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1. Mecto nucuumuiadbl B cTpykrype OIIOIL.
JucuumumHa «MonekynsipHas gusukay (PpU3NpakTUKyM) OTHOCUTCS K IUCIHILTMHAM

Biioka 1 6a3zoBoii uactu 51.5.8.3.

2. O0beM AUCHUILINHLIL: 2 3aUeTHLIE € UHUIIBI.

3. Conep:xanue TUCHUIINHBI.

38[{3‘[]4 H3y4YeHMsI JUCHUIJINHBI !

>

>

NPUMEHATh TEOPETHUYECKUN MaTepuasl Kypca oOmied (QU3MKH K aHaau3y
KOHKPETHBIX (PU3UUECKUX CUTYaIIUH;

HKCMEPUMEHTAIbHO H3YyYUTh OCHOBHBIE (PU3NYECKUE 3aKOHOMEPHOCTH,
MOHUMATh IPAHUIIBI UX TPUMEHUMOCTH,;

(dopMHpOBaTh YMEHHSI CAMOCTOATEIBHO MPUOOPETATh U MPUMEHSTH 3HAHMUS,
OOBSCHATh (U3NYECKHE SIBJICHUS; NPUBUTH HABBIKA CAMOCTOSTEIbHOM
paboTHI

0 TIPEIMETY;

O3HAKOMJICHHE C HM3MEPUTEIbHBIMU MpHOOpaMu, HAYYHOW ammaparypoi,
U3y4eHHEe MIPUHIIUIIOB X PadOTHI,

(dbopMHpOBaHUE SKCTIEPUMEHTANIBHBIX YMEHHIA;

HAY4YUTh TNPUMEHATh MaTeMaTHYeCKHe MeTOAbl 00pabOTKH pe3ysbTaToB
JKCIIepUMEHTa (B TOM 4HCIE ¢ MpuMeHeHneM DBM), HayuuTh mpaBHIBHO
IPEICTaBISATh MOJYYEHHYIO 3KCHEPUMEHTaJIbHYI0O HH(POpPMAIUIO B BUJC
rpadukoB, TabIuI.



Conep:xkanue TMCUUILIMHBI
Tema Ne 1. UneanibHble U peajibHbIE ra3bl.
JlaGopatopnas pabora Ne2. OnpeneneHre MOJIEKyJISIPHON MacChl U TUIOTHOCTH ra3a METOJIOM
OTKA4KH
JlaGopatopnass pabGotra Ne3. OmpezneneHue KpUTHUECKOW TeMmmepaTypbl mapoB 3dupa.
Tema Ne2. SIBjieHus1 mepeHoca.
Jlabopatopnast pabGora Ned. OmpexneneHue IIUHBI CBOOOZHOTO TIpoOera MOJEKYyd |
Kod(ppuimeHTa BHyTpEHHETO TPEHHS BO3TyXa
Jlabopatopnast  pabora  Ne5.  Ompenenenue  kKoduIMEeHTa  TEIUIONPOBOIHOCTH
METOZIOM HAarpeToOu HUTH
JlaGopatopnass  pabora Ne6. OmpeneneHue  BA3KOCTH  BO3AyXa  KallWJUISIPHBIM
METOIOM.
JlaGopatopnass pabGora Ne7. Ompenenenue Kod(p@uIUMEeHTa BHYTPEHHETO TPEHHS
BOJIBI.
Jlaboparopnast  pabora  Ne8. Ompenenenue  kodduIMEHTa  TEIUIOMPOBOIHOCTH
MecKa.
Tema Ne3. D1eMeHTBI TEPMOIMHAMUKH.
Jlabopatopuass pabGora Ne9. Ompenencaue otHomenuss CP/CV  wmeromom Kiiemana
u Jlezopma
Jlabopatopuass pabora NelO. Ompenenenue otHomienuss CP/CV  meromom  crosiumx
3BYKOBBIX BOJIH
Jlaboparopnast pabora Nell. OmnpeneneHue OTHOIICHHS TEIJIOEMKOCTEH  BO3ayxa
MIPH TTOCTOSTHHBIX JIaBJICHUU M 00beMe PE30HAHCHBIM METOIOM
Jlabopatopnast  pabora  Nel?2.  OmnpeneneHue  NpUpAIICHHS  DHTPONUU  TIPH
TUTABJICHUH OJIOBA.
Tema Ned. CpoiicTBa :KHAKOCTEH.
JlaGopatopHnas pabota Nel4. Omnpenenenue ko3 unreHTa 00BEMHOTO
pacuImpeHust KepocruHa
JlaGopatopnass ~ pabora  Nel5.  Ompenpenenue  ko3(pQUIMEHTa  HNOBEPXHOCTHOTO
168
HATSDKEHUS JKUAKOCTH METOJIOM OTPBIBA KOJIbI[A
Jlaboparopnast  pabora  Nel6.  Ompenenenue  kKodduImeHTa  TOBEPXHOCTHOTO
HATSDKEHUS ~ pacTBOpa IO  METOAY  MAaKCHMajbHOTO  JaBICHWS B  ITy3bIpbKE
Jlabopartopnast pabota Nel7. Omnpesenenne BIa)KHOCTH BO3IyXa.
Tema Ne5. TBepaoe Teno.
JlaGopatopnass pabora Nel8. M3ydeHue CBONCTB KpPUCTAJUIMYECKHX M aMOPQHBIX
Ten
JlaGopatopnass pabora Nel9. Omnpenenenue cpeaHero KodpQuIMEHTa JTHHEHHOTO
pacimpeHus TBEPAbIX Tell.
Jlaboparopnast pabGora Ne20. OmnpeneneHue TEMJIOEMKOCTH  METANIOB  METOIOM
OXJIAXKICHUSI.

4. IInanupyemMble pe3yJbTaTbl 00yUYeHHs N0 TUCHUILINHE.
B pe3ynbrare ocBOEHUS AUCLUIIINHBI CTYACHTHI JOJKHBI OBIA/IETh CIEAYIOIINMHA HABBIKAMM:



» Tpu paboTre B JJaA0OPATOPHOM MPAKTUKYME CTPOTO COONIOAATH MpaBWIa OXPAHBI TPyJa H
TEXHHUKY 0€30MacHOCTH;

» CaMOCTOSITENILHO JI00BIBaTh HEOOXOIUMBIC 3HaHHs, PaboTas C Y4eOHOH M CIpaBOYHOU
JIUTEpaTypoi;

» BIJIaJIeTh OCHOBHBIMU IIPUEMaMH BBIITOJHEHUS SKCIICPUMEHTA B IIPAKTHKYME;

» YeTKO M TOCIIeA0BaTeNIbHO (DOPMYTUpOBaTh M pemiaTh IOCTABICHHBIC IEpe] HUMHU
3aJlauM, Kak TEOPETUYECKOT0, TaK U MPUKIATHOTO XapaKTepa.
5. ®opma KOHTPOJIA: 3aYET.

MeToauyecKkue yKa3aHusl 1O MOJATOTOBKeE K JIaDOPaTOPHBIM padoTam

ITepexon poccuiickoii cuctembl obpazoBanus k ['OC BIIO Tperbero moKoJIeHUS O3HAYaeT
MIEPEeCTPOHKY 00pa30BaTEIILHOM MOJUTHKHU U MMPAKTUKU Pa0OTHI yUeOHBIX 3aBeIeHHUH MPO(HeCCHOHATHLHOTO
o0pa3oBaHHS B COOTBETCTBHH C KOMIICTCHTHOCTHBIM W CTYACHTOIICHTPHUPOBAHHBIM IIOJIXOJaMH.
KoMIeTeHTHOCTHBIN MOIX0] 03HAYAET CO3JaHUe YCIOBHUU JJIsi OBJAJICHUS KOMIUIEKCOM KOMITCTEHITHIA,
03HAYAIOINUX MOTEHINAJ, CITOCOOHOCTh BBIMTYCKHHUKA K BEDKMBAHUIO U YCTOWYMBOMW JKU3HEEATEILHOCTH
B YCIOBHSIX COBPEMEHHOI'O0 MHOTO(AKTOPHOTO MPOCTPAHCTBA. TakOW TOJXOJA BEIJIBUTACT Ha MEPBOC
MECTO HEe MH()OPMHUPOBAHHOCTh CTYACHTA, a YMEHHE pelaTh MpoOJieMbl, BOSHUKAIOIIUE B TIO3HAHUU U
OOBSCHCHHUH SIBJICHUH JCHCTBUTEIBHOCTH, W MPEAINOJaracT HEOOXOJUMOCTh: Pa3BUTHS CIIOCOOHOCTH
pemiate 3a7add Ha OCHOBE 3HAaHWH, OMNBITA, MOTHBAIMA W IEHHOCTHBIX OpPHUEHTAIWA, yMEHHUS
CaMOCTOSITETTFHO JTOOBIBaTh HEOOXOAMMBIE 3HAHWSA; (OPMUPOBAHUS HABBIKOB CaMOCTOSTEIHHON
MIOCTAHOBKHU IIeJIel JEsTeThHOCTH W IUIAHUPOBAaHUS CIOCOOOB WX JOCTM)KEHHS, YTO MOJpa3yMeBaeT
pa3BUTHE TBOPYECKOW CaMOCTOSITEJILHOCTH M I03HABAaTEJIbHOM aKTUBHOCTH CTYJIEHTOB. DU3MYECKUI
MPAKTHUKYM MOJKET CITY>KUTh OJHUM W3 CPeNCTB (JOPMHUPOBAHUS Y CTYACHTOB 00IIEpodheCCHOHATBHBIX,
CIEIMATFHBIX ¥ TYMaHUTAPHO-OPUEHTUPOBAHHBIX KOMIIETEHITNH, CIIOCOOCTBYSI Pa3BUTHIO HABBIKOB KOM-
TUIEKCHOT'O TOJX0/Ia K M3YUCHHIO (PH3MUYECKHUX TPOIIECCOB W SBICHUI M (OPMUPOBAHUIO IENOCTHOTO U
HAyYHOTO MIPECTABICHHUS O MIPOIeccax U ABJIECHUIX, TPOUCXOISAIINX B MUPE IPUPOIBI M OOIIECTBA.

[ToaroToBKka CTyneHTa K BBINIOJIHEHHIO JIA0OpaTOpHOW pPabOThl HAYMHAETCS C
CaMOCTOSITENILHOTO BBIMOJTHEHUS «0a3MC-KOHCMEKTAy, KOTOPHII BKITIOYAET B ce0s:
1. Kpartkoe ommcanue 1enu padOThI, BO3MOXKHBIX CIIOCOOOB JOCTHKECHHS 3TOH IENd U
OTICHKY BBIOpAHHOTO cIioco0a.

2. Omnwucanve GU3MYCCKON CYIIHOCTH METO/A, JICKAIIET0 B OCHOBE BBIMIOJIHEHHOTO B JIA00OpaTOPHOH

paboTe UCCIeIOBaHMS.

3. ITlepeueHb M3MEPUTENBHBIX TPHUOOPOB, HEOOXOIUMBIX JIJIS BBITIOJIHEHUS JIA0OPATOPHOH pabOTHI, C

YKa3aHUEM THIIA U MPEACTIOB U3MEPESHHS MPUOOPOB (COCTABISACTCS MO YCIOBHIO U TPeOOBaHUIO
SKCIIEPUMEHTANBHON 3aj]auu); TpaBUia TEXHUKU OE30MacHOCTH TpH paboTe ¢ BBIOPAHHBIMHU

npubopamu.



OueHp KpaTKHe OTBETHI Ha BOIPOCHI IO TEOPETHIECKOMY MaTepHaily, B 00S3aTeIbHOM IOPSAKE
coJep)Kallue ONpelesiCHHS H3yYaeMbIX B paboTe (U3MYECKHX BEJIWYMH C YKa3aHHEM €IUHUII
U3MEpPEHHS.

VYkazanue o0nacTeil HAyKu, TEXHUKHU, OKPY>KaloIIel 1eHCTBUTENFHOCTH, B KOTOPBIX BCTPEYAIOTCS
U TPUMEHSIOTCA H3y4aeMble B paloTe SIBICHMSA, KPAaTKUH aHaIM3 HX TEOPETHUECKOrO H
NPaKTUYECKOTO 3HAUYEHHS ¢ YKa3aHHUEM Ba)KHBIX B BEIOPaHHOHN CTYJIEHTOM MPOQECCHUH aCIIEKTOB.
OnucaHne MaTeMaTH4ecKuX METOJI0B OOpabOTKH MOIyUYeHHBIX B pabOTe Pe3ysIbTaToB, IepeucHb
Tabnun (C yKazaHHEM H3MEPSEMBIX M PACCUUTBHIBAEMBIX MO Pe3yibTaTaM HW3MEPEHUH BEIHYHH),
rpauKoB, pacueTHHIX (HOPMYIL.

ITporuo3 okumaeMsIX pe3yJbTaTOB, COCTaBICHHBIH Ha OCHOBE TEOPETUYECKOTO OOOCHOBAHUS

paboThI.

[Tocne BBINOJIHEHUS J1TaOOPAaTOPHOM PaOOTHI COCTABIAETCS IMHUCHMEHHBINM OTYET B COOTBETCTBUHU C

NPUBCACHHBIM HWIKE S3BPUCTHUYCCKUM MPCATTUCAHUCM.

10.

Od¢opmitenne oT4eTa 1o Ja0opaTopHOii padoTe
Odopmnenne pe3ynbTaToB JabopaTopHOW pabOTHI HAYMHAETCS C 3aluCH JAaThl MPOBEACHUS
3KCIIEPUMEHTA U €r0 Ha3BaHUsl.
[anee criegyeT KOHKpETU3UPOBATH L€ KCIIEPUMEHTA.
Heo6xonumo npuBecTu nepeueHb UCI0NIb30BaHHBIX IPUOOPOB U NPUHAUIEKHOCTEHN C yKa3aHUEM
MapoK U TEXHUYECKUX XapaKTEpUCTHK (Tuna npuOopoB, Kilacca TOUHOCTH, IIPEAEIOB U3MEPEHU
U T. I.).
Ilepen Tem, Kak OPHUCTYNUTh K OIBITY, HEOOXOAMMO IIOATOTOBUTH TAOJHUIy IS 3alucu
pe3yJbTaTOB U3MEPEHUIN U BHIYUCIICHUH.
YucneHHbple BEIMYUHBI C TOUHBIM YKa3zaHUEM €IUHUI USMCPCHUA ITOCJIC UX HAXOXKACHUA JTOJIXKHBI
OBITh 3aHECEHBl B 3apaHee IOATOTOBIEHHYIO Tabmuily. be3 enuHUI] u3MepeHHus pe3ynbTar
OeclieneH.
B 3aIucAaX, HACKOJIbKO 3TO BO3MOXHO, JOJDKHBI HCIIOJIB30BATHECA CXEMBI YCTAHOBOK,
CXEMaTH4YEeCKHUE PUCYHKHU MPHOOPOB U YCTAHOBOK B JICHCTBUHU.
I'ne aTo nenecoobpasHo, pe3ysIbTaThl JOJDKHBI OBITH IPEACTABICHBI B BUE TpadukoB. LleHHOCTH
rpauuecKkoro M300pakeHHsT COCTOMT B TOM, YTO OH YMEHBIIAET BO3MOXKHOCTb MOSIBJICHUS
rpy0oii OImMOKM W TO3BOJSIET JIy4yIle OCMBICIUTH (U3UUECKYI0 CYIIHOCTH ITOJYyYEHHBIX
Pe3yJIbTAaTOB B LIENOM.
Heobxonumo mpuBecTH B OTYETE NPHUMEP pacdera HU3MEpSAEMON BEIUYMHBI, MPOTPaMMBI U
pe3yabTaThl pacyera MOTPEMIHOCTEN U3MEPEHU.
3anucy, BBIYUCICHMSA, TpaduKH, TaOIUIBI, CXeMbl TOJDKHBI BBINOJHATHCSA TaK, YTOObI IPYruM
OBUIO MTOHATHO, C KAKOH LENIBI0 3TO OBUIO CAENAaHO, KaK CAEIaHO U YTO U3 3TOIO MOJIyYHIIOC.
KoHeuHbIil pe3ynbTaT C pacCUUTaHHOW MOTPEITHOCTHIO HEOOXOAMMO IPOaHaIH3HPOBATH:

npaegomnonooern nu oH? He mpotuBopeunT nu oH (usznveckomy cmbiciy? IlpaBuibHBI U



11.

eIMHNLIBI M3MEPEHUs KOHEYHOTO pe3ynbrara? Hemp3si M KOHEYHBIM pe3ynbTaT CPaBHUTH C
KaKUMH-THO0 KOHCTAaHTaMH, CIIPABOYHBIMHU JTAHHBIMU?

[TocrneqHrM IMyHKTOM OTYETa SIBISIOTCS BBIBOABI. BBIBOABI 1O paboTe JOKHBI COAEPIKATH TO
HOBOE, YTO CTYACHTHI Y3HAJIM BO BPEMS BBITIOJHEHHS PaOOTHI; COMOCTABICHUE TEOPETUYCCKHUX
MPE/ICKa3aHuii W OKCIEPUMEHTAIBHBIX PE3YyJIbTaTOB; aHAIW3 (PAKTOPOB, BIUSIONIMX Ha
pacXoXXJIeHUE MEXAY TEOPETUYECKUMH M 3KCIHEPUMEHTAIbHBIMU JAHHBIMU;, KPUTHUECKHE
3aMeuUaHus W TPEAJIOKEHHUs MO0 METOAMKE pabdoThl, COOOpakeHUs 10 OOOCHOBAHHOCTHU

MMPUMCHSACMBIX METOAOB U JOCTOBCPHOCTHU PC3YJIbTATOB.

HpI/I IIOATOTOBKEC W BBIIIOJHCHHUHA J'Ia60paTOpHLIX pa60T PCKOMCHAYCM HCIIOJIBb30BaTh NMPHUBCACHHLIC

HUIKE O3BPUCTUYCCKUC ITPECANTMCaHNA O6IHCFO " 4aCTHOTI'O XapaKTepa.

10.

|. Kak npaBujIbHO HA0JII01AaTh M OMUCHLIBATHL HAOIK01aeMble SIBJICHUS,
Npoiecchbl
OcwmebIcuTe 1[eNib HaONIONEHMs, a Ui 3TOTO IIOCTaBbTe TIepe] COOOH BOIPOC: HJsl Yero
npoBoauTcs HabroaeHne?
YTo4uHHTE MpeaMeT HaOmoeHus. B cBs3u ¢ 3THM mocTaBbTe mepes co00i Bompoc: 4To Oyzaere
Ha0MI0aaTh?
HaGmroeHue ocymiecTBIsiTe M0 3apaHee pa3paboTaHHOMY IJiaHy. [l 3TOro mpenacraBbTe €ro
MBICJICHHO WX 3aIlTMIIUTE NPCABAPUTCIIBHO B TCTpaau.
Jo nauana HaOmoAeHUs ompenenuTe, Korna Oyaere OCyLIeCTBIATh (UKCALMI0 HaOMI0JaeMbIX
SBJICHUI: B IIpoLiecce HAOMIOACHUS UIIH CPa3y e MOCJe €ro OKOHYaHuUs.
Bribepute cnioco® HaOMIOMEHNUS; HAOMIOJATh MOYXKHO TPSIMBIM CIIOCOOOM, T. €. BU3YalIbHO, WU
KOCBEHHBIM CIIOCO0OM, T. €. TIpX TIOMOIIIK pHOOpOB (PoToarmmapara, MarHuTohoHa U T. 11.).
Habmonenue, kak 1 9KCIEPUMEHT, HEOOXOIMMO MPOBOIUTH HECKOJIBKO Pa3; 3TO MOBBIIIAET €r0
00BEKTUBHOCTb.
[Ipu onncanuu sBIEHUH, npoueccoB oOpalaiTe BAUMaHUE HE TOJBKO HA TO, KAK OHH NPOTEKAIN
BO BPEMEHH, HO U MPH KAKUX yCIOBUSIX.
[lomHuTE, YTO LIENB ONMKCAHUSA — YKa3aThb HauOOJee TOYHO M IOJHO NPU3HAKH HAOIIOJaeMbIX
SIBJICHUM, ITPEIMETOB.
[Ipu onvcanuu pe3ynbTaToB HAOMIONCHUN 00OpaTuTe BHUMAHHUE HA TO, YTO CYIIECTBEHHO HOBOTO
ObUTO OOHAPYKEHO M YTO 0OLIETO, CXOJHOTO C paHee NW3BECTHBIM.
Onwucanne HaOMIOAaeMbIX SIBJICHUH, MPOLECCOB MOXKET OBITH BHIPRKEHO B CIOBECHOW (hopme,
NpPEACTaBICHO aHATUTUYECKU — B BUE GOPMYII U YpaBHEHHH, rpad)i4ecKu — B BUJI€ PUCYHKOB,
CXEM H T. 1.
Il. Kak cocTaB/IsITh IVIaH MPOBeIeHUs IKCIIEPUMEHTA
YTO4YHHTE U KOHKPETH3UPYHTE KOHEUHYIO LieJIb MPOBEACHUS dKCIepuMenTa. s atoro eme pas
OCMBICTIHTE yClIOBHE U TpeboBaHue 3anaHus. IlocTaBpTe mepen coboii Bompockl: 4yto gaHo? Yro
HY>KHO DKCIEPUMEHTAIBHO MPOBEPHUTH, MONYy4InTh? KakoBBI BO3MOXKHBIE YCIOBHS BBITOJHEHUS

JKCIIeprMeHTa?



10.

BrruneHnTe npoMexyTO4HbIE LIEU [IPOBEACHUS IKCIEpUMEHTa. [l 3TOro MBICIEHHO pa3denTe
3agady Ha 1Moj3agauu.
MpICIeHHO TIpeICTaBbTE BCE BO3MOXKHBIE BApUAHTHI IIPOBEIECHHS SKCIIEPUMEHTA.
Bribepute 13 Bcex BO3MOXKHBIX BAPHAHTOB MIPOBEACHUS SKCIIEpUMEHTa Hanbojiee paluoHaIbHbIE
C TOYKM 3PEHHUS] BO3MOXXHOCTH TONYyYUTh HauOoJjiee TOYHBIM Pe3yslbTaT NpU HMCIOJIb30BaHUH
MHUHHMYMa PHOOPOB U MAaTEPUAJIOB, C TOUKU 3PEHUSI MUHUMAIBHON 3aTPaThl BPEMEHHU.
3amuch IUIaHa SKCHEPUMEHTa JOJKHA OBITh MO BO3MOXKHOCTH KPAaTKOH, OTpaXkarolle JHIIb
OCHOBHBIE €T0 STarlbl.
[Ipenycmorpute, Kakue TaONMIBI, PUCYHKH, CXEMbl BaM HE00XOAWMO OyleT BBIIOJHHUTH B
npoIiecce SKCIIEPUMEHTA.
IIponymaiiTe, Korga U 4TO BaM IPHUIETCS U3MEPUTH B MPOLECCE DKCIEPHMEHTA, a YTO MOKHO
BBIYUCJIHNTH I1OCJIEC €T'0 BBIIIOJIHEHH .
[IpogymaiiTe W NpemyCMOTPUTE B IUIAHE, KAaKHe NPHUEMbI U CPEACTBA MOTYT OBITh BaMu
UCIIOJIb30BaHBbI.
[Tocre cocraBieHUs IUTaHA NPOAHATU3UPYHTE ero eme pas. g 3Toro mpeacraBbre cede
MBICJIEHHO paboTy OT Havaia J0 KOHI[A; OT KOHIIA K Havay.
[ToMHUTE, 4TO XOPOILIO COCTABIICHHBIH IIaH J0JHKEH 00JIafaTh U ONpeeeHHON THOKOCTHIO, T. €.
BO3MO>XHOCTBIO OIPEACICHHON MEPEeCTPOMKM BallMX JCWCTBUH B Cllydya€ BO3HMKHOBEHUS
3aTPyAHEHHUS.

I1l. Kak mogo0path npudopsl 1 MaTepHaJibl, HeOOX0AUMbIe s

JKCIIEPUMEHTa

Bravane, HacKoOJBKO 3TO BO3MOXHO, ONpENEJUTe IO YCIOBHIO W  TpeOOBaHHIO
SKCIIEPUIMEHTANBHON 3a1aun, Kakue MpuOOpel M MaTepuanbl motpedyiorcs. CocrtaBbTe HX
HpeaBapUTEIbHBIN epeueHb.
3areM YTOYHUTE 3TOT IEpEeueHb, NPOAHATM3UPYHTE CXEMy YCTAaHOBKHM U YCJIOBUS ee paloTsbl;
YTOUHHUTE BCE 3Tallbl BHIIOJIHEHHS IUIAHA MIPEICTOSIIET0 IKCIEPUMEHTa, BCE TO, YTO MPEACTOUT
HaOII0IaTh M U3MEPSITh.
s Toro, 4ToObl OKOHYATETHLHO YCTAHOBUTH MPAaBHIBHOCTh BBIOPAHHOTO NpHOOpa, HEOOXOIMMO
C LesIMA M YCJIOBUSIMH JKCIIEPUMEHTa COOTHECTH: Ha3BaHHMe NpuOOpa; Ha3HAaueHHe Mpudopa;
NpPUHIMI JeHcTBUs mpuOopa; mpeAen HW3MepeHHs Npubopa; LeHY HAeNeHHs MIKalbl npuoopa;
npaBuiia TMOJB30BaHUS MPHUOOPOM; YCIOBUSL OKCIUTyaTallMd MNpuOOpa; MNpaBWja TEXHHUKH
0e30macHOCTH MpH padoTe ¢ NpUOOPOM.
Hdnsa  Toro, YToOBl OKOHYATENFHO YCTAaHOBHUTH IIPAaBUJIBHOCTH BBIOPAHHOTO Marepuaa,
HEOOXOIMMO COOTHECTH C LEMAMH M YCJIOBUSIMH SKCIEpUMEHTAa: Ha3BaHUE MaTepHaa;
Ha3Hau€HHE MaTepualla; OCHOBHbIE (HM3MYECKHE M XUMHYECKHE CBOICTBA MaTepHaia;
JOITyCTUMBIE TIPE/Iebl N3MEHEHHUSI OCHOBHBIX CBOMCTB MaTepHaja; YCIOBHs, B KOTOPBIX AaHHBIM
Matepuajg MOXXET OBbITh WCIONB30BaH; MpaBWiIa TEXHUKH O€30MacHOCTH Tpu paboTte ¢

MaTepHaioM.



IV. Kak co0paTh YCTAHOBKY, CXeMY JIJIsl POBeIeHNsI JKCIIePUMEHTA
[Ipubops!l ciaemyro pacnojaraTh Tak, 4TOObI HM OJMH W3 HUX HE IMEPEKPHIBANT BUANMOCTH U
JIOCTYIL K IpYTOMY.
IIpu paccTaHoBKe MPHOOPOB MPEAYCMOTPHUTE, YTOOBI OJHHM MPHOOPHI HE BIMSIN HAa PaboTy
JIPYTHX.
Yurure, 4TO HE BCE MPHOOPHI MOTYT OBITH YCTaHOBJICHBI TOPU3OHTAJBHO, I HEKOTOPBIX
paboYrM COCTOSTHUEM SIBIISIETCSI BEPTUKAIBHOE TTOJI0KEHUE.
[Ipexxne yem MpUCTYNHUTH K COOPKE YCTAaHOBKH, CXEMBI, MPOAHAIM3UPYHTE U TPEICTaBbTE €¢
MBICIIEHHO B DKCIIEPUMEHTE, YTOUHUTE, YTO HEOOXOAUMO HAOIIOIATh U U3MEPSTh.
Illkama npuOOPOB M Te YYaCTKM YCTAaHOBKM, TIJI€ BBl IIPOBOJUTEC HAONIOJICHUS 3a
COOTBETCTBYIOIIUMH (DU3UYCCKHUMH SIBJICHUSAMH, JOJDKHBI HAaXOMUThCS B IOJIC JIydlled
BUJUMOCTH.
Hcnons3yiiTe, TI€ 3TO BO3MOXKHO, BCIIOMOTATENbHBIE MPUCIIOCOONICHMS: MOACTABKHU, 3aKHMBI,
MIPOKJIAJIKH, MTUHIICTHI, CTPEIKU-YKa3aTeau, GUKCATOPBI U T. 1.
ITocne Toro, kak mpUOOPHI pa3MeEIICHBI, MPOBEPHTE IO BO3MOXKHOCTH JCHCTBUE KaXKIOTO
nprudopa B OTACITBHOCTH.
[Tocine 3TOTO ClieAyeT MPOU3BECTH HACTPOMKY YCTAHOBKH M IMTPOBEPUTH €€ pabOTy B IEJIOM
Bce omeparuu 1mo cOOpke M HCIOJIB30BAaHUIO YCTAHOBKM B PabOTe JOKHBI IPOBOAMTHCS B
CTPOTOM COOTBETCTBHUU C MPABIJIAMHU TEXHUKH 0€30MaCHOCTH.

V. Kak noJib30BaTbcsl H3MepPUTEILHBIMH NPUOOpPaMH B Mpoliecce IKCIEePUMeHTa
[Ipexxne 4WeM WCMONB30BaTh NPUOOP B MPOIECCE OKCIMEPUMEHTa, IMO3HAKOMBTECh C  €ro
ONMCaHWeM, Ha3HAYeHHEM M MacCIOPTHHIMU JTaHHBIMU M 10 YCIOBHBIM OOO3HAUYEHUSIM Ha IIKalle
OTIpEACTTUTE CUCTEMY MPUOOPA U €TO XapaKTEPUCTHUKH.

HemocpeacTtBeHHO Tiepe[ CTONB30BaHNEM MPUOOpa CPaBHHUTE JOMYCTUMBIN TpeAen U3MEpeHuUs
¢ MaKCHMAaJIbHO BO3MOKHBIMH 3HAYECHUSIMH N3MEPSIEMON BETTHIHHEL.

YTouHUTE LEHy NeNeHHs MIKajibl mpubopa M yOemuTech, 4TO OHa COOTBETCTBYET TOYHOCTH
W3MEpEHHs] B TPOBOJIUMOM H3MepeHHH. UTOOBI OmMpenenuTh IeHy IelIeHHs IIKalbl Ipudopa,
HEOOXOJUMO B3SITh PA3HOCTh MEXKIY JBYMsl 3HAUCHUSAMH IIKaJIbl U Pa3JeIUTh €€ Ha YHCIIO
JICJICHUH, COICPIKAIIMXCS MKy STHMU 3HAYCHUSIMU.

Onpenenure KIacc TOYHOCTH MPUOOpa U BEIYUCIUTE HAUOOIBIITYIO TTOTPEITHOCTh, JOITYCKACMYHO
pudOpoM.

Pacronoxxute 1 ycTaHOBUTE MPUOOP, YIUTHIBAsE OCOOCHHOCTH €r0 KOHCTPYKIIUM W HAa3HAUYCHUS,
HETOCPEACTBEHHO MEPE]l €ro UCMOJIb30BAHUEM B IKCIICPUMEHTE.

[Ipu oTcuere mokasanuii mpubopa Tia3 pacrojaraiiTe MPOTHUB HAOIIOIAEMOTO ACIEHUS, a JIyd
3peHust HaOII0AaTeNs JOJHKEH OBITh MEPISHINKYIISIPEH ITIOCKOCTH MIKAIBI IPUO0Opa.

[Ipu 3anmcu pe3ynbTaToOB H3MEPEHUS Cpa3y JKe 3aMUIINTE SIUHUIIBI H3MEPEHUSI.

IIpoBeaute usmepeHue OQHON U TOM K€ BEIMYHMHBI 110 BO3MOXHOCTH HECKOJIBKO Pas.



VI. Ha 4To cienyer o0pamarh BHUMaHHe IPH HOCTPOCHUHU U
YTeHUuM rpapukoB
CBsI3b KaKMX BEJIMYMH MPEACTaBIIsIETCS Ha rpaduke?
B kakux equHUIAX U3MEPEHUS YKa3aHbl 3HaUCHUS (PU3NIECKUX BEITUIHH?
B kakux npenenax U3MEHSAIOTCS apryMeHT U QYHKIH?

Kakoii Maciitab mpuMeHeH Ha OCsIX KOOPAMHAT?

o &~ Do

H€06XO,Z[I/IMO YUUTBIBATH pa36poc OKCICPUMCHTAJIbHBIX TOYCK, SBJIAIOMIUXCA PE3YyJIbTaTOM

HpI/I6J'II/I)KeHHOFO XapakKTepa JaHHbIX, IMOJTYUYCHHLIX B XOAC U3MCPCHU (1)I/IBI/IIICCKI/IX BCIINYMH.

S

KakoB xapakrep (GyHKIMOHAIBHOW 3aBUCUMOCTH, MIPEACTaBICHHON rpaduiecku?

7. Kaxume cneuuduueckue 0COOSHHOCTH paccMaTpUBaeMOW (QYHKIMOHAIBLHONW 3aBUCUMOCTH BBI
MOJKETE OTMETUTH?

8. MoxHo 1M TOAOOpaTh  aHATUTUYECKOEC  BBIPAKCHHE, ONKCHIBAIONICE  IOJYYCHHYIO

(yHKIIMOHANBHYIO 3aBUCUMOCTB?

9. KaxoB (huznveckuii cMbICH KaK OTJEIbHBIX YYaCTKOB, TAK M BCETO IpaduKa B 1eIoM?

Cnucok peKoOMeH1yeMOH JTuTepaTyphl
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2. MarseeB A.H. MonekynspHaas pusuka: Yueonoe nocodue. CII0.: Jlans, 2010.
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TEMA Ne1l

HIAEAJIBHBIE H PEAJIBHBIE I'A3bl

JIureparypa
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[P2]. §§ 9 - 13, 20 - 32.
[P3]. I'n. I, VIIL.
[P4].T'n. 9, 14.
[P6]. I'n. 1.1, IL.5.
[P7]. T 11

Bomnpocsl 1o TeopeTnueckoMy MaTepuany
1. OcHoOBHBIEC BEIMUMHBI, XapaKTEPU3YIOIINE CBOMCTBA M COCTOSTHUE Ta3a. M neanbHbli ras.
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11.
12.
13.
14.

15.

Yucno ABoraapo. Yucno Jlommuara. 3akon ABoraapo

JlaBnenue raza. OCHOBHOE ypaBHEHHE KMHETUUECKOW TEOPUHU UACATIBHBIX T'a30B.

YpaBHEHHE COCTOSTHUS WEAIBHOTO Ta3a.

3aKoHBI UJI€aTHLHOTO Ta3a.

CxopocTy ra3oBbIX MOJIEKYII.

BpoyHOBCKOE NBUKEHHE.

bapomerpuueckas hopmyna. 3akon bonbnmana.

DKCrepuMeHTaabHas TpoBepka OapoMerpudeckor dopmynsl Ileppenom. Omnpenenenue
yucna ABorazipo merogom Ileppena.

. OTKJIOHEHHST CBOMCTB ra30B OT nacaJlbHOCTH. (@)78)151 MCKMOJICKYIISIPHOTO B3aHMO,Z[€I>'ICTBI/I5I B

peaabHOM Tase.

VYpasHeHnue Ban-nep-Baanbca u ero ananus.

Kputnueckoe coctostnue. Kputnueckue napameTpbl 1 METO/AbI UX ONPEICIICHHUS.

N3otepmbl Ban-nep-Baanbca. M3oTepMmbl peanbHbix ra3oB. [lonaTtue o ¢pa3oBbIx mepexomaax
OKCIMEPUMEHTAIBHOE OIpe/IeICHHEe KOHCTAaHT ypaBHeHHs Ban-nep-Baanbca. CpaBHeHue
ypaBHeHus Ban-nep-Baanbca ¢ JaHHBIMU OMBITA.

CoxmkeHne ra3oB (KOHICHCAITNS).

KAYECTBEHHBIE BOITPOCHI

1.

10.
11.

W3menuTes nu BhIcOTa MOJIETA BO3AYIIHOTO IIapa, €CJI OH B JIETHUM JIEHb MOMAaJaeT B TEHb
ot obnaka?

YeM 00BACHSIETCS HATMYUE MaKCUMAaJIbHOM BBICOTHI JJIs BO3AYIIHOTO 1Iapa, KOTOPYIO OH He
B COCTOSIHMU TIPEOA0JIETH?

['myOoKxoBOIHBIE PHIOBI TP MOBEME Ha MOBEPXHOCTh BOABI THOHYT: UX BHYTPEHHUE OPraHbl
paspeiBatoTcsi. B ueM mnpuumHa 3TOro siBaeHus? s moabemMa Ha MOBEPXHOCTh TaKHMX
II1yOOKOBOJHBIX PbIO MPEAOKEHO MPUMEHATH ClieluanbHble cauku. KakuMu OCHOBHBIMHU
CBOMCTBaMH OHU JIOJDKHBI 0071a0aTh?

[ToueMy HEOOXOaUMO BHECTH M3MEHEHHsI B PEIENT MMHUPOTra, €Cd €ro MPUAETCS Me4Yb Ha
BeicoTe Oostee 1000 M Hax ypoBHeM Mopsi? Kakue 310 n3meHeHus?

B kabune nersmero mo opOuTe KOCMHUYECKOTO KOpaOIisd MOAAEPKUBACTCS HOPMAIBLHOE
aTMoc(epHOe naBlieHHE, XOTs BO3AyX B KaOWHE HEBECOM, KaK U BCE HaxoJslIuecs B Hel
tena? OObsiCHUTE.

®ororpaduu MOJEKyJl MOXHO MOJydaTh, HO 3TO TPyAHO. TONBKO JM B MajblX pa3Mepax
MOJIEKYJ IPUYUHBI ATUX TPYJHOCTEH?

CKOpOCTH TEIUIOBOTO JBMIKEHUS MHOTHX MOJIEKYN ONHM3KH K ckopoctu mynu. [logemy ke
JMake 0OYeHb YYTKOE OOOHSHHME IUKUX JKUBOTHBIX HE yJIaBIMBACT 3aaX OXOTHHKA, €CIH OH
MOAKPaAbIBAECTCS K HUM IPOTUB BETpa?

CMech KHIKOTO KHCIOPOJa C OMUIIKaMH, Caxel, Ha(TaTHHOM WM YTJeM MPEACTaBISIOT
coboii B3ppIBUaTOE BemecTBo. [louemy?

Moxuo 11 o metoay LlITepHa onpenennuTs CKOPOCTh OJTHOW MOJIEKYJIbI?

[ToueMy yallHUK ITYMUT TME€pe]l 3aKUITaHUEM BOJbI B HEM?

B xactprone ¢ TSKenol KpbIIIKOW BCKUIISATHIN BOAY. KacTproyto CHSUIM C TJIUTHI, TTOCJIE YEeTro
B CIIOKOWHYIO BOJYy Hachllalu 4YaiHyro 3aBapky. Boma OypHo 3akunena. OObsicHHUTE
SIBJICHUE.



12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

[Touemy OayuUTOHBI CO CXKAaThIM Ta30M B3PBIBOOIACHBI, a Tpyda ¢ BOJON MOJ OOJBIINM
JaBJICHHEM B3pbIBoOe3omacHa?

Co nHa BBICOKOTO CTEKJISHHOI'O COCY/a, HAMOJHEHHOTO BOJOH, MYCKalOT HEOOIbIION
Iy3bIpEK BO3/yXa U HAOMIOAIOT 32 €ro ABMKeHHeM. KakoB xapakTep ero JIBUXeHus?
[louemy u3 o0ObIYHONM OyTBUIKM, MEPEBEPHYTOH OTBEPCTHEM BHHU3, BOJAa BBUIMBACTCA
MIPEPBIBUCTON CTPYEN («OybpKas»), a U3 PE3MHOBOW MEAUITMHCKON TPEIKU — HETPEPHIBHOMN
cTpy€in?

[Touemy OT ropAIIUX MMOJEHBEB C TPECKOM OTCKAaKHBAIOT UCKPHI?

JIBe koiObl ¢ BO3IYXOM TIpU HOPMajibHOM JaBJICHHUM, pa3IMYHBIE [0 O0BEMY,
3aKyNOPHBAIOTCA U HarpeBaroTcs B napax kursmeit Boast 10 100° C. OnunakoBo nu Oyzaer B
HUX JIaBJIEHHE BO3/lyXa I10CJIE€ HarpeBaHUsl?

IloueMy coxpaHsieTcss O4eHb HM3KOM TeMmmeparypa xuzakoro Bosayxa (81 K) B cocyze
Jproapa M HuU3Kasg TeMIeparypa TBEpPAOW YIJIEKUCIOTBl B SLIMKE IPOAABIIUILIBI
MOPOKEHHOTO B XapKkuil JeTHU AeHb? [louemy TBepaas yriekucioTa He TaeT, Kak pacTasul
ObI 1en?

Ecnu ra3, HarpeThlil Bblllle KPUTHYECKOW TEMIIEpaTypbl, CUIBHO CXKaTh, a 3aT€M JaTh eMy
BO3MOXXHOCTh OBICTPO PacIIUPUTHCS, TO HA HEKOTOPOE BpeMs MOSIBUTCS TyMaH, CIy>Kallui
NPU3HAKOM OOpallleHus ra3a B )KUAKOE cocTossHue. OTYEro 3To MPOUCXOauT?

PaccmarpuBass B MUKPOCKON Kalull0o KpPOBH, Mbl BUIAMM Ha (poHEe OECIBETHOH KHUIKOCTU
KpacHble KpoBsiHble Tenblla. OHM HE OCTalTCA B TIOKOE, a BCE BpeMsl OecropsaodHO
IBIKyTCs. OOBSICHUTE SIBIICHUE.

HmeroTcss Tpu HENPO3payHbIX LUJIMHAPA, 3aKPBITHIX MOJABWKHBIMHU NOpHIHSAMH. M3BecTHO,
YTO B OJTHOM IIWJIMHJPE HAXOAUTCS ra3 MpU TEMIEepaType BbIlle KPUTHUECKOH, B IPYIrOM —
HACBIIICHHBIN, @ B TPETheM — HEHACHIEeHHbIN map. Kak ompenenuts, 4To HaXOAMUTCS B
Ka)XJIOM U3 LIJIMHAPOB?

UTto mpou3oiaeT, eciyu HarpeTh >KUAKOCTh B INIOTHUYHEM YPOBHE JO OYEHb BBICOKOMU
Temneparypbl? KakoB npenes n3MeHeHNs pa3MepoB My3bIpbKa?

KAK BbI IYMAETE

1.
2.

o o
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Kakwue ¢akTsl cimyxaT 10Ka3aTeIbCTBOM PEaTbHOCTH MOJIEKY?

SBnsercs nm  Temmeparypa aOCOJMIOTHOW  XapaKTEPUCTHUKONW CHUCTEMBI WM  OHa
OTHOCHUTEJIbHA?

MensieTca v TeMnepaTypa npu Nepexojie U3 OJHOW CUCTEMBI OTCUETa B APYTyIO?

3aBUCHUT JM CPENHSASI CKOPOCTh XaOTHUECKOI'O JBIKEHUS MOJIEKYNl OT BbIOOpa CHUCTEMBI
orcuera’?

Kakumu 0ocoOeHHOCTSIMU 00J1aJ]aeT TEIIOBOE IBIKEHUE B CPABHEHUU C MEXaHUYIECKUM?

OT dYero 3aBUCAT NPaKTUYECKHE BO3MOXKHOCTU 4YEJIOBEKAa B HCIOJIB30BAHMM 3aKOHOB
MOJIEKYJIIPHO-KMHETUYECKON TEOpUH BellecTBa?

B pamkax kakoi CTpyKTypbl yCIIOBUH CIIpaBeJIMBO ypaBHeHUE BaH-nep-Baanbca?
CyllecTBYIOT JIM B IPUPO/IE UICATIbHBIC Ta3bl?

Mo>kHO 711 @0COTIOTHO TOYHO ONPEICIUTh YUCII0 ABOTaapo?

. KakoBa cremnenp 0OIHOCTH YHHUBEPCATBLHON ra30BOM MOCTOSHHOW? B ueM paznuuane Mexmay

YaCTHBIMU M OOIIUMHU (PU3HMUECKUMU KOHCTAaHTaMu?



11. B 4em 3akioyarOTCs KOJMYECTBEHHAs M KA4ECTBEHHAs CTOPOHBI TAaKOW (PU3HUECKOU
BEJIMYMHBI, KaK JaBlieHUE?

12. KakoBo oOTHOLICHHE (PU3MUECKUX BEIMYMH K TeM OOBEKTaM, SIBICHHUSIM, KOTOpPHIE OHHU
XapaKTepU3yrT?

13. KakoBa mMozens uaeansHOro raza?

14. KakoBa cucrema TEOpEeTUYECKUX MPEICTaBICHUM, JeKaIllMX B OCHOBE 3KCIIEPUMEHTOB IO
MCCIIEIOBAHUIO MOJIEKYJISIPHBIX CBOMCTB BelllecTBa?

15. Tlouemy B pM3HUYECKOM HCCIICIOBAHUHA HEOOXOIMMO MMPUMEHEHUE METO/1a UcaTn3aun’?

[TpoBeps cebs!

1. Tlpu rayOOKMX MOTPYKEHHUSX MOJ BOAY BCET/Ia CYIIECTBYET OMACHOCTh KECCOHHOM
00JIe3HH, TTPH KOTOPOH paCTBOPEHHBIN B KPOBU M TKaHSX Teja a30T 00pa3yeT My3bIPhKH.
[TosToMy BBIXOJ] Ha MOBEPXHOCTh MPOU3BOIAMTCS MOCTEIICHHO, YTOOBI a30T BBIXOAWI W3
TKaHeil 0e3 o0pa3oBaHMs My3bIpbKOB. [Ipu 3TOM

a) BCIUIBITHE TPOU3BOIUTCS PAaBHOMEPHO, O€3 OCTAHOBOK;
b) camas Goxplias ocTaHOBKA JIENACTCS Yy TOBEPXHOCTH;
C) BHauaJie BCIUIBITHE MPOU3BOIUTCS MEJICHHO, @ IOTOM YCKOPSIETCSI.
2. JlnvHa my3bIpbKa B TPYOKE TUIOTHUYBETO YPOBHSI.
a) He 3aBUCHT OT KOJIeOaHHUil TeMIepaTyphbl
b) B Tertyro moromy GoJble, YeM B XOJIOMHYIO, TaK KaK 3aKJIIOYCHHBIA B HEM Ta3
pacuIupseTcs..
C) B TEIUIyIO IMOTOJYy MEHBIIE, YeM B XOJOJHYIO, HM3-3a TEIUIOBOI'O PACIIMPCHUS
KHUJIKOCTH.
3. BepxHue ciou aTMOochepbl X0I0AHEE HIKHUX BCIICACTBUE TOTO, YTO
a) MOJIEKYJIbI BOCXO/ISIIEIO OT HAIPETOW MOBEPXHOCTH 3EMJIM BO3IYIIIHOTO TCUCHHSI
3aMEUISIOT CBOE JBIDKEHHE IO Mepe TIOJHATHS, a YMEHbBIIEHHE CKOpPOCTH
MOJIEKYJI M €CTh TOHIKEHHE TEMITEPATYPBI;
b) Bo3myx, mMOAHMMAsCh BBEPX, 3aTpayMBacT Il COBEPIICHHS 3TOW pPabOTHI
SHEPTHUI0, KOTOPYIO OH 3aMMCTBYET U3 CBOETO TEIIJIOBOTO 3araca;
C) BO31yX, TMOAHUMAIOIIMICA BBEPX, OXJAKIACTCA BCJICICTBHEC aanabaTHOTO
pacuupeHusi.
4. BopasHoi nap
a) Oesoro nBera;
b) wumeer 1BeT, 3aBHUCAIIMIA OT YCIOBUI OCBEIIECHUS;
C) COBEpIICHHO MPO3payucH U He UMEET LBETA.
5. Ecnm BO3mymHBINA map B JETHUW JIeHb IMOMAJET B TEHb OT O0JaKa, TO  BBICOTA €ro
nosiéra

a) He U3MCHHTCH,
b) yBemuuwntcs;
C) YMCHBIIUTCA.

6. Monekymsl 00s1a1at0T 60JIbIIEH KHHETHYECKOH dHepruen
a) B BomstHOM mape mpu 0 °C;
b) B xwuakoit Boge mpu 0 °C;
¢) Bo mpay mpu 0 °C.



7. Tloka »)MAKOCTh HE KHITUT, Iy3BIPBKH I1apa, 0Opa3yolluecs y Topsdero JHa COCyla,
HIOJIHUMAsSICh BBEPX,
d) YBEIMYHMBAIOTCS B Pa3Mepax U JIOMAIOTCS;
b) cHoBa yMeHbIIArOTCS B pa3Mepax M MOTYT UCUE3HYTh;
C) He U3MCHAITCS B pa3Mepax, TaKk KaK JaBJICHHE B HHUX PAaBHO JIaBJICHUIO
HACBIIICHHBIX APOB.

Jlabopartophnast pabota Nel
ONPEJAEJEHUE YN CJIA ABOT'AJIPO
Heab padoThI: SKCIEPUMEHTAIBHOE OMpeelieHne 4Yrciia ABOTaapo U CPEIHEro paamyca
OpOYHOBCKOM YaCTHIIBL.

IIpu6Gopsl u nmpuHaadeskHocTH: Mukpockon MBU-2 ¢ ocBetutenem, HaOOp MPEIMETHBIX WU
MOKPOBHBIX ~ CTEKOJI, CEKyHAOMep, (UIbTpOBalbHAs Oymara, IHIIETKa,
OMYIbCUS.

OITMCAHME DKCITEPUMEHTAJIBHOM YCTAHOBKU
Kak mokazan B kiaccmueckod paboTe Mo M3y4eHHI0 OpOYHOBCKOTO JABMKeHUs [leppeH,
YHUCII0 ABOTaIpO0 MOKHO OTPEAETUThH U3 COOTHOIICHUS

mg'(h,—h, )N
ﬁ:e éT :
n, 1)

rze N1, N2 —YHCIIO YacTHIl B eIUHHIE 00beMa Ha ypoBHE Ny 1 hy,
g’ —3¢dexTuBHOE YCKOPEHUE CUIIBI TSKECTH,
M—Macca 4acTHII.

Jlist gacTHIel SMYJIbCUHU, UMeEromIel (opmy mapuka, 3QGEKTUBHBI BEC MOXKET OBITh
BBIYHCIICH 110 (hopMmyIIe:

mg’ = 4/3nr? (p-po)g 2)
rae I — paguyc 4acTULBL,
P — IIOTHOCTH BCHICCTBA YaCTUIIbI,
po —IUIOTHOCTB CPE/IBL.
[Toacrasisis (2) B (1) u norapudmMupysi, moaydaem
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Benmuuuuer N1, N2, 1, p, po, hi, h2 Moryr ObiTh u3Mmepensl. M3meputh N1, N2 MOXHO
CJIETYIOIIAM CIIOCOOOM.

bpoyHOBCKME dYacTHULBl SMYJIbCUM, KaK M MOJIEKYJbl Tra3a, MOJYUHAIOTCS 3aKOHY
pacnipenenenusi bonbiimMana, He 3aBUCSIIEMY OT BPEMEHHU. Y MEHBIIUB C MOMOUIBIO TuadparMbl
10JIe 3PEHUS] MUKPOCKOIA TaK, 4TOOBI B IOJIE 3pEHHS cpa3y IMOMagalio Majoe YHCIO BUIUMBIX
3epHBIIIEK (4—5), cocuMTaeM HX, MOBTOPUM TaKOH MOJCUET JOCTATOYHOE YHCIO pa3 H
IPOCYMMHPYEM TMOJIy4YEHHbIE 3HaueHus. OJMHAKOBOE YMCIIO M3MEPEHHM Ha pa3HbIX YPOBHSX
TI03BOJIUT OTPENEIIUTh OTHOIICHUE N1/N2 . Jlnadparmoii MOXKET CIyXHUTh TUIACTUHKA U3 (DOJIBIH C
OTBEPCTHEM, MPOKOJIOTHIM KOHIIOM TOHKOM WIJIBI, MOMeEIIeHHass B (hOKaIbHON IIOCKOCTU
OKYJIsIpa.

Jlns mpaBHIIBHOTO TIOJCYETa YACTHIl TpeOyeTcss  COONIIoaTh CIEIyIOIIUE OCHOBHBIC
YCJIOBHS: YUCIIO OTcYeTa Ha ypoBHE N1 u h2 MOMKHO OBITH CTPOTO OAMHAKOBBIM U JOCTATOYHO
OonbmuM (He MeHbIe 150).

B kauecTBe uccieayeMoro o0beKTa B JaHHOM 3a7aue UCTIOIb3YETCs SMYIJIbCHsI KaHU(POIHU B
BOJIC WJIM B PacTBOpE CHOUPTA U BOAbI. Eciii MoayyeHHYI0 3MYIbCHIO OCBOOOAUTH OT CIHUPTA, TO
OHAa MOYKET COXPaHSThCS IUTEIbHOE BpeMs, YacTHUIIbl HE caumnaroTcs. B cimyuae mpucyrcTBus
CIUpPTa YacTHUIbl KaHU(OIU YKPYMHSIOTCS, U SMYJbCUS Yepe3 TPOe CYTOK yxke Il paboThl
HEIPUTOJTHA.

Jlns momydenus sMymbern 10 cM® 2%-Horo pacTBopa KaHH(OIH B CIIHPTE BIMBAIOT IO
KarmsiM B 15 cM® BOIbI NpU TIIATEIHLHOM ToMemuBaHuu. Ilocie cyrok oTcTos  Hamboiee
KPYITHBIE YaCTHUIIbI BRINMATAIOT B 0caJ0K. CIIOM AMYIBCUH HaJ OCAJAKOM TOJICH IS OTBITA, Po AJIS
cpenst pasHo 0,95 r/cm®, p xanupomu mensercs ot 1,01 r/em® 1o 1,09 r/em®, nmostomy nepen
cocraBieHreM 2%-HOTO pacTBOpPa PEKOMEHYETCs €€ OMPEICTHTh.

Oxynsip x20 cHaOxeH auadparMoil M CIYKUT Juid orcuera yactul. Okynsap x15 umeer
CeTKy M yNoTpeOnsieTcs Ui OIpenesieHus] CpeaHero paauyca yactuil. Pabora Benmercs mpu
CBETJIOM II0JI€, OCBETUTENIb 00ECIIeYNBAET PABHOMEPHOE M OJUHAKOBOE OCBEIICHHE OOBEKTa B
Te4eHue Bcel paboThl.

Tak kak pabora BeeTcsi C MIMMEPCHOHHBIM CJIOEM, TO paccrosinue h'z - 'y, u3mepsiemoe mo
OapabaHy MUKpOCKOMNa, He paBHO paccTostHuio hy - hy B amynbcun. Criemyer BBECTH IMOINPABKY,
PaBHYIO OTHOIICHUIO MTOKa3aTeIeH MpesioMIIeH s N1 AIMYJIbCUU U N2 uMMepcur. TakuMm o0pas3om,
VCTUHHOE PACCTOSIHUE

n ' ' 1’35 ' ’
h2_h1=i (hz - h1 ) = _1,51 (hz - h1 )
Koneunas pacuernas ¢popmysa uMeeT BU/I;
n
3RTIn(" 1)
n
N = : @)
5 135,
Arr>(p—-p,)9 (h, =h;)
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Becy mpoBeneHHBIN pacyeT NPUMEHHM K 4YacTHIlaM CTPOTO OJIMHAKOBOro pasmepa. B
SMYJIbCHHU, HpHI‘OTOBJ’IGHHOfI BBIIIICOITNCAHHBIM CHOC060M, HMCIOTCA 4aCTUIIBI pa3HbIX Pa3sMCpPOB,
Npu4iCeM KpuBas pacHpCACJICHUA YaCTUI[ MO BCIUYMHC HUMCCT MAKCUMYM. ITomoxxenue »TOrO
MaKCUMyMa 3aBUCUT OT KOHICHTPAIUU SMYJILCUU U CMCHIACTCA B CTOPOHY 6OJII>H_II/IX paanycoB
npu crapeHun. IlosTtomy [uis pacuera crneioBaJio  Obl  TOJB30BATHCS HE CPEIHHUM
apu(@MeTUYeCKUM paJUyCOM YacCTHUIbl, a HAWBEPOSTHEWIIUM, KOTOPBHIH BCErJa MEHbIIE
cpennero. OHaKO MOJYYUTh KPUBYIO pacipeie]IeHHs YaCcTUI] IMYJIbCUH 110 pa3MepaM TPYAHO, K
TOMY JK€ OHAa MEHSAETCS BO BpeMEHH. [IpUrOoTOBUTH SMYyNbCHUU C YaCTULAMHU OIMHAKOBOIO
pa3Mepa TOXe CIO0XHO, MO3TOMY mojiydaemoe mo Qopmyne (4) uucio ABOrajpo HECKOIBKO
3aHIKEHO 10 a0COIFOTHON BEIMUYUHE.

N3MEPEHUSA 1 UX OBPABOTKA

1. YcTaHOBHUTH MUKPOCKOT U OCBETHTENH Ha HY)KHYIO SIPKOCTb TTOJISL.

2. TlonoXuTh Ha CTOIMK MUKPOCKOIIA KIOBETY C OMYJIbCHUEH.

3. B3saTh 00BEKTHB ¢ WIECTHICCATHKPATHBIM yBelHueHHEeM (X 60) W ¢ momomplo ciraboro
okyisipa (x10) chokycupoBaTh MUKPOCKOT Ha 00BeKT. PaboTaTh cienyeTr ¢ MMMEpPCHOHHOM
KUAKOCTBbIO (KEIpOBOE Macjio C I[IOKazaTejleM IMPeIOMIICHUS, PaBHBIM I[1OKa3aTesio
MPETOMIICHUS CTEKJIa BHOCUTCS MEXAY JTHUH30M OCBETUTENS U 0OBEKTOM U MEXIY O0BEKTOM
U 00beKTHBOM). DOKYCHPOBATH CIEAYET OCTOPOIKHO, YTOOBI HE TIOBPEIUTHh KIOBETY, JIyUIIle
U3 KpailHero, HIKHETO TIOJI0KEeHUsI 00BEKTHBA, BBIJIBUTAS €TO BBEPX.

4. 3ameHuTH OKYyIsIp Ha padounii (x20) ¢ nuadparmoii.

5. IlpucTynuTh K CUETy YaCTHIl HAa JaHHOM ypoBHE hi (YpOBEHb 3aMeuaroT IO ACICHHUSIM Ha
OapabaHe MUKPOMETPUYECKOTO BUHTA).

6. IlpousBecTu cyeTr uMciaa YacTHI], HAXOASAIIMXCS B JAaHHBII MOMEHT B TOJ€ 3pEHUS.
PekoMenayeTcss mMpou3BOIUTH OTCUETHI uUepe3 KakIble 5 cek (3TO BpeMs MOXKET ObITh
MIPOM3BOIHBIM, TaK KaK pacrpeziesieHue YacTUll CTallMOHAPHO).

7. Cnenarb He MeHee 150 oTcyeTos.

8. MukpoMeTpu4eckuM BUHTOM II€PEMECTHTh BEPTHUKAIbHO MHKpockon Ha 40—50 Mk wu
MPOM3BECTH CYET YMCJIAa YaCTHIl HA YpoBHE Ny,

9. Uwmcmo 0TCYETOB B I.II. 6-8 TOIDKHO OBITH OJIMHAKOBOE.

10. Yucno yacTuil, HaXOAALIMXCS B TOJIE 3pEHUS B JaHHBI MOMEHT (C MHTEPBAJIOM B 5 ceK),
3amucaTh B TaOJIUITY.

11. [Tocne okoHYaHUS cueTa KIOBETY CHATH CO CTOJIMKA MUKPOCKOIIA.

12. OtmeTuTh abcomoTHYIO Temmneparypy T amynbcun (KOMHATHYIO).

13. YcTaHOBUTH OKYJISIp C MATHAAIATUKPATHRIM YBelnueHueM (X 15) ¢ ceTKoi.

14. Onpenenuth pa3Mepsl CETKH ¢ TOMOILBI0 00BEKT MUKPOMETPA.

15. Kamio sMy/nbCUU HAaHECTH Ha MPEAMETHOE CTEKJIO U JIaTh MOACOXHYTh Ha BO3JyXe, MOCIE
YEero HAKPHITh MOKPOBHBIM CTEKJIOM.

16. [Ipu BBICBIXaHUU CpEIbl 3€pHA ASMYIBCUU COCTUHSIOTCS IEMOYKAMH, UMHU TIOKPHIBAETCS
IUIOTHO Y4acTOK mosist. [lo3ToMy MOKHO MOJCYUTATh YUCIIO 3€PEH, UMEIOIINXCS HA CTOPOHE
KBaJlpaTa CeTKHU.

17. lloacueT npou3BecTH AECATh pa3 B pa3HbIX MECTaX 00beKTa. DTU MOACUETHI CIEYeT J1e1aTh
O0COOEHHO TIHIATENHHO, TaK KaK HAWMOOJbIIAs ONIMOKA MPOUCXOIUT 3a CYET OIMIMOKH IpHU
OTIpe/ICTICHUH PaNyCca YaCTHUIIbI.

18. HaiiTu cpegHee 3HaUeHUE pagyca YacTUIIBI.



19. Beruncnuth unciao ABoraapo mo gopmyie (4).
Pe3ynbTaTel U3MEpEeHHiA U PacueTOB JOJIKHBI OBITH 3aHECEHBI B TAOIHUIIBL.

Jlaboparopnast pabota No2

OIPEJIEJIEHUE MOJIEKYJISPHON MACCHI M INIOTHOCTH I'A3A METOJOM
OTKAUKH [30]

IIe.m: paﬁoTbI: OCBOUTH OJJUH U3 MCTOAOB OIMPCACIICHUA MOHGKYHHPHOP’I MAacCChI U IINIOTHOCTH
rasa.

IIpudopsbl M NPUHALJIEKHOCTH: dKcIepuMeHTanbHast ycraHoBka OIIT 1-12.

OIMMCAHUE SKCIIEPUMEHTAJILHOM YCTAHOBKH
Jns  ompexeneHuss kodhdHUUUEHTa TEIUIONPOBOJHOCTH  BO3AyXa IpeJHAa3HAYeHA
skcnepuMenHTangbHas yeraHoBka OIIT 1-12, o6uuii BUI KOTOPOii oka3aH Ha puc. 1.

ONT 112

Puc. 1.
OOuwmii Bu 3kcriepuMeHTanbHoi yctanoBku OIIT 1-12

1 - croiika; 2 - Bechl; 3 - Kos0a 4 - BAKyyMMETD; 5 - KOMIIpEccop

PabGouum 351eMEeHTOM YCTaHOBKH SIBJIICTCS CTCKIISTHHAS K0JI0a 3, COCIMHCHHAS CO
CTPEJIOYHBIM BaKyyMMETPOM 4, TIOKa3aHUsI KOTOPOro P ecTh pa3HOCTh MEXIy aTMOC(HEpHBIM
naBjieHueM B Jaboparopuu Pou naBnenuem raza B konoe Pk. Konba nMeet oTpocTok ¢ KpaHow,
KOTOPBIH ¢ TOMOIIBIO PE3UNHOBOM TPYOKH COEAMHSIETCS ¢ BXOTHBIM MAaTPYOKOM KOoMIIpeccopa 5.



Konba ycTranoBieHa Ha Tapeke 2JIEKTPOHHBIX BeCOB. 3HaUeHHE 0Obema V' KoJIOBI yKa3aHo Ha
pabouem mecre.

Ecnu m3mepenue nasienus P, oobema V, TemrepaTypsl ra3a T, TO €CTh MapaMeTpPOB Tasa,
BXOJISIINX B ypaBHeHUE MeneneeBa-KianelipoHna, He BBI3BIBAET OCOOCHHBIX TPYAHOCTEH, TO
ONpeJIeTICHUE MACChI ra3a BHIMOJHUTH MPAKTUYECKH HEBO3MOXKHO, TaK KaK B3BELIMBAHKE raza
BO3MOXKHO TOJIBKO BMECTE C KOJIOOM, B KOTOPOU OH HaxoauTcs. [losTomy st onpeaeneHus [
HEO0OXO0IUMO HUCKITFOUUTH MAacCy COCyia. ITO MOXKHO CAENaTh, PACCMOTPEB ypaBHEHUE
COCTOSTHUS IBYX Macc M1 M M2 OHOTO U TOTO K€ Ta3a MpU HEM3MEHHBIX TeMiieparype T u
o0wveme V.

[Tyctb B k0onO€ 06beMOM V HAXOIUTCS ra3 Maccoil My npu aaBieHuu P1 1 TeMmeparype
T. YpaBHEeHHE COCTOSTHUS I TOTO ra3a UMEET BUJL;
m
RV = —LRT.
H (1)

OTtkayaem yacTh raza u3 KoJjiobl, He U3MeHss ero TeMmneparypsl. [locie oTkauku macca
rasza, 4To ocTaBaJiach B K0j0e, 1 ero JaBjieHHe yMEHbIIUINCh. O003HAYUM UX COOTBETCTBEHHO
M2 1 P> 1 cCHOBa 3anuuIieM ypaBHEHHE COCTOSHUSA:

n,

PV ="2RT.

a (2)

N3 ypauenwuii (1) u (2) nomyuum:

. m, —m, R1'
B-B V'
1 2 (3)
[Tonyuennas popmyna (3) maeT BO3MOKHOCTD OMPEACITUTH U, €CJIM U3BECTHO M3MEHCHHE
Macchl ra3a (HO He caMa Macca), a TaK)Ke M3MEHEHHE JIaBJICHUsI, TEMITIEpaTypa U 00beM rasa.

B nanHoit paboTe ucciemyeMbIM ra3oM SIBISETCS BO3IYX, KOTOPBIN MPEACTABISIET COO0M
CMECh a30Ta, KUCIOPO/ia, aproHa U IPYrux ra3os.

®opmyna (3) mpuroaHa u IS OMPEEICHUS L CMECH Ta30B. HaiiieHHOe B 3TOM citydae
3HAYCHHE [l IPEJICTABIISACT COOOM HEKOTOPYIO CPEIHION WIH 3PPEKTHBHYIO MOJIIPHYIO MacCy
cMecH ra3oB. MossipHas Macca CMeCH ra30B MOXKET ObITh pacCUMTaHa U TEOPETUUYECKH, €CITH
M3BECTHBI MPOILIEHTHOE COICPKAHKUE U MOJIIpHAs Macca KaXKIOoro U3 ra3oB, BXOSIINX B COCTaB
cMmecH, o popmysie:

1
’u‘_ml 1 m 1 m 1

H

mop omop, omo

(4)

Ecnu u3BecTHa MoOJIsipHas macca rasa, TO MOXKHO JIETKO ONPEAEIUTh €le OJHY BaKHYIO
XapakTEepUCTHKY ra3a - ero IjIoTHocTh p. OmpenenuB |, u3 ypaBHeHUs MeHaeneeBa -
Kunaneiipona nomay4uum:



Pu
£ = .
RT (5)

[I10THOCTh CMeCH Ta30B MOXHO BBIUUCIUTH MO dopmyne (5), moapasymeBas Moa
3P PEKTUBHYIO MOJSIPHYIO MacCy CMECH.

MN3MEPEHU S N1 UX OBPABOTKA
1. [Moxate HaNpsKEHUE TUTAHUS HA DJIEKTPOHHBIE BECHI, BKIIOYMB YCTAHOBKY TYyMOJIEpOM
«CeTny.

2. C TIOMOIIBIO STIEKTPOHHEIX BECOB OIPEICTHTh MAcCy KOIObI ¢ Bo3ayxom (Mo + M 1)
MIpH JTaBJICHUH P1.

3. BxurounB kommpeccop TymOsepom «I1yck» v OTKpBIB KpaH, OTKa4aTh BO3IyX U3 KOJOBI
1o paBneHus P, mocie 4ero, 3aKpbiB KpaH U BBIKIIFOYHB KOMITPECCOP, OTIPEACITHUTD C TIOMOIIHIO
BECOB Maccy KOJIOBI ¢ BO3ayxoM (Mo + M2) npu aaBiaeHun Po. [ToaydeHHbIE pe3yIbTaThl 3aHECTH
B TAOJIHILY.

4. TloBTOpPUTH U3MEPEHUS 10 TyHKTaM 2-3 He MeHee 3 pas.
5. HW3meputh Temmeparypy Bo3ayxa B JIaDOpaTopHHu.
6. BpIKIIOUNTH YCTaHOBKY TyMOsepoM «CeThb.
7. 171 KaKA0T0 MPOBEICHHOTO U3MEPEHHS OIIPEICIUTh MacCy OTKauaHHOTo Bo3ayxa (My -
M2) ¥ pa3HOCTh AaBicHuid (P1 - P2).

8. ITo popmyiie (4) BEIUMCIUTE AJIS KOKJOT0 U3MEPEHUS 3HAUCHHE MOJICKYJIIPHOM Macchl
Bo3ayxa p. Halitu cpeagnee 3HaueHue <p>.

9. [To dhopmyre (5) BEIMUCTUTD ISl KAXKIOTO H3MEPEHUS TIIOTHOCTh BO3/1yXa, UCIIOIb3Ys
HalJICHHOE 3HAYECHUE MOJISIPHOM MACCHI L.

O1eHUTH MOTPENTHOCTD PE3YIBTATOB U3MEPEHUH.

Tabmuna
Homep | My +my | my+my |my-m, | B | B | B-F |T, n 2.
t] El . L] ] . ) )
H3MEpPEHHA KT KT KT IIa I1a TIa K KI/MOIIE | KIVMOJIB

JlaGopartophas pabota Ne3

OINPEJEJIEHUE KPUTHYECKOMN TEMIIEPATYPBI ITIAPOB D®HUPA



LIEJIb PABOTHI: ONPEJEJIEHUE KPUTHUYECKOM TEMIIEPATYPHI [TIAPOB
IDUPA.

[NPUBOPBI W ITPUHAUIEXXHOCTU: OCHOBHOM M KOHTPOJIbHBIN
TEPMOMETPBI; AMIIYJIA C 2®HUPOM, 3AKPEIIVIEHHAS HA
IITATHUBE; I'A30BAS I'OPEJIKA.

OIMMCAHUE 3KCITIEPUMEHTAJILHON YCTAHOBKU

KOHIMPOnbH bILl
meomoMeno

oouobnoU
mEpMOMEmp
amInT
C 29U

T A

Z ';.

Puc. 2

B pabote nmpennonaraercs onpeaeanTbh KpUTHUECKYIO TeMIepaTypy napoB a¢upa. [ns stoi
[eJId B HEOOJBIIYIO CTEKISTHHYIO TPYOOUKYy (pHC. 2) HAJIMTO HEOONBIIOE KOJUYECTBO upa, U
TpyOouka 3amasHa. OHa IOJABEUIMBAETCS HAa IPOBOJOKE BHYTPH METAUIMUECKOW KOPOOKH C
JIBYMsl OKOIIKaMu [uig HaOmoneHus. CkBO3b NMPOOKY MPOIMYILEH TEPMOMETP AJS BBICOKHX
temneparyp. KopoOka craBuTCs Ha MOJCTAaBKY, yKpernisercs Ha mratuse. [log Hee mogBoauTcs
razoBasi ropeika, mpu Ttemmepatype +130° cruenyeT NPUCTYNIUTh K BHHUMATEIbHOMY
HaOmoaeHuto. OAUH U3 HaOIoAaTeNnel CaeuT 3a sIBIEHUEM, IPOUCXOAIUM B TpyOOUKe, ApY-
roit 3a Temrneparypoil. He3agonro 10 HacTyIICeHNsT KPUTHYECKOM Temriepatypsl 3pup HaunHaeT
OypHO KHUIETb, OH MyTHEET OT OOMJIBHOTO KOJIMYECTBA MY3bIPbKOB. MEHUCK CTaHOBHUTCA OoJjee
IUIOCKUM, TOTYAC IIOCJE ITOr0 IpaHMIA MEXKIY JKUIKOCTbIO M NapaMHM CTAaHOBUTCS HESICHOM,
KOJINYECTBO >KUJKOCTU OBICTPO YMEHBINACTCS, a HaJ HEHl MOSABISAETCA CTpyHKa MPO3pavyHOro
napa. 3aTeM IUIOTHOCTb JKUAKOCTH 3HAYMUTEIBHO YMEHBINAETCS, IUIOTHOCTH IIapa pacTer, U
IpaHUIA MEXKAY JKUAKOCTBIO U TMApOM Hcue3aeT (B MOMEHT BbIpaBHUBaHMs IUIOTHOCTeH). Kak
TOJIBKO I'PAHNLIA UCYE3HET, OTOJBUTAIOT Ta30BYI0 FOPEIIKY U OTMEUYAIOT TEMIIEPATYPY MOSBIICHUS
xuakoctu. Korzma craHer, 3aMeTHa BOTHYTOCTh MEHHCKA, CHOBA IPOU3BOISAT HAarpeBaHME.
Kputnueckyio Ttemmepatypy OepyT Kak cCpeAaHee TeMIlepaTyp MOSBICHHS U HCUYE3HOBCHHS
xKunkocTed. HabGmioneHust MOBTOPSIIOT BOCEMb Pas3, MEPBbIE TPU pa3a U3 cUeTa BHIOPACHIBAIOT U
U3 OCTAJNBHBIX NATH CHOBa OepyT cpeanee. Eciam Obl ciaydywsioch Tak, 4TO TPyOouka
B30pBaJach, TO cjeayeT yOpaTh ra3oByl0 ropeiky. Kputuueckas temneparypa XUMHYECKU
grcroro s¢upa (C sH 100)=193°C.



OO6bIYHO TO/IaBaeMbIl A(UP COAEPKHUT MPUMECH, U KPUTHYECKass TeMmIeparypa ero Oyaer
OTIMYaThCS OT MpHuBeneHHOH. Kpome Toro, mpu BBICOKMX TeMIlepaTypax B IOKa3aHHE
TEPMOMETpA CIIEAYET BBECTH IONPABKY HA «BBICTABIIAIOMUI CTOJIOUK PTyTU». Jleno B TOM, UTO
PTYTh Ha HEKOTOPOIl BBICOTE OylEeT UMETh HE Ty TEMIIEPaTypy, KaK B IIApHKE, a TOPa3I0 HILKE.
Kaxymmiics a3 ekt pacmupenus prytu B crekie - 0,00016.

Ecnmu pesepByap TepmMomerpa W PTYTh B HEM UMEIOT Temmeparypy t, a cpemHss
TeMmIeparypa ,,BBICTABISIONIETOCs cTonOuKa" t°, TO TEpMOMETp MOKAa3bIBACT MEHbIIE, YeM
cnenyet. [Ipenmnonokum, 4To ,,BRICTABIISIFOITUICS CTOJIOUK" BECh HArpescs 10 TeMreparypsl t°1,
T. €. eme Ha (t° - t°1), pTyTh MOAHsIACH OBl BBINIE, W TOKa3aHUE OBLIIO ObI BEpHBIM. byaem
CUMTaTh JUIMHY CTOJIOMKAa HE B CM, a B IpalyCHBIX AeneHusix ero. Kaxmoe nenenue crano Obl
mmHHee Ha Benmmuuny 0,00016 (t° - t°1). Utak, uctuHHas TemmnepaTypa Oyer:

T =t° [1 +0,00016 (t° - t°1)] (1)

Temmeparypy omnpenensitoT MpHONIU3UTENBHO Tak: OEpyT KOHTPOJIBHBIA TEpMOMETp U
JIep’KaT €ro Ha BBICOTE ,,BBICTABJISIONIECTOCS CTOJIOMKA" pTYTH, psanom ¢ HUM. HaGmrogaemas 1o
HeMy Temrneparypa u oyner t°:. Habmionenue 3To mpou3BOAsT, KOHEYHO, IIPU TOW TEMITepaType,
yTO W HaOJ0Jasach BO BpeMs pabOThl. DTO ClEIyeT MPOW3BOAUTH B KOHIIE HAOJIOACHHI
KpUTHYECKOW TeMmriepaTypbl. HaiiieHHyt0 ompaBKy mpHOaBISIOT K CpeIHEMY M3 BCeX
HAOIIOICHUI KPUTHUYECKUX TEMIIEPATYpP.

N3MEPEHUSA U UX OBPABOTKA

1. TloctaBuTh KOpOOKY Ha MOJACTABKY, YKPENHUTH Ha IITATUBE.

2. TlomeecTtu mos KOpOOKY € aMITyJION Ta30BYIO TOPETIKY.

3. Ilpu temmepatype +130° ciemyeT mpUCTYyNUTh K BHUMATEIbHOMY HaOmoaeHuto. OnuH U3
HaOmoaTeNield  CIeOUT 3a SBJIICGHHWEM, TMPOUCXOMIANIMM B TpyOOuke, JApyro 3a
TEeMIIepaTypou.

4. Kak TOJIpKO IpaHuIa MEXAY KHUAKOCTBIO U IaPOM HCYE3HET, OTOABUHYTH ra30BYIO TOPEIIKY
A OTMETUTH TEMIIEPATYPY.

5. Kak ToibpKkO cTaHeT 3aMeTHa BOTHYTOCTh MEHHCKA, OTMETUTh TEMIIepaTypy IOsSBICHUS
KUJKOCTH, CHOBA ITPOU3BECTU HArpeBaHUE U MOBTOPUTH U3MEPEHHUS IL.II. 3-D.

6. Kpurtnueckyio temreparypy B3sThb Kak CpelHEE TeMIIepaTyp MOSBICHHUS M HCUE3HOBEHUS
HKUJKOCTH.

7. HaOmomeHuss MOBTOPUTH BOCEMb pa3, IMEpBbIE TPU paza M3 cUeTa BBIOPOCHTH M U3
OCTAJIbHBIX IIATH CHOBA B34Th CPCAHCC.

8. B3sTb KOHTPOJBHBIN TEPMOMETP U JIE€P>KATh €ro Ha BBICOTE ,,BHICTABISIONIETOCS CTOJIOMKA"
PTYTH, psiioM ¢ HUM. M3MepuTh HaOM01aeMyIo TI0 HeMy TeMIepaTypy t°1.

9. BpIUMCIUTH NONPABKY Ha «BBICTABIIAIOMIUNACS CTOJOUK PTYTHY.

10. BeruncnuTh UCTIpaBiIeHHOE 3HAUYEHUE KPUTHYECKOW Temmeparypsl. st 3TOoro HailjieHHYIO
MONpaBKy NpUOABUTH K CPEIHEMY U3 BCeX HAOJIOIEHUN KPUTUUECKUX TEMIIEpaTyp.

11. Pe3ynbTaThl MU3MEPEHHI M pacYETOB JIOHKHBI OBITH 3aHECEHBI B TAOJIHUITY.

ITO HHTEPECHO



Jeanoocenucma Toppuuennu [14]

B 1630 roay B Pume o0yuasncs MaTeMaTH4eCKUM HayKaM CKPOMHBIM MOJIOZOM YeJIOBEK 10
uMeHu OBanmkenucra Toppuuermnu. Yuutenem ero Obut benemerro Kacremnmu, mpodeccop
MaTeMaTHKU PUMCKOro yHHUBEpCHTETa U B MPOILJIOM OJIMH U3 JIOOMMEHIINX yueHUKOB [ anumes.
[opaxxenusiii crniocobHOCTsIMU Mojogoro Toppuuennu, Kactemnu ornpaBwics k [anumiero,
KUBLIEMY TOraa B ApYeTpH, W IOKa3zal €My PYKOIHUCh CBOETO IOJONEYHOTO O JBUKCHHUH
cBO0OOHO Majaromux Teja. OH MONpOCKI BEJIMKOI0 YYE€HOro B3ATh ToppHyeiuy K cebe B IOM B
Ka4yeCTBE YYCHHMKA M IIOMOIIHUKA B ITOATOTOBKE HCCIEIOBAaHUM 1O MeXaHUKe. ['ammmiei 0X0THO
COIJIACHJICS,, HO COBMECTHas paboTa MpoAoJIKaJIach BCEro TPU Mecsla — 10 cMepTu anumes.
Benuxkuii repuor TockaHCkui, IpUeXaBIIUi Ha TOXOPOHBI, Ha3HA4YWJI TOppHUYEIUIM HaA CTABILYIO
BaKaHTHOH JOJKHOCTb IIPUJIBOPHOIO MaTEMAaTHKa.

[IpumepHO B 3TO BpeMmsi, HE3aI0ITO A0 cMepTH [ anmuies, K HeMy oOpaTHIICS C MPOCKOOH O
oMoty (OHTAHHBIX Il MAacTep APYroro BEIbMOXKH — BEIUKOro repuora OIopeHTUHCKOTO.
Jleno B TOM, YTO €My HUKaK HE yJaBaJloCh 3aCTaBUTh 3apaboTaTh 3alyMaHHBI{ UM T'PaHIHMO3HBIH
¢oHTaH, BOJIa B KOTOPOM JIOJKHA OblIa MOAHUMATHCS Ha BBICOTY OoJiee MATHAAIATH METPOB, a
3aTeM HM3JIMBATHCS KAaCKaJoM CTpyH. YIpsiMas BOAa HE XOTeJa MOAYUHATHCSA 3aMBICTY MacTepa
— KakK CHJIbHO HM Kaydaj ee HacoC, OHa HHMKAaK He MOJHUMAalach Ha BBICOTY, OONBIIYIO AECITH
METpPOB, XOTS, COIJIACHO apUCTOTENeBOM (Qopmyie «pupona OOUTCS MyCTOTH», OHA JIOJDKHA
ObL1a 3TO caenathb. ['anuneit He cMOr OOBSICHUTH MPOUCXOSIIETO, HO OCTPOYMHO 3aMETHJI, YTO,
MO-BUJIMMOMY, CTpax TMpPUPOABl Tepes] IMyCTOTOW HEe MPEBOCXOJUT JEeCSTH METpPOB.
Toppuuennu, pasmblIUIsiss 00 3TOM SBICHHH, 3alOA03pPHI 3/€Ch BIUSHHE aTMOC(HEPHOTO
BO3ayXa. OU3HMKH CUMTAIM TOT/IA, YTO BO3AYX HE MMeeT Beca. TOoppHUeNIN MPeanoIokKuI, YTO
3TO HE TaK U UMEHHO BEC BO3/yXa, JABICHHE €ro CTOJ0a, MPOCTHPAIOIIETOCs Ha BCIO BBICOTY
aTMocdepsl, ypaBHOBEIIMBAET BOLY B TpyOe M He JaeT el momHsAThcs Ooibiue, yem Ha 10 ¢
HEOOJIBIIIUM METPOB.

Jnsa mposepku runore3bl  Toppudeind HOpuAyMal KIACCUYECKUH 110 IPOCTOTE H
HarJsIIHOCTH OMBIT, 00eccMepTUBIIUI ero uMsa. OH MPENOoI0KUII, YTO €CIIM BOJA MOHUMAETCS
B TpyO€ TOJIBKO Ha ONpPEICIICHHYIO BBICOTY, TO €CIM B TPyOy HMOMECTUTb XMIKOCTb, Oojee
TSDKEIIYI0, Ye€M BOJa, OHAa ITOJHMMETCS HAa BBICOTY MEHBUIYIO, Y€M IOJHUMAlach BOAA. JTO
YMEHBIIEHNE JOJDKHO COOTBETCTBOBATH OTHOLIEHMIO YIENbHBIX BECOB BOJBI M BbIOPAHHON
AKHUIKOCTH. I ONbITa yueHbIH M30pajl caMylo TSXKENTyI0 M3BECTHYIO €My XKHMJKOCTb — PTYTb,
«kuBoe cepebpo». Jlerko mpeacTaBuTh BOCTOPr TOppHYESIM M aCCHCTUPOBABIIETO €MY
BuBuanu, xorga pryre B TpyOKe, HEMHOIO IOKOJICOABIINCH, OCTAHOBMIIACH HA YPOBHE, TOYHO
IpeJICKa3aHHOM HOBOW TeopHeii!

OTtkpbiTHE BBI3BAJIO BceoOmmii uHTEpec. Cpasy ke pasropenach SpOCTHasl TUCKYCCHUS
MEXIy CTOPOHHHKAaMHU HOBOTO YUEHHS U IMpPHUBEp)KEHIAMH «OOs3HU mycToTh». bie3 [lackans,
BEJIMKHMNA (paHIly3CKHi (U3UK, PEIINIT IPOIENaTh ONBIT, KOTOPHIH Obl YOEIMJI COMHEBAIOIIUXCS
B IIPaBOTE apUCTOTENEBCKOM KoHuenuuu. [lackans paccyxnan, 4ro ecnu teopus Toppuuemn
BEPHA, TO Ha BBICOKOW rope, IZle BHICOTA U BEC CJI0S aTMOC(EPhl MEHBIIIE, YeM Ha NMOBEPXHOCTH
3eMiH, PTYTh B TpyOKe JOJPKHA OCTAHOBUTHCS Ha 00Jiee HU3KOM YPOBHE, a €CIIU JEHCTBUTEIBHO
«pupojia OOMTCA IMyCTOTBI», TO BBICOTA MOJbEMa JOJKHA OBbITh OJHOM M TOH xe. OmbIT,
KOTOpbIX ObLT poBeaeH 19 nexabpst 1648 rona poacteennuxkom Ilackamns [lepse Ha rope ITrou-
ne-/lom, nonHocTthro moarBepauia npaBoTy Toppuuennu. C tex mop Ilackanp crtan spbsiM
CTOPOHHHKOM TEOPUU aTMOC(EpPHOTO AABJICHHS U BHEC B HEe OOJIBIION BKIIA.



Yepes HecKoabKO JieT 00 onbiTe Toppudeniu y3nan maraeOyprekuii Oypromuctp OtTo hoH
I'epuke, crmoOcOOHBIE W HW300pETATENbHBIA 3KCIIEPUMEHTATOp, OOOXKAIOUIMI TeaTpalbHbIe
apdexTsl. OH pacckasblBall, KaK y HEro B OJUH NPEKPACHBI MOMEHT IMOSBHJIOCH OIPOMHOE
KeNaHHe JUYHO yOeIUTHCS B BO3MOXKHOCTH OOpa3zoBaHMs MycTOThI. Ilocie MHOTrOYMCIECHHBIX
IKCIEpUMEHTOB ['epuke M300pen BO3AYLIHBIH HAcOC, ¢ MOMOIIBIO KOTOPOTO OH MpPOJEIbIBAI
OIBITHI, U3YMJIIBILIE €T0 COBPEMEHHHUKOB. CaMbIM JTFOOOMIBITHBIM U3 HUX ObUI XpEeCTOMATHHHBIN
OMBIT C Marae0yprckumMu nonyumapusmu. M3 menHoro mapa, cocTosAImero U3 AByX MOIYIIApHd,
Otto QoH ['epuke npu NOMOIIM CBOEro BO3IYLIHOIO HACOCA BbIKAUMBAJ BO3AYX; aTMOC(EpHOE
JIABJIEHUE C TaKOM CHJIOW CXKMMajo IOJOBHHKM IIapa, YTO HUX HE MOIJIM pa3beluHUTH 24
nomagu. Ctpemsch K HOBBIM 3¢ dekram, ['epuke pazHooOpazui GopMy CBOMX IKCIEPUMEHTOB.
B 1654 rony on mpoaeMoHCTpHpoBal B PereHcOypre mMMmeparopckoMy IOCIaHHUKY TaKOH
BEChbMa BIEUATIIAIONUI OnbIT. [IpukpenuB k Hacocy OOJBIION IIap, U3 KOTOPOro ObUI BBIKAYaH
BO31yX, ['epuke 3amep KpaH, yepe3 KOTOpbIM BO3AyX MOI IIONaAarh BHYTpb 1iapa. [lopiieHs B
Hacoce ObUT MOJHAT, a K KOHILY IIOPILIHS OblLIa NMpHUBs3aHa BEpEBKa, IEPEKUHYTas yepe3 OJIoK. 3a
KOHEIl BEPEeBKM yXBAaTWUJIMCh ABAJILATh AOKUX MYXKUMH U HaTaHyau ee. Heoxupmanno I'epuke
OTKpBII KpaH, B IIAp BOPBAJICA BO3JyX, IOPIIEHb IOJ JaBJIECHHUEM BO3/yXa MIHOBEHHO
OIyCTUJICS, IPUIOAHSAB HA MOJIMETPa OT 3€MJIM T€X, KTO MbITAlCs YAEP)KaTb BEpeBKy. Tak OblLIO
3¢ (hEeKTHO T0Ka3aHO CYIIECTBOBAHUE aTMOC(EPHOTO TaBICHUS.

TEMA Ne2
ABJEHUA IIEPEHOCA

JIUTEPATYPA
[P1]. T 1.

[P2]. §§ 49 - 54
[P3]. T VILI.

[P4]. Tn. 12.

[P5]. C1p. 169—172.
[P6]. . I1.3.

[P7]. T II.

Bonpocel no meopemuueckomy mamepuaniy
1. MonexynspHble ABHKCHUS U SBICHUS NIEPEHOCA.
2. CpenHee 4nCIIO CTOJKHOBEHHH B €IMHMILY BPDEMEHHU U CPEAHsS JJIMHA CBOOOJHOTO Ipodera
MOJIEKYII.
3aBUCHMOCTBH CpPEIHEH UIMHBI CBOOOIHOTO MPOOera MOJIEKYII OT MapaMeTpoB Taza.
DddexTuBHOE MONIEPEYHOE CEUCHNUE YACTUIIBI U BEPOSITHOCTD.
DKcrepuMEeHTaAIbHOE OIpeesieHIe JUIMHBI CBOOOTHOTO IIpobera.
Huddysus B razax. OcHOBHOI 3akoH aupdys3un (3akoH Duka).
Hecrannonapnas auddysus

No o~ w



10.
11.
12.
13.

14.

15.

10.

11.
12.
13.
14.
15.
16.
17.

18.

CranunonapHas nuddysus. Beraucnenue kodpdunrenta quddysuu.

Koapduument B3aumuoit nuddysun. M3mepenne korpdunnenta quddy3uu.
TennonpoBoAHOCTH razoB. 3akoH Dypre.

HecranmonapHas TemaonpoBOHOCTb.

CranuoHapHas TETUIONPOBOIHOCTh. Berurcnenue ko3 Ppuirenra TeronpoBOIHOCTH.
3aBUCUMOCTh KO3 UIMEHTa TEIMIONPOBOJAHOCTH OT TMapaMeTpoB rasa. l3mepenue
Ko3(durmenTa TermIonpoBOTHOCTH.

BsskocTh razoB (BHyTpeHHee TpeHue). BoiBoa popmynsl HeioToHa U1t BI3KOrO TpeHus: Ha
OCHOBaHUU KWHETUYECKON TEOPUH Ta30B.

N3mepenne  kodddummenta  BA3KOCTH  (BHCKO3UMETpHsi).  MeETOAsl  U3MEpEeHHS
Kod(dUIIMeHTa BI3KOCTH: a) METOJI Kamuyuisapa; 0) METO 3aTyXaHUs KOJICOaHMIA.

KauecTBeHHBIE BONIPOCHI

Bb1 coOupaerech 3aBTpakaTh, HamwiIM B cTakaH kode. Ho Bac mpocsAT oTiyuuThes Ha
HECKOJIbKO MHHYT. UYTO Hamo caenaTh, 4TOOBl K BalleMy BO3BpalIeHHUIO Kode ObLIo
ropsiYMM: HaJIMTh B HETO MOJIOKA Cpa3y IEpes] yXOJIOM WM IOCIe, KOrAa Bbl BEPHETECH?
[Touemy?

Temmneparypa mamenu cseun 1600 °C. Temnepatypa minanenus xene3a 1400 °C. [Touemy
K€ TBO3/Ib HE IJIABUTCS Ha CBEUKe?

[Touemy costb 1 caxap pacTBOPSIIOTCS OBICTPEE B TOPSIYEH BOJIE, YEM B XOJIOTHOM?

Iouemy 3amax pasorperoro acgaabra omymaercs u3aauaexa?

Ecnu y3kyto mojocky Oymaru MjoTHO HaMOTaThb BUHTOM Ha METaJUNIMYECKUI CTEp)KEHb, a
3aTeM BHECTH B IJIaMs CBEUYH, TO Oymara He ropuT. [Touemy?

B uém cocTout nmporecc okpamBaHus?

[Ipu xakoil TemmepaType M MeTall, U JepeBO OyayT Ka3aThCsl Ha OUIYIb OJWHAKOBO
HarpeTbIMu?

B onexnae u3 CHHTETUYECKON TKaHU B XOJIOJ XOJIOAHEE, a B J)Kapy TEIUIee, YEM B IIEPCTSIHOM.
[Touemy?

[Touemy B yCTBAX peK 00pa3yroTCsi MEJIU U OCTPOBKHU?

[Touemy c pa3HON CKOPOCTBIO IUIBIBYT IO pEKEe HE HMMEIOIINE COOCTBEHHBIX JBUTATENCH
wiotel? [Ipuuem, yem cusbHee 3arpyKeH IUIOT, TeM Ooiiee ObICTPOXOAHBIM OH CTAaHOBHUTCS.
C yem 310 cBsI3aHO?

I'oToBsick kK OCEHHEMY IIEpeNeTy, NTULbI HAaKAILIMBAIOT KUPOBOIL 3amnac. 3auem?

B xo05101HYI0 TOroay MHOTHE KHUBOTHBIE CIISIT, CBEPHYBILUCH B KiIyOOK. [Touemy?
TemnonpoBoIHOCTh KaKUX IPOB MEHBLIE, ChIPbIX WK cyxux? [louemy?

[louemy, cnyckaschb Ha JIOAKE IO pEKe, IUIBIBYT IIOCEPENMHE PEKH, a IOJAHUMASCh,
cTaparoTcs Jepxarbces Oepera?

Kak nmpoucxonut temionepenada Npu U3MEPEHHHM TEMIIEpaTyphbl Te€la: €Cld OHO TeIliee
TEPMOMETPA, €CIIU OHO XOJIOIHEE TepMOMETpa?

Ha xakoM ¢u3mueckoM SIBICHUM OCHOBBIBAETCS 3aCOJKa MOMMIOPOB, OTYPIIOB, KalyCThl U
JIPYTUX OBOLIEH?

[loueMy coneHas cenbiab, NOCIE TOTO KaK €€ IMOJOXWIM Ha HEKOTOPOE BpeMs B BOLY,
JIEJIaeTCsl MEHEE COJIEHOM?

[Touemy apomar LIBETOB Mbl YyBCTBYEM Ha PACCTOSIHUM?
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MHorue Mopckue >KMBOTHBIC, HAlpuUMep KajibMapbl W Jp., MpPU HaMaJeHUWM Ha HHUX
BBIOPACHIBAIOT TEMHO-CHHIOID 3alUTHYIO JKHUJIKOCTh WM CTaBSIT «CBETOBYIO 3aBECY.
[Touemy depe3 HEKOTOpOe BpeMsl BOJA, TJI€ HAXOJUTCS 1Ta >KUIKOCTh, CTAHOBUTCS
IPO3payHOn?

OO0bsicHuTe ¢ (PU3MUECKON TOYKU 3PEHUSs, UTO TAKOE BETEP, MOYEMY OH BO3HUKAET U KaKHMHU
(bu3NYECKUMU TIPOLIECCAMH COTIPOBOKIACTCS.

Hopwmanbhast Temneparypa Tena denoBeka paBHa 36,6 °C. OnHako eMy HE XOJOIHO, KOT/ia
temriepatypa Bo3ayxa 25 °C, u odeHb Kapko, korga oHa paBHa 36 °C. B Bome ke,
Haobopot, mpu 36 °C denmoBek 4yBCTBYET ceOsi HOpMallbHO, a ipu 25 °C emy xomoano. Kak
OO0BSICHUTH 3TOT MapagoKc?

Kak BbI 1ymaere

Cy1iecTBYIOT JM B MPHUPOJE SIBICHHUS, KOTOPbIE MOYXHO OIMUCATh OJHUM-E€IUHCTBEHHBIM
3aKOHOM (PpU3HUKHU?

Uro siBRsieTcst 00IKM I BCEX SIBJICHUM TepeHoca?

B kakux ¢opmax nposiBisieTcs CyliecTBOBaHHE SBJICHUN niepeHoca?

3aBUCHUT I pealbHbIi pusnueckuil GpaxT (Hanmpumep, siBieHue 1upy3un) oT TOro, B KaKoi
CHCTEME OTCUeTa OH paccMaTpUBaeTCs?

Mensiercss In AJMHA CBOOOJHOTO TpoOera MoJeKysd MpH Mepexojie W3 OJHOW CHCTEMBI
OTCYETa B IPYTyI0?

SBnserca mu KOADPUITMEHT BA3KOCTH aOCOJIOTHOW XapaKTEPUCTHKOW Taza? MOXXHO JH
a0COJIFOTHO TOYHO OTPENETUTh KO DHUIIMEHT BAZKOCTH?

Kakumu ocobeHHOCTsIMU 00J1a/1a€T TEIIONPOBOAHOCTh B CPABHEHUU C JPYTUMU SIBICHUSAMU
nepexHoca?

OT dYero 3aBUCAT MPAKTUYECKHE BO3MOXHOCTH YEJOBEKa B HCIOJIb30BAHUU SIBICHUS
muddy3un?

B pamkax xakoil CTpyKTyphbl yClIOBUM AelcTBYET 3aKkoH Puka?

KakoBbl uepThl CXOACTBa U pa3iauuus sBleHui 1uddy3un u TemIonpoBoIHOCTH?

Kaxkoit ¢u3nueckold peasbHOCTH COOTBETCTBYET MOHATHE 00 A(PPEKTUBHOM MOMEPEUHOM
CEYEHUH MOJIEKYJI?

KaxoBbI cyniHOCTh ¥ pOpMBI IPOSIBIICHUSI SIBJICHUH TIepeHoca?

Cy1iecTBYIOT JId B IPUPO/IE CTALMOHAPHBIE TUPDY3US U TETIIONPOBOIHOCTH?

CBs13aHbBI 1M 3aKOHBI, ONMMCHIBAIOIIME SIBICHUS MEPEHOCA, CO CBOMCTBaMHU MPOCTPAHCTBA-
BpEMEHU?

OT Kakux CBOICTB BelIeCTBA MOXXHO a0CTparupoBaThbCcs IPH MCCIECIOBAHWUU SBICHUIN
nepexHoca?

Ilposepsw cebs!

1.

JIBa cocyna ogMHAKOBBIX OOBEMOB JOBEPXY HAIOJTHEHBI TEIJIOW BOAOW. UTOOBI OCTYAUTH
BOJy, OJTUH COCYJl CTaBAT Ha JI€J, a Ha JAPYroi COCyJ CBEpXY KJaayT OOJBIION KYCOK JIbAA.
IIpu sTOoM

a) oxuaxacHue Oymet 3pdeKkTrBHEE, €CIH JIe/ TOJI0KHUTh CBEPXY;

b) oxnaxmenue Oymaet 3¢ hekTUBHEE, €CIN JIE TOJIOKUTH CHU3Y;,

C) oxyaxacHue OyJeT OAMHAKOBBIM, HE3aBUCHMO OT MECTa HaX0XKICHUS JIbJIa.



2. Ha crone naBHO jnexaT aBe H0xkku. OnHa AepeBsHHAs, Apyras meTamauueckas. O6e oHU
JIOJDKHBI MMETh OJMHAKOBYIO TEMIEpaTypy — TEMIIEpaTypy OKpYKaroLero BO3AyXa.
OnHako eciii BO3bMEM UX B PYKH, TO MOYYBCTBYEM, UTO METAJUITMUECKAs JIOKKA SBHO XOJIOJ-

Hee. [leno 3/1ech B TOM, UTO

a)

b)

c)

JIepeBo 00najaeT Mo CPaBHEHHIO C METAUIOM MEHBIICH TEIIOMpPOBOIHOCTHIO,
MO3TOMY HarpeBaeTcsi MEHBIIIE;

JEpeBO 00JaaeT MO CPaBHEHHUIO C METANIOM OOJbIICH TEMJI0EMKOCTBIO, TO3TOMY
HarpeBaeTCsl MEHbIIIE;

MeTalll o0MazaeT XOpouled TemIoNnpOBOJHOCTBIO; 3TO MPUBOJUT K OOJBIIOMY
TEIUIOOTBOLY OT MajbIEB U UX OXJIAKICHHUIO.

3. TGHHOBaH_II/ITHBIe CBOMCTBA TCKCTHIBHBIX MaTCpHraJIOB OMPCACIAIOTCA I'NIaBHBIM 06pa30M

a)
b)

c)

TETUTOTIPOBOAHOCTHIO BO3/yXa, HAXOISIIETOCS B OTKPBITHIX ITOpax MaTepHaa;
KO3(PHUITMEHTOM TETUIONIPOBOTHOCTH BOJIOKOH;
TCIJIOMMPOBOJHOCTBIO BO3/1yXad, HAXOAAIICTOCA B 3aKPBITHIX MTOpax MaTcpuaia.

4. IToBpImeHMe BIaKHOCTH TEKCTUIIBHBIX MaTcpualioB

a)
b)

c)

IMPUBOJAUT K NOBBIMICHUIO UX TCTJIO3AIUTHBIX CBOﬁCTB;
MPUBOAUT K NOHHUKCHUTIO UX TCTIJIO3AIIIUTHBIX CBOI>'ICTB;
HC BJIMACT HAa UX TCIIJIO3aIlIUTHHBIC CBOMCTBA.

5. Tlpu Temneparype Bo3ayxa u Bojbl 0koso 30 °C cKopocTh TEMI00TAaul OpraHu3Ma
YyeJoBeKa

a)

b)

OJIMHAKOBa B 00X cpelax, TaK Kak OPraHu3M HaxOJUTCS B TEPMOIMHAMHYECKOM
PaBHOBECHH CO CPEJIOH;

B BOjIe 0OJIbIIIe, YEM B BO3/yX€, a TaK KaK TEIIONPOBOJHOCTh BOJbI 3HAYUTEIHHO
0oJbIIe, YeM TEIUIONPOBOIHOCTh BO3/IyXa, TO Y UEJIOBEKAa BO3HUKAET OIIYIEHUE
TEIUIOTHI B BO3JIyX€ U MPOXJIabl B BOJIE;

B BO3AyXe Ooiblle, 4eM B BOJE, TaK KaK OPraHHU3M B TIPOIECCE IBOIIOLUU
MPHUCTIOCOOMIICST YYBCTBOBATh Ce0sl XOpOIIO TPHU CpPedHEH TemIepaType BO3ayxa
25°C, a npu Ttemmeparype Bosayxa okono 30 °C y uyenoBeka BO3HHKAET
HEOOXOUMOCTh B OTBO/JIE H30BITOUHOTO KOJUYECTBA TETUIOTHL. .

6. UYToOBI cubHEE OCTYIUTH FOpAYHil Yaid, Halo

a)
b)

c)

cpazy OpOCHUTH B HETO caxap U 3aTeM MMOJ0KIATh;
BBDKJIaTh HECKOJIBKO MUHYT U MOJIOXKUTh caxap;
OpoCHUTH B HETO caxap A0 3aKUIaHMUs.

7. Ha crome ABC OAVWHAKOBLBIC YalllK¥, B HUX PA3HBIC JIOKCUKU — CTAJIbHAA U AJIIOMUHHCBAs. B

YalIK¥ HAJUMBAIOT FOpsiYMil yail. ECiM JI0’)K€UKHM U3 YalieK He BBIHUMAaTh, Yall OCTHIHET

a)
b)

c)

OBICTpee B YalllKe C ATFIOMUHUEBON JIOKKOM;
OBICTpee B YalllKe CO CTAIbHON JIOYKKOM;
OJTHOBPEMEHHO B 00EMX YalllKax.



Jlabopamopnas paooma Ned

OINPEAEJEHUE JJIMHBI CBOBOAHOI'O ITPOBEI'A MOJIEKYJI 1 KOOODUIIMEHTA
BHYTPEHHEI'O TPEHN S BO3Y XA

HEJIb PABOTDI: onpenenuts Ko3(PGUIIMEHT BHYTPEHHETO TPEHHUS BO3AyXa, JUIHHY
CBOOOJTHOTO TIpoOera MOJICKYJI.
[Ipubopsl U NPUHAAIEKHOCTH: COCYJ C KPAaHUKOM; KallWJUIIpHas TpyOKa; MEH3ypKa.

OIMMCAHUE SKCIIEPUMEHTAJIBHOM YCTAHOBKU

Ecnu ra3 mporekaeT mo y3ko TpyOe, TO CJOW, KOTOPBIM HETMOCPEIACTBEHHO KacaeTcs
CTEHOK, OYyZeT OCTaBaThCsl HEMOJBUKHBIM U BJOJb paguyca TPyOKH yCTaHABIMBACTCS TPATUCHT
CKOpOCTH U, CJIICAOBATCIIbBHO, IOABUTCA CHJIa BA3KOCTU (CI/IJIa BHYTPCHHCI'O TpPCHMUA,
HpOTHBOHGﬁCTBYIOHIaH ABUKCHHUIO BHYTPCHHUX CJIOCB OTHOCUTCIIBHO BH€H_IHI/IX), paBHad

AV
F=-n—S,
UAX

rAe S — MOBEPXHOCTD CJI0sI, | — KO3(P(DUIIMEHT BHYTPEHHETO TPEHUSI.

Ecnu mmua TpyOku |, pagmyc ee r, maBieHue, moj ACHCTBHEM KOTOPOTO MPOUCXOIUT
TEUYEHUE Tra3oB, €CTb P, KO3(pQUIMEHT BHYTpEeHHEro TpeHHs rasa 1, TO o00OBeM rasa,
MIPOTEKAIOIIET0 Yepe3 TPYOKy 3a BpeMs At, Oyzaer:

4
y _ 7PriAt
8nl

Orcrona:

_ aprAt
8vi

n (1)

3Has K03()(PUIIMEHT BHYTPEHHETO TPEHHUS 1), MOXKHO ONpPEIEeTUTh UIMHY CBOOOJHOrO mpodera
MOJIEKYJI, UCTIOJIb3Yys U3BECTHYIO (hOPMYITY

Orcrona:

()

CpennexBaapaTU4Hasi CKOPOCTh MOJIEKYJ V paBHa



IlnoTHOCTH ra3a p onpenensiem u3 ypasHeHusi MenaeneeBa-Kianeiipona kak
pM
p=—r (4)
RT

B macrosmeit pabote TpeOyeTcst ompeaenauTbh KOA(PQHUIMEHT BHYTPEHHETO TpPEHUS
BO3/yXa, JJIUHY CBOOOIHOrO mpodera MoJjieKy. JlJs 3Toro noib3yrorces mpudopoM, u300pakeH-
HBIM Ha puc. 3.

Puc. 3.

BombImoil CTeKISHHBIN OAJIJIOH, UMEIONTUH BHHU3Y KpaH A, HaIlOJHSIETCS BOJOW M TUIOTHO
3aKpBIBACTCS MPOOKOM, B KOTOPYIO BCTABJICH KAITUJLIISIP.

OTMeTHM HaYajJbHYIO BBICOTY BOABI B OatoHe hi, MOACTaBUM IOJ KpaH MEH3YPKY,
OTKpBIBaeM €ro, orMec4as 110 yacaM MOMCHT OTKpBITI/I}I, Ja€M BO3MOXHOCTH BOJI€ BBITCKATH B
TEUeHHE 3 MUHYT, MOCJIE Yero 3aKpblBaeM KpaH, OTMEYas HOBYIO BBICOTY B Oauione h , u 1o
MEH3ypKE OTMEYaeM KOJMYECTBO BBITEKIIEH BOibl. KomndecTBO BOIBI OyAeT paBHO 0O0beMy
BOoIICaIiero rasa qepe3 KaHI/IJIJIHp, T.€. HAM y,Z[aGTC}I I/IBMepI/ITb OG’LGM BOICAIICTO B GaJIJIOH
Bo3nyxa. IIpomoIDKMTENBHOCT, TEUEHHs Ta3a Takke wu3Mepserca 1o dYacam. JlaBneHue
BBIUMCIIAETCS TaK:

p = px Ng, (5)
rne  h=(h1+h2)/2,
P - TUIOTHOCTH YKHKOCTH.
Panuyc kamumasapa pased I' = 2,4  10-? cM, a anmmHa ero | = 16 oM, creoBaTensHO, Bee

JaHHBIE 17151 BRIYUCIeHHs 110 popmyiie (1) MBI nmeeM.

W3mepuB mo TepMOMETPY KOMHATHYIO TEMIIEpaTypy M IepeBeis ee B aOCOJOTHYIO,
orpezesnisieM cHaydaja CpeAHIOI0 KBaJIpaTHUHYIO CKOPOCTb, a 3aTe€M JJIUHY CBOOOAHOrO mpobdera
MOJIEKYJI, OTIPEeIIieM YHCIIO CTOJIKHOBEHHMI MOJIEKYIT B CEKYHIY IO GopmyIie:

(6)

<



N3MEPEHUSA 1 UX OBPABOTKA

1. OrTMmeTuTh HAYaIBHYIO BBICOTY BOJBI B OayutoHe hi.

2. TloacraBuB MOJ KpaH MEH3YPKY, OTKPBITh €r0, OTMeUasi 0 4acaM MOMEHT OTKPBITHSL.

3. JlaTh BO3MOXHOCTh BOJIC BBITEKATh B TCUCHUE 3 MHUHYT, MIOCJIE Y€ro 3aKPhITh KpPaH, OTMEYast
HOBYIO BBICOTY B OaiuioHe hy.

4. HW3mMepuTh B MEH3yPKE KOJIUUYECTBO BHITCKIIIEH BOIBI.

5. Beruncnuth naBienue rasa mno gopmyse (5).

6. Bpraucnuth k03QGUIMeHT BHYTpeHHETO TpeHus 1o Gopmyte (1).

7. W3meputhb 1o TepMOMETPY KOMHATHYIO TEMIIEPATYPY.

8. BBIUMCIHUTH CPEHIOI0 KBAPATUIHYIO CKOPOCTh MOJIEKYII ra3a.

9. BBUHUCIUTH TUIOTHOCTH Ta3a.

10. BerurcnuTh AUHY CBOOOIHOTO MTpodera MoieKy: rasa mo gopmyse (2).

11. BBIYHCITUTH YUCIIO CTOTKHOBEHUH MOJIEKYI B CEKYHAY 1O hopmyiie (6).
Pe3ynbTaThl m3MepeHnii U pacueToOB 3aHECTH B TAOJIHILY.

JlaGoparopHas pabota Ne5

OIPEJEJEHUE KO3®®UIIMEHTA TEILIOITPOBOJHOCTH METOJIOM
HAT'PETOM HUTH [30]

e padoThI: U3YyYUTh TEIIONMPOBOIHOCTD BO3TyXa.

IIpu6Gopsl U npuHaaIexkHocTU. ycranopka OIIT 1-3.

OIIMCAHME SKCNNEPUMEHTAJIBHOM YCTAHOBKH

Jnst onpenenenus ko3(huimenTa TernjaonpoBOIHOCTH BO3lyXa MpeiHa3HaueHa
sKcniepuMeHTanbHas yctaHoBka OIIT1-3, oOmmii Bua KoTOopoit mokaszaH Ha puc. 4. Pabounit
3JIEMEHT YCTAHOBKH IPEJCTABISAET COOO0M CTEKIIHHYIO TPYOKY, 3alIOJTHEHHYIO BO3IyXOM, BJIOJIb
OCH KOTOpO# HaTsHyTa BoJb(ppamMoBas nmpoBosioka 4. Temneparypa TpyOKH B X07e
JKCIIEPUMEHTA MOAJIEP’KUBAETCS IOCTOSTHHON O1aroapsi MpUHYIUTENIbHON HUPKYISILIUU
BO3JIyXa MEX]y TPYOKO# M KOKyXoM OJi0ka pabodero ayieMeHTa 3, KOTopasi OCYIIEeCTBIISETCS C
MOMOIIbIO BEHTHJIATOPA, HaXos1erocs B 0y1o0ke padouero aneMenTa. TeMiieparypa Bo3iyxa B
TpyOKe n3Mepsiercst HUPPOBBIM TEPMOMETPOM 2. 3HAYCHUS NAICHUS HAMIPSDKEHHS HA 3TaJJOHHOM
pesuctrope Up u Ha mpoBosioke Uy u3MepsAtoTcs HUPPOBBIM BOJIBTMETPOM. 3HAYCHHE
HaNpsDKEHUS Ha TPOBOJIOKE YCTaHABIMBAETCS perynstopoM «Harpesy», KOTOPBI HaXOAUTCs Ha
nepeaHeit nanenu 6y1oka npudopos 1. ['eomerpuueckue pazmepsl pabouero 3JaeMeHTa - IuaMeTp
Tpyoku D, nuamerp nmpoBosioku d, nawHa Tpyoku L, TemmeparypHblii Ko3GPHIMEHT compo-
TUBJICHUS MaTepualia IPOBOJIOKH 0 - yKa3aHbl Ha pabouyeM MecTe.
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Puc. 4.
OOmuwmii Buj skcriepuMeHTanbHoi yctanoBku OIIT 1-3

1 - 6ok pubopoB; 2 - udpoBoit TepMomeTp: 3 - 610K pabouero 3neMeHTa; 4 -
BoJIb(hpaMoBasi MPOBOJIOKA; 5 - CTOWKA; 6 - TaTYMK TEMIIepaTyphl (TepMorapa)

PacnipocTpaHenue TEIUIOTHI B ra3aX OCYIIECTBISIETCS TPEMsl CIIOCOOAMHU: TEIUIOBBIM
U3JTyYCHUEM (TIEPEHOC SHEPTHH JIEKTPOMArHUTHBIMHU BOJTHAMH ), KOHBEKIIUEH (ITEpEHOC SHEPTHA
3a cYeT MepeMeIIeHus CIIOEB ra3a B MPOCTPAHCTBE U3 obiacTell ¢ 0oJiee BBICOKOW TEMITEpaTypoi
B 00J1aCTH C HU3KOM TeMIIepaTypoil) U TEIUIONPOBOAHOCTHIO. TeIIONpOBOIHOCTH - 3TO MpPOIEce
nepeaayn TEIUIoThl OT 0ojiee HAarpeToro Closl ra3a K MEHee HarperoMy 3a C4eT XaoTHYHOTO
TEIUIOBOTO ABMXKEHUS MOJIEKYN. [Ipy TemmompoBOJHOCTHA OCYIIECTBISETCS HEMOCPEICTBEHHAs
nepeaaya SHEPruM OT MOJIEKYJ ¢ OOJbIIeH PHEpPTrUel K MOJeKylaM ¢ MEHbIIel sHeprue. Jlns
CTAallMOHAPHOTO TpOIlecca, MPU KOTOPOM Pa3HOCTh TEMIIEpATyp B CJIO€ ra3a HE M3MEHSETCS CO
BpPEMEHEM, KOJIMYECTBO TEIIOTHI 0Q, KOTOpasi MEPEHOCUTCST BCIICJCTBHE TEIUIONPOBOAHOCTH 32
BpeMsi dT dYepe3 MOBEPXHOCTh IUIOMABI0 S, MEPICHIUKYISPHYIO K HalpaBJICHUIO MEPEHOCA
SHEPrHuH, B HAIIPABJICHHH YMEHBIIICHUS TEMIIEPATYPBhI, ONPEIEIETCS M0 3aKOHY Dyphe:

dT
5Q = —l//ESdT (1)

rae y - koadduiuent remtonpoBogHocty; dT/dr - rpagneHT TeMepaTypsi.

s maeanbHOTO rasa:

1 2
(//:§p<l><VT>CV @



PaccmoTpuMm n1Ba KOaKCHANIBHBIX LUJIWHIPA, TPOCTPAHCTBO MEKIY KOTOPHIMH 3arOJTHEHO
razoM. Eciu BHYTpeHHMIM UWIMHAP HarpeBarb, a TEMIIEpaTypy HApPYKHOIO LUIUHIPA
HOI[,Zlep)KI/IBaTB HOCTOHHHOﬁ, HHNXE TeMnepaTypH HaneBaTeJIH, TO B KOJBICBOM CJIOC TIas3a
BO3HMKAET pPaJAUAJIbHBIA II0TOK TEIJIOTHI, HAIPAaBICHHBIM OT BHYTPEHHErO LWJIMHIpA K
HapykHOMy. [Ipu 3TOM Temneparypa Ci0eB rasza, NpUIETaloUX K CTCHKaM LUIUHIPOB, paBHA
TEMIIepaType CTCHOK. BhIeIMM B ra3e KOJBIICBOM CIIOH paauycoMm I, Tonmaoi dr u mmHoM L.

[To 3akony ®ypwre (1) temmoBod motok ( = /d7, 1. KoMMUECTBO TEIIOTHL, KOTOpas

IIPOXOJUT Yepe3 3TOT CIOU 3a OAHY CEKYH]y, MOXKHO 3aIliCaTh B BUAE

dT dT
= —S =—w—2arL
a Wdr Wdr 3)

Pa3zpenss nepeMeHHbIe, TOIYyYUM

dr  2zyl dT

r q

Torna

F}Zdr_ 27l | de
a7,

NI

N & 27n/JL
R

3necb TiR1 m T2R2 - COOTBETCTBEHHO TeMIIEpaTyphl IOBEPXHOCTEH W PaguyChl
BHYTPEHHETO M HAPY>KHOTO IIMJIUHIPOB.

—(T,-T) 4)

N3  ypaBHenus (4) momyuum  QopMymy aua  onpeneneHus — koddduimenrta
TETUTOTIPOBOHOCTH T'a3a:

R.
R. (5)
27T 1T 2)

gln

[r//:

®opmyiny (5) MOAYYUIN B IPEANOI0KEHUH, YTO TEIUIOTa IEPEHOCUTCS OT BHYTPEHHETO K
HApY)XHOMY [HJIWHAPY TOJBKO Onaromaps TEIUIONPOBOAHOCTH. DTO MPEAIOJIOKECHHE
JIOCTaTOYHO 0OOCHOBAHO, TOCKOJIBKY IMOTOK JIYYHCTOM 3HEPTUU ITPU HEBBICOKUX TEMIIEpaTypax U
MajoM JIMaMeTpe HarpeBaTelid COCTaBIsAET HE3HAUYMTENIbHYI0 4YacTh KOJIMYECTBA TEIUIOTHI,
KOTOpasi MEPEHOCUTCS, a KOHBEKIUSI YCTpaHsIETCs MOAO00pPOM TuaMeTpa Hapy>KHOTO LUJIMHApA U
€ro BEpTUKAJIbHBIM PACIOJIOKEHUEM B DKCIIEPUMEHTAIILHON YCTAHOBKE.



BHYTpeHHUM ITUITUHIPOM MOXKET CIIY>)KHTh TOHKasl POBOJIOKA (HUTH), OOBIYHO
BOJIb(PpaMOBasi, KOTOpAasi HArPEBAETCS NEKTPUISCKUM TOKOM. Tora mocie yCTaHOBICHUS
CTAllMOHAPHOT'O pC)KUMaA TEIJIOBOM IIOTOK MOXKHO IMPUHATH paBHBIM MOIITHOCTHU 3JICKTPHUYCCKOT'O
TOKa, MPOTEKAIOIIETO Yepe3 MPOBOJIOKY.

q = InUn
rze Iy - Tok uepes npoBosioky; UH - IajieHre HampsuKeHHs Ha TIPOBOJIOKE.

Ecnu nmocnenoBaTenbHO ¢ MPOBOJIOKOW BKIFOUUTH ITAJTOHHBIN PE3UCTOP COMPOTUBIICHUS
Rp, TO:

H TOTA.

_UpUH
o R (6)

P

q

rae Up - mazieHne HanmpspKeHUs Ha 3 TAJIOHHOM PE3HCTODE.

Hcnonb3ys paBeHCTBO (6) B hopmyde (5), moaydanm:

D
Uuy, Ina
YT AR AT @

3nech D u d - mnameTpsl HapyKHOTO IHIIHHAPa 1 TpoBoJaokH; AT = TH— Tt -pa3sHOCTH
TEMIIepaTyp NPOBOJIOKH U HApYKHOTO IHIuHApa (TpyOkn). Temneparypy TpyOku Tt MOKHO
NPUHATH PAaBHOU TEMIIEpaType OKPYKAIOIETro BO3IyXa.

Jlns BeruncneHus pasHoctu temmnepatyp AT B cioe ra3a HanumieMm GopMyJibl, IO KOTOPBIM
OIIPEAEINM CONIPOTUBIIEHUE MPOBOJIOKH IPU TEMIIEPATYPE OKPYKAIOIIEr0 BO3IyXa U B HATPETOM
COCTOSIHUM:

Rut = Ro(1 + atr)

RH = Ro(1 + at)

HckmrounB u3 3TuX paBeHCTB Ro, HalimeM:

—R” R 1+ aty)
aR

HT

AT =t-t; =

Y4auTheIBasd, 4To
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HOJIyYNM:
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—H _ZHT (14 o)
U p pT
AT = ¥ ,
HT
U a
PT (8)
rae Un, Unt - majmeHue HampspDKEHUST Ha TMPOBOJIOKE COOTBETCTBEHHO B HArpeToOM

COCTOSTHUM U TpU TeMIlepaType okpyxkaromero Bo3ayxa to, Up, Uyt — mazeHue HanpsoKeHus
Ha STAJIOHHOM pPE3UCTOPE COOTBETCTBEHHO IIPH HArpeToll IMpPOBOJIOKE WM IpU TeMIlepaType
OKpY’Karomero Bo3ayxa fo.

N3MEPEHUSA U NX OBPABOTKA

1. BritouuTh ycTaHOBKY TyMOaIepoM «CeThy.

2. Bxmounts TymMOep «Harpesy.

3. Haxxatb kHONKY «Up» (pEXHUM M3MEPEHUs MaICHUS HAPSIKEHUS HA 3TAJJOHHOM PE3HCTOpe) U
C momouibio perynsitopa «Harpe» ycTaHOBUTH NajeHue HampspkeHus He Oonee 0,06 B, mpu
KOTOPOM TeMIlepaTypa IMPOBOJOKH OCTAETCS NMPAKTUYECKHM HEU3MEHHOHN («HE HarpeBarolIuii»
TOK).

4. Haxatp kHONKY «Up» (peXuM H3MEpEHUs TMaJeHUs HaNpsDKEHUsS Ha TPOBOJIOKE) H
3aperucTpUpPOBaTh 3HAYEHUE HAIPSKEHMSL.

5. IloBTOpUTH N3MEpeHus 1o nyHkTam 2-3 ains 3-5 3nadenuit Hanpsokenust U 7. Bee pesynbTaTsl
3aHECTHU B TaOIUILy.

6. Haxarp kHomky «Up» u C momompio perynstopa «HarpeB» yCTaHOBUTH MajieHHE
HaIpsDKEHUs Ha 3TajloHHOM pesucrope Up B nuamnasone 0,3-1,5 B.

7. TlomoxkaaB 2 MUHYTHI, YTO HEOOXOAMMO JUISl CTa0WJIM3AIMH TEIJIOBOIO PEXHMa pabodero
3JIEeMEHTa, Ha)KaTh KHONKY «Un» U ONpeaenuTh NnajeHue HalpsHpkeHus Ha poBoioke UH..

8. IloBTOpUTH W3MEpeHHs MO MyHKTam 5-6 mius 3-5 3HadeHud majeHus HanpspkeHus Up.
Pe3ynbrarel 3aHecTu B TaONHUILy.

9. YcranoButh pyuky peryistopa «HarpeB» na mMunummyM. OTkimtountb TymOiep «Harpesy,
MOCJIE Yero OTKJIFOYHUTH YCTAHOBKY TyMOepoM «CeThby.

10.Ans xaxnmoro u3mepenus no ¢opmyne (8) paccuutarh pasHocTh Temmnepatyp AT, a mo
dopmyne (7) - xoaddunueHt temnonpoBogHoctd VY. 3aHECTH MONYyYCHHBIE 3HAYCHHS B
Ta0IuUILy.

11.Haiitu cpennee 3HaueHue Kod((HIMEHTa TEIUIONPOBOAHOCTH Bo3ayxa. OICHUTH
MOTPEUIHOCTh PE3yJIbTaTOB U3MEPEHHSI.



JlaGopaTtopHnas pabota Ne6
OINPEJAEJIEHUME BA3KOCTHU BO3AYXA KAITMWJIJIAPHBIM METOJ10OM
Hesanb padoThI: U3YYUTh OJJHO U3 SIBICHUI MEPEeHOCA B Ta3ax - BHYTPEHHEE TPEHUE BO3AyXa.

IIpubops! u npuHanaexnocT: ycranopka OIIT 1-1.

OIMMCAHUE SKCIEPUMEHTAJILHON YCTAHOBKU
s onpenenenust ko3puirenTa BI3KOCTH BO3AyXa MpeIHa3HAYeHA IKCIIEPUMEHTATbHAS
yctanoBka ®IIT 1-1, oOmuii Bua KOTOPOH MOKa3aH Ha puc. 5.

Puc. 5.

OO6mwmit Bu sxcniepuMenTanbHou yctaHoBku OIIT 1-1

1 - 6mok pabouero anemenTa; 2 - 6JI0K MpuOOpoB; 3 - cToiKa; 4 - KanmuJuLsIp; S5 - peomeTp; 6 -
MaHOMETP

Bo3nyx B kanuiuisip 4 HarHETaeTCsi MUKPOKOMITPECCOPOM, pa3MEIIEHHBIM B OJI0Ke
puOopoB 2. OOBEMHBII pacxo/1 BO3AyXa H3MEPSAETCS PEOMETPOM 5, a HY)KHOE €Tr0 3HaYCHUE
YCTaHaBIIMBAETCS PETYIATOPOM «B0o3yx», KOTOPBI HAXOIUTCS Ha MepeaHel maHenu 0jioka
npuOopoB. [ u3MepeHus pa3HOCTH JaBICHUN BO3/yXa Ha KOHIAX Kanmulsapa mpelHa3HaueH
V-00pa3HbIif BOJsTHONH MaHoOMeETp 6. ['eomeTpudeckne pa3Mepsl Kanujuisipa — paauyc I 1 JJIMHA
L — yka3aHbl Ha pabodyeM MmecTe.

J1J1s1 SKCTIEpUMEHTAIBHOTO OTIpeieIeHUsT KO3 PHIMeHTa BA3KOCTH ra3a 1| MOYKHO UCTIONIb30BaTh
dbopmyny [lyaseitns:



__Ap 4
Q=T gL ®

3nech Q — 0OBEMHBIN pacxo/l ra3a, TO €CTh 00BEM, UYTO MPOTEKAET 3a SAUHUILY BPEMECHH Yepe3
MOTIepEYHOE CeUeHUe TPYOBI paguyca I v JuHbI L, Ap — pa3HOCTh JaBJIEHU Ha KOHIIAX TPYOBI.

®dopmymna [lyaseitns Opia moydeHa B MPEOJIOKEHUN JTAMUHAPHOTO TEUEHHUS ra3a Uin
#uakocTu. OHAKO C YBETUYEHUEM CKOPOCTH MOTOKA IBU)KEHUE CTAHOBUTCS TYpPOYJIEHTHBIM, U
ciou cMmemnBatores. [Ipu TypOyneHTHOM JBUKEHUH CKOPOCTh B KaXKI O TOUKE MEHSIET CBOE
3HAYCHHUE U HAMPABIIEHUE, COXPAHAETCS TOIBKO CPE/IHEE 3HAUCHHE CKOPOCTU. XapaKTep
JIBYDKEHUS JKUIKOCTH WJIM ra3a B TpyOe omnpenensercs unuciom Pelinonbaca:

(V)rp

n

e

v)
rac < — CpE€OHAA CKOPOCTD IMOTOKA,; p — IIJIOTHOCTDb JKUAKOCTH HUJIM I'a3a.

B rmankux muiMHApUYECKUX KaHANIaX Mepexo OT JAaMUHAPHOIO TeUEHUs K
TypOyneHTHOMY TipoucxoauT npu Re « 1000. TToaTomy B citydae HCTIONB30BaHUS (HOPMYJIBI
[Tya3eiinsg HeoOXoauMo obecieunTh BeimoaHeHne ycimoBus Re < 1000.

Kpome Toro, sxcriepuMeHT He0OX0AMMO MTPOBOIUTH TAKUM 00pa3oM, YTOOBI CIKHU-
MaeMOCTBIO Tra3a MOXKHO OBLJIO MpeHeOpeUb. DTO BOZMOXKHO TOT/a, KOT/Ja TIeperna JaBJIeHUuN
BJIOJIb KaMJUISIpa 3HAYUTEIIbHO MEHBIIINM caMOTro JaBjieHus. B manHoi

YCTaHOBKE JIaBJICHHE ra3a HeCKOIbKo Gonbine arMochepHoro (10° cM Box.cT.), a mepenan
JaBJIeHU cocTaBisieT oT ~10 cM BOJ.CT., TO ecTh IpubIu3uTeNnbHo 1% oT atMocdepHoro.

®dopmymna (1) cpaBenyiuBa 1151 ydyacTka TpyObl, B KOTOPOM YCTAaHOBHJIOCH TTOCTOSTHHOE
TEYEHUE C KBaJPAaTHYHBIM 3aKOHOM PACIpeeNICHHsI CKOPOCTEH 10 CeUeHHIO TPYObl. Takoe
TEUYEHUE YCTAHABIMBACTCS HA HEKOTOPOM PACCTOSIHUM OT BXOJIa B KAIMJUISP, MO3TOMY IS
JOCTIDKEHUS IOCTaTOYHON TOYHOCTH SKCIIEPHUMEHTa He0OXOAMMO BBITIOJTHEHUE YCIIOBHS I << L,
rae I — paguyc; L — aynna xanumispa.

N3MEPEHUA U UX OBPABOTKA
1. BkiounTh ycTaHOBKY TyMOJIEpoM «CeTby.

2. C nomomsio perynaropa «Bo3ayx» ycTaHOBUTH 110 TIOKAa3aHUSM pEOMETpa BRIOpaHHOE
3HaYeHHe 00BEMHOT0 pacxoja Bo3ayxa Q.

3. I3mMepuTh pa3HOCTh aBJICHU Ap B KoJieHaX MaHoMeTpa. 3HaueHus: Q u Ap 3aHecTu B
Ta0IuUILy.

4. TToBTOPUTH M3MEPEHHMSI 110 MTYHKTaM 2-3 JUIsl 5 3HAaYeHH 00BEMHOTO pacxoja Bo3ayxa.



5. YCTaHOBUTH pETYNATOP pacxoja BO3ayXa HA MUHIUMYM, TTOCJIE YETO BBIKIIOUUTH YCTAHOBKY
TymOsiepom «CeTb».

6. Jly1st Kaxa0ro pexuMa onpeneauTs mo Gopmysie [lyaseitnst ko3 GUIMEHT BI3KOCTH
Bo3ayxa. Haiitu cpennee 3HaueHne KO3 pHUIMEHTa BA3KOCTH.

7. ITo dbopmyme:

8RT
Ty

)=

BBIUHCIIUTH CPEAHIOI0 CKOPOCTH TEIIJIOBOTO ABUKEHUS MOJIEKYJI BO3/1yXa, YUYUTHIBAsI, YTO
MOJISIpHAsi Macca Bo3ayxa | = 29 KI/KMOJIb.

8. ITo hopmyme

BBIUUCIIUTh CPEJHION [UIMHY CBOOOAHOro mnpobera Moisiekys. [Ipu 3TOM IJIOTHOCTH BO3AyXa
HANTH, UCXOJ M3 M3BECTHBIX 3HAUYEHUI TeMIepaTyphbl U JaBJIeHUS B JTaOOpaTOpPHH B IpoIEcce
IIPOBEJEHUS SKCIIEPUMEHTA.

9. OueHUTHh NOTPEIHOCTh PE3YJIbTATOB U3MEPEHUS.

Jlabopartopnast pabota No7

OIIPEJIEJIEHHE KOS®®UIIHEHTA BHYTPEHHEI'O TPEHHUA BO/IbI
Hean padoTtbl: onpeaeneHue K03 PUIIMEHTa BHYTPEHHETO TPEHUS BOABI U €0 3aBUCUMOCTH OT
TEMIIEPATYPHI OXJIAKIACHHUS.

IIpuOGopsl W NPUHANIEKHOCTH: BHCKO3UMETD; CTEKJISHHBIA COCYH; AJIEKTPUYECKHI
MoJIoOTpeBaTeNib, ONYLIEHHBIM B COCY[A; pE3UHOBas Tpylla; CEKyHAOMED;
TEPMOMETD; MEeIaJKa.

OIIMCAHME 3KCINEPUMEHTAJIBHOM YCTAHOBKH
[Tpubop, ciyxamuii 1Jis orpeieIeHus BI3KOCTH, HOCUT Ha3BaHUE BUCKO3UMETpA.



2208

T

N

P

Puc. 6.

Bucko3uMeTp CIyXUT MJI1 ONpPENENEHUs BSI3KOCTH MXUIAKOCTH B 3aBUCUMOCTH OT
temriepatypbl. OH mpeacTaBisieT coboit U-oOpasHyro TpyOKy, IIMPOKOE KOJICHO KOTOPOM
3aKaHYMBACTCS KHHU3Y paclUIMPEHHEM, a Jpyroe KOJCHO COCTOMT W3 Kamwuisapa |,
3aKaHYMBAIOIIETOCS HaBepxy mapukoM C, KOTOPBIA TIEPEXOANT B APYroM MApHK U 3aTeM Ooliee
HIUPOKYI0 TpyOKy (puc. 6). Haj mapukoMm u MOJ HUM HAHECEHBI JIBE METKH «M» U «N»,
OTpaHUYMBAIOLINE COOOI BIOJHE OMpPEAeICHHBIN 00bEM KUAKOCTH, BPEMsI UCTEUEHUS KOTOPOTO
t u3mepsiercs Ha ombiTe. [IprOop 3akperuiseTcs: B 3aXUMe K KPBIIIKE M OMYCKAeTCsl B COCY C
BOJIOM Tak, YTOOBI YpOBEHb BOJABI OBbUI BbIIE METKH «M». B cocyn omyckaercs rpenka T,
TEpMOMETpP U Memmanka M.

Wzmepsist Bpems ti mpoTekaHus 1o Tpyde odObeMa )KUIKOCTH, moMeniaromeiics B mapuke C
npu Temreparype Ti, KoTopyto OyJeT UMEeTh BOAA B COCYJIE, MOXKHO Ul KaXKI0W M3MEpEeHHOU
TeMriepaTypbl Ti BEBIUUCTUTD KOA(PPUITMEHT BHYTPEHHETO TPEHHS )i 0 popmyiie
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B3sIB U3 TAOJHIl 3HAYECHHUsI TUIOTHOCTU Po M Pi MPH KOMHATHOH Temneparype To u Temmeparype
Ti, a Taxoke 3HaUeHUe Kod(uIMeHTa BHYTPEHHET0 TPEHHs Mo MIpU KOMHaTHOM Temmneparype To.

N3mepenns u ux o0paboTka
1. Ilepen npou3BOACTBOM OIBITA BIYCTUTHh NPU I[OMOIIM MHIETKHM B IIHPOKOE KOJIEHO
HEKOTOPOE KOJIMYECTBO UCIIBITYEMOM KUAKOCTH (TIOJKpAIICHHAs BO/IA).



2. Ilocne sToro mpu MOMOIIM I'PyLIM OCTOPOXKHO HAarHETaTb BO3AYX B KOJIEHO TPYOKH Tak,
YTOOBl YPOBEHb JKUAKOCTH OKa3ajcs BbIIIE BepXHEW METKH (IpU 3TOM OTBepcTHEe A
IPUKPBITH MAJIBLEM).

3. Tocnme 3TOrO, 3aKpHIB OTBEPCTHE APYTUM MalbleM, OTHATH TPYIIy, M, CHAB HaJel C
OTBEpCTHUS A MPEIOCTaBUTh BO3MOKHOCTD KHJIKOCTH IIPOTEKATh Yepe3 TPYyOKy.

4. IlyctuTh cekyHIOMEp B TOT MOMEHT, KOIJja MEHUCK IPOXOAMUT uepe3 METKy «My. Takum
obpazom, OTpeeseTCs BpeMss 1o mpoTekaHusi 1Mo TpyOe oObemMa IKHIKOCTH,
nomeraroreiics B mapuke C npu KoMHaTHOU Temrieparype To, KOTOpyro OyJIeT uMEeTh BoJia
B COCY/I€.

5. BxiouuTh 11€Tb B OCBETUTENBHYIO CETh U, IEpEeMEIInBasi, HarpeTh BoJy B cocyne Ha 6 °C,
3aTeM TOK BBIKJIIOYHTb.

6. HaGmomas 3a Tem, 4TOOBI TeMIepaTypa BOABI OCTaBajlach MOCTOSHHON, BHOBb IPOU3BECTH
u3MepeHus 1.1.1-5.

7. OmnwiT moBTOpUTh 10—15 pa3, kaxaplii pa3 moBeImas Temneparypy Ha 6 °C, mpuuem st
Ka)XJI0M TaHHOM TeMIlepaTyphl MOBTOPUTH 2 - 3 pa3a.

8. Jlna xaxaoi M3MepeHHOH TeMIepaTyphl BEIUUCINUTD KO3()(OUIIMEHT BHYTPEHHET 0 TPEHUSI 11O
dbopmyie (1).

9. 3aBucumocTh KO3(pQUIMEHTA BHYTPEHHErO TPEHUS OT TeMIeparypbl H300pa3uTh
rpadu4ecKy.

10. Pe3ynbTaThl U3MEpPEHUN U pACUETOB 3aHECTH B TAOJIHILY.

11. IloacuuTaTh OTHOCUTENBHYIO, AOCOIIOTHYIO U BEPOSTHYIO OLUIHOKH.

JlaGopatopnas pabora Ne§

OIIPEJIEJIEHUHE KOO ®UIIHEHTA TEIIVIOIIPOBOAHOCTH ITECKA
Ilenp padoTbl: 03HAKOMIIEHHE C OJHUM H3 METOJOB AKCIEPUMEHTAIBHOIO OINpEACICHUs
TEIJIONPOBOJHOCTH TBEPIBIX TEII.

IIpuGopbl M NPUHAAIEKHOCTH: IPHOOP IS onpeneneHust KodPPHUIMEHTa TEIUIONPOBOJHOCTH
IecKa; TEPMOMETP; CEKYHI0MEp; Pa3HOBECKH; MEH3YPKa; IECOK.

Onuncanue 3KCNEPUMEHTAIbHOH YCTAHOBKH

[Ipubop nns ompezneneHus: TEIUIONPOBOAHOCTH COCTOMT W3 IMJIMHIpPA, CICIAHHOTO U3
KapTOHA U MOMEIICHHOTO B METAJUTHYCCKUI KOXKYX (pHC. 7). MexXa1y KapTOHHBIM HJIMHAPOM U
KOXKYXOM TIOMEIIEH CJIOW TEeIJIOBOM H30JsA1Mu (cioit BaTel). B HWkHEH wactu mpubopa
nomerniaercsi maposas kopoOka C, Ha BEpPXHEHW KpBIIIKE KOTOPOW IMOMENIAETCS HCIBITyeMOe
BemecTBO (cnoil mecka). Ha 3ToT cioii cTaBUTCA KaJOpUMETpP, IUIOTHO MpPUJIETAIOMIMN K
KapTOHHOMY HMIMHIApY. Yepe3 mnapoByl0 KOpOOKY MpPOMYCKalOT Map W3 KUISATHIbHHKA.
Kanopumerp 3anonHseTcs BOAOH.
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Puc. 7.

KonunuecTBo TEmioThl, MOJyYeHHOE KAIOPUMETPOM 33 BPEMSI OIIbITa, PABHO:

Q = (Mc1 + mc)(t2 — t1) 1)
rae Ci — yJAenbHas TEIUIOEMKOCTh BOJIBI, M — Macca BOJBI B KaJlOpHUMETpe, C — yAelbHas
TEMI0eMKOCTh Tlecka, M — Macca Tecka, i — HayajgpHas Temmeparypa, t» — KOHedHas

TeMIepaTypa BOJbI B KaJTOPUMETPE.

C npyroil CTOpOHBI, KOJIUYECTBO TEILIA, MOTYYEHHOE KATIOPUMETPOM, PABHO:
12
_— S T (2)

rae T1 — TemmepaTypa mapa BOJblI (ompezensercs Mo TabauIe 3aBHUCHMOCTH TEMIIepaTyphbl

KMIIEHUs BOJBI OT AaBieHus), T2 — cpefHss TemIeparypa BoAbl B kajgopumeTpe, | — TommuHa
CII0S TIECKA.
INPUMEM

T2 = (t1+ t2)/2 3)

O6wenunss (1), (2), (3), monyunm:

(Mc, + me)(t, —t,)l
K =

t, +t, (4)

(T —2)81

HN3mepenuss u nx oopadoTka

1. Ompenenuts NpSAMBIM H3MEPEHUEM IUIOMIA/Ib THA KAJOPUMETPA.

2. OTMepHUTh MEH3YPKOI HEKOTOPOE KOJIMYECTBO MECKa C TAKUM PacyeToM, YTOOBI BBICOTA CIIOS
MIECKa, BBICHIITAHHOTO HA TIOBEPXHOCTH IMAPOBOil KOPOOKH, ObLIIa OKOJIO 2 CM.

3. B3sBecutb kajzopumerp.



4. HanuThk B KaJIOPUMETP OmNpenesieHHOe (M3MEPEHHOE) KOJUYECTBO BOJIbI U MTOCTABUTh €0 Ha
CJIOM meckKa.

[Ipomyctuth nap u3 mapooOpa3oBaress B MAPOBYIO KOPOOKY.

Habmionate 3a M3MEHEHHEM TeMIIepaTyphl B KaJIOpUMETPE, TOMEIINBAsi B HEM BOJLY.
W3Meputh TeMrepaTypy ti B MOMEHT, Korja Temneparypa nopbimaerca na 1-2 °C.

[TycTuth cexyHaomep.

[Tocie Toro, Kak TemIepaTypa B KaJdopumeTpe momHuMercss Ha 4-6 °C, ocraHOBHTS
CEKYHJIOMEp U OTMETUTH KOHEUHYIO TEMIIepaTypy OmbITa t7.

© o N Ga

10. OTcuntarh O CEKYHAOMEPY MPOJOKUTEIBHOCTD OIBITA T.

11. Beraucnuts 110 Gopmyie (4) koahdunuent remionposoanoctu K .
Pe3ynbrarhl n3MepeHuii U pacueToB 3aHECTH B TAOJIHILY.

9710 HHTEepecHo [13]

B 1857 u 1859 romax ObuM omyOnMKOBaHBI JBe cTaThil Kiaysnyca 1O KMHETHYECKOM
TEOPUHU Ta30B, B KOTOPHIX pacCMaTpPHBAIACh POJib, KOTOPYIO MOTJa Obl UTPaTh BpallaTelbHas
SHEPrusi MOJIEKYNl B TEIUIOCOJEp)KaHWU BellecTBa, M OblLla cjejlaHa IOMBITKA ONpPEIeIUTh
¢buznyecKuil CMBICI TOHSTHS CBOOOJHOrO MHpoOera MOJEKYyJbl. DTH CTaTbU JaBajldi HOBOE
pasButue B3rsanaMm Jlanuuna bepuymnu, uinena [lerepOyprckoi akamemuu Hayk. bepHymim
NEePBBIM YKa3all Ha TO, YTO TEIUIOTa €CTh BHEUIHEEe MpPOSBIEHUE KOJIeOaTeNbHOrO JBHKEHUS
OTJENBHBIX MOJEKYI. MOJeKybl, clieoBaTeNbHO, 001ajaii CKOpOCThi0. Bce — oamHaKkoBoii.
Knay3uyc nepBblii BeICKa3all MBICIb O TOM, YTO 3TH CKOPOCTH MOTYT ObITh pazHbIMU. Ho pasHbie
CKOpPOCTM — 3TO THraHTCKas TPYIHOCTh B (HOPMYJIHMPOBAHMM Ta30BBIX 3aKOHOB. Benp
HEMBICIMMO 3alMChIBaTh 3TH 3aKOHbI JUIsl Kaxkaoil otaenbHOM Mosekynsl! W Knaysuyc
NPUXOJUT K IOHATHIO «CPEAHEN» CKOPOCTH MOJIEKYJd, TOYHEE — CPEIHEW KHHETHMYECKOU
sHepruu mojekys. Onnako Knaysuyc, ckazaB «a», He TOBOPUI «O».

MoxHo 11 mepenenats GopMyibl KHHETHUECKOW TEOPHH TakUM 00pa3oM, 4TOOBI y4ecTb
paznuuue MEXAY CKOPOCTSMHU MOJIEKYJ, YYecTb KaxAyl OTAelIbHYI0 Mojekyny? KoneuHo,
Henb3s! Ho Bcerma MOXHO MaTeMaTHYecKd TOYHO BBIPa3UTh, HACKOJIBKO BEPOSTHO
CYIIIECTBOBAHME B rase MpH OIpe/IeJICHHON TeMIepaType MOJIEKYJ ¢ UMEHHO TaKOW CKOPOCTBIO U
KaKyI0 4acTh OT 001Iero uncia OyayT COCTaBIATh MOJIEKYJIbI C TAKOH CKOPOCTHIO MIIH OIM3KOM K
Heil. CylecTBoBaBIIas yXe K TOMY BPEMEHHM TEOpHsI BEpOSTHOCTEH MO3BOJIsUIA, HAIPUMED,
BBIUMCIIUTh BEPOSATHOCTh TOMAJaHWsI TYyJIM B MHIIEHb WIM BEPOSTHOCTH IPOKUBAHUS,
Hanpumep, B JIOHIOHE MY>KYMH HUMEHHO TaKOTO PocTa. DTa BO3MOKHOCTh — M IONaIaHUs YN
B MUILEHb, U HANU4MA B JIOHIOHE JIFOAEN TAKOrO-TO POCTa, U HAJMYUE B ra3e MOJIEKYJI C TaKOM-
TO CKOPOCTHIO — OMKCHIBAJIACH OJTHOTUITHON KpUBOM, UMErOIIeH (hopmy Kookoia. BepmuHa ee
COOTBETCTBOBaJIa U «I0JOYKY» MHUIIEHH, U CAaMOMY YTO HU Ha €CTh 4YacTO BCTpEYaloLieMycs
MYKCKOMY pocTy B JIoH70HE Toro BpeMeHnn: 168 caHTHMETpOB, W HanboJiee BEpOSTHON B JaH-
HOM ra3e CKOPOCTH MOJIEKYJIbL.

D10 OBLJIO HOBOBBEJEHHWEM KOJOCCATbHOW, HEMpeXoasmmed Gruiocopckoi BaXKHOCTH IS
¢u3uku. Brepsole B ¢u3uKe OBUIM CKa3aHbl CJIOBA <8EPOAMIHO», «ITO COOBITHE MOXKET
OPOM30UTH ¢ OOJNBIION CTENEHbIO @epoamuocmuy. Panpiie coObITHS OBUIM  CTPOTO
JeTepMUHUPOBaHbl. Bee (us3nueckue 3aKoHbI HECIM Ha cebe rmevyarh MOJTHON OINpeaeIeHHOCTH.



Ecnu u3BecTeH myTh U BpeMsi paBHOMEPHOTO MPSIMOJIUHEHHOTO ABMKEHUSI, MOYKHO OJIHO3HAYHO
OTIPEICITUTh CKOPOCTh, IPHYEM HE C KAaKOW-THOO CTETIEHBIO BEPOSTHOCTH, & COBEPIIEHHO TOYHO.

MakcBemny ynanoch NOAYMHUTE CTPOTMM 3aKOHAM Xa0THYECKOEe JBUKCHHE MOJICKYJI ras3a.
NmeHHO nosnas OecniOpsIOYHOCTH JABMXKCHHMS MOJIEKYJ TO3BOJIMJIA €MY H3BJI€Yb M3 Xaoca
nopsaok. CTaTUCTHYECKUH, BEPOATHBIN MOIXOJ IMO3BOJISI MOYHO yKa3aTh, HAIPUMEp, YUCIO
YacTul], OOJIAZAlOMUX YABOSHHON WJIM YTPOCHHOW cpenHell KuHeTuuyeckod sHeprueid. U stm
UQPbI, KaK OKa3aJoCh, MOJYUHWINCH YHUBEPCAIBHOMY 3aKOHY, KOTOPBIH HE 3aBUCUT OT
IIPUPOJBI YACTHI] U CUJI, ¢ KOTOPBIMU OHM JE€UCTBYIOT APYT Ha ApYyTa.

B ¢usuky BmepBble BOILIM BEPOSTHOCTHBIE TNPEACTABICHUS, 3aKOHBI CTATUCTUKU. B
¢du3KMKe MPOU3O0IIIa PEBOJIIONHS, OJHAKO HOBAas TEOpUs Ka3alaCch KOE-KOMY W BPEIHOM, IO-
CKOJIbKY MOJICKYJISIDHBIM XaoC, BBEACHHBI MakcBeUIOM, OBUI BHEIIHE KyJa MeEHee
NIPUBJICKATEJICH U MaTeMaTHYeCKH Kyaa Ooyiee CIIOKEH. A OJMH W3 BBIBOJOB HOBOW TEOPHH, HE
COBIAJABIINI CO CTapbIMH, BBIBEJCHHBIMH W3 TPEANOIOKEHUS O PaBEHCTBE CKOPOCTEH
MOJIEKYJI, OBLIT TPOCTO (GU3UYECKH aOCYPACH: TOJIy4alIOCh, YTO BA3KOCTh ra3a HE 3aBUCENA OT €ro
naBieHus!

— DOTOT BBIBOJI M3 MAaTEMaTHYECKOW TEOPHUHU SBISETCS KpailHE MOpa3UTEIbHbIM, —
roBopus1 MakcBesul, — ¥ €IMHCTBEHHBIN OMbBIT, C KOTOPHIM I BCTPETUJICS B 3TOM 00acTH, Kak
OyITO ero He MOATBEPIKIACT...

Hemoxoe 3agBieHue sl aBTopa HOBOM Teopuu! DTa TEopHs HE JaBaja MOKAa HUKAKUX
0COOEHHO HOBBIX PE3YJIbTAaTOB, 32 UCKIKOYEHUEM, KaK BCEM Ka3ajoch, 3aBEJOMO HEBEPHOTO0, U
OTHOILIEHHE K HeW OBbUIO MpOXJAAHBIM. A psSA yYEHBIX MPsIMO 3asABWIM, YTO 3Ta TEOpHUs
HEHay4yHa, CIEKYJIATHBHA, IIOCKOJbKY MCTHMHHAas Hayka HE JOJDKHA UMEThb Jefla ¢
«HEeHa0JII01aeMbIMU» BEJTMUYNHAMH.

MakcBenn nonain B CaMyl0 ropsuylo TOUKy (uiocockux OWTB. 3aKOH pacmpeeseHHs
MOJIEKYJI I10 CKOPOCTSIM, TaHHBIN MaKCcBeIOM, OKa3acs HOBBIM (DyH/IaMEHTaIbHBIM CBOWCTBOM
MaTEpUH, HAXOMSIIEHCS B PAaBHOBECHM, CBOMCTBOM, HE M3BECTHBIM PaHEe HUKOMY. Makcsemn
MOZIOIIEN K CAMBIM I'PAHMIIAM MEXaHMYECKOIro MOHMMaHusA matepuu. M nepectynwi ux. BeiBon
MakcBesia 0 rocloACcTBE B MUPE MOJIEKYJI 3aKOHOB TEOPUHU BEPOATHOCTEM 3aTparuBaji camble
¢yHaaMeHTalIbHbIE OCHOBBI MUPOBO33peHH. OnHu Quiocodsl monaraiy, 4YTo Bce B MPUPOJE
MOKET OBITh OOBSCHEHO Ha OCHOBE MEXaHWYeCKHX mpezacraBieHuii. Ho MakcBemn Bcerga
CUMTAJI, YTO MEXaHWYeCKas MOJENb JHMIIb B CaMbIX OOIIMX M MPOCTHIX YEpTax OTpaKaer
UCCIIelyeMble MPOLECChl U sIBJIeHUs Npupoabl. JIro0oil Mexanmdeckuil oOpas, mo Makcemy,
OTpa’kaeT MPHUPOAY OTHIOAb HE TOXKICCTBEHHO, a C OIPEJCIICHHOW CTENEHBIO MPHOIMKEHUS,
OTpakaeT JIMIIb OJHY CTOPOHY €€ CBOMCTB. MexaHWdyecKne MOJCIN, MEXaHUYECKHe
IpeACTaBlIeHUs uUrpand y MakcBemia posib pabouux TUNOTE3, KOHCTPYKIHH, MOMOIarolux
N300pasuTh CIOXKHBIE NPEAMEThl U SABJICHHS Topa3fo Mpolle M HariasaHed. MexaHuueckue
MOJIeNIU ObUTH CTPOUTENILHBIMU JIECAMU €TI0 TEOPHil.

HeB0o3MOXXHOCTH  OOBSICHUTH MHOTHME BHOBb OTKpPBIThIE 3aKOHOMEPHOCTH YHCTO
MEXaHUYECKUM MyTeM (He OOuH (U3MK clioMasl 3yObl, IBITAsCh MEXaHUYECKHU IPEACTaBUTH
BTOPOM  3aKOH TEPMOJAWMHAMHUKH!) TIpUBEIM K  TOSBJICHUIO  JIPYrod  TEOpUHU  —
dbenomeHnonornueckoii. CTOPOHHUKM €€ MPU3bIBAIM HM3y4yaTh MHP TaKUM, KaK OH €cCTh,
yrnopsAao4UnBaTh U ONMCHIBATH OINBITHBIC JAHHBIC, HC BAABAACh B «CIICKYJIALUN», YMCTBOBAHUA,



HE CTPOsI HUKAKUX MoJelel, He TIOATBEPKICHHBIX OMBITOM. DTH CTalIH a0COIIOTHU3UPOBATh YXKe
onbIT U omyueHuss. C HUMU MakcBel, CTOJIbKO BPEMEHH NOTPAaTUBIIMNA Ha TEOPUIO LIBETOB, U
yOeauBIIMiics B KpaifHel CyOBEKTUBHOCTH OIIYIEHHH — CpPaBHUTE OUIYIIECHUS JaJbTOHHKA U
HOPMAaJIbHOTO 4eloBeka! — HHKaKk He Mor Obl corjmacutbesa. Mx ¢ MakcBemiom paszzensiia
riyOouaiimas yOeXIEeHHOCTh €ro B KOHEYHOW TI03HABa€MOCTH MHpa, B BO3MOXHOCTH
OOBSICHEHUS J1aXKe CaMbIX CI0XKHBIX SIBJICHUH.

Henb3st Obuto OorpaHm4MBaThCS YHCTO (EHOMEHONOTHYeckuM omnucanueM. C  apyroif
CTOPOHBI — HEBO3MOXXHO OBLIO a0CONIOTHU3UPOBATh M TUIIOTETHYECKOE omucanue. M30pas
cepeanHy, MakcBeUT MpHINENl K METOMY aHAJOTHH, MPH KOTOPOM MOXKHO OBUIO TPUBJICKATh
¢u3nveckne OTHOIICHUS B YK€ HW3YYCHHBIX SBJICHUSX W BIEPBbIC YUYUTHIBATH IaHHEIC,
XapaKTepU3yIOIIUe HOBBIE sBIEHHsS. M TIOCKONBKY W3 CTapblX OTpaciiei HayKd HWMEHHO
MeXaHUKa ObUTa Hanboliee pa3paboTaHHOM, TO MEXaHWYECKHE aHAIOTHHU, KaK caMble HaTJISIHbIC,
CaMbIC SICHBIC M IIOHATHBIC, GBIJII/I BIIOJTHC YMCCTHBI WM 3aKOHOMCPHBI. 4! TYT — TJIaBHOC.
Mexanunueckue MOACIN 6I>IJ'II/I JJISL Makcsemna MMpaBOMCPHLI JIMIIb OO0 TEX IIOp, IMOKa OHHU
MMOoATBCPXKAAIN TO, YTO Ha6m0;[an005 B OKCIICPpUMCHTAX. On 651.]1 T'OTOB OTKa3aTbCsa OT CBOECTO
BBIBOZIA O HE3aBUCHUMOCTH K03((uIIMEeHTa BHYTPEHHErO0 TPEHMs ra3oB OT JaBJICHUS, BBIBOJA
MaTeMaTHYeCKH Oe3ympedyHoro, BBUAY Ka3aBIIEroCs TOTJa OYEBUIHBIM HECOBIAJCHHUS 3TOTO
BBIBOJIA C KCIIEPHMEHTOM.

Bynyun mo ckiagy cBoero MbIIUIEHUS (PU3MKOM, TBEPIO YBEPEHHBIM B OOBEKTHBHOM WU
HE3aBUCHMOM OT CYObEKTa CYIIECTBOBAHHWU OKPYXAIOIIEro Mupa, OyAydd YBEPEHHBIM BO
BceoOlIeil B3aUMOCBSI3U U U3MEHUYMBOCTHU SIBJICHHUM, B UX MHOTOJMKOCTH U «MHOTOCJIOHHOCTH,
MakcBesn OyKBalbHO Ha Ka)JIOM IIary JeMOHCTPUPOBAJ JUAJCKTUYHOCTh CBOETO MBIIIJICHUS,
U BBEICHUE KM COBEPIIEHHO HEMBICIUMBIX C TO3UIUN MEXaHUIU3Ma BEPOSTHOCTHBIX,
CTaTUCTHYECKUX METOJOB B MOJIEKYJIIPHYIO TEOPHIO J0Ka3ajo 3pesocTh ero (uiocockux
KOHIIeTIUI, Momb (GUIOCOPCKUX 0000IEeHNH. 3asBIeHHE O TOM, YTO B MHpPE MOJEKYI
«TOCHOJICTBYET CITy4aii», ObIJIO IO CBOEH CMETIOCTH OAHUM U3 BEJIMYANUIINX ITOABUIOB B HAyKeE.

Onucanue 3akoHa B3aMMOJCHCTBUS MOJIEKYJd IpPU MCIOJIb30BAaHUM CTATUCTHUECKHUX
METOJIOB OKa3aJIOCh JEJI0M YPE3BBIUANHO CIOKHBIM. Jlaxke camblil MPOCTON ciydyail — ciaydail
JIBYX YIPYTUX IapooOpa3HbIX CTAJKUBAIOMIMXCS MOJEKYJI — MIPUBOIWI K HEBOOOPa3UMBIM
MaTeMaTHYECKUM TPYIHOCTSIM.

N Bce-takm MakcBemn permmwl 3amady. Ero perieHue BBITISACIO 00ECKYpa)KHMBAIOIIIE
nep3KkuM: MakcBesl pelIil NPUCIocoOUTh MOJIEKYJIbl K pElIeHHIo, a He HaoO0opoT. bonbiman
OBLT MOTPSCEH OCTPOYMHEM MAaKCBEIIOBCKOTO moaxoxa. OH cpaBHUBan paboTy MakcBeia ¢
BEJINYECTBEHHOW MY3bIKAJIbHOM ApaMOii:

«Matemaruku y3HatoT ctuib Kommm, [aycca, SIkoOu mnu ['enbmrosnbiia, MpoYyuTaB BCETO
HECKOJIBKO CTpPaHHUIL, TOYHO TaK K€ KaK MY3bIKaHTBl C IEPBBIX TaKTOB Yy3HawT Mouapra,
BerxoBena nim IlyGepra. DineraHTHOE COBEPIICHCTBO BBIPAXKEHUH NPHHAICKHUT, KOHEUHO,
¢paniy3y; mpaBia, OHO YacTO COYETAeTCS C HEKOTOPOH HEMOIIbI0 B IMOCTPOSCHHH YMO-
3aKJIIOUYEHUH; BBICIIAS JpamMaTHyeckas MOILb CBOICTBEHHa aHINM4yaHaMm, U Oosbllie BCeX —
Makcgemy. KTo He 3HaeT ero AMHaMH4eCKYI0 TEOPUIO Ta30B?

CHavasia BEIMYECTBEHHO BBICTYNAIOT BapUallild CKOPOCTEW, 3aTEM BBICTYIAIOT, C OAHOMN
CTOPOHBI, YPaBHEHHsI COCTOSIHUS, a C IPYrodl — ypaBHEHHUS LEHTPAJbHOTO IBUKEHUS, U BCE
BBINIC B3JIBIMAETCsA Xaoc (opmys, HO BAPYT 3BydaT yeThipe ciioBa: «Bo3eMem N = 5». 3moi



neMoH V (OTHOCUTENbHAsh CKOPOCTh JIBYX MOJIEKYJI) HCYE€3aeT TaK >Ke€ BHE3aIlHO, Kak
HEOXHJIaHHO OOpBIBAeTCS B MYy3bIKE JIMKasl, 10 CHX MOp BCE MOAABIABIIAA napTus 6acos. Kak ot
B3Maxa pyKH KyJE€CHUKA YIOPSAIOUYNBAETCS TO, YTO PAHbIIE Ka3aJI0Ch HEYKPOTUMBIM. He k uemy
OOBSICHATH, I0YEMY IPOM3BEACHA Ta WM JIpyTas MOJCTaHOBKA: KTO 3TOTO HE YYBCTBYET, MYCTh
He yntaeT MakcBemuia. OH He aBTOp MPOrPaMMHOM MY3bIKH, KOTOPBIN JODKEH KOMMEHTHPOBATH
cBOU HOTBI. CTpEMUTENBHO DPACKPBIBAIOT IEpell HaMu (POPMyJIbl pe3ysbTaT 3a pe3yiabTaToM,
IIOKAa Hac HE OIIEJIOMHT 3aKIIOUUTENbHBIN A3PPEKT — TEIUIOBOE PABHOBECHE TSXKEIIOrO rasa, u
3aHaBEC MaJacT».

DTy KpacuBYIO IIUTATy, OJHAKO, HENb3sl MOHUMATh CIMIIKOM OyKBajbHO. |'€HHanbHOCTh
MakcBenia OTHIOAb HE CBOAMIIACH K OCTpOoyMHI0. Ee OCHOBOW Obliia pacCKOBaHHOCTH €r0 yMa,
KOJIOCCAJIbHBIN Oarak 3HaHWM W yauBUTENbHas (usmdeckas wHTyunwus. Jlrogsur boabivan
MOHMMAJl 3TO, MOXET OBbITh, JIydlle, YeM KTO-HUOYIb APYroi, MOCKOJbKY caM ObLI BEIHKUM
¢uszukoM. VIMEHHO €My CyXIEHO OBUIO 3aBEpIIUTh W Pa3BUTh CTATUCTUYECKHE WJIIEH
MakcBernia, pacnpocTpaHUB MX HAa KOHTHHTEHT 0OoJiee OOIIUX CIydaeB, M BBECTH B IMOBCEIHEB-
HBI 00MX0 (PU3UKOB «CTaTUCTUKY MakcBemia—bonbiiMaHay, OMUCHIBAIOIIYIO pacpee/ieHIe
CKOPOCTEH MOJIEKYN B Pa3HbIX YCIOBUSIX.

TEMA Ne3
SJIEMEHTbBI TEPMOJJIUHAMUKHU

Jluteparypa
[P1]. I'a. II, VI
[P2]. §§ 19 - 27.
[P3]. a. I, III.
[P4]. T'a. 10, 13.

[P5]. I'a. 1L

[P6]. I 11.2, 11.4.

[P7]. o 1.

Bonpocsl o TeopeTnyeckoMy MaTepHaLy

1. TlonHast u BHYTPEHHSS SHEPTUU CUCTEMBI .

2. Tennora u pabota. MexaHMYECKUI SKBUBAJICHT TETIJIOTHL.

3. TemnoemkocTs BemecTBa. Kitaccuueckasi TeOpus TEIIIOEMKOCTH.

4, TemioeMKOCTh HACAILHBIX TIa30B. [EIUIOEMKOCTh Ia30B M YHCJIO CTEIEHEH CBOOOIBI
MOJIEKYII.

5. llepoe Hauwano TtepmoauHaMuku. [IpuMeHeHHs NepBOro Haudajga TEPMOIUMHAMHUKU K
M30IIPOLIECCAM B UJICAIBHOM T'a3e.

6. AnuaGartsblii nponecc. YpaBHenus [lyaccona.

7. Ilonutponuueckuii mpouecc. Y paBHEHUE ITOJTUTPOIIHI.

8. M3mepenue Konm4ecTBa TEIIOTH U TEIUIOEMKOCTH.

9. PaBnoBecHbIe cocTostHUS. OOpaTHMbIe U HEOOPATUMBIE MPOIECCHI .

10. Kpyrossie nporteccol (ukisl). [ukn Kapho.
11. Bropoe Hayaio TEpMOIUHAMUKH.
12. DHrponwus. DHTpONHS MpU 0OPATUMBIX MPOIECCax B 3aMKHYTON CHCTEME.



13.

14.

15.

10.
11.
12.
13.
14.
15.

16.
17.

18.

19.

DHTpoONUs TpH HEOOpaTUMBIX IIpoIleccax B 3aMKHYTOM cHcTeMe. 3aKOH BO3pacTaHUs
SOHTPOIIUH.

@U3NYECKUI CMBICII PHTPONUHU. DHTPOINHUS U BEPOATHOCTh. CTaTUCTUUECKOE HUCTOJIKOBAHHE
BTOpOI'O Ha4YaJla TCPMOJAWHAMUKHU.

CxopocTb 3ByKa B razax. CTosure 3ByKOBbIE BOJIHBI.

KAYECTBEHHBIE BOITPOCHI

Jl11 BOCCTaHOBJIECHHS TIAAKOCTH JIb/Ia HA KaTKAaX NMPUMEHSIOT IOJIUBKY €r0 ropsyeii BOAOM.
[ToueMy xoJi01Has BOAA JI 3TOrO HE MPUTOIHA?

Kakoit Betep, 3UMHMI WM JIETHUH, NIPU OJHOM M TOW ke CKOPOCTH oOaamaer OoJbIueit
MOIIIHOCTHIO?

[ToueMy MOKpBIE BElLY HE TOPAT?

VYKaxXuTe OCHOBAaHMs, NAIOIIKE IIPABO PACCMATPUBATh KUBOM YEJIIOBEUECKUM OpraHU3M Kak
TEIUIOBYIO MAIlIMHY.

[Touemy Boja B cocy/ie, 3aKphITOM KPBIIIKOM, 3aKUTIAET OBICTPEE, YeM B OTKPHITOM?

[Touemy mpu pacnuiIMBaHUM JepeBa MUJIa HarpeBaeTcs 10 0ojee BBICOKOW TeMIIEpaTypsl,
4eM JepeBo?

B Oytbuiky nbtorT Bomy. CTpyst BOABI NMPOU3BOAMUT MpPHU 3TOM IIyM, B KOTOPOM BCE-TaKu
MOYKHO YJIOBUTh HEKOTOpBINA ompezaeneHHbIH ToH. Ilo Mepe HamomHeHus OyTBUIKM BOAOM
3TOT TOH CTAHOBUTCS BbIle. OOBSICHUTE 3TO SBJICHHUE.

UeM oObsAcHSAETCS OO0JIaYKO TyMaHa, KOTOPOE TOSBISETCA Yy TOpJBIINKA OYTBUIKH C
OXJIaKICHHBIM JTMMOHAIOM WM IIaMIIAHCKUM CPa3y, KaK TOJIBKO €€ OTKpPBIBAIOT?

Tennora crnocoOHa nepexoAUTh TOJIBKO OT Tena, Oojee Harperoro; K Tely, MEHee
HarpeToMy. TeMmeparypa Hamero Tejla BBIIIE TEMIEPaTyphl BO31yXa B HATOIUIEHHOW
komHate. [loueMy ke HaM B TaKOW KOMHATE TEIio?

Ecin Temora €cTb HE 4TO MHOE, KAK JBM)KCHHE MOJIEKYJ, TO YEM OTIMYACTCS TOpSYHH
TOKOSIIMNACS OUIBSIPIHBIN 1Iap OT XOJIOIHOTO, HO OBICTPO ABMIKYILIETOCS?

[Touemy B >xapkuii TETHUH JEHb BOJAa B PEKe MPOXJIaJHEe Mecka Ha Oepery, Belb COJIHLE
rpeeT UX OJMHAKOBO?

Uro obmagaer Gomblueill BHyTpeHHEl »Heprueil: 1 kr TBEpmoro miam | Kr pacmiiaBIeHHOTO
0JIOBA IIPU TEMIIEPAType IUIABICHUS U T0YeMY?

[ToueMy chIpble CIIMYKU HE 3arOparoTCs?

[Tocne cunpHOrO MITOPMA BOJIA B MOpe cTaHOBUTCS Teriee. [Touemy?

[Touemy mpu BKOJIaYMBaHUM TBO3JS B JIEPEBO LUIANKA €r0 MaJO HArpeBaercsa, a Koraa
I'BO3/lb BOWT, I0CTaTOYHO HECKOJIBKUX yJIapOB, YTOOBI CUIBHO HAIPETh IUIATKY?

Kyna pacxonyercst KuHeTndeckasi 3HEpIUsl JBUXKYIIET0Cs BaroHa Ipu OCTaHOBKE?

CHavaJia yapuiiv MOJIOTKOM I10 KYCKY CTaJIl — MOJIOTOK OTCKOYMIJI, 3aT€M TaK XK€ YAapuiIn
MOJIOTKOM IO KYCKY CBHHLIA — MOJIOTOK OTCKOYMJI MeHblle. KakoMy MeTayuly Impu 3TOM
ObuT0 TIepenaHo Oombie sHepruu? (KuHETHYecKyro SHEpPrui0 MOJOTKa B MOMEHT yjaapa
CUYMTATh B 000MX CIIydasiX OJMHAKOBOM.)

[ToueMy BBICKAKHMBAIOT HUCKPHI MpU yaape KpeMHs o cTtaib? Ilodemy OT Bpamiaromerocs
TOYMJIBHOTO KaMHsI JIETAT UCKPBI, €CIIU NPUXKATh K HEMY KyCOK CTaJn?

[Touemy mpu XOJOCTBIX BBICTPENAX CTBOJI IYIIKH HArpeBaeTCsl CHIIbHEE, YeM IPH CTpenb0e



CHapsAnamu?

20. Cxaras cnupanpHas TpykuHa oOmagaer Oornblneld sSHeprueil, yem Hecxkaras. Ecmu
pPacTBOpPUThH NPYKUHY B CKATOM COCTOSSHUM B KHUCIIOTE, TO €€ MOTEHUHUaJbHAs JHEPrus
ucuesneT. Ho Benp sHeprus ucue3HyTh Oeccneino He Moxet! Kak pa3bscHUTH mapagokc?

21. Tlpu M30TEpMHUYECKOM CXATHM HJCATBHOIO Ta3a €ro TemIeparypa He H3MEHSAETCs, a
CJIEZIOBATENIbHO, HE M3MEHSETCS M KUHETHYecKas SHEeprus ero Mojekyia. Tak Kak Mexay
MOJIEKYJIaMH HMJI€AJIbHOTO Ta3a HET CWJI MPUTSDKEHUS U OTTAIKUBAHMA, TO MPU CXKATUU HE
U3MEHWIACh U MOTeHIManbHast 3Heprusa.  Ho Beap cxkaTblil ra3 npuodperaer cnocoOHOCTh
COBEPIIUTHh HEKOTOPYIO paboTy, T. €. 00JIalaeT MOTOJHUTEILHOM dHepruei. Kak pa3pemuTts
3TO NIPOTUBOpEUHE?

KAK BbI IVMAETE
1. KakoBo ¢unocodckoe 3HaUCHHE IEPBOTO HaYajga TEPMOAUHAMUKH?

o

B kakux opmax cymecTByeT SHeprus?

3. MoseT i BHEITHSIS SHEPTHs Tejaa 0e3 BHEIIHETO BO3/ICHCTBHS IEPEUTH B €r0 BHYTPEHHIOIO
SHEPruI?

4. Css3aHbl U APYT C APYTOM BHEUIHSS U BHYTPEHHSSI SHEPruu Tena’?

5. CyIecTBYIOT JId OTpaHWYEHUS AJI B3ANMHOTO MIPEBPAICHHS PA3TUYHBIX BUIOB YHEPTUU?

6. Vmeer nu orpaHWYeHHE TPEBpAIICHUS BHEIIHEW SHEPTHH BO BHYTPEHHIOI aOCONIOTHOE
3Ha4YeHUE?

7. Vmeer nu moHsTHE 00 M30JUPOBAHHOM cucTeMe abCOMIOTHBIN XapakTep?

8. SIBnseTcs MM OTHOCUTEIHHOCTH M30JIUPOBAHHBIX CHUCTEM OOBEKTUBHOMN?

9. TIloyemy TepMOIMHAMHUYECKHE IMPOIECCHI SIBISIOTCS HEOOpPATUMBIMHU, XOTS B HMX OCHOBE
JISKUT MOJIHOCTBIO 00paTUMOE MEXaHNUECKOe IBHKEHNE MOJIEKYJT HeallbHOTO raza?

10. Ecnu cucrema MOXET ONMUCHIBATHCS KAKUMHU-TUOO 3aKOHAMH, CIEAyeT JH U3 3TOro, 4To
KaKJIBIA €€ DJIIEMEHT MOMUNHICTCS TEUCTBUIO DTUX 3aKOHOB?

11. SBnsercsa M HEOOPATUMOCTH (PU3HMUECKUM MPHUHLIUTIOM?

12. Moxer nu MajoBeposiTHass KOH(UTypalysi BO3HUKHYTH B pPeE3yJbTaTe €CTECTBEHHOTO
Pa3BUTHUS CUCTEMBI?

13. B uem nposiBiisieTcst HEOOPaTUMOCTh BPEMEHH B MOJIEKYJISIPHOM (prsuke?

14. 3apmaercs a1 HapaBJICHUE BPEMEHU KaKUM-ITHO0 GHU3HUYECKUM TIpoiieccoM?

15. Tlo3BONSAIOT JIM CTAaTHCTHYECKHE 3aKOHBI (DU3HKH TPOTHOZHPOBATH  OIPEACIICHHBIC

MpOoNECcChI?

IIpoBeps ceds!
I. /IBa mapuka OJMHAKOBOW MAcCChl — CBHUHIIOBBIM M CTJIBHOM — MaAaloT C OJUHAKOBOH
BBICOTHI Ha TIecoK. [Ipu aTOM

a) OoJipllle HArpeeTcss TOT IIAPUK, TEMJIOEMKOCTh Marepuaiga KOTOpPOro MeEHbIe, T.€.
CBHUHITOBBIN;

b) OoJbllle HArpeeTcss TOT IIAPWK, TEIJIOEMKOCTh Marepuaja KOTOpOoro OoJbIie, T.e.
CTaJIbHOI;



c) o00a Imapuka HarperoTCs OJMHAKOBO, TaK KakK, IIOCKOJIbBKY ULIApUKU MaJaloT C
OJMHAKOBOM BBICOTHI U MAacChl MX PaBHBI, TO BBIACIAIOTCA OJUHAKOBBIE KOJIUYECTBA
TEIJIOTBHI.

2. B xapkuii TeTHUH JIeHb BOJA B PEKe MpOXJagHee Mecka Ha Oepery, XOTs COJHIE IpeeT uX
OJIMHAKOBO. DTO IPOUCXOAMT U3-3a TOTO, UTO

d)  TEIUIOMPOBOJIHOCTH BOJBI OOJIBIIIE TEIIOMPOBOIHOCTH MECKA;

b)  TemmoeMKOCTH BOMABI OOJIBIIE TEINIOEMKOCTH IIECKA;

C)  wW3IyyaTeabHast CIOCOOHOCTB BOJIBI OOJIBIIE M3ITydaTeIbHON CIIOCOOHOCTH MECKa.
3. Hunmnens BenocuneaHON KaMepbl HATPEBAETCS, KOTJIa Mbl HAKAYMBAEM €€

d) Hacocom;
e) OT OaJlJIOHA CO CXKATHIM BO3JYyXOM Ha CTaHIIMU T€XOOCTYKUBAHHUS;
f) KaKk HacocOM, Tak M OT OaJyIoHa CO CKaThIM BO3/IyXOM Ha CTAHIIMU TEXO0OCTYKUBAHUS
5. CunbHOe AeicTBHE B3PhIBYATHIX BELIECTB 00YCIOBIEHO
d) HX HCKIIOYHTEIBHO BHICOKOH YIEIbHOMN TEIIOTON CrOpaHHsI,
b) ObicTpoToii ux cropanus;
C) OrpOMHBIM KOJIMYECTBOM 3alIACCHHOM B HUX YHEPIHUHU.
6. PABOTA U TEIIJIOTA OBJIAJJAIOT TEM OBILIMM CBOMCTBOM, UTO
a) OHH CYIICCTBYIOT JIMIIIb B IIpOIlecce Mepeaaun (M3MEHEHHS) SHEPTUH, a X YHCIIOBBIC
3HA4YeHU CYIIECTBEHHBIM 00pa3oM 3aBHCAT OT BUAA ITOTO MPOLIECcca;
b) oHu 00a SIBIAIOTCS MUKPOCKOTMYECKUAM CITIOCOOOM Tepeiaur SHEPTuH;
C) OHH 00a ABJIAIOTCS MAKPOCKOITMUYECKUM CIIOCOOOM Tepeiaud SHEPIUH.
7. Tlpwu rameHuun mMoxapoB
d) KHUISTOK racUT OrOHb OBICTpee, YeM XOJOJHAas BOJA, TaK KaK Cpa3y OTHUMAeT OT
IUTAMEHU TEIUIOTY Mapoo0pa3oBaHHUs W OKPYKAaeT OrOHb CIIOEM BOISHOTO TMapa,
3aTPyIHSIOLIETO AOCTYI BO3/1yXa;
b) xonogHas Boma TracUT OroHb OBICTpEEe, TaK Kak, [OMHMO 3aTpaT Telja Ha
napooOpa3oBaHUe, OHA TOTJIONIAeT OOJBIIOE KOTUYECTBO TEIIOTHI MPH HArpeBaHUU
0 100 °C;
C) XoJioJHAas BOJA U KUIISTOK OJIMHAKOBO OBICTPO racst Iiamsl.
7. JIBa OAMHAKOBBIX Te€Ja, HArPETHIX J0 Pa3HBIX TEMIEPATyp, IPUBOJATCS B TEIJIOBOW KOHTAKT
apyr ¢ apyrom. Temmepartypsl Ten ypaBHUBaIOTCs. [Ipu 3TOM mpoiiecce SHTPONHS CUCTEMBI

a) yBCIMYMBAETCS;

b) ymenbimaercs;

C) He U3MCHSETCS.
JlabopaTopnasi paGora Ne9
OIMPEAEJIEHME OTHOILIEHUSA Cp/Cy METOAOM KIIEMAHA U JIE3OPMA
Iean padoThI: SKCIepUMEHTaIBHOE onpeaeneHue otHoureHus Cp/Cy uis Bo3ayxa.

IIpuGopbl M NPUHALIEKHOCTH: CTCKIISIHHBIA OaJUIOH CHENMaIbHONH KOHCTPYKLUHU; OTKPBITHIHA
MaHOMETD.



OIMMCAHUE SKCITEPUMEHTAJILHOW YCTAHOBKU
B nannoit pabore Tpedyercs HaiTh Y = Cp/Cy Ui BO3IyXa METOIOM, KOTOPBI

npeanoxuin Kneman u [lezopm B 1819 roay (puc. 8).
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Puc. 8.

CyTtb MeTofa, corslacHo 3aMbiciny Kiiemana u [[ezopma, MILTIOCTpUpPYET pUC. 9, HA KOTOPOM
B KoopAuHaTax p—V mnpuBeaeHbl rpaduKHi BCEX MPOIECCOB HKCIIEPHUMEHTA.

1. Kpuas 0—1 coOTBETCTBYET MOATOTOBUTENBHOMY ASTally — HAaKaUMBAaHUIO BO3JyXa B
6ayutoH. Yucio Moseit raza BHyTpH 0ayuioHa mpu 3ToM Bo3pacTtaeT. OTHoIIeHHE 00beMa K YUCITY
MOJIEH B OaJUTOHE yMEHBIIAETCs, YTO W oTpaxkaeT KpuBas 0—1. JlaBienwe raza B OayuioHe
YBEJIMYUBAETCS OT aTMOC(HEpPHOro Po A0 HeKoToporo nasieHus Pi . [Ipu cxxatum pabota raza A
~ AV<0 . Usmenenune BHyTpenHeir sneprun AE=Q - A. B agmabarnyeckom mporecce (Q=0)
nosbimeHue temmnepatypsl AT~AE>0 Oyner MakcuManbHbIM. PeanbHbI mporecc cxaTus,
BOOOIIIE TOBOPSI, COMPOBOXKAACTCS OTayueHi Teruia Bo BHeHHIOW cpeny (Q<0) , KoTopyro MOXHO

YMCHBIINUTDL, IPOBOJAA HAKAYMBAHUC NOCTATOYHO 6I>ICTpO.

2. Kak TonbpKO HakayMBaHHE MpeKpallaercs, JaBjeHHe B OaljIoOHE HAaUYMHACT NaJaTh MpU
HEM3MEHHOM 00bEMeE, UTO SBIISICTCS CIEACTBHEM OCThIBaHUA Ta3a (3akoH Illapns). Ha ydactke 1



— 2 Temmeparypa CHHKAETCS 10 KOMHATHOW 3a CYET TEeIIoOo0MEeHa C OKpYXKalollehd Cpemoi.
JlaBneHue pu 3TOM yMEHBIIAETCSA OT P1 10 P2 .

3. Korga nmaBrmeHue mepecTaeT HM3MEHSTHhCS (TOYKa 2), PE3KO BBITYCKAEM BO3AYyX W3
6amtona. bynem cuutarh, 4To 3TO aaMabaruyeckoe paciupenue(kpuas 2-3). B pesynbrare
IPUBEJCHHBIM 00bEM paccMaTpuBacMOM Macchl rasza yBenmuumBaercss oT  V2=V1i 10 V3=V,
TeMIIeparypa J0JKHA TMOHU3UTHCS. [laBineHue Bo3/ayxa yMEHbIIAeTCst OT P2 10 aTMOC(HEpHOTro

Ps=po.

4. 3arem Ha yuactke 3 — 4 o0BeM Trasza BBIJEP)KMBAEM IOCTOSHHBIM — €Ile OJUH
U30Xopuueckuil mporecc. B Touke 3 Temmeparypa Oblla HM)KE KOMHATHOM W Temeph OHA
MOBBIIIACTCS O KOMHATHOM 32 CYET TEIJIO0OMEHA C OKPYKAOIIEH CPeIoi.

5. 3ametum, uto B TouKax 0, 4, 2 ra3 UMeeT OAMHAKOBYIO TEMIIEPATYPY — KOMHATHYIO, T.€.
3TH TOYKHM JIe)KaT Ha ofHOU m3oTepme 0—4—2 (KOTOpYIO MHOT/AA HA3bIBAIOT «MBICJICHHOM» WIIN
«TUNOTETUYECKOW», IOAUEPKUBas, YTO peajbHO u30TepMuyeckoro mpouecca 0-4-2 He
MIPOUCXOAMIIO). DTO 00CTOATENHCTBO Mo3BoIIO Kitemany u Jle3opMmy 000MTHCEH 6€3 M3MepeHus
HA4aJIbHOTO U KOHEYHOI0 00BEMOB rasa.

PaccmoTpum xox pabotbl. CTEKISTHHBIN OaIOH A, MJIOTHO 3aKPBITHIA MPOOKOH, coolIa-
eTCsl ¢ OTKPBITEIM MaHoMeTpoM B u mmeet tpyoky C ¢ kpanom J[. Yepes tpyoky C B cocynm A
BJIyBalOT HEKOTOPOE KOJUYECTBO BO3yXa U 3aKpbIBatoT kpaH /. Uepe3 HECKOIbKO CEKYH]I B CO-
CyJlle yCTaHaBJIMBAETCs OIpe/IeJIeHHOE JaBlIeHUE, HECKOJIbKO BhIlIE aTMochepHoro faasnenus H
(BBIp@XKCHHOTO B JeJICHHUIX MaHomerpa): p1 = H + hy, rme h1 —pasHoCTh ypoBHEH KHIKOCTH B
ma"omerpe B. Ilpu 3Tom Bo3nyx mmeer o0bem Vi W TemmepaTypy li, paBHYIO Temreparype
BO3/1yXa B KOMHAaTe. 3aTeM OTKpBIBAIOT HAa KOPOTKOEe BpeMs KpaH /[, Jal0T BO3MOXKHOCTbH
BO3AYXY B cocyle A pacHMpUThCS (YacTh BO3JyXa BBITYCKAIOT HAapyXKy). DTO pacIIMpeHHe
IPOUCXOTUT OBICTPO, MOKHO CUMTATh €ro aguabaTHUecCKuM (IMPOMCXOTUT Oe3 TeriooOMeHa ¢
OKpyKarotiei cpemnoit). [Ipu 3Tom ra3 coepmraer paboTy MPOTUB BHEIIHUX CHJI, TEMIIEpaTypa
ero moHmxkaercs, T. €. [2<t1, macca rasa, paHee 3akiouaBIIasCs B cocyhe, 3aiiMeT oobeM V2, a
JTaBJICHHE BO3/lyXa B COCY/I€ CTAHOBUTCS PaBHBIM aTMOC(EPHOMY:

p2=H 1)

3arem, pH 3aKPBITOM KpaHE BO3JYyX B cocyne, Onarojapsi TermiooOMeHy, MOCTENEHHO Ha-
IpeBaeTcss 10 KOMHATHOM TEMIEpaTyphl, 1aBIECHUE IPU 3TOM IOBBIIIAETCA U YEPE3 HEKOTOPOE
BpEeMsl YCTaHABJIMBACTCS

p3=H + hy, @)
rie h, — pa3HoCTh ypoBHEH B MaHOMeTpe TemrepaTypa paBHa KOMHATHOI t1, a 00beM Va2,
Wtak, nMeeM TpH COCTOSIHUS B OaJlIOHE:
IIEPBOE COCTOSIHHE p1=H + hy, V1 11,
BTOPOE COCTOSIHHC p2 =H, V2, o<ty

TpeTbe cocTostHne  p3=H + hy, V2, 1,



Ilepexon raza u3 HepBOro COCTOSHMS BO BTOPOE€ — aanMabaTUYECKUi, T.€. YAOBIETBOPSET
ypaBHeHuto [Iyaccona

PV = p,VS @)
rney=Cp/Cy.
Ilepexon raza w3 HepBOro COCTOSIHUSL B TPETbE — H30TEPMHUUYECKUMN, T. €. YIOBIETBOPSIET
ypaBHeHuIo boiust — Mapuorra:
p1Vi=p3Vs (4)

Pemas coBmectHo ypaBHerwus (1) — (4), momyunm:

_lgp.-lgp,
lg p, —19 p;

Tak kak p1, p2, p3 Majo OTIMYAIOTCSA APYr OT APYyra, TO B MEPBOM NPHUOIMKEHUH MOKHO
BMECTO Pa3HOCTH JIOTapU(MOB B35Th Pa3HOCTh CAMUX JIaBJICHUIL:

y = P, — P,
P — Ps
Wmn, yauteBas (1), (2), (3),
hl
-1 5)
Ay (®)

ITo osroii dopmyne nerxko Haiith TpeOyemoe otHomenue C,/Cy = 7y, orcumtaB TpeOyemoe
JaBieHue mo Manomerpy hi u ho.

N3MEPEHUA U UX OBPABOTKA

1. OrtkpsiB kpaH /I, OCTOPOKHO BIYTh B COCYZ A BO3MIyX U 3aKPBITh KPaH.

2. TlogoxnaB, KOrJa B COCY/A€ YCTAaHOBUTCS TOCTOSIHHOE JaBJIEHHWE, OTCUUTATh Pa3HOCTh

ypoBHeii h1 B Mmanomertpe B.

3. OTtkpeITh Ha KOpOTKOE Bpems (okojo 0,5 cek.) kpan C W, 3aKpbIB €ro, MOJI0XKIaTh, MOKa
JTaBJICHHUE B COCY/IE YCTAaHOBUTCA.

OTcuuTarh Pa3HOCTh JABJICHHH 110 MaHOMETPY ho.
Boraucnuts y o gopmyie (5).

OmneiT noBTOpuTsH 10 pas.

W3 Bcex 3HaueHuM Y HAUTHU CpEHEE.

HaiiTu cpeanioro KBaJipaTUYHYIO, BEPOSITHYIO U OTHOCUTEIBHYIO OIIMOKH.

Pe3ynbTaThl n3MepeHnii U pacueToOB 3aHECTH B TAOJIHILY.

© o N oA



Jlabopamopnas paooma Nel()

OIIPEJIEJIEHUE OTHOIIIEHNA Cp/Cyv METO/[OM CTOAYHX 3BYKOBbBIX BOJIH
Heap padoThl: sKcriepuMeHTaibHoe onpeaenenue otHomeHus Cp/Cy .

IIpuGopbl M NPUHAMIEKHOCTH: Tpyda € MUJUIMMETPOBOW IIKaJOH, CTEKJISHHBIA COCYH,
tenedoHHas TpyOKa, 3BykoBo# rereparop 3 - 1.

OIMMCAHUE SKCIEPUMEHTAJIBHOM YCTAHOBKU

s onpenenenus y = Cp/Cy monb3yloTcsl yCTaHOBKOM, H300paskeHHo Ha puc. 10. 3necs K
- JUIMHHAsI MUWITUMETPOBasi Tpyda ¢ MIJJTUMETPOBOH IIKAIOH, COOOIAIOIAsCcsl pe3UHOBBIM
HIIaHroM ¢ cocyzioM S. K BepxHeMy oTBepCTHIO TPpYObI IpUKpeIUieHa TenedonHas Tpyoka T,
oOpamienHas MeMOpaHnoii k Tpyoe K. B 00KOBYIO CTEHKY CTEKIISTHHON TpyOBI BCTaBICHA
TpyOouka M, coenuHeHHas ¢ HaymHUKaMu. Karymku snektpomaraura tenedonHoi Tpyoku T
HOKJIIOYEHBI K BBIXOJHBIM KJIEMMaM 3BYKOBOTO reHeparopa. Koria Bo30yk1eHHBIH
TE€HEPATOPOM TOK MPOTEKAET Yepe3 KaTyIIKu TeiaehOHHON TpyOKH, ee MeMOpaHa MPUXOJIUT B
BBIHYXX/ICHHbIC KOJICOAHHS M HAUWHAET M3/1aBaTh 3BYK.

Bo3aymiHbie 3ByKOBBIE BOJHBI, paCIIpOCTPaHSsICh B TpyOe K, oTpaxaroTcst OT TOBEPXHOCTH
BO/IbI. [lepemertiasi ypoBeHb BOJIbI BBEPX WJIM BHHU3, MOXKHO JIOOUTHCS PE30HAHCA, TO €CTh MAaKCH-
MaJIbHOTO 3BYYaHHs BO3IYIIHOTO CTOJI0A, 3aKJIFOUEHHOTO B TpyOKe (puc. 10).

JInrHy 3ByKOBOM BOJTHBI MOXHO BBIYHUCIINTH, W3MepuB pacctosaue | = Iy — lh.1, Ha koTopoe
JIOJDKEH TEPEeMECTHThCS YpOBEHb BOAbl B TpyOke K mpu mepexome OT OIHOW TOYKH C
MaKCHMaJbHBIM 3By4aHHEM K CIEAYIOLIEH:

A= |:|n—|n-1 (1)

-f - 4°
|\

Puc. 10.

3Hast YaCTOTY 3BYyKa V, MOKHO BBIUHCIIUTH CPEIHIOI CKOPOCTh 3BYKa 10 (hopMyIie



Vep = 2Vl 2)

Tozoa snauenue y= Cp/Cy MOdHCHO paccuumamy no ¢popmyne

Mv?

=2 3
V=T (3)

3nece M — mossipHas macca.

N3MEPEHUMA 11 NX OBPABOTKA

1.
2.
3.

© N A

Bxuttounts 3BykoBoii reneparop I'3—1 B cets.

Jlobutbest pe3oHaHca, epeMenias ypoBeHb BOJIbI BBEPX WIIM BHU3.
W3meputh paccrosHue |, Ha KOTOpOE NOKEH MEPEMECTUTHhCS YPOBEHb BOABI B TpyOke K
IIPU NIEPEXO/IE OT OAHOM TOYKU C MAKCUMAJIBHBIM 3BYYaHUEM K CIIEIYIOIICH.
Brerancnuth 1iMHy 3BYKOBOM BOJHBEI 110 (hopmyie (1).

[ToBTOpUTH 5-7 pa3 usMepenus paccrosHus |.

BBIYMCINTB CPEHIOK CKOPOCTH 3BYKA Vp.

Omnpenenuts y= Cp/Cy o popmyie (3).

[ToBTOPUTE M3MEPEHUS I1.1I1. 2-7, B3SIB IBE JPYTHE YACTOTHI.

Onpenenutb cpeaHee 3HaUCHUE Yep = (Y1+y2+y3)/3 .

Pe3ynpTaThl U3MEPEHHI U pacueTOB 3aHECTH B TAOJIHILY.

JlaGopatopHnast pa6ora Nel 1

OINIPEJIEJIEHUE OTHOINEHUSA TEIVIOEMKOCTEM BO3/YXA ITPA
INOCTOAHHBIX JTABJIEHUUN U OBBEME PE3OHAHCHBIM METO/IOM [30]

Iean padoThl: U3Y4YUTH IPOIECC PACIIPOCTPAHEHUS 3BYKOBOM BOJIHBI; U3MEPUTHh CKOPOCTh

3ByKa B BO3JyX€ IIPU PA3JIMYHBIX TEMIIEPATYPAX U ONPEAETUTH OTHOLIEHHUS
TEIUIOEMKOCTEN BO3yXa.

Oo6opynoBanue: sxcriepuMenTanbHas yctanoBka OIIT 1-7.

OITMCAHUE SKCITEPUMEHTAJILHON YCTAHOBKU

OO6mmit Bup sxcniepumenTanbHoi yctaHoBkH DIIT 1-7 mokaszan Ha puc. 11.



Puc. 11.
OO6mwmit B sxcriepuMenTanbHou yctaHoBku OIIT 1-7

1 - 6ok mpubopoB, 2 - 610K pabouero 3eMeHTa; 3 - CToiKa; 4 - TpyOa ¢ HarpeBaTelieM

Pabouwnii a1eMeHT yCTaHOBKH MPEACTABISET COO0M CTEKIISTHHYIO TpyOy mnnHou L, Ha
TOpLIaX KOTOPO# pasmenieHsl TenedoH u mukpodon. Temmeparypy Bo3ayxa B TpyOe MOKHO
M3MEHSITh C TOMOIIbIO HArpeBaTebHOM CiUpay, HaBUTOW Ha TpyOy. MOIIIHOCTh HarpeBaTens
YCTaHABIIMBACTCS pErynsiTopoM «Harpesy, HaxoaAIIuMcs Ha TiepeiHel maHenu 0JIoka mpudopoB
1. Temmepatypa Bo3yxa B TpyOe U3MepSETCs OTYIPOBOTHUKOBEIM TEPMOMETPOM U PETUCTPHU-
pyertcs Ha mudpoBoM nHANKaTOpe «Temmneparypay. B 610ke mpuOOpoB pacmookeH reHepaTop
3BYKOBBIX KOJIEOAHUH, TIOIKITFOYCHHBINA K Tese(oHy, BO30YKIAIOMINNA 3BYKOBbIE KOJI€OaHUs B
TpyOe. Hacrora koebaHui, 3alaHHasi 3ByKOBBIM T€HEPATOPOM, PETYITHPYETCS pydKaMu
«['py6o» u «Touno» U perucTpupyercs Ha IUHPOBOM HHIAMKATOPE «YacToTay, CUTHAI
MUKPOGOHA U3MEPSAETCS MIJLTHAMIIEPMETPOM, UYBCTBUTEIILHOCTH KOTOPOTO PEryTUPYETCsI
pyukoit «Ycunenne». MakcuMalbHbIe 3HAUEHUS TOKA, 3apErHCTPUPOBAHHBIC MUJLTAAMITEP-
METPOM BO BpeMs IJIABHOTO U3MEHEHHSI YaCTOThI KOJIeOaHU, COOTBETCTBYIOT MOSIBICHUIO
pe3oHaHca B kaHaze. J{muHa TpyOs! L ykazana Ha pabouem mecre.

Yrpyrumu BOJTHaAMH Ha3bIBAIOTCS PACIPOCTPAHSIONINECS B YIIPYTOM Cpelie MEXaHUUECKUe
BO3MyIIeHUs (nedopmanun). Eciu ynpyras BojiHa pacripocTpaHseTcs B ra3e, HaXOAsIeMcs B
TJIAJIKOH MPSIMOJIMHEWHOM TpyOe C MOCTOSTHHBIM MOIMEPEUYHBIM CEYCHUEM, TO, YUUTHIBAS, YTO, B
OTJIMYUE OT TBEPJBIX TEJI, Ta3bl HE OKA3bIBAIOT COMPOTUBIICHUS CIIBUTY, B HUX MOTYT BO3HUKATh
TOJILKO MPOJIOIBHBIE BOJIHBIL, U, CIIEIOBATEIBHO, CKOPOCTh PACIIPOCTPAHECHUS YITPYTOil BOJIHEI B
ra3e MOXKHO BBIYMCIIUTH 110 GopMyIie

P (1)



3aecs E — Moaynb ynpyrocTtu. p — mioTHOCTh Ta3a.

Onpenenum Benmmunny E st raza. Ecniu nipu geiicTBumM cuiibl F Ha HEKOTOPBIA 00beM raza
JABJICHUE B HEM MOJYYUT MPUPOCT Ap 1O OTHOIIEHHUIO K JAaBJICHHIO ra3a P B HEBO3MYILICHHOM
COCTOSIHMH, TO, TI0 aHAJIOTUHU ¢ 3aKOHOM [ yka:

AV
Ap=EDV
Y

Ecnu cuntars usmeHenus nasiacaus dp u oobema dV OECKOHEYHO MabIMH, MOKHO 3aITUCaTh:

__dp
v @

Vv

ra€ 3HaK ((MI/IHyC» GYI[GT O3Ha4dyaTb, 4TO yBeJII/IquI/Ie JdaBJICHUSA COOTBGTCTByeT yMeHBH_IeHI/IIO
o0Bema.

[Tycts B rase pacmnpocTpaHsieTcsl 3BYKOBasl BOJIHA, KOTOpasi OMpeAessieT co0ol ynpyryro
BOHY MaJIOil MHTEHCHUBHOCTH, CIOCOOHYIO BBI3BAaTh OUIYIIEHHE 3BYKa, ¢ 4acTOTod oT 16 1o
20000 I'u. KoneGaHus IUIOTHOCTH B 3BYKOBOM BOJIHE MPOUCXOIAT TaK OBICTPO, YTO TEIIOOOMEH
MEXIy CIOSIMU Ta3a, UMEIONIMMHU Pa3IMYHbIe TEMIIEPATyphl, HE yCIeBaeT nmpou3oiTh. [loaTomy
IpOIIeCC PACIpPOCTPAHEHHs 3BYKOBOW BOJHBI B ra3e MOXKHO CUHMTATh aAHa0aTHBIM M K HEMY
MOXHO TIpuMeHuTh ypaBHeHue Ilyaccona pVY = const. uddepenuupys 310 ypaBHEHHE U
MOACTABIISIA B (2), HOTyqIHM:

E=1vp 3

Omnpenenus p u3 ypaBHeHUs: Menneneesa-Kianelipona u moacrasiss B (3), HoIydum:

RT
E=y0—
H @)

[ToacraBus cootHomienue (4) B hopmyny (1), Oynem umets popmyny Jlamnaca mist pacuera
CKOpOCTH 3BYyKa B rase:

RT
Y7,

V=

U3 KOTOPOM BBITEKAET:



y = C, _ viu
C, RT -

Taxum oOpazoM, 1715 onpeAeTIeHUs OTHOILECHHS TeIUIOEMKOCTEH ra3a y J0CTaTOuHO U3MEPHUTh
€ro TeEMIIEpaTypy U CKOPOCTb PaCIIPOCTPAHEHUs 3BYKa V B 3TOM Trase.

CKOpOCTb 3BYKa IIPY JAHHOW TEMIIEpaType MOXKET ObITh ONpeeeHa Pe30HAHCHBIM
MeToI0M. Bo Bpemst paciipocTpaHeHNUsl BOJIHBI B0JIb 3aKPBITOTO KaHajla OHa MHOTOKPAaTHO
OTpa’kaeTcs OT TOPIIOB, M 3BYKOBBIE KOJICOAHUS B KaHAJIC — PE3yJIbTaT HAIOXKEHUS 3TUX

L=t

oTpakeHHbIX BOJH. Ecnu 1yivHa kaHana L paBHa 1eiaoMy 4ucity HOJTyBOJTH 2 (m-
HEKOTOPOE IEJI0e YUCIIO0, A — JUTMHA BOJIHBI), TO BOJHA, OTPaXKCHHAs OT TOPIIa KaHama,
BO3BPATHUBIIKCH K €T0 HaYally U CHOBA OTPaXKasiCh, COBMAIACT IO (a3e C maiaromieii BOIHOM.
Taxue BOJIHBI yCUIIMBAIOT JAPYT APYyra, aMIUIUTyAa KoJIeOaHUi IPU 3TOM pe3KO BO3pacTaerT, -
HacTymnaeT pe3oHaHc. [Ipu 3ByKOBBIX KOJIE€OAaHUSX CIIOU Ta3a, MPUIIETAIONINE K TOpIIaM KaHama,
HE UCIBITHIBAIOT cMelleHus. B aTux Mectax o0paszyroTcs y3Jibl CMELEHUs, KOTOpbIe
MOBTOPSIFOTCS Yepe3 A/2 1o BCel TMHe KaHama. Mexay y3jJaMu HaXOIATCS MaKCUMYMBI
cMmernieHus (Ty4HOCTH ).

CxopocTh 3ByKa V CBsI3aHa ¢ YaCTOTOW KOJIeOaHUH V 1 JUTMHOU BOJHBI A COOTHOIIIEHUEM V
=V, ¢ y4E€TOM KOTOPOTO YCJIOBHE PE30HAHCA MOKHO 3aIHcaTh B BUJIE:

2Lvo=nv, (6)
rae Vo - pe3OHaHCHa5I qgacToTa.

3aBucuMOCTh (6) pe30HAHCHOHM YacTOTHI OT HOMEpa pe30HaHca N MOXKET OBITh MPOBEPEHA
HKCIEPUMEHTAIbHO. VI3MeHss 4acTOTy KoJieOaHU NP MOCTOSHHON JUIMHE KaHaua,
HEoOX0oaMMO TMocTpouTh Tpaduk 3aBucumoctu Vo =f(Nn), mo yrimoBomy ko3 durmeHTy

14

KOTOpOro 2 L OIMPCACIIAOT CKOPOCTH 3BYKaA.

N3mepenus u nx o6padoTka

1. BritouuTh ycTaHOBKY TyMOaepoM «CeThy.

2. Pyuku «I'pybo» m «TodHO» yCTaHOBUTH B KpailHee JieBO€ TIOJIOKEHHE. Pyukoi
«YcuneHne» OTPEerylIupoBaTh YyBCTBHUTEIHLHOCTh MUJUIMAMIIEPMETpa (CTpesika IOJKHA OBITh
NpUOIM3UTEIBHO Ha TPETH IIKAIBI).

3. [InaBHo yBenmuuuBas ¢ momoulbio pydek «I'pybo» m «TouHO» yacToTy KoieOaHUi,
3a/laHHBIX 3BYKOBBIM TE€HEPATOPOM, OIMPEAETUTh YacTOTy 1-ro pe3oHaHca MO HauOOIbIIEMY
OTKJIOHEHHIO CTPEJIKU Ha IIKajle Muuinamnepmerpa. Pesynbrar usmepeHuil 3aHectu B TabIuIy
M3MEPEHUI.

4. TlocTeneHHO yBEeIWYUBasi YyBCTBUTEIBLHOCTh MIJUITHAMIIEPMETPA PYUKOH «Y CUIICHHEY,
ONpeAeUuTh 4acToTy 2, 3, 7 pe3oHaHcoB. [Ipon3Boas m3MepeHus: Npu YMEHBIIEHUH YacTOTHI,



yOeauThcsi B TOBTOPSIEMOCTH pe3yibTaToB. Pe3ynbTaTbl u3MepeHuil 3aHecTd B TaOIUIly
U3MEPECHUM.

5. Bximrounte TymOnep «HarpeB» u perynsaropoM TemrmepaTyphl HarpeBa J0CTUYb
TeMreparypsl Bo3ayxa B Tpyoe t2 = 40-45 °C. Ilocne crabunuzanuu TemMrepaTypbl TPOU3BECTH
M3MEpEHUS 10 IyHKTaM 2-4.

6. YBenuuuBas HarpeB, JOCTHYb TEMIEpaTypbl Bo3ayxa B Tpybe t3 = 55-60 °C. Ilocne
cTabUIN3aluy TeMIepaTypbl IPOU3BECTH U3MEPEHUS MO MMyHKTaM 2-4.

7. Perynstop TemmepaTypbl HarpeBa BBIBECTH B KpaiiHee JIEBOE IMOJIO)KEHUE, BBIKIIOYUTh
tymonep «Harpes», pyukn «Ycunenue», «['pydo» m «TodHO» yCTaHOBHTH B KpailHEee JIEBOE
MIOJIOKEHHE, TTOCIIE YETro BHIKIIOYUTh YCTAHOBKY TyMOiepoM «CeTby.

8. IlocTpouth rpaduk 3aBUCUMOCTH PE30HAHCHOW YacCTOTHI OT HOMEpa pe3oHaHca Vo =
f(n) mnsg xaxnaod U3 TemIepaTyp M ONPENeNuTh YrioBbie Koddduuuentsl K mias Kaxmaoro
rpaduka.

9. lng ka)xaoro 3HaUEHUS TeMIlepaTyphl BO3lyXa B TpyOe, UCIIONB3YS T0-

Jy4eHHbIE yrioBbie KO3 uimenTsl Ka,, onmpeneanuTs CKOPOCTh 3ByKa V IO
dopmyre V= 2LK u oTHomeHue termoemMkocTeit mo gpopmye (5).

OneHuTh NOrpetIHoCTh Pe3yIbTaTOB U3MEPEHUSI.

Tab6muna

b pe3oHaHca ti= °C to= °C ts3= °C

M/C [ M/C [ M/C

"1t

JlaGopatopnast pabora Nel2

OIIPEJIEJIEHUE [IPUPALIJEHUA SHTPOITUHU T1PU TIJIABJIEHUH OJIOBA
Lens paboThl: onpeaeaeHne MPUPANIEHUsI JHTPONMUM NPH MJIABJIEHUM.
[IpuGopsl W NPUHAMIEKHOCTH: TUTEIbHAS T€Yb; THUTEIb C OJIOBOM; TEpMOIapa;
MUJUIMBOJIBTMETP, MPOTPayHpOBaHHBIN Ha TpasyChl; JATYHHBIN COCYH ¢ MacoM;
TEPMOMETDP; CEKYHIOMED.



Onucanue 3KkcnepumeHmanbHou yCmaHo6Ku
B nannoii pabote paccmarpuBaeTcss ©3MEHEHHUE SHTPOIUH MIPH TUTaBJIeHUU oJioBa. [Ipomecc
IJIaBJICHUS OJIOBA IPOMCXOJUT IIPU IIOCTOSHHOW TEMIlEpaType — TeMIepaTrype IUIaBICHUS U
SBIISICTCS U30TEpPMUUECKUM. VI3MeHeHe SHTPOIUHU B 3TOM CIIydae MOKHO HAWTH 10 GopmyIie

de 12
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2 A
Puc. 12.

Ornpenenenne NpupamieHus JHTPOIIUHU 0JIOBA MPH €T0 MIJIABJIEHUU IPOBOJINUTCS CIEAYIOIIUM
obpaszom. Turens A ¢ ooBoM (puc. 12) momemaroT B TUTEIbHYIO Ieub B (mana B paspese). C —
nabopaTopHbIii  aBTOTpanchopmarop, D — nepkarenu w3 TekcronmuTa s Tepmomap, E —
tepmonapa, F — natyHssiii cocyn ¢ macioM, MV — MWUIMBOJIBTMETP WU TajlbBaHOMETD,
IporpagyupoBaHHbli Ha Trpaaycel, K — xmrou. HM3mepeHue temiepaTypsl NpOBOAUTCS
tepmonapoii E, oquH craii KOTopoil HaxoaUTCs B TUIJIE ¢ 0J10BOM A nipu temmnepatype 11 = Ty, a
cmaii BTOpol — B cocyle ¢ macioMm (tepmocrare) F mpu mocrostHHOM Temmeparype T2=Tk.
Temnepatypa T2 uzBectHa. KoHIBI TepMomapbl MPUCOEAUHSIOTCS K MHJLIUBOJBTMETPY MV,
1IKajga KOTOpPOro mporpaJyupoBaHa Ha rpaaycel Temneparypsl T1 [ ONpeaeeHHOro 3Ha4YeHus
T,. Temneparypa T, npaktuyecku komHaTHas. Tepmomapoii E usmepsroT temrepaTypy oJioBa.
KonuuectBo Temnorsl Qi, KOTOpoe HaIO 3aTpaTUTh, YTOOBI HArpeTb OJOBO OT KOMHATHOM
(HavampHOM) TemMmeparypsl Tk 10 TemmepaTypsl miaBieHus Ty

Tn
Q = j cmdT

T

TAe ¢ 1 M — TEIIOEMKOCTh U Macca OJIOBa.

KomnyectBo Ttemnotel Q2, HEOOXOAMMOE Ha IUIaBICHHE OJIOBA TP TeMIIepaType
masieHust Ty (Tn = const), paBHo:

Q2 = Am,

rac A— YACJIbHAs TCIJIOTA IJIaBJICHUS OJIOBA.



[Ipuparienyie SHTPONUY MPHU TIABIEHUN 0JI0BA MOXKHO MOJICYUTATD MO PopMyIIe:

Q,
AS=52—51=de—Q

Q

[ToncraBum BMecTo Q ero 3Hauenne Q1 + Q2. Ilomyunm:

T

¢ T

AS:jﬂdT +/1—m:cmln . +;t_m (1)
7 T T, r. T

K n

N3MEPEHUS U X OBPABOTKA

CoOpatb cxemy (puc. 12).

BrrounTs niens neun (3aMKHYTH K09 K) U IOBECTH OJIOBO 10 KHUIKOTO COCTOSHUS.
PacniaBnenue onosa HaGHIO,Z[aIOT HCMMOCPCACTBCHHO P OTKPbIBAHWUN KPBIIIKU IMCYH.
W3meputs Temnepatypy Trn IU1aBiIeHuUs 0J10Ba 10 MIJIJIUBOJIBTMETPY MV.

Bbruncnute o dopmyie (1) mpupaieHne SHTPONUY MPH TUIABICHHU OJIOBA.

Benuuunsl ¢ u A 6epyt u3 tabmmi, Tk = T2 = to + 273°, roe to — KOMHaTHas TeMIieparypa,
Ty = T1 momy4aroT U3 SKCIEPUMEHTa B MOMEHT TUIABIICHHSI OJIOBA.

a s wnNE

JlaGopatopHnas pabora Nel3

ONPEJAEJEHUE UBMEHEHMUS DOHTPOIIUU ITPU HATPEBAHUUA U ITIJIABJIEHUU
OJIOBA [30]

Less padoThI: ONPEICTUTh U3MEHEHHE YHTPOIIUH TIPH (a30BOM IEPEX0/Ie MEPBOTO pojia Ha
npUMepe TUIABJICHHUS 0JI0Ba.

IIpuGopsl 1 NPUHAIEKHOCTH. dKCTIepuMeHTabHas ycranoBka OIIT 1-11.

Onucanue 3KCNEPUMEHTAIBHON YCTAHOBKH

Jlnig onpenenieHns M3MEHEHUs SHTPOIHH NPU HArPeBaHUHU U TIJIABJIIEHUU OJIOBA
npeaHa3HaueHa dKcrepuMenTanbHas yctaHoBka OIIT 1-11, o6muii Bu KOTOPOi MoKa3aH Ha

puc. 13.



Puc. 13..
OO6mwmit B sxcriepuMenTanbHo yctaHoBku OIIT 1-11

1 — croiika; 2 — KpOHIITEHH; 3 — HarpeBarenb; 4 — JaTYUK TEMIIEPATyphl; S — TUTEIb C
HccaeayeMbIM MaTepuanom; 6 — 610k pabodero aseMenTa; 7 — 670K TpuOOpOB.

HarpeBanue o010Ba IpOMCXOIUT B TUTJIE C IOMOIIBIO SJIEKTPUYECKOT0 HarpeBaTens 3,
HCTOYHUK MUTAHUSI KOTOPOTO pa3MelleH B 0i1oke mpubopos 7. TemmepaTypa oJ0Ba U3MepseTcs
U (GPOBBIM TEPMOMETPOM, PACTIOIOKEHHBIM B 0JIOKe padodero aneMenTa 6. Bpems Harpesa
n3MepseTcs MUMPOBLIM CEKYHIOMEPOM, PACIIONIOKEHHBIM B 0110ke mpubopoB 7. CekyHaomep
MPUBOAMTCS B IEHCTBHE NIPU BKIFOYCHUH MMUTAHUS 0JIOKA PUOOPOB.

HaubGonee mnpocteiMu npumepamu (Ha3oBbIX MEPEXOJ0B IMEPBOTO poja SBISAIOTCA
IJIaBJICHUE W HUCHAapeHHe. DTU MPOLECChl MPOUCXOIAT KBA3UCTATUYECKU MPH IMOCTOSIHHBIX
JaBjieHuH U Temmepatype. [Ipu nuaBiaeHuy U UCHapeHUH BEIIECTBO MOIJIONIAET TEIIOTY, a €ro
SHTPOMNUS B )KUJIKOM COCTOSTHUM NPH JIaHHBIX TEMIIEpaType U 1aBlIeHUH OOJblIe, 4YeM B TBEPIOM,
a B ra3oo0Opa3HoM Oojble, yeM B >XKuAkoM. Da30BbIi mepexonx mepBoro poaa — azoBoe
MIPEBPALLEHUE, COMPOBOKIAIOLIEECS MOTJIOMEHUEM WM BBIIEIECHUEM HEKOTOPOTO KOJIMYECTBA
CKPBITOM TEIJIOTHI W M3MEHEHHEM YIeIhbHOIO0 O0BhEMa BEIIECTBA; TeMIIeparypa Mepexoja
OCTaeTcsl MOCTOSTHHOW M 3aBMCHUT OT JaBieHus. [lpouiecc muaBieHus ojoBa MPOTEKAET NpHU
NnocToaHHON Temneparype T = T, U, CIEeI0BATENIbHO, SABISIETCA U30TEpMUUECKUM. M3MeHeHune
SHTPONUU MPU HArpeBaHUM M IUIABJIEHUU OJIOBA MOKHO OINPEAENUTh KaK CyMMY W3MEHEHMI
SHTPONUU MPU HArPEBAHUH €Tr0 OT HaYaJIbHOM TeMIepaTypsl Tk 0 TeMIepaTypsl MiaBieHus 1,
o ¢hopmyse:



AS=chnT—”+/1—m

k k (1)

®opmyna (9.3) MoxkeT ObITh HCIIONIb30BaHA JIsl SKCIIEPUMEHTAILHOTO OIpeIeICHHs] U3MEHEHUS
SHTPOMNUU NPU HArpeBaHUH U IJIABJICHUHU OJIOBA IOCJIE U3MEPEHUS 3HaUeHUsI TeMIepatyp Tk U
Th.

H3mepenus u ux oopadbomka

1. BkimounTth ycTaHOBKY TyMOnepoM «CeTb» U U3MEPUTh HAYAIbHYIO TeMIIepaTypy 0JI0Ba
Tk.

2. OIHOBPEMEHHO BKJIIOYHMTH HarpeBaTellb M 3allyCTUTh CEKYHJOMEp U 4Yepe3 KaxIyro
MUHYTY U3MEPSTHh TeMIlepaTypy ojoBa. M3MepeHus mpoBOAUTH A0 TeX MOp, OKa TeMIepaTypa
HE JOCTHUTHET IOCTOSHHOW Benu4MHbI Ty, a 3aTeM HauyHeT yBeIW4yuBaThcs. Pe3ymbTaTsl
u3MepeHuii ormeuars Ha rpaduke 7' = ft).

3. BolkirounTh HarpeBaTelb M MPOBECTH AHAIOTWYHBIE W3MEPEHHUS TNPH OXJIAXKACHUHU
0JIOBa, OTMeUasi TEMIIEPaTypy Ha TOM e rpaduke, 4To U B MyHKTE 2.

4. BBIKIIOYUTH yCTAaHOBKY TyMOIepoM «CeTby.

5. [lo nByM mnony4eHHBIM TrpaduKaM OIpPENeNIUTh TEeMIIEPaTyphl, COOTBETCTBYIOIINE
ydyacTKaM TIpadukoB, MapajjielbHbIM OCH BPEMEHHM, W IO UX CpEAHEMY 3HAYCHHUIO HailTh
TEeMIEepaTypy IJIaBJIEHUS OJI0Ba.

6. ITo popmyne (1) onpenenuTs U3MEHEHHUE SHTPOIMH BO BPEMSI HarpeBaHUs U TUTABJICHHS
oJI0OBa. YNEJbHYI0 TEIUIOTY IUIaBJICHUS M YACJIbHYIO TEIJIOEMKOCTh O0JIOBAa HaWTH B
CIPaBOYHHKAX.

7. OLIEHUTh NOTPEMIHOCTD PE3YJIHTATOB U3MEPEHUH.

ITO HHTEPECHO
buosornyeckas repmoauHamuka [4]

Baxwneiinee cBOMCTBO KUBBIX OPraHU3MOB 3aKIIOYAETCS B UX CIIOCOOHOCTH YJIaBIIUBaTh,
npeoOpa3oBBIBATh U 3amacaTh YHEPTHUIO B pa3iMuHbIX GopMax. OOImre 3aK0HBI, OTIPEICTISIONINE
IIPEBPALLCHNS YJHEPTUHU, U3YHYAIOTCS TEPMOJIUHAMUKON. 3aKOHBI TEPMOIMHAMHUKN YHUBEPCAIbHBI
JUTSL HEXKUBOM U KUBOU MPHUPOBI, HO, POPMYIUPYS UX, MBI HE UCCIIETyeM KOHKPETHOM
CYIITHOCTH TPOIECCOB, MPOUCXOISAIINX P HATPEBAHUHU BOJIBI HITU TIPU PA3BUTHH SMOPHOHA.
TepMmoannaMmuka Hayka (heHOMEHOJIOTH4ecKast (0T cloBa «()EHOMEH) — SIBIICHUE).
DOEeHOMEHOJIOTHUECKUE TEOPUH, B OTIIMUME OT ATOMHO-MOJIEKYJISIPHBIX, U3YYatOT
3aKOHOMEPHOCTHU, HE CBSA3aHHBIE C KOHKPETHOM CTPYKTYpOI BELIECTBA.

JI100y10 YacTh OKpY’KaIOIIEro HacC MHpa, KOTOPYIO MBI XOTUM MCCJIEI0BAaTh U OINHUCATH C
MO3UIMKA TEPMOJMHAMUKH, HA3bIBAIOT CUCTEMOM. B KadecTBe mpuMepa HHTEPECYIOLIUX Hac
TEPMOJMHAMUYECKUX CHCTEM MOXHO HAa3BaTh KIETKY, MHUTOXOHJPHUIO, CEpJILE, OpraHu3M,
o6uoctepy. Crnenyer, olHaKO, OTMETUTb, YTO METOJAbI TEPMOJUHAMUKUA HPUIIOKUMBI TOJIBKO K
MaKpPOCKOIMMYECKUM CUCTEMaM, COCTOSIIMM U3 Ooubiioro yucna gactuil. Crucrema, KOoTopas He
MOKET OOMEHUBATHCS CO CPENON HU JHEpTruel, HU BEIIeCTBOM, HA3bIBACTCS W30JHPOBAHHON;



€CIIM TPOUCXOJUT OOMEH TOJIBKO PHEpPruei, TO CHUCTEMa Ha3blBaeTCs 3aMKHYTOH, a €clu U
DHEPrUeil U BELIECTBOM - OTKPBITOM. JKMBOI OpraHusM B LIENOM cucTeMa OTKpbITas. Y nuie B
OTZEIIBHBIX YaCTAX KJIETKU MOI'YT CYLIECTBOBATH YCIOBUS, XapaKTEPHBIC I 3aMKHYTOHN U J1axe
M30JINPOBAHHOMN CUCTEMBI.

[IpuMeHUMOCTh TIEpBOrO 3aKOHAa TEPMOJMHAMHMKM K JKMBBIM CHCTeMaMm Oblia
IIPOIEMOHCTPUPOBaHA B Hayajle 3TOro Beka PyOHepoM. B cepum pabor ¢ MuKpoopraHuzMamu
PyOHep mokazan, 4yTo sHeprus, MOCTynarolas B OaKTepUM C MUILIEH, pasfensercd B mpolecce
notpeOyeHuss Ha JBE 4YacTH: 1) BBLAEIAIONIYIOCS B Cpely B BHMJE TeIUla U OSHEPrHH,
coJiepaKalieiicsa B MPOAYKTaxX >KU3HEAESITEIbHOCTH; 2)3anacaeMylo B KJIIETOYHOM MaTepuaie (31a
SHEPTHUsl BBIABIIAETCS C TIOMOIIBIO CXKUTaHUS OOBEKTOB B KaJopuMeTpuyeckoir 6ombe). Cymma
TUX [JBYX 4YacTed paBHAa BHYTPEHHEH OHEpPruu NOCTyNAlOIIed MNHUIU. AHaJIOTUYHBIE
HKCIIEpUMEHTAIbHbIE TIOATBEP)KICHHUS TIEPBOrO0 Hayala TEPMOJAWHAMHUKH OBUIM IOJIYyYeHBI
OTyoTepoM TpU U3YYCHHHM TEIUIOBOrO OanaHca 4YelOBEKa C MOMOIIBIO KaJOpHUMETpa,
IPECTaBIIIOIIEro COO0M U30IMPOBAHHYIO KaMepy, KyZa MOMELIAJICS YEeJIOBEK.

Usmenenne TemioBoil sHeprun A Q) HM301MpOBaHHONW CHCTEMBI HPONOPIUOHATLHO

abcomotHOU Temneparype (T); kKodphUIIMEeHT MPONOPIHOHATFHOCTH HA3bIBACTCS MU3MEHEHHUEM
sutporun (AS): AQ=TAS. CornmacHo BTOPOMY 3aKOHYy TEPMOIMHAMUKM, JHTPOIUS

W30JIMPOBAHHON CHCTEMBI BO3pacTaeT B HEOOPAaTUMOM TIIPOIIECCE W OCTAeTCs HEM3MEHHOW B
oOpatumMoM mporecce. PocT SHTponuH MpH CaMOTPOHU3BOIBHBIX MPOIIECCaX O3HAYACT TEPEXO0.l
CHCTEMBI, COCTOSIICH U3 OOJBIIOTO YHCIIa MOJIEKYJI, B 00JIee BEPOSITHOE COCTOSTHUE.

W3 BTOpOro 3akoHa TEPMOJMHAMHUKU CIIEyeT HEBO3MOXKHOCTh MPEBPATUTh MpU
MOCTOSIHHOM TeMIepaType TEIUIOBYIO SHEPrui0 B MeXaHHueckylo pabotry. Pabora cBs3zaHa c
OJIHOHAMPaBJICHHBIM NIEpEMELICHIEM TN (3apsSI0B U Macc), T. €. C IBUKEHUEM BCEX BXOJISALINX B
JAHHOE TEJIO0 MOJIEKYJ B OJHOM HampaBlieHUU. VIMEHHO MOATOMY KHUHETHYECKYIO IHEPTHUIO
JETSIIEro Tela B TPUHIUIE MOXHO IIETUKOM IMpeBpaTuTh B paboTy. B paboTy MOxHO
MPEBPATUTH IIEKTPUUECKYIO SHEPTHUIO, MPEACTABISIONIYI0 COO0I OHOHATIPABICHHOE JBIKCHUE
MOHOB WJIH JJIGKTPOHOB B DJIEKTPUYECKOM ToJie. TeruioBas s3HEprusi 00yCIOBIEHA Xa0THUECKUM
JBUKEHHEM YacTHIl, CyMMa BEKTOPOB CKOPOCTH KOTOPBIX B JIFOOOM HAIlpaBICHUU paBHA HYIIIO.
[TosToMy KuHETHYECKass HSHEpPrusi STOro TEIUIOBOTO JBMKEHMSI YacTHUIl HE MOXET ObITh
HENOCPEICTBEHHO MCMOJIb30BaHa /ISl pabOTHI.

Paccmompum npeepawienue snepeuu 6 rncueoil knemre. Conneunvle ayuu, nO210WasACh
3€/1eHbIM JIUCHOM, OCYULECIEIAIOM NPOUECCHl homocunmesa, nPU KOMopuvix IHeP2us ceemda
npespauiaemcsa 6 XumMu4eckylo IHepeulo, «3anaceHHyl0) 6 Opeanu4ecKux coOeOuHeHusiXx,
Hanpumep, 6 2110K03e. Xumuueckasn IHep2us 2110K03bl NPespauiaemcs 6 Xxo0e Kiemounozo
OKUCTICHUA YACMUYHO 6 MEN0, A YACMUYHO - 6 OPY2YI0 (PopMYy XUMUUECKOUl IHepZul, 6
Inepeuto maxkpoipzuueckux ceazei ATD. 3a cuem zuoponuza ATD morxcem npoucxooumsn
nepernoc eeujecme u3 odonacmu MeHvuiell 6 06aacmy 601buUlell KOHYEHMPayuu
(ocmomuueckaa paboma), nepeHoc uOH08 8 00.1acms dosee 8blCOKO20 INEKMPUUECKO20
nomenyuana (IneKmpuieckas paboma), 8 OP2AHUIMe HCUGOMHO20 — COKPAULEHUE MbIUUY,
(mexanuueckasa paboma). Ilpu 3mom npoucxooum nepesoo wacmu Xumudeckoul IHepZuu
AT® ¢ ocmomuueckyro, INeKMPUUECKyIo U MEXAHUUECKYI0 IHEPIUIO.

DneKTpuueckas, OCMOTHYECKass U XUMUYECKasi SHEPTUU MOTYT ObITh MCIOIb30BaHbI IS
coBepIleHus] paboThI, T. €. JUIsi HAIPaBIEHHOTO MEPEeMENICHHs Tela MPOTUB JIEHCTBYIOIMNUX Ha



Hero cwil. KonnuecTBEHHONW MEpOM IPEBpAIlCHHs JTUX BHUIOB DHEPIMM CIY)KUT W3MEHECHHE
Ha3bIBaeMOW CBOOOTHON 3Hepruu. TensoBas sHEprus MpH MOCTOSIHHOM TeMIlepaType He MOXKET
OBITH HMCIONB30BaHA JJISi COBEpUICHUS paloThl. IIpoTekaHne XMMHYECKHX peakifii B >KUIKOU
(aze He M3MEHSCT JTaBJICHUS, HO MOXET BBI3BIBATh M3MEHeHHEe oObema. [loaromy mist Takux
CUCTEM BMECTO H3MEHEHHs BHYTPEHHEW DHEPIMM CHUCTEMBI HCIIOJIB3YETCS H3MEHEHUE €€

suranemun (A H), koropoe pasao AU + PA V. Mexny usmenennem cBoGOIHOIM dSHeprun AG

U U3MEHECHHEM OJHTAIBNUMUA A/ TpU TNOCTOSHHOM [aBJICHUUW W TEMIIEPATYpPE CYILIECTBYET
COOTHOIIIEHUE, BBITEKAIOIIEE U3 IIEPBOTO U BTOPOTO 3aKOHOB TEPMOJINMHAMUKU:

AG=AH— TAS )

B ¢du3uko-XxMMHUYECKHUX CHUCTEMax W3MEHEHHWE CBOOOJHOW YHEPTHU OOBIYHO OMHMCHIBAIOT
4yepe3 U3MEHEHHUE HIICKTPOXUMUYECKOTO NOTCHIHANa [/

AG=v-Au (2)

I/Ie V — KOJIMYECTBO BenlecTBa (MOJIM) B cucteMe. MI3MeHeHNe 37eKTPOXUMHUECKOT0 IOTEHLIaNa
IpU IEPEXOAE CUCTEMBI M3 COCTOSHUSA | B 2 ompenensiercss U3MEHEHHUEM XUMUYECKOM,
OCMOTHYECKOU U 3JIEKTPUUYECKON SHEPTUML:

A; = Hop = Hoy T RT'I’\(CZ / 01) + ZF((pz _(pl) - (©)

@uU3NYEeCKUil CMBICIT 3JIEKTPOXUMHUYECKOT0 MOTEHIIMAIa 3aKIIYaeTCs B TOM, YTO €ro
HW3MEHEHHUE PaBHO paboTe, KOTOPYIO HEOOXOIUMO 3aTPaTUTh, YTOOBI:
a) CUHTE3UPOBaTh | MOJb BeliecTBa (COCTOSIHUE 2) U3 UCXOJHBIX BEIIeCTB (cocTosiHMEe 1) n

TIOMECTUTH €r0 B PACTBOPUTEN (cnaraemoe L, — U, ),

0) CKOHIIEHTPUPOBATh PACTBOP OT KOHIICHTPAIIUH 1 J10 ¢2 (cimaraemoe RT1n(co/c1),

B) nmpeoaojicTb CHJIbI JJCKTPHUYCCKOI0 OTTAJIKMBAHHA, BO3HUKAIOIIHUC IIPpU HAJIUYHUU

Pa3HOCTH TOTEHIMATIOB (, — (), ) MEXTy pacTBopamu [ciaraemoe ZF(@, — @,)].

BaMeTI/IM, 4TO OTH Cj1ara€MbI€ MOT'yT OBITH KaK IMOJIOXKUTCIbHBIMHA, TaK U OTPULIATCIIbHBIMH.

PaccMoTpuM B KadecTBe mHpHMepa, KaK HM3MEHSETCS BEIUYHMHA SJIEKTPOXUMHYECKOTO
MOTEHIMaNa Tpu mepeHoce MoHOB Na uepe3 MemMOpaHy HEpPBHOH KIETKH. DTOT MPOIEce
cosepmaerca pepmentom Na®, K'-AT®d-a3o0ii u obecneunBaercs sHeprueii ruaponusa ATO.
VoH HaTpusi IPH 3TOM MEPEHOCHUTCS M3 KIETKH Hapyxky. Konuenrpamus Na* BHyTpH KieTok (c1)
paBHa 0,015 monb/n, a cHapyxku (C2) - 0,15 moaw/n. OcMmoTHyeckas paboTa Ha KaXKIbIi MOJIb
nepeHeceHHoro noHa pasHa mpu 37° C RT1m (0,15/0,015) =5,9 /Ixk/MOIb.

BuyTpy KJIE€TKM DIEKTPUYECKMM IIOTE€HLUal CcocTaBiger ¢, =—60 MB, ecmu npusAaTh
Hapy)XHbII moTeHman ¢,=0. Diaexrpudeckas pabora cocrasiser: ZF Ap =9,65-10 4 Kn/mons -

60 - 10° B = 5,8 xJlx/Momb. (F — 3apsi MOJISL OJTHOBAJIEHTHBIX HOHOB (uucio ®apanes) F = Na -e
= 9,65-10" Kin/kmous). Tak xak ¢ Na* npu ero meperoce yepe3 MeMOpaHy B KOHEYHOM CUETE HE
NPOMCXOTUT HUKAKMX XWMHUYECKHUX TPEBPALICHUH W OH OKAa3bIBACTCS MPUMEPHO B TAKOM JKE



BOJHOM OKPY)XCHHUH, 4TO U panbiue, To Az, =0. Orcrona no ypasueruto (3) maxoxum Ag=0 +
5,9+ 5,8 =11,7 xI»x/M0b.

Btopoii 3akoH TepMOAMHAMHUKH TJIACUT, YTO B HM30JMPOBAHHOW CHUCTEME HE MOXKET
YBEJIMUMBATECS CBOOOAHAs dHeprus. Muaue rosops, B cucreme, rne AH =0 [cm. ypasuenue
(1), AG=-T7TAS<0. Tloka »>HepreTMueckue TNpeBpalleHHs B JaHHOH CHCTEMe
COTIPOBOKAAIOTCS MEPEX0IaMU Pa3HbIX BUJOB PHEPIHM APYr B Apyra 06e3 Ux mepexojia B TEIIo,
AG =0, Bce 3t npoueccyl 06paTumMbl. Kak TONBKO YacTh SHEPTUH MPEBPATUTCS B TEILIOBYIO,
IpoIecC CTAaHOBUTCS HEOOPAaTUMBIM B TOH CTENEHH, B KOTOPOM MPOM3OIIET 3TOT MEPEeXO.
[lonatne oOPaTUMOCTH MpOLECCa TECHO CBSA3aHO C IMOHATHEM JWHAMHYECKOTO PaBHOBECHS.
PaBHOBecMEe — 93TO Takoe€ COCTOSHUE CHUCTEMBI, NpPU KOTOPOM KaXKJas YacTHIA MOXKET
MEPEXO/IUTh U3 HEKOTOPOTO COCTOSAHUS | B HEKOTOPOE COCTOSTHUE 2 U 00paTHO, HO B LIEJIOM JOJIsI
coctossHMM | ¥ cocTrossHM 2 B cHCTeMe He u3MeHsercsa. B  dusmko-xumudeckux (a
CJIEIOBATENIbHO, OMOJOTHYECKMX) CHCTEMax paBHOBECHBI MPOLECCHl, MPU KOTOPBIX

A;=AG/V=O,T.G
Moy — Hyy + RTIn(Cz/Cl)+ ZF(% _(pl) =0 (4)

B paBHOBecum Moryt HaxoauThcsi cyocTpaThl (A) W mponaykThl (B)  Onoxmmmudeckoit

PCaKIMU NN MOHBI IO ABC CTOPOHBI MGM6paHBI.

Jns  ompeneneHUsT  TEPMOAWHAMHYECKHUX  MApaMETpOB  OMOJOTMYECKHX  CHCTEM
UCTIONIB3YIOTCSL JIBA METOJA: ONpEICIICHHE TEIUIONPOAYKINU (KaJOpUMETpHUsi) M H3MEPEHUE
KOHCTAHT paBHOBecHs. Tak Kak OOBEKT, HAXOMSIIUNCS B KaJJOPUMETPE, HE POU3BOAUT PAOOTHI,
W3MEHEHUE DPHEPrUH (SHTAIBIINN) MOKHO CUUTATh PABHBIM KOJIWYECTBY BBIACIUBIIETOCS TEILia
AQ. Tak Haxomar wusmeHenwe oSHTanemuu (AH), nanpumep, B Xome H3y4aeMoro
Omo¢u3nIeCcKoro mporecca win OHoXuMudecko peakuuu. CyIecTBYET TaKXKe APYrod MOaX0.1
K M3YYCHUIO TEPMOJIUHAMUYECKHIX TapaMEeTPOB MPOIECCca, OCHOBAHHBIN Ha N3MEPEHUU KOHCTAHT
paBHOBECHS MPH Pa3HBIX TEMIEpaTypax. ITOT METOJ MPUTOJICH TOJBKO B TOM Cllydae, KOoraa HU
u3MeHeHne dHranbnuu cuctembl (A H), nu usmenenue surponuu (A S) oT Temmeparypsl He
3aBUCHT.

B JIUTCPATypPC HCOAHOKPATHO BBICKA3BIBAJIOCH YAUBJIICHHUC IO IMOBOAY TOTO, YTO B KHBBIX
OpraHM3Max B XOJ€ UX POCTa U Pa3BUTHUS MOXKET NMPOUCXOJUTH YBEIMUYECHUE YIOPSAIOUEHHOCTH,
KOTOpO€, Ka3aJoch Obl, MPOTHBOPEUYUT BTOPOMY 3aKOHY TepMoAMHAMUKH. [IpoTuBOpeune 31O
kaxymeecs. C 0JIHOI CTOPOHBI, MOHATHE YHTPONUU BOOOIIE HELENEeCO00pa3HO HCII0JIb30BATh,
TOTJa peub MJET O MOPAJIKE B MaKpOCKOMHYECKOM CMbICIE, CKaxkeM, o auddepeHnranum
KJIETOK, CIEIMAIM3alUU KJIETOUYHBIX CTPYKTYp U T. A. C Ipyroil CTOPOHBI, OPraHnu3M IOCTOSTHHO
coBepiaer paboTy U pacTeT, CIeNOBATEIbHO, 00IIee KOJIUYECTBO CBOOOIHOW DHEPTHUH B HEM
JOJDKHO — YBEIMYMBATBCA, YTO HA IIEPBBIA B3IV IPOTUBOPEYUT BTOPOMY  3aKOHY
TEpMOJMHAMHKH. Takoil BBIBOJ, OHAKO, OCHOBAH Ha HexopazymeHuu. CBOOOIHAs SHEPTUs He
MOJKET YBEJIMYUBATHCS JIUIIb B W30JMPOBAaHHBIX cucTemMax. Hu oauH XHMBOW oOpraHu3M He
SIBJISICTCSI U30JIMPOBAHHON cucTeMOl. OpraHu3M MUTACTCS U C MUIIEH (2 paCTEHUSI U CO CBETOM)
noTpebiisieT CBOOOJHYIO JHEpPrHio, KOTOPYI0 IOTOM pacxoiyeT. B momHoM cMeicie ciioBa
M30JIMPOBAHHON MOKHO CYUTATh CHUCTEMY OpPraHuU3M — cpefa. BHYTpH Takoil CHCTEMBI B €€
«OKUBOW» YacTH, T. €. B OpraHu3Me, cBOOOHAS YHEPTUsi MOXKET YBEJIUYMBATHCS, a SHTPOIUS —



COOTBETCTBEHHO yMEHBIIATHCS, HO IPU HENPEMEHHOM YCIOBHUM OJHOBPEMEHHOIO €ro
YBEJIUYCHUS B HEKUBOU YaCTH CUCTEMBI. Tak, HampuMep, pa3BUTHE 3€JIEHBIX paCTEHUN Ha 3emiie
MPOUCXOIMIIO Onaronaps yBelnudeHUIo sHTpornuu B cucteme ComHie — 3emuis. M3BecTHO, 4TO U
B COCTOSHMM TIOKOSl, W TIPH BBIIIOJHEHUH pPAOOThI MOXKET MPOUCXOAWTH POCT M Pa3BUTHE
OpraHu3Ma, HO OJHOBPEMEHHO HJET HEMPEPHIBHOE BBIIEICHUE TEIla >KMUBBIMH OpPraHU3MaMH.
OTa TemnoTa AUCCUTIALUU MTPEJICTaBIsIeT COOON pe3ybTaT OKUCICHUS BEIIECTB, 3aKJIIOUEHHBIX B
MUIIEe, KOTOPOE COMPOBOXKIAETCS POCTOM SHTPOIMUH, 3HAYUTENIHbHO OOJBIINM, YEM CHIDKEHHE
SHTPOMUH 32 CUET POCTa OpraHu3Ma u AudPepeHIupoOBKH €ro KIETOK.

Wrak, n3MeHeHue cBOOOIHOM 3HEPTUHU B XO/I€ JIF00OT0 Mpoliecca onpeesiseT HapaBieHue
ATOTO TpoIecca: OH UAET B cTopoHy yMeHbmieHus G. Hampumep, mans ruaponmsa docdaTHOM
cBsa3u B kommekce Mg*— AT® npu pH 7,0 u 37° C no cxeme AT® + HO — AT® + @ (rae ©
- non ¢ocdopHoii KucnoTH) mHomydeHo 3Hauenne AG = -30,5 xJ[x/Monb. B peakuum
AIIO+H20 - AM® + ®, A G=-30 k/I/M01b. 3HAUUTENHHOE TOHMKEHUE CBOOOIHOM SHEPrUu
npu ruaponuze ATO® u AJI® nolOyauino OMOXMMHKOB Ha3BaTh ATH COCAMHEHHUS OOTaThIMU
SHEPTrUeu, UM MakpodIpruueckuMu. OJHAKO B )KMBOM KJIETKE MPOTEKAET MHOXKECTBO PEaKIIMiA,
KOTOPHIE COMPOBOKIAIOTCS yBeauueHueM cBoboaHoi suepruu (A G>0). OcHoBHOU croco0
npeoOpa3oBaHus SHEPTUU B KIETKE: XUMUYeckas padoTa cOBepIaeTcsl MyTeM MOAKIIOYSHUS K
peakuuu ¢ «HeOJarompusATHbIM» H3MEHEHHEM CBOOOJAHOW JHEPruHM peakuuid ¢ OOoJbUINM
OTpHULIATENIbHBIM U3MEHEHUEM CBOOOIHON 3HEeprun. YTOObI OCYIIECTBIISATh TAKOE «COIMPSKEHHUE)
MPOIIECCOB, KIETKE TMPUILIOCh CO3/IaTh B XOJE OJBOJIOLUUU CIEIUATBHBIE MOJEKYISIPHBIC
«@HEprompeodpasyronye» yCTPOWCTBA, KOTOPBIE MPEACTaBISAOT co0oil  (epMeHTHBIC
KOMIUIEKCBI, KaK MMPaBUIIO, CBI3aHHBIC C MEMOpaHaMHU.

[Ipu npuMeHeHnn TePMOAMHAMUKHU K OMOJIOTMYECKHM CHCTEMaM HEOOXOAUMO yYUTHIBATh
0COOEHHOCTH OpPTaHU3aLUH KHUBBIX CHUCTEM: 1) OMOJIOTHYECKUE CUCTEMBI OTKPBITHI JIJIsl TOTOKOB
BEIIIECTBA M YHEPTUH; 2) MPOLIECCHI B )KUBBIX CHCTEMaX B KOHEUHOM CYETE UMEIOT HEOOpaTUMBIii
Xapaktep; 3) OJKUBbIE CHCTEMBI JajleKd OT paBHOBecUs; 4) OHOJOTMYECKHE CHUCTEMBI
rerepo¢asHbl, CTPYKTYPUPOBaHbI U OTAEIbHbIE (Pa3bl MOI'YT UMETh HEOOJIBILIOE YUCIIO MOJIEKYII.

Bce »10 oTnmuaer 61/IO.HOFI/I‘-IGCKI/IC CUCTCMBI OT HU30JIMPOBAHHBIX U 6JII/I3KI/IX K COCTOAHUIO
PaBHOBECHS CUCTEM, B KOTOPBIX PAaCCMATPHUBAIOTCS OOpaTUMBIE MPOIIECCH B TOMOTEHHOU Cpefie,
coJIepXalieii OrpoMHOE MHOXKECTBO MoJiekys. [l OoJjiee aJeKBaTHOTO OMHCAHUS CBOMCTB
OMOJIOTHYECKMX CHUCTEM BO MHOTHX Cily4asX IIOJIE3HO MPUMEHEHHE TEepPMOJUHAMUKU
HEOOpaTUMBIX TMPOIIECCOB, OCHOBATEIIIMH KOTOPOM CUHMTAIOT JlaypeatoB HobOeneBckoil nmpemun
o xumuu JI. Onzarepa u U. [Ipuroxxuna.

B otouume oT KiaccuMueckodl TEepMOJMHAMHUKH, B TEPMOJUHAMHKE HEOOpPATUMBIX
MPOLIECCOB paccMaTpUBAETCS XOJ TMpoleccoB BO BpeMeHHU. DyHIaMEHTaIbHOE MOHSTHE
KJIACCMYECKON TEepPMOJMHAMHUKHU - PaBHOBECHOE COCTOsiHWE. B TepMonnHaMuke HEoOpaTHMBIX
MIPOIIECCOB CTOJIb K€ BAXKHBIM IMMOHATHEM MOXXHO CYUTATh CTAIIMOHAPHOE COCTOSTHUE CHCTEMBI.

Paznuuune Mexay paBHOBECHEM M CTAllMOHAPHBIM COCTOSTHMEM XOPOLIO BUAHO HA MIPUMEpPE
HOHHOTO Oananca kieTku. Konrenrparus K* BHyTpH KIIETOK TEINIOKPOBHBIX MPUMEPHO B 15 pa3
BBIILIE, YEM BO BHEKJIETOUHOM CpEJe, HO 3TO HE MPUBOJIUT K BBIXOAY ITHUX MOHOB U3 KJIIETKH, TaK
KaK Ha KJIETOYHOW MeMOpaHe MMeeTCsl MOTEHIHAI CO 3HAKOM MHHYC BHYTPHU KJIETKH, KOTOPBIHA
ynepxusaer K* ot Bbixosa u3 nuromiasmel. CrucremMa 6J1M3Ka K paBHOBECHIO, YCIOBUS KOTOPOTO



OIMHUCBIBAOTCA N3BCCTHBIM YPABHCHUEM HepHCTa.

Wnas curyanus ¢ nonamu Na®. X xoHIeHTpanys B KJIE€TKE IPUMEPHO B 15 pa3 MeHbIIE,
4yeM B OKpyKaromen cpene. [IocTosSHHBIN rpalueHT KOHIEHTPALMY U Pa3HOCTh MOTEHIIUAIOB HA
MeMOpaHe MPUBOAAT K TOMY, YTO MMEETCS XOTS M HeOOJbIIoe, HO TIOCTOSHHOE MPOCaunBaHHUe
nonoB Na' B wimerky. Tem He MeHee TMOCTOSIHHAs KoHIeHTpanuss noHoB Na® B KieTke
NOJICP’)KUBACTCSI HACOCAaMM, BBIKAYMBAIOIIMMHU 3TOT MOH U pabOTAIOIIMMH 3a CYET SHEPTHH
ruapoanza AT®. U3 storo mnpumepa BHIHO, YTO B OTJIMYHME OT TEPMOJUHAMHYECKOIO
PaBHOBECHSI CTALIMOHAPHOE COCTOSIHUE XapaKTEPU3YETCs:

1) MOCTOSIHHBIM TIPUTOKOM BEIIECTB B CUCTEMY U YIAJCHHEM MPOIYKTOB 0OMeHa (B JaHHOM
cinyuae — nputok AT® u ynanenue Na®);

2) MOCTOSIHHOHM 3aTpaToil CBOOOJHON JHEPrHH, KOTOpas MOAJIEPKUBAET MOCTOSHCTBO
KOHILICHTpALUi BELIECTB B CUCTEME;
3) NOCTOSHCTBOM TEPMOJMHAMHUYECKHX MapaMETPOB (BKJIIOYas BHYTPEHHIO DHEPIHIO U
SHTPOIINIO) CUCTEMBI, HAXOSAMIEHCS B CTALIMOHAPHOM COCTOSHUM.

Cucrtema B CTAallMOHAPDHOM COCTOSHUHM SBISIETCS OTKPBITOM CHUCTEMOM M  MOXKeT
CYIIECTBOBATh JIMIIb 32 CYET IMpPUTOKa SHepruu u3BHe (B Gopme ATOD B HameMm mpumepe) u
OTTOKa DHEPTUU B OKPYXKAIOIIYIO cpeay (B HamieMm ciydae B ¢opMe Teria). B Ouomornueckunx
cuctemMax HauOoyiee BaXKHBIMU IOTOKAMHU SIBJISIOTCSI MOTOKH BELIECTBA U DJIEKTPUUYECKHUX
3apsIoB.

Omnzarep copMynupoBal OCHOBBI TEPMOJMHAMUKH, OMNMCHIBAIOIIEH OJHOBPEMEHHOE
IIPOTEKAaHNUE Pa3JIMYHBIX B3aMMOCBA3aHHBIX CTAllMOHAPHBIX IIPOLECCOB. ODKCIEPUMEHTAIbHON
OCHOBOHM 3TOM TEPMOJMHAMMKH SBIAIOTCA (DEHOMEHOJOTMUYECKUE 3aKOHBI, yCTaHABIMBAIOIINE
HaJIMYue JIMHEWHOM 3aBHCHUMOCTH MEXAy IIOTOKAMM M CWIAMH MX  BBI3BIBAIOIIUMU
[TonoxxuTenpHOE 3HaYCHUE JUCCUNIATUBHON (PYHKIUU KaK KPUTEPU BO3MOKHOCTH COMPSKEHUS
IIOTOKOB O3HAyaeT, 4ro B J000M mpeoOpa3oBaTesie 3HEPrUM BXOJHAs MOIIHOCThH JIOJKHA
OpPEBbIIATh  BBIXOAHYIO. B OonbmIMHCTBE OWONIOTMYECKHUX  IMPOLECCOB  MPOUCXOIMT
npeoOpa3oBaHUEe XUMUYECKOW SHEPTHH B OCMOTHYECKYIO, SJIEKTPUUECKYIO U MEXaHHUeCcKyt0. Bo
BCEX JTHUX IPOLIECCaX MPOUCXOANUT AUCCUTIALUSA YaCTH XUMHYECKOM SHEPTUNU B TEILIO.

TepMoauHaMuKa JTUHEHHBIX HEOOPATUMBIX MPOLIECCOB, T. €. MPOLECCOB, II€ MOTOKU H
CHJIBI CBSI3aHBI JIMHEHHO, OOBSACHSAET OCOOCHHOCTH OTKPBITHIX CUCTEM - CONPSIKEHUE IMTOTOKOB U
BO3HMKHOBCHHE CTALIMOHAPHBIX HEPABHOBECHBIX COCTOSHUU. BaXHBIM BOIIPOCOM TeOpUHU
CTallMOHAPHOTO  COCTOSHHUS  SIBJSIETCS  BONPOC O KPUTEPUAX TAKOrO COCTOsiHMA. B
TEPMOJIMHAMMKE JIMHEHHBIX HEOOPATUMBIX IPOLECCOB JIOKA3bIBAETCS, YTO CTAl[MOHAPHOE
COCTOSIHUE MOJKET OBITh OXapaKTEPU30BAHO CIEAYIOIIMM MPUHIMIIOM, MOJYYUBLIMM Ha3BaHHE
meopemot Ilpucoscuna: B CTalMOHAPHOM COCTOSHUHM IpU (DUKCUPOBAHHBIX BHEIIHUX
napameTpax CKOpPOCTb IIPOLYKLUUA SHTPOIIUU B CUCTEME IIOCTOSIHHA 110 BPEMEHU U MUHHUMAJIBHA
10 BEJIMYMHE.

Kpurepuii sBoMOIMM CHCTEMBI B KJIACCUYECKOW TEPMOIAMHAMHMKE COCTOMT B TOM, YTO
SHTPOIUS Ui HEOOpaTUMBIX IPOLECCOB B HM30JUPOBAHHON CHCTEME CTpEeMHUTCI K
MakCUMaJbHOW BelnuyuHe (Kpumepuii Knaysuyca). B OTKpBITONl CcUCTEME NPOU3BOACTBO
SHTPOMHH 711 HEOOPATUMBIX MPOLIECCOB CTPEMUTCS K MUHUMYMY (Kpumepuii Ilpuzoxncuna). 113



Teopembl [IpuroxuHa cienyer, 4To €clid CUCTeMa MO TOM WM MHOW NPUYMHE BBIBEJCHA W3

CTAallMOHAPHOTO COCTOAHHA, TO OHA 6yz[eT HU3MCHATHCA OO TEX MOpP, IMOKa YACIbHAas CKOPOCTHb

MNPpOAYKIIMU OHTPOIIMHU HE MPHUMET HAUMCHBLIICTO 3HAYCHUA, T. €. JOCTUTAaCT MHUHHUMYyMa

muccunatuBHas QyHkius. Teopema [IpuroxkuHa paspeninia BaXHEHIINN U1 TEPMOJIUHAMUKH

JMHEWHBIX HEOOpaTHMBIX IPOIECCOB BOMPOC O TOYHOW XapaKTEPUCTHKE CTAIMOHAPHOTO

COCTOSTHUSI OTKPBITOM CHCTEMBI, YTO PE3KO paCIIUPHIIO 00JacTh MPUMEHEHHS 3TOT0 pasfelna

TEPMOIAUHAMUKH.
TEMA Ned
CBOVICTBA )KMJKOCTEM
JUTEPATYPA
[P1].Tx. VII.

[P2]. §§ 34, 35.

[P3]. T IX.
[P4]. §§ 92 — 94.

[P5]. Ctp. 226—244.
[P6]. ['a. 11.6.
[P7]. Ta. 1.
Bomnpochl 0 TEOPEeTHYECKOMY MaTepHaJTy

OObemMHbBIE CBOMCTBA KHUJIKOCTEH.

Metoapl ompeneneHuss KodpduuueHTa O0OBEMHOrO pPACHIMPEHHsS: a) C IOMOIIBIO
nunatomerpa; 6) meton Jrononra u I1tu; B) MeToa cooOmarmuxcs COCy10B.

3aBUCUMOCTh KO3 (QUIMEHTa TEIUIOBOTO PACIIMPEHUs KHUIKOCTEH OT JaBJIECHUS U
TeMIIepaTyphbl.

SIBneHus nepeHoca B KHUJIKOCTSIX.

SIBnenus Ha rpaHuLe XUAKOCcTH. [IoBEpXHOCTHOE HATSKEHUE.

VYcnoBus paBHOBecHs Ha TpaHuLe AByX cpel. Kpaesoit yron. CMaunBaHue.

Cunpl, BO3HUKAOIINE HA KPUBOW IOBEPXHOCTH KMIKOCTH. Y paBHeHHe Jlamiaca.
Kanunnsipueie siBIeHuUS.

Mertoab! u3mMepeHust KodQGHUIMEHTa TOBEPXHOCTHOTO HATSHKEHUSI.

. 3aBUCUMOCTH KO3 (h(PHUITEHTA TOBEPXHOCTHOTO HATSHKCHUS OT TEMIIEPATYPHI.

. Ucnapenue n KuneHue >KuaKoCTeun.

. TemmepaTypHas 3aBUCHUMOCTb YIIPYTOCTH HACHIIIICHHBIX MTapOB.

. AGCOITIOTHAs! ¥ OTHOCUTENbHAS BIAKHOCTh. METOABI M3MEPEHHS BIAKHOCTH BO3/IyXa.
. YIIpYyrocTh HaCBILEHHOTO I1apa HaJl KPUBOU IIOBEPXHOCTBIO KUIAKOCTH.

. Ucniapenue u KUIeHue KU IKOCTEH.

KAYECTBEHHBIE BOITPOCHI

1.

B BerpeHblii JeHb HaM CTAaHOBUTCS TEIIEE, €CIM MBI «CIPSUEMCSA» OT BETpa. A OJMHAKOBbI
JIM TTOKa3aHMs TEPMOMETpPA Ha BETPY U «3a yIJIOM» ?



10.

11.

12.

13.

14.

15.

16.

17.

18.

[Tepen moxomoM OOTHHKH HECKOJIBKO pa3 MPOMUTHIBAIOT KUPOM. C KaKoi 1esbro?

Kaxxnas kamist mpoauToil B BOJOEMbI M MOPS HE()TH MOKPBIBAET HENPOHUIIAEMON TUICHKOM
20 m? BojHO# moBepxHOCTH. Kak ¢ Touku 3penust GU3UKH U 3HAHUH O CTPOEHHH BELIECTBA
00BsicHUTh 3TOT (hakT? Kakue mocneacTBusi Ui oOUTATeNell BOJHBIX MPOCTOPOB MOXKET
UMETh 00pa30BaHUE TAKOU IIICHKN?

B kuakuii a30T MOrpy’kKarOT METAUIMYECKYI0 TallKy KOMHATHOW TeMmmepaTypbl. A30T
3aKHUIIAeT, TOTOM KHIIEHHE MPEKPALIAETCs, HO 3aTEM NHTEHCUBHOCTb KUIIEHUS PE3KO YBEIH-
yupaetcs. [Touemy?

['me mpoayKThl COXHYT OBICTpEe — B XOJOIWJIBHUKE WM Ha OTKpbITOM Bo3ayxe? [louemy?
Kakue npenmeTsl COXHYT B XOJOIUIBHUKE OBICTpee — X0JoHbIe uiu Teruibie? Kakue «apen-
METhI OXJIQK/IAI0TCS B XOJIOIUIIbHUKE MEJICHHEE, «CYXUEe» UIIU «BJIAXKHBIE», U IIOYeMYy?

Y BOJOMEpKHM Ha KOHIIAX HOXKEK PaCIOJIOXKEHBI BOJOCKH, Olarojaps KOTOPHIM YBEITHYH-
BaeTcs IUIOLIAJb OMOPHI, U OHA HE MpoBajiuBaeTcs B Boay. Ho eciu Ha ee myTu okaxercs
IATHO U3 KEPOCUHA WJIM Maciia, TO OHa OIycTWiIcs B Boay. [louemy?

Yem oObscHsieTcs Moromee aeictBue mbuia? [lodyemy mpu CTUpKE MOIOIIUMHU CPEICTBAMHU

obpasyercs rieHa?

Kak cnenatb TKaHL BOOJOOTTAIKUBAIOIIEH?

Ecnu Ha MOBEpXHOCTH BOJBI MOJIOKHUTH HUTKY U C OAHOW CTOPOHBI KAammHYTh 3()HUpOM, TO

HUTKa OyneT mepememiathes. [lodeMy 3TO MPOWCXOAWUT, U B KaKyl0 CTOPOHY OHa Oyjer

nepeMeniaTbes?

BrutiB Ha MOBEPXHOCTH pa30yIleBaBIIErOCs MOPSI HEKOTOPOE KOIMYECTBO He(DTHU, MOKHO B

3TOM MECTE «YCIIOKOUTH» BOAHYIO cTHXHIO. [Touemy?

JlepeBsHHBIN KPYXOK, MOKPBIBAIOIIANA BOAY, JErde CHATh, NMOAHUMAs €ro He IUIalMs, a

pebpom. [Touemy?

[Ipn ynaneHun ¢ TOBEPXHOCTH TKAaHUW JKUPHOTO TSITHA PEKOMEHIYETCS CMayuBaTh

MIPONUTAaHHOW OEH3MHOM BAaTKOM Kpas MsATHA, a He caMmo NATHO. [Touemy?

Ecnu nocrath U3 XonoauibHUKA OAHKY C Ta3UPOBAHHOM BOJION M OTKPBITh €€, TO BOJIa Cpa3y

3amep3HeT. [louemy?

B xapkux crpaHaX HalMTKH MOMENIAIOT B COCYIbl C MOPUCTBIMH CTEHKaMH. 3a4ye€M 3TO

JenaroT?

Kyna Oymer paBuratbCsi Karulsi CMaddBamOMIe W HECMAYMBAIOMICH O KHJIKOCTH B

TOPU30HTAIIBHO PACIOI0KEHHOM KOHMYECKOM Kanujuisipe?

XnomyaToOyMaXKHBIM M MIEPCTIHOW MOTKM HUTOK HAMOYMIIM B BOJI€ U TIOBECUJIN CYLIUTHCS.

[Touemy uepe3 HekoTOpoe BpeMsi (MUHYT J1€CATh) B IIEPCTSIHOM MOTKE IOYTH BCS BOJAA

OKa3ajach COOpaHHOW B €ro HIDKHEH YacTH, B TO BpeMs Kak B XJIOMYaTOOYMa)XHOM OHa

ObL1a pacmpeseneHa 6oee Uil MEHee PaBHOMEPHO IO BCEMY MOTKY?

[Ipn cMayumBaHMM >KMIKOCTBIO TBEPAOrO Teja CWUJIa MPUTSIKEHUS MEXIYy MOJEKyJaMu

KUJAKOCTH W TBEPIOTO Tena OOJbIe, YeM CHJIa MPUTSHKCHUS MEXIYy MOJIEKYJIaMU CaMoOM

JKuakoctu. Boga cmaunBaeT CTekio, a pTyTh €ro He cMauuBaer. [louemy ke u1st OTphIBaHUsA

CTEKJISTHHOW MJIACTHUHKH OT IMOBEPXHOCTU PTYTU TPeOyeTCs MPUIOKUTH OONBIIYIO CHUILY, YEM

JUIS1 OTPBIBAHUS €€ OT IIOBEPXHOCTH BOJIBI?

W3BecTeH crneayronuii OmbIT: AEPEBSIHHBIA OPYCOK, MTOKPBITHIN clioeM napadurHa, KIaayT Ha

JTHO CTEKJIIHHOT'O CTaKaHa, MPUICPKUBAIOT BA3AJIBHON CIULEH U HAIMIOJHSAIOT CTaKaH BOJIOM.

Ecnu yOpats cniuity, Opycok He BemuibiBaeT. He BeimomHseTcst 3akoH Apxumena. Kak xe Tak,

BeJlb JIEPEBO MOTPYNKEHO B BOAY U HA HETO JOJKHA JACHCTBOBATH apXUMe10Ba cuja’?
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. [ToueMy nIpoYHBI MBUIbHBIE ITY3bIPU? Y KaKOW BOBI kod(urmeHt MMOBEPXHOCTHOTO

HATSDKEHHsI OOJIbINE: Y YUCTON WIIM Y MBUIBHOM?

. ITouemy, ecnu TOXHYTh cebe Ha PYKy, MOIy4aeTcsl OLIyLICHHE TeIUla, a €Cld OyHYTh, TO

OIIYIIEHUE TPOXIaabl?

. UeM HIDKE TEMIICpaTypa, TEM 0oJIbIIIEE KOIUYIECTBO BOABI JOJDKHO BBIIACTH B BUAC POCHI

(W I3MOPO3H) U3 KaXKIO0T0 KyOMYEeCKOro MeTpa Bo3ayxa (MpH MpOYrX PaBHBIX YCIOBHSIX).
Temneparypa Bo3ayxa 3UMOM Ha YJIUlle HUXKE, 4YeM B KoMHaTe. OJHAKO B HEKOTOPBIX
CTapbIX JOMAax CTEHbI 0OMEP3al0T CO CTOPOHBI KOMHATHI, a HE ¢ ynulbl. Kak 00BsSCHUTH 3TOT
napajaokc?

KAK Bbl JYMAETE
1. KakoBbl Ka4eCTBEHHBIE U KOJIMUYECTBEHHBIE PA3IIMUUS MEXKAY KUAKOCTBIO M ra3oM?
2. VIMeroT nu KpUTEpUH pas3inyus MKy KUAKOCTHIO M ra30M abCOMIOTHBIN Xapakrep?
3. SBnsAroTcs M 4YepThl CXOJACTBA W PA3IMuYUs MEXKIY JKMIKOCTBIO W €€ IapoM
YHMBEPCAJIbHBIMU I BCEX BEIIECTB?
4. Wmeer nu nenenue (opM CyIIECTBOBAHMS BEIECTBA Ha TBEpAbIC Tela, )KUIKOCTU U Ta3bl
a0COJIIOTHBIN CMBICT?
5. MosHO In paccMaTpuBaTh U3MEHEHHE arperaTHOrO0 COCTOSHUS BELIECTBA KaK (PU3MUECKYIO
dbopmy aBUKEHUSA?
6. OT uero 3aBUCAT NPAKTUYECKHE BO3MOXKHOCTU YEJIOBEKAa B HCIOJIb30BAHUU 3aKOHOB
MIOBEPXHOCTHOT'O HATSKEHUs?
7. B dyeM 3aKkirodaroTCs KOJMYECTBEHHAss M  KAueCTBEHHAss CTOPOHBI Takol (usmueckoi
BEJIMYMHBI, KaK CHJIa IOBEPXHOCTHOT'O HATSKEHUS?
8. UewM ompenensieTcsi CMBICI MCIIONB3YEMOTO HaMHU MOHATHUS «IaBienue Jlammacay - Teopueit
WJI SKCIIEPUMEHTOM?
9. UYro Takoe HAOIIOICHHUE U YEM OHO OTJIMYACTCS OT dKCIIEpUMEHTa?
10. KakoBo 00bEKTHBHOE COJIEpKaHUE TIOHATHS «CBOOOHAS YHEPTHUS TOBEPXHOCTH?
11. CymiecTByIOT JIi B MPUPOJI€ a0COTIOTHO CMauylBaeMbIe TIOBEPXHOCTH?
12. B pamkax Kakoi CTPYKTYpbI YCIOBHI cripaBesinBO ypaBHeHHe Jlamaca?
13. MoxHO 511 a0COTIOTHO TOYHO ONPEACTUTH KOAPPHUIIMEHT 00bEMHOT0 paCIIUPEHUS?
14. KakoBa uyeanbHas MOJENb KUJIKOCTU?
15. MoseT 11 BEIECTBO, SIBISIIOLIEECS B OJHOW CUCTEME OTCUETA KUIKOCTHIO, IIPEBPAIATHCS B
JIpYroi cucteMe orcuera B raz?
ITPOBEPH CEBAI!

1. Ecnu crekiio uMeeT TpeuluHy, TO 3MMOI HEMOCPECTBEHHO OKOJIO TPEIIMHbI
a) OHO He 0OMep3aeT, XOTs BCS OCTalIbHAsI IOBEPXHOCThH CTEKIIa 00OMEp3aeT;
b) oHo oOMep3aeT cuibHEE, YeM BCS OCTalIbHAsI TIOBEPXHOCTh CTEKIIA;
C) oHO oOMep3aeT TaK ke, KaKk U BCS OCTalIbHAsi IOBEPXHOCTh CTEKJIA. .
2. JlnvHa MMEeHBKOBOM BEPEBKH, JIKAIICH HA 3eMJIe, TIPU CMaYMBaHUHU
a) yBCIUYHUBACTCS,
b) ymensbraercs;
C) HE U3MCHSICTCS.
3. Tlpu yBenudyeHnn aOCOTIOTHOM BIIAXKHOCTH TIEPE]] T0KIEM, KaK MIPaBUIIO,



d) IUIOTHOCTh BO3JyXa YBEIMYHMBACTCS, TAaK KaK CBHIPOW BO3IYX COJCPIKHT OOJIb-
LU IPOLEHT MOJIEKYJI BOJBI, YEM CYXOH;
b) ymeHblraercsi, Tak Kak ChIPOM BO3AYX MOJIYy4aeTCS W3 CYXOrO IMOCPESICTBOM
3aMEHBI HEKOTOPBIX MOJICKYJI KHCIIOPO/Ia M a30Ta MOJICKYJIaMH BO/IbI,
C) He M3MEHSETCS, TaK KaK B JIUTPE CHIPOTO BO3IyXa COMACPIKUTCS CTOJBKO XKE
MOJICKYJI, CKOJIbKO B JIMTpE CyXoro (IpH NaHHOH Temmeparype ¥ IaHHOM
TTABJICHUN ).
4. Tlpu BBIBEICHHHM JKHPHBIX ISITEH YTIOTOM MaTepHal, BIHUTBHIBAIOIIMNA JKHP, HAJIO
pacronaratb
d) CO CTOpPOHBI YTIOTA;
b) Ha cTopoHe, MTPOTHBOIIOJIOKHOH YTIOTY;
C) c o0enx CTOPOH TKaHHU.
5. VYcrpaHeHHe SKUpPHBIX ISITEH C TKAHH HAarpeBaHHEM OCHOBAHO HAa TEMIIEPAaTypHOMN
3aBUCUMOCTH Kod(dduimeHTa
d) TMOBEPXHOCTHOTO HATSDKCHUS,
b) muddysum;
C) TEKyYeCTH.
6. Ecmu cpaBHHUBATh CHIPYIO M KUIISTYCHYIO BOIY, TO IIPH OJJHHAKOBBIX YCIIOBUSIX
a) chIpasi BOJIa 3aKUIIACT PAHBIIIE, TAK KAK OHA COJCPIKUT B PACTBOPE BO3/IYX;
b) kumsueHas Boja 3aKUIACT PaHbIIE, TAK KAK HE COACPKUT BO3IYXa;
C) chIpasi ¥ KUIMSTYCHAsl BOJA 3aKHIAIOT OJHOBPEMEHHO.
7. KonpaeHcanus BOJSHBIX ApOB
a) TMPOMCXOIUT OJAWHAKOBO XOPOLIO KaK Ha HEHTPaJbHBIX, TAK U HA 3apPSDKCHHBIX
TeJax, €CIM UX TeMIIepaTyphl OJHHAKOBBI
b) myudre mpoMCXOANUT Ha HEHTPATLHBIX TETAX
C) JydIIe MPOUCXOAUT Ha 3apsHKEHHBIX Tellax

Jlabopamopnas paboma Nel4
OIIPE/IEJIEHUE KO3®®HUIIHEHTA OB bEMHOI O PACHINPEHHA KEPOCHHA
Llenv pabomul: 5KcnepumenmanvHoe onpeoenenue Kodgpuyuenma 06veMHO20 pacCUUpPeHs]
KepoCuHa.
IIpuGopsl M NPHHALIEKHOCTH: TPHOOP Ui HU3MEpEeHUs KodpHUIHMEeHTa OOBEMHOTrO
pacupeHusi, FopeKa, TePMOMETP.

OIIMCAHME YKCIIEPUMEHTAJIBHOM YCTAHOBKH

MeTo1 OCHOBaH Ha MCIIOJIb30BAHUH PAaBHOBECHSI IBYX CTOJIOOB KUAKOCTH B COOOIIAIOIINXCS
cocyaax, KOrja XUAKOCTH B HUX MMEIOT Pa3IMYHYI0 TeMIleparypy. B 3Tom ciydae BBICOTHI
CTONI00B 00pPaTHO MPOMOPIIMOHAIBHBI TIIOTHOCTSAM KHAKOCTH B HUX. Cxema mpubopa mokaszaHa
Ha puc. 14.
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Puc. 14.

Hccnenyemast )KUIKOCTD 3aMoHSAET TPYOKY A, KOTOpOH MpHiaHa TTOKa3aHHAs Ha PUCYHKE
dopma. OTKpBITBIE KOHIIBI TPYOKH COEIMHEHBI BMECTE JIIsl y100CTBAa OTCYETa Pa3HOCTH YPOBHSI.
O0a BepTHUKANBHBIX KOJIEHAa TPYOKH MOMEINAIOTCS B TepMmocTaTthl B1 u Bz, mpencrasinsomniye
co0oi1 cocy/bl, Yyepe3 KOTOphIE MPOMYyCKaeTcs BoAa ¢ 3alaHHOU Temmeparypoil. C MOMOIIbI0
ITHX COCYIOB— «pyOalek» ycraHaBIUBaeTCs TpeOyemasi pa3HOCTh TEMIEPATyp >KUIKOCTEH B
o0oux KoneHax TpyOku. braronmaps 3TOMy M IIOTHOCTH KMIKOCTH B HUX OyIyT Pa3INYHBIL.
BpicoThl 000MX KOJIEH 0JIMHAKOBBI, To3TOMY H1 = Ho=H.

HNmes B BUAYy, YTO JOaBJICHUC CTOJ'I63. KUJIKOCTU PABHO MPOU3ZBCACHUIO IIJIOTHOCTHU
JKUAKOCTU Ha YCKOPCHUC CBOGOI[HOFO ImagCHUuA g " Ha BBICOTY CTOJ'I63., MBI MOXXEM HAIIUCaTh, YTO
Pa3HOCTh JaBJICHUI BEPTUKAIBHBIX KOJIeH paBHa H(p2 — p1)g, Tie p1 U p2 — MIIOTHOCTHU JKUAKOCTH
B IMPAaBOM (XOJIOJTHOM) U JICBOM (TOpsiueM) KoJieHax. JTa pa3HOCTh JaBJICHUH YPaBHOBEIIMBAETCS
pasHocThio ypoBHei hi—hp, Gmarogapst KOTOpoit BOZHHKAeT Pa3HOCTh JaBJIEHUH p1—p2. MOXKHO,
CJIeIOBATENbHO, HAllMCaTh OYEBUAHOE PAaBEHCTBO

H(p2—p2) = (h1~h2 )p2 (1)

O0BeM XKHIKOCTH MPU HEKOTOpO# Temmeparype t cBsizan ¢ o6beMoM Vo TOH ke KUIKOCTH
MIPY HEKOTOPOU JIPYrod TeMNepaType M3BECTHBIM COOTHOILIEHUEM:

V= Vo(l + aAt),
rae At=t—to u o — k03P HUIUEHT TEUIOBOrO paclIMpeHus. B IpuMeHeH!H K HAIIEMY CITydaro

aTa hopmysa UMEeT BU/I;
V11=V12 (1 + aAt), wim V11/ V2= 1 + aAt,
rae t; » to — TemnepaTypsl I€BOrO M IPaBoro koseHa, a At =t1— to.

OTHomIeHHe  IUIOTHOCTEH JKHUAKOCTH B  00OMX  KoOJIeHaX  00paTHO
NPONOPUHOHATBHO OTHOIIEHUIO 00beMoB. IloaToMy



P1 1 P

o, l+aat natn P11t
IHoacraBus 310 3HaYeHue p1 B popmy.y (1), Mbl 6€3 TPyaa MOJIYUYHM:
h, —h, Ah
a= = )
[H—(h,—h,)]JAt  (H —Ah)At

N3mepenus u ux o6padoTka
1. BxmrouuTh TOpenKy M Harperb BOAY B OJHOM KOJEHE A0 YKa3aHHOW IpenojaBaTeieM
TEMIEPATyphl. Y CTAHOBUTH TPEOYEMYIO Pa3HOCTh TEMIIEpaTyp KUAKOCTEH B 000MX KOJIEHAX
TPYyOKH.
W3mepuTh TeMIiepaTypsl B XOJI0JHOM U TOPsiYeM KOJICHAX.
W3MepuTh pa3HOCTh YPOBHEH sKkuAKOCTEH N1—h2 B X070 1HOM M ropsiueM KoJICHaX.
N3meputs H.
Berancnuts k03pGunueHT 006EMHOTO paciupeHus KepocuHa mo gpopmye (2).
[ToBTOpUTH .M. 1— 5 HECKOJIBKO pa3s.

No ook wd

[IpousBecTn MaTeMaTH4ECKyl0 00pabOTKy pe3yabTaTOB H3MEPEHHI U pacueTOB.
Pe3ynbTaThl U3MEpEHHI U PaCYE€TOB 3aHECTH B TAOIHILY.

JlabopaTopnasi paGora Nel5
OITPEAEJIEHME KOOODOUIIMEHTA ITOBEPXHOCTHOI'O HATS)XXKEHU A
KNAKOCTU METOJIOM OTPLIBA KOJIBIIA
Lean padoTsl: onpeaeneHne KOAPPHUIMEHTA TOBEPXHOCTHOIO HATSHKEHUS KHUJKOCTH METOJIOM
OTpBIBA.

IIPUBOPEI Y IPUHAJUIEXKHOCTU: BECHI KOJIN; KPUCTAJJIU3ATOP C BOJIOM;
KOJIbI1O; BECbl TEXHUYECKHE; PASHOBECBI.

Onucanue IkcnepumeHmanbHoll yCmanoeKu
[ToBepXHOCTHOE HATSKEHUE MOKHO HM3MEPUTh CHJIOW, HEOOXOAUMOW Il pa3phiBa
MOBEPXHOCTHOT'O CJOS )KUJIKOCTH

F=ual,

rae F — cuna paspeiBa, | — pavHa TuHUM pa3pbiBa, o — KO3()PHUIIMEHT, XapaKTePH3yIOIHi
MIOBEPXHOCTHOE HATSHKCHHWE OSTOW JKUAKOCTH TPU JTaHHBIX YCIOBHSX, T. €. KoddduumeHt
MIOBEPXHOCTHOTO HATSKCHHSL.

Cxema dKCiepuMEeHTAIbHONW YCTaHOBKH M300pakeHa Ha puc. 15.



Puc. 15.

TmaTenbHO NPOMOMTE KOJBIO CHUPTOM, YTOOBI YNAIUTh C TMOBEPXHOCTH CIy4aiHbIe
3arps3HeHus. CrenyeT MOMHHUTh, YTO Jaxe HeOOJBbIIOe KOJIMYECTBO MOCTOPOHHUX BEILECTB,
CIOCOOHO CYIIECTBEHHO HM3MEHUTh pe3ynbTarbl. llocie MpoMBIBKM Hago AaTh TMOACOXHYTh
CIUPTY, T. K. OH CaM BJMSAET Ha BEJIMYMHY IOBEPXHOCTHOIO HATsDKEHMS BOAbl. HamomHure
KIOBETY BOJOW. IlocTaBUB KIOBETY Ha CTONMK, MEUICHHO MTOJHUMANTE CTOJUK A0 TEX IOp, IOKa
IIOBEPXHOCTh BOJIbI HE KOCHETCS KOJIbIa. Bo BpeMs onbITa Hal0 CIEANUTH 3a TEM, YTOObI HUKHHUH
o0pe3 KoJbIla KOCHYJCS BOJbl BCEMHM KpasMU OJHOBPEMEHHO. MENJEHHO cCIIycKas CTOJIHK,
BHUMATEJIbHO CIEIAT 33 IUCKOM U €ro MU300pakeHUEM B 3epKajie. B MOMEHT OTpbIBa KoJbLA OT
IIOBEPXHOCTH 3aMEYaloT COOTBETCTBYIOLIEE JAeNeHHE IUKaabl. YTOOBI ONpenenuTh Ty CHIY,
KOTOPYIO HYKHO IIPUJIOKUTH JIJIsl OTPBIBA KOJbLA OT IIOBEPXHOCTH KUJKOCTH, HAa YAILIKY BECOB
KJIayT CTOJBKO Tpy3a, YTOOBI MPOBOJIOUKA PACTAHYJIACh IO TOTO K€ JEJCHUS, IPU KOTOPOM
IIPOU3OILIEII OTPBIB KOJIbLA OT KUJKOCTH.

[Tycte Bec rpysa Oyaer P. Ilpu moMomu IITaHTEHIMPKYIS WIA MHUKPOMETPUYECKOTO
BUHTA H3MEPSIOT TOJIIMHY KOJbLIA W €ro BHEWHUN auamerp. llosydeHHBIE peE3ynbTaTshl
HOJCTABISIOT B popMyITy

P
o=—"—
27(D—h)

N3MEPEHUS U X OBPABOTKA

1. TmareapbHO NPOMBITH KOJIBIIO CHHPTOM, YTOOBI YHATUTh C TOBEPXHOCTH CITydaiiHbIE
3arpsi3HEHUsI.

2. Tlocne mpoMBIBKH 1aTh MOJACOXHYTH CIUPTY, T. K. OH CaM BJIHMSIET Ha BETUIUHY MTOBEPXHOCT-
HOTO HATSHKEHUS BOJIBI.

3. HamonHuTh KIOBETY BOAOH.

4. TlocTaBUB KIOBETY Ha CTOJIMK, MEIJICHHO MTOJHUMATE CTOJUK JI0 TE€X TOP, MMOKA MOBEPXHOCTh
BOJIbI HE KOCHETCSI KOJIbIla. Bo BpeMsi ombITa HAJO CIIEAMTH 332 TEM, YTOOBI HIDKHHIA 00pe3
KOJIbIIa KOCHYJICSI BOZBI BCEMH KPasiMH OJTHOBPEMEHHO.



5. MeaneHHo cryckas CTOJIMK, BHUMATENbHO CIEIUTh 3a JUCKOM M €ro H300pakeHUEM B
3epKaie.

6. B MOMEHT OTpbIBa KOJIbLIa OT TOBEPXHOCTH 3aMETUTh COOTBETCTBYIOIIIEE JICTICHUE IKAJIBI.

7. Onpenenuth cuity F, KOTOpYI0 HY)XHO IPHWJIOXKUTBH Ul OTPbIBA KOJIbLIA OT MOBEPXHOCTH
XKHUAKOCTH, C TIOMOILBIO BECOB U pa3HOBECOB. [[J1s1 3TOT0 Ma yaliKy BECOB MOJIOKUTh CTOIBKO
rpy3a, 4ToObl MPOBOJIOYKA PACTSHYJIACh A0 TOTO K€ JENCHMs], TP KOTOPOM IIPOM3OLIEI
OTpPBIB KOJIBLA OT JKUAKOCTH.

8. M3mepurh TONIIMHY KOJbLIA W €ro BHEUIHMM JauameTp (IUTAaHTEHIMPKYJIEM WIN
MHUKPOMETPOM).

9. Bpruucnuth K03 (GUIIUEHT TOBEPXHOCTHOTO HATSKEHHSL.

10. IToBTopuTs m.11. 4-10 nsATH pas.

11. IlpousBecTn MaTeMaTHUECKYIO 00pabOTKY Pe3yIbTaTOB SKCIIEPUMEHTA.

Pe3ynbraTsl H3MEpeHU U PacyeToOB 3aHECTH B TAOIUILY.

JlaGopatopnas pabora Nel6

OIIPEJAEJIEHUE KOO®PUIINEHTA TIOBEPXHOCTHOI'O HATS)KEHUA
PACTBOPA IIO METOAY MAKCUMAJIBHOT'O TABJIEHUA B ITY3bIPBKE

Leasb padoThl: U3y4yeHHE 3aBUCUMOCTH KO3((UIIMEHTa TOBEPXHOCTHOTO HATSDKEHHs pacTBOpa
OT €ro KOHIEHTPALMU 1 TEMIIEPATypBhI.

[Ipudopsl 1 NPUHANJIEKHOCTH: aCIIHUPATOP; CIIUPTOBOM MaHOMETP; COCYA B opMe MPOOUpPKHU
c OOKOBBIM OTBEPCTHEM M MPOOKOH; TpyOKa ¢ OTTSHYTHIM KOHIIOM; J[Ba CTaKaHa,
TEPMOMETP;  AJICKTPOIUIMTKA; MEIIaJKa; IITaTHB, HA0Op  HCCIEIyEeMbBIX
JKUIKOCTEH.

Onucanue 3KCnepuUmMeHmanbHou YyCmanoeKu

[Ipubop (puc. 16) cocToMT W3 HAMOIHEHHOTO BOJON acmuparopa A, COCTUHEHHOTO C
MIOMOIIIBIO PE3UHOBBIX TPYOOK M YeThIpexKoHeuHoU TpyOku C ¢ MaHomMeTpoM M U C BEepXHHM
BO3JIYIIHBIM MPOCTPAHCTBOM IIJIOTHO 3aKPBITOrO cocyla B, B KOTOpOM HaxoOIWUTCS HEKOTOPOE
KOJIMYECTBO HCClielyeMol )uakocTu. Uepe3 oTBepcTHe B MPOOKE B 3TOT COCYHA BBOAMTCS TaK
Ha3bIBAEMBI «KOHYHUKY, TIPEICTABIISIONINN COO0M CTEKISHHYIO TPYOKY, HUKHUN KOHEIl KOTOPOM
OTTSHYT TaK, YTO BBIXOJ KaHaja TPyOKHU BeCbMa y30K. DTOT «KOHYHMK» ITOMEIIAETCS Ha YPOBHE
UCTIBITYEMON JKHJKOCTH TakK, 4TOObI OH compukacaicsi ¢ ee moBepxHocThio. Cocyn B
MOMeIIaeTCs AJisl MOAACPKAHUS UM U3MEHEHUS! TEMIIEpaTyphbl B CTaKaH, HAMIOJIHEHHBIH BOJOM,
KOTOPBII MOXKET MoJorpeBaThesi. YeTBEPTHIl OTPOCTOK O YETHIPEXKOHEUYHOM TPYOKH, KOTOPBIN
MOYET 3aKpBIBATHCS, COSIUHAET BCIO ATY CUCTEMY C aTMoc(hepoi.



Ecnn, 3akpblB OTPOCTOK 0, CJlE€rka MNPUOTKPBITH KpaH acnuparopa, TO BOJAa HAYHET
MEJJICHHO BBITEKAaTh M3 HEro, M B BEPXHEW YaCTU acmuparopa, a, CJIEI0BaTEIbHO, U B
COCIMHCHHBIX C HEW BepxHEW dYacTh cocyla B m neBoM KojeHe MaHOMeTpa oOpasyercs
pa3pekeHHOe MPOCTPaHCTBO. lIpW HEKOTOPOM OIpeneNeHHOM pPa3peXeHUH  H30BITOK
aTMoc(epHOro NaBJjeHHs MPOTAIKUBAET 4Yepe3 «KOHYMK» B cocya B my3bipek Bo3ayxa. OTo
MIPOMCXOJUT TOTIa, KOTJa pa3HOCTh JIaBJIeHHUs aTMOC(hEepHOro BO3ayxa M Bo3ayxa B cocyze B,
u3MepsieMasi pa3HOCTBIO BBICOT YPOBHEM JKMAKOCTH B KOJEHaX MaHOMETPA, YPaBHOBEIIMBACT
JABJICHUE, BbI3bIBAEMOE MMOBEPXHOCTHBIM HATSX)KEHUEM HMCHBITYEMOM JKUJIKOCTH, CTPEMSIIUMCS
C)KaTh 0OPA3YIOIIMICS My3BIPEK.

O0603Ha4MM 3Ty pa3HOCTH AaBieHU yepe3 H, a Koo pHuImeHT moBepXHOCTHOTO HATSHKEHUS
UCCIIEyeMOH JKUIKOCTH — dYepe3 o.. Toraa B MOMEHT OTpbIBa ITy3bIpbKa MEXIy HUMHU OyIer
CYILIECTBOBATH CJICAYIOLIEE COOTHOLICHUE:

o =A.H, 1)

rae A - KodQPUIMEHT NPOMOPIUOHATBHOCTH, 3aBUCSIIMNA OT pa3MEpPOB «KOHUYUKA», T.C.
BEJIMYMHA TIOCTOSTHHAS JIJIsl IAHHOTO Tprudopa.

s ompeneneHuss ee HEOOXOAMMO TPOU3BECTH ONBIT C KAaKOW-THMOO >KUAKOCTHIO,
MMOBEPXHOCTHOE HATSKEHUE KOTOPOM XOpOIIO U3BECTHO, HAPUMED, C BOJOM. Toraa, moicTaBus
cooTBeTcTBYIoME 3HaYeHus Ho 1 ao B hopmyiy (1), Oyaem umers:

A = 0p/Ho (2)

OnpenenuB TakuM 00pa3oM TMOCTOSHHYIO MpuUOOpa, MOKHO TEPEHTH K OMNpeIesIeHUI0
MOBEPXHOCTHOTO HATSXKEHUS JII000H JKUIKOCTH, KOTOPOE BBIPA3UTCS TeNeph POpMYIoii

a = ao(H/Ho) (3)



N3mepenus u ux odpadorka

VYnpaxuaenue 1. OnpenesieHue nmocTossHHOM nmpudopa.

9.

10.
11.

12.
13.
14.

Co6pats pubop coryiacHo puc. 16.

Hanute B acniupaTop BOAbI 10 YpOBHSI OOKOBOTO OTPOCTKA M TUCTHIIJIMPOBAHHOW BOJBI B
cocya B 110 ypoBHsI, yKa3aHHOTO Ha PUCYHKE.

OTKpBITh OTPOCTOK 0 COCAMHUTENBLHOM CTEKJISTHHOM TPYOKH, yCTaHABJIMBAas 3TUM BHYTpHU
npubopa atrmochepHOe AaBieHHWE. YPOBHH JKUIKOCTH B KOJCHAX MAaHOMETpa TPHU ITOM
BBIPABHUBAIOTCSI.

[TepenBuras mkany MaHOMETpPa, YCTAHOBUTH HYJIEBOE JIEIICHHE €€ Ha OOIIHMiA YpPOBEHb
CIIMpTa B KOJIEHAaX.

3aKpbITh OTPOCTOK 0.

OTKpBITh KpaH acnupaTopa HACTOIBKO, YTOOBI H3MEHEHMsI [aBJICHHSI MPOHCXOAUIIO
JIOCTaTOYHO MEJJICHHO.

OTtcunTtaTh BHICOTHI YPOBHEN B MAaHOMETPE B MOMEHT OTpbIBA MY3bIPbKa.

Korma gacrora oOpa3oBaHus My3bIPHKOB YCTAaHOBHUTCS, HA4YaTh MPOU3BOJIUTH OTCUETHI IO
MaHOMETpPY, OTMEYasi BRICOTY YPOBHS B 000X KOJICHAX.

[IpousBecTu OTCYETHI HE MEHEE YEM JJIS IECATHU MY3bIPHKOB.

Haittu cpennee 3nauenue Ho.

OIHOBpPEMEHHO TMPOU3BOJUTHL OTCUET TEMIIEpaTypbl B CTakaHE C BOJAOW, B KOTOPBIN
MOrpy»eH cocyn B.

B3sTh u3 Tabaui unu rpadukoB 3HaYSHHE 0o 1715 TaHHOM TeMIlepaTyphl.

Haiitu nmocrossHHyI0 iprbopa no popmye (2).

Pe3ynbTaThl v3MepeHnii U pacueToOB 3aHECTH B TAOJIHILY.

VYnpaxuenue 2. OnpenesieHue 3aBUCUMOCTH 0. 0T KOHIEHTPALUMHM PACTBOPOB.

No gkrwdrE

Boututh Boay u3 cocyna B.

ITpononockaTk cocya 1 0COOEHHO «KOHYMK) PaCTBOPOM METHUIIOBOTO CIIUPTA B BOJE.
HanomHuTe cocy pacTBOPOM METHIIOBOTO CIIMPTA B BOJE ONPEAEICHHON KOHIEHTPALUH.
Onpenenuts, Kak B ynpakHeHuu 1, Beicoty H.

Haiitu o gopmyne (3) coorBeTcTBYyIOIIEE 3HAYCHHUE 0.

[ToBTOPUTE N3MEPEHMUSI ISl HECKOJIBKUX PACTBOPOB U3BECTHOM KOHLIEHTPALIUH.
[MoctpouTs rpaduk 3aBUCUMOCTH 0L OT KOHIIEHTPAIUH.

Pe3ynbTaThl ©I3MEpEeHH U pacueTOB 3aHECTH B TAOJNIHUILY.

VYnpaxuenue 3. OnpeneneHue 3aBUCHMOCTH 0. OT TeMIIepaTyphl.

Howobdhde

[Tpononockats cocyn B.
HanonuuTts cocyn B kcunonom.
o . 0
Harpets Bony B cTakaHe, B KOTOPbIi orpyxén cocyn B, mo 80-90°.
JaTte BoJle BO3MOXXHOCTh MEJICHHO OCTBIBaTh, MPOU3BOJIA uepe3 Kaxapie 10 °C orcuérs
TeMIiepaTypbl U BbICOThI H kak B ynpaxHenuu 1.
Ornpenenutsb o sl HECKOJIBKUX TEMIIEPATYD.



6. IlocTpouTs rpaduk 3aBUCUMOCTH 0, OT TEMITEPATYPHI.
7. TIpomsBecTn MaTeMaTH4ECKyI0 0OpabOTKY pe3yabTaTOB 3KCIIEPHUMEHTA.
Pe3ynbraThl ©3MEpeHHii U pacueToB 3aHECTH B TaOJIHILY.

Jlabopamopuas paboma Nel7

OIIPE/IEJIEHHUE BJ/IAVKHOCTH BO3/1YXA
Heanb padoTsl: onpeaeneHre abCOMIOTHON W OTHOCHTEIBHOW BJIQXKHOCTH IO TOYKE POCHI U
METOJIOM TICUXPOMETPA.

IIpuGopsl U MaTepHAJIbI: TUTPOMETP C TEPMOMETPOM; CEpHBIH A(hUp; KaydyKoBas Tpylla;
CTaHJIapTHBIN acCIMPAIMOHHBIN ICUXPOMETP.

VYupaxuenue Nel. OnpenesieHne BJIaKHOCTH 110 TOYKe POCHI.

Onucanue 3KCNEPUMEHTAIBLHON YCTAHOBKH

Puc. 17

Toukoi pOCHl HA3bIBAETCA TEMIEpaTrypa, IPU KOTOPON BOASHOW Iap, UMEIOLIMKCS B
BO3/JyX€, CTAHOBUTCS HACBHIIIEHHBIM, T. €. HAaYMHAET KOHJCHCHPOBATbCS Ha OXJIAKICHHOMN
noBepxHocTu. Haunbonee mpocThIM KOHIEGHCAIMOHHBIM METOAOM SIBIISIETCS METOJl Ha OCHOBE
ucronb3oBanus rurpomerpa JlamOpexra. OH coctout (puc. 17) U3 METATUYECKOTO cocyaa A
WINHAPUYECKON (POPMBI, YKPEMJIEHHOT0 Ha nojactaBke. OQUH TOpel cocyla OTIOIMPOBAaH U
OKPY’KECH TaKMM K€ KOJIBLIOM B, KOTOpoe yKpeIIeHO Ha TeINIOU30IMMOHHOM MaTtepuane. Cocyn
umeer ogHo otBepctue C m nBa marpyoka [l m E. Uepes orBepctue C B cocyn HammBaeTcs
CepHBIN 3¢up, Mocjae Yero OHO 3aKpbIBaeTcs MpoOkoi ¢ Tepmomerpom. Ha matpybox [l Hamer
PE3MHOBBIM, IUIAHT ¢ TpyIIEH I MpOAyBaHHUS BO3ayxa uepes a¢up. Boznyx ¢ mapamu >dupa
BBIXOIUT uyepe3 narpyook E. UtoObl mapel 3¢upa He momajgaid B KOMHATY, PEKOMEHIYeTCs
NPOMYCKaTh BBIXOJAIIMN BO3AyX uepe3 OaHKy ¢ Bojol. Ilpum mpomyckanuu Bo3zayxa 3¢up
UCHIapsAeTcs, ero TeMIepaTypa IOHMKAETCs, COCY OXJIAKAACTCA. DTO IPUBOJUT K TOMY, 4TO Ha
IIOJIMPOBAHHOM IIOBEPXHOCTH TOpLA HA4YMHACT IOSABIATBCA pPOca M3 BOJIHOIO Iapa,
OKpy»katomiero Bo3ayx. [Ipubop HEOOX0IUMO yCTaHOBUTH TaK, YTOOB! IOJIMPOBAHHBIA TOpEL U
KOJIBLIO OBbUIM XOpomo ocBemieHbl. O MOMEHTE MOSBJIEHUS POCHI CyIAT IO MOTYCKHEHHUIO



IIOBEPXHOCTU (10 CPaBHEHHUIO C KOJBIOM) OTHOJIMPOBAHHOro Topua. TemnepaTypy t1 Hauana
3TOr0 MOTYCKHEHHST HEOOXOAMMO, 1O BO3MOXKHOCTH, TOYHO OIPENEIUTh IO TEPMOMETPY.
YMeHbl1asi NOTOK BO3yXa, 3aMe4aroT TeMiieparypy t2 ucuesnosenus pocol. Onpenenenue t1 u tz
IIPOU3BOJAT HE MEHEE TPEX pa3. 3a TOUKY POCHI IPUHUMAIOT CPEAHEE 3HAUEHHUE U3 MTOJyUYEHHBIX
BEIMUYMH — Tak omnpenensiorT tp . Ciemyer ocreperaThCsi BIMSHUS HAIIEro JbIXaHUS Ha
BIAXKHOCTh Ipubopa. [lone3ysce Tabnuueil «J/laBieHue W MIOTHOCTh HACBHIIIEHHBIX BOJSHBIX
[apoB MpPHU Pa3HBIX TEMIIEpaTypax», MO BEIUYMHE lp ONpenessroT 3HaueHHe aOCOJIIOTHOU
BJIQ)KHOCTH, a IO BEJINYMHE KOMHATHON TEMIIEPaTypsl ti—aBIeHHE HACBIIAIONIUX [1apOB BOJBI.
3Hast 5TU BEJIMYUHBI, ONPEACIAIOT 3HAYEHUE OTHOCUTEIbHON BIQ)KHOCTH.

N3mepenns u ux o0paboTKa

1. VYcranoButh npubOp TaK, 4TOOBI MOJUPOBAHHBIN TOPEI] U KOJIBIIO0 OBUTH XOPOIIIO OCBEIICHBI.
2. OmpenenuTh MO TEPMOMETPY IO BO3MOXHOCTM TOYHO TeMIleparypy t1 Haudana MosiBICHUS
pochl (IO MOTYCKHEHHIO ITOBEPXHOCTH OTHOJIMPOBAHHOTO TOPLIA).

YMeHbIAaTh MOTOK BO3/1yXa 0 HCYE3HOBEHUS POCHI.

W3meputs Temmneparypy t2 ICU€3HOBEHHUS POCHI.

IIpoussectu onpenenenue t1 u t2 He MeHee Tpex pas.

[TpuHATH 32 TOUKY POCHI CpeiHEE 3HAUCHHE U3 MTOTYYCHHBIX BEJINYHH.

Onpenenuts 3HaYeHNUE a0COTIOTHON BIaXKHOCTH.

© N Gk W

Onpenenuth 1o TabiMIe, U3MEPUB KOMHATHYIO TEMIIEpaTypy, AaBIIEHHWE HACBIIIAIONIUX
apoB BOJBI.
9. BpluMCINTH 3HaYEHHE OTHOCUTEIBHOMN BIa)KHOCTH BO3TyXa.

Vupaxuenue Ne 2. Meroa ncuxpomerpa.

Onucanue 9KcnepumMeHmanbHoll YyCmaHoeKu

Meron mcuxpomerpa — Hamboiee pacIpOCTpaHEHHBIN METOJ] M3MEPEHUs BIAKHOCTH
Bo31yxa. CyIIHOCTH €ro COCTOUT B CJEYIOIIEM: ITyCTh ABAa OAMHAKOBBIX TEPMOMETpa Haxo-
JSITCSL B OIMHAKOBBIX MTOTOKAax BO3AyXxa. [loka3aHMs 3THX TEPMOMETPOB, €CTECTBEHHO, JJOJDKHBI
OBITh OAMHAKOBBIMU. Ecnu ke OaIJIOHYMK OJHOTO U3 TEPMOMETPOB OYIET BCE BPEMSI CMOUYEH,
Harmpumep, OOEPHYT MOKpPHIM OaTHCTOM, TO TOKa3aHUS TEPMOMETPOB OYAYT pa3IUYHBIMH.
bnaronaps ucnmapeHuio Bojabl ¢ 0aTHCTa TaK HA3bIBAEMBIH «MOKpBI» TEPMOMETp MOKa3bIBACT
Temreparypy Ooiee HHU3KYIO, 4YeM  «CyXxoi» TepMomerp. UeM MeHbIIEe BIAXHOCTb
OKpY’KaIOIIEero BO3/1yXa, TEM MHTEHCHBHEE OyleT HUCIapeHHe M TEM HUXKe MOKa3aHUsS MOKPOTO
tepMomeTpa. OTCYETHI 1O JABYM TEPMOMETpaM JaayT pasHOCTh TEMIIEpaTyp, KOTopas u Oyner
XapaKTepu30BaTh BIAKHOCTh BO3MyxXa. [IpW yCTaHOBMBIIEMCS pEXHME HCIapeHUs, KOrjaa
TeMIlepaTypa MOKPOTO TEPMOMETpa TOXKE yCTAaHOBHUTCS, NPUTOK Teruia n3BHe Q1 Oyzmer paBeH
pacxoxy Termna Q2 Ha McrapeHHe BOABI C MOBEpXHOCTH Tepmomerpa. [lo 3akony HeioToHa 3a
€/IMHUIy BPEMEHU UMEEeM:

Q1 =a(t—t1) S1 1)
rae (t—t1) — maubosbIas pa3HOCTh TEMIIEPATYP, S1 — MOBEPXHOCTH OAJUTOHYHKA MOKPOTO
TEPMOMETPA, . — K03(PPULIMEHT TPONOPIIMOHATIBHOCTH.

I[To 3akony JlanpToHA HCNapeHHE B €AMHUILY BPEMEHU OMPEEIISIETCS BhIpaKEHUEM



:CSZ(pH T p)

M D @
rie M — macca ucCmapuBIIEHCS BOJBI, Sy;—IUIONIAAbL HCIAPSIONICH MOBEpXHOCTH, P —
JAaBJICHWE BO3AyXa, Pu — YNPYTOCTh HACHIIAIONMIETO BOJSHOTO Tapa IPH TeMIIepaType

ucnapsoIencs KUAKOCTH, T. €. Temneparype t1, p — ynpyroctb BOASHOI0 apa, HaXOAsIIEerocs
B BO3/1yXe, ¢ — K03()(DUIIMEHT IPONOPLHUOHATBHOCTH, 3aBUCSIINN OT CKOPOCTH ITOTOKA BO3IyXa.

KomuaectBo Temna Q2 MoXkeT OBITh 3aITMCAHO B BUAC

_ Crsz(pH - p)

Q, =Mr
2 3
P ©)
re I — yzAelbHas TeIUIOTa UCIIaPEHUS BOABL.
ITpu Q1 = Q21 S1 = Sy monmyyum
cr -
OTKyJa
p=pu—-A(lt-t)P (4)
rme A = o/Cr — TOCTOsIHHAs MpUMEHseMOoro mnpubopa. BenuuymHa S5TOH MOCTOSHHOMN

onpeacisiI€TCA B OCHOBHOM CKOPOCTBIO ITOTOKA U HAXOAUTCA SKCIICPUMEHTAJIBHO.

YCTpOHCTBO MPUMEHSEMOTO CTaHAAPTHOTO ACTIUPAIIMOHHOTO TICHXPOMETPa MPEACTABISET
co0Oi J1Ba OJMHAKOBBIX CHELUATBHBIX TEPMOMETPA, OAJUIOHYMK IMPABOTO MOKPHIT OATHCTOM.
AcnupaTop UMeEET NPYKUHHBIM, KOTOPBIM 3aBOAUTCS KIHOUOM. CKOPOCTh BO3YIIHBIX MOTOKOB
BeHTWIATOpA 2,5 M/C, BBIlIe 0AJUTOHYUKOB 00a MOTOKA COCAMHSIOTCS B OnuH. [[ms ycTpaHeHus
HarpeBaHusi Mpudopa ero MeTaJJIMYeCKHe 4YacTh HUKEIWpOBaHbl. baTHUCT cmauuBaercs mpu
MOMOIIM PE3UHOBOM TPyl ¢ NUNETKOW. ['pyilia HamoJHSeTCd IUCTWUIMPOBAHHON BOJOM.
Heb6onpmmM Ha>kaTUEM TPYIIU BOAY B MUIETKE MOJHUMAIOT, HO He Oosiee yeM Ha 1 ¢M OT KOHIIa
NUNEeTKH. Takoe TOJOKEHUE YPOBHS coXpaHseTcs Onmaromaps 3axumy. KpaiiHe 0oCTOpOXKHO
MUTIETKA BBOJUTCS B TPYOKY JUIsi cMaunBaHus 6aructa. [locie 3TOro OTKPBIBAIOT 32)KUM, YTOOBI
BOJIa omycTmiack B rpymry. Creayer omacaThCs, YTOOBI IPHU CMAuMBaHWU BOJIA HE TOMaja Ha
JPYroif TEPMOMETP U BHYTPEHHIO MOBEpXHOCTH TpyOku. Kimrogom B 3aBogsat Bentrastop (5—
6 000pOTOB KJIIOYA) M CIEOAT 3a MOKa3aHWeM TepMomeTpa. Korjma mokasaHus yCTaHOBSITCS
(uepe3 4—b5 MHUHYT), UX 3aNUCHIBAIOT, BEHTUJISATOP MPHU STOM JOJDKEH padoTaTh MOJHBIM XOJIOM.
[Ipu orcyere moka3aHUil TEPMOMETPOB CIEIYET MPEXKAE OTCUUTATH JECAThIE JOJIU TPagycoB U
3ammucarh UX U TOJIBKO TIOCJE ATOTO IeTbIe 3HAYCHUSI.

AOCOIIOTHAS BIIAXKHOCTb 110 CTAHIAPTHOMY aCIIUPAMOHHOMY IICUXPOMETPY OMPEIeIIseTCsI
dbopmyoit
p = pH - 0,000662 (t - t1)P (5)



Bennuuny py 6epyT u3 tabnuibl «/laBjaeHre M MIOTHOCTh HACBHIIICHHBIX BOASHBIX MapoB MpU
pa3IMyHBIX TemIepaTypax». bapomerpuueckoe JaBieHUE ONMPENEIIsIOT, OAb3YICh OapOMETPOM.
Ecnmu u3 Tabmunel «/laBieHre W TUIOTHOCTh HACHIMIEHHBIX BOJASIHBIX MapoB MPH Pa3THYHBIX
TEMIEepaTrypax» B3sATh BEIMYMHY JIaBJICHHUS HACHIIIAIOIIET0 TMapa TpU TeMIeparype
OKPY’KaIOIIEro BO3/1yXa, TO JIETKO ONpPEEeTUTh MO CTaHIAPTHOW (opMyse OTHOCHUTEIbHYIO
BJIQXKHOCTh. Y 100HEE, OJHAKO, MOJIb30BAThCsl CIEMATFHBIMU HOMOTpaMMaMH B BHJI€ KPUBBIX, C
MOMOIUIbIO KOTOPBIX, 3Hasi TemmepaTypsl t u 11, cpazy myTreM OoTcueTa ompenenisercs BelIUuYuHa
OTHOCUTENIbHOI BiakHOCTU. OTHOCUTENbHAS BJIAXXHOCTh MO 3TOW HOMOTpaMMe OMpeelseTcs
KaK TOYKa IEepecevyeHUs] BEPTUKAIbHBIX NPAMBIX (TeMIlepaTypa «CyXOoro» TepMOMETpa) u
HAKJIOHHBIX MIPSIMBIX (TEMIEpaTypa «MOKpPOT0» TEPMOMETPA).

N3mepenns u ux o0paboTka

CMounTh GATUCT TIPH MOMOIIM PE3MHOBOM IPYITN TTUIIETKOM.
HanosuuTts rpyily IUCTUIUIMPOBAHHOM BOJIOM

[HomusATH BOAY B MUIETKE, HO HE OoJsiee ueM Ha | ¢M. OT KOHIIA MUTIETKH.
BBectu numneTky B TpyOKy A1 cMauMBaHUs OATUCTA.

OTKpPBITH 325KUM, YTOOBI BOJ]a OMTYCTUIACH B TPYITY.

o gk wbdpE

Crnenyer omacarbcsi, YTOObI IIPU CMayMBaHWU BOJA HE TOMNala Ha JIPYrod TEPMOMETp U
BHYTPEHHIOIO TOBEPXHOCTH TPYOKH.

~

3aBecTH BEHTUWJIATOP KIFOYOM (5-6 000pOTOB KITtOUa)

CrnenuTh 3a mokazaHusMHU TepMoMmeTrpa. Korma mokaszaHusi ycTaHOBSITCS (4uepe3 4-5 MuH),

3aMucaTh UX; BEHTUWISATOP MPHU 3TOM J0JKEH paboTaTh MOJHBIM XOJIOM.

9. Ilpu orcyere mMOKa3aHUNW TEPMOMETPOB NPEXKIE OTCUUTATH JAECATHIE JOJNHU TPagycoB U
3aMucaTh WX, ¥ TOJIBKO TOCJIE 3TOTO LIEIbIe 3HAYCHHS.

10. Onpenenuts 1o hopmyie (5) aOCOMOTHYIO BIaKHOCTb.

11. Onpenenutb 6apoMeTpUIECKOE TABICHUE, MTOJIB3YSICh 0APOMETPOM.

12. OnpenenuTb OTHOCUTENBHYIO BIAXKHOCTb, B3SIB BEIMUMHY JABJICHUS HACHIILIECHHOTO Tapa Mnpu
TEMIEPAType OKPYKAIOIIET0 BO3/1yXa U3 TaOJIULIbI.

13. OnpenenuTh OTHOCUTEIBHYIO BIAXHOCTh IO HOMOTPAMME OMpENENAeTcs Kak TOUYKY
nepecedeHus] BepTUKAIbHBIX MPSAMBIX (TEMIEpaTypa «CyXOoro» TEPMOMETpPa) M HaKJIOHHBIX
PSMBIX (TEMITepaTypa «MOKPOT0» TEPMOMETPA).

14. CpaBHUTB pe3ylbTaThl H3MEPEHHH € pe3ylbTaTaMHU, MOJTYYEHHBIMHU 110 METOY TOUKH POCHI.

15. Pe3ynbTaThl U3MEPEHUN U pACUETOB 3aHECTU B TAOIMIIBIL.

Omo unmepecno

Kak moet mbut0? [2]

Be1, HaBepHOE, HEe pa3 HAOMIOAANH, Kak BEeAyT ceOs KameabKd BOIBI HAa MOBEPXHOCTH
crexia. Ecimm cTekino 4YmcToe, TO KamlelbKH pacTeKaroTCsl Ha €ro MOBEPXHOCTU. A BOT
3arps3HEHHYIO TIOBEPXHOCTh CTEKJIa BOAa He cMadynBaeT. Kamenbka CTpeMHUTCSI COXPAHUTh CBOIO
(GopMy M NHIIb CIIETKa CIUTIOIIMBACTCS B MECTE COMPUKOCHOBEHHsI. OKa3bIBAETCsl, YTO MOIOIIEE
neiicTBUE MbUIa 00BsACHSAETCA MOX0XUM 3 dexToM. Ilpu pacTBopeHHH ake HE3HAYUTEIBHOTO
KOJIMYECTBA MBI B BOJIE OHO CKAaITMBAeTCs (a7cOpOMpyeTcs) Ha TPpaHHIE BOJIBI C OTMBIBAEMOM
HOBEPXHOCTHIO WJIM TKaHbIO. B pe3ynprare ocmabnsercs NpuiIMnaHne YacTHIl )KUpPa U TPS3U K



TKaHu. TOHKas IUIEHKa MbUIAa Ha MOBEPXHOCTH, HAMpPHUMEpP, KUPOBOM KaIlJd HE JaeT eil
BO3MO>XHOCTH CMAauMBaTh IIOBEPXHOCTh TKAHHU.

Ha pucynke nokaszana cepusi yBeauueHHBIX (poTorpaduii mepctsHoit HuTH. Ha mepBoi
¢ororpapun — HUTH, UCHAuKaHHAs >KUAKUM mapapuaoMm. Tpu cienyromue ¢ororpadun
MIOKA3bIBAIOT OYMINANOIIEE JEHCTBUE pacTBOpa CTHPAJIbHOIO IOpPOIIKA. SICHO BHJIHO, Kak
YBEJTUYMBACTCS YToJ, 00pa3yeMblii MOBEPXHOCTHIO MapaduHa ¢ HUTHIO. [lapaduHOBBINA Kup
CBOpAuYMBACTCs B IMAPUKH W YHOCUTCS Bojaod. Ha camoii HmxHel ¢otorpaduu mokasaHa yxke
COBCEM YHUCTasi HUTb.

AncopOupoBaHHbIE MOJEKYJIbl MbLJIA OKPYXKAIOT KalleldbKH JKUpa U OTMBIBAEMYIO
MOBEPXHOCTh IUJIOTHO 3allOJIHEHHBIM OJIMHAPHBIM (MOHOMOJIEKYJISIPHBIM) CJIOEM, KOTOPBIN
o0JasaeT BBICOKOM MEXaHWYEeCKOW MPOYHOCThI0. MoOJeKylbl Mblla CHUJIBHO CBSI3aHBI JPYr C
IpyroM, U pa3opBaTh IUIEHKY OYeHb TpyAaHo. llosTomMy mpu cTupke IUIEHKM W3 afcop-
OMpPOBAaHHBIX MOJIEKYJT HE pa3pylIaloTCs M MPEMSITCTBYIOT OOpaTHOMY MPHJIHUIIAHUIO YiKe
OTOPBABILUXCSA KaleleK Xupa K MOBEPXHOCTU TKAHU U CIUSHUIO KameleKk IpYr C JAPYTOM.
B3BelieHHbIe B BOJE YaCTUUKU TPS3HU U KANIEIbKU XKUPa YIAISIOTCS BMECTE C HEM.

b =

HNuTepecHo, 4To 00pa3oBaHWE YCTOMYMBOW TMEHBI — ATO TOJBKO MOOOYHBIA 3P HEKT mpu
pacTBOpeHUH MOIUX BemecTB. [IeHa oOpa3yercst U3 My3bIphKOB BO3/yXa, KOTOPBIC MOMAIAl0T
BHYTPb BOJBI (TIPH MEPEMEIIMBAHUY CO CTPYEH BOJIBI). 3aTEM OHH BCIUTBIBAIOT K €€ MMOBEPXHOCTH
U OKa3bIBAIOTCS OKPY)KEHHBIMH TUICHKOH JKHUIKOCTH W aJCOPOMPOBAHHBIM CJIOEM MBbLIA.
O0pa30BaHNIO YCTOWYMBON TIEHBI CIIOCOOCTBYET BHICOKAs IPOYHOCTh MBUIBHBIX TJICHOK.

MexaHu3M MOIOIIET0 JEHCTBUSI MPEACTABISET MHTEPEC U B CBS3H C APYTUMHU BaKHBIMH
TEXHUYECKUMH 33/ladaMid — TIOKPBITHUEM TOBEPXHOCTEH JIaKaMW M KpacKaMH, CKJICHBAHHUEM,
OKpacKOM TKaHEU CYCIIEH3USIMH, U3TOTOBICHUEM HEIIPOMOKAeMbIX TKaHel. Hanmpumep, s Toro
4TOOBI CAENaTh TKaHb BOJOOTTAIKHBAIONICH, €€ 00padaThIBAIOT CHEIHATBLHBIM BEIIECTBOM,



KOTOpOo€ 00pa3yeT BOKPYT Ka)KIOro BOJIOKHA TOHKYIO IUIEHKY. B pesynbrare Boja He cMaunBaeT
TKaHb, a COOMpaeTCs Ha HEH B KaIll, KOTOPBIE CKaThIBAIOTCA C MaTepHaa.

AncopOIMOHHBIE IIEHKH MCIIONIB3YIOT AJIs1 YMEHBUICHNS UCIIApPEHUs BOJbI C TIOBEPXHOCTH
BOJIOEMOB, YTO SIBJISIETCSl BAXKHOM MPOoOIIeMOii B 3aCylIUIMBBIX paiioHax. /i co3naHus 3aluTHBIX
IUIGHOK MPHUMEHSIOT CIEIMaJIbHOE BEIIECTBO — IEeKCa/leKaHol. B OOBIYHBIX YCIOBHUSX 3TO —
TBEPJO€ BEIECTBO, OHO IJIABAET HA MOBEPXHOCTH BOJBI M BO3JIE HETO 00pa3yeTrcsl 3allUTHBIN
cioi. IIoBEpXHOCTB KUAKOCTH IIOXO0Xka HA YIPYI'YIHO PACTSHYTYIO IUICHKY M BCETJa CTPEMUTCS
YMEHBUINTh CBOIO IUIOMAAb. IloaTOMy Ha rpaHune o0nacTH ¢ reKcaJeKaHOJI OM BO3HMKAIOT
CHJIBI IIOBEPXHOCTHOI'O HATSKEHUSA: CO CTOPOHBI YMCTOW IOBEPXHOCTH BOJBI, CTPEMSIIHECS
YMEHBUIUTB 3Ty MOBEPXHOCTh (M TEM CaMbIM PACTSIHYTh 3aIlIUTHBIN CIION), U CO CTOPOHBI CAMOM
a7IcOpOMPOBAHHON MJICHKH, CTPEMSALINECS YMEHBUINTD €€ IUIO0IIab. byJeT u 3amuTHas IieHKa
PaCTATUBATHCA UM CKUMATBCS, 3aBUCUT OT COOTHOLICHHS] OTUX CHUIL.

AncopOuusi yMEHbIIAET MOBEPXHOCTHOE HaTskeHHe. [l0ATOMy CHiIbl MOBEPXHOCTHOIO
HAaTSDKEHUs CaMOW TUIEHKU MEHBIIE, YEM Y YUCTOW MOBEPXHOCTH BOJBI, U TNIEHKA PACTATMBAECTCS
HAa BCIO IUIOMIAAL BojoeMa. Eciu BCs TOBEPXHOCTh BOJIBI IMOKPBITA aJCOPOMPOBAHHBIM
MOHOMOJIEKYJISIPHBIM CIIOEM, TO BEIIECTBO HE pacxonyercs. OIHAKO CTOUT IUICHKE Te-TH00
UCIIOPTUTHCS, KaK MOBEPXHOCTHOE HATSKEHHUE B 3TOM MECTE YBEJIUYUTCS, CTSHET IUICHKY C
COCEeIHMX Y4YacTKOB U T. . B pe3ynbrare HapyliaeTcs IJIEHKa W BO3JIE IJIABAIOIIETO KyCOYKa
BEI[ECTBA, KOTOPOE U BOCCTAHABIIMBAET ILJICHKY.

Beuio HalimeHo, 4TO A CO3JAaHMS 3aIlUTHON IUIEHKM Ha IUIOmAagd 1 ra HEOOXOIHUMO
okojno 20 r rekcazekaHosia, a IOTEPU B CPEAHEM pPaBHBI 2—3 MOHOMOJIEKYJISIPHBIM CJIOSIM B
neHb. [loaToMy pacxos BemiecTBa i MOAJEP)KaHUS TUICHKH COCTaBIIsieT Bcero okosio 60 r B
JeHb Ha 1 ra, ¥ Takoi crmoco0 OKa3bIBACTCSl SKOHOMUYECKH BBITOIHBIM. Hanmpumep, B ABcTpaniun
C €ro TIOMOIIBIO €KETOAHO COXpaHsieTcs 0kojio 10 MIIITHOHOB TUTPOB BOJBI C KAXKIOTO TeKTapa
BOJTHOM MOBEPXHOCTH.

TEMA Ne5

TBEPJIOE TEJIO
Jlureparypa
[P1]. T'm. IX.
[P2]. §§ 44, 45.
[P6]. I'n. VII.1, VII.2.
[P7]. T'm. 1.
Bonpocsl no TeopeTuyeckoMy MaTepuay

1. OcHOBHBIEC CBOWCTBA KPUCTAJUIOB U aMOP(HBIX TEIL.
2. Kpucrammmaeckas pemerka. JlepexTsl B kpucTamiax.
3. Mexanuueckue cBOMCTBa TBEpAbIX Tel. Jlepopmarnm.



VYnpyras nedopmariyist ¥ TEMJIOBOE pacIIUpEHHE.
3aBrcUMOCTS JieopMaly OT HANpPsKEHUsI. MeXaHu3M IUIacTHYECKOn aedopmarium.
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6. Ilepexon B TBepaOE COCTOSHUE.

7. Jlmarpamma cocrostHusl. TpoliHas TOuka.

8. ®a30BbIe Mepexo/Ibl IEPBOTO U BTOPOTO POAA.

9. PactBOpeHMe U KpUCTAII3aLUs U3 pacTBOpa. 30HHASI OUMCTKA METAIIJIOB.
10. OmnwiTHOE OmpeneneHNEe TEMIIEPATYPHI TIABJICHHUS.

11. TenoBble cBOMCTBa TBEPAbIX Tes. KBaHTOBas TEOPHS TEMJIOEMKOCTH TBEPBIX TEJl.
12. M3mepeHue TEII0EMKOCTH TBEPABIX TEIl.

13. TemnnoBoe pacupeHne TBEPIbIX TeIl.

14. TennonpoBOAHOCTbH TBEPBIX TEIL.

15. JIuddysus B TBEpIBIX TETax.

KauecTBeHHBIE BONIPOCHI

1. Ecnm xene3Hblii BUHT BBUHTUTb B MEJIHYIO T'aiiKy U BMECTE C FallKoWl OXJIaJuTh, TO
BBIBUHTUTbH €T0 MOYTH HEBO3MOXKHO. [louemy?

2. Omua w3 rtepoeB kauru [. Mamo «be3 cempm» moywan napyroro: «Ecmm cHer
MEPECTAHET, MOKET HACTYNUTh CHJIbHBIA MOPO3». BepHo 11 3107

3. Ecth Takoit ¢okyc: Ha nHe (makoHa jexxar MoHETHI. [Ipu mepeBopaunBanum rakoHa
MOHETHI He BbINaAaoT. Kak jxe (hoKyCHUK yMyApuIICs 3aCyHYTh MOHETHI BO (1akoH?

4. KaTuTh CaHKHU 1O JbAY 3HAUYUTEIHHO JIerue, YeM TIaAKYI0 JJOCKY TaKoro K€ pa3mepa u
Beca. [louemy?

5. Kak mnpoucxoauT, 4yTO KaMHU MYTEHUIECTBYIOT BBEpX Ha IOBEPXHOCTb 3EMIIM U3
MOJI3EMHBIX CKaJIbHBIX TOopoa? Beap OHM MMEIOT OONBIIYIO IIOTHOCTh, YEM TOYBA, U MOTOMY
JOJIKHBI OITYCKAaThCs, @ He MOJAHUMAThCSA. UTO *e TOoJIKaeT ux BBEpX?

6. Kak unermmrcst cHexok? I[louemy Henb3sl CIENMUTh CHEXOK IIPH OYECHb HHU3KOU
Temneparype?

7. Uem OOBSACHSETCS, YTO KPUCTALTMYECKHUE BEIIECTBA INMPH JACHCTBHU BHEUTHEH CHIIBI
pacKaJIbIBalOTCS TOJBKO B OMPEACIIEHHBIX MIIOCKOCTAX?

8. Cwuibl CcBSI3M MEXIy aroMaMHu B OOJIBIIMHCTBE KPHUCTAJUIOB B PAa3HBIX HAIMPABICHUSX
paznuuHbl. OOBSCHUTH, B KAKOM HANpaBICHUU KPHUCTAJI, OMYIICHHBIH B paCTBOP WM PACILIaB
TOTO K€ BEIIeCTBa, OyJET pacTu ObICTpee.

9. TloueMy HEKOTOpbIE KPUCTAINTMYECKHE BEIIECTBA MPH HArpeBaHUU H3MEHSIOT CBOIO
bopmy?

10.TToyemy, ecnu PTYTHBIA TEPMOMETP MOMECTHTh B IUIaMs, PTYTHBIA CTOJOWK CIiepBa
OITYCTHUTCS U YK€ IOTOM HauyHET NOJHUMATHCS?

11.B korenpHOHN TmepecTand TOMHWTh, BOJAAa B OTONMUTEIBHOW  OaTapee, CTOSBIICH B
XOJIOIHOM Kopuzope, BbiMep3na. Crecaph MasabHOW JIaMIION OTOorpen Oarapero, U W3 Hee
notekia Boaa. Korna ionHyna 6atapes: mpu 3aMep3aHUy WU MPY HArpeBaHUU €€ JTaMITOn?

12. O0bsicuute sBieHWe, omnucaHHoe B pacckaze . Illuma «bernoe, yepHoe»: «.
.3acThIBalONMMi TUIC BAPYT caM MO ce0e HadyMHAaeT pPa3orpeBarhbCsi. . . U OYCHb MPHSITHO,
0COOEHHO 3UMOI0, TIOJIOKUTH 3aKOUEHEBLINE PYKH Ha CaXapHO-0elyto, 4yTh BIAXKHYIO OTJIUBKY,
MOJTHYIO0 BHYTPEHHEHN JTaCKOBOU TEIIOTHD.

13. 3yOHbIe Bpaun HE PEKOMEHIYIOT €CTh OY€Hb ropsiayto numy. [louemy?



14.Yto0BI BEIBEPHYTh CTApBIi 3apKaBJICHHBIN BUHT, €r0 HarpeBarT nasuibHUKOM. Korma
BUHT OCTHIHET, OH JIETKO BhIBUHYMBAETCS. Kak 0OBACHUTH 3TO siBJICHUE?

15.1Ipu cKJenKe TOJCTBIX JIMCTOB JKelie3a B OTBEPCTHS JINCTOB BCTABJISIIOT PacKaJICHHBIC
JIOKpacHa 3akKJeNKH W KOHIBI MX PpacKJIENbIBAIOT yaapamMud MoioTka. llogemy Oepyt
pacKajeHHbIE 3aKJIECIKU?

16. Kak n3MeHsieTcsi BHyTPEHHUHN JUaMETP OJHOPOJAHOIO METAIIIMYECKOTO KOJIbIA IIPH €T0
HarpeBaHuu?

17. Ecnu BBl OKyHETE KycOudeK xJjieba B rOpsiuMid 4ail, TO pUCKHETE JIM, HE TIOJyB Ha HETO,
OTIPaBUTH cede B poT? A eciu OKYHYTh KyCOK caxapy, HYy>KHO JIM Ha HEro AyTh MpPEXIe, YeM
B34Th B poT? OOBsCHUTE apaT0KC.

18.Tlouemy, Korja NUUIYT MEJIOM Ha JOCKE, TO YACTUYKHU €ro OCTAIOTCS Ha Hei?

19. KakoBo mpoHCcX0XkKIeHNE Y30pOB Ha TIOBEPXHOCTH OIMHKOBAHHOTO XKeJe3a?

20. ITouemy npy/asl 3aMep3ar0T paHblIe peK?

21.YyryH minaBuTcsa mpu Oojiee BBICOKON MM 0oJjiee HU3KOW TeMIeparype, 4eM jkene30?
[Touemy?

Kak BbI 1ymaere

1. CymectByeT Jin B MOJEKYJSIPHOW (PU3HKE OJHO3HAYHAS CBSI3b MEXKIY CTPYKTYpOH U
byHkumei?

2. KakoBbl 4epThl CXOJCTBA U PA3NUYUSI MEKIY KPUCTALIMYSCKUMH H aMOp(HBIMU
Tenamu?

3. SIBnseTcs au IBMKEHUE YACTHUL B TBEPAOM Teje HEOOXOAUMBIM MM CITy4aitHbIM?

4. KakoBbl 0COOEHHOCTH TEIUIOBOTO JIBUYKEHUS YaCTHUI] B TBEPAOM Telle TI0 CPABHEHUIO C
JKUIKOCTBIO U ra3om?

5. VMeT naM KpUTepUM pPa3iIUyusi MEXKIY KPUCTAIUIMYECKMMH U aMOpP(QHBIMU TelaMu
aOCOJTIOTHBIN XapakTep?

6. Ilouemy B (pu3MyecKOM HCCIEAOBAHHH CBOWCTB TBEPAOrO Teja HEOOXOIMMO IMpHUMe-
HEHUE METO/a Ueanu3aun?

7. KaxoBo 00beKTHBHOE COZiepKaHue MOHATHS «(a30BbIi epexoay?

8. KakoBa uneanusupoBanHas MojieIb KpucTamia?

9. Yem ompenenseTcss CMBICT HUCIOIb3YEMOTO HAMH IOHSTHUS «IBTEKTHYECKash TOUKa» -
TEOpUEH WA SKCTIEPUMEHTOM?

10. B yeM 3aKIIfO4arOTCSl KOJIMUYECTBEHHAs] U KaueCTBEHHAs] CTOPOHBI TaKOW (PpU3MUECKOU
BEJIMUMHBI, KaK TeTNIOEMKOCTh?

11. Yem ompenensieTcsi CMBICH MOHATHS «TeMIiepaTypa [lebas» - Teopueit uim
HKCIIEPUMEHTOM?

12. SIpnsieTcs M yTBEPIKIACHHUE «TePMaHHM - KPUCTAIUD) aOCOTIOTHON UCTUHOMN?

13. 3aBucuT 1 creneHb aMOpGHOCTH TBEPIOTO TeJIa OT CHCTEMBbI OTCUeTa?

14. OT xakux CBOMCTB TBEPAOTO Tella MOKHO aOCTparupoBaThCs MPH UCCICIOBAHUU €TO
TEMJI0EMKOCTH?

15. Moxxer 1M BeUIECTBO, SBISIONIEECS B OJHOM cHUCTEME OTCUeTa KpHUCTaJIOM,
MIPEBPATUTHLCS B IPYroi cucteme B amopdHoe Terno? 3aBUCHT JIU PeasIbHbIN (PU3UUYECKUN (DAKT OT
TOT0, B KAKOM CUCTEME OTCUETA OH paccMaTpuBaeTCs?

ITPOBEPH CEBA!



1. Yem Hmxe Temmneparypa, TeM
a) XyXKe CKOJIB3AT KOHBKH I10 JIbJTy, 0COOCHHO IPH MEIICHHOM JIBU)KCHHH;
b) Xyxe CKONB3AT KOHBKH MO JIbAY, 0COOCHHO MPH JIBU)KCHHH;
C) Jy4lle CKOJNB3ST KOHBKM IO JIbAY, OCOOCHHO IpH OBICTPOM (MEIJICHHOM)
JIBYDKCHHUU.
2. T'opsuast Boa, BBICTaBIIEHHAS B MOPO3 Ha YJIHILY, 3aMep3aeT
a) ObICTpee, YeM XOJIOAHAS;
b) wmennennee, yem xosoHas;
C) C Takoi k€ CKOPOCTBIO, KaK U XOJIOIHAS.
3. Ilpu HarpeBaHMH KEJIE3HOTO JIUCTA C ABIPOYKOM pa3Mepsl AbIPOUKH
d) YMEHBILIAIOTCS BCICACTBHE TEIUIOBOTO PACIIMPEHUS JKele3a,
b) yBenmuMBaIOTCS BCIIEACTBUE TEIJIOBOTO PACIIMPEHHS KEIe3a;
C) MOryT KakK yBEIMYHMBATHCS, TaK W YyMEHBIIATHCS B 3aBUCHMOCTH OT
pa3MepoB IBIPOYKH.
4. Jloctdb TOTO, 9TOOBI OTBEPCTHE B TBEPJIOM TEJIC 3aKPBLIOCH,
a) MOJKHO HarpEBaHHEM TeJa;
b) MoXxHO oxaXIeHueM Tena;
C) Henb3s HUKaKUM M3MEHEHUEM TeMIIEpaTyphl Tela.
5. I'B03/1b HE TUIABUTCS B IJIAMEHH CBEYH, TaK KaK
a) TeMmeparypa IUIaMEHH MEHBIIE TeMIIepaTyphl IUIABICHHS KeIe3a;
b) mnmams HemOCTaTOYHO BETUKO - HE OKPY)KAeT TBO3/b CO BCEX CTOPOH;
C) OTHOBPEMEHHO C TOJIyYCHHEM TeIUIa OT IJIAMEHH I'BO3[b TEPSET TEIUIO MyTeM
W3ITyYCHUSI.
6. CranpHble KOHCTPYKIIMU TIPU TIOXKape pymiarcs,
d) TIOTOMY 4YTO CTajb IUIABUTCS B OTHE MOXKapa;
b) mox meiicTBHEM COOCTBEHHOMW TAXKECTH, IIOTOMY YTO IPH BBICOKOH TEMIIEpaType
TEPSIOT 3HAYUTEILHYIO YaCTh CBOCH MPOYHOCTH;
C) crajmp TOpPUT B OFHE IMOXapa, W IEIOCTHOCTh CTAIBHBIX KOHCTPYKLUI
HapyIIaeTCs.
7. Ha Opycke npaa BUCAT JIBa OJIMHAKOBBIX TPY3a, OJJUH HAa MEIHOM, Pyroi Ha KalpoHOBOM
HUTSX paBHOTO quametpa. [Ipu saTom
a) MeaHas HUTh IIepepe3acT Jiel, a KapOHOBas HET;
b) kamponoBas HUTH Iepepe3aert Jie/, a MeIHas HET;
C) o00e HUTH TIEpEPE3aAIOT JIE/.

Jlaboparopnast pabota Nol8
N3YYEHUE CBOMUCTB KPUCTAJNJIAYECKAX U AMOP®HBIX TEJI

Lesas padoThl: onpeeneHue TeMIepaTyp U KPUBBIX TUIABJICHUS KPUCTALUTMUECKUX U aMOP(HBIX
Tell.

IIpuGopbl M NPUHAMIEKHOCTH: TUTEIbHAS Ie4b; Ba (HapPOpOBBIX THUIIIS; TEPMOMETD; JIYIIa;
CeKYHIOMEp; UCCIIETYeMOE BELIECTBO.



Onucanue 3KkCnepumMeHmanbHol yCmaHo8Ku

Ecnu HaGmonaTh mporece OTBEpACBaHUS PACIUIABICHHBIX TEJl, U3MEHSSA UX TeMIIepaTypy
yepe3 Ompe/esieHHbIE MPOMEKYTKH BPEMEHH, TO TeMIlepaTypHble KpUBbIE il aMOP(HBIX H
KPUCTANIMYECKUX TeN JOJDKHBI OBITh pa3iuyHbl. Takue JauarpaMMbl OOBIYHO CTPOST B
HpHMOYTOHBHOﬁ CUCTCMC KOOpAWHAT, OTKJIAaAbIBadA IO OCHU OpAUHAT TEMIICpATYypy, a IO OCH
abcrucc — Bpemsa. st amMOpdHBIX Teln KpuBas OXJIXKICHUS HICT IUIaBHO, 0€3 PE3KHX
MEPEeX0/I0B, HA KPUBON OXJaXKIEHUS KPUCTAIMYECKUX Teld HaOMI0JaeTcsl pe3Kui mepexoia K
TOPU30HTAIBHOM YacTH, T.€. TeMIlepaTypHas OCTAHOBKa B TOM MeCTE€, KOTOPO€ OTBEYaeT TOUYKe
KpUCTAJIM3AllMU, WJIM TOYKe TIulaBileHus Tena. I[Iporeccsl Kpucramium3aludd Ted MOTYT
3HAYUTECIBHON OCJIOXKHATHCS SBJICHHEM HOJ'II/IMOpq)I/ISMa, KOTOpBIfI BCTPCHACTCA OYCHbL YacCTO.
[MonmumopdubIe peBpaIieHus] TPOUCXOIAT, TMOJ00HO KPUCTAIUTH3AINH, TAK)KE IMPU MTOCTOSHHOM
Temreparype (Tak  Ha3plBaeMas ~ TeMIeparypa  MOJUMOP(GHOro  IpeBpallleHus) W
CONPOBOKAAKOTCA BBIACICHUCM WJIA IMOTJIOMCHUEM TCIJIOTHI: CKpBITOﬁ niim yI[eHBHOﬁ TCIIJIOTHI
nonuMopdHoro npespaieHus. OTcioa cienyer, 4To NpU HAIMYUU HECKOIbKUX TOJUMOP(HBIX
IpeBpalleHuii Tela Ha KPUBBIX KpUCTAIM3aUuu  Oyner HaOMIOgaThCcsli  HECKOJIBKO
TEMIEPATYPHBIX OCTAHOBOK, KaX/Jas W3 KOTOPBIX OTBEYAET TEMIIepaType COOTBETCTBYIOIIMX
MIPEBPAILCHHIA.

[lpn onpeneneHMu yaeNbHOM TEIUIOTHI IUIABIEHUS W HOJIMMOP(HBIX MpeBpaleHUH
IPUMEHSAIOTCS pasiuuHble MeTroAbl. OOMH U3 HHMX, @& HMMEHHO METOJ HENOCPEICTBEHHOIO
OIpe/ieNIeHUsl TeMIepaTyp, npeajgaraeTcs B JaHHOM paboTre Uil MCCIeJOBaHUS CBONCTB KpHC-
TAJTMYECKUX U aMOP(HBIX Tedl.

[TpuGop nns wcciaenoBaHUs MPOIECCOB IUIABICHUS KPUCTALIMYECKUX U aMOPQHBIX Tel
(puc. 18) cocToUT U3 ANIEKTPUUECKOro Harpematens B, BHyTpu ero Haxoautcs dapdopoBbiid
turens C. Bayrpu Tturens C 3an0JHSAETCS UCCIEIYEMBIM BEIIECTBOM, HA ITATUBE YKPEIUIAETCS
TOYHBIM TepMomeTp T, MOKa3aHUs KOTOPOrO OTCUMTHIBAIOTCS MPH IMOMOIIM Jymnbl. BTopoit
BCIIOMOTAaTEJIbHbI TEPMOMETD, YKPEIUICHHBIM HECKOJIBKO BBIIIE, CIYXKUT Ul ONPEICIICHUS
nonpaBku TepMomerpa T Ha HepaBHOMEpPHOE HarpeBaHue crojOuka pryru. HepaBHomepHOe
HarpeBaHue CTOJIOMKa PTYTH MOJKET J1aBaTh OIIMOKHM B HECKOJIBKO COTBIX Aosied rpaayca. OHO
BBI3BIBACTCS TE€M, UTO MPU U3MEPEHUHU TEMIIEpPaTyphl OOBIKHOBEHHO TOJIBKO YacTh TEPMOMETpa
HaXOJUTCS B IPOCTPAHCTBE, TEMIIEPATypa KOTOPOTO ONpEAEIseTCs, a OCTalbHast YacTh CTOJI0MKa
PTYTH HaxXxOIUTCS TP HHOW TEMIIepaType; OYeHb YacTO 3TO SBISIETCS HEOOXOAMMBIM JUIS
IIPOU3BOJICTBA OTCYETA. B 3THX ciydasx NPUHATO OINpPENEIATh BBIUMCIECHHEM Iomnpasky. s
COOTBETCTBYIOIIEH MmomnpaBku At MOiIb3yIOTCS GOPMYIOit:

At=(B-a)(t-1t)z,

rze f3, o — K03 GHUIMEHTH paclIupPEeHUs: PTYTH U CTeKJa; | — u3MepsemMas TeMIeparypa; t1
— cpenHss TeMIlepaTypa BBICTYNAIONIEH YacTH CTOIOMKA PTYTH; Z — €ro JJIMHA, BEIpaKeHHAs
B Tpajaycax TEpMOMETPUYECKON IIKajabl. [Ipum BBIYMCICHMM 3TON MOINpPAaBKH TPYAHO ObIBaeT
YCTAHOBUTBH CPEIHIOI0 TEMIIEPaTypy BBICTYMAIOIIEH YacTH CTOJIOMKA PTYTH, OY€Hb YacTo ee
ONpENeNAI0T, IMOMEIIas OKOJO CEpeAMHbl BBICTYMAIOIIEH YacTH CTOJIOMKA PTYTH BTOPOM
(BcmomoraTenbpHBIN) TepMoMeTp. Benmmunna koddduimmeHTa pacmmpeHusi o IS pa3IddHBIX
BUJIOB CTEKJIA pa3IMyHa.



i l'lI Iljll

Puc. 18.

W3ydeHue mpoleccoB IJIaBiIeHHUs aMOP(HBIX Tel MOXHO MPOU3BOJUTH C BOCKOM WIIU
napaduroM. Iy u3ydeHus: KpUBbIX OTBEPACBAHUS KPUCTAIMUECKUX TEI MOYKHO MOJIB30BaThCS
runocyiasduroM. Ero remneparypa rmaBnenus okoso 46 °C. BerecTBa 3TH JeXar B OTACIbHBIX
TUTJIAX, KOTOPbIE TMOCENI0BAaTEIbHO MOMEIIAIOT B HarpeBarenb lIpu HaOMIOEHUU Kaxaoe U3
ATUX BEIECTB PACIUIABISIETCS B THUIJISAX, 3aTE€M YCTAHABIMBAIOT TEPMOMETp Tak, YTOOBI BECh
pe3epByap CO PTYThIO HaXOOWICS BHYTPU PAcIIaBIECHHOI'O BELIECTBA, U HArPEBAIOT NOCIEAHEE
Ha HECKOJIBKO I'PayCOB BbIIIE€ TOUKH IJIABJIECHUS, OTCUUTHIBAS €T0 TEMIIEPATYPY 110 TEPMOMETPY
T. BcromorarenbHbIl TEPMOMETpP MpPU 3TOM YCTAHABIMBAETCS Ha TaKOW BBICOTE, YTOOBI €ro
HIApUK HaXOAWJICS MPUOIU3UTEIHHO TIOCepeInHE CTOIONKA TepMoMeTpa T, BHICTYIAIOMIEr0 HaJl
YpOBHEM KuAKOCTH B Turiie C. 3aTeM BBIKIIOUYAIOT TOK B Harpeparelie, BBIHUMAKOT TUIEIb HA
MOJICTABKY M OTCUMTHIBAIOT MOKA3aHMS TEPMOMETPA dyepe3 Kaxayro MUHYTY. [lokazaHusa HyXHO
CHHUMAaTh J0 TeX Nop, nmoka t He cHu3utcs Ha 2—3 °C HUXKe TeMmnepaTypsl 3arBepaeBanus. [Ipu
HEIOCPEACTBEHHBIX OTCYETAX TEPMOMETPA CJIEAYET BBOJAUTH MOIMPABKY HA BBICTYNAIOIMUN CTOJ-
OMK, 111 4ero HeoOXOAMMO OTCUHMTHIBATh MOKA3aHUS IO BCIIOMOTATEIbHOMY TEPMOMETPY.
JlanHble 3anucbiBaTh B Tabmuily. Bee pesynbTarsl HeoOXxoammo n300pa3uth rpaduyecku. s
3TOTO BBIYEPUMBAIOT KPUBYIO OXJIAXKJEHHUS BOCKa U rumnocyibdura. Ilo kpuBoii runocynbdura
HaxoIAT TeMIepaTypy KpUCTaUIM3alW{, [pUHMMAas BO BHUMaHHME IIONPABKY Ha
BBICTABIISIOIIUICS CTOJIOUK PTYTH.

N3MEPEHUS U X OBPABOTKA

1. TlomecTHTh B HarpeBaTellb THUTENb C HCCICTyEMBbIM BEIIECTBOM.

2. PacmnaBuTh UCCIieyeMO€e BEIIECTBO.

3. YCTaHOBUTH TEpPMOMETp TaK, 4YTOOBI BEChb pe3epByap C PTYTbIO HAXOJWICS BHYTPHU
pacCIUIaBIIEHHOTO BEIECTRA.

4. HarpeTtsb BeleCTBO Ha HECKOJIBKO I'PATyCOB BbIILIE€ TOUKH IJIaBJICHUS.

o

Otcunrate ero remneparypy o repmomerpy T.

6. YCTaHOBUTH BCIIOMOTATEIbHBI TEPMOMETpP  HA TaKOH BBICOTE, YTOOBI €ro IIapuK
MPUXOAWJICS MPUOIUUTENBHO MOCEPEIUHE CTOJIONKa TepMoMeTpa T, BBHICTYMAIONIEro Hajl
yYpOBHEM >KUJIKOCTH B THUIIIE C.



BBIKII0YMTB TOK B HarpeBaTelie, BBIHYTh TUI'ElIb HA MTOJCTaBKY.
OTtcunThIBaTh MOKAa3aHUS TEPMOMETPA YEPE3 KAXKAYI0 MUHYTY.

© o N

OTCcunTHIBaTh OJJHOBPEMEHHO MTOKA3aHHUS 10 BCIIOMOTaTEIbHOMY TEPMOMETPY.

10. CuuMaTh TIOKa3aHUs A0 TeX IIOp, MOKa Temreparypa He cHusutca Ha 2-3 °C Hmke
TEMIIEPATYPHI 3aTBEPACHUS.

11. BBectu mompaBKy Ha BBICTYMAIONMKA CTOJOMK TIPH HEMOCPEACTBEHHBIX OTCUETaX
TEPMOMETDA.

12. TloBTOpUTH M3MepeHus M.10. 1-11 Ay KaXKI0T0 U3 UCCIIETyEMBIX BEIIECTB.

13. Pe3ynbTaThl H3MEPEHHI 3aHECTH B TaOTHIIBI.

14. Bce pe3ynbpTathl H300pa3uTh rpauueck.

15.1lo kpuBOM KpUCTAIIM3ALUMU HAWTU TEMIIEPATypy KPUCTALNIM3ALUNA HCCIEAYEMOTO

KPUCTAJIJINYECKOIO BELIECTBA.

JIABOPATOPHAS PABOTA Nel9
OIIPEJJEJTEHHUE CPEJJHEI' O KOS ®®HIIHEHTA IHHEHHOI'O PACIIHPEHHA
TBEP/IbIX TEJI
Hean padoThl: omnpenencHue cpeaHero KodGQPuIMeHTa JMHSHHOTO PaCIIUPEHUsT U30TPOITHBIX
BELIECTB.

Ipu6opsl u matepuannl: JIATP, npubopnHas TpyOa ¢ HarpeBaTeiaeM, HHANKATOP YJIUHECHHS,
METATTNYECKHE CTEPIKHU.

OIIMCAHME YKCINNEPUMEHTAJIbBHOM YCTAHOBKH

[TpubGop st onpenenennst KodpUIMEHTa TUHEHHOTO PACITUPEHHUS COCTOUT U3 JITTHHHOMN
MeTaJJIM4ecKoi TpyOku L, BHYTpUM KOTOpOM HaMOTaHa CHUpPalb, B KOTOPYIO BCTaBISIOTCS
HCCIIeayeMble CTEepKHH (Meb, Kejle30, CTeKI0). B cBOOOMHBIN KOHEI CTEp)KHS YIUPAETCS
phlYaKOK MHAMKaTopa ymanuHenus M ¢ nenoit nenenus ¢ = 0, 01 mm. B cepenune TpyObs1 L
IPOCBEPIIEHO OTBEPCTHE, B KOTOpOE BCTaByieH TepMoMeTp T (puc. 19).

u_'A‘;ATi_J{ I |

Puc. 19.

[To uHaHKATOPY M3MepseTcs yuiuHeHue Tpyosr Al = Nz — n1. Toraa nMuHEHHOE yUTHHEHHE
AL = Lo-Li1 = cAl. KoadduuueHT IMHEHHOrO pacHIMpPEeHUs] HCCIEIyeMOro BeEUIeCcTBa
paccumThIBaeTcs o popmysie



o AL c(n,—n)
Ll(tZ _tl) L1(t2 _tl)

Hsmepenus u ux obpabomxa
1. M3meputs MacmtabHOM JTMHEHKON paccTosHue L1 MeXay KOHIAMH CTEp)KHS (HadalbHYIO
JUIMHY CTEP>KHSI)
2. 3aduxcupoBaTh HAYAIBHYIO TEMIIEPATYPY CTEPKHS (B351B KOMHATHYIO)

w

BcraButh crepkeHs B ipuoop.

4. Bxmouute JIATP B ceTh (crmeauTh, 4TOOBI HamNpsDKEHUE, MOJaBaeMoe Ha mpubop, He
npeBbImano 55 B)

5. B MomeHT, korjga TemmepaTypa IE€pecTaHeT MOBBIIIATHCS, OIMNPEAETUTh C MOMOUIbIO

WHJUKaTopa JIuHeHoe yanunenne AL = Ly —L;.

3anucarh yCTaHOBUBIIEECS 3HAUCHUE TEMITEPATYPHIL.

Brerancimuts k03¢guimenT o.

[TponenaTte aHAIOTUYHBIE U3MEPEHUS C IBYMSI IPYTUMH CTEPIKHSIMH.

© oo ~N o

[IpoBecTH MOTHYIO MaTEMaTHYECKYIO 0OpaOOTKY MOJTYYEHHBIX PE3YJIbTaTOB.

Jlaboparopnast pabota No20

OIIPEJIEJIEHUE TEIUVIOEMKOCTH METAJI/IOB METO/IOM OXJIA’K/IEHHA
Leapb padoThl: SKCIIEPUMEHTAIBHOE ONPEeNIEHNE TEINIOEMKOCTH METAIIJIOB.

IIpuGopbl W NMPUHAMIEKHOCTH: D3JICKTPOINEeYb;, HAOOp 0O0pa3loB; CEKYyHIOMEp; TepMOIapa;
raJbBaHOMETP; PEOCTAT; KIIFOY; BECHl TEXHHUECKUE C PA3HOBECAMH.

Onucanue IKcnepumMeHmanbHOu yCMano8Ku
Bcesikoe Teno, nMeroliee TeMreparypy BBIIIE OKPYKAIOMIEH cpeibl, OyIeT OXJIaXaaTbCs,
pUYEM CKOPOCTh OXJIXICHUS 3aBHCHUT OT BEIUYMHBI TEIUIOEMKOCTH Tena. Ecimu B3sITh nBa
METAJUIMYECKUX CTEP)KHS ONpeACIeHHOH (OpMBI, TO, CpaBHHMBAas KPHUBBIC OXJIAKICHHS
(Temmeparypsl B QYHKIIMU BPEMEHHU) 3TUX O00Pa3loB, OJIUH U3 KOTOPBIX CIYKUT 3TaJIOHOM (€ro
TETUIOEMKOCTh ¥ CKOPOCTh OXJKICHUS JIOJDKHBI OBITh HM3BECTHBI), MOXKHO OMPEICITUTH
TEIIOEMKOCTh IPYrOro, OMPEeIUB CKOPOCTh €r0 OXJIAXKICHHUS.

KonnuecTBo Termia, TepsieMoro sieMeHTapHbiM o0beMoM dV MeTasuia 3a Bpems dt:

dT
dg=cp ’m dvdt )

1€ ¢ — TeIUIOEMKOCTh MeTasia, p — IUIOTHOCTh ero, T — TemmepaTypa oOpasia
(mpuHUMaeETCsl OJIMHAKOBOM BO BCEX TOUKaX o0Opasiia, TaK Kak JIMHCHWHBIC pa3Mephl Tela MaJlbl, a
TEIUTONPOBOAHOCTh METAJlIa BelMKa). BennuuHy d( MOKHO MMOJACYMTATH, KPOME TOTO, 10 3aKOHY
HrroTona:



dg = a (T - To)dSdt @)

rae dS — sieMeHT MoBepXHOCTH, To — TeMIepaTypa OKpYKaromei cpeabl, o — K03 duiueHt
termootaayn. [IpupaBuuBas Beipaskenus (2) u (3), moxydnm:

dT
co—dV =a(T —T,)dS
dt
KonuuecTBo Temia, koTopoe TepsieT Bech 00beM 00pasiia,

Q:jc:p‘:j—IdV =ja(r ~T,)dS

dT
Ilonaras, 4ro E , C M p HE 3aBUCAT OT KOOPJMHAT TOUYEK 00beMa, a o, T u To He 3aBUCAT

OT KOOpJUHAT TOYEK MMOBEPXHOCTH 00paslia, MOKHO HAMKCATh:

dT
& T -T,)s
P (T-To) @3)

rae V — o6beM Bcero oOpasiia, S — TOBEpXHOCTh BCETO 00pasiia.

Hanwmiem cootHomienue (3) a1 ABYX OJMHAKOBBIX 00pa3ioB. B atom ciayuae S1 = Sy, Ty =
T2, a1 = 02 . JlereHreM 0AHOTO BBIPAXKEHUS HA JPYrO€ MOJTYUHM:

)
m, \ dt /,

=c, —% 4
€ =6 m, (de (4)
dt J;

rae My = p1V1 — macca nepBoro odpasia, Mz = p2V2 — Macca BToporo odpasia.

B nannoii paboTe onpeneneHne TEIUIOEMKOCTH METAUIOB IPOBOAMUTCS Ha YCTaHOBKE PHC.

20.
Tt
!
Lo =]
[} [}
o o
o 8 =}
o o
=] -]
6 [=] o
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————
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DJieKTpornedb A CMOHTHPOBAHA Ha JIBYX HAMPABJISIOMMX CTEPKHAX C, IO KOTOPBIM OHA

MOXeET nepeMerathes BBepx U BHU3. O0pasen B npeacrasmisier coboit munmuuap mHoi 30 MM u

IMaMETPOM 5 MM C BBICBEPJCHHBIM KaHAJOM C OJHOIO KOHIIA. DTUM KaHajoM oOpasell

nomMemiaoT Ha (apdopoByto TpyOKy, yepe3 KOTOPYIO IMPOIYIIEHBI MPOBOJOKH TEPMOIAPHI.
Konmpl Tepmonapel mojasenensl k ranbsBaHomerpy G. Temmeparypa oOpasma OTCUHMTBHIBACTCS

OpsIMO MO IIKaJie TajlbBAaHOMETpA, JJI Yero MOCIeAHUNA CHa0XeH ClelualbHbIM TIpaduKoM
NepeBojia ero MOoKa3aHui B 3HAUYEHUS TeMIIepaTyphl Crasi TepMOTMaphbl.

Usmepenus u ux oopabomxa

1.
2.

©o gk~ w

S

10.

11.

CoOpatb ycraHoBky (puc. 20).

[Teub OMycTUTH 1O HAMPABJISIOUIMM CTEPKHIM BHU3 HACTOJBKO, YTOOBI 00pa3el] MOJHOCTHIO
OKa3zaJjicsi BHYTPH Hee.

BKIIOYNTE HCTOYHHK TOKA, 3aMKHYB Ki1t04 K.

Harpes o6pazen 1o remneparypsl 500-600 °C, neus ObICTPO MOTHATH BBEPX U 3aKPETIHUTh.
Harpertslif 0Opaser oXaaauTh B HENOBHKHOM BO3IyXe.

Uepe3 kaxnapie 10 cex mpom3BOAMTH 3amuch TemmnepaTypsl T oOpasia mo moka3zaHHsM
ranpBaHoMeTpa G. Bpemst t oTcuuTHIBaTh IO CEKYHIIOMEDY.

[ocne oxnaxxaenus oOpasua a0 Temieparypsl Hike 100° onbIT MOBTOPUTS e11ie pas.
[ToBTOpUTE M3MEpeHUs I.11. 2-7 It BceX 00pasIioB.

[Toctpouts rpaduk 3aBucHMOCTH Temmeparypsl T o6pasma ot Bpemenum t. T = f(t),
OTKJIaJbIBast 10 ocu abcuuce Bpems 1, a mo ocu opaAuHAT TemnepaTtypy T.

Jis xaxnporo oOpaslia CHUMAIOT BE KPUBBIE OXJAXKICHUS U CTPOSAT rpaduk A Me,
xKelesa, ATIOMUHUS TI0 CPETHUM 3HAYCHUSIM.

I'paduueckum metomom mepeBoasat kpusbie T = f(t) Bcex 00pasioB B KpHUBbIC (jj—-[ =o(T),

s gero kpuBble T = f(f) pasOuBaroT Ha oaMHAKOBBIC ONM3KHE OPYr K APYry Y4acTKH
BEPTUKAJIBHBIMHU JIMHUSAMH, TEPICHIUKYISIPHBIMA ocu abciucc. PasHocTH 3HaveHWit
OpAMHAT KPHUBBIX B TOYKAX TEPECEUCHHUS HMX C BEPTHKAIBHBIMU JIMHUSAMH OYAyT
npeacTaBisaTh coooit pasnoctu temmepatyp (T1 — T2), (T2 — T3) u T. A. A UHTEPBAIOB
BpeMeHH Ati, Atz, At 1 T. 1., Ha KOTOpbIe pa30uTa och abCIUCC BEPTUKATIHHBIMH JTHHUSIMHI
At; = Atp= Atz = 1.

OTHoOmIEHUs

(A0) LR () LL (A1) BT g
At ), At At ), AL, At ), AL

U T. J. XapakTEepU3yIOT CKOPOCTh OXJXKIEHUS B [JAHHOM TOYKE KpUBOM W,

CJIEIOBATENbHO, CKOPOCTh OXJIaXKJIEHHSI, COOTBETCTBYIOIIYIO HEKOTOPO TeMIeparype.

12.

YuciioBble 3HaYCHUS, MOTyYeHHBIE TI0 opmylie (5), BHOCAT B TaOJHILy 3alUCH PE3yIbTaTOB

T
U CTPOSAT rpaduk 3aBUCHMOCTH dd—t= o(T) nna obpasuos Cu, Fe, Al, oTknaapiBast o ocH

AT
a0CITMCC 3HaYEHUS TeMITepaTyphl T, 10 OCH OpJAWHAT 3HAYCHUS A nepBoro rpaduka.



13. OnpenensroT TEMIOEMKOCTh C1 alFOMHHUS, a MMOTOM ene3a c3 s temrepatyp 100, 200,
300, 400, 500 °C. [last aToro B hopmyiy (4) MOACTABISIOT 3HAUCHUS A JUTSL KOKJIOTO 00-

pasiia mpu dTUX TeMIeparypax. 3a 3TAIOHHBIN 00pa3el] MPUHUMAIOT METHBIH.
14. 3aBUCUMOCTH TETUIOEMKOCTH MEJIM OT TEMIIEPATYPHI JaHA B TAOJIMIIC HA YCTAaHOBKE.
15. U3 tabmuubl OepyT 3HaueHUs TeruioeMkoctd menu (c2) mist temmneparypsl 100, 200, 300,

400, 500, 600 °C u moacraBisioT B opmyny (4) COOTBETCTBYIOIINE 3HAUYCHUS % TUTSt

T
Mend, KOTOphIe TaKxke OepyT u3 rpaduxa dd_t =@(T) nns mexHOTrO O0OpA3LA.

16. Maccer mg, M2, M3 0OPA3IIOB ONMPEILISIOT B3BEITUBAHUEM.
17. PesynbTaThl U3MEPEHUH U pacUETOB 3aHECTH B TAOJHILY.

Omo unmepecno

POBEPT I'YVK [15, 17]

PoGepr I'yk (1635-1703) — oauH U3 BhIIAIONIMXCS coBpeMeHHUKOB HpioTona. Kpyr ero
MHTEpPECOB OBbLI HACTOJBKO IIMPOK, YTO 3TO MEIIAT0 €My COCPEIOTOYMTHCS Ha KaKOW-110o
OJHOW o0ylacTH W JoOMBaThcA TaM pemaromux pe3ynbratoB. Iloguac ['yk BeIcKasbiBam mo-
HACTOSIIIEMY TeHHAJbHbIE WJCH, HAIIYNbIBAI BaXHEWIIHE MPOOJEMbl M OTKPBITUS, HO HE
JIOBOJIMJI CBOMX pa®OT J0 KOHI@ W HE Jal CBOETO MMEHHM HU OIHOMY M3 OTKpBITHH, 3a
UCKJIIOUYEHHEM 3aKoHa ['yka, B KOTOPOM uepe3 CTOJIeTHE K €ro MMEHHU ObuI0 100aBIEHO HMMs
IOHra.

PoGept I'yk ponuncs cimaObiM, 0OJIE3HEHHBIM, XU 0e3 oTma. HUKTO He oXuman, 4To OH
JO’KUBET J10 3peibIX J€T. JIeTCTBO M FOHOCTB MPOBEI B OAMHOYECTBE, KOHCTPYHUPYsI BCEBO3MOXK-
Hble MeXaHudeckue npucrnocodseHus. OH yBieKajics MaTeMAaTUYeCKOH Marued, COJIHEYHbIMU
yacaMu, BOASHBIMU MeJbHUIIAMU. [IoOM OTIa — CBSAIIEHHUKA HAa OCTpOBE YalT — g0iro ObU1 €ro
€IMHCTBEHHBIM MPUCTAHUILEM: H3-3a CJIA00T0 310pOBbs U MOCTOSHHBIX T'OJIOBHBIX 0OJI€H OH He
CMOT IOCEIIaTh IIKONY. 3aTéM €My IIOBE3JI0 — IMEpPBbIM €ro BocnutareneM B JIoHAOHE, B
3HaMeHUTOll BecTmMuHcTEepckol ImiKone cran JokTop bactOu, po3rn koTroporo, BBIBEIIINE B
JIFOIM MHOTHX BEJIMKUX JIFO/IEH, BOILIN B (DOIBKIIOp OPUTAHCKUX YHUBEPCUTETOB.

Besikne 3ansatus nepenpoOoBan ['yk — MyduMMBIH KECTOKOW ayjieprueil Ha MaclisHbIe
KpacKH, y4uiCs y JIOHIOHCKOTO *KHBOIHCLIA, UMESI HEPA3BUTBIN CIyX, IIEJI B LIEPKOBHOM Xope. B
Oxcdopae on no3Hakomuiics ¢ Jhxonom Yunkuncom, Yuibimom Hertu, Kpucrodepom Penom,
Pobeprom boitnem. PoGeprt boitnb, nocrpouBmmii B Oxcdopnue Gomnpiryo  1abopaTopHio,
MpUTJIacui ero Kk cebe accucreHToM. B atoit maboparopun I'yk BMecte ¢ boiinem 3anumarncs
YCOBEPIIIEHCTBOBAaHUEM BO3YIIHOTO HAcoca, W300pETEHHOTO Marae0yprckuM OyproMuCTpPOM
Otro (on I'epuke. boiine ObUT Upe3BBIUAWHO CTPOT K cebe U 1oOpoxkenareneH K apyrum. A ['yk
y’Ke TorJa oOHapyKUJI XyJIINe CTOPOHBI CBOETO XapaKTepa, 3a riaa3za oOBUHAS boiins B ToM, 4TO
OH IIPUCBaUBAaCT MHOTME YCOBEPIICHCTBOBAHUS BO3QYLIHOIO HAacoCa, MPUHAJIEKAIINE EMY,

I'yky.



['yk yBheKkancs BCEM, 4YeM YTOAHO, AaXe JIECTAIONIMMU MAalIMHAMH, JICHCTBYIOIUMHU
MYCKyJIbHOU cuitoil. Kora on ybenuiicsi, 4To 4eloBeUeCKue MYCKYJIIbl CIUIIKOM CIa0bl, YTOOBI
HOJHATh B BO3/AYX CKOJIBKO-HHOYIb CYIIECTBEHHBIH BEC, OH CTaJl CO3/aBaTh HCKYCCTBEHHBIC
MYCKYJIbl. 3aMHTEPECOBABIINCh YCOBEPUICHCTBOBAaHMEM 4YacoB, ['yKk u300pesn wYachl coO
CIHUPAITBLHON NMPYXUHOH, C OaTaHCUPOM M aHKEPHBIM MEXaHU3MOM, TO €CTh MEXaHHMUYECKUE Yachl
CETONHSIIHETrO JHA. 3HaKoMble ['yka HacTanBaiM Ha MATEHTOBAHUM, YCIIOBHs maTeHTa ['yka He
YIOBIIETBOPHIIM, M €ro Hu300peTeHHe HHKAaK He OBUI0 TOKYMEHTAJIBHO MOATBEPIKACHO.
Briocnencteun, xorma B 1674 roay Beimia kaura «Horologium Oscillatorumy  Troiirenca ¢
ONMCAaHUEM YacOB CO CIUpPAIbHOM MpYKUHOU, ['yK yTBepxnaain, 4uTto cekperapb KoposieBckoro
obmectBa OnbaeHOypr, 3HABIIUMK YCTPOHCTBO MEXaHM3Ma, cooOum o HeM [roiirency. 1o u
CTaJI0 HAYaJIOM CMEPTEIbHON Bpax bl Mex 1y I'ykom u OnbaeHOyprom.

['yk ObLT 4enoBEKOM OEIIeHOW YMCTBEHHOM aKTHBHOCTH. OH MOT CBOOOJIHO pacCykIaTh
Ha JI00yI0 TeMy. Y HEro B TO e BpeMsl ObUTH U 30JI0ThIe PYKH, OH ObUI CIIOCOOCH BCe C/enaTh
caM, MOT' CaMOCTOSITEJIbHO MPOBECTH JIIO00H 3KcTIepuMEHT. ONBITHL, KOTOPbIE HE MOJIYYAIUCh Y
CaMbIX UCKYCHBIX 9KCIIEPUMEHTATOPOB, Y HETO MPOXOAUIH ¢ O6JeckoM. Y Hero Bce paboTaiio, Bce
BBIXOIMJIO TaK, KaK JOJDKHO OBLIO OBITH.

NMenno »TuM OH cHHCKal K ce0Oe riay0ouaiiliee yBakeHHWE UJICHOB OYIyIIEro
Jlonponckoro KoponeBckoro o0mecTBa, ¥ HWMEHHO JTUM OOBSICHAETCS WX IOYETHOE
NpeUIOKEHNEe — CTaTh EIUHCTBEHHBIM IUIATHBIM COTPYAHHUKOM OOINECTBa, KypaTOpoM
IKCIEPUMEHTOB. 3a Ka3eHHYIO KBapTuUpy B [ pemieM-Koiiemke W TPUANATh PYHTOB B TOA OH
JIOJDKEH OBUT €XKCHEIENbHO IMOKa3biBaTh B OOIIECTBE HECKOIBKO HOBBIX JKCIIEPHUMEHTOB. Ero
o0s13aHHOCTH OBUTH  chopmynupoBaHbl Tak: «l[IpeacTaBisaTh OOIIECTBY KaX bl pa3, KOTa OHO
3ace/iaeT, TPU WM YeThIpe 3HAYUTEIBHBIX YKCIIEPUMEHTA, HE 0XKHJIasi KOMIICHCAIIMH JI0 TeX TI0p,
IOKa OOIIECTBO CaMO HE COYTET HEOOXOAUMBIM BO3HArpaJuTh €ro 3a Tpyasl». (He 3abynem, uto
I'yk o counanbHOI Tabenu 0 paHrax TOro BpeMeHH ObLI €TMHCTBEHHBIM WiieHOM KoposneBckoro
o01iecTBa, KOTOPOTrO HEJb3s ObUIO CUUTATh «IDKEHTIbMEHOMY.) B mepBoe Bpems Pobept I'yk —
KypaTop SKCIIEPUMEHTOB — Jenan OoJjiee COTHH ONBITOB €XeroaHo. boiee Toro, uM ObuH
BBIPAa0OTaHBI OCHOBHBIE IPHHIWIBI 0O0IIEeCTBa. BOT dYTo oOcTalioch € TeX BpPEMEH B €ro
PYKOITUCHBIX 3aMETKaX:

«Uenpto u HazHaueHneMm KoposeBckoro ood1ecTBa sBISIOTCS:

» JanpHEHIIee TO3HAHHWE JKCIEPUMEHTATbHBIM ITyTEM SBICHUN MPUPOMBI, IMOJIE3HBIX
pemecel, TPOU3BOCTBA, MPAKTUYECKON MEXAaHUKH, IBUTATENIeH U U300peTeHHi (BCero Toro, 4To
HE MMEET OTHONICHUS K OOTOCIOBHIO, MeTaU3HKE, MOPAJH, MOJIUTUKE, TPAMMATHKE, PUTOPUKE
WJIU JIOTHKE);

» TIONBITKA BOCKPECHUTH TIOJIC3HBIE peMeciia U U300peTeHUs, TpeIaHHbIE HBIHE 3a0BCHHIO;

» WCCIEeOBaHWE BCEX CCTECTBCHHBIX, MAaTEMaTHYECKMX W MEXaHHUYECKUX CHCTEM,
TEOpUH, NPUHLMIIOB, TUIOTE3, OCHOBAHUM, SBICHUM M OSKCIEPUMEHTOB, YMOMSHYTBHIX WU
BBEJICHHBIX B NPAKTHKY JIIOOBIM 3HAYUTEIBHBIM aBTOPOM JPEBHOCTH WM COBPEMEHHOCTH, C
[ENIBbI0 CO3/IaHUS 3aKOHUYEHHOW M OOOCHOBaHHOW (PrIocO(CKON CHUCTEMBI, OOBICHSIONMIEH BCe
SIBJICHUSI TIPUPOJBI M HUCKYCCTBA, M COCTABIIEHUST OOOCHOBAHHOTO TPEJCTABICHUS O MPUYUHAX
BEILEH...»

['yk m3ydan BIMsSHUE MOTO/IbI HA MMOKa3aHus 6apoMeTpa, n300pes MPOCKITMOHHBIN (HOHAPD,
MOJBOAHBIA KOJOKOJI, MeToja Tenerpaduu, 3yOopes3Hblii craHodek ainsi 4acoB. OH OTKphUI



BparieHrne Mapca 1 nepBsIM 00paTHJI BHUMAaHUE HA IBOWHBIC 3Be3/bl. | 'yKy PHHAICKUT UL
UCIOJIb30BAaTh B KAayecTBE HYNS TEeMIIEpaTyphl TOYKY 3aMep3aHus BOJBI, KOTOpas, KaK OH
BBISICHWJI, BCET/Ia OTJIMYAETCS 3aBHIHBIM IOCTOSHCTBOM. OH TpOBEps BCE COMHHUTEIIbHBIC
OKCIEpUMEHThI, mnpenaiaraBmuecss KoponeBckomy — oOmiectBy, OH  obecreuna — cOop
MHOTOYHMCIICHHBIX (DAKTOB W CHUCTEMAaTH3aIMIO SIBJICHUH, KOTOpBIE MOTOM CMOIJH CTaTh
MaTepHaioM JJIsl CTPOUTEILCTBa HOBOM Hayku. B KoposieBckoM o0miecTBe OH mocTaBmil Oosee
YeTBIPEXCOT OmbBITOB. M Kpome BCero mpoyero, KOJUICKIIMOHMPOBAI s 0OIiecTBa
BCEBO3MOXHBIE PEIKOCTH M Kyphe3bl, MOpaxkaBIIMe ero BooOpaxenue. OH cobupan ux, Iae
TOJBKO MOT, TOKYIaJ, BBIMEHHMBAJN, IMOJMy4ald B Jap, yroBapuBajl MOJApUTh WJIHM 3aBELIaTh
obmectBy. B my3eir KoponeBckoro oOmiectBa Obuid, HalpuMep, AOCTABICHBI: >KUBOPOISLIHMA
CTpayc, pacTeHHue, BhIpocIIee B JKEIYyAKEe Opo37a, KOoKa CMYIJIOro MaBpa ¢ cenoi 60pomoil u
BOJIOCAaMU; «HO 0oJiee BCEro JOCTONWHBI OMUCAHUS Yachl, IPUBOJAUMBIC B JBM)KEHUE MAarHUTOM H
npeHa3HauYCHHbIE Ul ONIPEIEICHUs] HA MOPE PACCTOSIHUN O KOHTUHEHTOB I10 TOJTOTE.

[Tocne 3HameHUTOro BoJBLIOrO JOHAOHCKOIrO MoXkapa  MPaBUTENBCTBO OOpPaTUIOCH B
KoponeBckoe o6mectBo ¢ mpochk0oi pa3paboraTh TutaH mepeycTtpoicTtBa JIoHIOHA,
€CTECTBEHHO, B MEPBYIO0 OYEepelb 3Ta HEJlerkas W MouyeTHas 3ajJaya BcTajla Mepel] U3BECTHBIM
apxutrektopom Kpuctopepom Penom um I'ykom. ['yk ObLT MOJOA, OH € HEOOBIYAWHBIM
DHTY3Ma3MOM M DHEprued B3suicid 3a neio0. bynyun Ha3HaueH TOpPOJCKMM 3EMIIEMEPOM U
MHCIIEKTOPOM CTPOMTEIBHBIX pPAa0OT, OH pa3padoTall HECKOJIbKO MPOEKTOB IEePECTPOUKH
JloHI0HA, TIPOJIOKHUB CKBO3b MEMENUIA U KIaJA0UIIa KaMUHHBIX TpyO mpsimble Maructpanu. OH
co3nan Ha Oymare JloHmoH Oyaymiero. DTOT ropoa Obul, KOHEYHO, HEeBO3MOkeH. lllupokue
MPOCHEKThI, HAMEUEHHbIE WM, HEH30€XKHO CHOCHJIM YbU-TO JOMa, BTOPrajiiCh B YacTHBIC
BIAJCHUS, ymIemisuii YbH-TO uHTepechl. K ['yky crama oOpamarbcsi Macca JIHOJEH,
npeqiaraBmmux B3ATKU. OHU OBUIM HE MPOTHB MarucTpajieil, HO Xorenu Obl, 4yTOObl 3TH
MarucTpajiy MpoJeriu Mo APyruM MectaM. ['yk ¢ HerojgoBaHHWEM BBIMPOBAXKHUBAII WX, HO HA UX
MECTO MPUXOIWIN IpYrHe BU3UTEphl. ['yK cTan OJHUM U3 TJIaBHBIX apXUTEKTOPOB HOBOIO
Jlongona. OH mocTpous OONbHUIY TMOA Ha3BaHHeM «beanam» U KOpPOJEBCKUH  JIEKapCKHiA
koyiek. OH XBacTall, 4yTo 3apadoTal Ha 3TOM Kydy JIEHET, M TMOKa3bIBajl B JIOKA3aTEIbCTBO
00JIBII0M KOBaHbBIN CYHIYK.

I'yk OblT BechMa OOMIMTENHHBIM HYETOBEKOM, JIFOOWII MPOBOAUTH BpeMsl C APY3bSIMU B
BECENIBIX TaBepHaX (TOJBKO B €ro JHEBHUKAX HACUUTHIBACTCA OOJiee NBYXCOT MX HaWMEHO-
BaHWIi), OCHOBBIBATh TalHBIE OO0IIECTBA W CEKpeTHhIe KiIyObl. Puwapa Yommep mpeamocian
MOCMEPTHOMY COOpHHKY Hay4dHBIX paboT ['yka BBeneHHE, B KOTOPOM OH OMHCAJl €r0 XapakTep,
MPUBBIYKM U BHEIIHOCTb. BOT 4TO OH mumier:

«Uto Kacaercs ero JIMYHOCTH, TO OH OTHIOJIb HE OBLIT M3T0eM, XOTsl ObLT CHIIBHO ropOat. S
CJIBIIIAN OT HETO M JPYTUX, YTO KOT/Ia-TO OH OBUI CTPOEH — MPUMEPHO JI0 MECTHAAIATH JIET, HO C
TEX MOp OH CTaJl pa3BHBATHCS HEMPABHIBLHO W3-32 W3JIMIITHETO YBIICYCHUS THMHACTHUCCKUMH
yIpaXHEHUSIMH Ha TypHHKE... OH OCTaJICS ¥ HU3KOPOCIBIM, XOTS, CyJs 0 HOTaM, OH JIOJDKCH
OB OBI OBITH BBIIIE CpeaHETO pocTa. OH OBLIT AKTUBHBIM, HEYCTAHHBIM T€HUEM, TTOYTH JI0 CAaMBIX
CBOMX IOCJICIHAX THEW CIajl OYeHb MaJlo, PEIKO JIOXKHIICS CIIaTh PaHbIIE TPEX-YETHIPEX YacOB
yTpa, MPUTOM PEAKO CIajl B MOCTEINN; Yallle BCEro OH MPOJI0JKAI CBOM HAYYHBIC U3BICKAHUS BCIO
HOYb, KOMIICHCUPYS 3TO JIUIIb KPATKUM JTHEBHBIM CHOM. XapakTep ero ObLI METaHXOJIHYHBIM,
HEJI0BEPYUBBIM M PEBHUBHIM, YTO C TOAAMH CTAHOBHJIOCH BCE 3aMETHE».



NHTemnekT HeBUAAHHOW MoOIIU. biaropomHslii XapakTep W pPOMaHTHYECKHUE

MOPBIBBI, COYETAIOIIMECS C  MOAO3PUTEIBHOCTBIO, MEJIOYHOCThIO, IMHU3MOM,
PEBHOCTBIO, OOMTYMBOCTHIO. ['OJNIOBHBIE OONHM, U3HYpsIOMUE OO0JIE3HH, TIKEIbIH
HenpepblBHBIN Tpyd. KTo-TO ckaszan, uyTto OH xuil ymupasd. HeyctpoeHnHas cemelinas
KU3Hb, 3alyTaHHbIC JFOOOBHBIE WCTOPWHU, BCET/a 3aKAHUMBAIOIIMECS TIAYEBHO,
YIPIOMBIM TEeMIEpaMEHT, 3JI0M S3bIK, HECKOHYaeMble OOBHHEHHS OKPYXKAIOIIMX B TOM,
YTO OHU YKpajlH y HEro IUIoAbl ero TpyAa. ['yk ObUT upe3BbIYaliHO PEBHUB, OH CUUTAI,
YTO BCE WJIEU, KOTOPHIE TOSIBISAIOTCS HA TOPU3OHTE, BCE IKCIIEPUMEHTHI, BBIIIOJIHEHHBIE
KEeM-TO, OBLIM paHee NpeUIoKeHbl U cleiaHbl uM. [Ipu 3ToM OH yacTo ObIBaN MpaB,
MOCKOJIBKY Tpojenal COOCTBEHHBIMH PYKaMH, KaK HHKTO, MHOTO OmbITOB. OOmamas
OCTpOii  HaOJIONATENhHOCTBIO, OH OOHAPYKWJI JIECATKU HOBBIX SBICHHA U
3akoHOMepHOocTed. He nmes, oqHako, BpeMEHU OCTAHOBUTHCS HA KaXKJIOM M3 HUX, OH
1IeJ1 BCE JaJIbIlIe U JIajblIe, K HOBBIM SBJICHUSM U HOBBIM 3aKOHAM; T€, KTO I 32 HUM,
BCEr/la pUCKOBAJH MOJIYYUTh OOBUHEHHE B Iuiaruate. To, 4TO Ipyrue HUIM MO €ro CTO-
nam M, Kak eMy Kazajoch, MpHUCBauMBalIM ce0e OTKphITOe UM, moBeprajo ['yka B
HEUCUUCIUMbIe cTpagaHus. Vx ciaBa 60JpHO paHuIIa €ro.

U, HecMoTps Ha 3TO, — OOJBINOE YBaXXEHUE, aBTOPUTET U, MOXKET OBITh, JIaXe JIFOOOBbD,
KOTOPBIMH OH TOJIb30BaJICS B 00mIecTBe. HaydHyro paboTy OH paccMaTpuBall Kak CBOE BEHICIIIEE
0oxecTBeHHOE TpeaHa3HayeHue. B HammcanHoM ['ykom mpopormkennu «HoBoit ATimaHTuibD
BakoHa ecthb cTpoku 0 ero HaydHoM uzaeane. OH XoTen Obl clienaTh Kak MOXKHO OOJIbIlIe HOBBIX
HAyYHBIX OTKPBITUN C LENbI0O UX HEMEUICHHOTO MPAKTUYECKOTro NmpuMeHeHus. Jlaxke 3aHATUA
['yka NpUHIMIOM TATOTEHUS MMEIU YETKYH0 IPAKTUYECKYIO0 HAMPABICHHOCTB: C €ro MOMOIIbIO
OH XOTeJ PeluTh MpobjaeMy oIpeaesaeHus] TOUHON ToiroTel Ha mMope. Ho Oemienas Harpyska
'yka B KoponeBckoMm oOmiecTBe, HEUMOBEPHOE KOJMYECTBO OSKCIIEPUMEHTOB, KOTOpHIE
MPUXOIUIIOCH €My MOJArOTaBINBaTh, HE MOTJIM MMO3BOJIUTH €MY COCPEIOTOUYNUTHCS HA YeM-HUOYIb
onHoM. OH, kak 0abouKa, BEIHYKJACHHO IMOpXajl OT I[BETKA K LIBETKY, HACIaXJasiCh BCE HOBBIMU
Y HOBBIMHU HayYHBIMH OTKPBITUAMH. Ero Ha3pIBaIN «IOHKYaHOM OT HAYKK».

['maBHBIA TPy, KOTOpBI OH ocTaBui — «Mukporpadus», — yBuaen cBer B 1665 romy.
«Muxkporpadus» ['yka — kpynHeiiee coObITHE B HCTOPUU (U3NYECKON ONTUKU. ['yK mepBbIM
M3YYUJI 1[BeTa TOHKUX IUICHOK M CMOT OOBSCHUTH SIBIICHUS, MPOUCXOJSAIINE B HUX, C TOYKH
3peHust cBoeil BOJMHOBOM Teopuu. OH cMOT OOBSICHUTH M B3aWMOJICHCTBHE LIBETOBBIX BOJIH, OH
NEePEeoTKPhUI, Beien 3a ['pumanbam, nudpakuuio, WCCIemays HCKPUBICHHUE CBETa IMPHU €ro
MPOXOXKACHUU PSIIOM C Jie3BUeM OpuTBBL. [IoCTpOCHHBIE UM CaMUM MHKPOCKOIIBI TTIOMOTIIA MY
C03/aTh NPUBOJUMBIE B ero «Mukporpadumn» npexkpacHble WUTIOCTPALIUU CTPOEHUSI HACEKOMBIX
u pactenuil. KileTouHoe cTpoeHne pacTeHUu ONMMCaHO UM BrepBble. Ero coBmecTHas ¢ ['rolre-
HCOM KoJie0aTellbHas TeOpHs CBETA, 10 CYIIECTBY — BOJHOBAsI TEOpPHs, CUJILHO OIepexalia CBoe
BpeMs. JIomKHO OBLIIO MPONTH MO MEHBIIEH Mepe JBa CTOJIETHs, YTOObI OHa ObLIa OLIEHEHA IO
JIOCTOUHCTBY.

B 1678 romy Beimuta kHHTa «O BOCCTAHABIWBAIONIICH CHIE...», B KOTOPYIO BOIIUIH
paccyxaenust ['yka, BO3HUKILUE MO/ BIIEYATIEHUEM €r0 MHOIOYMCIEHHBIX Oecell ¢ U3BECTHBIM
yacoBmnkoM Tomacom TammnuonoMm. 31ech JaHa Obula, HaKOHEI, paclmM(poBKa TOM
aHarpamMMbl, KOTOPYIO Y€ B TE€UEHHME TpeX JIET NbITaJNCh pasraaarh kosuieru ['yka mo Ko-
poneBckoMy obmectBy. B 1675 rony I'yk omyOnukoBan cTpaHHYIO pa®oTy HOJ Ha3BaHUEM:
«JlecaTok wm300peTeHuil, KOTOpbIE S HaMepeBalOCh OMyONUKOBaThb». OTHUM M3 JECATH



«u300peTeHui» O0buta «VcTuHHAsE TeopUs YNpPYrocTH M KeCcTKOCTW». OHAKO MO 3arojIOBKOM
OBUIO JIUILB HECKOJIBKO OYKB, KOTOPhIE MOXHO OBbLTO OB paccMaTpUBaTh TOJIBKO KaK 3asBKY Ha
IOPUOPUTET B TOM cilydae, eciu Obl 3a TPU rojia KTO-HUOYIb MpHILeN Obl K TeM ke, uTo u ['yK,
BeIBOZaM. Ho aHarpamma okasajiach HeHY>KHOM, HUKTO 32 TPH ToJla HE IPUIIET K TeM BbIBOJAM,
U OH MOI' pacKpbITh CBOIO TaiiHy. PacmmdpoBka anarpammbl nana CIEIYIOUIMH pe3ysbTar:
«KakoBo yninnHeHue, TakoBa M CHja». DTO KaK pa3 TO, YTO BOILIO TENEPh B MHKEHEPHYIO U
CTPOMTENBHYIO IPAKTUKY M0J1 HA3BaHUEM «3aKoHa ['ykay.

W Bce ke, HECMOTpSl Ha BCE 3TU 3aMeyaTelibHble 3aclyTd, KOTOphIe celaau Obl Y4ecTh
J1000MYy YYEHOMY, U J1aykK€ MHOTHM YY€HBIM, HAaBCET/1a BHECIH Obl UX MMEHA B MAHTEOH CaMbIX
Benukux, ['yka npaktuuecku 3a0butn. OT ['yka octaincs numb 3akoH ['yka. bonasmmHcTBO Oymar
['yka 6e3B03BpaTHO Hcye3n0. JIOHA0H nepecTponiics TaKUM 00pa3oM, U4TO CIEI0B TPOEKTUPOBKU
I'yka B ero ynuuax u miomaasx He ocTanoch. bemsiam, CipoeKTUpOBAaHHBIN UM, cpbutd. MHCTpY-
MEHTBI, KOTOpBIE OH CBOMMH pykamu moctpowms aisi KoponeBckoro oOmiectBa, ObUTH WK
YKpaJEeHbl UM Pa3BAIMIUCH CO BPEMEHEM — HHYEro He ocTajioch. He coxpaHmiioch HU OJAHOTO
noprpera I'yka, XOTS TOYHO H3BECTHO, YTO OHHU cyuiectBoBaiM. llorepstHa ero morwuna,
HEU3BECTHO Jla)e KJIa0UIIe, T OH TOXOPOHEH.

JIMCT 00HOBJICHHSI/AKTYyAJIM3ALM U

[Iporpamma oOHOBIIEHA.

[Iporpamma paccMOoTpeHa ©  yTBEp)KI€Ha Ha 3aceJaHuH Kadeapsl
OyXTanTepcKoro y4dera U HaIoroobsoxeHus ot «31» aBrycrta 2020 r., mpoTOKOI
Ne 1.

[Iporpamma ogoOpena Ha 3acemanun CoBeTa (PU3MKO-TEXHHUYECKOTO
daxynbreta ot «31» aBrycra 2020 r., mpotokoia Ne 1.

Caenenus o npenoaasarese (IIIIC)

Pa3zpaboTuuk:
EnkanoBa T.M., xanmupmat (u3Mko-MaTeMaTWueCKHX HAyK, MOIEHT Kademps

¢busuku u actpoHoMun CeBepo-OCEeTUHCKOTO TOCYAapCTBEHHOTO YHHUBEPCHUTETA.

[Tporpamma oyo0peHa Ha 3acenanuu Kadeapbl GU3UKUA U aCTPOHOMUU

oT I., IPOTOKOJI Ne
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