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1. HEJIN U 3AJAYU OCBOEHUSA JUCHUIIJINHBI

[lens OCBOGHUWS IUCIMIUIMHBI - HAayYUTh CTYACHTOB TPAaMOTHO C (PM3MUYECKOW TOYKH
3peHUsI pacCMaTPUBATh SIBIICHUS OKPY>KAOIIEH CPelbl U OIEHUBAThH PE3YJIbTAThI IKOJIOTUIECKUX
UCCIIC/IOBAaHMA. 3HAHWsS, TONy4YCHHbIE B pe3yJbTaTe W3YYCHUS UCIMIUTMHBI, MO3BOJIST
CTyJ€HTaM TPaMOTHO OPHUEHTHUPOBATHCA B (DM3MUECKUX ACIEKTaX IOBEIEHHUS JKOCUCTeM. B
YaCTHOCTH KypC HallelieH Ha (hOpMUpPOBAHKE IEIIOCTHOTO MPEICTAaBICHHS O (PyHIaMEHTATBHBIX
(GU3MYECKUX 3aKOHAX W MX MPAKTUYCCKOM MPUMEHEHUH, 0€3 Hero HEeBO3MOKHA MPaKTUYECKas
paboTa cOBpeMEHHOT0 OHoJIoTa.

3amaun TUCIUTUINHBIL:

® 03HAKOMUTH CTYJICHTOB C OCHOBHBIMH (DYHIAMEHTATHHBIMU (PU3MUECKUMU 3aKOHAMHU;

® 03HAKOMUTH CTYJEHTOB C OCHOBHBIMH (DM3MYECKHMMH MOJEISIMHU, HAYYHTHh OIICHHBAThH
TOYHOCTh MOJICTUPOBAaHUSI (PU3MUECKUX TIPOIECCOB IS HMX aJCKBATHOTO ONHMCAHUS H
WCCIICJIOBAHHS,

® IaTh TPEJCTABICHUE O MPAKTUIECKOM IPUMEHEHUU (PU3UUYECKUX 3aKOHOB;

® PacCMOTPETh OCHOBHBIE TPHHIMUIBI PA0OThI M3MEPUTEILHBIX MPHOOPOB W  METOJIBI
paboThI C HUMU;

® Hay4UTh CTYJICHTOB IPAMOTHO 00pabaThIBaTh MOTYUYCHHBIC TPAKTHUECKUE PE3YIbTATHL;

® [IOJITOTOBUTh CTYJIEHTOB K TMPAKTUYECKOW paboTe C OCHOBHBIMU (DHU3UICCKUMHU
SIBIICHUSIMU, KOTOPBIE BCTPEYAIOTCS TIPU U3YUYSHHU YKOJIOTHUECKUX CUCTEM.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII
Jis  M3y4eHHUs COOTBETCTBYIONICH JUCIUIUIMHBI CTYJEHTBHI JIOJKHBI
MaTEMaTHKH, Kypc GU3NKH, KYPC XUMHH B 00bEMe ITPOrPaMMBbI CPETHEH IITKOJTBI.
JucuurimHa oTHOCHTCS K oOsi3aTenbHOM  vacth ( 51.0.05).
JlucuMIuiiHa ~ SBISICTCS  CORyMCm@ylowiell Ui TUCIMIUIMH — TEOJe3Hs, BBICIIAs
MaTeMaTruka, 0OTaHWKa, PUNOJIOTHS PACTCHHM, HH()OPMAIIMOHHBIC TEXHOIOTHH, ITEHIPOIOTHS,
XUMHUS, IOYBOBEJICHUE, TAKCAIINS JIeca, JICCOBEJCHUE, JICCHAs TCHETHKA M CEJICKITHA.

3HaTh Kypc

3 IIEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHMUS 110 JUCHUITVINHE
MOAVYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHM s OITOII

Ko n HauMeHOBaHUE peanu3yemMoil
KOMIICTCHIINHU

[lepeueHp TIaHUPYEMBIX PE3YJIBTATOB 00YUEHHUS 110
JUCHUIITUHE (MOJIYJII0), COOTHECEHHBIX C MHAMKATOPAMH
JOCTHKEHUS] KOMITETEHUU N

OIIK-1: pewarb
TUTIOBBIE 3a/1a4uu
npo(ecCHOHALHON  IeATEIHHOCTH
Ha OCHOBE 3HAHUW OCHOBHBIX
3aKOHOB MaTEeMaTHYECKHUX u
€CTECTBEHHBIX HayK C
NpUMEHEHHEeM  WH(OPMAIMOHHO-
KOMMYHHMKAIIMOHHBIX TEXHOJIOTHH

CIIOCOOHOCTD

3HaTh: OCHOBHBIE 3aKOHOMEPHOCTH, OIHCHIBAIOLINE
(dbu3MvecKoe B3aUMOJICHCTBHE OOBEKTOB OKpYXKaIOIIEH
cpeabl, yMeThb MOA00paTh aJeKBAaTHYIO (U3UUECKYIO
MO/JIEIIb;

YMeTh: OpUEHTHPOBATHCS B (PU3MUECKON KapTUHE MUPA;
BBIJIENIATh pa3iIuyHbIe ¢busnueckue SBJICHHUS,
IIPOTEKAIOIINE B 3KOJOTMYECKMX CHUCTEMAX; MOJIydyaTh U
oOpabaThiBaTh JaHHBIC, HEOOXOAMMBIC ISl PpEIICHUS
KOHKpETHOW (pU3NYeCcKOi 3a/1auu;

Bnanerb: HaBbIKAMH — TPAKTHYECKOH  pabOTBI ¢
OCHOBHBIMH  ()U3MYECKMMHU  TIPUOOpPaMH,  KOTOpHIE
UCIOJNB3YIOTCA B HCCIENOBATENIbCKOM  €ATENbHOCTU
OakayiaBpa JIECHOTO Jiesa
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4 OBIIIAA TPYJOEMKOCTbDb JUCHUIITINHBI

4.1. O0beM TUCHMILINHBI B 3a4€eTHBIX eAuHUNAX (Bcero) 4 3ET

4.2. 1o Bunam yueOHoi padoTsl ( B yacax): 144

KonuuecTBo yacoB
(bopma 0OyueHuUs -0UHasA)

Bun yuebnoi paboThl Beero 110 B 1.4. mo
cemMecTpam
IIaHy 1
1 2 3
KoHnTtakTHas paboTta o0yJaronuxcs ¢ mpernogaBaTeieM B 54 54
coorBercTBUU € YII
AyYJIUTOPHBIE 3aHSATHUSL: 54 54
JEKLHUH 18 18
CEMHMHApPhl U MPAKTUYECKUE 3aHATUS 0 0
J1a00paTOpHBIE PAOOTHI, MPAKTHUKYMBI 36 36
CamocrosTenbHas padoTta 54 54
dopma TEeKyIIEero KOHTPOJIsl 3HAHUM U KOHTPOJISt
CaMOCTOSITENILHOM pa0dOThI: TECTUPOBAHUE, KOHTP. padoTa, TectupoBanue | TectupoBanmue
KOJUIOKBUYM, pedepar u ap. (He MmeHee 2 BHJIOB)
Kypcosast pabota - -
Buipl mpoMeXyTOUHOM aTTecTaluu (9K3aMeH) 36 36
Bcero gacoB 1o aucuumninHe 144 144
*B cyyae Heobxooumocmu UCNOIL30BAHUSA 8 yuebHoM npoyecce

YACMUYHO/UCKTIOYUMENLHO  OUCMAHYUOHHBIX 00pA308amMeNbHbIX MEeXHON02Ul 8 mabauye depes
cnews ykazvlgaemcs koauuecmseo uacos pabomwi IIIIC ¢ obyuarowumucs ons
3auamuil 8 OUCMAHYUOHHOM opmame ¢ NpUMEHeHUeM IeKMPOHHO20 00YUEHUS.

nposedeHus

4.3 Cogepxxanue aucuumauHbl (MoayJasi.) PacnpenesieHue 4yacoB mo teMamM M BHJAaM

y4eOHoil padoThI:

®dopma 00yueHHs: OuHas

Bunbl yueOHBIX 3aHATHI
AyIUTOpHBIE 3aHATHS 3aHs
dopma
JlaGopaTto | THAB
Hassanue pa3znenoB u | Beer [IpakTnue CaMoCTO | TEeKylIero
Jle pHBIE UHTEP
TEM 0 CKHE SITEND KOHTPOJIA
KIT paboTHI, aKTUB N
3aHATHA, N Has 3HAaHUH
15478 MIPaKTUKY HOH
CEeMUHAPbI pabora
MBI dbopme
1 2 3 4 5 6 7 8
Pazgen 1. MexaHuka MaTepHaJIbHOW TOUYKU M TBEPJAOIO Tea
Kunemaruka 8 1 2 2 3
MaTepUaJIbHOU TOYKU U Tect
TBEPAOTO Tea:
Jnnamuka 8 1 2 2 3
N Tect
MaTepUATbHON TOYKU:
Nmnynbe Tena u 8 1 2 2 3
. Tect
MEXaHU4YeCKOM
dopma A Crpanumna 3u3 104
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CHCTEMBI.
Pabota u sHEprusi. 8 1 2 2 3 Tect
JnHamuka TBEpAOTO 8 1 2 2 3 Teer
Tena.
Paznen 2. MexaHuka )KUIKOCTEN U Ta30B.
JaBnenue B 8 1 2 2 3
JKHIKOCTSX U ra3ax.
Teuenue )XUIKOCTH. 8 1 2 2 3
Paznen 3. Mexanuueckue KojeOaHMs U BOJIHEIL.
CBoOoHBIE 8 1 2 2 3
TapMOHUYECKHE Tect
KoJICOaHHS.
3aTyxarouue u 8 1 2 2 3
BBIHYKJICHHBIC Tect
KoJICOaHHS.
Ypyrue BOJIHBI. 1 2 2 3
Paznen 4. MonekynspHas Gu3rKa U TEPMOJIMHAMHUKA.
CraTHCTUYECKUH U 8 1 2 2 3
TEPMOJIMHAMUYECKU I
METObI UCCIICIOBAHMS.
MonekynsapHo- Tect
KHHEMAaTHYCCKas
TEOPHS UACATHHOTO
rasa.
Paznen 5. TlocTOSIHHBIN ANEKTPUYECKUNA TOK.
3aKOHEI IIOCTOSTHHOT'O 8 1 2 2 3
Tect
TOKA.
Paznen 6. OnTuka U 37eMEeHThl KBAHTOBOM (PU3HKH.
I'eomerpuyeckas 8 1 2 2 3
Tect
OITHKA.
Wnutepdepennus ceera. | 8 1 2 2 3 Tect
Judpakums ceta. 8 1 2 2 3 Tect
[Tonsipusanus cBera. 8 1 2 2 3 Tect
BsauMonelicTBue cBeTa 8 1 2 2 3
Tect
C BEIICCTBOM.
KBanToBas onTuka. 8 1 2 2 3 Tect
UTOI'O 108 | 18 36 36 54

5. COJEP’KAHUE JUCHUILIMHBI (MOLY.JIS)

Pazgen 1. Mexannka maTepuajibHOH TOYKH M TBEPJAOI0 TeJa.

Tema 1. Kunemaruka MaTepHaJbHONW TOYKHM M TBEPIAOrO Tejla: ITOJ0KECHHE TOYKH B

IIPOCTPAHCTBE; KHHEMAaTUYECKOE YPABHEHHUE IBHIKEHHS; CKOPOCTh; KacaTelbHOE, HOPMaIbHOE U
YIJIOBBIE CKOPOCTb M

MOJIHOE YCKOPEHHUsS; PAaBHOMEPHOE W HEPABHOMEPHOE JBUKEHUS,
YCKOpPEHHUE; 4YacTOTa U MEPUOJ; CBSI3b TMHEWHBIX U YTJIOBBIX XapaKTEPUCTHUK.

Tema 2. JluHaMyKa MaTepUadbHOW TOYKHM: MHEPLUAIbHBIE CUCTEMBI OTCUETa M NEPBBIN

3akOoH HpIOTOHA; B3aMMOJAEICTBHE TeJ, Macca, CUJjla; BTOPOH U TpeTui 3akoH Hbrotona. Buabl
CHUJI B MCXAaHHUKE: TPaBUTAIMOHHBIC CUJIBI; CHUJIA TAXKCCTH,; BEC; CHUJIbI YIIPYTI'OCTHU; CUJIbI TPCHUA U
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CONPOTHUBIICHUS.

Tema 3. UMnyabc Tena ¥ MEXaHMYECKOW CHUCTEMbI. TeopeMbl 00 M3MEHEHHH HMITYJIbCa
TeJa W CHUCTEMBbl. 3aKOH COXpaHEHUs HMIYJbCa B M30JMPOBAHHOM W HEU30JUPOBAHHOMN
cucremax. LleHTp Macc U Teopema O €ro JABUKEHHHU. YpaBHEHUE JABUKECHHS Tella IEPEMEHHOMN
Macchl: ypaBHeHHe Memepckoro u L{nonkoBckoro.

Tema 4. Pabora u sHeprus. PaGora mocTOsSHHONW W TEPEeMEHHOW CHIIBI. MOITHOCTB.
Kunemaruueckast sHeprust u Teopema 00 e€ n3mMeHeHuu. KoHcepBaTUBHBIC 1 HEKOHCEPBATHUBHBIC
cunbl. [loTeHnmansHas SHepruss W Teopema 00 e€ u3MeHeHUH. CBSI3b MEXIy CHIOW H
NOTeHIMATIbHOM dHepruei. [lonHas MexaHndeckas 3HEprus U TeopeMa 00 e€ u3MEeHEeHUH. 3aKOH
COXpAaHEHUS MOJHONW MEXaHUYECKOU SHEPTUH.

Tema 5. /luHamuka TBEpIOro tesna. MOMEHT MHEPLIMU TOYKHU, CUCTEMBI U TBEPAOIrO TENa.
Teopema IllteitHepa. BpamarenbHbli MOMEHT CHJIBI OTHOCHUTEJIBHO TOYKA M OCH. MOMEHT
umnynsca. TeopemMa 00 M3MEHEHHM MOMEHTa UMIYJbCA Tella M CHCTEMBI; 3aKOH COXpaHEHUS
MOMEHTa uMIyiabca. (OCHOBHOE YypaBHEHHME JMHAMUKHM  BpPAIIATEIbHOTO  JBHUYKEHHS.
Kunernueckas sHeprus Bpalaromerocs Tena.

Pa3zgen 2. MexaHuKa ;KHAKOCTEH U ra3osB.

Tema 1. JlaBieHHe B JKUAKOCTSX M rasax. ['mapocrarnueckoe fgaBieHue. 3akoHbl [Tackans
u Apxumena. [lonme ckopocrteid, TuHUM W TPyOKH Toka. Teopema O HEPa3pBHIBHOCTU CTPYH.
VYpasuenue bepnymm. ®opmyna Toppuuenu.

Tewma 2. Teuenue xuakoctu. TypOyneHTHOE U JaMUHapHOE TeueHus. Yucno PeiitHombaca.
JunaMuueckass 1 KMHEMaTHuecKas BA3KOCTb. 3akoH HproToHa 1isi Bs3kocTu. Pacnpenenenue
CKOPOCTH TEUYEHHUs BIOJb ceueHus TpyObl. Dopmyna Ilyazeins. Meroasr ompeneneHus
BA3KOCTH.

Pa3zgen 3. Mexanun4deckue KoJe0aHUs U BOJHBI.

Tema 1. CpoOonnble rapmonuyeckue kozneOaHus. OCHOBBI  XapaKTEPUCTUKH
KojebarenbHOro JABWKeHUsA. JuddepeHnmansHoe ypaBHEHHE CBOOOJHBIX KOJICOAHUW IS
MaTEeMAaTHYECKOTO, TPYXKHHHOTO U (PU3MYECKOro MAasTHUKOB, ero pemeHue. KuHemaTuka
TapMOHHMYECKMX KOJIeOAHWW OJHOTO HampaBjieHUs. bueHws. DHeEprus TrapMOHHYECKOTO
OCIIMIJLIATOPA.

Tema 2. 3aryxatoumue M BBIHYXKIEHHBIC KoneOanus. JuddepeHimanpHoe ypaBHEHHE
3aTyXalIIUX KOJIeOaHW M ero pemieHue. AMIUIUTYJa, 4YacToTa M IEPUOJ 3aTyXaroluX
koneOanuii. JlorapupmMudeckuii TEKpEeMEeHT 3aTyxaHus W Jgo0poTHocTh. uddepennunanbproe
ypaBHEHHE BBIHYXKICHHBIX KOJICOAHWA M €ro pemieHue. AMmmTyaa u (a3a BBIHYXKICHHBIX
kosneOanuii. Pesonanc.

Tema 3. Yopyrue Bonssl. [lonepeunsle U npoaoibHbIE BOJIHBL. J{JIMHA BOJIHBI U CKOPOCTh
e€ pacmpocTpaHeHHs. YpaBHEHHWE IUIOCKOW Oerymield BOJIHBL. [IpUHINAIN CyNEpIIO3HIINH.
Korepentnsie ucrounuku. Murepdepenims BonH. CTosune BOJHBI. 3BYKOBbIE BOJIHBL Dddext
Homnepa B akycTHKE.

Paznen 4. MoJjiekyJsipHasi pu3uKa U TEPMOJAMHAMHUKA.

Tema 1. CratucTryeckuil U TEPMOJAMHAMUYECKUN METOJIbI McclieoBaHus. MoJIeKyJIIpHO-
KMHEMaTU4ecKas Teopusl wujaeanbHoro rasza. llapamerpel cocrosiHud. PaBHOBecHoe u
HEPAaBHOBECHOE COCTOSIHUA. OCHOBHOE YpaBHEHUE MOJIEKYJISIPHO-KMHETUYECKONH TEOPUU Ta30B.
CpenHsiss KUHETHYeCKas SHEpPrus MOJIEKYJ HACAIBHOIO raza M €€ CBA3b C TeMIEpaTypou.
Pacnpenenenne MakcBeisia 1Mo CKOPOCTSIM M SHEPTUsSM TEIUIOBOro JBMKeHus. Haubonee
BEpOSITHAsI W CPEIHssl CKOPOCTh JABWXKEHUs Mousekyll. Pacnpenenenne bonbnmana,
O6apomMeTpudeckas popmyina. YpaBHEHUE COCTOSHHS UI€aJIbHOTO Ta3a.

Pasznen S. IlocTOAHHBIN 3JIEKTPUUYECKH I TOK.

Tema 1. 3akoHbl NOCTOSHHOTO TOKa. CTOPOHHME CHJIBL. OJIEKTPOABIIKYIIAs CHIIA.
Hanpsixenue Ha OTHOPOJHOM M HEOJHOPOAHOM y4acTKax nenu. ConpoTUBIEHHE TPOBOJHUKOB.

dopma A Crpanumna Su3 104
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3akoH Oma Ui  OJHOPOAHOIO M  HEOJHOPOAHOIO YYacTKOB B  HMHTETpPaJbHON U
muddepennmanpHol  popmax. Pabora w  wmomHOCTH TOKa. 3akoH Jkoynsa-Jlenma B
uHTerpainbHoi u auddepenunanbubix popmax. [Ipasuna Kupxroda asst pa3BeTBICHHBIX IIETICH.

Pazgen 6. OnTuka u 3jieMeHTbl KBAHTOBOW QU3NKH.

Tema 1. 'eomerpuueckas onTHKa. 3aKOHBl T€OMETPUUYECKON ONTHKHU. SIBIEHME IOJIHOTO
BHYTpPEHHEro otpaxkeHust. JIMH3bI U mocTpoeHue n3o0pakeHusi B HuX. GOKyCHOE paccTOsHUE
mun3bl. @opmyna nauH3bL. JluHeiHOe yBenuueHue. ONTHUECKHE MPUOOPHI: JIyma, MUKPOCKOI,
7143, UX YBEIUYEHUE U IPEJE pa3pellCHHUs.

Tema 2. UnTepdepenims csera. KorepeHTHOCTh 1 MOHOXPOMATHYHOCTh CBETOBBIX BOJIH.
Mertonpl Habmoaenus: nuarepdepeniinu. OnTHYecKas pa3HOCTh X0/a CBETOBBIX Jyuei. Y clioBre
00pa30BaHUsI MaKCUMyMOB U MHUHMMYMOB HHTep(EpeHIIMOHHON KapTuHbl. MHTEpdepeHuus B
ToHKHX TieHKax. Kombia Hetorona. [Ipumenenue naTepdepeHinm creTa.

Tema 3. ludpaxims ceera. [Ipunuun [toitrenca-®penens. 3ousl Openens. Judpaxums
®peHenss HAa KPYTJIOM OTBEPCTHH U Kpyriom aucke. Judpakuus @DpayHrodepa Ha IIEIH.
Hudpakuuonnas pemerka. udpakuus Ha mpocTpaHCTBeHHOH pemetke. @opmyna Bymbda-
bperra.

Tema 4. Ilongpuzanusa ceera. EcTecTBeHHBI M noisipu3oBaHHbIA cBeT. Ilomspuzanus
CBETa IPU OTPAXXEHUU U MPEIOMIICHWHM Ha TPAHMIE JABYX IUAIEKTPHUKOB, 3aKOH bprocrepa.
JIBoiiHoe nyuenpenomiienue. Ilonaspouas! U nonspuzannoHHble Ipu3Mbl. ONITUYECKN aKTUBHBIE
BEIIECTBA M 3aKOH BpalleHUs IUIOCKOCTH moispu3aunu. ONTHYecKas CXeMa caxapumerpa.
OmnpeneneHne KOHLEHTPALMU PacTBOPA € IIOMOIIBIO CaxapUMeTpa.

Tema 5. B3aumoseiicTBue cBeTa ¢ BemiecTBOM. Jlucnepcusi cBera. DIEKTPOHHAS TEOpHUS
mucnepcun. Iornomenue ceeta. 3akoH byrepa-bepa. CBsi3b nucnepcuu u NOTJIOMIEHHUS.

Tema 6. KBantoBas ontuka. @OTOHBI, SHEPTHA, Macca U UMITyJIbC ¢oToHa. [lormomenue,
CIIOHTAaHHOE M BBIHY)KJIEHHOE MW3JIy4eHUs. B3auMoJeiCcTBUE 3IIEKTPOMATHUTHOW BOJHBI C
BEIECTBOM. VHBEpCHAsi HACEIEHHOCTh HEPreTHYECKUX YPOBHEHW M METOAbl €€ CO3/JaHHS B
PYOMHOBOM U TeJIHI-HEOHOBOM J1a3epax.

6. TEMbI MIPAKTUYECKNX U CEMUHAPCKHWX 3AHSTUHA
He npenycMoTpeHbl yueOHBIM MJIaHOM

7. JABOPATOPHBIE PABOTbI, IPAKTUKYMBI.

Pasznen 1. MexaHuka.
JlabopaTopnasi padora Nel. TouHoe B3BelIMBaHUeE.
Heap padoThi: U3y4yuTh METOJ OINpEAETCHUS Beca TeJl C MOMOIIBI0 aHAIUTUYECKUX U
71a00paTOPHBIX BECOB PHIYAKHOTO THUIIA.
IIpuGopsl m MaTepuanabl: aHamuTuueckue Bechl BJIP-20, maGoparopHbie BeECHI,
pa3HoBeckl, HaOOp Ted.

1.1. TeopeTnyeckasi 4acThb

1.1.1. Macca u gec

Macca — 310 ¢usznueckas BEIMUMHA, SIBISIONMAsCS Mepoi nHepiuu tena. [log nnepuuei
IIOHUMAETCSI CBOMCTBO Tell COXPAHATH COCTOAHHC ITOKOS WJIM PABHOMCPHOI'O HpHMOHHHeﬁHOFO
JBUKEHHS TIPU OTCYTCTBUHU BHEUTHUX cUJl. Macca SBISeTCs OHON U3 OCHOBHBIX XapaKTEPUCTUK
TEJ, OHAa 3aBUCUT OT MX pa3Mepa U IPHUPOJIbI BellecTBa. Macca xapakTepu3yeT HE TOJIBKO
MHEPLHI0O, HO M TpPaBUTALMOHHBbIE CBOMCTBA — CHJIA MPUTSDKEHUS MEXKIY ABYMs TellaMu
nponopuuoHaibHa Maccam. Kpome Toro, macca ompenessieT 3amac SHEPIMH MaTepUalibHOTO
Tena:

2
E=mc",
Ijie ¢ — CKOpOCTh CBeTa, paBHas 3-10° m/c.
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Bennunna mMaccel MOKET OBITH ONpeseieHa MO Pa3InYHBIM €€ MPOSBICHUSAM (MHEpLus,
TATOTEHUE) yTEM CPAaBHEHUS C MACCOl 3TaJIOHHOTO TeJa, IPOU3BOJILHO MPUHATON 3a IUHUILY.

[lon BecoM MoHMMAIOT CHJLY, C KOTOPOW TEJIO BCIEACTBHE TATOTEHUS K 3eMJIe AEUCTBYET
Ha onopy (wmmu monsec). Bec Tema, Haxonsdmierocss Ha TIOBEpPXHOCTHM  3€MJIM, €CTh
paBHOJAEHCTBYIOIIAsl ABYX CHJI — CHJIBl TSATOTEHMsI, HANpPABICHHOM K LEHTPY 3€MJH, U
IEHTPOOEIKHON CHIIBI MHEPITUH, 00YCIIOBIICHHON BpalieHueM 3emMiid BOKpYT ocH (puc. 1.1). Cuna
TATOTEHUs, JEHCTBYIOIIAs HAa TEJIO MAcCO M, ONPENEISAETCS] HA OCHOBAHUU 3aKOHA BCEMUPHOIO
TATOTEHUS:

mM
F = 7/ R23 ) (11)
rjie Y — IpaBUTALIMOHHAsA ITOCTOSHHAS, M , —Macca 3emin, R — panuyc 3emu.
2
[TockonbKy IEHTpOOESKHAS CHJIa HHEPIIUU paBHA 1O MOJYJIIO f =m—= ma)2 v, Tae
r

V' — paccTosiHME OT OCH BpAILIEHUsI 3€MJIM A0 Teja, HaXOASIIErocs Ha MUPOTe 3eMIIH ¢,a @ -
yIJIOBass CKOPOCTh BpaIllEHUS 3eMJd. 3aBUCUMOCTb / OT IIUPOTHI  OMpPEAEAeTCs
= RCOS(D, CJIEO0BATEIBHO, I.IGHTpOGG)KHaH cujla MHEpUUU MCHACTCI MpU HU3MEHCHUU

) -~ - -
IIOJIOKEHUS TeJla Ha IOBEPXHOCTH IIJIAHETHI f =mw’R COS (. Bec tena paBen P=F+ f .

/

S o)

Puc. 1.1 - Cuna TAKeCTH M HeHTPoOeKHAS CHJIA,
AefiCTBYIOIIAsl HA Pa3HBIX IHPOTAX

Ha nomtoce Bec Tena HauOONBIIWII W paBeH CHUIIE TIATOTEHMs, Ha SKBATOpe Bec Teja
HauMeHbIni. Clieyer 3aMeTuTh, 9t0 F' >> f, M09TOMy NMpPAaKTHYECKH Tela MPHTATHBAIOTCS
M0 HOpPMaJIM K 3€MHON MOBEPXHOCTHM M BEC Tela B 3aBUCUMOCTH OT IIMPOTHI MECTHOCTHU
MeHsieTcsl He3HauuTenbHo. Cuna, AeicTByIolas Ha TeJo, ompeneiser aubo H3MEHEHHe

COCTOSIHUS IBWXKEHHUS Tena, JIU0o ero aedopmanuio, mudo To u apyroe Bmecte. O cuie MOXKHO
TOBOPHTH TOJIBKO B CITydae B3aUMOICHCTBHUS TEL.

1.1.2. Ilpunyun é36euwiusanus Ha gecax

HemnocpencTBeHHo cuiia, ¢ KOTOPOH JAaHHOE TEJO MPUTITUBACTCS K 3eMIIe, MOXKET OBITh
ONpesieNieHa TP IIOMOIIM IPYKMHHBIX BECOB. AOCOMIOTHOE yIMHEHHE MpyXuHbl Al 110
3akoHy ['yka paBHO
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Al =aF, (1.2)
rae F— nepopmupyromas cuia, o — K03()OUIIUEHT TPONOPIUOHATIBHOCTH.
B ciryuae B3BemmmBanus AeopMHUpYIOLIeH CUIION SBISIETCS BEC TeNa, TOrAa

Al =aP.

Bemmunna Af MPOIIOPIIMOHAIbHA Becy Tena. [IpykuHa OOBIYHO CHAOXaeTcsl yKasaresem,
CKOJIB3SIIUM BJIOJIb IKAJIbL, IPOrPaAyUPOBAHHOM B €IMHULIAX BECA.

PaccmoTpuM  mpuHUOMI — JE€WCTBUSA
aHAIUTHYECKUX BecoB. OHU IPEACTaBIIAIOT ]L 12
coboii peryar mepBoro poxa (puc. 1.2), B
KOTOPOM PACCTOSIHHSI OT TOYEK MPHIIOKEHUS

CHUJ JI0 TOYEK OINOpBbl PaBHbI APYr JpYyry !
(paBHOMUIIEUMit phruar). [TomecTum Ha NEBYIO

Yanry BeCoB TeJI0 Maccoit m;. J{jist TOro 4To6mI nm, m
BOCCTAHOBHTH PABHOBECHE, HYXKHO Ha MPABYIO

—rme i
YAIKy HAKIaJbIBaTh Pa3HOBECHI 10 TEX IIOP, *P B P'
TI0Ka CTpeNIka He BEpPHETCs B TIePBOHAYAIBHOE 1 2
TIOJIOXKEHUE (12 — Macca pa3HOBECOB). Puc. 1.2. Ppiyar nepBoro pojaa

Ha ocHoBaHuM ycCJOBHSI paBHOBECHS
JUIsl MOMEHTOB CHJI

Pt =P, (1.3)
rae F} u P, COOTBETCTBEHHO Beca TeNl — CHJIBI, NEHCTBYIOIIME Ha JIEBYIO M IIPaBYIO 4acTH
pbIYara B TOYKax OMOPSI Yallek BecoB, £, u {, — PacCTOSHHUS OT ITUX TOYEK O TOYKH OIOPHI

Ho

— —

Kopombicia. Tak Kak Bechl paBHomieune, T.e. £ =/{,, T0 npu paBHOBecun P = P,.

— =

P1 :mlg u P2 =m2§,3Haan m; =m,.

TakuM 00pa3oM, NPH B3BCIIMBAHWU TEJ HA PHIUYAKHBIX BeCaX MbI CPAaBHHUBAEM CHITY, C
KOTOpOW Macca B3BEIIMBAEMOTO Tela MPHUTITUBACTCS K 3emiie, ¢ CHJION MPUTSDKEHUS K 3emiie
STAJIOHHOW Macchl. Tak Kak 3TaJIOHOM TPH 3TOM SBIIIETCSA Macca, TO (PaKTUYCCKH B3BEIIMBAHHE
HA PBIUQXHBIX BeECaxX CBOAMUTCA K ONpelelneHu0 maccbl. Ho macca m Bec Tema CBS3aHBI

—

cooTHomenneM P =mg . BennunHa ¢ M3MEHAETCA C M3MEHEHHEM TeorpadidecKoil MupOoTHl

MeCTa U BBICOTHI HaJl ypOBHEM MOpsi. B cOOTBETCTBUU ¢ 3TUM M3MEHSETCS U BeC Tena. Tak Kak B
mo0ol TOYKE 3€MHOH IMOBEPXHOCTH BEC TEJ MPOMNOPLUMOHAIEH MX MAccaM, a BEIWYMHA g

SABJISIETCS BEIMUYMHOW MOCTOSTHHOM, TO Macca Tejla OJHO3HAYHO OMpeNEeNseT U ero Bec. B atom
CMBICJIC onepaumo CpaBHeHI/IH Macc, BBIHOJIHHGMYIO Ha pI:I‘-Ia)KHI:IX BE€Cax, MOXKHO Ha3BaThb
B3BEIIMBAHUEM.

1.1.3. Yyecmeumenvnocmp 6ecos
YyBCTBUTEHLHOCTHIO BECOB ¢ Ha3bIBA€TCs TAHI'€HC YIJIa, HA KOTOPBII OTKJIOHSETCS CTpesKa

YPaBHOBEIIEHHBIX BECOB MO/ ICUCTBUEM JJ0OABOUHOM CUITBI AP:
y ga

Ha 4yBCTBUTEIBHOCTH BECOB BIUSAET CTEIEHb HAIPYXKEHHOCTH BECOB (¢ ~ 1/ P) —uem

(1.4)

Oounple I/IBMCPHCMHﬁ BE€C, TEM MCHBIIC YYBCTBUTCIIbHOCTD.

1.1.4. Memoowt ¢36eumiueanusn
Ha mpaktuke 4pe3BbIYailHO TPYAHO M3TOTOBUTH BECHI TaK, YTOOBI OHH OBUIH CTPOTO
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PaBHOIUIEYMMH U HMeNU Obl WICaJbHYIO >KECTKOCTh KOHCTPYKIMH. llpu B3BemMBaHUM Ha
HEpaBHOIUICUMX BECax BEC TMPh HE paBeH Becy Tena. OgHAKO CYIIECTBYIOT Pa3uYHbIE METOIbI
B3BCIIMBAHUA, ITIO3BOJIAOIINC I/I36e)KaTb CBA3aHHBIX C OTUM OH_II/I6OK.

MeTtoa aBoiiHOT0 B3BemuBanus (Meroj I'aycca)

DTOT METOJ 3aKJII0YaeTCs B TOM, YTO TEJIO B3BELIMBAIOT JBa pa3a — OAMH pa3 Ha JIEBOU

yalke, APyroit pas — Ha npasoit. Ilycts P — Bec Tena, Pl u Pz — BEC THPb MPHU B3BEUIMBAHUU
COOTBETCTBEHHO Ha JICBOM U MpaBoii yamkax, ¢, u ¢, — iedn KopoMbicia. ICKOMBIN Bec Tena

P onpenensiercs us ycnosus paBHoBecHs
Pl =HRt,, PlL,=PRl,
OTCrOJIa BEC TCJIa

P=.FP, z# (1.5)

(Tak Kak P1 151 P2 MaJjo OTJIMYAIOTCS APYT OT APYyTa).

MeTto BOMHOTO B3BEUIMBAaHUS YMEHBIIAET OIIMOKHU, CBSI3aHHBIE HEPABHOILJICYHOCTHIO
BECOB.

Metoa TapupoBanusi (Metoa bopaa)

Ha onny 13 yamek BeCOB NMOMEINAIOT B3BEIIMBAEMOE TENIO, HA JIPYTYIO0 — JIOOYIO Tapy
(mecok, apo0k  T.JA.), KOTOPYIO M3MEHSIOT J0 TeX TOp, IMOKa BEChl HE MPUIYT B paBHOBECHE.
CHUMAIOT TEIO0 C YalllKud U HaKJIaAbIBAOT Ha HEC PA3HOBCCHI, IMOKa BEChl HC IMPUAYT B
paBHOBecue. B 93ToM cioyuae Bec pa3sHOBECOB paBeH Becy Tena. B nmaHHOM ciydae
HCPABHOIIJICYHUEC BCCOB HC BJIMACT HAa TOYHOCTbL HU3MCPCHUA, ITOCKOJIBKY TCJIIO W PAa3HOBECHI
MOMEIIAIOT Ha OJHY U TY K€ YalllKy BECOB.

Meton nocrosiHHOM Harpy3ku (Meroa MeHaesieeBa)

Ha oany wuamky BecoB (HampuMmep, JE€BYIO) IOMEIIAeTcsl HEKOTopas CTaHAapTHas,
BbIOpaHHAs pa3 ¥ HAaBCET/1a THPSsI, BEC KOTOPOI 3aBeIOMO OOJIbIIE BECa B3BEUIMBAEMOTO TeMa, a Ha
JIPYTyI0 — pa3HOBECKH, KOTOPBIMH J100MBaOTCs 00Jiee TOUHOTO pPaBHOBECHS BECOB. 3aTeM Ha Ty
Yalky, Ha KOTOPOM HAXOISITCS Pa3HOBECKH, MOMEIIAIOT B3BEUIMBAEMOE TENO, a Pa3HOBECKU
CHMMAIOT JI0 TeX TMOp, MOKa paBHOBECHE BECOB He OylIeT BOCCTaHOBIEHO. Bec CHSATHIX TUpb,
OYCBUHO, PAaBCH BECY TCJIA. 10T METO IMO3BOJIACT HEC TOJIBKO UCKIIIOUUTH OH.IPI6KH, CBS3aHHBIC C
HEOJJMHAKOBOCTBHIO IJI€Y, HO U BIMSHUE HArpy3KU Ha YyBCTBUTEIHLHOCTh BECOB (M3MEPEHHUSI BCET 1A
MIPOU3BOJISATCS MPH OJIMHAKOBOW HArpy3Ke).

1.1.5. Onpeoenenue nynegoit mouku 1a00pamopHvIX 6€Co8

HyneBoil TOUkOl BECOB Ha3bIBAETCA MOJIOKEHHE CTPEIKH HEHArpy>KeHHBIX BECOB IpHU
paBHOBecuM. Ecim  OTKJIOHUTH  4YallKy
YpaBHOBELICHHBIX BECOB, TO CTpEJIKa BECOB
Oyzer coBepInaTth 3aryxarole KojeOaHus
OKOJIO HyJeBOM TOYkW. OIIHAKO, BCIEICTBUE
TPEHMsI, CTpPEJIKa MOXXET OCTAHOBHUTHCS HE B
HYJIEBOM TOuke, a BONM3HM Hee. [loatomy mist
ONpECIICHUs] HYJIEBOM TOYKH IOJIb3YIOTCS
MeTO/I0OM KAa4YaHMfA, KOTOPBIH COCTOMT B
cnenytonieMm. OnpenensioT Nocae0BaTeIbHbIE
MaKCHUMaJIbHble OTKJIOHEHHUS CTPEJIKU BJIEBO

Nn,, BupaBo /l, U JajIbLIe CHOBA BIEBO /lj,

BIIPaBo 7, U T.4. (puc. 1.3) ¢ TOYHOCTBIO 10
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MOJIOBUHBI  AeneHus. [lockonmbKy KojeOaHHMsl 3aTyxaroliue, TO KaXKAOe IMOCIeayIomee
OTKJIOHEHHE OT TIOJIOKEHUSI PABHOBECHsI MEHblIe Npeablaymiero. M3 pucyHka siCHO, 4TO
MOJIO’KEHUE HYJIEBOM TOUKH MOXHO ONPEICIIUTh U3 YCIOBUS

n+n

n, = 2—, (1.6)
2
rae /M — 4uCcIIO JEeCHUM Ha IKajie BecoB. JlIA onpenerneHus IOJI0KEHUs HYJIEBOU TOYKHU C
00JIbIIEH TOUHOCTBIO OTCUUTHIBAIOT ISITh MAKCUMAIIbHBIX OTKIOHEHUH CTPENIKH, TOra

mtnytns  nt+ny

Ry = 5 . (1.7)
OOBIKHOBEHHO CpeJHee NeJIeHUE IMIKaJIbl MPUHUMAIOT 3a 0, TOT/a OTKJIOHEHHS BIIEBO
CUHTAIOT OTPHUIIATEIILHBIMH, BIIPABO — MOJIOKUTETHHBIMHU.

1.1.6. Onpeoenenue yenvt Oenenusn 1ad6OPamMopPHLIX 6€CO8

[Ipn B3BemMBaHWUW TeNa OYECHHb TPYAHO MOAOOPATh TUPH TAaKUM OOpa3oM, UYTOOBI
MOJIO)KEHUE DPABHOBECHsS CTPEIKU COBMANal0 C HYJIEBOM TOYKOW HEHArpPY>KEHHBIX BECOB.
OOBIYHO OHM OTIUYAIOTCS IPYT OT IPyTa Ha HECKOJIbKO neneHui. TouHbIi Bec Tena Ha OJJHOH U3
qanmeKk MOXKHO HaI>'ITH, CCJIn HOCHa MACJICHUSA HArpy>KCHHBIX BCCOB. LIeHa ACJICHUs BECOB
OTIpeZieIIeTCs BECOM IEperpy3Kka, BbI3bIBAIOLIEIO CMELIEHUE CTPEIKHU BECOB Ha OJHO JEIICHUE
HIKaJIbl U3BECTHA.

Ilena nenenust MOXKeT OBITH OMpesesieHa cieayromuM odpazom. Kiagyt Teno Ha neByro
YalllKy U YPaBHOBEIIMBAIOT €ro rupsMu. ONpenesnstoT HyJIEBYIO TOUKY Harpy>K€HHBIX BECOB

N .
METOIOM Ka4yaHui 71. JI0GaBIAOT Malblii MEPErpy30K AP (nopsnka 60-100 Mr) u BHOBB

//
ONPEACIAIOT HYJIEBYIO TOUKY /1 . Ilena neneHus Becos
AP
//‘ :

/
‘”o o

C= (1.8)

OueBUAHO, UTO 1IEHA IECJICHUS U3MEPSETCS B €AUHULIAX CHIIBI.
1.1.7. B3eeutueanue mena na 00HOU U3 Yamuiex
[Tonoxxum Teo Ha JIEBYIO YalIKy BECOB M YPaBHOBECUM €ro rupsmu. Eciu HyneBas
/ o o
TOYKA HATPY)KEHHBIX BECOB 71, COBIA/AET C HYJICBON TOUKON HEHArPYKEHHBIX BECOB 71, TO BEC
Tena P paBeH BeCcy I'Mpb Q :

P=0.
. . / /
PaccmoTpum Gosiee obumii cydai: M, # M. Ilycts Touka 7, waxomurcs yesee
(puc. 1.3). D10 03HAUALT, YTO BEC THPh OOMBIIIE Beca Tesna. O4eBHIHO, B 3TOM CIy4ae

P=Q—d%—%

5

rac C — II€Ha ACJICHUA BCCOB.

/
Ecnu xe M, waxomurcs npasee Hyy, TO NEPEBEUIMBACT TENO, U BEIUUUHY C

/
Mo _no‘

cliefyeT npudaBuTh K Q . AHAJIOTMYHO MOCTYIAOT TP B3BELIMBAaHUM HA ITPaBOM YallKe.
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B o6mem ciryqae
P=Q=*Clny—n,|. (1.9)

3HaKM BBIOMPAIOT CIEAYIOMIMM 00pa3oM: €CIIM IMEepEeBELIMBAeT TEl0, OepyT 3HAK «+»,
€CIIH TIEPEBEIINBAIOT TUPH — 3HAK «—».

1.1.8. Ilonpaska na nomepio eeca mena 6 6030yxe

Bce mpenpinymue paccyXAeHHs OTHOCHUIIMCH K B3BELIMBAaHUIO Tena B mycrore. [lpum
B3BCIIMBAHUM TeJla B BO3AYXC HA Tela U TMPU JEHUCTBYET ApPXMMENOBa BBITAJIKUBAOIIAS CUIIA.
Tak kak 00BEeMbI B3BEIIMBAEMBIX TEJ U T'MPh, KaK MPAaBUIIO, HE OJUHAKOBBI, TO HE OJMHAKOBHI U
BBITAJIKMBAIOIIME CUJIBL. PaccMOTpuUM ycCIOBME paBHOBeCHS IIPU B3BEIIMBAHUU B BO3IyXE.
ITonoxxuM Teno Ha JIEBYIO YalIKy U ypaBHOBeCHM ero. Ha neByro yaniky neicTByeT cuiia

F=P-pgl,
rae P —Bec Tena B nycrore, O, & V' — serrankuBaromas cuia, O, — IIOTHOCTh BO3/yXa.
P
OObeMm Tenna V=—,
P8

rac IOT — IIJIOTHOCTH TCJ1a.
Orcrona cuna, JeHCTBYIOIIAs Ha JIEBYIO YalIKy

F=p1-
P
Ha mpaBy1o yaiky nelcTByer cuia
_ P
F=p1-"]
Pr

rae P1 R P2 — BEC THPb Ha JICBOW W TPABOM YaIlke, O — IIOTHOCTh TUPb.

Ycnosue paBHOBeCUS Fif 1= F2€ 5, HOITy4aeM

Pl1-2 o =p|1-Fe 0.
P P

Tenepps MeHsieM MecTaMU I'py3 U THPH, a YCIOBUE PAaBHOBECHUS UMEET BU/I:

Pl1-2s |0, =p|1-2= |0,

Pr Pr
Ilocie NMEPCMHOKCHUA MOCICIHUX ABYX ypaBHeHHﬁ oJjiy4yacm
2 2
2 p B _ p B
P Pr
Orcrona
A
p=.pPp,—Pr.
P
Pr
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v 14 P
VYMHOXag YHUCIUTEIL U 3HAMCHATENb npaBOrU YaCTU Ha + n HpeHe6pera;1
Pr
2
2
p 8 p 6
MaJIbIMHU BCJIIMYUHAMU | — | — |, IOJJyYUM OKOHYATCIBbHO
Pm PP
E+P
P~ . PP, (4P Lo |0 P P (1.10)
Pr P. 2 Pr P

HonpaBKa Ha IOTEPI0O BeCa TeéJda B BO3AyXe¢ BbLINOJHACTCHA TOJbKO JIsA
AHAJIUTHICCKHUX BECOB.

1.1.9. Ilpasuna e36euwiusanusn

* [Tomemars Ha Yalllkd U CHUMaTh B3BEIIMBAEMOE TEJIO U PA3HOBECHI MOKHO TOJBKO MPHU
3aKpBITOM appeTupe (appeTup — yCTpOMCTBO A (UKCAMKU KOPOMBICTIA B HEMOABHXHOM
MOJIOKEHUH, IPU KOTOPOM TpH3Ma HE KacaeTCs OMOPHOMN IIIOLIAKHN).

* OTKpbIBaTh U 3aKpbIBaTh appeTUp HYKHO OCTOPOXKHO M IUIABHO. Y CIIOKAaWBaTh KayaHUE
YaIIK{ MOKHO MPUKOCHOBEHHEM JIUCTKA OyMaru MJId KUCTOYKH.

e [leHTp TsKECTHM B3BEIIMBAEMBIX T'PY30B JOJDKEH 10 BO3MOXXHOCTH HaXOIUTHCS
MIOCEPEINHE YAIIKH.

* Pa3HOBeChl MOYKHO OpaTh TOJILKO IMHUHIIETOM, TIOCJIE CHATHS C BECOB UX CJIEIyeT KIacTh
B AILMK Ha CBOE MECTO.

* OTKpBIBaTh JIBEPIHl AHATUTUYECKHX BECOB CIEMyeT OCTOpoxHO. Ilpu HabmomeHUn
KayaHUs BECOB JBEPIIbI JOKHBI ObITh 3aKPBITHI.

* He crmenyer Hagonaro ocCTaBisITh TPy3bl HA dallkaX, OCOOCHHO, €CIM BECHl HE
appeTUPOBAHBI.

* [lomemiaTh THPU HYKHO B CIICAYIOIIEM IMOPSIIKE: HAYMHATH C TUPH, TPUOITH3UTEIHHO
OJIMHAKOBOM C Maccoil B3BemmBaeMoro teia. Ecim macca rupu Oyner Oosbllie Macchl Tea, TO
ClIeZlyeT ee 3aMEHUTh OJImKalIneld MeHbIIeH TMpeil U CIeAYIOIMMMH 3a MocieHel MEHbIIUMHU
TUPSMHU pa3HOBECa, TOKA paBHOBECUE HE OyJIET TOCTUTHYTO.

* IloacunThiBaTh Maccy THUpb CIEIYET JBAXKIbI: MO MYCTHIM MECTaMm B SIIUKE s
Pa3HOBECOB M IIPH BO3BPAILEHHHM PA3HOBECOB B SIIMK. Pa3HOBECHI cleqyeT NMEpUOIHYECKH
MPOBEPSITH MO ITAJTOHHBIM THUPSIM.

* 3ampemiaercs X0XAeHUE Bo3Jie pabodero Mecrta BO BpeMsi paboThl Ha aHATUTHUYECKUX
BECax.

1.2. Onucanmne yCTAaHOBKHU

1.2.1. Yempoiicmeo ananumuyueckux 6ecos

AHaIMTUYECKHE BECHI SBISIOTCS MPUOOPOM JJisi TOYHOTO OIpPENETIeHUsT MacCchl Tel U
OPUMEHSIOTCST B Ja0opaTopusx HAy4YHO-HCCIENOBATENbCKUX YUPEXKACHUH U 3aBOACKHX
71a00paTOPUSX MPH MMPOU3BOICTBE PA3THUHBIX AHATH30B.

Buemnnii Bup aBroMatmyeckux gemidepHeix  BecoB BJIP-20 (¢ BO3mymiHBIM
TOPMO>KEHUEM) TMOKa3aH Ha puc. 1.4. Bechl ¢ BO3AYLIHBIM TOPMOKEHUEM UMEIOT HAa KOPOMBICIIE
NIMPOKKE UWIMHIPBL, CBOOOAHO JIBUTAIONIMECS BHYTPU  HEMOJBMKHBIX  LUJIMHIPOB,
MPUKPETJICHHBIX K KOJIOHKE BeCOB. biaromapst s ToMmy KojebaHUs KOPOMBICTA OBICTPO 3aTyXaloT,
TaKk Kak BO3AyX BHYTPU LMJIMHIPOB HECKOJBKO CKHMAETCS M PACHIMPAETCS — IMPOUCXOAUT
TOPMOXKCHHE KOJIeOaHMiI KOpOMBICTA. BKIIOueHHE BECOB IMPOU3BOJIUTCS MOBOPOTOM IFOOOIA
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pYUYKH BKJIIOYCHHs. B cimyudae HapylleHUs paBHOBECHs IIKalla BECOB OTKIOHSETCS OT HYJS U
OCTaHaBJIMBAETCS B TaKOM IOJIOKEHHH. BennunHa OTKIIOHEHHs] MPOCTO YUTAeTCs Ha CBETOBOM
9KpaHe U MOKa3bIBaeT M30BITOYHBIN Bec. B3BelmBaHNe Ha TaKWX Becax JI0 HEKOTOPOH CTEleHU
ABTOMATHU3UPOBAHO.

B3BemmBaemoe TEJI0
MOMENIAI0T Ha JIeByl0 damiky. Ha
MPaBYyI0 4YalllKy MOMEMIAIOT JIHIIh
KpYIHbIE pa3HOBECHI (HE MeHbIIIe 1
'), BEChl NPH 3TOM JOJDKHBI OBITH
BBIKJTIOYEHBI PYYKOW BBIKIIOYECHHUS.

IIpu [IOMOIY  PY4YKH
TUPEBOTO MeXaHHU3Ma
MIPOU3BOTUTCS HaJIOXKEHUE
(cHsAITHE) BCTPOEHHBIX THUPh Ha
IUIaHKy TpaBoil cepbru (mpaBoe
miedo BecoB). Takum oOpaszom
MOKHO U3MECHSATH Mmaccy
HaBEIIMBAEMbIX THUPb JTUCKPETHO
yepe3 100 mr B npeaenax ot 0 go
900 wmr. HMx wmacca B COTHAX
MIUUTUTPaMM  OTOOpakaeTcst B
JIEBOM OKHe dKpaHa (puc. 1.5).

C nomo1pi0 ONTHYECKOTO
YCTpOICTBA MOXKHO  CUUTHIBATH
MOKa3aHUsl CO MLIKaJIbl BECOB C TOYHOCTHhIO N0 1 mMr B mpexaenax ot 0 mo 99 wmr. llkana
pOELUpPYETCs B CpeHEE OKHO 3KpaHa.

JenutenbHoe yCTPOUCTBO MO3BOJISIET CHUMATh OTCYET Ha Becax ¢ TOYHOCTHIO 110 0,05 mr;
OTCUET CHHUMAaeTCcd B TMpaBOM OKHe OJkpaHa (puc. 1.5). JlenuTtenbHOEe YCTPOWUCTBO
nporpaagyupoBano ot 0 go 0,95 wmr
yepe3 0,05 mr. [TomHbI 000pOT AKICKA

Puc. 1.4. BHemnnii BUJ 1a00paTOPHBIX BeCOB (CJ1eBa)
u aHajuTu4veckux BecoB BJIP-20 (cnpaBa)

JIEIIUTETBHOTO yCTpOMCTBa
COOTBETCTBYET MEPEMEIICHUIO IITKAJBI Orcyer no Otcyer no AHCKY
Ha onHo jaenenue (1 Mr) B cpegHem JHMOY THpPEBOTO [IeTHTEILHOrO
OKHE. YcranoBka oTcYeTa MCXaHH3Ma )’CTDO}CTB&
MPOU3BOJUTCS  MOBOPOTOM  PYYKH
JICITATEITHLHOTO yCTPOMCTBA hi (o) . 7
COBMEIIIEHHUSI PUCKU OTCUETA TIO IIKAJe 6 25 = . 35 Mr
B CPEJIHEM OKHE C TPEYTOJIBHHUKOM. i

[Ipumep  cHATUS ~ TOJHOTO ‘\
oTcYeTa MoKa3zaH Ha puc. 1.5. Ecmn, Orcuer no wxane
HanpuMep, B JIEBOM OKHE DJKpaHa
ycranoBunack mudpa 6 numba 6Z3,35 v
THpEBOro0 MEXaHHW3Ma, B LCHTPAIIbHOM Puc. 1.5. Cxema pacnosioskeHus MOKa3aHUM
OKHE — OTMCTKH YHCIa 25 MIKalbl U HA DKpPaHe AHAJUTHYECKHX BecoB AJIB-20

yuciia 35 B OKHE JCIIUTCIIBHOT'O

YCTpPOMCTBA, TO CYMMapHBI OTCYET Ha

sKkpaHe Oyzaer paseH 625,35 mr (0,62535 r). Pazymeercs, k HemMy HE0OX0AUMO TPHOAaBUTH BeC
THpH Ha JICBOH YalllKe BECOB, €CITH OHU TYy/1a OBLTH TIOMEIIICHBI.

dopma A Crpanuma 13u3 104



MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILITHHEL

1.3. DkcnepuMeHTANbHAS YaCTh

1.3.1. Onpeoenenue eeca men memooom I'aycca na nabopamopnuix eéecax
1. Onpenensror HyJIEBYIO TOYKY HEHATPYKEHHBIX BECOB 1.

2. KnagyT Teno Ha J€BYIO YallKy.
3. YpaBHOBEMIMBAIOT TEJIO TUPSIMM, YCTAHaBIMBas MX MNUHLETOM. LIeHTp TskecTn
B3BELIMBAEMOT0 TE€JIA U TUPb JOJDKEH 110 BO3MOKHOCTU HAXOIUThCS [IOCEPEIUHE YallIeK.

/
4. OnpenesisioT HyJIEBYIO TOYKY Harpy>KEHHBIX BECOB 71, .
5. J106aBISIOT B YAILIKy C pa3HOBECaMH elle oJuH pa3HoBec nopsaka 30-100 mr u cHOBa
//
HaXOJAT HYJICBYIO TOUKY 71 .

6. Io dopmyie (1.8) Haxomst neny genenns C .
7. BeraucisioT Bec Tena F, Ha neBoil yamike mo ¢opmye (1.9).

8. TIoBTOPSIIOT mpoliecC B3BEIIMBAHMS HA MPABOM YAIlIKE M HAXOJAT BEC Teja Pz
Brpruncnsror Bec Tena B BO3ayXe:

»_R+P
2
9. IlorpenHoCTH BEIYUCISIOTCS TI0 hopMyJIe:
\p_ AR +AP,
2 b

Tae
AR, = c(Amy, + Any),
AP, = c(An), + Any).

/ / .
3nech Al’loJI U AnOH abCoIOTHAs TOTPEUTHOCTh HYJIEBOM TOYKM HArpy>KEHHBIX BECOB

IIPY B3BELIMBAaHUM HA JIEBOW U IPAaBOM YaIlIKaX COOTBETCTBEHHO.

1.3.2. Onpeodenenue eeca mena Ha AHANUMUYECKUX 8eCAX

1. Ilepen Hauanom pabOThI PYYKOH JEIUTENBHOTO YCTPOCTBA BEICTaBUTH oTcUeT «00» B
IIPaBOM OKHE KpaHa.

2. B3BemuBaemMoe TeJI0 IOMECTUTh Ha JIEBYIO YalIKy BECOB.

3. Ilyrem monmbopa ypaBHOBECUTH TE€JIO pa3HOBECAMHU U BCTPOCHHBIMU THUPSIMH (C
IIOMOUIbIO PYYKHU THPEBOTO MEXAHU3MA).

Buumanmue! [ToMemars pa3HoBECHl Ha YaIlIKy BECOB M CHUMATh UX PEIIACTCS TOJIBKO MPU
BBIKJIFOUCHHBIX BECaXx.

4. Ecnu mocne BKIIOYEHHS] BECOB M300pakeHHE HIKAIbI HE IOMaJaeT Ha dKpaH, To,
JIOTIOJTHUTEIILHO HAKJaAbIBas (MM CHUMAas) pa3HOBECHI W HaBEIIMBas (MJIM CHUMAas) THPEBBIM
MEXaHMU3MOM BCTPOCHHBIE THPH, BEIBECTH N300paKEHHE Ha SKpaH.

Ecnu macca rapp Oosbliie Macchl Tena, TO Cpa3y IOCIE BKIIOYEHHS] B CPEIHEM OKHE
BBICBEUMBAETCSA Psi/l 3HAKOB «+». [Ipu HETOCTaTOUHON Macce rUpb BHICBEUUBACTCS PSI «—.

5. Iocne moOsIBIEHUSI MIKAIBI B CPEJHEM OKHE IyTEM BPAILICHHS PYYKH NEIUTEIHLHOTO
yCTpoiicTBa 1OOUTHCS COBMEILIEHUSI PUCKH OJJTHOTO U3 JIEJICHUN HIKAJbI C TPEYTOJbHUKOM.

6. CHATH OTCUET, KaK 3TO ONKCaHO B myHKTe 1.2.1.
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7. 1o ¢popmyse (1.10) BEIUMCIIAIOT BEC TeNa B IMyCTOTE.

Pe3yabTarsl padorsl. K oTueTy npeacraBurh:

* 3HaYCHHE HYJICBON TOUKHM HEHArpy»KCHHBIX M HAarpy>KEHHBIX JIAOOPATOPHBIX BECOB;

* 3HaUEHUE I[EHBI JeJIeHUs J1abopaTOPHBIX BECOB;

¢ 3HAYCHUC U MNOIrpCIIHOCTL BECa TCJIa B BO3OYXC, HaﬁI[GHHOFO C IIOMOIIBIO
71a00paTOPHBIX BECOB;

¢ 3HAYCHHUC U MOTpCIIHOCTL BECa TCJIa B BO3AYXC U B ITYCTOTC, HaﬁHGHHOFO C IIOMOIIBIO
AQHAIUTUYECKUX BECOB.

JlaGopatopHass padora Ne2. M3ydenme padoThl M3MEPUTEJHbHOI0 JA0OPATOPHOIrO

CTEeH/A.

Hean pa6oTbi: 1) 03HAKOMUTHCS C YCTPOHCTBOM M3MEPHUTENBHBIX MPUOOPOB, BXOISAIINX
B COCTaB JaOOpPaTOPHOTO CTEHIA; 2) HAyYUThCS TMPOBOJIUTH HM3MEPEHHUS M PACCUUTHIBATH
MOTPEIIHOCTbD.

I[Ipudopsl U MaTepuaJbl: ITAHTCHIMPKYJIb, MUKPOMETP, HAOOp TEN IS M3MEpPEHUs,
osiok mutanus BII-5/BI1-30, reHepatop HU3KON YaCTOTHI, aMIIEPMETP, BOJLTMETP WJIU MPUOOP
KOMOMHUpOBaHHbIH, ocummorpad C1-112.

2.1. TeopeTuyeckasi 4acThb

2.1.1. HncmpymenmanvHas nozpeuiHocms

HNHcTpyMeHTAIbHASL NOIPEIIHOCTh  M3MEPEHHsSl  ONpENeNseTcss IMOTPEHIHOCTHIO
IPUMEHSEMBIX CPEJICTB M3MEPEHUs — M3MEPUTENIbHBIX NMpUOOpoB M Mep. MHcTpyMeHTanbHas
HOTPEIIHOCTh, Ha3blBacMasi HHOIAA MNPUOOPHOW MOTPEelIHOCThIO, OOYCJIOBI€HA MHOTHMMHU
NPUYMHAMH, CBS3aHHBIMH C KOHCTpPYKLIMEH mpubOpa, KayecTBOM €ro M3rOTOBICHHUS H
IPUMEHSIEMbIX MaTepPHAJIOB, TIIATEILHOCTBIO PETYIUPOBKH, YCIOBUAMU IPUMEHEHUS U T.JI.

WNHcTpyMeHTallbHAs MOTPEMIHOCTh MMEET KaK CHUCTEMAaTHYECKYyl0, TaK U CIydalHYylo
cocrapisrone. COOTHOIIEHHE MEXIY HHUMU MOXET OBITh pPA3JIMYHBIM I pa3IU4YHbIX
npubopoB (3TO yKas3blBaeTcs B Tmacmopre mpuOopa), OJHAKO dHamie Mnpeodsiagaer
cucTeMaTHyecKas MOrpelIHoCTb. [lorpemHocT HEKOTOPBIX CPEACTB U3MEPEHMsI IPUBECHBI B
mabauye 2.1. CymuTh 0 TOYHOCTH MPUOOpa Ha OCHOBAHUU IICHBI JICJICHHUS MIKAJIbl MOYKHO TOJIBKO
OPUEHTHPOBOYHO.

[ToMrMO HMHCTPYMEHTANBbHOH MOTPEIIHOCTH, TOYHOCTh M3MEPEHUH NaHHBIM MPUOOPOM
OrPaHUYMBAETCS MOTPELTHOCTHIO OTCUETA 10 LIKAJIE.

Hanpumep, npu npoBeIeHMM HECKOJIBKMX M3MEPEHUH OTCYET MO JuHeike jmHoi 300
MM C JeJIeHUSIMH Yepe3 | MM IpOM3BOJAT € OKpyIJIEHHEM 10 Oiwmkaiiniero jneneHus. B atom

Clly4ae MaKCUMaJlbHas MOIPEUIHOCTh oTcueTa paBHa + 0,5 MM, OHa B 5 pa3 NpEBBIILIACT Au,,cmp =

0,1 mMm. Pesynbrar usmepenus: (22,0 + 0,5) mwm.

Tabauya 2.1
IlorpemHoCTH HEKOTOPBIX CPEACTB U3MEPEeHMsI
Cpencreo nsmepernun I[nana:;onv IIpenen nomyckaemou
U3MepeHu i MOTrPeNIHOCTH HHCTPYMEHTA

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

0...1000 Mm +0,20 MM
[[ITanreHuUpKyIb C HOHLYCOM
0,05 MM 0...125 MM +0,05 MM
0,1 mMm 0...125mm +0,1 MM
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Muxkpomertp ¢ nenoit nenenus 0,01 0..25MmMm +0,004 mm
MM
TepMoMeTp PTYTHBII +1°

Be/MunHa HHCTPYMEHTaIBHO# HorpemHocTy o6o3Hadaercs AX .
CyMMapHyI0 CpeJHIOI KBaJpaTHYECKYIO MOIPEIIHOCTh, O0YCIOBICHHYI0 COBMECTHBIM
JEHCTBUEM MHCTPYMEHTAJIbHOMN U CIIy4aliHOU ITOIPELIHOCTEM, MOKHO BBIYHUCIUTD
2

AX HHCT] 2
Ax = _?J+A%. 2.1)

Torma pe3ynbTaT U3BMEPEHU UMEET BUI:
xX=XxAx. (2.2)
Pe3ynbTar usmepeHuil MPUHATO OKPYTJIATH TaK, YTOOBI YMCIOBOE 3HAUEHUE pe3yJibTaTa
OKaHYMBAIIOCh IUGPOH TOro K€ paspsaa, 4YTO M 3HAYCHHE TMOTPEIIHOCTH, HAIpUMED,

x=(6,7£0,5)- 10*M. 3anucs pesynbrara B Buge (67132 + 4651) M HempuemieMa.

2.1.2. llozpewinocmp KOCGEHHBIX U3MEPEHUIL

[Ipy KOCBEHHBIX U3MEPEHUSIX 3HAYCHUsS UCKOMOU (PM3MUECKOW BEIMYMHBI IMOIYYAlOT Ha
OCHOBaHHHN W3BECTHOM 3aBUCHUMOCTH, CBHBBIBaIOH_IeI\/'I €C C ApyTuMHn BCIMYHUHAMMU,
MIOJIBEPTacMbIMH TTPSIMBIM U3MEPECHUSIM.

Hanpuwmep, usmepus cuny Toka | ¢ norpemnoctsio Al u manenue manpsoxenns U c
norpemHoctsio AU ma conporuenennyn, mo 3akoHy OMa MOXKHO ONpEACINTh BETHUUHY
conporusiernss R =U /1. Kpome Toro, HamM HEOGXOAMMO OIPEAETHT IOTPELIHOCTD
BCIIMYHNHBI R , BClb U3MCPCHUA I )41 U GBIJII/I BBITIOJIHEHBI HAMU C HGKOTOpOﬁ MOrpCIIHOCTBIO
(Aln AU). Ins onpenenenus mOrpeiHOCTH BEIMYMHBI, OIPEAEISIeMOi 13 (yHKIMOHATBHOI

3aBUCUMOCTH, OCTYMNAIOT CJAEAYIOIIHUM 00pa3oM:
* Torapu(MHUPYIOT BHIPAXKECHUE JIUIsI HICKOMOMN BEJIMYMHBIL, B Cllydae 3akoHa OMa MOy4YnMm:

/nR =/nU — ¥nl ; (2.3)
* OepyT nuddepeHIman oT TpaBoi u JIEBOK YacTe ypaBHEHUS:
dR dU dl
— = 2.4)
R u 1

¢ BCC 3HAKU MHUHYC HU3MCHAIOT Ha IIJIKOC, YUUTBIBAA, YTO IMOIPCIIHOCTU CYMMHUPYIOTCA,
0OECKOHEUYHO MaJIble 3aMEHSIOTCS Ha KOHEYHBIC BEJTHNYMHBI:

AR_AU+AI
R U I

B nocnexueit popmyne Benmunna AR sBisieTcS MOTPEIHOCTEI0 KOCBEHHOIO M3MEPEHHS
R 1o 3akony Oma.

(2.5)

2.1.3. Honuyc u Mmukpomempuueckuii Ew b
i
[IpeacraBum cebe IBE JINHEHKH, .
CIIOXKEHHBIE BMECTE, KaK YyKa3aHO Ha puc. 2.1. I ‘ [ | I I
[Iyctes nena nenenus (IIuHA OAHOTO JACIICHMUS) 7 P

BEpXHEW JMHEWKHU paBHa Y4 1> @ LeHa [eeHus

HIGKHEH THHEHKH — gz_ JIuneiikn  o6pasyioT Puc. 2.1. Cxema ycTpoOiicTBa HOHHYCA

HOHMYC, €CJIM CYIIECTBYET TaKO€ ILIeJI0€ YUCIO K,
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IIPU KOTOPOM

kt,=(kxl),. (2.6)

Jlns mumeek, m3oOpaxennsix Ha puc. 2.1, kK =4 . Bepxuuii 3uak B popmyrne (2.6)
OTHOCHUTCS K CJIy4aro, KOrJa JIeJICHUs] HU>)KHEN JINHEVKH JUIMHHEE BEPXHEH, T.€. KOT1a / 1> / ;-
B mpoTtuBomoiioxKHOM ciiydae ciaeAayeT BhIOMpaTh HWKHHE 3HaK. bynmem s ompeneneHHOCTH
cuuTarh, 9to / e / 1-

Bennunna

o =0, -0, =0,/k=10,/(k+1) 2.7)

HA3BIBAETCS TOYHOCTBIO HOHmyca. B wacrmoctw, ecnm £, =1 mm, k =10, 10 TounoCTS
HoHnyca O =0,1 mm. Kak BugHO U3 puc. 2.1, Ipu COBIAJCHUU HYJIEBBIX JECIICHUI HW)KHEH U

BEPXHEN IIKaJ COBMAJAOT, KPOME TOTO, k -¢ nenenue Hmwkueit u (k +1)-¢ nenenue BEpPXHEN
HIKanel, 2k-e neneHvie HkHed u 2(k+1)-e neneHue BepXHEH MIKaIbl U T.1.
Haunem mocreneHHO CABUTAaTh BEPXHIOIO JIMHEHKY BrpaBo. HyneBble neneHust JHMHEEeK

pasoiiyTcs M CHAYAIA COBMALYT TEPBbIC ACICHMS INHEEK. ITO CIyduTes mpu casure £ ) 14 1>

/
PAaBHOM TOYHOCTHU HOHHUYCa o . HpI/I 9TOM CIBUTC COBIAAYT BTOPBLIC ACICHUSA JIMHCCK U T.H.
Ecnu coBmamu 11 -¢ ACJICHU, MOXKHO, OYCBUAHO, YTBCPKIAATb, YTO HUX HYJICBBIC CJICHUA

CABUHYTHI Ha MO /. BrickazaHHble yTBEpXKIEHUS CHPABEUIMBBI B TOM CIIy4ae, €CJIM CIIBUT
BEpXHEW JIMHEMKH OTHOCUTEJIPHO HM)KHEH HE MPEBBIIIAET OJHOTO ACJICHUS HI)KHEH JIMHEHKH.
[Ipu cnBure poBHO Ha JeneHue (WM HA HECKOJBKO JIEJICHUI) HYJIEBOE JIEJIEHUE BEPXHEH HIKAJIbI
COBMAJACT Y€ HE C HYJIEBBIM, a C TMEPBBIM (WK /1 -M) JIeJeHWEeM HWXHeH JmHerku. [lpu
HEOOJIBIIIOM JIOMOJIHUTETLHOM CJIBHUTE C JICJICHUEM HIDKHEH JIMHEWKW COBMAJaeT y)Ke He
HYJIEBOE, a IEPBOE JIeJICHNE BEPXHEH U T.1I.

B TexHWYEeCKMX HOHWYyCaX BEPXHIOW JUHEHKY OOBIYHO JENal0T KOPOTKOM, Tak dYTO
COBMNANATh C HIKHUMH JCIICHHUSIMH MOMKET UMb OJHO W3 JIEJICHUM »TOoW muHeiliku. B
JanpbHEHIIeM MBI Bcerja Oyaem mpearoJiaraTb, YTO HOHHMYCHAs JIMHEHKA SIBISETCS B ATOM
CMBICJIE KOPOTKOM.

[IpumeHnuM HOHHMYC U U3MEPEHHS ITUHBI Tena A (puc. 2.2). Kak BUIHO U3 pUCYHKa, B

HamTeM crydae qmuHa L Tena A pasHa
/

L=nl,+mo". (2.8)
3nece M1 — 1€NI0€ YMCIO JACJEHUM HUKHEM IIKalbl, JIEKAIIMX BJIEBO OT Hayaja BEpXHEH
JIMHEWKH; YUCIIO 11 — HOMEp AEJNEHUs BEPXHEU JIMHEMKH, COBNAAAIOLIETO C OJHUM U3 JACICHUN
HIDKHEH IIKaibl (B TOM CiIydae, €Cld HU OJHO U3 JICJIEHUI BepXHEW JMHEHKU HE COBIAJAcT B

TOYHOCTH C JIEJICHUSIMU HUXKHEW, B KauecTBe m OepyT HOMEp JeNIeHUs, KOTOpoe Olmxke Jpyrux
HNOAXOIUT K OJHOMY M3 JACJIEHUI HUKHEH IIKaJIbI).
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A m b @
[ e
REAERR
L
nl,
Puc. 2.2. U3mepenne Tea Puc. 2.3. lITaHTeHITUPKYJIb

Honnycamu cHaGXaroTcsi MITaHTeHIUPKYIU (puc. 2.3), TEOJOTUTHl U MHOTUE JIPYyTUe
npuOOpsl. AHAJIOTUYHBIM O0Pa30M MOXXHO CTPOMTb HE TOJBKO JIMHEHHBIE, HO M YIJIOBBIC
HOHHYCHI.

[Ipn TOYHBIX M3MEPEHUSAX PACCTOSTHUN HEPEAKO IMPUMEHSIOT MUKPOMETPUYECKUE BUHTHI
— BHUHTHl C MaJlbIM M OY€Hb TOYHO BBIJIEP’KAHHBIM IIaroM. TakWe BHUHTHI YNOTPEOISIOTCS,
Hanpumep, B Mukpomerpax (puc. 2.4). OIMH NOBOPOT BUHTAa MHUKPOMETpPA IEPEIBUTAET €0
crepkenb Ha 0,5 mM. BapabaH, cBs3aHHBIN co cTepkHeM, pa3ouT Ha 50 menenuid. [ToBopoT Ha
OJIHO JIeTIeHHE COOTBEeTCTBYeT cMmemieHuto crepkas Ha 0,01 MmM. C 3T0il TOYHOCTHIO OOBIYHO U
MPOU3BOJATCS U3MEPEHUS C TIOMOIIbI0 MUKPOMETDA.

— A

Puc. 2.4. Mukpometp
2.2. Onucanue yCTAaHOBKHU

2.2.1. Ocyunnozpagh C1-112. Haznauenue ocyunnozpagha

Ocumutorpad  MO3BONISIET  BU3YaJlbHO — HAOMIONaTh ~ M3MEHEHHS  HCCIIEAYeMOro
SJICKTPUYCCKOI0 CHUTHAJIa BO BPEMCHU W OHNPCACIATH Cro aMIUIMTYJHBIC KW BPCMCHHLIC
XapaKTepUCTHKHU. biiok-cxema ocimiorpada npuseaeHa Ha puc. 2.5.

Bxox

JIeKTPOHHO-
>—' ArTenioarop Yenantens P
Jy4yeBast
TpyOKa
Biok T'enepartop
>_ CHHXPOHH3a- nn1006pa3Horo
M HANPsSKeHUs
a3BePTKH
Bxon p P

CHHXPOHHU3ALUHA

Puc. 2.5. baok-cxema ocuuiiiorpaga
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ATTEHI0aTOp yMEHBLIAET aMIUIMTYJy BXOJHOIO CHUrHajla JO BEJIMYUHBI, HeE
NPEBBIIAIONICH OINpPENeNIeHHOr0 3HAa4YeHUs I KaXIOoro Tuma ociuuiorpada. 3areM 3TOT
CUTH&JI YCWJIMBAeTcd M TIOCTYHNAeT Ha IIJIACTUHBI, OTKJIOHSIOIIME DSJIEKTPOHHBIH ITy4OK
3NIeKTpOHHO-TyueBoi TpyOku (DJIT) B BepTHKasbHOM HampasieHHH. [Ipu 3TOM Ha TIACTHHBI,
OTKJIOHSIOIME JIyd B TOPHU30HTAJBHOM HAIPABICHHUM, I0JAETCS MEPUOJUYECKUN CUTHAI
OWIO00PAa3HOTO HANPSDKEHMS, PETYJIUPYyEeMOH JUIMTeNnbHOCTH. [l 3amycka HCClieayeMoro
CUTHaJIa ¥ TeHepaTopa pa3BepTKU UCIOIb3YeTCs 070K CHHXPOHU3ALMH, O3BOJISIOIINI 0aBaTh
NWI000pa3HOE HampspKeHWe Ha TpyOKy JIMOO HE3aBHCHMO OT BXOJHOIO CHUrHaja, Ju0o B
OIpe/IeIEHHbI MOMEHT ero u3MeHeHus. IlepenHss nmanens ocumiorpada u3o0paxeHa Ha puc.
2.6.
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Puc. 2.6. Ilepeansisi na”eab ocuuiiorpaga

2.2.2. Opzanwl ynpasenenusn

Oprans! ynipaBieHNs, PaCcIOJIOKEHHBIE Ha JINLIEBON ITaHENH, IPEAHA3HAYCHBIL:

kHonka «CETby» — ainist BKIIIOUeHUs U BBIKITIOUEHHsS TprOopa;

pyuKa «¥XI»— Ul yCTAaHOBKM HEOOXOAMMOM spKocTH ryda DJIT;

pyuka « @ » — i poxycupoBku tyda IJIT;

kHonka «OCHWII/V kQy» — i nepexiiioueHus pexkuma padoThl prudopa; Mpyu HaxaTou
KHOIIKE OH paboTaeT Kak ociuuiorpad, npu oTKaTol — Kak MyJIbTUMETD;

pasbeM «—@Y» — BXOJIHOH pa3zbeM ocruuiorpada;

THe3/1a «_» — Ul MOJKIIF0YEHUs 00IIero NpoBoja;

THE310 «—@» — JUIsl TIOJAKJIIOYEHMS] CUTHAJIBHOTO IMPOBOJA JUIsl BHEIIHETO 3aIycKa
pa3BepTKU;

pyuka «—» — s nepememienus ayda JIT no ropuzonTany;

pyuka «J» — nns nepemenienus iyda DJIT nmo BepTukaim;

KHOINIKAa «~/==» — qJs BBIOOpA peXHMa OTKPBITOTO «== WU «~» 3aKpBITOrO BXOJa
YCUJINTENSI; IPY HA’KaTOW KHOIIKE pealn3yeTcsl peXHUM 3aKpbITOTr0 BXOAA;

pyuka nepeximrodarens «V/IIEJD» — nis nepekimrodeHus: BXOJHOTO aTTeHaTopa (MEHIET
KO3 PHUIMEHT YCUIICHHS UCCIIEAYEMOT0 CUTHAIIA);

pyuka nepextouatenst « BPEMS/JIEJD» — nist nmepeximroueHus JIMTeTbHOCTH Pa3BEePTKH,

KHOIIKa « L S/mS» — 11 BbIOOpa JUana3oHa U3MEHEHUs JUIMTEIbHOCTH Pa3BEPTKU; IPH

Ha)kaTou KHOITIKE i dpb1 BOKPYT MepeKIIIoYaTeNs
«BPEMS/JIEJ]» natoT Bpemst pa3BEepTKUA B MUKPOCEKYH/IAX;
kHonka « BHYTP/BHEII» — nis Be1OOpa CHHXpOHHU3AIIUKA UCCIIEAYEMbIM CHUTHAJIOM HJIA
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BHEIIHUM CUTHAQJIOM; IIPY HAXXaTOW KHOIIKE 3aIlyCK pa3BEPTKU OCYILIECTBIISIETCS HUCCIELYEMBbIM
CUTHAJIOM;

KHOTIKa «ﬂ/-l-’» — JUId 3alycKa pa3BEepPTKH MOJOXKHUTEIbHBIM WM OTPHIATEIEHBIM
CUTHAJIOM,;

pyuka «YPOBEHb» — nns BeiOopa ypoBHS (HampsiKEHHs) BXOJHOTO CHUTHaja, MPH
KOTOPOM MPOU30UIET 3aIyCK Pa3BEPTKH;

ruesno «<1kV» — a1d noxmkimodeHuss mpoBoAa TpPH HU3MEPEHHH HAIPSHKEHHMS,
npeBbILIaoNIero 2,5 B B pexxuMe MyJIbTUMETPA;
rue3no «<2,5V» — s NOAKIIOYEHWS CHUTHAILHOIO MNPOBOJAA TPH HM3MEPEHUH

HanpsHKEHUs, He MPEBBIIIAoNIEro 2,5 B B pexxume MyIbTUMETPA;

rue3no «KC2» — I MOAKIIOUEHMS CUTHAIBLHOTO NPOBOAA IIPH  HU3MEPEHUH
COTIPOTUBIICHUS B PEKUME MYJIbTUMETPA;

kaonka « V /KC2» — s Bei6opa pexnma paboThl MyJIbTHMETPA; MPH HAXKATOW KHOIKE
puOOp U3MEPSIET HAIIPSKEHUE;

KHOTIKH «1», «10», «100», «1000» — 11t BbIOOpa MaKCUMaIbHOTO JHAara3oHa U3MEPEHUS
UCCIIEyeMON BEJNMYMHBI, TaK, NP HaXaToOM KHONKe «l» — MaKCHUMalbHO BO3MOXHOE
U3MEpPSIEeMOE 3HAUCHUE HampshkeHus cocrasiser 2,5 B, a compotuBienuss — 2,5 xkOm, npu
HaxaToi kHonke «100» — 250 B u 250 kOM COOTBETCTBEHHO.

2.2.3. Iloozomoeka k pabome 6 pexcume ocyuinozpagha

YcTaHOBUTH Tepes BKIIOYEHHEM NpuOOpa OpraHbl yYOpaBIEHUS B  CIEAYIOIIUE
MOJIOKEHUS:

«3» — CpeIHEE TOJOKECHHE,

«V/IOEJ» —5;

« > », « ] »— B cpeiHee MOT0KEHHE;
KHOTIKY «~/==) — OT)KaTh;
«BPEMA/EJI» — 0,5;

KHOIIKY « [L S/mS» — 0TXKaTb;

kHOTKY « U/ » — HaxaTs;

kHonky « BHYTP/BHEII» — naxats;
kaonky «OCINJII/V, k€2 » — HaxaTs;
kHOTIKY «CETb» — oTkath.

2.2.4. Ilposedenue uzmepenuii

Bxmounre kHOnky «CETby». Ilpum 3TOM [M0JIKHA 3aropeThCsi CUTHAIBHAS JaMIIOYKA.
Otperynupyiite uepe3 2-+3 MHHYTBl NOCJIE BKIIOUEHHS SIPKOCTb M (OKYCHPOBKY JIMHHH
Pa3BEPTKH C MOMOIIBIO PYUCK «P{» H « O ». Ecim JTyda He OyAeT mpyu MaKCUMalIbHOU SIPKOCTH,

NIEPEeMECTHTE Iy B TIPEIeNbl pad0Yeii 4aCTH SKpaHa PyUKaAMH « <> » U « § ».

Ilomalite HccaeAyeMblii CUIHAl Ha KOAKCHAJIbHOE THE3J0 «—@Y» KaHaJia
BEPTUKAIBHOI'O OTKJIOHEHHUS.

Jlis npoBeneHUs HEOOXOOUMBIX HAOMIOACHUH M HM3MEPEHUH MCCIEeyeMbIX CHTHAJIOB
n300pakeHre Ha HKpaHe Mpudopa JOHKHO ObITh YCTOMYMBBIM U UMETh BEJTHMUUHY, YIOOHYIO JUIS
paccMotpenus. st aToro Tpedyercss yCTaHOBUTh HEOOXOIUMBINH BHJL CBSI3U (OTKPBITBIA «==)
WIN 3aKpBITBI «~»), ociabieHne BXOAHOTo arrteHtoaropa «V/[EJD» kaHama BepTHKalIbHOTO
OTKJIOHCHHS, pekuM padoTel pa3BepTkun «BPEMA/IEJl», a Takke BHI CHHXPOHHU3AIHUU
(MIOJTOXKUTENBHBIM « [ ] » WM OTPHUIATETbHBIM « | » CHTHAIOM).

Pyukoit «YPOBEHDb» BbIOHMpaeTcs Touka Ha CHHXPOHU3UPYIOLIEM CHTHAJIE, ¢ KOTOPOTO
3anmyckaercsi cxema paszBepTku. Korgma pyuka «YPOBEHDb» Bpamiaercss mo 4acoBoil cTpenke,
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cXeMa CUHXPOHM3ALIMH 3aIyCKaeTcs pu 0osiee HU3KOM YpOBHE CUTHAIA U HA000pOT.

YnoOHas s HaOMIOACHUS AaMIUTUTYJa UCCIEIYyeMOIro CHUTHaja YyCTaHaBIUBAETCS
noBopoToM nepekitouatens «V/IEJD».

Jns HaOmropeHuss QOpMBI  HCCIEIyeMOr0 CHUTHAJa  JUIMTEIbHOCTh  Pa3BEPTKU
ycranaBnuBaeTcs nepekintouareneMm «BPEMS/IEJDy.

B ocmwmorpadge CI1-112 Hapsamy ¢ BHYTPEHHEH CHHXPOHHU3AIMEH BO3MOXHO
UCIIOJIb30BaHWE BHEWIHEW. [Ipy 5TOM BHEIIHWMN CUTHAQJI, 3aBUCSALIMHA OT BPEMEHHU, OT
UCCIEAYEMOI0 CHUTHala mnojaaercd Ha BXoJ «Y». BHemHMI CcUrHanm ucnosb3yercs i
CUHXPOHH3AIMM B TOM CIlIy4ae, €CIU MCCIELYyEMBbIM CUTHAJI CIUIIKOM Mall WIM COLCPKUT
COCTaBJISIFOLIME, 3aTPYIHSIONIME CHUHXPOHHU3ALUIO. DTOT PEXUM YIAOOEH TeM, YTO IO3BOJISET
UCCIIEIOBaTh CHUTHANBl Pa3jIMYHONW aMIUIMTYIbl, YacTOTHIl M (OpMBI 0€3 mepeperyImpoBOK
CUHXPOHHU3ALUH.

[onyuuB ycrolunBoe M300paKeHHE Ha JKpaHe ocuuuiorpada, MOKHO MPUCTYIUTH K
U3MEpEeHUsIM. AMILTUTY/Ia CUTHANA Oompeensercs no gpopmysre:

Amnutyaa = «V/IEJI» X yHcia0 qejieHuil o BepTHKAJIM.

JlnmuTenbHOCTh CUTHAJA ONpeensieTcs no popmyie:

Jmunteabnocts = «BPEMS/IEJD» X umcsio nesieHnii Mo ropu30HTAJM.

2.3. DKCnepuMEHTAJIbHAS YaCTh
Ha puc. 2.7 npencraBiaeHsl NpuOOpbl U N3MEPUTENILHBIE YCTPOICTBA JAHHOW YCTaHOBKH.

Puc. 2.7. Ilpndopsl 1 H3MepHUTeIbHbIE YCTPOHCTBA YCTAHOBKH

2.3.1. Onpeoenenue pazmepos u 06vemo6 meepovix meji NPAGUILHOU hopmbl

[Ipexxne 4YeM MNPHUCTYNUTh K BBHINOJHEHHIO 3TOTO YNPAXXHEHUS, O3HAKOMBTECH C
YCTPOHMCTBOM  IITAHTCHUUPKYIsT U MuKpomerpa. Ormpenenute TOYHOCTh  HOHHYCA
HMITAHTEHIUPKYJIS W LIEHy JeleHus MukKpomerpa. [IponenaB HECKONbKO MpeaBapUTEIbHBIX
U3MEPEHUH TMHEHHBIX pa3MepOB KaKOro-110o Tela, HayuuTech padoTaTh ¢ STUMU IPUOOpaMU.

Crnenyer uMeTh B BUJY, YTO PE3YJbTAT U3MEPEHUS 3aBUCHUT OT TOTO, C KaKOW CHIIOMN
C)KUMAETCs U3MEPSIeMbIi 0OBEKT IITAaHTCHIIMPKYJIEM MM MUKPOMETPOM. DTO B IIEPBYIO OUEpEIh
OTHOCHUTCSI K MUKPOMETPY IO JBYM IPUYMHAM: BO-NIEPBBIX, BUHT C MaJbIM LIaroM MpeBpalaer
HE3HAUUTENIbHbIC JABIKEHHS PYKH, MOBOpauuBalomieil 6apabaH MUKpOMeETpa, B OOJIbIINE CHIIBI,
NEHCTBYIOIIME HAa TPEIMET; BO-BTOPHIX, TOYHOCTb MHKPOMETpa OOBIYHO Ha MOPSAOK BBIIIE
TOYHOCTH INTAHTCHLUMPKYJs, W HeOonpmme aedopManuu IpeaMeTa CTaHOBSTCS —Oojee

dopma A Crpanumna 21u3 104



MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILITHHEL

3aMETHBIMHU.

YroObl yMEHBIINTh OUIMOKY, CBSI3aHHYIO CO CIMIIKOM CHJIBHBIM (M HEOJAMHAKOBBIM B
pasHBIX OMBITaX) CXKAaTHEM M3MEpSeMbIX IPEJAMETOB, PYKOSATKa MHUKpPOMETpa CHaOXeHa
crienanbHOM TosoBko# (I” Ha puc. 2.4), mo3BOJSIONMIEH CO3/1aBaTh MPU U3MEPEHUH HEOOIBIIOE
MOCTOSIHHOE B PA3HBIX OIBITAX JIaBJICHUE HA H3MEPsAEeMbIil O0BEKT.

O3HaKOMMBIIUCH C YCTPOMCTBOM MHUKpPOMETpa M INTAHICHLUUPKYJS, U3MEpbTe C HUX
IIOMOILIIO  JIMHEHHBIE pa3Mepbl TpPEX-4eThIpeX Ppas3IUYHBIX Tel NPaBWIbHON  (HOpMBI
(mapayutenenunenpl, UUIMHAPBI U T.A.). M3MmepeHue kaxaoro mapamerpa (JUIMHBI, BBICOTHI,
auameTpa) nposeante Ha 5+ 10 pa3nuuHbIX yyacTkax Tena. CpaBHUTE pe3yJIbTaThl, IIOJyUYEHHBIE
P U3MEPEHUSAX MUKPOMETPOM U LITAHT€HUUPKYJIeM. JIEKHUT JI1 pacxXxoXAE€HUE pe3ysbTaToB B
npezenax omuook onbiTa? COBNAAAIOT JIM MEXIY COO0H B Ipezenax OMUOOK OMbITa U3MEPEHUS
OJITHOTO M TOTO € pa3Mepa Tena, MPOU3BEICHHbIE Ha Pa3HbIX ydacTkax? Berumcianre oObembl
IPOMEPEHHBIX TENl U OLEHUTE TOYHOCTh MOJYYEHHOTO pe3yibTara. [Ipu BBIYHMCICHUSAX CIEeIyeT
UMETh B BHJY, YTO IOIPEIIHOCTH BO3HHMKAIOT KaK H3-32 HECOBEPIIEHCTBA H3MEPUTEIILHOTO
npubopa, Tak M BCICICTBHE HE BIOJIHE MPAaBUIBHON (POPMBI H3MEPSIeMbIX Tell.

M3mMepeHus 0JHOTO U TOTO K€ pa3Mepa Tella, IPOBEICHHBIC HAa PA3JIMYHBIX €r0 y4acTKax,
JydIle BCEr0 NPH BBIYHCICHUM YCPEAHATh. PekoMeHayeM moaymaTh HaJ TeM, KaK MOXKHO
YCTAHOBHTB, YTO OTKJIOHEHHsI ()OPMBI U3MEPSAEMBIX TEJl OT NMPABHJIBHOW HOCAT CIIy4alHBbIA HIIH,
HA00OpOT, peryyspHbI Xapakrtep (T.e., HampuMep, SBISIETCS HU3MEPSEMbId  LUIHHID
JEMCTBUTENBHO WINHAPOM WIIM YCEYEHHBIM KOHYCOM M T.J.).

2.3.2. H3mepenue cunvl moKa u HANPANCEHUA 6 Uenu HNOCMOAHHOZ0 HOKA.
Onpeodenenue conpomugienus y4acmKa yenu

1. Cobepure memnp mo cxeme, M300pakeHHOW Ha puc. 2.8, cobmojas TMOJIIPHOCTD
VICTOYHHUKA TOKA, BOJBTMETPA, aMIIepMeTpa U KOMOMHUPOBaHHOTO TIPHOOPA.

+— A : - Y
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Puc. 2.8. Cxema nenu Ajs H3MepeHus CUJIbI TOKA U HANIPSZKeHUs!

2. Bxmounte wucrounuk nutanus (tymOnep «CETby), Bpamas pydky peryiastopa
HaIpsOKEHUS, yCTAaHOBUTE MOKa3aHue BojabTMeTpa nmpudopa bI1-30 B uaTepsane (10 +25) B.

3. CHumuTe 5 MOKa3aHUM TOKa, U3MeHss HamnpspbkeHue ucrouHuka bII-30 B ykazaHHOM
MHTEpBaJe. BRIKIIIOUNTE UICTOYHUK TOKA.

4. Tlo mxamam npuOOpPOB: aMmepMeTpa, BOJIBTMETPA M KOMOMHUPOBAHHOTO INpHOOpa
OIIpeNIeNIUTE KJ1acC TOYHOCTU ATUX NPHOOPOB.

5. PaccuuraiiTe BeIMYMHY COIIPOTUBIICHUS R U IIOIPEIIHOCTh U3MEPEHHUS.

6. M3mepbre ¢ NOMOIIBIO KOMOMHMPOBAHHOIO MpHOOpa CONPOTUBIEHUE CXEMBI
PE3UCTOPOB, OIIPENEIUTE MOTPELIHOCTh U3MEPEHUS R.

7. K ximemMMam wucTouHMKa TOCTOsSHHOro Toka bII-30 moakmroumTe BHIIKY Kabems
ocumuiorpada. M3mepbre HampshkeHue, ycraHoBlieHHOe Ha ucrtounuke (1-+10) B u cpaBHute
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pe3yabpTaT u3MepeHus ocuiorpagom u BoasrMerpom BII-30.

2.3.3. U3mepenue napamempos nepuoouiecko20 cuzHand
1. Cobepure memp Mo cxeme, M300paKEHHOW Ha puc. 2.9, coOmromas TMOJSIPHOCTH
MCTOYHUKA TOKa U KOMOMHHPOBAHHOTO MTPHOODA.

~ A
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Puc. 2.9. Cxema nenu Ajs H3MepeHns IapaMeTpPoB NeprHoINYeCKOro CUrHaJjia

2. B KkadecTBE MHCTOYHHMKA NEPUOAMYECKOTO CUTHAJA B JAHHOM YIPAKHEHUH
UCIIONIb3YETCSl TeHepaTop HU3KHX 4acToT. Bkiouute reHeparop u ocuusuiorpad. CoeaunHure
KaGGHeM BBIXOJIHBIC KJICMMBbI I'€HEpAaTOpa € BXOJHBIMH KJICMMaMH ocunnnorpa(ba. YcraHoBure
Ha BBIXOJIE 3BYKOBOT0 reHeparopa Hanpspkenue (0,5 +5) B.

3. Tlomyuute Ha »dKpaHe ociwuiorpada yCTOWYMBOE HW300paKeHHE CUHYCOUIBI.
Onpenenure 3Ha4YeHHE HANPSDKEHUS C IOMOIIBI0 ocuuiuiorpada, MONy4YeHHBIH pe3ynbTar
CPaBHHTE C MMOKAa3aHHEM BOJIBTMETpa, U3MEHUTE (3 +5 pa3) BBIXOJHOE HANpsHKEHUE TeHepaTopa
1 W3MEphTEe 3TU 3HaueHus ocumwuiorpadgom. OOBSCHUTE pa3HUILy MOKa3aHUW ocuuiuiorpada u
BOJIETMETpA.

4. TlpousBemute u3MepeHHs Tieprona T CHHYCOWABI C TOMOIIBIO ociuuiorpada,

OIIPEACIIUTE YaCTOTYy CUTHaja f =1/T . Vizmenss 3 pasa nepuoj, KaxKIaplii pa3 ONpEIEIINTE

yacToTy Konebanuii. HalileHHOe 3HAYeHHE YacTOTHl CPAaBHUTE C I[IOKA3aHUEM YacTOTHI
reLeparopa.

PesyabraTsl padotel. K oTuery npeacraBurhb:

* mapameTpel (JUIMHA, BBICOTA, JMAMETP) M3MEPSEMBIX TeJ, IOJyYeHHbIE IpH
M3MEPEHUSIX MUKPOMETPOM U IITAHT€HIUPKYJIIEM;

*  00BEMBI MPOMEPEHHBIX TEN U MOIPEIIHOCTh NOIYYEHHOTO PE3yIbTaTa;

® BCJIIMYUHY COIIPpOTUBJICHMU, PACCUUTAHHYIO n HU3MCPCHHYIO C IIOMOIIIBIO
KOMOMHHUPOBAHHOTO NMPHOOpPa, a TAKKE MOrPEIIHOCTD B OIIpee/ieHNH R;

® S3HAYCHHUA TOCTOSAHHOI'O HAITPAKCHUA, HaﬁI[CHHBIG C IIOMOIIBHO, oculxmnorpa(ba n
BOJIETMETPA U COOTBETCTBYIOLIHME TOTPELIHOCTH;

* [OKa3aHHMe YacTOTHl FEHepaTOpa M HaiJIeHHbIE C MOMOIIbIO ocumIorpada 3HaUYCHUS
YacTOThI ¥ IEPUOJIAa CUTHAJIA.

JlabopaTopnasi paGora Ne3. Onpenenenue k03(ppUIHEHTA BA3KOCTH JKHUIAKOCTEH

Heas pabotbl: 1) omnpenencHue 3aBUCUMOCTH KHHEMATHMUYECKOM M JUHAMHUYECKOU
BS3KOCTH HCCIEAYyEeMBIX pAacTBOPOB OT TEMIIepaTypbl, 2) ompeaelieHne KodpduimreHTa
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BHYTPEHHET0 TPEHUs KHUAKOCTH MeTooM CTOKCa.

IIpuGopsl U MaTepuasbl: KaMWUIAPHBI BUCKO3UMETpP, CEKYHIOMEp, BOIsSHas OaHs,
TEPMOMETP, HCCIEAYyEMBbIE pacTBOPbl, MAarHUTHAas MeEIaJKa, CTCKISHHBIA LMIUHAD C
UCCIIEyeMON JKUIKOCThIO, HA0Op CTalbHBIX UIAPUKOB, IHUHIET, AHAIUTUYECKUE BECHI,
IITAaHT€HIIUPKYJIb, MacIITaOHas TMHEHKA.

3.1. TeopeTruyeckasi 4acThb

3.1.1. Obuue ceoiicmea u cmpoenue rcuoKocmeil

JKunkocTsiMu Ha3bIBAIOT TeJa, KOTOpPhIE HE MMEIOT COOCTBEHHOW (opMbl. KUAKOCTH
OTJINYAIOTCSI CUJIBHBIM B3aUMOJICHCTBUEM U BCIEACTBUE ITOTO MAJION CKUMAEMOCTBIO.

B xuakoctn HaOmogaercs OMMKHUNA TOPSIIOK — YHOPSA0YEHHOE OTHOCUTENIBHOE
pAcTONIO’KEHUE YACTHIl KUAKOCTH BHYTPH MalbIX €€ 00beMOB. MOJIEKYJIbl KUIKOCTH
COBEPILAIOT TEIUIOBLIE KOJNEOAHMsI OKOJIO IIOJIOKEHHsSI PABHOBECHS CO cpemHeil wacroroit 1/7,
ONM3KOM K YacToTaM KoJeOaHWUM aToMOB B KpHUCTalllaX, W aMIUIMTYAOH, OmpenensieMoin
«CBOOOJTHBIM 00BEMOMY, MPEAOCTAaBICHHBIM MOJIEKyJe ee cocensMu. [lo ucreueHun BpeMeHU

T >>7, DTU IOJOXEHUS PABHOBECHS CMEIIAIOTCS HA PACCTOSHUSA, DPaBHBIE IO IIOPSIKY

BCJIIMYMHBI CPCAHCMY PACCTOAHHUIO MCKAY COCCAHUMHA MOJICKYJIaAMU.

OTH TMepeMeNIeHUsT COBEPIIAIOTCS HE HENPEPHIBHO, & B BHJIE AKTHBHPOBAHHBIX CKAYKOB,
Koraa MOJICKYJIa MOXKCT MMOJYYUTb OT COCCAHUX MOJICKYJI I/ISGBITO‘IHyIO OHCPTHUI0, JOCTATOYHYIO
JUISL TOTO, YTOOBI TPEONOJNETh HSHEPTHUIO CBSI3W (PHEPTHIO AaKTHUBAIMHU) C OKPYKAIOIIUMH
qacTuamMu. HpO,Z[O.H)KI/ITeJIBHOCTB BpPCMCHHA OCCZ[HOﬁ JKU3HHU MOJICKYJIBI B IIOJIOKCHHUU
pPaBHOBECHS] YMEHBIIIACTCS C POCTOM TEMIIEPATYPHI.

3.1.2. Ilonamue o éa3kocmu

TemoBoe NBHKEHUE MOJIEKYI )KUIKOCTH 00YCIIOBIMBAET OCHOBHOE CBONCTBO JKHUIKOCTH
— ee TekydecTb. [locTosiHHas BHemIHssT cuia F, JecTByromlass Ha >KUIKOCTb, MPUBOAUT K
MPEUMYIIIECTBEHHON HAMPABICHHOCTH CKAYKOB YaCTHII )KHUIKOCTH BIOJbH HAMPABICHHUS NEHCTBUS
cunbl. ClecTBUEM 3TOTO SBISETCS MOTOK YaCTHUIl BJIOJIb HANpaBiICHHUsS ACHCTBUSI CHIIBI, T.€.
TeKy4ecTb. [Ipu IBUKEHUH KUKOCTH MEXIY €€ CIIOSIMA BOSHUKAIOT CHIIBI BHYTPEHHETO TPSHUS,
NEeHCTBYIONIME TaKUM 00pa3oM, YTOOBI YpaBHATH CKOPOCTH BCEX CJIO€B. BO3HMKHOBEHHE STHX
CHJI OOBSICHSIETCS TE€M, YTO MOJIEKYJIBI U3 Oojiee OBICTPOTO CIOs MepenarT 0ojiee MEIICHHOMY
CJIOI0 HEKOTOPOE KOJMYECTBO JIBUYKEHUS, UTO MPUBOJIUT K TOPMOKEHHUIO OoJiee ObICTPOTro CIOA.

Cuna BHyTpeHHero TpeHus (mo HplOoTOHy), aAelcTByIOmas MEXIYy CIOSMH,
IPOMOpPLUMOHANIbHA TIUIOMAAN WX CONPUKOCHOBEHHMSI S W TpaJueHTy CKOPOCTH BJIOJb

HaIlpaBJICHUS z, IEPIIEHIUKYIIIPHOIO HAIPABICHUIO CKOPOCTH, T.€. dv/dz:
fen dv
dz

Kosdduuuent nponopruoHanbHOCTH 7] Has3bIBaeTCs KO3(QQUIMEHTOM BHYTPEHHETO

S. (3.1)

TpeHus: WM K03()(OUIIMEHTOM TUHAMUYECKON BS3KOCTH. BenmmumnHa, oOpaTHas Kod(pQUIHEHTY
JIMHAMHYECKON BA3KOCTH — 1/ 7] , Ha3bIBaeTCA TEKYUECTBIO.

Hapsny ¢ koadduiueHnToM AUHAMMYECKOH BSI3KOCTM 7] 4acTO MCHOJIb3YIOT
KO3 (D PUITMEHT KUHEMATHYECKOU BSI3KOCTH:

v=-=, (3.2)

rae O — IUIOTHOCTD JKUIKOCTH.
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3aBucHMOCTh KOd(D(PUIMEHTa BSI3KOCTH OT TEMIEPATyphl OMPENENIeTCS YpaBHEHHUEM
®penkens-AHapaje:
n=Cexp| — |, (3.3)
kT
rie C — nmocrosHHas; k — TmocrosHHas boibliMaHa (k = 1,38-10_23 I[)K/K );

W — sHeprus akTUBaLUU.
BsizkocTh 7] OBICTPO yMEHBIIAETCA ¢ pOcTOM Temreparypsl 7. [Ipu OonbmuX naBaeHUX

BA3KOCTh JKUAKOCTEH OBICTPO BO3pacTaeT C YBEJIMYEHUEM JaBJICHHUS. OJTO CBS3aHO C
BO3pPACTaHUEM PHEPIUU aKTHUBALIMH.

3.1.3. Yucno Peiinonvoca

Bo3MOXHBI 1Ba KayeCTBEHHO pAa3JIMYHBIX THIIA HCTCUYCHUS BA3ZKOM JKUIKOCTH —
JaMHUHApHOE U TypOyseHTHoe. JlaMUHapHBIM Ha3bIBACTCS YIOPSAAOUEHHOE JBH)KEHUE JKUIKOCTH,
IIPY KOTOPOM TPAaeKTOPHHM COCEIHUX YacCTUL] MaJl0 OTIMYAKTCA JPyr OT ApYyra, TaK 4YTO
KUAKOCTb MOXKHO pPacCMaTpUBaTh KaK COBOKYIHOCTb OTAEIBHBIX CIIO€B, IBIKYIIUXCS C
Pa3IUYHBIMU CKOPOCTSIMH, HE TIEPEMEIIMNBASICH IPYT C IPYTOM.

TypOyneHTHBIM Ha3bIBae€TCs TEUCHHE KHMJIKOCTH, IIPU KOTOPOM €€ YaCTHIIbI COBEPUIAIOT
HEYCTAaHOBUBLIMECS HEYNOPSAOYEHHbIE JBUKEHUS 1O CIIOKHBIM TPACKTOPUSM, B peE3ysbTare
4Yero NPOMCXOAUT UHTCHCUBHOE NIEPEMELIMBAHUE PA3JINYHbIX CJI0€B JBUKYLICHCS JKUIKOCTH.

[Ipu namMuHapHOM TEYEHHM TPACKTOPUU BCEX YAaCTHUI[ MapajjienbHbl U (HOpMOI cBOEH
IOBTOPSAIOT TpaHUIBl TOTOKAa. B kpyrioi T1pyOe, Hampumep, KHIKOCTb JABHIKETCS
WIMHAPUYECKUMH CIIOSIMH, O0pa3yloliie KOTOpBIX MapajieNibHbl CTEHKaM U ocu TpyObl. B
OPSAMOYIOJIbHOM, OECKOHEUHOW INMPHUHBI KaHajle JKUAKOCTh JIBUXKETCA Kak Obl CIIOSIMH,
NapauIeJIbHBIMU €r0 JHY.

B kaxmol TOYke MOTOKAa CKOPOCTh OCTAE€TCS IO HAMPABJICHUIO TOCTOsIHHOW. Ecnum
CKOpPOCTb IIPM OTOM HE MEHSETCS CO BPEMEHEM M II0 BEIWYUHE, JBHMKCHHUE HAa3bIBACTCS
ycTaHoBUBIIUMCS. /[l naMMHapHOrO [BMXKEHUS B TpyOe paclnpeiereHue CKOpPOCTH B
MOTIEPEYHOM CEYEHHH MMEET BHJ MapaboJibl ¢ MakCHUMaJbHON CKOPOCTHIO HAa OCHU TPYOBI U C
HYJIEBBIM 3HAUYE€HUEM y CTEHOK, I'JIe 00pa3yeTcss NPUIIHIIIINNA CIOH KHUIKOCTH.

Pacnpenenenne ckopocTeld B IONEPEYHOM CEUEHHMH KPYIJIOW TpPyOKH  TIpH
YCTaHOBUBILIEMCS JJAMUHAPHOM TEUYEHUU IIOKA3aHO Ha puc. 3.1.

z

Puc. 3.1. PacnipegejieHre CKOPOCTeli B MONEPEYHOM Ce4eHUH KPYIJIoi TpyOKH

Uucno PeitHonbca onpenensier OTHOMIEHNE KHHETUIECKOW SHEPTUH KHUIKOCTH B TpyOKe
K paboTe, 3aTpaunBaeMoOi Ha MPEOI0JIEHUE CHII TPEHUS:
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rac 1) — CpCaHAd CKOPOCTh B IOICPCUHOM CCUHCHHUU prGBI, L - XapaKTepHHﬁ pasmMep (B

cp
citydae TpyOBbl — ee TuaMerp).

OkcnepuMeHTanbHBIM TiyTeM O. PeifHonmpac ycTaHoBWII, 4TO Oe3pasMepHoe uyuciao Re
INPUHUMAET B OOJIACTH Tepexojia OT JAMHHAPHOTO TE€YECHHUs K TYpOyJIEHTHOMY OIpe/elIeHHOE
MOCTOSTHHOE 3HaueHHue, Jiexkaree o0sraHo B npeAenax ot 1500 go 2500. ITpu Re<1500 teuenue
KHUJIKOCTH JJaMHHapHoe, a npu Re>2500 — typOynentHoe. B untepBane 1500<Re<2500 Teuenue
KUJKOCTH HOCUT CMEIIaHHbIN xapaktep. Ha 3Hauenue uncna Re oka3biBaloT BIUSHUE YCIOBUS
BXO7a B TpyOy (OCTpbIe Kpasi U CTENEeHb IIEPOXOBATOCTH €€ CTEHOK).

3.1.4. Memoouka uzmepenus KUHEMAMUYECKOU  GA3ZKOCHMU C  HOMOUbIO
sucKo3umMempa

[TpuGopsl, ucnonb3zyeMele Ui H3MEpeHHs Kod(pQHIMEeHTa BS3KOCTH, HA3bIBAIOTCA
BucKko3uMeTpamu. CyIiecTByeT OOJBIIOE YMCIO PA3IMYHBIX MO YCTPOWCTBY BUCKO3UMETPOB. B
JAaHHOU paboTe A u3MepeHus Ko3(duimeHTa BI3KOCTH UCHOIb3YETCS] OTHOCUTENLHBIA METO/I,
IIPU KOTOPOM BSI3KOCTh MCCJIETyEMOU KHUIKOCTH CPAaBHUBACTCS C BS3KOCTHIO IPYTOH JKUIKOCTH

1o, KoTopas u3BeCTHa. [l M3MEPEHHs HCIOJBL3YETCS MPOCTOM NpPHOOP — KamWJUIAPHBIA
BruCcKo3uMeTp OcTBabaa, N300paKeHHbBIN Ha puc. 3.2.

Buckosumerp OctBanmpia mpenacraBiser coboit  U-o0pasHylo CTEKISSHHYIO TpPYyOKy.
Onno koseHO mpubopa / B BEpXHEH €ro 4acTH MMEET JIBa YIIMPEHUS — pe3epByapsl S U 4 u
KanuyisAp 6. Pesepyap 4 umeer MeTKH « M1y » B « My ». JIpyroe KOJIEHO MPEACTABIAET COO0H

MIMPOKYI0 TPyOKy 2 ¢ pe3epByapoMm /7 UM OTBOAHOW TpyOkou 3. B Buckoszumerpe OcTBayibna
U3MEpEHHE BI3KOCTH OCHOBAHO HAa HAOIOJCHUH UCTEYCHUS MMOTOKA KUAKOCTH Yepe3 KAmUIsp.

B aTom nmpubope auameTp kanuuisipa d v epenaj AaBJICHUs B HEM MOJA00paHbl TaK, YTO
TCUYCHUC ) KXUAKOCTH B KAIMUWIIJIAPC ABJIACTCA JIAaMUHAPHBIM, TO €CTh YHUCJIO PeﬁHOHB,ZlcaI

_ pULd

n

TAC Ucp — CPEAHAA CKOPOCTH TCUCHHUA ) KXUAKOCTU IO KalTUJIJIAPY, p — INIOTHOCTB XHUJAKOCTH.

Re <1000, (3.4)
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9. _|¥- ~
D>

C ]

Puc. 3.2. JlaGopaTopHasi yCTAHOBKA /Il ONIpee/ieHUs] KHHEMATHYeCKOH BA3KOCTH
KUIKOCTH

Jlunamuueckas BSI3KOCTh OIpeessieTcs o ¢popmyie:

M a,0) Pt

Pw,0)L(H,0)

NI

!
(H,0)

Tae t nu — IIJIOTHOCTB, BPEMA UCTCUCHUA U3 KaITJJIIpa U JTUHAMHUYCCKasl
e Pu,0): Lw,0) 1,0 » BP pau
BA3KOCTH KOHTpOHBHOﬁ KUOKOCTU COOTBETCTBECHHO. B Ka4deCTBEC KOHTpOJ'IBHOﬁ KNUOKOCTHU

HCIOJIB3YCTCA NJUCTHUIUIMPOBAHHAA BOAA. OnbITEI C KOHTpOJIBHOfI KUAKOCTBIO ITPOU3BOAATCS HaA
3aBOJC-U3TOTOBUTCIIC, a BEJIMYUHA

14
L0 _ g (3.6)
L,0)
Ha3bIBAETCS MOCTOSIHHOM BHCKO3MMETpPa M 3aHOCUTCS B MACIOPT MPUOOpa HAPSAY C AUAMETPOM
KaIluJuIspa.
Takum  o0Opa3oMm, OKOHYATENbHOM  (OpPMYJIOH, 1O  KOTOPOHM  OIpenenseTcs
KHHEMaTH4ecKasl BA3KOCTb UCCIIEyEeMOM KUAKOCTH JaHHBIM METOJIOM, sIBIIsieTCsl (hopMyJia:

P

I7I€ { x — BPEMs HCTEUECHUS KUKOCTH Y€Pe3 KalMLIAP U3 pe3epByapa 4 OT METKU 171y 10 METKH
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m,.
OnpenenuB BpeMs HCTEUYEHMsSI JKUIKOCTH 4Yepe3 Kamwuisip { U yMHOXHUB €ro Ha
MIOCTOSIHHYIO BUCKO3UMETPA k, BEIYUCISIOT KUHEMAMUYUECKYVIO 83KOCMb V' KUIKOCTH.

Hunamuueckyio 6a3kocmp, WM KO3YGPUIMEHT BHYTPEHHETO TPEHHUS JKUAKOCTH 77,

MOXKHO OHpGI[eJII/ITI:, O4YCBUOHO, yMHO)KI/IB KI/IHeMaTI/I‘-IGCKYIO BSA3KOCTH Ha IINIOTHOCTH
HCCIIETyEMOM KUJIKOCTH:

n.=v.p,. (3.8)

KoapduimenT Ba3koctu u3Mmepsiercs B enununax k2/ m-c B cucreme CU. B cucreme
CI'C k03 dunmeHT BA3KOCTH H3MEPSETCS B CAUHUIIAX 2/cm-c. Dra enuHWIA HA3BIBAaeTCS

o 2
ITyaz. Ko uIEeHT KNHEMaTHYeCKOH BA3KOCTH U3MEPSETCsl COOTBETCTBEHHO 3TOMY B M~ /C U
2 2
cm” /c. Equauna cm” / ¢ HazeBaercst Cmoxkc.

3.1.5. Memoouka usmepenusn eénympennezo mpenus memooom Cmokca

KoaddummeHT BHyTpeHHETO TpEeHHS KHUIKOCTH MOYKHO OmpenenuTh mo ¢opmyise CTokca,
U3MEpsisl CKOPOCTh IaJcHHs LIapuKa B 3TOM »kuakoctu. [Ipy mageHuu mapuka B BA3KOU
MOKOSIIIIEHUCS AKUAKOCTA HA HETO JIEUCTBYIOT TPU CHJIBIL:

1) cuna tarorenus mg = O, & V' (V- o6mem, p,, — IIOTHOCTh LIAPHKA);
2) BHITANKKBaKOMas cuia Apxuvena f = £..&V (p, — nnotHoCTS KUAKOCTR);

3) cua compoTuBiIeHHs BrkeHnio (cuna Crokca) F e = 67 nrv (- xoddduuuent

BHYTPEHHETO TPEHUS, ¥ — panycC Mapuka, U — CKOPOCTb IBUKEHUS).
ITo BTOpOMY 3aKkoHy HblOTOHA ypaBHEHHE IBUKEHUS IIAPUKA B BA3KOW Cpe/ie 3amuIieTcs
CIIETYIOIINM 00pazoMm:

mg+ f+F =mi (3.9)
WJIU B CKJISIPHOM (popMe, C yUEeTOM MPHUBEACHHBIX BBIIIE BRIpaXEHUH y1st cuit (1. 1-3),
PV —p, gV —6xnro=p V(dv/dt). (3.10)

Brauane cKOpOCTh JBH)KEHMS IIApHKa BO3PAcCTaeT dv/dt >0, ro tax xak 1o Mepe
YBEJIMUYEHHUSI CKOPOCTU CHUJIa COMPOTHBIICHUS TAaKKE€ BO3PACTAET, HACTYNaeT TaKOW MOMEHT,
KOrZa CWia TATOTEHUS YpaBHOBELIMBAETCS CYMMOM CcHi  ApxumMeaa U TpPEHHS,
PaBHOACHCTBYIONIAsI BCEX CHJI CTAHOBUTCS] PABHOM HYIIIO:

P&V —p, gV —6mnrov=0. (3.11)
C »STOro MOMEHTa MABFIKEHHE IIapUKa CTAHOBUTCS NPAKTUYECKA PABHOMEPHBIM CO
CKOpOCTBIO U = U,. Pemas ypanenne (3.11) orHocuTensHO 77, mis Kodpduuuenra

BHYTPEHHET0 TPEHUS OJyYUM BhIpaKEHUE:

281 (P, — 4y
p=28Pu=p) gy AT
9, 3

CkopocTh miapuka U, MOXHO OMNpPEJIEIUTh, 3HAs PACCTOSHUE { mexny meTkamu Ha

coCyJie ¥ BpeMs £, 32 KOTOPOE MIAPHK MPOXOIUT ITO PACCTOSHUE

VYauThIBas, YTO Ha ONbBITE W3MEPAIOT JUaMETp IIapHKa, a HE €ro pajuyc
(r = d/2), nomyuaem pacueTHyI0 GOpMyIy:
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p = Pu ~ P,)8d’t
8¢

(3.12)

3.2. Onucanue yCTAaHOBKH

3.2.1. Ycmanosxa 0na usmepenus 6a3K0CMU ¢ HOMOUIbI0 6UCKO3ZUMEMPaA

CxeMa ycTaHOBKH TIpUBe/icHa Ha puc. 3.2. Viccriemyemas )KUIKOCTh 3aIMBAETCS B KOJICHO
2 Bucko3uMeTpa. Buckozumerp / ¢ uccienyeMoin KUIKOCTBIO U TepMOMETp /2 MOMEIIAIoTCs B
cTakaH ¢ Bojoi /3. CTakaH ¢ BOJOW CTAaBUTCA HA OCOOYIO TUTMTKY — MAarHUTHYIO MEIIANKy &, ¢
MOMOIIBI0 KOTOPOH OCYIIECTBISIETCS HarpeB (mepexirodarens «HarpeB») u mepemenivBaHue
BOJbl B crakaHe (mepekitouyarens «CkopocThy»). IlepememmBaHue BOJbI OCYIIECTBISETCS C
MOMOIIBIO BPAIIAIOIIEroCs Ha JHE CTaKaHAa METAUTMYECKOTO CTEp)KEHbKa 9, TOMEIIEHHOrO B
MOJIMXJIOPBUHUIIOBYIO 0007104Ky. K KosieHy / BHCKO3MMETpa MpUCOeIMHEHa pe3uHOBas TpyOKa
10. 3acacbIBaHHEe UCCIEIYEeMOH KUAKOCTH U3 pe3epByapa 7 B pe3epByapsl 5 U 4 BUCKO3UMETpa
OCYIIECTBIISIETCS] C TIOMOIIIbIO PE3UHOBOM Tpymin (WK mmpuua / /), KoTopas IpUCOeIUHIETCs K
pe3uHoBOi TpyOKe /(). Bucko3umeTp 3aKperuieH B mTaTtuse /4.

OOmwmit BUA YCTaHOBKH JUIsl U3MEPEHHS KOd(DPHUIIMeHTa BHYTPEHHETO TPEHUSI METOJI0M
Croxkca nzobpaxeH Ha puc. 3.3.

Puc. 3.3. Bua ycTaHOBKH 1Sl ONIpe/ieJIeHUsI BA3KOCTH KUAKOCTH
¢ IOMOIIIbI0 BUCKO3UMeTpa (cieBa) 1 MeToaoM CTokca (cripaBa)

CTeKISHHBIN TUIMHAP 3aKPEIUIeH Ha CTOMKE W HamoJIHEeH riunepuHoM. Metka «1000»
COOTBETCTBYET TAaKOMY pPACCTOSIHUIO OT TMOBEPXHOCTH >KUJKOCTH, TJE€ IMIAPUK YK€ HMEET

YCTAaHOBUBIIYIOCS  CKOPOCTb UO . TlogpeMm cTaabHBIX orapyukoB CO JOHa HOWJIHWHApPA

OCYHICCTBIIACTCA C IOMOIIIBIO MAarouTa, 3aKpCIiJICHHOI'O Ha HUTH, HaMOTaHHOI Ha OJIOK.

3.3. JkcnepuMeHTAJIbHAN YaCTh
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3.3.1. H3mepenue 6a3K0cmu ¢ NOMOUbIO BUCKOZUMEMPA

HN3MepeHne KHHEMAaTHYECKOM BA3KOCTH

1. Haxxatp Ha rpymty // v MOJCOCTUHNATH €€ K pe3HHOBOM TpyOKe /0.

2. Ornyckas (0TKUMas) MOCTENEeHHO Ipyiny //, 3acocaTh KHUIKOCTh Yepe3 Kanumuisip 6 B
pe3epByapel 4 u 5 BHUCKO3MMETpa. B MOMEHT, Korja XUJIKOCTh 3amloOJIHSIET pe3epByap J,
OTCOEIUHUTD IPYUIY.

3. KuakocTh OyneT cTekaTh yepe3 Kamwuisip 6 u3 pe3epByapoB 5 u 4 B pesepByap 7. B

MOMCHT, KOTla YPOBCHb I/ICC.HGI[yeMOI\/'I KUAKOCTHU JOCTUTIHCT MCTKH ml , BKIIFOYUTb CCKYHAOMCD

¥ BBIKIFOYUTH €70, KOTJId YPOBEHb JKHKOCTH JJOCTUTHET METKH 1711, pe3epByapa 4.

4. Bpemsi uCTeUeHHUs S>KUIKOCTH ! yYMHOXHTh Ha TOCTOSHHYIO BHCKO3UMETpa k M
NOJIyYUTh  3HAUYEHHE  KUHEMAaTUYECKOM  BA3KOCTH  NpU  KOMHATHOM  TeMIlepaType
(p=126-10"kr/™’).

5. IloBTOpuTH ONBIT 3 pasa.

6. Bxmtouuts TymOneps «llnutka» 1 «CKOpOCTh» MarHMUTHOW Memanku. OnpenenuTb
KMHEMATHUECKYIO BA3KOCTh MCCIIELYEeMOil KHIAKOCTH IIpH Temmepatype, Ha 5°C mpepbimaroneii
KOMHATHYIO.

I[Ipumeuyanue: 4dTOOBI TONJICPKUBATH TOCTOSHHYIO TeMIlepaTypy B Ipolecce
U3MEpPEHUs, MOXHO TEPUOIMYECKH BBIKIIOYAaTh TymOnep «llnuTka» MarHUTHOM MeIIajKu.
IToBTOPUTH OIBIT TPH paza.

7. Onpenenutb KUHEMAaTUYECKYIO BSI3KOCTh HCCIEAYEMOW XUAKOCTH MPU Pa3IUYHBIX
TEMIIepaTypax, YUUThIBas, YTO Ui MMOCTPOEHUs Trpaduka Haxo uMeTh 6+ 8 Touek. [IoBTOpUTH
OTBIT TPUAKABI JUIsSI KaXKI0W TeMIIepaTyphl.

8. Jlannbie 3anectu B maon. 3.1.

9. OnpenenuTh NOrperHOCTh U3MEPEHUN.

Onpenenenne 3aBUCHMOCTH KHHEMATHYECKOI BA3KOCTH OT TeMIIEPATyPbI

[Toctpouts rpaduk 3aBUCUMOCTH KUHEMATUYECKOM BSI3KOCTHU HCCIEAYEMOM KUKOCTH OT

TeMIeparypsel V = f (T )
OnpenesieHne JTHHAMUAYECKON BA3KOCTH
1. Eciiu B BUCKO3MMETpP 3QJIUT HE YUCTBHIA IJIMLEPUH, 3HAS KOHIICHTPALMIO, ONPEACTUThH

IJIOTHOCTB pacTBopa rimueputa, Hanpumep, P = (1-p, +3-p. )/ 4;

2. BelYMCIUTh IMHAMMYECKYIO BS3KOCTB 10 Gopmyie 7] = VO I KaxA0ro 3Ha4eHHs
TEMIIEpaTyphl.

3. [TocTpouts rpaduk 3aBUCUMOCTH ln77 = f (1/ T )

Tabnuya 3.1
Ne T,°C | t,c | tz,c | t3,¢ | ¢,c v n, An, Inn 1/Ti
OonbITa Ila-c | ITa-c

1 20°

2 250

3 30°

4 359

5 40°

6 450

7 50°
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3.3.2. U3mepenue korppuyuenma enympennezo mpenus memooom Cmokca

1. OnpeaenuTs MIOTHOCTH IIApUKA:

® Ha aHAJIUTUYCCKUX BCCAaX B3BCCUTH IIAPUK (Hepeﬂ B3BCHIMBAHUCM MIAPpUKH HOJIKHbBI
OBITH TIIATEIHLHO OYMIICHBI OT TIIUIICPUHA);

*  C IIOMOIIBI0 MUKPOMETPA H3MEPUTD JUAMETP IIAPUKA;

*  HCIMOJB3Ys MOJYYCHHBIE JTaHHBIE, ONPEACIUTh IIOTHOCTh MaTrepuana, U3 KOTOpOro
W3TOTOBJICH MIAPHK:

p=mlV,

3
rne V = 7d” / 6, m — macca mapuxa, d — nuamerp mapuka,

6m
Pu = e

2. U3meputs nuHelikon pacctogHue oT MeTku «1000» no metku «100».

3. [IunueromM onmycTuTh MAapuK B IMMHAP. Korga mapuk okaxercs Ha ypOBHE OTMETKH
«1000», mycTUTh B XOJl CEKYHIOMEpP, a B MOMEHT, KOTJla IIApUK JOCTUTHET OTMETKH «100»,
CEKyH/IOMEpP OCTAaHOBUTb.

4. OnbIT MOBTOPUTH MATH pa3, HAUMHAS OTCYET CEKYHIIOMEPOM KaxIblii pa3 ¢ Ooiee
HU3KON OTMETKU (Hampumep, ¢ «marom» 5 nenenuid ot otmeTku «1000»). He cmenyer menats
pPacCTOsSIHUE CIUIITKOM MAJIbIM, YTOOBI HE YBEITUYUBATH MOTPEITHOCTh U3MEPCHHIA.

5. JlanHbIC 3aHECTH B mabi. 3.2.
Tabnuya 3.2
0 Paccrosinue ¢, m Bpewms ¢, ¢ Kospdpuuuenr 77, kr/e-m

DW=

6. Onpenenuth KO3(QPUIUEHT BHYTPEHHETO TPEHHUS M3 KaXKIOrO OIbITa M €ro CpeaHee
3Ha4YEHHE.

Temrieparypa OKa3bIBaeT 3aMETHOE BIMAHME HAa KO3(PQHUIMEHT BHYTPEHHETO TpPEHUS,
MO3TOMY CIJIEyeT 3amucaTh TEMIIepaTypy, NMpPU KOTOPOH IMPOU3BOAUTCS OIBIT, a 3aTeM U3
TaOJIUIIBI B3Th IJIOTHOCTH JKUAKOCTH MPH JAHHOM TeMIepaType.

7. BeiBecTr (popMyITy JUTsl OLIEHKH TIOTPEITHOCTEH ONBITOB (KOCBEHHBIC U3MEPEHHs! ).

8. OmpenenuTh NOrPeIIHOCTh HaXoXKAeHUs K03 duimenta Ba3koctH no meroxy Crokca.

PesynabraTsl padotel. K oTueTy npeacraBurhb:
* Tabnuuy u rpaduK 3aBUCUMOCTH KUHEMATHUECKOW BA3KOCTH OT TEMIEPaTypBhl;
*  MOrPELIHOCTb U3MEPEHUS] KHHEMATUUECKON U JMHAMUUYECKOM BA3KOCTH;
* 3Ha4YeHHE AMHAMHUYECKOW BA3KOCTH;

* rpaduk 3aBUCUMOCTH 11177 = f (1/ T );

*  Tabmuiy ¢ HaWACHHBIMA KOXG(UIIMEHTAMH BHYTPEHHETO TPEHUS M €ro cpeaHee
3HAUCHUE;
*  TOTPENIHOCTh U3MEpeHUs K03 uimeHTa BHyTPEHHETO TPEHHSL.

JlabopaTopnasi paGora Ne4. UzmepeHne apTepuabHOrO JaBJeHUS] KPOBH MeTOA0M
KopoTtkoga.

dopma A Crpanumna 31u3 104



MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILITHHEL

Iearp padoTel: 1) HayunTHCA U3MEPSTH KPOBSHOE AABJIEHUE C TOMOLIbI0 TOHOMETPA 110
Meroay KopoTkoma; 2) M3ydnTh OCOOEHHOCTH JBHKCHHUS KPOBHU B COCYIHCTON cucTeme; 3)
YSICHUTB (PU3UUECKHE 3aKOHBI, KOTOPBIM MMOAYUHSIETCS ABHKEHHE KPOBH.

IIpudopsbl U NMPUHANJIEKHOCTH: MaHOMET] TOYHBIN MeMOpaHHBII
MMT-3, dpoHeHa0CKOI, THEBMATUYECKUN HAarHETaTeNb, KOMIIPECCOPHAs MaHXeTa il B3POCIBIX
HalMEeHTOB, TOHOMETP IEKTPOHHBIN.

4.1. TeopeTnueckasi 4acThb

KpoBp — 3TO peanbHass >KUIAKOCTb, KOTOPOM NPHUCYIIM BCE CBOWCTBA MKHIKOCTEH:
TEKy4eCTh, HEC)KHUMAEMOCTh, CIOCOOHOCTh MPUHUMATH (OPMY 3aIOJIHSIEMOTO COCyla H
BSI3KOCTb, T.€. HAJINYNE BHYTPEHHETO TPEHHUSI.

PaccmaTpuBas nIBWKEHHE JKUJIKOCTEH, BO MHOTHX CIIydasX MOXHO CUHMTaTh, 4TO
NepeMeNIeHNe OJHUX YacTel MKUIKOCTH OTHOCHUTENIbHO JPYTUX HE CBA3AHO C BO3HUKHOBEHUEM
cun TpeHus. KuIKoCcTh, B KOTOPOH BHYTpPEHHEE TpeHHE (BA3KOCTH) MOJHOCTHIO OTCYTCTBYET,
Ha3bIBAETCS MCATbHOM.

B crarmmonapHo Tekymel uaeaabHON KUAKOCTH BAOJb JTI000H JTUHUU TOKA BBITTOTHAETCS
yCIJIOBHE:

2
%+pgh+P: const. (4.1)

Ot10 ypaBHenue bepHyiu, rae O — MIOTHOCTb KUAKOCTH, € — YCKOPEHHE CBOOOIHOIO

najgeHus, U — CKOPOCTh JIBIKEHUS KHUAKOCTH, P — CTaTH4YecKoe [aBJICHHE, ,Ogh -

THJIPOCTaTUYECKOE JIaBJICHKE, 00YCIOBIEHHOE BEICOTOM cTON0A KuAKOoCcTH. HecMoTps Ha TO, 4TO
9TO ypaBHEHHUE ObUIO IMOJYYEHO JUIsl UACANBHOM >KMIKOCTH, OHO XOPOIIO BBIIOJHSETCS IS
pEeaIbHBIX KUAKOCTEN, BHYyTPEHHEE TPEHUE B KOTOPBIX HE OYEHD BBICOKO.

[Ipy BBIBOIE OTOrO YypaBHEHHsS HUTJE HE MHCIONB3YEeTCd IPEAINOJIOKEHUE O
HEC)KMMAEMOCTH JKUIKOCTH, IO3TOMY OHO CIPaBEUIMBO U JJIS1 COKMMAEMBIX KHUIKOCTEH:

Boonv oomoti u mou e auHuUU MOKA NPU CMAYUOHAPHOM MeYeHUU UOealbHOU
AHCUOKOCMU 8 NOAe MASOMEHUs 3eMau cymma cuopoCmamuieckKo2o, 2UOpPOOUHAMULECKO20 U
cmamuyecko2o 0asieHull ecmy 8eIUYUHA NOCMOAHHASL.

Ecnmu TpyOka TOka MMeeT TepeMEeHHOE CeueHHe (KaK 3TO MMEET MECTO B KPOBEHOCHOM

CHCTEME 4eJIOBEKa), a OCh TPYOKH TOpHU3OHTAJIbHA (h = const), TO ypaBHeHHE bepHymn
IIpUHUMACT BUJ!
v? s P t
— 1T — = CONSI. 4.1
2 (“.1)

Otcrona BUHO, UTO AaBiieHHe P Ooubiie TaM, I/ie CKOpOoCcTh U MeHble, 1 Haooopot. C
JPYTO# CTOPOHBI, U3 YPaBHEHHS HEPA3PBIBHOCTH CTPYH CIIEIYET, YTO CKOPOCTh MEHBIIIE TaM, TJe

Oonbiie ceuenue Tpyoku S,U; = S,U,.

3Ha4YMT, B WUPOKUX YACTIX TPYOKHU OaeneHue MakCumManibHo, a B Y3KUX — MUHUMATLHO.
OTOT pe3ynbTar ABISETCS CIEACTBUEM BTOPOro 3akoHa HerortoHa. (O0BsicHuTE!)

B MmenunuHe BaKHBIM METOJOM HCCIIEIOBAaHUS COCTOSHUS OpraHu3Ma M, B YaCTHOCTH
COCTOSIHUSI CEPAECYHO-COCYIAUCTOM CHUCTEMBI, SBISIETCS HW3MEPEHHE KPOBSHOIO JaBJICHUS.
KpoBsiHOe naBiieHue ABIsSETCA BaXKHENUIIIMM HHTETPaIbHBIM [10Ka3aTeNIeM I€0JUHAMUKH.

Paznnuator cuctoamueckoe, AMACTOIMYECKOE, MyJICOBOE M CPEJHEE JABJICHUE KPOBHU B
aprepusx. Cucmonuueckoe aBlIeHUE MPEICTABIAET COOON 1aBICHNE KPOBH Ha CTEHKY apTEepHU
BO BpEMS CUCTOJIbI (COKpALIEHMs) )KEIyI0UKOB cepaua. Juacmonuueckoe — 1aBIeHUE KPOBU Ha
CTEHKY apTepHM BO BpeMs AMACTOJBI (pacciadiieHus) >KelyAo4KoB. Pa3sHOCTb MeXay STUMH
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JABJICHUSIMHA HA3bIBAIOT MYJIHCOBBIM AaBiieHUEeM. Cpedrnee OasieHue — MHTETpaIbHAs BEIUYUHA,
IpescTaBIsIoNIasl co0oi cpefHee BCEX MTHOBEHHBIX 3HAYEHHM KPOBSIHOTO JIaBJICHHS 3a BpeMs
CEp/IEYHOTO IIUKIIA:

1 t
P =—/|p()dt. (4.3)
, AtAItp()

VKa3zaHHas BeIMYMHA — ODKBUBAJICHT 3aTpaT JHEPIrUUM Ha MOAJACPKAHUE DPEAIbHBIX
3HAYEHUI KPOBSHOT'O JaBJICHUS B TEUEHUE CEPJCYHOIO IIUKJIA.

B knuHMKe MpUMEHseTCs KOCBEHHBIN CIIoco0 M3MepeHus: apTepuanbHoro aasieHus. OH
3aKJIIOYAeTCsl B TOM, YTO HM3MEPSIOT JaBJeHHE, KOTOPOE HEOOXOTUMO MPHIIOKUTH CHApPYXKH,
YTOOBI CXKaTh apTEPHUIO IO MPEKpPAIEHUS B HEH TOKa KPOBHU. DTO JaBIIEHHWE BeChbMa OJIM3KO K
JaBJICHUIO KpOoBU B aptepuu. Hambonee pacmpocTpaHeH METOJ HU3MEpEHHUs apTepuaibHOro
nasineHuss o H. KopoTkoBy, OCHOBaHHBII Ha BBICIYIIMBAHUU 3BYKOB, BO3HUKAIOLIUX IPU
MIPOXOXACHUNM KPOBU Yepe3 CxKaTylo MaHkeToi apreputo. [losiBieHHe B X0jA€ IEKOMIPECCUU
(YMEHBIIIEHHST CXKaTHs) TEpPBOrO 3BYKA, YJIABIMBAEMOTO (OHEHIOCKOIIOM, COOTBETCTBYET
MaKCHMaJIbHOMY CHCTOJIMYECKOMY JaBJICHUIO KPOBU B apTEPUH, POCBET KOTOPOM pacKpbIBaeTCs
mocJie MPEeANIeCTBOBABIIETO CIABIMBAHUS MaHXKETOW. 3BYKH HCYE3al0T, Kornma aedopMarus
npocBeTa apTepuu OyneT MOJHOCThIO YCTpaHeHa. OJTO COOTBETCTBYET JAUACTOINYECKOMY
(MUHUMAaTbHOMY) TaBICHUIO KPOBH.

Jannbie 3ByKoBbIe (peHOMEHBI BIiepBhie onucan B 1905 roxy Bpau H. Kopotkos. Meron
KopoTkoBa oueHp yno0eH M JOCTYIEH, OJHAKO OH YK€ He YAOBJIECTBOPSET BCEM TPeOOBaHMIM
TOHKUX KJIMHUYECKHX U (U3HOJIOTMYECKUX HCCIIEeOBaHUM reoquHamMuKu. B yacTHOCTH, OH He
MO3BOJISIET U3MEPATHh CpEAHEE JaBJIEHWE KPOBU B apTEpUATLHOM pyCJle, a UMEHHO OHO —
BOKHEHIIUI MMapaMeTp roMeocTasa.

4.2. Texnnka nu3MepeHus aaBjenus no merony Koporkosa

Jnist u3MepeHus apTepralIbHOrO KPOBSHOTO JJaBJICHUS] HEOOXOAMMO:

* IUIOTHO HaJOXUTh MaH)XETy Ha IUIeYO MalueHTa U 3aduKCUpOBaTh €€, MPU 3TOM
DIIACTUYHBIE TPYOKH OT MAHKETHI JOJKHBI HAXOAUTHCS HAJl PMIKUMAEMON apTepHeii;

*  BCTaBWTH B YIIHbIE PAKOBUHBI OJIUBBI (DOHEHIOCKOIIA,

* TOJOBKY (POHEHIOCKONAa YCTaHOBHTH B JIOKTEBOM BNAJMHE HAJ apTepHel, rie
MPOLLYIIBIBAETCS TYJIBC;

* TOBEPHYTb PETYJIATOP THEBMAaTUYECKOTO HATHETATENS M0 CTPEJIKE MPUMEPHO Ha MOJI-
00opoTa U, pUTMUYHO CXXUMas OAJIJIOH, CO3/aTh JaBiieHHe B MamxeTe Ha 40 — 60 MM pT. CT.
BBIILIE [IPENIIOJIAra€MOr0 apTEPUaIbHOrO JABIEHUS. 3aTEM, MEAJIEHHO ITOBOPAYMBasl PETYJIATOP
IPOTUB CTPEJIKW, IJIaBHO CHWJKATh [AaBJICHHE, OTMeYas II0Ka3aHWs MaHOMETpPA B MOMEHT
NOSIBJIIEHHUS TOHOB KOpOTKOBa, YTO COOTBETCTBYET CUCTOJIIMYECKOMY (BEPXHEMY) JABIECHUIO, U B
MOMEHT MCYE3HOBEHHUS UX, YTO COOTBETCTBYET IHUACTOIUYECKOMY (HHXKHEMY) apTepHUaTbHOMY
JTaBJICHHUIO.

Jlns ObICTpOro CTpaBiIMBaHUSI BO3JyXa W3 MaHXKEThl IMOCJIE HM3MEPEHHS HEOOXOAUMO
HOBEPHYTH PETYJISATOP HarHETAaTeNs IPOTUB CTPEJIKH 10 YIIOpA.

W3mepenns 1aBJIeHUs U IyJibCa C MOMOIIBIO AIEKTPOHHOIO TOHOMETPA BBIOJIHSIOTCS B
COOTBETCTBUH C MHCTPYKIMEH pudopa.

4.3. JKcnepUMEHTAJIbHAS YaCTh
Ha puc. 4.1 npencraBiaeHsl MEXaHUYECKUH U 3JIEKTPOHHBIM TOHOMETPBI.
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Puc. 4.1. IBa THIIA TOHOMETPOB (3JIEKTPOHHBINA M MeXaHUYECKUI)
JJIS1 ONpe/ieIeHNsl KPOBAHOIO 1ABJICHUS

1. be3 ¢usmueckoii Harpy3kd, B CIOKOWHOM COCTOSHUM TAIleHTa MPOU3BECTH
U3MEPEHHE [IaBJIICHUS TEM M JpyrMM ToHoMeTpamu. llocuntare mynasCc W CpaBHUTH C
MOKA3aHUSIMU JJIEKTPOHHOTO TOHOMETpa. JlaHHbIe 3aHecTH B mabi. 4.1.

Tabnuya 4.1
Ne
AaBienne u M3MepeHust B Hasjienne
nyabc 0e3 | dusmueckasn | KaBJIeHHS U pemst nocie Iyane
Harpysku Harpy3kKa nmyJibca peIaKkcatuil, | yarpyskn noce
R [P I moene | MUVIRL o pr e | HATPYRE
HATPY3KH
1 2
2 4
3 6
4 8
5 10
6 12

2. BBINOTHUTH Harpy3Ky: TMOAHATHCS IO JIECTHHIIE HA 7 3TaX B OBICTPOM TeMIIE WIIU
caenath 25 — 35 npucenaHui.

3. Ilocne BbIMOMHEHUS HArpy3ku H3MEPEHUs JaBJICHHUS U MyJbCca MPOU3ZBECTH C
MHTEpBAJIOM B 2 MHUHYTBI 5 — 7 pa3 i ONpelNesicHHs] BPEMEHHU pelakcalluid CeplIedyHO-
COCYJMCTOM CUCTEMBI.

4. PesynbTaThl UBMEPEHUI 3aHEeCTH B maba. 4.1.

5. Ha omHoM rpaduk MOCTPOUTH pETAKCAlMOHHBIE KPHUBBIE BEPXHETO M HUKHETO
naBneHus P(t).

6. ITocTpouTh penakcalliOHHYIO KpUBYIO IyJIbca 1(7).

Pe3yabTarsl padorsl. K oTuery npeacraBurh:
* Tabnuiy c pe3yJbTaTaMH U3MEPEHUN JaBJICHUS U ITyJIbCA;

«  rpaduk penakcauun Bepxuero n nwknero gasnennit P (¢); P, (1);

* TpaduK perakcaiuu myJbca n(t).
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JlaGopaTtopHasi padora NeS. O00poTHBI MAITHUK.
Heas paGoTbl: ompeeneHHe YCKOPEHHUs CBOOOJHOIO MAJACHUS METOJOM OOOPOTHOTO
MAasiTHUKA; OLICHKA PE3yJIbTaTOB U3MEPECHUM.
IIpuGopsl U MaTepuaJIbl: 00OPOTHBIA MAasITHUK, CEKYHIOMED.

5.1. TeopeTuueckasi yacThb
['apMOHMYECKUM OCHWJIITOPOM HAa3bIBACTCS CHCTEMa, COBEpIIAroOIas KojebaHue,
onuceiBaeMoe aupdepeHnranbHbIM ypaBHEHHEM BUA:

. 2
rac S — CMCUICHHUEC CHUCTEMBI OT IIOJIOKCHHA PaBHOBECHUA, (00 — KpyroBasd 4YacCToTa

OCLMJUIATOpA.

Takue xoneGaHUs ABISAIOTCS BAKHBIM IPUMEPOM MEPHOIUUECKOTO IBMKCHUS U CIyXKaT
TOYHOU WJIM MPUOIMKEHHON MOJIENTBI0 BO MHOTHX 33/1a4aX KIacCHYeCKOM (PU3HUKH.

PaccmoTpum kak mpumep rapMOHHYECKOTI0 OCIMIIIATOpa (PU3NUEeCKUil MasTHUK — J1I000€
TBEPJIOE TEJIO, COBEPIIAIOIIEE MOJI ICHCTBUEM CHJIIBI TSDKECTH KOJICOaHUsI BOKPYT HEMOIBHIKHOM
TOPU30HTAJIBHOM OCH TOJBECAa, HE MPOXOMSIIeH Yepe3 IEHTpP Macc TBepaoro Ttena. Ecium
MasTHHK OTKJIOHEH M3 IMOJIOKEHHs PAaBHOBECHS HA HEKOTOPHIA yronm ®, To B coOTBETCTBHH C
YpaBHEHUEM JUHAMUKH BPAIATEIbHOIO JBUKEHUS TBEPOTO TENa

M=JE=J,0, (5.2)

rac M — MOMCHT CUII, ,HCfICTBy}OIHPIX Ha MasATHHK OTHOCHTCIIBHO TOYKH O,

J 0 — MOMEHT MHEPIUH MasTHUKA OTHOCUTEIBLHO OCH MOJIBECA, IPOXOISIICH Yepe3 TOUKY o,/ —

—

paccrositHue MexAy To4ukod moaBeca O W meHTpoM Macc MasaTtHuka C, & = ® - YIJI0BOE
yckopeHue. [[ns MamnbIx yrjioB OTKJIOHEHHS MasTHUKA OT TOJIOKEHUS PAaBHOBECHS MOXHO

MPUHATH sin®@~0®. B paccMaTpuBaeMOM CiIy4dae OT HYJS OTIWYEH TOJIBKO MOMEHT CHII

TSKECTH F = mg :

M =F/!=-mglsm®, (5.3)
MOATOMY YpaBHEHHE MaJIbIX KOJIEOAHUH (PU3NUECKOTO MasSTHHKA
J,O=M (5.4)
IIPUHHUMACT BHU/
J,©+mgl®=0 (5.5)
NI
O+—=06=0. (5.6)
0
mg/l
[Tpunumas W, = .|~ , NOJIy4YUM YpaBHCHHE
0
. 5
O+w,®=0. (5.7)

Oto nuddepeHmanbHOe  YpaBHEHHE BTOPOrO  TOpsAJKAa TapMOHHUYECKHX  KOJIeOaHUHA
¢u3nueckoro MasiTHUKA. Ero pemenne n3BecTHO U MIMEET BHL:

O =0, cos(wyt +y,), (5.8)
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rae I/, — HauanbHas Qasa KoaebaHui.

W3 »storo pemieHus crueayer, yTO NPU MalbIX KOJEOaHUSAX (HUINUECKUN MasTHHK
COBEpIIaeT TapMOHMYECKHE KOJIeOaHMs C LUKIMYECKOM YacTOTOM @, U MNEpUOJOM

T = 27 =2r i:27r £, (5.9)
\J(mgl)/ J, mg/l g

rne L=J 0 /m{ — npuBeneHHas nAnuHA (QU3MYECKOro MasTHHKA. Touka 01 Ha MPOAOIHKECHUHN

T = 272'/0)0,T.e.

npsimorr OC (puc. 5.1), oTcTosimias OT OCH TOJIBECa Ha PACCTOSHUU MPHUBEICHHOW NIUHBI L,
Ha3bIBACTCS IICHTPOM KadyaHUH (PU3NYCCKOTO0 MAITHHKA.

Puc. 5.1. Duznueckuii MAITHUK
Ilomus, uT0 MOMenm unepyuu mena J, omuocumenvbHo a060U OCU 6pPAUWEHU PABEH
momenmy unepyuu J o OMHOCUMENbHO NApanlenbHoll ocu, npoxodsujel uepes yenmp macc C

mena, CIONHCEHHOMY C NPOU3BEOeHUeM MACCbl meia m Ha K8aopam pacCmosiHus Mexncoy OCamu
(meopema Lllmeiinepa):

Jy=J.+ml>, (5.10)
HOquaeM, qToO
2
L:M:£+i>f, (5.11)
m/ m/t

1.e. OO0, Beerma Gonbme OC. Touka mogseca O u neHtp kadanus (J, 00namarT CBOMCTBOM

B3aMMO3aMEHSIEMOCTH: €CJIM OCh IOJBECA MEPEHECTH B LEHTP KadaHUM, TO Touka (O MpeKHel
OCH T0/IB€Ca CTAHET HOBBIM IICHTPOM KadaHUU U Nepuojl KonebaHui pru3ndeckoro MasiTHUKa He
U3MEHUTCS.

BosBeneM B kBazpar Boipaskenus 111 1, u 1 :

.Y 7,
mg/ | ; =J.+ml?, mgl , i =J.+ml3.

BrImmomaM  BeIMMTaHUE IMOCJICAHUX BI)Ipa)KeHI/Iﬁ OIHOTO H3 ApYroro, yduThbIBass 4YTO

T,=T,=T:

2
T
— | mg(t,—1,)=m({7-13). (5.12)
2
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Taxxax (2 — 05 = (0, —0,)(¢, + ). 0
T 2
E g:€1+€2’

OTKyZa

Ar* (0, + /1
g= (12 2).
T

Takum 00pa3om, MbI OTYyUHIId GOPMYITY ISl pacdeTa YCKOPEHHUs CBOOOIHOTO TaJCHUS
METOJIOM O0OpOTHOTrO MasTHUKA. Kak 9acTHbIN ciiydail (U3NYecKOro MasTHHKA PacCMOTPUM
MaTeMaTHYECKUH MasTHHUK, Y KOTOPOTO BCS Macca COCPEIOTOYEHA B OJIHOW TOYKE — IICHTpPE
macec. Tor;[a BBIpAXKCHUC [JIA TICPUOJa MaJlbIX KOH€6aHHﬁ MaTeMaTU4dCCKOro MassTHUKa

(5.13)

2
3amumercs (MOMEHT HHepIHH MaTeMaTHueckoro Mastauka J = mA~ | jauma £):

2
T=2r /i =27 /% (5.14)
mg/l mg/l
/

T=2rx |—. (5.15)
g
CpaBHuBasg ¢GopMynbl s pacdyera Mepuofa MaTeMaTH4eckoro u (U3HYECKOro

MAsITHUKOB, BUMM, 4TO €CIM IpPHUBEICHHAs JTHHA L (GU3MYECKOro MasTHHMKA paBHa jmmmHe £
MaTeMaTHYECKOT0 MasTHUKA, TO WX TMepHoAbl KojebaHusi oauHakoBbl. ClieoBaTeNbHO,
MpUBEICHHAS JJTMHA (PU3NYECKOTO0 MAsTHUKA — ATO JUIMHA TAaKOTO MAaTeMaTUYECKOTO MasTHUKA,
nepuo KojeOaHWi KOTOPOTO COBMAAACT C MEPHOJOM KOJeOaHW MaHHOTO (PU3UYECKOTO
MasiTHUKA. J[amum moapoOHoe onpeieieHue MaTeMaTHIeCKOMY MasITHHKY.

Mamemamuyeckuii. MassmHux — 3mMo UOEANUSUPOBAHHASL CUCIEMA, COCMOSWASL U3
MaAmepuanrbHo MoyKy MAaccou m, NOOBeUeHHOU HA HePaACMANCUMOU HeBeCcOMOU HUmMu ONUHOU

U, u konebrowancs noo Oelcmeuem Cuibl MANCECH.

1
Jua T =27 |— nmpul —> oo, T — 0.
g
V ¢usnueckoro MastHHKa mnpu Bospactanumnm { mepumox T cHauana y6BIBaeT 10

HEKOTOPOr0O MHUHHMMAJIBHOIO 3HAuY€HMs, a 3aTeéM CHOBa BoO3pacTaeT (rapMoOHHYEcKas
3aBUCUMOCTB). KauecTBeHHBII BH]L 3aBUCUMOCTHU n300pakeH Ha

puc. 5.2. 3asucumocts T({) MMeeT 1Be CUMMETPHUHEIC BETBU, COOTBETCTBYIOIIHE TIOTOKEHHIO
TOYKH TIOJ[BECAa MAsITHUKA CIPaBa M CJIeBa OT €ro IEHTpa Macc.
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Puc. 5.2. 3aBucuMocTb neproaa KojJedannii puanueckoro MasiTHUKA OT JJIMHbI

Bo3sBpamasice k M3MEpPEHHIO YCKOPEHHS CBOOOJHOTO MaJeHHUS METOJOM OOOpPOTHOTO
MasTHHKA, OOpaTMM BHHMaHHME Ha TO, YTO OCHOBHBIM €r0 JOCTOWHCTBOM SIBJISICTCS
HEOOXOIMMOCTh M3MEPEHHUsI TOJBKO JBYX BEJIHUYMH: PACCTOSHUS MEXIy peOpamMH OMOPHBIX

npmm (£ 1 +/ 2 =/) u nepuomoB KoneGaHWH MasTHHKA B MONONKEHHH [ | ¥ B

«repeBepHyTOM monoxeHun 5 TaKkoM, 4TO 14 s 14 7

5.2. Onucanue yCTAHOBKH
Ha puc. 5.3 npencraBnen ¢uszndeckuii o00poTHBIM MasTHUK. OH TpencraBiseT coOoi
CTaJIbHOM CTEpKEHb, HA KOTOPOM YKPEIUIEHBI J1BA MACCHBHBIX Ipy3a. [IBe JeTKue OIOpHBIE
MPU3MBI MOTYT MIEpPEMEIIATHCS [0 CTEPIKHIO U PUKCUPOBATHCS C IOMOIIbIO BUHTOB B PA3HBIX €r0
Toukax. MasTHUK MOXET KoJebaThcs B BEPTUKAIBHOMN TIOCKOCTH, OMHUPAsSCh HIKHUM PeOpoM
OJIHOI M3 MPU3M Ha 3aKpeIIeHHYI0 Ha MacCMBHOM IIITaTMBE OMOPHYIO momaaky. [lepememias

IIPU3MBI 10 CTEPXKHIO, MOXKHO OTBICKATh Take ABe conpsbkeHHble Toukn noaseca (O,, 0,), 4ro

IpU TOJBEHIMBAHUK OOOPOTHOTO MAasTHHKA 3a OJHY WM APYTYI0 TOYKY IMEpPHOJ] KoJeOaHui
OCTAHETCS] HEU3MEHHBIM.

Puc. 5.3. YeranoBka 1Jis1 onpeeieHUsl yCKOPeHHUsi CBOOOIHOI0 NaJeHus
MeTO00M 000POTHOI0 MASITHUKA
3amucaB (opmyny mepuofa konebaHuil Ansi 000poTHOrO ((pU3MuUecKoro) MasTHHKA M
BOCIOJIb30BaBIIMCh TeopeMoi llITeiiHepa, mMoyduM BBIpaKeHHS ISl OTpENeNICHHs TepHoaa
KoJIeOaHMS TIPSIMOTO U OOPATHOTO TIOJIOKEHHST MasiTHUKA!
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2

T =27 J, P Jc+m£1,
mg/l, mg/,

2

T, =2r J, oy Jo+ml
mg/, mgl,

[loaBW>KHBIE Tpy3bl 3aKPEIISIOT HA CTEPKHE B HECUMMETPUYHBIX IOJIOKEHUAX (puc.
5.4): oguH TPy3 — Y KOHIIA CTEPXKHs, a IPyroi — BOIM3HU €ro IeHTpa. B 3ToM ciydae 1eHTp mMace
C MasTHHKaA Haxo4uTCsa MCKIY HNOABUXXHBIMH I'Py3aMU U CMCHICH OTHOCUTCIIBHO CCPCAUHBLI
CTEpXKHS. 3aTeM MPUOIMKEHHO ONPEEINAIOT MMoJIoKeHHe 1eHTpa Macc C MasTHHKA.

1, L

Puc. 5.4. IlpuMepHbIe MOJI0KEHUS TPY30B M ONMIOPHBIX NPHU3M 000POTHOI0 MATHUKA

OnopHble NpU3MBlI YCTAHABIMBAIOT IO pa3HbIE CTOPOHBI OT ILeHTpa Macc. OxHa u3
OTIOPHBIX MPU3M YKPEIUISeTCs ClipaBa Ha HauOOJIbIIEM BO3MOKHOM PACCTOSIHUM OT LIEHTpa Macc,
T.e. BOJIM3M KOHLA CTEPXKHSA. DTO JETAETCS C LENbI0 BBIMTH KaK MOXKHO Jajibllle M3 OO0JIACTH

MHUHMMyMa Tepuoja koneGanmii. B sTom monoxenun omnpenensercs nepuon T(F 1) MaibIx

KOJIEOaHUIA.
3areM, HE MEHsS IMOJIOKCHHS TPY30B, YCTAaHABIMBAIOT BTOPYIO MOJBIKHYIO TIPH3MY I10

o /
IPYTYIO CTOPOHY OT LIEHTpa Macc BOIM3HM Touku C ¥ Ompenessior mepuon konebanuit T( £ 7)) B
9TOM TIOJIOKCHUH.

/
Ecnu okaszanoch, 4TO T(fz)>T(f 1)» TO BTOPYIO TIPU3MY MEPEIBHUIAIOT JAIbIIE OT

I . I /
IeHTpa Macc B monoxenne £ » ¥ CHOBA U3MEPAIOT TEPUOJ KOIeOanui o4 5 ). Ecim xe T/ 2

)<T(€1), TO BTOPYIO ONOPHYIO NPU3MY CIBHUTAIOT 4YyTh OJMKEe K IEHTPY MacC M CHOBa
U3MEPSIOT Tepuoa Konebanuit (puc. 5.4). HeoObxomumo MOOUTBHCS COBIMAJICHUS] TIEPHOJIOB C
Tounoctsio 10 (1+2)-107¢.

B naGopaTtopHoii ycTaHOBKE Mepuo]| KoieOaHuil MOKET ObITh OIpPEJEIeH C CYIIECTBEHHO
Oonee BBICOKOM TOYHOCTHIO. [109TOMY TOYHOCTB OIpeseNieHHs] YCKOPEHUsI CBOOOIHOTO MaCHUS

Ag / g ne moxer Obith gyume 0,5% u OGeccMBICIEHHO 0OMBATBhCS IOJHOTO COBHAICHUS
neproos koneGanuit T( £ 1)I/IT(fz).
JIOOMBIIKCH COBNAACHUS MEPHOJOB KOJNEOAHMH C TOYHOCTBIO [0 (1+2)-1073C,

HaxoJAT PacCTOSIHUE (fl +/ 5 ) MeXy npu3mMamu 1 1o Gopmyne (5.13) onpenensor g .

OTMETHM, YTO BCE M3MEpeHHs MepromoB komebammii T(F) cmemyer mpoBOIMTH HpH
MaJIBIX YTJIOBBIX aMIUTMTYAaX, HE MPEBBIIAIIMNX (4 -+5)°, Tak KaK TOJIBKO B 3TOM Ciydae JJis
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nepuosa Kojnebanuii MasTHHKA crpapenBa popmyna 1 = 277+/J, 0 / mqf .

5.3. DkcnepuMeHTAJIbHAS YaCTh
1. 3akpenuTh MNOJIBMXKHBIE TPy3bl HAa CTEPKHE B TMOJOXKCHHUAX, NPUOINZUTEIBHO
COOTBETCTBYIOIIUX puc. J.4. IlepenBuras CTep>K€Hb MO OMOPHOM IUIOMIAJKE INTAaTHBa, HAUTH
npUOJIM3UTENBHO MOJI0KEHHE IeHTpa Macc C MasTHUKA.
2. VYkpenuTb OJHY W3 TMOABMXKHBIX IPHU3M CIpaBa HAa MaKCUMAJIbHO BO3MOKHOM

paccTosiHuu El oT neHtpa macc. OmpenenuTbs NEepHOJ KoJeOaHWH MasTHHKA Tl(gl) pu

JTAaHHOM TIOJIOK€HUU OnopHOM npusMbl. [leprion 7 HallTWU MO BPEMEHH, 3a KOTOPOE MASITHUK
COBEpIIAET 10 KoJe0aunii MaJIol AMILIHATY 1Bl
(4~ ([4-+6)°).

3. Vkpemnss BTOPYIO NOJBIKHYIO MpHU3MYy JieBee IIEHTpa MacC Ha HeOOJIbIIOM

paccrostann £ , OT Hero, N0OMThCA COBHAJeHMs Tiepuona KoseGauuii T, 2(5 ») B OTOM
OJIOXKEHUH C paHee HaiiIeHHBIM mepuonoM konebanuit 1, (/,). PaBeHcTBO T(fl) =T/ )
JIOIKHO BBIMOTHSThEA ¢ Tounoctsio (1+2)-107¢.

4. W3meputh paccTOsIHHUE (fl +/ 5) Mexay npusmamu u 10 (popmyne (5.13)
BBIYHCIINTh YCKOPEHHE CBOOOAHOTO majaeHus g. IIpw 3TOM ciemyeT y4uThIBaTh, YTO HMEPHO
KoJie0anuii paBen 1 = Tl(€1)=T2(fz).

5. Paccuutarh aOCOMIOTHYIO OTPELIHOCTD ISl YCKOPEHUs: CBOOOHOrO MaICHuUS.

Pe3syabTarsl padorsl. K oTuery npeacraBurh:

«  paccrosuue £ |+ 14 25

* nepuoj Konebanuil 7' M MOrpenHoCcTh (Tl (¢ 1) -7, (¢ 2)) /T 8%,
* dopmymny s pacuera Ag ;
*  YCKOpPEHHE CBOOOJHOTO IMaJICHUs B BUIE g + Ag .

Pa3nes 2. MoJiekyasipHas pusuka.
JlaGopaTtopHnas padora Ne6. Onpenenenue otHomeHus Cp/Cy B CKOPOCTH 3BYKa B BO3JIyXE
METOJIOM aKyCTUYECKOTO pE30HaHCa.
Hean pa6oTei: 1) U3yuynTh 3aKOHBI UACATBHOTO Ta3a; 2) 03HAKOMHUTHLCS C PE30HAHCHBIM
METOJIOM OIPENEIEHHsI CKOPOCTU 3ByKa B BO3/yX€ METOJIOM CTOSYEW BOJHBI; 3) ONPENEIINUTH
otHowmenue C,/C,,.

I[IpuGopsl M NPUHANIEKHOCTU: YCTAaHOBKA [JISl OIpENETIeHHs] CKOPOCTH 3ByKa B
BO3JyXEe METOJOM aKyCTHYECKOTO0 pe30HaHCa, »JIJIEKTPOHHBIH ocumiorpad, 3BYKOBOM
reHepaTop.

6.1. TeopeTnyeckas 4acTh
CocrosiHue ra3a OINpeeNseTcsl ¢ MOMOIIbI0 TPeX TEPMOAMHAMUYECKUX MapaMmeTpoB
COCTOSIHMS: AaBieHus P, remneparypsl 7 u oobema V.
I'a3, B KOTOPOM MOXHO TpeHeOpeyb CHIIaMU MEXMOJICKYJIIPHOTO B3aMMOJCHCTBHS U
pa3zMepamMu MOJIEKYJI, Ha3bIBACTCS UOCAIbHbIM.
CocrosiHue uaeanbHOro rasa onucbiBaercs ypaBuenueM Kianeiipona-Menpeneesa:

PV =""RT =\RT. 6.1)
7
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rae m — macca rasa; M — monspHas Macca rasa; R=8,31 Jix/monsK — yHuBepcanbHas razosas

MOCTOSTHHASI.

Brympennss snepeus WIeallbHOTO Tasza SBISACTCS (DYHKIMEH COCTOSHUS, T.C. 3aBHCHT
TOJIKO OT TEMIIEpATypbl, YTO CJIEAYET U3 OCHOBHOI'O YPAaBHEHMS MOJIECKYJISIPHO-KMHETHYECKOU
teopun (MKT):

U(T):ﬂ-iRT, (6.2)
u 2

/1€ | — YUCIIO CTeneHel cBOOOIbI MOCTYNATEILHOTO U BPAIlaTEIbHOTO ABMKEHUS MOJIEKYJI rasa.
W3menenne »oHepruu mpuU TEIUIOOOMEHE oOIpenensercss koauvecmeom menia Q.
KonuuectBo Termma, HeoOXoAMMOE [Jisi TOBBIIMIEHUS TEeMIIepaTyphl Tella Ha OJUH Tpaayc
KenbBuHa, Ha3bIBaeTcs mennoemkocmoio C:
dQ

C =— /K. 6.3
a7 (6.3)

[Tonnas temnoemkocth Tena C CBs3aHa C YACIBHOM TEIIOEMKOCTBIO C, MMEIOIIEH
pasmeprocts JUx/krK, cootnomenuem C = mcC, rne M — macca Tema. Jliist Ta3oB NMPUHATO
T0JIb30BATHCsl MOJISIPHOM TEIIOEMKOCTBIO C .

m .
TenmoeMKoCTh OJHOI'o MOJIg rasa — :1 Ha3bIBACTCA MOJIAPHOU TCIUIOCMKOCTBIO, a

U

TEIJIOEMKOCTh 1 Kr B€IICCTBA — YI[GHLHOﬁ TCIIJIIOEMKOCTBIO C. MOHHpHa}I TCIINIIOEMKOCTD C,U

uMeeT pasmepHocTh Jk/MOnbK © CBsi3aHa COOTHOIIEHHWEM C YAETbHOW TEeMIO0EMKOCTHIO

C u—CH. [Tonnas termmoemkocts C CBsi3aHA € YJIEIBHOM TEIUIOEMKOCTH C M MOJISIPHOU

TCIIIIOEMKOCTBIO C)u COOTHOIICHUECM:

m
C=mc=—C,. (6.4)
[lepBoe Hayago TEPMOJMHAMMKHM YCTAHABJIMBAET, 4YTO KOJMYECTBO TEIIOTHl dQ,
nepeaHHOe Kakon-Inbo cucTeMe, 3aTpauuBaeTCs Ha YBEIMUYCHHE ee BHyTpeHHel sHeprun dU u
paboty dA, coBepiiaeMyr CUCTEMOU MPOTUB BHEIITHUX CHUII:

dQ=dU +dA. (6.5)

C yuerom (6.2) u dA = PdV | nepsoe nauano TepmoauHaMuKy 11 HACATLHONO rasa
UMEEeT BUJ:

m i

dQ =—-—RdT + PdV . (6.6)
u 2
Paznenus ypaBuenue (6.5) Ha dT u yuutbiBas (6.3), moxydum:
dU dA
C=—+—. (6.7)
dT dT

W3 sToro cremyer, 4YTO TEIUIOEMKOCTh Ta3a CYIIECTBEHHO 3aBUCHUT OT CIocoda
U3MCHCHHS COCTOSHHS Ia3a.

OcHoBHBIE MpoLecchl H3MEHEHHsI COCTOSIHUS OTHOTO MOJISI ra3a

1. M3oxopuueckuit mporuecc (V= const)

Tax kak snemeHTapHas paboTta rasa dA = PdV , ro B stom ciysae A = 0. TIpu stom
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(6.4) mepenuiem B BUIE
dQ =dU,
CJICAOBATCIILHO, MOJIApHAs TCIJIOCMKOCTD IMTPHU U30XOPHOM IPOHCCCC paBHA
dU i
CV :ﬁ; CV :ER, (6.8)

TAC BCJIIMUNHY CV Ha3bIBAIOT TCINIOCMKOCTBIO MOJIA ra3a Ipr MOCTOSIHHOM oOBeMe.

2. U3zobapuueckuit mporecc (P = const)

B wm300apuueckoM mporiecce IMOABOAMMOE TEIUIO PACXOAYETCS M Ha yBEIHYCHHE
BHYTPEHHEH PHEPIruU, U HA COBEPILICHHE ra3oM palOThI MO PACIIMPEHUIO, TPOTHB BHEUIHETO
JaBieHUs. B 3TOM ciy4ae mepBoe Hadajao TEPMOJAWHAMHKH 3aIUIIETCS CICAYIOIIMM 00pa3oMm:

dQ = dU + PdV, ", IIOACIUB Ha dT, MOJIyYUM
dQ du .\ PdV
dT  dT dT

Bennunna dQ / dT , OoTBCUaromas IOCTOSAHHOMY JaBJICHUIO, OIpeacisICT

(6.9)

TEIUIOEMKOCTh Tra3a MpU MOCTOSSHHOM JIaBJICHUU C ». Bemmunna dU /dT | cornacuo (6.8),

paBHa CV . [TosToMy mommyuyaem

PdV
CP - CV + d—T,
dv
I ¢ yaeToM Toro, uto P—— = R (u3 ypasuenns (6.1) ans 1 mons raza)
Cp,=C,+R,
WIn
C,-C,=R. (6.10)

Cnenosarensho, C p > CV Ha BEJIIMYMHY R, T.e. DHEPreTHUYECKH 0o0Jee BBITOJHBIM

SABJISIETCSI U30XOpHBIN mporiecc. CootHomeHus (6.10) Ha3pIBatOT ypaBHEHHEM Maiiepa.
3. U3orepmuueckuii nporecc (7' = const).

Vpasuenue cocrosaus PV = VRT nepexonur B 3axon boitns-Mapuorra

pV =const, (6.11)
a IIEPBOC HAYAJIO 3aIMUIICTCA
dO=dA. (6.12)
IIpu sTOM BCe MOABOAMMOE TEIJIO NEPEXOIUT B PabOTy U TemIoeMKocTs C, — 00, Tak
kak dT=0
C, = d—Q — 0.
dT

4. Anuabatwueckuil TMPOILECC — O3TO MPOIecC, MPOUCXOIAIM 0e3 TeruooOMeHa ¢
OKpY’Karotien cpenoi, T.e. dQ = 0. [lepBoe Havayo 3aMuIIeTCs:

0=dU +dA wm dA=-dU,

T.e. padoTa pacHIMpPeHUs WIM CXKaThs Ta3a MPOUCXOAUT 3a CUET BHYTPEHHEH SHeprueu rasa.
TennoeMKOCTb B 3TOM CiIy4ae paBHA HYJIO.
VYpaBHeHue anuadaThl MOKHO BBIBECTH, MCXOs M3 MEPBOTO Hayala TEPMOAWHAMHUKHU U
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ycnoBus, 9to dQ = 0:
dQ =C,dT + PdV =0. (6.13)
JInddepenmupys ypaBuenne Menneneesa-Knaneiipona mis 1 moms, PV = RT,

nomyaaem P dV +VdP = RdT , unu

JT — PdV +VdP | 6.14)
[Toacrassis (6.14) B (6.13), momyunm:
%PdV+%VdP+PdV:O. (6.15)

[IpeoOpasyst cootHomenue (6.15), ¢ yderom ypaBHeHHs Maiiepa TNPUXOIUM K
YpaBHEHUIO

(C, + R)YPdV + C,VdP =0,

nIn
C,PdV +C,VdP =0,
nIn
Cp
——PdV +VdP =0,
,
Cp
OO603HauNM BEIMYMHY —— = ¥/, B pe3yJbTaTe MEPEXOAUM K yPABHEHUIO
V
yPdV +VdP =0,
HHTErPUPYSA KOTOPOE, ITOIYyIUM
PV7 = const. (6.16)

OT0 BHIpaKEHUE MOJTYy4YHMJIO HazBaHue ypasBHeHus Ilyaccona. Bennuuna ) HasbiBaercs
noxaszamesnem aouabameol.

Onpenenenne C y OKCIIEPUMEHTAIILHO ABISETCS CIOXKHOM 3a/1a4eld, MOITOMY, 3Hast ) U

C , MOYKHO 3TO CJIeNaTh JJOCTATOYHO MPOCTO. B CIIIONIHON OTHOPOIHOM cpele, KakoBO# OyaemM
cHuTaTthb BO3I[yX B CTCKIIIHHOM I_[I/IJII/IH,Z[pe HaHI€I>'I yCTaHOBKI/I, BBIACJIUM MBICIICHHO HGKOTOpBIfI

ooeem dV =Sdx, toe S - mnomans IonepevyHoro cedeHuss wuiuHapa. Ilycts
KPaTKOBPEMEHHBII MUMITYJIbC CHJIbI F' (IBUKEHHE TMOPIIHS B LUJIMHAPE) BBI3BIBAET CMEIICHUE
qacTHIl cpesbl (BO3AyXa) B Y3KOM CIIO€, MPUIIETalomeM K CeueHHIo mopuHs S . B stom cioe
BO3HHMKAIOT YNPYTHE CWJIbI, CTPEMSIIMECS OCTAHOBUTH YACTHUIbI NEPBOrO CJIOS U MPUBECTH B
JBUKEHHUE YaCcTUIIBI BTOPOTO CJos. B WTOre AelicTBUE yNmpyrux CHII MPUBEAET K Aedopmamnmu
CcKaThsg B ATOM CJIO€ M K €€ BO3HMKHOBEHHIO B cienyiomieM. TakuMm oOpa3oM, HUMITYJIbC
negopManuu CxKaTUs MEpeaeTcss OT CJIOS K CIOI0 C HEKOTOPOH CKOpOCThi0 U (MHOM, yem
CKOPOCTb JIBUJKEHUS CMEIIAIOIINXCS YACTHLL).

Ecnu Bsi3kocTh B BO3yXe MPEeHEOPEKUMO Majia, TO MOKHO 3TOT UMITYJIbC MPUPABHATH K
UMITYJIbCY BHEIIHEH CHIIbI

Fdt =ApSdx - v,
tak kak Fdt = d(ml)),a dm = A,OdV = AS,OdX.

Yunrssas, uto dX/dt = U, II0JIy4acM BBIPAKCHUE JIJIsl KBaIpaTa CKOPOCTU

dopma A Crpanumna 43u3 104




MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILITHHEL

) F
v=——.
S-Ap

C Y4€TOM TOI'O, YTO AOIMOJIHUTCIIBHOC JAaBJICHUC B CJIOC ONPEACIIACTCA COOTHOUICHUEM

F /S = AP, nonygaem

AP
V=47 6.17
Ap (6.17)
Ucnons3ys ypaBHeHue Knaneiipona-MeHnneneena (6.1)
m
APV =—RT,
Y7,
ToJTyvYaeM:
m RT
AP==."2
Voou”

m
rie — = p. Pasnenus jeByro v NpaByro YaCTH YpaBHEHHs Ha Ap, 3allUILIEM:

v
AP _RT
Ap U

[ToncraBum (6.18) B BeIpakenue (6.17) m mnomyunm dopmyny HeroTtona ms
U30TEPMHUYECKOTO IpoIiecca:

(6.18)

RT
Y7

3HaueHUE CKOPOCTH, BBIUUCIEHHOE 1O (6.19), HE COOTBETCTBYET SKCIIEPUMEHTAIBHBIM
naHHbeIM (U =320 m/c).

ITonnpaBky BHec Jlamac, KOTOpbIA MOKa3aj, YTO MPOLECC CTYIICHUS W pa3peKeHUs
cpedbl TPOMCXOMUT HACTOJIBKO OBICTPO, YTO €ro MOMKHO CUYHUTATh aAHa0aTUYeCKUM H
MOJIb30BAThCS AJI pacyeTa CKOPOCTH PacHpOCTpaHEHHUs 3BYKOBOMl BOJHBI (KaKOBOW SIBISIOTCS
NEPUOTUYECKUE CKATHS U Pa3pEKEHUS BO3/1yXa) ypaBHEHHEM a11adaThl

PV” =const,  rre 7/:&.
CV

[Moatromy BMecTo dopmynsl Herortona (6.19) Mbl OynmeM monb3oBaThes (Hopmynnoi

Jlannaca

L= (6.19)

L= yE _ (6.20)

Pacdetsl ckopoCTH 3ByKa MO HEM XOPONIO COIIACYIOTCS ¢ OMBITHBIMU pe3yiabTaramu. M3
(6.20) cnenyer,
2
y229;
V= —R T (6.21)
Wrak, u3MepuB Npu omnpeneraeHHou temmneparype 7 CKOpoCTh 3ByKa B raze U W 3Has
MOJISIpHYIO Maccy rasa [/, MOxHO 1o ¢opmyne (6.21) BBIYMCIUTL OJHY H3 BaKHEHIIMX
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TEPMOJMHAMMYECKHMX XapaKTEPUCTUK — [OKa3aTesb aguadarsl ) .

B mpemmaraemoit paboTe CKOpOCTh 3ByKa H3MEPSETCS METOJOM CTOSIYMX BOJIH,
o0Opasyrommuxcs B CTOJI0E ra3a, 3aKII0UeHHOTO B TpyOe. OuH KOHEIl TPyObl 3aKPBIT MOPIITHEM, Y
Jpyroro pacrojio)keHa MeMmOpaHa auHamuka. [Ipy BKIIIOYEHMH 3BYKOBOTO T'eHepaTopa
Kosie0aHusl MEMOpPaHbI BBI3BIBAIOT PACHpPOCTPaHEHUE 3BYKOBOM BOJHBI, KOTOpasi UHTEpPepUupyer
C BOJIHOU, OTPAKEHHOH OT ITOBEPXHOCTH ITOPILHS.

Ecan yacrora kojieOaHWii COBIIQZAeT C OJHOW M3 4YacTOT COOCTBEHHBIX KoeOaHUN
BO3/YIIHOTO CTOJIOA (SBJICHHE PE30HAHCA), TO B TPyOe yCTaHABIMBAIOTCS CTOSYHE 3BYKOBBIC
BOJIHBI.

PaccmorpuM citydail, Korjga 3aTyXaHHE B Cpelle HEBEIMKO, AMIUIMTYIbl NAJarolend 1

OTp&)KCHHOﬁ BOJIH OJJUHAKOBEI U1 PaBHBI AO .

[Tpu oTpaskeHHH BOJNHBI OT OOJIee TUIOTHOM MPErpaibl B TOUKE OTPAKEHHS KaK Obl TepseTcs
MOJIOBUHA BOJIHBL, T.€. (ha3a OTPaKEHHOMN BOJHBI MEHSIETCS HA 7T .
Torna ypaBHEHUS BOJIHBI JUIsI MAIAIOIIEH U OTPaXKEHHOW BOJIH UMEIOT BU:

: : X
Yy = Aysin- (@t — kx) = Aysinw - t—; : (6.22)
. : x
Y., = Ay sin- (@t + kx) = 4ysinw- t+; :
@ 2r
rme kK =— = —— — BomHOBOE UHCITO, U — CKOPOCTh PacnpoCTpaHEHUsl BOJHBL, (U U A -
14

4acTOTa U JUIMHA BOJIHBI.
CkuazpiBast 06a ypaBHEHHS U IPUMEHSIS (GOpMyYITy /Ui CYMMBI CHHYCOB, TIOJTyYaeM:

1) :
Y=Y, +Y,=24,cos—x-smar. (6.23)
v
YpaBHeHue
1) :
Y =2A4,cos—x-sinwt (6.24)
)

5 0]
HA3BIBACTCS YpasHeHueM cmosyell 6oanwl, Tae BenmumHa A = ZAO COS—X sBnsercs
1y

aMIUTUTYZ0N KOJIeOaHUH B TOYKE ¢ KOOPAMHATOW X W HE 3aBHCHUT OT BPEMEHHU. AMIUIMTYa
KOJICOAHUH 3aBUCUT OT KOOPAMHATHI X TOYKM HAONIOJCHHUSA, T.C. AMIUTUTYIbl KoJeOaHHi

Pa3IMYHbBIX TOYCK pa3INYHBI. TOLIKI/I, B KOTOPBIX aMINIHUTyda A == Am Ha3bIBAOTCA

ax’?
IIyYHOCTSIMH CTOSIYEN BOJIHBI, @ TOUKH, Iie A = 0 — y31amu crostueld BOJIHEI (puc. 6.1).
PaccTosIHIE MEX/Ty COCCAHHMHE y31aMu £ MOXKHO HANTH U3 yCITOBHSL:

[0
cos—x =0
L
W T 2
(4 = 0 — y3en), oTcroga cieayer, 4to — = — + /TN, Toraa (C y4eToM Toro, 4uro ) = ——, a

L

X T
U°T=ﬂ,) W—=—+NxT,orkyna
v 2
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1) ( 1\
n+— u X, =|n+—+1|—=.
2 2 2

', Y3776/ 'l
Puc. 6.1. Cnoxenue nagawineil 1 0TpaskeHHON BOJIH

Paccrosiaue MCXKAY YKa3aHHBIMU TOYKaMH
Ax=0=x,—Xy,
1\4 1Y\A 4

l=n+l+—|——|n+—|—=—. (6.25)
2 2)2 2

Wrak, paccTosiHEEe MEXIYy COCETHUMH Y3JIaMU PaBHO

OTOM ’K€ BEJIMYMHE PABHO PACCTOSIHHE MEXAY COCEIHUMHU My4yHOCTAMH. HerpynHo

A

IMOKa3aThb, 4TO paCCTOAHHUE MEXK Y COCCIHUMU ITYYHOCTAMHU M y3JIaMHU PaBHO —.

Tak kak cCTOsSYas BOJIHA SIBISIETCS  PE3yJbTAaTOM  CJIOXEHHS JBYX  BOJIH,
PaCIpOCTPAHSIONIUXCSI B MPOTUBOMOJIOKHBIE CTOPOHBI, TO PE3yJIbTUPYIOUINI MOTOK YHEPTUU
paBeH 0. 3HAYUT, cmosuas OIHA IHEP2UIO He NePEeHOCUN.

B ciydae oTpaskeHust ynpyroi BOJIHBI OT 00Jiee TUIOTHOU cpebl (IOPIIHS) COOCTBEHHBIE

YacTOTHl OMpeneNsAtoTcss W3 ycioBus (6.25). Ecnm Ha mmuHe Bo3mymmHoro cromba L
YCTaHOBUJIACh CTOAYAA BOJIHA, TO HA 3TOU JJIMHC YKIIaJAbIBACTCA IEJIOC YUCIIO ITOJIYBOJIH, T.C.

L :n% n=1,2,3..).

v
C yuerom Toro, uto A = —,
Vv
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OTKyZa vV=n 4— . (6.26)

[Ipu coBmazeHnn COOCTBEHHON YACTOTHI V C YAaCTOTOM BBIHYXAAIOLICH CHIIBI (YacToTa
reHepaTopa) aMIUIUTyJa CTOYe BOJIHBI PE3KO BO3pAcTaeT — HAOIIOAAETCS A61eHUe Pe30HAHCA.
Haumenbmast pa3HOCTb JUIMH JBYX BO3AYIIHBIX CTOJOOB, B KOTOPHIX BO3HHUKAET PE30HAHC B
3aKpBITON TpyOe, paBHa:

A A
(=L ,—L, —(n+1)——n———
4 2
A
2
v
Y4auTeiBas, 4To A= —, IOoJIy4yaeM
1%
v
—=20 > v=20v, (6.27)
v
rac f — paCCTOHHI/Ie MG)KI[y ABYMs1 II0CJICI0BATCIIbHBIMHU pCSOHchaMI/I, U — CKOpOCTL 3By1<a B

BO3/yXE€.
TakuM 00pa3oM, CKOPOCTh 3ByKa B BO3JyXE MOKHO OIpEAeTUTbh Ha JI000i yacTtoTe

KoNeGaHMI HCTOYHHKA, €CITH, HEIPEPBIBHO H3MEHSIS UTHHY BO3YIIHOTO CTON6A, HaxoauTh £ .

6.2. Onucanue yCTAHOBKH
Jlia  mosydeHHMs pe30HaHCAa CTOSIMMX BOJH MCIONB3YEeTCs yCTaHOBKa (puc. 6.2),
COCTOSIAsl M3 CTEKJITHHOM TpyOBl C IOPIIHEM, COCAMHEHHOW CO 3BYKOBBIM TI'€HEPATOPOM.
BHyTpu TpyOBI HAXOAUTCSA BO3AYX C MOJIAPHOM Maccoi [/ (BbIOMpaeTcs u3 Taluui).

['eHepupyeMble 3BYKOBBIM T'€HEPATOPOM
ANIEKTPOMArHUTHBIE ~ KOJEOaHUsI C  TOMOIIBIO
Tene(OHHOTO KarcyJsisi Mpeo0pazyoTcs B YIIPyTrue
KojneOanust cronba Bo3nyxa B TpyOe. KoneGanus
BO3/YIIIHOTO cronba HepeatoTCsI
ANIEKTPUYECKOMY JIaTYMKY, a OT HEro IMOCTYMAloT
Ha ocrryuiorpad.

[pu xonebGanusix MeMOpaHsl TenedoHa mo
TpyOKE  pacnpocTpaHseTcsi BOJHA, KOTOpas
UHTEppEepUpyeT C BOJHOH, OTPAKEHHOW OT
MOBEPXHOCTH TMOpIIHS. B pesymprare, ecim
yacToTa KoieOaHuii MeMOpaHbl COBMAJaeT ¢
ONHOM W3 YacToT COOCTBEHHBLIX KOJIeOaHUM
BO3JIyITHOTO CTOJI0A (SIBJICHHWE pE30HAHCA),
TpyO€ YCTaHABIMBAIOTCS CTOSYME BOJTHBIL.

6.3. ITopsiiok BHINOJHEHHs PAadOThI Puc. 6.2. YcranoBka 1Jis1 HA0JII0eHHSA
1. IIpoBepuTh MNPaBUIBLHOCTH CXEMBI § 3BYKOBOI'0 pe30HaHCa
SKCIEPUMEHTAIBHON YCTAHOBKH.
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2. BkimounTh ocumuiorpad v MojydyuTh Ha 9KpaHe TOPHU3OHTANBHYIO JIMHHUIO Pa3BEPTKH.

3. BkirouuTh 3ByKOBOM TeHepaTtop, ycTaHOBUTh YacToTy 1200 I'm.

4. Pyukoll «yCHUJIEHHE 10 BEPTUKAJIN» YCTAaHOBHUTH BBICOTY OCLMJLIOTPAaMMBbl Ha SKpaHE
ocumiiorpaga Tak, 4To0bl OHa HE BBIXOAMJIA 3a MTPEJIeNIbl IKpaHa.

5. Ilepemerniast mopIIeHb, HACTPOUTHCS HA PE30HAHC (BBICOTA Pa3BEPTKU MaKCUMallbHA) U

3apUKCUpOBaTH 3HAUYECHUE Ln M0 JIeJIeHUSIM IIKajbl. 3aTeM, IepeMeniasl MOplieHb, JOOUTHCS

CIICAYIOIIEro pE30HAaHCA M 3alrCaTb 3HAYCHUC Ln+1. Haiitu Pa3HOCTb OTCYETOB COCCAHHX

MMOJI0KEHUH MOpIIHA IMPpU PE30HAHCE. OTa BeJIMYMHA Ja€T 3HAYCHUC ITIOJIOBUHBI JJINHBI cTosTueH

BOJIHBbI g 21/2

Kaxmyro HacTpoiiky TpyObl B PE30HAHC IPOBECTH HE MEHEe TpeX pa3, ONpeness
TIOJIOXKEHHE TIOPIIHS KaK cpeiHee apuMEeTHIECKOe

- 0o +0,+/
(v=1€00): | 32 e L=l oL

6. [TomoOHbIe 3MepeHus mposecTr Ha yactotax 1200, 1400, 1600, 1800 I'.
7. WUcnonb3ys cootHomieHue (6.27), pacCuuTath CKOPOCTh 3BYKa B BO3JYXE W 3aTEM,

UCITIONB3YS bopmymy (6.21), OTIPEICTTUTh 3HAYCHHE y = &.
Cy
Temmieparypy Bo3ayxa B TpyOe IpUHATH paBHONH KOMHATHOM.
8. O1eHUTh OMIMOKY M3MEPEHUH.
9. JlanHble U3MEPEHUH U BBIYMCICHUN 3aHECTH B Tabnuiy 6.1.
Tabnuya 6.1
v, ' Li,mm Lo,mm Lz,mm Ls,Mm z .MM | s M/C V4 A}/
1200
1400
1600
1800
Cpennue
3HAYEHUs * * * * *

Pe3yabTarsl padorsl. K oTueTry npeacraBurh:

*  pe3yJIbTaThl SKCIIEPUMEHTA M BHIYMCIICHUH MPEACTaBUTh B maoi. 6.1,

® PACUCTHOC 3HAUCHUC U 3BYKa B BO3AYXC U NJIMHBI BOJIHLL ﬂ. Ha COOTBGTCTByIOH_IGI\/'I
4acToTe;

* pacyeTHOEC 3HAYCHHUC ) ;

¢ MOrp€mHOCTU U3MCPECHHBIX U PACUYCTHBIX BCJIUMYMH.

JlabopaTopHasi padora Ne7. Onpenesnenne yaeJbHON TEIVIOEMKOCTH H YAeIbHOMI
TeIJI0ThI MapoodpazoBanus Boabl. [IpoBepka ypaBHeHHs TeII0BOro 0ajiaHca.

Hean pa6orbl: 1) n3ydeHne MeToaa OMpENeiIeHUs YIETbHON TEINIOEMKOCTH BOJBI U
yIEIbHOHN TEIIOTHl MapooOpa3oBaHus; 2) SKCIIEpUMEHTaNbHAs IPOBEpKa YPaBHEHHUS TEIIJIOBOTO
OanaHca.

O0GopyaoBanue M MaTepHaJbl: U30TEPMUYECKUM cocyn (TEepMocC), MOJACTABKA,
JNEKTPUYECKUI HarpeBaTellb, TEPMOMETp, CTEKJISIHHAS Majoyka, MepHas Mocyja, eMKOCTh 10 1
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8.1. Teopernueckas yacTb

8.1.1. Dnepzemuueckuil 6ananc opzanuzma
AHAIIMTHYECKHU nepeoe Hauaio mepmoOuHaMuKy MOXHO 3aIiCaTh B BUJIE:

dQ=dU +dA. (8.1)

OHO MOKa3bIBaeT, YTO TEIUIOTa dQ, nojlyyaemasi CUCTEMOM, UJIET Ha yBEJIMYEHHUE BHYTPEHHEU

sueprin cucremsl AU u Ha coBepurenne cucremoii pabotsr dA .

JInst KU3HEAEATENIFHOCTH OpraHnW3Ma SHEPrHsl JOCTABIACTCS C MHIIEH B BUAE SHEPTUU
XUMHUYECKHX CBSI3eH BBHICOKOMOJIEKYJISIPHBIX BEILECTB. YUYHUTHIBAsl, YTO y 370POBOT0 OpraHH3Ma
€ro BHYTPCHHSS SHEPTUS OCTACTCSl B CPEAHEM HEM3MEHHOH, 3aKOH COXpaHEHUs PHEprud (WIN
IepBoe Hayajlo TEPMOJAMHAMHUKH) MOXXET OBbITh C()OPMYIUPOBAaH CIHEAYIOMIMM 00pa3oM:

Kojuyecmeo  menjonivl Q, 0060609!6‘()611011/[660}1 6 OopcaHusme npu yC60€HuUu nuyu,

3ampauusaemcs Ha KOMHEHCaAyulo nomepu meniomsl S 6 OKpyscarowyio cpedy u Ha
cosepuiaemyio opeanusmom pabomy A, T.e.

O=85+4. (8.2)

[Totepst TENIOTHI OPraHU3MOM B OKPY’KAIOIIYIO Cpey MpEACTaBIseT co00i pU3nUecKuit
MPOLIECC U MOXKET OCYIIECTBIATHCS IMyTEM: a) KOHBEKLIUU U TEIJIONPOBOIHOCTH, 0) U3JIy4YEHHUS,
B) MCIIAPEHMUS.

Hcnapenue npoucxoauT ¢ MOBEPXHOCTH KOXKH M JIETOYHBIX albBEOJI, MIPUYEM 3a CYTKH
YEJIOBEK BBIJICISAET C BBIABIXaEMBIM BO31yXOM 0koJi0 350 r BoastHOro napa u ucnapser a0 500 r
noTa (mpu Temmeparype okpyxkatomen cpeapl 18°C), He BBINMOIHSAS WHTCHCUBHOW MBIIIEYHON
pabotsl. [loTepst sHEprUM NMpU UCIAPEHHUU B 3TOM Cilydae cocTaBisieT mopsaka 30% oT Bcex
JHEpro3arpar.

8.1.2. Ilapooopazosanue. Hcenapenue

[TapooGpazoBaHreM Ha3bIBaeTCs MPOIECC MEePeXo/ia BEIECTBAa U3 )KUIKOTO COCTOSHUS B
razoobpasHoe. IlapooGpazoBanue, TpPOUCXOsIIEe TMPH JIFOOOW TeMIlepaType cO CBOOOIHOM
MIOBEPXHOCTH, HA3bIBAECTCS UCHAPEHUEM.

ArperaTHpIf MEepexo]l U3 TBEPJIOTO COCTOSHUS B MapooOpa3HOe HA3bIBAETCS BO3TOHKOMN
WIH cymbaumayuetl.

PaccmoTpum mnponecc ucnapeHus. B JKMIKOCTH, Kak BO BCSIKOM TeJle, CYLIECTBYIOT
(mycTh B HEOONBIIOM KOJUYECTBE) KaK OYCHb «MEIJICHHBIC», TaK MU OUYEHb «OBICTPBIC»
MoJiekyibl. [{nst Toro, YTOOBI BBUIETETh W3 JKUAKOCTHU, MOJIEKyJa JOJDKHA TMPEOI0NIETh
BO3/ICHCTBUE MOBEPXHOCTHOTO CJIOA, T.€. 00J1a1aTh JOCTAaTOYHOM >Heprueil. Te u3 «OBICTPHIX»
MOJIEKYJI, CKOPOCTH KOTOpPBIX HaIpaBJ€Hbl K ITOBEPXHOCTH, MOTIYT IMOKHHYTh >XHIKOCTb,
«ucnaputhecs». Mcnapenne mpoucxoauT mpH Jioboi Temmneparype. [Ipu ucnapeHun MoJeKyIbl
BHYTPEHHSsI DHEPrus BELIECTBA YMEHBIIAETCS, CIEAOBATENIBHO, TEMIEpAaTypa ITOHUKAETCS.
[TosTomy /U1 IepeBo/ia B 1ap HEKOTOPOM MacChl )KUJIKOCTU 0€3 U3MEHEHHs TeMIIepaTyphbl Ha/l0

COBEPUINTH pabOTy MPOTHUB MOJIEKYJISIPHBIX CHJI PUTSKECHUS Al U CHJI JIaBJICHUS Ta3a Az- Jto

OCYILECTBIISICTCS. MMyTeM MepeAay XHUAKOCTH TEIUIOTHI MapooOpa3oBaHUs. XapaKTepUCTUKOM
3TOr0 TpoIEcca SIBISIETCS yOenbHas menioma napoobpazosanus. ITa BEIUUWHA ONpPEIENseT
KOIU4ecmeo meniomol, Heobxooumoe 01 obpaujenus 8 nap eOUHUYbl MACCbl HCUOKOCU NpU

memnepamype napoobpazoéanus
_ 49 i

]"_
dm xr

(8.3)
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IlonHO€ KOIMYECTBO TCIIJIOTHI, H€O6XO,Z[I/IMOG AJId IpCBpallCHud B 11ap KUJAKOCTU MACChI

O=mr. (8.4)

Ota TemjaoTra HEOOXOoAMMAa MOJIEKYJIaM >KMJIKOCTH ISl TOTO, YTOOBI COBEPIINUTH paboTy

A1 MPOTHB CUJI MOJICKYJIIPHOTO TPUTSHKEHUST U paboTy A2 IIPOTUB CHUJI BHEIIHETrO JIABJICHUI.
CrnenoBarenbHO, IpeHedperas NoTepsMU, MOKHO HAIUCATh:
O=A4,+4,. (8.5)
Padora A , COBEplIacMas NPOTHUB CHUII MOJCKYIISIPHOIO MNPUTSDKCHHUSA IIPHU HMCHAPCHUM,

YHUCIIEHHO paBHA Pa3HOCTU BHYTPEHHUX SHEPTHUl Mapa U KUIAKOCTH:

4=U_-U_. (8.6)
PaGoTa, coBepriaemasi mpoTHB BHEITHETO JaBJICHUS, paBHA
A, =PV -V,), (8.7)

rne P — Buemnee JTaBIICHHE, VH — o0beM mapa, V>K — 00BEM KHUOKOCTH.
[Moncrasnss (8.4), (8.6) u (8.7) B ypaBHeHue (8.5), noryunum
mr=U_-U_+PV, -V.). (8.8)
Ecnu npu niepexosie U3 KHUAKOCTH B TIap OJHOW MOJICKYJIBI TPOTUB CHJI MOJICKYJISIPHOTO

i .
CIICTIJICHUs CcoBeplaercs pabdoTa Al, TO MpU HCHAPEHUHM >KUJIKOCTH B Map Iepenner

N Am/ M wonexyn n pabora A, ,
m .
A4 =N,—4,
M

rme M — mMacca OJHOTO MOJIS BEIECTBa, N 4 — uucio Asoraapo. Torma ypaBHeHue (8.8)

MEpCHUIICTCA KaK
merA%A;+p(VH—V)K). (8.9)

CyMmma Bcex BHIOB paboT, 3aTpauMBaeMbIX Ha HUCMAPEHHUE eOUHUYbl MACChbl KUJIKOCTH,
paBHa yIeIbHOM TEIIoTe NapooOpa30BaHMS:

r:A1+A2
m
uiu, ¢ yuetom (8.9),
N, . p
r=—24+-=W,-V,). (8.10)
IV m( )

CkopocTh uCHapeHusi 3aBUCUT OT HECKOJIbKUX MPUYMH: OT poJa >KUIKOCTH, OT
TEMIEPaTypbl, OT IUIOIIAM MOBEPXHOCTH, OT CKOPOCTH MOJIEKYJ Ta3a Haj MOBEPXHOCTHIO, OT
JIABJICHUS HaJl TOBEPXHOCTHIO.

8.1.3. Kanopumempus

Ecnu BemecTBy mepemaercs kakoe-TMOO KOJIMYECTBO HEpruu (B 000N dopme), To
HU3MCHACTCA C€ro TCMIICpaTypa (321 HUCKIIIOYCHHUCM arpC€raTHbIX IMEpCXOod0B U, BOO6H.I€,
U30TEPMHUYECKUX IPOIECCOB). XapaKTEPUCTUKAMHU TAKOTO W3MEHEHHsI SIBIISTIOTCS Pa3IUYHBIC
TEIIOEMKOCTH.

VYaenpHasi TETIOEMKOCTh BEIIECTBA M3MEPSIETCS KOJUYECTBOM TEIJIOTHI, HEOOXOIMMO
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JUISL U3MEHEHUSI TEMIIEPATYPBI eOuHuybl Maccel BemecTsa Ha 1 K.

dg

c=—", (8.11)

OTCIO1a
dQ =cmdT . (8.12)
JI71s1 KOHEYHOr 0 UHTEpBAJIa TEMIIEpaTyp
AQ=mc(T,-T)). (8.13)
KOJII/IIIGCTBO TCIIJIOTBI B CUCTEMC CIHWHUIL CI/I HU3MCPACTCA B DKOYJIIX, KaK U BCAKasd
Jpyras >HepreTudeckas BeauuumHa. Ho moka mMMpOKO pacnpocTpaHeHa W JApyras eIuHUIa

KOJIMueCTBA TCIIJIOTHI — Ka.HOpI/I}I. O()Ha KCZJZOPM}Z YHUCJICHHO paBHO KO.HI/I‘-IGCTBy TCIJIOTHI,
HEO0OXOAMMOMY JUTsl HarpeBaHusl |1 T TUCTUIIIMPOBAHHOM BOJIBI OT 19,5 no 20,5°C.

8.1.4. Ypasenenue mennoeozo oananca

PaccMoTpuM HEKOTOpPYIO CHCTEMY Tell, B KOTOPOM HE TPOUCXOAUT HUKAKHX
MIPEBPAIICHHUI YHEPTHUH, KpOMe TeTTooOMeHa. Tak Kak /Il TAKOW CHCTEMBbI dA =0, 1o MepBoE
HavyaJio TepMoIuHaMHKH (8.1) mpumeT Bu

B mporuecce TeriooOMeHa BHYTpEHHHE SHEPTHH OAHHUX TEN YBEIHMYUBAIOTCS, IPYTUX —
YMEHBUIAIOTCS, MEPOM 3TOT0 M3MEHEHUS SIBIISIETCS] KOJIMYECTBO TEIUIOTHI, KOTOPOE JaHHOE TEJO
MOJTYYHIIO WJIH OTJAJNIO B MPOIIECCe TEII000MeHa.

Ecnu cucrema oxBaThIBaeT BCE Tela, YYacTBYIOIIME B TEIJIOOOMEHE, MEepBOE Hayalo
TEPMOJIMHAMHUKHN MO>KHO 3aIUCaTh B BUJIE YPABHEHUS MEeNi1o68020 OANAHCA:

Y. AQ. =0. (8.14)
i—1

AﬂZééde‘léCKaﬂ CyMma Koaudecme nenjionivl, OMOAHHBIX U NOJIY4YEeHHbIX 6CceMU meiamu,

yuacmsyrowumy 6 meniooomene, pasHa Hyno. 3Iech AQ;‘ > (0 osmawaer monydeHue

COOTBETCTBYIOIICH MOPLIMU BHYTPEHHEN SHEPTUH TEIAMHU - HacpesaHue, AQl. < 0 — naobopor,

ocmviganue. TepMUHBI «HarpeBaHUE» M «OCTBHIBAHHME» YACTO CBS3BIBAIOT C HW3MEHEHUEM
Temreparypbl. Mbl OyZieM TOBOPUTH O HArPEBaHUU U OCTHIBAHMM UMEHHO B CMBICIIE MTOTYUYCHHS
SHEPIHH, JaXKe B U30TEPMUUYECKUX IPOLIECCAX.

[IpakTHyeckn NONB3YIOTCS YpaBHEHHUEM TEIJIOBOrO OajlaHca, MpPHUMEHSsS €ro K
kanopumempy (0T JATUHCKOTO calor — TemIo, ap). ITO CTakaH, HANOJHEHHBIN OINpeneIeHHON
KHUJIKOCTBIO, CHAOKEHHBIH TEPMOMETPOM M HMHOTJA Mewaikoil. J[1s yMeHbIIeHUs TOTeph 3a
CYET TEIUIONPOBOJHOCTH MEXAY CTaKaHOM M BHEIIHUM KOXXYXOM OCTaBJI€H BO3IYyIIHbIN
MPOMEKYTOK. 3Hasi Macchl MMOMEIICHHBIX B KAJIOPUMETP BELIECTB (BKJIOYAas MAcCy CTakaHa) U
U3MEpPUB TEMIIepaTypy >KUIKOCTH /0 U IOCJIE TeIIoo0OMeHa, MOXEM HalucaTh ypaBHEHHE
TeruioBoro Oamanca. IlycTh Macca BHYTpPEHHEro cTakaHa KaJOpHMETpa BMECTE C MEIIAKOM —

mk, €ro yacjibHas TCIIIOCMKOCTh — Ck; MacCa M YyJHA€IbHas TCIINIOEMKOCTb XHUJIKOCTU B
KajopumeTpe — M1, u Cy; Macca, yjelbHas TEIUIOEMKOCTh W HavallbHas TeMIeparypa
TNOMEIIAEMOro Tena — M,, C, u 1,; Temmeparypa XHMAKOCTH M KaJOPMMETpa N0 ITIpolecca
TETI000MEHa — Tl , mocye miporiecca — 7. Toraa ypaBHeHHE TEIUIOro OaaHca UMeeT BUJ:
myc,(T =T,)+myc,(T =1,)+m,c, (T —1,)=0. (8.15)

W3 momydeHHOTro ypaBHEHHS MOKHO HaWTH OJHY BEJIMYUHY, €CJIM H3BECTHBI BCE
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ocTasibHbIE. J{JIs1 M30TEpPMUYECKOT0 COCyAa, IPUMEHIEMOro B J1a00opaTopHoil paboTe, BETUUUHY
C, MOHO CUMTaTh IPEHEOPEKNUMO MaJloH, Toraa ypasHenue (8.15) npumer Bua:

mce, (T —T,)+m,c,(T —T,)=0. (8.16)
B nannoii pabore ypasHenHue mennosoco 6banamca nposepsemcs HaA npumepe
CMewu8anuss 08yxX 0OUHAKOBLIX HCUOKOCMeElU ¢ pasubimu memnepamypamu. Torna, cautas, 4to
M3MECHEHHE TEIUIOEMKOCTH TPU  M3MEHEHMH TEMIEPATypbl HE3HAYMTENbHO (C; R C,),

ypaBHEHHUE TETUIOBOTO OanaHca MPUMET BH/

m(T-T1,))+m,(T -T,)=0, (8.17)
WIN, PaCKpbIBasi CKOOKH, MOJTyYUM
mI —mT —m,T, =0, (8.18)
rne M =m;+m, - obmas Mmacca XHAKOCTeH mocne cMemuBanus. IlpeneOperas

W3MEHEHUSIMU TUIOTHOCTEN KUJKOCTU B 3TOM Ipoliecce U 3Has, yro 71 = ,OV , MO’)KHO TIEPEUTH
K o0BeMam:

Vr =V1, +V,T,, (8.19)

ree V,, V2 — 06BEMBI KUIKOCTEH 10 cMemuBanus u V= Vl + V2

8.2. Onucanue yCTAaHOBKH

JlaGopaTtopHasi ycTaHOBKa wu3o0paxkeHa Ha puc. 8.1. B wu3orepMuyeckuii cocyn,
UMEHYEMBbIIl Jlaee TEepMOCOM, OIyINEH JJEKTPUYECKUH HarpeBareiab  (KUIATHIBHHK),
nuTaroumiicss ot cereBoro HampspkeHust 220 B. Tepmoc 3amonHeH ucciaenyemMon KUAKOCTBIO —
BOJOM. OrpaHHUMTENb, 3aKPEIUIEHHBIH HAa CETEBOM IPOBOJE, YCTaHABIMBACT INIyOUHY
norpy>keHusi HarpeBaTelns. [lonokeHuEe OTrpaHMUYHUTENS YCTaHABIMBAETCS JIAOOPAHTOM U HE
HOJUIEKUT U3MEHEHHUIO B IIpoIlecce BHINOIHEHUs paboTel. Henb3st momyckars, 4ToObl ypOBEHB
KHUJIKOCTH OBbLT HMKE MeCTa 3aKperuieHusl HarpeBarens Oosiee yem Ha 1 cM (Bo m30exaHue
NePeropaHus KUMATUIbHUKA).

Puc. 8.1. JlaGopaTopHasi yCTAHOBKA /Il ONIpe/e/ieHUs yAeJbHOIN TenJ10eMKOCTH
U Y1eJbHOM TEIJIOThHI Nap000pa3oBaHMs BOAbI

Buumanmne! 3anpemaercs BKIOYaTh HarpeBarTeib, €CIM OH HE NMOIPYKEH
B BOJY. 3aIIpeIlaeTCs] MEHSTH ITOJI0KEHUE OTPaHUYNTENSL.
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8.3. DkcnepuMeHTAIbHAS YACTh

8.3.1. Onpeodenenue yoenvHoii menioemKocmu 600l

Buumanmne! CobiroaiiTe 0CTOpOKHOCTH MPU padboTe ¢ TOpsUei BO10¥ !

1. Hammuts B Tepmoc V; = 600 +800 v Bozsr. Berauciuts ee Maccy 7, .

2. C moMolIIpi0 TepMOMETPa U3MEPUTh TeMIlepaTypy Haiautoil Boasl 7). IlepeBectu ee

3HAYEHHE B KEIbBUHBI.

3. OmmycTUTh HarpeBareb B TEPMOC /10 KaCaH!sl OTPaHUYIUTEIS TOPJIOBUHBIL.

4. BKIIIOUNTB HarpeBarenb B CETh U OJHOBPEMEHHO HAYaTh OTCYET BPEMEHH C IIOMOIIBIO
CEKyHJ0MeDA.

5. B MOMeHT 3akuImaHus BOJIBI 3aMMCAaTh MOKa3aHUs CEKyHI0MEepa Ifl .

3akunaHueM CUMTaTh MOMEHT, KOTJla HAa4MHAETCs 00pa3oBaHWE MY3BIPHKOB Mapa no
ecemy obowemy. Ilpu 3TOM BO3HHMKaeT XapaKTepHas BHOpalusi CTEHOK TepMoca, olpejesseMas
KacaHUEeM PYKHU.

6. He BbIK;IIOYAsi ceKyHIOMep M HarpeBarTe/b, NPHCTYNUTh K BbINOJHEHHIO
CJICAYIOIIEro YIPaKHeHHUsI.

8.3.2. Onpeoenenue yoenvnoii meniomost napooopazo6anus
1. IIpopomxkaTh mponecc KuneHus B reueHue S+ 10 MunyT.
2. BrIKIIOUNTL W3 ceTH HarpeBarciib U OCTAHOBUTH CCKYHIOMCDP. CHATL HOKa3aHUE

cexyHnomepa 5.

8.3.3. Ilposepka ypasnenus menyogoz2o oananca
1. BeiHyTh U3 TepMoca HarpeBarenb. ([IpeaBapuTenbHO IPOBEPUTH, YTO OH OTKIIIOYEH OT
CEeTH.)

2. C HOMOIIBI0 MEPHOH MOCY/BI BIHTH B TEPMOC XOJIOJHYIO BOIy (TemmepaTypa 1 - 5) U3

C€MKOCTH, U3MECPAA €€ 00BeM 1/2 A0 TEX IIOp, IMIOKa YPOBEHb BOJAbI HE JOCTUTHET HUXKHCTO Kpasd

paciIMpeHusl BHyTPEHHEW YaCTH FOPJIOBUHBI TEPMOCA.

3. Xopouio nepemMeniaTh MoJy4eHHYI0 B TEPMOCE CMECh CTEKJITHHOMN MajI0uKOil.

4. U3meputh TemmepaTypy cMmecu B Tepmoce 7. Bwrumth Boay, u3mepsis ee oobeMm V
(moTpebyeTcs mpu pacyerax)

5. Beruncnuts Temneparypy cMmecu 7, mpeoOpas3oBas ¢popmyiy (8.19):

VT +1T,
S

CpaBHuTth Temmeparypy 7, HOJyYEeHHYIO SKCIIEPUMEHTAIbHO MPU CMEUIMBAaHUU 00HEMOB

T’ (8.20)

/ .
Vl (0OBbeM OCTaBIIETOCS KUMSATKA MOCIE 33JaHHOTO BPEMEHU KUIICHUS) U V2 (o0beM monuTOM

XOJIOJHOM BOJIBI), C TeMIepaTypoit 1 ', paccunTanHoU u3 ypaBHeHUs (8.20). CrnenaTh BBIBOI.
8.3.4. Buiuucnenue yoenvHoll mena0eMKOCHU 600bl U YOEAbHOU HEn10mbl
napooopazoeanusn
1. U3 3akona Jxoyns-JleHa HalTH KOJUYECTBO COOOIIEHHOW TEIIOTHI B IpOLEcce
HarpeBaHus BOJBIL:

AQ,, = Pt,, (8.21)

rae {; — Bpems HarpeBaHus, P — MOIIHOCT HarpeBaTens (KMIATHIBHUKA) (YKa3aHa Ha mpubope
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WJIM Ha OTJCIbHOM TaOIHUKe).
2. BeuucimTh yAeIbHYI0 TEIIOEMKOCTh BOJIBI, UCTIONB3Ys hopmyiy (8.11).

Pt
c= , (8.22)
ml (];(I/IH - Ti)
rae ];HH — TeMIiepaTypa KUIMeHUs BOJIbl, 11 — TeMmepaTypa X0JI0HOW BOIBI.

3. BBIUMCINUTH OTHOCHUTENIBHYIO M aOCONIOTHYIO TMOTPEIIHOCTH H3MEPEHUs YICIbHOM
TEIIOEMKOCTH.

4. CpaBHUTH NOJYYCHHOE 3HAUCHHE YACITHHON TEIUIOEMKOCTH C TAOIUYHBIM (Creop.somsi—
4200 JIx/xr-K). Cnenatb BBIBOSI.

5. 3Has MOIIHOCTBH 3JIEKTPUUYECKOrO HarpeBatens, U3 3akoHa Jxoynsa-JleHna HalTh
KOJINYECTBO COOOIIEHHOM TEIIOThI B POLIECCE KUITEHUS:

AQ,,. = PAt

rme Atmn =1, — 1, — Bpems KuIeHus (BBIKUIIAHHUS BOJIBI).

KHUII °

6. Haiitu maccy Boibl, 0OpalieHHO# B map, B MpOLecce KUIEHUS:
mn = pe(I/I + V2 o V)
7. BBIMUCIUTH yAETBHYIO TEIJIOTY apooOpazoBaHus 1Mo Gopmyie

PAt
g —L (8.23)
m

I
8. BBIYHCIUTH OTHOCHUTENBHYIO U a0COJIOTHYIO MOTPEIIHOCTh H3MEPEHUS YACTbHOU
TEIJIOTHI TApO0OPa30BaAHUSI.
9. CpaBHHUTH MOJYYCHHOE 3HAYCHHE yACTBHON TEIJIOTHI MApO00Pa30BaHUS C TAOTUIHBIM.
CrenaTn BBIBOJBI.

Pe3syabTarsl padorsl. K oTueTy npeacraBurh:

* Ha4YaJIbHBIH 00bEM JKUAKOCTH Vl u ee Temneparypy 1;;

* BpeMs HarpeBaHMs 10 KUIEHUs [ U BPeMs KHIICHHS BOJIbI Atmn ;

* KOJIMUECTBO COOOIIIEHHOM TEIIOTHI B IPOLIECCE HATPEBAHUS AQ H = P l‘1 ;
* 3HaYCHUE YJIeIbHON TEINIOEMKOCTH BOJBI B BUAE C + AC;

* OTHOCHTENIBHYIO TIOTPENIHOCTD U3MEPEHUS &, YIETBHON TEMIIOEMKOCTH,

* KOJIMYECTBO COOOIICHHOM TETUIOTHI B TIPOLIECCE KUTICHUS AQKHH = PAt s

* MAcCy BBIKHIICBINCH BOJIbI — Maccy napa 1 ;

* 3HAYEHHE yIETBbHOM TEIUIOTHI TApo06pa3oBanust BObI B Buie ¥+ Ar;

* OTHOCHUTEJILHYIO MOTPEUIHOCTh U3MEPEHUS YIENBHON TEMIOTHI MapooOpasoBaHus &, u
BBIBOJI;

* 00beM BIUTON B TEPMOC MOCJIE OKOHYAHUS KUIIEHUS BObI V2 u ee Temneparypy 1, ;

* 3HAYCHUS TEMIIEPATyp CMECH, MOJydYCHHbIE dKcrepuMeHTanbHo (7') u U3 ypaBHEHHs

!
terioBoro Ganauca (1 ).
XKenarensHO Bce JaHHBIC IPEICTABUTH B BUAE TAOIHUIIBI.
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Pa3znen 3. DJeKTpHYECTBO U ONTHKA.
JlaGopaTtopHasi padora Ne§. 3mepeHnue yaeJbHOIr0 CONPOTHBJIEHUSI TOHKOTO
NnpoBoJA.
Hean padoThl: 1) onpenenuTh aKTHBHOE COMPOTHUBJICHHE METAITMYECKOTO TTPOBOTHUKA
1o HU3MCPCHHBIM 3HAYCHUAM CHJIbI TOKa n HAaIIPsIPKCHUS
2) wu3MepUTh TEeOMETPUYECKHEe MapaMeTpbl MPOBOJHUKA M PACCUUTATh €ro yJelbHOe
COTPOTHBIICHUE C YKa3aHHEM OIIUOOK U3MEPECHHUS.
IlpuGopsl W MaTepHadbl: XPOMOHHUKEJIEBBIM MPOBOJA, JjJabopaTopHas yCTaHOBKA
(MCTOYHHK TOKa, BOJIbTMETP, MUJUTHAMIIEPMETP ), MUKPOMETP.

9.1. TeopeTnueckasi 4acThb
[lpr mpoTeKaHWM AIIEKTPHUUYECKOTO TOKA IO MPOBOIAHHUKY BCIIEICTBHE B3aUMOJICHCTBHS
DIIEKTPOHOB C KPUCTAJUIMYECKON PEHIETKON MPOBOIHUKA MPOUCXOAUT PACCESTHUE UX DHEPTHUU.
3TO MPUBOJIUT K HEOOXOJUMOCTH TOAEPKHBATH HEKOTOPYIO Pa3HOCTh MOTCHIIMAIOB Ha KOHIIAX
nmpoBoaa i CyImeCTBOBAHUA MMOCTOAHHOTO 3JICKTPUYICCKOT'O TOKA B LICIIN. 3aBUCUMOCTD MCKOAY
pasHoCcThIO ToTeHIManoB U Ha y4acTKe NpOBOJA M TOKOM /, MPOXOISIIAM TI0 HEMY, JaeTcs
3akoHOM Oma:

-1y ©.1)
R
Jlis XapakTepUCTUKHM AJIEKTPUUYECKOTO CONPOTHUBIICHUS MaTepuaya BBOAUTCA TOHATHE
YACIBHOTO COMPOTHUBJICHUS p, KOTOPOE PABHO 3JIEKTPUUYECKOMY COMPOTUBICHUIO MPOBOJHUKA
nnuHOM 1 M 1 monepeynbM cedenreM 1 M2, TIoHOe CONpOTHBIEHNE TIPOBOTHUKA!

14
R= P Om, (9.2)
OTKyJa
S
,0=R? OM - M, 9.3)

rae R — obmiee CONpOTUBICHHUE TPOBOAHIKA ATUHON / ¥ TUIOIIABI0 TIOTIEPEYHOTO CEUCHUS S.

ConpoTHuBiIeHHE METAITNYECKUX TPOBOAHUKOB YBEIHMUNBAETCS C POCTOM TEMIIEPaTypPHI.
3aBUCUMOCTh YACIBHOT'O COMPOTUBJICHUA MCTAJUIMYCCKOT'O IPOBOAHWKA OT TECMIICPATYPhI
BBIpKAETCS IMHEWHOU (DyHKITHEH

p=p,(1+aAT). (9.4)
Kaxxmoe BemecTBO MOXKHO XapaKTEpH30BaTh TOCTOSIHHOW JUIsi HETO BEIMYUHOM,
Ha3bIBAEMOU memnepamypHolm Kodgguyuenmom conpomuseienus Q. ITOT Kod(DPUIHEHT

paBeH OTHOCHUTEJIBHOMY M3MEHEHUIO YAEIbHOIO CONMPOTUBICHMS IMPOBOJHHMKA IMPU M3MEHEHUHU
ero temnepatypsl Ha 1 K:

PoOAT
rne P — yIelbHOE CONPOTUBICHHUE PH TEMIIEPaType T 0= 273K ; p— yIAEeIbHOE

comporusienue npu nauuoii temmeparype 1, AT =T — 273K .

Ha ocnoBanuu ¢opmyn (9.1) u (9.2) mocTpoeH 3KCHEPUMEHT M0 H3MEPEHUI0 R U p B
naHHOU pabore. O6a m3MepeHHsl KOCBEHHBIE, T.€. OMpeAesieMble BEIMYUHBI R U O SBISIOTCS
(GYHKIHSAMU BETUYHH, TOJTy9aEMbIX TP MIPSIMOM H3MEPECHHH.

9.2. Onucanue yCTAaHOBKHU
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OO6uwmit Bua npubopa npeacrasieH Ha puc. 9.1. OcHOBaHUE OCHAIICHO PETyIUPYEMbIMH
HOKKaMH, KOTOpbIE MO3BOJISIIOT BRIPAaBHUBATH MOJIOKEHU Mprbopa. K ocHOBaHMIO MpUKperieHa
KOJIOHHA C HAHECEHHOW METPUYECKOMN IKaod. Ha KOJIOHKE CMOHTHMPOBAHbI JBa HEMOIBUKHBIX
KpOHILITEHA u OJINH MIOIBUKHBIH 1
KPOHIITENH, KOTOPBII MOXET 4
NepeBUIraTbCsl  BAOJAb  KOJOHHBI U
¢uKcupoBatbcss B JIOOOM  IOJIOKEHHH.
Mexny BEPXHUM u HIKHUM
KPOHIITEMHAMHU 3aKpEIJICH pPEe3UCTUBHBIN
npoBoA. Yepe3 KOHTAaKTHBIA 3aXuUM Ha
NOJBM)KHOM KpPOHILTEHHE o0ecreynBaercs
XOpOILIee COEAUHEHUE C PE3UCTUBHBIM
npoBogoM. Ha mnoIBHIKHOM KpOHIITEIHE
HAaHECeHa uepTa, KoTopas obierdaer
OIpeleIeHue 1o IKane JUTUHBI
U3MEPSAEMOro OTpe3ka mpoBoja. HiukHuUi,
BEpXHUM M TOABWKHBIA  LIEHTPAIbHBIN
KOHTAaKThI PE3UCTUBHOTO IIpoBOJIa
MOJIBEJIEHBI IIPU ITOMOIIY MPOBOIOB MaJIOroO
CONPOTHUBIIEHHUSI K W3MEPUTEIBHOU 4YacTH
npubopa, KOTOpass  IIOMELeHa B
LEHTPAIBHOM KOpIIyC€ M TpPH IOMOIIA
BUHTOB IPUKPEIUIEHA K OCHOBaHMIO. Bumpl
JUIEBOM TMaHEeTu HW3MEPUTENbHOTOo 0JioKa Puc. 9.1. Yeranoska st wsMepenus

NpeJICTaBIeHbI Ha puc. 9.2. YAEJILHOTO CONPOTUB/ICHUS

TOHKOIO IMpoBOaAa

Per. Toka
v mA P}
0 0 O

o M) Puc. 9.2. Bua auueBoi naHeau
: [l =] Bere YCTAHOBKH /ISl H3MEPEeHHs
00 0= Oy | = YA€JALHOTO CONPOTHBJIEHHS
TOHKOI'0 POBOJA

@YHKIMOHAIBHOE HA3HAYEHHE MAHUIYJSLHUOHHBIX 3JIEMEHTOB Ha JIMLEBOM CTOpOHE
npuodopa:

«Cetp» — BKJIIOUEHHE ceTH. HakaTue KIaBUIIM MO3BOJSAET MOJKIIOUUTH HAIPSIKEHUE
MATaHUS, YTO BU3YyAJIIbHO PETUCTPUPYETCS 10 CBEUEHUIO HEOHOBOM JIaMIIOUYKH;

«Moct — V-mA» — nepekitovarenb Buja padboT, MO3BOJSIOMNN TOJKIIOUNTh BHELTHHE
npuOOpbl K PE3UCTUBHOMY IMPOBOJY (KJIaBuia Haxara). [Ipu oTkaroil kiaBuIle MOJKIIOYCHBI
U3MEpUTENbHBIE TPUOOPBI cCaMoro 0JI0Ka;

«ITepexiroyaTenb peKMMOB U3MEPEHUI»: OTHKATHIA — TOYHOE WM3MEPEHHE CHUJIBI TOKa,
Ha)KaTbIil — TOUHOE NU3MEPEHUE HATIPSKECHMUS;

«PerynsaTop TOKa» — TMOTEHIUMOMETP, PETYJHPYIONIMHA TOK, MNPOXOIAIIMA dYepe3
PE3UCTUBHBIN IIPOBOJ;

9.3. DKkcnepUMEHTAJIbHAS YaCTh
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9.3.1. H3mepenue conpomuesnenusn

1. YcTaHOBUTH PYUKy peryisTopa TOKa B KpalHee JIeBOe TOJ0KEHUE, BKIIOYHTH IPUOOD;
MOJKJIIOUYUTh BHYTPEHHHE H3MEpUTEIbHBbIE NMPUOOPHl K PE3UCTUBHOMY MpOBOAY (KJIaBHILA
«Moct — V-mA» Haxara).

2. IlepenBuHyTh MOABMKHBIM KpoHIITEHH Ha 1,0 + 0,9 nauMHBI PE3UCTUBHOIO MPOBOJA
(f |) OTHOCHTEILHO OCHOBaHMs, 3alMCaTh MOJOKEHUE KPOHIUTEWHA, OLEHUTL OIIMOKY

U3MEpEHUS.

3. BKIIOUNTH pPEXUM «TOYHOE M3MEPEHUE TOKA», YCTAHOBHUTH PETYIATOPOM TOKa
MUHUMAaJIbHOE 3HAYCHHE TOKA; MEPEKII0YUTh MPUOOp Ha H3MEpEeHUE HaNpsHKEHUS; 3alucaTh
MMOKa3aHus MPHOOPOB.

4. N3mepennst noBTOpUTh 10 pa3, MOCTENEHHO YBEINYHBas TOK.

5. Bce nanHble npeacTaBuTh B Buie maon. 9.1.

Tabnuya 9.1
1 2 3 4 5 6 7 8 9 10
I, mA
U,B
R, Om

6. [Toctpouts rpadux U(]).
7. llepeABUHYTH TOABUKHBIA KpOHIITENHH Ha paccTosinue 0,2 + 0,3 1IuHbBI pE3UCTUBHOTO
nposoza (£ 5 ) OTHOCUTENIBHO OCHOBAHUS ¥ BCE U3MEPEHHS IOBTOPUTb.

8. Pe3ynbrarhl U3MEpPEHMI IPEACTABUTH B BUJIEC:
a) 175 JUIMHBI TPOBOJIA

COTPOTUBIICHUS

0) Ui JUTMHBI TIPOBOJIA

COIPOTHBIICHUS

Comnporusnenus R, u R,, nus 14 10 ¥ V4 2 PaccunTarh, BOCMOIb30BABIIUCH (POPMYIIOW

9.1).

9.3.2. Onpeodenenue yoeabHoz0 CONPOMUBIEHUA XPOMOHUKENE8020 NPOBOOA

1. C noMompi0 MUKpOMETpa HU3MEPHUTh JUAMETp MpoBoJa (M3MEpeHHs! MPOU3BECTU B
HECKOJIBKUX MECTaXx); pe3yibTaT MPEACTaBUTh B Buje d + A d.

2. Paccuuratp miomniaib NONepeyHoro ceueHus MpoBOAHKKA 0 hopMyie

md’
S = T’ (9.4)

pesynbTar npencraButh B Buge S + AS . PaccuuTars ymenpHOE CONPOTHBIECHHE MPOBOIHHMKA
o ¢popmyIe
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p= R-R S . (9.5)
El - g 2
3. OneHuTh OMMUOKY U3MEPEHUS yIEIHLHOTO COMPOTUBIICHHUS IO METOAMKE, OMMMCAHHOW B
paznene «Maremarudeckast 00pabOTKa pe3yIbTaTOB U3MEPEHHS.
4. Pe3ynbpTar pacuera yJIenbHOrO CONPOTUBIICHHS IIPEJCTaBUTh B Buje O+ Ap.

Pe3syabTarsl padorsl. K oTueTry npeacraBurh:
*  pe3yJbTaThl pacyeTa CONPOTUBIECHUS B BUIE mabn. 9.1;
* rtpaduxu 3aBucuMocT U(/) 11 MBYX MOJIOKCHUIH KPOHIITEHHA;

o /gl,Rl, gz,RZ,

* JMaMeTp W IUIONIA/b TOIMEPEUHOro CeYeHMs MpoBoaHMKA B Bue d = Ad u S £ AS ¢
BBIBOZIOM (popMyJtbl 11 pacyeTa AS;

*  BbIBOJ (popMyIIBI U1 pacyera Ap;

*  pE3ynbTar pacyeTa yJIeIbHOrO CONPOTUBIIEHUS B BUIE p + Ap.

JlabopaTopnasi paGora Ne9. U3ydyeHue 0M010rn4ecKOro MUKpOCKONa U MeTO10B
HU3MepeHHusl MAJIbIX 00beKTOB.
Heas paborbi: 1) HayuuThbCs HM3MEPATH pasMepbl MalblX OOBEKTOB C IOMOIIBIO
MHUKPOCKOIA; 2) YMETh BBIYUCIIATH MOJE3HOE U MPAKTHUUYECKOE YBEIMUEHHSI MUKPOCKOIIA.
IIpuGopsl U MaTepHAJIbI: MUKPOCKOII, 00BEKT-MUKPOMETP, Mpenapar i HaOIro1eHusl.

11.1. TeopeTuveckasi 4acTh
Bbuonornyeckuit MUKpOCKOI — 3TO ONTUYECKUI puOOop Ui HaOII0IeHHS MaTbIX 00BEKTOB,
HCBUJAMMBIX HCBOOPYKCHHBIM TIJIa30M. 3Hanue MUKPOCKOIIa " CTro BO3MOKHOCTEH IIO3BOJIAT
CTYyJIEHTY C MOHUMAaHUEM HCIIOIb30BaTh MHUKPOCKON B paloTe, pemiaTh BOMPOC O MPHUTOJHOCTU
OINTHYECKOTO MHKPOCKOMA Ui JaHHOTO WCCIEIOBAaHUS WM HEOOXOIMMOCTH Tepexonia K
3IEKTPOHHOU MUKPOCKOITHH.

11.1.1. IlIpeoen paspeutenusn 2naza

IIpu paccMOTpeHUM HEBOOPY)KEHHBIM TJa30M O0OBEKTa HAa PACCTOSHUM HAMIYUIIEro
3peHust (S = 25 c¢M) O4YeHb BaK€H Yrojl 3peHUs [frn. YTIOM 3pEHHs Ha3bIBAIOT YIojl MEXIY
JydaMd, UAYIIAMHA OT KpalHHX Touek npeamera AB B 11a3 uepe3 ero onTuuecKkuil HeHTp (puc.
11.1 a). Ilpn HOpMaIbHOM 3pPEHMM NPEAEIbHBINA YroJl 3p€HUsI paBEH IPUMEPHO OJHOM YIJIOBOU
MUHYTE (Lupex = 1'), UTO COOTBETCTBYET PACCTOSHHUIO MEXIYy KpalHUMHU TOYKAaMH IpeaMeTa
AB = 0,075 MM, HaOTI0JaeMbIMH Pa3/ieIbHO C PACCTOSHUS HAMIYYIIEro 3pEeHuUs:

AB = S§-1g fpen,
AB =25 cMm x 0,000291 = 0,007275 cm = 0,07275 mm = 0,075 MM = 75 MKM.

Omo paccmosnue oboznauarom Z., u Hazwieaiom npeoenom paspeuienus 2nasa (L., =75
MKM). Ecmu JiBE TOYKHU npeaMera HabJo1at0TCs noJt yTIIOM
Len< Pupen, TO OHU CIUBAIOTCS, T.€. BUJIHBI KaK OflHA TOouka. Ecnu Be TOuky HAOIIOJAIOTCS MO/
YIIAOM frn> Prpen, TO OHU BUIHBI Pa3/i€ibHO, T.€. BUIHBI IBE TOUKH.

31ech U Jajiee UMEETCsl B BUly HOPMAJIbHBIN IJ1a3 U PACCTOSIHUE HAWITYUIIEro 3peHus S =
25 cm.

11.1.2. X00 nyuei 6 1yne (oKyasape)

Yacto ans HAOMIONEHHUS] MEJNKHX OOBEKTOB IOJB3YIOTCS OAHOM JMH30U — symoil. [Ipu
9TOM ONTHYECKHM LIEHTP IJ1a3a COBMELIAECTCS C 3aJlHUM (DOKYCOM JIyTibl, @ 0OBEKT pacrojaraercs
OnmKke K Jiyne, yem ee nepenuuit pokyc (puc. 11.1 6).
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Co3naBaeMoe JIynoi MHHMMOE, IpsMOe, yBeIHueHHoe n3o0paxenne AB HaxomuTcs Ha
pacCTOSIHUM HAWJIy4Ilero 3peHUsi 25 CM OT ONTHUYECKOr0 IEHTPpAa HOPMAJIBHOTO Trja3za. IJTo
MHHUMOE n300paxkeHne AB sBisieTcs mpeaMeTom, paccMaTpuBaeMbIM riaa3oM (puc. 11.1 6).

JUis paccMOTpeHHsT MEJNKUX CTPYKTyp IJIa30M, KaK CKa3aHO BBIIIE, CYLIECTBEHHOE
3HAUEHUE MMEET yToJI 3peHUs, O] KOTOPBIM BUACH MpeaMeT U B nyny [, (puc. 11.1 6), u 6e3
aynsl fen (puc. 11.1 a). Ilpu 3TOM BBOOUTCA YITIOBOE YBEIHMUEHHUE JIYIIHI Vs, PABHOE OTHOIICHHIO
YTJIOB, WJIM TAHT€HCOB 3TUX MAJIbIX YIJIOB, KOTOPBIE MOXHO 3aMEHUTh OTHOLLEHUEM PACCTOSHUM,

yKa3aHHBIX Ha puc. 11.1 a, 6:
. _tgh. _h/f _S

= = . (11.1)
B 9. WS f
B
A= fo 5
a).
Bl ‘
A ’A"
Bﬁ
f 6).
Puc. 11.1. Xox ny4deii mpu Ha0/1101eHUH 00bEKTA HEBOOPYKEHHBIM IJ1a30M ()

U 4yepe3 aymy (6)
Takum o0Opa3oM, YIJIoBO€ YBEIMYCHHME, CO3[aBacMoO€ JYIOW, PaBHO YacTHOMY OT

JIeNICHHUs] PacCTOSIHUS HauiIydllero 3peHust S Ha (GoKycHoe paccrosHue jaynsl f. [lid riasa,
BOOPYKECHHOI'O OINTHYECKOW CHUCTEMOM, IpENENbHBIM yroia 3peHus TOT 3Ke, 4TO U A
HEBOOPYKEHHOTO: Lupex = 1.

Ecnu nyna (BooOiie onTuueckuii mpudop) yBETHUUT Yrosl HaOIOJCHUS JBYX TOYEK JI0
3HaYeHus [ 6osbIe npeaeabHoro (fr > Pupen), TO 1BE TOUKU OyAyT BUAHBI pa3aenbHo. Eciau 3To
YCIOBHE HE BBINOJIHAETCS, JBE TOYKH CIMBAIOTCS, NMPUYEM 3TO HE 3aBUCUT OT JIMHEHHOTO
YBEJIUYEHUS JIyTIbl, KAKMM OBl OOJIBIIIMM OHO HU ObLIO. DTO cilexyeT U3 aHanusa puc. 11.1 6.

[Tyctb S < Pupen, TOTNA ABE TOUKH M300pakeHus A' u B', u coorBeTcTBeHHO TOUKU A 1 B
npeamera, OyxyT BUIHBI CTUTHO. MoxkHO nipenmeT AB npubamsuts k pokycy F mynbsr — mEEMOE
nzoOpaxenne A'B’ yBenuuutcs (MoXkeT ctaTh 0eckoHeYHO O00abIuM, [mw = A'B'(A'B' — =),
OJIHAKO yTOJl 51 OCTAaHETCs MPEXKHUM, TOUKH OyTyT BUAHBI CIUTHO.

Becpma nHTEpecHO, YTO AJI1 HOPMAIBHOTO IJ1a3a IPU PACCTOSHUM JI0 U300paxeHus S =
25 CM YIJI0BO€ YBEJIUYEHHE JYIbl PAaBHO €€ JUHEWHOMY YBEIUYEHHUIO. DTO cieayert u3 puc. 11.1
o:

A'B" AB" S
nun = = (11.2)
AB h f

YTO PABHO YIJIOBOMY YBEIUYCHUIO JYIIBL.

11.1.3. Xo0 nyueii 6 mukpockone
Mukpockonm — 3TO BeCbMa TOYHBIM ONTHKO-MEXaHUUYECKH TPUOOp, KOTOPHIi
HCIOJIB3YCTCA JIA Ha6JIIO,Z[€HI/I}I MCJIKUX O6’b€KTOB, HEBUIUMBIX I'JIa30M. OH CcOCTOUT U3 ABYX
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CUCTEM TOJICTBIX JIMH3 — OOBEKTHBA W OKYJSApa, KOTOPBIE HA CXEMaxX YepTITCS KaK TOHKHE
JINH3BI.

O0nexT AB, HaOm01aeMbIil B MEKPOCKOII, PACIoJaraeTcsi HECKOJIBKO JablIe MepeTHEro
dokyca o0bekTHBa. OOBEKTUB co3maeT m3oOpaxenue A'B' — yBenmdyeHHOE, NEWCTBUTEIBHOE,
0o0paTHOE M HEMHOTO OJIMKE K OKYJISIpY, 4yeM mepeanuil Gpokyc okymspa (puc. 11.2), T.e. MEXITY
oKyJsipoM U (hokycom. OKysp IeHCTBYET Kak JIyma, co3faaBas MHUMOe n3oo0paxenue A" B".

N3o6paxxenune A'B', co3naBaemoe 00bEKTUBOM, SBISETCA MIPEIMETOM, PACCMAaTPUBAEMBIM
yepe3 OKynsp. Mzobpacxcenue A" B", co3zmaBaemMoe OKYISpOM, CHpPOuUM NO OOWUM 3AKOHAM
2eomempuyeckoti onmuku: 00uH ayy, uoywul vepes mouxy A", npoeodum napannenvro 2nagmoil
onmuyeckol ocu, emopou nyy (UOywull uepez my e MOYKY) — uepe3 ONMUYecKull yeHmp
oxynapa. I1ockonbKy ONTUYECKUIl LIEHTp TJla3a COBMEIIEH € 3aHUM (HOKYCOM OKYJIsipa, TO JIyd,
UAYIIMN yepe3 3aAHUN QOKyC OKYJsIpa, UIET B TO Ke BpeMs uepe3 ONTHYECKHM LEHTp IJiasa H,
3HAYUT, UAET, HE PETOMIISISICh, IO CETYaTKH, B TOUKY B'".

L f

[/] oK 1 {‘DK N |

F,
B E \
A"_ _________ C D A
!' A Eg {O A
|
: v // B 7
1 O0bekTHB -
: R ” OxkyJsip
T4
i 27 P
| s ’4
i e
7 rd
| P ,/
} s,
v
”
*‘B{‘ S =25 cm

Puc. 11.2. Xon Jry4eil B MUKPOCKOIIE

[TockonbKy ri1a3 akKOMOJUPYET Tak, YTOOBI B 3TOH Touke B'" Opu10 Hammyumm oOpa3om
c(hoKycHpOBaHO M300paKEHHWE TOYKH TPEIMeTa, TO BCE NPYTHe JydH, AAIONIUE M300paKeHUE
B'"', npenomisisce Ha ri1aBHOM IJIOCKOCTH I1a3a, UAYT B TOuKy B'.

MOXHO TOCTPOUTH TaKXKe€ XOJ JIyde B MHKPOCKOIIE C HCIOJIb30BaHHUEM MMOOOYHBIX
ONTHYECKUX OCEH, YTO JaeT TO ke camoe (Ha puc. 11.2 3TH OCH HE MOKa3aHbl).

VYrioBoe yBenMUEHUE NPEeAMETa, [JAaBAEMOE MMKPOCKOIOM J4 B IIE€JIOM, paBHO
MIPOU3BEICHUIO TMHEMHOT O yBENYEeHHsI 0ObEKTHBA Jo5 HA YTIIOBOE YBEITUUECHUE OKYJIAPA Jox:

7}14 :7/06}/0K' (11.3)
A'B’
AB

oTHoIIeHHEe KaTeToB No004YHbIX TpeyrodbHIUKoB OEC 1 CA'B' yuutsiBas, uro OE =AB:
_AB _CA _CD+DA' CD I,

AB CcO CcO  f, L,
rae Lo — paccTosiHuEe MEXAy 3aJHUM (OKYCOM OOBEKTHBA W TEpPEAHHM (POKYCOM OKYJsIpa,

Ha3bIBAEMOE ONTUYECKON ATMHON TyOyca MUKpocKomna (Majoi BennuuHoi DA’ o cpaBHeHHIO ©
Lo= CD moxHO ipeHeOpeyb).

[Ipu 5ToM JMHEWHOE yBENUYEHUE OOBEKTUBA )/, = MO>KHO OIPEIEIUTh Yepe3

7/06

b
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VYrioBoe yBeIM4eHHEe MUKPOCKOTA Yy PABHO:

LS
f06 oK

B KOTOPOM TIPUHSTO YIJIOBOE YBEIMUCHHE OKYIApA Yox = S/fox Kak yBenudeHue Jymsl, Lo = 160
MM, S =250 mm.

7//14 :7/067/01< = s (11-4)

11.1.4. IIpeoen pa3peuienun o6vekmuea

CBOMCTBO ONTHYECKON CHUCTEMBI JaBaTh pa3/elibHOC HM300pa)KeHHWE ABYX MPEIebHO
OJIM3KUX OCBEIIAeMbIX (MJIM CaMOCBETSIIMXCS) TOYEK HA3BIBAIOT pa3peliaroiiell CiocOOHOCTHIO
CUCTEMBI, a MPeoelbHO Maloe pAacCMOSHUe MexcOy MOUYKAMY, NpU KOMOpPOM cucmema
uzobpascaem ux ewe pas0eibHO, HA3bIBAIOM npedenom paspeuienus. Yem MeHbIe mpenen
paspelieHus, TeM OOJIbIIIe pa3peniaromas CIoCOOHOCTh CHCTeMBbl W HaoOopoT. Ilpenmen
paspeuieHus rnaza Zg, = 75 MiMm. Ilpemen paspemeHus: oObEKTHBa MHUKPOCKONA, COTJIACHO
Teopun A60e, 3aBUCUT OT TPEX CIIOCOOOB OCBEIEHUS O0BEKTHBA.

IlepBblit cmocod: mpemapaT ocBemlaeTcsd MNapajuledbHBIM IydkoM cBeTa. Ilpenen
paspenieHus 00bEKTHBA PaBEH

A
Z,=——:, (11.5)
sin @

rie A — JJIMHA BOJIHBI MOHOXPOMATUYECKOTO CBETA WM JUTMHA BOJIHBI, K KOTOPOW ri1a3 Hanbosee
gyBcTBUTENEH (A = 555 HM = 0,555 MKM, B Citydae OCBEIICHUS O€IbIM CBETOM), 6 — anepTypHBIi
yroJ (MOJIOBMHA yTia MEXIY KpalHUMH JTydaMH, UAYIIMMH B OOBEKTUB OT TOYKH OOBEKTa Ha
TJIAaBHOM ONITUYECKON OCH).

Bropoii cmoco6: mpenapaT oOcBemIaeTCs KOChIM ITYYKOM CBeTa (CBET Ha OOBEKT
noctynaer uepes konjaeHcop). [Ipenen paspenienus ymeHbIlaeTcs B 1Ba pasa

) = L (11.6)
2sin @

Tpernii cnmocod: mpemapaT OCBENIIACTCS 4Yepe3 KOHACHCOP (KOChIe Jy4dd) CO CIOSIMHU
UMMEpPCHOHHOTO Macja MEXIy OOBEKTHMBOM M OOBEKTOM, a Takke MEXIy OOBEKTOM U
KoHJieHcopoM (puc. 11.3).

1-ii MakcuMyM M 0-if MakCHMYM
S \
\ 4
. l’ TloxpoBHOE CTEKII0
.
A )
S

HMmmepcuonnoe maciio

IIpeameTHoOe cTEKJIO

/A B 4
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Puc. 11.3. Ilpenen pa3penieHusi HIMMEPCHOHHOT0 00bEKTHBA

OOBEKTUB PACCUYUTHIBACTCS JJISI COOTBETCTBYIONIEH MMMEPCHOHHOM Cpelbl — Macia WIN
BOIbI. [Ipenen paspereHnss HMMEPCUOHHOTO OOBEKTHBA!

A A A

7. = v —
> 2sin@ 2nsing 24
re Acp — UIMHA BOJIHBI CBETa B UMMEPCHOHHOM CpeJie, €€ MOKHO BBIPA3UTh Yepe3 AJIMHY BOJHBI
K CBeTa B BO3AyXe Ae¢p = Am, A — uucineHHas ameprypa (CM. HHXKE), # — OTHOCHUTEIbHBIN
MOKA3aTeNb MPETOMIICHUS CPEJIbI.

Yucnennoti anepmypoui 00bEKTUBA HA3bIBAIOT MPOU3BEIACHHUE MOKA3aTels MPETOMICHHUS
Cpebl MeXAy 0O0bEKTHBOM U 0OBEKTOM Ha CHHYC anepTypHOro yria &

* 151 cyxoro oobektuBa A = nsin@ = sinf, Tak KaK MOKa3aTeNlb MPEIOMIICHUS BO3TyXa
paBeH eIMHHULIE.

e UIS UMMepCcHOHHOro oOBekTMBa A = nsin@ = 1,515-0,94 = 1,424, tak kak mns
UMMepCHOHHOro Macia n = 1,515, a anepTypHslil yron takux o0bexTHBoB 8= 70°, sind = 0,94.

OOBIYHO YMCIIEHHAs anepTypa 00beKTUBOB paBHa: A = 1,4 — mna macnsiHol, 4 = 1,25 —
JUIs1 BOJHOW UMMEPCHHU.

[Ipenen pazpemennss UMMepcMoHHOTO oOOBekTHMBA B n = 1,515 (kegpoBoe wmacio)
MEHBIIIE, YeM IJIs CyXoro oObekTuBa. [Ipw 3TOM mMmoKa3aTenu MPETOMIICHHUS TPEIMETHOTO,
MOKPOBHOTO CTEKOJ U JIMH3 KOHIEHCOpa M OObEKTHBA ONHM3KUM K TOKa3aTelllo MpeOMIICHUs
KEJPOBOTO Macia, MOATOMY OTPAKCHHE CBETa Ha TOBEPXHOCTH paszfelia MOYTH OTCYTCTBYET,
BCJICZICTBHE YETO SIPKOCTh U300pKEHUsSI HE 0CIa0IIsIeTCs.

(11.7)

11.1.5. Ilpeoen paspewenus muxpockona. Ilone3noe u npakmuueckoe ysenuueHus
MUKPOCKORA U OKYIApO08 K HeMy

B Mukpockon MOXHO YBHUIETh JHIIb OOBEKTHI, pa3Mep KOTOPBIX paBeH WM OOJbIIe
npezena paspemeHus oobekTusa (Tpu popmyisl). OgHaKo 3To He Beeraa Tak. Ecnu npenenbHoe
paccTosiHie MEXKIY JABYMs TOUKaMU He Oy/eT TOBEICHO YIJIOBBIM YBEIMYEHHEM MUKPOCKOIIA, B
YaCTHOCTH, €r0 OKYJSIpOM, J0 Mpeaena pa3pelieHust ria3a Zr;, TO Yroll 3peHusi MmpeaMera B
MUKpOCKOI [y OylIeT MeHbIIe MPEeAeTbHOr0 yrila 3peHust riaza Pupex U TOUKH OyAyT BUIHBI
CJIIUTHO, KaK OJIHA TOYKA.

[Tone3HBIM YBETUYEHUEM MHUKPOCKOIA %, .nox HA3BIBAETCS YBEIUYCHHUE, MPU KOTOPOM
npeaenbHbId pa3Mep o0bekTa Z (I JaHHOTO OOBEKTHBA M METOJIa OCBEIICHHS) TOBEICH JI0
Ipesesia pa3peleHus Zr, riasa:

Z ) 7M.n0]1. = Zzzz’
OTKyJa
_ Zzzz _ ZZJZ _ Zzn 2A
7//\4.110/1 Z ﬂ, ﬂ, 2

24

rae Z — mpenen pa3pemieHus OOBEeKTHBAa TPH KOCOM OCBEIICHWHM (C KOHJIEHCOpPOM), A —
YHCJIEHHAS anepTypa.

3Has TOJIE3HOE YBEIUYCHHE 7. nox MUKPOCKOINA (OOBEKTHUB MPU ITOM YXKE€ BBHIOpaH:
W3BECTHBI €r0 YHCICHHAs anepTypa A W YBEIWYCHUE Jy5), MOXKHO ONPEICITUTh IOJIE3HOE
YBEIUYEHUE Yok.nox OKYJISIpa U3 (POPMYJIIBIL:
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— ?/M.I’IOJZ

Y snon = 706 Yornon 2 Vownon =
Y 06
OpHako TMOJIE3HOE YBEIMYEHHE MHKPOCKOINA MOXET OKa3aTbCs HEAOCTAaTOYHBIM IS
HaOOIeHUsT 0OBEKTOB MPENEIHHOr0 pa3Mepa. ITO MPOUCXOIUT MOTOMY, UYTO OKYJISIP COCTOUT
W3 JIBYX JIMH3 — TI0JIEBOM M ria3Hoi. [loneBas nuH3a (Oke K OOBEKTHBY) MPEIOMIIIET JTyYH,
BBIIIIE/IINE U3 00BEKTHBA OJFKE K OCH, YTOOBI OHU BOIIUIM B TTIA3HYIO JIMH3Y, 4 HE MHUMO Hee, U
nonanu B ra3. [Ipu 3ToM yBenuyeHue, JaBaeMoe OOBEKTHBOM, YMEHBIIAETCS, a B pacueTax
MOJIE3HOTO YBEITMYCHHSI MUKPOCKOTIA MBI 3TO HE YUUTHIBACM.
BcenenctBue sToro yBenmueHne MUKpockomna OepyT B 2 + 4 pasza OOJbIIE MOJIE3HOTO i,
noa» C 3aI14COM, HA30BEM €TI0 MIPAKTUUECKUM, Vi, np:

=(2+4)

Boo6me pexomenayercst OpaThb yBEIWYEHUE )y MHKPOCKOIIA, YIOBJIETBOPSIONICE
HepaBeHCTBY 1004 < 7, < 5004, 4TO OYTH TO KE CAMOE, YTO U Y. np.

Ilonesnoe yBenMueHHME MHUKPOCKONA MOBBIMAIOT [0 IMPAKTHUYECKOrOo BBIOOPOM
YBEIUYEHUS OKYJISAPOB B 2 + 4 pa3a 00JbIlIe MOJIE3HOTO YBEIUYCHUS OKYJIsIpa:

=(2+4)

3HaHHWE AJIEMEHTAPHOM TEOPUU MHUKPOCKOMA SBJISIETCA OCHOBOM [JIi BBIYMCICHUU TPHU
MCII0JIb30BAaHUU MUKPOCKOIIA B UCCIIEA0BATEIBCKOM MPAKTUKE.

Heob6xommMo yCBOMTh METOAMKY PEIICHHUS CIIECIYIOIICH TUTIOBO# 3a1a4M.

3agaua. O0bekT umeer pazmepsl Z = 0,22 + 0,25 Mxm. {15 ocBelieHus MPUMEHSIETCS
Oenblii CBeT.

1. Kakoil 00beKTHB MUKpPOCKOTIA HY>KEH JJIs1 HaOII0AeHHS?

2. YeMy paBHBI MIOJIE3HOE U TPAKTHYECKOE YBEITUYECHHS MUKpPOCKOMa?

3. C xakuM yBeIMUYCHHEM TPEOYIOTCS OKYJISPHI?

Pemenne. Borunicnum mpenensl paspemieHdss OOBEKTUBOB MPU PA3IMYHBIX METO/ax
OCBEILEHUS.

1. OcBemenue napaienbHbIM MydkoM. Cyxoil 0ObeKTUB, YUCIICHHAs anepTypa A = sinf

7/M.np 7/M.n0ﬂ'

70K.np 7/0K.n0ﬂ'

=0,65:

A 0.555mKm

= —=——"—=0,85mxm.
A 0,65
2. Ocgemnienne 00bekTa ¢ KoHAeHCOpoM. CyX0il 00BEKTHB, YUCIICHHAS anepTypa A = sin6

=0,65:

A 0.555mKm

L, =—= = 0,43 mxm.
2A 2-0,65

3. Ocgemienne 00bekTa ¢ KOHAEHCOPOM. OOBEKTUB C UIMMEpPCUEH (KeIpOoBOE Macio /1 =
1,515), uucnennas aneprypa 4 = sinf= 1,4:

_/1_ A _O.555MKM
24 2nsing  2-2.14

OtBeT Ha nepBbIi Bonpoc. Kak BUIUM U3 pacyeToB, TOJIBKO HMMEPCUOHHBINH 00BEKTHB
MO3BOJIUT YBUAETh OO0BEKTHI pasmepoM Z = 0,22 + 0,25 MKM, TaKk KaK TOJIBKO JISI 3TOTO
00BEKTHBA TpEAeN pa3pelleHHs] MEeHbIe pa3MepoB oObekta: Z3 < Z, wiu 0,20 mxm < (0,22
+0,25) MKM.

OtBer Ha BTOpOM Bompoc. Ilone3Hoe YBETUYEHUE Ywmon MHKPOCKONA PABHO TOMY
YBEJIMYCHUIO, TIPU KOTOPOM HaMMEHbIIUH pazmep oObekra Z = 0,22 MkM OyneT JOBEAEH 10

= 0,198 mxm.
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pa3MepoB MpeaebHOr0 00beKTa, HAbII0aeMOro HOPMaJIbHBIM IJ1a3oM 0e3 mpudopa, Z., = 75

MKM, Ha paccTosAHUA HAUJITYYIIEro 3pEHUS,
S=25cwMm:
y4 TS5 MKkMm
— _ “an _ _
ZYwon =Ly =V snon = ~ = 025 e =341.

[Tone3noe yBenmueHne MUKpOCKoIa paBHo 341.
[Tone3Hoe yBEMUYEHHE OKYISAPA Jor. nox (IUISI OOBEKTHBA NAHO: Jos = 90) Haiimem u3
bopMyIIBL:

— 7][/1.]10]1 —

B 341
7//1/1.}10./1 7/06701(.110}1 706 90

[IpakTrueckoe yBeTu4eHUE MUKPOCKOIIA ¥y, np PABHO:
Yunp=2+4)-341=(2-341) + (4 - 341) =682 + 1364.
[IpakTHueckoe yBenTudeHHe OKYISIPOB Y. np OYIET paBHO:
Yoxnp= (2 +4) Yoxnoa= (2 +4)-4=8=+16.
Okynsip ¢ yBenuueHueM 10 BIosHE OAXOAUT.

4.

11.2. Onucanmne ycTaHOBKH
OOt BUJ MUKPOCKOIIA TPUBOIUTCS Ha puc. [1.4. Ha HeM moka3aHbl: OCBETUTEIHHOE
YCTPOWCTBO — KOHJIEHCOP ¢ AuadparmMoi (1o CTOJMKOM MHKpockoma). OnThueckas cucrema
npubopa BKII0YaeT OOBEKTUB M OKYJISIp, @ MEXaHHUYECKas cUcTeMa 00eCIieunBaeT nepeMenieHIe
MPEIMETHOTO CTOJIMKA C IMpernapaTo/iep:KaTeleM OTHOCUTENIBHO ONTHYeCKON cucteMsbl. Jlis
OBICTPOI CMEHBI OOBEKTUBOB Y COBPEMEHHBIX MUKPOCKOIIOB UMEETCS PEBOJILBEPHAs TOJIOBKA.

e,

_—

Puc. 11.4. Mukpockon BUOJIAM

OOBEKTUB MHUKPOCKOIIA TIPEACTABISIET COOOM CHUCTEMY JIMH3; ONvKaliias K 0ObEeKTHBY
JMH3a Ha3bIBaeTCs (PPOHTANBHOM, OHa B OCHOBHOM OOECIeYMBAECT HEOOXOIUMOE YBEIMUYCHHE;
JpyTHE JIMH3bI HCIIPABIISIOT HEOCTATKH H300paxeHus. OKyJsip COCTOUT U3 IBYX JIMH3, KOTOPbIC
pacIoyIoKeHbl IpyT OT JApyra Ha pacCTOSIHMM, PABHOM MOJIYCyMMeE UX (POKYCHBIX PacCTOSHUU.
KoHzmeHcop cOoCcTOMT W3 TpeX JIMH3; MPEIMET JOJDKEH OBITh PACIONOKEH B €ro (hOKaIbHOM
TUIOCKOCTH.
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11.3. DxcnepuMeHTAJbHAS YaCTh

11.3.1. Onpedenenue yenvt 0enenus WKAIbl OKYIApa

Jlns mpoBeneHUss HW3MEpPEHUN pa3MEpoB MajbIX Tell C€ MOMOUIbI0 MHKpPOCKOMa
HEOOXOIMMO TIPOU3BECTH OIpEJeNieHHe LIEeHBl [ENIeHUs INKajabl OKyJsapa. s sTtoro Ha
INPEIMETHBI CTOJMK MHKPOCKONA TMOMEHIAI0T OO0BEKT-MUKPOMETpP, JOOMBAIOTCA PE3KOT0
u300pakenus ero mkaisl. Copmemniaiot, Hanpumep, 10 neneHuil mkaabl 00bEeKTa-MUKPOMETpA €
n EJCHUSMH IIKAJbl OKyJIspa. 3Hasl, 4TO IeHa JeJeHuss o0bekTa-MukpomeTpa coctasiseT 0,01
MM, OTIPEACISIOT LeHY JACJCHUS Kbl OKYJIsipa 1o popmyJie:

_0.01xmr-10

n
OHpeHeﬂeHHe ICHbI JOCJIICHUA HpOI/I3BeCTI/I KaKk Ha MaJlIoOM yBeJ’II/I‘-IeHI/II/I, TaK H Ha
OOJILIIIOM.

c (11.8)

11.3.2. Onpeoenenue pazmepa 6uo102u1ecko2o odvekma

Pa3smecTuTh Ha MpeaMETHOM CTEKJIE BOJOC (MJIM Tperapar U3 cpe3a JIMCTa pacTeHUs),
c(hoKycHpOBaTH MUKPOCKOI Ha PE3KOCTh, JEICHHS MIKAIBI OKYJISIpa PacoIOKUTh MapalIeIbHO
BOJIOCY (MM MeMOpaHaM KIIeTKU pacTerwsi). OnpeneauTs Mo MKale YUCIO ASNEeHUN 1 (IecsaThie
JIOJIM — Ha TJIa3), 3aHUMaeMble HaOJII0aeMbIM O0BEKTOM. BBIYMCINTh TOMIMIMHY BoJioca d (Wi
pasMep KJIETKH), IOJIb3YsCh IICHOW JeNIeHUs C.

MM
d =c| = |-n|oer] = c - n[am].
3anucatb B ma6ba. 11.] yBenMueHHE M YWCICHHYIO aneprypy OOBEKTHBAa Majoro M

OOJIBIIIOTO YBEIIMUCHUM.
Taonuya 11.1

No | VBenuuenu |Yucnennas | Ilpenen | [lonesnoe | Ilpaktu- | [lonesnoe | Ilpaktu-
/i e anepTypa | pa3pelleHu |[yBeIUYeHHe| YecKoe yBeJIn4e- YECKoe
00BEKTHBA A o MUKpPOCKOTIalyBEeINYCHHE HUE yBEIMUEHUE
o6 KOH/JIEHCOPA| y MUKpPOCKOIIA[ OKyJisipa | OKyJispa
Z(MKM) Mv.ip Yok.non Yox.np
1
2
Otan
OH
Beraucnute  uis  OOBEKTHBOB MHUKPOCKOMA TIPEAETbl  pa3pellieHHs, IOJIE3HOE W

MPaKTUYECKOE YBEIMUYEHHSI MUKPOCKOIA, a TAK)KE YBEIMUYEHHSI HEOOXOAUMBIX JJISl 3TOTO OKYJISIPOB
(cM. mpuMep BBIYMCIECHUH B TEOPETHYECKOM pasjelne). BhluuCiIeHusl NMpencTaBUTh B OTYETe,
pe3yabTaThl 3aHeCTH B maba. 11.1.

PesynabTaTsl padotel. K oTueTy npeacraBurhb:
* LIEHY JeJICHUs IIKaJIbl OKYJISIpa A7 KaKJ0r0 YBEIHMUECHMS;
* TOJIIIMHY BOJIOCA (MJIM pa3Mep KIETKH) Uil KaXKJI0TO yBETUUYCHUS;
*mabn. 11.1.

JlaGopaTtopHas padora Nel0. OnpenesieHue KOHUEHTPAUM caxapa NP MOMOIIU
caxapumerpa.
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Ieans padotel: 1) nccienoBaTh 3aBUCUMOCTD YIUIa BpalllEHUs MJIOCKOCTH NOJSPU3ALUN
OT KOHIIEHTPALlUK PacTBOpPa U OT JUIMHBI CTOJIOA PAaCTBOPA; 2) HAYUUTHCS ONPEAEIIATh yAEIbHbIN
yTOJI BpallleHUsl TUIOCKOCTH MOJISIpU3aluy; 3) OBIaJE€Th METOJOM OIPEACIEHUS KOHLEHTpaLUU
pacTBopa caxapa ¢ IOMOULIbIO CaxapuMeTpa; 4) U3yunuTh YCTPOMCTBO caxapuUMeTpa.

IIpudopsr u matepuanbl: caxapumerp CVY-4, KioBeTa ¢ JUCTWIIMPOBAHHOW BOJOH,
KIOBETBI C PACTBOPOM caxapa pa3Iu4yHON KOHIIEHTPALUH.

12.1. TeopeTnueckasi 4acTh

PactBop caxapa o0najaeTr CHOCOOHOCTBIO BpallaTh IUIOCKOCTh  IMOJIIPH3ALUU
MPOXOJAIIET0 Yepe3 Hero MOoJIPU30BAaHHOTO JIyda CBeTa. YTOJ BpalleHUs IUIOCKOCTU
NOJIIPU3aLlMU  CBETOBOIO Jyya pacTBOPOM B CJIO€ ONPEACIECHHOM TONIIMHBI 3aBUCUT OT
KOHIEHTpaluu pacTBopa. Ormpexaensis yYrojd BpalleHHUs IJIOCKOCTH MOJSIPU3ALMHA, MOYXHO
OINPEAEINTh KOHIIEHTPALUIO PacTBOPA.

B caxapumerpe nmpuMeHeHa MeIyHapoaHasa caxapHas mkana. B Heit 100°S cocraBisitoT
34,62° yrnoBeix. OHO JeNeHUE MIKANbl caXapuMeTpa COOTBETCTBYET mpuobiamsutensHo 0,35°.
Caxapumerp mnokasbiBaeT 100°S mpu 20°C, korma B HEM B KadecTBE MOJISIpU3aTopa B
noNsApUMeTpHueckoil kioBeTe ammHoi 200 MM mpumeHsercs pactBop, B 100 cM® koToporo
COJIEPXKUTCS 26 T XMMHUYECKH UYHUCTOM CyXOW caxapo3bl (B3BEIICHHOW B BO3AYyXE JaTYHHBIMU
TUPSAMHU — HOPMATbHASL HABECKQ).

Onpenenuts Mo mkajge Npubopa HEMOCPEACTBEHHO MPOLIEHT CaXapo3bl B HUCCIETyEMOM
BElIECTBE MOYKHO, €C/IM B3ATa €ro HopMalbHas HaBecka, pacTBop aoseaeH a0 100 cm® u
MoJIsipu3alys Npou3BeIeHa B KioBeTe HuHor 200 M.

Ecin xe ktoBery amuHo 200 MM HamOJHUTH HUCCIELYEMBIM DPAcTBOPOM, HE Jenas
HOPMAaJIbHOW HaBECKH, TO IJIsi ONpPENeJICHUs BECOBOT'O MPOIEHTa caxaposbl HeoOxomumo (1-i
MeTO0J) OTCUMTAHHBIE [0 IIKAJIE€ CaxapuMeTpa TIpagyCchl YMHOXWUTb Ha IEPEBOAHOMN
koaddurment 0,260 1 pa3aenuTh Ha INIOTHOCTH p UCCIIETyEMOTO pacTBOpa:

C- 0.26

xo(°S). (12.1)

Yame npumesstor 2- meroa. OnpenenuM yIENbHBIA Yrosl BpalleHUs IUIOCKOCTH
NOJISIpU3allMl  —  yroj, Ha KOTOpBIM  IOBOPAYMBAETCS  IUIOCKOCTh  MOJSPU3ALNA
MOHOXPOMATHYECKOTO CBETOBOTO Jiyda ¢ A = 589 HM, mpomienmiero 4epe3 pacTBOp caxapa
enuHUYHON KoHenTpamuu 1 /(100 cM?), Haxoxsmuiics B KioBeTe eAMHMYHON (1 M) IIMHBL:
TaK KaKk

@ =,Cl, (12.2)
HOJIy4YUM
Py = P _ S
" Cl 2-0m/100chm®

B nameit naboparopun 3Ha4YeHHE YIEIBHOIO BpalleHUs pacTBopa caxapa ¢or = 0,602
(umenno >mo 3nauenue credyem Opamv npu pacueme OMHOCUMENbHOU NOSPEUHOCU
usmepenus 6 ynpaxcuenuu 12.3.3).

Jlns onpenesieHust KOHLIEHTpalMK pacTBOpa caxapa 3TUM METOJIOM JOCTaTOYHO U3MEPHUTh
C TIOMOUIBIO CaxapuMeTpa yroJl BpaleHHs! MI0CKOCTH MOJSPU3aLUH TaHHBIM paCTBOPOM H 3HATh
JUINHY KioBeThl. KOHIIEeHTpalus pacTBOpa B 3TOM cily4ae onpeneisercs no popmyse

= i (12.3)
@l
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12.2. Onucanmne yCTaHOBKH
Ha puc. 12.1 npusenena gororpadus caxapumerpa CY-4.

Puc. 12.1. CaxapuMmeTp yHuBepcaiabHblii CY-4

12.2.1. Onmuueckasa cxema caxapumempa

Cgert ot anektposnamnsl 6 (puc. 12.2) mpoxoaut uepe3 cBeTopmibTp 8 uim auadparmy 7,
yepe3 KOHACHCOP 9 U MOJYTEHEBYH MOJSIPU3ALMOHHYIO IIpusMy — nosaspusatop [0.
[TonsipusaTop pa3zaeneH Ha JBE MOJIOBUHBI JIMHUEN pazaena. [Ipu aTom nonsipuzatop yCTaHOBIICH
TakK, 4TO IUIOCKOCTH TOJSPU3AINH 00€UX MOJIOBUH CBETOBOTO MOTOKA COCTABJISIOT OJUHAKOBBIC
yIUIbl C TUIOCKOCTBIO TOJISIpU3aliuu aHanu3aropa /5. B 3ToM ciiyyae aHanu3atop MNpOIyCKaeT
paBHbIE CBETOBBIE MOTOKH, MO3TOMY Ji€Basi M IpaBasi MOJOBUHBI MOJIA 3PEHUSI B 3PUTEIBHOMN
TpyOe, cocrosimieit n3 o0bekTHBa /6 W OKyJsipa /7, MpU OTCYTCTBUHU KIOBETHI /] C pacTBOPOM
caxapa, OTJINYaThCs HE OYyIyT.

|
—

1]
A
L)

a -‘l
Y~
Ny
~ e
4z
” A

v e
SRR
[ a7

6 8 9 10 1 1/213 15 16 17

Puc. 12.2. OnTuyeckasi cxema caxapumerpa

IIpu ycTaHOBKE KIOBETHI C PaCTBOPOM caxapa MeEXIy MOJIIPpU3aTOPOM U aHAIU3aTOPOM
IUIOCKOCTH TOJISIpU3alKi 00€HX MOJIOBUHOK CBETOBOI'O IIOTOKA MOBEPHYTCA 110 YAaCOBOM CTpelke
(Tak KaK pacTBOp caxapa — IPaBOBPAILAIONINI) HA HEKOTOPBIM Yrol ¢, 3aBHCALIMHA OT JJIMHBI
KIOBETBl M KOHLEHTPALIMM PacTBOpa, HAaXOIAUIETOCs B HEHM. B 3TOM ciyyae OCBEHIEHHOCTH
MIOJIOBHH TOJISI 3peHHst OYIYT pa3IHuHBIMU.

Jlis ypaBHMBAaHHS OCBELICHHOCTEH OO0EMX TIOJIOBUH MOJIA 3pEHHMsS B caxapuMeTpe
OPUMEHEH KIUHOBOU KOMHEeHcamop, COCTOSIIMNA W3 OOJNBIIOr0 KBapLEBOTO KJIMHA JIEBOTO
BparieHust /2 (puc. 12.2), KoOHTpKIMHA /3 ¥ MaJOTO KBapIIEBOrO KJIMHA MPABOTO BpalleHUs /4.
[lepememienuemM OONBIIOTO KJIMHA OTHOCUTEIBFHO MAJIOTO MOAOUPAIOT TpeOyeMylo TOJIIHUHY
KBApLEBOM IUIACTUHKHU JJI1 KOMIIEHCAIMM yIJIa TIOBOPOTA IUIOCKOCTH IOJIAPU3ALUANA PACTBOPOM.
[Ipu 5TOM MIOCKOCTH MOJSPU3ALUN 00SHX ITOJIOBHUH CBETOBOTO MOTOKA TOBOPAYMBAIOTCS IPOTHB
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YacOBOW CTPEJKH (KJIMH — JICBOBPAIIAOLIHMIT) HAa Yol ¢ M OCBEIIEHHOCTh MOJIOBUH T0JISI 3pEHHUS
ypaBHuBaeTcs. OTHOBPEMEHHO ¢ OOJBITUM KIIMHOM TIepeMeniaeTcs mkana 3.

[To HyneBoMy JHeneHHIO HOHUYCA 2 (PUKCHPYIOT 3HAYCHHE IIKAJbI, COOTBETCTBYIOIIEE
COCTOSIHUIO OJIMHAKOBOH OCBEIIEHHOCTH O0eHux TMONoBUH moss 3peHus. lllkama m HOHHMYyC
HAOIOIAI0TCS Yepe3 JIyMmy / ¥ OCBEHIAIOTCS AJIEKTPOIAMIION Yepe3 OTpaKaTeIbHYIO TPU3MY 5 U
cBeTOOUIBTP 4.

12.2.2. Yempoiicmeo npubopa

CaxapuMeTp COCTOUT M3 y3J1a U3MEPUTEIBHON TOJIOBKH 2 (puc. 12.3) 1 OCBETUTEIBHOTO
y31a 9, COCNMHEHHBIX MEXIy co00i TpaBepcoM 6. TpaBepc KpemuTcs depe3 CTOWKy /7 K
ocHoBaHuIO /8. Ha TpaBepce ykpelsieHbl KIOBETHOE OTAEICHHE ) i MOJIIPUMETPHUUYECKHX
KIOBET M oOmpaBa / ¢ NOJSIPU3ATOPOM M TMOJYyTE€HEBOM mjacTUHOW. C JUIEBOM CTOPOHBI
M3MEPUTENIBHOM I'OJIOBKU PACIIONOXKEHBI JIyIa / JIJIs OTCYETa [TOKA3aHUM 110 IIKaJe ¥ 3pUTENIbHas
TpyOa 2(0. B HWKXHEH YacTHM M3MEPUTEITHLHON TOJOBKU PACIOJIOKEHA PYKOSTKA /9 KIMHOBOTO
KOMIIEHCATOPa, BPalllEHUEM KOTOPOM MEPEMEIAOT IMOJBUKHBIN KBAPLEBbIN KIMH U CBA3aHHYIO
C HUM HIKaJy.

1 2 3 4 5 6 78 9

Puc. 12.3. CaxapumeTp yHuBepcaabubiii CY-4:
1 — nyna; 2 — u3MepUTeNbHas TOJI0BKa; 3 — MEXaHU3M YCTaHOBKU HOHMYCA; 4 — KIIIOY;
5 — KIoBEeTHOE OTJIeTICHUE; 6 — TpaBepC; / — olpana Mmoysipu3aTopa; 8§ — MOBOpOTHAsE 0001Ma;
9 — OCcBETUTENBHBIN y3€il; /() — peryIupoBOYHBIN BUHT, /] — BUHT 3a3€MJICHUS;
12 — Bunka pazbemMa; /3 — BCTaBKa IUIaBKasi; /4 — KpblIlIKa; /5 — KHOMKa;
16 — pyuka pe3ucropa; /7 — croiika; /8 — OCHOBaHHUE;
19 — pykosiTKa KJIMHOBOTO KoMIieHcaTopa; 2() — 3puTenbpHas Tpyoa

OCBETUTENBHBIN y3€1 COCTOWT U3 MATPOHA C JaMIiol (MaTpOH YCTaHABIUBAETCS TpPEMs
BUHTaMH /()) ¥ TOBOPOTHOM 000#MO# § cO CBETOGUIBTPOM U JuadparMoi.

Ha ocHoBanum ycTaHOBIEHBI KHONKa /5 JUisi BKJIIOUEHUSI OCBETHUTENsE U pydka 16
pe3ucTopa AJig peryaupoBaHusl SPKOCTHU NOJI 3PEHHUS.

BHyTpu OcHOBaHMSI BMOHTHpOBAH HOHMIKaroumi TpaHcdopmarop. Ha TeubHOW cTOpOHE
OCHOBAaHMsI HaXOAWTCS BUHT [/ 3a3emyeHus, BWIKA /2 pa3beMa Ijsl MOAKIIOUEHHUS] OCBETHTENS
caxapuMeTpa K TpaHcOopMaTopy M BCTaBKa IJIaBKas /3.

12.2.3. Ilopaook pabomewl ¢ caxapumempom
IHoaroroBka caxapumerpa K padore

1. BkirouuTe caxapuMeTp B CETb.

2. BxitounTe KHONKOM /5 OCBETUTEIb.
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3. YcranoBute o6oiimy 8 B monoxenue C (cBeTouiabTp) — npu padore ¢ OECIBETHBIMU
u c1abooKpalieHHBIMH pacTBopaMu, uiau B mojoxkenwe [ (mmadparma) — mpu padote ¢
TEMHOOKPAIIEHHBIMU PaCTBOPAMHU.

4. YCTaHOBHUTE OKYJISIP 3PHUTEIBHONW TPyObl Ha MaKCUMaJIbHYIO PE3KOCTh HU300paKCHHS
HITPUXOB U IUGP KAl 1 HOHUYCA.

5. YcraHoBHTE pyUKOi /6 pe3ucropa Takyro SpKOCTh MOJs, KOTOpas HAauMEHEE yTOMIISIET
3peHHe U MpHU KOTOpPOH HanboJiee YeTKO BOCIPUHUMAETCS pa3HULIA B IPKOCTH TOJIEH CpaBHEHUS,
€CJIM CMECTUTh HOHUYC Ha OJTHO JIEJICHHUE C €r0 HYJIEBOrO MOJIOKEHHUS.

YcranoBka HyJIA

1. 3akpoiTe KPBIIIKY KIOBETHOTO OTACTICHHS O€3 YCTAHOBKH B HEM KIOBETHI.

2. VYpaBHATE SApPKOCTh MOJEH CpaBHEHUS BpALICHUEM pPYKOSITKHM KIMHOBOI'O
KOMIIEHCaTopa.

3. CoBmecTUTE HYJIEBOE JAEICHUE HOHMYCAa C HYJEBBIM JEICHUEM UIKalbl, KaK 3TO
MOKa3aHo Ha puc. 12.4.

0,05°*S
Hounnyc
100 7? 50 2{: —0+ 2}5 50 75 100
foag ;!l ‘“1'1” l’i'l‘:"u'f; Ws'el’:ln'xttl"i‘au‘mllun‘unl i
40 20 10 ~Q+ 120
IIIxaaa

Puc. 12.4. leneHnst HOHUYCA H HIKAJIbI

4. CHOBa ypaBHSIUTE SIPKOCTh MOJIEM CpaBHEHUS, MPU ATOM HYJEBOE JEJICHHE HOHHYCA
JIOJDKHO COBMECTHTBCS C HYJIEBBIM JEJICHHEM INIKajbl (IPOBEPHhTE MPAaBMIBHOCTH yCTAaHOBKH
HYJISI HE MEHEE TpeX pa3).

Cpennee apudmeTnyeckoe U3 TPeX OTCYETOB MO HOHMYCY COCTAaBIISET HYJIEBOW OTCYET.
Ecnu HyneBo#t oTcueT oTianyaercss OT Hyssl He Oojiee 4yeM Ha OJHO JIeJIeHHE HOHHUYCa, HOJIb
CUMTAETCS YCTAaHOBJIEHHBIM IIPaBUJIBHO.

YcranoBka KoBeT

1. ITomecTuTE KIOBETY C paCTBOPOM B KIOBETHOE OT/EIICHUE.

2. YcraHoBuUTE €e, Bpallas BOKPYI OCH, B TaKO€ IMOJIO)KEHHE, YTOObI JIMHUS pa3jaena
N0JIeH CpaBHEHUS JIeNNJIa MoJie 3pEHUS Ha JBE PaBHBIC YaCTH («ITOIBKH).

N3mepenue

1. YpaBHsiiTe IpKOCTb NOJIEN CPaBHEHUS U IPOU3BENANUTE OTCUET IO LIKAJIE€ U HOHUYCY HE
MEHee LIECTH pa3.

2. Brouucnurte cpenHee apu(METHYECKOE IIECTH OTCYETOB, KOTOPOE paBHO YITy
BpAILEHUS TIJIOCKOCTH MOJIApU3ALUK pacTBOpa B °S.

3. OTcuer noka3zaHuil Npy NOMOIIM HOHUYCA MOACHAETCS Ha puc. 12.5.
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Puc. 12.5. Tlpumepsl 0TCYeTA MOKA3aHUI 110 HOHUYCY caXxapuMeTpa

Ha puc. 12.5 a nokazaHo MOJOKEHUE HOHMYCA M IIKAJIbl, COOTBETCTBYIOIIEE OTCUETY
+11,85°S (Hynp HOHMYCA PACIIONIOXKEH IMpaBee HyJIs IKaibl Ha 11 MOMHBIX JeJIeHui U B TIpaBoOM
4acTH HOHHUYCa C OJIHUM M3 JIEJICHUN HIKaIbl COBMEIIAETCS €ro CEeMHAJaToe JelIeHue, IeHa
nenenust Houuyca 0,05°S).

4. Ha puc. 12.5 6 mokazaHO TOJIOKEHHUE IIKaJIbl 1 HOHUYCA, COOTBETCTBYIOIIEE OTCUETY
3,25°S (Hysnb HOHMYCaA PACIIOJIOKEH JIEBEE HYJIS IIKAJIbl HA TPU IOJIHBIX ACJIEHUS U B JIEBOU
YacTH HOHUYCA C OJHUM M3 JIEJICHHUM 1IKaJIbl COBMEIIAETCS €ro MIATOE JIeJICHHE).

I[Honb30BaHMe MOJSIPUMETPUYECKHUMH KIOBETAMH

W3mepenuss mnpou3BOAST, MOMeNass B KaMepy caxapuMmeTrpa MOJIpUMETPUYECKHe
KIOBETHI, HAIlOJTHEHHBIE UCCIIElyEMBbIM PacTBOpPOM. Bpalas KioBeTy, yCTaHAaBIUMBAIOT €€ B TaKOE
MOJIO’KEHHE, YTOObI JTMHUS pasliena JeNuja Ioje 3peHus npudopa MpUMEpPHO Ha JIBE paBHbIC
MOJIOBUHBL. KIOBETBI 3aKpPHIBAIOTCS ¢ 00X CTOPOH MOJSIPUMETPUISCKUMH CTEKJIAMHU, KOTOPBIC
OPWXKHUMAIOTCA K TOpIaM TpyOKH C moMolibio raek. Jjis 6onee 3MacTUYHOTO MPHKUMa MEXIy
CTEKJIOM UM TalKOW BKJIAJIbIBACTCSI PE3UHOBOE KOJIBLIO.

I[Ipumeuyanue. B MeaMIMHCKHX caxapuMeTpax, NpeJHa3HAYECHHBIX Ui U3MEPEHHS
KOHIIEHTPAIlMU BUHOTPAJHOTO caxapa (TJIFOKO3bl) B MOYe OOJNBHBIX IHA0ETOM, OTCYET YyTIIia
MOBOPOTa MO IIKaje Mpubopa HEMOCPEICTBEHHO [aeT 3HAUCHHE KOHIEHTpPAlWU TJIIOKO3bl B
BECOBBIX MpOIeHTaX B rpamMmax Ha 100 cM® pacTBopa. DTO OCYIIECTBIEHO IyTeM IOAOOpa
JUTHBI KIOBETHI. 4K bopMyIbI
¢ = @C| BuaHo, 4TOo anA BeIMOJAHEHUs yciaoBuss C = 4 HEOOXOAUMO, YTOOBI
[=1/¢=1/0,528 = 1,89 nm.

Takum 00pa3om, IJIMHA KIOBETHI B MEAUIIMHCKUX caxapuMeTpax paBHa 1,89 mm.

12.3. DkcnepuMeHTaJbHAS YaCTh

12.3.1. Onpedenenue nanuuua onmu4eckoli AKMUEGHOCMU 6el4ecmea
1. 3yuuTe yCcTpOMCTBO caxapuMeTpa.

2. B cooTBercTBHM € pazaenom 12.2.3:

* MOJrOTOBBTE CAXapUMETP K padoTe;
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* IPOBEAUTE UCCIIEJOBAHUE KIOBETHI C AUCTUIUIMPOBAHHON BOJIOM;

* IPOBEAUTE MCCIEJ0BAHUE KIOBETHI C pACTBOPOM caxapa.

3. Pesynbprarthl HaOmoneHW BHecuTe B mabia. [2.], 3amuchiBasg «OJHOPOIHOE» WIH
«HEOoHOpoaHOe» — ans rpadsl «llosme 3peHHs» M «ONTHUYECKH AKTUBHO» WU «ONTUYECKH
HEaKTHUBHO» — I rpadbl «ONTHYECKask aKTUBHOCTDHY.

Tabnuya 12.1

IoJe 3peHus
0e3 KIOBEThI C KIOBEeTOM

BenrecTrBO OnTnueckas aAKTHBHOCTDH

JuctrinmupoBaHHas
BOJA
PacTtBop caxapa

12.3.2. Onpeodenenue Konyenmpayuu pacmeopa caxapa ¢ ROMouibio caxapumempa
1. I3mepbTe yroi noBopoTa MJI0CKOCTH MOJISIPU3aluU (HE MEHEE IATH pa3) AJIs JaHHOTO
pacTBopa. 3anuIuTe JUIMHY KIOBETHI U ¢ B mabn. 12.2.

Tabnuya 12.2

Ne K1oBeThI Oi C;
1
2
3

2. Paccuuraiite cpeHee 3HaueHue <@ >.
3. Onpenenute cpeaHee 3HAYEHUE KOHIIEHTPALIUHY:
<@>
<C>=—"—,
<@, >1
4. PaccunTaiiTe MOTPEIIHOCTD OMbITa (CYUTANTE, YTO MOTPEITHOCTh JOIMYCKAIach TOJIBKO
IIPU U3MEPEHUU () U 3aIHUIINTE OKOHYATENbHBIN pe3yIbTar:
C = (<C>E<AC>)%.

12.3.3. Onpedenenue yoenbHozo 8pauieHus Ra0CKOCHU ROJAPUAUUU

1. I3mMeppTe yroa moBopoTa IJIOCKOCTH TOJSIPU3AIME HE MEHee TATH pa3 i pacTBOpa
U3BECTHOM KOHLIEHTpAMK (MOXXHO B3SIThb W3 MPEABIAYLIMX HCCIEIOBaHMN). 3alMIIUTE UIUHY
KIOBETHI / 1 KOHIIEHTpaImio pacteopa C.

<@>
C-l°

2. o 3HaueHuo <@ > paccuuraiite @y, =

2pao
2-6]14/1000]143 '

3. CpaBHHTE ¢n ¢ TaOJIUYHBIM 3HAYECHUEM (), = 0,602

‘(Po — P,
20

Ecnm ommbka He nipeBbImiaet 5%, MEeTo1 MOXKHO CUMTATh OCBOSHHBIM.

-100%.

4. Paccunraiite ommoKy & =

T

12.3.4. Hccneoosanue 3agucumocmu yena @ 6paujeHus niaoCKOCMu nOaApu3auyuu om
xonyenmpayuu C onmuvecku aKmugHo20 pacmeopa u om moujuHbl Cmoaida pacmeopa
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1. Jlna BBINOJMHEHHUs 3aJaHHsl HEOOXOIUMO M3MEPHUTh YTJbl BPALICHHUS IUIOCKOCTH
MOJISIpU3AIIMU CBETA MPHU MPOXOXKICHUH Yepe3 PacTBOPHI Pa3IudHBIX KoHIeHTparui (5, 10, 15,
20, 25% ...). KioBeTbl TOMKHBI OBITH OJHON M TOW e AJMHBI. 3HAUEHUS YTIIOB BpAllCHHS,
MOJTyYeHHBIC B °S, IepeBECTH B yIiIoBbIe (cM. 1. 12.1).

2. Pesymbrathl M3MepeHuil 3aHectd B mabn. 12.2: ¢ = f{C) (g ompenenenus @,

mpojiesaTh He MeHee 6 U3MEPEHUH I KaKI0TO PacTBOpa).

3. Hzob6pasute rpaduuecku 3aBucumocth @ = fC) u chopMynupylTe pe3yibTar
WCCJICTOBAHMSI.

4. BelpazuTe pe3ysNbTaT aHATUTHYECKH  (KOAPHUIIMEHT MPONMOPIHOHATBEHOCTH
0003HaYBTE ¢n).

PesyabTaTsl padotel. K oTueTy npeacraBurhb:
emaobn. 12.1n 12.2;
* KOHLIEHTPALMIO caxapa Ui Kax10i KioBeThl B BUjie C = (<C>1<AC>)%j;
* 3aBucuMocThb @ = f(C) B Bujae maoa. 12.2 v rpaduka;
* BBIBO/J] O XapaKTepe 3aBUCUMOCTU M aHAIUTUYECKUH pe3ynbTaT 3aBucumoctu ¢ = f{C);
* YAEIBHBIN yToJ BpalleHUs TUIOCKOCTH TOJIIPU3AIUU (;
* OTHOCHUTEJIBHYIO TIOIPEIIHOCTh U3MEPEHUS ¢.

JlabopaTopHasi padora Nell. Onpenesenne noka3zaresi MpeJOMJICHHUS KUIKOCTH
MpH NOMOIIM peppakTOMeTpa.

Heas padorsi: 1) oBnageTs pepakTOMETPUUIECKUM METOJIOM ONpPEIENCHHs OKa3aTes
MPETOMIICHUS )KUJIKOCTH; 2) UCCIeA0BaTh 3aBUCUMOCTh MOKa3aTells MPEeIOMIIEHUSI pacTBOpa 71 OT
ero KoHueHtpauuu C; 3) onpeaeanuTb KOHIEHTPAIMH pacTBOPOB.

IIpuGopsl u Martepuanabl: pedpakromerp HWNPD-454, crexnsHHas mangouka,
JTUCTUJUTMPOBAHHAS BOJIA, UCCIIelyeMast )KUJIKOCTh Pa3IUuYHOM KOHIIEHTPALIUH, BETOIb JIbHSIHAS.

13.1. TeopeTuveckasi 4acTh

Pedpakromerp mpenHasHaueH MAfi HEMOCPEACTBEHHOTO H3MEpPEHUS IOKa3aTels
IPEJIOMIICHUSI 7 HEAarpeCCUBHBIX JKUAKOCTEH W TBepAbIX Tel. B menunuHe pedpaxromerp
NpPUMEHSIETCS Ul ONpEeNIeHNs KOHLEHTPAllUK BEIIeCTBAa B pacTBOpe (HAapuMep, CoJlep:KaHus
0enka B CHIBOPOTKE KpPOBH). 3Hau€HHE MOKas3aTessl MPEJOMIICHHS PacTBOpa, OIMPEENIieMOro
pedpakTOMETPUUYECKUM METO/O0M, 3aBUCUT OT KOHIIEHTpPALlMU pacTBOpa W TemmepaTypsl. [Ipu
HEM3MEHHOH TeMIieparype dYeM BBbIIIE KOHLIEHTpPAIMs pacTBOpa, TeM OOJblIe MOKa3aTelb
npesnomMieHus. i pa3HbIX BEIECTB 3Ta 3aBUCUMOCTh HOCUT Pa3HbIN XapaKTep.

B ocHOBY KOHCTpYKLIMH NPHOOPA MOJ0KEH METO]] ONPEACTICHUS ITOKa3aTeNs MPETOMICHUS
UCCIIEIyeMOI'0 PacTBOpa IO NpeOdebHOMY Y2y UMW Y2y NOIHO20 GHYMPEHHE20 OMPANCeHUs.
Onpenenenne nokaszaTesns NPEJIOMICHUS MOXKHO MPOM3BOJAUTH B MPOXoAsieM (OeciBeTHbIE HITH
c1ab0 OKpaIleHHbIE KUAKOCTH) WIM B OTPaXEHHOM CBeTe (TEMHBbIE WM CHUJIBHO OKpAallleHHbIE
JKUJIKOCTH ).

3aKOHBI OTPa’KeHUS U NPETOMIICHHUS

IIpy B3aMMOIEHUCTBUU 3JIEKTPOMAarHUTHOM BOJIHBI C IPaHULEH pasfena IByX Cpel JIyd
JIEITUTCS Ha OTPAXEHHBIN U MpeJIoMIIeHHBIN (puc. 13.1).

MakcBe1 nmokasall, 9YTo CKOPOCTb 3JIEKTPOMAarHUTHBIX BOJH (T.€. M CKOPOCTH CBETa) B
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JUDJIEKTPUKAX BBIPAYKACTCA YEPE3 AUNIEKTPUUECKYIO € U MArHUTHYIO 4/ IPOHUIIAEMOCTH CPEbI
C 1

L= = , (13.1)
NETRNE
1 3
rje C = —f—= 3-10°m/c - CKOPOCTh CBETa B BaKyyMe.
\ €0y
Benuunaa 1 =~/ & (dbopmyna MaxkcBemia) Ha3bpIBaeTCs aOCONIOTHBIM TOKa3aTeleM

JTAHHOU CpeJlbl OTHOCUTENBHO BakyyMa (A1 AUDJIEKTPUKOB 1 = 1).

24

Puc. 13.1. Xoa ny4deil Ha rpaHuLe pa3jesa ABYX cpel

Cdopmynupyem 3aKOHBI OTPAKECHHSI U TTPEIIOMIICHUS CBETA.

3akonvl ompascenusn:

— ecau céem naoaem Ha epanuyy pazoena 08yx cped, mo OMPANCeHHbIU 1Y JeHCUM 8
0O0HOU NIOCKOCMU € NAOAIOWUM JIVHOM U HOPMATLIO, B0CCIMAHOBIEHHOU 8 MOYKe NAOeHUsA 1yUd,;

—  y20] nA0eHUsl pageH Yy OmpatceHusl.

3akonwvt npenomnenusn (Cuemmyca):

—  NPeNOMIIEeHHBIU JYY NeHCUm 8 0OHOU NAOCKOCMU C NAOAIOWUM JV4OM U HOPMAIbIO,
B0CCMAHOBNIEHHOU 8 MOYKe NAOEHUs. HA SPAHUYY 08YX CPeO;

—  OMHOWEHUe CuMyca yena NaodeHus K CUHYCY Veld NpPeloMAeHUs eCMb 6elUdUHA
HOCMOSAHHAS 0I5l 08YX OAHHBIX CPeO, YUCIEHHO PABHASL OMHOCUMENbHOMY NOKA3amenio 6mopou

cpeodvl omHocumenbHo nepeoti (OMHOCUMEeNbHbILL NOKA3AMelb NPeNoMAeHUs. Ny = —2)
m

Y = N,,. (13.2)
sin 3

OmbIT MOKAa3bIBACT, 4YTO W OUIJICKTPHUYCCKAsA MNPOHULNACMOCTL & W TI0KA3aTClib
MIPEIOMJICHUS 7 3aBUCST OT YaCTOTHI v KOJeOaHU CBETOBOM BOJIHBI U, CIIEIOBATENIbHO, OT IJIMHBI
BoiHBI. Ho eci »n 3aBHCHUT OT YaCTOTbl, TO U CKOPOCTH PACHPOCTPAHCHUA CBCTAa B BCIHICCTBC
(cormacuo BeipaskeHuto (13.1)), Takyke 3aBUCUT OT YaCTOTHI.

3asucumocms  ckopocmu  pacnpocmpaneHus C6emosou GOJHbI OM ee UaACHmOmbl
Hazvleaemcs oucnepcue.

[Ipy w3MepeHUU MOKa3aTensi MPEIOMIICHHS C TIOMOIIBIO pedpakTOMETpa HECKOIBKO
Kamnejab UCCIEAYyEMON >KMIAKOCTH TMOMEIIAIOT MEeXAy AByMmsi rpansmMu AB mpusmel [ u A1Bg
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npusmbl 3 (puc. 13.2). Jlyun cBeTa NpOXOISAT OCBETUTENBHYIO HPU3MY 3, paccerBascCh Ha
BBIXOJI€ MaTOBOM IpaHbio A1B1, BXOAAT B UCClIeAyeMYIO KHUIKOCTh U MaJAI0T Ha MOJIMPOBAHHYIO
rpaib AB n3mepuTenbHON Npu3Msl /.

Puc. 13.2. Cxema npu3M pedpakTomerpa:
1 — mpu3ma u3MepuTenbHas; 2 — KUJIKOCTh UCCIeayeMast; 3 — Mpru3Ma OCBETUTENIbHAs

[Tockonbky Ha pedpakTOMETpe HCCIEAYIOTCS BEIIECTBA, IOKAa3aTeNlb IPEIOMIICHUS
KOTOPBIX MEHBIIE TIOKa3aTelid TMPEIOMIICHUS HM3MEPUTEIbHONM NpHU3MBbI, TO JYy4Yd BCEX
HAIpPaBJIEHUH, MPEIOMUBIINCH HA TPAHULE (OKUAKOCTh — CTEKJIO», BOMIYT B M3MEPUTEIBHYIO
npusmy /.

Jlyun, magatoniyie Ha rpaHMIly pasjiena MoJ MaKCUMAaIbHO BO3MOKHBIM yTJIOM, OJU3KUM
K 90°, mpenoMIIstoTCs oA YoM @. MTak, eciii CBEeT UIET U3 CPEMIbl ONTUYECKU 0oJiee TIOTHON
B Cpely OINTHUYECKH MEHee IUIOTHYIO (11 >n2), HAOJIOJACTCS s6leHUe NOIHO20 GHYMPEHHe20
ompaoiceHus, €Clii CBET MaJaeT MOJA YIJIOM @. Dmom Y20/l A611emcs NpeoebHblM VeloM OJis

oannou epanuysl pasoena 06yx cped P ,eqs .
T
W3 3akona CHemMyca 1ojlydaeM, 4To B IIPEAEIBHOM Cllydae ,B = — (puc. 13.3), Torna

sin ﬂ =1 , CIIEOBATEIIbHO sin (anea = N,,. Otcrona

Do = ATCSINA,,. (13.3)
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N,
5 3Jf’s/’ 5
ﬁ ‘F
/g’i Froca
1}
Ny
B
Puc. 13.3

IIpu paccMoTpeHUM MyYKa JIy4del, BBIXOASAIINX U3 Npu3Msel 2 (puc. 13.4) B 3pUTEIBHYIO
TpyOy 7, 8, 9 BepXHsis 4acTh MOJISI 3pCHUS TPYOBI OyA€T OCBEIIEHA, a HUXKHSS OCTAaHETCSl TEMHOM.
[lonyyaemass rpaHuLia CBETOTEHU OIPEAEIAETCS JIy4OM, BBIXOJAIIMM M3 NPU3MBI 2 MO
npeaensHbeIM yriiom S (puc. 13.2).

1 2 3 4

Puc. 13.4. OnTnyeckasi cxema peppaxkromerpa UPPD-454:

1 —3epkaio; 2 — mpu3Ma U3MEpUTENbHAs; 3 — CTEKJIO 3alUTHOE; 4 — 3epKallo;
5 — mpu3Ma OCBETUTENbHAS; 6 — KOMIIEHCATOp; 7 — JIMH3a CKJIEEHHas; § — CeTKa;
9 — okymsip; 10— npusma AP-9; 11 — 3epkano; /2 — 00beKkTHB; /3 — 3epKaio;
14 — cBetodunbTp; 15 — mpusma; /6 — mkana

['panuia cBeTOTeHH C MEpPEKpeCcTUEM, ITPUXU LWIKAIBI /6 U OTCYETHBIN IITPUX MPUMBI
10 onTtuyeckoit cucrtembl 16, 12, 1] mpoenupyroTcs B (HOKAIbHYIO IUIOCKOCTH OKYyJsipa 9.
Habmionas B okysip 9, COBMEIIAIOT TPaHHILy CBETOTEHH C MEPEKPECTHEM CETKH § U CHUMAIOT C
STOM LIKaJIbl OTCYET BETUYMHBI TOKA3aTEINs MIPEIOMIICHUS.

JUig axpomaru3alMM TpaHUIBl CBETOTEHW M H3MEPEHUS IUCHEPCUU  HCCIELYyEMOIO
BemectBa 10 0,07 (yrom 4°51') cnyXUT KOMIIEHCATOpP, COCTOSIIIMN W3 ABYX MPU3M MPSMOIO
3peHus 6 (mpu3Mbl AMHUYH), KOTOPbIE BPAIIAIOTCSl BOKPYT ONTUYECKOW OCH B MPOTHUBOIIOIOXKHbBIE
CTOPOHBI.
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13.2. Onucanue yCTAaHOBKH

13.2.1. Yempoiicmeo pecppaxmomempa HPD-454
OCHOBHBIE Y371bI CMOHTHPOBAHBI B METAUIMYECKOM Kopiyce. Ha Kopryc BbIBeIEHBI
MaXOBHKH (CM. puc. 13.5), B BepXHEl 4yacTH KopItyca pa3MeIIeH OKYJIIsp.

Puc. 13.5. Peppakromerp UPD-454.
Cnesa: nanpHUN MaXOBUK — MaXOBHK IIKaJIbI [I0KA3aTeNs IPEIOMIIEHUS,

OJIMKHHUI MaxOBHK — MaxOBHK BpaIllEHUS IPU3M AMUYH; criepean — pepakToMeTpudecKuit
OJIOK (HYDKHSS TPU3Ma U3MEPHUTENbHAs, BEPXHSS OTKHUIHAS — OCBETUTEIbHAS TIPU3MA);
CIIpaBa — OTKHUIHOE 3€pKAJIO IIKaJIbI

Pedpakromerpuyeckuii OJ0K COCTOMT W3 NBYX dYacTel: BepxHed W HmxkHed HrukHss
HEIMOABUKHASL 4YacTh SIBISIETCS. M3MEPUTEIbHOM, a BEPXHsS MOJBH)KHAS — OCBETHTEIIBHOU
IIPU3MOM.

[Ipu HaOGmr0eHUM B OKYJISIp HaXOXKICHHE TPaHUILIbI pa3/iesia CBETOTEHU U COBMEIICHHE €€
C IEPEKpEeCTUEM CETKUM OCYLIECTBIIAIOT BpALEHUEM MaxoBUKAa. BennunHa mnokasaTens
MPEIOMJICHUS UCCIIEyEMOTO BEIIECTBA ONPEAEAeTCs MO HIKaie ¢ HOHMYCOM (3€J€HOr0 I[BETA).

BuyTpu pedpakromerpa CMOHTHPOBAH KOMIIEHCATOP, KOTOPBIA CITY>KUT AJISl YCTPAHEHUS
OKpalllMBaeMOCTH HaOJI0JjaeMON TpaHMIIBI pa3zenia cBera M TeHH. KommeHcaTtop cOCTOUT M3
JIBYX MPHU3M NPSMOTO 3peHus (IpU3M AMHUYH).

[Ipu3mMbl AMUYM TNOBOPAYMBAOTCS MaXOBHKOM OJHOBPEMEHHO B pa3HbIE CTOPOHBI,
M3MEHSS NIPU 3TOM YIVIOBYIO JUCIIEPCUIO KOMIIEHCATOpa M YCTpaHsAsA LIBETHYIO KaliMy I'paHUIIbI
pazaena ceera u TeHu. lllkana pazgenena Ha 120 nenenuit. [IoBOpoT MaxoBHUKa HAa OJTHO JIEJICHUE
IIKaJdbl COOTBETCTBYET MOBOPOTY Mpu3M Amuud Ha 3°. JlecsaTbie AOMM JAENEHUS IIKaJb
ONpeneNsAtoTCs 0 HOHUYCY. OJTHO AeJIeHHe HOHUYCa COOTBETCTBYET IMOBOPOTY ITPU3M AMHYM HA
0,3°. OTKHIHOE 3epKajI0 CIIYKHUT JUIsl MOACBETKY IIKaJIbl U UMEET pa3BOPOT B ABYX IUIOCKOCTSIX.

Oxynsip MOKEeT OBITh YCTAHOBJICH Ha PE3KOCTh B Ipeesax +5 auonTpuii.
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13.2.2. Texnuuecxkue oannvie HP®-454

Jlnana3oH n3MepeHus nokasatens npeaomienus: 1,2 +1,7.

Ipesien aoMycKaeMoii OCHOBHO# IOTPENTHOCTH MO TI0Ka3aTeNo npeaomienns +1-10™,
[lena neneHus mKaibl MOKazaTess IpeoMiIeHus — S-1 04,

13.2.3. Iloozomoexa Kk pabome

Ilepen nHawamoM pabOTHI IMJIOCKOCTH MPU3M MPOMBITH JAUCTHIUIMPOBAHHOW BONOH M
JIOCYyXa POTEPETh CBEXKEH JTHHAHOMN ca(eTKOM.

[IpoBeputh roCTHPOBKY pedpakromerpa. C TMOMOIIBIO CTEKISHHOM MaloO4yKd Ha
MOJIMPOBAHHYIO JIOCKOCTh U3MEPUTENFHON MPU3MbI HAHECTH 3-4 Karluld >KUAKOCTH U OIYCTHUTb
BepxHIOI0 Kamepy. [lo meTtoamke paboThl ¢ kuakoctTsMu (1. 13.2.4) onpenenuts Ko UITUSHT
MPEIOMIICHUS AUCTHILTMPOBAHHON BoAbI 5 pa3. Ecnu cpennsis BenmuunHa NATHUKPATHBIX OTCUETOB
oTmuyaerca Gonmee yeM Ha 5-107 or 3Hauenus n B ma6n. 13.1 (c ydeToM TemmepaTypsl), TO
pedpaxTometp cieayer NoabIOCTUpoBaTh. KOCTUPOBKA BHITOTHSIETCS Ta00PaHTOM.

Tabnuya 13.1
Ioka3aTesb NpeIOMJICHUS M CTHNIHPOBAHHON BOJBI
°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]1,33291,3328|1,3327]1,3326|1,3325

13.2.4. Ilopaook pabomuwl ¢ pedhpaxmomempom

IHoaroroBka k padore

1. Habniomass B OKyJsIp, OLEHUTE YETKOCTh M300pakKeHHsSI CBETOBOIO MOJIS M IIKAaJIbl
npubopa. Ilpy HEOOXOOUMOCTH BpallleHUEM OKyJspa J00EUTeCh YEeTKOro H300paKeHHs
MEPEeKPECTUsi B BEpXHEW 4acTU OCBEUIEHHOTO MoJjs 3peHus. OIHOBpEeMEHHO (poKycupyeTcs Ha
PE3KOCTh N300paskeHNe MIKAJIbI B HU)KHEH YacTH MOJIS 3pEHUSI.

2. ICTOYHHUKOM CBETa MOXKET CIIYXKUTb JJIEKTPOJIaMITa WJIA THEBHOU CcBET. Pedpakromerp
U MCTOYHHMK CBETA YCTAHABIMBAIOT TaK, YTOOBI CBET MajaJl HA BXOJHOE OKHO OCBETHUTEIIHbHOM
OpPU3Mbl WM Ha 3€pKaJIo, KOTOPHIM HAIpPABIISIIOT CBET BO BXOJHOE OKHO HM3MEPUTEIBHOU
MIPU3MBL.

3. Ha 4ucTyro moOJMpPOBaHHYIO MOBEPXHOCTh H3MEPUTEIBLHOM MPHU3MBI CTEKISHHOMU
NAJIOYKOM WJIM NMUIETKOH OCTOPOKHO, HE KacasCh NPU3MBbI, HaHEeCUTE 3-4 Kaliu >KUIAKOCTH.
OnycTuTe OCBETUTENBHYIO IPU3MY U MPUKMHUTE €€ KPIOUKOM.

W3mepenuss npo3pauHbIX JKUAKOCTEW IPOBOAAT B IPOXOMAIIEM CBETE, KOrja OH
IIPOXOJUT 4Yepe3 OTKPBITOE OKHO OCBETHUTEIBHOW MPU3MBI, MPU 3TOM OKHO H3MEPHUTEIbHOU
IIPU3MBI 3aKPBITO 3EPKAJIOM.

HN3mepenus mokasares NpeaoMJaeHUs

[Tocne ycTaHoBKM HccCieqyeMoro oOpaslia Ha H3MEPHUTENbHOH NpU3Me YCTaHOBHTE
OKYJISIp Ha OTUETIMBYIO BHAMMOCTH TepekpecTus. [loBopoTom 3epkana mo0eiTech HamIydIiien
OCBEILIEHHOCTH ILIKajbl. BpalieHneM MaxoBHKa I'pDaHUILy CBETa U TEHU BBEIUTE B I0JIE 3PEHUs
OKYJISIpA.

Bpamaiite MaxoBUK 10 MICUE3HOBEHHUSI OKPACKH TpaHUYHON nuHuM. Habmonas B okymsip,
MaxOBHUKOM HaBEJIWTE I'PAHMIy CBETOTEHH TOYHO HA NEPEKPECTHE M MO LIKAJEe MOKa3aTesen
IPEJIOMIICHHUS, COOTBETCTBYIOIIEH BBIOpAaHHOMY pedpakToMeTpudecKoMy OJIOKY, CHUMHTE
otcyeT. MHAEKCOM sl OTCUETa CIY>KUT HEMOJABMXKHBIA BEPTUKAIBHBIA IITpUX Mpu3Mbl. Llena
HAMMEHBIIEero aeaeHus — 5-1074, Llensie, necsThie, COThIE U THICAYHBIC JOJHM OTCUUTHIBANTE IO
HIKaje, N1eCATUTBHICAYHBIC 10U OLICHUBANTE Ha TJ1a3.

ITonpaBka Ha TeMnepaTypy

[IIxana noka3areneil npeiaomiueHus paccuutana aias 20°C. CinenyeT UMETh B BHY, UTO
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JUI pa3HBIX JKUIKOCTEH JOMyCTUMBIE KoyeOaHWs TeMIepaTypbl OyIyT HEOJMHAKOBHI H3-3a
pa3nuums UX TeMIepaTypHbIX K03()PUINEHTOB, KOHLEHTPAIMH, XUMUYECKOr0 COCTaBa.
Ecnu n3mepenus npousBoauTs npu temneparypax 30°C u Bblilie, TO K OTCUETY IO LIKaje
N4 HY’KHO BBECTH IIOIIPABKy Ha TeMIepaTypy o ¢popmye:
An
D
4

rae Ang/At — TemnepatypHblii KO3(QQHUIHUEHT MMoKa3aTelNs MPEJOMICHHS CTEKIa U3MEPUTEIbHOM
IpU3MBI; ¢ — pabodasi TeMIeparypa.

[pu Ang/At = 0,082-10"* nas npusmer 1 An; = 0,072-(t-20)-10.

[pu Ang/At = 0,05-10"* ans npusmst 2 Anz ~ 0,044-(t-20)-107,

YucTka npu3mMbl

[ToBepxHOCTH MPU3M OUHLIANTE MOCIIE KaXKI0T0 U3MEPEHUS. 3aKOHUYNB OTCUET, OTKPOITE
pedpakToMeTpuyecKuii OJIOK M YUCTOM MATKOH candeTKOW WM JHCTKOM (DHIIBTpOBAIBLHOM
Oymaru yaaauTe OCHOBHOE KOJIMYECTBO KHMJIKOCTH C PabOYMX MOBEPXHOCTEH MPU3M M OIPaB.
[TonupoBaHHYI0 TpaHb M3MEPUTEIHLHON MPU3MBI BBITHPAWTE OYEHb OCTOPOXKHO, 0€3 HaKHUMa,
YTOOBl HE TOBpEIUTH MONUPOBKY. [locime 3TOro mpusMel mpoTHpaiiTe Msrkoil canderkoi,
CMOYEHHOM crupTOM, 3(PUPOM WIN CMECBIO CIIUPTA ¢ 3PUPOM 10 TEX HOp, MOKa MOBEPXHOCTh
npu3Mbl He cTaHeT Onectsmei. PedpakTomerpuueckuii OI0K MOCIIE TMPOMBIBKU MOJEPKHUTE
HEKOTOPOE BPEMS OTKPBITBIM JIJISl IIPOCYIIKH.

13.3. DkcnepuMeHTAJbHAS YaCTh

13.3.1. Onpeoenenue noxazamens npPeIOMIACHUA HCUOKOCMU C  HOMOULbIO
pepppaxkmomempa

1. 3yuute onmcanue nmpubopa u mpaBuia MoJb30BaHUS PeHPaKTOMETPOM.

2. IloaroroBete npubop k padore. st aToro BeimosHUTE 1. 13.2.4.

3. OmpenenuTte nokasaTeib MPEJIOMIIEHUS 7o JUCTUININPOBAHHOM BOJIbI (HE MEHee 5 pas).
3anummuTe TeMIepaTypy Boabl (mydrmue pesyiabTaThl OymyT mpu 20°C, Tak Kak TpH ITOU
TEMIEpaType TPaayupoBaH pehpakToMeT)).

4. Halimute cpenHee apuMETHUECKOE 3HAYCHHE PE3yJIbTaTOB M3MEPEHUM IOKa3aTess
MPETOMIICHUS JUCTUJUTUPOBAHHOMN BOJIBI.

5. CpaBHUTE TOJYYCHHBIA PE3YIbTAT C TAOJUIHBIM

2071 100%. (13.4)

3neck nr — TAaOMWYHOE 3HAUCHUE IOKA3aTess NPEJOMIICHUS TUCTHUIMpoBaHHOW BOARL IIpH
JaHHO# Temmeparype (maba. 13.1), N, — cpelHee 3HAYCHHE IOKa3aTels MPETOMICHHS

JUCTUJUIMPOBAHHOM BOJIBI B OIIBITE.
Ecnu pacxoxxaeHus He npeBpllatoT 5%, METOAUKY MOKHO CUUTaTh OCBOCHHOM.

13.3.2. Hccnedoeanue 3asucumocmu RnoOKa3amens NPenOMIEHUA pPAcmeopa om
KOHyenmpayuu

1. Onpenenute 5 pa3 ¢ momouIblo pedpakToMeTpa NMoKa3aTedb MPEJIOMICHHUS pacTBOpa
M3BECTHOM KOHIIEHTpAIMU. 3alUIIUTe TEMIIEpPaTypy, IPU KOTOPOU MPOBOAMIIOCH HUCCIIEI0BAHUE.

2. Onpenenute 5 pa3 moKa3arelb MPETOMIICHHUS PACTBOPOB HEM3BECTHON KOHILIEHTPAIUH
(pu TO¥ Ke TeMrmeparype, Mpu KOTOPOH BHITIOJIHSIIOCH yIIpaKHEeHUE 1).

3. Pe3ynbTathl n3MepeHuit 3anecute B Tadbmuiy 13.2.
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Tabnuya 13.2

HCTU/UIMPOBAHHASA
Ne onbiTa A Boxll)a PactBop 1 PactBop 2 PactBop 3
ny n, n, ny
1
2
3
4
5
CpenHee 3HaUYCHUE
C

4. T'paduueckn u3o0pazuTe HAa MUJUIMMETPOBOM Oymare 3aBUCHMOCTH IOKa3aTels
IPEJIOMIIEHUS paCTBOPOB OT KOHLIEHTpALMK pacTBopeHHoro BemecTtsa n = f{C).
5. Ilpoananu3upyiTe NOJy4YECHHBIM pPE3yJIbTAaT DKCIEPUMEHTA U OIPEIEIUTE yAEIbHOE

A
3HAYCHHE MOKA3aTeIIs MPETOMICHHS PAaCTBOPA Ha ¢/INHAITY KOHIICHTPAIlMH PACTBOPA £ = an

AC
13.3.3. Onpeodenenue Konyenmpayuu pacmeopa
C nomounpio rpaduxka 71 = f (C ), MOJIyYEHHOTO TPU BBHIMOJIHEHUH MPEABLAYIIETO

YHOpaXXHCHUA, ONPCACTIUTC KOHUCHTPAINIO HCU3BCCTHBIX PACTBOPOB.

Pe3syabTarsl padorsl. K oTueTy npeacraBurh:

* CcpelHEe 3HAUCHWE TIOKA3aTeNs MPEIOMIICHHUS 70 IUCTHILTUPOBAHHOW BOJBI TPHU
U3MEPEHHOM 3HaYEHUH TEMIIEPATyphI;

. OTHOCUTENIbHYIO  TOTPEIIHOCTh  HM3MEPEHHs  ToKa3aTedss  MPeIOMIICHUs
JTUCTUITUPOBAHHON BOJBI;

* ma6n. 13.2 u rpaduk n =f(C);

* BBIBOJI O XapakTtepe 3aBucumMoctu n = f (C);

* MOKa3aTelb MPETOMIICHUS M KOHIICHTPAIIMIO PACTBOPOB HEM3BECTHOM KOHIIEHTPAIINH;

* yAeNbHOE 3HAYeHHUE IMOKa3aTessl MPEeIOMJICHHUS pacTBOpa HAa €AMHHIY KOHIICHTpAIUU

pactBopa f .

JlaGopaTtopnas pabota Nel2. DOTOIIEKTPUISCKUN METOJ ONIPEACIICHHS KOHIICHTPAIIH
pacTBOpOB.

Hear paGoTbl: W3yYeHHE METOJNA OINPENEICHUS KOHIICHTPAIMH TOTJIOMIAFOIINX
PacTBOPOB C MOMOIIBIO (DOTORIEKTPOKOIOPUMETPA.

IIpuGopsl m Martepuainl: dorodnekrpokogopumerp KDOK-2MII, Habop kroBer ¢
pacTBopamu.

14.1. TeopeTuyeckasi 4acTh

14.1.1. IIpoxostcoenue ceema uepes rHcudKocmu
[Ipu wuccrnenoBaHuM ONTHYECKUX CBOMCTB PACTBOPOB HEMOCPEACTBEHHO H3MEPAEMOil
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BEJIMYMHOM SBIISIETCSA NPONYCcKaemMocms pacTBopa 7 (KOA(PUIMEHT MPOMYyCKaHus) KaK (QyHKIHS
JUTUHBI BOJIHBI, paBHAs

1:5.100%, (14.1)

0

rae Fyp — HHTEHCUBHOCTb CBETOBOIO IIOTOKA, IPOLIEAIIErO Yepe3 pacTBOPUTENb, [° —
MHTCHCUBHOCTb CBETa, INpOILIEAIIEro uepe3 pacTtBop. IIpomyckaemocTs pacTBOpa cBs3aHa C
K03 PHUIIMEHTOM MOTTIOUICHUS Ol ¥ TOJIIIUHON CJI0sI L COOTHOIIEHHUEM

L e " =exp(—a,L). (14.2)

F 0

Ecin  Monexkynbl pacTBOPEHHOI'O BEIIECTBA (IIOTJIOTUTENS) B PACTBOPUTENIE HE

B3aUMOJICHCTBYIOT MEXAY COO0H M MOJIEKYyJaMH PACTBOPUTENS, TO KOI(Q(UIMEHT MOIIOLECHUS
JMHENHO CBA3aH ¢ KOHIEeHTpauuei nornoturens C:

a, =x,C, (14.3)

rze x4 — Ko3((QUIMEHT MPONOPLUUOHATBHOCTH, 3aBUCSILIUI OT JUTMHBI BOJIHBI A.
3anumem ¢opmyiny (14.1) B Buge

F !
—=10"%t, (14.4)
F 0
rJe o'a CBSI3aHO C O, COOTHOIIEHUEM
a,=oa,lge=0,43-,. (14.5)
Benuunna o) HazpiBaeTcs K03PGUIIMEHTOM SKCTUHIINH, a BETMYNHA
F F
E=-lg — |=lg-t=a/L (14.6)
F F

0
— DKCTUHIIMEN pacTBOpa.
Oxemunyuell Ha3bIBaCTCS OCIA0JICHHE CBETa, BBI3BAHHOE KaK IIOTJIOIICHHEM, TaK M
paccestHueM CBETa B BEIIECTRBE.

12.1.4. Memoo pacuema Konyenmpayuu pacmeopa

@DOTOANEKTPOKOIOPUMETP MpeTHA3HAUEH Ul U3MEpPeHHs K03()(PUIIMEHTOB MPOMyCKaHUs
M ONTUYECKOW IJIOTHOCTH B OTACJIBHBIX y4acTKax Auarna3zoHa JinH BoJiH. Komopumerp KDK-
2MII no3BosiseT NMPOU3BOAUTH H3MepeHHs B nuanazoHe 315-980 nm. Bech cnexTpanbHbI
IUana3oH pa3out Ha 11 crneKkTpalibHBIX HHTEPBAJIOB, BBIIEISAEMBIX C IIOMOIIBIO CBETO(PUIBTPOB.
[Ipenensr u3mepenuss Ha KOK-2MIT koadduuuento mnpomyckanus — ot 100% no 1%
(onrTrueckast IoTHOCTH OT 0 110 2).

[TpyHIMIBI JEHCTBUSA KOJOPUMETPA OCHOBAHBI HA MOOYEPEIHOM M3MEPEHUU CBETOBOTO
MOTOKa F,, MPOULIENNIEr0 Yepe3 pacTBOPUTENb WM KOHTPOJBHBIA PacTBOpP, MO OTHOLICHHUIO K
KOTOPOMY IIPOM3BOJUTCSI U3MEPEHUE, U NTOTOKA [, MPOILIEIIEro Yepe3 UCCIENYEMYIO CpENLY.

CaetoBbie TTOTOKH Fo, F ipeoOpa3yroTcss (hOTOMPUEMHHKAMHU B AJICKTPUYECKUE CUTHAIIBI
U, u U, xoTopsle 00pabaTeiBatoTcss MUKpO-2BM KoJopuMeTpa U MpeACTaBIsA0TCs Ha HU(POBOM
Tabio B BUAEC KOIPOUIMEHTOB MPOMYCKAHMS, ONTHYECKOW TUIOTHOCTH, KOHIICHTpAIUH,
AKTUBHOCTH.

C nmomormnisto Mukpo-9BM paccuntsiBaeTcsi KOA()GHUIIMEHT MPOMYCKAHUS T HCCIIECTyEMOTO
pacTtBopa 1o dpopmye:
= YU 00, (14.7)

0 UT

T
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rae Ur — BenuuMHA CUTHAjla NpPU IEPEKPHITOM CBETOBOM noToke (Ur — TEMHOBOM TOK

(HampspKeHUE)).

OnTudeckass TUIOTHOCTH [ HUCCIEIYyeMOTO pacTBOpPa pacCUUTHIBAETCS MO (opmyie,

cBs3bIBaronie D U t:

D=—lg(-). (14.8)
100
Torna s GOTOIEKTPOKOIOPUMETPA PACUYET ONTHUECKOM TNIOTHOCTH PACTBOPA OMPENEIIAETCS
BBIPAKCHUEM:
D= —lgM. (14.9)
U, -U,

W3MepeHne KOHLEHTpalMM HCCIEIyEMOro pacTBOpa Ha KOJIOPUMETPE BO3MOXKHO IIPH

COOJTIOZICHIH OCHOBHOT'O 3aKOHA TIOTJIOIICHUS CBeTa (3axoHa byeepa)
—aL
F=Fe™, (14.10)

TIe o — Koaq)(bmmeHT MOTJIOIEHHUS, L — JJIMHA CBETOBOT'O MyTH B KIOBETE.
Konnenrpamus ucciaeryeMoro pacTBopa pacCUUTHIBACTCS 10 (PopMyIaM:
D=c+bC,
D—-c
C=——o, (14.11)
b

rae ¢, b — korhHUIHUEHTHI, oTpeAeIIIeMbIe 110 TPATYUPOBOYHON XapaKTEPUCTHKE.
14.2. Onucanue yCTAaHOBKH

14.2.1. Yempoiicmeo gpomornekmpoxonopumempa
OO6mwmit Bu KOJIOpUMETpA NpeacTaBieH Ha puc. 14.1 (oto) u 14.2.

Puc. 14.1. ®otozinexkrpoxosopumerp KOK-2MII

KonopumeTp cOCTOUT M3 KOJTOPUMETPHUECKOTO / M BBIYUCIMUTENBHOTO 2 OJIOKOB (puc.
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14.2).

Puc. 14.2. O6muii BUA KoJIOpUMeETpPA:
1 — KoJIOpuUMETpHUIECKHi OJI0K; 2 — BBIYUCIUTENIBHBIN OJIOK; 3 — MEepeKII0YaTelb
(OTONPUEMHHUKOB; 4 — pyUKa IepeMeIIeHUs] KIOBETOIepKaTes;
5 — KpblIIIKa KIOBETHOTO OTJENIEHHUS; 6 — IEPEKIIIoYaTellb CBETOPHILTPOB

B xomopumerpuueckuii OJIOK BXOJISAT: OCBETUTENb, y3€ll ONTHYECKHH, CBETO(MIBTPHI,
KIOBETHOE OT/ENICHUE, YCTPOHUCTBO (HOTOMETPHUECKOE C YCHIIUTENEM TIOCTOSIHHOTO TOKA.
KoHcTpykuust  ocBeTHTens oOecreynBaeT IEpeMElICHHe JIaMIbl B TpeX  B3aUMHO
NEPICHIUKYISIPHBIX ~ HAMpaBJICHUSAX JUIS €€ TPaBWIBHOM  ycTaHOBKH. CBETOPHMIBTPHI
BMOHTHPOBaHbl B JUCK. B CBeTOBOIl IMydoK CBEeTO(GHIBTPHI BBOJAATCS IEpEKIIOYaTesieM 6.
Pabouee monoxenune kaxaoro cBeropmibTpa (pukcupyercs. CHeKTpaabHbIe XapaKTEPUCTUKH
CBETO(UILTPOB IPUBEACHBI B mabn. 14.1.

Tabauya 14.1

CrekTpajibHble XapaKTEePUCTHKH CBeTO(DMILTPOB
MapxkupoBka JlJIMHA BOJIHBI, COOTBETCTBYIOLIAS HIupuna
cBeTO(MIbTPaA MAKCHUMYMY NPONYCKAHUS, HM | MOJIOCHI MPONYCKAHUS, HM

315 31545 35+15
340 340+10 45+10
400 40045 45410
440 440+10 40+10
490 490+10 35410
540 540410 25410
228 59010 30410
750 670+5 2045
270 75045 2045
980 8705 2545

980+5 2545

B kroBeronepxarenb yCTaHABIMBAIOTCS KIOBETHI C PAaCTBOPUTEIEM WM KOHTPOJIBHBIM
pacTBOPOM M MOMEIIAIOT X B KIOBETHOE OT/eeHre. BBOJ B CBETOBOM My4OK OJHOM WIJIM APYTrOu
KIOBETHI OCYIIIECTBIISICTCS TOBOPOTOM PYUKH 4 JI0 yIOpa BIPABO WM BJIEBO (IO MONOKEHUS | uin
2). B monoxenun 1 B CBETOBOM IMy4OK BBOAMTCS KIOBETA C PAaCTBOPHUTEIIEM, B TOJIOKEHUU 2 —
KIOBETa C MCCIEAyeMbIM pacTBOpoM. KroBeTHoe otTaeneHue 3akpbiBaeTcsi Kpblmkod 5. Ilpu
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OTKPBITOH KPBIIIKE KIOBETHOTO OT/ICJICHHS IITOPKA MEPEKPHIBAET CBETOBOM ITYYOK.

B ¢doromerpudeckoe ycrpoitictBo BXOAAT: (doTtodnemeHT D-26, dotommon DJI-24K,
CBETOACTHUTENbHAS IUIACTUHKA, yCUIuTeNb. [lepexmouenne GOTONPUEMHHKOB OCYIIECTBISETCS
¢ moMomipio mepekntodarens 3 (puc. 14.2). Belkirodarenb CETeBOTO HampspKeHus (TymOmep)
HAXOJUTCS HA 3aJ{HEH CTEHKE KOJOPUMETPUUIECKOTO OJI0Ka.

Onrtudeckas cxema KoJopuMeTpa roka3zana Ha puc. 14.3.

>

123456789 10 11 12 1314

Puc. 14.3. OnTnyeckasi cxemMa KoJIOpUMeETpa:
1 — namma; 2 — koHaeHcop; 3 — quadparma; 4, 5 — 0ObEKTUBBI;, 6 — TETUIO3AIUTHBIN
CBETOMUIBTD; 7 — HEUTPATbHBIN CBETOMUILTP; § — IIBETHBIC CBETOPUIBTPHI;
9, 11 — 3amuTHbIe cTekna; /(0 — xwoBeta; /2 — poroanon ®/1-24K; 13 — cBeTopmiIbTp;
14 — cBetonenuTenbHas TIacTuHa; /5 — porosnement d-26

B BeruncautensHbd 010K 2 (puc. 14.2) Bxomut cuctema mukpomnpoieccopras (MIIC)
«Onextponuka MC 2703».

Ha mnepemneit manenu MIIC pacmonokeHsl KiaBuatypa, ImdpoBoe Tabio W JBa
CUTHAIBHBIX cBeroauoaa. Knasuarypa cocrout u3 24 knasum. Knasuma IIYCK cuyxur ans
3alycKka MHKpOIpOIECCOpHO cucTtembl. KiaBumm b M ¢ mpenHasHadeHbl JJisi BbI30Ba Ha
mudpoBoe Tabno u3 mamsatu MIIC 3HayeHMH COOTBETCTBYIOUIMX KOI()(UIMEHTOB Ui UX
KOHTPOJIA WJIM BBOJAa HOBBIX 3HaueHWd. KnaBuma CBP cTupaer 3HaueHUs BBI3BAHHOTO
kodduimenTa (B cirydae HeOOXOIMMOCTH 3a/IaHUsI HOBOTO 3HAUCHUS ).

Knapumm 0, 1, ..., 9 cioyxat ayis Habopa Ha nudpoBom Tadmo MIIC HOBOrO 3HAUYECHHS
ko dunnenta b niu c.

C mnomompro kiaBumu YTB B mamare MIIC 3anucbiBaeTcsi HOBOE 3HAUYCHHUE
ko3 duurenTa, HabpaHHOTO Ha U (PPOBOM TAOIIO.

Kmapumm K(1), 1(2), A(5), C(4) npemHa3HaueHbl [JIs BBINOJHEHUS KaTuOPOBKH
npubopa, m3MepeHur KodhdHUIHEHTa MPOMYCKAaHUs, ONTHYECKOW IUIOTHOCTH HCCIIETYEeMOTO
BEIL[ECTBA, KOHIICHTPALIUU BEILIECTBA B PACTBOPE.

Haxxatnem knaBuiu A(3) npou3BOAUTCS U3MEPEHUE AKTUBHOCTH.

Knasuma /P cnyxut nis nepeBoga MIIC B oauH U3 ABYX pPEKHUMOB BBITIOJIHEHHS
U3MEPEHUI: peXKUM OAMHOYHBIX U3MEPEHUN WIIM PEKUM HUKITNYECKUX U3MEPEHHUI.

B pexxuMe OaMHOYHBIX M3MEPEHUMN MOCJEIHHUE BBIMOIHSAIOTCS OJIMH pa3 MpPU HaXaTUU
COOTBETCTBYIOIIEH KIJIABUIIM; B pPEKUME IUKIMYECKMX U3MEPEHHI TIepBoe H3MEpeHue
MPOU3BOJUTCS MPU HAXKATUH COOTBETCTBYIOIIEH KIIABUIIM U 3aTEM MOBTOPSAETCS LUKIUYECKU C
MepuoIoM He MeHee S5 ¢ 1o Tex mop, moka MIIC He Gyner mepeBelieHa B PEKUM BBIMTOJTHEHUS
onnHOuHbIX u3MepeHui. IlepeBon MIIC wu3 pexrMa HMKIMYECKUX H3MEPEHUN B PEKUM
OJIMHOYHBIX HM3MEPEHUN W 00paTHO MPOUCXOMUT Npu HaxaTuu kiapumu LI/P, curHanbHBIHA
ceeroguon Ll m curHanmbHbIil cBeTomuon P cmyxar ans oToOpaxeHus pexuma usmepeHus. B
ciaydae, eciii MIIC HaxonuTcsi B pexuUMe OJMHOYHBIX M3MEPEHUH, TO ropuT cBeroauon P, B
npoTuBHOM ciydae roput cBeroauon L. IludpoBoe Tabmo cOCTOMT M3 6-TH MHAUKATOPOB.
[TepBbIii MHAUKATOpP CIYXKHUT Il OTOOpa)X€HUs OJHOTO W3 cumBoioB 3, 2, 1, 4, §, 0,
MOSIBIISIIOIIMUXCS TIPU HaxaTuu ofHoi u3 kinasuil A(3), 1(2), K(1) A(5), C(4) cOOTBETCTBEHHO U
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IpU U3MEPEHUM «HYJIEeBOro otrcueTta». WHaukaropbl 2-6 cioykaT [Uisl BBIBOJA pE3yJIbTaTOB
M3MEPEHUN 1 3HAYCHHI TapaMeTpoB ¢ U b.
Knasuma II(0) MIIC npennaznadena ajsi IPOBEPKHU (M3MEPEHUs) «HYJIEBOI'O OTCUETay.

14.2.2. llopaook pabompl ¢ Konopumempom

IloaroroBka koJiopumerpa K padore

1. Ilopcoennuuth KonopuMeTp k cetu 220 B, OTKpBITH KPBIIIKY KIOBETHOI'O OTAEIECHUS U
BKIIOUNTh TyMOJIep «CETby, mipu 3ToM n0omkHA 3aropeThesi CUTHaIBbHAS jamma (Ha 1nudpoBoM
TabJI0 MOTYT MOSBUTHCS Pa3TMYHBIE CUMBOJIHI).

2. Haxatp xnaBumy ITYCK — Ha mudpoBoM TaOO TOSIBISETCS MHTAOIIAs 3amsiTas
(mocie mepBOro MHAMKATOpa — MHIWKATOpa pexuma paboTel) u ropuT uHaukarop P. Ecmu
3amnsTasi He MOsIBIJIACh, HY’KHO MOBTOPHO HaxkaTh kiapuiry ITYCK.

3. Bbigepkarh KOJIOPUMETP BO BKIIOYEHHOM COCTOSIHUM B TEYEHHE 15 MUHYT mnpu
OTKPBITON KPBIIIKE KIOBETHOT'O OT/I€JICHHUS.

4. W3mepeHue «HyJIEBOrO OTcuUeTa» Mpou3BoauTcs npu nomoun kiasumu II(0)
BBIUMCIUTENBHOTO Onioka. Ilepen u3MepeHMEM «HYJIEBOIO OTCUETa» KPBIIIKY KIOBETHOIO
otaeneHust oTKpbITh. Ilo ucreuenun 5 cexynn Haxats kinasuury LI(0). Ha nudpoBom Tabio
CIpaBa OT MWIaroIlel 3alsTOW BBICBEYMBAETCS 3HAYEHUE WM cieBa — CUMBOJ «0». 3HaueHue
nomkHo ObiTh He MeHee 0,001 u He Gornee 1,000. Ecnu orcyer He ykiaabIBaeTcsl B yKa3aHHbIC
MpeIesibl, HEOOXO0IMMO 00PaTUTHCS K HHKEHEPY JIa00paTOpHH.

HN3mepenne K03 PUUHEHTA IPOIYCKAHUA

1. Ilepen xaxapiM BHAOM H3MEpeHHH (K0d(PHUIIMEHTa MPOIMyCKaHUs, ONTHYECCKOU
MJIOTHOCTH, KOHIIEHTPALlMM) TPOBECTH TMPOBEPKY «HYJIEBOrO OTcuera». l3MmepeHue
Kod(duIMeHTa POMYCKaHUs TPOBOAUTH B PEKUME OJIMHOYHBIX U3MEPEHUH.

2. B KIOBETHO€ OTJEJICHHE YCTAHOBUTH KIOBETHI C PACTBOPUTEIEM WU KOHTPOJIbHBIM
pacTBOpPOM, 10 OTHOIICHUIO K KOTOPOMY MTPOU3BOJUTCS U3MEPEHHE, U UCCIIETyeMbIM PAaCTBOPOM
(KIOBETY € MCCIIEIyEeMbIM pPacTBOPOM YCTAaHOBHUTH B OJMKaiflliee THE3I0 KIOBETOJEpPXKATes).
Pyukoit 6 ycraHoBUTH HeOOXOAMMBIM cBeTOGWIBTp (puc. 14.2), pyuykod 3 — HYKHBIA
doronpuemuuk. [Ipu usmepennn co ceerodmibtpamu 315, 340, 400, 440, 490, 540 HM pyuky
®OTOIMPUEMHUK ycranoButb B mnonoxkenne «315-540». Ilpu wu3mepeHun co
ceeropmnbTpamu 590, 670, 750, 870, 980 um pyuky @OTOHPUEMHMUMK ycranoButh B
nosioxeHue «590-980».

3. Pyuky 4 (puc. 14.2) ycTaHOBUTH B ToJ0KeHUE | (B CBETOBOI Iy4OK BBOJUTCS KIOBETA
C pacCTBOPUTENIEM WU KOHTPOJIbHBIM PACTBOPOM).

4. 3aKpbITh KPBILIKY KIOBETHOI'O OTIENEHMs, HaxkaTh kiaBuily K(1) BBIYMCIUTENBHOTO
6sioka. Ha TaGo ciaeBa oT MUTArOIIEH 3amaTol 3aropaercs CUMBOI 1.

5. 3areM pydky 4 yCTaHOBUTH B MOJIOXKEHHUE 2 (B CBETOBOM MyYOK BBOJUTCS KIOBETA C
HCCJIETyEMbIM PAaCTBOPOM).

6. Haxarp knaBumry T(2). Ha nudpoBom Tabno cieBa oT MHUraromeil 3ansiToi mosiBUTCS
CUMBOJI 2, O3HAYalOUIMi, YTO MPOU3ONUIO HU3MepeHue Kod(h(dUIMeHTa MPOMyCKaHUs
HCCJIETyeMOT'0 pPacTBOPA B MPOLICHTAX.

HN3MepeHue onTHYECKON NJIOTHOCTH

1. Bwmonaute onepanum 1-5 pasmena 14.2.2 «M3mepenune koddduimenta
MIPOITY CKaHUS.

2. 3aKkpbITh KPBIIIKY KIOBETHOTO OTHeneHus, HaxaTh kiasumry J(5). Ha mmudpoBom
TabJI0 cleBa OT MHTAIOMIEH 3amsATOW MOSBUTCS CHMBOJI 5, O3HAYAIONIMKA, YTO MPOH3OIILIO
M3MEPEHHE ONTUYECKOU IIIOTHOCTU. OTcueT Ha 1M poBOoM TabJIO CripaBa OT MUTAOIIECH 3aIsITON
COOTBETCTBYET ONTUUYECKOM MIIOTHOCTH UCCIIENYEMOTO pacTBoOpa.

14.2.3. H3mepenue konyenmpayuu eeuiecmea ¢ pacmeope
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[Tpu M3MepeHNH KOHIIEHTPAIlMU BEIIECTBA B PACTBOPE CIEAYET COOMIOAATh CIEAYIOIYIO
MIOCJIEIOBATEBHOCTD B paboTe:

* BEIOOp CBETODMIBTPA;

* BBIOOD KIOBETHI;

* TIOCTPOCHHE TPaTyHPOBOYHOrO TpaduKa A JAHHOTO BEIIECTBA W OIpPEICTICHHE
ko3 urmeHTon ¢ u b;

* BBe/IeHHE KOA(P(UIIMEHTOB ¢ U b B TaMATh BRIYUCIUTEIHHOTO OJIOKA;

* U3MEPECHHE KOHIICHTPAIMH BEIICCTBA.

1. Hannuue B KoopuMeTpe y3ia cBeTO(GUIbTPOB U HAOOpa KIOBET MO3BOJISIET MOA00OpaTh
TaKO€ HMX COYETaHWE, MPH KOTOPOM TIOTPEIIHOCTh B OIPEIEICHUH KOHIICHTPAMU OyIer
HauMeHbIel. B3saTh kioBeTy (0 BhIOOpe pa3mepa KIOBET CMOTPETh HIDKE), YCTAHOBUTH B
KOJIOPUMETP ¥ OTPEACTUTH ONITUYECKYIO TUIOTHOCTD ISl BCEX CBETO(HIBLTPOB MPUOOPA.

[To MOJTy4YEeHHBIM MAaHHBIM TOCTPOUTH KPUBYIO, OTKIAQJAbIBasi MO TOPU3OHTAIHHOH OCH
JUTUHBI BOJTH, COOTBETCTBYIOIIHE MAaKCUMyMy KOX(PHUIIMEHTa MPOIYCKaHUsI CBETOQUIBTPOB, a I10
BEPTHKAJIBHON OCH — COOTBETCTBYIOIIME 3HAUEHHs ONTHYECKOM IJIOTHOCTU pacTBopa (CM. puc.
14.4). OTMETUTh TOT Y4YacCTOK KPHUBOH, ISl KOTOPOTO BBITIOJHSIOTCS CIEAYIONIUE YCIOBHS:
ONTHUYECKasl MJIOTHOCTh MMEET MAaKCHUMAIBbHYIO BEIMUYUHY; XOJ KPUBOW MPHMEPHO MapasliesieH
TOPU30HTAILHON OCH (T.€. ONITHYECKAask TNIOTHOCTh MaJIO 3aBUCHT OT JUTMHBI BOJIHBI).

T,%4

300 500 700 AHM

Puc. 14.4. CnekTpajbHasi KpuBast

CeetodunbTp ans paboThl BBIOpaTh Tak, 4YTOOBI JJITMHA BOJHBI, COOTBETCTBYIOIIAS
MakcuMyMy Koddduimmenta nponyckanusi cBeToUIbTpa, MPUXOIUIACh HA OTMEUCHHBIN BHIIIIE
Y4aCTOK CIIEKTPAJIbHOW KPUBOM UCIBITYEMOTO PACTBOPA.

2. Kak yka3bpIBaJIOCh BBINIE, a0CONIOTHAs TOTPEIIHOCTh H3MEpeHus Kod(duimeHTa
nponyckanuss He npeBbimiaeT 1%. OTHOCUTENbHAs NOTPEIIHOCTh W3MEPEHHUS ONTHYECKOMN
IJIOTHOCTH PacTBOpa MUHUMAJIbHA MPHU 3HAYeHUU onTthdeckod miotHoctu 0,4. IToatomy mpu
paboTe Ha KOJIOPUMETPE PEKOMEHIYETCs, MyTeM COOTBETCTBYIOIIETO BHIOOpA KIOBET, paboOTaTh
BOJIM3U YKa3aHHOT'O 3HAYEHUS ONTUYECKON MIOTHOCTH.

3. IlocrpoeHuwe rpagyupoBOYHOro Trpaduka TMPOBECTH CIEAYIOUIMM  00pazoM.
[TpuroToBUTH psii PacTBOPOB AAHHOIO BEIIECTBA C M3BECTHBIMU KOHIEHTpauusMu. M3meputsb
ONTHYECKUE TUIOTHOCTH B PACTBOpaxX W TMOCTPOUTH TPAJAYUPOBOYHBIN rpaduK, OTKIAABIBAS TIO
TOPU30HTAIBHOM OCH M3BECTHBIE KOHIIEHTPAIMH, a 10 BEPTUKAIBbHON — COOTBETCTBYIOIINE UM
3HAUEHUS ONITUYECKOU MIOTHOCTH.

ITo rpagyupoBouHOMYy Tpaduky (cM. puc. 14.5) onpenenutsh kKodhdumueHTs ¢ U b, ¢ =
Do — 3HAUCHUEC ONTHYECKOU IJIOTHOCTH npu KOHLIEHTpaluU
C = 0 (aucTrmmpoBaHHas BOJA),

D.—c¢c D, -D,

- s
i Ci
1€ « — Yroa MexIy TIpagyupoBOYHOM mpsMOM M ocblo  KoHueHTpauun Cj;
(Cj, Dj) — Tekymias TOUKa rpagyupoBOYHOTO rpaduka.

b=toa = (14.12)
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QU

C C%
0 1 20

Puc. 14.5. I'panynpoBo4HbIil rpaduk

4. BBecTu B maMsATh BBIYHCIUTEIBLHOTO 0JI0Ka KO3 durmenTsl ¢ u b. ljist 3TOr0 HaXkath
knapumy ¢ (uau b), CBP — Ha nudpoBom Tabi10 cpaBa OT MUTraroIIeH 3amsiTol BHICBEUUBACTCS
cuMBOJ ¢ (nau b), HaOpaTh ¢ MOMONIBIO KJIaBUATYpHl 3HaYeHHE Kodddurmenta ¢ (uau b). Ha
muppoBOoM TabJI0 cHpaBa OT MHTalolleld 3amsIToil BbICBEUMBAETCS HaOpaHHOE 3HAYCHHE
kod(ddurmenta. 3arem HaxaTh kiaBuimy YTB — wHbopmamms BBomuTcs B mamATh. Jlms
KOHTPOJIS 3HaYeHUH KOA(PPHUIMEHTOB ¢ 1 b B mpoliecce n3MepeHuil peayCMOTPEHO BBIBEICHHE
WX 3HaUYeHUH Ha 1udpoBoe Tabdso. s sToro Haxxkarh kiaBumy ¢ (win b) — Ha udpoBom TabI0
BBICBEUMBAETCS UX 3HAUCHUE.

5. IIpoBectu oneparuu no 1. 1-3 atoro pasznena. Mccineayemsblil pacTBOp HAIUTH B Ty ke
KIOBETYy, C KOTOpOil Oblla MpoBeAEHA TIpaayUpOBKa KOJOPHUMETPA M YCTAaHOBUTH TOT XKe
ceeropunbTp. Haxare kmaBumry C(4). Ha TaGno cieBa oT Muraromeld 3amsiTod MOSBISETCS
CUMBOJI 4, O3HAYAIOLIUI, YTO IPOU30LLIIO U3MEPEHHE KOHILIEHTPALMKU HCCIEAYEMOTO pacTBOpA.
Orcuer Ha mmdpoBoM TaOIO CIpaBa OT MHTAMIICH 3alMsITOW COOTBETCTBYET 3HAYCHHIO
KOHIIEHTPALUU UCCIEAYEMOr0 pacTBOpa.

14.3. DxkcnepuMeHTAIbHAS YaCTh

14.3.1. Onpeoenenue korghgpuyuenmoe nponyckanusn pacmeopos

1. U3meputh k03¢ HUIIMEHTHI TPOITyCKaHus pacTBOPOB. JlJisi Ka)XI0Tro pacTBOpa cleiarh
8-10 uzmepeHuit Ha Kax a0 U3 9 JUIMH BOJIH.

2. OnpenenuB cpeqHee 3HAUCHUE MPOIMYCKAEMOCTH I KaXJIOTO pacTBOpa Ha KaXIOH
JUTMHE BOJIHBI, TOCTPOUTH Tpaduk byHkuuu () (puc. 14.4).

3. Msmepenume 7(A) TpOBOAUTH B COOTBETCTBHHM C YyKa3aHUsIMHU pasnena 14.2.2
«M3mepenne ko3 uineHTa npomycKaHus».

4. Ha rpadguke mocTpouTh KpuBbIie 7(A) 71 KaXKIOH KIOBETHI C pACTBOPOM M 0003HAYHTH
9TH KPUBBIEC.

14.3.2. Onpeodenenue onmuuecKkoii N1OMHOCHMU

1. Inst Tex KiOBeT, Y KOTOPBIX U3MEpPEHbl KOIPPUIMEHTH MPOMyCKaHHs, ONpPEeNeIUTh
ONTUYECKYIO0 IUIOTHOCTH AJIsi BCeX CBETOQMIbTPOB. s kaxkmoro pactBopa caenatb 8-10
M3MEPEHUN Ha KaKJI0M 13 9 JIMH BOJIH.

2. OnpenenuB cpefHee 3HAYEHUE ONTHYECKOM IUIOTHOCTH Ha KaXXAOW JJIUHE BOJHBI U
JUTSL K&KJIOTO pacTBopa, MOCTpouTh rpaduk 3aBucumoctu D(C), kak 00bsiIcHEHO B pazzaene 14.2.3
«/3MepeHne KOHIIEHTpAllMU BELIECTBA B pacTBOpeE», 1. 1.

14.3.3. Onpeodenenue Konyenmpayuu pacmeopoe

1. [octpouTs rpagynpoBouHbIi rpaduk (cM. pazaen 14.2.3 «3mMepeHne KOHIEHTPAIUH
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BEIIeCTBA B pacTBope», M. 3, puc. [4.5). Ilo rpagynpoBouHOMY TpauKy ONpPEAETUTDH
kod(durmentsl ¢ u b.

2. BBecTu B maMsATh BEIYUCIUTENHHOTO O10Ka K0 puimeHTs! ¢ u b.

3. OnpenenuTh KOHUEHTpPAMM PAcTBOPOB. JlaHHBIEC, MOJYy4YEHHBIE B SKCIEPUMEHTE,
BHECTU B mabn. 14.2. B Ttabmuiyy 3aHOCATCS CpeIHHE 3HAUYCHHUS H3MEPEHHBIX I[apaMeTpoB
pacTBOpPOB.

Tabnuya 14.2

Ne koBeTBI Koa¢gdpuunent OnTnueckas Konuentpanus
NPONYCKAHMUA PACTBOPA | IUVIOTHOCTH PACTBOPA pacTBopa
7, Yo D C, %
1
2
3

PesynabTaTsl padotel. K oTueTy npeacraBurhb:
* rpadUKu 3aBUCUMOCTH 7(A) AJISI UCCIIEIOBAaHHBIX PACTBOPOB;
* rpaduku 3aBucUMOCTH D(A ) 111 pacTBOPOB, Y KOTOPHIX H3MEPHUIIH T,

* rpagyrpoBouHbli rpaduk D(C) u onpeaeneHHble U3 Hero 3Ha4eHus ¢ u b;
* maobn. 14.2.

JlabopaTtopHnas pabota Nel3. M3yueHnne CBONCTB J1a3epHOTO U3IIyYCHHS U TU(PPAKIIUN CBETA.

Heab pa6oThl: 1) 03HAKOMIJICHHE C TPUHITAIIOM JEUCTBHUS ONTHYECKOTO KBAHTOBOTO
reHeparopa; 2) HCCIIEOBaHUE CBOMCTB Jyda Jazepa; 3) HU3yueHHE SBJICHUSA AuDpaxiuu
Ja3€pPHOTO U3IIyYEHHUS.

IIpubopsl M MaTepHaJbl: ONTHYECKAs CKaMbs, TIeJINN-HEOHOBBIM Jla3ep, OSKpaH,
HOJISIPU3aTOp B ONpPaBe C HOHUYCOM, (DOTONPUEMHHMK C MUKPOAMIIEPMETPOM, TUGPAKIMOHHAS
pelieTka, U3MEepUTENIbHAs JIMHENKA, SKpaH.

15.1. TeopeTuveckasi 4acTh

15.1.1. IlIpunyun oeiicmeusn onmuueckozo Keanmogozo zenepamopa (OKT)

CnoBo «J1a3ep» COCTOMT W3 HaydaIbHBIX OYKB aHTJIMICKOTO cioBocoueTaHus «light
amplification by stimulated emission of radiation», koTopoe B mepeBojae Ha PYCCKUH S3BIK
O3HauyaeT «yCHJIEHHME CBETAa MHAYLHUPOBAHHBIM H3JIyd4€HHUEM». DTO CIOBO MOsABUIOCH Oonee 50
JeT Haszall, Kak ¥ cam mpubop. IlepBbie 00pa3ubl KBAaHTOBBIX T'€HEPATOPOB (MazepoB) OBLIH
co3nanbl coTpyaHukamu ¢usndeckoro nHcTTyTa AH H.I'. BacoBeim u A.M. IIpoxopoBsiM B
1954 r. IIpubops! padoranu B panuoauanazone. B 1961 r. amepukanckue ¢puszuxu A. J[xaBaH,
B. bennern, JI. OpuoTT NOIy4YnIIM FEHEPALMIO ONITUYECKOTO U3JIYUYEHHS B ra30BOM pazpsae. OHu
noctpomsin OKI™ HenpepbIBHOTO JEMCTBUS HA CMECH T'a30B TeJIHsl U HEOHA, KOTOPbIH ObLII Ha3BaH
Ja3epoM U paboTall B BUAUMOM JHAana3oHe JUIMH BOJIH.

Ha cerogusmnuii 1eHb B MEIUIIMHE HanOoJiee MUPOKO UCIONIB3YIOTCS TBEPAOTEIbHEIE,
ra30BbI€ U MOJIYIPOBOIHUKOBBIE JIA3€PHI.

PaccmoTpuM npvHIMI IEUCTBUS M XapaKTEPUCTUKU TI'eIMH-HEOHOBOIO Jia3depa, Cxema
KOTOpOro n3o0paxkeHa Ha puc. 15.1.
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Puc. 15.1. Cxema re;inii-HeOHOBOrO0 Jiazepa

["a3opa3psiaHas CTEKIIsTHHAS TPpyOKa / JuaMeTpOM HECKOJIBKO MUJUTMMETPOB U JITTHHOM OT
HECKOJIBKUX JECATKOB CAHTUMETPOB 10 1,5 M 1 OoJiee pa3menieHa Mex 1y 3epkanamu 2 u 3.

Topupl TpyOKM 3aMKHYTHI ILJIOCKONAPAJICIbHBIMU CTEKJISHHBIMU WM KBapLEBBIMU
IUTACTUHAMH, OPHEHTHPOBAHHBIMU MOJX yrioM bprocrepa k ocu TpyOku. st wusmyuyeHwus,
pacipoCTpaHsIOUIErocss BAOIb OCH TPYOKH U MOJISIPU30BAHHOTO B IUIOCKOCTH MaJIeHUs CBETa Ha
IUTACTUHKH, KO3()(UIIMEHT OTpakeHHs OT HUX paBeH Hymo. JlaBienue remuss B TpyOke
coctapisieT pumepHo 0,1 mm pT. cr. TpyOka umeer karoa 4, HaKaTMBAEMbIii HU3KOBOJIHTHBIM
VCTOYHUKOM MUTAHUSA, U UHJIMHAPUIECKUI IyCTOTENBIN aHO.

Mexnay KaTooM W aHOJIOM MpUKIaabiBaeTcs HanpsukeHue (1-2,5) kB. Pa3psaabiil Tok B
TPyOKe — OT HECKOJIBKHX JIECATKOB MUJUTUAMIIEP /10 HECKOJIbKUX amIiep. IIpu Harperom karone u
BKJIFOUEHHOM aHOJHOM HampshKEHUH TpyOKa CBETUTCS U B HEM OTYETIMBO BUICH ra3opa3psIHbIi
cTon0® po3oBoro mpera. [Ipu mpaBuIBbHOW OpHMEHTALMU 3€pKall U TPYOKH depe3 oba 3epkaia
paclpoCTPaHAOTCA XOPOLIO KOJUIMMHUPOBAHHBIE MHTEHCHBHBIE ITYYKH MOHOXPOMAaTHYECKOTO
CBETA C MJIMHHON BOIHEI A = 632,8 HM.

N3BecTHO, 4TO OAHOW M3 BaXKHEUIIMX 3amad obOecrieueHus paboThl Jlazepa SBIISICTCS
oOecrieyeHue YCIOBUM UHBEPCHOU HAceleHHOCmU. IJTO Takoe BO30YXIECHUS aKTUBHOTO
BEIIECTBA JIa3epa, KOTJA HA 6EPXHUX YPOBHAX dHep2uU HAXOOUMCs OOnbuie yacmuy, yem Ha
HudtcHux. DPQPEKTUBHBIM METOIOM CO3[aHHMs MHBEPCUU SIBISIETCs Oe3bI3NydyaTesbHas rmepenada
SHEPTruH BO30YKICHHS OT aTOMOB (MOJICKYJI) OJTHOTO BEIIECTBA K aToMaM (MOJICKYJIaM) IPyTroro
aKTUBHOTO BelecTBa. Tak oOecrednBaeTCss WHBEPCHAs HACEIEHHOCTh B TelMi-HEOHOBOM
nazepe. AKTUBHBIM BEIIECTBOM B TAaKOM Ja3epe SBIISETCS HEOH, aTOMBI KOTOPOrO MOJy4aroT
SHEPIUI0 BO30OYXKACHUS IyTeM CTOJKHOBEHHH C aTOMaMH Tenus, BO30YKICHHBIMH Ha
MeTacTaOuIbHbIE YPOBHH.

PaccmoTpuM Tenepb, Kak BO3HMKAeT MHBEPCHAs HACEIEHHOCTh aTOMOB HEOHA.
VYnpouieHHas cxema ypOBHEW HEOHa mpuBeaeHa Ha puc. 15.2. Boimie ypoBHs E4 y HeoHa
uMeercs eiie 28 ypoBHEH ¢ 3Hepruedl MeHblle E3, HO OHU AJi1 HAC 3HAYEHUS HE MMEIOT U Ha
pucynke He wu3o0pakeHbl. Bo30yXkaeHne aTOMOB HEOHa MPOUCXOIUT B pe3ylibTarTe
CMONKHOBEHULl UX C DJIeKMPOHAMU 2A30pa3psA0HoU naasmel. 1Ipu ONpeneneHHOM pexuMe
pa3psga 3TOT MPOLECC MOXKET MPUBECTH K MHBEPCHOM HacelleHHOCTH ypoBHeH E1 u Ez. Onnako
HacelIeHHOCTh ypoBHEHR E1 u Es, a Takxke ypoBHen E4 u E3 ocraercs HeuHBepcHoW. HBepcHOI
3aCEJIEHHOCTH MPETATCTBYET JOJITOXUBYIINI METacTaOUIbHBIN ypoBeHb Es, nexammii HEeMHOTO
HUKE KOPOTKOXUBYIIEro YypoBHA Ei. 3acenenHocts ypoBHs Es Benmka, 3a cueT 3TOro
MIPOUCXOJUT TOIMOJIHEHUE OBICTPO OmycTomarolerocss ypoHs Ei u mHBepcuHM HaceleHHOCTU
Mexay yposHsamu E; u E; He Bo3HHKaeT.

Jlob6aBnenue renus MeHsier neno. M3 Bcex ypoBHeEH remusi, noMuMo HopMmaibHoro Eo',
JU1sl pabOoTHI Jlazepa UMEIOT 3HaueHHe MetactabuibHble ypoBHU Eo' 1 E3' ¢ sneprusimu 19,82 u
20,61 3B cootBercTBeHHO. CIIOHTaHHBIN PaIMAMOHHBIN NEPEXO]] C ITUX YPOBHEN Ha OCHOBHOM
ypoBeHb E¢' «3ampemien», T.e. IPOUCXOAUT C OYEHb Majioll BEpOSTHOCTHIO. [lo3TOMYy Bpems
J)KU3HU aToMa Ha ypoBHAX B2’ u E3' ouenb Benuko. B pe3ynbpTare 3ieKTpOHHBIX yAapOB HAa ATHUX
MeTacTaOMIbHBIX YPOBHSIX HaKaIlUIMBaeTcsd OYeHb MHOTO aToMoB renus. Ho yposuu remus Ex' u
Es’ moutn coBnanaroT ¢ ypoBHAMH E» um E3 Heona. brnarogaps aToMy Npu CTOJIKHOBEHHSX C
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HEBO30Y)KJCHHBIMH aTOMaMH HEOHAa HHTEHCHBHO TNPOUCXOIAT 0Oe3bl3nyuamenvHble Nnepexoobl
aTOMOB TeJUsl B HEBO30YX/IEHHOE COCTOSIHUE C PE30HAHCHOM Iepeiadeil SHeprum aToMaM HeoHa.
OTOT mporecc BO30YXKICHHS aTOMOB HEOHAa Ha puc. [5.2 CHMBOIHYECKH H300pakeH
TOPU30HTAIBHBIMU MYHKTUPHBIMH CTpelkaMu. B pe3ynbpTaTe KOHIEHTpallud aTOMOB HEOHa Ha
ypoBHsix E; u E3 cuiibHO BO3pacTaloT U BOZHMKAET MHBEPCHAS! HACEJICHHOCTh MO OTHOUIEHUIO K
ypoBHsM E; 1 E4.

« Tenut _E;__ HeoH
Ej_.__-—-— b
, E,
E;
030y:KIeHHe
| JIeKTpoHaMm |
L, L |
1 ] [}
ES
E, E,

Puc. 15.2. Cxema ypoBHeii JHeprum reJiusi 1 HeOHa

BrisicHuM B 3akiiioueHue BIUSHUE CMOJIKHO8eHUll aTOMOB HEOHA CO CTEHKaMH TPYOKH.
Takue CTOJKHOBEHHMS IPAaKTHUYECKHM HE BIIMSIOT HAa HACEJICHHOCTh ypoBHeH E» m E; m
HENOCPEACTBEHHO ypoBHS Ej, Tak Kak Bce 3TU YPOBHU KOpomKoxcusywue. 3a Bpemsl )KU3HU B
BO30YKJICHHBIX COCTOSHUSIX Ha 3TUX YPOBHSAX aTOMbl HEOHA MPAKTUYECKH HE YCIEBAIOT
JOXOJIUTh JI0 CTEHOK TpPyOKH. YKa3aHHble YPOBHHM pa3pylIalOTCs 3HAYUTEIHHO paHbLIE.
Hanpotus, Ha ypoBHe Es Bo30ykeHHBIE aTOMBI )KUBYT JOJITO, IPETEPIEBAs B ITUX COCTOSHUAX
MHOTOUYHCJIEHHbIE CTOJIKHOBEHUS CO CTeHKaMu TpyOku. CTOJKHOBEHUS pa3rpy KaloT ypoBeHb Es,
B pe3yJbTaTe Yero aToMbl HEOHA mepexosaT ¢ ypoBHsa E1 Ha ypoBenb Es. Omycromienue ypoBHs
E1 mpoucxoaut OwicTpee, yem mpu 3acesnieHHoOM ypoBHe Es. Pasnuiia Hacenennocteit ypoBaeit E3
u E| yBenmuuBaercs, uyto moseimaer 3¢dekTuBHOCTE paboThl nazepa. [Iporece omycromeHus
ypoBHs Ei mpoumcxoaut Hambonee 3(PGEKTHBHO NMPU HEKOTOPOM ONMUMANTLHOM Ouamempe
mpyoku. ONBITHl TOKa3ajd, YTO MaKCHMalbHas MOIIHOCTh T'e€JUi-HEOHOBOIO Jiazepa
JOCTUTAETCS MpHU auamerpe Tpyoku d ~ 7 mm. [lpu Gonpmmx aumameTpax MOIIHOCTH Jiazepa
najaeT, HECMOTpS Ha CHJIBHOE YyBelWdYeHue obbemMa paboyero raza (oO6veM TpyOKH
MIPOTIOPITMOHAJICH KBaJIpaTy €€ IuaMeTpa). ITO CBSA3aHO C TeM, 4yTO A(HEKTUBHOE OIMYCTOIICHUE
ypoBHs Ei mpoucxoautr y aTOMOB, HAXOAALIUXCS GOIU3U CMEHOK mpYOKU, a aTOMBI,
HaxoJsIuecs BOIU3U ee LUEHTPA, NPAKMUUECKU 8bIKIIOUAIOMCS U3 NPOYecca 2eHepayuu.

15.1.2. Ceoitcmea nazepnozo uznyuenus

OCHOBHBIMU ~ CBOMCTBAMH  JIa3€pHOTO M3IY4YCHHs, OOCCIICUMBAIONIUMHU IIHPOKOE
NPUMEHEHHE JIa3epOB B MEIUIIMHE, SBISIOTCSA: MOHOXPOMAMUYHOCMb, UYPE3BBIYANHO Manas
pacxooumocms  ay4a WM GbICOKAA NIOMHOCMb JHepauu W3JydeHus. Bpicokas CTeneHb
MOHOXPOMAaTHYHOCTH JIA3€PHOT0 U3ITyUEHUsI OOBSICHIETCS TEM, YTO MHAYLIUPOBAHHOE U3JTyUYEeHUE
MpeJICTaBIsIeT CO00M Pe30HAHCHBIN MPOIIECC M, BCIAEACTBUE ITOTO, MIMPHHA CIEKTPa U3ITydeHUs
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NOJIy4YaeTcs OYeHb Y3KOH. Jlmamerp Jiyda, BBIXOJSILNErO U3 ja3epa, COOTBETCTBYET AUAMETPY
ra3oBoro crosuba B TpyOKe, T.e. IPUOIM3UTEIBHO PABEH BHYTPEHHEMY JAUAMETPy ra3opa3psiiHOM
TpyOku. Jlazepel 00NamarOT ocmpol  HAnpasieHHOCMblo  W3MY4YeHUs (MajbIM  YIJIOM
pacxoIMMOCTH), a OOBIYHO M3JIy4YaTeIM CBETa MMEIOT ClIa0yr0 HampaBieHHOCTh. [[uarpamma
HANpaBJICHHOCTH 3JEMEHTApHBIX H3NydyaTeJed MoxeT ObITh KpyroBoil. JlazepHoe u3iyueHHe
y3KOHAIpPaBJIEHHO BCJIEICTBHE TOTO, YTO T'€HEPUPYIOTCA M U3IYy4aloTcs JIMIIbL Te KoJjeOaHUs,
KOTOpbIE OBLIM MHOXKECTBO pa3 OTPAXKEHBI, HO MPH ITOM HMX TPACKTOPHUS HE OTKJIOHHIACH OT
HalpaBJIeHUs, MapaJlJIeIbHOIO OCH ONTHYECKOro pe3oHaropa Jjasepa. OJHAKO HJIE€AIBHOTO
napajyieIbHOTO M3JTydeHHs He roirydaetcs. JlasepHbIil JTyd MMeeT HeOOJbIIYyI0 PacXOqHUMOCTb,
OIpeNieNsIeEMYI0 JIECSTKAaMH YIJIOBBIX CEKyHJA. YTJIOBas pacXxoJUMOCTh JIA3€PHOTO H3ITyYCHHS
NPaKTUYECKH HE 3aBHCUT OT Pa3MEpOB M3JIyHYAIOIIETO TeNa: OHAa OMPEACIATCS JIMIIb SBICHHEM
TU(PPaKIUU KOT€PEHTHBIX BOJIH HA BBIXOJHOM OTBEPCTHM Ja3epa. YTold MEXIY ONTHYECKOU
OCbI0 W3Jy4eHus (puc. 15.3) U HampaBI€HHUEM Ha MEPBBII MUHUMYM (Yrojl pacxXxoJUMOCTH)
paBeH:

9=1,22£, (15.1)
d

rjae A — JIJMHA BOJHBI H3JIyYeHUs, d — JUaMeTpP M3JTydaromed MOBEPXHOCTH (KPYIJIOTO CTEPIKHS
aKTUBHOTO BEIIIECTBA).

Puc. 15.3. YroJa pacxoauMocTH Ja3epa

VY ra3oBbIX J1a3€pOB YIJIOBask pacXOJUMOCTh M3IyYeHUS BO MHOTO pa3 MEHbIIE, YeM Y
TBEPAOTENBHBIX, JJISI KOTOPHIX OHA gocturaer (2-3)°. DTo OOBSICHIETCS TeM, YTO Ta3 Kak
aKTHBHOE BEIIECTBO MPEACTABISIET COOOW MPAKTHYECKH HACATbHYIO ONTHYECKYIO Cpeay, B
OTIIMYHME OT TBEPAOTO Tella, KOTOPOMY TMPHUCYIIM BHYTPEHHHE HAMPSOHKEHUS U JApyTHe
HEOHOPOTHOCTH.

[TnoTtHOCTh Ps MOIIHOCTH H3JIy4YCHHs Jla3epa OMPEAEINSeTCS OTHOIICHHEM MOIIHOCTH
W3IIyYCHHS, TPOXOJISIIET0 Yepe3 CEUYCHHE JIA3epPHOro MydKa, K IUIOMIAJM CEUYCHUS M UMEET
pasmepHocTh BT /cM?. TIIOTHOCTH MOIIHOCTH B JIyde Ja3epa JOCTUTAET OONBIIMX BETHYUH
BCJICZICTBHE CJIOKEHHSI PHEPTUM OTPOMHOTO MHOKECTBA KOT€PEHTHBIX HW3ITyYCHHH OTIEIhHBIX
ATOMOB, TIPUXOJISAIINX B BELIOPAHHYIO TOYKY MTPOCTPAHCTBA B OJIMHAKOBOH (ase.

JlazepHoe M3TydYeHHE MOXKET OBITh CKOHIICHTPHPOBAHO B Y3KOHAMPABICHHOM JIyde C
OOJBIION TIIOTHOCTHIO MOITHOCTH. [TpH KOHIIEHTpAllUK U3TyYeHUS! OOBIYHBIX HCTOYHHKOB CBETA,
B ToM umucie u ComnHia, JOOUTHCS TIOTHOCTH PHEPTUHU, OOJBINEH, YeM Ha CaMOM HMCTOYHHUKE,
HEBO3MOXKHO. DTO OOBSCHSIETCS HEKOTEPEHTHOCTHIO M3TYUCHHSI OOBIYHBIX HCTOUHHUKOB CBETA.

KorepenTHoe wu3myueHue Jasepa ¢ IMOMOIIBIO ONTHYECKON CHCTEMBI JIMH3 MOKHO
choKycHpOBaTh Ha Mallyl0, CPABHHUMYIO C JUTMHOW BOJIHBI M3Ty4deHUs Iuiomanky. IlmoTHocTh
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MOIIHOCTHU JIA3€PHOTO W3JIyYEHHS Ha 3TOW IUIOLIAIKE P S JIOCTUraeT OrPOMHOM BENWYHUHBI. B
LEHTpPE TUIOLIaJAKU
PD?

P = /12—f2 (15.2)
3nech P — BBIXOJHAs MOIIHOCTh HM3JIy4eHHUs Jazepa, D — nuamerp OOBEKTHBA ONTHYECKOU
CHCTEMBI, A — IJIMHA BOJHBI U3Iy4YeHUs, f — POKYCHOE pacCTOSIHUE ONTUYECKOI CUCTEMBI.

UToOBl OIEHUTH MAacIITaObl JOCTUTAEMBIX MOIIHOCTEH, cpaBHUM wusnydeHne OKI ¢
usmydeareM ConHua. MomHoCTs HenpepbiBHOro u3nydenus Cosuna papHa ~ 7 kBt/cm?. Ecim xe
BBIIETIUTh Y3KYIO M0J0Ccy u3inydeHus CojHIa, paBHYIO CIIEKTPAIbHON IIMPUHE TeINI-HEOHOBOTIO
nazepa, To oHa coctaBuT Bcero 107 Br. Takum 00pa3oM, SpKOCTH MAJOMOITHOTO TeJHii-
HEoHOBOTO Jazepa (Hanpumep, JIT'H-207A) B necsaTku ThICSY pa3 OOJbIIE CIIEKTPATLHON SPKOCTH
ComHna.

Eme ogHMM WMHTEpEeCHBIM CBOWCTBOM 00NaJaeT HW3Iy4YCHHE Ta30BOTO ja3zepa. 3a cueT
TOT0, YTO TOPIBI Ta30BOM TPYOKHU 3aKPBITHI MIOCKOMAapaIeIbHBIMU KBApLIEBbIMU MJIACTUHKAMH,
OpUEHTUPOBAaHHBIMH IO YIJIOM bproctepa k ocu TpyOku, wm3nydernne OKI  sBrisercs
JMHEHHOMONAPU30BaHHBIM (MHOT/Ia TOBOPST IJIOCKOIMOJIAPU30BAHHBIM). DTO 3HAYUT, YTO B
CBETOBOM ITy4Ke KOJICOAHHsI SJEKTPHUECKOTO BEKTOpa (CJIe0BATEILHO, U MAalHUTHOTO BEKTOPA
B) ocymiecTBIsSIOTCS B OHOU TJIOCKOCTH (puc. 15.4).

E{ A
F !

7

B !

Puc. 15.4. Cxema 3J1eKTPOMATHUTHOM (CBETOBOIi) BOJTHBI (A - IINHA BOJIHBI)

3akon Mausroca

[Ipu paccMoTpeHnU pacpoCTpaHEHUS CBETA B OJJHOPOIHOM Cpejie MHTCHCUBHOCTh CBETa
MOHO CUHMTATh INPOMOPLHOHANBHON KBAaApaTy aMILIUTYAbI cBeToBOil BomHel | ~ A2, Ilpn
HAJO)KEHUH JIBYX KOTEPEHTHBIX BOJH Aicos(wi+on) m Axcos(wttan) (mazepHOe H3ITyYCHHE
SIBJISIETCS KOTE€PEHTHBIM) pa3HOCTh da3
0 — o = @ OCTaeTcsl IOCTOSHHOM, a aMIUIUTYAa Pe3yJIbTUPYIOLIETro KoieOaHus

A*>=A1>+ A* + 24142-cosa,

CIIeI0BATEIIHHO, I=1+1,+2\11, -cosa.

Ecnu Ha mnonspuszatrop mnagaeT IIJIOCKOINOJSPU30BAHHBIA CBET aMIUIMTYyAbl Ao |
UHTEHCUBHOCTH [p (Jyd 7as3epa), TO CKBO3b NPUOOP MPOWIET COCTaBJAIOIIas KoJeOaHWUs C
aMIuTyiod A = Aocose, THe ¢ — Yrojd MEXAy IUIOCKOCThIO KOJeOaHMW MaJaroIiero CBeTa
(71azepa) ¥ IIOCKOCTHIO MOJSPU3ATOpA.

CrnenoBaTenbHO, MHTEHCUBHOCTH MPOILEIIET0 CBETA ONPEAETSETCS BhIpaXKEHUEM

I=1Icos’p, (15.3)
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KOTOPOC HOCUT HAa3BAHUC 3aKOH Mairoca.

15.1.3. Jughpakyuonnan pewiemka

VYHuKagbHbIE CBOWCTBA JIA3€pPHOTO M3JIYUYEHHUS MO3BOJISAIOT U3Yy4aTh Ou@pakyuio ceemd.
JudpakuuoHHbIe SBICHHUS 10 CBOEMY XapaKTepy MOJPA3NeNsioTCs Ha JBa OOJBIIMX Kiacca.
[lepBblii KjacC OTHOCHUTCA K cCiyd4aro, Korja audpakuMoHHas KapTWHa HaAOMIOJaeTcsl Ha
KOHEYHOM PACCTOSIHUM OT OTPAaHUYHMBAIOIIUX BOJHY SKpPaHOB (JU(pakuus B OIMKHEH 30HE WK
nudpakmus Openenst). BTopoit kiacc OTHOCHTCS K Cly4aro, Korja AU(paKIMOHHAsS KapTHHA
JIOKAJM3yeTcsl Ha OECKOHEYHO OOJBIIOM pacCTOSHUM (Iudpakuus B AajdbHEW 30HE WM
mudpakmus  Opaynrodepa). [Ipu sTom mudparupyromue MTydKd TMPEACTaBISIOT CO00M
napajenbHele Jiydd. Byayun coOpaHHBIMH JIMH30H, KaXIbli My4oK dacT B (OKyce JHMH3BI
TOYKH, SBJISIONIMECS YaCThI0 TUGPAKIIMOHHON KapTUHBI, H300pakarolie HCTOYHUK CBETA.

Hugppaxyuonnoii peutemkoii Ha3bIBaIOT BCAKYIO MEPUOANYECKYIO CTPYKTYPY, BIHUSIONIYIO
Ha pacrpoCTpaHEHHE BOJH TOW WJIM HHON TPUPOIBI.

[Ipocreiimmas ontuyeckas AUPPAaKIMOHHAS peEIIeTKa MPEACTaBIsIET COOON CTEKIISHHYIO
IUTACTUHKY, Ha KOTOPYIO C MOMONIbIO JENUTENIbHON MallliHbl HaHeceH pAl IITpuxoB. Mecra,
NpOYEpUCHHBIC JETUTEIbHONH MAIIWHOW, pacCeMBalOT CBET TaK, 4YTO B HaIpaBICHUU
HaOMoaTeNs MONaAaeT JIMIIb €ro HUYTOXKHas 4yacTh. LLITpuxu sBASIOTCS, TakuM 0O0pa3oM,
NPAaKTUYECKH HETPO3PAYHBIMU MPOMEXYTKAMHU MEX]Ty HEMOBPEKIACHHBIMU YaCTSIMH TUIACTHHKH
HIETISIMU.

B mpocreiimem ciayyae HOPMadbHOTO TMAJCHHUS MOHOXPOMAaTHYECKOrO CBETa Ha
MPO3pavyHyI0 JUPPAKIMOHHYIO PEHIETKY C UIIMPUHOMN MPO3PAYHBIX YYaCTKOB @ U HEMPO3PauHbIX
b HampaBieHUs Ha IVIaBHBIC AU(PAKIIMOHHBIE MAKCUMYMBI OIIPEEISIOTCS pAaBEHCTBOM

kA =(a+b)sing, =dsing,,
OTKyZa d= .k—l, (15.4)
S1n @,

rae ¢ — yroua nudpakiuu, A — IiMHa CBETOBOM BOJIHBI, kK — HOMEP TU(PPAKIIMOHHOTO MAaKCUMyMa
(k=0, %1, £2, ...), d = (a + b) — Tak Ha3pIBaeMas mocTostHHas pemieTku. [Ipu k = 0 ycrmoBue
MakCHMyMa YJIOBJETBOpSieTCSl Jig BCeX NIJIMH BOJIH. /[Ba 3HaKa «+» A BCEX OCTaJbHBIX
3HaUEHUN Kk COOTBETCTBYIOT JBYM CHUCTeMaM JU(DPAKIUOHHBIX CIIEKTPOB, PAaCIOJIOKEHHBIX
CHUMMETPUYHO CTpaBa M CJI€Ba OT IIEHTPAJIBHOIO MaKCHMyMa HyJeBOTO mopsaka (puc. 15.5).
[IpenensHOE uYMCIO MUGPAKIIMOHHBIX MAKCUMYMOB, KOTOPOE MOKHO TOJTYYUThH MPH MOMOIIH
pELIETKH, TAaeTCsl COOTHOILIEHUEM

k<i.
A
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Puc. 15.5. Iudpaxuust Ha 1M(PPaKIHOHHOH pelIeTKe
15.2. DkcnepuMeHTAIbHAS YaCTh
Ha puc. 15.6 npencrasiena na3epHas yCTaHOBKa.

Puc. 15.6. IxcniepuMeHTAIbHAS YCTAHOBKA U3YY€eHHUS CBOMCTB JIa3€PHOT0 M3J1y4YeHU s
U TU(PPaKLHHU CBETA

Buumanmne! bynpre octopoxnsl! He HampansiiTe jyd Jlazepa Ha TKAaHU 4YEJIOBEKA.
Oco0eHHO onacHO NMpsIMOe MONalaHue Ja3epPHOro N3IYUYeHHUs B IJIa3 YeI0BeKa.

15.2.1. Hccneoosanue nanpasinennocmu u3jiyyeHus 2eauil-HeoH06020 nazepa

1. Onpenenure TEOPETUYECKHU yroJu pacxoauMoOCTH ay4da jaszepa
Greop = 1,224/d, eciu d = 0,5 MM — tuameTp ra3oBOro crosida pa3psaaHoi TpyOKH, a AJTMHA BOJHBI
A=632,8 aMm.

2. JIns SKCHEpUMEHTAJIBHOIO OMNPENCNICHUSI yIyla PacXOJUMOCTH HW3JIYyUYECHHUS! Tevii-
HEOHOBOTO Jla3epa MCIOJIb3yHTEe yCTAaHOBKY, CXe€Ma KOTOpPOHM Moka3zaHa Ha puc. 15.7. U3mepss
JIMAMETP JIA3€PHOI0 My4YKa Ha SKpaHe MPH ABYX MOJOKEHHUAX dKpaHa D1 U Iz, paCCUUTANTE yroi
PacXoauMOCTH Orien. PaccTosiHue L OT TIEPBOTrO MOJOKEHUS IKPaHAMHU JI0 BTOPOTO JKEIATeIbHO
OpaTb OoJbIIe OJHOTO MeTpa. Pe3ynbTar Gyxen MOKHO ONPEACTUTD, HCIIONIB3YS BBIPAKCHHUS:

dopma A Crpanuma 93u3 104




MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO @
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET opma
® - PaGouast nporpaMma JTUCHUILITHHEL
tgé’mn :7 J5R105 HQKCI’I = arcth. (15.5)

9,

Jlazep

}

Puc. 15.7. Cxema yCTaHOBKH /ISl ONIPeieJICHUSI YIJIa PACXOAMMOCTH Goxen

3. CpaBHUTE [aHHBIE TEOPETUUYECKOIO0 pacyeTa YIJIOBOM pacXOAUMOCTH Jyya C
9KCIIEPUMEHTANIHBIMU PE3yJIbTaTaMu.

4. PaccuwnraiiTe TIIOTHOCTh U3Ty4eHuUs: Manioradaputaoro nasepa JITH-207A.

Jlazep uMeeT cleyrolume napaMeTphl: MOIIIHOCTb U3ITyYEHUS:
P=1,5x10" B, 1= 632,8 M, oTHOCHTeNbHOE OTBepcTHe D/f = 1,2.

15.2.2. H3yuenue noaapu3zayuoHHbIX C60UCHE U3IyYeHUA 2eIU-HEOH08020 N1a3epa

1. VccnenoBanue noiasipu3alliOHHBIX CBOMCTB JIA3€PHOT0 U3TyUYE€HHs OCYIIECTBIISIETCS Ha
YCTaHOBKE, CXeMa KOTOpOW TMOKa3aHa Ha puc. 15.8. AHanu3zatop 2 3aKperieH Ha YriIOMEpHOM
YCTPOMCTBE, KOTOPOE UMEET LIKAy ¢ HOHMYCOM 3 M PYUKy 4 Juisl BpaleHus: aHanuzatopa. [lpu
COBMEIIECHUN HYJICBOM OTMETKM IIKaJdbl C HYJEBOW OTMETKONW HOHHMYCa aHaiIM3aTop Oyner
MpOIycKaTh KoneOaHusi BekTopa E, OpHEHTHPOBAHHOTO CTPOro BepTUKadbHO. CBETOBOW Iyd
naszepa [, mpouas yepe3 aHajau3aTtop 2, momagaeT Ha (OTOMPUEMHHK J, KOTOPBIM YKPETUIeH Ha
JBYXKOOPJMHATHOM CTOJIUKE. DPOTOTOK, MPOMOPIUOHAIBHBIA CBETOBOMY IOTOKY, U3MEPAETCS
MUKpoamiiepMeTpoM 6. [locie Toro kak 3JeMeHThl ONTHYECKON CXeMbl COOpaHbl HA ONITHYECKON
CKaMbe 7, HeoOxomuMmo BKIIOYHTH B ceTb 220 B ucrounuk nuranms JITH-207A. Temeps ¢
MOMOUIbIO IOCTUPOBOYHBIX BUHTOB JBYXKOOPJAWHATHOI'O CTOJHMKA J00eWTech TOro, 4ToObl JIyd
Ja3epa rnomnajaai B HeHTP GOTONPUEMHHUKA, B PE3yJIbTaTe Yero MUKPOAMIIEPMETP TTOKAXKET TOK.

2. Bpamas pyuky 4  yIJIOMEpPHOTO  YCTPOWCTBa,  (UKCUPYWUTE  Uepes
5-10 rpagycos 3HaueHue HoTOTOKA. JJaHHBIE SKCIIEpUMEHTA 3aHecuTe B maba. 15.1.

dopma A Crpanumna 94u3 104



MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO Dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET P

® - PaGouast nporpaMma JTUCHUILITHHEL

7

Puc. 15.8. Cxema ycTaHOBKHM J1JIs1 IPOBEPKHU 3akoHa MaJtoca

[To manabIM mabn. 15.1 moctpoite Tpaduk 3aBUCUMOCTH (POTOTOKA OT yriia MEXIY
IUIOCKOCTBIO KoJieOaHus AeKTpuyeckoro Bekropa E B qyue nazepa U MiI0CKOCTHIO MPOITYCKaHUS
aHamu3atopa. Ha sToM e rpaduke mocTpoiite 3aBUCHUMOCTh I = Iocos® @, BHIPAXKAOIIYI0 3aKOH
Mamtoca (lo — ”HTEHCUBHOCTD M3Iy4deHus npu ¢ = 0).

Tabnuya 15.1

1 2 3 4 5 6 7 8 9 10 N
@, Tpaj 0 5 10 | ... .. | 45 .. | 90
1
Iocos’ g

15.2.3. H3yuenue ougppaxuyuu 1azepnozo usiydeHus

1. JInst BBITIOJIHEHUSI 3TOTO YIIPAKHEHUsI COOEpUTE YCTAaHOBKY IO CXeMe, TTOKa3aHHOW Ha

puc. 15.9.
2. B nmepkarenb ONTHYECKOW YCTAHOBKH 3aKpemnmuTe MUPPAKIIMOHHYIO PEIIETKY TaKUM

00pazoM, yTo0b! TU(paKIIMOHHBIE MAKCUMYMbI HAOMIOJAIMCHh HA U3MEPHUTEIBHON mKaie 3 (puc.

15.9).

3. PerymupoBkamu J00€WTeCh TOTrO, YTOOBI PACCTOSIHUS MEXAY CHMMETPHUYHBIMHU
MakcuMymamu (Harpumep: +1 u -1; +2 u -2) ObUT paBHBIME APYT APYTY.
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k=1
k=2

Puc. 15.9. Cxema ycTaHOBKH VI Ha0I10aeHus U ppaKkun

1 9]

4. Haumnas c paccrosHust L1 = 20-25 cM OT JU(PaKUMOHHOM PEIIETKH, H3MEphTe
paccTosinue Sk MeXly MAaKCUMyMaMHU HYJIEBOTO M BCEX BUAMMBIX MOPSIKOB TU(PaKIUU.

5. BeruncnuTe HampaBiIeHUE ¢x HA MAKCUMYMBI BCeX JU(PPAKLMOHHBIX MTOPSIKOB, 3HAS Sk
u L (L — paccrosiuue oT TUu(ppakIimOHHOM PEIIETKU O U3MEPUTEIHHOU JTUHEHKH ).

6. Paccuuraiite mo gopmyie (15.4) cpennee 3HaueHUE MTOCTOSIHHOM PEMIETKH d, cauTas A
= 632,8 HM. O1leHUTE NOTPEIHOCTH U3MEPEHUI.

PesyabTaTsl padotsl. K oTuery npeacraBurhb:

* YroJl pacxoJAMMOCTH € nyda ja3epa, pacCUYMTAaHHBIM TEOPETHYECCKH W HAWICHHBIN
HKCIIEPUMEHTAIILHO;

*mabn. 15.1;

* TEOPETUYECKYIO M SKCIIEPUMEHTAIILHYIO 3aBUCUMOCTH /() Ha 0OTHOM TpaduKe;

* BBIBOJ: TOATBEPXKIAETCA JIM OKCIOEPUMEHTAIbHO 3akoH Mamoca? Ecim
MOJATBEPKIAETCSI, YTO ITO O3HAYAET?

* 3HaYCHHE TIOCTOSIHHOW pelIeTKH B Buae d + Ad.

8. TEMATUKA KYPCOBBIX, KOHTPOJIbHbIX PABOT, PE®OEPATOB
KypcoBble 1 KOHTpOJIbHBIE paOOThI, pedepaThl HE MPETyCMOTPEHBI YUEOHBIM ILIAHOM.

9 NEPEYEHD BOITPOCOB K OK3AMEHY

1. Kunemaruka maTepHalbHOW TOYKH: CPEIHSII U MTHOBEHHasi CKOPOCTH; YCKOpPEHUE
MIOJIHOE, TAHT€HIIMAIIBHOE U HOPMAJIBHOE.

2. Kunemaruka BpallaTeIbHOTO ABUKEHUS: YIJIOBas CKOPOCTb M YIJIOBOE YCKOpPEHUE
KAaK BEKTOPHBIE BEJIMYHHBI, CBS3b JIMHEHHBIX U YIJIIOBBIX CKOPOCTH U YCKOPEHMUS.

3. HWuepuuanbHble U1 HEMHEPLHAIBHBIE CUCTEMBI OTCUYeTa. 3akoH HbroToHa.

4. BceMupHBIN 3aKOH TATOTEHUS ISl TOYEUHbIX Macc. Cuia TSHKECTH M BEC Tela.

5. VYmpyrue cuisl. IlepBas u Bropast ¢popmsl 3akona ['yka. Moxyns FOnra.

6. Teopema 00 N3MEHEHUH UMITYJIbCA TEJIA U CHCTEMBbI. 3aKOH COXpaHEHUsS MMITYJIbCca B
U30JIMPOBAHHON U HEU30JIMPOBAHHON CUCTEMAX.

7. lleHTp MacC MEXaHMYECKOW CHCTEMbl. TeopeMa O JBWXEHHUHM IIEHTpa Macc.
JIBM>KeHUE LEHTpa MacC U30JIMPOBAHHON CUCTEMBI.

8. YpaBHEHHE IBUKEHHS Tejla IEPEMEHHOM Macchl. YpaBHeHue [[noaKkoBCKoro.
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9. Pa6ota u momHocTs. Kunerndeckas sHeprus u ee TeopeMa o € N3MEHEHHH..

10. KoncepBatuBHbie cuiibl. [loTeHuuanbHass 5»HEprusi MaTepUaIbHOM TOYKH BO
BHEITHEM cHUJIOBOM Tonie. Teopema 00 M3MEHEHHMH MOTCHIMATbHOW SHepruu. [loTeHnmanpHas
SHEprus Tella B MoJie TSHKECTU U YIIPYro 1eOpMUPOBAHHOTO TeNa.

11. IlonHass MexaHHuecKash SHeprusi M Teopema o0 e€¢ u3MeHeHHH. CBS3b CHIIBI,
JIEUCTBYIOIIEH HA YACTHUILYy U €€ MOTEHIHAIbHON SHEPTHH.

12. AGConrOTHO HEeYNpPYyTUid U aOCOIOTHO YIIPYTHH yAaphl.

13. MoMeHT CuJIbl U MOMEHT UMITyJibca. TeopemMa 00 M3MEHCHHMH MOMEHTAa HMMITYJIbCa
MaTepUaJIbHOU TOYKHU.

14. Tlapa cun u ee BpamareabHbI MOMEHT. TeopemMa 00 N3MEHEHUH MOMEHTA UMITYJIbCa
MEXAHUYECKON CHCTEMBl. 3aKOH COXPAaHEHUS MOMEHTA UMITyJIbCa B 3aMKHYTON M HE3aMKHYTOMN
CUCTEMax.

15. MoMeHT MHepUMM MaTepualbHOW TOYKH, CHUCTEMbl M TBepaoro tena. llpumep
BBIYMCIICHUS] MOMEHTA HHEPLUHUH LUJIMHIAPA OTHOCUTEIBHO €r0 F€OMETPUUYECKON OCH.

16. Teopema Illteiinepa.

17. OcHOBHOE ypaBHEHHE TUHAMUKHU BpPAIIaTEIbHOTO ABUKEHUS TBEPJIOTO TEa.

18. Kunerndeckas sHeprus Bpamiamoomerocs tejaa. Pabora BHEIIHEH CHIIBI 10 BPAILLICHUIO
TBEPAOrO Tea.

19. I'paBuTanInOHHOE MOJIE, €TO HANPSKEHHOCTD U MOTEHIUAN, UX CBS3b.

20. JlaBneHue B KMAKOCTAX M Tra3ax, MJIpOCTaTUYECKOe AaBiieHHe. 3akoHbl [lackans u
Apxumena.

21. Jluaum u TpyOKa Toka. Teopema o0 Hepa3phIBHOCTH CTPYH.

22. VYpasuenue bepnymiu.

23. ®opmyna Toppuyemin.

24. Bsaskoctb, 3akoH HeroToHa. Pexxnmel Teuenns. Yucmo PeiiHonbaca.

25. VI3MeHeHHne CKOPOCTH TEUCHHsI BAOJb CEYCHUS TPYOBI MPU JJaAMUHAPHOM TCUEHUHU.

26. ©opmyna Ilyaseina. Metoas! onpeaeneHus BA3KOCTH.

27. YpaBHeHHE CBOOOJHBIX TapMOHHMYECKHX KOJeOaHWA JUIsi MaTeMaTH4ecKoro,
MPYXUHHOTO U (PU3UYECKOTO MAITHUKOB. YacToTa U IepUo STUX KoJIeOaHuH.

28. Kunematuka CBOOOJHBIX TapMOHWYECKHUX KOJICOAHWMW: aMIUIMUTyJa W HadaiabHas
daza, 3aBucumoctH x(t), v(t), a(t).

29. 3aryxaromme  koneOanus:  ypaBHeHHe — X(t), K03pdUIHMEHT  3aTyXaHWUs,
Jorapu(pMHUUECKUI TEKPEMEHT 3aTyXaHusl, T0OPOTHOCTb.

30. BeiHyXacHHBIC KOJIeOaHuUs, PE30HAHC.

31. Cnoxxenue kojeOaHMii OHOTO HarpaBieHus. buenus.

32. Yopyrue BoaHbl. CKOpPOCTh W [JMHHA BOJHBL. BoJHOBOE umMcCiO. YpaBHEHHE
TUIOCKOM Oerymieit BomHbL. BomHOBOE ypaBHEHHE.

33. UnTtepdepeHnns ynpyrux BOJH.

34. Cros4as BOJIHA, y3/1bl ¥ IIyYHOCTH.

35. BBIBOJI OCHOBHOT'O YpaBHEHHUSI Ta30BOT'O COCTOSHMUSI.

36. TepmonuHamMuueckasi TeMIIepaTypa U CPeIHEKBAIpaTUYHAS CKOPOCTb MOJIEKYJIBI.

37. BuytpeHHss 3HEeprus, padoTa ra3a v mepBoe Hayajao TEPMOJTUHAMHUKH.

38. TemnoéMkoCThb: yAenbpHas, MOJIspHasd. Y paBHeHHe Maiiepa.

39. AnmabaTuyeckuii mporiecc. Y paBHEHUE analdaThl.

40. Pacnpenenenue MakcBemia MO CKOPOCTSIM M SHEPTUSIM TEIJIOBOTO JIBHXKECHMSI.
XapakTepHbIE CKOPOCTH.

41. Pacnpenenenue bonsiimana. bapomerpuueckas popmyna.

42. JlnuHa cBoOotHOTO TTpobera moJiekyi. CpeaHee Yuciio CTOJIKHOBEHHM.

43. TennonpoBoaHOCTh. 3akoH Dypbe.

44. JInddysus. 3akon Duka.
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45. Bsaskoctb. 3akoH HproToHA.

46. DHTpomNMs U BTOpOE Hayajao TepmoanHaMuku. Teopema HepHcra.

47. PeanbHble ra3el. YpaBHeHue Ba-nep-Baanbca.

48. Temmosbie Mammubl, KIT/]. [{ukn KapHo u uneanbHast TEIIOBasi MallMHA.

49. CgoiictBa xuakocteid. [ToBepxnoctHoe HaTshkeHue. KoahuiueHt moBepXHOCTHOTO
HATSKEHUS.

50. JlaBieHue noJ UCKPUBIEHHOM MOBEPXHOCTHIO KuAKOCTH. Popmyna Jlamnaca.

51. Kanumisipasie sIBJIEHUS.

52. 3akon Kynona. Dnexrpuyeckoe moJie U €ro HanpsbKeHHOCTb. CHIIOBBIE JIMHUU
3JIEKTpOCTaTHYECKOro nojs. [TpuHuun cynepno3umnuu.

53. Ilorox BekTopa HampsbkeHHocTH. Teopema I'aycca B MHTErpaJbpHOM WU
nuddepennmanbHon hopmax s Bakyyma. [Ipumenenue Teopemsl ["aycca.

54. IloTeHUMaNbHOCTH JIEKTPOCTATUUECKOTO oA B HUHTErPAILHON u
nuddepernuanbHon hopmax.

55. PaGora cui 3neKTpocTaTHdeckoro mnoist. [loTeHnnanbHas sHeprust mpoOHOTo 3apsija.

56. IloTeHunasn 30€KTPOCTATHYECKOrO moJid. [[puHIMN cynepno3uiuu sl MOTeHIMana.
CBs13b MeX 1y HANPSYKEHHOCTBIO U OTEHIUAIOM. DKBHUIIOTEHIMAJIBHBIE IOBEPXHOCTH.

57. 1IpOBOAHUKH M UX CBOMCTBA. SIBIICHUS 3JIEKTPUUECKON MHIYKIUH.

58. HQumnonb. Ilorenuman monss aunons. [loTeHIuanbHash »dHEPrus AUNONS U
BpallaTesIbHbIi MOMEHT JUIOJI BO BHEIIHEM 3JIEKTPOCTATUYECKOM IOJIE.

59. JIU2NEeKTpUKHU, THUIIBI JOUIIEKTPUKOB M uX nojsgpusauus. I[loiaspru3oBaHHOCTH
IUAIIEKTPUKOB. [loBepXHOCTHAS 1 00beMHAas IUIOTHOCTH CBSA3aHHBIX 3apsI0B.

60. JduddepennmansHas 1 MHTErpanbHas (opma TeopeMbl [aycca B JUIICKTPUKAX.
BexkTop anexkTpudeckoro cMenieHus. JAusnekTpuueckas IpOHULIAEMOCTb CPEBI.

61. I'pannuHble ycnoOBUS JUIsl TaHT€HLUUAIbHBIX M HOpMaibHBIX BekTOpoB E m /I
[Ipenomnenue CUIOBBIX JIMHUI Ha TPAaHULE AUIIEKTPUKOB.

62. DIeKTPOEMKOCTh YEJUHEHHOI'O IIPOBOAHMKA M KOHJeHcaropa. EMKOCTBH miockoro,
cheprueckoro 1 HUIMHAPUIECKOT0 KOHIEHCATOpa.

63. IlapamienbHoe U NOCIEN0BATENBHOE COEUHEHHS KOHIEHCATOPOB.

64. DHeprus CUCTEMbl HEMOABHXHBIX TOYEYHBIX 3apAIOB M DHEPIUs 3aPSIKEHHOIO
IIPOBO/IHHKA.

65. DHeprus  3apsHDKEHHOTO  KOHJEHcCATopa. OJHEpPrus M IUIOTHOCTh  DHEPTHH
AIIEKTPOCTATUYECKOTO MOJISL.

66. DIEKTPUYECKHI TOK U €r0 XapaKTEPUCTUKHU. Y paBHEHUE HENPEPHIBHOCTH.

67. Crpoenue cuisbl. O./[.C. HanpsieHue Ha 0OTHOPOAHOM U HEOJHOPOJHOM y4aCTKaX.

68. ConpoTuBlIeHME TMPOBOJHHUKOB. 3akoH Oma 19 OJHOPOJHOIO Yy4yacTKa B
UHTErpaiIbHON U quddepeHunanbHoi Gpopmax.

69. 3akon OMa 11 3aMKHYTOH 1€ ¥ HEOJHOPOAHOTO ydacTKa B AuddepeHnnaaTbHoN
dopme.

70. IIpaBuno Kupxroda.

71. Pabora wu MomHOCTH ToKa. 3akoH Jlxoyns-JleHa B HMHTErpaIbHOM H
nuddepernuanbHon hopmax.

72. MarHuTHoOe MoJ€ U €ro cuioBble JUHUM. 3akoH buo-Casapa-Jlaruiaca. MaruutHoe
nojie 0ECKOHEYHO MJIMHHOIO MPSIMOJIMHEWHOro TOKa. MarHuTHOE moje B IEHTPE KPYroBOIO
TOKa.

73. MarsuTHoe€ noJje KOHTypa ¢ TOKOM. MarHMTHbI MOMEHT 3aMKHYTOT'O TOKa.

74. Teopema O LUPKYJALMNA BEKTOpAa MHAYKLMU MarHUTHOIO IOJIA U €€ MPUMEHEHUE K
BBIUMCJICHUIO MarHUTHOTO MOJIS MPSMOJIMHEHHOro OeckoHeyHoro Toka. Teopema ["aycca ans
MHAYKIIMA MarHUTHOTO TOJIS.

75. Cuiia Amniepa u cuna Jlopenna. JIBukeHue 3apssKeHHBIX YaCTHI] B MATHUTHOM TIOJIE.
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76. SBnenue snekTpoMarHuTHOM nHAYKUMHU. [IpaBuiio Jlenna. 3akon @apanes. [Ipupona
uHaykiuonHou 2.J[.C. BuxpeBoe 3JeKTpUYECKOe MoJie.

77. SIBnenue camMmoMHAYKUUU. MHIYKTUBHOCTh KOHTYpa. IHIYKTUBHOCTH OECKOHEUHOTO
COJICHOMJA.

78. DHeprus MarHUTHOTO TOJISL.

79. MarnuTHOe ToJie B cpejie: nua-, mapa-, GeppoMarHeTUKH.

80. HanpsxeHHOCTh MarHUTHOTO MOJIS B cpefie. MarHuTHas MpoHULaeMocThb. Teopema o
nupkyssiiuu BektopoB E u H B cpene B unTerpanbaoit u auddepennuansHoi popme

81. BuxpeBoe 351eKTpHUeCcKoe MoJje, €ro CBOMCTBA U CUIIOBBIC JIMHUU.

82. IlnoTHOCTH TOKa CMelIeHUsA. YpaBHEHUs MakcBemia B HMHTETPAIbHOM U
nuddepeHImaIbLHoR popMax.

83. 3aKOHBI TEOMETPUYECKOW ONTUKHU. SIBIIEHHE TMOJHOIO BHYTPEHHETO OTPAXKEHHS.
[IpenensHblii yrod.

84. NnrepdepeHiius CBETOBBIX BOJIH. YCIOBHS O00pa3oBaHUS MaKCUMyMOB |
MHUHHMYMOB B UHTEP(PEPECHIIMOHHON KapTHHE.

85. Nudpakums. 3oub1 DOpeHens. 30HHAS TIACTUHKA. MeETOJ BEKTOPHBIX IHarpamM.
[Ipunnun Iroiirenca-POpenens.

86. Mudpakuus OpeHenst OT KPYIJIoro OTBEPCTHUS U KPYTIIOTO JHCKA.

87. ludpakunoHHas pemierka, €€ TMepuoj. YCIOBUS 00pa3oBaHUS  TIABHBIX
MakcuMyMoB. KoiruecTBo HaOII04aeMbIX IVIaBHBIX MAaKCUMYMOB.

88. EcrecTBeHHBII U NOAApU30BaHHBIA cBeT. Buapl mnonsgpusanuu. CreneHb
nosisipusaiuu. 3akoH Maimoca. [lonsipuszanus npu oTpaxeHuu, 3akKoH bprocrepa.

89. JIpoitHoe myuenpenomiienue. [Ipuzma Hukomns.

90. Bpamenne mIOCKOCTH TMOJSAPU3ALMMA  ONTHYECKHM AKTUBHBIMU  BELIECTBaMHU.
VY nenpHOE BpalllcHUE.

91. Ilornomenue crera. 3akoH byrepa-bepa.

92. Onrtnyeckue mpuboOpsl: JTyna, MUKpockor. [loctpoenune uzoOpaxkenus. JluHeiHoe
YBEJIUYCHHUE.

93. ®otoHbl, uX cBoWcTBa. EQMHCTBO KOpPIYCKYJSPHBIX M BOJHOBBIX CBOMCTB
3JIEKTPOMArHUTHOI'O U3JTy4YEHUSI.

94. ®otorddext. 3akonsl CmoneroBa. Bosbr-ammepHas xapaktepucTtuka. Popmyna
Oitnmrerina. KpacHas rpanuiia.

95. Iloctynarel bopa. DnemenTapHas Teopus CHEKTpa BOJOPOJONOJ0OHOTO0 aroMa Mo
bopy. ®opmyna Punbepra.

96. Bonna ne bpoiinsa. KopnyckyasipHO-BOJHOBOW Jyaau3M.

97. BonHoBast yHKIIUS U €€ CTATUCTUUCCKUMA CMBICIT.

98. Vpasuenue lllpenunrepa.

99. Yactuna B OqJHOMEPHOM MOTEHIMAIBHOM SIME.

100. KBaHTOBBIE UnCIHa, ONPEAEISAIONINE COCTOSIHUE FJIEKTPOHA B aTOME.

101. Tlpunuun Ilaynu u neproauyueckas cucTeMa 3JIeMeHTOB MeHieneeBa.

102. Kunemaruka MatepuaibHON TOUKH: CPEJIHSASI 1 MTHOBEHHAs! CKOPOCTH; YCKOPEHUE
MIOJIHOE, TAHT€HIIMAIIBHOE U HOPMAJIBHOE.

103. KunHemaruka BpallaTEJbHOIO JBHXKEHUS: YIJOBas CKOPOCTb U  YIVIOBOE
YCKOPEHHUE KaK BEKTOPHBIE BEJINUMHBI, CBSI3b JINHEWHBIX U YIJIOBBIX CKOPOCTH U yCKOPEHHS.

104. HMuepumanbpHble 1 HEMHEPLMAIbHBIE CUCTEMBI OTCUETa. 3akoH HproToHa.

105. BcemupHbIif 3aKOH TATOTEHUS JJIs1 TOYEUYHBIX Macc. Chiia TSHKECTH U BEC Tella.

106. Ympyrue cuisl. [lepBas u Bropast ¢popmsl 3akona I'yka. Moxyns FOnra.

10 CAMOCTOATEJBHASA PABOTA OBYYAIOHIUXCHA
Conepxxanue, TpeOOBaHUS, YCIOBUS M TOPSJIOK OpraHU3AIMU CaMOCTOSITEIbLHOMN

paboThl OOydYaromuxcsi ¢ y4eToM (popMbl OOyYEHHS OINPEICISIETCS B COOTBETCTBUU C
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yTBEPKACHHBIM YUeHbIM coBeToM YII'Y (mpotokon Ne 8/268 ot 26.03.19 1.).
dopma 00ydeHHsI: OYHAsI.

HaszBanmne pa3iesioB 1 TeM Bup camocTtosiTenbHOI padoThI O0bem B | @opMa KOHTPOJISI
qacax
Pasgen 1. Mexanuka [IpopaboTka y4eOHOTO Marepuaga C 15 MpOBEpKa
MaTEepUAIbHON TOUKHU U HCIIOJIb30BAHAEM ~ PECYPCOB  y4eOHO- TECTOBBIX
TBEPOrO TeIa METOJIMYECKOTO U HWH(POPMAIMOHHOTO 3aJ1aHMiT,K3aMeH
obecriedeHus] AUCIUILIHHEL. [ToaroToBka
K YCTHOMY OTIpOCY.
[ToaroroBka K ciaye 9K3aMeHa.
Paznen 2. Mexanuka [IpopaboTka yueOHOro Marepuaia cC 6 MpOBEpKa
JKHAKOCTEH M Ta30B. HCIIONIb30BAHHEM ~ PECYpCOB  y4eOHO- TECTOBBIX
METOJIMYECKOTO U HMH(POPMAINOHHOTO 3a/IaHMH,K3aMeH
oOecrneveHus TUCIUTUTHHEL,
[loaroroBka K yCcTHOMY OIPOCY.
[ToaroToBka K caye 9K3aMeHa.
Pasznen 3. Mexannueckue | [IpopaboTka yueOHOro wmarepuana ¢ 9 MpOBEpKa
KOJIeOaHUs U BOJTHBI HCIIONIb30BaHUEM ~ PECYpCoB  y4eOHO- TECTOBBIX
METOJIMYECKOTO W HMH()OPMALNOHHOTO 3a/IaHMH,K3aMeH
oOecriedeHus] TUCTIUTUINHBI.
[ToaroroBka Kk yCTHOMY OMpOCY.
[ToaroToBka K ciaye 9K3aMeHa.
Pasnen 4. Monekynspnas | IIpopabotka yueOHOro Marepuana ¢ 3 MIPOBEpKa
(1)I/I3I/IKa u HUCIIO0JIBb30BaHUECM PECypCoOB yqe6H0— TECTOBBIX
TEPMOIMHAMHMKA. METO/IMYECKOT0 1 MH(OPMALHOHHOTO 3aJIaHKM,5K3aMEH
oOecriedeHus TUCTIUTUINHBI.
[ToaroroBka K yCcTHOMY OIPOCY.
[ToaroToBka K ciaye 9K3aMeHa.
Pasznen 5. [HocTossHHBII [MpopaboTka yueOHOro Marepuaia C 3 MpOBEpKa
AIIEKTPUYECKHI TOK. HCIIONIB30BAHHEM ~ PECYpCOB  y4eOHO- TECTOBBIX
METOJIMYECKOTO U HWH(POPMAIMOHHOTO 3a/IaHMH,K3aMeH
oOecrieueHus TUCIUTUTHHEIL,
[ToaroroBka K ycTHOMY OIPOCY.
[ToaroToBka K caye 9K3aMeHa.
Paznen 6. Ontuka u [IpopaboTka yueOHOro Marepuaia cC 18 MpOBEpKa
3JIEMEHTBI KBAHTOBOM HCIIONIb30BaHUEM ~ PECYpCoB  y4eOHO- TECTOBBIX
DH3UKH. METOJIMYECKOTO W HMH()OPMAINOHHOTO 3a/IaHMH,K3aMeH
o0ecrnieveHus TUCIUTUTHHEL,
[ToaroroBka Kk yCTHOMY OMpOCY.
[ToaroToBka K ciaye 9K3aMeHa.
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11. YYEBHO-METO/MYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHHUE
JUCIHHUIIIINHBI
Pduzuka

a) Criucok pekoMeHIyeMoii JTHTepaTyphl

OcHoBHas :
1. boumapes, b. B. Kypc obmieii ¢usuku B 3 k. Kaura 1: mexanuka : y4eOHUK Ayt
6akamaBpoB / b. B. bounapes, H. I1. Kamamaukos, I'. I'. Cmpun. — Mocksa : M3garenscTBo

IOpaiit, 2019. — 353 c¢. — (bakanasp. Axkagemmdeckuii kypc). — ISBN 978-5-9916-1753-6. —
Texct : anektponnsiii / DBC FOpaiit [caiiT]. — URL: https://urait.ru/bcode/425487

2. Bongapes, b. B. Kypc obmieit ¢pusuku B 3 kH. KHHTa 2: 31M€KTpOMarHeTn3M, ONTHKA,
KBaHTOBas (Qu3uka: ydeOHWK 1y OakamaBpoB/ b. B. bormapes, H. I1. Kamanraukos,
I'.T. Ciupun. — 2-e u3a. — Mocksa : UznarensctBo FOpaiit, 2019. 441 c. — (bakanasp.
Axanemudeckuii kypc). — ISBN 978-5-9916-1754-3. — Tekcr : anektponnsiii / DBC HOpaiit
[caiit]. — URL: https://urait.ru/bcode/425490

3. boumape, b.B. Kypc oOmeii ¢usukun B 3 kH. Kuura 3: TepMoauHammuKa,
cTatucTuieckas (huU3MKa, CTpPOEHHWe BemecTBa : ydeOHMK i1 OakamaBpos/ b. B. Bonmapes,

H. I1. Kanamaukos, I'. I'. Cupun. — 2-e u3n. — Mocksa : W3narenscrso FOpaiit, 2019.
369 c. — (bakamaBp. Axamemmueckuii kKypc). — ISBN 978-5-9916-1755-0. — Tekct
anexrponnsiii // DBC Fpaiir [caiit]. — URL: https://urait.ru/bcode/425491
JonmonnurenbHas:

1. Hukntun, A. K. Kypc nexuuii mo oOwmeit ¢pusuxe / A. K. Hukutun. — Mocksa :
Poccwuiickmii yHuBepcuTeT Apyx0s1 Hapomos, 2013. — 256 c¢. — ISBN 978-5-209-05180-0. —
Tekct : 3nexktpoHHbIit // DnexTpoHHO-OuOmHoTeyHas cucrema IPR BOOKS : [caiir]. — URL:

http://www.iprbookshop.ru/22159.html

2. Uponos, U. E. 3anaun no obmelt pusuke : yaedbHOe mocobue ais By30B / U. E. Uponos.
— 11-e u3n. — Mocksa : JlJabopatopus 3Hanuit, 2017. — 432 ¢. — ISBN 978-5-00101-491-1. —
Tekct : snekTpoHHbIHA // DnekTpoHHO-OnbmoTeunas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/89096.html

3. IepmunoB, A. B. O6mas ¢pusuka. 3agaun ¢ pemennsamy : 3ana4Huk / A. B. [lepmuHOB,
1O0. A. Bapkos. — Caparos : By3oBckoe oOpa3oBanue, 2020. — 725 ¢. — ISBN 978-5-4487-0603-
5. — Tekcr : anekTpoHHBIN // DnexkTpoHHO-OMONMoTeuHas cucrema IPR BOOKS : [caiiT]. —
URL: http://www.iprbookshop.ru/95156.html

4. O6was ¢pusuxa. Mexanuka. TecToBble 3aJaHNs C PELICHUSIMU M METOANYECKIMHI
ykasauusimu : meton. mocobue / U. JI. Kacarkuna [u op.]. - Mocksa : ACT : Actpens, 2011. -
256 c.

5. Kparkwuii kypc o6meii ¢husuku : yaedunoe mocobue / U. A. Crapoctuna, E. B. Bypnosa,

O. U. KougpateeBa [u ap.] ; mox penmakuwmeii JI. I'. IleBuyk. — Kazanp : Kazanckwii
HAIlMOHATBHBINA MICCIENOBATEIbCKUN TEXHOIOTHYECK yHnBepcureT, 2014. — 376 ¢. — ISBN
978-5-7882-1691-1. — TekcT : 37eKTpoHHBIA // DnekTpoHHO-OmMOIMMoTedHas cucrema [PR

BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/63716.html

Y4eOHO-MeTOANYECKAS S

1. Tagomckas U. B. ®usnka: MeTomuueckue yka3aHUS AJI 1aOOPaTOPHBIX 3aHATUH U
CaMOCTOSTENBHONH paboThl CTYNEHTOB 0akamaBpOB SKOJOTMYECKOro (akyiapreTa BCex
Hanpasiennii nogrorosku / U. B. I'agomckas, H. A. Mutpodanosa; Yal'Y, UMDBudK, Dkon.
¢ax. - Yapauosck : Ynl'Y, 2019. - 3arn. ¢ skpana; HeonyOnukoBaHHEI pecypc. - DIEKTPOH.
TEKCTOBBIC  JaH. (1 Gaitn : 420  KBb). - Tekcr : 3JIEKTPOHHBIH.
http://lib.ulsu.ru/MegaPro/Download/MObject/6252

CoriacoBaHo:
I'11. Oubnnorekaps / J.P. CromonpHuKOBa _/ W /15.05.2023 /.
JTOMKHOCTE COTPYTHIKA HAYTHOI OHOMHOTEKH [)5(e] no;mnc}/ JaTta

dopma A Crpanuma 101u3 104




MuHHCTEpCTBO HAYKU M BBICIIEr0 0Opa3zoBaHus PO

o o ®dopma
VY bSHOBCKHI TOCYJapCTBEHHbIH YHUBEPCUTET

® - PaGouast nporpaMma JTUCHUILITHHEL

0) mporpaMMHoe ofecneyeHue
1. Microsoft Office

2. OC Windows Professional
3. Agruminarunar BY3

B) IIpodeccuonanbHbie 60a3b1 JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMbI

1. DJ1IeKTPOHHO-0U0IHOTEYHbIE CUCTEMBI:

1.1. Iudposoii obpazoBaTenbHbIi pecypc I[PRsmart : s1nexkTpoHHO-OMOIMOTEUHAS
cucremMa : cabt / OOO Kommanus «Au Ilu Ap Memma». - CaparoB, [2023]. — URL:
http://www.iprbookshop.ru. — Pexxum moctyma: st 3aperucTpup. mojib3oBaTeneil. - Tekcr :
3JIEKTPOHHBIMN.

1.2. O6pazoBarenshas mwiathpopma FOPAMT : oGpasoBaTenbHBIl pecypc, dIeKTPOHHAs
6ubamorexa : caiit / OO0 DekrponHoe H3maTenbetBo «FOPAUTY. — Mocksa, [2023]. - URL:
https://urait.ru. — Pexkxum goctyna: Juist 3aperucTpup. nojib3oBareneid. - TeKCT : 3JeKTPOHHBIH.

1.3. ba3a nannbpIx «nexkTpoHHas oubnmoreka texuudeckoro BY3a (ObC «KoncynpTanT
CTYACHTa») : NEKTPOHHO-OMOMMoTeyHas cuctema : cailt / OO0 «llonmurexpecype». — Mocksa,
[2023]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum gocryma: s
3apPETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIEKTPOHHBIN.

1.4. OBC Jlanp : snekTpoHHO-OMOMMOTeuHast cuctema : cat / OO0 DBC «Jlanpy. —
Cankr-IlerepOypr, [2023]. — URL: https://e.lanbook.com. — Pexum goctyma: ams 3aperucTpup.
nosib3oBaTenen. — TeKCT : 3JIEeKTPOHHBIM.

1.5. OBC Znanium.com : 53JeKTpOHHO-OMOMMoOTeuYHass cucrema : caitr / OOO
«3Haamym». - MockBa, [2023]. - URL: http://znanium.com . — Pexum goctyma : mis
3apPETUCTPUP. MOJIb30BATENEH. - TEKCT : AIEKTPOHHBIN.

2. KoncyastantIlinwc [DnekTpoHHBIN pecypc]: cipaBouHas mpaBoBas cuctema. / OO0
«Koncynprant ITnrocy - Dnektpon. naH. - Mocksa : Koncynsrantllmoc, [2023].

3. ba3bl JaHHBIX NEPUOTUYECKUX U3TAHUIN:

3.1. eLIBRARY.RU: nayunas snektponHas OubOnuoreka : caiit / OOO «Hayunas
OnektponHas bubnumoreka». — Mocksa, [2023]. — URL: http://elibrary.ru. — Pexxum mocrtyna :
JUIsL aBTOPHU3. TOJIb30BaTeel. — TEKCT : 3JIEKTPOHHBII

3.2. DnexrponHas 6mubmmoreka «M3marensckoro goma «I'pedernukoB» (Grebinnikon) :
anekTpoHHass Oubmumoreka / OOO WU «I'pebennukoB». — Mocksa, [2023]. — URL:
https://id2.action-media.ru/Personal/Products. — Pesxum goctyna : Jyisi aBTOpHU3. MOIB30BaTENCH.
— Tekcr : 3JEeKTPOHHBIN.

4. @enepanbHas rocyaapcrpeHHasi uHpopmamuoHHasi cucreMa «HanumoHanbHas
3J1eKTPOHHAs OUOIMOTeKay : dNIeKTpoHHAsA oubmmoTeka : caiit / ®I'BY PI'b. — Mockaa, [2023].
— URL: https://H36.pd. — Pexxum noctyna : mis nmonbs3oBareneil HayqdHor OnbmnoTeku. — Tekcr :
AJIEKTPOHHBIN.

5. Poccwuiickoe oO6pa3oBanue : penepanpHbiiil mopran / yapeautenb OI'AY «DULTO». —
URL: http://www.edu.ru. — TeKCT : 371€KTPOHHBIH.

6. DuexkTpoHHass OuOJmoTreyHas cucrema Yal'¥V : wmoaynbs «OIEKTpOHHAs
Ooubmmorexa» ABUC  Mera-IIPO / OOO  «/lara DOxcmpece». —  URL:
http://lib.ulsu.ru/MegaPro/Web. — Pexxum noctyna : mjis mosb3oBatesieii HaydHOH OMOINOTEKH. —
Texcr : 37eKTPOHHBIN.

CorsacoBaHo
Havanpauk YnpaBneHuss nHPOpMaIIMOHHBIX /
TeXHOJ0rui u TenekommyHukauud  [LIL. bypaun 15.05. 2023
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12 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

Y4eOHble ayTUTOPUU TS TIPOBEACHHUS JICKIUH, MPAKTUYECKUX (CEMUHAPCKUX) 3aHATHH,
TEKYLIEro KOHTPOJsS M NPOMEKYTOUYHOM aTTeCTalll{, TPYNNOBBIX W HWHAMUBUIYAJIBHBIX
KOHCYJIbTAIMH, OCHAIIEHHbIE 000PY0BaHUEM U TEXHHUECKUMH CPEJICTBAMH O0yUeHHUSI.

[lomemenuss  uisi  caMOCTOSITENIbHOM ~ paboThl  OOydaroluXcs,  OCHAIlIEHHBIE
KOMIIBIOTEPHON TEXHUKOM C mnoakmroueHueM Kk cetn «MHtepHer» m  nocrymom B DMOC
YHUBEPCUTETA.

HaunmeHnoBanne noMelneHuit 1jig
MPOBEACHUS yUCOHBIX 3aHATHUH,

MPEeAYyCMOTPEHHBIX TPOTrPAMMOA [TepeueHb OCHOBHOTO 00OPYIOBaHUS U
OakanaBpuaTa ¥ TIOMEIICHHH IS TEXHUYECKUX CPEJICTB 00yUCHUS
CaMOCTOSITENIbHON PabOTHI
00yJaronmxcst
Aymutopust  -3/211.  Aynutopust g | AyauTopus YKOMIIJIEKTOBAHA YYEHUYECKON
MPOBEICHUS JIEKIIMOHHBIX, | MEOENbI0 U JocKoi. KoMIuiekT MynbTUMEAUITHOTO

NPAaKTUYECKUX  3aHATUH,  TEKYILEro | 000pyJOBaHUS: KOMIIBIOTED, TPOEKTOP, IKPaH.
KOHTPOJIS u IIPOMEKYTOUHOM

aTTeCTallly, IPYTMIIOBBIX "

VH/IMBUIYAJIbHBIX KOHCYJIbTALUN.

Aymutopus -107. JlaGopatopust 10 | AyauTopus YKOMIUIEKTOBaHa YYEHUUYECKOI

MEIUIMHCKON U Onojornyeckor ¢usuke | mebenpio U Jockoil. OOopynoBaHue: OOBEKT-

TUIst MPOBEICHUS nabopatopubix | Mukpomerp OMII, G610k muranms 12 B, ammapar

3aHATUM,  TeKywero KoHTpous u | YBY -80 -3 «YHparepm, LITaTUB,

IIPOMEXYTOUYHON aTTecTaluu, | anekTpokapauorpap «Medianovay, MHKpPOCKOI

TPyHIOBBIX u WHIUBUIYaIbHBIX | «Omron MX», caxapuMeTp cy -4,

KOHCYJIbTallui ¢doroxonopumerp KDPK -2, nasepHblii MOIyib
DMH 650 -10, wucrounmk mumranms MWII -1,
nabopaTopHas yCTaHOBKA «M3mepenue
COIIPOTHUBIIEHUS] TOHKOT'O IPOBOJA», pePpakTOMETP
NPD-454b2M, HOYTOYK, IPUHTEP.

Aynutopust - 230. Aynutopus s | AyauTOpHUs YKOMIIJIEKTOBaHA yUEHUYECKOU

CaMOCTOSITEIbHOW PabOThI Mebenpio. O0opyaoBanue: 16 KOMITBIOTEPOB €

nocrynoM B Uurepuer, SUOC, 3BC.

Aynutopus  -237. YutanbHbI  3a1 | AyIUTOPUSA YKOMIUIEKTOBaHA YYEHUYECKOM
HAayyHOW OuOIMoTekn cC 30HOW uig | MeOenbro. KommbroTep (211T) € 1OCTYIIOM B
CaMOCTOSITEIIbHOU PaOOTHI. Nurepuet, JUOC, DbC. TeneBuzop, 3kpaH,
npoektop. Cron s aui ¢ OB3 (2 mir)

13 CIIEIlMAJIBHBIE YCJIOBUA JJISA OBYYAIOIIUXCSA C
OI'PAHUYEHHBIMHA BO3MOKHOCTAMMU 310POBbs (OB3) U UHBAJIN/10B

B cinyuae HeoOXogumocTH, oOydarolMMcs M3 4YMCIa JIML € OTrPaHUYEHHBIMU
BO3MOXHOCTSIMH 3JI0pOBbsi (11O 3asBJICHHI0 OOYyYaroIIerocsi) MOTYT MpeUIaratbCs OIHHU U3
CIIEAYIOUIMX BapUaHTOB BOCHPUATHS MHQOPMAIMM C YYE€TOM HUX MHIUBHUIYaJIbHBIX
NCUXO(PHU3UUECKUX 0COOEHHOCTEH:

— IS JMI] C HapyLICHUSIMH 3pEHHs: B TeYaTHOH (opMe yBEIWYEHHBIM MIPUPTOM; B
dbopmMe 3IEeKTPOHHOTO JOKYMeHTa; B ¢dopme ayauodaiina (mepeBo] ydeOHbIX MaTepuajoB B
ayauogopMmart); B mevatHo ¢opme Ha s3bike bpailns; MHIUBUAyalbHBIE KOHCYJBTALlUU C
IPUBJICUEHUEM TU(IIOCYPIOTIEPEBOAUNKA; MHIUBUAYaJIbHBIE 331aHUS M KOHCYJIbTALIUY;
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— A7 JUIl ¢ HapyUICHUSIMH cilyxa: B TeyaTHOH ¢Qopme; B Qopme 3IeKTPOHHOTO
JOKYMEHTa; BUJIEOMaTepHalIbl C CyOTUTpaMK; MHAWBUIyalIbHbIE KOHCYJIBTALUU C IPUBIICYCHUEM
CypAOIICPCBOAYMNKA, MHIUBUAYAJIbHBIC 3aIaHUS U KOHCYJIbTAlluU,

— A0S JUI] ¢ HapyLWIEHWSIMHU OIOPHO-ABHraTEeIbHOIO ammapara: B medaTHoW ¢opme; B
dbopMe SIEKTPOHHOTO MOKyMeHTa; B (opme ayauodaiina; WHAMBUAYyaJTbHBIC 3aTaHUS U
KOHCYJIbTAallH.

B ciry4ae HEO0OXOIUMOCTH HCIIOJTh30BaHUS B y4eOHOM mporiecce
I-Ia.CTI/I‘-IHO/I/ICI(.]'IIO‘-II/I’[’G.J'H:HO AUCTAHIINMOHHBIX OGpﬁSOB&TGJ’IBHBIX TGXHOHOFHﬁ, opraHnu3anus
pabotsl IIIIC ¢ obywaromumucs ¢ OB3 u uHBaNMMIaMu TpeaycMaTpUBACTCS B AJIEKTPOHHOM
UH(POPMALIMOHHO-00pa30BaTENbHON Cpefie C yYeTOM HX HHIMBUAYAIBHBIX MCUXO(PHU3UUYECKUX
0CcoOeHHOCTEM

PazpaboTunku: npodeccop KO.H. 3ybxor

0%7 15.05.2023
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