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IIpoBogumMmocTts Ge
B HHTepBajie TeMmueparyp 1.3-300 K

Bepcus 2014.12

3amaya. H3yuyuThs TeMIepaTypHYIO 3aBUCUMOCTE IIpoBOoguMoOCTH Ge B
nuarna3oHe Temnepatyp 1.4-300 K. ITpoBecTu uaMepeHus Kak Ha 00-
pa3ie C TOTOBBIMH OMHMYECKHMH KOHTaKTaMM, TaK U Ha oOpa3sle C
caMOofeNnbHLIMU KOHTaKTaMu. OOCyOuTh ITOTy4YeHHbIE Pe3yIbTaThl B
paMKaxX 30HHOU TEOPUU IIOJIYIIPOBOTHUKOB.

KiaouyeBble CJIOBa: 30HHAs TeOpHsi, COOCTBEHHAs W IIPHMECHas IIPOo-
BOAMMOCTH, IIOOBUXKHOCTE, Oapbep IIIOTTKM, OMHYECKUMN KOHTAKT,
KpUOTEeHHAasI TEPMOMETPHSI.

JIuTeparypa

e I1.C. Kupees, Pu3uka noaynpo8o0HuUkKo8. - M. «Briciias mkomna», 1975.

e ®. brnaTtT, Pu3uka 3/1eKMpPoOHHOU Npo8oduUMOCMU 8 mBepObiX me1dx.
- M. «Mup», 1971.

IIpeaBapuTebHas NOATr0oTOBKA: [IpopaboTaTh yueOHEIE 3aJaHUs U Me-
TOONYKU:

e [IporpammupoBanue Ha LabVIEW: yipaBneHue u cOOp DaHHBIX B 9KC-
IIepUMEHTE.

e O 3amucu pe3yabTaTOB U3MepPeHUH B (palil JaHHBIX.

e OOCcueT pe3ynbTaTOB C ITOMOIILIO ITakeTa GnuPlot.

e Hanuvcanue oTdyeTa Ha A3biKe LaTex.

HOHOHHHTEHBH&H IIOATr0OTOBKaA.

e MHCTpyKTaxk u 00y4deHHe paboTe C XKUOKUM IelIueM.
e I3MepeHUe TeMmriepaTypsl B guana3oHe 1.2-300 K;

1 OOmuI MOPAIOK PadOThI

[To Mepe BBEIIONTHEHUS PAabOTH HEOOXOOWMMO €XKEeOHEBHO, IT0 IpaduKy 3aHATHN, BECTH
3anucu B mabopaTopHOM XKypHase. Kaxngast mHeBHAs 3allMCh OOJIKHA HAYMHATHCS C [Ia-
THI ¥ KPATKOIO IIJIaHa paboTHl Ha IeHb, @ OKAHYMBATHCS 3aIlMChI0 O pe3yIbTaTax THS.
He 3a0nIBaiiTe 3almMCHIBATh JaHHbLIE U 3aPUCOBLIBATH CXEMEI, KOTOPhLIE OYOyT ITOJIE3HBI
mpu 00paboTKe n3MepeHu 1 0pOPMIIEHUHN PE3yJIbTAaTOB.



1.1 TIpoHTH HHCTPYKTAaAXK II0 TEXHUKe 0e30IIaCHOCTH IMPH padoTe:

e CO CXKHUXKEHHBIMHU I'a3aMU,

e CO CTEKJIOM; [Pa60Ta51 C Obl0oapaMu, HaJleBauTe 3alllUTHLIE O‘IKI/I!]

e C 3JIeKTponpudbopaMu;
e II0 MIAMKE;

e C XMM. P€aKTHUBaMUu;

1.2 IloaroroBKa 3KCIEepHMEHTa.

e O3HaAKOMBTECH C 000OpyHoBaHueM u npubopamu pabodero Mmecrta IIpakTukyma. Ha-
pucyiiTe B pabodyeM XKypHajle CxeMy ra30BbIX KOMMYHUKAIIUY Balllell YCTaHOBKHU.
K kKaxpmoy ycTaHOBKe IMOABEANEHHl TPU BHEIIHWE JIMHUU ra30BbIX KOMMYHUKALMH:
2esnuesas cembov, popB8AKYYMHAA OMKAYKA U OMKAYKA NApPO8 2eauAl.

' A

I'enuesas cemb CIyKUT [OJisI BO3BpaTa HCIIapPUBIIETOCS T'elus B ra3rolbaep
reJIneBOl MACTEPCKOM [Jis IIOBTOPHOTO €ro OXKUxXKeHusi. YToOHl ITpemoTBpa-
TUTh HaTEeKaHUe BO3yXa B reJINeBYI0 CETh, JaBJieHUe B Hel ciierka ( 1%) ope-
BHIIIIA€T aTMOC(HEepHOe.

[ He JIOHYCKB.IL/'ITG CJ'IY‘-I&fIHOl"O BBITEKAHUS TeIus U3 TeJINeBOU ceTu! ]

dopeakyymMHaA 0mMmKa4kKa UCIOJIb3YeTCs OISl IPOBEPKU repMEeTUYHOCTH yCTa-
HOBKH U [JI5 yOaJIeHUsI BO3[yXa IIepe[l 3all0JIHEHUEM ee rejineM (U3 2e1uesoll
cemu) B HavaJjle 3KcnepuMeHTa. JInHUS pop8akyymMHOU omKayku BeJeT K Me-
XaHU4YeCKOMy Hacocy (2-5 y1/cek), yCTaHOBJIEHHOMY B II0ABajie IIOJ IIoMellle-
HueM [IpakTuKyMa. BEIXJION OT Hacoca BHIBOOUTCS B TPYOYy, BTOPOM OTKPBITHIM
KOHeEIl KOTOPOM HaXOOUTCS CHAPYKU 3MaHUS.

[Tocne BeIKIIOUEHUS (OPBAKyyMHOIO Hacoca B HETr0 HeOOXOOAWMO Haly-
CTUTH BO3LYyX, MHAUe MAacCJI0O U3 Hacoca IOCTEIeHHO BLIIE3eT M3 HEro B
TPyOy NMUHUU POPBAKYYMHOU OMKAUYKU!

JIuHUA omKayku napos 2e/1us BeOeT K BEICOKOIIPOU3BOOUTEILHOMY T'eJINeBO-
My Hacocy (20 i1/cek), pacoIozKeHHOMY B IIOABajie oA noMelneHueM IIpaxk-
THKyMa. BBEIXJIO Hacoca IIPOU3BOOUTCS B JIMHUIO 2e/1Uue8ol cemu.

BuuManue!

HeO6)Iy'MaHHOG BKIIIOYE€HHE HaCOCa OTKA4YKH IIapPOB I'eJIusd MOZKET IIPHUBe-
CTH K 3daKada4Ke BO3[yXa B Ia3rojipgep rejimeBoro OXKUKUTEIIS!

[Tpu BHIKJIIOYEHUU I'eJINeBOr0 HacoCa aBTOMAaTUYeCKU OTKPLIBAETCS YCTaHOB-
JIEHHBIY Ha HEM KJlallaH HallyCKa I'ejius U3 JIUHUU 2esquesou cemu. [1pu sTtom,
B JIMHUIO OMKAYKU NApo8 2e/nus MOCTyIlaeT IOTOK ra3000pa3HOro Teus C
IJIOTHBIM TYMaHOM U3 MeJIKUX KalleJIeK BaKyyMHOI'O Macjia u3 Hacoca. [1o3Tto-
My, Iepeq BHIK/II0OUYeHUEeM Hacoca 00s13aTeJIbHO IePEeKPOoNTe IMHUI0 OTKa4YKHu
[1apoOB T'eJIns.




BuauMmanue!

XOJIOOHBIM KPUOCTAT, JaXKe Korga XKUOKUU TeJIui y2Ke UCIIapuJICs, MOXKET B30-
pPBaThLCS MIPU OTOTPEBe, eCu JaBJIeHWe B HeM IPEeBBICUT aTMocdepHoe Oojee
yeM Ha 50-100 Topp. He ocTaBnsiiTe ero 6e3 mpucMoTpa IpPU 3aKPHITHIX BEH-
THUJISAX K 2e/1ues8oll cemu U TUHUU OMKAYKU Napos 2eaus!

e HauepTute B paboueM KypHajie CXeMy U3MEePEeHUN C y4eTOM HeOOXOAMMEBIX IS
9KCIepUMeHTa U3MEPUTEJIbHBIX TPUO0POB. Kaxas u3 yCTaHOBOK TPaKTUKyMa YKOM-
IJIEKTOBaHa KaK MUHUMYM MynbTuMeTpoM Keithley2000 (c MynbTUIIIEKCOPOM Ha
10 xaHanoB) U (PpyHKIIMOHANILHEIM reHepaTopoM Agilent 33220a. ITocnegHul MBI
OymeM HUCIIOJIb30BaTh B KAUECTBE MUCTOYHUKA PETYJINPYEMOTO IIOCTOSTHHOTO Halps-
xkeHus (pexum (DC offset).

Ocob6enHOCTH reHepaTropa Agilent 33220a

1. YuTuTe, 4TO BHIXO[ I'eHEpaTOpa 3a3eMJIeH. 2. AMIUIUTYIa CUTHaJjla TeHepaTo-
pa 3aBUCTUT OT BEJIMYUHBI HAarpy3Ku. [103TOMy, YTOOH 3HATh TOYHOE 3HAYEHUE
BbIJaBaeMOT'0 UM TOKa, HYy?KHO IOCTaBUTh B Ballly CXeMY OOMIOJIHUTEIbHBIN pe-
TIEPHBIA PE3UCTOP U U3MEPATH MyJIbTUMETPOM HaNpsKeHNWe Ha HEM.

It cOOPKM M3MEPUTENBHOM CXEMBI MOXKHO HCIIOJIb30BaTh T'OTOBYIO paclaedyHyIo
KOPOOKY, OCHAIIIEHHYI0 BCEMU HEOXOAUMBIMU Pa3beMaMHu OJIs ITOOKITIOYEHUS CTaH-
mapTHBIX Kabemnen (c pa3beMaMu RCA, BNC, D-SUB ) Kk mpubopaM ¥ KPpHOCTaTYy.

e CMOHTUPYHUTE TOKOBOILI OT XOJIOTHOM 30HBI KPUOCTATa K MHOT OIIITHIPEKOBOMY Pa3b-
eMy Ha ero Kalike, obecrneyuBasi TepMEeTUYHOCTD 3JIeKTPOBBOOOB B KPUOCTAT.

17151 TOKOBOLOB MOXKHO MCIIOJIb30BaTh MepgHble ([TSIIO) mnum MaHTaHMHOBEIE
(TT9IIIOMM) smanupoBaHHBIE IPOBOMA B IIEJIKOBOU U30JIALUU. [10JIE3HO CKPY-
TUTH IIPOBOMA IIOMaPHO.

e OneHuTe MO0 TAOMUYHBIM JAaHHBIM OXKUOIAEMYIO BEIUYHHY COIIPOTUBIIEHUS 00pas-
1I0B U ITOABOOSIIINX TOKOBOJOB KaK ITPY KOMHATHOM TeMIlepaType, TakK U B XKUOKOM
rejinv. JTO MO3BOJIUT BHIOPATh ONTHMAJIbHYIO BEJIUYMHY PEIEPHOT0 pe3ucTopa u
000CHOBaTh BHIOOP MeXKAYy ABYX- M UETHIPEX-ITPOBOJHOM cxeMaMu u3MepeHuii. He
3a0yabpTe OTPa3uTh 3TO B paboueM XKypHale.

BBIOOD YeTHIPEXIPOBOTHOH CXE€MbI

Il711 TOKOBOAOB K 00pa3Ily, PacIlooKeHHOMY B XOJIOMHOM 30HE KPpUOCTaTa, UC-
TTOIb3YIOT TOHKHE ITPOBOA C MaJioM TEMJIONIPOBOOHOCTHIO U, CJIEAOBATENILHO, C
3aMEeTHBIM CONpoTUBIeHUEeM. Ecimu nmpeHeOpedYs 3TUM COIIPOTUBJIEHUEM HEJTb-
351, TO HY2KHO MCIIOJIb30BaTh YETHIPEXIPOBOOHYIO CXEMY, B KOTOPOH H3MEpPH-
TEIbHBIM TOK MOOBOOUTCS K 00pa3Ily II0 OOHOM Ilape MPOBOMAOB, a TafgeHue Ha-
MIPSIZKeHUsT Ha oOpa3lie U3MEePSIOT IIPU IOMOIIYN OPYTOM MapHI.

e CobOepuTe 1 MPOBEPHTE CXEMY U3MEPEHUM UCIIOJb3Yy s HUMOPOBOM MyIbTUMETP Appa-
103N. INpoBeguTe paboTOCIOCOOHOCTH COOpPaHHOU CXEMHBI B py4HOM pexume. I1o-
maiiTe HeOOMbINIOE ITOCTOSSHHOE HalpsiZKkeHue oT reHepaTtopa Agilent-33220A (ma-
nee Ag33220) u uamepsTe MynbTuMeTpoM Keithley-2000 (manee Ke2000) Hamnps-
KeHre Ha oOpa3ie. CpaBHUTE MOTyYeHHOE 3HAUeHHe C 0XKUOAaeMON BEeTUUYUHOM.

e O1eHUTE, UCIIONb3YS TaOIMYHBIE MaHHBIE, MUHUMAJIbHBIA TOK Yepe3 obpa3sell, Ipu
KOTOPOM OMHUYECKHM HarpeB oOpa3iia Obl1 OBl HECYIIEeCTBEHEH, II0 CPAaBHEHUIO C
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TEeIIJIOM, ITOCTYIAIONIUM K 00pas3Ily 10 MOOBOOSIIIUM IPOBOOAM. YUTUTE, YTO IIPHU
reIMeBLIX TeMIlepaTypax COIPOTHUBIEHWE MeTasljla MOXKeT CYIeCTBEeHHO YIIacThb.
IlocTaTouHa nu OyOeT 3Ta BeITMYMHA TOKA [JIsT YBEPEHHOM perucTpanuy Halrpsxe-
HUS Ha oOpa3sie MyJIbTuMeTpoM? IIpoBephTe 3TO B PYYHOM pexXuMe IIPU KOMHAaT-
HOU TeMIlepaType Ha HaJjlakeHHOU BaMu cxeMe. He 3a0yabTe OTpPa3uTh pe3yibTaT
B paboueM KypHale.

[TogcoemnuHuTEe, MPOBEPHTE Ha HaTEKaHUeE (3a BpeMs He MeHee CYTOK) U ITIOATOTOBb-
Te K paboTe 2a3o8vbili mepmomemp. OnucaHue KOHCTPYKIIUKA U MMPUHIUAII PabOTHI
ra3oBOr0 TepMOMeTpa IIpPUBEedeH B HOKyMeHTe «MeTtogudeckue ykalaHus H3me-
peHue memnepamypbl 8 duana3oHe 1.2-300 K».

IIpurorosiaeHne oOpa3IoB

B manHOU paboTe BaM IPEOCTOUT IIPOBECTH M3MEPEHMUS He TOJILKO Ha obOpa3lie C ro-
TOBBIMHA OMUYECKUMHU KOHTAaKTaMH, HO TaKzKe NMOonpoOoBaTh IIPUTOTOBUTH 00pa3Ibl C
caMOfeJIbHBIMUA KOHTaKTaMU, UCIIOJIb3YIOS Pa3IudHble BapUaHTHl IOACOEOUHEHUS TO-
KOBOMOB K KpucTtasmny. Ob6pa3el] C TOTOBHIMM OMHUYECKMMM KOHTAKTaMHU ITPECTaBIIIET
co6oit HebobInoM KpucTamia Ge ¢ yKe BBHIIIOJTHEHHBIMU 4-MsI TOKOBOJAMHU, ITpeaHa3Ha-
YeHHBIMHU OJIS U3MepPeHUuH 1o 4-X MPOBOOHOM cxeMe. BTopoit oOpa3ell BaM IIPEICTOUT
OCHACTUTh TOKOBOJAMHU CaMOCTOSTEJILHO.

M3roToBieHrne OMUYECKUX KOHTAKTOB K KpuUcTayuty Ge SIBJII€TCS HEIPOCTOM 3afa-
yell. [TosiBIeHUEe p-n MEPEXOHO0B, K TOMY Ke M HeHa[eXKHBIX, Ha KOHTaKTaX MOXEeT
CHUJILHO YCJIOKHUTDH HAOTI0OaeMy0 KapTUHY TEMIIEPAaTyPHON 3aBUCUMOCTH ITPOBOIH-
MOCTH oOpa3ia u, axKe, IPUBECTH K HEBOCIIPOU30OUMOCTH PE3yJIbTAaTOB.

2.1 HpHFOTOBJIeHHe 06pa3ua C CaMOJe/IBHBIMHA KOHTAaKTaMH

e [TonmyuuTe BCe HeOOXOOUMBIE OJIA HAaHHOU pabOThl MHCTPYMEHTHl ¥ MaTepHUabl Y

IIpernoagaBaTesis.

[Tonb3ysiCh MUKPOIIMHIIETOM ¥ MUKPOIIASIPHUKOM aKKypPaTHO 3aJyOuTe OBa IIPo-
THUBOIIOJIOZKHBIX TOPIla TePMaHUEBOT0 KpUCTallIa. B KauecTBe (itoca UCIIOIb3YHTE
PAcTBOP XJIOPHOTO XKejie3a, B KAaYeCTBe MPUMO0S — OJIOBIHHO-UHINEBLIA CIIJIaB.

[Tpunasyite K 06pa3ny Toukue (J 50uM) MegHbIe TOKOBOILI OIS
M3MEPEHUsI COIIPOTUBIIEHUST oOpa3Iia 1o 4-X TOYEYHOU cXeMe.
II71s1 9TOTO MOJIOXKUTE Ha KepaMU4YeCKYyI0 MJIaCTUHY ABa (3a4u-
IIIeHHBIX Ha 0001X KOHIaX 1 IToOCepeanuHe) MPOBOOHUKA U 3aKpe-
MMHATEe UX KOHIBI CKOo4YeM. TOHKMM OUHIIETOM MOACYHbTe oOpa-
3el] ITof, IIPOBOfia U aKKypaTHO HaHECHUTE MTPUMON MasiIbHUKOM
(cmpaBa Ha ¢oTorpaduu NpuBegeH IPUMeP 3aKPEIJIEeHUS TOKO-
BOJIOB M oOpa3Iia mepeq MauKoi).

[IpegBapuUTeNnbHO, OJis MOJIy4EeHUS KadeCTBEHHOM IIalKW,
clerKka CMOYHTE MECTO ITaiK¥ CIUPTOBLEIM PAaCTBOPOM KaHU-
donu (bmioc JITHU), a ropssuee XxKajo MassIbHUKA ITPOTPUTE
MOKPOU can(eTKOM.




He 3auwniayite xkajo nasgiabHUKA HaIMJIbHUKOM!

CoBpeMeHHEBIE XKajla U3TOTOBJIEHBI U3 HECMAYMBaeMOTr 0 IIPUIIOEM CIIjiaBa (He U3 Me-
ou!), HIOKPBITOTO TOHKKUM CJIOEM CMa4YHBaeMOro IIPUIIOeM ciios. Eciu 3ToT ciou mo-
BPEOUTh, 2KAJIO MPUAETCS BEIOPOCUTH!

2.2 MoHTaxK 00pa31u0B Ha KOHTAKTHOH IUIaTe HU3KOTeMIIepaTyp-
HOH sTYEeHKH KpHocTarTra

e Ha moBepxXHOCTH MOHTAXHOU IUJIaTHI, IpefHa3HaYeHHOU [JIs YCTAHOBKU B KPUO-
ctaT, ki1eeM b®6 akKKypaTHO HaKJIelTe Kycouek (~ 10x 10 MM?) TamupoCHOM OyMaru
U JauTe KJIel0 BEICOXHYTh.

e [Ipukneiite kneem B®6 roTOBHIM U CAeTaHHBIM BaMU 00pa3Iibl K HaKJI€eeHHOM paHee
OyMaskKHOU IMpoulafgKe U JauTe K€l BHICOXHYTh.

Kneit B®-2 aBnsieTCcss COUPTOPACTBOPUMEIM, B pe3y/IbTaTe Yero IMpuKJIeeHHbIe
UM OeTalu MOXKHO JIeTO 0CBOOOOMTH, KAIlHyB Ha Hero cuuptom. OmHAKO, eciu
CKJIEUKY BhIepzKaTh IIpu Harpese 0o 120-160 rpagycos, TO KJiel IOJIUNMEPU3y-
eTCS U ero yXKe HeJib3s OyoeT TaK IIPOCTO PAaCTBOPUTD.

e [Ipumnasitite TOKOBOOEI OT 00pPa3Il0B K pa3beMaM MOHTAXXHOM IIJIaThl. 3aKpemnuTe
MOHTaXHYIO IIJIaTy Ha MEOHYIO CTE€HKY HHU3KOTeMIepaTypHOU SYEUKU U IIO[CO-
eOVHHWTEe CMOHTHPOBAHHbLIE BaMM paHee IIPOBOJa, BeAyIlle OT MHOTOIITEIPhKOBOT O
pa3beMa Ha Kallke KpuocTrarTa.

3 ABTOMaTH3aIllHs IpPolecCa H3MEPEeHHH

e O3HAKOMBTECH C Memoduyeckumu yKasaHuamu «O 3alucu pe3yabTaTOB U3Mepe-
HUU B pauijl JaHHBIX».

e OOmymMaiiTe CTPYKTYPY IIPOTrpaMMbl U3MEPEHUM U HAPUCYHUTE B TaOOPaTOPHOM XKYP-
Hajle ee OJIOK CXeMy.

e Hanumute Ha s3pike LabVIEW nporpaMmy [Ojisg IpoBefeHUS U3MEPEHUN.

e [IpoTecTupyiiTe paboTy IpPOrpaMMEbl, MOOKJIIOYUB K U3MEPUTETIPHOM CXeMe pe3u-
CTOP, COOTBETCTBYIOIIMNM I10 ITOPSAAKY BEIUYNHBI OKUIaeMOMY COIIPOTHUBIIEHUIO 00-
pa3uoB. [IpoBepbTe, YTO COAEPKUMOE CO3[aBaeMbIX B pe3yJibTaTe pabOTHI IIPO-
rpaMMbI paliIoB JaHHBIX YOOBIETBOPsIET TpeboBaHUSIM Memooduueckux yKa3aHuu.



IIpuMepHasi CTPYKTypa NporpaMMbl H3MEPEeHHH
HauyanbHbIEe YCTAaHOBKH

[Tpu 3amycke mMporpaMMbl MHUITMATU3UPYEeM IIPUOOPH! (C IIPUBSI3KON MO HX
GPIB unu USB agpecaM) u ycTaHaBIUBaeM Ux paboyuii pexkum. [IpucBarBaeM
HadaJIbHbIe 3Ha4YeHUs ImapaMeTpam (abCoJIIoTHOTO BpeMeHHU Hadalla u3Mepe-
HUW, BeJIMYMHa U3MEPUTENIHbHOI0 TOKAa) U BKJII04YaeM TOK. Co3gaeM TEKCTOBBIU
(aitn ¢ yHUKanbHBEIM UMEHEM [JIsS 3allCU Pe3yIbTaTOB U3MEPEHUM.

U

OCHOBHOH ITHKJI H3MepeHHﬁ, IIPOBOOHMBIX B IIpoIIecce OXJIazKITeHHusI 1

OTOTrpeBa U3MEPHUTE/IHLHOH AYEeHKH KPHOCTaTa

B ocHOBHOM LIMKJIE MBI U3MEPSEM M 3alUChIBaeM B (aliyl JaHHBIX:

- BpeMs B CeKyHOax (0T Hadasa IMKJia, C TOYHOCTHIO 70 10 MceK),

- CMTHAJI C JaT4yuKa R)Baratron B BonbTax),

- HaIIps2KeHHe Ha pellepHOM pe3uctope, B BonbTax),

- HaAIPSI2KeHUS Ha KaXXaoM u3 00pas311oB. ITpu 3TOM IIperoaraeTcs, 4YTo Bce
00pa31bl COeqUHEHHI II0CJIef0BaTeJIbHO 1 Yepe3 HUX IMPOXOAUT OOIIUM TOK.

B cnyuae, korma 1o ycjoBUSIM OIIBITa IIOCJIEfOBATEIbPHOE COEIVHEeHNe
00pa31oB HexkelaTeIbHO, KOMMYTAIIUI0 TOKOB Yepe3 00pa3bl IPUOEeTCsS
MIPOU3BOOUTH BPYyUHYIO. [Ipy mepeKkmIioYeHn U3MEPUTETbHBIX KaHaIOB
MYJIbTUMETPa HeoOXOOMMO YyUYHUTHEIBAaTh BpeMsI IePEeXOOHBIX IIPOIeCCOB
3aMBIKaHUs/pa3MBIKaHUSA pesie, KoTopoe He npesBbiinaeT 100 mc.
['paprueckoe MOCTpOeHUWE BPEMEHHOMW M TeMIlepaTypHOM 3aBUCHUMOCTEU
cpenctBamu LabVIEW moxkeT OBITH IOIE3HOM OJIS KOHTPOJIS XOfa 3KCIIepH-
MEeHTa.

T omoMHUTEIbHbIM ITHKJ/I H3MEpPeHHH

OTOT UUKI IIpefgHa3Ha4deH AJis U3MEePEeHUs BOJIbT-aMIIEPHBIX XapaKTepu-
CTUK 00pa3110B B XapaKTEePHBIX TOYKaX TEMIIEPAaTypPHOT 0 UHTepPBasa, B KO-
TOPBIX YCJIOBHS TEMJIOOTBOAA MOTYT CUIBHO U3MEHSTHCS (B XKHUAKOM re-
JIUM HUXKEe W BHIIIE \-TOYKH, B Ta3000pa3HOM XOJIOMHOM T'eJIMH, B aTMO-
chepe nIpu HOPMAJIbHBIX YCJIOBUSAX). [[J19 U3MEeHEHUS TOKa MBI, 3a KaXKIObIA
Impoxop LIuKJja, godasnsieM npupailenue Al, K TEKyIleMy 3Ha4YeHUIO Ha-
npsizkeHus, reHepatopa Ag33220 1 ycTaHaBIMBaeM yCJIOBUS CMEHEBI 3HaKa
3TOT0 IIPUPAIleHUs IIPU JOCTUXKEHUN IIPpefesIbHOro 3HaueHus Uj"®. B Te-
YyeHUe IMKJla Benu4yuHa U, OoXkKHa npoberaTth 3HadeHus 0 — U — 0 —
—Ui"™* — () mocre 4ero ciaenyeT 00ecleduTh BHIXOM U3 IIMKIIa ¥ BOCCTAHO-
BUTH IepBOHAYaJIbHOE 3HaYeHue Uy. 3alyCK IIUKJIa MOXKHO MHULIMUPOBATh
BPYYHYIO UJIU 3a0aTh YCJIOBUS €r0 BKJIIOUEHUS B BUIE TeMIIEepaTypPHOIrO
UJIM BPEMEHHOT'0 MHTepBajia. Budyanusanusa BOJIbTaMEPHOU XapaKTepu-
ctuku cpeactBaMu LabVIEW MoxkeT OBITH IOJIE3HOM OJII KOHTPOJIS XOma
9KCIIEpUMEHTaA.

3aBepuieHue NIPOrpaMmMbl

BrikiouaeM usMepuTesbHBIN TOK Ha Ag33220. 3aBepiraemM paboTy ¢ mpubo-
paMu. 3aKphIBaeM OECKPUIITOP ¢alijia 3alliCy JaHHBIX.
A
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IIpoBegeHue U3MEPEHHH B JHAIla30HE TeMImeparyp
4.2-300 K.

ITpoBepbTe PabOTOCIIOCOOHOCTL TAa30BOTO TEPMOMETpA.

[TpoBepbTe PAbOOTOCIIOCOOHOCTH CXEMBI U3MEPEHU .

- YCTaHOBUTE r'eJINeBHIN ObI0ap. [Pa60Taﬂ C ObloapaMu HafieBalTe 3alUTHHIE OTIKI/I!]

[IpousBeguTe OTKA4YKy KpHocTaTa (OpPBaAaKyyMHBIM HacOCOM. 3aTeM, 3aKpBIB JIHU-
HUIO OTKAQ4YKM, HAlyCTUTE B KPUOCTAT I'eJIUU U3 IreJIneBOU CEeTU U 3aKpPOUTe KpaH.
B mporecce oxjaxKaeHusi, OaBjieHUe ra3000pa3HOr0 relus B KpPUOCTaTe MOXKHO
KOHTPOJIMPOBATH I10 ITOJIOKEHUIO CTPEJIKM MEeXaHNYeCKOT0 BaKyymMeTpa. Takum 00-
pPa3oM MOKHO OIIEHUTh CKOPOCTH OXJIaXKAeHUS KpuocTaTa U MPaBUIIbLHO BHIOpPATh
BpeMsI, KOT[la B HETO MOKHO Oy[eT 3aJuBaTh XXKUOKUMU TeJITuH.

YcTaHOBUTE a30THHIM OblOAP U 3aJIEMTE B HEro XKUIKUK a30T.

OxnaxpgeHne KpruocTaTa XKUOKUM a30TOM B YCIIOBUSAX, KOT[la TeIUEeBbIM ObI0ap
OTKPBIT Ha BO3AYX, IPUBEAET K HaMepP3aHUI0 BOObLI U KKUCJIOPOda U3 BO3AyXa B
KpuocTaTe. 3ajluBauTe XKUAKUM a30T TOJIBKO IIPU OTKAYEHHOM HJIM 3all0JIHEH-
HOM TejineM KpuocraTte!

Tenepb, IIOKa KPUOCTaT MeOJIEHHO OCThIBAET, MOZKHO 3allyCTUTL IIPOTrPpaMMy U Ha-
YaTb USMEPEHUI.

3anuBKYy renus MOXKHO HaYMHaTh, KOT[la TeEMIIepaTypa B KpUOCTaTe OIIyCTUTCS HU-
xke 100K. O6s19HO 3TO mpoucxoauT 3a 40 MUHYT U OIpeAesiieTcs Ka4eCTBOM I'eJi-
€BOT0 Jbloapa.
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MexK07100B0O€ MPOCTPAHCTBO a30THOTO Abl0apa HOJI?KHO OBITh OTKavaHO [0 XO-
poiIero BakyyMa. B renueBoMm ke gbloape OOJI2KHO HaXOOUTCS HeOOJIbIIoe KO-
JINYECTBO TENJI000MEHHOI0 ra3a, KOTOPHIY CHadaa o0ecrieduBaeT TEIIJIOOTTOK
OT BHYTPEHHUX YacCTel KpuocTaTa K a30THOMY Obl0apy, a 3aTeM BBEIMEDP3aerT,
BOCCTaHaBNIMBas TENJION30/1a1Mi0. B KauecTBe TelJI000MEHHOI0 ra3a OOBIYHO
KCIIOJIb3YIOT BOLOPO UJIU HEOH IIpU maBjeHuu ~10 Topp.

[TpousBeguTe 3anuBKYy renusi. He paboTaiiTe B OIMHOYKY, 110 KpaliHel Mepe, IT0Ka
He HabepeTech onbiTa. [Ipoilecc MITaTHOM 3aJIUBKU B CTaHAATPTHLIN J60 MM renu-
€BBIM Obloap 3aHUMaeT 1-2 MuHyTHL. [1J1g I1epBOro pa3a 3ajieTe HEMHOI'O I'ejiusd, -
U1 OBl OH ITPUKPBIBAI KaMepy ¢ 00pas3I1ioM.

B mpoliecce 3aMBKU TeMIlepaTypa o0pa3iia MOXKET CUJILHO OTJIMYAThCS OT TEM-
repaTyphl KOOI Ta30BOT0 TepMoMeTpa. [lo9ToMy Ha 3TOM 3Talle, B Auala3oHe
TeMIiepartyp oT ~ 100-4.2 K uamMepeHUus IpoBOOUTH HE yOaCTCH.




e ITocie moTy4acoBOT0 YCTAHOBIEHUSI TEIIJIOBOTO pPeXKMMa KpPHUOCTaTa C KOMHATOM
3aMUIINTE BeJIMYMHY CUTHAa ¢ Baratron’a, oHa moHamoOMUTCs OJis KaTuOpPOBKHU Ta-
30BOTO TEPMOMeETpA.

e [IpoBenuTe U3MepeHUs B Auana3oHe TeMiepaTtyp oT ~ 100-4.2 K. Mcrionb3ys KOH-
CTPYKTUBHEIE BO3MOXKHOCTHU KpUOCTaTa, aKKypaTHO [IOOHUMUTE BCTABKY TaK, YTO-
OBl CMOHTHPOBAHHLINM Ha K0JiOe ra30oBOr0 TepMoMeTpa obpa3el] OKa3ajiCs Ha BHI-
coTe ~ 5 CM, HaJl TIOBEPXHOCTHIO Teyiusi. 17151 9TOTO IPUAETCS BPEMEHHO 0CJIabuTh
JTaTYHHYIO YIJIOTHUTEIbHYIO TaliKy Ha KaIIPOJIOHOBOM Kallke KpHhocTarTa.

e [Ipou3BoauTEe U3MEPEHUS [0 TEX IIOP, MOKa XKUOKUW TeJIuii B KPHUOoCTaTe He HC-
naputcs. Korga Temmnepartypa obpa3siia nmogHuMeTcs a0 ~ 70 K, MOXKHO aKypaTHO
CHSITH @30THHIM bI0Ap U MPOIOIKUTh U3MEPEHUS IO IIOJITHOTO OTOTPeBa.
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OcTaBUIMKCS B CHITOM C YCTaHOBKHU Obl0ape XKUAKUU a30T CTOUT CJIIUThH B
a30THYIO pyOalllKy TPAaHCIOPTHOTO I'eJINeBOT0 OAbioapa.
He npoBoguTe omepalyio 110 CHATUIO Abl0apa C a30TOM B OOUHOUKY.
He BbIMBaWTE XKUOKWM @30T Ha II0JI UK B pakKOoBUHY! OHU 3TOr0 He BhIAepPXKaT!
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[To okoOHYaH1IO PAOOTH OTKAYalTe rejini U3 Kpuoctarta. [Ipy KOMHATHON TEM-
neparype renui nudpOyHoupyeT B MeKK0JI00BO€ MPOCTPAHCTBO CTEKJISHHOIO
Obl0apa, 4TO IIPUBOAUT K MOTEPE €ro TEIJIOU30IUPYIOIINX CBOUCTB.
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5 IIpoBenmeHHe U3MEepPEeHHH B THANa30HE TeMIIepaTyp
4.2-1.2 K.

H3MmepeHue TemiepaTypsl B auamna3oHe 4.2-1.2 K Hy>KHO TPOU3BOOUTH IIO JaBIie-
HUIO HACHIIIEHHBIX ITapoB renus. [[a30BLIM TepMOMETp TYT paboTaeT minoxo. IToaTo-
My, YTOOBI U3MEPSATH 3TO AaBieHUe Barotro’oMm, Mbl )KepTByeM KaJIMOPOBKOU ra3o-
BOT'O TEPMOMETPA U OTKPHIBAEM BEHTUIIL COEOUHSIONINM ero C 00beMOM KpHuocTaTa.
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BHUMAHME !!!

OTKpEBIB 3TOT BEHTUJIb, MBI HU B KOEM CJIy4ae He [OJIKHBI 3aKphIBaTh €ro 00
I[TOJTHOI'O OTOTI'PEBA kpuocrtaTta. MHadye maBieHUe, BO3HUKAIOIIEE IIPU OTOTPEBE
XOJIOMHOTO TeIusi B Kojbe ra30BOro TepMoMeTpa, Pa30pPBET 3Ty KOJIOy U, UTO eIlle
Xy2Ke, pa30opBeT gaTyuK Baratron’a. (2 atmocdepsl, 3T0 MAaKCUMYyM, UTO OH
BHIIEPKUT!)

e [IoBTOpUTE ONIMCaAHHYIO paHee NPOoLeaypPy HOATOTOBKY U 3a/IMBKU I'eJiis B yCTaHOB-
Ky. 3aIlyCTUTEe IIPOrpaMMy U3MEPEHUM.

e BxirounTte Hacoc renneBor OTKauKu. [Ipy 95TOM BEHTUIIBb K IMHUU T'eJINeBOU OTKayd-
KM [OJI?KeH OBITh 3aKpHIT. [JOXKAUTECH, TTOKA I'eJIMEBBIM HACOC BHIUOET Ha paboyuu
PEeXUM U HauMHaNTe OYeHb Me[JIEHHO ITPUOTKPHIBAaTh BEHTUJIb. Kak TOBKO BHI 3a-
MEeTHUTEe, UYTO OTKayKa Havyajach, IePEKPOUTE I'eliieByI0 CeTh (MHaUe Bhl OymeTe ee
OTKa4yuBaTh:) ). Bce BpeMsi KOHTPOIUPYUTE AaBJIEeHHE 110 CTPEIKe MeXaHU4YeCKO-
ro BaKyyMeTpa U He OTXOOUTe OT yCTaHOBKHU. [Ipy MasoM OTKPBITUU BEHTUIS OH
paboTaeT HEyCTOUYUBO.



e [TocTeneHHO IPUOTKPHIBAsi BEHTUJIb IIOHUXKAaMWTe TeMiepaTtypy. [Ipu mocTuKeHUu
OaBJieHUs B ~ 5 Mbap mpou30igeT nepexoy refiusi B CBepTeKydee COCTOSTHUE, UTO
MOZKHO YBUETh I10 BHE3AITHOMY YCIIOKOEHUIO KUNISIEeN [0 9TOT0 IOBEPXHOCTHU KU~
Koro renus. [lajee MOXKHO OTKPBHITh BEHTWU/Ib OTKA4YKHU IIOJIHOCTHIO, TEMIIepaTypa
IIpK 3TOM OymeT DOBOJIBHO MEIJIEHHO OIIyCKaThCs OO IIpenebHO HU3KOU.

e [Ipou3Bensi U3MepeHUs MPHU OXJIaXKAeHUU oOpa3lia, HAYHUTE U3MEPEeHUs IIPU ero
otorpeBe 00 4.2K. [1715 9TOro 3aKpouTe KpaH OTKAYKU U BLIKJIIOUNUTE reJIieBbIM Ha-
coc. TemnepaTypa Ha4yHeT IOJHUMAaThCS, - CHa4dasjla O4YeHb MeOJIEHHO, II0OTOM BCe
ObICTpee U OBICTPee. DTOT MTPOIIECC MOXKHO KOHTPOJIUPOBATh II0 CTPEIKE MeXaHu-
4eCKOI'0o BaKyyMeTpa.

B manHo# ¢da3e paboThI He OCTABJISIUTE YCTAHOBKY 0e3 mpucMoTpa!

Bo Bpems oTorpeBa kKpuocTtaTta 0o 4.2K Bce TMHUM [OJI UCHapPSIeroCcs reamus
nepekpriTel. He mpo3eBaniTe MOMEHT, KOr'ja AaBJjIeHWEe B KPUOCTaTe IIOOHUMET-
cs1 0o atMocdepHoro. [lanbHelIIee UCTIapeHNue T'eJiis B 3allepToM 00beMe IIPHU-
BeJEeT K CPBIBY (MM Oaxke B3PhIBY) CTEKISTHHBIX ObI0ApOB

e OTKpONTE NUHUIO TeJINEBOU CEeTU. Telepb MOXKHO CIIOKOMHO MPOOOIXKUThE U3Mepe-
HHUS [0 MOJIHOTO MCIIapeHUs XXKUIOKOIro Tejiis U OTOrpeBa KpuocTara.

[To okOHYaHUIO pabOTHI OTKaYalTe relui 3 Kpuocrara. [Ip KOMHaTHOU TeM-
neparype renuii nudOyHoUpPyeT B MeKK0JI00BOE€ MPOCTPAHCTBO CTEKJISTHHOTO
Obl0apa, 4YTO IPUBOOUT K IIOTEPE €T0 TEIJIOU30JINPYIOIINX CBOUCTB!

6 OOpadoTKa pe3yJIbTaTOB H3MEPEHHH

e Hcmonb3ysa GnuPlot o6bpaboTaliTe u MOCTPOMTE rpauKu 3aBUCUMOCTH COIIPOTHUB-
JIeHusT 00pa3I10B OT TeMIIepaTypPHl, a TakKXkKe rpad@uKU BOJIb-aMIIEPHBIX XapaKTepu-
cTUK 00pa3noB. 'paduku MONMKHBEI UMETh IIOONUCH K OCSIM, 3ar0JIOBKU U ITPOYYIO
“H(pOpMaInio, MO3BOJISIONIYIO HOHATH K Y€MY OH OTHOCHUTCH.

e PaccmoTpuTe BCce U3BECTHHIE BaM MeXaHU3MbI pacCesIHUS HOCUTEJIeU 3apsigoB U
Ui KaXXOOTO Ciydasl mepepucyurte rpaduku B ocsx (JlorapudmMudeckux, oopar-
HBIX, CTEIIEHHBIX ¥ [IPOY.), B KOTOPHIX JAHHBIM MEeXaHU3M pacCesiHUs IBHO IIPOSB-
JIST€TCS UJIU MOT OBbI IIPOSIBIISATHCS.

KauecTtBeHHBIE HH(pOpMaTUBHBEIE TPADUKH CITyKaT XOPOIIe OCHOBHOM [JISI CO-
o011eHMs 0 pe3yJibTaTax pabOTHI B OTYETE, OKIafe, HaydyHou cTtaThe. COXpaHUB
Makpoc ¢ KomaHmamu GnuPlot’a, BeI CMO2KeTe UCIIOIh30BaTh €ro BIIOCJIEICTBUH.
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OTueT 0 J1a0OopaTOpPHOH padoTe

7.1 IIpuMepHasi CTPYKTypa oT4YeTa

TUTYNIBHBIN TUCT: Ha3BaHUe paboThl, U0, mecTo yuebnl, Kypc, Ne yueOHOM I'PYIIIIHI,
mara.

®opMy/IUpOBKa 3aJayu.

KopoTtkast 0630pHast («TeopeTudecKkasi») 4acThb.

Ila¥iTe CCHIJIKM Ha T€ KHUTH U XKYPHAaIb, “HGOPMAIIUIO U MaHHbBIE U3 KOTOPHIX BHI HC-
nonb3yete. OCHOBHAA 3ajadya U3JI0KEHHOT0 BaMHU B TEOPETUYECKOM YacTH, - chop-
MYJINPOBaTh (U3UUECKYI0 MOJIesIb U BHITHCATh (POPMYJIBI OJIS CPaBHEHUS PEe3YIIb-
TATOB BaIllero 3KCIePUMEeHTa C TEOPHUEeHn.

OmnucaHue 3KCOepUMeEHTa:

- CXeMa yCTaHOBKU U €€ OIMCaHUE;
- CXeMa U3MEPEHUU U ee OIIUCaHUueE;

- CKPUHIIOTH HanucaHHBIX BamMu nporpaMm LabVIEW u kpatkoe omnucanue ee
GyHKIIMOHUPOBaHUS;

- Ta30BLIA /UK KOHOEHCAIIMOHHLIA I'eJIMeBbII TEPMOMET] (eciiu B JaHHOHU pa-
00Te OH MCIIOJIb30BAJICS): CXeMa, pacyeT, KalnuOpoBKa, OlleHKa OIIHNOOK Mpu
W3MEpPEeHUU TeMIepaTypPHl.

JKcIepuMeHTalIbHEIe 00pa3ifbl. IIpoleaypa X MPUTOTOBIEHUS, MOHTAX B KPHO-
ctaTte. He numauM O6ynyT ¢oTorpadum Kak camoro obpasiia, Tak u Hauboiee Cy-
IIIeCTBEHHLIX (a3 UX MPUTOTOBJIEHUS.

Pe3ynbTaThl n3Mepenuii. Heo6xonomumMo IpuBECTU PUCYHKM C rpaduKaMu SKCIepu-
MEeHTaJIbHBIX pe3ynbTaToB. Kaxknablti rpaduk monKeH comepzkKaTh Ha3BaHUe, 000-
3Ha4YeHHe Ocel (YTO IO OCSIM U B KaKUX €IUHHUIIaX) U COIIPOBOKAATHCS MOOIUCHIO.
[MTopmuchk momzKHa OBITH IIOAPOOHOM U CAMOAOCTATOUYHOM. [Ipu cpaBHEHUHU PE3YIib-
TaTOB 9KCIIEpUMEHTa C TeOpHeH cjieayeT u3obpaxKaTh pacuyeTHbIe U 9KCIIEPUMEH-
TaJbHbIEe KPUBHIE B TeX IIKajlaxX (JlorapudMUYEeCKUX, CTEIEHHBIX, 00paTHHIX U [Ip.),
B KOTOPHIX CPaBHEHUE SBJISIETCS Haubojiee HaTrJISIIHBIM.

He 3a06niBaiiTe 00 OlleHKE IMOTPEITHOCTEN U3MEPEHUM !

O6cyxpenue pe3ynbraTtoB. Hamo ybenuTenbHO OKa3aTh, YTO ITOJIyYeHHBIE Pe3YJlb
TaThl HaleKHEI.

ITocTapaliTeCch paCCMOTPETH BCEBO3MOXKHBIE (DAKTOPHI, OT KOTOPHIX pe3yJIbTaTkH! Ba-
IIIETO OIIbITAa MOTJIU OBl CyIlIECTBEHHO 3aBHUCETh. He OBIIO U meperpeBa 00pas3lios,
ycIleBajia JIu BhIPABHUBATHCS TeMIlepaTypa oOpa3lla M ra3oBOro TeEpMOMeETpa, He
BOIIJIY JIW B PE3YJIbTAThl HEKOHTPOJIMPYEMblE€ COIIPOTUBIIEHUS TOABOOSIIIUX ITPOBO-
OOoB, ...? TyT MOXKHO IPUBECTH KaK Pe3yJIbTAaThl COOTBETCTBYIOIINX KOHTPOIBHBIX
OITBITOB, TaK U I'PyOBIE OIIEHKM BO3MOIKHBIX ITapPa3UTHHIX 3¢ (GEKTOB.

B 3akm4YeHNr HYKHO KPaTKO CHOPMYIUPOBATh UTOTH PAabOTHl ¥ BHEIBOIBI, BHITE-
KaloIlie M3 CPaBHEHUS MOJIyYEeHHBIX Pe3yJIbTAaTOB C OXKHAAeMOW TeOpPeTUYEeCKOMH
MopgesTbio. YeM MOKHO 00BSICHUTh HaOJTIoJlaeMble OTIIUYHUS ¥ KaKOe yIy4dIlleHue Me-
TOOUKYU PabOTHI MOXKHO OBIJIO OBl PEKOMEHI0BATh.

B KoHIIe oTUeTa IIpuBEeINTE CIIMCOK M CIIOJIb30BAaHHOM JINTEPATYDPHI;
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