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HOACHUTEJBHAASA 3AIINCKA

['maBHOM 3amaueld cpenHero MpodeCcCHMOHANIBHOIO  OO0pa3oBaHUs  SIBISETCS
MOJATOTOBKAa  KOMIETEHTHBIX  clenuanuctoB. B mpouecce  ¢opmupoBaHus
npoecCHOHANBHBIX U OOIIMX KOMIETEHIMH JabopaTopHbIE 3aHATUS 3aHUMAIOT
IPOMEXYTOUHOE TOJIOKEHUE MEXTYy TEOPETUUECKUM M IIPOU3BOJCTBEHHBIM 00YYEHHUEM U
CIIy’KaT OJHHMM W3 BaXHEHIIUX CPEJCTB OCYIIECTBICHUS CBA3UM TEOPUU U TPAKTUKH.
Brmonnenue nabopatopHbix paboT HapaBiIeHO Ha TOCTHXKEHHUE CICAYIOMNX HeJIeH:
- popMupoBaHUE HABBIKOB U3MEPEHUS (PU3NICCKUX BEITUYHUH U
MPaBUIBHOTO MPEICTABICHUS PE3YJIBTATOB U3MEPEHHS,
- OBJIQJICHUE MPAKTUYECKUMU HABBIKAMU MPOBEJECHUS UCCIIEI0BAHUMA,
MeToaMH 00paOOTKU U aHaIU3a Pe3yJIbTaTOB U3MEPEHMUIA,
- 3HAKOMCTBO C METOJIaMU UCCIIEA0BAHUS OCHOBHBIX 3aKOHOMEPHOCTEN (DU3UKH,
- OIIBITHOE 00OCHOBAHUE, N3yYaeMbIX (PU3UUYECKUX SIBICHHI.

BoinonHenne n1abopaTopHBIX padOT MPU3BAHO CHOCOOCTBOBATH 3aKPEIUICHHUIO
TEOPETUYECKUX 3HAHUM, (HOPMHUPOBAHUIO YMEHUHW U CMOCOOOB NEWUCTBHI 4epes
CaMOCTOSTEIIbHYI0  JEATEIbHOCTh CTYJCHTOB. Benymen IuUIaKTUYECKOHW IEJIbIO
MPAKTUYECKUX 3aHATHH sBIseTCS (GOPMHUPOBAHUE MPAKTHUECKUX (MPOeCcCHOHAIBHBIX )
YMEHHUM — BBINOJHEHUE OMNPENEIEHHbIX JelCcTBUM, omnepauuii. OcCHOBHasg 3aaada
1abopaTopHBIX pabOT - HAYYWUTh CTYJACHTOB TPUMEHATh TEOPETHYECCKUE 3HAHMS B
MPAKTUUYECKUX CUTYaIUSIX.

BeinosnHeHHI0 1a00paTOpHOl pabOThl HAa ypOKE MPEAIIECTBYET MPOBEPKA 3HAHUI
CTYJIEHTOB, UX TEOPETHUECKOW TOTOBHOCTHU K BBIIIOJIHEHUIO J1a0OPaTOPHOM.

B pe3ynbrare ocBOeHUS y4eOHOM NUCHUILTMHBI O0YYalOIIMACs T0JKEH 3HATh:
CMBICIT (PU3UYECKUX TOHITHI; CMBICT (PU3MUECKUX BEJIMYUH; CMBICIT
(bu3HUECKNX 3aKOHOB.

CTpykTypa U coaepxkaHHe JabOpaTOpHBIX padOT BKIIOYAET B ce0s CleayroIIne
DIIEMEHTHI: TeMa, 11eJTb BHIOJHEHHS paOb0ThI, 000PYI0BaHUE, METOIUYECKUE YKA3aHHS T10
BBINIOJIHEHUIO paloOThl, KOHTPOJbHBIE Bompochl. [lo kaxaoi padore HEOOXOAMMO
opopMHUTL OTYET B COOTBETCTBHHM C TPEOOBAHUSAMH, CHEIATh BBIBOJABI, OTBETUTHh Ha
KOHTPOJIbHBIC BOMPOCHl. OTYET O BBIMOJHEHHON pPabOTE MPEICTABIIACTCS CTYICHTOM
HpenoaBaTesto A mpoBepku. OTYET MOXKET OBITh PEJICTABIICH KaK B TUCBMEHHOM, TaK
Y TI€YaTHOM BHJIE.

JIns  yCTenrHoro BBIMOJIHEHHS JIa0OpaTOpHBIX pPaboT oOydaromyecs OO0s3aHbI
O3HAKOMUTHCS C TOPSAKOM HMX HPOBENEHUS M H3YYHUTh COOTBETCTBYIOIIUE pa3zeiibl
TEOPETHUYECKOT0 Kypca.

OOyuaromuecss JOJDKHBI YETKO TIPEACTaBISATH 3aAady, YMEThb MPOBOIUTH

HE0OXOIMMbIE PaCUETHI.



OO0mue ykazaHusi K BbIIIOJTHEHHUIO padoT

[lepen HadaaoM BBITIOTHEHHS paOOTHl BHUIMATEIHFHO 03HAKOMBTECH C MHCTPYKIIUEH,
3a/IaHUEM K JIabopaTopHOU padorTe.

Otuet oopmitsieTcst Ha JIMCTax co mTaMnoM. B otuer BruiuTe Temy, 1eiab paboThl,
o0opy0BaHUE, TOPSAOK BBHIMOJHEHHUS, Pacuy€Tbl M BBHIBOJ. [Ipu BBIMOIHEHUU PaOOTHI
CJIeIyiTe MPUBEACHHBIM ITyHKTaM IJIaHa.

[To mepe BoITIOTHEHHS pabOTHI HEOOXOAUMO CHOPMYIUPOBATH BHIBO/I.

OTtuetsl oopmistoTcs B KypHaie. Ha TUTyThHOM JHCTE JOMKHBI OBITH yYKA3aHBI:
Ha3BaHUE TpenMeTa, Tpynmna U GaMuiaus CTyneHTa. TUTYIbHBIN JHUCT odOopMIIIeTCS Ha

bopmare A4
[Tpumep odopmiieHHsT TUTYIBHOTO JIUCTA:

MuHHCTEpCTBO HayKH U Bbiciiero oopazoBanust PO ®I'BOY BO «bpsHckuii rocyapcTBeHHbIN
TEXHUYECKUN yHUBEPCUTET» «I1ONUTEXHUYECKUN KOS

KYPHAJI

1a00paTOPHBIX PAOOT MO YUEOHOW TUCIUIIIINHE
Duszuka

CryneHr:

['pynma:

HpenonaBaTenL:




JlaGoparopnas padota Nel
IIpoBepka 3axkona boiist — Mapuorra

Leab : ONBITHBIM ITyTEM YOEIUTHCS B IPaBUIBHOCTHU 3akoHa boitng — Mapuorra.

Teopus: 3akon boiliisi-MapuoTTta 111 B'30TepMUYECKOT0 Tpoliecca, T.€.

mpoliecca, MPOTeKaroIero Mpy mocTossHHoM Temneparype (T1=T2),
ABNAETCA YaCTHbIM C/ly4aeM O6'be,D,MHEHHOFO ra30BOro 3aKoHa:
P1= P2
%4
pirVi=p2Ve: wmm V2 1

MOoXHO cKa3aTh, UTO JaBJICHUE JAHHOW MacChl ra3a IpH MOCTOSHHOW TeMIIepaType

U3MEHSIETCs] 00paTHO MPONOPLUUOHAIBHO €ro 00BEMY.
Oo6opynoBanue: 1. [Ipo3paunas TpyOka ¢ KpaHOM.

2. MepHbIli DMIIMHAP € BOJIOM.

3. U3mepurenbHas senra. 4. llltaTtus.

HcnbiTyeMbll ra3 - BO3AyX.

IMopsanok BbINOJIHEHUsI PA0OTHI:

CM.pHUCYHOK.

1. U3meputs mymmny TpyOku, L (cm)

2. V3ameputhb BeICOTY CTOJ10a BOJBI B IHiIMHApPE, hi
(cm)

3. 3akpenuth TpyOKY B IITATHUB.

4. OnycTuTh TpyOKY OTKPBHITHIM KOHLIOM B LIMITHHAP.

B TpyOKy 3axoAuT BoJia U C:KMMAET BO3AYX A0 TEX MOp,
IIOKA €r0 JaBJICHUE HE CPABHUTCS C BHEILIHUM
aTMOC(EpHBIM JaBICHUEM .3aKPbITh KPaH.

5.BeiHyTh TpyOKY M3 LMIMHAPA, KpaH HE OTKPHIBAT.
6.13mMeputh BbICOTY cTOJI0a BOABI B TpYOKe, h2 (cM)
7.OTKpBITh KpaH U BBITYCTUTh BOAY B LIMJIHHIP.
8./laHHbIe 3aMePOB 3aHECTH B TAOIUILY.

9.BeraucnuTh JIMHY BO3AyIIHOTO cTosi0a B TpyOKe, L1 = L- hi (cm)
10.Beranciuts AIMHY BO3AYITHOTO CTON0a B TpyOKe mocie cxarus, L2 = L - hz (cm)
11. BLI‘II/ICJIHTI: THIPOCTATHYECKOE aaBﬂeHHe BOJIbI B TpyOKe, ps = P-g-h2, (I1a),

rae p=10° kr/M°-mwiotHOCTS BoAB! U [h2] =

12.BbI4MCANTD TaBICHHUE BO3yXa B pr61<e nocie cxarusi p2 = p1 — ps (I1a)

JUTH NPOU3BEAECHUS OTHOIIEHUM, P2 -L2=p1 - L1

Tabnuna
JmuHa T JlaBnenne |  JiauHa Bricora JlaBnenue | [laBieHue
Ne | TpyOxu BO3IyXxa croinda [cromba Bombl|l  crosi0a BO3/lyXa B
ombiTa | L, cM aTMoc(epHoe BOABIB | B TpyOKe, BO/JIbI B TpyOKe Pi ‘L, P2La,
p " ITa UHIHH7DE, h;, cm UHIHE/pE focie MlITIa cm| MIla cm
h1,cm Ps,Ila cKaTus
101,3 10 P2lla
3
PacueTsr:

BriBo:



JlabopatopHas pabota Ne2
ONPEJAEJIEHUE KOY®PUIIUEHTA JUHEWHOI' O
PACHIMPEHMUSA TBEPAOI'O TEJIA

Iesb: onbITHBEIM 1TyTEM ONPENETUTH 3aBUCUMOCTD JUTMHBI CTEPKHS OT TEMIIEPATYPhI U
BBIYUCIUTH KOA(PPUIMEHTHI JIMHEHHOTO pacIIupEeHus A CTaIN U JJaTyHH.

Teopusi. C n3MeHeHnEM TeMIIepaTyphl Tejla ero pa3mepsl U3MeHsATcs. TemioBoe
paciiMpeHe TBepAbIX TeJ, Y KOTOPbIX UMEETCs IPEUMYILECTBO B OJHOM N3MEHEHUH,
XapakTepusyeTcs TUHeHHbIM paciupenneM Al: Al = aloAt, rne o0 — ko3 dunment
JMHEWHOTO PACIIMPEHNs, 3aBUCALIMI OT MaTepuasa u TEMIEPaTypsbl, OJHAKO €CIIU
paccMmaTpuBaTh He OOJIBIIINE HHTEPBANIBI TEMIIEPATYP, TO MOXKHO CUMTATh KOAD(UIIUEHT
JMHEMHOT0 paclIMpPEeHus Uil JaHHOIO MaTepraia BEIMYMHON OCTOSIHHOM.

Ko dunumenT nuneitHOro paciimpeHust mokas3blBaeT, Ha KaKylo JI0JI10 CBOeH
nepBoHavyanbHOU uinHbI pu 0° C n3MeHseTcs AnuHa Tena npu Harpesanuu Ha 1 K wm 1°C:

a = Al/(lo AT), nnu o = Al/(l, At),
rae Al - mpupalieHue AJIuHBIL.

KoadduuuenT nuHEHHOTO pacIMpeHns TBEPOTO Tella MOKHO ONPEAETUTh OIBITHBIM
nyteM. [Ipubop, npenHazHaueHHbIN 171 SKcIiepuMenTa (puc. 1), H03BOIsSIeT IPOU3BOJUTH

OIIBIT C HHAWKATOPOM HJIM MUKPOMETPOM.
J 2 5 ;

puc. 1
Oo6opynoBanmue. 1. [Ipubop mis onpenencHuss KOIPPUITUCHTA THHESHHOTO PACIIMPEHUS

MeTasuioB. 2. UHIUKaTOp WM MUKPOMETp ¢ TpemoTkou. 3. [TapooOpa3oBaTens ¢ pe3UHOBBIM
nUTaHroM. 4. DIIEKTPOIUIMTKA WU CIUPTOBKA. 5. TepmomeTp (00U I BCEX YUaIUXCs).
6. 3ameputenbHast JIMHEWKa.

Ilopsinok BbINOJHEeHUs PadOTHI.

Bapuanm 1. [Tpubop ¢ HHAMKATOPOM.

1. YcranoButh npubop Ha mojcTaBKe / Tak, 9TOOBI CTOMKA 4 HAXOUIACh C TIPABOU

CTOPOHBI.

2. UcnblTyeMblii CTep>keHb 8 MPOITyCTUTH JUTMHHBIM KOHIIOM Yepe3 OTBEpCTHE B CTOMKax 2 U 4
TakK, YTOOBI IJIaHKa 9 pacIoyoKUIIach BEPTUKAIBHO M HE TIOXOUIIA 10 CTOWKHU 4 HA 3—5 MM.

3. 3akpenuTth TpyOKYy BUHTOM 3 B JIEBOH CTOMKE.

4. 3meputh TeMIiepaTypy OKPY’KaroIIero BO3ayxa.

5. U3mepuTh HauanbHy0 JUIMHY /7 TpyOKH IIPU KOMHATHOM TeMIeparype, CuuTas
JUIMHOM pacCTOSIHUE OT LIEHTPA BUHTA 3 JI0 JIEBOM CTOPOHBI CTOWKH 4. [IpUHATE 3Ty AIUHY
3a lo.

6. Uunukatop 6 BCTaBUTh B OTBEPCTHE MATpyOKa 5 W 3aKpENuUTh BHHTOM 7 Tak,
4T00BI 00€CNeUnTh HATSHKEHUE MEXaHW3Ma MHAWKATOpa Yepe3 ero CTep>KeHb, KOTOPHII
JOJKEH yNHUpaThCsl B JIEBYIO CTOPOHY IUIACTHHKHU (puc. 2). Harskenue ompenensercs
MOBOPOTOM CTPEJIKA MHIMKATOPa OTHOCUTENIBHO IIKaiIbl Ha 1—2 obopoTa.

7. IIoBOpPOTOM Hapy>KHOTO KOJIbL1a-000/IKa HHIUKATOPA yCTAHOBUTH KOHEI]

CTPEJIKH IPOTUB JIETICHUS «HYJIb)» Ha IIKaJIE.
8. HazeTp Ha N1eBbIil KOHELl UCIIBITYEMOT'O CTEPKHS PE3UHOBYIO TPYOKY

oT napoobpazoBatens (konba ¢ Bojoit) (puc. 3).



9. IlonHecTu HarpeBarens MoJ NapooOpa3oBaTENb.
10. ITocne Toro kak U3 cBOOOAHOIO KOHIIAa TPYOKH CTAaHET CHIIBHOW CTpyel BBIXOIUTh
nap, OTCYUTATh 110 KPACHOM IIKajie MHAUKATOpa adCOIIOTHOE yaIuHeHue Tpyoku Al
ena nenenuns mxkainsl 0,01 MmM.

puc. 2
[TpunsaTe TemmnepaTypy Tpyoku paBHoi 100° C.Beraucauth K03 PHUIMEHT JIUHEHHOTO
pacmupenns. CpaBHUTD MOJTyYEHHBIN pe3yNbTaT ¢ TAOIMYHBIM 3HaAUYEHUEM KO3 PUIHeHTa
JUHEHHOTO paclIUpEeHus U CAeNaTh BbIBOA.Pe3ynbTaTel M13MepeHnii, BEIYMCICHUN 3anucaTh B
Tabuiy. OTHOCUTENBHYIO MTOTPEITHOCTh U3MEPEHUS HATH JTIOOBIM U3 U3BECTHBIX CIIOCOOOB.




122

Bapuaum 11. Ilpubop ¢ muxpomeTpom (MHaUKATOp cHAT); 1—S5. Cm. «llopsaok
BBINOJIHEHHSI pa0OThD» BapuaHTa 1.
6. U3meputh MUKpoMeTpoM paccTosiare Al 1Mo HapyKHBIM HOBEPXHOCTIM

cepuueckux BcTaBok /(0 (puc. 4) mo mporycKaHus napa.
7—38. Cm. «llopsaok BeimoaHeHus1 padboTh» BapuanTta I, m. 8. 9.

9. UsMeputh MUKpOMETPOM paccTosiure A 110 HapyKHBIM OBEPXHOCTSM BCTaBOK /() mociie
TOT0, KaK U3 CBOOOJHOI0 KOHIIa TPYOKH CTaHET CUIIbHON CTpyell BBIXOIUTH Hap.

10. MpuHATbL TeMnepaTypy Tpybkm 100° C.

i@ 11. Beruuciuth k03 GUIUEHT TMHEHHOTO pacIIupeHusl.
S o
% CpaBHUTH NOJTYUYEHHBIN pe3ysIbTaT ¢ TAOJUYHBIM 3HAUEHHEM Kod(pduIueHTa

JIMHEHHOTO PACIIUPEHUS U CAENATH BBIBO/I.
8 OTHOCHTENBHYIO MOTPEIIHOCTL H3MEPEHUS HAWTH JTIFOOBIM U3 U3BECTHBIX

: 9
3
' —"( Coco00B.

Pe3ynbrarhl u3MepeHnii ¥ BEIYMCICHUNA 3aITUCaTh B TAOJIHIIE.

L

@
puc. 4
Hauvanbnas Temneparypa Paznuna |Yummnenne | Koad. num. OTH.
Marepuan | anvHa CTEpXKHS, | CTEpPIKHSA TeMIEepaT. |CTEePXKHS, pacIIMpeH. | MOrpemHoCcTh
CTCPIKHA Lo,M Havanph.|Koneun. | At,°C  [A1,M 0, Tpaj - %
Pacuersr:

Briso:




JlaGoparopHas padota Ne3
ONPEJIEJEHUE SJIEKTPOJABWKYINEA CHJIbl 1 BHYTPEHHEI'O
COIIPOTUBJEHUS UCTOYHUKA SJEKTPUYECKOW SHEPTUMN. )

Heﬂb: CO6paTb QJICKTPUYCCKYIO LICIIb JJIS1 ONTPCACIICHUA BHCIITHCTO HAIMPAKCHUA U TOKA
B IIENIW; UCMOJIb3Yys ONBITHBIE JaHHBIE onpeneauth J/JC 1 BHyTpeHHEE CONPOTUBICHUE
HCTOYHHKA BHGKT”pH‘IGCKOﬁ OHCPIUH.
Teopus. Jy1a nmomyyeHus: IEKTPUIECKOTO TOKA B TPOBOTHUKE HEOOXOIMMO CO31aTh U
NOAACPIKUBATHL HAa €0 KOHLAX Pa3HOCTb INOTCHIIMAJIOB (HaHp}I)KGHI/IC). Z[J'ISI 9TOI'0
WCIIONIB3YIOT UCTOYHHUK TOKA. Pa3HOCTH MOTEHITMAIOB HA €T0 MOJI0cax o0pa3zyeTcs
BCJICACTBHUC pa3aCIICHUA 3apsAa0B. Pa60Ty 10 pasACICHUIO 3apsAA0B BBIIIOJIHAKOT CTOPOHHUC
(HE PIIEKTPUYECKOTO MPOUCXOKICHHS) CHITBI.

[Tpu pa3oMKHYTOM IIeNH dHEPrus, 3aTpayeHHas B poliecce paboThl CTOPOHHUX
CHJI, IPEBpAIIACTCAd B DQHCPIUIO UICTOUYHHUKA TOKA. HpI/I 3aMbIKaHHNU BHeKTqueCKOﬁ nernun
3araceHHasi B MICTOYHHMKE TOKa SHEPrusl pacxoyeTcs Ha padoTy MO MEepEeMEILEHHUIO 3apsiioB
BO BHEIIHEH U BHYTpeHHeP’I HJacTAX OCIH € COIMMPOTUBJIICHUAMU COOTBETCTBCHHO Rur.

BeJ'II/I‘{I/IHa, YHUCJICHHO paBHAA pa60Te, KOTOPYHO COBCPIIAOT CTOPOHHUC CUJIBI IIPU
NEepEeMECIICHUHU CAMHUYHOTO 3apa/a BHYTPU HCTOYHHKA TOKA, HA3bIBACTCA
DIIEKTPOABIIKYIIEN CHION MCTOYHUKA TOKa E.

&E=IR+1Ir

B CU BeIpaxkaetcs B BoibTax (B).
DNEKTPOABUKYIIYIO CUITy U BHYTPEHHEE COIIPOTUBJICHHE HCTOYHUKA TOKA
MO>KHO OTIPEJIEIUTh IKCIIEPHUMEHTAIIBHO.
O0opynoBanue. 1. MIcTOUHUK 3/IEKTPUYECKON SHEPTUU. 2.
Peocrar Ha 6—10 Om. 3. Amniepmerp. 4. BoasT™merp. 5. Kimrou.
6. CoeMHUTENBHBIE TIPOBO/IA.

Ilopsinok BbINOJHEHHs PadOTHI.

1. Ornpenenuts LeHy JEICHUS " o

LIKAJIbl U3MEPUTEIbHBIX PUOOPOB.

2. CocTaBUTb JIEKTPUUYECKYIO LEMb 110
cxeme, n300pakeHHON Ha PUCYHKE.

3. [Tocie mpoBepKM LEnH NpenoiaBaTeaeM

3aMKHYTh KJIIOU U, TIOJIb3YSICh PEOCTATOM, YCTAHOBUTH
CUJIy TOKa, COOTBETCTBYIOILYIO0 HECKOJIBKUM
JIEJICHUSIM Kbl amrnepMeTpa. CHATh MOKa3aHus
BOJIBTMETpPA M aMIIEpMETpa.

4. OnbIT MOBTOPUTH 2—3 pasa, U3MEHsIA COMPOTUBIICHUE IIETTH MPU MOMOIIIH
peocrara.
3. Pesynbrarhl H3MepeHuit MOACTaBUTh B ypaBHeHue € = U+ [r u, pemas

CUCTEMBI YpaBHEHUI:

E=U+Iir E=U>+Dr E=Us+ bLr
E=U>+Lr E=Us+ DLr E=U+Iir
OIIpCACIINTD I'y, a 3aTEM 8
6. BbIumcanTs cpeaHre 3HaYCHNS HallICHHBIX BETUYUH Tep, Cop.
7. OrmpenenuTh OTHOCUTEIBHYIO TIOTPEITHOCTH METOIOM

cpenHero apuMeTHIecKoro.
8. Pe3ynbTaThl ©I3MEepeHHA U BBIYMCICHUN 3aIIKCaTh B TAOJIHUIIE.



Ne
OIIbITa

Cuna Toka B IICIIH,
I, A

Hanpsixenue Ha
BHEIITHEH IICITH,

U, B

DIIC
& B

Bnytpennee
Cornporusienue,

r, Om

PacueTnr:

BriBon:




JlaGoparopHas pabota Ne4
OIIPEJAEJIEHUE YJAEJBHOI'O CONPOTHUBJIEHUSA NPOBOJHUKA

[leab: coOpaTh 27AEKTPUUECKYIO LIETb AJIS ONPEAEICHHUS HApsKeHUs U TOKa Ha
Y4acTKe LENU; ONPEIEIUTh JJIMHY U TUAMETP MMPOBOJIHUKA U BBIUYNCIUTD yIEIBHOE
COINIPOTHBIICHUE MPOBOIHUKA, UCIIOJIb3Ys OIBITHBIE TAHHBIC.

Teopusi. OCHOBHOH 2IEKTPUYECKON XapaKTEPUCTUKON IPOBOIHUKA SBIISAECTCS

conpotusieHue 1. [y MeTanmueckoro NpoBOAHNKA, CONPOTHUBICHNE R mpsimo-
L

Lk Hi

i

it

puc. 1 puc. 2

HPOIMOPIHOHAIBHO €ro JUTnHe | 1 00paTHO MPONOPIMOHANBHO TUIOIMIAAN TOTIEPEYHOTO
ceuenust S/R = pl/S, rae p - ynenpHoe conpoTuBieHne(Beipaxaercs B OM M), OHO
BBIPAXKACT 3aBUCHMOCTh COITPOTUBIICHHSI OT MaTepHaja MIPOBOIHHUKA, [IOKA3bIBACT, KAKUM
COTPOTUBIIEHHEM 00J1a1ae€T MPOBOIHUK UIMHOM 1M M MJIOMIaIbI0 CEYSHHUS Im?
p=RS/

B kauecTBe uccneayeMoro Marepraia MOKHO HCIIOIb30BaTh 0OMOTKY
peoctara Ha 6 B (puc. 1).

OoopynoBanme. 1. Peocrar. 2. Macurabnas nuneiika. 3. IllTaHreHIUpKYIIb.
4. Amnepmertp. 5. Bonbt™erp. 6. Mctounuk anektpuyeckoit suepruu. 7. Krou. 8.
CoenuHuTeIbHBIC POBOJA.

IMopsinok BeInoTHeHUs1 PadoThl. 1. [l1st n3MepeHus JUIMHBI IPOBOJIOKH
HCO6XOI[I/IMO HU3MEPUTHL TUaMETP D KEpaMHUYCCKOro HujinHApa peocTtara U NoACUUTATh
YHCIIO BUTKOB Ha HeM 7. JITMHA IPOBOJIOKH onpenensercs no ¢popmyie | = aDn
2. Jlns ompeneneHus miomanay 'TONEPEYHOTO CEUYCHHUsI MPOBOJIOKU HEOOXOIUMO
3HaTh ee auameTp. st 3Toro ciexyer u3MepUTh ITAHTEHIUPKYJIEM JUIMHY OOMOTKH
peoctara L (puc. 1); 3Has 4YMCIO BUTKOB II, ONPENEIUTH AMAMETp MpoBojoku d
(d=L/n) u momanp MONepeyHoro ce4eHus S (S=nd?/4).
3. PesynbpTaThl U3MEpPEHUN U BBIYUCICHUN 3aIUCaTh B TAOIUILY.
4.  CocTaBHTb IIETb 10 CXEMe, H300paKEHHOH Ha puc. 2.
5. Ilocne npoBepku mpenogaBaresiel Helb 3aMKHYTh, U3MEPUTH CUILy TOKA

B peocTaTe U

11 yd HaMpsHKCHUE Ha HeM (KOTa PeoCcTaT MOJHOCThIO BBEJICH B
k| o
! enb). [lonb3ysck popmynoit 3akona Oma, onpeeuTh
R : R=U/I.

6. YuuTsIBas, 4TO IPOBOJI PEOCTaTa U3rOTOBJIEH U3
HHUXPOMA, CPAaBHUTH PE3YJIBTAT OMBITA C TAOIUIHBIM

S3HAYCHHUEM YACIIbHOTO COIIPOTUBJICHUA HUXpOMA U
OIIPCACINTb OTHOCHUTCIIbHYIO IOTPCIIHOCTD.

oe
o



puc. 3

JlnuHa Jnametp [Imomans Cuna toka, |Hanpspkenue, | ConpoTuBieHue VY nenpHOE
npoBoja, 1, | mpoBona, d, MOTEPEYH. IA U,B R, Om COMPOTHUBJICHUE
M M CCUCHMUS, p, OMM
S, M’
PacueTsr:

BriBon:




JlabopatopHas pabota Ne7
OnpeneseHue yCKOPeHHsI CBOOOHOI0 NMAIEHUsI MATEMATHYECKOI0 MasiTHUKA

Hesn: onpenenuTs 3aBUCUMOCTh TIEPHO/Ia KOJICOAHHI MAaTeMaTHIECKOTO MasiTHUKA OT JUTMHBI

" BBIYUCIIUTH YCKOPCHUC CBO60,[[HOFO naacHus, UCIOJIb3Ys OIIBITHBIC JaHHBIC.

MaTtemaTHYeCKUM MasTHUKOM Ha3bIBACTCSA MaTEpHaIbHAasl TOYKA, OABEIICHHAs HA HEBECOMOM H
HEpaCTHKUMON HUTH. MOJENbI0 MOXKET CIIy KUTh TSKEIIBIHN IIAPUK, pa3MEepPbl KOTOPOIO BECbMa MaJlbl 110
CPaBHEHHUIO C JUIMHOM HUTHU, HA KOTOPOI OH MOJBEIIEH (HECPaBHUMBI C PACCTOSIHUEM OT LIEHTpa
TSDKECTH 10 TOUKHU TOJBECA).

VYuensle ['anuneit, HetoToH, beccenb u Apyrue yCTaHOBWIH CIIEAYIOIINE 3aKOHBI

KoJICOaHHS MaTEMATHUECKOTI'0 MAsTHUKA:

1. Ilepron konebGanust MAaTEMaTHIECKOTO MasTHUKA HE 3aBUCHUT OT MACChl MasiTHUKA U OT

aMIUTUTY/bI, €CJIM YToJl pa3Maxa He MpeBbIIaeT 6°.

2. Ilepuon koneOaHUs MATEMAaTUYECKOTO MAITHUKA MPSMO MPOIIOPIIMOHANIEH KBaIPaTHOMY KOPHIO
Y3 JUIMHBI MasiTHUKA | 1 06paTHO MpOMOpIIMOHAJIEH KBaJpaTHOMY KOPHIO U3 YCKOPEHHS CBOOOTHOTO
MaJeHus g.

Ha ocHOBaHUS 3THX 3aKOHOB MOHO Hamucath (GopMmydy i ieproaa KoaeOaHui:

/
T=21T g , CeK

OobopynoBanue:
1. IITaTuB c gepxarenem.
. .Ilapuk, moaBemIeHHBIN HA HUTU IJIMHOM OKOJIO 1 .
. IIpoOka.

2
3
4. M3MmeputenpHas JIEHTa WIA METPOBAs JIMHEHKA.
5. ..IllTaHreHuupKyJb.

6

. Cexynaomep.

Ilopsinok npoBeneHust padboThbI:

1. ITocTaBuTh IITAaTUB HA Kpail cTONA, KAK [TOKAa3aHO HA PUC.

2. 3axxaTh HUTh MasTHUKA 32 CBOOOHBII KOHEIl MEX/ly IBYMs MOJIOBUHKAMHU
pa3pe3aHHOM Monojam NpoOKH B JiepKaTelie MTaTuBa.

3. V3mMepuTh Ipy NOMOIIM IITAHT€HINUPKYJI JUaMETp IIapuKa, HAUTH paanyc
mapuka. M3meputs npu moMoniy JMHEHKHU JUIMHY HUTH. HallTh 1JIMHy MasiTHUKa
(JUTMHA MasATHUKA CUUTAETCS OT HIXKHETO Kpasi MPOOKH /10 LIEHTPA TSHKECTH
HIapuKa).

4. OTKJIOHUTH MIApHK HA HeOobIIo# yroua (10°) u oTmyCcTUTb.

5. Ilo cekyHIoOMepy OnpeAeIuTh BpEeMs £, 332 KOTOPOE MASITHUK COBEPIIII 71
MOJTHBIX Kosiebanuit (Harpumep 20).

6. BbruncnuTh nepuo/ MoJHOTO KoJieOaH!us MasTHUKA:

: t
T:
- n




Ne Jnunaa Yucno Bpewms Ilepuon VYckopenue OTtHOCH-
ONbITa | MasT- TIOJTHBIX TIOJTHBIX MOJTHOTO CcBOOOHOTO TeTbHAS
HUKa, | KoneOaHuii | koneOaHuWil | KoyieOaHWs | mameHus g, norpei-
2
I, m n t, C T, c M/c HOCTb 0,%
Pacuersr:

BriBox:




Jlabopatopnas pabota Ne8
OIIPEJIEJIEHUE KOD®O®UIIUEHTA IIPEJIOMJIEHUA CTEKJIA Ileanb:
IIOCTPOUTH YIJIbI IIAACHUA U MIPEIOMIICHUA CBETOBOI'O JIyda, U3 IIOJTYYCHHBIX HOCTpOGHPIfI
BbIPA3UTh CUHYCBI 3THUX YIJIOB YCPE3 OTPE3KU M BBIYUCIIUTDH IMMOKA3ATECJIb IMPCIIOMIICHHUA CTCKIIA.

TeOpI/IH. IIpu nepexone cBetra U3 OOHOU cpeAbl B APYTYIO MPOUCXOJUT MPEIOMIICHUE JTy4eil - U3MEHsIeTCs
HaIpaBJICHHE PaCIpPOCTPAHECHUS CBETA. ITO SBIICHHE OOBACHICTCS TEM, UTO B Pa3IUIHBIX CpelaxX CKOPOCTh CBETA
paznu4Ha.

OTHOIIIEHHE CKOPOCTH CBETa ¢ , B BaKyyMe€ K CKOPOCTH O CBETa B JIAHHOH cpeje Has3bIBaeTCs abCOITIOTHBIM
[TOKa3aTeJIeM TPEIOMIICHUS 1 OTAll CPEJIbL:

n=c/v
W3 nanHO# GOpMYIIBI JIETKO MOKHO MOJYYUTh IPYTYIO, CBA3BIBAIOIIYIO 72 C YIJIAMU HaJCHUS O U TIPEIOMIICHHUS

B: n = sino/sinf

3TO - BTOPOH 3aKOH MPEIOMJICHUS CBETA.

Takum 06pa3om, sl BRIYUCICHHS 71 JOCTATOYHO U3MEPHTh JIBa yriia - oL U 3 .

Tak kKak CKOpOCTh CBETa B BO3IyXe cocTaBiseT 99,9% ckopocTu cBeTa B BaKyyMe, TO BO MHOTHX . CIydasx, HE
TpeOYIOMUX OYeHb OONBIION TOYHOCTH, MOXKHO 332 aOCOJIOTHBIM TMOKAa3aTellb MPEJIOMIICHUS Cpelbl MPHHAThH ce
MoKa3arelb MPEeIOMIICHNUS, U3MEPEHHBIH MPH NIepexo/ie, JIyda B JAHHYIO Cpey U3 BO3IyXa.

O6opyanoBaHue. 1. [Tnactuna ¢ mapamiensHbiMu Tpadsmu 2. [IpoOka ¢ OynaBkamu 3. UucThii
auct 6ymaru 4. Jluct kaptoHa 5. TpeyroyibHuUK.

IHopsinok npoBeaeHusi padoThl

1. Ha cepeauny nmucta OyMaru moJIo>KUTh IUIAIIMS TUTACTHHKY. PacTIONOXKUThCS Tak, YTOOBI T1a3 HAXOAMJICS Ha
YpOBHE IJIACTHHKH.

2. BOmu3u ot 60KOBOI TpaHM IJIACTUHKH BKOJIOTH OyIaBKy A.

3. Cmortpetb Ha OynaBKy A yepe3 IUIaCTUHKY; MEUICHHO ITOBOPAYMBATh IUIACTHHKY, IIOKA BEPXHSS YacTh
OyJIaBKU ¥ BHUMasl Yepe3 CTEKIIO €€ HUKHSISI YaCTh Pa30HIyTCs Ha BOBMOXKHO OOJIbIIIEE PACCTOSHHUE.

4. Bromots Oymasku. B, C, D; MecTa ajis HUX BBIOPATh TaK, YTOOBI BUJAUMEBIE Yepe3 ITIACTUHKY HIDKHUC YaCTH
OyJIaBOK Ka3aJIMCh PACTIONOKEHHBIMHI Ha OJTHOW MPSIMOH (PHCYHOK).

5. O6GBectu ouepTaHMs IUIACTHHKY KapaH/IAIIOM, BBIHYTh OyJIaBKU M OTMETUTH (TOYKaMHU ¥ OYKBaMH) UX
ITOJI0KECHHUSL.

6. Cusatp miactueky. [lpoueptuts, nuauu BE, EF, DF, npogomxuts EF 10 Kpas JaucTa.

7. Uepes Touky £ NpoOBECTU NPSAMYIO MO MPSMBIM YTJIOM K NepeAHEH IpaHy IIACTUHKHU, BIOJb 3TOU

MIPSIMOM OTJIOXKUTD paBHBIE OTpe3ku EM u EP (o5cwm).

8. U3 Touexk M u P omycTuTh nepneHukyisapsl Ha BE (MN) u EF (OP). B nony4eHHBIX TPAMOYTOIbHBIX
TpeyronbHuKax yroia MEN - a (yron

nagenus), yron PEO =B (yron npeigomienus).

9. U3meputs B Tpeyronbaukax EMN u EPO npotuBonexanye yriam o 1 f karetsl MN u OP (runotenyssl £

M u EP paBHBI 110 TIOCTPOCHUIO).



10. Io pe3ynbraTaM U3MEpEeHUH, MOJIb3YSCh BTOPHIM 3aKOHOM MPEIOMIICHHS CBETA, BBIYUCIUTH HCKOMBIH
K03 PUIIMEHT PEeTOMIICHUS CTEKIA 7.
n=MN/OP



11. IToBTOpUTH ONBIT, U3MEHUB BEJIUUMHY yrja MajcHus dy4ya BE, HaliTU cpelHee 3HaUCHUE

koa(duirienTa npeaoMIIeHHs CTeKIa

12. 3aHecTr pe3ynbTaThl U3MEPEHH M BEIYUCICHHN B TAOJHILY:

Ne
OIIBITA

MN, mm

OP, Mm

Nep.

OTHOCHT.
MOTPEIIHOCTH O, %o

13. Omnpenenutb aOCONIOTHYIO M OTHOCUTEILHYIO MOTPEIIHOCTH CIIOCOOOM OLICHKH PE3yJIbTaToOB

HU3MEPECHUMN:

6 = An/nisv. = AMMN)/MN + A(OP)/OP;
AMN) = 1mMm; AOP = 1Mm.

A = An/nisw. = 1/MN + I/OP,

An =08 Nus; N =N £ An,

racn - ILCfICTBHTCHLHOC 3HAa4YCHUC I/ISMepSIeMOﬁ BCJIMYHUHBI.

PacueTsnr:

BriBon:

Nusw - AN < nr < Nsw + An




JlabopatopHas pabota Ne9
OIIPEJEJEHUE I'NTABHOI'O ®OKYCHOI'O PACCTOSIHUSI U ONITUYECKOM CUJIbI JIMH3BI.
Heapb: nonyuuTh 4€TKOE YBEIMYEHHOE, YMEHBIIEHHOE M PaBHOE M300pa)KE€HUs MpeaMeTra
HA DKpaHe W M3MEPHUB PACCTOSHHUSA OT JUH3BI 10 MpEeAMeTa U 10 H300pakeHWs, BBIUYUCIHUTH
(OKyCHOE pacCTOSHUE U ONTHYECKYIO CHUITY JIMH3BI.

Teopus . ['MaBHEIM HOKYCHBIM PACCTOSIHUEM JIMH3BI HA3BIBACTCS PACCTOSIHIE OT ONTHYESCKOTO LIEHTPA JTUH3BI

110 ee riaaBHOro (okyca. Onrudeckas cuia JuH3bl D ecTh BennunHa, o0paTHas (HOKYCHOMY PAacCTOSHHUIO:
D=1/F.

Onrrueckas cuja XapakTepU3yeT NPETOMIIIONIYI0 CIIOCOOHOCTh JIMH3BI U BBIPAKACTCS] B AUONTPHSAX.
3a 1 aoTp mpuHATa ONTHYECKas cuia JIMH3BL, (POKycHOe paccTosHHEe KOoTOpod paBHO 1 M. Onruueckas
CHJIa BOTHYTHIX JIMH3 OTPHLIATEIIbHA.

I'maBHOe oxycHOE paccTosiHHE F, pacCTOSHUE OT ONTUYECKOro LIEHTpa JIUH3BI 10 npeamera d u 10
ero n300paxkeHus f cBA3aHbI (hopmMynoit

1/F=1d+ 1/f
I'maBHOE pOKYCHOE PAacCTOSHHE M ONITHYECKYIO CHITY JIMH3bI MOXKHO OIPEIEIUTH OIBITHBIM ITyTEM.
OobopynoBanmue. 1. J[BosSKOBBITyKIIas IHH3A. 2. DIEKTPUUECKAs TAMITOUKA Ha TTOJICTABKE C KOIMAYKOM 3.
HcTouHNK 3NEKTPUYECKON SHEPTHH AJIS DIIEKTPHUIECKON JaMIioukd. 4. DkpaH. 5. MeTpoBas nuHeiKa. 6.
CoenuHutensHele nposoaa 7. Kirou

]

—
[nn;nn]nrrwn AL AN AR R LR RARERRRAR RERAZRERRE LAL nv]

puc. 1

Iopsinok BbINOJIHEHUS PAdOTHI.
1.PacmonoxuTh HICTOUHUK CBETA, JIUH3Y U 3KpaH BAOJb METPOBOM JIMHENHKH, KaK ITOKa3aHo Ha puc. 1.
2. IInaBHO nepeaBUras JINH3Y, MOTYUYUTh HAa DKPaHE YETKOE U300paXkeHre MPpope3n B KOJMayKe
3. Bo Bcex Tpex ciyyasix u3meputh paccrostaue d u f.
4. [Tpou3Bos MOJICTAHOBKY M3MEPEHHBIX BEJIMYMH B ()OPMYITy TOHKOH JIMH3BL, ONIPEICITUTh
ri1IaBHOE (POKYCHOE PAacCTOSIHUE, a 3aTEM M ONITUYECKYIO CHITY JIMH3BI.
5. Pe3ynbrarsl n3MepeHni ¥ BEIYMCIICHUH, 3aITUCATh B TAOJIHILY.

Paccr. ot - Paccr. ot I'nmaBHOE Onruny. cuna OTHOCHT,
No Cp. 3Hau. omr.
Uzo0paxenne peaM. 10 n300p. 10 (OKyCH. JuH3bI D, MOTPEIIH.
omnbITa cuibl Dep, qotp
JuH3EI d, M mun3el, fM | pacer., Fm JIITP %
1 YBenuueHHoe
YMeHbIIIEHHOE
3 PaBnoe

7. OmnpenenuTs aOCOMOTHYIO U OTHOCUTEIIFHYIO TIOTPELTHOCTH U3MEPEHHUH
Pacuyersr:

Brisox:




Jlabopatopnas pabora NelO
OINPEJEJIEHUE JJUHBI CBETOBOM BOJIHBI C TIOMOIIbIO TU®PAKIIMOHHOM
PEIIETKMN.
ueﬂb: BBIYHCIIUTDb JJINMHY CBETOBOM BOJIHEI U OIIPCACIINTD I'PAaHUIbI BUIUMOI'O U3JTYyUCHUS.

Teopusi. [apasienbHblii y4oK CBETA, TPOXOJIS Yepe3 AU(GPAKIHOHHYIO PEIIETKY, BCIEICTBHE
T(paKIUK 3a PEIETKON, paCIIPOCTPAHSIETCS IT0 BCEBO3MOYKHBIM HAIIPABIICHHUSIM U
uHTepdepupyet. Ha skpaHe, ycTaHOBJICHHOM Ha IMyTH UHTEP(HEPUPYIOLIETO CBETA, MOKHO
HabII0AaTh MHTEPPEPEHIIMOHHYIO KapTUHY. MaKCHUMyMBbI CBETa HaOIIOIAIOTCS B TOYKAX SKpaHa,
JUISL KOTOPBIX BBIMOJIHSIETCS YCIOBHE

A=n), (1)
rzae A - pa3HOCTb X0/1a BOJIH; A - IJIMHA CBETOBOI BOJIHBI; N-HOMEp MakcuMyMa. LleHTpanbHbIii
MaKCHMYyM Ha3bIBarOT HyJeBbIM; U Hero A=0. CiieBa u cipaBa OT HETO pacroiararTcs
MaKCHMYMBbI BBICIIHUX MOPSAKOB.

VYcnoBre BOZHMKHOBEHUSI MakcuMyMa (1) MOXKHO 3amucaTh MHAYe:

nA = dsing (puc. 1). 3necob d - nepuos 1uppakIMOHHON PEIIETKH;

AuppaKyuoHHoR
pewemna

puc. 1

() - yron, nof, KOTopbIM BUAEH CBETOBOW MakcUMyM (yron audpakumm). Tak Kak yribl AudpaKLmm, Kak npasuso,

MaJibl, TO AN HAX MOXHO NPUHATBL sin ¢ = tg ¢, a tg @ = a/b (puc. 1). Nostomy
nl = da/b. (2)

B nannoit padore hopmyity (2) HCTIONB3YIOT JIsl BBIYMCIEHUS JJTMHBI CBETOBOM BOJHBI. AHATU3
¢dhopmybl (1) MOKa3pIBAET, UTO MOJIOKEHUE CBETOBBIX MAKCUMYMOB 3aBHCHUT OT JUTHHBI BOJTHBI
MOHOXpPOMaTHUYECKOT'0 CBETa: 4eM OO0JIbIlle JUIMHA BOJIHBI, TEM JAJIbIIe MAKCUMYM OT HYJIEBOTO.

Benwrii cBeT 10 cocTaBy - cnoXHBIA. HyneBoit MakcuMyM it Hero - Oenas rmoJioca, a
MaKCHUMYMBI BBICIIMX TOPSIIKOB MPEACTABISAIOT o001 HAOOp CeMU IIBETHBIX MOJIOC, COBOKYITHOCTb

KOTOPBIX HA3bIBAKOT CIICKTPOM COOTBCTCTBCHHO I; H,... nopsaka (pI/IC. 2).
K ox o0 p x 9 «x
LI e b e s
I I I I

puc. 2

[TonmyuuTs AUQPPAKIMOHHBINA CIIEKTP MOXHO, UCTIOJIB3YS MPUOOP TSl OTIpeACTICHUS ITUHBI
cBeToBol BosHEI (puc. 3). [Ipubop cocrout u3 Opycka / co mkanoi. Bau3y Opycka ykperieH
cTepxeHb 2. Ero BCTaBIsAIOT B OTBEPCTUE MOJCTABKU OT MOJIBEMHOIO CTONMKA. bpycok
3aKpEIUISIIOT TIO/1 Pa3HBIMU yTJIaMU ¢ TTOMOIIIbI0 BUHTa 3. BAonbs Opycka B OOKOBBIX Ma3ax ero
MOJXKET, TIepeMeIIaThes MOI3YHOK 4 ¢ skpaHoM J. K koHIly Opycka nmpukpernieHa paMka o, B
KOTOPYIO BCTABJISIFOT TU(PAKITMOHHYIO PEIIETKY.
K koHIy Opycka npHukperieHa paMKa 6, B KOTOPYIO BCTaBISIOT AUPPAKIIMOHHYIO PEIIETKY.




puc. 3

OobopynoBanme. 1. IIpuGop st OnpeiesieHus JUIMHbI CBETOBOM BouHBI. 2. [ToacTaBka s
npubopa. 3. JludpakuuonHas pemerka. 4. Jlamma ¢ npsMoii HUTHIO HaKaja B ITATPOHE CO ITHYPOM U
BUJIKOH (0O1I1ast 7Sl BCEX YYaITUXCs).

IHopsinok BeIMOIHEHNS PadOTHI.

1. CobpaTh yCcTaHOBKY, U300paKEHHYIO Ha pHC. 3.

2. VY CTaHOBUTH HA AEMOHCTPALIMOHHOM CTOJIE JIAMITY U BKJIFOUHUTH €€.

3. CMmoTps yepe3 TudpakmOHHYIO PEIIeTKY, HallpaBUTh MPUOOpP Ha JaMIly Tak, 4TOObI uepe3
OKHO 2KpaHa npudopa OblIa BUIHA HUThH JIAMIIBI.

4. DkpaH npubopa yCTaHOBUTH Ha BOZMOYKHO OOJIbIIIEM PACCTOSIHUM OT TU(PAKIIMOHHOMN pelIeTKH
Y TIOJIYYUTh Ha HEM 4YeTKoe n3o0paxenue ciektpos I u II mopsakos.

5. N3mepuTtsh o mikane 6pycka ycTaHOBKU paccTosiHue «by ot skpana npubopa

110 TUPPAKITHOHHON PEIICTKH.

6. Omnpenenuts paccTossHUE OT HyJeBOro nenenus (0) mKanbl 5KpaHa g0 CepeTuHbI

(roIeTOBOM MOJIOCHI KaK CIIEBA «ax», TAK U CIIpaBa «an» Ui crekTpoB | mopsaka (puc. 4) u
BBIYUCIIUTH CPEIHEE 3HAUCHUE Acp.

7. OneIT NOBTOPUTH co criekTpoM II mopsiaxa.
8. Taxue >ke U3MepeHUs! BBIMOJIHUTD U JISl KPACHBIX MOJIOC NU(DPAKIIMOHHOTO CHEKTPA.
9. Beraucnuts o hopmysie (2) aTuHY BOTHBI (PUOJIETOBOTO cBETa st CieKTpoB [ u 11

TIOPSIAKOB, JUIMHY BOJIHBI KpacHOTO cBeTa [ u 11 mopsiakos.
10. Pe3ynbTaThl M3MEPEHUI M BEIYMCIICHUH 3aI1CATh B TA0JIHILY.
Tabnuma

Hoy|

epo

TIBIT
bkpal
HAMM

Bunumeie rpanunsl | Buanmeie rpaHunbl o
gﬂ paHmtL A Tparv JlinHa cBeTOBOM

CIICKTpa CIICKTpa KpacHOro

(uoneToBoro cera CBeTa BOJIHBI

- -

-
=

PacueTnr:

BriBon:



