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1. HEJIM U1 3BAJAYH OCBOEHU S JUCHUITIJIMHBI

Llenb OCBOEHHWS AUCHUIUIMHBI - HAYYUTh CTYACHTOB TPAMOTHO C (U3UYECKON TOUYKHU
3pCHHUS PACCMATPUBATD SIBJICHUS OKPYXKAIOLICH CPEIbl U OLIEHUBATH PE3YJIbTAThI IKOJIOTHUECKIX
HCCHCHOBaHHﬁ. 3HaHI/I$I, IOJIYYCHHBIC B PE3YJIbTATC HW3YUYCHUA JUCHUIIIIMHBI, TI1O3BOJIAT
CTylIEeHTaM TPaMOTHO OPHUCHTHUPOBATHCS B (U3MUCCKHUX AaCICKTax IOBEICHHS SKOCHUCTEM. B
YaCTHOCTH KypC HallelieH Ha (JOpMUPOBAHHE IEIOCTHOTO MPEACTaBICHHS O (PyHIaMEHTAIbHBIX
Gbu3MUECKUX 3aKOHAX M MX MPAKTHYECKOM IMPUMEHCHUH, 0€3 HEero HEBO3MOYKHA MPaKTUYeCKas
paboTa coBpeMeHHOTr0 OHoJIora.

3a1a4uu JUCIUTUTHHBI:

® O3HAKOMHUTDL CTYACHTOB C OCHOBHBIMU (I)YHI[aMeHTaHBHBIMI/I (1)I/I3I/I‘-IGCKI/IMI/I 3aKOHaMMU,

® 03HAKOMHTH CTYJCHTOB C OCHOBHBIMH (DU3MYECKUMH MOJEISIMU, HAYYHTh OIICHUBATh
TOYHOCTb MOICIUPOBAHUA (1)I/I3I/III€CKI/IX npoueccoB A HUX AaACKBATHOI0 OIIMCAaHHUA U
UCCIICIOBaHMS;

® 1aTh MPECTABJICHHE O MPAKTHYCCKOM ITPUMEHEHHH (DU3UUECKHUX 3aKOHOB;

® PACCMOTPETh OCHOBHBIE MPHHLIUIBI PAa0OTHl H3MEPUTENLHBIX MPHOOPOB W METOJIBI
paboThI C HUMU;

® HAYYHTH CTYACHTOB IPaMOTHO 00pabaThIBaTh MOIyYEHHBIE TPAKTUIECKUE PE3YIbTATHI;

® [IOJITOTOBUTh CTY/ACHTOB K TPAKTHYECKOW paboTe C OCHOBHBIMH (DPU3HUECKUMH
SABJICHUAMMA, KOTOPBIC BCTPCUYAIOTCA MPU N3YUCHUH SKOJIOTHUCCKHUX CUCTCM.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

JlucuurinHa oTHOCUTCS K 06a3oBoi yactu (51.0.24).
OOyueHue CTyIEHTOB OCYLIECTBISIETCS Ha OCHOBE MPEEMCTBEHHOCTH 3HAHUM, YMEHHH U

KOMHGTGHHI/Iﬁ, MOJIYUYCHHBIX B paMKaXx HIKOJbHBIX 3HAHWH 110 (1)I/I3I/IKG.

Z[I/ICL[I/IHJ'II/IHa NpeaAtICCTBYCT U3YUCHUIO I'€OJIOTUN U ITOYBOBCACHUS, OXPaHbI OKpY)KaI-OH_Ieﬁ

Cpenpl.

HapaJ'IJ'ICJ'ILHO OCYHICCTBJISACTCA NU3YUCHUC XUMHU, 061_1_[6171 OHOJIOTHH.
Tak xe OHa SBIISICTCS OCHOBOM IJI1 TPOXOXKACHUA IMPAKTHUK: O3HAKOMUTCIIbHASA ITPAaKTHUKaA

(6oTaHMKa), 03HAKOMHUTENbHAS TPAKTHKA (300JI0THS).

3NNEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUS IO AUCIUIIJIMHE
MOAYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIIbTATAMHA

OCBOEHMH Oo11oIn
Kon u HanMeHoBaHMe pean3yeMoit [lepeueHb mIaHUPYEMBIX PE3YJIBTATOB O0YUYEHHS 1O
KOMIIETEHIINH JUCIUIUIMHE (MOAYIIO), COOTHECEHHBIX C MHIMKATOPaMU

JOCTHKEHHUS KOMIIETESHITHM

OIIK-2: CrocobeH uCHosb30BaTh | 3HaTh: OCHOBHBIE 3aKOHOMEPHOCTH, OIIMCHIBAIOIINEC
TCOPCTUHCCKUE OCHOBBL IKOIOIUH, | hyspyeckoe B3aMMOJENCTBHE OOBEKTOB OKPYIKAONIEH

T€ODKOJIOTHH, 5
NPHPOOTIONE30BAHN, oxpanpr | CPEAbL,  YMETb  110/100paTh  aJeKBATHYIO buznUECKyIO

MPUPOJLI U HAyK 00 OKpykaromiei | MOACIb;

cpene B npoeCCHOHATILHON | YMeTh: OpUEHTHPOBATHCS B (PU3UUECKOIM KapTHHE MUPA,
ACATCIBHOCTH BBIJICIIATD pasn4YHbIC ¢busnyeckue SIBIICHHS,
MPOTEKAIOIINE B IKOJOTUYECKUX CUCTEMax; MONy4daTh W
oOpabaTheiBaTh JaHHBIC, HEOOXOAMMBIC ISl PEIICHUS
KOHKPETHOW (pM3NUecKoil 3a1auu;

Baanerb: HaBBIKAMM  TIPAKTHYECKOH  pabOTBI  C
OCHOBHBIMH  (D)M3MYECKMMHU  TpUOOpaMH,  KOTOpBIE
UCIIOJIb3YIOTCS B HCCJEOBATENIbCKOM  JI€ATEIbHOCTH
OakanaBpa
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4 OBIIAA TPYJOEMKOCTD JUCIIUITJIMHBbI

4.1. O0beM IMCHHUILIAHBI B 3a49eTHBIX equHHIax (Bcero) 5 3ET
4.2. Ilo Buaam y4yeOHoii padorsl ( B yacax): 180

KommuecTBo yacos
(popma oOyucHuMs -0uHAasT)
Bun yaeOHO# paboThI Beero 1o B 1.4. mo
ceMecTpam
TIany 1
1 2 3
KoHTtakTHas paboTa 00y4aronuxcs ¢ MPernoiaBaTesieM B 54 54
cooTBeTcTBUH C YII
AyIUTOpPHBIE 3aHATHSL: 94 94
JIEKIIUU 18 18
CEeMHMHAPBI M TPAKTHYECKHIE 3aHATHUS 0 0
nabopaTopHble pabOoThI, MPAKTUKYMBI 36 36
CamocrositenpHas padora 90 90
dopma TeKyIero KOHTPOJIsl 3HAHUI U KOHTPOJIS
CaMOCTOSITENIbHOW Pa0OThI: TECTUPOBAaHUE, KOHTP. padoTa, Tectuposanue, Tectuposanue,
KOJUTOKBUYM, pedepar u ap. (He MeHee 2 BUIO0B) YCTHBIH OIIpoC YCTHBIH 01IPOC
Kypcosas pabora - -
Buasr npomexxyTouHOM aTTecTanuu (K3aMeH) 36 36
Bcero gacoB mmo qucuurumHe 180 180

*B cnyyae neobxooumocmu uUCHOIb308aHUSL 8 YUEOHOM Npoyecce YaCMUYHO/UCKTIOYUMENLHO
OUCMAHYUOHHBIX 0OPA3Z08AMENbHBIX MEXHONI02UN 8 Mabauye wepes cieul YKa3vleaemcs KOauuecmeso
yacoe pabomul IIIIC ¢ obyuarowumucs o1 nposedenuss 3auamuil 8 OUCMAHYUOHHOM popmame ¢
npUMeHeHUeM JJIeKMPOHHO20 0OYYEeHUsL.

4.3 Conepxanue IMCUMILIMHBI (MoayJisi.) PacnipenesieHue 4acoB o reMaM M BHIaM
y4eOHoi1 padoThI:
dopma 00yueHHs: OUHas

Bunp! yueOHbIX 3aHATHI
AynUTOpHBIE 3aHATH 3aHs
YAMTOP ®opmMma
Jlaboparo | TuA B
Hazpanue pa3genos u | Beer [TpakTuue CaMocTo | TeKymero
Je pHBIE HHTED
TEM 0 CKue ATEIb KOHTPOJISL
K11 paboThI, aKTUB .
3aHSTHS, . Has 3HAHUU
uu MPaKTUKY HOM
CEMHUHApBI pabota
MBI dbopme
1 2 3 4 5 6 7 8
Pa3znen 1. Mexanuka maTepuanbHON TOUKH U TBEPAOTO Tea
1. Kunemaruka 8 1 2 - 5
MaTepUalbHOW TOUKU U Tectuposanue,
TBEPIOTO TEJa: YCTHBIM OIIpOC
2.JIlnnamuka 8 1 2 - 5 TectupoBanue,
MaTepuaibHOW TOUKHU: YCTHBIiT OIpoc
3.Umnynsc Tena u 8 1 2 - 5
MEXaHUYECKOU TectupoBanwue,
CHCTEMBI. YCTHBLA Ompoc
4.PaboTa 1 sHeprus. 8 1 2 - 5 Tectupoanue,
YCTHBIH OIIPOC
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5./I[nHamMuKa TBEPAOTO 8 1 2 - 5 TectupoBanue,
Tena. YCTHBI OTIPOC
Paznen 2. MexaHuka >kMIKOCTEH U ra3oB.
6./laBneHue B 8 1 2 - 5 TectupoBanue,
KHUJIKOCTSX U rasax. YCTHBI OTIPOC
7. Teuenue KUAKOCTH. 8 1 2 - 5 TectupoBanue,
YCTHBIH onpoc
Pa3nen 3. Mexanuueckue KojaeOaHus U BOJIHBI.
8.CBoOo1HBIE 8 1 2 - 5
rapMOHHYECKHUE Tectuposanue,
KoseOanus. YCTHBIH O1poC
9.3aryxaromue u 8 1 2 - 5
BBIHYKIEHHBIE Tectuposanue,
KOJIeOaHus. [YCTHEI 0mpoc
10.Ynpyrue BOJTHBI. 8 1 2 - 5 TectupoBanue,
YCTHBIN OIPOC
Paznen 4. Monekynsipaas Gu3nuKa U TEPMOAHMHAMUKA.
11.Craructuyeckuii u 8 1 2 - 5
TEPMOJUHAMHYECKHIA
METO/IbI UCCIICIOBAHUSI. TectupoBaHue,
MonexkynspHo- [YCTHBIN OTPOC
KHHEMaTHJIecKast
Teopus UIeabHOTO
rasa.
Pasgen 5. I1oCTOSHHBIN DIIEKTPUYECKUH TOK.
12.3akoHsI 8 1 2 - 5 TectupoBanue,
MOCTOSIHHOT'O [YCTHBIN OIIpOC
TOKa.
Paznen 6. OnTHka v 5J1eMEHTHI KBAaHTOBOU (DU3UKHU.
13.T'eomeTpudeckas 8 1 2 - 5 TectupoBanue,
OIITHUKA. [YCTHBIX OIIPOC
14 NnTepdepenius 8 1 2 - 5 Tecrupoanue,
CBeTA. [YCTHBIN OIIpoc
15.Tudpakuus cBera. 8 1 2 - 5 TectupoBanue,
YCTHBIHM onpoc
16.ITonspuszanus ceeta. | 8 1 2 - 5 Tecrupoanmue,
YCTHBIN OoITpoc
17.B3aumopeiicTeue 8 1 2 - 5 TectupoBanue,
CBCTa [YCTHBIN OIIPOC
C BEIIECTBOM.
18.KBaHTOBas ONTHKA. 8 1 2 - 5 TectupoBanue,
YCTHBIH onpoc
DK3aMeH 36
UTOI'O 180 | 18 36 - 90

5. COAEP)KAHUE JUCIHUIIVIMHBI (MOYJIA)

Pa3znen 1. Mexanuka MaTepuaibHOi TOUYKH H TBEPAOIO TeJla.

Tema 1. KubgemMaTnka MaTEepHAJILHOW TOYKM M TBEPAOIO TeJla: IIOJOKECHHE TOYKH B

MPOCTPAHCTBC; KHHCMATHUYCCKOC YPABHCHUC JABUIKCHHA; CKOPOCTh, KaCaTCJIbHOC, HOPMAJIbHOC U

MOJTHOE  YCKOPEHUS;

®opma A

paBHOMEPHOE W HEPAaBHOMEPHOE JIBUKCHUS,

VIJIOBBIE CKOPOCTH U
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YCKOPEHHE; 4acTOTa U NEPHUO/I; CBSA3b JMHEHHBIX U YIIIOBBIX XapaKTEPUCTHUK.

Tema 2. JIuHaMuKa MaTe€pUaIbHOW TOYKHU: MHEPUUAIBbHBIE CUCTEMbl OTCUETA U TMEPBBII
3akoH HproTOHA; B3aMMoOIEHCTBHUE TeN, Macca, CWIA; BTOPOM U TpeTuil 3akoH HeroroHa. Bubl
CHJI B MEXaHHUKE: TPaBUTALIMOHHBIEC CUJIBI; CHJIa TSHKECTH; BEC; CUJIbl YIPYTOCTH; CUIIBI TPEHUS U
CONPOTHUBIICHUS.

Tema 3. UMnyabc Tena ¥ MEXaHMYECKOW CHUCTEeMbI. TeopeMbl 00 M3MEHEHUH HMITYJIbCA
TeJa M CHUCTEMbl. 3aKOH COXpaHEHUsI HMITYJIbCa B H30JUPOBAHHOM M HEU30JUPOBAHHOU
cucremax. LleHTp mMacc u Teopema 0 €ro JBHUKEHUH. YpaBHEHUE IBUKCHHS Tella MepeMEHHON
Macchl: ypaBHeHrne Memepckoro u L{nonkoBckoro.

Tema 4. PaGora m sHeprusa. Pabora mOCTOSHHONW W TEPEeMEHHOW CHIIBI. MOITHOCTD.
Kunemarnueckast 3Heprus 1 reopema 06 e€ n3meHeHn. KoncepBaTuBHbIE U HEKOHCEPBAaTUBHbIE
cwibl. [loTeHnuanbHas sHepruss U Teopema 00 €€ u3MeHeHuu. CBA3b MEXIy CUIOW U
NoTeHIMaabHON SHepruel. IlonHas MexaHuyeckast 3Heprus U TeopemMa 06 e€ U3MEHEHUU. 3aKOH
COXpaHEHUs ITOJTHOW MEXaHUYECKON DHEPTUH.

Tewma 5. Jlnnamuka TBEpAOro Tena. MOMEHT MHEPLMH TOYKH, CHCTEMBI U TBEPAOIO TEIa.
Teopema IlreitHepa. BpamarenbHbli MOMEHT CHJIbI OTHOCHUTEIIBHO TOYKH M OCH. MOMEHT
umnynbca. Teopema 00 M3MEHEHMM MOMEHTa MMIIYJbCa Tellda M CUCTEMbI; 3aKOH COXpPaHEHMS
MOMEHTa uMiyibca. (OCHOBHOE ypaBHEHUE JMHAMUKM  BpALIaTE€IbHOTO  JIBUYKEHHUSI.
Kunernueckas 3Heprus Bpalaroierocs Tenia.

Pa3nes 2. Mexanuka KuAKOCTel U ra3oB.

Tewma 1. JlaByieHue B )KUAKOCTAX M rasax. ['mapocratuueckoe nasieHue. 3akoHsl [lackans
n Apxumena. [lone ckopocreil, nuHun u TpyOku Toka. Teopema O Hepa3pbIBHOCTH CTPYH.
Ypasuenue bepnymm. @opmyna Toppuuermin.

Tema 2. Teuenue xxunkoctu. TypOyneHTHOE U TaMuHapHoe TeueHus. Yucno PeitHomnbaca.
JluHamuueckass 1 KMHEMaTudeckas BsI3KOocTb. 3akoH HproToHa nns Bsaskoctu. Pacnpenenenue
CKOpPOCTH TE€4YeHHs BIoJb ceueHus TpyOnl. Dopmyna I[lyazeins. Metonasl omnpeneneHus
BA3KOCTH.

Pa3nes 3. Mexannueckue Koj1e0aHUS M BOJIHBI.

Tema 1. CpoOojnble rapmonuyeckue kojeOaHus. OCHOBBI  XapaKTEPUCTUKHU
KoJnebaTenbHOro JBIwKeHusd. JuddepeHimanbHoe ypaBHEHHWE CBOOOTHBIX KOJICOAHHMM ISt
MaTeMaTHYeCKOro, MPYXKUHHOTO M (PU3MYECKOro MasTHUKOB, ero pemeHue. KunemaTtuka
FapMOHMYECKUX KOJIeOaHWM OJIHOTO HampaBieHus. bueHus. OHepruss rapMOHHUYECKOTO
OCLMJUISTOPA.

Tema 2. 3aryxaromue U BbIHYXJEHHble KosneOaHus. JuddepeHunanbHoe ypaBHEHUE
3aTyxaloluX KojeOaHui M ero pemieHue. AMIUIMTYJa, 4acToTa M IEpHOJ  3aTyXarolluX
kosneOanuil. Jlorapupmuueckuili nekpeMeHT 3aTyxaHus U A00poTHocTh. JuddepenuumansHoe
ypaBHEHHE BBIHY)KJCHHBIX KOJ€OaHMH U ero pemeHue. AMIUIMTYZa U (pa3a BBIHYXKJIECHHBIX
koseOanuii. Pezonanc.

Tema 3. Yopyrue Bonssl. [lonepeunsle u npoaoibHbIE BOJIHBL. J[JIMHA BOJIHBI M CKOPOCTH
e€ pacrpocTpaHeHMs. YpaBHEHHE IUIOCKOM Oerymield BOJdHBL [IpuHIMI Cyneprno3unuy.
Korepentnsie ucrounuku. Murepdepenuns BonH. CTosgyre BONHBL. 3BYKOBbIe BOJIHBL D dekt
Honuepa B akyCTHKE.

Pa3nes 4. MosekyasipHasi (pM3MKa M TEPMOJUHAMHUKA.

Tema 1. CratucTuyeckuii ¥ TEpMOAMHAMUYECKUN METOABI Mcciaea0BaHNsd. MoaeKyIsapHO-
KMHEMATUYeCKash _Teopus uacanpHoro rasa. Ilapamerpsl coctosHma. PaBHOBecHOe W
HEPABHOBECHOE COCTOsIHUSA. OCHOBHOE ypaBHEHUE MOJIEKYJISIPHO-KMHETUYECKOW TEOPUM Ta30B.
CpenHssi KMHETHYECKas DHEPIHs MOJIEKYJ MIEAIbHOIO Tra3a M €€ CBsA3b C TEMIIEPaTypOU.
Pacnipenenenne MakcBenmia 1O CKOPOCTSIM M JHEPTUsM TEIUIOBOrO JBIMKeHUs. HaubGomee
BEPOATHAsI M CpPENHAS CKOPOCTh JBIKeHUs Monekyl. Pacnpenenenne bonbnmana,
6apomeTpuueckas popmysa. YpaBHEHHE COCTOSIHUS UACATBHOTO rasa.

Pasnen S. IIoCTOSAHHBIH 3JIEKTPHYECKHH TOK.
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Tema 1. 3akoHbl nocrossHHOro TOKa. CTOpOHHHME CHIIBL. OJIEKTPOABMXKYIIAs CHIIA.
HanpspkeHne Ha OAHOPOJHOM M HEOJHOPOJHOM y4acTKax menu. ColnpoTUBIIEHNE TPOBOJHUKOB.
3akoH OmMa [ OJHOPOJHOTO W  HEOAHOPOJHOTO YYaCTKOB B  MHTErpajbHOW U
muddepennmanbHor  popmax. PabGora u  MomHOCTH TOKa. 3akoH Jxoymnsa-Jlennma B
uHTerpaabHOl u quddepenunanbubix popmax. [Ipasuna Kupxroda s pa3BeTBICHHBIX LETEH.

Pa3nes 6. OnTuka M 3jieMeHTbI KBAHTOBOW (GU3NKH.

Tema 1. ['eomeTpuueckas ontuka. 3aKOHbl T€OMETPUYECKON ONTUKU. SIBIEHUE IOJHOTO
BHYTPEHHEro oTpaxkeHus. JIMH3bl U nmoctpoeHue nzodpaxxeHus B HuX. MokycHoe paccTosHuE
auH3bl. @opmyna nuH3bl. JIluHelHoe yBenuuenue. OnTuuyeckue MpUOOPHI: JIyla, MUKPOCKOII,
IJ1a3, UX YBEJIMYEHUE U NPEAECIT Pa3peLICHUS.

Tema 2. UnTepdepenus ceera. KorepeHTHOCTh 1 MOHOXPOMATHYHOCTb CBETOBBIX BOJIH.
MeTtoapl HaOmoieHus: uHTeppepeHunn. OnTuyeckas pa3HOCTh X0J1a CBETOBBIX JIydel. YcioBue
00pa3oBaHUsl MAaKCUMyMOB M MMHHUMYMOB MHTEp(pEpEeHIMOHHON KapTuHbl. MHTEepdepeHuus B
ToHkuX 1eHkax. Konbia Hetotona. [lpumenenue natepdepeHiuu ceera.

Tema 3. ludpakuus ceera. [Ipunuun I'oiirenca-®penens. 3ousl Openens. Judpaxius
@penHenst Ha KpPYyIJIOM OTBEPCTUM U KpyrioMm pucke. Judpakums @Ppaynrodepa Ha mmiemn.
HudpakuuonHas pemerka. Judpakuus Ha mpocTpaHCTBeHHOHM pemerke. @opmyna Bynbda-
bperra.

Tema 4. Ilongpuzanus cBera. EcTecTBeHHbI M moisipu3oBaHHbIA cBeT. [lomspuzanus
CBETa IIPU OTPAXEHUU U IIPEJIOMIICHUM Ha TIPAaHMIE JBYX AMDJIEKTPUKOB, 3aKOH bprocrepa.
JIBoiiHoe styuenpenomiieHue. lonspouas! U nonspuzannoHHble Npu3Mbl. ONITUYECKU aKTUBHBIC
BEUIECTBA M 3aKOH BpAIIEHMs IJIOCKOCTH mHojspuzanuu. OnTudeckas cxema caxapumerpa.
Onpenenenne KOHIEHTPALMU PacTBOPA C IIOMOILBIO CaxapUMeTpa.

Tema 5. B3aumoneiictBue cera ¢ BemiecTBOM. Jlucnepcus cBera. DIEKTPOHHAST TEOpUS
nucnepcuu. [lornomenne ceera. 3akoH byrepa-bepa. CBsA3b 1ucnepcuy 1 MOTIOMIEHHUS.

Tema 6. KBanToBas ontuka. ®oToHBI, SHEPTHUs, Macca U UMITYJIbC ¢oToHa. [lormomienue,
CIIOHTAaHHOE€ M BBIHYKJEHHOE MW3JIy4eHUs. B3auMOJEHCTBUE DIIEKTPOMArHUTHOW BOJHBI C
BelIeCTBOM. VIHBEpCHAs HACEIEHHOCTh JHEPreTUYECKUX YPOBHEW M METOJbI €€ CO3JaHus B
PYOMHOBOM U reIMii-HEOHOBOM Jia3epax.

6. TEMbI MIPAKTUYECKHUX U CEMUHAPCKHUX 3AHATUI
He npenycMoTpeHbl ydeOHbIM IJITaHOM

7. JABOPATOPHBIE PABOTBI, IPAKTUKYMBbI.

Paznen 1. Mexanuka.
Jladoparopnas padora Nel. TouHoe B3BelIMBaHUE.

eab padoThl: N3y4YUTh METOJ ONIPEIEIICHHS BECA TEN C TOMOIIBI AHATUTHYECKUX U
71a00PaTOPHBIX BECOB PHIYAKHOTO THIIA.

IIpuGopsl U MaTepuabl: aHamuTHYeckue Beckl BJIP-20, 1abopaTropHbie BecHl,
pa3HOBECHI, HAOOP TEI.

1.1. TeopeTnueckasi yacThb

1.1.1. Macca u eec

Macca — 310 Qu3nuecKas BeJIMYUHa, sBIsoNIascs Mepoi nHepuuu tena. [lon nnepuuei
IIOHMMAETCA CBOWCTBO TEJ COXPAHATH COCTOSIHME IIOKOSI WJIM PABHOMEPHOIO NMPSMOJIMHEHHOTO
JBUKEHMSI TIPU OTCYTCTBUM BHEUIHMX cUJl. Macca ABII€TCs OHOM U3 OCHOBHBIX XapaKTEPUCTUK
Tel, OHAa 3aBUCUT OT MX pa3Mepa W NPUPOIBl BemiecTBa. Macca XapakTepu3yeT HE TOJIBKO
UHEpLMIO, HO W TPAaBUTALMOHHBIE CBOWCTBA — CHJIa TNPUTSKEHUS MEXAY JBYMS TelaMHu
IIpONOpLUMOHalIbHa MaccaM. Kpome Toro, macca ompezaenseT 3amac dHEPIHH MaTepHaIbHOTO
Tena:

E=mc?,

IJie ¢ — CKOpOCTb cBeTa, paBHast 3 -10° m/c.
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Bennumna mMaccel MOXKET OBITH ONpeneieHa MO0 Pa3InYHbIM €€ MPOSBICHUSAM (MHEpLus,
TATOTEHME) IIYTEM CPAaBHEHUS C MacCOM 3TaJIOHHOTO Tea, IPOU3BOJIBHO MPUHATOH 3a €UHHULLY.

[lon BecoM MOHMMAIOT CHILY, C KOTOPOM TEJIO BCIEACTBUE TATOTEHMS K 3eMile JEHCTBYET
Ha omnopy (wmm mnoxsec). Bec Tenma, Haxondumierocs Ha IOBEPXHOCTH 3€MIIM, €CTb
paBHOHCﬁCTByIOIHaH ABYX CHUJI — CHJIbI TATOTCHHA, HaHpaBHeHHOﬁ K OCHTPY 3eMHI/I, n

LIEHTPOOEIKHOMN CUIIBI MHEPIIMH, 00YCIIOBIIEHHOH BpareHruemM 3emiid BOKpyr ocu (puc. 1.1). Cuna
TATOTEHUS, IEHCTBYIONIAs HAa TEJI0 MAacCOW M, ONpeAesieTcss Ha OCHOBAaHUH 3aKOHA BCEMHUPHOTO
TATOTCHUS:

F=y 3, (1.1)

rjae )/ — rpaBUTalliOHHAs IOCTOSHHAS, M , — Macca 3emin, R — paguyc 3emin.
2
2
[TockonbKy IIEHTPOOEIKHAS CHIJTa HHEPIIUH PaBHA MO0 MOJTYJTIO f=m T = mao I ,rae

r - pacCTOAHUC OT OCU BpalllICHUSA 3emnn J0 TCJIa, HaXOAAICIroCA Ha IIUPOTEC 3emim ¢,a -

yrjaoBas CKOPOCTh BpamieHuss 3emud. 3aBUCHMOCTh [ OoT  ImMpoOTHI  ompeaenseTcs
r=R COS@, cnenoBarenbHO, LEHTPOOEKHAs CUJIA MHEPLMH MEHSETCS NPU  W3MEHEHUH

—

2 — —
nostokenus Tena Ha nosepxuoct mwianetst f = M@ R COS@ . Bec tena pasen P = F + f .

f=0

C':D('D
Puc. 1.1 - Cuja Ts12KeCTH ¥ HIEHTPOOEKHAS CHJIa,
AEHCTBYIOIIAS HA PA3HBIX IIMPOTAX

Ha monroce Bec Tena HauOONBIIWI W paBeH CHIE TATOTCHHS, Ha DKBATOpE BEC Teia
HauMenbInmil. Crenyer 3ametuTh, uto F >> f | mostomy npakrudecku Tena mputsarusarorcs

M0 HOPMajdM K 3EMHON IOBEPXHOCTH W BEC Tela B 3aBUCUMOCTH OT WIMPOTHI MECTHOCTH
MeHsieTcs He3HauuTenbHo. Cuia, AeiCTByrOmass Ha TeJo, Ompenenser MO0 W3MEHEHUe
COCTOSIHMSI IBMDKCHHS Tena, JIn0o ero nedopmanuro, 1160 1o u npyroe Bmecte. O cuiie MOXKHO
TOBOPHUTH TOJIBKO B CIIy4ac B33.PIMO[[€I>'ICTBI/I$I TCI.

1.1.2. Ilpunyun 636euwtusanus na eecax
HenocpeacTBeHHO cuiia, ¢ KOTOPOH TaHHOE TEJIO MPUTITUBACTCS K 3eMJIe, MOXKET OBbITh

orpeziesieHa Mpy MOMOIIM MPYKUHHBIX BECOB. AOCOIIOTHOE yIITMHEHHUE MIPYKUHBI Al no
3akoHy ['yka paBHO
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Al = aF, (1.2)
rae F — nepopmupyromas cuna, Ol — Ko3hPHUIMEHT TPONOPIIUOHATILHOCTH.
B ciyuae B3BemmBanus ae)OpMHUPYIOIIEH CHIION ABIISIETCS BEC Tela, TOra

Al =oP.

Bemuunna A nponopuponansaa Becy Tena. IIpyknna 06bI9HO CHAGKACTCS yKa3aTeleM,

CKOJIB3SIIIIUM BJI0JIb LIKAJIbI, IPOTPalyNpOBAaHHON B €AMHMIIAX BECA.
PaccmorpuM  nmpuHIMI  IE€HCTBUSA
aHAJIMTUYECKUX BecoB. OHM IpeNCTaBIAIOT 1 : 12
coboii peryar mepBoro poxaa (puc. 1.2), B
KOTOPOM DPAcCTOSIHUS OT TOYEK HPUIIOKEHHUs :
CWJI O TOYEK OIOpbl PaBHbI JpPYyr Apyry \ 4 *
(paBHOIUIEUMit pelyar). [lomectum Ha JeByIO l |
JaIy BECOB TEJO Maccoi M. JIst Toro 4ro0k! m, m
BOCCTAHOBUThH PABHOBECHE, HY’KHO Ha IIPABYIO
YalllKy HakJIaJblBaThb Pa3HOBECHI A0 TE€X IIOp, *_1'3" F 'i:';
II0Ka CTPEJKa He BEPHETCs B IEPBOHAYAJIbHOE L 2
noI0KeHHe (M2 — Macca PasHOBECOB). Puc. 1.2. Ppiuar nepsoro poaa
Ha ocHoBaHuu ycioBust paBHOBECHS
JUIE MOMEHTOB CHJI

> —

P.li=Pyl 5, (1.3)
rac Fl u FZ COOTBCTCTBCHHO BECa TCJI — CUJIBI, Z[eﬁCTBy}OHlHe Ha JICBYIO U IIPaBYIO 4aCTU
pbryara B TOYKax OIOpPbI Halll€K BECOB, E 1K E 2 — pacCTOAHHUA OT 3TUX TOYCK JO TOUYKH OIIOPLI
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—

Kopombicia. Tak Kkak Becol pasHoruieuwe, T.e. ¢, =/,, To npu paBHOBecun P =
1

P,=m,gu P, =myg,sHauur m,=m,.
Taxkum o0pa3zom, npu B3BELIMBAHUM TEJ HAa PHIYAXKHBIX BECAX Mbl CPABHUBAEM CHUILY, C
KOTOpOI Macca B3BEIIMBAEMOI0 Teja MPUTITUBAETCA K 3emile, C CWJION NMPUTSDKEHUs K 3emiie

9TaJOHHON Macchl. Tak Kak dTajJoOHOM IIpHU 3TOM ABJIACTCA MaccCa, TO (baKTI/I‘IeCKI/I B3BCIIUMBAHUC
Ha PBIYAXHBIX B €CaX CBOAUTCA K OIPCACICHUIO MACChI. Ho macca m Bec Tena CBs3aHBI

cooTHomenneM P =M@ . Bennunna (j M3MeHseTCS ¢ M3MEHEHHMEM TeorpaduyecKoil MHUPOTHI

MCCTa U BBICOTHI HAaJl YPOBHEM MOpH. B cooTBeTcTBUM ¢ 3TUM H3MEHSETCI U BeC Teaa. Tak Kak B
JII000H TOYKE 3€MHOMU IMOBEPXHOCTHU BEC TCJI IIPOIMOPHHOHAJICH HX MacCaM, a BCIWYMHA _g
SIBJSCTCSI BEJIMUYUHOM HOCTOHHHOﬁ, TO MaccCa TCJIa OJHO3HAYHO OIPCACIICT U €ro BEC. B stom
CMBICJIC OIICPAllMI0 CpABHCHHSA MACC, BBIIIOJIHACMYKO Ha PbIYAKHBIX BCCAX, MOXHO HAa3BaTb
B3BCIIMBAHHUCM.

1.1.3. Yysecmeumenvnocmo 8ecos
YyBCTBUTEIBHOCTBIO BECOB ¢ HAa3bIBAaeTCsl TAHI'€HC YIJIA, HA KOTOPBIN OTKIIOHSETCS CTpEsKa
YPaBHOBEILIEHHBIX BECOB TO/1 ICHCTBUEM I[Oﬁ&BO'—{I—éOﬁ cuibl AP:
a

¢:E.

Ha YYBCTBUTCIILHOCTb BECOB BJIMACT CTCIICHb HAIPYKCHHOCTHU BECOB (¢ ~ 1 P ) — 4eM

(1.4)

OoJIbIIIe HSMCPHCMBIﬁ BEC, TEM MCHBIIIC YYBCTBUTCIIbHOCTD.

1.1.4. Memoowt 636eutueanusn

Ha mpakTuke 4pe3BbIYailHO TPYIHO M3TOTOBUTH BECHI TaK, YTOOBI OHHU OBUIM CTPOTO
PaBHOIUJICYMMH M HWMENIH Obl MJICATBbHYIO KECTKOCTh KOHCTpPYyKIuu. [Ipu B3BemmMBaHUU Ha
HEpaBHOIUIEUHX BECax BEC TMpb HE paBeH Becy Tena. OIHAKO CYHIECTBYIOT Pa3jIMYHbIE METOJIbI
B3BEIIMBaHUs, ITO3BOJISIIOIINE N30€KaTh CBI3aHHBIX C TUM OIIHOOK.

Metoa nBoiitHOro B3BemmBanus (meron I'aycca)

DTOT METO]1 3aKJTI0YAETCS B TOM, UTO TEJIO B3BEIIMBAIOT JIBa paza — OJHMH pa3 Ha JIEBOU

yamke, Ipyroii pa3 — Ha npaBoii. ITycts P — Bec Tena, Pln P2 — BEC TUPb IIPU B3BELINBAHUU

COOTBETCTBEHHO Ha JICBOH U HpaBOﬁ qJamikax, €1 u E o — IJIEYN KOPOMBICIIA. Hckompbrii Bec Tena
P OIPEACIIACTCA U3 YCIIOBHUA PABHOBECHA

Pfl = Plg 2, PEZ = szl,
OTCHOJIa BEC Tela

P=\PpP,~ P+2P (L5)

(Tak KaK PlI/I P2 MaJio OTINYAIOTCS IPYT OT IpYTa).

MeTto/ 1BOMHOTO B3BEIIMBAHUS YMEHBIIAET OIIMOKH, CBA3aHHbIE HEPABHOILJICYHOCTHIO
BECOB.

Metoa TapupoBanusi (Meroa bopaa)

Ha ogny 13 yaiiek BecoB IMOMEIIal0T B3BEIIMBAEMOE TEJI0, Ha APYTYIO — J00YI0 Tapy
(mecok, apo0b | T.A.), KOTOPYIO M3MEHSIOT 10 TeX TOp, MOKa BECHl HE MPHUIYT B PaBHOBECHE.
CHHUMaT TeJI0 C Yallkh W HAaKJIAIbIBAIOT HA HEE Pa3HOBECH, MOKa BEChl HE MPHUAYT B
paBHOBecue. B 53ToM ciyyae Bec pa3sHOBECOB paBeH Becy Tena. B maHHOM ciydae
HEPaBHOIJICUNE BECOB HE BIIMSAET HA TOYHOCTh HM3MEPEHHs, MOCKOJBbKY TEJIO U Pa3HOBECHI
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IIOMEUIAOT HA OJIHY U TY K€ YallIKy BECOB.

Metoa nocrossHHOM Harpy3ku (Meroa MenaesieeBa)

Ha onny wamky BecoB (Hampumep, JIEBYIO) IOMEUIAETCSd HEKOTOpas CTaHJapTHas,
BBIOpaHHAs pa3 U HaBCET/la THpsl, BEC KOTOPOH 3aBeZJOMO OOJIbIlIE BEca B3BEIIMBAEMOIO Tela, a Ha
JPYI'yI0 — Pa3HOBECKH, KOTOPhIMHU J1OOMBAOTCsI 00Jiee TOUHOIO paBHOBECHUS! BECOB. 3aTe€M Ha Ty
YalKy, Ha KOTOPOM HAaXOIATCS PA3HOBECKH, IIOMELIAIOT B3BEUIMBAEMOE TEJO, a Pa3HOBECKU
CHMMAIOT JI0 TeX IOp, [I0OKa pPaBHOBECHE BECOB HE OyJIeT BOCCTaHOBJIEHO. Bec CHATBHIX THpb,
OYEBHUJIHO, PaBEH BECY TeJla. DTOT METOJ MO3BOJISET HE TOJIIBKO UCKIIIOUUTh OMINOKHU, CBS3aHHBIC C
HEOMHAKOBOCTBIO I1JI€Y, HO U BJIMSHHE Harpy3KH Ha YyBCTBUTEIbHOCTh BECOB (M3MEPEHUsS BCEria
IIPOU3BOJIATCS IIPU OIMHAKOBOM Harpyske).

1.1.5. Onpeodenenue nynesoit mouku n1adopamopHsIx 8ecos

HyneBoii TOYKON BECOB Ha3bIBaCTCs TOJIOKEHHE CTPEJIKH HEHArPYKEHHBIX BECOB IPH
paBHOBecHH. EcCiIM OTKJIOHWTH YalllKy YpPaBHOBEIICHHBIX BECOB, TO CTpEIIKa BECOB OyjaeT
COBEpIIIATh 3aTYyXaIOIINE KOJICOAHUsT OKOJIO
HyneBod Touku. OJHAKO, BCIEACTBUE TPEHUS,
CTpEJIKa MOYET OCTaHOBUTBCS HE B HYJICBOU
Touke, a BOmmHM Hee. lloaTomy s
OIIpE/ICTICHUSI HYJICBOW TOYKH MOJB3YOTCS
METO/IOM KA4YaHHsl, KOTOPBI COCTOHT B
cnenytomeM. OnpenenstoT Mociea0BaTeTbHbIe
MaKCUMAJIIbHBIE OTKJIOHCHHSI CTPEIIKA BJICBO

Ny, BopaBo N, u nansmie cHosa Bieso Mg,

BIPaBO [, u T.1. (puc. 1.3) ¢ TOUHOCTBIO 10

TOJIOBUHBI JiefieHus. [I0CKONbKy KoneGanus
3aTyxalolmme, TO  KKIOE MOCIEAyIoIIee
OTKJIIOHEHHE OT  TIOJIOKEHMSI  PaBHOBECHS
MeHbIIIe TpeabIayiero. 3 pucyHka siCHO, uTo
MOJIOKEHWE ~ HYJIEBOW  TOYKH  MOYKHO Puc. 1.3. Onpenenenne
OIPEENUTD U3 YCIOBHS HYJIEBOIl TOYKH BECOB
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n,+n
WA,
rae n — YHUCJIO I[CHCHI/Iﬁ Ha HIKajJe BECOB. I[.]'Iﬂ OnpeaACIICHHUS ITOJIOXKCHUA HYHeBOﬁ TOYKH C
0O0JIBIIEN TOYHOCTHIO OTCUUTHIBAIOT IIATH MAKCUMAILHBIX OTKIOHEHUN CTPECIIKH, TOT A
n,+n,+Nn, n,+n,

n, =13 2 > L@

OOBIKHOBEHHO cpeaHee OCICHHC IIKaJlbl ITPUHUMAIOT 3a O, TOorga OTKJIIOHCHHSA BJICBO
CUHUTAIOT OTPULATCIIbHBIMHU, BIIPABO — IMMOJIOKUTCIIbHBIMHU.

1.1.6. Onpeodenenue uensvl denenus 1adOPAmMOPHBIX 8€CO8

[Ipu B3BemMBAHWU TeNa OYEHb TPYAHO MMOAOOpATh TUPH TakuUM 0Opa3oM, YTOOBI
MOJIOKEHHE PABHOBECHs CTPEJIKHM COBMAJalo C HYJIEBOM TOUKOW HEHArpy>XKEHHBIX BECOB.
OOBIYHO OHM OTJIMYAIOTCS APYT OT Apyra Ha HECKOJIBbKO JieJeHUi. TOouHBIN Bec Tena Ha OJIHOM U3
Yalek MOXHO HaWTH, €cliu IieHa JeJIeHUs Harpy)KeHHbIX BecoB. lLleHa neneHus BecoB
OTIPEJIENIICTCSl BECOM TEPETPy3Ka, BBHI3BIBAIOIIEIO CMEIIEHUE CTPEJIKH BECOB HA OJHO JICIICHUE
Kbl U3BECTHA.

[lena nenenust MOXeT OBITH ONpeseNieHa cieayromuM odpazom. Kitagyr Teno Ha neByro
YaIIKy U yPaBHOBEIINBAIOT €ro rupsMu. ONpeensaioT HyJIeBYI0 TOUKY HarpyKEeHHBIX BECOB

METOAOM Ka4yaHWU n{) . 106aBASIOT MaJblil IEpErpy30K AP (nopsiaxa 60-100 mr) u BHOBB

I
ONpeNenstoT HyneByio TouKy ) . llena nenenus Becos

AP
C=————. (1.8)
n—n
o~ o
OquI/II[HO, 4TO IIEHa ACJICHUA U3MEPACTCA B CAMHUIAX CUJIBI.

1.1.7. B3eewueanue mena na 00nou u3 uauiek
[TonoxkxuM Tenmo Ha JIEBYIO YalllKy BECOB M ypaBHOBECHM ero rupsmu. Ecim HyrneBas

TOYKA HArpy>XCHHbIX BCCOB no COBIIagacT C HYHCBOﬁ TOYKOM HCHArpy>XC€HHBIX BCCOB nO, TO BEC

tena P paBeH Becy rupb Q :
P=0Q.

. . / /
Paccmotpum Gonee obmmit ciyuait: My 7 My . Ilycts Touka Ngyraxomurcs nesee N

(puc. 1.3). D10 03HAUaET, YTO Bec THPh OOJIbIIE Beca Tena. OUueBUIHO, B ATOM Cliydae
/
P =Q-Clng —ny|
rae C — nema nenenns Becos.

/
Ecmu sxe Ngnaxomurcs npasee [, To mepeBeNIMBAET TEJO, M BETMYUHY C

né——nJ

clieyeT npuOaBUTh K Q . AHaJIOTMYHO MOCTYMNAOT MIPU B3BELIMBAHUU HA NIPABOM YallIKe.

B obmiem ciiygae
P =Q+Clny—ny|. (1.9)

dopma A Crpanuma 11u3 103




MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

% o Dopma
VY IbSHOBCKUIH TOCYJapCTBEHHBIH YHHBEPCUTET

®-Pabouast mporpamma IHUCIUIITAHBI

3HaKM BBIOMPAIOT CIEAYIOUIMM OOpa3oM: €CIM NEepEeBEIIMBACT TeNo, OepyT 3HAK «,
€CJIM MEePEBEIINBAIOT TUPU — 3HAK «—».

1.1.8. Ilonpasxka na nomepio éeca mena 6 8030yxe

Bce mpenppinymme paccykIeHHss OTHOCHIMCH K B3BEIIMBAaHUIO Teia B mycrtore. [lpu
B3BCHIMBAHUU TCJIa B BO3AYXC Ha TCJIa U TUPU I[ef/'ICTByeT ApXI/IMC,[[OBa BbITAJIKUBAIOIIIasA CHJIA.
Tak kak 00bEMBI B3BEIIMBACMBIX TEJT M THPh, KaK IMPABUIIO, HE OJMHAKOBBI, TO HE OJIMHAKOBHI U
BBITAJIKHWBAIOIINEC CHUIIBI. PaCCMOTpI/IM YCJIOBHUC PABHOBCCHA IIPpHW B3BCIIMBAHUKW B BO3JYyXC.
[TonoxuMm Teo Ha JIEBYIO YAIIKy M YpaBHOBECHM ero. Ha jeByro yamiky qeicTByeT cuiia

F=P-p,gV.
rae P — Bec Tena B nycrore, PgJ  — BeITanKUBarOmas cuna, Oy — IIOTHOCTH BO3IyXa.
V
O0bem Tena V=__,
P. g

rze p,— MJIOTHOCTh Teja.
Ortcrona cuna, AeHCTBYIONAs Ha JIEBYIO MAIIKY

P
F=P1-""

pr)
Ha mpaByro yalky nencTByer cuia ( \
Ps

F, = P1L1— pr)|

rae P ) P2 — BEC TUPb Ha JIEBOW M MIPaBOM Yalike, O — IJIOTHOCTb TUPb.

VYcnoBue paBHOBECUS Flf 1= sz 2 , IOJy4yaeM

o(1- 22}y, - Fl1- A,
L pT p:)
Tenepb MCHIACM MECTaM pr3 Uur H, a yCJ’IO{ZI/IC paBH BCCHUA UMECCT BU/.
Ls
Pl1-"" s, /1.
U o) P=Pll-)

ITocae MEPEMHOKCHY S TTOCIIC I-E/IX ABYX ypaBHCflI/IFI'LI)TrOH @.CM
PA1—Lelyy =ppPl1-£]

k pTJ 12 21|K Pr/| 21

Otcroga
1P
P= PR
1P
Pr
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YMHOKas YUCIAUTEND U 3HAMEHATEIb IPABOM YacCTH HA 1+ |u npeHeodperas
Joiy

FANE,

MaJIbIMH BCJIIMYHNHaAMU | , IIOJTy4YHUM OKOHYAaTCJIIbHO

) \p.pr.)
g P PPl p p)
P~PP 1+ ———|= [1+—-—] @
e P2 U P

HonpaBKa Ha II0TEPHO Beca Te¢jla B BO3JAyXE€ BbINMOJIHACTCA TOJIbKO JIJd
AHAIUTHYICCKHUX BECOB.

1.1.9. Ilpasuna e36emiueanusn

* [IoMemars Ha YalIKK U CHUMAaTh B3BEUIMBAEMOE TEJIO U Pa3HOBECHI MOKHO TOJIBKO MPHU
3aKpBITOM appeTupe (appeTup — YCTPOMCTBO isi (PUKCAIMM KOPOMBICIA B HEMOJBHKHOM
MOJIOYKEHHH, TIPU KOTOPOM IIPU3Ma HE KacaeTcsi ONIOPHOM IJIOIIA KK ).

* OTKpbIBaTh M 3aKpbIBaTh appPETUP HYKHO OCTOPOKHO W TUIABHO. Y CIIOKaWBaTh KauaHUE
YaIKd MOYKHO IPUKOCHOBEHHEM JIUCTKA OyMaru Wil KUCTOUYKH.

* lleHTp Ts’KECTHM B3BEIIMBAEMBIX TPY30B JOJDKEH IO BO3MOXXHOCTU HaXOIUThCS
MOCEPEIMHE YAIIKU.

* PazHOBeckl MOKHO OpaTh TOJIBKO MHUHIIETOM, TIOCJE CHATHS C BECOB HX CJEIyeT KIacTb
B SAIITUK HA CBOE MECTO.

* OTKpbIBaTh JBEPIbl AHATUTUYECKHX BECOB ClenyeT ocTopoxHo. Ilpu HabmomeHun
KadaHUs BECOB JIBEPIIBI JOJIKHBI ObITh 3aKPBITHI.

* He cnemyer Hamonro ocTaBisTh Tpy3bl Ha dalllkaX, OCOOCHHO, €CIH BEChl He
appeTUPOBaHBI.

* [TomemaTh THpPU HY)KHO B CIEIYIOIIEM MOPSAKE: HAYMHATH C THPH, TPUOIU3UTEIHHO
OJIMHAKOBOM C Maccoil B3BemmBaeMoro teia. Eciu macca rupu Oyner Oosibllie Macchl Tena, TO
ClieyeT ee 3aMEHHUTh ONMkKaiiiell MeHbIIeH THUpell U CIeIyIOIMMMU 3a MOCIeAHeH MEHBIIUMU
TUPSIMU pa3HOBECA, TIOKA paBHOBECHE HE OYIET TOCTUTHYTO.

* IloacuuTsiBaTh Maccy TUpb CIENYET IBAXKIbI: MO MYCTHIM MECTaM B SIIHUKE Jis
Pa3HOBECOB M MpPU BO3BPAIICHUHM PAa3HOBECOB B SIIMK. Pa3HOBECHI ClEAyeT MEPUOJIUYECKU
MPOBEPSITH MO ITAJTOHHBIM THUPSIM.

* 3ampemnaeTcsi X0XKJIeHUE BO3jie pabodero Mecta BO BpeMsi pabOThl Ha aHATMTHYECKUX
Becax.

1.2. Onucanue yCTaHOBKH

1.2.1. Yempoiicmeo ananumuyeckux eecoe

AHanUTHYECKUE BECHl SBISIOTCS MPHOOPOM JUIsi TOYHOTO ONPEIENIEHUs MacChl Tel U
MPUMEHSIIOTCS B JTa0OpaTOpHsIX HAay4YHO-HCCIEAOBATEIbCKUX YUPESKICHHH U 3aBOJCKUX
1abopaTopusix IpU MPOU3BOJICTBE PA3TNYHBIX AHATH30B.

Buemnunii Bup aBToMaTHueckux JemmndepHbix BecoB BJIP-20 (¢ Bo3aymHbIM
TOPMOKEHHEM) TIOKa3aH Ha puc. 1.4. Becbl ¢ BO3IYIIHBIM TOPMOKCHHEM HUMEIOT Ha KOPOMBICTIE
IUPOKHWE UWJIMHIAPBL, CBOOOAHO JIBUTAIONIMECS BHYTPH  HEMOJBIDKHBIX  IMJIMHJPOB,
MIPUKPETJICHHBIX K KOJIOHKE BecoB. brarogaps aTromy kojebaHusi KOpombIcia OBICTPO 3aTyXakoT,
TaK KaK BO3JlyX BHYTPU LMJIMHIPOB HECKOIBKO CHKUMAETCA U PACLIUPSIETCS — MPOUCXOJIUT
TOPMO>KEHHE KoJieOaHU KOpoMbIcia. BkirtoueHne BECOB MPOU3BOIUTCS IIOBOPOTOM JTIHO00
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pYYKH BKJIIOUEHHUs. B ciydae HapylieHUsT paBHOBECHs IIKada BECOB OTKJIOHSETCS OT HYIS U
OCTaHABIIMBACTCSI B TAKOM IOJIOKCHHUH. BelnunHa OTKIIOHEHHSI TIPOCTO YUTACTCS Ha CBETOBOM
9KpaHe U MOKa3bIBaeT M30BITOYHBINA Bec. B3BelnBanue Ha TakuX Becax J0 HEKOTOPOH cTereHu
aBTOMATU3HPOBAHO.

B3semmBaemoe TEJI0

IMOMEUIAIOT Ha JEBYI0 vamky. Ha
MPaBYIO YAIIKy MOMEIIAIOT JIUIIh
KpYIIHbIE pa3HOBeCHl (HE MeHblIe 1
T'), BECBI IIPH 3TOM JIOJDKHBI OBITH
BBIKJTFOYCHBI PYYKOH BBIKIIFOUCHUSI.

IIpn MMOMOIIN PyUYKH
TUPEBOTO MeXaHU3Ma
MIPOU3BOTUTCS HAJIOXKECHHE
(cHATHE) BCTPOCHHBIX THPH Ha
IUIaHKY TIpaBod ceppru (mpaBoe
mie4o BecoB). TakuM oOpa3zom
MOKHO WU3MCHSTH Maccy
HABEIIMBAEMBIX THPb JUCKPETHO
yepe3 100 mr B npenenax ot 0 1o
900 wmr. Hx wmacca B COTHAX
MWUIATPAaMM  OTOOpa)kaeTcsi B
JIeBOM OKHe dKkpaHna (puc. 1.5).

C IOMOIIIBIO OINTHYECKOTO
yCTPOMCTBA MOXKHO  CUHUTHIBAThH
MOKa3aHusl CO IIKAJIbl BECOB C TOYHOCTHIO M0 1 mMr B mpemenax ot 0 mo 99 wmr. Ikama
MPOELIMPYETCS B CPEAHEE OKHO IKPAHA.

JlenutenbHOE YCTPONCTBO MO3BOJISIET CHUMATh OTCYET Ha Becax ¢ TOYHOCTHIO 110 0,05 wmr;
OTCYET CHUMAaeTcs B TMpPaBOM OKHE OJKkpaHa (puc. 1.5). JlenmuTenbHOE YCTPOMCTBO
nporpaayupoBano ot 0 1o 0,95 mr
gyepes 0,05 mr. [TonHbIi 060poT Aucka

Puc. 1.4. BHelmunuii Buj J1a60paToOpHbIX BeCOB (cJ1€BA)
U aHaauTH4yeckux BecoB BJIP-20 (cnpaBa)

JETUTEITHHOTO yCTpOMCTBA
COOTBETCTBYET MEPEMEIICHHUIO IITKAJIbI Orcyer 1o OtcyeT no AHCKY
Ha oxHo neneHue (1 Mr) B cpemHem JHMOY THpPEBOTO JENHTEILHOrO
OKHE. YcranoBka oTcYeTa MCXaHHIMa )"-'TP°7CT33
MIPOU3BOJUTCS  TIOBOPOTOM  PYUYKH
JNIeTNTETHHOTO ycTpoiicTBa 10 - +
COBMEIIEHUSI PUCKU OTCUETA MO IIIKale 6 2 = 35 MI
B CpPEJIHEM OKHE C TPEYTOJIHHUKOM. 4 ’

IIpumep  CHATHSA  NOJHOTO j
oTcyeTa mokaszaH Ha puc. 1.5. Ecuu, Orcuer no wxane
HampuMep, B JIEBOM OKHE DJKpaHa
ycTaHOBUIAch Mudpa 6 aumbda 625,35 ur
TUPCBOr0 MCXAaHHU3MA, B HCHTPATbHOM Puc. 1.5. Cxema pacnosioxxeHus noxkazaHui
OKHE — OTMETKH YHCa 25 IIKaTbl 1 Ha JKpaHe aHAJIMTHYeCKUX BecoB AJIB-20

yuciia 35 B OKHeE ACJIIUTEIIBbHOTO

YCTPOMCTBA, TO CYMMAPHBI OTCUET HA

sKkpaHe OyneT paBeH 625,35 mr (0,62535 r). Pazymeercs, k HeMy HE00X0UMO MTPHOABUTH BEC
THph Ha JICBOH YalllKe BECOB, €CIT OHU Ty/1a ObLUTH TIOMEIICHBI.
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1.3. DkcnepuMeHTAIbHAS YACTh

1.3.1. Onpeoenenue seca men memooom I'aycca na nabopamopmusix eecax
1 Onpenensior HyJIeByIO TOUKY HEHArpyKeHHBIX BecoB [ .

2. KimagyT Temno Ha JIeByIO YallKy.
3. YpaBHOBEHIMBAIOT TEJIO THPSIMH, YCTAaHABIUBAS X MHHIETOM. [[eHTp TsokecTH
B3BEIIMBACMOT'O T€JIa U TUPh JIOJDKEH 110 BO3MOXHOCTH HAXOIUTHCS TOCEPEINHE YaIlIeK.

/
4. OnpenesnsioT HyJIeBYIO TOUKY HArPYKEHHBIX BeCOB [,

5. JIoGaBmsitoT B HalIKy ¢ pa3HOBECaMU elie o uH pazHosec mopsiaka 30-100 mr u cHoBa
HAXOJAT HYJIEBYIO TOUKY [ 0

6. ITo dopmyue (1.8) naxomst neny genenns C .
7. Beruncasior Bec Tena P, Ha neBoii yamike o ¢popmyne (1.9).

8. TToBTOPSIIOT MpoIecC B3BEIIMBAHUS Ha MPABOM YaIlIKe U HAXOJIST BEC Tela P2 .
Brrancisior Bec Tena B BO3AyXe:
p_P1 +P,
2
9. [TorpemrHOCTH BHIYUCISIOTCS TIO hopmyIie:
AP — AP, + AP,
2
e
An 2+ AN
P1 Z ¢ AN+ An

/ / o
3nech Ano ¥ AnOH a0COITIOTHAS TOTPEITHOCTH HYJIEBOW TOYKH HATPYKEHHBIX BECOB

IIpY B3BEUIMBAHNHU HA JIEBOM M MPABOM YaIllIKaX COOTBETCTBEHHO.

1.3.2. Onpeodenenue éeca mena na ananumuuecKux gecax

1. Ilepen HauagoM pabOTHI PYUKOH JAEIUTEIBHOTO YCTPOUCTBA BHICTaBUTH OoTcUeT «00» B
IIPAaBOM OKHE KpaHa.

2. B3BemmBaeMoe TeJI0 IOMECTUTh Ha JIEBYIO YAILIKy BECOB.

3. Ilyrem mondopa ypaBHOBECHTH TEIIO pa3HOBECAMH W BCTPOCHHBIMU THPSIMH (C
ITOMOUIBIO PYYKH THPEBOTO MEXAHU3MA).

Buumanmue! ITomemate Pa3HOBCCHI HA YallIKy BECOB U CHUMATD UX PCIIACTCA TOJIBKO IMPU
BBIKJIFOUYCHHBIX BE€Cax.

4. Ecnu mocne BKIIOYEHHsS] BECOB M300pa’keHHE MIKaJlbl HE IOMaJaeT Ha dKpaH, To,
JIOTIOJTHUTEBHO HaKJa/AbIBas (MM CHHUMAas) Pa3HOBECHl M HaBeIIWBas (WIM CHUMas) TUPEBBIM
MEXaHU3MOM BCTPOCHHBIE THPH, BRIBECTH N300paKEeHHE Ha dKPaH.

Ecnu macca rapp Oosbliie Macchl Tena, TO Cpa3y MOCJe BKIIOUEHHS B CPEJAHEM OKHE
BBICBEUMBACTCS Psi/l 3HAKOB «+». [Ipn HEIOCTaTOYHOM Macce TUPh BHICBEUMBACTCS P «—».

5. Ilocne mosiBIEHMs IIKAIBI B CPEIHEM OKHE ITyTeM BpallleHUs PY4YKH JACIUTEIHHOTO
yCTpoiicTBa JOOUTHCS] COBMEIIEHHSI PUCKU OHOTO U3 JICJICHUH KAl C TPEYTOIbHUKOM.

6. CHATB OTCUET, KaK 3TO ONUcaHo B myHkTe 1.2.1.
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7. ITo ¢popmyse (1.10) BEIUMCIAIOT BEC Tea B IMYCTOTE.

Pe3yabTaTsl padotsl. K oTueTy npeicTaBurh:

* 3HaU€HUE HYJIEBOM TOUKH HEHArPY>KEHHBIX U Harpy>KEHHBIX JIaOOPaTOPHBIX BECOB;

* 3HaUEHUE 1ICHBI JeJICHUS J1TaOOPaTOPHBIX BECOB;

* 3HAYEHWE U MOIPEUIHOCTh Beca Tela B BO3/AYyXE, HAMIEHHOTO C IOMOILBIO
71a60PaTOPHBIX BECOB;

* 3HaU€HUE U MOTPEIIHOCTh BECA TENA B BO3/lyX€ U B IIyCTOTE, HAMIEHHOTO C IIOMOIIBIO
aQHAJIMTUYECKUX BECOB.

JlabopaTtopnasi paGora Ne2. M3yueHue padoThl M3MEpPHUTEIBHOIO JA0OPAaTOPHOIO

CTeHAa.

Heab pa6oTbl: 1) 03HAKOMHUTHCS C YCTPOMCTBOM U3MEPUTEIBHBIX TPUOOPOB, BXOISIINX
B COCTaB JIaDOpaTOpPHOIO CTEHJA; 2) HAy4UThCS MPOBOJUTH HU3MEPEHUS M PACCUMTHIBATH
MOIPELIHOCTb.

IIpuGopsl U MaTepuaJbl: ITAHTCHIUPKYJIb, MUKPOMETP, HA0Op TeN AJisi U3MEPEHHUS,
osiok nutanus bII-5/BI1-30, reHepatop HU3KOH YacTOTHI, aMIIEPMETP, BOJLTMETP HJIM MPUOOP
KOMOWHUpPOBaHHKIH, ocummiorpagd C1-112.

2.1. TeopeTnueckas 4acThb

2.1.1. HucmpymenmanvHas nocpeuwtHocms

HNucTpyMeHTaIbHAST  MOTPEIIHOCTb  W3MEPEHHUS  OMPENENseTCs  MOTPEIIHOCTHIO
MPUMEHSIEMBIX CPEICTB M3MEpPEHUs — H3MEPUTEIbHBIX MpHOOpoB U Mep. MHcTpyMeHTanbHas
MOTPEUTHOCTh, Ha3blBaeéMash HMHOTAA MPUOOPHON MMOTPEIIHOCTHI0, OOYCJIOBJIEHa MHOTUMH
MpPUYMHAMH, CBS3aHHBIMH C KOHCTPYKIMEH MpuOOpa, KayecTBOM €ro M3rOTOBICHUS U
MIPUMEHSAEMBIX MAaTEPHAIIOB, TIIATEILHOCTHIO PETYIUPOBKU, YCIOBUSIMH MPUMEHEHUS U T.]I.

NHcTpymeHTanbHas MOTPEIIHOCTh MMEET KAaK CUCTEMATHYECKYIO, TaK U CIy4alHYIo
cocrapisitoniie. COOTHOIIEHHE MEXIY HHUMH MOXET OBITh pPa3IUYHBIM JUISl  Pa3InYHBIX
npubopoB (3TO yKa3plBaeTcs B macmopre Tnpubopa), OAHAKO damle mpeodiagaet
CHUCTEMAaTHUYECKas MOTrPemHOCTh. [[OrpemHOCTH HEKOTOPBIX CPEACTB U3MEPEHUsS] TPHUBEACHBI B
mabauye 2.1. CynuTh 0 TOYHOCTH IPpUOOpa HA OCHOBAHUH IIEHBI ACTEHUS KAl MOXHO TOJIBKO
OPUEHTUPOBOYHO.

[ToMrMO HMHCTPYMEHTAJIBHON MOTPENIHOCTH, TOYHOCTh M3MEPEHUN TaHHBIM MPUOOPOM
OTPAaHUYMBACTCS MTOTPEUTHOCTHIO OTCYETA T10 IIKaJIE.

Hamnpumep, nipu npoBeeHUN HECKOJIBKUX U3MEPEHHI OTCYeT o JuHelke anmuHon 300
MM C JICICHUSMU 4epe3 1 MM MPOU3BOIAT C OKPYIJICHHEM JI0 OJIvbKauiero aeineHus. B atom

Clly4ae MakCHMaJIbHasi IOTPEIIHOCTh OTcUeTa paBHa + 0,5 MM, OHa B 5 pa3 NMpeBbIIIAECT Aum,mp =

0,1 mMm. Pesynbrat usmepenus: (22,0 £ 0,5) mm.

Tabauya 2.1
IlorpemHoOCTH HEKOTOPBIX CPEICTB U3MePEHNS
JAunana3on Ipenen nonyckaemoit
Cpencreo n3mepenus U3MepeHm i NMOrPEeIIHOCTH HHCTPYMEHTA

JInHelika MeTaIndecKas 0..300 Mmm +0,10 MM

0...1000 mm +0,20 MM
[[ITaHreHIUPKYITh C HOHLYCOM
0,05 mMm 0...125mm +0,05 MM
0,1 MM 0...125mm +0,1 MM
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Muxkpometp ¢ nieHoi nenerus 0,01 0..25Mm +0,004 MM
MM
TepMoMeTp pTYTHBII +1°

BenMunHa HHCTPYMEHTANBHOI HorpermHocTH o6o3nauaercs AX.
CyMMapHYIO CpeHIOI0 KBaIpaTHYECKYIO MOIPEIIHOCTb, 00YCIOBIEHHYIO COBMECTHBIM
JENUCTBUEM MHCTPYMEHTAIBHOU U CIIy4allHOM IOIPELIHOCTEW, MOXKHO BBIYUCIUTD
2

AXI/IHCT 2
AX - Tp+ AX on (21)

Torna pe3yabTaT U3BMEPEHU UMEET BU/I:
X =X=* AX. (2.2)
Pe3ynbrar usmepeHuil NpUHATO OKPYIJIATH TaK, YTOObI YMCIOBOE 3HAUYEHUE pe3yJibTaTa
OKaH4YMUBaJIOCh HH(I)pOfI TOro K€ paspsaga, 4YT0o H 3HAYCHUC IIOIpCIIHOCTH, HAIIpHUMED,

x=(6,7%0,5) .10* M. 3anmcs pesynbTara B Buje (67132 + 4651) m Henpuemiema.

2.1.2. Ilozpeuwtnocmob KOC6EHHBIX USMEPEHUTL

[Tpy KOCBEHHBIX M3MEPCHUSX 3HAYCHHSI HCKOMON (PM3NYCCKOW BEIWYMHBI TOTYy4YaroT Ha
OCHOBaHMM W3BECTHOW 3aBUCUMOCTH, CBS3bIBAIOIICH €€ C JIPYTMMHA  BEJIMYHUHAMH,
MTO/IBEPTacMbIMU TIPSIMBIM H3MEPCHHSIM.

Hanpumep, usmepus cuny toka | ¢ norpemroctsio Al u nagenne nanpsoxenns U ¢
norpemsocteio AU Ha comporuBrenmm, mo 3akomy OMa MOKHO ONpPEACIHTh BEIHUHHY

COIIPOTUBJICHU A R = U / I . KpOMe TOr0O, HaM HCO6XO,Z[I/IMO OIIPEACIINTL NOTPCHIHOCTDb
BCJIIMYHUHBI R , BEAb U3MCPCHHUA I n U OBUTH BBIIOJIHEHBI HAMU C HCKOTOpOfI MMOrpCIIHOCTBIO

( Al u AU ). Jlnst ompeieneHust MOTpenTHOCTH BEJIMUMHBI, ONPEAessieMO u3 PyHKITMOHAIHHON
3aBUCHMOCTH, MOCTYMAIOT CIEAYIOIUM 00pa3oMm:
* TIOTapu(PMHUPYIOT BEIpRXKEHHUE /I UICKOMOW BEJTMYMHBI, B cliydae 3akoHa OMa MoJydum:

/MR =/nU —/nl; (2.3)
* OepyT nuddepeniman oT NpaBoi U JeBO YacTel ypaBHEHUS:
dR du —dl
—=— 1 ; (2.4)
R U

¢ BCC 3HAKN MUHYC U3MCHAIOT Ha IUIFOC, YUUTBIBAA, YTO IMMOTPCIIHOCTU CYMMUPYIOTCH,
OECKOHEYHO MaJjkbIe 3aMEHSAIOTCS Ha KOHEUHbIE BEJTMYMHEL:

R U .
B nocnenneit popmyne Bemmunaa AR sBisercs morpenHocThio KOCBEHHOTO H3MEPEHHSI
R mo 3akony Oma.

2.1.3. Honuyc u mukpomempuueckuii L I Bk
1] ]

[IpencraBum cebe Be JIMHEHKH, T —
CIIO)KCHHBIE BMECTe, KakK YyKa3aHo Ha puc. 2.1. | l 1 |
[Iycte mena neneHus (JJIMHA OJHOTO JICTICHUS) T %

BEPXHEU JIMHEMKH paBHa 14 1, @ LEeHa JeJeHus

HiDKHeH mneiikn — £ 5 . Jluneiikn 06pasyior Puc. 2.1. Cxema ycTpoiicTBa HOHUYCA

HOHHYC, €CJTH CYIECTBYET TaKOE IeI0e yuciio K,
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IIPU KOTOPOM

k¢ 2= (k il)fl (2.6)
Jlnst nmuHeek, n3o0pakeHHBIX Ha puc. 2.1, k=4. Bepxuuii 3nak B dopmyie (2.6)

OTHOCHUTCS K CITydalo, KOT/Ia Ie/IeHNs HIDKHEH TUHeiKN JUIMHHee BepxHeit, T.e. korna £1 > £ 5.
B npoTuBomnonoxxHOM ciydae cienyeT BbIOMpaTh HIDKHUM 3HaK. bynem ans ompenesneHHOCTH

cantats, uto £ 5 > /4.
Bennunna

ol =0, —l=011k=151(k+1) @.7)
Ha3bIBACTCS TOYHOCTHIO HOHMYyca. B wacTtHOCTH, ecim £, =1wmm, K=10, 10 TOUHOCTS
Houuyca O = 0,1 mm. Kak BuaHO u3 puc. 2.1, npu cOBIaieHNN HYJIEBBIX AEICHUA HWKHEH U

BEPXHEN LKAl COBIIAJAT, KPOME TOTO, K -¢ nenenue mmxneii u ( k + 1)-e IeJIeHUe BEPXHEN
mikaisl, 2k-¢ nenenune Hwkaed u 2(K+1)-e nencHue BepxXHEH MIKaIbI U T. 1.
HauHeM IOCTENEHHO CABHUIaTh BEPXHIOK JIMHENKY BIpaBo. HyeBsie aeneHus InHeeK

paSOﬁHYTCH " CHa4daJia COBIAAYT IICPBBIC ACIICHUS JINHCCK. 9T0 CJIYUUTCS IIPU CABUTC f 2 — él,

/
PpaBHOM TOYHOCTH HOHHYCa o . HpI/I OTOM CABHUTC COBIIAAYT BTOPLIC ACJICHUA JIMHCCK U T.I.
Ecmu cosmasm M -e ACJIICHUA, MOKHO, OYCBHJHO, YTBCPXKIAThb, UTO HUX HYJICBBLIC JCJICHUA

casuHyTHl HAa MO ! . BpIcka3aHHbIE yTBEp)KI€HUS CIPABEUIMBBI B TOM CIIy4ae, €CIIM CABUT
BEPXHEH JIMHEWKN OTHOCUTEIBHO HM)KHEW HE IPEBBIIIAET OJHOIO JECJICHUS HW)KHEW JIMHEUKHU.
IIpu caBure poBHO Ha JeneHUe (MM Ha HECKOJIBKO JIEJIEHUI) HyJIeBOE JiefIeHNe BepXHEH HIKaJIbl
COBIAJIACT YK€ HE C HYJEBBIM, a ¢ IepBbIM (WH [ -M) fereHueM HibKHel uHeku. [Ipu
HEOOJIBIIOM JIOTIOJHUTEIBHOM CABHUIE C JEJIEHUEM HIDKHEH JMHEMKH COBIAJaeT YXKe He
HYJIEBOE, a IIEPBOEC JI€JICHUE BEPXHEHN U T.1I.

B TexHuueckux HOHMYCaX BEPXHIOIO JIMHEWKY OOBIYHO JENaloT KOPOTKOW, TaK 4YTO
COBMAJATh C HIKHMMH JEJICHUAMH MOXET JHIIb OHO W3 JEINEHMH OSTOW JuHelku. B
JalbHEWIeM Mbl Bcerja OyaeMm mpejmnoliararb, YTO HOHUYCHAas JIMHEHKa SIBISIETCS B ATOM
CMBICJIE KOPOTKOM.

[TpumeHnM HOHUYC JUIS U3MepeHus JUIMHBI Tena A (puc. 2.2). Kak BUIHO U3 PUCYHKA, B

Hawen cnysae sma L vexa Apasty _ (o (28)

3nece N — menoe 4ymcio AeneHW HIKHEH MIKAJbI, JISKAIIMX BIEBO OT Hayajla BEpXHEH
muHeiky; arcio [T — Homep JeneHus BepXHeH JIMHEHKH, COBITAIAIONIETO C OJHUM U3 JICTICHHMA
HIDKHEH IKayibl (B TOM ciy4yae, eclid HU OJHO W3 JeJIeHUI BepXHel JMHEWKH HEe COBMaJaeT B
TOYHOCTH C JICJICHUSIMH HIKHEH, B KauecTBe M OepyT HOMEp JelieHHs], KOTOpoe OmxKe Jpyrux
MOAXOIUT K OJTHOMY M3 JCJICHUN HIKHEH IIKaJIbI).
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Puc. 2.2. U3mepenne e Puc. 2.3. lITaHTeHUUPKYJIb

Honunycamu cHa0xaroTCsl ITaHTEHUUPKYIH (puc. 2.3), TEONOJUTbl U MHOTHE ApYyrue
npuOOpbl. AHAJOTHYHBIM 00pa3oM MOXKHO CTPOUTh HE TOJBKO JIMHEHHBIE, HO U YIJIOBBIC
HOHUYCBHI.

[Ipy TOUHBIX U3MEPEHUSIX PACCTOSHUN HEPEIKO MPUMEHSIIOT MUKPOMETPHUUECKHUE BUHTHI
— BHHTHI C MallbiIM M OY€Hb TOYHO BBIJICPKAHHBIM INAaroM. TakWe BHHTHI YIOTPEOJISIOTCS,
Hampumep, B MUKpomerpax (puc. 2.4). OnuH MOBOPOT BHHTAa MUKPOMETpA IMEPEABHUIaeT €ro
crepxkenb Ha 0,5 mM. Bapaban, cBs3aHHBIA cO cTepkHeM, pa3out Ha 50 nemenuii. [loBopor Ha
OJTHO JIeTICHHE COOTBETCTBYeT cMmelieHuto crepxkus Ha 0,01 MmM. C 3T0il TOYHOCTBIO OOBIYHO U
MIPOU3BOISATCS U3MEPEHHUSI C IOMOIIBI0 MUKPOMETpA.

| — 1]

Puc. 2.4. Mukpometp
2.2. Onucanue yCTAaHOBKH

2.2.1. Ocyunnozcpagh CI1-112. Haznauenue ocuunnozpaga

Ocummnorpad  mMO3BOJNSET  BU3yalbHO — HAOMIONATh  M3MEHEHUS  MCCIIEAYeMOTO
ANIEKTPUYECKOTO CHUTHAJIA BO BPEMEHH U ONpEAesTh €ro AaMmIUIUTyIHble U BpPEMEHHbBIE
XapakTepucTuku. biiok-cxema ocriyuiorpada npuseneHa Ha puc. 2.5.
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Puc. 2.5. Biok-cxema ocumiiorpaga
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ATTEHIOATOp YMEHBIIAET AaMIUIUTYAy BXOJHOTO CHUTHalla JI0 BEIUYHMHBI, HE
MPEBBIIIAIONICH OMPEIEICHHOr0 3HAYeHUs i1 KaXKIoro Tuma ocuwuiorpada. 3aTreM 3TOT
CUTHQJ YCWJIMBACTCS M IIOCTYNMAeT Ha IUIACTHHBI, OTKJIOHSIONIME JJICKTPOHHBIA MYYOK
3JIEKTPOHHO-Ty4eBoH TpyOku (DJIT) B BepTukanbHOM HampasieHuHW. [Ipu 3TOM Ha IJIACTHHBI,
OTKJIOHSIIOIIUE JIyd B TOPU3OHTAILHOM HANpPaBJICHUH, MOJACTCS MEPUOJUUYSCKUNA CUTHAI
MUI000pa3HOTO HANPSDKEHUs, PEeryJupyeMoil IUMTeNbHOCTH. [l 3amycka HCCiIeryeMoro
CUTHaJIa ¥ TeHepaTopa pa3BepPTKH UCIOIB3YeTCs OJOK CHHXPOHU3AINH, TTO3BOJISIONINHN 110/1aBaTh
nuioo0pazHoe HampspkeHHe Ha TpyOKy JuO0 HE3aBUCMMO OT BXOJHOIO CHUTHana, JInbo B
OIpeJieIeHHBIH MOMEHT ero u3MeHeHus. [lepeanss nanens ocuusuiorpada mzodpaxeHna Ha puc.
2.6.
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Puc. 2.6. Ilepennsisi na"eab ocuuiiorpaga

2.2.2. Opzanvt ynpasnenus

Opransb! yrpaBIieHus, pacriojoKeHHbIE Ha JTULEBOM MaHeH, peaHa3HAYEHBI:

kHonka «CETb» — ai1s1 BKIIIOYEHUS U BBIKITIOUEHHs TpHOopa;

pyuKa «&i»— I yCTaHOBKU HEOOXO0AMMOit sipkocTr Jiyda DJIT;

pydKa « O » — st hoxkycupoBku Jiyda DJIT;

kHonka «OCLIJI/V. kQ» — nns nepeximoueHus peskuma paboTsl mprudopa; mpu HaXKaToi
KHOTIKE OH paboTaeT Kak ocruuuiorpad, npu oTKaTol — Kak MyJIbTHUMETD;

pazbem «—eY» — BXOJIHOHM pa3beM ocimuiorpada;

raHe3fa «Ly — JUIs MOAKII0YEeHUsI 0011ero IpoBoa;

THE30 « —e» — 17151 IOJKJIFOUEHUS] CUTHAJIBHOTO IIPOBO/IA JUIsl BHELITHETO 3aIycKa
pa3BepTKU;

pyuka «—» — 1 nepemenienus ayda JIT no ropuzonTany;

pyuka «J» — mist nepemenienus ny4a IJIT mo BepTukany;

KHOTKa «~/==» — JuIs BBIOOpA PEKHMA OTKPBITOIO «==» WJIH «~» 3aKPBITOTO BXO/a
YCUJIUTEIIS; IPU HAKATOW KHOIIKE PEATTU3YETCS PEXKUM 3aKPBITOTO BXOAA;

pyuka nepexmrodarens «V/EJI» — nis nepexitoueHrst BXOJHOTO aTTeHIoaTopa (MEHseT
KO3 PHUIHMEHT YCUIICHHS UCCIIEAYEMOT0 CUTHAJIA);

pyuka nepexiouarens «BPEMSA/EJD) — ais nepeximoueHust JUIMTEIbHOCTH Pa3BEPTKH;

KHOMKa « US/mS» — nais BeIOOpA AuMana3oHa U3MEHEHMs! JUINTEIbHOCTH pa3BEePTKH; MPHU
Ha)kaToun KHOIIKE uudps BOKpYT MIEPEKITFOYaTEN
«BPEMSI/AEJI» natoT BpeMsi pa3BepTKH B MUKPOCEKYH/1aX;

kHonka «BHYTP/BHEIL» — niist BeIOOpa CHHXPOHU3AITUN UCCIIETYEMBIM CUTHAJIOM WITH
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BHEIIIHUM CUTHAJIOM; IIPU HAXKAaTON KHOIKE 3alyCK Pa3BEPTKH OCYILECTBIISECTCS UCCIETyeMbIM
CHUTHAJIOM;

KHOIKa « WU» — JUIS 3aI1yCKa Pa3BePTKH MOJOKUTEIbHBIM WIH OTPULATEIbHBIM
CUTHAJIOM;

pyuka «YPOBEHDb» — nist BBIOOpa ypoBHS (HaNpsOKEHHS ) BXOJHOTO CUTHAJIA, TIPH
KOTOPOM IMPOU30MAET 3aITyCK Pa3BEPTKU,

rue3n0 « < 1KV » — nns mogxmodenus npoBoa npy H3MEpEHHN HAPSKEHHS,
npesbimaronero 2,5 B B pexxume MyJIbTUMETPA;

raeso « < 2,5V » — 114 nopkroYeHns CUrHaabHOTO IIPOBOJIA TIPU U3MEPEHHH
HaIpsDKEHUs, He TIPeBhIIIaoIero 2,5 B B pexxume MyIbTUMETPa;

rae3no « KQ » — 114 TOAKIIOYEHMS CHTHAJRHOTO NPOBOAA NPH  H3MEPEHHH
CONPOTUBIICHUS B PEKUME MYJIbTUMETPA;

xaonka « V / KQ » — s Bei6opa pesxnma paGoTsl MyTbTHMETPA; IPH HAXKATOH KHOTIKE
npuOOp U3MEpseT HANPSHKECHNUE;

KHOIIKU «1», «10», «100», «1000» — a5 BbIOOpa MaKCUMAJIBHOTO JUana3oHa U3MEPEHUs
HCCIEAYEeMOM BEIWYMHBI, TaK, MPU HAXaTOM KHONKE «l» — MakCHUMallbHO BO3MOYKHOE
M3MEpsIeMOe 3HAauYeHUE HaNpspKeHust coctabiser 2,5 B, a comporuBnenus — 2,5 kOwm, mpu
HaxxaToil kHonke «100» — 250 B u 250 kOM cCOOTBETCTBEHHO.

2.2.3. Iloozomoeka k pabome 6 pexcume ocyuniozpagha

YcTaHOBUTH TepeA  BKIIOYEHHEM Mpubopa OpraHbl YOpPaBICHUS B  CIEAYIOLIUE
MOJIOKEHUS

«¢» — CpelIHEe MOJI0KEHUE;

«V/IEJI» - 5;

« > », « 1 »— B cpelHee MOJI0KEHUE,

KHOIIKY «~/=¥— OT)KaTb;

«BPEMA/AEJI» — 0,5;

KHOIIKY «[LS/mS» — 0TXaTs;
kHOTKY « U/ » — HaxaTs;
kHonky «BHYTP/BHEII» — naxars;

kHonky «OCIHHWII/V k Q» — Haxars,
kHONKY «CETb» — oTxats.

2.2.4. Ilpogedenue uzmepenuii

Bxmounte kHOnky «CETb». Ilpm 3TOM mOKHA 3aroperbcs CUTHAIbHAsI JIAMIIOYKa.
Otperynupyiite uyepe3 2 + 3 MUHYTBI IOCJ€ BKJIIOYEHHUS SPKOCTh U (OKYCHPOBKY JHUHHH
Pa3BEPTKU € MOMOLIBIO PYYEK «I{» H « ) ».Ecmm Jdy4a He OyJeT npu MaKCUMalIbHOU SIPKOCTH,
MEPEMECTHUTE JTyd B MPeIeibl pabodueii 4acTH SKpaHa pydKaMH « <> » 1 « 1 ».

[logaiite wuccienyemMplii  CUTHAI Ha KOAKCHAIbHOE THE3I0  « —€Y» KaHaja
BEPTUKAIBHOI'O OTKJIIOHEHHUS.

Jlns mpoBeneHUsT HEOOXOAMMBIX HaOIIOACHUH M HM3MEpPEHUH HCCIelyeMbIX CHUTHAIOB
n300pakeHUE Ha YKpaHe MPUOOpa TOJHKHO OBITh YCTOMYMBBIM U UMETh BEJIMUMHY, YAOOHYIO TS
paccMoTpenus. s aToro TpedyeTcs yCTaHOBUTb HEOOXOIUMBINM B CBSI3U (OTKPBITHIN «=)
WIH 3aKPBITBIA «~»), ociabiieHue BXoAHOro arreHroaropa «V/JIEJ» kaHama BepTHKaIbHOTO
OTKJIOHEHUs, pexuM pabotel pasBeptkun «BPEMS/IEJI», a Takke BUA CHHXPOHHU3ALUH
(mooxkuTeNbHBIM «[ ] » WK oTpurateabHbM «J » curaamom).

Pyukoit «YPOBEHDb» BbIiOHMpaercss Touka Ha CHHXPOHU3HUPYIOLIEM CHUTHAJIE, ¢ KOTOPOTO
3anmyckaercsi cxeMa pasBepTku. Korna pyuka «YPOBEHDB» Bpamaercs no yacoBoii cTpelike,
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CXeMa CHHXPOHH3AIINH 3aITyCKaeTCs IpH 0oJiee HU3KOM YPOBHE CUTHAJIA M HA00OPOT.

YnoOHas ayis HAONIOACHUS aMIUTUTYy[a KCCIEAYyeMOTr0 CHUTHAlla YyCTaHABIUBACTCS
noBopoToM nepexirouatens «V/IEJDy.

Jis  wHaOmropeHus (QOpPMBI  HUCCIENYEeMOTO CHTHAJIA  JUIMTETBLHOCTh  Pa3BEePTKH
ycTaHaBimBaercs nepekirovareneM «BPEMS/IET».

B ocmwmorpage Cl1-112 Hapsgy ¢ BHYTpPEHHEH CHHXPOHHM3AIMEH BO3MOXKHO
WCMOJIb30BaHWEe BHEMmIHEeW. [Ipy >TOM BHEWMIHMI CUTHAN, 3aBUCAIIMA OT BpPEMEHHU, OT
HCCIEAYEeMOIr0 CHUTHaja ToJaeTcs Ha BXOJ «Y». BHemHuN CcurHan HCHOdb3yeTcs Uit
CUHXPOHM3AIIMM B TOM CJIy4dae, €CJIM HUCCIEAYyEeMbId CHUTHAJI CIMIIKOM Maj WM COJEPXKUT
COCTaBJISIONINE, 3aTPYIHSIONINE CUHXPOHHU3AIUIO. DTOT PEXHUM YAOOCH TEM, YTO TO3BOJISET
UCCIIEIOBaTh CHUTHAJBl Pa3IMYHONW AaMILTUTYIbI, 4acTOThl M (OpMbI 0€3 mepeperyaupoBOK
CUHXPOHU3AIIIH.

[ToyunB ycTolumBoe M300pakeHHWE HA JKpaHe ocIuiorpada, MOXHO MPUCTYIUTH K
M3MepeHusIM. AMILTUTY/a CUTHANA ompeensercs mo Gopmye:

Ammuiuryna = «V/AEJI» X uyncs10 qesieHui 0 BepTHKAJIM.

JIMTeNhbHOCT CHTHAA onpeeseTcs mo Gopmyre:

Jdmureabnoctb = «BPEMS/JIEJD» X 4nc/10 nejieHuii 10 TOPU30OHTAJIN.

2.3. DKCepUMEHTAJIbHAS YaCTh
Ha puc. 2.7 npencraBnens! npuOOpbl U U3MEPUTENIBHBIE YCTPOICTBA TAHHOW YCTAHOBKH.

Puc. 2.7. IIpndopsl U u3MepHuTeJIbHbIE YCTPOHCTBA YCTAHOBKHU

2.3.1. Onpeoenenue pazmepos u 00vemo6 mMeepovlx mest NPABUILHOU hopmbl

[Ipexxne dYeM MNPUCTYNUTh K BBIMOJHEHUIO JTOTO YIPAKHEHHs, O3HAKOMBTECH C
YCTPOMCTBOM  INTAaHTCHIHMPKYIss ©  Mukpomerpa. Ompenenure TOYHOCTH  HOHHYyCA
IITAHTEHIIUPKYJSl W IEHY JeleHus MukpoMmerpa. lIpomenaB HECKOJIBKO MPEeaBapUTEIbHBIX
W3MEPECHUH JIMHEWHBIX pa3MEPOB KaKOTO-IH00 Tena, HAy9UTeCh padoTaTh C 3TUMH MPUOOPAMH.

CrnenyeT uMeTh B BHUAY, YTO PE3yJIbTaT M3MEPEHHS 3aBUCUT OT TOTO, C KAKOW CHIION
CKAMAETCsI U3MEPSIEMbIi OOBEKT IITAHTCHIIMPKYJIEM HIIM MUKPOMETPOM. DTO B TIEPBYIO OYepEIb
OTHOCHUTCSI K MEKPOMETPY IO JIBYM IMPUYHUHAM: BO-TIEPBBIX, BUHT C MaJbIM IIIarOM IMPEBpaIIacT
HE3HAYUTENIbHBIC JBM)KECHUS PYKH, TIOBOpAaYMBaronieii 0apabaH MUKpOMETpa, B OOJBIINE CHJIBI,
NEHCTBYIONME HAa TIPEIMET; BO-BTOPHIX, TOYHOCTh MHKPOMETpa OOBIYHO Ha TOPSAOK BBIIIE
TOYHOCTH IITAHTCHIIUPKYJISL, U HEOObIIMe AehopMaIiy IpeIMeTa CTaHOBSITCS Ooee
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3aMCTHBIMHU.

Uro0Obl yMEHBIIUTH OWIHMOKY, CBSI3aHHYIO CO CIHUIIKOM CHJIBHBIM (M HEOIMHAKOBHIM B
pa3HBIX OIBITAaX) CXKAaTHEM H3MEpsSeMbIX MpPEAMETOB, PYKOSATKAa MHKpOMETpa CHa0KeHa
cnenuranbHOi ronoBkoi (I' Ha puc. 2.4), MO3BONSIONICH CO3/1aBaTh MPH U3MEPEHUU HEOOJBIIOE
MIOCTOSTHHOE B Pa3HBIX OIBITAX AABJICHUE HA H3MEPSEMbIl OOBEKT.

O3HaKOMHUBIIUCH C YCTPOHCTBOM MHUKPOMETpAa M IUTAHI€HLUPKYJSA, U3MEPHTE C HX
MIOMOIIBIO  JIMHEWHBIE pa3MEpbl TPEX-4eTHIPEX PpA3IMYHBIX TN IMPABWIBHOW  (QOPMBI
(mapannenenunensl, UWIMHAPHL U T.1.). M3MepeHue Kaxaoro mapamerpa (JUIMHBI, BBICOTHI,
nraMeTpa) poseante Ha 5+ 10 pa3nuuHbIX ydacTkax tena. CpaBHUATE pe3yabTaThl, HOJTYYCHHBIC
IpU U3MEPEHUSX MHUKPOMETPOM M INTAHTEHIMPKYJIEeM. JISKUT I pacXokIeHue pe3yIbTaToB B
npenenax omuOok onbita? COBMAAIOT JIM MEXKAY COOOH B Ipe/esax OMMOOK ONbITa H3MEPEHHS
OJTHOTO M TOTO K€ pa3Mepa Tella, MPOU3BEIACHHBIC Ha Pa3HBbIX ydacTkax? Beramcinrte 00beMbl
IMPOMCPCHHBIX TCII U OUCHHUTC TOYHOCTBH IMOJTYYCHHOI'O pE3yJibTaTa. HpI/I BBIYUCIICHUAX CICAYCT
UMETh B BHJy, YTO MOTIPEIIHOCTH BO3HHMKAIOT KaK M3-3a HECOBEPIICHCTBA H3MEPHUTEIBHOTO
npubopa, TaK ¥ BCIEICTBUE HE BIOJIHE MPABUIBHON (POPMBI H3MEPSIEMBIX Tell.

W3mepenust 0JHOTO U TOTO K€ pa3Mepa Tella, IPOBEICHHbBIC Ha Pa3IMYHBIX €r0 y4acTKaXx,
Jydqai€ BCETO IIPHU BBIYHUCICHHUU YCPCOAHATD. PCKOMGHI{yeM noaymarb Hala TEM, KaK MOXHO
YCTaHOBHTH, YTO OTKJIOHEHHUS (POPMBI H3MEPSIEMBIX TEJl OT MPABMIILHON HOCAT CIIyYalHBIA HIIH,
HA00OPOT, peryisapHbIi  XapakTep (T.e., HampuMmep, SBISETCSA W3MEPSEMbIA  IHIUHIP
IEUCTBUTENIFHO IMIMHAPOM HIIH YCEUEHHBIM KOHYCOM U T.]L.).

2.3.2. H3mepenue cuivl moKa u HANPAMCeHUA 6 Yenu NOCMOAHHOZ0 MOKd.
Onpeoenenue conpomuenenus yuacmKa yenu

1. CobGepuTe 11ens o cxeme, H300pakeHHOU Ha puc. 2.8, cobmtonas MoaSpPHOCTD
HMCTOYHUKA TOKA, BOJIBTMETPA, aMIIEpPMETpa 1 KOMOMHUPOBAHHOTO MPUOOpa.

+— A - - Y

43101
gose | ™ TR C1-112

- - . L

Puc. 2.8. Cxema nenu Ajisi HI3MepPeHHsl CHJIbI TOKA M HANIPSIKEHU S

2. Bxumounte ucrounuk nuranus (tymonep «CETbhy), Bpamias pyuky peryiastopa
HaINpsDKEHHS, YCTaHOBUTE MOKa3aHue BoibT™MeTpa mpudopa BI1-30 B untepsane (10 +25) B.

3. CHuMuTE 5 MoKazaHuil Toka, M3MeHss HanpsbkeHue uctounuka bI1-30 B ykazanHoM
MHTEepBaJie. BrIKiIIounTE UICTOYHUK TOKA.

4. Tlo mxanam npuOOpPOB: aMIIepMeTpa, BOIHTMETPAa U KOMOMHUPOBAHHOTO IPUOOpa
OTIpeIeNTUTE KJ1acC TOYHOCTU ATUX MPHOOPOB.

5. PaccumraiiTe BETMUMHY CONMPOTUBIECHUS R U MOrpenrHoCTh U3MEPEHHUS.

6. M3meppTe ¢ TOMOIIBI0 KOMOMHMPOBAHHOTO MPHUOOpAa COMPOTHUBICHUE CXEMBI
PE3UCTOPOB, OIIPEIEIUTE OTPEIHOCTD U3MepeHus R.

7. K xnemmam uCTOYHHKA MOCTOSTHHOTO Toka BII-30 moakrounTe BUIKY Kabems
ocuuiuiorpacda. Mzmepbre HanmpsbkeHue, yctaHoBleHHoe Ha uctounuke (1 = 10) B u cpaBHuTe
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pe3ynbTaT u3Mepenust ocmmorpadgom u BonsTMeTpom bIT-30.

2.3.3. H3mepenue napamempos nepuooueckozo cuzHana
1. Cobepute menb mo cxeme, M300pakeHHOW Ha puc. 2.9, cobmojgas TOISPHOCTh
MCTOYHHUKA TOKa U KOMOMHHPOBAHHOTO TIPUOOPA.

~ A
43101(
S0, "
reHepaTop
1 8

Puc. 2.9. Cxema nenu Ajsi u3MepeHUs apaMeTPOB NEPHOANMYECKOI0 CUTHAJIA

2. B xadecTBe HCTOYHMKA MEPUOJMYECKOIO CHTHAlIAa B JIAHHOM YIPaXHEHUHU
UCIOJIb3YETCSl TeHEepaTop HU3KHUX 4acToT. Bkiouute reneparop u ocumiuiorpad. CoeauHure
KabesieM BBIXOHbIE KJIEMMbI T'€HepaTopa ¢ BXOAHBIMU KJIeMMaMu ocLiuuiorpada. Y craHoBure
Ha BBIXOJIE 3BYKOBOTO reneparopa Hamnpspkenue (0,5 + 5) B.

3. Tlomyunmte Ha »3KpaHe ocuwuiorpada yYCTOHYMBOE HW300paKEHHE CHHYCOHIBI.
Onpenenure 3HAYEHHE HANPSDKEHUS C IOMOLIbI0 ocuuiuiorpada, IMOJY4YEeHHBIN pe3ynbTaT
CpPaBHUTE C MIOKa3aHUEM BOJBTMETPA, U3MeHUTE (3 =+ 5 pa3) BBIXOJIHOE HAIPSHKEHUE TeHepaTopa
U U3MepbTe 3TH 3HaueHus ocuusuiorpadgom. OOBsCHUTE pa3HUIy NMOKa3aHUH ocruiuiorpada u
BOJIbTMETpA.

4. TlpousBeaurte usmepeHus nepruosaa T cHHYCOU Bl C TOMOIIBIO OcLuLIorpada,

OIIPECACIINTE YaCTOTY CUI'HAJIa f = 1/T . U3menss 3 pa3a nnepuon, KaXKIbIN pa3 OIpeaACIINTEC

HacCToTy KoJIeOaHHI. HaiineHnHoe 3Ha4€HHE YaCTOTHI CpaBHHUTC C ITOKA3aHUCM YaCTOThI
reaeparopa.

PesyabTaTsl padorsl. K oTueTy npeacraBurhb:

* mapameTpsl (JUIMHA, BBICOTAa, JHAMETP) M3MEPSEMBIX Tell, IOJyYCHHbIE IIpU
M3MEPEHUSIX MUKPOMETPOM M IITAHT€HIUPKYIIEM;

*  00BEMbI MPOMEPEHHBIX TEJ U MOTPEIIHOCTh MOIYYEHHOTO Pe3ysbTara;

* BEIMYMHY CONPOTHBIICHHS, PpACCUUTAHHYHD W HU3MEPEHHYIO C  IOMOLIBIO
KOMOMHUPOBAHHOT'O MPHOOPA, a TaKKe MOTPEIIHOCTD B olpeiesieHu! R,;

*  3HAuYEHUS MOCTOSHHOTO HANPSKEHUS, HallIeHHbIE ¢ TIOMOIIIbIO, ocIuuIIorpada u
BOJITMETPA U COOTBETCTBYIOLIUE ITOTPELITHOCTH;

* IIOKa3aHME€ YacTOThl TeHepaTopa U HalJIeHHbIE C TOMOIIBI0 OCIHIIIorpada 3HauYeHUS
4aCTOTHI U IIEPUOJA CUTHAJIA.

JlaGoparopuas padora Ne3. Onpenesienue ko3¢pGuuneHTa BAZKOCTH KUIKOCTEH

Heas pabGorel: 1) omnpeneneHue 3aBUCUMOCTH KHUHEMATHYECKOM U AMHAMUYECKOMN
BS3KOCTH HMCCJIEIyEMBIX pAacTBOPOB OT TEMIIEPaTyphl, 2) oOmpeAeiacHre KodpdHuimeHTa

dopma A Crpanura 24u3 103




MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

% o Dopma
VY IbSHOBCKUIH TOCYJapCTBEHHBIH YHHBEPCUTET

®-Pabouast mporpamma IHUCIUIITAHBI

BHYTPEHHET0 TPEHUs KUAKOCcTU MeTooM CTOKCa.

IIpuGopsl U MaTepHasbl: KaNWUIPHBIA BHCKO3UMETP, CEKYHIOMEp, BOASHAs OaHs,
TEPMOMETpP, HCCIEAYeMble pacTBOPbl, MarHMTHAs MeIIalKa, CTEKJISHHBIA IWIMHID C
UCCIIEAyeMON JKUAKOCTBIO, HAa0Op CTAJbHBIX IIAPUKOB, IUHIET, AHAIUTUYECKHUE BECHI,
LITaHT'€HLUPKYJIb, MaclITaOHas IMHEHKA.

3.1. TeopeTuyeckasi yacTh

3.1.1. O6wue ceoiticmea u cmpoenue x3cuokocmei

XKuakocTsiMu Ha3pIBAlOT Tela, KOTOpbIE HE MMEIT coOcTBeHHOUW (opmbl. Kumkoctu
OTJINYAIOTCS CUJIBHBIM B3aUMOJIEUCTBUEM U BCJIEICTBUE 3TOIO MAJION COKMMAEMOCTBIO.

B xuakoctn HabmomaeTcss ONMKHHUI TOPSIOK — YIOPAJOUYEHHOE OTHOCHTEIHHOE
pPACIOJIOKEHUE YACTUIl JKUJIKOCTH BHYTPU MabiX €€ 00beMOB. MOJNEKyIbl KUIKOCTH
COBEpILIAIOT TEMJIOBbIE KOJIeOaHHs OKOIO IMOJNOKEHHs paBHOBECHs co cpeaHeil yacroroit 1/7
ONMM3KOM K YacToTaM KoJebaHWii aTOMOB B KpHCTAUIaX, U aMIUIUTYAOH, ONpeaeasieMon
«CBOOOJHBIM 00BEMOMY, TPEIOCTABICHHBIM MOJIEKYJIe e¢ cocensMu. [lo McTeueHun BpeMeHU

T>> TO OTU TIOJIOKCHHA PABHOBCCHA CMCHIAOTCA HA PACCTOSAHHA, PABHBIC 110 IHOPAAKY

BCJIMYHHBI CPCAHEMY PACCTOSAHHUIO MCKAY COCCAHNUMU MOJICKYJIaMH.

Ot NEPEMCIICHUS COBCPIIAOTCA HC HCIPEPBIBHO, 4 B BUAC AKTHBUPOBAHHBIX CKA4YKOB,
KOoraa MOJICKYJIa MOXKET IMOJIYYUTh OT COCCAHUX MOJICKYII I/I36I)ITO‘-IHYIO OHEPIrur0, J0CTAaTOYHYIO
11 TOro, 4TOOBI IpeoaoJICTb JSHEPIUI0 CBA3U (3Heprmo aKTI/IBaI_II/II/I) C OKpYyXarouumMu
qaCcTHUIIaMHU. HpOI[OJ'DKI/ITeJ'II)HOCTI) BpEMCHHA OCeIION  KHM3HU MOJICKYJIBI B ITOJIOKCHHUU
PaBHOBCCHUS YMCHBIIACTCA C pOCTOM TEMIICPATYPHI.

3.1.2. llonamue o ea3kocmu

TennoBoe nBMXEHUE MOJIEKYIT JKUIKOCTH 00YCIOBIMBAET OCHOBHOE CBOMCTBO JKUAKOCTH
— ee TekydecTb. [locTosHHas BHemHsAs cuia F, neiicTByromias Ha JKHUIKOCTb, MPUBOAMUT K
IIPEUMYIIIECTBEHHON HAIpPaBICHHOCTH CKaYKOB YaCTHUL] KHUIKOCTU BJOJIb HAPaBIEHUS ACUCTBUS
cuibl. CieicTBUEM 3TOTO SBIISETCS MOTOK YacTHIl BIOJb HAaIlpaBJICHUs JIEHCTBUS CUJIBL, T.€.
TeKy4decTb. [Ipu ABMKEHUU KUAKOCTH MEXIY €€ CI0IMU BO3HUKAIOT CUJIbI BHYTPEHHETO TPEHU,
NeCTByIOIME TaKUM 00pa3oM, YTOOBI ypaBHATh CKOPOCTHU BCEX CJIO€B. BO3HUMKHOBEHHE ATHX
cuJl OOBSICHSETCS TeM, YTO MOJIEKYNBI U3 Oosiee OBICTPOro cios nepenaroT 0osiee MeJIEeHHOMY
CJIOI0 HEKOTOPOE KOJIMYECTBO JABMKEHHSI, UTO MPUBOAUT K TOPMOXKEHHUIO Oosiee ObICTPOro Ciosl.

Cuna BHyTpeHHero TpeHuss (mo HbloToHy), aelicTByromass MeXIy CIOSIMH,
MPONOPIMOHATIFHA TUIOMAAW WX CONPHKOCHOBEHUS S W TPagUeHTy CKOPOCTH BIOJb

HaIpaBJICHUs Z, IEPIIEHUKYJIIPHOTO HAIIPARIECHUIO CKOPOCTH, T.€. do/dz:
do

f=ip S (3.1)

Kosddunment nponopunonansHoct 7] Ha3piBaeTcsa K03()(HIMEHTOM BHYTPEHHETO
TpeHUs WM KO UIIMEHTOM AMHAMHUUECKOH BA3KocTH. Bennunna, oOpatHas ko3 uImenTy
nuHAMUYECKoit BsiskocT — 1/ 1] , Ha3bIBAETCA TEKYYECTHIO.

Hapsany c¢ kodbduIUEHTOM IUHAMUYECKONH BSI3KOCTH 7] 9acTO  HCIOIb3YIOT
KO3 PHUIHMEHT KHHEMAaTHYECKON BA3KOCTH:

v =1, (3.2)

n
0

e O — IWIOTHOCTH KUIAKOCTH.
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3aBucuMocTh K03 (puImeHTa BI3KOCTH OT TEMIIEPATYPhI ONPEACISIETCS ypaBHEHUEM

Openkens-Anapase:
n==C exp(ﬂ : (3.3)
7
rne C — mnocrosuHas; K — mocrosnHHas bBoabnmana (k = 1,38 -10_23 I[)K/K );

W — sHeprus akTuBaLuu.

BsskocTe 7] GbICTPO yMeHbIIAETCA ¢ pocToM Temneparypsl 1. Ilpu GonbmnX JaBleHUsIX
BA3KOCTb JKUJIKOCTEM OBICTPO BO3pAcTaeT C YBEIMYEHUEM JABJICHUS. OTO CBSI3aHO C
BO3pPaCTaHUEM YHEPIUU aKTUBALUU.

3.1.3. Yucno Peitnonvoca

Bo3MOXHBI JBa KaueCTBEHHO pA3JIMYHBIX THUIIA HCTEUYEHUS BSI3KOM JKUJIKOCTH —
JaMHUHApHOE U TypOysneHTHoe. JITaMuHapHBIM HA3bIBAETCS YIOPSIOYCHHOE JABHKEHHUE KUIKOCTH,
IIpY KOTOPOM TPAEKTOPUM COCEJHHUX YACTUL[ MO OTIMYAIOTCS JpYr OT Jpyra, Tak 4YTO
KHUJIKOCTb MOYKHO pPaccMaTpuBaTh KaK COBOKYHMHOCTb OTJAEIbHBIX CIIOEB, ABMXKYLIUXCS C
Pa3IMYHBIMU CKOPOCTSAMH, HE MIEPEMEIINBASICH IPYT C APYTOM.

TypOyneHTHBIM Ha3bIBa€TCsl TEUCHHUE XKUJIKOCTH, IIPU KOTOPOM €€ YacCTHLIbl COBEPIIAIOT
HEYCTaHOBUBIIMECS HEYNOPSAOYEHHbIE JIBUKEHUS MO CIIOKHBIM TPAEKTOPUSAM, B pe3yibTare
Yero NPOMCXOUT UHTEHCUBHOE NIEPEMEILIMBAHUE PA3JINYHBIX CIIOEB JBHKYIIEHCS KUAKOCTH.

[Ipy namMuHapHOM TEUYEHHM TPAE€KTOPUM BCEX YaCTHI] MapajuleIbHbl U (OpMON cBoei
MOBTOPAIOT TpaHMIBl TOTOKa. B  kpyrioit T1pybe, Hampumep, KHIKOCTb JBHIKETCS
UWIMHIPUYECKUMHU CIIOSIMH, 00pasylollre KOTOphIX MHapajieldbHbl CTEHKaM M ocu TpyOwl. B
IPSIMOYTOJIbHOM, OECKOHEYHOW IIMPHHBI KaHale >KUIKOCTb JABHMXKETCS Kak Obl CIOsMH,
napajuieIbHBIMU €r0 JHY.

B Kkaxnoll TOYKE IMOTOKA CKOPOCTh OCTAeTCsl MO HANpPaBIEHUIO NOCTOSHHOW. Ecmm
CKOpPOCTb IIPU 3TOM HE MEHSETCSI CO BPEMEHEM WU [0 BEJIMYMHE, ABU)KEHHE Ha3bIBAaeTCS
ycTaHOBUBLIMMcA. JIJIs JaMMHapHOTO JIBIDKEHHsT B TpyOe pacrpeneneHue CKOpOCTH B
MOTIEPEYHOM CEUYEHHUU UMEET BMJI Napabojibl ¢ MAaKCHMaJIbHOW CKOPOCTBIO Ha OCH TPYObI U C
HYJIEBBIM 3HAYE€HUEM y CTEHOK, IJie 00pa3yeTcsi NPUIIUIIINAN CIIOH KHUJIKOCTH.

Pacnipenenenne ckopocteii B MONEPEYHOM CEUEHHM KpYyIJIoM TpyOKH mpu
YCTaHOBUBLIEMCSI JAMUHAPHOM TEUEHUU TOKa3aHo Ha puc. 3.1.

z

—
—— _ _

-
—__..*...._

1

Puc. 3.1. Pacipenesienne CKOpocTeil B MONMEPEYHOM CeHYeHUH KPYIJI0i TPyOKH

Uwucno PeitHombaca onpenensieT OTHOICHHE KHHETUYECKON SHEPTHH )KUIKOCTH B TPYOKe
K paboTe, 3aTpaunBacMoil Ha MPEOI0JICHUE CHII TPECHUS:

Re Bk —v L (34)

cp
4,, 1%
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rac 1y — CpE€aHAsA CKOPOCTh B IIOICPEYHOM CCUCHUU pr6BI, L - XapaKTCprIﬁ pasmMep (B

p
ciydae TpyObl — €€ TUaMeTp).

OkcnepuMeHTanbHbIM TiyTeM O. PeliHonmbac ycranoBmi, uro Oe3pazmepHoe ymcio Re
MPUHUMAET B OOJACTH IMepexoia OT JIAMUHAPHOTIO TEYEHHUs K TypOyJIEeHTHOMY OIpe/eleHHOe
MOCTOSIHHOE 3HAauY€HHUe, Jiexkaniee o0buHo B npeaenax ot 1500 qo 2500. IIpu Re<1500 teuenue
KUJKOCTH JaMuHapHoe, a npu Re>2500 — typOynentHoe. B uarepBane 1500<Re<2500 Teuenue
KUJKOCTU HOCUT CMEIIaHHbIN Xapakrtep. Ha 3HaueHne yncna Re oka3bIBalOT BIMSHUE YCIIOBUS
BX0J1a B TpyOy (OCTpbIe Kpasi U CTENEeHb IEPOXOBATOCTH €€ CTCHOK).

3.14. Memoouka usmepenus KuHeMaAmMuU4eckoll  6A3KOCMU ¢  HOMOWbIO
eucKo3umempa

[Ipubopsl, ucnonb3yembie i U3MepeHHs Kod(hdUIMeHTa BS3KOCTH, Ha3bIBAIOTCA
BHCKO3UMETpaMu. CyIIEeCTBYET OOJBIIOE YKCIO PA3IMUYHBIX MO YCTPOWCTBY BHUCKO3UMETPOB. B
JTaHHOU paboTe i u3MepeHus Ko3(pPuirenTa BI3KOCTH UCTIOIb3YETCSI OTHOCUTENBHBIN METO/,
MIPU KOTOPOM BS3KOCTh UCCIIETYEMOM XKHIKOCTH CPABHUBAETCS C BA3KOCTBIO IPYTOM KUIAKOCTH

Mo , xoropas u3BecTHA. [l M3MEPEHMS] MCHONL3YETCS NPOCTOM IMPUOOpP — KalnMJUIAPHBIN
Brcko3uMmeTp OcTBalnbaa, N300paKeHHbIN Ha puc. 3.2.

Buckoszumerp OctBaibna npezacraBiser coboil U-o0pa3Hyr CTEKISHHYIHO — TPYOKY.
Opnno xosieHo mpubopa 1 B BepxHEHl €ro 4yacTu MMEET JiBa YIIMPEHUsI — pe3epByaphl O U 4 u

karmsap 6. PesepByap 4 nmeer metkn « My» u « My ». JIpyroe KoneHo mpeacTaBiseT coboif

IUPOKYI0 TPYOKY 2 C pe3epByapoM / U OTBOAHOW TpyOkou 3. B Buckozmmerpe OcTBasibaa
U3MEpEeHNUe BI3KOCTH OCHOBAHO Ha HAOJIIOA€HUHU UCTEUEHHS MTOTOKA )KUIKOCTU Yepe3 Karmusuisp.
B sTom npubope muametp kanwuisipa d u mepemnan JaBieHUs B HEM MMOI0OpaHbI TaK, YTO
TE€YEHHE KUAKOCTU B KAIMJUIAPE SBISIETCS JJaMUHAPHBIM, TO €CTh 4ncio PeliHonbaca:
Ucp
Re = —— <1000, (3.4)
Ui

A€ Ucp — CPCAHAA CKOPOCTD TCUCHHUS XKUIAKOCTH IO KalTMJLIAIPY, ,O — IIJIOTHOCTD KUJIKOCTH.
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113

14—

Puc. 3.2. JIaGopaTopHasi yCTAaHOBKA J1JIsl ONIpeAe/IeHUsI KHHEMATHYeCKO# BA3KOCTH
KUAKOCTH

JIMHAMUYECKas BA3KOCTh ONPENENAETCS 110 (POPMYIIE:
T ko) ot
ProliHo)

t

V:V(H 20)—, (35)

t(H 20)

HIJIN

rac p(H ,0) t( H ,0) u 77(H ,0) — IIOTHOCTB, BpEMA UCTCUCHUSA U3 KaAlTWJUIAPpa U JTUHAMHWYCCKaA

BA3KOCTH KOHTpOJ’IBHOﬁ KHUIKOCTH COOTBECTCTBCHHO. B xadecrtBe KOHTpOJ'IBHOfI KHUAKOCTU
HCIIOJIB3YCTCA NJUCTHIIJIIMPOBAHHAA BOAA. OnEITH C KOHTpOJ’IBHOﬁ KUAKOCTBIO ITPOU3BOAATCA Ha
3aBOJAC-U3IrOTOBUTCIIC, 4 BEIMYMHA

Vino
—(HO) _ (3.6)
L ho)
Ha3bIBACTCA HOCTOHHHOﬁ BI/ICKO3I/IMeTpa " 3aHOCUTCA B HaCHOpT HpI/I60pa HapSII[y C ,[[I/IaMeTpOM

Kanuiusipa.
Takum  oOpa3oM, OKOHYATEeTbHOM  (OPMYJIOW, 1O  KOTOPOW  OMpeAeIseTcs
KHHEMAaTHNYCCKas BA3KOCTb HCCJ’IG[[yGMOfI KUIKOCTHU JaHHBIM MCTOAO0M, ABJIACTCA (bopMyJIa:

v="r_ kt, (3.7)

Px

rae t x — BpeMs uCTedeHus )KUKOCTH Yepe3 Kaluuisp u3 pesepsyapa 4 or metku [Ty 10 MeTku
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m,

Onpenenus BpeMsi UCTEUEHHUS KUAKOCTU Yepe3 Kanuiuisap t 1 yMHOKHUB €ro Ha
HOCTOSIHHYIO BUCKO3UMETpa K, BEIYHUCIIAIOT KUHEMAMU4ecKyIo 833K0cms V 5KUIKOCTH.
Hunamuueckyro esa3xocmsy, Wi KO3GGULIUECHT BHYTPEHHETO TPEHUSI KHUIKOCTH Hx

MOXHO OIpEeaACIuTb, OYCBHIHO, YMHOXHB KHHEMATHUYCCKYHO BA3KOCTh Ha IIJIOTHOCTH
HCCJ'IGI[y@MOﬁ KHUIKOCTH:

Nx =VxPx- (3.8)
Kosddunuent Ba3kocTi namepsercs B enununax k2 [ m - ¢ B cucreme CH. B cucreme
CI'C ko>}QQUIMEHT BA3KOCTH M3MepsieTcs B emuHMuax 2/ cM - ¢ . DTa eIMHULA HA3bIBACTCS
Ilyas. KoaddunueHT KHHEMaTHIeCKOM BI3KOCTH H3MEPSETCS COOTBETCTBEHHO ATOMY B Mmlcu
em’l ¢ . Equmnna cm’/ ¢ nassiBaercs Cmoxc.

3.1.5. Memoouxa uzmepenua enympennezo mpenus memooom Cmoxkca

KoadduimieHT BHYTpEHHETO TpEeHHs >KHIKOCTH MOYHO ompenenutsh mo (opmyne Crokca,
u3Mepsii CKOpOCTh MaJeHUsl LIapuka B 3ToM JkuakocTd. [Ipn mageHMu Imapuka B BS3KOH
MTOKOAIIEHCS ’KUJIKOCTH Ha HErO IEHCTBYIOT TP CHJIBL:

1) cuna tarorenns MQ = Oy, gV (V —o006nem, P, — IIOTHOCTH IIAPUKA);
2) BBITAJIKHMBAIONIAs CHIa ApXuMena f = P gV (0, — MIOTHOCTD KUAKOCTH);
3) cuita conpoTHBIEHUS IBHKeHHTO (crita CToKca) FCZ 67 nro (N — xoxddument

BHYTPEHHETO TPeHUs, I — paJnyc mapuka, U — CKOpOCTb JTBUKECHHS).
ITo BTOpOMY 3aK0oHY HbI0TOHA ypaBHEHHE JBUKEHHS IIAPUKa B BI3KOW CpeJie 3amUIIeTCs
CJIEIYIOIIUM 00pa3oM:

mg+ f +F, =ma (3.9)
WK B CKAISAPHOI (hopMe, C y4eTOM NMPUBEICHHBIX BBIIIE BRIpKEHUH 11 cuit (1. 1-3),
PuqV — 0 gV —67nrv = p,V(do/dt). (3.10)

Bnavane ckopocTh IBH>KEHUS IIApHKa BO3PACTAET do/dt>0 , HO TaK Kak o Mepe
YBEJIMUEHHSI CKOPOCTH CHJIA COINPOTUBIICHUS TaKK€ BO3pACTaeT, HACTyNaeT TaKOM MOMEHT,
KOrJa CWIa TIATOTEHUS YPAaBHOBEUIMBAETCSI CYMMOM cul  Apxumena W TpPEHHS,
PaBHOJECUCTBYIOIIAS BCEX CHJI CTAHOBUTCS PABHOM HYIIIO:

PuqV — p gV —67nro =0. (3.11)

C oaTrOoro MoMeHTa ABMIKCHUC IHapuKa CTAHOBUTCA IIPAKTUYCCKU PABHOMCEPHBIM CO

ckopoctel0 U = Uy . Pemas ypaHenue (3.11) otHocuTensHO 77, A KoddduuueHTa

BHYTPCHHCT'O TPCHUA ITOJTYYUM BEBI CHHUC:
29r(p ~p ) 4ar’
n I ’ V=—").
9 Vo 3

CkopocTb mapuka Uy MOXHO OIPENeNNTh, 3Has PACCTOSHUE 14 MEXy METKaMH Ha
cocyle U Bpems t, 3a KOTopoe MapyuK IIPOXOJUT ITO PACCTOSIHUE
v= .

VYuuThiBasg, YTO Ha ONbBITE M3MEPAIOT JUAMETp WIAPHKA, a HE €ero paauyc
(r = d/2), mony4aem pacyeTHyIO GOpMYITy:
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(p —p )gd“t
5 = 187 . (3.12)

3.2. Onucanue yCTAaHOBKH

3.2.1. Ycmanoeka 0ns uzmepenusn A3K0CHMuU ¢ HOMOWbIO BUCKO3UMEmMPA

CxeMa ycTaHOBKH IIpUBezieHa Ha puc. 3.2. VccnenyemMas )KUJIKOCTh 3aJIUBAETCS B KOJIECHO
2 Bucko3umerpa. Buckosumerp 1 ¢ uccrienyeMoit JXuaKoCTbi0 U TepMoMeTp 12 momemiatores B
crakaH ¢ Bojoi 13. CtakaH ¢ BOJOH CTaBUTCS HA OCOOYIO TUIMTKY — MarHUTHYIO MEIIANKy 8, C
IIOMOILbI0 KOTOPOM ocylecTBisieTcs HarpeB (mepexitouarensb «HarpeB») u nepemeriuBaHue
BOIBI B cTakaHe (mepekmodarens «CKopocTh»). IlepemernmBanue BOABI OCYIIECTBISIETCS C
MOMOIIIFI0 BPAIIAIONIETOCs Ha JIHE CTaKaHa METaUIMYEeCKOTO CTEep)KeHbKa 9, MOMENIEHHOTO B
MOJIMXJIOPBUHUIIOBYIO 000510uKy. K KoneHy 1 BUCKO3MMeTpa nMprUcoeJMHEHA pe3nHOBast TpyOKa
10. 3acaceiBaHME MCCIIEAYEMOM JKUIKOCTH U3 pe3epByapa 7 B pe3epByaphl 5 u 4 BUCKO3UMETpa
OCYILECTBIISIETCS C MOMOIIBIO PE3MHOBOU rpymu (wiu mmnpuua 11), kotopas npucoequHsIeTcs: K
pe3unoBoii TpyOke 10. Bucko3umerp 3akperuieH B mratuse 14.

OOmuit BU YCTaHOBKH AJI U3MEPEHUs KO3(PPHUIMEHTa BHYTPEHHETO TPEHUS METOJIOM
Croxkca n3o0paxeH Ha puc. 3.3.

Puc. 3.3. Bu ycTaHOBKH /115l onpe/ieJieHUsl BI3KOCTH KUIKOCTH
¢ moMoIIbI0 BUCKO3uMeTpa (cieBa) u MeTogom Ctokca (crpaBa)

CTexIsHHBIN ITWIMHAP 3aKPEIUIeH Ha CTOMKE M HamoJIHeH riuiepuHoM. Metka «1000»
COOTBETCTBYET TAKOMY pPACCTOSIHUIO OT MOBEPXHOCTU >KUAKOCTH, TJI€ IIAPUK YKE HMEET

YCTAaHOBUBIIYIOCA  CKOPOCTH UO . IlompeM cTalbHBIX IIapyukoB CO OHAa HHJIHMHApPA
OCYHICCTBIIACTCA C IOMOIIBIO MarHuTa, 3aKpCIriJICHHOI'O Ha HUTH, HaMOTaHHOH Ha OJIOK.

3.3. DkcnepuMeHTAJbHAsI YaCTh
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3.3.1. H3mepenue 6a3Kkocmu ¢ NOMOWbIO 8UCKOZUMEmMPA

HN3mMepeHue KMHEMATHYECKO BA3KOCTH

1. Haxarp Ha rpymy 11 u moacoennHuTh ee K pe3nHoBoit Tpyoke 10.

2. Ornyckas (0TKHMas) ocTeneHHo rpyury 11, 3acocars KHUIKOCTh Yepe3 Kanuwuiip 6 B
pe3epByapsl 4 U 5 BucKo3uMeTpa. B MOMEHT, Korja >KMIKOCTh 3allOJIHAET pe3epByap O,
OTCOCJMHUTH TPYIILY.

3. Kunkocth Oynmer cTekarh yepe3 Kamwuisip 6 u3 pesepByapoB 5 u 4 B pesepByap 7. B

MOMCHT, KOrija YpoB€Hb PICCJ'ICI[y@MOfI KUIKOCTHU AJOCTUTHET MCTKHU ml, BKJIFOUUTH CCKYHIOMCD

¥ BBIKIFOYUTH €10, KOTJ]a YPOBEHb sKHIKoCcTH focturHeT meTku [T, pesepsyapa 4.

4. Bpems HUCTEUCHHUS JKHIKOCTH t yMHOXHUTh Ha MOCTOSIHHYIO BHCKo3uMmerpa K u
IOJYyYUTh  3HAUEHHE KHUHEMAaTH4YeCKOM  BS3KOCTM  IIpU  KOMHATHOM  Temmeparype
(p=1,26-10°kr/m°).

5. IloBTOpuTh OMBIT 3 pasa.

6. Bxmrounts TymOnepsr «Ilnutka» n «CKOpPOCTh» MarHUTHON Memaiku. OnpenaennTsb
KHHEMATHYECKYIO BS3KOCTH HCCIIEyeMOH JKHAKOCTH MPH TeMIeparype, Ha 5°C mpeBbIaromeil
KOMHATHYIO.

IIpumeuyanue: uTOOBl TMOJJAEPKUBATh IOCTOSIHHYIO TeMIepaTypy B Ipolecce
M3MEPEHUsl, MOXHO TEPHOJMYECKH BBIKIIIOYATh TymOnep «llimnTka» MarHUTHOW MeEIIaKH.
[ToBTOPUTE OMBIT TPH paza.

7. OnpenenuTh KUHEMAaTHYECKYIO BSI3KOCTb HMCCIEIyeMOM JKUAKOCTH IMPHU Pa3IUUHBIX
TeMIepaTypax, yUuTbIBas, YTO JJIs MOCTpoeHus rpaduka Hago uMeth 6 + 8 Touek. [loBTOpPUTH
OTIBIT TPYKJIBI [T KaXKIOW TeMITepaTypHl.

8. lannsbie 3anectu B maon. 3.1.

9. OnpenenuTh NOrPENIHOCTh U3MEPEHUH.

Onpene.ﬂeﬂne 3aBHCHUMOCTH KHHEMATHYECKOH BA3KOCTH OT TEMIIEPATYPbI
HOCTpOI/ITB l"pa(l)I/IK 3aBHCUMOCTH KMHEMAaTHYECKOM BA3KOCTH HCCHeHyeMOﬁ KHUAKOCTHU OT

TeMIeparypsl V = f (T ) :

Onpenenenne THHAMHUYECKOH BSI3KOCTH
1. Ecnu B BUCKO3UMETD 3aJIUT HE YUCTBIN MIIULEPUH, 3Has KOHLEHTPALIUIO, OTIPEIEITUTh

IJIOTHOCTh PACTBOPA INIMLIEPUHA, HAIPUMED, O = (1- PO, + 3 pe) /4;

2. Bel4ucianuTh AMHAMHUYECKYIO BA3KOCTb 10 opmyne 7] = VO i Kax10ro 3HaueHus!
TEMIIEPATYPHI.

3. ITocTpouTh TpaduK 3aBUCHMOCTH In n= f (1/ T ) .

Tabauya 3.1
N |T,°C| t,ec | e | tsc | t,e v n, A7, I | UT;
OmnbITA Ma-c | Tla-c
1 20"
2 25°
3 30°
4 35°
5 40°
6 45°
7 50"
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3.3.2. H3mepenue korppuyuenma enympennezo mpenus memooom Cmokca

1. Onpenenuth MIOTHOCTD LIAPUKA:

* Ha QaHWIUTHUYECKUX BECAX B3BECUTH IIAPUK (IIEpE]] B3BEIIMBAHUEM IIAPUKHU JOKHbI
OBITh TIATEIHHO OYHUIIECHBI OT TJUIEPUHA);

* ¢ IIOMOUIbIO MUKPOMETPA U3MEPUTD AUAMETP ILIAPUKA;

*  HCIIOJIb3YS MOJIyYEHHbIE JaHHbIE, ONPEIEIUTh IJIOTHOCTh MaTepHaa, U3 KOTOporo
M3TOTOBJIEH ILAPUK:

p=m/V,

3
eV = ad °/ 6, m — mMacca mapuka, d — ,III/IaMé"lI:H apuka,

Pm= "3
d

2. 3mepuTtsh nuHEHKo# paccrosiHue oT MeTKU «1000» 10 meTku «100%.

3. IluHneTroM onycTuTh mapuk B muauHAp. Koraa mapuk okakeTcss Ha YpOBHE OTMETKU
«1000», mycTUTh B XOJ CEKYHAOMEp, a B MOMEHT, KOTJa IIapuK AOCTUTHET OTMETKU «100»,
CEKYHJIOMEp OCTaHOBUTD.

4. OnsIT NMOBTOPHUTH MATH pa3, HAUMHAS OTCYET CEKYHIOMEpPOM Kaxabld pa3 ¢ Oosee
HU3KOW OTMETKH (Hampumep, ¢ «marom» 5 neneHuil ot otmetku «1000»). He cnenyer nenats
pacCTOsTHUE CIIMIIIKOM MaJIbIM, YTOOBI HE YBEJTUUUBATH MOTPEITHOCTh H3MEPEHUH.

5. JlaaHbie 3aHeCTH B maob. 3.2.

Tabauya 3.2

] Paccrosinme / , m Bpems t, ¢ Kosddunuenr 77, kr/c:m

OawNEZ

6. OmpenenuTh KOAQQPHUIUEHT BHYTPEHHETO TPEHUS U3 KaXXIOro OMbITa M €ro cpeaHee
3Ha4yeHue.

Temmneparypa Oka3bIBaeT 3aMETHOE BIMSHUE HAa KOX(PQHUIMEHT BHYTPEHHETO TpPEHUs,
MO3TOMY CIJIEyeT 3alucaTh TEMIIEpaTypy, MPU KOTOPOH IMPOU3BOAUTCS OIBIT, a 3aTeM U3
TaOJIMIIBI B3SATh MJIOTHOCTH KUAKOCTH IPH JJAHHOM TemIieparype.

7. BeiBecT opmymy JUisl OEHKH OTPEIIHOCTEN OMBITOB (KOCBEHHBIE U3MEpEeHHUs ! ).

8. OnpenenuTh NOrpenIHOCTh HaX0XKAeHUs K03 duimenTa Ba3kocTu o Metoay CTokca.

PesyabTaTel padorsl. K oTyery npeacraBurhb:
* Tabuuny U rpaduk 3aBUCUMOCTH KMHEMAaTUYECKOW BA3KOCTH OT TEMIIEpATyphl;

¢ MOrp€uIHOCTb U3MEPCHUSA KUHEMATHUICCKOU 1 }IPIHaMI/I‘IeCKOﬁ BA3KOCTH,
¢* 3HaA4YCHHC I[HHaMquCKOﬁ BA3KOCTH,

*  rpaduxk 3aucumoct IN n= f (l/ T ) ;

* Talauiy ¢ HaIeHHBIMH KO3 (UIIMEHTaMH BHYTPEHHETO TPEHHSI U €T0 CpeHee
3HAYCHHE;
*  TOTrPEHIHOCTb U3MEpeHus Kod((HUIIMeHTa BHYTPEHHETO TPEHHUS.

JlabGoparopHasi padora Ne4. I3mepeHune apTrepuajibHOIO A1aBJIeHHSI KPOBH METOA0M
Koportkosa.
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Heap padorei: 1) HayuuThCA U3MEPATH KPOBSHOE JaBJIECHUE C ITOMOILIBI0 TOHOMETPA MO
Metony KopoTkoBa; 2) mM3yduThb OCOOCHHOCTH [IBUKEHHS KPOBU B COCYIUCTOH cucteme; 3)
YSICHUTBh (PU3UYECKUE 3aKOHBI, KOTOPBIM ITOAYUHSETCS ABUKEHHE KPOBH.

IpuGopsl ©W NPUHALIEKHOCTH: MaHOMETP  TOYHBIH  MemOpanublii MMT-
3, (doHeHOOCKON, MHEBMAaTHUYECKUIl HarHeTareslb, KOMIIPECCOpHAas MaH)XeTa JJs B3pOCIbIX
MALMEHTOB, TOHOMETP JIEKTPOHHBII.

4.1. TeopeTruyeckasi 4YacTh

KpoBb — 3TO peanbHas >XHAKOCTb, KOTOPOM MPHUCYIIM BCE CBOMCTBA >KHMJIKOCTEH:
TEKy4eCTb, HEC)KUMAEMOCTh, CIOCOOHOCTh MpPUHUMATh (OPMY 3amOIHIEMOro cocylda H
BSI3KOCTb, T.€. HAJINYME BHYTPEHHETO TPEHMUS.

PaccmarpuBas [BH)KEHHE KUAKOCTEH, BO MHOTMX CIydasXx MOXKHO CYMTaTb, YTO
NepeMenIeHue OJHUX YacTel JKUJIKOCTU OTHOCUTENIBHO JIPYTUX HE CBSI3aHO C BO3HUKHOBEHHEM
cwil TpeHus. JKuakocTb, B KOTOpO BHYTpEHHEE TpeHHUE (BSI3KOCTh) MOJIHOCTBIO OTCYTCTBYET,
Ha3bIBACTCS UJICATIbHOM.

B crammmonapno Tekymiei uaeaabHON KUAKOCTH BIOJb JII0O0H TUHUU TOKA BBIMOIHSAETCS
yCIIOBHE:

2

fg—+gm+P:cmm. (4.1)

9T0 YpaBHCHHC BepHYJ'IJ'II/I, rac p — IINIOTHOCTDB XUAKOCTH, g — YCKOPCHHUC CBO6OI[H01"O

najgeHus, U — CKOPOCTb JBW)XXEHHUS JKUJIKOCTH, P — cTaTuyeckoe [aBJIEHUE, pgh -

THJIPOCTATUYECKOE JIaBIECHUE, 00YCIIOBIEHHOE BBICOTOM cTO0a )kuaxocTu. HecMoTps Ha To, 4TO
3TO ypaBHEHHE ObUIO MOJYYEHO JUIS HAEANbHOM KMIKOCTH, OHO XOPOULIO BBINOJHSETCS JUIS
peanbHBIX KUIKOCTEN, BHYTPEHHEE TPEHUE B KOTOPBIX HE OYEHB BBICOKO.

IIpu BBIBOAE OTOrO YpaBHEHHS HHUIJE HE HCIOIB3YETCA IPEANOIOXKEHUE O
HECKUMAEMOCTH KUIAKOCTH, [I03TOMY OHO CIIPABEJIMBO U JJI CKUMAEMBIX JKHJIKOCTEH:

Boonw oomou u mou owce aunuu moxa npu CMAYUOHAPHOM MeYeHUU UJearbHOouU
HCUOKOCMU 8 NOoJle MASOMEHUs. 3eMau CYMMA 2UOPOCAMUYEecKo2o, 2UOPOOUHAMUYECKO20 U
CmMamu4ecko20 0aseHull ecms eIU4UHA NOCMOAHHAS.

Ecnmu tpyOka TOka MMeEeT MEepeMEeHHOE CeYeHHEe (KaK 3TO MMEET MECTO B KPOBEHOCHOM

CUCTEME 4YeJOBeKa), a OChb TPYyOKH TOpU3OHTAIbHA ( h = const), To ypaBHeHue bepnymnu
IMIPUHUMACT BHU:
02+P

Otcroga BUIHO, 4TO JaBieHHe P OoIblle Tam, I/ie CKOpocTh U MeHble, U Haobopot. C
JIPYro CTOPOHBI, U3 YPaBHEHHUs HEPA3PBIBHOCTH CTPYH CIEAYET, YTO CKOPOCTh MEHBIIE TaM, I1Ie
Oosble ceyeHune Tpyoku S;0 = S, Us.

3HAYNT, B WUUPOKUX YACTAX TPYOKHU OasieHue MaKcumanbHo, a B Y3KUX — MUHUMANbHO.
DTOT pe3ynbTaT SIBISETCS CIIeACTBHEM BTOPOro 3akoHa HeiotoHa. (O0bsicHuTe!)

B MCIUIUHC BAXHBIM MCTOAOM HCCJICAOBAHUA COCTOAHUA OpPraHu3Ma U, B YaCTHOCTU
COCTOSIHUSI CEPACYHO-COCYIAMCTONM CHCTEMBI, SIBISIETCSl H3MEpEHHE KpPOBSHOTO JIaBJICHMUSI.
KpOBHHOG JaBJICHUEC ABJISCTCA Ba)KHEUIIIUM HUHTCTPAJIbHBIM IMOKA3aTCIICM I'COANHAMUKHU.

Pa3znuyaroT cuctonnueckoe, IUacTOINYECKOE, MYJIbCOBOE U CpEHEe JaBlieHuE KPOBH B
aprepusix. Cucmonuueckoe NaBICHUE MPEICTABISAET COOON TaBICHUE KPOBH HA CTEHKY apTEepHH
BO BpeMs CHCTOJIBI (COKpAIEHHS) XKeNyI0uKOB cepaua. /Juacmonuyeckoe — AaBleHNE KPOBU Ha
CTCHKY apTepUU BO BpeMs AUACTOJHI (pacciadiieHus ) )KemyJ0uKoB. Pa3HOCTh MEX Ty STUMHI
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JABJICHUSIMH Ha3bIBAIOT IYJIBCOBBIM JlaBieHUEM. Cpednee dasieHue — UHTErpalbHas BEIIMYHHA,
IpeacTaBistomas co0oi cpeHee BCeX MIHOBEHHBIX 3HAUCHHH KPOBSHOTO JABJICHUS 32 BpeMs
CEepACYHOro IMKJIA:

1 t
P _~
=1t Ajt p(t)dt. (4.3)

VYka3aHHas BeNWYMHA — DSKBUBAJCHT 3aTpaT SHEPrUM Ha MOJJEpKaHHUE pPeaTbHBIX
3HAUEHUI KPOBSHOI'O JAABJICHUS B TEUEHUE CEPJCUYHOIO IIUKJIA.

B ximHUKe MpUMEHsIeTCsl KOCBEHHBIN croco0 M3MepeHus apTepuaibHoro nasieHus. OH
3aKJII0YAeTCs B TOM, YTO H3MEPSIOT JABJIEHUE, KOTOPOE HEOOXOANMMO IPUIIOKHUTH CHAPYXH,
4TOOBI C)KaTh apTEPHIO M0 MPEKpalleHUs B HEH TOKa KPOBU. DTO JaBJIEHHWE BechbMa OJIM3KO K
TaBIICHUIO KpoBH B aprepuu. Hambosee pacrpocTpaHeH METOA H3MEpeHHs apTepUaTbHOTO
naBinenus no H. KopoTkoBy, OCHOBaHHBI Ha BBICIYHIIMBAHUM 3BYKOB, BO3HHKAIOLIUX MU
MIPOXOKJCHUM KPOBU Yepe3 CKaTyl MaHkeToil aprepuio. llosiBieHue B XoJe AEKOMIIPECCHU
(YMeHBbIIIEHHsI C)KaTHsl) TEpPBOTO 3BYKA, YJIaBIMBAeMOro (HOHEHJOCKONOM, COOTBETCTBYET
MaKCHMaJIbHOMY CHUCTOJIMYECKOMY JJaBJIEHHUIO KPOBU B apTEPUU, IPOCBET KOTOPOI pacKpbIBaeTcs
MocJie MPEAIIECTBOBABIIETO CAABIMBAaHUS MAaH)KETOW. 3BYKHM HcCue3aloT, Koraa aedopmarius
IpocBeTa apTepun OyAeT MOJHOCTBIO YCTPaHEHAa. OTO COOTBETCTBYET JUACTOIMYECKOMY
(MUHMMAaIFHOMY) TaBJICHUIO KPOBH.

Jlanubie 3ByKoBbIe (peHOMEHBI BIiepBbie onucai B 1905 roxy Bpau H. Kopotkos. Metog
KopoTtkoBa o4yeHp yqo0eH U JOCTYIEH, OJJHAKO OH YK€ HE yJIOBIIETBOPSIET BCEM TPEOOBAHHIM
TOHKHX KJIMHUYECKUX M (DU3UOJIOTHUYECKUX HCCIEAOBAHUI TreoJMHaAMUKU. B 4acTHOCTH, OH HE
MO3BOJISIET M3MEPATh CpellHee NaBlEHHE KPOBUM B apTepuUaibHOM pyclie, a WMEHHO OHO —
BAKHEUIINN ITapaMeTp roMeocTasa.

4.2. TexHuKa U3MepeHus 1aBjaeHus no meroay Koporkosa

Jly1g u3MepeHus apTepuagIbHOrO KPOBSHOTO J1aBJICHUSI HEOOXOAUMO:

* IUIOTHO HAJOXUTh MaH)XXETy Ha IJIeYO MalueHTa U 3apUKCUpOBaTh €€, MPU 3TOM
3JIACTHYHBIE TPYOKU OT MaHXKEThI JIOJKHBI HAXOJUTHCS HaJl MPUKUMAeMOH apTepueii;

*  BCTaBUTH B YIIIHbIE PAKOBUHBI OJIUBBI (POHEHIOCKOTIA;

* TOJOBKY (poHEeHJOCKONa YCTaHOBUTh B JIOKTE€BOHM BIAJAMHE HAJ apTepHel, rae
MIPOLIYIIBIBAETCSI IYJIbC;

* TOBEPHYTh PETYJATOP MHEBMAaTUYECKOTO HATHETATENS IO CTPEJIKE IPUMEPHO HA IOJI-
o0opoTa U, pUTMHYHO CXKHMMasi OaJlJIOH, co3[aTh JaBieHue B MaHkere Ha 40 — 60 MM pT. CT.
BBIIIIE NIPEATIONATaEMOrO apTEPUATIBHOTO JaBJIEHUS. 3aT€M, MEAJIEHHO IOBOPAaYMBasi PETyJIsATOP
MIPOTUB CTPEJIKH, IUJIABHO CHIDKATh JaBJICHHE, OTMedas IOKa3aHHs MaHOMEeTpa B MOMEHT
nosiBiieHUsI TOHOB KOpPOTKOBa, YTO COOTBETCTBYET CUCTOJIMUYECKOMY (BEpXHEMY) JaBIICHUIO, U B
MOMEHT HCYE3HOBEHMSI UX, YTO COOTBETCTBYET AMACTOJIIMYECKOMY (HM)KHEMY) apTepHalbHOMY
JABJICHHUIO.

Jlnst OBICTPOro CTPaBIMBAHMS BO3JyXa M3 MaHXKEThl MOCJIE M3MEpPEHHs HEeO0OXOAMMO
MOBEPHYTH PETYIISITOP HarHETAaTeNs! IPOTUB CTPENIKH JI0 YIopa.

N3mepenus naBieHus M MyJbca ¢ IMOMOIIBIO 3JEKTPOHHOIO TOHOMETPA BBINOJHAIOTCS B
COOTBETCTBUH C MHCTpYKLMEN mpudopa.

4.3. JKcnepUMeHTATbHAS YaCTh
Ha puc. 4.1 npencraBieHbl MEXaHUYECKUH U SJIEKTPOHHBI TOHOMETPHI.
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Puc. 4.1. IBa TUIIa TOHOMETPOB (3JIEKTPOHHBIA M MeXaHUYECKHA)
JJIS1 ompejiesieHUs] KPOBSIHOTO 1aBJICHUS

1. be3 ¢usuyeckol Harpy3kd, B CIOKOHHOM COCTOSHMU TIallMEHTA MPOU3BECTH
U3MEpPEHUE JaBlI€HUS TEM M JPYTMM ToHOMeTpamu. IlocumTaTs mynbCc M CpaBHUTH C
MOKa3aHUSMHU SJIEKTPOHHOTO TOHOMETpa. [lanHbie 3anectu B maoa. 4.1.

Tabnuya 4.1
Ne
JaBienue u M3MepeHHust B JdaByienune
nyJabc 0e3 | duszuyeckasi | JaBJIeHHS H pemi nocje Mynke
Harpysku Harpyska nyJbca PENARCAUMM, | garpyskn rocie
R?spx/pngﬁa n oce MHMHYTBI p e / pras HATrPY3KH
HATPY3KH
1 2
2 4
3 6
4 8
5 10
6 12

2. BBITOTHUTH Harpy3Ky: MOJHATHCS TIO JIECTHHUIIE HA 7 ATaX B OBICTPOM TEMIIE HIIH
cnenath 25 — 35 npucenaHuii.

3. Tlocne BBIMOMHEHHS HATrPy3KHM HM3MEpPEHHs JABJICHUS W MyJlbCca MPOU3BECTH C
UHTEPBAJIOM B 2 MHMHYTHI 5 — 7 pa3 Hais ONpENeNeHHs BPEMEHHU pEJaKCalluu CepAEeYHO-
COCYIMCTOMN CUCTEMBI.

4. Pe3ynbTaThl U3MepeHuii 3anectu B maon. 4.1.

5. Ha onmHoMm rpaduk NHOCTPOUTH pellaKCAallMOHHBbIE KPHUBBIE BEPXHETO M HIIKHETO
naBieHus P(t).

6. [TocTpouTh penakcanroHHYI0 KpUBYIO myibca N(t).

Pe3yabTarsl padorsl. K oTueTy npeacraBurh:
* Talauiy ¢ pe3ynbTaTaMHu U3MEPEHUN 1aBJICHUS U MyJIbCa;

*  rpaduk penaxcarun Bepxuero u mmwknero nasnennit P,(1); P (1);

* rpaduk penakcanuu myiasca N(t).
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JladoparopHasi padora NeS. O00poTHBII MasITHUK.
Heap padoThl: onpeesieHue YCKOPEHUsI CBOOOJHOTO MaieHUsI METOA0M 000POTHOTO
MasTHHKA; OIIEHKA PE3YyJIbTaTOB U3MEPEHUM.
IIpuGopsl U MaTepuasbl: 00OPOTHBIN MasTHUK, CEKYHIIOMED.

5.1. Teoperuueckasi 4acTh
["apMOHMYECKUM OCHWIIIATOPOM Ha3bIBAaeTCS CHCTEMa, COBEpIIaroias kojaeOaHue,
omnuceiBaeMoe auddepeHIranbHbpIM ypaBHEHHEM BUIA:

: 2
S+w,S =0, (5.1)
re S — CMELUICHHE CHCTEMBI OT IOJIOXKCHHUS paBHOBecus, (h) — Kpyrosas 4actora

OCLMJUISITOpA.

Takue xone6aHus ABJISIOTCS BAXXHBIM MPUMEPOM MEPUOJUYECKOTO TBHIKCHHS U CIyXKaT
TOYHOW WIJIM TPUOIMKEHHON MOJIENTBI0 BO MHOTHX 33/1a4aX KIacCHYeCKO (PU3HKH.

PaccmoTpum kak mpuMep rapMOHUYECKOTO OCHUIIIATOpa (PU3NYECKUI MasTHUK — JIF000€
TBEPAOE TEJ0, COBEPLIAIOIIEE MO ACUCTBUEM CHIIbI TSXKECTU KOJIeOAHUs BOKPYT HEMOABHXKHOMN
TOPU30HTAJILHOM OCU IIOJBEca, HE MPOXOAsIIEH dYepe3 LEHTp Macc TBepaoro tena. Eciu

MasATHHUK OTKJIOHCH M3 IIOJIOXXCHHUA pAaBHOBCCHUA HA HCKOTOpLIfI yrojia @, TO B COOTBCTCTBHUHU C
YpPaBHCHUEM JVMHAMHKHU BPAIATCIIbHOTO ABMXXCHUA TBC PAOTO TCIIa

—

M =J0§:J0®‘1 (5.2)

—

rac M — MOMCHT CHII, HeﬁCTBYIOIHHX Ha MasATHHUK OTHOCHUTCIBbHO TOYKH O,
‘]O — MOMCHT MHCPLIUHN MAATHHUKA OTHOCHUTECIIBHO OCH I10JIBECA, Hpoxomm{eﬁ qepe3 TOUKY O, g -
pacCTodaHnuC MCKIAY TOYKOM MoABeca Omu HOEHTPOM MacCC MasTHUKa C, 2: @ — YIJIOBOC

ycKopeHue. JIasg MallblX yIJIOB OTKJIOHEHHMS MAasATHHUKA OT IIOJIOKEHHMS PABHOBECHA MOXKHO
npunsate S NG = ®. B paccmarpusaeMom ciiydae OT HY/IS OTIHYEH TONBKO MOMEHT CHII

msoxectn = Mg

M =F./=-mg/sin®, (5.3)
MMOATOMY YPaBHEHHE MAJIBIX KOJI€OaHNUN (PU3M YECKOro MasiTHUKa
J,0=M (5.4)
MPUHUMACT BU
Jo®+mg/® =0 (5.5)
NI
. Mg/
O+ M%g -0 556)
Jo
/m 14
[Ipunumas Wy = _Jg_ , IIOJIYYUM YpaBHEHHUE
0
O+w.0®=0. (5.7)

Oto nmuddepeHManbHOE ypaBHEHHE BTOPOrOo  TOpsJKAa TapMOHMYECKHX  KOJICOaHMIA
¢usnyeckoro MasiTHUKA. Ero pemeHne n3BecTHO U MIMEET BHL:

® =0, cos(apt +y), (5.8)
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rae Y/ o — HavanpHas (asa KoneOaHui.

W3 3TOr0 pemieHus cuenyer, 4To Mpyu MallbIX KoJeOaHusIX (U3NYeCKUN MasiTHUK
COBEpLIACT TapMOHMYECKHE KoJeOaHMs C LUKIMYECKOW 4YacToTod ¢« U MepuoioM

T= 272'/ y , T.e.
T-__ 2% _,, /J—0=2n\ﬁ, 5.9)
\(mg?) 13, mg/ g

rme L=J,/m{ — npusenennas niuna pusuyeckoro mastauka. Touka O,  Ha npopomkenun

npsimoit OC (puc. 5.1), oTcrosimiasi OT OCH MOJIBECa Ha PaCCTOSHUH MMPUBEICHHOMN JUTHHBI L,
HA3bIBACTCS [ICHTPOM KauaHUH (PU3NYECKOTO MASITHUKA.

——-

me
Puc. 5.1. Duznyeckuii MAITHUK

ITomHs, yTO MOMenm unepyuu mena  J 0omHoCUmMeNbHO 110OOU OCU BPAWYEHUSL PABEH

Momenmy unepyuu J. ommocumensro napainensHo ocu, npoxoosuet uepes yenmp macc C

mea, CI0HCEHHOMY € NPOU3BeOeHUeM MACCbl meaa m HA K8Aopam pacCmosHUus Mexcoy 0CAMU
(meopema Llmetinepa):

2
Jo=Jc +ml (5.10)
MoIy4aeM, 4To J
2
L _Je+tm® —p e 5y (5.11)
m/ m/

1.e. OO, Bcerna 6ompime OC. Touka mogseca O u neHTp Kavanus O,  00najaroT CBONCTBOM

B3aMUMO3aMCHACMOCTH: €CJIKM OChb IIOJBECAa NCPCHECCTU B LCHTP Ka‘laHHﬁ, TO Touka O HpC)KHCﬁ
OCH MnoaBECa CTAHET HOBBIM LHCHTPOM KadyaHuil u nepuon KoJIeOaHMM (1)H31/I‘I€CKOF0 MasiTHHKa HE
U3MCHUTCA.

Bo3BeeM B KBapar BRIpaKeHUs 1 |, u [ ,:
(T Y (T Y

mgfllkz—;zj =Jo +meZ, mgfztz—;J =J. +ms3.

BrImoiHUM BEIUMTAHHUE NOCIICAHUX BLIpa)KeHI/Iﬁ OJHOI'0 U3 APYyroro, yduToeiBadg 4TO

T]_:TZ:T:

[l)z mg(¢ —¢ )=m(¢* - ¢?). (5.12)
272_ 1 2 1 2
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Tak kak le— fzz = (61 - Kz)(gl + gz),TO

T

— =0+ 1,
ZﬂJ J Lo
OTKyZa

2
Az=(4+ 1)
g - T 2
Takum 06pa3oM, MbI IOAYYHIH (GOPMYITy I pacdyeTa YCKOPSHHs CBOOOIHOTO IaICHHS
METOIOM OOOPOTHOTrO MasTHHKA. Kak YacTHBIA ciiydail (DU3MYECKOr0 MasTHHUKA PacCMOTPHM

MaTEMaTHUCCKUL MasATHHUK, Yy KOTOPOTO BCA MaccCa COCpCAOTOYCHA B OJHON TOYKE — LHCHTPC
macc. Torma BBIpAXXCHUC IJIA IICPHOJda MaJIbIX KoJIEOAHHMH MaTeEMaTHYECKOTO0 MasiTHHKA

(5.13)

2
3alIMIICTCSA (MOMGHT HHCPUUH MATEMATUICCKOTO MasATHUKA \] = mg , JJIMHa 6)

T=2n |  =2rx m_ (5.14)
mg/ mg/
!

T=2x1 - (5.15)
g

CpaBHuBass (¢GopMynbl JJs pacdyera nepuoja MaTeMaTH4ecKoro U (U3HYECKOTo
MAsITHHKOB, BUJIMM, 9TO €CITH IPHBEACHHAs AmrHa L pusideckoro MasTHuKA paBHa e £
MaTEeMaTHYeCKOro MasTHHKA, TO WX MEepHoAbl KojebaHus oauHaKoBbl. (ClenoBaTeNnbHO,
NIPUBEJCHHAs JJIMHA (PU3NYECKOTO MAATHUKA — 3TO JUIMHA TaKOI'0 MAaTEeMaTH4YeCKOIo MasTHUKA,
Mepuoja KoJieOaHUN KOTOPOTO COBMAJAET C MEPUOAOM KoJiebaHUN HJaHHOTO (U3HUECKOTO
MasTHUKA. J[agum nmopobHoe onpeaeseHne MaTeMaTHYeCKOMY MasiTHUKY.

Mamemamuueckuti MasmHuk — 3mMoO UOEANUSUPOBAHHASL CUCMEMA, COCMOAWAS U3
MAmepuaibHoU Mo4KU MAcCou m, NOOBEULeHHOL HA HEPACMANCUMOU HeBeCOMOL HUMU OJIUHOLL
U, u xonebnrowasca noo Oelicmeuem Cuibl MmiNCecmil.

I[JISIT:27Z- B npnf—)OO,T—)OO.

Y ¢usznueckoro MasTHHKAa TpPU BO3paCTaHUU 14 nepuon 1 cHauyana yObIBaeT 10
HEKOTOPOTO MHUHHUMAJIBHOTO 3HAYEeHHsS, a 3aTéM CHOBa Bo3pacTaeT (TapMOHUYECKas
3aBUCHMOCTH ). KauectBenHslit BU]L 3aBUCUMOCTH HU300paxeH Ha
puc. 5.2. 3aBucuMocTh 711 (f ) UMeeT IBe CHMMETPUYHBIC BETBH, COOTBETCTBYIOIIHE TOJIO0KEHUIO
TOYKH MOJIBECA MAaATHUKA CIIPaBa U CJieBa OT €ro LEHTpa Macc.
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a
>

Puc. 5.2. 3apucumMocTh nepuoaa Kosied0aHuii pu3N4eCcKOro MassTHUKA OT JVTUHBI

BosBpamasicb K M3MEpPEHUIO0 YCKOPEHHs CBOOOJHOrO MaJeHHs METOJIOM OOOPOTHOIO
MasTHHKaA, O6paTI/IM BHMMAaHHME€ Ha TO, YTO OCHOBHBIM €I0 JOCTOHMHCTBOM SABJISACTCA
HE00X0AUMOCTh U3MEPEHHsSI TOJILKO JIBYX BEJIMUYMH: PACCTOSHUS MEX1y peOpaMu ONOPHBIX

mpmm (1 + 0o =F) wu nepuonos «komebanmii MasTHHKa B TonOKeHHH {1 U B

«(IICPEBCPHYTOM» ITOJIOKCHUUN g 2 TAKOM, 4TO fl * f 2.

5.2. Onucanue yCTAaHOBKH
Ha puc. 5.3 npencrasnen usnyeckuii 000poTHBIA MasTHUK. OH MpeacTaBisieT co0oit
CTaJbHOW CTEpPKEHb, HA KOTOPOM YKPEIUIEHBI JBa MACCHUBHBIX Tpy3a. J[Be Jerkue OrnopHbie
MIPU3MbI MOTYT IIEpEMEIIATHCA 110 CTEPIKHIO M (PUKCHUPOBATHCS C IOMOIIbIO BUHTOB B Pa3HbBIX €r0
TOYKax. MasTHUK MOXXET K0Jie0aThCsl B BEPTHKAIBHOM IJIIOCKOCTH, ONMUPASICh HIKHUM PeOpom
OJTHOW W3 TPU3M Ha 3aKPEIUICHHYI0O Ha MacCHBHOM INTAaTHBE OMOPHYIO Iomanky. [lepemeras

IPU3MBI 110 CTCPIKHIO, MOKHO OTBICKATH TAKUC JIBC COIIPAKCHHBIC TOYKU ITOABCCA ( Ol , 02 ), 4qTo

IIPU TOJBEUIMBAHUM OOOPOTHOTO MAasTHUKA 3a OAHY WJIM JPYryl0 TOUKY NEpHOA KojeOaHHit
OCTaHETCS] HEU3MEHHBIM.

b

Puc. 5.3. YeranoBka 1S onpeiejieHusi YCKOpPeHHsi CBOOOTHOI0 MaieHust
METO/I0M 000POTHOI0 MASITHUKA
3anucaB Gopmyny rnepuoaa KojebaHud ajisi 000pOTHOTO ((pU3HUECKOr0) MasTHUKA H
BOCIIOJIB30BaBIINCE Teopemoil llITeliHepa, MOJNydMM BBIPAXKEHHUs Ul OIpPENEICHUs IepUuoaa
KOJIeOaHUs IPSIMOTO U 0OOPaTHOTO TOJIOKCHHS MasiTHUKA:
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T2: 272'

mg/ ,

[TonBuKHBIE Tpy3bl 3aKPEIUISIOT HA CTEPYKHE B HECUMMETPUYHBIX IOJIOKEHUAX (puc.
5.4): ouH rpy3 — y KOHIIA CTEPKHS, a APYroi — BOJIM3U ero 1eHTpa. B aTom cimyuyae neHTp mace
C MasTHMKa HaXOJUTCS MEXIY IHOJIBHXHBIMU TPy3aMH U CMEILIEH OTHOCHUTEIbHO CEPEIUHBI
CTepXkHs. 3aTeM NPUOINKEHHO ONPEALIAIOT MoiokeHue 1eHTpa mace C MasgTHHKA.

y

1,

Puc. 5.4. IlpumepHbIe M010KeHUS TPY30B U ONMOPHBIX MPU3M 000POTHOT0 MAITHUKA

OnopHble NMpU3MBI YCTAHABIMBAIOT IO pa3Hble CTOPOHBI OT ILeHTpa Mmacc. OnHa wu3
OTIOPHBIX NMPHU3M YKPEIJISETCs ClipaBa Ha HauOOoJIbIIEM BO3MOKHOM PAaCCTOSIHUM OT LIEHTpa Macc,
T.€. BOJIN3M KOHIIA CTEP>KHA. DTO AENAETCSA C LENbI0 BBINTH KaK MOYKHO Jailbllle U3 OOJIACTH

MUHMMyMa ITepHo/a Konebaunuii. B arom monoxenuu onpenensiercs nepuon 7( 1) mambix

KOJICOaHUIA.
3areM, HE MEHsA MOJOXKEHHS TPY30B, YCTAHABIUBAIOT BTOPYIO MOJBIKHYIO MPU3MY IO

o /
JIPYT'YIO CTOPOHY OT IIeHTpa Macc BOMM3H Touky C 1 onpenensoT nepuox konebanmii T( L) B

9TOM ITOJIOKCHUU.

Ecmm okazanocs, uto T( f/ )3 I( 0), O BTOPYIO IPU3MY TIEPEIBUTAIOT JANIbIIE OT

I . I /
LeHTpa Macc B oIoxerne ¢ oM CHOBA M3MEPSAIOT nepuo Konebanuit T( 14 )9 Ecin e T( 14 2

)<T( £1), To BTOPYIO ONMOPHYIO MPH3MYy CIABHIAIOT 9yTh ONWMKE K IEHTPY Macc M CHOBa

M3MEPSIIOT Tmepuoi Konebanuit (puc. 5.4). HeobxomumMo n0OUTHCS COBHAIEHUS TEPUOIOB C

tounoctsio 1o (1+2)-107¢.

B maGoparopHoii ycTaHOBKe 1Tepro KojaeOaHUi MOXKET OBITh ONIPE/IENICH C CYIIIECTBEHHO
0oJiee BBICOKOM TOYHOCTBIO. [109TOMY TOYHOCTH OMpeneNneHns YCKOPEHHUsS CBOOOIHOTO MaJieHus

Ag / 0 =e moxer ObiTh syume 0,5% u GeccMBICIEHHO OOMBATHCS MOIHOTO COBIAJCHHS

neprozoB xonebanuit T( L) u T( L 7).

JIoOUBIINCH COBMACHMSI IEPUOIOB KOJICOAHHIA C TOUHOCTHIO JI0

(1+2)-10°¢,

naxozst paccrosiaue (/1 + £ 5 ) mexay npusmamu i o dpopmyie (5.13) onpegensior g.

OTMeTHM, YTO BCe H3MEPEHHs 1epruooB Konebannii T( ) ciemyer mpoBoaUTs IpU
MaJbIX YTJIOBBIX aMIUTUTYaX, HE MpeBbIIamuX (4 + 5)°, Tak Kak TOJIbKO B 3TOM cliy4yae s

®opma A
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Teproza KoieGaHuii MasTHHKA cripaBeuinBa Gopmyta | = 277/ ] 0 / mq /.

5.3. DkcnepuMeHTaIBLHAS YaCTh
1. 3akpenuTh NOABM)KHBIE TPY3bl Ha CTEpPXKHE B TMOJOXKCHHUAX, HPUOIUZUTEIHHO
COOTBETCTBYIOIIUX puc. J.4. IlepenBuras CTep>KeHb MO OMOPHOM IUIOMIAJKE IITATUBA, HANTH
NPUOIM3UTENBHO MOJI0KEHHE IeHTpa Macc C MasiTHHKA.
2. YKpenuTh OJIHY U3 MOABMKHBIX MIPU3M CIPaBa Ha MAaKCUMAIBHO BO3MOXHOM

paccrosumu £1 ot nentpa macc. OnpeaenuTh nepuo Konebanuii mastauka 1, ( £1) npu

JAHHOM IIOJIOKEHUU ONOPHOW npusMbl. llepron 7' HalTH 1O BpPEMEHHM, 32 KOTOPOE MAasTHUK
COBEpIIaeT 10 KOJIeOaHUil MaJIon aAMILTUTY/IbI

(4~ (4+6)°).
3. Ykpermsisi BTOPYIO OABIKHYIO IPU3MY JIEBe€ IEHTPa Macc Ha HEOOIbIIOM

paccrostann £ 9 OT HEro, HOGUTHCS COBIANCHHS EPHOA KOIOaHMIA T,(/ 2 ) B aTOM
TIOJIOKEHHH C paHee HalIeHHbIM Tieprosiom konebanuit T (/). PaencTso T( l)=T(1 5)

-3
JIOJKHO BBINOMHATBCA ¢ TounocTwio (1 +2) <107 ¢ .

4. Wsmepurs paccrosane ( £ + £ 5 ) Mexay npusmamu 1 o dopmyie (5.13)
BBIUUCIIUThH YCKOPEHHE CBOOOIHOTO TajieHus §. [Ipu 3ToM ciielyeT y4uThiBaTh, 4TO MEPUO.T

xoneGanmii papen T= T,(£1)=T,({ ).
5. PaccuuTaTh a0COMIOTHYIO OTPELIHOCTD ISl YCKOPEHUsI CBOOOAHOTO MaJCHHUS.

PCSyJ'II)TaTbI paﬁoTbl. K OTYETY NPEACTABUTD:

*  paccTosiHhe 14 1+ 14 2,

* 1nepuoj KosiebaHuit 7' ¥ MOrpemHoCTb (Tl(f 1) - T2 (f 2 )) /T B%;
* (¢opmyny ans pacuera Ag ;
*  ycKkopeHue cBoGoxHOro nageHus B Buge J + Ag .

Paznen 2. Moaekyiasipuas ¢pusuka.

JIabopatopras pabora Ne6. Onpenenenne orHomenus Cp /Cy 1 CKOPOCTH 3BYKa BBO3IyXe
METOJIOM aKyCTHYECKOT0 pe30HaHca.
ean padoThl: 1) U3ydnuTh 3aKOHBI UIEATHHOTO Ta3a; 2) 0O3HAKOMHUTHCS C PE30HAHCHBIM
METOJIOM OIpEeNeTeHHs] CKOPOCTU 3BYKa B BO3JyX€ METOJIOM CTOSYEH BOJHBI, 3) OMpPEIeIUTh
orHotrenue Cp/ C,.

IIpubopsl M NPHHANIEKHOCTH: YCTAaHOBKA JJIsl OIpPEAETCHHUs CKOPOCTH 3BYyKa B
BO3JyX€ METOJIOM aKyCTHYECKOTO pEe30HaHCa, »JJIEKTPOHHBIK ocuusuiorpad, 3BYKOBOM
TeHepaTop.

6.1. Teopernueckas 4acTb
CocTtosiHuE Ta3a onpenensieTcs ¢ IOMOIIbIO TPEX TEPMOJUHAMUYECKUX TapaMeTpOB
COCTOSIHUS: 1aBieHus P, temneparypsl 7' u oobema V.
I"a3, B KOTOPOM MOKHO MpeHeOpeyUb CUIIaMHU MEXMOJIEKYJIIPHOTO B3aUMOJICHCTBUS U
pasMepamMH MOJICKYJI, Ha3bIBACTCS UOEAIbHBIM.
CocTtostHue uIeanbHOro rasa OHI/ICBrIﬁSaeTCSI ypaBHenueM Knanelipona-Menpeneena:

PV =—RT =WRT, (6.1)
7
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rjae m — macca rasa; £/ — MosapHas macca raza; R=8,31 JIxx/monsK — ynusepcanbhas razosas

HOCTOSIHHAS.
Brympennss snepaus nieanbHOro rasza siBisercs GyHKINEH COCTOSHUS, T.€. 3aBUCHUT
TOJIBKO OT TeMIIEpaTypbl, YTO CIEAYET U3 OCHOBHOI'O YPABHEHUS MOJIEKYIISIPHO-KMHETHYECKOM
teopuun (MKT): .
m |1
U(()= 2RT, (6.2)
H

rze | — 9ucIo cTerneHeil CBOOO B! IOCTYIATEILHOIO M BPAIaTSILHOTO ABMKEHHIS MOJIEKYIT Ta3a.

WN3menenne »HHepruMm TIpU  TEIUIOOOMEHE ompeaensercs xoauuecmeom menia Q.
KonuuecTBo Temia, HeoOX0AMMOE sl TIOBBILICHUS TEMIIEpATyphI Te€Jla Ha OAUH TPaayc
KenrBuHa, Ha3eIBaeTcs menioemxocmoio C:

d
C = _Q Jx/K. (6.3)
dT

[Tonnas Teruoemkocth Tena C cBsi3aHa € YACIBHOM TEIJIOEMKOCTBIO C, HMMEIOIIEH

pasmeprocts JUk/krK, coornomennem C = MC , rae M — macca tena. Jlis ra3soB IPUHATO
T0JIb30BATLCS MOJIAPHOU TETLIOEMKOCTBIO C,,.

m
TermmoeMKoCTb OJHOTO MOJIS rasa —= 1 Ha3bIBACTCA MOHHpHOﬁ TCIIJIOCMKOCTBIO, a

U

TEIJIOEMKOCTh 1 KT BC€OICCTBA — YI[eHBHOﬁ TCIINIIOEMKOCTBIO C. MOHﬂpHaH TCIIIIOEMKOCTD C/u

HUMECT pPa3sMEPHOCTH I[)K/MOJIBK n CBsA3aHa COOTHOIICHUEM C YI[CHBHOﬁ TCIINIOEMKOCTBIO

C;u = C/,l . Ilomnas temnoemkocth C cBsizaHa ¢ y,Z[eHLHOﬁ TCIINIIOEMKOCTb C HMOJ'I?IpHOfI

TCIINIIOCMKOCTBIO C,u COOTHOIICHHUEM

m
C=mc= —C,,. (6.4)
Y7,
[lepBoe Ha4aao TEPMOAMHAMHKH YCTAaHABIMBAET, YTO KOJMYECTBO TerioThl dQ,
nepelaHHOe KaKoH-Ti00 cucTeMe, 3aTpaunBaeTCsl Ha yBeNMUeHHe ee BHyTpeHHel sHeprun dU u
paboty dA, coBepiIaeMyro CUCTEMO# TPOTHB BHEITHUX CHII:

dQ =dU + dA. (6.5)

C yuerom (6.2) u dA = Pd V', nepBoe Hauano TepMOIMHAMUKH [UIs MICATLHOTO rasa
HUMEET B

m i
dQ=— _RdT | pgy . (6.6)
u 2
Pa3nenuB ypaBuenwue (6.5) Ha dT u yuutsiBas (6.3), momydum:
du , dA
C=—+(dT7. (6.7)
dT
W3 3Toro cnemyer, 9To TEIIOEMKOCTh ra3a CYIIECTBEHHO 3aBUCHUT OT CIIoco0a
M3MECHEHUS COCTOSHUS ra3a.

OcHOBHbBIE MPOIECCHI H3MEHEHHUSI COCTOSTHUS OTHOTO MOJIsI ra3a
1. Mzoxopuueckwuii mporecc (V = const)

Tak kak 3nemeHTapHas paboTa rasa dA = PdV , 1o B s1om cyaae A = 0 . TIpu stom
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(6.4) nepenuiem B BUJE
dQ =dU,
ClIeZIOBAaTEeNbHO, MOJISIPHAS TEIUIOEMKOCTh IIPU M30XOPHOM IPOLIECCE PaBHA
C—_dU- C,='R (6.8)
Yoar Y g |

TJIe BEIMUMHY CV HA3bIBAIOT TETNIOEMKOCTBIO MOJIS Ta3a MIPU MOCTOSIHHOM 00BeMe.

2. N3obapuueckwii mporiecc (P = const)

B wu3o6apuueckoM mporecce IMOABOAMMOE TEIUIO PACXOAYeTCs M Ha yBEIUYEHUE

BHYTpCHHeﬁ OHCPIruv, U Ha COBCPIICHUC I'da30M pa6OTLI M0 paCHIMpCHUIO, IMPOTHUB BHCHIHCTO
nmaBieHus. B atom cJ1ydac nepBoc Ha4aJI0 TCPMOANMHAMUKHA 3alTMIICTCA CICAYIOIIUM 06pa30M:

dQ =dU + PdV , M, TIOJIEJINB Ha dT , TOJTyYlM
dQ du  Pdv
==t 4T . (6.9)
dT dT
Benuuuna dQ/ dT , OTBEYAlOMIasi  TMOCTOSHHOMY  JaBJICHHUIO,  OIPEACISeT
TEITIOEMKOCTh T'a3a P MOCTOSTHHOM JaBJICHUH C p. Benmnunna du/dT , coryacHo (6.8),

paBHa Cv . [ToaTomy nosrygaem

c.=c, +°dV
dv
wim ¢ yaeroM Toro, uto P—— = R (u3 ypasnenns (6.1) mst 1 moist rasa)
Co=C,+R,
NI
C.—-C, =R. (6.10)

CHGHOB&TGHBHO, CP > CV Ha BCIIMUUHY R, T.C. DHCPICTUICCKU Ooiee BbBITOAHBIM

SIBJISIETCS] M30XOpHBIH mporecc. CootHomeHus (6.10) Ha3pIBaloT ypaBHEeHHEM Maiiepa.
3. N3orepmuueckwii iporecc (7 = const).

Vpasnenue cocrosmus PV =VRT nepexonur B 3axon Boitns-Mapnorra

pV =const, (6.11)
a ICPBOC HAYAJIO 3alIUIICTCA
dQ =dA. (6.12)
HpI/I 9TOM BCC MMOABOANMOC TCIUIO MEPECXOAUT B pa60Ty " TCIIJIOECMKOCTH CT — 00, TaK
kak dT =0
C = dE—) 0.
Todr

4. AnmabGaTHyecKHii mporece — 3To MpoIece, MPOUCXOAAIIHNHN 6e3 TerooOMeHa ¢
oKpyKaroriei cpenoit, T.e. dQ = 0. [TepBoe HavaIO 3aMUIIETCS:

O=dU+dAHanA=—dU,

T.€. paboTa pacIIUpEeHus UM CKATHA ra3a MPOUCXOIUT 3a CYET BHYTPEHHEH SHeprueii rasa.
TennoeMKOCTb B 3TOM ciIydae paBHa HYIIO.
YpaBHeHHe aaradaThl MOXKHO BBIBECTH, HCXO/S M3 MIEPBOr0 Hauaia TEPMOJIUHAMUKU U
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ycaoBus, uto dQ = 0:
dQ=C,dT N PdV =0. (6.13)
Hudbdepenunpys ypaBuenne MenaeneeBa-Knaneitpona mist 1 mous, PV =RT,
MOJIy4aemM PdV + VdP = RdT , WK
PdV + VdP
dT = . (6.14)
R
[Toacrasnss (6.14) B (6.13), momyuum:
C C
—PPdv  2YVdP + PdV =0. (6.15)
R T R

[TpeoOpasys cootnomenune (6.15), ¢ yderom ypaBHeHHs Maiiepa NPUXOIUM K
YPaBHECHHUIO

(€ , RIPAV  C\vdP=0.

WA
WA
Cepgv  vdP=0.
Cy +
C
O003HaYMM BETUYUHY C—P = ), B p€3yNbTaTe MEPEXOUM K YPABHCHHIO
\
#PdV +VdP =0,
HHTETPHUPYS KOTOPOE, ITOTYIUM
PV 7= const. (6.16)

OT0 BBIpaKEHHE MOTYYHIIO Ha3BaHKe ypaBHeHMs [Tyaccona. Benmnunna ) HasbiBaeTcs
noxaszamenem aouabamol.

OHpC,Z[CJ'ICHI/IC CV OKCIICPUMCHTAJIIBHO ABJIACTCA CIIOJKHOM 3aJ:[aqu71, IMO3TOMY, 3HaA 7/ n

Cp , MOXXHO 3TO C/IEJIaTh JOCTAaTOYHO MPOCTO. B crutomnHoli oqHOPO HOM cpene, KakoBO# Oyaem
CHUHUTATH BOS)IYX B CTCKIISTHHOM HI/IJ’II/IH}Ipe Hamel‘/i yCTaHOBKI/I, BBIACJINM MBICJICHHO HeKOTOpBIﬁ
oovem AV =SdX, rIe S - IJIOMIAah TIOTIEPEYHOTO CcedeHusl mwinmHapa. [lycts
KpaTKOBPEMEHHBIN UMIYJIbC CHIIBI F (IBMKEHHE MOPINHSA B IUJIWHAPE) BBI3BIBAET CMEIICHHE

qacTHIl cpelbl (BO3LyXa) B Y3KOM CIIO€, MPHICTAINEM K CeYeHHIO TOpIIHsS O . B aToM cioe
BO3HUKAIOT YNPYIHME CHJIbI, CTPEMSIIMECS OCTAHOBUTH YACTHIIBI IIEPBOTO CJIOSI M MPHUBECTH B
JBUKEHHE YacCTHUIbl BTOpPOro ciosi. B urore aeiicTBue ympyrux cuil MpuBEAET K jAedopmanuu
CKaTHsl B ATOM CJO€ M K €€ BO3HMKHOBEHHIO B cleayromeM. TakuMm o0pa3oM, HMITYJIbC
nedopManuu CXKaTHs TEpeaeTcss OT CJosl K CIOK € HEKOTOpOM ckopocThio U (MHOHM, yem
CKOPOCTb JIBUKCHMSI CMEILAIOIIUXCSl YACTHULL).

Ecnu BA3KOCTh B BO3yX€ NMPEHEOPEKUMO MaJla, TO MOXKHO 3TOT UMITYJIbC IPUPABHATE K
HMITYJIbCY BHELTHEHN CHUJIBI

Fdt = ApSdx v,
rak kax FAt=d (mov) ,adm =AﬂjV = ASde :

Yunrssas, uro X / dt = U, MOJTy4aeM BhIpaKeHHE JUI KBajpaTa CKOPOCTH
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F
_S-Ap

C YUYCTOM TOI'0O, UTO AOIMOJIHUTCIIBHOC NABJICHUC B CJIOC OMMPCACIIACTCA COOTHOUMICHUCM

F /S = AP , [I0JIy49acM

UZ

b= AP
Ap- (6.17)

Hcnonb3ys ypaBHEeHHE KnaneﬁpOHa-MeHzI[fﬁneeBa (6.1)

APV = —RT,
7

HOJTyYaeM:

AP=Mm RT
V. u’
rie —=p0- Pa3nenus s1eByI0 M paByro 4acTH ypaBHEHUS Ha Ap, 3alUILIEM:

AP _RT
Ap  H

[ToacraBum (6.18) B Bolpakenue (6.17) u momyuum Qopmyny HeroToHa st
M30TEPMHYECKOTO Tporecca:

(6.18)

RT
v=_|—. (6.19)
U

3HaueHue CKOPOCTH, BbIYMCIEHHOE MO (6.19), HE COOTBETCTBYET 3KCHEPHUMEHTAIbHBIM
naHHbIM (D = 320 m/c).

[TonpaBky BHec Jlammac, KOTOpPBIM MOKa3aj, YTO MPOLECC CTYIIEHUS MU PA3PEKECHUS
cpeabl TPOMCXOMUT HACTOJIBKO OBICTPO, YTO €ro MOYKHO CYHMTaTh aAHa0aTHUYeCKUM U
M0JIb30BaThCs JJI pacyeTa CKOPOCTH PacHpOCTPAHEHHUs 3BYKOBOM BOJHBI (KAKOBOU SBIISIOTCS
MEPUOINYECKUE CIKATHS U Pa3pEKEHUS BO3/lyXa) ypaBHEHUEM a/1nabaThl

PV7” =const, ey ="

Cy
[Toatomy BMecTo popmyinel HetoToHa (6.19) Mbl Oyem mosib3oBatbes popmynoi
Jlanaca
RT
v=_y—. (6.20)
H
Pacuersl ckopocTH 3ByKa 110 HEM XOpOILO COTIaCYIOTCS C ONBITHBIMU pe3yapTaTamu. 13
(6.20) cnenyer,

2
U
7Y =RT . (6.21)

Wrak, n3MepuB IIpH ONpEACIICHHON TeMIiepaType I CKOpOCTh 3ByKa B rase U W 3Has
MOJIIPHYIO Maccy rasa L , MoxkHO 1o popmyie (6.21) BEIMUCIIUTE OfHY M3 BaKHEHIIMX
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TEPMOJIMHAMHUYECKUX XapaKTEPUCTUK — IIOKa3aTesb auadarsl )/ .

B npennaraemoii paboTe CKOpOCTb 3BYKa H3MEpSETCS METOJIOM CTOSYUX BOJIH,
00pa3ymroIuxcs B cToJIOE ra3a, 3aKI0YeHHOro B Tpyoe. OAuH KOHell TPYObl 3aKPBIT MOPIIHEM, Y
APYroro pacrojiokeHa MeMmOpaHa AuHaMuKka. [Ipy BKIIOYEHHHM 3BYKOBOTO TeHEpaTopa
Kose0aHuss MeMOpaHbl BHI3BIBAIOT PACIPOCTPaHEHUE 3BYKOBOM BOJHBI, KOTOpasi HHTEphepupyet
C BOJTHOM, OTPAYKEHHOH OT IOBEPXHOCTH TOPIIIHS.

Ecnu uvacrora koneGaHuil coBmagaer ¢ OAHOM M3 YacCTOT COOCTBEHHBIX KojeOaHUM
BO3JyIIHOTO CTO0Aa (SBIICHUE PE30HAHCAa), TO B TPyOE YCTaHABIUBAIOTCS CTOSYHME 3BYKOBBIC
BOJIHBI.

PaccmoTpumM cnydait, koraa 3aTyxaHue B CpeJie HEBEJIMKO, aMIUIUTYAbI MAJA0IIEH 1

OTpa)KeHHOfI BOJIH OJIMHAKOBLI X PABHBI AO .

[Tpu oTpaskeHUH BOJIHBI OT OOJIeE IIOTHOM MPErpajibl B TOUKE OTPAKCHUS KaK ObI TEPACTCS
MOJIOBUHA BOJIHBL, T.€. (pa3a oTpaskeHHOW BOJHBI MEHsIETCS Ha T .
Toraa ypaBHeHUs BOJHBI AJIs TAIAI0MIEH U OTPAKEHHOM BOJIH 1/)1( FOT BUJ;

Yian = Agsin- (at —kx) = Asinw-|t—_ |, (6.22)
\ ¥y
[ X)

Yo = Agsin- (at + kx) = Asin w- | t+_ |,
Y
o 27
rae K=—=— —Bonnosoe YHCIJIO0, U — CKOPOCTh PacCIpOCTPAHEHHUS BOJIHBL, (U 1 A-
1%

4acToTa U JUIMHA BOJIHBI.
CknazpiBast 006a ypaBHEHHUS U IPUMEHSS (l)OpMyJIg)IUISI CYMMBI CUHYCOB, ITOJIy4aeM:

Y=Yt Yop =2 Aocos;x -SIn ek . (6.23)
YpaBHeHue
w
Y =2A,c0s—X-sin at (6.24)
v )
Ha3bIBACTCS YPABHEHUEM CMosYell 801Hbl, T BETUYNHA A= 2A0 COS E X sBngercs

aMHHHTyHOﬁ KOJIeOAHHH B TOYKE C KOOp[[HHaTOﬁ X W1 HC 3aBUCHUT OT BPpCMCHHU. AMHJ'II/ITy,[Ia

KoJie0aHui 3aBUCUT OT KOOPAUHATHI X TOUKU HAOIIOACHHUS, T.€. aMIUIUTYAbl KoseOaHui
Pa3IMYHbIX TOYEK pa3iuyHbl. TOUKH, B KOTOPBIX aMILTUTY1a A= Amax | Ha3BIBAIOTCA
MYYHOCTSIMH CTOSTYEH BOJIHBI, a TOUKH, T1e A = 0 — y3mamu crosiueit BonHbI (puc. 6.1).

PacCTOSsIHIE MEX/Iy COCETHIMHE y31aMu £ MOXHO HaifTH U3 yCIOBHS:

@
cos —x=0
v
o 7 2r
(A = 0 — y3en), orcrona ciienyer, uto — — — T 701, Toraa (¢ yuerom toro, 4ro (0= ——, a

L

X 7
U.T=l)a)_= + N7, otkyna
v 2
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¢ a1}t
2)2 L 2

RN /N t

N N
/_\ /_\ _teT
N

xi 1 nsYxoCcTU

|
g
Nl

| I
37751 {

Puc. 6.1. Cnoxkenue najgawineil 1 0TpaskeHHON BOJIH

Paccrosinue MCKAY YKa3aHHbIMU TOYKAMHU
sz\ﬁzxnﬂ—x\, ,
14 134
(=|n+l+ - |=—-|n+2 ==

. (6.25)
2 )2 2)2 2

Nrak, paccTosiHue MeXIay COCETHUMU y3na%m paBHO

0=
2

OTOM e BEIUUNHE paBHO PAaCCTOAHUC MECKAY COCCAHUMU IMTYYHOCTSAMU. HeprI[HO

IMOKa3aThb, YTO paCCTOAHHUE MEXKIY COCCAHUMHU IMYYHOCTAMHU U Y3JIaMH PaBHO —.

Tak kak crosyas BOJHA  SIBJISIETCS  PE3yJbTAaTOM  CJIOKEHHS JABYX  BOJIH,
pPacpoCTPaHSAIOMMXCS B MPOTUBOMNOJIOKHBIE CTOPOHBI, TO PE3YJIbTUPYIOIINNA MOTOK 3HEPIHHU
paBeH 0. 3HaYUT, cMosuas 60AHA SHEP2UIO HE NEPEHOCUM.

B cnyuae oTpakeHust ynpyroil BOJHBI OT 060jiee TIIOTHON cpefibl (TIOPITHS) COOCTBEHHBIE

4acTOThl ONpeeNstoTcss u3 ycioBust (6.25). Ecnm Ha mimHe Bo3mymHoro cromba L
YCTaHOBUJIACh CTOSTYAst BOJIHA, TO HA ATOU ﬁmme YKJIa/IbIBAETCSI 11€7I0€ YUCIIO MOTYBOJIH, T.€.

L_n_ II 1,2,3....
U

C yyeTom TOTrO, 4TO A= —,
| %
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n L
OTKyJa V= —4L. (6.26)
[Ipu coBnageHnn COOCTBEHHOW YACTOTHI V C YACTOTOM BBIHYKIAIOIICH CHIIBI (Y4acToTa
reHepaTopa) aMIUIMTY/Ia CTOsIYeH BOJIHBI PE3KO BO3pAcTaeT — HAOJIIOJAeTCs sA6/leHUe Pe30HAHCA.
Haumenbiiasi pa3HOCTh JTMH JIBYX BO3AYIIHBIX CTOJOOB, B KOTOPBIX BO3HUKAET PE30HAHC B

3aKpBITON TpyOe, paBHa: 1 1 1

(=L, ,—L = +1)Z_nZ=§’

/= B U ﬂ, =2/
L 2
YyuTteiBas, 4To A= —, [1oJIy4aeM
U
—=2/ > v=20v, (6.27)
|4
rie £ — paccrosHue Mex Iy AByMs IIOCIEI0BATEIBHBIMU PE3OHAHCAMH, O — CKOPOCTb 3BYKA B

BO3yXe.
Takum o6pa30M, CKOPOCTbB 3BYKa B BO3AYXE MOKHO OIIPCACINTD Ha J000H YacToTe

KoJieOaHUM UCTOYHHUKA, €CITH, HEMPEPHIBHO U3MEHSIS JUTMHY BO3IYIIIHOTO CTOJI0a, HAXOIUTh /.

6.2. Onucanue yCTAaHOBKH
JInst TonmydeHHMs pe30HAaHCAa CTOSYMX BOJIH HCHONB3yeTcs YcTaHoBKa (puc. 6.2),
COCTOSIIAS U3 CTEKJITHHOW TPYOBI C TIOPITHEM, COSMHEHHOW CO 3BYKOBBIM I'€HEPATOPOM.
BuyTpu TpyObl HaXOUTCA BO3AYX C MOJIIPHOM Maccoi 4 (BbiOMpaeTcs u3 Tabiui).

I'enepupyemble 3BYKOBBIM T€HEPaTOpOM
ANIEKTPOMArHUTHBIE ~ KOJIEOAaHHWS C  TTOMOIIBIO
TeneOHHOTO Karcylis Mpeodpa3yroTcst B yIIpyTrue
KosebaHust croba Bo3zayxa B Tpyoe. KoneGanwst

BO3/YILIHOTO crosba TIePEIAF0TCS
AIIEKTPUIECKOMY JIATYHKY, @ OT HETO MOCTYIAlT
Ha ocumiorpad.

[Tpu xonebanusix MmeMOpaHb! TenedoHa 1o
TpyOKEe  pacmpoCTpaHsSieTcss BOJHA, KOTOpas
uHTepheprupyeT C BOJHOM, OTPAKEHHOW OT
MOBEPXHOCTH TOpIIHA. B pesynbrare, eciu
gacToTa KojeOaHWii MeMOpaHbl COBMAIACT C
OJTHOW M3 4YacTOT COOCTBEHHBIX KOJICOAHMIA
BO3IYIIIHOTO CTOJI0a (sBJICHWE pE30HaHCa), B
TpyOe YCTaHABIMBAIOTCS CTOSYUE BOJTHBIL.

6.3. [lopsaioK BHINOJTHEHUS PA0OTHI
1. TlpoBeputrb MPaBMIBHOCTH CXEMBI
JKCIIEPUMEHTAILHON YCTAHOBKH.

dopma A Crpanurna 47u3 103




MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

% o Dopma
VY IbSHOBCKUIH TOCYJapCTBEHHBIH YHHBEPCUTET

®-Paboyast mporpamma

2. Brutounts ocrsuiorpad U MOIyYUTh Ha 9KpaHEe TOPU30HTAIBHYIO JIMHHUIO Pa3BEPTKU.

3. BkimtounTh 3ByKOBO# reHepatop, yctaHoBuTh yactoTy 1200 I'm.

4. Pyukoii «ycuieHHe O BEPTHKAIN» YCTAHOBUTH BBICOTY OCLMIIIIOTPAMMBI Ha DKpaHe
ocimiorpada Tak, 4To0bl OHAa HE BBIXOAMIIA 32 MPEEIIbl AKpaHa.

5. Ilepemernas mopiieHb, HACTPOUTHCS HA PE30HAHC (BBICOTA Pa3BEPTKU MaKCUMaJIbHA) U

Sa(bl/IKCI/IpOBaTL 3HA4YCHUC Ln 110 OJCJIICHUAM IIKaJIbI. 3aTCM, nepemenias NopuicCHb, ,Z[O6I/ITBC$I

CJICAYIOICTO PE30HAHCA U 3alMUCATh 3HAYCHHUC Ln +1 - Hatitu Pa3HOCTb OTCUETOB COCCAHUX

MOJIOKESHUH IMOPIIHA IIPpHU PE3OHAHCE. OTa BeIMYnHa JacT 3HAYCHUEC I10JIOBHUHBI AJIMHBI CcTOsTUeH

BOJ'IHBIKZ/I/Z.

Kax1yro HacTpoiKy TpyObl B pE30HAHC IPOBECTH HE MEHEE TPEX Pa3, ONpeess
IIOJIOKCHHUCEC ITOPIIHA KAaK CPEAHEC apn CTUYLCKOC
P PEARES 1p+¢’éM i

£ = , me ¢/ =L —L.

i n+1 n
3

(v=1200)
6. ITogo6nbIe m3Mepenwus mposectr Havyactorax 1200, 1400, 1600, 1800 I'm.
7. Vcnionb3ys cootHomienue (6.27), paccuntaTb CKOPOCTb 3ByKa B BO3/1yX€ U 3aTEM,

_ P
UCTIONB3YS bopmymy (6.21), OTIPEICIIUTh 3HA4YCHHE V= —
Cv
Temmnepatypy Bo3ayxa B TpyOe NPHHATH PABHOH KOMHATHOM.

8. OueHuTh OMUOKY N3MEPEHUI.
9. JlaHHBIE U3MEpPEHH U BBIYMCICHUN 3aHeCTH B Tabnuiy 6.1.

Tabnuya 6.1
v, ' Li,MmMm Lo, MM L3,MMm L4, MM Vi MM | U Mm/c 4 A y

1200
1400
1600
1800
Cpennue
3HAUCHUS

PesyabTaTel padorsl. K oTyery npeacraBurh:
*  pe3yJibTaThl HKCIIEPUMEHTA U BBIUMCIICHUH MpeICTaBUTh B mabn. 6.1;

* pacueTHOE 3HauyeHue U 3ByKa B BO3AYX€ U JJIMHBI BOJHBI A na COOTBETCTBYIOIIEH
qacToTE;

* pacyueTHOE 3HaYCHHUEC )/

* IIOTPELIHOCTH U3MEPEHHBIX U PACUETHBIX BEIUYUH.

JlaGoparopHasi padora Ne7. OnpenesieHue yieabHON TENJI0EMKOCTH U YAeJbHOM
TeIUIOTHI Napoodpa3oBanus BoAblL. [IpoBepka ypaBHeHUs TeJ10BOro GajiaHca.

Henap paGorei: 1) uzydyeHue merona ONpeAeNeHUs YAEIbHOM TEIIOEMKOCTH BOJBI U
YAETBHOM TEIUIOTHI Mapoo0pa3oBaHusl; 2) HKCIIEpUMEHTaIbHAs POBEpKa YPAaBHEHUS TEIJIOBOTO
Oananca.

OGopynoBanue M MaTepUAJbl: HW30TEPMUYECKUA cocya (TEepMoOC), TOJACTaBKa,
NEKTPUYECKUI HarpeBaTeib, TEpPMOMETP, CTEKIITHHAS NTaJIoUKa, MEpHast I0Cy1a, EMKOCTh 10 |
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8.1. Teoperuueckasi 4acTh

8.1.1. Dnepzemuueckuii 6ananc opzanuma
AHAIUTHYECKU nepgoe Haualo mepmoOUuHaMuKy MOXKHO 3aIUCcaTh B BUJIE:

dQ =dU +dA. (8.1)

OHO NoKa3bIBAET, YTO TEILIOTA dQ , TIoJlydyaeMasi CUCTEMOM, UJET Ha YBEIMUYEHUE BHYTPEHHEH

SHEPIUU CUCTEMBI dU u na COBEpIIIEHHE CUCTEMOM pabOThI dA.

JUid )KU3HEAEATEIbHOCTH OpraHu3Ma AHEPrusl JOCTaBISETCs C NUIIEH B BHUJE DHEPIUU
XUMHUYECKHUX CBA3€H BBHICOKOMOJIEKYIISIPHBIX BEILECTB. YUMTHIBAs, YTO y 30POBOTO OpraHuU3Ma
€ro BHYTPEHHSSI PHEPrUsl OCTAE€TCA B CPEJAHEM HEU3MEHHOM, 3aKOH COXpaHEHMsI SHEpruu (Wiu
MepBOE HAYyaJl0 TEPMOJUHAMHKH) MOXET ObITh cHOpMYIHpPOBaH CIEAYIOUMM 00pa3oMm:

KoJjluuecmeo menjonbl Q, OC60603¥COQIOW€€C}Z 6 Opeanusme npu  YyC60€HUU nuuu,

3ampavueaemcsi Ha KOMNEHCcAyuro nomepu meniomel S 6 oOKpyycawowyio cpedy U Ha
cogepuiaemyro opeanusmom pabomy A, 1.e.
Q=S+A. (8.2)

[loTepst TEMIOTHI OPraHU3MOM B OKPYXKAIOLIYIO0 Cpely IPEACTaBiIsieT cO00N pU3NYECKUi
MPOIIECC M MOXKET OCYIIECTBIIATHCS IyTeM: a) KOHBEKIIMH U TEIUIONPOBOJHOCTH, 0) M3ITydeHHS,
B) MCIIapEHUsl.

HcnapeHue npoucxXoauT ¢ MOBEPXHOCTU KOXKU U JIETOYHBIX AJIbBEOJ, MPUYEM 3a CYTKHU
YEJIOBEK BBIJEISET C BBIABIXaEMBIM BO31yXOM 0koJi0 350 r BoastHOro napa u ucnapsiet g0 500 r
nota (mpu TeMmriiepaType okpyxkarotiei cpeasl 18°C), He BBITIOJIHSS MHTCHCUBHON MBIIICYHOMN
paGotsl. [loTepst sHepruM mpu UCHAPEHUH B 3TOM Cilydae cocTaBisieT mopsaka 30% oT Bcex
sHeprosarpar.

8.1.2. Ilapooobpazoeanue. Hcnapenue

[TapooOpa3zoBanueM Ha3bIBaETCS MPOIIECC MEPEeX0/ia BEIIECTBA U3 KHUAKOTO COCTOSHUS B
razoobpasnoe. [lapooGpazoBanue, mpoucxojsinee Mpu OO0 TeMIepaType cO CBOOOIHOM
MMOBEPXHOCTH, HA3bIBACTCS UCHAPEHUEM.

ATrperaTtHbIN MEepexoJ M3 TBEPAOTO COCTOSHHS B MapooOpa3HOe HA3bIBACTCS BO3TOHKOM
WIH cymoOaumayuel.

Paccmotrpum mporecc ucmapeHus. B KHIKOCTH, Kak BO BCSKOM Teje, CYIIECTBYIOT
(mycTh B HEOONBIIOM KOIWYECTBE) KaK OYCHb «MEIJIEHHBIE», TaK M OYEHb «OBICTpPHIE»
MoJiekyibl. J[imst Toro, 9TOOBI BBUIETETh W3 JKHIKOCTH, MOJIEKYJa JOJDKHA MPEOJI0JIETh
BO3JICHCTBUE MOBEPXHOCTHOTO CJOA, T.€. 00JaaTh AOCTATOYHOW 3Heprueid. Te u3 «OBICTPBIX»
MOJICKYJI, CKOPOCTH KOTOPBIX HAIpaBJICHBI K TOBEPXHOCTH, MOTYT TOKHHYTH >KHJIKOCTH,
«ucnaputbes». Mcnapenue mpoucxoauT npu 0ol temmeparype. [Ipu ucnmapeHun Monexysbl
BHYTPEHHSISI DHEPIHsl BEIIECTBA YMEHBINASTCS, CIICIOBATECIILHO, TEMIIepaTypa ITOHUKACTCA.
[ToaTomy 115 IepeBo/ia B Tap HEKOTOPOH MAacChl KUAKOCTU 0e3 M3MEHEHUsI TeMIIepaTyphl HA0

COBEpIINTH PabOTy MPOTUB MOJIEKYIISIPHBIX CHJT IPUTSHKCHUS A1 ¥ CHJI JIaBIICHUS Ta3a A2 910

OCYIIIECTBIISICTCS TyTEeM MepeIavyd JXKUIAKOCTH TEIUIOTHI MapooOpa3oBaHUs. XapaKTePHUCTHKOU
ATOTO TpOIECcca SABISCTCS YOelbHds menioma napooopazosanus. ITa BEIUYHHA ONPEACTSET
KOAU4eCcmeo meniomsl, He0bXxooumoe 0 00pawenus 8 nap eOUHUYbl MACCbl HCUOKOCMU NPU
memnepamype napooopazoseanus

_ dQ M. (8.3)
dm xr
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[TomHOE KOMTUYECTBO TEIUIOTHI, HEOOXOIUMOE JIJIsl IPEBPAIICHUS B Iap KUAKOCTH MACCHI

Q=mr. (8.4)

OTa TermIoTa HCO6XO,Z[I/IMa MOJICKYJIaM JXUAKOCTH OJIA TOTO, YTOOBI COBCPUINTH paGOTy

Al MPOTHB CUJI MOJIEKYJIIPHOTO HPUTSHKEHUS U paboTy A2 IIPOTUB CWJI BHEIHETO JABJICHMUS.
CrnenoBarenbHO, IpeHeOperast MOTepsSIMU, MOKHO HAIIMCATh!

Q= A +A,. (8.5)

Pa6ora Al , COBEpIIaeMas IPOTUB CUJI MOJIEKYJIIPHOT'O IIPUTSKEHUSA [IPU UCIIAPEHUU,
YHCJIEHHO paBHA Pa3HOCTH BHYTPEHHUX HEPIUM ITapa U )KUIKOCTH:

A=U_-U_. (8.6)
Pabora, coBepiraemas MpOTHUB BHEUTHETO JIaBIICHUS, paBHA
A, =P(V,—V,), (8.7)

rae P — BHENIHEE TaBJICHUE, VH — 00BEM napa, V>K — 00BEM JKUJKOCTH.
[Moncrasnss (8.4), (8.6) u (8.7) B ypaBHeHue (8.5), momyunm

mr=U,-U,  P(V,~V,). (8.8)

Ecmu IIpH Nepexoac U3 XUJAKOCTH B Iap OZIHOI>'I MOJICKYJIbI IIPOTHUB CHUJI MOJICKYJIAPHOI'O

| .
CIETIJICHUSI COBEpIIaeTCs padora AI , TO IPY UCHIAPEHUH JKUJIKOCTHU B Map nepeiaer
NAm/ M MOJICKYI 1 Al’
pabota m
A =N Al
1 A |
M
rae M — macca oJJHOTO MOJISI BEIIECTBA, N A — uncao Asorazapo. Torga ypasHenue (8.8)

HepeHI/H_HeTCﬂ KaK
— N m- .
mr= AMAH + p(V, = V,). (8.9)

CymMa BceX BUOB padOT, 3aTpaunBacMbIX Ha HCIIAPEHUE eOUHUYbI MACCHL KUTKOCTH,
paBHa Y/IEIbHOM TEIJIOTe TapooOpa3oBaHus:

m
uu, ¢ yaetoM (8.9), .
S VAR VY (8.10)
M ' m "

CKOpOCTB HUCMAapCHUA 3aBUCUT OT HECKOJBKHUX IPUYHUH: OT poda KHIAKOCTHU, OT
TCMIICPATYPHI, OT IUIOMIAAN MMOBCPXHOCTHU, OT CKOPOCTHU MOJICKYJ Tra3a HaJ IMOBCPXHOCTBIO, OT
AaBJICHUA HaJ MTOBEPXHOCTHIO.

8.1.3. Kanopumempusn

Ecam BemecTBy mepemaeTcs Kakoe-TMOO KOJWMYECTBO dHEpruw (B r000i (opme), To
M3MEHSIETCS €ro TeMmmeparypa (3a HCKIIOYCHHEM arperaTHbIX TepexoJoB H, BooOIIe,
M30TEPMHUECKUX TPOIECCOB). XapaKTEPHUCTUKAMU TAKOTO HW3MEHEHUS SIBISIFOTCS pa3MuHbIC
TETUIOEMKOCTH.

VY nenpHas TETIOEMKOCTh BEIIECTBA H3MEPSETCS KOJIMYECTBOM TEIUIOTHI, HEOOXO0IUMOMN
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AJIL U'BMCHCHU A TEMIICPATYPhI eauHuqbz Mmaccol BENICCTBA HA 1 K.
c=—, (8.11)
mdT
oTCroaa
dQ =cmdT . (8.12)
I[HSI KOHCYHOI'O MHTCPBAJIa TEMIICPATYP
AQ =mc(T, -T,). (8.13)

KonuuectBo Temnorsl B cucreme eauHul; CU u3Mepsiercs B JDKOYJSAX, KaK M BCSKas
Ipyras sHepreTHueckas BenuuMHa. Ho moka IIMPOKO pacmpocTpaHeHa W Jpyras eauHHIA
KOJIMYECTBA TEIUIOThI — Kallopusi. OOma Kanopusi YUCICHHO PAaBHO KOJIMYECTBY TEILIOTHI,
Heo0XoIMMOMY /Jisl HarpeBaHus 1 T TUCTUILTUPOBAHHOM BOJbI OT 19,5 110 20,50C.

8.1.4. ¥Ypasuenue mennosozo 6ananca

PaccMOTpuM HEKOTOpYK CHCTEMY Tel, B KOTOPOH HE MPOUCXOJUT HUKAKHX
MpeBpaIleHU YHEPTHU, KPOME TEII00OMeHa. Tak Kak JUis TAaKOW CHCTEMbI dA=0, o nepBoe
Hayvao TepMOoAMHAMUKH (8.1) mpumer Bua

B mporuecce TemooOMeHa BHYTPEHHUE DHEPTUU OJHUX TEJl YBEIMUUBAIOTCS, APYTHX —
YMEHBIIAIOTCS, MEPOIl 3TOTO U3MEHEHHS SIBISETCS KOJMYECTBO TEIIOTHI, KOTOPOE JaHHOE TEJ0
MOJTYYHJIO WJTH OTJIAJIO B MPOIECCe TETII000MEeHa.

Ecnu cucrema oxBaThIBaeT Bce Tela, y4acTBYIOIIME B TEIIOOOMEHE, MEepBOE HAYyallo
TEPMOJMHAMHKHN MOYKHO 3aIHCaTh B BUJIE YPABHEHUs MEN108020 OANAHCA.

n
> AQ,; =0. (8.14)
i-1

Aﬂze6pauqea<aﬂ CymMma Koauvecme menjiomal, OMOAHHbIX U NOJIYYEHHbIX 6CceMU meilamu,

yuacmeyrowumy 6 meniooomene, pagua Hyao. 311eCh AQi > () o3Hagaer monyyeHue

COOTBETCTBYIOILLEH IOPLMHU BHYTPEHHEN YHEPTUU TEIAMHU - HacpesaHue, AQi < 0 — naoGopor,

ocmuleanue. TEpMHHBl «HArpeBaHME» W «OCTBIBAHME» 4YacTO CBS3BIBAIOT C HW3MEHEHUEM
TeMrepatypbl. Mbl OyZieM TOBOPHUTH O HATPEBAHWH U OCTHIBAHHMM UMEHHO B CMBICIIC TIOJYUICHHS
9HEPIUH, 1aXKe B U30TEPMHUECKUX IIPOLIECCAX.

[IpakTHuecku TMOJIb3YIOTCA ypaBHEHHWEM TEIUIOBOro OajaHca, NpPUMEHSAS €ro K
kanopumempy (0T naruHckoro calor — temo, sxap). DTO cTakaH, HAIOJHEHHBIN ONPEICICHHOM
KHUJKOCTbIO, CHAOXKEHHBIH TEPMOMETPOM U MHOrJAa Memankou. [[ns ymeHbleHUs MmoTeph 3a
CYEeT TEIUIONPOBOJHOCTH MEXAY CTaKaHOM M BHEUIHUM KOXKYXOM OCTaBJE€H BO3YIIHBIN
MIPOMEXYTOK. 3Hasi Macchl IOMEILIECHHBIX B KaJOPUMETP BELIECTB (BKJIIOYasi Maccy CTakaHa) U
U3MEpUB TEMIIepaTypy >KUIKOCTH JO M TOCIEe TEIIooOMEeHa, MOKEM HalHucaTh YpPaBHEHHE
TerioBoro Oananca. IlycTe Macca BHYTpEHHEro CTakaHa KaJlOpHUMETpa BMECTE C MEIIAJKON —

My, ero ynenpHas TtemmoeMkocTs — Cp; Macca M ymembHas TEINIOEMKOCTh JXKHAKOCTH B
kanopumerpe — [Myu  Cq; Macca, yaenpHas TENJI0EMKOCTh M HaualbHas TEMIIEpaTypa
noMemaemMororea — M, ,C, wu T2 ; TEMITepaTypa KHUJIKOCTH U KaJIOPUMETpa JI0 mporiecca

TEII000MEHa — Tl , mocite miportecca — 7. Tornma ypaBHeHHe TEIIoro OajgaHca UMEeT BHUI:

m,c,(T —T,)+m,c, (T -T,)+m,c, (T -T,)=0. (8.15)

N3 nomydeHHOro ypaBHEHUsI MOKHO HAalTH OJHY BEJIMYUHY, €CIIU U3BECTHBI BCE
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octajbHbIC. J{Is1 H30TEPMUIECKOT0 COCYAa, IPUMEHIEMOro B 1a00paTopHOi paboTe, BEMHINHY
C,MOXXHO CUUTATh IPEHEOPEKUMO MaJIO, Toraa ypasHenue (8.15) npumer Bua:
mlcl(T _Tl) + m2C2 (T - T2) :O . (816)
B nanHolt pabote ypasHenue mennogoco 6Gananca nposepsemcs HaA npumepe
CMeWUBAHUSL O8YX 0OUHAKOBBIX HCUOKOCMEl ¢ pasHublMu memnepamypamu. Torna, cuuTas, 4to

M3MCHECHHE TEIUIOEMKOCTH IPH H3MEHEHHU TEeMIIepaTypbl He3HauuTensHo ( C; = Cp ),
ypaBHEHHE TEIUIOBOT0 OajaHca MPUMET BU]T

WJTU, PaCKpbIBasi CKOOKH, TIOTYyYHM
mT —m,T,—m,T, =0, (8.18)
rie M=M; +M, - obmas wmacca xuakocTeil mocne cmemmBaHus. IIpeneGperas

U3MEHEHHUSIMH ILUIOTHOCTEHN KUIKOCTU B OTOM IIpoLiecce U 3Has, uto M = ,OV , MOKHO TIEPEHTH
K o0bemam:

VT =VT,+V,T,, (8.19)

TIe V1 , V2 — 06BeMBI KUIKOCTEH 10 cMermmBanus u V' = Vl + V2 .

8.2. Onucanue ycTaHOBKH

JlabopaTopHass ycTaHOBKa H300pakeHa Ha puc. 8.1. B wu3oTepMuueckuii cocyn,
MMEHYEeMBII J1ajiee TepMOCOM, ONYIIEH »JSIEKTPUYECKHi HarpeBatenb (KUMATUIHHUK),
MUTAIIMICS 0T cereBoro HampstkeHus: 220 B. Tepmoc 3amonHeH uccineayeMon KUIKOCThIO —
Bofoi. OrpaHuYMTeNbh, 3aKPEIUIEHHBI Ha CETEBOM TMPOBOJIE, YCTAaHABIUBAET TIyOHMHY
MorpyKeHUs1 HarpeBatelis. llojokeHHWe OrpaHHYWTENsl yCTaHABIMBAeTCs JaOOpaHTOM M HE
MOANISKUT U3MEHEHUIO B IPOIlecce BBIMOIHEHUsT padoThl. Henb3s momyckarh, 4TOOBI YPOBEHB
KUJKOCTH ObUT HMIKE MECTa 3aKpeIuIeHHs HarpeBaTens Oosiee 4yeM Ha 1 cMm (Bo m30OexaHue
MepPEeropaHus KATIATUIHHHUKA).

Puc. 8.1. JlabopaTopHasi yCTAaHOBKA JIJIfl ONpe/ieIeHUs yAeJbHOM TeII0eMKOCTH
U YJAeJbHOM TeIJIOThI Mapo00pa3oBaHMs BOAbI

Buumanme! 3anpeniaercsa BKIIOYaTh HarpeBaTelib, €CJIU OH HE MOTPYKEH
B BOJY. 3alpeliaeTcsi MEHSTh IMOJI0KEHHE OTPaHUUUTES.
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8.3. DkcnepuMeHTAIbHAS YaCTh

8.3.1. Onpeodenenue yoenvHnoii mennoemkocmu 600bl

Buumanmue! ColOrogaiiTe 0CTOpOXKHOCTH MPHU padboTe ¢ TOpsYei BOTO# !

1 Hanuts B Tepmoc V; = 600 + 800 mux Bogsr. Beraucauts ee maccy M.
2 C noMoIIb0 TEPMOMETPA H3MEPUTh TeMIIepaTypy HanuToi Bogasl | ,. [lepesectu ee

3HAa4YCHUC B KCIIbBUHBI.

3 OHYCTI/ITB Harpe€Bareciib B TCPMOC 10 KaCaHUA OI'PpaHUINTECIATOPJIOBUHEL.
4 BIIOYHUTH HarpeBarciib B CETb 1 OAHOBPCMCHHO HAa4YaTb OTCYET BPCMCHHU C IMOMOIIBIO
CCKyHAOMCEpaA.

5 B MOMEHT 3aKUIaHus BOJbI 3aNUCaTh OKa3aHus cekynaomepa 1.

3akunaHueM CcuuTaTh MOMEHT, KOIJla HayMHAeTCs 0Opa3oBaHUE MY3BIPHKOB Mapa no
ecemy oowvemy. Ilpu 3TOM BO3HHMKAeT XapakKTepHas BHOpalusi CTEHOK TepMoOca, olpejaesseMast
KacaHHEM PYKHU.

6 He BbIKJIIOYAs CEKYHJOMep M HarpeBaTejb, NPUCTYNUTh K BBINOJHEHUIO
cJIeIyI01Iero yrnpaxHeHusl.

8.3.2. Onpeodenenue yoenvHoit meniomuot napooopa3o06anus
1 Ilpomomxate mporecc KuneHus B TedeHue 5+ 10 MunyT.
2 BBIKIIOUNTH M3 CETH HarpeBaTeilb M OCTAHOBHTH ceKyHaomep. CHSTH MOKa3aHHUE

cexynnomepa I, .

8.3.3. Ilposepka ypasnenus menyosozo danamnca
1. BeiHyTbh U3 TepMoca HarpeBarenb. ([IpenBapuTenbHO IPOBEPUTH, YTO OH OTKJIFOUEH OT
CEeTH.)

2. C oMoIIb0 MEpHOM MOCY/IBI BIUTH B TEPMOC XOJOIHYIO BOIY (TeMIeparypa T2) u3

eMKOCTH, U3Mepsst ee 00beM V2 J10 TE€X IOp, TOKA YPOBEHb BOJIbI HE JIOCTUTHET HUKHETO Kpast

pacuIMpeHysl BHYTPEHHEW YaCTH TOPJIIOBUHBI TEPMOCA.

3. Xoporo nepemeniats NOJYYEHHYIO B TEPMOCE CMECH CTEKIISTHHOM MalouKOH.

4. V3meputsb TeMmeparypy cmecu B Tepmoce 7. BeutnTh Boay, usmepss ee oobem V
(moTpebyercs mpu pacyerax)

5. BBIUHCITUTH TEMIIEpaTypy CMeCI/IVT y _li[_p_e'_OQ})QIS_OBaB bopmyiy (8.19):

T'=11 22 (8.20)
Vv

CpaBHuTb TeMiiepatypy 7, MOITy4eHHYIO SKCIIEPUMEHTAIBHO NPH CMEIINBaHUN 00BEMOB
/ o
V| (06bem ocTaBIerocs KUMsTKa MOCIE 3a/JaHHOTO BPEMEHH KUIIEHHS) U V2 (oO6beM nmonuToOU

XOJIOJTHOM BOIbI), C TEMIIEPATYpPOU T ', paccuntanHoi u3 ypaBHeHus (8.20). Cnenarp BBIBOJ.
8.3.4. Bouiuucnenue yoenbHOU mMeENI0EMKOCHU 600bl U YOENbHOU MEna0mbl
napooobpazoeanus
1. U3 3akona [[xoyms-JIeHa HAalTH KOJMYECTBO COOOIEHHON TEIIOTHI B TIpoIiecce
HarpeBaHus BOJbI:

AQy =Pty (8.21)

rae tl_ BpeMs HarpeBaHus, P — MOIIHOCTb HarpeBatelis (KUISTUIbHUKA) (YKa3aHa Ha Tpuodope
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WJIU Ha OTJEIbHOM TaOauuKe).
2. BeIMucIuTh yaenpHyr0 TeIIOEMKOCTh BOIBI, UCTIONB3Ys Gopmyity (8.11).
P * tl
c= ) (8.22)
ml(TKI/IH _Tl)

«ur — TEMIIEPATypa KUIIEHUs BOABI, 11 — TeMIIepaTypa X0JIOJHON BOJIbL.
3. BpMHCINTH OTHOCUTENBHYIO M a0COIOTHYIO MOTPEIIHOCTH U3MEPEHHUS YACTbHOM
TETIJIOEMKOCTH.
4. CpaBHUTH [OJTYYCHHOE 3HAUCHUE YICIbHON TEIIOEMKOCTH € TAOTUYIHBIM (Creop.somm=
4200 JIx/xr-K). Cnenatp BBIBOI.
5. 3Has MOIIHOCTH IEKTPUUECKOT0 Harpesaress, U3 3akoHa Jxoymsi-Jlenna Haiitu
KOJIMYECTBO COOOLICHHOHN TEIUIOTHI B IPOLIECCE KUTICHHUSL:

AQKI/IH = PAt

— t2 — tl — BpeMsI KUIICHUS! (BBIKUIIAHUS BOJIBI).
6. Haiitu Maccy Bojbl, 0OpaIieHHoil B map, B MPOLEeCce KUIIEHUS:

m, =0, (V1 +V; = V).
7. BBIYMCIIUTD YAENBHYIO TEIJIOTY HapooOpa3oBanus 1o GopMylie
PAt
r=__ wm (8.23)
m

II
8. BBIUHCIHTH OTHOCUTEIIBHYIO M a0COIOTHYIO TIOTPEITHOCTD U3MEPEHUS YIACIIbHON

TEIUIOTHI TapooOpa3oBaHUS.
9. CpaBHHUTH NIOJy4EHHOE 3HAYCHHUE YACIBHOUN TEIIOTHI TAPO0OPA30BaAHUS C TAOTHYHBIM.
CrnenaTp BBIBOJBI.

rac T

KUII ’

rac At

PESyJ'II)TaTbI paﬁoTbl. K OTYETY NMPEACTABUTD:

* Ha4aJIbHbII 00BEM KUJKOCTH V11/1 €e TeMIleparypy Tl;

¢ BpEMs HarpC€BaHuA 10 KUIICHUA tl 1 BpCMs KUIICHHUA BOAbI AtKI/Il‘I;

* KOJIMYECTBO COOOIIEHHON TEIUIOTHI B [Ipoliecce HarpeBaHUs AQH = Ptl;
* 3HAYCHUEC yﬂenLHoﬁ TEIIJIOEMKOCTH BOJKBI B BUIIE C + AC;

¢ OTHOCUTCIIbHYIO TOTPCHIHOCTh U3MCPCHUS & c yI[CJ'ILHOﬁ TCIIJIIOEMKOCTH,

* KOJIMYECTBO COOBIIEHHOM TEMIOTH B Tporecce Kumerus /A =PAt_
KUIT KUII

* Maccy BBIKHIIEBIIEH Boabl — Maccy mapa M ;

* 3HAYEHHUE YIENHHOM TEIIOThI Tapoobpa3oBanus BOIbI B Bue I + Al ;

* OTHOCHUTEJIbHYIO MOIPEHTHOCTh U3MEPEHHUSI YAETbHOM TEII0Th Tapoodpa3oBaHus & r U
BBIBOJL;

* 00BEM BIUTOH B TEPMOC M1OCIIE OKOHYAHUS KUIIEHUS BOJbI V2 U ee TeMIeparypy T2 ;
* 3HAaYEHMs TEMIIEPATYP CMECH, MONydeHHbIe oKkcriepumenTansHo (T ) u u3 ypaBHenus

!
teruosoro Gananca (7).
XenarenpHo BCe aHHBIE MTPEACTABUTH B BUIE TaOJHIIBL.
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Pa3znen 3. DjeKTpUYeCcTBO U ONITHKA.
JlaGopaTopnasi padoTa Ne8. 3mepeHue yaejbHOr0 CONMPOTUBJIEHUSI TOHKOTO

NpoBoja.

Heap padoThl: 1) onpenenuTs akTUBHOE COIIPOTUBIIEHUE METAIIIMYECKOTIO ITPOBOAHUKA
1o U3MEPEHHBIM 3HA4YECHUSAM CHJIBI TOKa u HalpsDKeHNS;
2) W3MEpHUTh TEOMETPUYECKHE IMapaMeTpbl MPOBOJHMKA M PAaCCYMTaTh €ro yIeIbHOE
COIIPOTHBIIEHHUE C YKAa3aHUEM OIIMOOK U3MEPEHHUS.

IIpuGopsl HW MaTepuadbl: XPOMOHHKEIEBBIA TPOBOJ, JIaOOpaTOpHasi YCTaHOBKA
(MCTOYHMK TOKA, BOJIBTMETP, MUJUIMAMIIEPMETP), MUKPOMETP.

9.1. TeopeTnueckas 4acTh
[Tpu mpoTekaHUHM 3IEKTPUIESCKOTO TOKA IO TPOBOJHUKY BCIICICTBUE B3aMMOJICHCTBUS
AJICKTPOHOB C KPHCTAIMYECKON PEIIETKON MPOBOJHUKA MPOUCXOIUT PACCESTHUE UX SHEPIHH.
DTO MPUBOIUT K HEOOXOJUMOCTH TOJICPKUBATH HEKOTOPYIO PA3HOCTh MOTCHIIMAIOB Ha KOHIIAX
MPOBOJA VIS CYHIECTBOBAHHS MOCTOSIHHOTO AJIEKTPUYECKOTO TOKA B LEMU. 3aBUCUMOCTh MEXKIY
pa3HOCThIO ToTeHIMaNoB U Ha ydacTke MpoBOJa U TOKOM |, IPOXOISAIIMM 1O HEMY, TAeTCs
3akoHOoM OMa:

1= 1u. (9.1)

R
HJ'ISI XApaKTCPUCTUKU IBJICKTPUYCCKOT'O COIIPOTUBJICHHA MATCpUaia BBOAUTCA IIOHATUC
YACJIBHOI'O COIPOTUBJIICHHUA p, KOTOPOC PABHO JJICKTPUYCCKOMY COIPOTUBJICHHUIO IMPOBOAHHUKA
o 2
JJIMHOH IMmu IMONCPEYHLBIM CCUCHUCM 1 m°. I[lomHOE COIIPOTUBJICHUEC ITPOBOJJHUKA:

14
R=p g O (9.2)
OTKyada
y . S
P= ? OM - M, (9.3)

riae R — oOriee conmpoTHBIIEHHE TPOBOIHUKA JTHHOM | 1 TUTOIIAABIO TTOTIEPEYHOTO CeUeHHS S,
ConpoTuBIeHHE METALTUYECKIX TPOBOJHUKOB YBEIMUUBACTCS C POCTOM TEMIIEPATYPHI.
3aBUCUMOCTD yJICITBHOTO CONMPOTHUBIICHUS METATMYECKOTO TIPOBOTHUKA OT TEMITePaTypPhl
BBIpaKaeTcsi TUHEHHON (QyHKITHEH
0 =po(1+aAT). (9.4)
Kaxnoe BenecTBoO MOKHO XapaKTEPHU30BaTh MMOCTOSTHHOM JUTSI HETO BEJTMYHNHOM,
Ha3BIBAEMOU memnepamypuvim Kodgguyuenmom conpomusienuss & . ITot kodhduireHt

PaBEH OTHOCUTEIIBHOMY U3MEHEHUIO YIEIBHOIO COIPOTUBIICHUS IIPOBOAHUKA IIPU U3MEHEHUH
ero temmepatypsl Ha 1 K:

g PP

, 9.5
P OAT 69

rae Oy — yAEeIbHOE CONPOTHBIICHHUE IIPH TEMIIEPATyPE T 0= 273K ; p- ynensHoe

conporusienue npu gauuoii remmeparype 1, AT =T — 273K .

Ha ocnoBanuu dopmyn (9.1) u (9.2) nmoctpoeH sKCepuMeHT Mo u3MepeHuio R u p B
TaHHOHW pabore. O0a M3MepeHHs] KOCBEHHBIE, T.€. ONpeAesieMble BETHYUHBI R U p SBISIOTCS
(GYHKIMSMU BETUYMH, TOIY4aeMbIX IIPH MPSIMOM U3MEPEHHH.

9.2. Onucanue yCTAaHOBKHU
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OOmmii Bua npubopa npexacrasieH Ha puc. 9.1. OCHOBaHNHE OCHAILEHO PETYIUPYEMBIMH
HOKKaMH, KOTOpBIE TIO3BOJISIIOT BEIPAaBHUBATH MOJIOKEHUS prudopa. K ocHOBaHUIO MpUKperieHa
KOJIOHHA C HaHEeCEHHOW MeTpuyecKoil mkanoi. Ha KooHKe CMOHTHPOBAHBI JBa HETIOABM)KHBIX
KPOHILUTENHA U OAUH TOJBHKHBIN
KPOHIIITEHH, KOTOPBII MOKET
MepeABUraTbCsl  BIOJIb  KOJIOHHBI U
(buKcupoBaThCsi B JIIOOOM  ITOJOXKECHHUH.

Mexny BEPXHUM u HUKHUM

KPOHILITEHHAMH 3aKpeIyieH PEe3UCTUBHBIM

npoBoj. Yepe3 KOHTaKTHBIM 3aXUM Ha

MOJIBIDKHOM KPOHILITEHHE 00OecreynBaeTcs

XOpollee COEAMHEHHE C PE3UCTUBHBIM

npoBogoM. Ha moaBMXHOM KpOHIUTEIHE \

HaHECeHa 4epTa, KoTopas  oOjeryaer
orpezeneHue () IIKae JUTMHBI
U3MEpPAEMOro OTpe3ka mnpoBoja. HuxHuid,
BEpXHMI W  TMOJBWXXHBIM  IEHTPaJIbHBIN
KOHTAKTBI PE3UCTUBHOTO IpoBoja
MO/IBEJICHBI MPU MOMOIIU MTPOBOJOB MAaJIOTO
COIPOTUBIIEHUSI K HM3MEPUTEIbHOW dYacTu
npudopa, KOTOpasi  IOMEIleHa B
LIEHTPATPHOM KOpPIIyc€ W TIPU TOMOIIHU
BUHTOB MPUKPEIUIEHA K OCHOBaHHIO. Buabl
JTUIEBOM MaHeIN U3MEPUTENBHOTO OJI0Ka
npescTaBieHsbl Ha puc. 9.2.

Per. Toka
v mA

Puc. 9.1. YeraHoBKa /19 U3MepeHUsl
Y1€eJIBbHOT0 CONPOTHBJIEHUS
TOHKOTI'0 NPOBOJA

I

@)

O o)
o Mot ] @ Puc. 9.2. Bun nneBoii nane
5 B (=) a YCTAHOBKH JIJIsl H3MeEpPeHHUsI
©0 0 — =] = yAeJbHOT0 CONPOTHBJICHHS
TOHKOI'0 NMPOBOJIA

QYHKIMOHAIBHOE HA3HAYEHUE MAHUITYJLSIUOHHBIX JJIEMEHTOB Ha JIMIIEBOM CTOpPOHE
npubopa:

«CeTp» — BKIIOYEeHHE ceTW. HakaTme KiaBUIIM MO3BOJSET MOAKIIOUUTH HANPSKEHHE
MIUTaHMS, YTO BU3YaJIbHO PETUCTPUPYETCS IO CBEUEHUIO HEOHOBOM JIAMIIOUKH;

«Moct — V-mA» — nepexiovaTesb Buja paboT, MO3BOJSIOMNNA MOIKIIOYATh BHEITHUE
npuOOpBl K PEe3UCTUBHOMY MPOBONY (KJIaBUIIA Haxara). [Ipu oTkaToi KJIaBUIIE MOAKIIOYEHBI
M3MEpUTENIbHbIE TPUOOPHI cCaMoro OJI0Ka;

«Ilepexnroyarenb peKMMOB HU3MEPEHUI»: OTKATBIA — TOYHOE M3MEPEHUE CHIIBI TOKAa,
HaXXaTbIi — TOYHOE U3MEPEHUE HANPSIKCHMUS;

«PerynsaTop TOKa» — IOTEHLUUOMETP, PEryJUPYIOIIMM TOK, IPOXONAIIUNA uepes
PE3UCTUBHBIN TPOBO;

9.3. DkcnepuMeHTA/ILHASA YaCTh

dopma A Crpanuria 56u3 103




MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

% o Dopma
VY IbSHOBCKUIH TOCYJapCTBEHHBIH YHHBEPCUTET

®-Paboyast mporpamma

9.3.1. H3mepenue conpomuenenusn

1. YcTaHOBUTB PYUKY PETYISITOpa TOKa B KpaiiHee JIeBO€ MOJIOKEHHE, BKIIOUYUTH PUOOpP;
MOJIKJIIOYUTh BHYTPEHHHE U3MEPUTEIbHBIE TPUOOPHI K PE3UCTUBHOMY MIPOBOTY (KJIaBUINA
«Moct — V-mA» Haxara).

2. IlepenBuHyTh MONBMXKHBINA KpoHIITEHH HA 1,0 + 0,9 MJIMHBI pe3UCTUBHOTO TIPOBOIA

(1) OTHOCHTENIBHO OCHOBAHMS, 3aMHCATh IOJOKCHHE KPOHINTEHHA; OLECHHTh OLIHOKY

U3MEpEeHUsI.

3. BKIIOUHTHE PEKUM «TOYHOE HM3MEPEHHE TOKa», YCTAHOBUTH PETYISTOPOM TOKa
MHUHUMAJIPHOE 3HAYCHHE TOKA; MEPEKIIOYUTh MPUOOpP HAa H3MEPCHHE HAIPSDKEHHUS; 3alucaTh
MoKa3aHusi IpruOOpPOB.

4. N3mepenus noBTopuTh 10 pas, MOCTENIEHHO YBEITUYUBAs TOK.

5. Bce nannbie npeacTaBuTh B Buae maon. 9.1.

Tabnuya 9.1
1 2 3 4 5 6 7 8 9 10

I, mA
U,B
R, Om

6. IToctpouTts rpaduk U(I).
7. IlepenBUHYTH MMOABMKHBIN KPOHIITEHH Ha pacctostaue 0,2 + 0,3 THHBI pe3UCTUBHOTO
npoBoza (£ 9) OTHOCHTEIBHO OCHOBAHHS U BCE M3MEPEHHUS [IOBTOPHTb.

8. Pe3ynbTaThl H3MEpeHMiA TPEICTABUTH B BUJIE:
a) JJIs IJTMHBI IPOBO/IA

U1 = l10 = Aly,
CONpPOTHUBJICHHSA
Ri=Ript ARy;
0) U1 JUIMHBI IPOBOJIA
Lo=lnEtAly,
CONPOTHBIIEHUS
Ry =Ry £ ARy,
Conporusnenns R, uR,, ams 610 u { 59 paccumTaTh, BOCIONB30BABIIHCH (GOPMYITOI

9.1).

9.3.2. Onpeodenenue yoenvnozo conpomugienus XpomoHuKen1ee020 npoeooa

1. C nmomoIip0 MEKpOMETpa U3MEPUTH AUaMETpP MPOBOAA (M3MEPEHHSI TPOU3BECTH B
HECKOJIBKHX MeCTax); pe3yybTar npejactaButh B Buje d £+ A d.

2. PaccumnTath Momaib» NonepevHoro CeugHMs MPOBOIHKUKA MO (GopMyJte

S=__, 9.4
A (9.4)

PE3YIbTAT NPCACTABUTL B BUJIC S i AS . Paccuurarts YACIBbHOC CONMPOTUBJICHUEC ITPOBOJJHUKA
o ¢hopmyIe
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— R, =R,
p= S. (9.5)
=1,

3. OueHuThb OMMOKY U3MEPEHUs YIEIbHOTO COMPOTUBIICHHS IO METOIMKE, OIIMCAHHOM B
pazzaene «MatemaTrueckas 00paboTka pe3yJbTaToB U3MEPEHUS.
4. Pe3ynpTrar pacuera yaeJabHOr0 CONPOTUBIIEHUS MIPEICTABUTh B BUJE P + Ap.

Pe3yabTaTsl padoTsl. K oTueTy npeacraBuTh:
*  pe3yJbTaThl pacueTa COMPOTUBIICHUS B BUAE maoba. 9.1,
» rpaduku 3aBucumoctu U(l) it ABYX MOJIOKEHUI KPOHIITEHHA;

« 01,Ry, {3, Ry;

*  IMaMeTp U IUIOIIA (b MONEPEYHOro ceueHust mpoBogHuKa B Buae d = Ad u S+ AS ¢
BBIBOJIOM (pOPMYITBI TSt pacueta AS;

*  BbIBOA (hopmyIibl AJis pacueTa Ap;

*  pE3yIbTaT pacyeTa y[eNbHOro CONPOTHBIEHUS B BUIE P + Ap.

JlabopaTopHas padora Ne9. U3yyeHue 0MOI0IrM4eCKOr0 MUKPOCKOIIA M METO0B
U3MepeHusi MAJIbIX 00beKTOB.
Heap padoThl: 1) HAYYUTHCS U3MEPSITH Pa3MEPhI MAJIBIX 0OBEKTOB C IIOMOILBIO
MHUKPOCKOIa; 2) yMETh BBIYUCIATH MOJIE3HOE U MPAKTHUECKOE YBEIMUEHHSI MUKPOCKOTIA.
IIpubops! U MaTepuAaIbI: MUKPOCKOI, 00BbEKT-MUKPOMETP, Npenapar AJsi HabIo1eHusI.

11.1. TeopeTuyeckasi 4acThb
buonornyeckuii MUKpOCKOIT — 3TO ONTUYECKUI pUOOp U1 HAOIIOAEHUS MaJIbIX OOBEKTOB,
HEBUJIUMBIX HEBOOPYKEHHBIM IJIa30M. 3HAHME MMKPOCKONA W €ro BO3MOMKHOCTEH IO3BOJIUT
CTYJIEHTY C TOHMMAaHHMEM HCIOJIb30BaTh MHUKPOCKON B paldoTe, pemiaTth BOMNPOC O IMPUTOJAHOCTH
ONTUYECKOT0 MHUKPOCKONA JJIsi JaHHOTO MCCIEIOBAaHMS MM HEOOXOIMMOCTH Iepexofa K
UIEKTPOHHON MUKPOCKOIHH.

11.1.1. Ilpeden paspewenusn znaza

[Ipu paccMOTpeHHHM HEBOOPYXEHHBIM TIJla30M OOBEKTa Ha PACCTOSTHUM HAWJIyYIIEero
3peHust (S = 25 cM) OuYeHb BaXXEH yroi 3peHHs [, YTJIOM 3peHHs Ha3bIBAIOT YroJ MEXIY
Jy4yaMu, UIYIIMMU OT KpailHUX Touek nmpenmMera AB B a3 yepes ero ontuyeckuit HeHTp (puc.
11.1 a). Ilpn HOpMaNnbHOM 3pEHUM MPEAEIBHBIN YTOJI 3p€HUsl PAaBEH NIPUMEPHO OAHON YIJIOBOM
MUHYTE (SBipes = 1), 4TO COOTBETCTBYET PACCTOSHMIO MEKTy KpaiiHMMu Toukamu npenmera AB
= 0,075 MM, HaOJIIOJaeMBIMH Pa3/IeibHO C PACCTOSHUS HAUIYYIIETO 3pEHUS:

AB= S'tgﬂnpem
AB =25 cMm x 0,000291 = 0,007275 cm = 0,07275 MM ~ 0,075 MM = 75 MKM.

Omo paccmosinue ob6o3navaiom Z,, u Hazviearom npeoeiom paspeuienus enaza (Z,, =15
MKM). Ecmu JIBE TOUYKH npenMera Halr01at0TCA noJt yIJI0M
Ls< Bupen, TO OHU CIMBAIOTCSA, T.€. BUJHBI KaK 0J1Ha Touka. Ecin 1Be Touky HabmrogaroTes mox
yrioM Sy > Bipen, TO OHM BUHBI Pa3JIeNbHO, T.€. BUAHBI IBE TOUKH.

31ech U ganee uMeeTcs B BUAY HOPMaJIbHBIH 7143 U paCCTOSIHUE HAMTYYILIero 3peHus S =
25 cm.

11.1.2. X00 nyuei ¢ nyne (okyaape)

Yacto 1t Habr0IeHUsI MEJTKMX 0OBEKTOB TOJIB3YIOTCS OJTHOM JIMH30# — ymoi. [Ipu
3TOM ONTHYECKHUI LIEHTP Ti1a3a COBMEIIACTCS C 3alHUM (POKYCOM JIYIIbI, & OOBEKT pacloaracTcs
OnmKe K Jyrie, ueM ee nepeaauii Gokyc (puc. 11.1 6).
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Co3naBaeMoe JTymoil MHHUMOE, MpsIMOE, YBEIWYEHHOE M300pakeHue AB Haxomutcs Ha
pPacCTOSHUM HAWIY4YIIEro 3peHus 25 C¢M OT ONTUYECKOro LIEHTpa HOPMAJIBHOIO TIja3a. ITo
MHHMOE u300paxkeHrne AB sBiseTCs mpeaMeToM, paccMaTpuBaeMbIM Ti1a3oM (puc. 11.1 6).

s paccMOTpeHus MEIKHUX CTPYKTYyp IJIa30M, Kak CKa3aHO BBIIIE, CYIIECTBEHHOE
3HAYEHHE MMEET yrojl 3peHus, Mo KOTOPhIM BUJEH mpeaMeT u B ayny [, (puc. 11.1 6), n 6e3
aynsl [, (puc. 11.1 a). Tlpu 3TOM BBOIUTCS YIIIOBOE YBEIMYCHHUE JIYIIBI Yy, PABHOE OTHOIICHHIO
YTJI0OB, UJIM TAHT€HCOB 3TUX MAJIbIX yIJIOB, KOTOPHIE MOXKHO 3aMEHUThH OTHOIIIEHHUEM PACCTOSHUA,

yKa3aHHBIX Ha puc. 11.1 a, 6.
B. tgB, h/S f '

f 6).

Puc. 11.1. Xon nxy4eii npu Ha0/I10leHUH 00HEKTA HEBOOPYKEHHBIM IJ1a3oM (a)
" yepes aynmy (6)

Takum o0Opa3oM, YIJIOBO€ YBEIMUYEHHME, CO3[aBaeéMoe JIyNoOi, pPaBHO YacCTHOMY OT
JeJICHUS] PacCTOSHUS HaWIydlIero 3peHuss S Ha ¢okycHoe paccrosHue aymbsl f. J[ns riasa,
BOOPYKEHHOTO ONTHYECKOM CHCTEMOW, NPENEIbHBIA yrojl 3peHuss TOT XKe, 4YTO W Ul
HEBOOPYKEHHOTO: Sypen = 1.

Ecnu nyna (BooO1ie onTudeckuii npubop) yBEIUUUT yrosl HaONIOAEHUS BYX TOYEK J10
3HaueHus [ 6onbiie npenenbHoro (B, > Bipen), TO ABe TOUKM OYAyT BUAHKI pasaenbHo. Eciau 510
YCIIOBUE HE BBINOJHAETCS, JBE TOYKM CIMBAIOTCS, MPUUYEM STO HE 3aBUCUT OT JIMHEHHOTO
YBEJIMUYEHUS JIYIbl, KAKUM OBl OOJIBIIIMM OHO HU ObUIO. DTO cieyeT U3 aHanusa puc. 11.1 0.

[Mycts G, < ﬂnpeﬂ, TOT/1a IB€ TOUKHU n3o0pakenus A' u B', u coorBeTcTBeHHO TOUkr A 1 B
npenMera, OyayT BUAHBI CIUTHO. MoxkHO nipeameT AB npuOiau3uts k pokycy F nynbsl — MEEMOE
nuzobpaxenue A'B’ yBenuuurcs (MOXKET cTaTh O€CKOHEYHO OOJBIIHM, [y = A'B'(A'B' — ),
OJTHAKO YroJl 3, OCTaHETCS MPEKHUM, TOUKH OYIyT BUIHBI CITUTHO.

Becpma uHTEpecHO, UTO A1 HOPMAIBHOTO IJ1a3a MPU PACCTOSHUM 10 M300pakeHus S =
25 cM yII0BO€ YBEIMYEHHE JIYIIBI PABHO €€ JMHEHHOMY YBEJIIMUEHUI0. JTO cienyer u3 puc. 11.1
o:

_AB'_AB'_S.
JUH AB h f 4
YTO PABHO YIJIOBOMY YBEIMYEHUIO JTYIIBL.

r (11.2)

11.1.3. X00 niyueii 6 muxpockone
Mukpockorm — 3TO BeCbMa TOYHBIM ONTHKO-MEXaHHMYECKHH MPUOOp, KOTOPBI
UCTIONIb3YETCS I HAOMIOJEHUS MEIKUX OOBEKTOB, HEBUAMMBIX I1a3oM. OH COCTOUT W3 JIBYX
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CHCTEM TOJICTBIX JIUH3 — 00BEKTHBA U OKYJISIPA, KOTOPbIE HA CXEMaX YePTATCS KaK TOHKUE
JIMH3BIL.

O6bexT AB, Habm01aeMbIll B MUKPOCKOII, PACIIOaraeTcsi HECKOIbKO JAJbIIIe MEPEAHEr0
¢doxyca obbekTuBa. OOBEKTUB co3maeT u3olOpaxenne A'B' — yBenmmueHHoe, AEHCTBUTENBHOE,
oOpaTHOE U HEMHOTO OJIM)KE K OKYJISIpY, 4eM nepeaauid hokyc okymsapa (puc. 11.2), T.e. MEXIy
oKyisipoM U okycoMm. OKysip IEHCTBYET Kak JIyra, co3aaBast MHUMoe n3o0paxenue A" B".

Nzobpaxenue A'B', co3naBaemoe 00BEKTHBOM, SIBJISIETCS PEAMETOM, pacCMaTPHUBAEMBIM
yepe3 OKyJsap. Mzobpascenue A" B", cozmaBaemMoe OKYISPOM, CHIPOUM NO OOWUM 3AKOHAM

ceomempuueckoti onmuku: ooun 1y, uoyuuil vepes mouxy A' | nposodum napannensno anasnoii
onmuueckoil ocu, eémopou ayy (Uoywuil uepez my ogice MOUKY) — uepe3 ONMUYECKUil Yenmp
oxynsapa. TTocKoIbKY ONTUYECKUI IIEHTP TJIa3a COBMEIICH ¢ 3aHUM (DOKYCOM OKYJsipa, TO JIyY,
Uy uepes 3aaHui PoKyc OKymsipa, HAET B TO ke BpeMs Yepe3 ONTHUECKHM IEHTp IJ1asa u,
3HAYUT, UJET, HE MPEJIOMIISACH, 10 CETUYaTKH, B TOUKY B'".

Fo by o e o e

B E

A“ L C E ‘
s e A 7 3
‘f Fg |0
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I = T
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Puc. 11.2. Xon Jry4ell B MUKPOCKoOIIE

[TockonbKy ri1a3 akkoMoJIMpyeT Tak, 4ToObl B 3TOi Touke B'' Ob110 HammydmuM oOpazom
c(OKYCHpPOBaHO M300pa)keHHWE TOYKHM MpeaMeTa, TO BCce JApPYyrue JydHd, Jarolre n300pakeHue
B"', mpenomMnssichk Ha INIaBHOM IUIOCKOCTH TJ1a3a, HAyT B TOUKy B'".

MOHO MOCTPOUTH TaKXKE XOJA Jyde B MHUKPOCKONE C MCIIOJIb30BaHHUEM IMOOOYHBIX
ONTHYECKUX OCEH, UTO JaeT TO e camoe (Ha puc. 11.2 3TH OCH HE TIOKa3aHbl).

VYrioBoe yBelMueHUE TMpeaMeTa, JaBa€MO€ MHKPOCKOIIOM J, B 1I€JIOM, pPaBHO
MIPOU3BEICHUIO JIMHEHHOTO YBEIMYEHHUS OOBEKTHBA Jy5 HA YIIIOBOE YBETMUCHHE OKYIISPA Yo

V=7 o6Y ox- A'B’ (11.3)
ITpu 5TOM NIMHENHOE yBEIMYEHNE OOBEKTHBA ) s = ———— MOXKHO OIPEJIEIUTD Yepe3

AB

OTHOIIIEHHE KaTeTOB N0O00UHbIX TpeyroiabHUkoB OEC u CA'B' yuuTtsiBas, uto OE =AB:
, _AB_CA'_CD+DA'_CD _L,
“ AB CO CO f. L,

rae Lo, — paccrossHue Mexay 3amHUM (OKYCOM OOBEKTHBA W TEpPeAHUM (POKYCOM OKYIsIpa,
Ha3bIBAEMOE ONTHYECKON UIMHON TyOyca MUKpocKomna (Masoi BenrnunHoi DA’ 1o cpaBHEHUIO ¢
Lo = CD M0xHO IpeHeOpeyb).
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Vrinosoe YBCIMYCHHUEC MUKPOCKOIIA Yy PaBHO:
B LS
V=YooV ox= f—f (11.4)
06 ok

B KOTOPOM IIPHHSTO YIIIOBOE YBEIMYCHUE OKYJIsIpa ¥, = S/fox Kak yBenudenue iymsl, L, = 160
MM, S =250 MmMm.

11.1.4. Ilpeden paspeuwienusn oo6vekmusa

CBOHCTBO ONTHYECKON CHUCTEMBI JaBaTh pa3/elibHOE H300paKeHHE ABYX IPEAEIbHO
OJIM3KUX OCBEIIAeMbIX (MJIH CaMOCBETSIIUXCS) TOYEK HA3BIBAIOT pa3pelIaroniell CiocOOHOCTHIO
CUCTEMBI, a MpPeoelbHO Maloe pACCMOSHUe MeHcOoy MOUKAMU, Npu KOMOpoOM cucmema
uzobpadxcaem ux ewje pasoenbHO, HA3bIEAIOM Npeoerom paspeuieHus. Uem MeHblIe Ipenen
paspeiieHusi, TeM OoJibllie pa3periariias CIocoOHOCTh cUcTeMbl U HaoOopot. [lpenen
paspemenusi riaza Z,; = 75 mxm. llpenen paspemieHusi 0O0bEKTHBAa MHUKPOCKOIIA, COTJIACHO
Teopun AOOe, 3aBUCUT OT TPEX CIIOCOOOB OCBEIIECHUS 0OBEKTHBA.

IlepBblii cmocod: mnpenapaT ocBewlaeTcs MapajUlelbHbIM IydkoM cBeta. [lpenen
paszpeieHus 00bEeKTHBA PaBeH p)

/ =

1 _
sin@
riae A — JJIMHA BOJHBI MOHOXPOMATHUECKOTO CBETa MJIH JUIMHA BOJIHBI, K KOTOPO#i I1a3 Hanbosee
gyyBcTBUTENCH (A = 555 HM = 0,555 MKM, B citydae ocBelieHust OesibIM CBETOM), & — anepTypHBIN
yroi (TOJIOBMHA yIia MEXAY KpalHUMU JIydaMH, UIYIIMMUA B OOBEKTUB OT TOYKU OOBEKTa Ha
IJIABHOW ONTHYECKOM ocH).
Bropoii cmocod: npenapaT OCBeIIAeTCs KOCHIM IyYKOM CBeTa (CBET Ha OOBEKT
HocTynaeT yepe3 konaeHcop). I[Ipexen pa3pemeHﬁﬂ YMEHBIIIAeTCs B ABA pa3a

(11.5)

Z = . (11.6)
2sind
Tpernii cnmoco6: npenapar ocBemaeTcs 4epe3 KOHJAEHCOp (KOChle Jy4d) CO CIIOSIMU
MMMEpPCHOHHOTO Macja MeXJIy OOBEKTHMBOM M OOBEKTOM, a TakKkKe MeXAy OOBEKTOM H
KOHieHCOpoM (puc. 11.3).

1-ii MinkBhMPNEHMYM 0-if MakcuMyM
“ 4 TIOKPOBHOE CTEK.I0

*s V P
N oy s\

HUmmepcronnoe Macio

ITpenmeTHoe cTeKI0
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Puc. 11.3. Ilpenen pa3penieHusi HMMEPCHOHHOT0 00bEKTHUBA

OOBEKTUB PaCCUUTHIBACTCA Il COOTBETCTBYIOIIECH IMMEPCHOHHOM CPEeIbl — Maciia MU
Bobl. [Ipenen pazpenieHust UIMMEPCUOHHOTO OOBEKTHBA:

ST
7 2sin@  2nsind  2A

rie Ac, — AJMHA BOJIHBI CBETa B UMMEPCHOHHOM CpeJie, €€ MOKHO BBIPA3UTh YePe3 JIIMHY BOIIHBI
K cBeTa B Bo3nyxe A, = A/n, A — uncnenHas ameprypa (CM. HMXe), N — OTHOCHTENBHBIH
MIOKa3aTelb MPEJIOMIICHHS CPEJIBL.

Yucnennoui anepmypoti 00bEKTUBA HA3BIBAIOT MPOM3BEICHNUE MOKa3aTelNs MPEIOMIICHUS
Cpelbl MEKAY OOBEKTHBOM U OOBEKTOM Ha CHHYC allepTypHOro yria &

* Ui cyXoro o0bekTuBa A = n-sin@ = SiN6, Tak Kak mokas3aresb MPEIOMICHUS BO3IyXa
paBeH CIUHHUIIE.

* JUI1 MMMEpCHOHHOTO oObekTHBAa A = nsing = 1,515-0,94 = 1,424, Tak Kak s
UMMEpCHOHHOTO Macyia N = 1,515, a anepTypHbIii yron Takux o0bektuBoB €= 70°, sin6 =0,94.

OObIYHO YKCTICHHAs anepTypa 00beKTHBOB paBHa: A = 1,4 — s macisnoit, 4 = 1,25 —
JUIs1 BOTHOM UMMEPCUH.

[Ipenen paspemieHuss UMMEpPCHOHHOTO oOBekTHBA B N = 1,515 (kempoBoe wmacio)
MEHBIIIE, YeM Il CyXOoro oObeKkTuBa. [IpH 3TOM MOKa3aTeld HpPEJOMIICHUS MPEJAMETHOTO,
MOKPOBHOTO CTEKOJ M JIMH3 KOHJAEHCOpa W OOBEKTHBA OJNM3KM K TOKA3aTEII0 MPEIOMIICHUS
KEJPOBOr0 Maciia, MO3TOMY OTPaKEHHE CBETa Ha MOBEPXHOCTH pa3jeia MOYTH OTCYTCTBYET,
BCJIC/ICTBHE Y€TO SIPKOCTh H300payKeHUs HE OCIIA0IsIeTCsl.

(11.7)

11.1.5. Ilpeoen paspewenus muxpocxkona. Ilone3noe u npakmuueckoe yeeauyenus
MUKDPOCKONA U OKYJIAPOG K HEMY

B Mukpockon MOXHO yBHJETh JUIIb OOBEKTHI, pa3Mep KOTOPHIX PaBeH WK OoJiblie
npezena paspemeHus oobekTuBa (Tpu hopmynsl). OnHaKo 3To He Beerja Tak. Eciu npenenbHoe
paccTosiHie MeXy ABYMsl TOUKaMU He OyJeT JOBEJEHO YITIOBBIM yBEIMUYEHHEM MHUKPOCKOIIA, B
YaCTHOCTH, €r0 OKYJISAPOM, JI0 Ipefesia paspemeHus riasza Zp;, TO YroJl 3peHusl IpeiMeTa B
MuKpockon f3, OyaeT MeHblle TpeleNbHOr0 Yria 3peHus rnasa ., 1 TOYKH OymyT BUIHEI
CIIUTHO, KaK OJIHAa TOYKa.

ITone3HpIM yBETMYEHUEM MUKPOCKOINA ¥, ., Ha3bIBAETCS YBEJIWYEHUE, MPHU KOTOPOM
npeneiabHbId pa3mep o0bekTa Z (IUisi JaHHOTO OOBEKTHBA UM METOJAAa OCBEIIECHHUS) JOBEACH 0
npejena pazpemenus Z,, riasa:

Z : 7/M.}10/Z. - ZZ/Z’

OTKy/1a

z L, Z,-24

z A A

2A
rae Z — npejien pa3penieHusi 00beKTHBA MPH KOCOM OCBEUIEHUH (C KOHACHCOPOM), 4 —
YHCIIEHHAs arnepTypa.

3Hasi MOJIE3HOE YBEIMYEHUE V), ,,, MHUKpPOCKONa (OOBEKTHB NpPU 3TOM YKe BBIOpaH:
W3BECTHBI €r0 YHWCJIEHHAas aneprypa A W YBEIHYEHUE J,;), MOXKHO OMNPEICNIUTh IOJIE3HOE
YBEITMUEHUE Yok non OKYIISIPA U3 (HOPMYIIBL:

7/M.n0]l =
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Y wnon — 7/06 7/01(.1’10.71 — Yoxnon = %'
06

OI[HaKO IIOJIEBHOC YBCIMYCHUC MHKPOCKOIIa MOXKET OKa3aTbCiAd HEAOCTATOYHBIM JJIA
HaOII0AeHNsT 00BEKTOB MPEIEIBHOTO pa3Mepa. ITO MPOUCXOAUT MOTOMY, UYTO OKYJSP COCTOHT
W3 JABYX JIMH3 — IMOJeBOW M Tia3Hou. [loneBas nuH3a (01rke K OOBEKTUBY) MPEIOMIIIET JIYUH,
BBIIIIEIINE W3 00BEKTHUBA OJIIKE K OCH, 4TOOBI OHM BOIIUTH B TJIA3HYIO JTMH3Y, 2 HE MUMO HeEe, U
II0IIaJI1 B TIJIa3. HpI/I OTOM YBCJIHNYCHHUEC, OaBacMOC O6T)CKTI/IBOM, YMCHBIIACTCsA, a B pacucTax
IMOJIC3HOI'O YBCIIMUCHUA MUKPOCKOIIA MbI 3TO HC YUUTBIBACM.

BcenenctBue 3Toro yBennueHne MUKpOcKora 6epyT B 2 + 4 pasza O0JIbIIe MOIe3HOTO ¥,
noz, C 3aI1aCOM, HA30BEM €0 NPAKTUYECKUM, Jy, 1p-

ym.np = (2 - 4)7/M.n0/l'

Boobme pexomenmyercss OpaTh YBEIWYCHHE J, MHKPOCKOIA, YAOBJICTBOPSIOIICE
HepaseHCcTBY 1004 < 7, <5004, 4T0 OYTH TO 3KE CAMOE, YTO U J;, 4p-

[TonesHoe yBenMueHHME MHUKPOCKONA MOBBILAIOT IO IPAKTHYECKOro BbIOOpOM
YBEIIMUYCHHUS OKYJISIPOB B 2 + 4 pa3a 0oJbIlIe MTOJIE3HOTO YBEIHUYCHUS OKYJIIsIpa:

7/01(.71]7 = (2 - 4)7/0K.}’l0jl ’

3HaHMe AIEeMEHTAPHON TEOPHH MUKPOCKOIIA SBIISIETCS OCHOBOM ISl BBIYMCIICHUH MpU
UCIOJIb30BAaHUU MUKPOCKOIIA B UCCIIEOBATEIBCKOM MPAKTUKE.

Heo0xonruMo ycBOMTH METOAMKY PELLIEHUS CIIEAYIOIIeH THIIOBOI 3a1a4H.

3agaua. O0bekT nmeet pazmepsl Z = 0,22 + 0,25 mxm. 11 OCBEIIEHUS TPUMEHSICTCS
Oeblii CBET.

1. Kakoit 00beKTUB MUKPOCKOTIA HYXKEH sl HaOJIt0IeHUS?

2. UeMy paBHBI TIOJIE3HOE M TPAKTHYECKOE YBETMUEHUS MUKpOCKONa?

3. C kakuM yBeTHUYEeHHUEM TPeOYIOTCS OKYISIPhI?

Pemenne. BerunciuMm npenensl pa3peieHust 00beKTHUBOB MPH Pa3INYHBIX METO/IAaX
OCBEILEHUS.

1. Ocgerienue napauienbHbIM MydkoM. Cyxoi 0OBEKTHB, YUCIICHHAS anepTypa A = Sinéd
=0,65:

7 —% _0.555umn
A 065

2. Ocgenenne 00bekTa ¢ KoHaeHcopoM. Cyxoit 00beKTUB, YHCIeHHas anepTypa A = Sinéd
=0,65:

= 0,85mxm.

_ A _0.555mKm
2 2A  2.0,65

3. OcBemenne 00beKTa ¢ KOHACHCOPOM. OOBEKTHB ¢ UMMepcHer (KeIpoBoe Maciio N =
1,515), uucnennas aneprypa 4 = sinf = 1,4
A 0555mrm
Z A ="= = 0,198uxm.

:2_A 2nsin@ 2-2.14

OTteBeT Ha nepBblii Bonpoc. Kak BUIUM U3 pacyeToB, TOJIBKO HMMEPCHOHHBIN 00BEKTHB
MO3BOJIUT YBHUJETh 00BeKThl pazmepom Z = 0,22 + 0,25 MKM, Tak KakK TOJIKO JJISi 3TOTO
00BEKTHBA TIPEIeN pa3pelieHus MEeHbIIe pa3MepoB o0bvekTa: Z3 < Z, wiu 0,20 mxm < (0,22
+0,25) MKM.

OTrBer Ha BTOpoil Bompoc. [lone3Hoe YBEIMYEHHUE Yynon MHUKPOCKONA PABHO TOMY
YBEIMYEHUIO, MTPU KOTOPOM HaUMEHbIIM pa3mep oObvekTa Z = 0,22 MKkM OyzneT IOBEACH [0

= 0,43mxMm.
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pa3MepoB MPEEIbHOTO 00bEKTa, HAOII0JaeMOr0 HOPMAJIBHEIM T1azoM 0Oe3 mpubopa, Z., = 75

MKM, Ha pacCTosIHUU HAaWJIy4lIero 3peHus,
S=25cMm:
7 T5MmKMm
Z-y =L, DY, == =341.
M.NOJ 2N M.NOJ Z 0’25_]‘/[

[Tone3noe yBennueHue MUKpOCKOIa paBHo 341.
[Tone3Hoe yBenu4eHUE OKYISAPA Yy nox (U151 OOBEKTHBA 1AHO: J,; = 90) Haligem u3
hopmyIs:

— — yM.nOJl = ~ 4.
Q/M.I/IO]Z 7/067/0K.n0fl 7/05 90

IIpakTuyeckoe yBenuueHHe MUKPOCKOIIA J,, ,, PABHO:
Yonp = (2+4)-341=(2-341) + (4 - 341) = 682 + 1364.
IIpakTH4€eCKOE yBEIMIEHHE OKYIAPOB J,, ,,, OYAET PABHO:
Yoxnp = (2 - 4) Y ox.non = (2 - 4) -4=8+16.
Oxkynsp ¢ yBenuuenueM 10 BHOJIHE TOAXOAUT.

11.2. Onucanue yCTaHOBKH
OOmuit BUJI MUKPOCKOIIA PUBOIUTCS HA puc. 11.4. Ha HeM moKa3aHbI: OCBETHTEIILHOE
YCTPOHCTBO — KOHJEHCOp C AuadparMoii (mMoja CTOIMKOM MHUKpockona). OnTudeckas cucTema
npudopa BKIOYAET OOBEKTUB U OKYIISIp, @ MEXaHUYEcKasl cucTeMa o0ecrieunBaeT nepeMelleHme
IIPEIMETHOIO CTOJIMKA C IpPEnapaTolep:KaTeleM OTHOCUTENIBHO ONTHYECKOM cucreMsl. s
OBICTPOI CMEHBI OOBEKTUBOB Y COBPEMEHHBIX MUKPOCKOIIOB UMEETCS PEBOJIbBEPHAs TOJIOBKA.

w
_—

Puc. 11.4. Mukpockon BUOJIAM

OOBEeKTHB MHMKpPOCKONA IMpeACTaBIseT co00i cucTeMy JMH3; Onukaiias K 0ObEeKTHUBY
JIMH3a HA3bIBaeTCs (PPOHTAIBHON, OHa B OCHOBHOM 00€CHEUMBACT HEOOXOAMMOE yBEIUYEHUE,
JpyTUE JIUH3bl UCIPABISIOT HEAOCTATKU 300paxeHus. OKyJsp COCTOUT U3 BYX JINH3, KOTOPbIE
PAacIoyIo’KeHbl JPYr OT JApyra Ha pacCTOSIHMM, PABHOM MOJYCyMMeE MX (POKYCHBIX PACCTOSHHM.
KonzneHcop cocTouT U3 Tpex JMH3; MpeaMeT AOJKEH OBITh PacroiokeH B ero (hoKaJbHOU
TUIOCKOCTH.
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11.3. DKkcnepuMeHTAJILHASA YaCTh

11.3.1. Onpeoenenue yensvl oeienun wiKavl OKyaApa

s mpoBeneHMs HM3MEPEHMH pPa3MEpOB MAJbIX TEJI C IIOMOINBIO  MHKPOCKOIIA
HEOO0XOAMMO TPOU3BECTH OIpPENEIIEHUE IIEHbl JEeNEHus MIKaabl OKyjsapa. Jlus 3Toro Ha
MPEIMETHBIM CTOJIMK MMKPOCKOIA IIOMELIAIOT OOBEKT-MUKPOMETP, JOOMBAIOTCS PE3KOT0
n300pakeHus ero mkainsl. CoBmemaroT, Hanpumep, 10 geneHuil mkansl 00beKTa-MUKPOMETpaA €
N IENEeHUSMH IIKAIbl OKYJIsApa. 3Hasl, 4To LeHa AeneHust o0bekTa-MukpomeTpa cocrasisier 0,01

MM, OIIPpEACIAIOT HCHY ACJICHUA IIKaJIbl 06}/618‘3 110 (H_ MYIJIC:
. M -

C= (11.8)
n

OnpeneneHue IEHBI JICTICHUS IMPOU3BECTH KAaK HAa MaJlOM YBEJIMYCHWH, TaK W Ha
OOJIBIIIOM.

11.3.2. Onpeoenenue pazmepa 6uonozuueckozo oo6vekma

PazMecTuTh Ha MPEIMETHOM CTEKJIC BOJIOC (WUIM Iperapar U3 cpesa JINCTa PacTeHHS),
chOKyCHpPOBATh MUKPOCKOIT HA PE3KOCTh, JICIICHUS MIKAIBI OKYJISIpa PACIIOIOKUTh MapalieIbHO
BOJIOCY (UM MeMOpaHaM KJIeTKH pacTeHus). OnpeaenuTs Mo IIKalle YUCIIo AeeHui N (IecsaTbie
J0JIM — Ha TJIa3), 3aHMMaeMbIe Ha0JIt0JaeMbIM 00beKTOM. Bbrauciuth Tonmunay Booca d (viu

pasmep KJIETKH), OJIb3YSCh IEHOU JCTICHHS C.
MM
=C | _ n[aeﬂ]
| 0en |

3anucateb B maoba. 11.1 yBenuyeHne U YUCICHHYIO anepTypy 00bEKTUBA MAJIOro U
00JIbIIOTO YBETMUEHUH.

¢ - n[an].

Tabnuya 11.1

Ne | VBennuenu| Uucnenna | Ilpenen | Ilonesnoe | Ilpaktu- | Ilosmesnoe | Ilpaktu-
n/n e s alepTypa | pa3pellicH! |[YBEITUUYEHNUE| UYECKOE yBenuue- YECKOE
00BeKTHBA A A MHUKPOCKOIIA yBEINYECHHE HUE yBEJIMUYEHUE
o6 KOHJEHCOPA| y MHUKPOCKOIId OKyJisipa | OKyJisApa
Z(MKM) 7M.np 701<.non 7/0K.np
1
2
Oran
OH
Bbruncnute  uis  0OOBEKTMBOB MHKPOCKONA MPEAETbl  pa3pellieHus, IOJie3HOe U

IMPAKTUYCCKOC YBCIIMUCHUSA MUKPOCKOIIA, 4 TAKKC YBECIIHMYCHUA HGO6XO)II/IMI>IX AJIg 9TOr0 OKYJIAPOB
(cM. mpuMep BBIYMCIIEHHM B TEOPETHUYECKOM pasjese). Boluncienus mpencraBUTh B OTYETE,
pe3yibTaThl 3aHecTH B mabn. 11.1.

PesyabTaTel padorsl. K oT4ery npeacraBurhb:
¢ IICHY ACJICHHUA IIKAJIbI OKYJIdpa AJId KaXKA0TO YBCINYCHUA,
* TOJILMHY BOJIOCA (MJIM pa3Mep KIETKH) JUIsl KaKI0TO YBEJIUUYECHMUS;
* maon. 11.1.

JlaGoparopuas padora Nel0. OnpenesieHue KOHUEHTPAIMM caxapa NP MOMOIIHU
caxapumeTpa.
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Heap padorsbl: 1) uccienoBarh 3aBUCUMOCTD yIJIa BpaleHMs! IIOCKOCTH IMOJIIpU3aLUN
OT KOHIICHTPAILIUU PACTBOpA U OT JUIMHBI CTOJI0A PacTBOPA; 2) HAYUYUTHCS OMPECIIATh yASIbHBINA
YroJI BpallleHus IIOCKOCTU MOJspU3aluy; 3) OBJIaJeTh METOAOM OMNpEeiIeHHs] KOHIICHTPAuU
pacTBopa caxapa ¢ IOMOUIbIO caxapuMeTpa; 4) U3y4yuTh YCTPONUCTBO caxapUMeTpa.

IIpudopsl m Marepuabi: caxapumerp CVY-4, KioBeTa ¢ JUCTHUUIMPOBAHHON BOJOM,
KIOBETBI C PaCTBOPOM caxapa pa3jIu4yHON KOHLIEHTPaLUH.

12.1. TeopeTuuyeckas 4acThb

PactBop caxapa oOnagaer CHOCOOHOCTBIO BpaliaTh IJIOCKOCTh  MOJSPU3ALMU
IIPOXOJALIET0 4Yepe3 HEro IMOJIIPU30BAaHHOIO Jyda CBETa. YTIojd BpallleHHs IUIOCKOCTH
MOJIAPU3AllMU CBETOBOI'O JIydya pPAcCTBOPOM B CIO€ ONPENEICHHOW TOJIIMHBI 3aBUCUT OT
KOHLEHTpauuu pactBopa. Ompezaensis yrojd BpalIEHUS IJIOCKOCTU MOJISpU3ALMHU, MOKHO
OTIpeACNTUTh KOHIICHTPAIHIO PacTBOPA.

B caxapumerpe npuMeHeHa MeXAyHapoaHas caxapHas mkaia. B veit 100°S cocraBisitoT
34,62° yraoBeix. OQHO AeNeHUE MIKAbl caxapuMeTpa COOTBETCTBYeT mpubnusutenbHo 0,35°.
Caxapumerp mnokaszsiBaer 100°S mpu 20°C, xorma B HEM B KauyecTBE MOJspU3aTOpa B
MOJISIPUMETPUUECKON KroBeTe ainuHoir 200 MM mpumeHsiercss pactBop, B 100 em® KOTOPOTO
COJIEpKUTCS 26 T XMMUYECKM YHUCTOM CyXOW caxaposbl (B3BELIEHHOW B BO3AyXE JIATYHHBIMU
THPSIMU — HOPMAIbHASL HABECKA).

Onpenenuth MO mIKane TpuOOpa HEMOCPEICTBEHHO MPOILIEHT caxapo3bl B UCCIEAYEMOM
BEIIIECTBE MOXKHO, ©CIIM B3STA €ro HOpPMalbHas HABECKa, pacTBOp moBegeH 10 100 cm® u
NoJisipu3anus Mpou3BeieHa B KtoBeTe JIMHOM 200 MM.

Ecmu xe kroBery mimuHOM 200 MM HaAMOJHUTH HCCIEAYEMBIM pPAcTBOPOM, HE Jemas
HOpMaJIbHOW HaBECKH, TO Ui OIpeJNleIeHUs] BECOBOTO IMPOLEHTa caxapo3bl HeoOxoaumo (1-i
MeTO0J) OTCUMTAHHbIE [0 IIKaJe caxapuMeTpa TIpagychl YMHOXXHUTb Ha IEpEeBOJHOU
kodpuuuent 0,260 u pa3enauTh Ha MIIOTHOCTH p UCCIETYEMOTr0 pacTBOpa:

0. 0
C=_"""x¢ S). (12.1)
Yame npumensor 2-ii Meroa. OmpenenuM yIeNbHBIA Yrojl BpalIeHUs IIOCKOCTH
MOJISIpU3allMid  —  YroJ, Ha  KOTOPBIM  IOBOPAYMBACTCA  IUIOCKOCTh  IOJIIpU3ALUU

MOHOXPOMAaTHYECKOTO CBETOBOTO Jyda ¢ A = 589 HM, MpoIIeANIero 4yepe3 pacTBOp caxapa
enuHnYHON KoHIEeHTparmu 1 /(100 CM3), HAXOJSIIUKCA B KIOBeTe eNUHUYHOU (1 aAM) JUTHHBL:
TaK KaK

o= @Cl, (12.2)
o °S
_a - 2-0m/100cn®

B mameii mabopaTopun 3Ha4YeHHE YAETHHOTO BpAIICHUS pacTBOpa caxapa ¢y, = 0,602
(umenno smo 3Hauenue ciredyem 6Opame npu pacueme OMHOCUMENbHOU NOSPEULHOCHIU
usmepenust 6 ynpadxcruenuu 12.3.3).

Jlyis1 onipeniesieHus: KOHIIEHTPAIMK PacTBOpa caxapa 3TUM METOJIOM TOCTATOYHO M3MEPHUTh
C MIOMOIIBIO caxapuMeTpa YroJi BpallleHHsl IJI0CKOCTH MOJISPU3aIliH TaHHBIM PAaCTBOPOM M 3HATh
IUTMHY KtoBeThl. KOHIIEHTpaIis pacTBOpa B 3TOM CIIy4ae OMpPEaesIeTCs 10 popMyIie

MOoJIy4Ynm

2]

C=_. (12.3)
@4l
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12.2. Onucanue yCTAaHOBKH
Ha puc. 12.1 npusenena ¢otorpadus caxapumerpa CY-4.

Puc. 12.1. CaxapumeTp yHuBepcaabHbiii CY-4

12.2.1. Onmuueckasa cxema caxapumempa

Csert ot 3sekrposiamiibl 6 (puc. 12.2) npoxoaut uepe3 cBeTohuabTp 8 mim auadpparmy 7,
yepe3 KOHACHCOp 9 W TMONYTEHEBYIO TOJSPU3ALMOHHYI0 TpusMy — nonsipuzarop 10.
[Tonsipusarop paszeneH Ha JIBe OJOBUHBI JJHHUECH pasaena. [Ipu 3ToM monspu3aTop yCTaHOBIICH
TakK, YTO TUIOCKOCTH TMOJISIPU3ALUU 00C€UX MOJIOBHH CBETOBOTO MOTOKA COCTABISIOT OJWHAKOBBIC
YIIIbl C IJIOCKOCTBIO MOJSIpU3alliK aHaimu3aTopa 15. B 3ToMm ciydyae aHanu3aTtop HpOITyCKaeT
paBHBIE CBETOBBIC MOTOKH, MOATOMY JieBas W TpaBasl MOJOBUHBI IOJISI 3PEHHSI B 3PHUTEIHHOM
TpyOe, cocrosimeil u3 oobekThBa 16 u okymspa 17, mpu orcyrcTBuM KioBeThl 11 ¢ pacTBOpoM
caxapa, OTJINYaThbCs HEe OYAYT.

[

-

__B_‘ 2 m .;;._:.‘.:‘\‘\ _ @_1
@ H ol e : T
8 9 10 12 13 15 16 17

Puc. 12.2. OnTudeckasi cxema caxapumerpa

[lpn ycTaHOBKE KIOBETHI C PACTBOPOM caxapa MEXIY IMOJIIPH3aTOPOM M aHAITU3aTOPOM
TUTOCKOCTH TOJISIPU3AIIIN 00CHX TIOJIOBUHOK CBETOBOTO MTOTOKA MOBEPHYTCS 110 YaCOBOM CTPEIIKE
(Tak Kak pacTBOp caxapa — MPaBOBpALIAIONINI) HA HEKOTOPBIA YTOJ ¢, 3aBUCSIIUNA OT JTMHBI
KIOBETbl M KOHIEHTpAallMM pPacTBOpa, HaXOAsALIerocs B Hed. B 3ToMm ciyyae OCBEIIEHHOCTH
MIOJIOBHH TOJISI 3peHHst OyyT pa3IHyHbIMU.

Jis ypaBHHMBaHHS OCBEUICHHOCTEH O0eMX TIOJOBMH TOJS 3pEHHs B CaXxapuMeTpe
MPUMEHEH KIUHOBOU KOMNEHCamop, COCTOSAUIMN W3 OONBIIOr0 KBAapLEBOIO KIWHA JIEBOTO
Bpanienus 12 (puc. 12.2), koutprimHa 13 1 Manoro KBapueBoro KJIWHa MpaBoro BpalieHus 14.
[TepemenienneM OOJBIIOTO KJIWHA OTHOCHTEIBHO MAJIOTO MOAOMPAIOT TpeOyeMyro TOJIIUHY
KBapIIeBOM TUIACTMHKU Il KOMIIEHCAIIMH yTJIa TOBOPOTA IUIOCKOCTU TMOJSIPU3AIH PACTBOPOM.
[Ipu 3TOM MI0CKOCTH MOASPU3ALMHI 00EHX TTOJOBUH CBETOBOTO IMOTOKA MOBOPAYMBAIOTCS TIPOTUB
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YaCcOBOM CTPENKH (KJIMH — JIEBOBPAILAIOLIHNI) HA IOl ¢ U OCBELIEHHOCTb ITOJIOBHH I10JIS 3pEHUS
ypaBHuBaeTcs. OTHOBPEMEHHO ¢ OOJBIINM KIMHOM TepeMeniaeTcs mKaa 3.

[To HyneBOoMYy AeneHMIO HOHUYCAa 2 (PUKCHPYIOT 3HAu€HHE ILIKalbl, COOTBETCTBYIOIIEE
COCTOSIHUIO OJIMHAKOBOHM OCBEIIEHHOCTH 00eux MOoNOBUH moinsi 3penus. lllkama um HOHUyC
HabmroAaTes yepes ayny 1 ¥ OCBELIAr0TCs 3JIEKTPOJIaMIION Yepe3 OTPakaTeNIbHYIO MPU3MY O U
cBeTopmIbTp 4.

12.2.2. Yempoitcmeo npubopa

CaxapuMeTp COCTOUT M3 y3J1a U3MEPUTEIIbHOU TOJOBKHU 2 (puc. 12.3) U OCBETUTEIHHOTO
y31a 9, COCIMHEHHBIX MEXAy co0oil TpaBepcoM 6. TpaBepc KpemutTcs uepe3 cTohky 17 k
ocHoBanuto 18. Ha TpaBepce ykperuieHbl KIOBETHOE OTICNICHHE 5 UIsl MOJISIPUMETPUUYECKUX
KIOBET W OmIpaBa / C TONSAPHU3ATOPOM M TONyTeHeBOM IuiacTuHOi. C JUIEBOM CTOPOHBI
M3MEPUTEIBHOM TOJIOBKH PACIIONIOKEHBI JTyna 1 i oTcyera MoKa3aHui 1O MIKalle ¥ 3pUTENIbHAS
Tpy6a 20. B HmKHEW yacTH U3MEpPUTENbHON TOJOBKH pAacHoiokeHa pykosaTka 19 KiImHOBOro
KOMIIEHCATOpa, BPAIEHNEM KOTOPOM NEPEMEILAIOT MOABUKHBIN KBapLEBbIM KIIMH U CBA3aHHYIO
C HUM UIKaTy.

1 2 3 4 5 6 78 9

Puc. 12.3. Caxapumetp yHuBepcaiabhblii CY-4:
1 — nyna; 2 — u3mMepuTenbHas rojoBKa; 3 — MEXaHU3M YCTaHOBKH HOHMYCA; 4 — KIIOY;
5 — KIOBeTHOE OT/IeNicHue; 6 — TpaBepc; 7 — onpaBa MoJspu3aTopa; 8 — MoBOpOTHAs 000iMa;
9 — ocerutenpHbIN y3emn; 10 — perynupoBouHblit BUHT, 11 — BUHT 3a3eMIIeHUS;
12 — Bunka pazbema; 13 — BcraBka miaBkasi; 14 — kpeimika; 15 — kHorka,
16 — pyuxa pesuctopa; 17 — croiika; 18 — ocHoBaHue;
19 - pykostka KIWHOBOTO KoMmmeHcatopa; 20 3pUTENbHA TpyOa
OcBeTUTENbHBIN y3€] COCTOUT U3 MAaTPOHA C JIaMIIOH (TaTPOH yCTaHABIMBACTCS TPEMS
BuHTaMHu 10) 1 TOBOPOTHO# 0001MO¥ 8 cO CBeTODMITBTPOM U AHAPpParMOH.
Ha ocHOBaHuM ycTaHOBIIEHBI KHOTKA 15 U151 BKIIFOUEHUS! OCBETUTENS U pyuka 16
pe3ucTopa sl peryIupoBaHus SPKOCTH TIOJSI 3pEHHSL.
BHyTpu OCHOBaHMS BMOHTHpPOBaH IMOHIKAIOIMKA TpaHcopmarop. Ha ThUIBHOH cTOpoHE
OCHOBaHMs HaxoauTcss BUHT 11 3a3emnenws, Buika 12 pa3zpema Ui TOAKITIOYCHUS OCBETHUTENS
caxapumeTpa K TpancopMaTopy U BCTaBKa IuiaBKast 13.

12.2.3. Ilopsaook pabomul ¢ caxapumempom
IloaroroBka caxapumerpa K padore

1. Bxitouute caxapuMeTp B CETb.

2. BrirrounTe KHOMKOM 15 OCBETHTEb.
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3. YcranoBute 000iiMy 8 B nonoxkenue C (cBeTopuibTp) — mpu padoTe ¢ OecBETHHIMHU
U Ca0OOKpaIIeHHBIMU pacTBopaMu, Wi B mnonoxenwe J (amadparma) — mpu pabote ¢
TEMHOOKpAIIEHHBIMU PAaCTBOPaAMHU.

4. YcTaHOBHUTE OKYIISIp 3pUTEIBHON TPYOBI Ha MAaKCHUMAaJbHYIO PE3KOCTh HM300pa’keHUs
HITPUXOB U UGP LIKAIbl 1 HOHUYCA.

5. YcranoBure pyukoit 16 pesucropa Takyro SpKOCTb MOJSI, KOTOpas HAUMEHEE yTOMIISET
3peHue U Ipu KOTOpoil Hanboiee YeTKO BOCIIPUHUMAETCS pa3HUIIA B IPKOCTH IOJIEH CpaBHEHMUS,
€CJI CMECTUTh HOHUYC Ha OJHO JIEJIEHUE C €r0 HYJIEBOT'O MOJIOXKEHUS.

YcranoBka HyJIst

1. 3akpoliTe KphIIIKY KIOBETHOTO OTICTICHHUS 0€3 YCTAHOBKU B HEM KIOBETHI.

2. YpaBHsdTE SPKOCTh TOJIEH CpaBHEHUS BpallEHHEM pPYKOSTKH  KIHHOBOTO
KOMIIEHCATOpa.

3. CoBMmecTHTE HYJIEBOE JICIICHUE HOHIYCA C HYJIEBBIM JICJIEHUEM LIKAIIbI, KaK 3TO
MoKa3aHo Ha puc. 12.4.

0,05°S
Hounyc
0 75 S0 25 -0+ 25 50 7% 100
. |
fungs I”“II [leriijitllll,liviilitllgiltillll1llilit!1[ii!llllf||lli!l[llliltllll (i
0 + 20 30 120
“\"I_Ulca.na

Puc. 12.4. leieHHst HOHUYCA H IIKAJIbI

4. CHOBa ypaBHSWTE SPKOCTH IOJIEH CpPaBHEHUS, NPU STOM HYIJIEBOE JIEJICHHE HOHHYCa
JIOJDKHO COBMECTHTBCS C HYJIEBBIM JI€JICHMEM IIKajbl (MPOBEpPhTE€ MPAaBUIBHOCTh YCTAHOBKH
HYJISI HE MEHEE Tpex pas).

Cpennee apudmeTnyeckoe U3 TPEeX OTCUETOB M0 HOHHYCY COCTaBIISIET HYJIEBOW OTCYET.
Ecnu HyneBol oTcueT oTiaMYaeTcs OT Hyssl He Oojiee 4yeM Ha OJHO JIeJIeHHE HOHUYca, HOJb
CUMTAETCsl YCTAaHOBJIEHHBIM IPAaBUIIBHO.

YcraHoBka KoBeT

1. ITomecTuTe KIOBETY C PACTBOPOM B KIOBETHOE OTJICIICHHE.

2. YcTtaHoBUTe ee, Bpalllas BOKPYI OCH, B TaKOe€ MOJIOXKEHHMEe, YTOObI JMHUS paszzeia
oJiel CpaBHEHHUS JIeNInJIa 10JIe 3pEHUs Ha JIBE€ PaBHbBIC YaCTH («IO0JIBKNY).

HU3mepenue

1. VpaBusiiTe spKOCTh MOJIeH CpaBHEHUS U TPOU3BEIUTE OTCUET IO LIKAJIe 1 HOHUYCY He
MEHee IIECTH pa3.

2. Bpruucnute cpenHee apudMeTHUecKoe HIECTH OTCUETOB, KOTOPOE PaBHO YTy
BpAILICHUS TIJIOCKOCTH MOJIAPU3ALMK pacTBOpa B °S.

3. Otcuer noka3aHuii pU MOMOILIM HOHUYCA NOsACHSETCs Ha puc. 12.5.
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0). -3,25°S

Puc. 12.5. llpumepsbl 0TCYETAa NOKA3AHUI 110 HOHMYCY caxapuMeTpa

Ha puc. 12.5 a noxa3zaHo 1nonoxeHnue HOHUYCa U 1IKaJIbl, COOTBETCTBYIOILIEE OTCUETY
+11,85°S (Hynb HOHMYCA PaCIIOJIOKEH MpaBee HyJIs IIKanbl Ha 11 MOMHBIX AeJIeHUi U B paBoO
4acTH HOHHMYCA C OJHUM M3 JEJIEHUH MIKaJIbl COBMEILIAETCS] €ro CEMHAJAaToe JeJIeHue, IeHa
nenenust Houuyca 0,05°S).

4. Ha puc. 12.5 6 mokazaHo TMOJIO)KEHUE IIKAJIbl U HOHUYCA, COOTBETCTBYIOIIEE OTCUETY
3,25°S (Hynb HOHHUYCaA PACIOJIOKEH JIeBee HYJS IIKallbl Ha TPH IMOJHBIX JENEeHUS U B JIEBOU
4acTH HOHUYCA C OJIHUM U3 JIEJICHUH LIKaIbl COBMEIAETCSI €T0 MATOE JIEIECHUE).

IHoab30BaHMeE MOJSIPUMETPUYECKMMH KIOBETAMH

W3mepenuss mOpou3BOAAT, IMOMENIAs B KaMepy caxapuMeTpa HOJIpUMETPUUYECKUE
KIOBETHI, HAIlOJIHEHHBIE HCCIIEAYEMBIM PacTBOpPOM. Bparast KIoBeTy, yCTaHABJIMBAIOT €€ B TAKOE
MOJIOKEHHE, YTOOBI JIMHUS pa3jienia Jejiuiia mojie 3peHus Mnpudopa MpUMEpPHO Ha JBE pPaBHBIC
10JIOBUHBL. KroBeThI 3aKpbIBalOTCSA ¢ 00€UX CTOPOH MOJIIPUMETPUUYECKUMU CTEKIAMH, KOTOpbIE
MPIKUMAIOTCS K TOpIiaM TPYOKH ¢ TIOMOIIbIO Taek. [[s 6oree >IacTUYHOTO MpPHKUMa MEXITY
CTEKJIOM M TalKOW BKJIAJBIBAETCSI PE3UHOBOE KOJBIIO.

IIpumeyanue. B MeAMIIMHCKUX caxapUMeTpax, MPEJHA3HAUYECHHBIX MJII H3MEPEHHS
KOHIIEHTPAllMM BHUHOTPAJHOIO caxapa (TJIIOKO3bI) B MoYe OOJbHBIX JAMA0ETOM, OTCUET yIia
MOBOPOTa IO IIKane NMpubopa HEMOCPEACTBEHHO [aeT 3HAYeHHWE KOHILIEHTPAI[MH TJIIOKO3BI B
BECOBBIX MpOIEHTaX B rpammax Ha 100 oM’ pacTtBopa. DTO OCYIIECTBICHO MyTeM Moadopa
JUTUHBI KIOBETHI. us hopMyIIbI
@ = @Cl BumgHo, uro ans BeimonHeHuss ycnoBus C = 4 HEoOXOAUMO, YTOOBI
I=1/¢py=1/0,528 = 1,89 nm.

Takum 006pa3om, ITMHA KIOBETHI B MEAUITMHCKHUX caxapuMmeTpax paBHa 1,89 mm.

12.3. JkcnepuMeHTAJbHAS YaCTh
12.3.1. Onpeodenenue nanuuun onmuueckoi aKmueHOCMuU eeuiecmea
1. 3yuuTe ycTpOMCTBO caxapuMeTpa.

2. B cooTBercTBHM ¢ paznenom 12.2.3:
* MOATOTOBBTE CaXapuMETp K paboTe;
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* MPOBEIUTE UCCIECAOBAHUE KIOBETHI C JUCTUINIMPOBAHHOM BOJIOH;

* TMPOBEJIUTE UCCIECIOBAHKME KIOBETHI C PACTBOPOM caxapa.

3. PesynbTaThl HaOMIOAEHUI BHECUTE B maoba. 12.1, 3aUChIBast «OTHOPOIHOE» WITH
«HEeoaHOpoaHOe» — Wis Tpadbl «Iloe 3peHus» U «ONTHYECKUA aKTUBHO» WM «ONTUYCCKU
HEAaKTUBHO» — I rpadbl «ONTHYECKAst aKTUBHOCTHY.

Tabauya 12.1

Hose 3penust
0e3 KIOBEeThI C KIOBETOl

BenrectBO OnTuuyeckas aKTHBHOCTDH

JuctunnupoBaHHas
BOJA
PactBOp caxapa

12.3.2. Onpeoenenue Konyenmpayuu pacmeopa caxapa c ROMoOubI0 caxapumempa
1. UsmepbTe yroa NoBOpOTa INIOCKOCTH MOJISIpU3aLnU (He MEHee MATH pa3) AJsl JaHHOTO

pacTBopa. 3anuIuTe JUIMHY KIOBETHI U () B mabn. 12.2.

Tabnuya 12.2

Ne K10BeTbI 0 Ci
1
2
3

2. PaccunTaiite cpennee 3HaueHHE <@ >.
3. Onpenenure cpefHee 3HAYECHUE KOHHCHB)&HI/gII

<C>= .
< @ > |
4, Paccuuratite IMOrpeIIHOCTDL OIIbITa (C‘-II/ITaI\/'ITQ 4TO NOrpCIIHOCThL JOIMYyCKaJIaCh TOJIBKO

IIPU U3MEPEHUU (9) U 3aMUIINTE OKOHYATEIbHBIN pPe3yJbTar:
C = (<C>£<AC>)%.

12.3.3. Onpeoenenue yoenvnozo epauienus niocKoOCmu ROAAPUIAYUU

1. Vi3amepbTe yros moBOpoTa MIOCKOCTU MOJISIPU3ALMU HE MEHee MATU pa3 Juid pacTBOpa
M3BECTHOM KOHIICHTPAIMU (MOXHO B35Th U3 MPEABLAYIIMX HCCIENOBaHUM). 3amuiinuTe AITUHY
KroBeThI | 1 KoHIIeHTparmio pactBopa C.

<Q>
C-l

2. Tlo 3Hauenuio <@ > paccuutaiite Py =

epao

3. CpaBHHUTE ¢ C TAOIMYHBIM 3HaUEHUEM (O, — 0,602

2-om/100enm’

iy
4. Paccuuraiite ommbKy & — *-100%.
o

7

Ecnu ommbka He npeBbimaet 5%, METOA MOKHO CYMTATh OCBOCHHBIM.

12.3.4. Hccnedosanue 3agucumocmu y2na @ 6paujeHus naoCKOCMU ROJAAPUSAUUN OMm
Konyenmpayuu C onmuyecku aKmugHo20 pacmeopa u om moawuHbl Cmoaoa pacmeopa
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1 Jlns BBIMONHEHUWS 3aJaHus HEOOXOAMMO H3MEPUTh YTJIBI BPANICHHS TUIOCKOCTH
MOJIAPU3allUU CBETa MPU IPOXOXKACHUU Yepe3 pacTBOPBI pa3iIMuHbIX KoHUeHTpauui (5, 10, 15,
20, 25% ...). KioBeTbl MODKHBI OBITH OJHOW W TOW JK€ JJIMHBI. 3HAYCHHS YTJIOB BpAICHHUS,
MOJIyYCHHBIC B °S, TIepeBeCTH B yriioBbie (cM. 1. 12.1).

2. PesynbraTel m3Mepenuil 3aHectu B mabn. 12.2: ¢ = f(C) (muna onpenenenus @,
MpoJieNIaTh HE MeHee 6 U3MEPEHUH IS KaXKJI0T0 PacTBopa).

3. H3o6pasute rpaduuecku 3aBucumoctb @ = f(C) u chopmysupyiite pe3yabrar
UCCIIeIOBaHUSI.

4.  Belpazute pe3yiabTaT aHATUTHYECKU (KOOPPUIMEHT MHpONOPLHOHAIBHOCTU
0003HaYbTE ).

Pe3ysabTaTnl padornl. K oTueTy npeacraBuTh:
emabn. 12.1n12.2;
* KOHIICHTPAIHIO caxapa /i Kaxa0i kioBeThl B Buje C =(<C>+<AC>)%);
* 3apucumocts @ = f(C) B Bume maba. 12.2 v rpaduka;
* BBIBOJI O XapaKTepe 3aBUCUMOCTH M aHATUTHIECKHUi pe3ynbTar 3aBucumoctu @ = f(C);
* yIIEIBbHBIN YToJ BPAICHUS TUIOCKOCTH MOJIAPU3ALIAN (]
* OTHOCHTEJIbHYIO MOTPEIIHOCTh U3MEPEHHS (.

JlabopaTopHas padora Nell. Onpenesnenne nmokasaresisi NpeJJOMJICHUS KUAKOCTH
npu noMoiu pegppaxkromerpa.

Lean paborsi: 1) oBiageTh pehpakTOMETPUUECKUM METOJIOM OIpEeSICHUs MoKa3aTes
MIPEIOMIIEHUS KHUJIKOCTH; 2) UCCIIEI0BATh 3aBUCUMOCTh IIOKa3aTelsl MPEJIOMIIEHHs pacTBopa N oT
ero koHueHTpauuu C; 3) onpenenuTb KOHIEHTPaluu pacTBOPOB.

IIpubopsr u marepuansni: pedppaktomerp HWNPD-454, crexisgHHas mnaiouka,
JUCTWUIMPOBaHHAs BOJA, UCCIenyeMasl )KUIKOCTh Pa3JIMYHON KOHIIEHTPAIK, BETOIb JIbHSIHAS.

13.1. TeopeTuueckas 4acTb

PedpakTomerp mnpeaHasHadeH Ui HEMOCPEACTBEHHOIO HW3MEPEHHUs IOKa3aTels
MpPEeIOMIIEHUs N HEarpecCUBHBIX KHUJIKOCTEH M TBepAbIX Ten. B Memuiune pedpakromerp
IIPUMEHSIETCA [UIsl OIIPENIEIEHNs KOHLIEHTPALMK BEUIECTBA B pAacTBOpE (HampuMep, CONEp KaHUs
Oenka B CHIBOPOTKE KpOBH). 3HAUEHHUE IOKa3aTessi MPEIOMIICHHsS pacTBOpa, OMpPEIEIsieMOro
peppakTOMETPUYECKHMM METOJIOM, 3aBUCHT OT KOHIIEHTPALMU pacTBOpa M Temmepatypsl. [lpu
HEUM3MEHHOI TeMmIepaType uYeM BbIIIE KOHLIEHTPAllUs pPAacTBOpa, TeM OOJbIlIe MOKa3aTellb
npenomiieHus. [l pa3HbIX BELECTB 3Ta 3aBUCUMOCTh HOCUT Pa3HbIN XapakTep.

B ocHOBY KOHCTpYKIIMU pUOOpa MOJI0KEH METO/] ONIPEAeNICHHUS TOKa3aTes PEeTOMIICHUS
UCCIIEYEMOT0 PAacTBOpPA IO MPeOelbHOMY Y2y UMY Yely NOAHO20 GHYMPEHHE20 OMPANCEHUs.
Onpenenenue nmokazaTens NPeIoMIIEHHS] MOXKHO MPOU3BOAUTH B MPoXojsiieM (OecIBETHbIE UITH
cnabo OKpalleHHbIE XHUIKOCTH) WM B OTPAKEHHOM CBETE (TEMHbIE WJIM CHJIBHO OKpAIllCHHBIE
KHUIKOCTH).

3aKoHBI OTPa’KeHHUs M NPeIOMIIeHHSA

[Ipy B3aMMOAECMCTBUM 3JIEKTPOMArHUTHOW BOJIHBI C TPaHULICH paszjerna ABYX cpen Jyd
JETUTCS Ha OTPaKECHHBIH U MpeJIoMIIeHHBIN (puc. 13.1).

MaxkcBesut mokasaj, 4T0 CKOPOCTh AJIEKTPOMArHUTHBIX BOJH (T.€. U CKOPOCTh CBETA) B
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AUDBJICKTPUKAX BBIPAKACTCA YE€PE3 AUIJICKTPUUICCKYIO € U MArHUTHYIO 4 TPOHUIIAEMOCTU CPEABI

¢ 1
NETENEZYIT

(13.1)

1 8
re C = —= 3:-10m/c- CKOPOCTE CBETa BBaKyyMe.
\éotho

Bennunaa N = +/& (dhopmyrna MakcBeiia) Ha3bIBaeTCsl a0COJIFOTHBIM TIOKa3aTelIeM
JAHHOM CpeJibl OTHOCHTENILHO BaKyyMa (IJIs1 TUIJICKTPUKOB 4 = 1).

o4

Puc. 13.1. Xoa ny4eil Ha rpaHuIie pa3jeia ABYX cpel

Chopmynupyem 3aKOHBI OTPAKEHUS U TIPEIOMIICHUS CBETA.

3akonvl omparcenus.

— ecnu ceéem naoaem Ha paruyy pazoend 08yx cped, mo OMpAdNCEeHHL TIYY JIeHCUN 6
OO0HOU NIOCKOCMU ¢ NAOAIOUUM JIYHOM U HOPMATbIO, 60CCMAHOBIEHHOU 8 MOYKe NAOEHUs IyYd,

— Y201 NadeHust paset ey OmpadxtCeHus.

3axonst npenomnenusn (Cuemmyca):

—  NPENOMIEHHbIU VY IeHCUM 8 OOHOU NIOCKOCMU C NAOAIOWUM JIYHOM U HOPMATILIO,
80CCMAHOBNIEHHOU 8 MOUKe NAOEHUs HA 2PAHUYY 08YX CPeo;

—  OMHOWeHUe cumyca yena NadeHus K CUHYCY Yelna NpeloMIAeHUsi eCmb GeluduHd
NOCMOSAHHASL 0I5l 08YX OAHHBIX CPeod, YUCTIEHHO PABHASL OMHOCUMETbHOMY NOKA3AMeNio 6Mmopoll

cpedvl omuocumenvro nepsou (omuocumenvuwill nokazamens npeiomierus N T 2—)—
Mm

sing

sin

OnbIT NOKAa3bIBAET, YTO U AUDIICKTPUUECKAs MPOHUIIAEMOCTD & U MOKa3aTelb
MIPEIOMIICHUS N 3aBUCST OT YaCTOTHI v KOJICOAHHI CBETOBOM BOJHBI U, CIIEAOBATEIHHO, OT JUTUHBI
BOJHBL. HO ecii N 3aBHCHUT OT YacTOThI, TO U CKOPOCTh PACIpOCTPAHEHHUS CBETAa B BEIECTBE
(cormacHo BeIpaxkeHuto (13.1)), Takyke 3aBUCUT OT YaCTOTHI.

3asucumocms  cKOpoCmMU  PACNPOCMPAHEHUS C8EMOBOU BOJIHbL OM €€  YACMOmbl
Ha3zvlgaemcs Oucnepcuei.

[Ipu wm3MepeHun TOKa3aTels MPEIOMIICHUS C TOMOIIBI0 pedpakToMeTpa HECKOIBKO
Kareyb UCCIEyeMOU KUIKOCTH MOMENIAtoT Mex Ay AByMs rpansimu AB nipusmbl 1 u A1B;
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npusmbl 3 (puc. 13.2). Jlyun cBeTa HPOXOMAT OCBETUTEIbHYIO MPH3MY 3, pacCeMBasCh Ha
BBIXOJIC MaTOBOM rpanbio A1Bj, BXOAAT B UCCIIEyeMYTO KHUIKOCTh U MAJA0T Ha MOJTHPOBAHHYIO
rpanb AB u3mepurensHoi mpu3Msl 1.

Puc. 13.2. Cxema npu3M pedpakTomerpa:
1 — mpu3ma u3MepHTeNnbHas; 2 — KUJIKOCTh HCClIeayeMasi; 3 — Ipu3Ma OCBETHTENIbHAs

[Tockonbky Ha pedpakTOMeTpe HCCIEAYIOTCS BEIIeCTBa, IOKas3aTeldb IPEeTOMIICHUS
KOTOpPBIX MEHBIIE [I0Ka3aTeiasl MPEIOMIICHUS HM3MEPUTEIbHOW MpPHU3MBL, TO Jy4d BCEX
HaIPaBJICHUH, NMPEJIOMUBIINCH HA IPAHULE <OKUAKOCTh — CTEKJIO», BOMAYT B M3MEPUTEIbHYIO
npusmy 1.

Jlyuu, majaromye Ha TpaHMIly pasjiena o] MaKCUMaJIbHO BO3MOXKHBIM YIJIOM, OJIM3KUM
K 90°, mpenoMiIstoTes oA yriaoM ¢. MTak, eciu CBeT UIET U3 Cpeibl ONTHUECKH OoJiee TIOTHOM
B Cpelly ONTHYECKM MeHee IJIOTHYI (N1 >Ny), HAOIIOAAETCS A6leHUe NOJIHO20 G6HYMPEHHe20
ompadicenusi, €CIIA CBET MAJaeT MO YINIOM (. Omom y2ou A6NAemcs npeoeibHblM yeiom Ol

oannoil epanuyel pazoena 08yx cped Pypeo -
_Z
13 3akona CHeITMyca MOTydaeM, 9To B PEIETbHOM CITydae B == (puc. 13.3), Torna

sin IB = 1, cienoBarensro Siﬂganea = N,,. Orcrona
Drpes = AICSINN,;. (13.3)
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¥, ora)
f
N4
o ol
PHC 13 3 Puc. 13.3

[Ipu paccMoTpeHuM IydKa Jyded, BBIXOIAIMIUX U3 npu3Mbl 2 (puc. 13.4) B 3pUTEIbHYIO
TpyOy 7, 8, 9 BepXHsisl 4aCTh MO 3peHUs TPYObl OyIeT OCBEIIEHA, a HUKHISI OCTAHETCSI TEMHOIA.
[Tosrygaemasi TpaHWIla CBETOTEHH OIPEACISACTCS JIYIOM, BBIXOISAIIMM W3 TPU3MBI 2 IO

npeaenbHbIM yriaom £ (puc. 13.2).

1 2 3 4

Puc. 13.4. OnTnyeckas cxema peppakromerpa UP®-454:

1 — 3epkaiio; 2 — mpu3Ma u3MepuTeNbHas, 3 — CTEKJIO 3alIUTHOE; 4 — 3epKaJIo;
5 — mpu3Ma ocBeTUTeNbHas; 6 — KOMIIeHcaTop; 7 — IMH3a CKJIeeHHas; 8 — ceTKa;
9 — okymsip; 10 — mpusma AP-9; 11 — 3epkaiio; 12 — 00wexTuB; 13 — 3epkaio;
14 — cBerounbTp; 15 — npusma; 16 — mkana

['paHnIIa CBETOTEHHU C MEPEKPECTHEM, IITPUXH MIKAIBI 16 ¥ OTCUSTHBIN IITPUX TMPU3MBI
10 omTmueckoii cuctembl 16, 12, 11 mpoemnupyrorcs B (QOKaJIbHYIO IUIOCKOCTH OKyisipa 9.
Hab6monas B okymsip 9, COBMEMIAlOT TPaHUILY CBETOTEHHU C TIEPEKPECTHEM CETKH 8 W CHUMAIOT C
STOM MIKAJIBl OTCUET BETUYMHBI ITOKA3aTeNsl MPETIOMIICHHUS.

JUid axpomaTu3aluy TpaHHUIBl CBETOTEHH M HU3MEPEHUs IUCIIEPCUU HCCIIEAYEeMOro
BeniectBa A0 0,07 (yrom 4°51") ciy’XKMT KOMIIEHCATOp, COCTOSIIIMM M3 ABYX IPHU3M IPSIMOTO
3peHus 6 (mpu3mMbl AMHYH), KOTOPBIE BPAIIAlOTCs BOKPYT ONTUYECKOH OCH B IPOTUBOIOIOKHBIC
CTOPOHBI.
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13.2. Onucanue ycTaHOBKH

13.2.1. Yempoiicmeo pegppakmomempa HPD-454
OcHOBHBIE Y3IJIbI CMOHTHPOBAaHbI B METAUIMYECKOM Kopnyce. Ha kopryc BbIBeleHbI
MaxoOBHUKH (CM. puc. 13.5), B BepXHEii 4acTH KOPITyca pa3MEIleH OKYJISp.

Puc. 13.5. PeppaxkTromerp UPD-454.

CneBa: JalpbHMH MAaxOBHUK — MAaxXOBHMK IIKaJbl IIOKAa3aTessl MpPEIOMIICHHUS,
ONMYKHUI MaXOBHK — MaXOBHK BpAaIllEHUS PU3M AMUYH; CTIEpEaH — pePpaKTOMETPUUECKUN
0JIOK (HYDKHSSI pU3Ma U3MEPUTEIbHAsS, BEPXHS OTKUIHAS — OCBETHTEIIbHAS PU3Ma);
cIpaBa — OTKMIHOE 3€pKaJIO IIKaJbl

PedpakTromerpuueckuii 060K COCTOMT W3 JBYX YacTel: BepxHell W HiwkHer HipkHss
HEMOABUKHAsL YacThb SIBJISIETCS HM3MEPUTEIbHOM, a BEpXHsS NOJBMXKHASI — OCBETUTEIbHOM
MIPU3MOM.

[Ipu HaOmMIOIEHUH B OKYJISIP HAXOKEHHE TPAHMIIBI pa3jiesia CBETOTEHU U COBMEIICHUE €€
C TIEPEeKPEeCTHEM CETKM OCYIIECTBISIOT BpallleHUeM MaxoBuUKa. BenuunHa mokasarens
MIPEJIOMIICHUS UCCIIelyeMOTr0 BEIIeCTBA OMPEIEIIAETCs MO0 IIKale ¢ HOHMYCOM (3€JIEHOTO IIBETA).

Buytpu pedpakromeTpa CMOHTUPOBAH KOMIIEHCATOP, KOTOPBIN CIYXHUT Ui yCTPaHEHUS
OKpAITMBAEMOCTH HAOIIOaeMON TpaHUIIBI pa3fena cBeTa W TeHUu. KoMmmeHcaTop COCTOMT U3
JBYX MPU3M MPSAMOTO 3peHUs (Ipu3M AMHUYN).

[Ipu3mbl AMUYM TMOBOPAYMUBAIOTCS MaXOBHUKOM OJHOBPEMEHHO B pa3HbIE€ CTOPOHBI,
W3MEHSISI IPU 3TOM YIJIOBYIO JUCIEPCUI0 KOMIIEHCATOpA M YCTPAHSs LIBETHYIO KaliMy I'paHUIIbI
pasnena cBera u TeHu. lllkana pa3aenena na 120 nenenuit. [loBopoT MaxoBUKa Ha OAHO JIEJICHUE
IIKaJIbl COOTBETCTBYET MOBOPOTY mnpu3M Amuuu Ha 3°. JlecsAiTble AOMM JEIEHUS IIKaJbI
OIpeAeATCs 10 HoHUycy. OHO IeTIeHNe HOHUYCa COOTBETCTBYET ITOBOPOTY IPU3M AMHUYHU Ha
0,3°. OTKHIHOE 3€pKao CIYKUT ISl TOACBETKY IKAJIbl U UMEET Pa3BOPOT B JIBYX MIIOCKOCTSX.

OKymsip MOKET OBITh YCTAHOBJIEH Ha PE3KOCTh B MpeAeiiax =5 AUONTPHUH.
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13.2.2. Texnuueckue oannwvie HP®D-454

Jnana3oH u3MepeHus nokasaresns npenomienus: 1,2 £1,7.

IIpesier 20myCcKaeMOl OCHOBHOM MOrPEIHOCTH 110 OKA3aTeIto mpeoMieHns +1-107,
IleHa nenenys MIKabl TOKAa3aTeNs IPEIOMIICHUS — 5.10,

13.2.3. Iloozomoeka k pabome

[lepen HawanoM pabOTHI IJIOCKOCTH MPU3M IPOMBITH JUCTHILIMPOBAHHOW BOJOH H
J0CcyXa MPOTEPETh CBEXKEH LHIHOMN caneTKOM.

[TpoBeputh rOCTUPOBKY pedpakToMeTpa. C TOMONIBIO CTEKISIHHOM TaJlOYKH Ha
MOJIMPOBAHHYIO MJIOCKOCTh U3MEPUTENILHON TPU3MBI HAHECTH 3-4 KaIUIM JKUIKOCTH U OIYyCTUTh
BepxHIOI0 Kamepy. [To metoauke pabotsl ¢ xkuakoctsamu (m. 13.2.4) onpenenuts Ko3PGUITUEHT
MPEJIOMIICHUS JUCTUILTMPOBAHHON BOJBI 5 pa3. Eciu cpeiHss BenuunHa MSTHKPATHBIX OTCYETOB
ormuaercs Goxee ueM Ha 5-10° or 3Hadenms N B ma6n. 13.1 (¢ y4eToM TeMIEpaTypsi), TO
pedpakToMeTp ciaeayeT NoAbICTHPOBaTh. KOCTHPOBKA BHIMOIHIETCS Ta00OPAHTOM.

Tabnuya 13.1
IMoka3aTeab npeoMJIeHUs THCTHJIHPOBAHHOM BO/IbI
t°C 15 16 17 18 19 20 21 22 23 24 25
n [1,3334(1,3333|1,3332|1,3332|1,3331|1,3330{1,3329|1,3328|1,3327|1,3326 |1,3325

13.2.4. Ilopsaook pabomut ¢ peppakmomempom

IHoaroroBka Kk padore

1 Habniogast B OKyssip, OLIEHUTE YETKOCTh M300pa)K€HHs CBETOBOTO MOJS W ILIKAJbI
npubopa. Ilpu HeoOXoAMMOCTH BpalleHHEM OKyJsgpa J00elTech YEeTKOro HU300paKeHUs
NIepEeKpecTrsi B BEPXHEH 4acTH OCBEUIEHHOro Mojs 3peHus. OHOBpEeMEeHHO (OKyCUpyeTcs Ha
PE3KOCTh N300pakeHNE MIKAJIbI B HI)KHEN 4acTH TOJIS 3pEHMSL.

2. VICTOYHHKOM CBETa MOKET CIYXHTb 3JEKTpoJIamMIia WK JHEBHOM cBeT. PedpakTomeTp
U UCTOYHHMK CBETAa YCTAHABIIMBAIOT TaK, YTOOBI CBET Majajl Ha BXOJHOE OKHO OCBETUTEIbHOU
IPU3MBbl WM Ha 3€pKallo, KOTOPBIM HAINPaBJISIFIOT CBET BO BXOJHOE OKHO HM3MEPUTEIBHOU
MIPU3MBI.

3. Ha uucTtyro mnOnIMpOBaHHYIO MOBEPXHOCTh H3MEPHUTENbHON MNpPHU3MbI CTEKJISSHHON
MaJOYKOW WJIM IHIIETKOM OCTOPOKHO, HE KacasCh NMPU3MBbI, HaHeCUTe 3-4 KaIliu >KUJIKOCTH.
OnycTuTe OCBETUTENBHYIO IPU3MY U IPUKMHUTE €€ KPIOUKOM.

W3mepenuss mpo3payHbIX >KUAKOCTEH TMPOBOAAT B MPOXOIALIEM CBETe, KOrja OH
IIPOXOJUT 4YEpe3 OTKPBITOE OKHO OCBETUTEIBHOW IPU3MBI, NPU ITOM OKHO H3MEPUTEIBHOMN
MIPU3MBI 3aKPBITO 3€PKAJIOM.

HN3mepenus nokasaresi npeJoMJaeHHs

[Tocne ycTaHoBKM HccieayeMoro oOpaslia Ha M3MEpPHUTEIbHOH MpHU3Me YCTaHOBHTE
OKYJISIp Ha OTYETJIMBYIO BHJIMMOCTH mepekpecTus. [loBopoTrom 3epkana nobeltech Hauimydmien
OCBEILIEHHOCTH LIKajbl. BpalieHneM MaxoBHKa I'DaHUIly CBETA U TEHU BBEIUTE B II0JIE 3PEHHUSA
OKyJIsipa.

Bpamaiite MaxoBUK 70 MCUE3HOBEHMS OKpacku rpaHu4yHOi jauHuu. Habmonas B okyisip,
MaxOBHKOM HABEIWTE I'PAHUIy CBETOTEHHM TOYHO Ha IEPEKPECTHE U M0 LIKale MOoKa3aTesen
NPEJIOMIICHHUS, COOTBETCTBYIOIIEH BBHIOPAaHHOMY peppaKkTOMETPUYECKOMY OJIOKY, CHHUMHTE
otcueT. MHAEKCOM JIsi OTCUETa CIY>KUT HENMOABMKHBIA BEPTUKAIBHBIA IITpUX Npu3Mbl. LleHa
HauMeHbIIero aeneHns — 5-10. Ilenble, necsaTrIe, COTbIC M THICAYHBIE TOJMM OTCUMTHIBAMTE IO
LIKaJe, JECITUTBHICSIUHbIE 10JIM OLICHUBANWTE Ha IJ1a3.

IHonpaBka Ha TeMnepaTypy

[Ikana noka3arenei npenomieHus paccunrana A 20°C. Cnenyer uMeTh B BUAY, U4TO
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JUTSL Pa3HBIX )KUJIKOCTEH TOMYCTUMBIC KOeOaHusl TeMIepaTyphl OyIyT HEOAMHAKOBBI U3-3a
pa3nuyYUs UX TeMIIePaTyPHBIX KO (PHUIIMEHTOB, KOHIIEHTPAIUH, XUMHYECKOTO COCTaBa.

Ecnu uzmepenust npousBoauth npu temmneparypax 30°C u Bblllie, TO K OTCYETY MO MIKajIe
Ng HY»KHO BBECTH MOMPABKY Ha TeMIieparypy no gopmyse:

AN
An~0,88-(t—20)" °,
At

rae Ang/At — TemrepatypHbIi KO3()(GHIUEHT OKa3aTelsl MPEIOMIICHHUS CTEKIIa H3MEPUTEIbHOI
pu3Msl; t — pabouas Temneparypa.

IIpu Ang/At = 0,082-10™ st mpusmst 1 Any ~ 0,072-(t-20)-10,

[Tpu Ang/At = 0,05-10'4 JUTSI TIPU3MBI 2 ANy = 0,044-('[-20)-10'4.

YucTrra NpusMbl

[ToBepxHOCTH MPU3M OUMLIANTE MOCIIE KaKO0TO U3MEPEHUS. 3aKOHUNB OTCUET, OTKPOMTE
pedpakromeTpuyeckrii OJOK M YUCTOM MATKOH caneTkod WM JUCTKOM (UIBTPOBAIBHOM
Oymaru yjmajauTe OCHOBHOE KOJIMYECTBO JKHIKOCTU C Pa0OYHMX MOBEPXHOCTEH MPU3M H OIPAB.
[TonupoBaHHYIO I'paHb MU3MEPUTENIBHOW NMPU3MBblI BBITHpANTE OYEHb OCTOPOKHO, 0€3 HaXHMa,
9TOOBl HE TOBPEIUTH MOJUPOBKY. llocie 3Toro mpusMel mpoTHpaiTe MITKoil canderkoii,
CMOYEHHOW CIUPTOM, 3(UPOM WIIM CMECHIO CIUPTA ¢ 3(PUPOM A0 TeX IMOp, MOKa MOBEPXHOCTb
npu3Mbl He craHeT Ousectsimeil. Pedpakromerpuyeckuii 010K MOCIE MPOMBIBKH TOICPKHUTE
HEKOTOPOE BPEMS OTKPBITHIM JIJISl IIPOCYLIKH.

13.3. DkcnepuMeHTAJIbHASA YaCTh

1331,  Onpeoenenue nokazamens npenomMnNeHuUs HCUOKOCMU C  NOMOUBIO
pepakmomempa

1. Uzyunre onucanue npubopa U mpaBuia Mojab30BaHUs peppakTOMETPOM.

2. IloaroroBwTe ipudop K padote. s sToro BeimonHuTe 11. 13.2.4.

3. OnpenenuTe MokasaTesb MPEIOMICHUs Ny TUCTUIUTUPOBAHHOM BOJIBI (HE MEHee 5 pa3).
3anuuuTe TeMneparypy Boabl (dydiiue pesynbTarbl Oyayr mpu 20°C, Tak Kak MpH ATOU
TeMmIepaType rpajlyupoBaH pedpakToMeTp).

4. Haiinute cpenHee apudmeTHyecKkoe 3HAYEHHE pe3yNbTaTOB M3MEPEHUI MoKa3aTels
MPETOMIICHUS AUCTHIUTMPOBAHHON BOJIBI.

5. CpaBHUTE NMOITYYEHHBIN pe3yNbTaT ¢ TAOIMYHBIM

Ny—nN
E, = ‘On—T‘ .100%. (13.4)
T

3neck Ny — TabIMYHOE 3HAUEHHE TTOKA3aTeNsl MPEIIOMIICHHSI TUCTHIUTUPOBaHHOI BOARI IIPH
JTaHHOM Temneparype (maba. 13.1), ﬁo — CpellHee 3HaYEHHUE MOKa3aTeNsl MPEIOMIICHUS

JTUCTUJUIMPOBAHHOM BOJBI B OMIBITE.
Ecnu pacxoxnenus He npeBHIIAOT 5%, METOIUKY MOKHO CUUTATh OCBOCHHOM.

1332. Hccnedosanue 3a6ucumocmu nokazamens npeiomiaeHus pacmeopa om
KOHUenmpayuu

1. Ompenenute 5 pa3 ¢ noMoIIbIo peppakTomMeTpa MoKazaTelb MPETOMIIEHUS PacTBOPA
M3BECTHON KOHLIEHTPAIMH. 3alUIINTE TeMIIepaTypy, IPH KOTOPO MPOBOAMIOCH HCCIIEIOBAHNUE.

2. Onpenenute 5 pa3 MokazaTeinb MPETOMICHHS paCTBOPOB HEM3BECTHOM KOHIICHTPAIIUN
(TIpu TOH K€ TeMIIepaType, MPH KOTOPOW BBIIOIHSIIOCH yIIpaXXHEHHE 1).

3. Pe3ynbrarel uamMepenuii 3anecute B Tabnuiy 13.2.
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Tabauya 13.2

Ne onbiTa JMCTHAIMPOBAHHAS PacrBop 1 PactBop 2 PacrBop 3
BO/IA
n0 nl nZ n3
1
2
3
4
5
Cpennee 3HaueHUE
C

4. T'paduueckn n300pa3nuTe Ha MHJUIMMETPOBON Oymare 3aBHCUMOCTh TIOKA3aTels
HPEIOMIICHHS] PACTBOPOB OT KOHIIEHTpauu pactBopeHHoro Beutectsa N = f(C).
5. Ilpoananu3upyiiTe NOIyYEHHBINH PEe3yabTaT SKCIEPUMEHTA U ONPEACIUTE YAEIbHOE

An
3HAYCHHE TI0KA3ATEIIs IPETIOMIICHHS PACTBOPA Ha C/IMHHILY KOHICHTPALUU pacTBopa &= ——-

AC

1333. Onpeoenenue konuenmpayuu pacmeopa
C nomompto rpapuxa N = f (C) , TOJIYYCHHOT'O MPH BBITIOJIHEHUH MPEIBIIYIIETO
YIPAXKXHEHUSI, OMPECTUTE KOHIICHTPAIIMIO HEU3BECTHBIX PACTBOPOB.

PesyabTaTel padorsl. K oTyery npeacraBurh:

* cpeaHee 3HAUEHUE M0Ka3aTels IPeJoMIIeHUs Ny JUCTUIUIMPOBAHHON BOJBI IIPU
M3MEpPEHHOM 3HAYEHUH TEMIIEPaTyphI;

. OTHOCUTEIIBHYK0 ~ TOIPEIIHOCTh  M3MEPEHMsI  IOKaszarenslt  NPEeJOMIICHUs
JUCTUJUIAPOBAHHOMN BOJBI;

* ma6n. 13.2 v rpapux n = f (C);

* BBIBOJI 0 Xapakrepe 3aBucumoctu N = f (C);

* [I0Ka3aTelb MPEJIOMIIEHHS U KOHLEHTPALNIO PaCTBOPOB HEU3BECTHON KOHILIEHTPALIWH;

* yJeNbHOE 3HAYCHHE NIOKa3aTessl IPEJOMIICHHUS PACTBOPA HA €IMHUIY KOHIIEHTPALUH

pacTBopa f :

JlabopaTtopHas padota Nel2. ®OTOINEKTPUISCKUN METO/ ONIPEACIICHNS] KOHIICHTPAIIUH
pacTBOpPOB.

Heas paGoThbl: H3y4YeHHE METO/Aa ONPEACICHUS KOHICHTPAIMK TMOTJIOMIAIOIINX
PacTBOPOB € MOMOIIBIO (POTOITEKTPOKOIOPUMETPA.

IIpu6Gopsl u maTepuasbl: porodnekrporoopumeTp KOK-2MII, Habop KroBeT ¢
pacTBopamu.

14.1. TeopeTuyeckasi 4acTh

14.1.1. Ilpoxoscoenue ceéema uepes HcudKocmu
IIpu uccrenoBaHUM ONTUYECKUX CBOMCTB pAaCTBOPOB HEMOCPEIACTBEHHO U3MEPSIEMOM
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BEJIMYUHOMN SBJISIETCS nponyckaemocms pacTBopa 7 (kod3puireHT nmpomnyckanus) Kak GyHKIUS
JUTMHBI BOJIHBI, paBHas

F
T =__.100%. (14.0)
Fo
rac Fo — MHTCHCUBHOCTH CBC€TOBOI'0 IIOTOKa, MIPOIICAIICTO YEPE3 pacCTBOPHUTECID, F —

MHTEHCHBHOCTh CBETA, MPOIIEAIICr0 4epe3 pacTBop. lIpomyckaeMoCTh pacTBOpa CBsi3aHa C
KOA(QPHUIIMEHTOM TOTJIOMICHHS O, ¥ TOJIIMHOM ci1osi L cooTHOmEeHneM

£= et = exp(—ay, L) . (14.2)
Fo
Ecin Monexkynbl pacTBOPEHHOrO BellecTBa (IOTJIOTUTENS]) B PAcTBOpPUTENE HE
B3aMMOJICHCTBYIOT MEXAY COOOI M MOJIEKyJaMH PacTBOPUTEIS, TO KOI(D(DUIIMEHT MOTIIOMECHHS
JIUHEHHO CBI3aH C KOHHGHTpaHHeﬁ ITOTJIOTUTCIIA C .

a;' =x,C, (14.3)

r1e X; — K03 GUIHUEHT IPOIOPIMOHATBHOCTH, 3aBUCSIIUNA OT JUTMHBI BOJHBI A.
3anumem dopmyiny (14.1) B Buzge

F ,
— =107%", (14.4)
Fo
I'Ie o5 CBSI3aHO C O, COOTHOIIIEHHEM
!/
a, =a,;lge=0,43-q;. (14.5)

Benuuuna o) Ha3biBaeTcs k03¢ I/IHIxGHTOM SKCTHUHIIMM, a BeJIMUHMHA
F , (14.6)
E=—lg F |=lgF=ayL
\ o)
— DKCTHUHIIMEN pacTBOpa.
9KcmuHuueﬁ Ha3bIBACTCA OCJ'Ia6J'ICHI/IC CB€Ta, BBI3ZBAHHOEC KaK IIOIJIOIICHUEM, TaK H
paccesaHrueM CBETA B BCUICCTBC.

12.1.4. Memoo pacuema KOHueHmpayuu pacmeopa

@DOTO3NEKTPOKOIOPUMETP MpeHA3HAYEH [T U3MepeHHs KO3(PPHUIIMEHTOB MPOITyCKaHUs
1 ONTHYECKOW IUIOTHOCTH B OTAENBHBIX y4acTKax auara3oHa JuiMH BoiH. Komopumerp KOK-
2MII no3BosigeT NMpOM3BOAMTH W3MEpeHMsI B auanasoHe 315-980 HM. Bech cnexrpasbHbII
nuana3oH pa3out Ha 11 crneKkTpanbHBIX MHTEPBAJIOB, BBIIEISEMBIX C IIOMOILBIO CBETOPMIBTPOB.
IIpenensr u3mepenuss Ha KOK-2MII koadduuuentoB mnpomyckanus — ot 100% mo 1%
(omrrrueckas TIOTHOCTH OT 0 110 2).

[TpyHIMIIBI OEHCTBUSA KOJIOPUMETPA OCHOBAHBI HA IOOYEPETHOM HM3MEPEHUU CBETOBOTO
notoka Fo, mpoieamero yepe3 pacTBOPUTENb WM KOHTPOJIbHBIM pacTBOp, MO OTHOIIEHUIO K
KOTOpPOMY IIPOM3BOIUTCS U3MEPEHNUE, U oToKa F, mporesniiero uepes uccieryeMyro cpemy.

CsertoBele noToku Fo, F nmpeoOpa3yroTcst poTonpreMHUKaMU B 3JIEKTPUUYECKHE CUTHAIIBI
U, 1 U, xotopbie oOpabaTsiBatoTcsi MUKpo-OBM KonopuMeTpa 1 npecTaBIsioTes Ha HUPPOBOM
Tabjo B BUAE KOIPGUIMEHTOB MPOMYCKaHMs, ONTHYECKOW IUIOTHOCTH, KOHIEHTPALUH,
AKTUBHOCTH.

C nomotsto Mukpo-9BM paccunteiBaeTcs K03QGUIUESHT MPONMYCKaHUS T UCCIETYEMOTO
pactBopa 1o dopmyIe:

U_UT
T= —mM8M
UO_UT

-100%, (14.7)
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rae Ut — BenuuMHA CUTHAJIA IPU NEPEKPHITOM cBETOBOM NoToke (Ut — TeMHOBOI TOK
(HampsiKEHUE)).

Onrtuueckas miaoTHoCTh D nccnenyemoro pactBopa paccuuThIBaeTcs o Gopmye,
cBs3bIBatoliet D u 7.

T
D=-lg(—). (14.8)
100
Torna n1a GpOTOIIEKTPOKOIOPUMETPA PACUET ONTUYECKOM MIOTHOCTH PACTBOPA OIPEENIIETCS
BBIPAKEHHUEM:

D=-lg (14.9)

U, -U;

N3mepenune KOHIEHTpAIMK UCCIENYEMOI0 pacTBOpa Ha KOJIOPUMETPE BO3MOKHO IpU
COOJTIOICHIH OCHOBHOTO 3aKOHA MOTJIONICHUS cBeTa (3akona Byzepa)

F=Fe ™, (14.10)

rae @ — ko3 duuuneHt nornomenus, L — qimHa cBETOBOTO MyTH B KIOBETE.
Konnenrpanus uccienyeMoro pacTBopa pacCUUTHIBACTCS 10 PopMyIIam:

D=c+DbC,
D-c

C=___ 14.11
b ( )

rae ¢, b — koaddunmenTsl, onpenensemMpie 0 rpaaynpPOBOYHOI XapaKTEPHUCTHKE.

14.2. Onucanue yCTAaHOBKH

14.2.1. Yempoiicmeo pomosrnekmpokonopumempa
OOmwmii BU KOJIOpUMETpa IpeAcTaBieH Ha puc. 14.1 (doto) u 14.2.

Puc. 14.1. ®otozaexrporosopumerp KOK-2MII

KonopumeTp cocTouT U3 KOTOPUMETPUIECKOTO 1 U BBIYUCIUTENBHOTO 2 OJI0KOB (puc.
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14.2).

Puc. 14.2. O6muii BU KoJIOpUMeETpPA:
1 — xonmopumeTpuUecKuii 0J10K; 2 — BBIYUCIUTEIBHBIN 0JIOK; 3 — MEePeKITI0YaTeb
(GoTONPUEMHUKOB; 4 — pyYKa epeMelIeHUs KIOBETOIep KaTelIs;
5 — KpBIIIKa KIOBETHOTO OTAETICHHUS; 6 — IepeKoyareb CBeTO(GUIbTPOB

B xomopumerpuueckuii OIOK BXOJIST: OCBETUTENb, Y3€l ONTHYECKHM, CBETO(DUIBTPHI,
KIOBETHOE OTJENIeHHE, YCTPOHUCTBO (HOTOMETPHUECKOE C YCHIIUTEIEM TMOCTOSHHOTO TOKAa.
KoncTpyknuss  ocBetmtenss  o0ecrieunMBaeT TEpEeMEIICHWE JIaMIbl B TPEX  B3aWMHO
MEPHeHIUKYISAPHBIX HAMpaBICHUAX [UIsI €€ TMpaBWIbHOM yCTaHOBKH. (CBETOMUIBTPHI
BMOHTHPOBaHbI B JUCK. B CBETOBOW My4OK CBETOMMIBTPHI BBOMATCS TNepekirouaresieM 6.
Pabouee monoxenue kaxaoro cBeropumibTpa Qurcupyercs. CrneKkTpaibHbIE XapaKTEPUCTUKU
CBETO(UIBTPOB MPUBEACHBI B mabn. 14.1.

Tabnuya 14.1

CrnekTpaJjibHble XapaKTepHUCTHKH CBeTOQWIHLTPOB
MapkupoBka JlinHa BOJIHBI, COOTBETCTBYIOLIAS Hupuna
cBeTopmiabTpa MaKCHMYMY NPONYCKAHUSA, HM | IIOJIOCHI MPONIYCKAHUA, HM

315 315+5 35+15
340 340+10 45+10
400 40045 45+10
440 440+10 40+10
490 490+10 35+10
540 540+10 25+10
238 590+10 30+10
750 67045 20+5
870 75045 20+5
980 870+5 25+5

980+5 25+5

B kroBeronepxarenb YCTaHABIMBAIOTCS KIOBETHI C PACTBOPUTENIEM MM KOHTPOJIbHBIM
pacTBOPOM M MOMEIAIOT UX B KIOBETHOE OTJEIeHHE. BBOA B CBETOBOM My4YOK OJHOM WJIM APYroi
KIOBETBI OCYIIECTBIISIETCS IOBOPOTOM PYUKH 4 10 ynopa BIIpaBO WJIM BJIEBO (10 MON0KeHUs 1 unm
2). B momoxxennu 1 B CBETOBOM Iy4OK BBOJUTCS KIOBETa C PACTBOPHUTEIICM, B IMOJOKEHHH 2 —
KIOBETa C UCCIIEyeMbIM pacTBOpoM. KIoBeTHOe oTneneHue 3akpblBaeTcs Kpbllkoi o. [Ipu
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OTKPBITOM KPBIIIKE KIOBETHOTO OT/ICICHHUS IITOPKA IIEPEKPHIBACT CBETOBOM MyUOK.

B ¢oromerpuueckoe yctpoiictBo BxomsT: (otosnement D-26, ¢orommon D-24K,
CBETOJCNUTENbHAS TUIACTHHKA, yCHiInTeNb. [lepeximouenne GpoTONpHEeMHIKOB OCYIIECTBISETCS
¢ momolbko nepekimouarens 3 (puc. 14.2). BwlkiarouaTenb CETEBOrO HaIpshHKeHUs: (Tymoiep)
HAXOJUTCS Ha 3a/IHEH CTEHKE KOJIOPUMETPHUYECKOTo OJIOKa.

Orntrueckasi cxema KoJIOpUMeTpa MoKa3aHa Ha puc. 14.3.

123456789 10 11 12 13 14

Puc. 14.3. OnTnyeckasi cxeMa KOJIOPUMeTPA:
1 — namma; 2 — koHaeHcop; 3 — auadparma; 4, 5 — 00bEKTUBBI; 6 — TETUIO3AIUTHBIN
CBETOGMIBTD; 7 — HEUTPAJIBHBIN CBETOPHIBTP; 8 — IBETHBIE CBETO(PHIIBTPHI,
9, 11 — 3amuTHbIe cTekna; 10 — kroBeta; 12 — poroguon ®/1-24K; 13 — cBeropuibTp;
14 — cBetonenurenbHas mwacTuHa; 15 — porosnement O-26

B BeruncuTensHbii 0710k 2 (puc. 14.2) Bxoaut cucteMa Mukporpoieccopras (MIIC)
«Qnexkrponnka MC 2703».

Ha nepenneit manenu MIIC pacnosnoxeHsl kiaBuarypa, Hu¢ppoBoe TadlIo0 U JABa
CUTHaJIbHBIX cBeTonuoaa. KnaBuarypa coctout u3 24 xnaBuml. Knasuma ITYCK ciyxut mis
3amycKka MHUKpOIPOIECCOpHOi cuctembl. KiaBumm D u ¢ mpenHasHa4yeHbl Ui BBI30Ba Ha
uuppooe Tabmo u3z mamsatd MIIC 3HaYeHHMI COOTBETCTBYIOMIMX KOI(POUIMEHTOB IS UX
KOHTpoOJIss wWid BBoAa HOBBIX 3HaueHuid. Kmasuma CBP crtupaer 3HavyeHHs BBI3BAaHHOTO
kod¢duirenTa (B cirydae HEOOXOAUMOCTH 3a/IaHUsI HOBOTO 3HAYEHUS).

Knapummu 0, 1, ..., 9 cuyxar s Habopa Ha nudpoBom Ttadno MIIC HOBOrO 3HaUYECHHS
ko3 durrenTa b wm c.

C pomompro kimaBuimi YTB B mamgare MIIC 3anmceIBaeTCd HOBOE 3HAYEHUE
K03 dunrenTa, HabpaHHOTo Ha IM(PPOBOM TAGIIO.

Knagummun K(1), ©(2), A(5), C(4) npeaHa3sHadeHbl Ui BBHIMOJTHEHHS  KAITUOPOBKHU
npubopa, U3MepeHui KodpUIMEeHTa MPOIyCKaHUs, ONTHYECKOW IUIOTHOCTH HCCIEIyeMOro
BEIIECTBa, KOHLIEHTPALIUU BEIIECTBa B pacCTBOPE.

Haxxatuem knaBumm A(3) npou3BOAUTCS U3MEPEHUE aKTUBHOCTH.

KnaBuma /P cinyxut mis nepesoga MIIC B oauH U3 ABYX PEXHMMOB BBINOJHEHUS
WU3MEPEHUI: PEKUM OAMHOYHBIX U3MEPEHUHN WM PEKUM IUKINYECKUX U3MEPEHUI.

B pexnMe OAMHOYHBIX M3MEPEHU TOCJICIHHUE BBIMOIHSIIOTCS OJMH pa3 MpPU HaKaTUU
COOTBETCTBYIOIIEH KIABUILIK; B PEXKUME IUKIMYECKUX W3MEPEHUN TMEepBOE U3MEpPEHUE
MIPOU3BOUTCS TIPH HAXKATHH COOTBETCTBYIOIMICH KIIABHUIIM M 3aT€M MOBTOPSIETCS ITUKINYECKH C
NepuoJIoM He MeHee 5 ¢ 1o Tex nop, noka MIIC He Oyner mepeBesieHa B PEKUM BBITOJTHEHHS
onuHouHbIX u3MepeHuid. Ilepeon MIIC u3 pexnma HUKIMYECKHX H3MEPEHUM B PEKUM
OJIMHOYHBIX U3MEPEHUl W OOpaTHO MPOUCXOMUT NpH Haxartuu kinaBuiu LI/P, curHanbHbIHI
ceeroauon Ll m curnameHbI cBeTomuon P ciayxkar mist oToOpakeHUs pexkuma m3MepeHus. B
ciydae, eciu MIIC HaxomuTcs B peKMME OAMHOYHBIX M3MEPEHHUH, TO ToputT ceeroauon P, B
npotuBHOM citydae TopuT cBeroamon L. I{udpoBoe Tabmo cocTtoutr U3 6-TM HWHAMKATOPOB.
IlepBblif MHIUKATOP CIYXKUT AN OTOOpaskeHHs ojgHoro w3 cumBoioB 3, 2, 1, 4, 5, 0O,
MOSABJISIOIIMXCS TPU HaXxaTuu ogHou u3 kinasuil A(3), ©(2), K(1) A(5), C(4) coOOTBETCTBEHHO U
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IIPU U3MEPEHUU «HYJIEBOTO OTCcUYeTa». IHIUKaTOph! 2-6 cyKaT /1715 BBIBOJA PE3yJIbTaTOB
U3MEPCHUI M 3HAUYSHHH mapameTpoB C u b.
Kinapumra HI(0) MIIC npeanaznauena jyisi mpoBEepKH (M3MEPEHHUsI) «HYJIEBOTO OTCUETAY.

14.2.2. Ilopsaook pabomul ¢ Koropumempom

IloaroroBka koJiopumMerpa K padore

1. IToacoenuunTh KOopumeTp K cetr 220 B, OTKPBITH KPBIIMIKY KIOBETHOTO OTIIEICHUS U
BKIounTh TyMOsep «CETby», mpu 3ToM nOmKHA 3aroperhCsi CUrHajbHas jamna (Ha mudpoBoM
Ta0JI0 MOT'YT HOSBUTHCS PA3IMUHbIE CHMBOJIbI).

2. Haxarp xmaBumy IIYCK — Ha mudpoBoM Tabiao MOSBISETCS MUTAIONIAs 3amsiTast
(mocne mepBOro MHAMKATOpa — HMHJMKATOpa pekuma padoThl) U roputT uuHaukarop P. Ecau
3amsTas He NOsSIBIIIach, HY»>KHO OBTOpHO Haxath kinasuury ITYCK.

3. Bplaepxarh KOJOPUMETP BO BKJIIOYEHHOM COCTOSHUM B TeueHHe 15 MHHYT IpH
OTKPBITON KPBIILIKE KIOBETHOI'O OTJICIICHHUS.

4. H3mepeHue «HYJIEBOro oOTcueTa» mpousBoauTcs npu nomomu kinasumm II(0)
BBIUHUCIUTENbHOTO Osioka. Ilepen u3MepeHHMEM «HYJIEBOIO OTCUETa» KPBILIKY KIOBETHOI'O
otaeneHust oTKpbITh. lo ucreyenun 5 cexyna Haxaths knasuury LI(0). Ha uudposom tabio
CIpaBa OT MWraroUleil 3amaToil BbICBEUMBAETCA 3HAUEHHME M ciieBa — cUMBOJ «0». 3HaueHue
nowkHo ObiTh He MeHee 0,001 u He Gonee 1,000. Ecnu oTrcyer He ykianbIBaeTcsi B yKa3aHHBIC
IpeJesibl, HE0OX0IMMO OOPATUTHCS K MHXKEHEPY J1a00opaToOpUu.

HN3mepenue kod(pPpuuuenTa nponycKaHus

1. Ilepen xaxiaplM BHJIOM H3MepeHUN (Ko3(pPHIMEHTa NPONYCKaHUS, ONTHYECKOU
IUIOTHOCTH, KOHIIGHTpAllMH) TPOBECTH MPOBEPKY «HYJIEBOro oTcueTa». I3mepeHue
K03 duLreHTa NPOMYCKaHUs TPOBOAUTH B PEKUME OJIMHOYHBIX U3MEpPEHUI.

2. B KioBeTHOE OT/EJECHHE YCTAaHOBUThH KIOBETHI C PACTBOPUTENIEM HIIM KOHTPOJIBHBIM
pacTBOpPOM, 110 OTHOIICHHIO K KOTOPOMY ITPOU3BOJIUTCS U3MEPEHHE, U UCCIEyEMbIM PACTBOPOM
(KIOBeTy ¢ HCCIelyeMbIM PAacTBOPOM YCTaHOBUThH B OJMDKaiilliee THE3/10 KIOBETOJAEpKaTels).
Pyukoit 6 ycraHoBuTh HeoOXomumbldi cBeTopunbTp (puc. 14.2), pydukoir 3 — HYKHBIU
¢oronpuemnuk. [Ipu n3mepenuu co ceeropunsrpamu 315, 340, 400, 440, 490, 540 HM pyuky
®OTONPUEMHMUK ycranoBute B mnonoxeHue «315-540». Ilpu wu3mepeHuu co
ceeropmibTpamMu 590, 670, 750, 870, 980 um pyuxky @OTOIPUEMHMUK ycraHoBUTH B
nosoxkenue «590-980x.

3. Pyuxy 4 (puc. 14.2) yctaHOBHUTH B NOJI0KeHHE | (B CBETOBOM Iy4OK BBOJAUTCS KIOBETA
C pacCTBOPUTEJIEM WM KOHTPOJIBHBIM PACTBOPOM).

4. 3akpbITh KPBILIIKY KIOBETHOT'O OTHENEHUs, HaxaTh KiaBuiry K(1) BEIYHCIUTENHEHOTO
6soka. Ha tabiio cneBa oT Muraroniei 3amnstoi 3aropaercs cumBo 1.

5. 3areM pyuky 4 yCTaHOBHTbH B MOJOXKEHHE 2 (B CBETOBOM Iy4YOK BBOJUTCS KIOBETA C
HCCTIEyEMBIM PAaCTBOPOM).

6. Haxxats xmaBuiry t(2). Ha mudpoBoM Tabiio ciaeBa OT MUTAIOMICH 3aIATONW MOSBUTCS
CHMBOJ 2, O3HAUaIONIMi, YTO MPOW3ONUIO U3MepeHue Kod(pduuueHTa MporrycKaHus
HCCIJIEyEMOI0 PaCTBOPA B MPOLIEHTAX.

HN3Mepenue onTHYECKON NIIOTHOCTH

1 Beomonuute onepamun  1-5  pazmena  14.2.2  «M3mepenue  koadduimenTta
IIPOIYCKAHUS».

2 3aKpbITh KPBIIIKY KIOBETHOTO OTAeJeHMs, HaxaTh kinasumy J(5). Ha mudposom
TabJ0 claeBa OT MUTAIOIICH 3alATON MOSBUTCA CHMBOJ 5, O3HAYAIONIIMK, YTO MPOU3OILIO
M3MEpEeHUe ONTHYECKOM MIOTHOCTH. OTcueT Ha HU(pPOBOM TabJIO CIIpaBa OT MUTAOLIEH 3amsATON
COOTBETCTBYET ONTHUYECKON INIOTHOCTH HCCIIEyEMOT0 pacTBOpA.

14.2.3. H3mepenue KoHuenmpayuu 6euiecmeda 6 pacmeope
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[Tpu u3MepeHnH KOHLIEHTPAIMH BEIIECTBA B PACTBOPE CIEAYET COOIIOATh CIEIYIONIYIO
MOCTIeI0BATEIBHOCTD B pabore:

* BBIOOp CBETO(HIIBTPA;

* BEIOOP KIOBETHI;

* TOCTPOCHHE TPAJYHMPOBOYHOTO Tpaduka i JAHHOTO BEIIECTBA M OINpPEICIICHHE
k03 dunrenTos ¢ u b;

* BBe/IeHHE KO3 (DUIMEHTORB ¢ U D B TaMATh BHIYMCIUTEILHOIO OJIOKA;

* U3MEpEHNE KOHIIEHTPAIMY BEIIECTBA.

1. Hanmmuume B KOJIOpUMETpE y3Jia CBETOQMIBTPOB U HAOOpa KIOBET MO3BOJISET MOA00paTh
TaKO€ HMX COYETaHHWE, IMPH KOTOPOM MOTPEHIHOCTh B ONPEAEICHUM KOHIEHTpauuu Oyaer
HauMEHbIIeH. B3aTe kioBeTy (0 BbIOOpE pa3Mmepa KIOBET CMOTPETh HHUXKE), YCTAHOBHUTH B
KOJIOPUMETP M ONPEACTUTH ONTUYECKYIO TNIOTHOCTD /ISl BCEX CBETOQMIBTPOB MPHOOpA.

[To momydeHHBIM IAHHBIM IOCTPOUTH KPHBYIO, OTKIJIA/AbIBAas IO TOPU3OHTAIBHOH OCH
JUTMHBI BOJIH, COOTBETCTBYIOIINE MAaKCUMyMY K03(duiimeHTa nporyckanus cBeToQUILTPOB, a 10
BEPTUKAIBHOW OCH — COOTBETCTBYIOIIME 3HAYEHHS ONTHYECKOM IJIOTHOCTU PacTBoOpa (CM. puc.
14.4). OTMETUTh TOT YYaCTOK KPHBOW, IS KOTOPOTO BBIMOJHSIOTCS CICAYIOLIME YCIOBHS:
OINITHYECKasi IUIOTHOCTh MMEET MAaKCUMAaJbHYIO BEIMYMHY; XOJ KPHBOH HPUMEPHO MNapasuiesieH
TOPU3OHTAJIBHOM OCH (T.€. ONTHYECKAs! ITIOTHOCTh MAJIO 3aBUCUT OT JJIMHBI BOJIHBI).

7,%}

300 500 700 AHM

Puc. 14.4. CnekTpanbHasi KpuBas

CeetodunbTp misa pabOThl BBIOpaTh TaK, 4YTOOBI JJMHA BOJIHBI, COOTBETCTBYIOIIAs
MaKCUMYMy KO3 QHIMEHTa MPOIMYCKaHUs CBETO(UIbTPA, NPUXOAUIACh HA OTMEUEHHBIN BBIIIE
Y4aCTOK CHEKTPAIbHOM KPUBOM UCIBITYEMOTO pacTBOpPA.

2. Kak yka3pIBaJIoCh BbIIIE, A0CONIOTHAs MOTPEIIHOCTh H3MEpeHus Kod(puieHTa
npornyckanuss He mnpesblmaer 1%. OTHOCUTENbHAas MOTPEIIHOCTh H3MEpPEHUsl ONTHYECKOU
IUIOTHOCTH pacTBOpa MMHMMAaJIbHA IpU 3HaueHUM onrtudeckoi rmiotHoctu 0,4. Ilostomy mpu
paboTe Ha KOJIOPUMETPE PEKOMEHIYETCs, yTEM COOTBETCTBYIOLIETO BHIOOpa KIOBET, paboTaTh
BOJIM3M YKa3aHHOTO 3HAYCHMS ONTUYECKOH MIIOTHOCTH.

3. TloctpoeHue rpaayHpoOBOYHOrO Tpaduka TPOBECTH CISAYIOMUM  00pa3oM.
IIpuroToBUTH Psii PacCTBOPOB JAHHOI'O BEIIECTBA C M3BECTHBIMU KOHLEHTpauusMu. M3mepurs
ONTUYECKUE TIOTHOCTH B PacTBOpax M MOCTPOUTH IpaJlyMpOBOUYHBIM Ipaduk, OTKIaAbIBas IO
TOPU30HTAJIBHOM OCH M3BECTHBIE KOHIIEHTPALMM, a 10 BEPTUKAJIBHON — COOTBETCTBYIOIIME UM
3HAYEHUS ONTUYECKON MIOTHOCTH.

[To rpanyupoBouHOMY rpaduky (cM. puc. 14.5) onpenenutb kod3hunmeHTs ¢ u b, ¢ =
Do - 3HaYCHHE ONTUYECKOU MJIOTHOCTHU npu KOHIIEHTpaI1H
C = 0 (aucTuimupoBaHHas BOJ1a),

- ’

C G

e «Q — Yrol MEKAYy TpaayHpoBOYHOM TpsiMOM ©  ocklo  KoHmeHTpammu G
(Cj, Dj) — Texymas To4Ka rpagyHpoBOYHOrO rpaduka.

b=tga = (14.12)
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D

0 10 20

Puc. 14.5. 'pagynpoBouHblii rpaguk

4. BBecTH B MaMsTh BBIYUCIUTEIBHOTO 0J0Ka KO3 duimentsl ¢ u b. Jlns atoro Haxars
kiaBuiy ¢ (i b), CBP — Ha 1udpoBoM Tabi10 cripaBa OT MUTAIONICH 3aIsITON BBICBEYMBACTCSI
cumBoI ¢ (mim D), HaOpaTh ¢ MOMOIIBIO KIIaBUATYPhl 3HadYeHue Koddduuuenta ¢ (wim b). Ha
nuppoBoM TabIO cHpaBa OT MHUTaOLIed 3ansaToN BbICBeUMBAaeTCs HaOpaHHOE 3HAYEHUE
kodpdunuenta. 3arem HaxaTh KiaBumy YTB — wmHpopmanus BBoauTcs B mamATh. Jlis
KOHTPOJIsI 3HaYeHHH KO(DPHUIHEHTOB ¢ 1 b B mporecce u3MepeHuil mpelycMOTPEHO BBIBEICHUE
UX 3HaYCHHH Ha 1udpoBoe Tabds0. s aToro HaxkaTh KiaBuiny ¢ (wim b) — Ha nudppoBoM TabIIO
BBICBEUMBAETCS UX 3HAUCHUE.

5. IIpoBectu onepauuu no 1. 1-3 storo pasaena. Mccaenyemslit pacTBOp HAIUTD B TY ke
KIOBETY, C KOTOpOil Obula INpOBEJEHa TIpaJyHpOBKAa KOJOPHUMETpa M YCTAHOBUTH TOT XK€
ceeropunsTp. Haxare kmaBumy C(4). Ha tabno cineBa oT Muraromei 3amsiTod TMOSBISETCS
CHUMBOJI 4, O3HAyaroOIIU, YTO MPOU30ILIO U3MEPEHHE KOHIIEHTPALUHU UCCIEIyeMOro pacTBoOpa.
Otcuer Ha uudpoBoM Tabno cHpaBa OT MHrarolled 3amsaToil COOTBETCTBYET 3HAYEHUIO
KOHLIEHTPALUU UCCIEAYEMOrO pacTBOpa.

14.3. DkcnepuMeHTAJILHASA YaCTh

14.3.1. Onpeoenenue korghpunuenmos nponyckanus pacmeopos

1. i3meputs kK03pGUIUEHTHI NMPOMYCKaHUs pacTBOPOB. sl Kakjoro pacTBopa caenaTh
8-10 u3mepeHmit Ha KaKA0W U3 9 JUTHH BOJIH.

2. OmpenenuB cpeHee 3HAYCHUE MPOITYCKAEMOCTH ISl KaXKJIOTO PacTBOpa HA KaxkIOH
JUTUHE BOJIHBI, HOCTPOUTH rpaduk pynkuuu 7(A) (puc. 14.4).

3. Hsmepenue 7(A) mpoBOIUTH B COOTBETCTBHHU C yKa3aHUSIMH pasznena 14.2.2
«3mepenne kodpumeHTa npormycKaHus».

4. Ha rpaduke mocTpouth KpuBbie 7(A) 1Uis KaXI0i KIOBETBI C PACTBOPOM U 0003HAYUTh
3TH KpHUBBIE.

14.3.2. Onpeoenenue onmuueckoi niomHocmu

1 Jlng Tex KIOBET, Y KOTOPBIX H3MEPEHbI KO3(PPHUIIMESHTH MPOIyCKAHMS, ONPEICIUTh
ONTUYECKYIO TUIOTHOCTh i Bcex cBeTouimbTpoB. s kaxmoro pactBopa caenats §-10
W3MEpPEHHI Ha KaKI0W U3 9 JIMH BOJIH.

2 OmnpenenuB cpeiHee 3HAYCHHE ONTHYECKON TUIOTHOCTH HA KAXKIOW JJMHE BOJHBI U
JUTS KaXKIOTO pacTBOpa, mocTpouth rpaduk 3aBucumoctu D(C), kak o0bsicHeHo B pasnene 14.2.3
«3mMepeHre KOHIICHTPAIUH BEIIEeCTBA B pacTBOpEY, I. 1.

14.3.3. Onpeoenenue KonyueHmpayuu pacmeopos

1. IMocTpouTts rpagyupoBoyHbIi rpaduk (cM. pazaen 14.2.3 «M3mepeHre KOHIEHTpAIUU
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BelIeCTBA B pactBope», M. 3, puc. [4.5). Ilo rpamyupoBoduHOMY TpaduKy ONpPEIACTUTH
k03 durrenTs! € u b.

2. BBecTH B aMsTh BBIYUCIIUTEIILHOTO 0J10Ka KO3 GHUIIMEHTHI C 1 D.

3. OmnpenenuTh KOHIEHTPALMH pacTBOpOB. [laHHbIE, NOJIYYEHHBIE B JKCIIEPHMEHTE,
BHECTH B mabn. [4.2. B Tabnuily 3aHOCSATCS CpEJHWE 3HAYCHUS W3MEPCHHBIX MapaMeTpPOB
pacTBOpOB.

Tabnuya 14.2

Ne kroBeTbI Ko>dpuunent OnrTuueckas Konuenrpanus
NPONYCKAHMUS PACTBOPAa | IJIOTHOCTH PacTBOpa pacTBopa
7, %0 D C, %
1
2
3

Pe3yabTaTsl padotsl. K oTyeTy npeacraBurh:
* rpaduKH 3aBUCUMOCTH 7(A) JJIs1 HCCIICIOBAHHBIX PACTBOPOB;
* rpaduku 3aBucuMocT D(A ) 1515t pacTBOPOB, Y KOTOPHIX U3MEPUIIH T,

* rpaxyrpoBouHslii rpaduk D(C) u onpeneneHHbIe U3 HEro 3Ha4eHus ¢ 1 b;
* mabn. 14.2.

JlaGoparopHast pabota Nel3. M3yueHune cBONCTB J1a3€pHOTO U3IYYEHUS U JUPPAKIIH CBETA.

eans padotbi: 1) O3HAKOMJICHHE C MPUHIUIIOM ACHCTBUS ONTHYECKOTO KBAHTOBOTO
reHepaTopa; 2) HCCIEIOBaHME CBOMCTB Jyua Jazepa; 3) HW3Yy4YeHHE SBICHUS AUPpPaKIHH
Ja3€pHOTO U3ITyYCHUSI.

IIpubopsl M MaTepHalibl: ONTHYECKAs CKaMbsl, TEIHI-HEOHOBBIN Ja3ep, OJKpaH,
MOJIAPU3ATOP B OINpaBe C HOHUYCOM, (POTOMPUEMHUK C MUKPOAMIIEPMETPOM, TUPPAKITMOHHAS
pelieTka, u3MepuTeNbHas TMHEeHKa, SKpaH.

15.1. TeopeTuuyeckas 4acTb

15.1.1. Ilpunyun oeiicmeus onmuueckozo keanmoeozo zenepamopa (OKT)

CrnoBo «ia3ep» COCTOMT W3 HauyalbHBIX OYKB aHIVIMHCKOTO cioBocoderanus «light
amplification by stimulated emission of radiation», koTopoe B mepeBoje Ha PYCCKUH S3bIK
O3HayaeT «yCWJIEHHWE CBETa MHAYLIMPOBAHHBIM M3IIydEHHEM». DTO CJIOBO MOsiBHIOCH Oonee 50
JeT Hazal, Kak u cam npubop. IlepBrie 00pa3ibl KBAaHTOBBIX I'€HEPATOPOB (MazepoB) ObUIH
co3zianbl coTpyaHukamu ¢uzndeckoro uacturyra AH H.I'. BacoBeiMm u A.M. IIpoxopoBbIM B
1954 r. IIpubopsr pabotanu B paauoauanazone. B 1961 r. amepukanckue puszuku A. J[>kaBaH,
B. bennern, JI. OpHOTT NOIyYMIIA FEHEPALIMIO ONITUYECKOTO U3JIY4EHHs B ra30BOM paspsae. OHu
noctpounu OKI' HempephIBHOTO ACHCTBUS Ha CMECH T'a30B TeJIMsS M HEOHA, KOTOPBIM ObLIT Ha3BaH
Ja3epoM U paboTall B BUAMMOM JHara3oHe JUIMH BOJIH.

Ha ceroansiminuii eHb B MeIULIMHE HauOoJee MUPOKO MCIOIB3YIOTCS TBEPAOTENbHEIE,
ra3oBbl€ U MOJIYIPOBOJHUKOBBIE Ja3€PHhI.

PaccMoTpuM TpUHLMIO AEUCTBHUS M XApAaKTEPUCTUKU TEIUMH-HEOHOBOrO Jia3epa, cCXema
KOTOPOTo H300paxxeHa Ha puc. 15.1.
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Puc. 15.1. Cxema reinii-HeOHOBOIO0 Jiazepa

lMazopazpsanas crexisiHHas TpyOka 1 quaMeTpoM HECKOJIbKO MUJUTMMETPOB U ITTUHOM OT
HECKOJIbKUX JIECSITKOB CAHTUMETPOB 10 1,5 M 1 Goree pa3MelieHa MeXAy 3epkanamu 2 u 3.

Topubl TpyOKH 3aMKHYTHI IUIOCKOINAPAJUICIBHBIMUA CTEKJISTHHBIMH WJIM KBapLEBBIMU
IJIaCTUHAMHU, OPUEHTUPOBAHHBIMU MOJ yriioM bproctepa k ocu TpyOku. [lns wuzmydenws,
PacIpoCTpaHIIONIETOCs BIOJIb OCH TPYOKH U MOJIIPU30BAHHOTO B TNIOCKOCTH HaJICHUS CBETa Ha
IUTACTUHKH, KOX(P(GUIMEHT OTpaKeHUs OT HHUX paBeH Hymo. [laBinenuwe remus B TpyOke
cocraBisieT mpuMepro 0,1 mm pr. cr. TpyOka mmeer karon 4, HaKaTMBAaEMbIii HU3KOBOJIBTHBIM
HMCTOYHUKOM MUTAHUS, U [WIMHIPUIECKUN ITyCTOTEIbIM aHO/.

Me:xy KaTooM M aHOJIOM IpuKJIaabiBaeTcs Hamnpsbkenue (1-2,5) kB. Pa3psaHbiii Tok B
TpyOKe — OT HECKOJIbKHX JAECSITKOB MIJUTHAMIIEp A0 HeCcKoNIbkuX amnep. [Ipu Harperom xatoae u
BKJIFOUEHHOM aHOJHOM HalpsKEHUU TpyOKa CBETUTCA U B HEH OTUETIIMBO BUJECH ra30pa3psIHbIN
cTon® po3oBoro 1Bera. [Ipu mpaBHIIbHOI OpueEHTAIMM 3epKail U TPYOKH uepe3 oba 3epkaia
pacnpoCTpaHsOTCA XOPOUIO KOJUIMMUPOBAHHBIE WHTEHCHUBHBIE IMYYKH MOHOXPOMAaTHYECKOTO
CBETa C IJIMHHOM BOJHEI A = 632,8 HM.

N3BecTHO, UTO OMHOW M3 BaXKHEUINIWX 3a/ad obOecreueHus paboThl jlazepa SBISIETCS
o0ecriedeHne YCIOBUH uHGepCcHOU HaceleHHoCmu. ITO Takoe BO30YXAEHUS aKTHBHOTO
BELIECTBA Ja3epa, KOTJa HA GEPXHUX VPOBHAX IHEp2uu Haxooumcs Oonbuie yacmuy, 4yem Ha
Hudichux. J(P(EeKTUBHBIM METOAOM CO3JIaHUsI MHBEPCHUM sIBIIsieTCsl Oe3bI3TydaTelibHas nepeaaya
SHEPrUM BO30YXAEHUS OT aTOMOB (MOJIEKYJ) OJHOTO BEIIECTBA K aTOMaM (MOJIEKYyJIaM) Ipyroro
aKTUBHOTO BelecTBa. Tak obOecrednBaeTcss WHBEPCHAs HACEJEHHOCTh B TeJIMH-HEOHOBOM
na3zepe. AKTHBHBIM BEIIECTBOM B TaKOM Jia3epe SBJISETCS HEOH, aTOMbI KOTOPOTO MOJYy4aroT
SHEpPIrul0 BO30YXKAECHUS IyTeM CTOJKHOBEHMH C aTOMaMHu TIenus, BO30YXIEHHbIMM Ha
MeTacTaOuIbHbIE YPOBHH.

PaccMoTpuM Temepb, Kak BO3HMKAeT WHBEPCHAas HACEIEHHOCTh aTOMOB HEOHA.
VYhpouieHHas cxema ypOBHEW HEOHa mpuBelaeHa Ha puc. 15.2. Beime ypoBHs Es y HeoHa
nMeeTcs emie 28 ypoBHEHR ¢ sHeprueil meHplie Es, HO OHM A Hac 3HAUY€HUS HE MUMEIOT U Ha
puUCyHKe He u3o0pakeHbl. Bo30yxaeHue aTOMOB HEOHAa MPOUCXOJUT B pe3yJbTaTe
CMONKHOBEHUNl UX C JJIEeKMPOHAMU 2a30paspA0Hou naazmvl. [lpu oIpeneneHHOM pexnMe
paspsiga 3TOT MPOIECC MOXKET MPUBECTH K MHBEPCHOU HaceleHHOCTH ypoBHe Ei u E;. OnHako
HaceneHHOCTb ypoBHEHN Ej u Ej, a Taxke ypoBHel E4 u E3 ocraerca HennsepcHou. IHBepcHOM
3aCEJICHHOCTH TPETSITCTBYET JOJTOXUBYIIIUN MeTacTaOUIIbHBIN YpOBeHb Es, nexamuii HEeMHOTO
HIDKE KOPOTKOKMBYIIEro YpoBHA Ej. 3aceneHHocTs ypoBHs Es Benmka, 3a cyeT 3TOro
MIPOMCXOJUT TOTMOJIHEHHE OBICTPO OMYyCTONIAIOIIErocs YpoBHS Ei1 M MHBEpcHH HAceIeHHOCTH
Mexay ypoBHsaMU E1 u E3 He BO3HHKaeT.

JloGaBnenne remust MeHseT neno. M3 Bcex ypoBHEW Tenusi, IOMUMO HopMaibHOTO Eo,
JUIsl pabOoTHI Jla3epa UMEIOT 3HaUeHUEe MeTacTadmibHble ypoBHH Eo' n E3' ¢ sHeprusmu 19,82 u
20,61 3B cooTBeTcTBeHHO. CIOHTaHHBIN paaUaIIMOHHBIN MEPEXO0] C 3TUX YPOBHEH HAa OCHOBHOM
ypoBeHb E¢' «3ampemien», T.e. IPOMCXOAUT C OUYEHb Majol BeposATHOCTHIO. IloaTomy Bpems
KW3HU atoma Ha ypoBHsX Ep' u E3' ouenb Bennko. B pe3ynbTaTe 3JIeKTPOHHBIX YAapOB HA 3TUX
MeTacTaOMIbHBIX YPOBHSX HaKaIJIUBAETCsl OY€Hb MHOrO aToMoB renus. Ho yposuu renust Ey' u
Es' moutu coBnagatror ¢ ypoBHamu E; m E; Heona. brmarogaps 3ToMy npHM CTOJIKHOBEHHSAX C
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HEBO30YXKJICHHBIMU aTOMaMU HEOHAa WHTEHCHBHO MPOUCXOIST 0Oe3bi3nyuamenvhvlie nepexoobl
aTOMOB TeJIUS B HEBO30YKJICHHOE COCTOSIHUE C Pe30HAHCHOM Mepeiadeil SHepruu aToMaM HEOHa.
DTOT mporecc BO30YKIEHUS aTOMOB HEOHAa Ha puc. 15.2 CHUMBOJHMYECKH H300paxeH
TOPU30HTAJIBHBIMU ITYHKTUPHBIMU CTpENKaMHu. B pe3yibTaTe KOHLEHTpALMM aTOMOB HEOHA Ha
ypoBHAX Ey u E3 cuiibHO BO3pacTaroT M BOBHUKAET MHBEPCHAsI HACEJIEHHOCTh IO OTHOIIEHHUIO K
ypoBHsIM E1 1 Eg.

« Tennit _ _E; Heonu

E; r———‘ S

' E"’
E2 Sl
- 'Bo30y:kaeHnue
: aexTponamu’ !
Vo o
ES
Eq Eg

Puc. 15.2. Cxema ypoBHeil JHEePruM reJiusi 1 HEOHA

BbIsICHUM B 3aKiIlOYE€HUE BIMSIHUE CMOJIKHOG8EHUL aTOMOB HEOHA CO CTEHKaMH TPYOKH.
Takue CTOJKHOBEHHS MPAKTUYECKHM HE BIHSIOT Ha HACEICHHOCTh ypoBHeW E; m Ez m
HENOCPEACTBEHHO ypoBH:A E1, Tak Kak Bce 3TH YPOBHM KOpOmKodicugyujue. 3a BpeMs KU3HU B
BO30YKJCHHBIX COCTOSIHUSX Ha D3THUX YpPOBHSAX aTOMbl HEOHA MPAKTUYECKH HE YCIEBaIOT
JIOXOJUTh 1O CTEHOK TPYOKH. YKa3zaHHbIE YPOBHU pa3pylIalOTCs 3HAUUTENIBHO paHBIIIE.
Hanpotus, Ha ypoBHe Es BO30yX/1€HHbIE aTOMBI JKUBYT JI0JITO, IPETEPIEBAst B 3TUX COCTOSHUSX
MHOTOYHCIICHHbIE CTOJIKHOBEHHUS CO CTeHKaMH TpyOkH. CTOJIKHOBEHHSI pa3rpyxaroT ypoBeHb Es,
B PE3yJIbTATE YEro0 aTOMbl HEOHA MEPEXOo AT ¢ ypoBHA E1 Ha ypoBeHb Es. Omycromenue ypoBHs
E1 mpoucxoaut OwicTpee, uem mpu 3acenieHHOM ypoBHe Es. Paznuiia Hacenennocreli yposueit E3
un E; yBenuuuBaercs, yTo nosbilIaeT 3Qp¢GeKTUBHOCTL paboThl Jazepa. [Ipoiecc omycromenus
ypoBHa E; mpoucxomutr Haubonee 3(p(GEKTUBHO NPU HEKOTOPOM ONMUMANLHOM Ouamempe
mpyoxu. OTBITBI TOKa3aJIM, 4YTO MaKCUMajbHas MOIIHOCTh TEIUH-HEOHOBOTO Jiazepa
nocturaercs npu auamerpe Tpyoku d ~ 7 mm. Ilpm OonbInmux amameTpax MOIIHOCTB Jia3epa
najaer, HECMOTpsST Ha CUJIbHOE YBelIMueHue ooObemMa pabouero raza (o0beM TpyOKH
MPONOPIMOHANIEH KBaJpaTy €€ JuaMeTpa). ITO CBSI3aHO C Te€M, 4TO A(PPEKTUBHOE OMYCTOIIECHUE
ypoBHs E; mpoucxoautr y aTroMoB, HaXOASILUXCS 601uU3U CMEeHOK mpyOKu, a aTOMBl,
Haxo/dIIecs BOIU3U ee LEHTPA, NpaKmuiecKu 8bIKII0UaAiomes U3 npoyecca 2eHepayuil.

15.1.2. Ceoiicmea nazepnozo uziyuenusn

OCHOBHBIMH ~ CBOWCTBAaMM  JIQ3€pPHOTO  H3IYYCHHS, OOECIECUMBAIOIIUMH LIMPOKOE
MPUMEHEHHE JIa3epOB B MEAWIIUHE, SBISIOTCA: MOHOXPOMAMUYHOCMb, YPE3BBIYAMHO MA1as
PacxooumMocmy  1y4a WM GbICOKAs MNJIOMHOCMb dHepeuu W3NydeHHsa. BpIcokas cTeneHb
MOHOXPOMATHYHOCTH JIA3EPHOTO M3ITYUEHHsI OOBSCHICTCS TEM, YTO HHIYIITUPOBAHHOE H3ITyUCHHE
MIPEJICTaBIsAET COO0M Pe30HAHCHBIN MPOLIECC M, BCIEACTBHUE ATOTO, IIMPUHA CIIEKTPA U3TyUCHUS
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noy4yaercs O4eHb Y3KOW. /lmamerp Jsiy4a, BBIXOISIIETO M3 JIa3epa, COOTBETCTBYET IHAMETPY
ra3oBOro croyuba B TpyOKe, T.e. MPUOIU3UTEIHHO PABEH BHYTPEHHEMY JAUAMETPY ra30pa3psiiHOM
TpyOku. Jlaseppl oOnmamaroT ocmpoil  HanpagieHHOCMbl0  WU3TydeHUs (MalbIM  YIIIOM
PacXoaMMOCTH), a OOBIYHO H3JIy4aTelH CBETa MMEIOT CIadylo HalpaBiICHHOCTb. Jlmarpamma
HAIIPaBJIICHHOCTH 3JIEMCHTAPHBIX H3IllydaTeield MoxeT ObITh KpyroBoil. JlazepHoe u3iyueHue
Y3KOHAIPABJICHHO BCJCICTBUE TOTO, YTO TEHEPHPYIOTCS M W3JIYYAIOTCS JIHMIIb T€ KOJICOaHMS,
KOTOpBbIC ObLIM MHOXECTBO Pa3 OTPAXKCHBI, HO IPH 3TOM HX TPACKTOPHUsS HE OTKJIOHUIIACH OT
HAIlpaBJICHUs, MApAJUICIFHOTO OCH ONTHYECKOro pe3oHaropa aszepa. OmHAKO HACaTIbHOIO
HapajuieIbHOrO U3Ny4YeHHs He moiiydaercs. JIasepHbIil Jiyd UMeeT HeOOJBIIYI0 PAaCcXOAUMOCTb,
OIpeNeNsieMyI0 JICCATKAMU YIJIOBBIX CEKYHJI. YTJIOBas PAacXOIUMOCTH JIA3€PHOTO H3IIy4eHHS
HPAKTUYECKH HE 3aBHCHT OT Pa3MEpOB HM3JIYYArOIIEro Teja: OHA OMNPEACISATCS JIUIIb SBICHUEM
TU(GPAKIUU KOTEPEHTHBIX BOJH HAa BBIXOJHOM OTBEPCTHM Ja3epa. YIOJd MEXAY ONTHYECKOU
oChr0 m3nyueHus: (puc. 15.3) ¥ HampaBlICHHEM Ha MHEPBbI MUHHUMYM (Yroj pPacXoIMMOCTH)

paBeH:
A

0=122_ 15.1
g’ (15.1)

rie A — JUIMHa BOJHBI U3y4eHus, d — quameTp u3iydaromieii moBepXHOCTH (KPYTJIOTO CTEPIKHSI
aKTHUBHOI'O BEILIECTBA).

{ ]

Puc. 15.3. Yroa pacxoauMocTH Jiazepa

VY ra3oBBIX Ja3epoB YIIIOBas PAacXOIMMOCTh H3IIy4€HHUS BO MHOTO pa3 MEHBIIE, YeM Yy
TBEPIOTEIbHBIX, JUIS KOTOPBIX OHa gocturaet (2-3)°. DTo 0OBACHIETCS TEM, YTO Ta3 Kak
AKTUBHOE BEIIECTBO IPEJCTABISCT COOOH MPaKTHUYECKH HJICATbHYI0 ONTHYSCKYIO Cpeny, B
OTIUYHME OT TBEPIOTO Tella, KOTOPOMY TMPHUCYIIM BHYTPEHHUE HANpPKEHUS W JIpyrue
HEOJTHOPOTHOCTH.

[TnoTHOCTE Ps MOITHOCTH W3IMy4YeHUS Jia3epa OMpEeNseTcss OTHOIICHHEM MOIIHOCTH
W3ITydeHUs, TPOXOJAIIET0 Yepe3 CeUeHHE JIa3epHOro Iydka, K IUIOIIAJU CEYCHUS H HMEET
pa3MepHocTh BT Jem?. TIIOTHOCTH MOIIHOCTH B JTy4ye Jlazepa JOCTHTaeT OONBIINX BETUYHH
BCJIC/ICTBHE CJIOKEHHUS SHEPTUU OTPOMHOIO MHOXKECTBA KOTCPEHTHBIX W3JTyYCHHH OTICIBHBIX
aTOMOB, MPUXOJISAIINX B BEIOPAHHYIO TOUKY MPOCTPAHCTBA B OJJUHAKOBOM (haze.

JlazepHOE M3Ty4CHHE MOXKET OBITh CKOHIICHTPUPOBAHO B Y3KOHANPABICHHOM Jy4e C
OO0JIBIION TIIOTHOCTHIO MOITHOCTH. [TpH KOHIIEHTpAllUK U3TyYeHUS OOBIYHBIX HCTOYHUKOB CBETA,
B ToM umncie u CoiHIa, JOOUTHCS IIOTHOCTH DHEPTHH, OOJbIIEH, Y4eM Ha CaMOM HMCTOYHHUKE,
HEBO3MOXKHO. ITO OOBSCHSICTCS HEKOTEPEHTHOCTHIO U3TYYCHHSI OOBIYHBIX HCTOYHHUKOB CBETA.

KorepenTHoe wu3nmydeHHe Jla3epa C IOMOIIBIO ONTHYECKOM CHCTEMBI JIMH3 MOKHO
chOoKycHpOBaTh Ha MATYIO, CPABHUMYIO C JTTUHOW BOJTHBI U3MyYeHHs IOMAAKy. [I10THOCTH
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MOIITHOCTH JIA3€PHOTO U3TyUYCHHsI Ha 3TOH TUIOIIAIKe Ps JIOCTHTAaeT OTPOMHOM BEIHMYHUHBL. B
LEHTPE TUTOIAIKN

PD?
PS——/lzfz.

3nech P — BbIXOJHas MOUIHOCTh U3Ty4yeHHs Jiazepa, D — nguamerp oOBEKTHMBAa ONTUYECKOM
CHCTEMBI, A — JIJIMHA BOJIHBI U3Iy4eHus, f — hoKycHOE paccTosiHHE ONTHYECKOM CHCTEMBI.

UtoOBl OlEHUTh MaciTaObl JOCTUTAaEMbIX MOIIHOCTEH, cpaBHUM wusiydenune OKI ¢
n3nmydeHrueM CoiHiia. MoIHOCTh HenpephIBHOTO U3iydeHusi CoHIla paBHa ~ 7 kBr/em?. Ecin ke
BBIJICIUTH Y3KYIO TIoJiocy u3nydeHus ConHIla, paBHYIO CHEKTPAILHOW HMIMPUHE Teluii-HEOHOBOTO
masepa, To oHa cocraBuT Bcero 107 Br. TakuM 00pa3soM, SPKOCT MAIOMOIIHOTO TeHii-
HEoHOBOTO Ja3epa (Hampumep, JITH-207A) B gecsTku Thicad pa3 0oJbllie CHEKTPAILHON SIPKOCTH
Connna.

Eme ogHuM HMHTEpEeCHBIM CBOMCTBOM O0JiafjaeT M3Iy4eHHE Ta30BOro Jiazepa. 3a cuer
TOTO, YTO TOPLIbI Fa30BOM TPYOKU 3aKPBITHI IJIOCKONAPAUIEIbHBIMUA KBApPIEBbIMU IJIACTUHKAMU,
OpUEHTHUPOBAaHHBIMU TMOJA yriaoMm bproctepa k ocu TpyOku, wuznydenune OKI  sBusercs
JIMHEHHOIOJIIPU30BaHHBIM (MHOTA TOBOPSAT IUIOCKOMOJSIPU30BAHHBIM). OJTO 3HAYMUT, YTO B
CBETOBOM ITyuYKe KOJEOAHMsI SJEKTPUUECKOTO BEKTOpa (ClIe0BAaTEIbHO, U MAarHUTHOTO BEKTOPA
B) ocyiecTBIsIOTCS B OHOM TIIOCKOCTH (puc. 15.4).

E { A

(15.2)

7

-—

B X

Puc. 15.4. Cxema 3J1eKTPOMArHUTHOI (CBETOBO#i) BOJIHBI (A - IJIMHA BOJIHBI)
3akon Magioca
[Ipu paccMoTpeHHH pacIpOCTpaHEHUS CBETa B OJJHOPOIHON Cpe/ie HHTEHCUBHOCTh CBETA

MOKHO CYHUTaTh MPONOPLUHUOHAIBHON KBaJpaTy aMIUIUTYIbl CBETOBOM BOJNHBI | ~ AZ, [Ipu
HAJIOXKCHUHU JIBYX KOTepeHTHBIX BOJH ACOS(awt+ay) m Acos(at+ay) (ma3epHoe H3IyueHHE
SIBJISICTCS KOT'€PEHTHBIM) pa3HOCTh daz
O — 0 = O OCTAETCS TIOCTOSHHOM, 3 aM[IJHUT 3YIBTUPYIOIIET0 KOoJeOaHus
p ERTTKE PR s,
12 12
CIIEIOBATENBHO, I=L+1,+2 L, -cosc.

Ecnu Ha mnonsgpuzarop mnagaeT IJIOCKOINOJISPU30BAaHHBIM CBET AaMIUIMTYIbl Ag U
uHTeHCcuBHOCTH lo (Iyd nasepa), TO CKBO3b MpUOOP NPOMIET cocTaBisioUIas KoJeOaHUsS C
aMIuIUTYI0il A = AoCOS@, Tae @ — yroia MexXIy IUIOCKOCThIO KoJieOaHW Malarollero CBeTa
(J1a3epa) U MIOCKOCTHIO MOJISIpU3ATOPA.

CrnenoBaTeibHO, MHTEHCUBHOCTD MPOIIEIIETO CBETA ONPEAEIAETCA BhIpAXKEHUEM

| = Igcos?e, (15.3)
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KOTOPOC HOCUT HAa3BAHUC 3aKOH Mairoca.

15.1.3. lugppaxyuonnan pewiemka

YHUKaJIbHBIE CBOMCTBA JIA3€pHOI0 M3IIyUEHHS MO3BOJSIOT M3YydaTh Ougpaxyuio ceema.
JudpakiMoHHbIe SBJICHUS O CBOEMY XapakTepy MOJApa3JeNsioTcs Ha JBa OOJBIIMX Kilacca.
IlepBbIif KJIacC OTHOCHTCSA K Cllydaro, Korjaa addpaxkiuoHHas KapTHMHa HaOmronaercs Ha
KOHEYHOM PACCTOSHUU OT OIPaHUYMBAIOUIMX BOJHY 3KPaHOB (Iudpakius B ONMKHEH 30HE WU
mudpakus Openens). Bropoil kiacc OTHOCUTCS K CIy4ar0, Korja AUQpakIHOHHAS KapTHHA
JOKaNnU3yeTcsi Ha OECKOHEYHO OOJbIIOM paccTossHuu (audpakuus B JaidbHEW 30HE WU
madpakuuss Dpaynrodepa). Ilpu sTOM nudparupyomme Mydkd MOPEACTABISIOT CcO00it
napajuieNibHble Jy4d. bynyun coOpaHHBIMU JIMH30M, KaKIbIA My4OK AacT B (DOKyce IHH3BI
TOYKH, SIBJISIOIINECS YaCThIO TU(DPAKIIMOHHON KapTUHBI, H300pa)KaroIiue HCTOYHHUK CBETA.

Hughpakyuonnoii peuwiemroii Ha3bIBAIOT BCSIKYIO IEPUOAUUECKYIO CTPYKTYPY, BIHSIOIIYIO
Ha pacrnpoOCTPaHEHHUE BOJIH TOW WJIM UHOM IPUPOJIBI.

[Ipocreiimas onTuueckas MupakiMOHHAS pElIeTKa MPEACTaBIsSeT COO0O0W CTEKISHHYIO
IUTACTUHKY, Ha KOTOPYIO C TOMOUIBIO JEIHUTENbHOW MAIIMHBI HAHECEH psJ ITPUXOB. MecTa,
MpOYEpUYCHHBIC JICTUTEIPHOM MAIIMHOM, pacceMBalOT CBET TaK, 4YTO B HaIlpaBJICHUU
HaOIro#aTeNs MomajaeT JIMIIb €r0 HUYTOXKHas 4acTb. LTpuxw sABISIOTCS, TakuM 00pas3om,
MPAKTUYECKH HEMPO3PAYHBIMH POMEKYTKAMHU MEXITY HEMOBPEKICHHBIMU YaCTSIMH TUIACTHHKH
HIEIISIMHU.

B mpocreiimieM cinyyae HOpPMaTbHOTO TAJCHHS MOHOXPOMATHYECKOTO CBETa Ha
IPO3pavHyro AU(PAKIMOHHYIO PEHIETKY ¢ IIHPUHOM MPO3payHbIX YYaCTKOB @ U HETPO3PAuyHBIX
b HampaBieHus Ha riaBHbIC TU(PPAKIIMOHHBIE MAKCUMYMbI OMPE/ICIISIFOTCS. PABEHCTBOM
kA= (a+b)sing, =dsingy,

d :ﬁ, (15.4)

sing
rae @ — yron audpakuuu, A — JIJIMHA CBETOBOM BOJIHBI, K — HOMEp TU(PPaKIIHOHHOTO MaKCUMyMa
(k =0, £1, £2, ...), d = (a + b) — Tak Ha3pIBaecmas moctosiHHas pemerku. [Ipu K = 0 ycioBue
MaKkCUMyMa yJIOBIIETBOpsieTCS Ul BCeX JUIMH BOJH. J[Ba 3HaKa «&» A BCEX OCTaJbHBIX
3HAYCHWI K COOTBETCTBYIOT IBYM CHCTeMaM IU(PPAKIHMOHHBIX CIIEKTPOB, PACIIOJIOKEHHBIX
CHMMETPHYHO CIIpaBa M CJeBa OT IIEHTPAILHOTO MaKCMMyMa HyJeBOro mopsaka (puc. 15.5).
[IpenensHOE yMCcIO MUGPAKIMOHHBIX MAaKCHMYMOB, KOTOPOE€ MOXXHO TOJIYYHTH MPH TTOMOIIH
PEILIETKH, JAeTCsI COOTHOLLICHUEM

OTKyJa

k<i.
A
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T

Puc. 15.5. Inppakuus Ha TudpaKuMOHHON pelleTKe
15.2. JKCNepUMeHTATIbHAs YaCTh
Ha puc. 15.6 npeacrapneHa jiazepHasi yCTaHOBKA.

Puc. 15.6. JxcniepuMeHTAJIbHASI YCTAHOBKA H3Yy4YeHHUsI CBOICTB JIAa3epPHOI0 U3JTIyYeHHUs
U AM(ppaKkuuu cBera

Buumanmue! bynpre octopoxnsl! He HampasisiiTe nyd J1azepa Ha TKaHU Y€JIOBEKA.
Oco0eHHO onacHO MpsiIMOe MoNalaHue Ja3epHOro U3IYUYEHUS B I71a3 YellOBeKa.

15.2.1. Hccneoosanue nanpagieHHOCMU U3IyueHUsA 2eNUii-HEOH08020 1a3epa

1. Onpenenure TEOPETHUUECKHU yroma pPacxoJIMMOCTH ay4a nazepa
Oreop = 1,22/d, ecnm d = 0,5 MM — tuaMeTp ra30BOro cTonda paspsaaHol TpyOKH, a JITHHA BOTHBI
A=632,8 HM.

2. Jlns SKCHEpUMEHTAIbHOIO OMpEeNIeHUsl yria pacXxOJUMOCTH H3JIyYEHUs Teluii-
HEOHOBOTO JIa3epa MCIOJIb3YHWTE YCTAHOBKY, CXeMa KOTOPOW Moka3zaHa Ha puc. 15.7. U3mepss
JTUAMETP JIA3€pPHOTr0 My4yKa Ha SKpaHe MPH ABYX MOJOKEHUIX dKpaHa D1 U D, pacCUUTANUTE yroi
PacXoauMOCTH Bycn. PaccTosiHue L 0T mepBOro MmoJIOKEHUs dKpaHaMH JI0 BTOPOTO KEIATEIbHO
Opatb 00JIbIlIe OHOTO MeTpa. Pe3ynbTar @, ., MOXKHO ONPEACTUTD, HCIOJb3YS BBIPAXKCHUS:
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tg een — . wm 0, . =alrClg —2L . (15.5)

Jlazep

Puc. 15.7. CxemMa yCTaHOBKH [JI1 ONPe/IeICHUS YIJIA PACXOAUMOCTH Oy

3. CpaBHHTE JJaHHBIC TCOPETUYECKOTO pacyeTa yriioBOW PacXOAMMOCTH JIyda C
AKCICPUMEHTAIBHBIMH PE3yJIbTaTaMH.

4. PaccuurTaiiTe IIOTHOCTh U3TydeHus: MasiorabaputHoro jazepalll’H-207A.

Jlazep uMeeT CIIEIYIOIIHE apamMeTphl: MOIIHOCTb U3JTyYCHHUS:
P =15x10"° Br, A = 632,8 HM, OTHOCHTEIBEHOE otBepctue D/f = 1,2.

15.2.2. H3yuenue nonapuzayuoHHbIX C6OIICINE U3NYYUEHUA 2eIUII-HEOH08020 NaA3epa

1. UccnenoBanue noasipu3allMOHHBIX CBOMCTB JIa3€pHOT0 U3IYYEHHs OCYILIECTBIISETCS Ha
yCTaHOBKE, CXeMa KOTOpOW IMoKa3zaHa Ha puc. 15.8. AHanu3arop 2 3akperieH Ha YIJIOMEPHOM
YCTPOHCTBE, KOTOPOE MMEET IIKAITYy ¢ HOHMYCOM 3 M pyduKy 4 Ui BpalieHus: aHanuzaropa. [lpu
COBMEIIIEHUU HYJEBOW OTMETKM ILIKaJIbl C HYJEBOW OTMETKOW HOHHMYca aHaiuzatop Oyner
npomnyckarh kosneOaHusi Bektopa E, opueHTHpOBaHHOrO CTpOro BepTHKalbHO. CBETOBOHN Jyd
nazepa 1, mpoiinsg yepe3 ananuzaTop 2, momajaaeT Ha (GOTONPUEMHHK S, KOTOPBIM YKpeIieH Ha
JBYXKOOPAMHATHOM cTojiuKe. POTOTOK, MPOMOPIHUOHATIbHBIH CBETOBOMY IMOTOKY, H3MepseTcs
MuKpoamnepmerpoM 6. ITociie Toro kak 37eMeHTbl ONTHYECKONW CXeMbl COOpaHbl Ha ONTHYECKOM
CKambe 7/, HEOOXonuMo BKIIOUHMTH B ceTh 220 B wuctounuk nuranms JITH-207A. Temneps c
MOMOIIIBIO IOCTHPOBOYHBIX BHHTOB JIBYXKOOPJAMHATHOTO CTOJIMKA J0OEHTEeCh TOro, YTOOBI JIy4
Ja3epa rnomnajaai B HeHTp GOTONPUEMHHUKA, B PE3YJIbTaTe YEr0 MUKPOAMIIEPMETP MOKAKET TOK.

2.  Bpamas pyuky 4 yrioMepHOro ycTpoicTBa, GUKCUpPYHTE uepes
5-10 rpagycoB 3HaueHHe (HOTOTOKA. JJaHHBIC SKCITIEpUMEHTa 3aHecuTe B maoa. 15.1.
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Puc. 15.8. Cxema ycTaHOBKH /151 IPOBEPKHU 3aK0oHa MaJioca

[To mansbIM maba. 15.1 noctpoiite Tpaduk 3aBUCUMOCTH (OTOTOKA OT yria MEXKIY
TUTOCKOCTBIO KOJICOAHHS AJIEKTpUYecKoro Bektopa E B iryde nasepa v IIIOCKOCTBIO MTPOIYCKaHUS
ananmmsatopa. Ha stoM ke rpaduke moctpoiite 3aBucumMocts | = 1oC0S? @, BHIPaXkAIONIyI0 3aKOH
Matoca (lgp — MHTEHCUBHOCTD U3ydeHust npu ¢ = 0).

Tabnuya 15.1
1 2 3 4 5 6 7 8 9 10 | ... N
@, Tpaj 0 5 10 45 90
I

locOS* @

15.2.3. H3yuenue ougppaxuyuu nazepnozco usnyuenus

1. JIns1 BBINOSTHEHUS 3TOTO YIPaXXHEHHUs] cCOOEpUTE YCTAHOBKY IO CX€Me, [TOKa3aHHOM Ha
puc. 15.9.

2. B nepxxarenb ONTUYECKON YCTaHOBKHM 3aKpenuTe NU(PPAKIHOHHYIO PELIETKY TaKHM
00pa3oM, 4To0bI AU(PAKIMOHHBIE MAKCUMYMbI HAOJIFOTATUCh Ha U3MEPUTENNbHOM MmiKane 3 (puc.
15.9).

3. PerynmpoBkamu mo0elTeCh TOTO, YTOOBI PACCTOSHHUS MEXAY CHMMETPUYHBIMA
MakcuMyMamu (Hanpumep: +1 u -1; +2 u -2) ObUIM paBHBIMUPYT JIPYTY.
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k=1
k=2

Puc. 15.9. Cxema ycTaHOBKH I Ha0JI101eHUs U ppakuumn

4, Hauwunas c paccrossaus Ly = 20-25 cM oT nudpakiimoHHOM pENICTKH, U3MEPhTE
paccTosiHAe Sy MEXIy MAKCHMyMaMHU HYJIEBOTO M BCEX BUIMMBIX MOPSAKOB AU(PpaKIUH.

5. BeruncnuTe HampaBiIeHUE (¢ HAa MAKCUMYMBI BceX TU(PPAKIMOHHBIX TOPSIIKOB, 3HAS Sk
u L (L — paccTosinue oT AM(PaKINOHHON PEIIETKU 10 H3MEPUTEIbHON JTMHEHKN).

6. Paccuwnraiite mo gopmye (15.4) cpeanee 3HaueHUe MOCTOSIHHOM petneTku d, cunrtas A
= 632,8 HM. OLleHNUTE OrPENTHOCTH U3MEPEHUH.

PesyabTaTsl padorsl. K oTyery npeacraBurh:

¢ YroJj pacxoanuMoCTu 0 JIy4a Jjia3epa, paCCLII/ITaHHHﬁ TCOPCTUYICCKHU U HaliJICHHBIN
OKCIICPUMCHTAJIBHO,

* maon. 15.1;

* TEOPETUUECKYIO U IKCIIEPUMEHTAIBHYIO 3aBucHMOcTH |(¢) Ha oxHOM rpaduke;

* BBIBOA: TOATBEPXKAAETCA JIM OKCIEPUMEHTaNbHO 3akoH Mamoca? Ecmu
MTOATBEPKIAETCs, YTO ITO O3HAYAET?

* 3HAUCHHE TIOCTOSHHOM pemeTku B Buje d + Ad.

8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®EPATOB
KypcoBbie 1 KOHTpOJIbHBIE pabOThI, pedepaThl HE MPETyCMOTPEHBI YYEOHBIM ITLIAHOM.

9 TIEPEYEHb BOITPOCOB K DK3AMEHY

1 KunemaTuka MaTepuanbHON TOUKU: CPEAHSS U MTHOBEHHAs! CKOPOCTH; YCKOpPEHHE
MOJIHOE, TAHT€HIIMAJIbHOE U HOPMAJIbHOE.

2. Kunemaruka BpaliaTelbHOTO JIBUKEHUS: YIIIOBas CKOPOCTh U YIIIOBOE YCKOPEHHE
KaK BEKTOPHbIE BETMYUHBI, CBSI3b JIMHEWHBIX U YTJIOBBIX CKOPOCTH U YCKOPEHHUS.

3. MHepumanbHble 1 HEMHEPLUAIbHbBIE CUCTEMBI OTCYeTa. 3aKkoH HpioTOHA.

4.  BceMupHBIii 3aKOH TATOTEHUS AJIsl TOUeUHbIX Macc. Cuila TSKEeCTH U BeC Tena.

5. Ympyrue cuinsl. IlepBas u Bropas ¢popmsl 3akoHa ['yka. Monyns FOnra.

6. Teopema 00 U3MEHEHUH UMITYJIbCA TEJIa U CUCTEMBI. 3aKOH COXpaHEHUs UMITYJIbCa B
M30JIMPOBAHHOW U HEU30JIUPOBAHHOM CUCTEMAX.

7. lleHTp Macc MEXaHWYECKON CUCTEMBI. Teopema O JBMKEHUHU IIEHTpa Macc.
JIBr>KeHUe LIEHTpa MacC U30JIMPOBAHHON CUCTEMBI.

8. YpaBHeHmHe IBWKECHHS Tella IepeMeHHON Macchl. Y paBHeHue [{nonkoBckoro.
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9. Pabora u momtHOCTh. KuHETHYECKAst SHEPTHUS U €€ TeopeMa O e€ U3MEHEHUH. .

10. KoncepBatuBHble cuibl. [loTeHIManmpHas SHEPrUsl MaTEepPUATbHONH TOYKH BO
BHEIIIHEM CHUJIOBOM mosie. Teopema 00 M3MEHEHMM MOTEHIMadbHOM 3Hepruu. [loreHnuanbHas
SHEPrus Tela B M0JIE TSHKECTH U YIPYTO J1e(OPMHUPOBAHHOTO TEJA.

11. TlonHas MexaHWueckas SHeprust U TeopemMa 00 e€¢ u3MeHeHMH. CBsA3b CHIIBI,
JICHCTBYIOLIEH HA YaCTULY U €€ MOTEHUUAIIbHOW SHEPTUH.

12. AGCOJIFOTHO HEYNPYTUid U aOCOJIOTHO YIIPYTHH yaaphl.

13. MoMeHT cuibl 1 MOMEHT HMITyJbca. TeopemMa 00 M3MEHEHHMH MOMEHTa MMITYJbCa
MaTepuabHOW TOUKH.

14. Tlapa cun u ee BpamaTeabHblii MOMEHT. Teopema 006 U3MEHEHUH MOMEHTa UMITYJIbCa
MEXaHUYECKOH cuCTeMbl. 3aKOH COXPAHEHUS MOMEHTa MUMITYJIbCA B 3aMKHYTOM M HE3aMKHYTOM
CUCTEMaX.

15. MoMeHT uHepUMH MaTepHaIbHOM TOYKH, CHUCTEMBI W TBepaoro tena. [Ipumep
BBIUUCIICHUS] MOMEHTA MHEPLIUHU LIMJIUHIPA OTHOCUTENBHO €0 T€OMETPUUYECKON OCH.

16. Teopema LlTeitnepa.

17. OcHoBHOE ypaBHEHHE JUHAMUKH BpalaTeJIbHOIO ABUKEHHSI TBEPIOTO Tea.

18. Kunernueckas sHEprus Bpamaromerocs teja. Pabora BHENIHEH CHIIBI IO BPALICHHUIO
TBEPJIOTO Tea.

19. T'paBuTanMOHHOE 10JIE, €TO HANPSKEHHOCTD M MMOTEHIHAJI, UX CBSI3b.

20. JlaBieHue B *KMJKOCTSIX M Taszax, rujapocTaTuyeckoe aasiieHHe. 3akoHsl [lackansg u
Apxumena.

21. Jlunuu u TpyOKa ToKa. Teopema 0 Hepa3pbIBHOCTU CTPYH.

22. Ypasuenue bepHysum.

23. ®opmyna Toppuueniu.

24. Bs3kocTh, 3akoH HprotoHa. Pexxumbl Teuenus. Yuciao Pelinomnbaca.

25. VI3MeHeHue CKOPOCTH TE€UEHUs BJIOJIb CEUSHHs TPYObI P JaAMUHAPHOM TE€UECHUU.

26. dopwmymna I[lyaseiins. MeToas! onpeeneHus BI3KOCTH.

27. YpaBHeHHE CBOOOJHBIX TapMOHMYECKMX Kojle0aHMH [uIi MaTeMaTH4ecKoro,
MPYXUHHOTO U (PU3UYECKOTO MAsITHUKOB. YacToTa U mepuoj 3TUX KoJeOaHU.

28. Kunemaruka CBOOOJHBIX TapMOHMYECKMX KOJIEOAHMN: aMIUIUTYAa W HadaibHas
¢a3za, 3aBrcumoctu X(t), v(t), a(t).

29. 3aryxaromue  KosebaHus:  ypaBHeHMe  X(t), KO’(hQUIMEHT  3aTyxaHus,
orapu(MHUYECKU JEKPEMEHT 3aTyXaHUsl, TOOPOTHOCTD.

30. BrIHyXAEHHBIE KOJIEOAHUs, PE30HAHC.

31. Cnoxenue koneOaHM OTHOTO HamMpaBieHus. buenus.

32. Yupyrue BomHbl. CKOpPOCTh W JJIMHHA BOJIHBL. BomHOBOe Yucio. YpaBHEHHE
TUIOCKOM Oeryiiei BoiHbl. BoHOBOE ypaBHEHUeE.

33. UHaTtepdepeHuns yrnpyrux BOJH.

34. Crosiyast BOJIHA, Y3JIbI U ITyYHOCTH.

35. BBIBO/I OCHOBHOTO YPaBHEHHS Ta30BOTO COCTOSTHHS.

36. TepmoanHamMuyuecKas TEMIIEpaTypa U CPEIHEKBAAPATUYHAS CKOPOCTh MOJIEKYJIbI.

37. BHyTpeHHss dHEprus, padoTa ra3a v epBoe Hayajio TePMOTUHAMUKH.

38. TemnoémkocTh: yaenbHast, MOJsipHasi. Y paBHeHue Maiiepa.

39. Anmabatuyeckuii mporecc. Y paBHEHHE aanadaThl.

40. Pacmpenenenue MakcBemia O CKOPOCTSIM M DHEPTUsSM TEIUIOBOTO JIBU)KCHUSI.
XapakTepHbIE CKOPOCTH.

41. Pacnpenenenue bonsimana. bapomerpudeckas popmyna.

42. Jlnuna cBoOoHOTO TIpobera moJiekya. CpeaHee Yucio CTOJIKHOBEHUM.

43. TemnonpoBOIHOCTh. 3aKoH Dypbe.

44, JIuddysus. 3akon Ouka.
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45. Bsskocts. 3akoH HbroToHa.

46. DHTpomHMA M BTOpOE Havyajo TepMmoauHamMuku. Teopema Heprera.

47. PeanpHbIe ra3pl. YpaBHeHHe Ba-nep-Baanbca.

48. Temnoseie mamunbl, KIT/1. Iluxn KapHo u naeansHas TeruioBas MallvHa.

49. CaoiictBa )xunkocrteid. [loBepxHocTHOE HaTshKeHHE. K03 dULIMEHT TOBEPXHOCTHOTO
HATSDKEHUS.

50. /laBnmeHue moa HCKPUBJIEHHOM MOBEPXHOCTHIO kuakocTH. Popmyria Jlamnaca.

51. KanusisipHele sBIEHUS.

52. 3akon KynoHa. DIeKTprU4ecKoe 1MoJjie U ero HanpspkeHHOCTh. CHUITOBBIC JIMHUHT
aNeKTpocTaTruyeckoro nosst. [IpuHnun cynepnosunuu.

53. Ilotok BekTopa HampsbkeHHOCTH. Teopema [I'aycca B WHTErpaJibHOM U
maddepernmanbaoil popmax i Bakyyma. [Ipumenenue teopemsl ["aycca.

4. IloTeHunanbHOCTH AIEKTPOCTATUYECKOTO OJIs B MHTErpaIbHON u
muddepeHnmanbHon hopmax.

55. Pabora cuit anekTpocTaTudeckoro moist. [loTeHnunanbHas sHeprust mpoOHOTo 3apsa.

56. IloTtenuman snexTpocTaTHueckoro nois. [IpuHnun cynepno3unuu i NoTeHIuanNa.
CBs13b MEX1y HAIPSDKEHHOCTHIO M TTOTEHIIMAJIOM. DKBUIIOTEHIIMATIbHBIE TOBEPXHOCTH.

57. TIpoBOAHMKH M UX CBOWCTBA. SIBICHUS 2IEKTPHUUECKON MHAYKIIUU.

58. Humonw. Ilorenmman mons gumons. [loTeHnmanpHasT SHEPrus JTUNONS U
BpalaTeIbHbIi MOMEHT JUIIOJISI BO BHEIIHEM 3JIEKTPOCTATUYECKOM II0JIE.

59. JIWdNeKTpuKH, THIBI JUAJICKTPUKOB W HWX moiisipu3anus. [lonspu30BaHHOCTH
IUAIEeKTPUKOB. [loBepXHOCTHASI U 00BbEMHAs TNIOTHOCTH CBSI3aHHBIX 3aps/IOB.

60. uddepennunansHas u HHTErpaibHas Gopma TeopeMsl [ aycca B IUIIEKTPUKaX.
BexTop snextpuyeckoro cMmemenus. JusnekTpuueckas IpOHULIAEMOCTb CPEbI.

61. I'panuvHbBIE YCIOBHUS JUIS TAHTCHIIMAIHHBIX M HOPMAJIbHBIX BEKTOpOB E u /1.
[IpenomMinenure CUIOBBIX JIMHUI HA TPAHULIE JUJIEKTPUKOB.

62. DeKTPOEMKOCTh YEJMHEHHOTO MTPOBOIHUKA M KOHIeHcaTopa. EMKOCTH mtockoro,
chepruecKoro 1 NUIUHAPUIECKOT0 KOHACHCATOPA.

63. ITlapamienbHOE H MOCTIENOBATEIHHOE COSTMHEHHS KOH/IEHCATOPOB.

64. DHeprus cUCTEMbI HEMOIB)KHBIX TOYEUHBIX 3apSA0B U DHEPTHs 3apsKEHHOTO
MIPOBOJIHUKA.

65. DHeprust 3apsHKEHHOTO  KOHJEHcAaropa. OJHEprus W  IUIOTHOCTh  DHEPIruu
ANEKTPOCTATUYECKOTO TTOJISL.

60. DnexTpuYecKHii TOK M €0 XapaKTePUCTUKHU. Y paBHEHUE HETPEPHIBHOCTH.

67. Crpoenue cunbl. D.J[.C. HanpsbkeHue Ha OTHOPOAHOM U HEOJHOPOTHOM yUACTKaX.

68. ComporuBieHne TMNPOBOAHUKOB. 3akoH Oma UIsi OMXHOPOJHOTO ydYacTKa B
MHTETpaiIbHON U AuddepeHnnanbHoi Gpopmax.

69. 3axon Oma JUIst 3aMKHYTOH IIETIM M HEOTHOPOTHOTO yJacTKa B U PepeHITHaTbHON
dopme.

70. TlpaBmio Kupxroda.

71. Pabora wu MomHOCT, ToOKa. 3akoH JDkoyns-JleHa B HWHTErpambHOW U
muddepeHnnanbHON hopmax.

72. MarautHoe Tojie U ero cuioBble TUHUU. 3akoH buo-Casapa-Jlamnaca. MaruutHoe
noyie 0ECKOHEYHO NIJIMHHOIO MPSIMOJIMHEMHOro TOKa. MarHuTHOe Moje B IEHTPE KPYroBOTO
TOKaA.

73. MarnuTtHoe 1ojie KOHTypa ¢ TOKOM. MarHUTHBIA MOMEHT 3aMKHYTOT'O TOKA.

74. Teopema 0 UUPKYJALHMN BEKTOpAa WUHIYKLIHWU MArHUTHOTO MOJISl U €€ MPUMEHEHHE K
BBIUMCIICHUIO MarHUTHOTO MOJIA MPSMOJIMHEHHOro OeckoHeyHoro Toka. Teopema ["aycca ans
WHJIYKIIUA MarHUTHOTO TOJIA.

75. Cuna Ammnepa u cuna Jlopenna. JIBmxkeHue 3apsyKEHHBIX YaCTHUI] B MATHUTHOM IIOJI€.
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76. SIBnenue anekTpomMarHuTHOU MHAYKIUU. [IpaBuno Jlenna. 3akon @apanes. [Ipupona
unaykunonHoit 3.J1.C. BuxpeBoe 35eKTpuyeckoe moie.

77. SIBneHue caMOMHIYKUMHU. IHIYKTUBHOCTh KOHTYpa. IHIyKTUBHOCTh OE€CKOHEYHOTIO
COJICHOMIA.

78. DHeprust MAarHUTHOTO TTOJIA.

79. MarauTtHoe 1oJie B cpefie: 1ua-, mapa-, eppoMarHeTHKH.

80. HamnpspkeHHOCTh MarHUTHOTO I0JIS B cpesie. MaruuTHas mpoHuiaeMocTs. Teopema o
nupkymsanuu BektopoB E u H B cpene B unTerpansHoi u quddepeHnuanboi popme

8l. BuxpeBoe 31eKTprUYecKoe 1oJie, €ro CBOWCTBA U CUIIOBBIE JINHUM.

82. IlmoTHOCTP TOKa CMemleHHs. YpaBHeHHs MakcBelmsia B HMHTETPAJbHOW |
muddepeHnmanbHon hopmax.

83. 3aKkoHBI reOMETPUYECKON ONTHKH. SIBJIEHHE TOJHOIO BHYTPEHHETO OTPaXKEHUSI.
[Ipenenbusbiid yrom.

84. UurepdepeHuns CBETOBBIX BOJIH. YCIOBHA 00pa3oBaHUs MaKCUMyMOB H
MUHUMYMOB B UHTEP(PEPEHIIMOHHON KapTUHE.

85. udpaxuus. 3ous1 Openenst. 30HHas MIaCTUHKA. MeTO BEKTOPHBIX IHArPaMM.
[Ipunnun [Mtolirenca-POpeneins.

86. udpaxuus OpeHens OT KPyriaoro OTBEPCTUS U KPYTJIOTO IUCKA.

87. ludpaknuoHHass pemieTka, €€ TMepHoA. YCIOBHS 00pa3oBaHUs  TJIABHBIX
MakcuMyMoB. KosnndyecTBo Ha0It0JaeéMbIX TJIaBHBIX MAKCHUMYMOB.

88. EcrectBeHHBII ¥ MONMSApHU30BaHHBIA cBeT. Buner mnomspusamun. CreneHb
nosispu3anuu. 3akoH Mamoca. [lonspusanys npu oTpakeHuu, 3akoH bprocrepa.

89. JImoiinoe myuenpenomiienue. [Ipu3ma Hukoos.

90. BpamieHue IUIOCKOCTM MOJSPU3ALMU  ONTUYECKM AKTUBHBIMU  BEIIECTBAMHU.
VY ienpHOE BpallleHUE.

91. Tlormomenue cBera. 3akoH byrepa-bepa.

92. Omnrnyeckue mpuOOPHI: Jiyna, MuUKpockort. [Toctpoenue n3odpaxenus. Jlnaelinoe
YBEJINUYECHHE.

93. ®otoHB, WX cBoWcTBa. EMWHCTBO KOPIMYCKYNISPHBIX H BOJHOBBIX CBOWCTB
JIEKTPOMAarHUTHOTO U3JIyYEHUSI.

HA. dororddext. 3akonb CmoneToBa. Bonbr-ammnepHas xapaktepuctuka. opmyna
OniHmreliHa. KpacHas rpanuna.

95. Tloctymarer bopa. DiiemeHTapHast TEOPHsI CIIEKTPa BOJOPOIONIOI00HOTO aTOMA 110
bopy. ®opmyna Punbepra.

96. Bomna ne bpoiins. KoprnyckysasipHo-BOJIHOBOH TyajTi3M.

97. BonHoBast GyHKIHUS U €€ CTATUCTHYESCKHUIA CMBICIL.

98. Ypasuenue lllpeaunrepa.

99. Yacruma B 0THOMEPHOH MMOTCHIIMAIEHON SIME.

100. KBaHTOBBIE UuCIIa, ONPEICAIONINE COCTOSHUE IJIEKTPOHA B aTOME.

101.  [pwanun I[Taymu u neproandeckas cucTeMa 3JIeMeHTOB MeH ierneeBa.

102. KunemaTuka MaTepuaIbHOW TOUYKHU: CPE/IHSAS U MTHOBEHHAsI CKOPOCTH; YCKOPEHUE
MIOJIHOE, TAHT€HIIMAJIbHOE U HOPMAJIbHOE.

103. KwunemaTuka BpamaTeabHOTO JBIJKEHHUS: YIJIOBask CKOPOCTh U YIJIOBOE
YCKOpPEHHUE KaK BEKTOPHBIC BEJIMYNHBI, CBA3b JINHEHHBIX U YIIIOBBIX CKOPOCTH U YCKOPEHHUS.

104. WuepumanbHble U HEMHEPIIUALHBIE CUCTEMBI OTCUeTa. 3akoH HproToHAa.

105. BceMupHBIi 3aKOH TATOTEHHS I TOYeUHBIX Macc. Cuiia TSOKeCTH U BeC Tea.

106.  Ympyrue cunsl. [lepBas u BTopast popmer 3akoHa ['yka. Moxyns FOnra.

10 CAMOCTOAATEJIBHAS PABOTA OBYYAIOIIIUXCSA
Conepxanue, TpeOOBaHMSI, YCIIOBUS U TIOPSIOK OPTAaHU3AIUN CAMOCTOSTEIbHON

paboThI 00yUAIOITUXCS ¢ Y4eTOM (OPMBI 00yUEHUS OTPECIIIETCS B COOTBETCTBHUH C
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YTBEPKAEHHBIM YueHbIM coBeToM Yil'Y (mporokon Ne 8/268 ot 26.03.19 1.).
®dopma 00yueHHUs: OUHasL.

HasBanue pa3esioB 1 TeM Bun camocTosiTeIbHOM paGoThI Oo0bem B | ®opMa KOHTPOJIS
gacax

Paspen 1. Mexanuka [IpopaGoTka yueOHOro wmarTepuana ¢ 25 poBepKa

MaTEepUAIBHON TOYKHU U HCIIONIb30BAHHEM ~ PECYpPCOB  y4eOHO- TECTOBBIX
obOecnieueHus: quciUIUIMHbL [loaroToBka OIIpOC, BOIIPOC
K YCTHOMY OIIPOCY. HA SK3aMCHE
IToaroroBka Kk caaue 3K3amMeHa.

Paspen 2. Mexanuka [IpopaGoTka yueOHOro wmatepuana ¢ 10 poOBEpKa

JKHJKOCTEH U Ta30B. HCIIOJIb30BAHHEM ~ PECYpCOB  y4eOHO- TECTOBBIX
METOJIMYECKOTO W WH(GOPMAIIOHHOTO 3a[aHMH, YCTHBIN

b

obecreyeHns JUCUMUIUINHEL OIIPOC, BOTIPOC
IToaroToBka Kk yCTHOMY OIIpOCY. HA SK3aMEHE
IToaroToBka Kk caave 3K3aMeHa.

Paznen 3. Mexannueckue | IIpopaborka yueGHOro Marepuana c 15 MIpOBEpPKa

KOJIEOAHMS U BOJIHBI HCIIOJIb30BAHHEM ~ PECYpCOB  y4eOHO- TECTOBBIX
METOAMYECKOTO H WHPOPMAIIOHHOTO 3aJ]aHMi, YCTHBII
obecreueHusT JUCITUTUTHHEL. OTIpOC. BOIPOC
IToaroToBka Kk yCTHOMY OIIPOCY. HA SK3aMEHe
IToaroToBka k ciade SK3aMeHa.

Paznen 4. Monekynspras | IIpopabotka yuebHOro marepuana c 5 MpOBEpPKA

(1)1/131/11(3 u HCIIOJIb30BAHUEM  PECYPCOB yqe6Ho- TECTOBBIX

TEPMOIMHAMUKA. METOAMYECKOTO H WHPOPMAIIOHHOTO 3aJ]aHM, YCTHBI
obecreueHus JUCITUTUTHHEIL. OIIPOC, BOTIPOC
IToaroToBka Kk yCTHOMY OIIpOCY. HA HK3aMEHe
IToaroToBka k ciade SK3aMeHa.

Paznen 5. IlocTosiHHBIN [Mpopabotka yueOHOro Matepuana c 5 MpoBEpKa

ANEKTPUUECKUN TOK. HUCIIOJIb30BAHHEM ~ PECYpCOB  y4eOHO- TECTOBBIX
METOAMYECKOTO H WHPOPMAIIOHHOTO 3aJ]aHMH, YCTHBIH
1(3{6ecneqenm JACITATLTHBL OIIPOC, BOTIPOC

OJITOTOBKA K YCTHOMY OIPOCY. HA SK3aMEHE

[ToaroroBka k ciaye 3K3aMeHa.

Paznen 6. OnTuka u IIpopaboTka y4eOHOro Marepuana c 30 poBepKa

3JIEMEHTHI KBAaHTOBOM HCIIOJIb30BAHUEM ~ PECYPCOB  yueOHo- TECTOBBIX

dusmKn. METOJIMYECKOTO0 W WH(GOPMAIIOHHOTO 3a/[aHuil, YCTHBI

IICUCHUA JUCHUITIJIMHBI.
19[6“ CHCHUS INCTHILT OIpOC, BOIIPOC
OJITOTOBKA K YCTHOMY OIPOCY. HA SK3aMEHE

IToaroToBka Kk caave 3K3amMeHa.
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11. YYEBHO-METOJAWYECKOE U HHOOPMAIIHOHHOE OBECITEYEHUE
JAHCHUILIHHBI

a) Criicok pekoMenayemoii TaTepaTypei
OcuoBnas :
|.®usnka:  yuebuuk ®  npaktukyM s Bysos/ B. A. Wneun, E. IO. Baxtuna,
H.b. Budorpanosa, TII. W. Camoitnienko; mnoa pemakumeii B. A. Mmbuna. — Mocksa -
W3snarenscreo FOpaiit, 2021. — 399 ¢c. — (Bsicmee o6pazosanne). — ISBN 978-5-9916-6343-
4. — Texer : amextponnsii // OGpasoparensHas miarpopma IOpaiit [caiit]. — URL:
https://urait.rw/bcode/468872 .
2 Hukepos, B. A. ®u3nka 13 By30B ;: Mexaunka u MonekyisipHas nanka / Hukepos B. A, -
Mockea : Jamkos u K, 2012. - 136 ¢, - ISBN 978-5-394-00691-3. - Texcr : 3/ICKTPOHHBI //

9BC "Kouncynsranr cTynenra” : [caiiT]. - URL
https://www.studentlibrary.rw/book/ISBN97853940069 1 3.html
Jononuureasnasn:

1. 3nenaues, M. B. Teoperuueckue ocHoss! dusuxu / M. B. Dnenmes. — Mockga, Wokerck :
MHCTHTYT KOMNBIOTEpHBIX Heenenosanuii, 2019. — 500 ¢. — ISBN 978-5-4344-0634-5, —
Texer : anekTporusri // Dnexkrponno-6ubmmoreunas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/92092 html
2 /lbsuenko, H. B. JlaGopatopusii mnpaktkym no mucuummmae «DuH3HKay. Paznen
«nexTpudecteo u Marnetusm» / H. B. Hesuenko, E. H. Boaywos, W. II. Apemes ; noa
penaxumeii A. I BoGposckmii. — Cauxr-IlerepGypr : Poccmiickuii rocyapcTBeHHBII
ruapomereoponornyeckuil ynusepcurer, 2001. — 100 ¢, — ISBN 2227-8397. — Texker -
anekTpoHustt // Daextponno-6ubmoreunas cucrema IPR BOOKS [cafit]. — URL:
JIwww.i Juw14 tml
3.Kysneuos, C. . Cnpasounuk no ¢usuke : yyeGuoe mocodue / C. W. Kysnenos, K. H.
Porozuu. — Tomck : Tomekuit nonurexnnyeckuit yHuBepeurer, 2014, — 220 c. — ISBN 978-
5-4387-0443-0. — Texer : aneKkTpoHHslii / Dnekrporno-6ubanoreunas cucrema [IPR BOOKS -
[caiiT]. — URL: http://www.iprbookshop.ru/34719.html
4.Ilaneirnna, A. B. Metozonoruueckue OCHOBBHI Kypca (HM3HKH : y4ueOHO-MeToAu ecKoe
nocobue / A. B. Ilansirmsa. — Komcomonbek-Ha-Amype :  Amypekuit I'YMaHHTapHO-
NEAarorHyecKiii rocyAapcTBeHHblit ynusepcuret, 2011, — 256 ¢. — ISBN 978-5-85094-442-1.
— Texker : anexTponnslit / InekTpoHHo-OnGmHOTeYHas crcTema IPR BOOKS : [caiiT]. — URL:
http://www.iprbookshop.rw/22289 html
5.3y6kos IOpuit Hukonaesuy. Meauunnckas ¢usnxa. JlaGopatopnetii npakTukym : yueGHoe
nocobue / 3y6kos IOpwii Hukonaesuy, T. M. Cemennosa; Yal'V, UD®BT, Kag. ¢pu3. metonos
B NIPHKIL Meenen. - YibsiHosek : Yal'V, 2018. - 3arn. ¢ skpana. - DIeKTPOH. TEKCTOBbIE JaH. (1
(aiin : 4,71 MB). - TeKeT : 3NeKTPOHHBIIH. http://lib.ulsu.rw/MegaPro/Download/MObiject/1459
YueGuo-meroanyeckas:
l. Tagomckas W. B. ®m3uka : Merommdeckue yKasaHusi uis nabopaTopHBIX 3aAHATHIE H
CaMOCTOATENEHOH  paloThl  CTYAEHTOB (akanaBpoB  KOJIOrHYECKOro (akyneTeTa BCex
Hanpapneniii noarorosku / M. B. l'anomexas, H. A. Mutpodanosa; Val'y, UM3u®K, Dxon.
dak. - YibsHosek : Yal'V, 2019. - 3arn. ¢ skpana; Heony6amkoBauHb1it pecype. = DAeKTpOH.

TekcToBele  maH. (1 daiin : 420 KB). - Teker JIEKTPOHHBIH,
htlp_://lib.ulsu.ru/McgaPro/Download/MObiect/6904

Cornacosaso:

Cneunamier peayumii  Cragoasunxosa J1. P./ /774 <%/ 16042024~

Jlonxuocts cotpyanika HB ®HO noanucs nara
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0) nporpamMMHOe ofecnedeHHe

1. OC MicrosoftWindows

2. MicrosoftOffice 2016

3. Mo#Oduc CTtaHIapTHEI

B) npodeccHOHa IbHBIE §a3bl JAHHLIX, HH)OPMANHOHHO-CIPABOYHbIE CHCTEMBI

1. Daexrponno-Gubanoreunnie CHETEMBI:

1.1. Lndponoit obpasosarcasumit pecype IPRsmart : anextpouno-Gubanoreynas cucrema :
caitr / 000 Komnanus «A#l Iy Ap Meaunan, - Caparos, [2024). - URL: http://www.iprbookshop.ru.
~ Peaum 20CTYna: A48 1aperucTpup. noasopareacit. - Texcer : anexTponnbit.

1.2. Obpasosarcasmas naarpopma IOPANT : ofpasosareanmudi pecype, dexrponsas
Gubanorexa : caltr / 000 aextponnoe waareasctso «lOPAHT», — Mocksa, [2024). - URL:
https://urait.ru . ~ Pexus 20CTYNA: U1 3aperncTpup. noastosareach, - Texer : anexrponnmift,

1.3. basa sammmx «Daexrponnas GuGanorexa rexunveckoro BY3a (DBC «Koncyanrany
CTyACHTa®) © MexTporHo-Gubanoreynas cucrema : cafir / 000 «lloanrexpecypen. ~ Mockna,
[2024). ~ URL: hups://www.studentlibrary.rw/cgi-bin/mbdx. ~ Pexum zocTyna: aas saperucrpup.
noassosareach. - Texer : amexTponnnit,

1.4. Koncyasrant spava. Inexrponnas Meanumnexkas Gubanorexa : Gasa aaunmx @ caftr /
000 «Bacwas wWKOAX OPranMIaliiM M YNpamieuus  yapasooxpanenmes-Komnaexenuit
MEAHUMHCKHA  KoHC@rTHHI», — Mocksa, [2024). - URL: hups//www.rosmedlib.ru. ~ Pexusm
AOCTYIIA: JUIA JApErucTpup. noansosarench, — Texer : anexrponnmit,

1.5. boanwas meanunnckan GuGanorexa : 2exrpouno-6ubanoreunas cucrema : cafir / 000
abyxan», ~ Tomek, [2024]. ~ URL: https://www.books-up.ru/rwlibrary/ . ~ Peaum pocryna: s
saperncTpup. noassosareach. « Texcr : anexrponnniit.

1.6. IBC Jlans : 2aexrpouno-GubGanoreynas cucresma : caftr / 000 IBC «Jlanww, ~ Canxr-
Merepbypr, [2024]. — URL: hupsi/elanbook.com. —~ Pexmm a0CTyna: aas 3aperucrpup.
noassosareach, = TEKCT : MeKTpoHnuit,

1.7, 9BC Znanium.com : 2eKTporH0-Oubanoreynas cucrema @ caftr / 000 «3nannymy,
Mocxsa, [2024]). - URL: hip:/znanium.com . ~ PEKHM 20CTYNA : VIR 3aPErHCTPHP. N0Jb30BaTecH,
= Texer @ anexTpoHnsi.

2. Koucyawranrilmoe [Daexrponnnit pecype): cnpasounas npasosas cucrema. / 000
«Koncyasrant [mocr « Daexrpon. aan. - Mocksa : Koneyasranrilnoe, [2024).

3. cLIBRARY.RU: uayunas aexrponnas OubGamorexa : cafir  / 000 «Hayunas
Inexrponnas buGamorexan, ~ Mocksa, [2024). -~ URL: hup:/elibrary.ru, — Pexus aocryna @ s
asTopus, noassopareacht, — Teker @ aexTponnsii

4. Qcacpaanuan rocyaapersennas  undopmammonnan cucrema «Haumonaannan
aekTponnas Gubanorexar : yexrpounas 6ubanorexa : caity / ®I'BY PI'b. ~ Mockea, [2024]. -
URL: https://u36.pd. ~ Peanm pocryna : ans noasosareacht naywnoft 6Gubamorexn, — Texer :
MCKTPOHHKIA,

§. Poccniickoe obpasosanme @ deacparnnnit nopran / yupeaurean @AY « OHITO», -
URL: https//www.edu.ru, = Texer : anexrponnnit.

6. Daexrponnan Gubanoreunan eucrema Yal'y @ moayan «Dnexrponnas Gubatorexan
ABHC Mera-I1PO / 000 «Jlara Ixenpecen. = URL: hitp:/lib.ulsu.ru/MegaPro/Web, ~ Peaxuwm
A0CTYNA : Aa% noabsosareach nayunoit Gubanorexu. — Texer @ anexTponnnii.

Huxenep seaymmit W Llypenxo 10.B. 2024
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12 MATEPUAJIBHO-TEXHUYECKOE OBECIHIEYEHUE HAYYHO-
NCCIEJOBATEJBCKOU PABOTBI

Yyebnass aygutopus 212 nnas mpoBeneHUs JICKIHMH, 3aHITHH JIaOOpaTOPHOrO THIIA,
IPYNIOBBIX M HWHIUBUAYAJbHBIX KOHCYJbTAIMM, TEKYLIEro KOHTPOJS M IPOMEKYTOUHOU
arrecrauuu (¢ HabOpOM  JIEMOHCTPAIIMOHHOTO O0OpydoBaHUs aisi  oOecrnedyeHus
TEMAaTUYECKUX WIUIIOCTPAU B COOTBETCTBUM C pabodeld MporpaMMol JMCUUIUIAHBI).
[TomenieHne yKOMITJIEKTOBAHO CIIELUATM3UPOBAHHON MeOenbio Ha 24 MOCao4yHBIX MECT U
TEXHUYECKUMHU CpEJCTBAMM: J3KpaH HAaCTEHHbIM, J0cka ayauTopHas. Pabouee MecTo
npenoaasarens, WI-FI, uatepner. [1nomans 42,93 kB.M.

VYueOHast ayAUTOpHUS Il CAMOCTOATENBbHOM paboThl cTyneHToB 230 ¢ nocrynom k ObC.
Ui caMocTosATeNbHOW paboTel crymentoB, Wi-Fi ¢ moctynom x OWOC, 3BC.
KoMmmploTepHblii  KJIacC yKOMIUIEKTOBAaHHBIA — CIIEUMANIM3UPOBAaHHOW MeOenbto Ha 32
MOCAIOYHBIX MECT U TEXHHYECKHMMH cpeacTBamMu oO0yudeHuss (16 mepcoHalbHBIX
KOMIIBIOTEPOB) ¢ 1ocTymoM k cetu «Muteprer», JUOC, OBC. [Tnomanp 93,51 kB.M.

YuranpHbld 321 HayyHOU OuOIHOTeKH (ayauropus 237) ¢ 30HOM IJi1 CaMOCTOSITETLHOM
pabore, Wi-Fi ¢ gpmocrynom k OUOC, OBC. Aymutopus YKOMIUIEKTOBaHA
CHelHranTu3upoBaHHON MeOenpto Ha 80 MOCaJOoYHBIX MECT U OCHAIEHa KOMIIBIOTEPHOMN
TexXHUKOU ¢ goctymnoM k cetu «Uurepuer», DUOC, OBC, skpanom u npoekropoM. [lnomians
220,39 kB.M.

13CHENUAJIBHBIE YCJIOBUS 1JIS1 OBYYAIOILIIUXCS C
OI'PAHUYEHHBIMU BO3MOKHOCTSAMMU 3/10POBbS (OB3) U UTHBAJIM1IOB

B cnydae HeoOXxomumMocTH, OOy4aromuMcs W3 4YWCIA JIMIl C OrPaHUYCHHBIMU
BO3MOKHOCTSIMHM 3/10pOBbsI (IO 3asBJICHHIO OOYYaIOLIErocs) MOTYT IpejularaTbCs OJHHU U3
CIIEAYIONIMX BapUAHTOB BOCHPHUATHS WHGOPMAIMM C YYETOM UX HHIAUBHIyaTbHBIX
NCUXO(PHU3NUECKUX 0COOEHHOCTEH:

— IS JUI] ¢ HApPYIICHWSMHU 3PEHUsS: B TMEYaTHOW (opMe yBEeTMYEeHHBIM mpudTom; B
dbopme 3IeKTpOHHOTO JOKyMeHTa; B (opme aynuodaiina (mepeBoa y4eOHBIX MaTepHUalioB B
aymuodopmar); B medatHOMl (opme Ha s3bike bpaiins; MHAUBHIyalbHBIE KOHCYJIbTAIIMH C
MpUBJICYEHUEM TU(IIOCYPIOTIEPEBOAUNKA; MHINBUAYAIbHBIC 33JaHUS M KOHCYJIbTAIINY;

— AU JUI ¢ HAapyUICHUsSIMH clyxa: B TIedaTHOH ¢opme; B (GopMe 3JIEKTPOHHOTO
JOKYMEHTA; BUAEOMAaTEepHaJIbl C CYOTUTPaMU; UHIMBUAYaJIbHBIE KOHCYJIBTAIIUH C IPUBIICYEHUEM
CYpIIOTIepEeBOIUNKA; WHANBUAYAIBHBIC 3a]JaHNS U KOHCYJIbTAIINH;

— NS JUI ¢ HapyLIEeHUSMU OIOPHO-IBUTATENILHOIO ammapara: B TeyaTHOH Qopme; B
¢dopmMe HIEKTPOHHOTO JIOKyMeHTa; B (opme ayauodaiina; HWHAUBUAYyalbHbIE 3aJaHUs H
KOHCYJIbTAIUH.

B cnyyae He0OX0IMMOCTH MCIIOJIB30BaHMs B yU€OHOM IPOIIECcCe YaCTUUHO/MCKIIIOUUTEIBHO
JIMCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TeXHOJIOTUH, opranu3aius padotsl [IIIC ¢ oOyvaromumucs ¢
OB3 u uHBanMUAaMHU NpeAyCMaTPUBAETCS B SJEKTPOHHOM HH(OPMAIIMOHHO-00pa30BaTeIbHOM cpesie
C YYETOM UX WHIUBUAYAIbHBIX MCUXO()U3NUIECKUX OCOOCHHOCTEH

Bl

Pa3paborunk Houent kadenpst [IMDU 3yokos FO.H.
16.04.2024 r.
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