOTKM U aHaNIM3a Pe3yIbTaTOB U3MEPEHUH,

- 3HAKOMCTBO C METOJIaMU UCCIIEAOBAHMS OCHOBHBIX 3aKOHOMEPHOCTEH (DU3UKH,
- OIIBITHOE 000CHOBAHNE, N3YYaeMbIX (PU3UUECCKUX SIBJICHHM.

BrimonnHeHre 1abopaTopHBIX pabOT MPU3BAHO CIIOCOOCTBOBATH 3aKPETUICHHUIO
TEOPETUUYECKUX 3HAHUU, (HOPMUPOBAHUIO YMEHUW U CIIOCOOOB NEUCTBUN uepes
CaMOCTOSITEIIbHYIO JIE€SITEIbHOCTh CTYACHTOB. Beaymen IUIaKTHYECKOW LEIbIO
MPAKTUYECKUX 3aHATUN SBJISICTCS dbopmupoBaHue MPAKTUYECKUX
(mpodeccuoHaANbHBIX) YMEHMM — BBIOJIHEHHE OINPEACNEHHBIX JEUCTBU,
onepauuii. OcHOBHas 3ajada Ja0OpPATOPHBIX pabOT - HAYYHUTh CTYJIEHTOB
MPUMEHSITh TEOPETUUECKHE 3HAHUS B IPAKTUUECKUX CUTYaITUsX.

BrinonHenuto nabopaTopHOil paboThl HAa ypOKE MPEAINIeCTBYET MpPOBEpKa
3HAHHUM CTYJCHTOB, UX TEOPETUYECKON TOTOBHOCTH K BBITIOJHEHUIO JaOOPaTOPHOM.

B pesynbTaTe ocBoeHUs y4eOHON AUCIUTUIMHBI 00YYarOUIUIiCs JOKEH 3HATH:
® CMBICT (PU3UYECKUX TTOHSITHUH;
® CMBIC] (PU3NUECKUX BEIUYUH;
® CMBICHT (PU3UYECKUX 3aKOHOB.

CtpykTypa © coAepaHUE Ja0OpaTOpHBIX paldOT BKJIKOYAeT B ceds
CIEIyIOIIUE DJIEMEHTHI: TeMa, IeJb BBIMOJHEHUS paboOThl, 00OpYyIOBaHUE,
METOJIMYECKHE YKa3aHUsl MO BBIMOJIHEHHUIO PabOThI, KOHTPOJIbHBIE BOMpochl. 1o
KaX70i paboTe HEOOX0aUMO O(POPMUTH OTYET B COOTBETCTBHH C TPEOOBAHUSIMHU,
ceNaTh BBIBOJIbI, OTBETUTh HAa KOHTPOJIbHBIE BOMPOCHL. OTYET O BBHINOJHEHHOU
paboTe mpeACTaBIsIeTCS] CTYACHTOM TPEToAaBaTelo s MpoBepKu. OTUeT MOKET
OBITH MPECTABIEH KaK B MUCbMEHHOM, TaK U IE€YaTHOM BUJIE.

JIJ1st yCrenHoro BBIMOJHEHUS 1a00paTOpHBIX padoT oOyyaromuecs: 00s13aHbl
03HAKOMHUTHCS C TIOPSIIKOM UX MPOBEJICHUS U U3YYUTh COOTBETCTBYIOIINUE Pa3/ieibl
TEOPETUYECKOI0 Kypca.

OOGyuJaronuecss JOJDKHBI YETKO MPEJCTABIATh 3ajlady, YMETh IMPOBOAUTH
HEO0OXOIMMBbIC PACUETHI.



OO0mue yka3aHusi K BbINIOJHEHHIO padoT

[lepen HauyaaoM BBITIOJIHEHHUS Pa0OTHl BHUMATEIBHO O3HAKOMBTECH C
WHCTPYKIIMCH, 3aIaHKEM K JJa0opaTopHO padoTe.

OTtder odopmMIISeTCs Ha JHCTAaX CO MITAaMIIOM. B oTueT BhummTe TeMy, IENib
paboTer, 00OpyJOBaHWE, TOPSAAOK BBIIOJHEHUS, pacu€Thl W BBIBOA. llpum
BBITIOJTHCHUU PaOOTHI CIICyWTE MPUBEICHHBIM ITyHKTaM TIJIaHa.

[To mepe BoinoaHEHMS PaOOTHI HEOOXOIUMO CPOPMYIUPOBATH BHIBO/I.

Otuetsl oopMIISIIOTCS B KypHaje. Ha TUTYyIbHOM JIMCTE MOJDKHBI OBITH
yKa3aHbl: Ha3BaHUE TMpeaAMETa, rpynmna U GaMuius CTyJAeHTa. TUTYJIbHBIA JUCT
obopmisiercs Ha popmare A4

[Tpumep opopMieHUsT TUTYIHHOTO JIUCTA:

MuHHCTEPCTBO HAYKH U BhICIIEro oOpa3oBanusi PO
OI'bOY BO «bpsiHCKUl roCy1apCTBEHHBIA TEXHUUECKU YHUBEPCUTET»
«ITonmurexHUUeCKUN KOJUICIKY

KYPHAJI

71a00paTOPHBIX PadOT MO YUeOHOW AUCITUTUIMHE
Duszuka

CryneHr:

I'pynma:

IIpenonasarens:

2022




JlaGoparopHas pabota Nel
IIpoBepka 3akona boiisist — Mapuorra
Iles1b : OMBITHBIM ITyTEM YOCUTHCS B TIPABUIIBHOCTH 3ak0oHa boitns — MapuorTa.

Teopus: 3axon boiinsa-MaproTra 17151 I30TEPMUYECKOT0 IPOLIECca, T.€.
TpoIIecca, MPOTEKAIOIIETo MPH MOCTOSHHOM Temriepatype (T1=T2), sBisercs

YaCTHBIM CITy4aeM 00BhEIMHEHHOTO ra30BOr0 3aKOHA:
P1 P2
Vi=prVo umm — = ——
prVi=pavz V2 V1
MoxHO cKa3aTh, YTO JABJICHWE JAHHOW MAaCChl ra3a NpU ITOCTOSHHOM TEMIIEPATYPE

U3MEHSETCS 00paTHO MPOMOPIMOHATIHLHO €ro 00bEMY.

O6opynoBanme: 1. [Ipo3paunas TpyOka ¢ KpaHOM.
2. MepHblii IWJIMHIP C BOAOMH.

3. UsmepurennHast jeHTa. 4. [ltatus.
HcnpiTyemslii ra3 - BO3IyX.

Ilopsinok BbINOJIHEHUSI PA0OTHI:

CM.pUCYHOK.

1. 3meputs uiuHy TpyOKH, L (em)

2. VI3MepuTh BBICOTY CTOJIOA BOJIBI B WUTMHIpPE, N1 (cMm) 13—
3. 3akpenuTh TPyOKY B ILITATHUB.

4. OmyCTUThH TPYOKY OTKPBHITHIM KOHIIOM B ITUITHHIIP.

B TpyOKy 3aX0auT BoJa M CKUMAET BO3IyX A0 TEX Mo,
MIOKA €ro JABJICHUE HE CPABHUTCS C BHELLIHUM

arMoc(hepHbIM JIaBIEHUEM .3aKPbITh KPaH.

5.BbIHYTH TpYOKY M3 WIMHIPA, KPaH HE OTKPHIBATb.
6.113MepuTh BRICOTY CTOJIOA BO/IBI B TpyOKe, N2 (cm)
7.OTKpBITh KPaH U BBITYCTUTh BOJTY B IIFITUHJIP.

8./laHHBIE 3aMEPOB 3aHECTH B TAONHITY.
9.BBIMUCIIUTE UTMHY BO3IYIITHOTO cTONI0A B TpyOKe, L1 = L- i (em)

10.BeramcTh IMHY BO3TYIITHOTO CToJI0a B TpyOKe mocite cxatus, Lo = L - h (em)
11.BbramcuTh ruipocTaTHUecKoe aBIeHUE BOJIBI B TPYOKe, ps = P * §-ho, (Ia),
rae p=108 kr/M3-mmoTHOCTh BozibI 1 [N2] = M.

12.BbruricuTh TaBIICHHE BO3IyXa B TPYOKe Tocie ckartust p2 = P1— Ps (Ia)
13.BbI4ucanTh IPOM3BEICHUS OTHOIIEHHH, P2 - Lo=p1 - L1

14.3aHecTH pe3y IbTaThl BEIYUCICHHUA B TAOJIUILY."

—

Tabsmia
Juna JlaBnenue Jmuna Bricota Japnenue | [laBneHue
Ne  'Tpy6ku BO3/TyXa crojiba |croida BOIbI crosba BO3/1yXa B
onbITa| | cvm | arMochepHoe BOJALI B | B TpPYyOKe, BOJIBI B TpyOKe Pi-Ly, PorLo,
P, I1a LUATUHAPE, h2, cm LWIHHIPE ocJje MTIlacy | MIla em
h1,cm Pg,I1a cKaTust
P2, Ila
101,3-10°
Pacuersr:

BriBon:




Jlabopatopnas pabota Ne2
OIIPEJIEJJEHUE KO®PUIIUEHTA JUHEHNHOI'O PACIIUNPEHUSA
TBEPJ1OI'O TEJIA

Lesb: onbITHBIM 1TyTEM OIPEIEUTE 3aBUCUMOCTD JUTMHBI CTEPIKHS OT TEMIIEPATYPBI U
BBIUUCIINTH KO (OUIIUEHTHI TMHEHHOTO PACIIMPEHUS AJISl CTAJIH U JIATYHHU.

Teopus. C uaMeHEeHHEM TeMIIEpaTyphl Tella €ro pa3Mepsl U3MeHs0TCs. TernoBoe
pacimpeHue TBEpIbIX Te, y KOTOPBIX UMEETCs IPEUMYIIECTBO B OTHOM U3MEHEHHH,
xapakrepusyercs JuHedHbM pacmmpenreM Al: Al = aloAl, roe o — xosddurment muneinoro
pacuIMpeHus, 3aBUCAIIMN OT MaTepHaja U TeMIIEPATyphl, OJJHAKO €CJIM pacCCMAaTPUBATh HE
00JIbIIIMe HHTEPBAJIBI TEMIIEPATYP, TO MOYKHO CUUTATh KOAPPHUIMEHT JTMHEHHOTO PACIIMPEHHS
JUIsL JAHHOTO MaTepualla BeTMYUHON MOCTOSHHOM.

KoadunmenT nuHeitHOro paciivpeHust Moka3blBaeT, Ha KaKyro J10JII0 CBOeH
nepBoHavyaibHOM JutnHbI pu 0° C u3MeHsercs AnuHa Tena npu Harpeanuu Ha 1 K win 1°C:

o= Al/(lo AT), wmm o= Al/(lo At),
rae Al - mpuparieHue JUTMHBL

Koadduuunent nuHeiHOro pacmMpeHus TBEpOro Tejaa MOKHO OIPEAETUTh ONBITHBIM
nytem. [Ipubop, nperHazHaueHHbIN U1l SKcIiepuMenTa (puc. 1), mo3BoISeT NPOU3BOJUTH OIBIT
C MHJUKATOPOM MJIM MUKPOMETPOM. 5

puc. 1
ObopynoBanmue. 1. [Ipubop a1 onpenenenus ko3P huIMeHTa TMHEHHOTO PACIIUPEHUS
MeTasuIoB. 2. NHAMKATOp WM MUKPOMETP ¢ TpemnioTkoi. 3. [lapoobpazoBarenb ¢ pe3UHOBBIM
[UTAHTOM. 4. DJIEKTPOIUIMTKA WM CIIUPTOBKA. 5. TepmomeTp (oOmuit a1t Bcex ydamuxcs). 6.
W3mepurenbHast INHEHKA.

IMopsi1oK BBHINOJHEHUS PAGOTHI.

Bapuanum 1. IIpuGop ¢ H”HAUKATOPOM.

1. VcranoButs npubop Ha nmojcraBke 1 Tak, 4ToObI cTOMKA 4 HaXOAMIIACh C TPABOI

CTOPOHBI.

2. VcnipITyeMBblii CTEp)KeHb 8 MPOMYCTHTh JTMHHBIM KOHIIOM Yepe3 OTBEPCTHE B CTOWKAX 2 U
4 tax, yTOOBI TIaHKa 9 pacoI0KHUIACh BEPTUKAIBHO U HE JI0XOAMIA 10 CTONKHY 4 Ha 3—5 MM.

3. 3akpenuTh TpyOKY BUHTOM 3 B JIEBOM CTOMKe.

4. I3MepuTh TEMIIEpaTypy OKpPYKaIOILIETo BO3AyXa.

5. I3mMepuTh HauasbHy!o JUHY 11 TpyOKH IpHU KOMHATHOM Temmeparype, CuuTas
JUIMHOM paccTOsIHUE OT LIEHTpa BUHTA 3 J10 JIEBOM CTOPOHBI CTOMKH 4. [IpuHATH 3Ty [UIMHY 32
1o.

6. Mnaukarop 6 BCTaBUTH B OTBEPCTHE NMATPyOKa S M 3aKpENUTh BUHTOM 7 TaK, YTOObI
00eCTIeYnTh HATSHKCHNE MEXaHH3Ma WHINKATOpa Yepe3 ero CTePIKeHb, KOTOPHIH TOJKEeH
YIHPAThCS B JIEBYIO CTOPOHY TUIACTHHKH (puc. 2). HaTshkeHne onpenenseTcs: ToBOPOTOM
CTpPEJIKM MHAMKATOpa OTHOCUTENIBHO IMIKaJIbl Ha 1—2 0bopoTa.

7. TToBOpOTOM Hapy>KHOTO KOJIbIIa-000/IKa HHIMKATOPA YyCTAHOBUTH KOHEI] CTPEIKU
NPOTHB JICTICHUSI «HYJIb» Ha IIKaJe.

8. HaneTpb Ha JIeBBIil KOHEI UCTIBITYEMOTO CTEPKHS PE3MHOBYIO TPYOKY OT
napooOpasoBarens (koyba ¢ Bojoii) (puc. 3).



9. IloguecTu HarpeBartesb MO MapooOpa3oBaTEb.
10.ITocne Toro Kak U3 CBOOOHOTO KOHIIA TPYOKH CTaHET CHIIBHOW CTPYEH BBIXOJUTH Tap,
OTCUHUTATh M0 KPACHOM IIKaIe HHANKATOpa abcooTHOe yuinHenue Tpyoku Al. Ilena nenenus
mkaiel 0,01 M.

) T 4. 8
T /8
L s = ﬁ
C nes ]
7

puc. 2

11. IpunsTs Temnepatypy TpyOku pasnoit 100° C.

12. Beruucnuth K03 HUIMEHT JIMHEHHOTO pacIiupeHusl.

13. CpaBHUTH MOTyYSHHBINH PE3yNIbTAT C TAOIUYHBIM 3HaUCHHEM K03 (DUIHEHTa THHEHHOTO
pacIMpeHus U CAETaTh BHIBOJ.

14. Pe3ynbTaThl N3MEpEeHHH, BEIYUCICHNH 3amucaTh B TaOJIHILy.

15. OTHOCHUTENBbHYIO NOTPEITHOCTh U3MEPEHUSI HAUTH JTIOOBIM U3 U3BECTHBIX CIIOCOOOB.




Bapuanm |1. TIpubop ¢ mukpomerpom (MHAUKATOP CHAT); 1—35. CM. «Ilopsamok BeIOTHEHUS
paboThl» BapuaHTa 1.

6. Usmeputh MukpoMeTpom paccrosare Al o HapyKHBIM MOBEPXHOCTM CHepHIECKUX
BctaBok 10 (puc. 4) 1o mpomycKaHus mapa.

7—38. Cm. «Ilopsaok BeIMoHEHUs padoThy BapuaHTa |, m. 8. 9.

9. Vismeputh MuKpoMeTpoM paccTosinre ALno Hapy»KHBIM TTIOBEPXHOCTSM BeTaBok 10 mocsie Toro,
KaK U3 cBOOOIHOTO KOHIIA TPYOKH CTaHET CUIIbHOM CTpyei BBIXOAMTH Hap.
10. ITpunsts Temnepatypy Tpyoku 100° C.
11. Beruncnauts k03 GUIMeHT TMHEHHOTO pacIUpEeHHUSI.
12. CpaBHUTH NOTYYEHHBIH Pe3yNIbTaT C TAOIUYHBIM 3HAYEHHEM KOd(pPHUIIHEHTA
JMHEHHOTO PACIIMPEHHS U CIIENIATh BHIBOI.
& 13. OTHOCHTEIBHYIO OrPEIIHOCTD H3MEPECHHS HAMTH TFOOBIM U3 H3BECTHBIX
CI0cO0O0B.

-
‘-

14. Pe3ynbTaThl N3MEPEHU U BBIUMCIICHUN 3aMKucaTh B TaOIHIIE.

R
puc. 4
Havanbnas Temneparypa Pazuuua |Yumuenne | Koad. mun. OrtH.
Matepnan | yuyya crepius, | crepsns TEMIIEPAT. |CTEPIKHS, pacIIMpeH. | IOrPEIHOCTS
CTCpKHA lo,m Hauvanen. |Koneun. AL °C AL M o, rpax’ %
Pacuersr:

BruiBox:




Jlabopatopnas pabota Ne3

ONPEJEJEHME DJIEKTPOJABUKYIIENA CUJIbI 1 BHYTPEHHET'O

COIPOTHUBJIEHUS HCTOUYHUKA DJEKTPUYECKON DJHEPT U,
Iesb: coOpaTh MEKTPUUECKYIO LIEb JUIs ONPEAETICHHS BHEIIHETO HANIPSKEHUS U TOKA B
LIENH; UCTIO0JIb3Ys ONBITHBIE JaHHbIe onpeneiauts JJIC 1 BHyTpeHHEe CONPOTUBIICHHUE
MCTOYHUKA HJIEKTPUUYECKON SHEPTUH.
Teopus. s nomyyeHus 3J1€KTPUUIECKOr0 TOKA B MPOBOJIHUKE HEOOXOIMMO CO31aTh U
MOJIIEPKUBATh HA €r0 KOHIIAX Pa3HOCTh MOTEHIMAIOB (HamnpshkeHue). [{ist 3Toro ucnosab3yroT
HCTOYHMK TOKAa. Pa3HOCTH MOTEHIMAIOB Ha €T0 MOJII0cax 00pa3yeTcs BCIEACTBUE Pa3/IeieHUs
3apsiioB. PaboTy 1o pas3zieneHuto 3apsiioB BHIIOIHIIOT CTOPOHHUE (HE SIEKTPHUUECKOTO
IIPOUCXOXKAECHHUS) CUIIBI.

[Ipu pazoMKHYyTOMH LIeNU 3HEPTHUs, 3aTpauyeHHas B IpoLecce padoThl CTOPOHHUX CHII,
IPEBpALIAETCs B SHEPTUIO UCTOUHMKA ToKa. [Ipu 3aMbIKaHUM 3JIEKTPUYECKOM Lenn
3amaceHHasi B MICTOYHMKE TOKA SHEPIUs PacXodyeTcst Ha paboTy MO NepeMeIeHHIO 3apsi0B
BO BHEIIHEH M BHYTPEHHEW 4acTAX LEMH C CONPOTUBICHUSIMA COOTBETCTBEHHO R 1 I.

Benunuuna, ynciaeHHO paBHas paboTe, KOTOPYIO COBEPIIAOT CTOPOHHUE CHIIBI IIPU
HepeMEeLICHUN eIMHUYHOIO 3apsAa BHYTPU UCTOUHHUKA TOKA, Ha3bIBACTCA HIICKTPOIBUKYILEH
CUJION UCTOYHHUKA TOKA &.

E=IR+Ir

B CU BrIpaxaetcs B BosbTax (B).
DNEKTPOABHKYILYIO CUTy U BHYTPEHHEE COIPOTUBJICHUE UCTOYHHUKA TOKA MOYXKHO
ONPEENIUTh IKCIEPUMEHTAIBHO.
Oo0opynoBanme. 1. McTouHUK 251eKTpruecKoi sHepruu. 2. Peocrar
Ha 6—10 Om. 3. Amnepmerp. 4. Bosnsrmerp. 5. Kirou.
6. CoeqMHUTENBHBIE TPOBOJIA.

HOPH)IOK BbIINOJTHCHUSA paﬁoTbI.

1 Onpenenuts LEHY JI€TCHUS IKAJIBI " B

U3MEPHUTEIILHBIX TPUOOPOB.

2. CoCTaBUTD JEKTPUIECKYIO IIETIb 110 CXEME,
M300paKEHHON Ha PUCYHKE.

3. ITocne mpoBepKH 1eNH MpenoaBaTeieM 3aMKHY Th

KIIIOY U, TI0JIb3YSCh PEOCTATOM, YCTAHOBUTD CUILY

TOKa, COOTBETCTBYIOLYI0 HECKOJIBKUM JIETICHUAM

mIKaybsl amrepmerpa. CHATh OKa3aHUs BOJIbTMETpA U

amIepMmeTpa.

4. OnbIT NOBTOPUTH 2—3 paza, U3MEHsIsl CONPOTHUBIICHHUE LIETIN MPU TTOMOILIM peocTara.

5. Pe3ynbTarel n3MepeHuit noactaBuTh B ypaBHeHue ¢ = U+ Ir u, pemas cuctemsl
YPaBHEHUN:

E=Ur+ lir E=U2+ lor é=Us+ lar
E=U2+ lor E=Uz+ lar E=Ur+ lir
OINPEIIEIUTH T, a 3aTEM &.
6. BeraucnuTh cpeHre 3HAYCHUST HAWJICHHBIX BEJTMYHUH T cp, & cp.
7. OnpenenuTh OTHOCUTENIbHYIO MOIPEIIHOCTh METOJIOM CPEIHEr0 apu(hMETHIECKOTO.
8. PesynbraThl M3MEpEeHNH 1 BEIYUCICHUH 3aIiCcaTh B TaOIHIIE.



Ne
OIIBITA

Cuna Toka B LICTIH,
I, A

Hanpsbxenue Ha
BHCIITHEH ITCTIH,
UB

SC
é B

Buytpennee
ConpoTHBIIeHHE,
r, Om

Pacuetnr:

Brso:




JlaGoparopnas pa6ota Ne4
OINIPEJAEJIEHUME YJAEJBHOI'O COITPOTUBJIEHUSA TPOBOJAHUKA

ge.m): CO6paTI> SJICKTPHUYCCKYIO LCIb JJIA ONIPCACIICHNA HAIIPAKCHHA U TOKA Ha Y4aCTKE
ey, onpCaACInTb JJIMHY U JUAMCETP IIPOBOAHNKA W BBIYHUCIUTD YACIbHOC COIIPOTHUBIICHUC

MMPOBOAHMUKA, UCIIOJIb3Ys OIIBITHBIC JaHHBIC.

Teopusi. OCHOBHOM 3JIEKTPUUECKON XapaKTEPUCTUKOM MPOBOTHUKA SIBIISECTCS
comnpotuBieHue |. Iy MeTaJIMYECKOro MPOBOIHUKA, COTIPOTHBIIEHHE R mipsimo-

L
it
. | 52
puc. 1 puc. 2

HPOMOPIMOHAIBHO ero uinHe | 1 00paTHO MPONOPIHUOHAIBLHO TUIONIA N MONEPEYHOTO CCUCHUS
SIR = pl/S, rne p - ynenbHOE conporuBieHne(Boipaxkaetcs B OM M), OHO BBIpayKacT
3aBHCUMOCTb CONPOTUBIIEHUS OT MaTepHajia MPOBOJHHKA, TOKA3bIBAET, KAKUM CONPOTHUBICHUEM
0651a/1aeT TIPOBOIHHUK JTHHON 1M M IIOIIAIBI0 cedeHns 1M :
p=RS/I

B kauecTBe nccienryemMoro Marepraia MOXHO HUCHOJIb30BaTh 0OMOTKY peocTtara Ha 6 B
(puc. 1).

OoopynoBanue. 1. Peocrar. 2. Macmtabnas nunelika. 3. lltanreHunpkynib. 4. AMepMerp.
5. Bonbt™ertp. 6. Mcrounuk anexktpuueckoi 3uepruu. 7. Kintou. 8. CoeMHUTENBHBIE IPOBOJA.

IHopsinok BbInoJIHeHHs padoThl. 1. /Iy n3MepeHus AIUHbI IPOBOJIOKH HEOOXO0IUMO
u3MepuTh auamerp D kepamuueckoro nMianHApa peocTaTa v NOJCUYUTATh YUCIIO BUTKOB HA HEM
n. JInuna nmpoBosioku onpenensetcs no popmyie | = tDn
2. JInst onpenenenus miomaay ~""monepeyHoro ceyeHus NpoBOIOKH HE0O0X0AUMO 3HATh €€
nuameTp. /i 3Toro cneayeT n3MepUTh ITAaHTeHIUPKYJIEM JUIMHY 00MOTKH peocTata L (puc. 1);
3Hasl YUCIIO BUTKOB II, ONPEICNIUTh nuaMeTp npoBoioku d (d=L/n) u ruromaap nonepeyHoro
cegenns S (S=nd?/4).

3. Pe3ynpTaThl n3MEpeHMA U BBIYHACIICHU 3aITuCcaTh B TAOIHILY.
4. CocTaBuThb IIENb IO CXeMe, H300pakeHHOU Ha puc. 2.
5. [locne npoBepku npernoaaBaresneil enb 3aMKHYTh, U3MEPUTh CUITY
:: pd TOKA B PEOCTATE
HanpsHKEHNE Ha HeM (KOrJa peocTar MOJHOCTBIO BBEJIEH B LIETIb).
[Monw3ysick hopmyoit 3akona Oma, onpenenuth R @ R=U/I.

6. YuuThIBasi, 4TO NIPOBOJ] PEOCTAaTa U3TOTOBIIEH U3 HUXPOMA,
CPaBHHTH Pe3yJIbTaT OMbITA C TAOIWYHBIM 3HAYCHUEM YIEIIBHOTO
COIIPOTUBJIEHNS] HUXPOMA U ONPEIEIUTh OTHOCUTEIbHYIO

MNOTpCIIHOCTD.

o¢
o



puc. 3

Jnuna Hunametp IImomany Cuna toka, |Hanpspkenue, | ConpoTuBneHue VYV nennHOE
npoBoja, 1, | mpososa, d, MOTIEPEYH. A U B R, Om COIPOTUBJICHUE
M M CEeUYeHUs, p, OM'M
S, M
Pacuertsr:

BruiBox:




JlabopaTtopnast pabota Ne7
OnpenesieHue yCKOpPeHUsi CBOOOTHOI0 MaJeHHsi MATEMAaTHIECKOT0 MAasTHHKA

IIe.m;: OIPECACIIUTE 3aBUCUMOCTD IIEpHUOda KoJIEOAHHMH MaTEMaTHYECKOI'0 MAagTHHUKA OT JJIWHBI 1
BBIYUCIIUTh YCKOPCHUC CBO60,Z[HOFO MnaacHus1, UCIOJIb3Ys OIBITHBIC JaHHBIC.

MareMaTHYECKUM MassTHUKOM Ha3bIBACTCSl MaTEepUaIbHAsI TOYKA, MTOIBEIICHHAS HA HEBECOMOU H
HEPACTSHKUMOUM HUTU. MOJENBI0O MOXKET CITYKHUTh TSXKENBIN IapHK, pa3Mepbl KOTOPOTO BEChbMa Mallbl 110
CPaBHEHHUIO C JUIMHON HUTH, HA KOTOPOI OH MOJBEIICH (HECPABHUMBI C PACCTOSIHUEM OT LIEHTPA TAKECTH
710 TOYKH TO/IBECA).

VYuensle ['anuneit, HptoToH, beccenb u apyrue ycTaHOBUIIM CIEIyIOIIME 3aKOHbI KOIeOaHHs
MaTeMaTUYECKOro MasiTHUKA:

1. Ilepuon xonebaHus MaTeMaTUYECKOIO MasiTHUKA HE 3aBUCUT OT MAacChl MasiTHUKA U OT aMILIUTYbI,
€CJIM YToJl pa3Maxa He IpeBbIIaeT 6°.

2. Hepnon KoJIeOaHHsT MAaTEMAaTUYECKOI0 MasTHHKA IIPAMO IMPOIMOPLHUOHAIIEH KBAAPATHOMY KOPHIO U3
JJINHBI MasATHHUKA | u O6paTHO MMPOMOPHUOHAJIICH KBAAPATHOMY KOPHIO U3 YCKOPCHUA CBO60,[[HOFO
nmaaeHus g.

Ha ocHoBaHms 3THX 3aKOHOB MO>KHO HAaITHCATh (bOpMYJ'Iy IJId II€puoaa KOJIEOAHMIA:

T =27 |—,cex

OobopynoBanue:
1. IlratuB c AepKaTenem.
apuk, mogBEIEHHbIA HA HUTU JAJIUMHOU OKOJO 1 Mm.
[Tpo6ka.

2
3
4. .M3MepurtenbHas JE€HTA UM METpPOBas JUHEHKA.
5. ..IlraHreHuupKyib.

6

CekyHnaomep.

IHopsinok npoBeneHust padoThI:

1. ITocTaBUTh MITAaTUB Ha Kpail cTOJA, KaK MOKAa3aHO Ha pUC.

2. 3a)xaThb HUTh MasAiTHUKA 3a CBOOOJHBINA KOHEIl MEXIY IBYMs IMOJOBHUHKaMU
pa3pe3aHHoi momnojiam NpoOKU B JeprkaTese MTaTUuBa.

3. I3MepuTh npu NOMOIIY MTAHTEHIUPKYJIS JUAMETP MIApUKaA, HAUTH pagnyc
- mapuka. MI3sMepuTs npu NOMOINY JIMHEWKU AIUHY HUTU. HaliTtu nnuny
MasiTHUKa (JJMHA MasTHUKA CUYUTAETCS OT HUXKHEro Kpasi MpoOKH 10 IIeHTpa
TSIKECTHU IIApUKA).

4. OTKIOHUTH WAapUK HAa HeOonbmoN yroa (10°) u oTOyCTUTD.

5. Ilo cexynnomepy onpeneianuTs Bpems {, 3a KOTOpoe MasiTHUK COBEPLINIL 71
MOJIHBIX KoseOanuit (Hampumep 20).

6. BeluncIuTh nepuox MoJHOTO KojiebaHUsl MasiTHUKA!

t
T=-—
n



Ne JNnuna Yucmno Bpewms ITepuon Yckopenue OtHocH-
OmnbITa | MasT- ITOJIHBIX ITOJIHBIX MOJHOTO | CBOOOJHOTO TeJabHas
HUKa, | KojeOaHuil | kosebaHuil | koneGaHusa | mageHus g, norpeui-
I, m n t, c T, c m/c? HOCTB &,%
Pacuersr:

BriBo:




JlaGoparopHas padota Ne8

OINNPEJAEJIEHUE KOD®OUIIUEHTA INPEJJOMJIEHUSA CTEKJIA
Iesb: nocTpouTs yriisl najeHus U NPEJOMIIEHHS CBETOBOTO JIyda, U3 MOJYYEHHBIX TOCTPOSHHN
BBIPA3UTh CUHYCBHI 3THX YIJIOB Yepe3 OTPE3KH U BHIYMCIUTH MOKA3aTeNb IPEIOMIICHUS CTEKIIA.

Teopus. Tpu nepexose cBeta U3 0HOM CpeIbl B APYTYIO MPOUCXOUT MPENOMIEHHE JTydeil - H3MEHseTCs
HaIpaBJIeHHE PacIpOCTPAHEHHs CBeTa. DTO SBICHUE OOBACHIETCS TEM, YTO B PAa3IMYHBIX CpelaX CKOPOCTh CBETa
pasnuyHa.

OTHolIEHHE CKOPOCTH CBETa ¢, B BaKyyMe K CKOPOCTH O CBETa B JaHHOH cpele Ha3bIBaeTcs aOCONIOTHBIM
MIOKAa3aTeJIeM MPEIOMIICHHS 72 ATAIl CPEIbL:

n=ch
W3 nanHO#N (opMyIIBI JIETKO MOYKHO MOJTYYHUTh APYTYIO, CBA3BIBAIOIIYIO 7 C YIIIaMH TaJICHUS 0. U TIPEJIOMIICHUS [3:
n = sino/sinf

ITO - BTOPOIl 3aKOH MPEIOMJIEHHUS CBETA.

Takum 00pa3om, st BRIMUCICHHS 71 TOCTATOYHO M3MEPHTH JBa yIila - oL U 3 .

Tak xak ckopocTh cBeTa B Bo3ayxe cocrarisger 99,9% ckopocTu cBeTa B BaKyyMe, TO BO MHOTHX . CIydasx, He
TpeOyIOMKUX OYeHb OOJBIION TOYHOCTH, MOKHO 32 aOCONIOTHBIM TMOKa3aTellb MPEJIOMJICHHS Cpelbl NMPHUHSITH ee
MoKa3arelb MPEeIOMIICHHUs, U3MEPEHHBIH MPH Nepexojie, Tyva B IaHHYIO Cpey U3 BO3AyXa.

O6opyposanue. 1. [lnactuna c napamnenbHbIMU rpadsmu 2. [IpoOka ¢ 6ynaBkamu 3. UMCThI TuCT
Oymaru 4. Jluct kaptoHna 5. TpeyrojapHUK.

IHopsinox npoBeaeHusi padorTbl

1. Ha cepenuny nmucra Oymard MoJjIOXHTh IUIAIIMS TUNIACTUHKY. Pacmonokutbest Tak, 4TOObI I71a3 HAXOAWIICS Ha
YPOBHE ITACTHHKH.

2. BOau3u ot 00KOBOM TpaHM MJIACTUHKU BKOJIOThH OYJIaBKY A.

3. CmotpeTh Ha OynaBKy A dYepe3 IUIACTUHKY; MEUIEHHO IIOBOpAuMBaTh IJIACTUHKY, IIOKAa BEPXHSS 4acTb
OyJIaBKU M BUAMMAs Yepe3 CTEKJIO €€ HIDKHSSA YacTh Pa30iIyTCsl Ha BO3MOXKHO OOJblIee PACCTOsIHUE.

4. Bromoth OynaBku. B, C, D; Mecra 11 HUX BEIOpATh TaK, 9TOOBI BUAMMEBIE YePe3 TUIACTHHKY HIKHHIE YaCTH
OyJIaBOK Ka3alliCh PAaCHOI0KEHHBIMH Ha OAHOM NPsSMOH (PUCYHOK).

5. O6BecTH o4epTaHUS IUIACTMHKU KapaHIAllOM, BBIHYTH OYyJaBKM M OTMETUTHb (TOYKaMH M OyKBamMH) HX
MOJIOKEHUSL.

6. Cuate nactuHKy. [lpoueptuts, nunuu BE, EF, DF, nponomxuts EF no kpas nucra.

7. Uepes Touky £ IpOBECTH MPSIMYIO IO IPSIMBIM YIJIOM K IIEPEHEN ITPaHU IUIACTUHKH, BJIOJIb 3TON NPAMOMN
OTJIOXKUTH paBHBIE 0Tpe3ku EM u EP (moScwm).

8. 13 touek M u P omyctuts neprnenaukyssipel Ha BE (MN) u EF (OP). B
MOJTyYeHHBIX MPSIMOYTONBHBIX TpeyronbHukax yroid MEN - a (yron

naaenuns), yron PEO = B (yron npemomiieHus).

9. Usmeputs B Tpeyrompankax EMN u EPO mpoTuBoiexamniie yriam o u 3
karetsl MN U OP (tunoreny3st EM U EP paBHBI 10 IOCTPOSHHIO).

10. Ilo pe3ynpraTtaM H3MEpEHHH, MOJB3YSICh BTOPHIM 3aKOHOM MPEIOMIIECHUS
CBETa, BEIYMCIIUTH HCKOMBIH KO3 (QUIIMEHT NMpeTOMIIEHUS CTEKIIA 7.

n=MN/OP




11. TloBTOpUTh OMBIT, M3MEHHB BEIMYMHY yria TageHus Jyda BE; wHaliTu cpennee 3HaueHHe
k03¢ uirenTa mpeaoMIIeHHs CTeKIIa
12. 3anecTn pe3ynbTaThl U3MEPEHHUH U BHIYUCICHUH B TAOJIUILY:

No OTHOCHT.
MN, MM OP, mm n Nep.
OITBITA TTOTPEITHOCTE O, %

13. Ompenenuth aOCONIOTHYIO U OTHOCHUTEIBHYIO MOTPEIIHOCTH CIIOCOOOM OLEHKH pe3yJbTaToB
U3MEPEHUN:

8 = An/Musy. = AMN)/MN + A(OP)/OP;
AMN) = Imm;  AOP = Imm.
A = An/nys = 1/MN + 1/OP;
An =98 Ny; N = Nyy £ An,

rae N - JeHCTBUTENbHOE 3HAYEHUE U3MEPSAEMON BEJIMYHMHBI.

Ny - Al’l < Ny < Nusm + An

Pacuersr:

Briso:



JlaGoparopnas padora Ne9

OMNPEJEJEHUE I''TABHOI'O ®OKYCHOI'O PACCTOSIHUAS 1 ONTUYECKOM CUJIbI JIMH3bI.

Heab: momyunTs 4ETKOE yBEIMUEHHOE, YMEHBIIIEHHOE U paBHOE M300pakeHUs IIpeIMeTa Ha

9KpaHe U U3MEPUB PACCTOSHUS OT JIMH3BI 10 IPEeIMETa U IO U300paKEHUS, BBIYUCIUTH (OKYCHOE
paccTosiHuE U ONITUYECKYIO CUITY JIAH3BI.

Teopus. ['maBHbIM HOKYCHBIM PAaCCTOSIHHEM JIMH3bI HA3BIBAETCSI PACCTOSIHHE OT ONTHYECKOTO LIEHTPa
JIMH3BI [0 ee riaBHoro ¢gokyca. Onruueckas cuiia TuH3bl D ecTh BennunHa, o0patHast GOKYyCHOMY PacCTOSHHIO:

D=1/F.

OnTHueckas cuiia XapakTepu3yeT MPeTOMIISIONIYI0 CTOCOOHOCTD JTMH3BI U BBIPAKAETCS B TUONTPHSIX.
3a | AnTp NpuHATA ONTHYECKAs CUIIA JTUH3BI, (POKyCcHOE paccTosiHHE KOTopol paBHO 1 M. OnTryeckas cuia
BOTHYTHIX JIMH3 OTPULIATENbHA.

I'naBHOE oKyCHOE paccTosiHie F, paccTOsIHUE OT ONTHYECKOTO [IEHTPa JIMH3bI 10 peamMerta d u 10 ero
u3obpaxkenus T cBs3anbl hopmynoit

1/F=1/d + 1/t
I'maBHOE poKyCHOE pacCTOSIHUE M ONTUYECKYIO CHITY JTMH3bI MOKHO OIIPEJEIUTh ONBITHBIM ITyTEM.
OoOopynoBanue.l. J[BosSKOBbINyKIast TUH3A. 2. DIEKTPUUECKAst TAMITOYKa Ha IMOJCTABKE C KOJIITAYKOM 3.
VIcTOYHUK 3JIEKTPUUYECKOM SHEPTUH ISl DJIEKTPUUECKOH Jamnouku. 4. DkpaH. 5. MeTpoBas nuHelka. 6.

CoenunuTtenbheie npoBoaa 7. Kirou

i

o
[lllYllTIY]TY]'ITITY"Y'l’lIVV!llTﬁYllTITTYrITYlY!mI]Ylll]llll 77]

puc. 1

IHopsiaok BeINOTHEHNS PadOTHI.

1.PacrionoxnuTe KICTOUHUK CBETA, TMH3Y U 3KpaH BAOJIb METPOBOM JTMHENKH, KaK MOKa3aHO Ha puc. 1.

2. IlnaBHO mepenBuras JIMH3Y, OJIyYUTh Ha 9KPaHE YETKOE H300pakeHHe POPE3H B KOJIMAUKe

3. Bo Bcex Tpex ciyuasix uaMeputh paccrosinue d u f .

4. IIpou3BOs MOJICTAHOBKY M3MEPEHHBIX BEJIMYUH B ()OPMYITY TOHKOH JIMH3BI, OTIPEJICIIUTH TJIaBHOE
(oKycHOe pacCTOsIHUE, a 3aTeM M ONTHYECKYIO CHILY JIMH3bIL.

5. Pe3ynbTaTel M13MEpEHUI U BEIYMCIICHNH, 3aiCcaTh B TAOIHITY.

Paccr. ot - Paccr. ot I'maBHOE OnTry. cuja OrtHOCHT,
No Cp. 3Hau. omT.
N3ob6paxkenue TpeaM. 10 n300p. 10 (oxycH. yma3H D, TIOTPEIIIH.
oImbITa cwist Dep, nrp
muH3bI d, M munasel, f M | pacer., Fum JUITP %
1 YBenunueHHoe
2 YMeHbIIIEHHOE
3 PaBHOE
7. OmnpenenuTh aOCOMIOTHYIO U OTHOCUTEIBHYIO IOTPEUTHOCTH U3MEPEHHH
Pacuersr:

BruiBox:



Jlabopatopnas pabora NelO
ONPEJAEJIEHUE JIJIMHBbI CBETOBOM BOJIHBI C TOMOIIbIO TU®PAKIIMOHHON
PEHIETKMU.

He.]'[]): BBIYUCIIUTD JJIMHY CBETOBOM BOJIHBI U OIMPCACIINUTL I'PaHUIIBI BUIUMOI'O U3TTYyYCHHA.

Teopus. [apasiensHslii y4oK CBETa, IPOXO/S Yepe3 AUPPAKIHOHHYIO PEHIETKY, BCICICTBAE
JU(PaKLUY 3a PeIeTKON, pacCpOCTPAHAETCs 110 BCEBO3MOXKHBIM HAalpaBJICHUSM U UHTephepupyerT.
Ha skpane, ycTaHOBIEHHOM Ha IyTH UHTEPGEPUPYIOIIETO CBETA, MOYKHO Ha0II01aTh
UHTEpPEPEHIIMOHHYIO KapTUHY. MakcUMyMbl CBeTa HaOIIOAI0TCS B TOUKAX SKpaHa, 75l KOTOPBIX
BBIIIOJIHAETCS YCIIOBUE

A=n), (1)
rze A - pa3HOCTh XOZa BOJIH; A - JUIMHA CBETOBOM BOJIHBI; N-HOMEp MakcuMyMa. LleHTpanbHbIii
MaKCHMYyM Ha3bIBAIOT HYJIEBbIM; 11 Hero A=0. CiieBa 1 cripaBa OT HEro pacloararoTcss MaKCHMYyMbI
BBICILIUX TTOPSIIKOB.
YcnoBue BO3HUKHOBEHUS! MakcuMyMa (1) MOXKHO 3anucaTh MHaYe:
nl = dsing (puc. 1). 3nech d - nepuo qudpaKIMOHHON PEIICTKH,

Au@ppaxyuorkon Jxpan
pewemxa

puc. 1

¢ - yroJi, oA KOTOPBIM BHJIEH CBETOBOW MakcUMyM (yroi audpakiun). Tak Kak yribl Tudpakiuy,

KaK MPaBHIIO, MaJIbI, TO ISl HUX MOXKHO HPUHATH SIN @ = 19 @, a tg ¢ = a/b (puc. 1). [Tostomy
nl = da/b. (2)

B nannoi pabote hopmyity (2) HCTIONB3YIOT /7151 BEIYMCIICHHS! ITHHBI CBETOBOU BOJIHBI. AHAIIN3
dopmysl (1) moka3bIBaeT, YTO MOJIOKEHUE CBETOBBIX MAKCUMYMOB 3aBHCUT OT JITMHBI BOJIHBI
MOHOXPOMaTHUYECKOI'0 CBETA: YeM OO0JIbIlIe JJIMHA BOJHBI, TEM JIajIbIlle MAKCUMYM OT HYJIEBOTO.

Benplit cBeT Mo cocTaBy - cioxHbIN. HyneBoit MakcuMyM JUTst Hero - 6emast Mojioca, a MAaKCUMYMBI
BBICILIMX MOPSIIKOB MPEACTABISAIOT OO0 HaOOp CEMH LIBETHBIX MOJIOC, COBOKYITHOCTh KOTOPBIX

Ha3bIBAIOT CEKTPOM cooTBeTcTBeHHO [; I1,... mopsiaka (puc. 2).

X ox @0 @ K @ «x
NN OTT I T 71T vy
I I I I

puc. 2

[TomyunTs AUQPPAKIMOHHBINA CIIEKTP MOXHO, UCTIOIB3YS MPUOOP AJIS ONpeaeTeCHUS ITUHBI
cBeToBOM BosHBI (puc. 3). [Ipubop cocTout u3 Opycka 1 co mikanoit. Buu3y 6pycka ykperieH
cTepkeHb 2. Ero BCTaBIAIOT B OTBEPCTHE MOJICTABKH OT MOABEMHOTO CTOJNHKA. Bpycok 3aKkperuisoT
1I0JT pa3HBIMHU YTJIaMH ¢ TOMOIIBI0 BUHTA 3. Bonbs Opycka B OOKOBBIX Ma3ax €ro MOXeT,
nepeMeniaThes Moa3yHok 4 ¢ skpaHom 5. K koHiry Opycka npukpernieHa paMka 6, B KOTOPYIO
BCTaBJISIOT AUPPAKIUOHHYIO PEIIETKY.
K konIy Opycka mpukperniieHa paMka 06, B KOTOPYIO BCTaBIISIIOT TU(DPAKIMOHHYIO PEIIETKY.




puc. 3

OobopynoBanme. 1. [TpuGop uist ONpeIEeHus IJIMHBI CBETOBOM BOHBL. 2. [TocTaBka st
npudopa. 3. ludpakunonnas pemierka. 4. Jlammna ¢ nmpsiMoii HUThIO HaKaJla B MATPOHE CO IITHYPOM U
BUJIKOH (0O11ast U1 BCeX y4yaliuxcs).

IHopsinok BeINOTHEHHS PAa0OTHI.
1. CoGpaTh ycTaHOBKY, H300paKeHHYIO Ha pHC. 3.
2. YCTaHOBHTH Ha JIEMOHCTPAIIMOHHOM CTOJI€ JIAMITY M BKJIFOUUTH €€.
3. CMoTps uepe3 IUPPaKLUOHHYIO PEIIEeTKY, HAllpaBUTh IPUOOP Ha JIaMITy TaK, YTOOBI 4epe3 OKHO
’KpaHa mpudopa ObuIa BUIHA HUTD JIAMITBL.
4. DxpaH npudopa yCTaHOBUTh Ha BO3MOXHO OOJIBIIEM PACCTOSHUU OT TU(PPAKLIMOHHOMN PELIETKH U
HOJIyYUTh Ha HEM YETKOE n300paxkeHue crekTpos | u Il nopsakos.
5. M3meputsb 1o 1mkane Opycka yCTaHOBKHU paccTosiHue «by 0oT skpaHa npudopa 10 AudpakiMOHHON
pEeIIeTKy.
6. OnpenenuTts paccTosHue OT HyJeBoro aeneHus (0) mKaibl SKpaHa 10 cepeIuHbl PHOIEeTOBOM
MOJIOCHI KaK CJIEBA «an», TaK M CIpaBa «am» /Ui cekTpoB | mopsaka (puc. 4) 1 BBIYUCIUTE CpeIHEe
3HAYCHUE acp.
7. OnbIT MOBTOPUTH co criekTpoM I mopsika.
8. Takue ke M3MEpEeHHS BHITIOJIHUTH U JJIs1 KPACHBIX TTOJIOC TU(PPAKIIMOHHOTO CIIEKTPA.
9. Beruucnuts 1o gopmyiie (2) [umHy BoJIHBI (proseToBoro cBeta Juid crekTpos I u Il mopsakos,
JUIMHY BOJIHBI KpacHoro cseta I u Il mopsakos.

10. Pe3ynbTaThl n3MepeHuii U BEIYMCICHUN 3aIMCaTh B TaOIHILY.

Tabmuma
< Buanmelie rpanunsl | Bugumeie rpadubl .

< T g & e 2 A P A partu JlivHa cBeToBOM
o £ S 2 © 5 é CrekTpa CIIEKTpa KPaCHOTO BOIHLL
e
2l E5g 2 2 2 Z| ¢monerosoro csera cBeTa
o| = = o © I & o
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