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HacmoTpsi Ha upe3BbluaiiHOe pa3HOOOpazue METOAMK U
UCCIIEAYEMbIX XMMUYECKUX CHUCTEM, OONBLIMHCTBY IUINIOMHHKOB H
acnupaHToB  KadeApsl XMMUYECKOM  KHUHETHKH  NPUXOJUTCS
perymspHo paboTaTh Ha BaKyyMHbBIX YycTaHoBKax. Co3narh
YHUBEPCAIBHYI0 BaKyyMHYK YCTAaHOBKY [UId XUMHUYECKHX H
KHHETUYECKHX HUCCIECAOBAaHUH HEBO3MOXHO, IIO9TOMY  4YacTo
BO3HMKAaeT HEOOXOAWMOCTh B  PEKOHCTPYKIMH  HMEIOIIErocs
000pYZOBaHMS ¥ U3TOTOBJICHUH HOBBIX YCTaHOBOK, ISl YETO HyXHa
TEXHUUYECKasi TPaMOTHOCTh W HaBBIKM pabOThl C MaTepualaMu
BaKyyYMHOM TEXHUKH.

B mocobOum ommcaHbl MpocTEeWIIME CTEKISIHHBIE YCTaHOBKH,
ucrosnb3yemoe Ha Kadenape xumudeckoi kuHetukun MI'Y, a Takxe
MIpaBHJIA X DKCILTyaTaluy.

Engunnna naBneHuss MM pT. CT., WM TOP ABJISETCS B JTAHHOM
nocobun 6osee npeanoyTurenbHol, yeM Tpedyembiit [OCTowm (1 Ila
= 7,5-10° Top), MOCKONbKY B XMMHYECKHMX YCTAHOBKAX OOBIYHO
HCHOJB3YIOT PTYTHBIE MAHOMETPBI.



1. 3AYEM XNUMUKY BAKYVYM?

IIpuHsATO CUMTATH, YTO XUMHUS — HAyKa O MMPEBPAIICHUSX BEIISCTB
Ha MOJEKYJSPHO-aTOMHOM YypoBHe. OJIHAaKO O4YEeHb HEMHOTHE
XUMHKH MOTYT YTBEPXKAATh, YTO OHH HCCIEAYIOT PEaKIMH MOJICKYIT
W aroMOB BemecTBa. B 3eMHBIX “HOpPMaNbHBIX YCIOBUAX
CYIIECTBYIOT JIUIIIb arperaThl YaCTHUI] C PA3IMYHBIM BPEMEHEM KU3HU
— KpUCTAIUIBI, COJIbBATUPOBAaHHBIC HOHBI U T.Jl. MOJEKYJIIbI ra3za npu
760 MM pT. CT. HENb3sl, CTPOr0 rOBOPS, CUATATh HE3ABUCHUMBIMHU
vactuiamd — B 1 oM’ BO3/lyXa B CEKYHIy IPOUCXOIUT 10 1077
CTOJIKHOBEHH MOJIEKY L.

Peaknnn aToMOB W MOJEKyNl MOXHO, B OTPOTOM CMBICTIE,
WCCIEIOBAaTh B TOM CiIydae, €CIIM 3TH aTOMbl M MOJICKYJbI HE
CTAJIKUBAIOTCS MEXAy CO0OM M TOCTOPOHHUMH MaTepUaIbHBIMU
TeNaMH 10 XMMHYECKOTO B3aMMOJEHUCTBUS. Takoe BO3MOXKHO MpPH
WCTIAPDEHUN OYCHb MAJIBIX KOJIMYECTB pEarcHToB B BaKyyMe.
[Tocnenyromas KOHACHCAMsI aTOMOB M MOJEKYJI C HU30BITKOM
WHEPTHOTO BEIECTBA IPH HHU3KUX TeMIepaTypax IO3BOJSET
MIOJTyYUTh MaTPHILY, COAEPIKAIIYI0 HEOOBIYHBIE YACTHIIBI, HAIpPUMED
monekyisl NaCl m arombl MetamioB. llpumeHeHHe BaKyyMHOI
TEXHUKH HeOOXO0IUMO JUIA TToAepxkanus TeMmeparyp Hmwke 170 K, a
TEMIIepaTyphl, OnM3kWe K  aOCOJMIOTHOMY  HYJIO, BOOOIIE
HEBO3MOXKHO JTIOCTHYb 0€3 BAKyYMHOH TETUTON3OJISIIHH.

Jns knaccuueckod xuMuM BakyyM M Temrepatypsl 170 +~ 4 K —
YCIIOBUSI YPE3BbIYANHO HEOOBIYHBIE, OJHAKO HMEHHO B TaKUX
YCIIOBHUSIX B MEX3BE3THOM Tra3e, KOTOPBI COCTABIISET 3HAYUTEIHHYIO
4yacTh BellecTBa BceneHHO#, 3aperncTpupoBaHo 0Opa3zoBaHHE
OpraHUYEeCKUX MOJIEKYJ W TPOTEKaHWE psiga JAPYyTUX peakiuil. B
caMmoil Omkaiimem OyaymieM B KOCMOCE BO3HHMKHYT XHMHUYECKHE
MPOM3BOJACTBA, O YEM CBHUJAETENBCTBYIOT OJKCIEPUMEHTH Ha
opOuTanbHBIX cTaHIuAX “Camtor”. Takue mpou3BOACTBA HE JOKHBI
U HE CMOTYT KONMHUpOBaTh 3eMHbIe. [ co3zmanus "KocMuuyeckux'
YCIIOBHI Ha 3emiie Tpexje BCero HeoOXoauM BakyyM. B Bakyywme
MOXKHO HE TOJBKO OCYIIECTBIISATH PEAKIIMH HEOOBIYHBIX YACTHII, —
MPOCTPAHCTBO, JHUIIEHHOE BEIIECTBA, JIyUIlIe BCETO MOIXOIUT IS
OYUCTKH W XpaHEHUs 0co00 YHCTHIX peareHToB. B CBs3u ¢ 3TUM
JOCTATOYHO HANIOMHHUTH, YTO Ha CTEHKax aOCOJIOTHO YHCTON H
CyXol Ha BO3IyXe NpOOMPKH M3 cTekia aacopobupoBano 1o 30
MOHOCIIOEB BOJla, KOTOpas yAalseTcs TOJIBKO TPOTPEBaHHUEM B
BBICOKOM BaKyyMe.



2. UICTOPUYECKAS CITPABKA.

Wrak, XxuUMHK, XKenaroliuid paboTaTh YUCTO U HA COBPEMEHHOM
YpOBHE, MOJDKEH yMETh CO3/1aBaTh B peakTtope Bakyym. Jlonroe
BpEMsI 3TO CUHTAIOCh OECIIONIE3HBIM 3aHATHEM, — 'MyCTOTa MOXXET
CBITh CO37ajla TOJILKO BCEMOTYIIECTBOM OOXbHM" — peru
[Mapmwxkckuii Cobop B XIII Bexke. OnHako B 1643 r. DBaHIKEINUCTO
Toppuaemm  (1608-1647 rr.) mONYyYMJI TPOCTPAHCTBO, HE
coJieprkaliee BO3Jyxa, HaJ PTyThio B Oapomerpe. Ero mo cux mop
Ha3pIBalOT "ToppuyeruineBoi mycroroi”. B 1650 1. Otto ¢on
I'epuxe (1602-1686) mocTporsi MEXaHHYECKHH BO3MYITHBIA HACOC U
OTKaYaJl UM 3HAMEHUTHIC ‘‘Marfe0yprckue monymmapus’. B cepenvae
XIX B. PobGepr Buubsrensm bynzen (1811-1899) wusroroBun
BOJOCTPYHHBIN HacocC.

BypHoe pa3BuTHe BaKyyMHOH TEXHHKH OBIJIO CIEICTBHEM
n300peTeHns BIEKTPOBaKYyMHBIX mpubopoB — B 1873 1. AH.
Jlonpirun  co3man namny HakanuBanus. B 1905 1. B. Tene
CKOHCTPYHPOBaJ MEXaHWYECKH HACOC, CO3JAIOIINI pa3pekeHue 0
10 MM pr. cr. (Top), a B 1914-1916 rr. B. Tene, U. Jlenrmiop u
C.A.BopoBuk pa3paboranu pryTHbIi auddys3uonnbii Hacoc (107
TOD).

Hwxke Oyner moka3aHo, 4YTO COBPEMEHHBIM XHMHUKAaM BIIOJHE
JOCTaTOYHO HMMETh BaKyyMHOe 000pylnoBaHue, oOecreduBaroliee
paspexeHue Ha ypoBHe Hauama Beka — 10°+107 Top, XoTs
COBpPEMEHHAs TEXHHKa II03BOJSIET OTKa4aTh OrPOMHBIE OOBEMBI
yCKOpHTEIeH U TepMosiepHbIX peaxtopoB g0 107* Top. Ilupoko
BHEJPWJI BaKyyMHbIE YCTaHOBKM B XHMHYECKHE HCCIIECJOBAHUS
Anbppen  Crox  (1876-1946), 3aHMMaBIIMHCSA  CHHTE30M
00pPOBOOPOAOB. XUMHYECKUE PEAKIMH B MOJICKYJISPHBIX MydYKax K
Ha OXJI&XJEHHOM MOBEPXHOCTH ocyilecTBisuin B 20-x rogax M.
onsuu u H.H. Ceménos.

3. CTEIIEHU BAKYYMA. HEOEXOIUMbII1 MUHUMYM
OOPMVIJIL

Kunerndeckast Teopusi ra3oB Ma€T CIEAyIONIEe BBIPAXKECHHUE IS
CpemHUN IIUHBI CBOOOJHOTO TYTH MOJEKYJIT (MEXAY HIByMS
CTOJIKHOBCHHSIMHU )
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x/ENTnGZ 1+ g

I7Ie A — pacCcTOSHHE MEXIY IBYMS CTOJIKHOBEHUSMHU
Nt — MoJIeKyIsipHas KOHLIEHTpauus
G — 3¢ dEKTUBHBIN AUAMETP MOJIEKYJIT
T' — abcomoTHas TeMIieparypa
C — nocTosiHHadA, 3aBUCALIAst OT POja rasa.

MHoxuTEND 1+¥ VUUTBIBAET YMeHbIIeHHE dS((PEKTUBHOTO

JIaMeTpa MOJICKYJI IIPH MOHKEHUH TEMIIEPaTyPhI.
Jl1st oOCHOBHBIX Ta30B Bo3ayxa C UMeeT ClIeyIonTiue 3HAUCHIS:

azoT —102,7 NIBYOKUCH yTaepoga  — 254
KHUCJIOPOJ - 136 KPHUIITOH — 188
aprox —147,8 rejauu - 80

MHorue BakHbIE CBONCTBa T'a30B M SIBJICHUS, NMPOUCXOJSIIUE B
ra3oBol cpene, CHJIBHO pa3lMYalOTCs B  3aBUCHMOCTH  OT
cootHomenus: A/d; npuuéM BearuuHa d SBISIETCS TEM XapaKTEPHBIM
JIMHEWHBIM Pa3MepoM, KOTOPBIH B paCCMaTPHUBAEMOM CIIy4ae UTPaeT
TJIABHYIO POJIb.

B BakyyMHOW TEeXHHKE pa3iM4alOT TPU OCHOBHBIE CTEICHH
BaKkyyMa:

. A <<d HU3KUI BaKyyM
2. A ~d CpeZHUH BaKyyM
3. A >>d BBICOKHH BaKyyM

CreneHnn Bakyyma — OTHOCHTENbHOE TOHATHE. Hampumep, B y3Kux
nopax aKTHBHpoBaHHOro yris, rae d ~ 107 M, Bo3ayx naxe mpu
aTMocepHOM JaBieHNH BeAET ceOsl Kak MpH BBICOKOM Bakyyme (A
>d). Ilpum npaxTHdeckod paboOTe JMHEHHBIE pa3Mepbl YCTaHOBOK
COCTaBIISIIOT JICCSTKH CaHTHMETPOB, TOT/IA MOXHO TPUHSTH ISt
CTeleHel BaKyyMa CIIEAYIOIIME YUCIOBbIC apaMeTpPhL:



CTEIEHb HU3KHUM | CpeTHUM | BBICOKUM | CBEPXBBICOKUI

BaKyyMma
JIaBJICHHE, TOP ~<1 1-10°° 10°-1077 <10”’
(MM.pT.CT.) (133) | (0,133) | (1,33-107)

B ckoOkax — Ia

CpEIHSIA UTHHA <5107 | 0,05-5 5-5000 cm | >1 kM

cBOOOMH.TIpOOETA | cm cM

(Bo3myx. 293 K)

9HCII0 MONIEKYT B | ~10'° 10"~ 104-10" <10'"
1 em® (293 K) 10

B ycioBusx HHM3KOro BakyyMa IyTh MOJIEKYJIBI B Ta30BOW Qase
npeacraBisgeT coOoil JTOMaHyl0 JMHHUIO BCIECACTBHE CTOJKHOBEHHIA;
Ha CTEHKaX CcOCy/ia MOCTOSIHHO COJICPIKUTCS aJICOPOUPOBAHHBIN CIIOM
rasa.

Koadduuuent TtemnonpoBogHOCTH [JIs1 JBYXaTOMHOIO rasa
HMEET CIIEeNYIOIIee BEIpaXKeHNUE:

Mrenn. = 4:10* pAUCy  Br/™M*K
rae Cy — Temno€MKOCTh eIMHHUIIBI MacChl raza npu

nocTostHHOM 00béMe, JIk/K-kr

p — IIIOTHOCTH Ta3a, KI/M’
IMockonbky p M A HMMEIOT TPOTHUBOIOJOKHYIO 3aBUCHMOCTH OT
JaBJIEHUs, TEIUIONPOBOJHOCTh Ta3a MpPH HHU3KOM BaKyyMe OT
naBieHHs He 3aBHcuT. [Ipu TeueHnn mo TpyOOmpoBOIy B yCIOBHSAX
HHU3KOr0 BaKyyMa ra3 BeA€T ce0sl Kak CIUIOLIHAs COKMMaeMas cpela,
o0JsiajiaBiiass MHEPUUEH U BA3KOCTBIO. PeXUM TeueHHs ra3za MOXKET
OBITH pU 3TOM TYPOYJICHTHBIM U JTAMUHAPHBIM.

B ycrmoBusAX BBICOKOTO BakyyMa IyTb KaKIOW MOJEKYJIBI
MIPEJICTaBIAET COOOH TPAMYIO JIMHUIO MEXAY ABYMS CTCHKaMH
COCy/la, CTOJIKHOBEHHMS  MEXIy  MOJIEKyJaMH  TPaKkTHYeCKU
OTCYyTCTBYIOT. OTpBIBasCh OT MOBEPXHOCTH, MOJEKYJbl HE
BO3BpAl]alOTC HAa HEE, M CTEHKUM COCyJa MOTYT IOJIHOCTBIO
0CBOOOIUTHCS OT aACOPOUPOBAHHOTO ciiosl. IIpu BHICOKOM Bakyyme
ckopocTh Au(dy3UM 3aBHCUT JHLIb OT CKOPOCTH TEMJIOBOTO
JBVKEHUS MOJIEKYJI, COCTABIIAIONMIEN COTHH METPOB B CEKYHITY.

TemmonpoBOAHOCT, Ta3a B BBICOKOM  BaKyyMe  IpPsIMO
MIPONOPIMOHATBHA JaBJICHUIO:

2R
=op,|——(T,~T,)F
Q=oap nMT(l ))




rae 0L — KO3 PUIIMEHT aKKOMOIAIHH
F — moBepxHOCTH Harperoro temna
Ipu gaBinernu 10~ TOp TEIUIOMPOBOAHOCTD Ta3a YPE3BBIYAITHO Malia
— Ha 2JTOM OCHOBaHO HCIIOJB30BaHME cocyoB J[lproapa ¢
OTKauaHHBIM MPOCTPAHCTBOM MEXAy JBOWHBIMUA CTEHKAMHU ISt
XpaHEeHUs CKMYKEHHBIX Ta30B,

'maBHass 0OCOOEHHOCTh TEYEHHWS Ta3a 10 TPyOONpoBOAY B
YCIIOBHUAX BBICOKOI'O BaKyyMa COCTOUT B OTCYTCTBUU BHYTPCHHEIO
TPeHHS B TIOTOKE; MOJEKYJBl JBIXKYTCS C  OJWHAKOBOU
BEPOATHOCTBIO KaK B CTOPOHY HacoCa, TaK W IIPOTHBOIIOJIOKHOM
HaIrpaBJICHUU.

Jis  mpormycKHOW CIOCOOHOCTH TpyOONpOBOJAa B YCIOBHUSX
HU3KOTO ¥ BBICOKOTO BaKyyMa IMOJYYaloTCs Pa3InyHbIe BHIPAKEHUS.
IIponyckayro  cmocobnocts U ompenensioT  aHAJIOTHYHO
MIPOBOAMMOCTH B 3akoHe OMa W3 ypaBHEHHS JUIsl TOTOKa ra3a Q:

_u(p-p) U=—21
Q=U(P-P,); U P,

n/c
B yciioBusix HU3KOro Bakyyma
U - nrt (P +P,
Tosnr\ 2
[Ipu BbICOKOM Bakyyme
1
3 1
rT)2
U, =30,5—| — a/c
¢\ M

st Bo3ayxa mpu 298 K moiry9aroTcs CIIeyIOIIHe BRIPKCHHUS:
4 3

UH:2,840%P ; UB=97,75r7

cpezH. ?
BI/IILHO, 4YTO IIPOBOAUMOCTD pr60np0130;[a IIpHU 3aJaHHOM CE€YCHUU U
JJIHUHEC f’ ropaso BbBILIC B YCIIOBUAX HU3KOI'O BaAKyyMa.

BrictpoTta oTkauku 00béMa Sy u ObIcTpoTa JeicTBUS Hacoca Sy
MOTYT OBITh BBIPAXKEHBI Yepe3 MOTOK U JaBJICHUE:

Ilocne mpocteix mpeoOpa3oBaHMi  MOJTydaeTcsi  BBIPaXKEHUE,
Ha3bIBaEMOE OCHOBHBIM YPaBHEHHEM BaKyyMHOU TEXHHUKH:



~S,-U
)= —E—
S, +U
OTO0 ypaBHEHHE MO3BOJISET IMPABWIBHO OPUEHTHPOBATHCA MIPHU
pacueTe BaKyyMHBIX CUCTCM.

4. HACOCBI

B mHacrosmee Bpems pa3paboTaHo OOJBIIOE  KOJHYECTBO
KOHCTPYKITMI BaKyyMHBIX HACOCOB, KOTOPBIE TO3BOJISIFOT JOCTHYb
paspemrenns ot 1 g0 107'® top. I'naBHast 0COGEHHOCTD PHUMEHCHHSI
BaKyyMHOH TEXHHKH B XMUMHUYECKOM SKCIIEPHUMEHTE 3aKIFOYaeTCs B
TOM, YTO KOHEYHOH IIEJIBI0 SBJSIETCS HE OTKaYaHHOE MPOCTPAHCTBO,
a peaxIiy BEIIeCTB, BHECEHHBIX B BaKyyMHbIH 006EM. HecmoTps Ha
10, uto B 1 oM’ Bo3ayxa npu 107 TOp COMEPKHTCS OrPOMHOE
xomugectBo Mosekys (10'%), 3TO 3HAYMTENBHO MEHbINE, HeM MpH
atMocepHom  mapmenmu (10" momekyn). "3arps3HéHHOCTB"
MPOCTPAHCTBA PEaKMHU YMEHbLIAETCS B JECATh MUIIJIMOHOB pa3, 4To
BIIOJIHE JIOCTATOYHO JJISl TTOAABIISONIET0 OOJIBIIMHCTBA XHMHUYECKUX
SKCIIEpPHMEHTOB. Bemmumua cBoGogHoro mpobGera mpu 107 Ttop
COCTaBIISIET HECKOJIBKO METPOB, CIIEIOBATEIILHO CTOJIKHOBCHHS UX B
ra3oBoii (asze MNpakTHYECKH OTCYTCTBYIOT. Takoe pa3pekeHHe
obecrieunBaeT COONIOJCHHE DPEKUMa MOJICKYJISIPHBIX ITyYKOB (CM.
pasmen 8.1) W wuCHapeHWe METAIIOB METOJOM JJICKTPOHHON
0oMOaparpoBku (paszaen 8.2).

PazymeeTtcsi, kauecTBO 3KCIIEpUMEHTA C YMEHBIIICHUEM JIaBJICHHUS
B CHCTEME YIy4YIIaeTcs, OJHAKO HIKe OyJeT IOKa3aHo, dYTO
JIOCTHKEHHE BaKyyMa Jyunre, ueM 10 Top, TpebyeT 3HauHTeIbHOrO
YCIIO)KHEHUS] YCTAaHOBKM W Topa3o Oojiee aKKypaTHOH &
9KCIUTyaTallld, a B YCIOBUSAX YaCTOTO BBOJIA PEar€HTOB B YCTAHOBKY
BakyyM Jyume 10° TOp CTAaHOBHTCS upE3BBIYAHHO TPYIHO
JOCTHKHM.

B HacTosmem mocobuu mo3romy OyAyT pacCMOTPEHBI JHIIbL TeE
HACOCHI, KOTOPhIE MPUMEHSIOTCS JUIsl MOJTydYeHHs Bakyyma o 107
TOP.

4.1. Mexanuudeckue BpaillaTesbHble HaCOCHI ITPEABAPUTEIHLHOTO
paspexeHusl.

OCHOBHBIM HACOCOM JJIs TIOJTYUCHHS; TIpeaBapuTesHOTO (dhop-)



Bakyyma 10 10~ Top Ha Kadeape XHMHUECKOH KHHETHKH SIBIISCTCS
IJIaCTUHYATO-cTaTopHBIH Hacoc BH-461M. Cxemsl ero ycTpoiicTBa
1 paboTHI IPUBEJCHBI Ha puUC. | 1 2.

Pucynok 1.
VY CTpoiicTBO MIIaCTUHYATO-CTATOPHOTO
Hacoca.
1. Koprryc paboueit kaMepsI
2. Potop-nopiiens
3. Ilnactuna
4. Ilpyxuna
5. IIpmxumaronuii peraar
6. BrinmyckHol kianaH
7. BriyCKHO€ OTBEpCTHE

Pucynok 2.
Cxema paboThI MJIaCTHHYATO-CTATOPHOTO Hacoca

ITopmieHs 53TOTO Hacoca TMPEACTABISICT COOOM  BpaIIarOIIHIACs
munuHAp. OTKauyuBaeMbIl Ta3 3acachlBacTCsl B TIOJOCTh MEXKITY
UWIMHIPOM, MPWKAMHOW TUIACTHHONW M CTEHKaMHM KaMephl, 3aTeM
C)KMMaeTcsl ¥ BHIOpAchIBaeTCsl Yepe3 MIapUKOBBIN KiamaH. B Hacoce
BH-461M nBe paboume Kamepsl COCIWHEHBI TOCIEAOBATEIHLHO H
MIOMEIICHBI B KOPITYC, 3aJIUTHIA MaCIOM.

OcHOBHbIE TapaMeTphl Hacoca:

Brictpota aevictust S, mpu 1 Top 0,7 n/c
—/- ipu 107 Top 0,2 1n/c
IlpenenbHbll BaKyym 10~ Top
Uwncno 060poTOB B MUH 540
KonnuecTtBo Macna Ha 3anpaBKy 2,31
MoIHOCTb 37EKTpOoABUTATENS 0,6 kBt

Bec ¢ nBurarenem u cTaHuHOMI 75 kr



B Hacoce wucnonb3yercsi crernuaibHOe BakyymHoe Macio BM—4
('OCT 7903-56), mpencrapistomee coO0OW BSA3KYIO CBETIIO-
KOpUYHEBYIO KuaAkocTh. OHO uMeeT npu 293 K naBienue napos He
oime 10~ Top.

C TedyeHneM BpeMEHHU B Pe3yJIbTaTe€ MECTHBIX MEPErpeBOB Macia
[pU TPEHUU B HEM MOSBIAIOTCS JieTyuue (Qpakuuu, YTO yXyIIIaeT
MIPENIENBHOE  pa3peskeHUE, CO3/AaBAEMOE HAcocoM. Ype3BbIUaiiHO
BpPEIHO NONA3JaHHAE B MACIO XJIOPA, XJIOPUCTOTO BOAOPOAA M MapoOB
KHCJIOT, BBI3BIBABIIMX OCMOJICHME Macjia M 3aelaHue TPYyIIUuXcs
netaneil. OcMmojieHHME Macia MOXET TakXe IPOUCXOAUTH B
pe3yJbTaTe MPEBbIICHUS HOMUHAIBHOTO YKciIa 000POTOB.

Bonpmme moTepm Macia MPOMCXOIAT MPH IIUTEIHHONW OTKa4dKe
00bEMOB € JaBleHHEM, OJIM3KUM K aTrMocepHOMy — Macio
YHOCHUTCSI U3 BBIIIyCKHOTO OTBEPCTHUS B BUIEC TyMaHa.

Ilocae BBIKIIOYEHMS BpAIATEIbHOIO HAcoca HEOOXOIMMO
HANyCTHTh BO3JYX BO BOYCKHOW maTpyOOK; B MPOTHBHOM Cllydyae
Macjio MOXKET MOoJ ACHCTBHEM aTMOC(EpPHOTO NaBJICHHS 3allOJIHUTD
BakyyMHYyI0 cucremy. Ilocne Ttakoil aBapum uHOrga ObIBaeT Jierde
3aMEHHUTh YacCTh YCTAHOBKH, YeM OTMEBITH €€.

UcnpaBHelii  GopBakyyMHBI Hacoc cpasy TMocje BKIIOUEHHS
paboTaeT ¢ rIyxuMm OyJIbKArOIMM 3BYKOM — 4Yepe3 Macio MPOXOAUT
OOJBITIOE  KOJIMYECTBO BO3myxa. Yepe3 2-5 MmH. mocie Hadana
OTKAa4KH CTaHOBHUTCS CIBIIIHBIM CyXOH CTyK paboTarouero
IApPUKOBOTO KJIalaHa.

Hawuboiee yacteie HencnpaBHocTn Hacoca BH-461M — 3aemanne
IUJACTUKM W TIOJIOMKAa TPYXXKHUHBI ~ IPKUMAIOIIEro  phlyara.
[lockonpky OTHM JeTalum pacHoJOKEHbl HEMOCPEIACTBEHHO O]
KPBIIIKOH HAacoca C BBIIYCKHBIM OTBEPCTHUEM, PEMOHT OOBIYHO
MIPOBOJIAT, HE CIMBAsi MacJo.

g onpeneneHus CTENEHM MPUTOJHOCTH Macjia B Hacoce
HEOOXOIUMO TIPOBEPUTH, KAaKOE pa3peKeHHE HAcoC CO3AaeT B
repMETHYHOM BakyyMHOH cucteme. IIpoBogsaT nBa H3MEpeHUs
BAKyyMa — C OXJIAKJAEMOM >XUAKUM a30TOM JIOBYILIKON Iepen
JaTYMKOM Bakyymmerpa u 0e3 He€. Ecnu nmokasaHusi BakyymmeTpa
B 000MX Ciyuasx GIM3KM M HaxomsTcss B mpexemax 5-107° + 1.107
Top (8,6-9,6 KB mns TepMOmapHOTO JaTYHMKa), HACOC WCIPABEH U
Ka4decTBO Maciyia Beicokoe. Eciin 6e3 a30THOM JOBYIIKH pa3pexeHue
3HAYUTENILHO XYIKe, YeM C HEel, Macio HeoOX0JUMO 3aMeHHTh. Eciu
e U C a30THOM JIOBYIIKOH B CHCTEMe He 0CTHraeTcs Bakyym 5-107°
TOp, MMEeTCsl HaTeKaHuWe BO3Ayxa Jubo uepe3 Hacoc, OO B




TpyOOIIPOBO/IE MEXTYy HACOCOM M JJATYUKOM BaKyyMMeETpa.

Haubonpmryro  omacHocTh  Juisi  (OpBaKyyMHOTO  Hacoca
MPEACTABIAIOT MEJKUE TBEPABIC TMpeAMETHl (OCKOJKH CTEKIa) U
MEeTaJJIMYecKass pTyThb. PTyTh amanpramupyer jaerand Hacoca,
paspymias ux.

B npoMBINUIEHHOCTH W JUIS HAyYHBIX [EJICH MCIOJNB3YIOT H
JIpyTHe THIBI MEXaHWYEeCKHX HAaCOCOB — IUIACTHHYATO-POTOPHEIE,
IUTYHXXEepHBIE, 30JIOTHUKOBBIE U JIp.; UX ONKCAaHWE MOXKHO HaWTH B
COOTBETCTBYIOIIEH TUTEpaType (CM. CIIICOK B KOHIIE TOCOOMS).

4.2. TAPOCTPYMHBIE HACOCHI.

Pabora mapocTpylHBIX HACOCOB OCHOBaHAa Ha HCIOJb30BaHUH
OTKAuMBAIOUIET0 ACWCTBUS CTpyH mapa paboueit kuakoctu. ['a3,
MOCTYMAIOIIMKA B HACOC U3 BaKyyMHOM CHCTEMBI, IONAAAET B CTPYIO
nmapa M BBITAIKUBAETCS IMOCIEAHEH B CTOPOHY BBIIIYCKHOI'O

OTBEPCTHSIL.
KoHCTpYKTHBHO pa3inyaroTcsl TPU TUIA TAPOCTPYUHBIX HACOCOB:
1. 3KeKTOpHbIE 760 — 10 Top
2. OycrepHbie 10— 10" rop
3. mupy3rnoHHBIE 10~ Top

Hacocel mepBoro u BTOpOro THNA B BBICOKOBAKYYMBIX CHCTEMaXx
UCTIONB3YIOTCA PEAKO M TOJNBKO KaK MpoMexyTodyHble. OOBIYHO B
XUMHYECKUX BAaKyYMHBIX YCTaHOBKax MPHUMEHSIOT Iu((dy3nOHHBIE
HACOCHI C KEKTOPHO CTYTIEHBIO.

B oGmactu naBneHuit »KEKTOPHOI CTYIIEHH T'a3bl 3aXBaTHIBAIOTCS
B OCHOBHOM TypOYJICHTHOH YacThiO TUIOTHOHM cTpym mapa (puc.3 a).
B muddy3nonHOM Hacoce 3aXBaT OTKAYNBAEMOI'O Ta3a MPOUCXOIUT
BeseacTBue ero audQy3un B CTPYIO; MOJIEKYJIBI ra3a B pe3ysbraTe
CTOJIKHOBEHHH C 4YacTHLAMHM Tapa MOJY4aloT COCTaBIAIOLIYIO
CKOPOCTH B HAIPABJICHUHU CTPYH.
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Pucynok 3.
[IpuHNIMT paboTh! KEKTOPHOH (2) 1 quddy3uoHHOM (0) cTyneHeH
MapoCcTpyMHOro Hacoca.



Bce mapoctpyiinble Hacockl TpeOYIOT i Hadajga paboThI
CO3JIaHMsI B CHCTEME TPEABApPUTEIILHOTO paspexenus (popBakyyma)
0 1021072 TOP, KOTOPOE CO3/1aeT MEXaHUUECKUl Hacoc.

Konctpykium wu  paboume XapaKTEpUCTHUKH IApOCTPyHHBIX
HAaCOCOB pa3UYalOTCS B 3aBHCUMOCTH OT HCHapsieMoi pabouei
xuAKocTH. K pabodmM KHUIKOCTSIM TPENBABISIOTCS CIEAYIONINe
TpeOOBaHMUS:

1. Hu3koe maBiieHre mapa mpyu KOMHATHOM TeMIiepaType.

2. Bricokoe naBneHue mapa npu pabodell TemmepaTrype — 3TO
ONpEIEISIET BEINUMHY NPEABAPUTEIBLHOTO BaKyyMa.

3. OnHOPOAHOCTH COCTaBa, TE€PMOOKHCITUTENbHAS
YCTOMYUBOCTb.

4. OTCyTCTBUE XMMHUYECKOU aKTUBHOCTH.

5. Manas ynenbHas TeIIoTa mapooopa3oBaHusl.
W neanbHOM )KUAKOCTH, COUETAIONICH BCE ATU KauecTBa, HET.

Jo cux nop B nuddy3HOHHBIX HACOCAX HCIIONB3YIOT PTYTh. EE&
MPEeUMYIIEeCTBA:  OJHOPOJHOCTH W  CTaOWIBHOCTH  COCTaBa,
TEPMOOKHUCIUTENbHAS YCTOWYMBOCTh, BO3MOXKHOCTH IIEperpeBa H
CO3/1aHUsl BBICOKOTO JaBJIEHUS B CTpye napa. PTyTb He cmaduBaeT
HEKOTOpBIE METaJuThl (3KeJe30) M CTEKJIO, YTO TO3BOJISIET CHAEJaTh
y3KHE 3a30pbl B 3KEKTOPHOW CTYNMEHH W OOECIEYHTh BBICOKOE
BBIIIYCKHOE JIaBJICHHE.

Henocrarku pryTu:

1. TokcMYHOCTB IAPOB — MpeAEbHAs JOIYCTUMAsl KOHLIEHTPalus
napoB pTyTH B Bo3ayxe — 0,01 mMr/m’.

2. Boicokoe mapnenue mapoB (10° Top) NpM KOMHATHOI
TeMmneparype. Mexay HacoCOM M BaKyyMHOM CHCTEMOW Hy»>Ha
a30THAA JOBYIIIKA.

3. Bpicokas xumuyeckas axkTHBHOCTb — PTyTb oOpasyer
amaieramMbpl CO MHOTMMH MeTajuiaMu. Hawbonee ycTONYMBEI K
JIEHCTBUIO PTYTH JK€JI€30, MapraHell, HUKeJb ¥ IUIaTHHA.

[Ipumenenne prytn B audQy3noHHBIX Hacocax Bc€ Ooblie
OTrpaHUYMBACTCS OJIHOBPEMEHHO c pacrpocTpaHeHHUEM
OpPraHUYECKHX PA0OYUX KHUIKOCTEH.

Munepanpable  Macia (BM) momydaror myTeM  BaKyyMHOM
JUCTUIUISIIUY TSOKENbIX (pakuuii HegTH. DTH HEOAHOPOIHBIE IO
COCTaBy  KHUJKOCTU 00JagaroT  HEIUIOXOW  TepMHYECKOH
CTaOMIIBHOCTBIO, HO Majl0 YCTOWYHMBBI K OKHCIEHHIO (TIONajaHue
BO3yXa B ropsiumii Hacoc). [anenue napos mpu 293 K — oxono 107




TOP.

Odupsl  ¢draneBoii u cedauuHoBoii kuciaor (OD, OC) ¢
M300KTHIIOBBIM CIIHPTOM MMEIOT HH3KO€ JaBenue napos (107 Top),
HO MaJI0 YCTOMYMBBI K OKUCIICHUIO U ISHCTBUIO TIAPOB BOJIBI.

Kpemnuwmitoprannueckue wmacma (II9C, BKIXK) mnpencrasusior
cOo0OM MMOJMUCUIOKCAHBI C YKHCIOM 3BE€HBEB 10 17, CTAaOUIBHEI K
TEPMOOKHCIICHHUIO, HO TOPa3/0 JOPOXKE IPYTHX paOOUMX KHUIKOCTEH.

XapaKTepuUCTHKHN BaKyyMHBIX Macel IPUBEIEHBI B pazjeie 9.

PaccmoTpum ocHOBHBIE KOHCTPYKIMH AH((Yy3HOHHBIX HACOCOB.
BcenencTeue manoit mpoYHOCTH CTEKIISIHHBIE PTYTHBIE HACOCHI MOYTH
Be3/Ie€ BBITECHEHBl METANTMYEeCKHMHU. lIpumep MeTaumdeckoro
prytHOoro Hacoca — JIPH—10—1M. Drtot arperat MoxeT 00ecreuuTh
paspesxenne 2-107 Top mpu BeITyCKHOM aaBiennn 1,5 top. CrencHb
“ckaThsi” TAa30B B HACOCE COCTAaBISIET, ciemoBarenbHo, 107, Takoe
BBICOKOE 3HaueHHE JOCTHTaeTCsl HWCIOJIb30BAaHHEM 3KEKTOPHOM
crymend. OTkaunmBaemMble Ta3bl, Kak BHAHO ©3 puc. 4,
TU(GGYHIUPYIOT B CTPYIO HMApOB PTYTH, BBIXOIAIIYIO U3 BEPXHErO
30HTUYHOrO corva. JlanpHelilee caTue ra3oB IPOUCXOAHUT B
HWKHEW DKEKTOPHOW CTymeHu. PTyTh He cMaduMBaeT CTalbHEIE,
JIEeTaqy Hacoca, MO3TOMY KOJBIEBOM 3a30p MEXAYy COIUIaMH
KEKTOPHON CTYNCHH MOXET OBbITh OUY€Hb Y3KHUM, YTO TO3BOJISCT
YBEJIUYUTD CTEIEHB “CKATUS’ ra30B B 3KEKTOPHOU CTYIECHH.
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Pucynok 4.
Hacoc BbicokoBakyyMHbIH napoptyTtHsiit JJPH-10-1M
1. aaexTpomauTKa 6. corio AudPy3MOHHON CTYIIECHH

2. ucrapurenb 7. 9’)KEKTOPHOE COILJIO0



3. TeTIOU3OJISIIUS 8. mapomnpoBoj
4. XONOIMIIBHUK 9. pTyTHBIi1 3aTBOD
5. oxy1axaaemast JIOByIlKa 10. BeITyCKHOM TpyOOTIPOBOI
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Pucynoxk 5.
ITapomMacnsaHblii CTEKISTHHBINA Pa3rOHOYHBINA HACOC.

Oprannueckre Macia, IpuMeHseMble B U PY3HOHHBIX Hacocax,
OTIIMYAIOTCS OT PTYTH TPEXIE BCETO HEOTHOPOIHOCTHIO COCTaBa.
Hanpumep, w™acno BM-1 mnpexacrasiaser coOoit  Qpakiuio
Ba3eIMHOBOrO0 Macia, kumsiulyro B uHTepBaie 220-230°C. Bcee
KOMIIOHEHTBl Macjia HMMEIOT JaBIeHHE MapoB MNPH KOMHATHOM
TemnepaType He Bbime 5-10° Top, YTO MO3BOIAET MCIIOIB30BATH
Hacoc 0Oe3 oxjaxigaemol JsoByinku. OJHako JUisi OOCCICYCHHS
CTaOMJIGHOCTH  pabOTHl TMapOMaciIHBIX  HACOCOB B TCUCHHE
JUTATETBHOTO BPEMEHHM HEOOXOAMMO YCIIOXKHATh MX KOHCTPYKIIHIO
[0 CpPaBHEHMIO CO PTYTHBIMH. PaccMOTpUM  KOHCTPYKLHIO
CTEKJITHHOTO MAacJSTHOTO HAcoca ¢ BO3AYIIHBIM OXJIaXKJEHHEM (pHC.
5):

B mepBoe Bpems paboTel B ucHapuTenb | CTeKaeT Macio
MIPUMEPHO OJMHAKOBOTO COCTaBa M3 O0OMX CONeN, HO 3aTeM U3
vcnaputens 1 B MEpBYIO OYepens B COIUIO MOAAI0TCs 0oJiee JIEeTKHe
¢pakuuu. OboramieHHOe THKETBIME (QpakiusM Macjo Tomnajgaet B
UCTIApHUTENb 2; AOTONHUTEIbHOE (PPAKIMOHUPOBAHHE MPOUCXOIUT B
ucnapurtene 3. Takas cxema obecrieurBaeT MUHUMAaIbHOE JaBIICHHE
[apoB Maclia BO BXOJIHOM TpyOKe Hacoca.

Pasronka macna ocymiecTBisieTcsi B OOJBIIMHCTBE TAPOMACIISTHBIX
HacocoB. PaccmoTtpum ycrporictBo Hacoca H-0,1:
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Pucynok 6.

BricokoBakyymHEIi mapomMacisabiii Hacoc H-0,1 (a) u pasronounas
HacajKa Ha BBITYCKHOW maTpy0Ook (0)
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1. HarpeBatenb 4. HUXKHEe COILIO0
2. 5KUAKOCTHBIN 3aTBOP 5. 9’)KeKTOpHas CTyNEeHb
3. BepxHee COIIo 6. BOISTHOE OXJIAXKICHHE

DTOT Hacoc MOXeT ofecneunTh paspexenne 2:10° Top mpm
BBIILYCKHOM JIaBJICHUU 107! top. Crenens "cxatus'", ciegoBaTENbHO,
Bcero 10%, T.e. Ha TpH mepsaKa MeHbIE, YEM B PTYTHOM HACOCE.
[lonmkeHne BBIMYCKHOTO MJABIEHHS CBA3aHO C YBEIWYCHHEM
KOJBLIEBOIO 3a30pa MEXAYy COIUIAMU 3KEKTOPHOM  CTYIEHH.
Opranuueckne Macia CMayMBalOT BCE METAIbl, W CIHUIIKOM
MaJICHBKHH 3230p MOXKET OBITh TIEPEKPHIT MACIISTHOH IIEHKOM.

Macno, crekaromee Iociae KOHAGHCAMM K HCHAapUTENo,
Pa3rOHsETCS MEX]y KOAKCHAILHBIMU MaporpoBoaaMu. [laper cambix
JIETKUX ~ (Qpakiuii W3 IEHTPAIBHOH YacTH HWAYyT B BEpXHEE
ANIENTHYECKOE  COIUIO,  PACIONOKEHHOe  BONHM3M  BITYCKHOTO
TpyOOIpoBOIa.

Pasronky macia B )XHIKOH (aze MOKHO JTOTIOTHUTH Pa3TOHKOW B
mapoBoii (aze. st 3TOTO K BBIXOAHOMY TPyOOIPOBOIY Hacoca
MPUCOCAMHACTCS CTEKJIsSIHHAsE Hacalka, U300pakeHHass Ha puc. 60.
Jus obecrnieueHus] pa3srOHKM MOXeT NOTpeOoBaThcs HEOONBIION
MIOIOTPEB BCEH HACaAKU WIM ee HIDKHeH uacth. Camble JIeTKue



(bpakuum COOMpPAIOTCS B BEPXHEH YacTH B HAKJIOHHOM TaibIIe,
KOTODBIH OTIANBAIOT nocie 3aIlOJTHEeHUSI. Ucnionezys
JOTIOJTHUTENIFHYI0 Pa3rOHKY B Ta30BOM (ase, MOXKHO YIyYIIUTbH
CTETICHb Pa3PEKEHUSI U TIOBBICUTH YCTOWYMBOCTH PabOTHI HAcOCA.
Bbeictpora pelictBus aud(dy3MOHHBIX HACOCOB OMPEACIICTCS IO

hopmye:

S, =3,638A

rae Posp — MaBieHHE 1o BEpXHUM (OIMKAWITNM K BXOY)
KOJIBIIEBBIM 3a30POM MEXIY COILUIOM M CTEHKOH Hacoca.

P, — IaBieHKNE HaZl KOJIBIIEBBIM 3a30POM

A — IUTOMA b KOJMBLEBOTO 3a30pa, CM”.
Ota popmyna, cripaBeiiBa B IMIMPOKOM JHAa30HE JABICHUNA — OT
MOpeebHOTO OCTaTOYHOTO A0 HauOONBLIETO BBHITYCKHOTO JUIS
JAHHOM CTyIEHHU.

beicTpoTa gelcTBHS Hacoca 3aBHCUT TaKkKe OT MOIIHOCTH
HarpeBatels, NpUYEM 3Ta 3aBUCHMOCTb HMeeT MakcumyM. [lpu
ciaboM HarpeBe MOTOK NAapoB Macjia M3 COMeJ CIMIIKOM Mall, Mpu
N30BITOYHOM  HarpeBe  OTKAadMBaeMble  TIa3bl  HE  MOIYT
middyHIupoBaTh BHYTpPh IUIOTHOHW CTpyH TMapa, ¥ ObICTpOTa
neiicTBus yMeHblaercs. [leperpeB Hacoca MPUBOAMT K yXYIIICHHIO
BaKyyMa BCJIEJICTBHE TEPMOPAPA3IOKEHUS MACIIA.

[pu nondope mapsl auddy3noHHBIH Hacoc — (HOpBAKyyMHBIH
HAcoOC Halo COONIOAATh TaKOE COOTHOIIEHHE OBICTPOTHI ACUCTBHSA
IUIL COOTBETCTBYIOLIMX HaBJICHUH, NPU KOTOPOM (hOpBaKyyMHBIH
HacoC YBEPEHHO OTKayaeT BeCh IIOTOK TIa30B, BBIXOMSLIMH U3
muddysnonnoro. Hammpumep, OvicTpoTa neiictust Hacoca BH-461M
mpu 1 Top cocraBmser 0,7 n/c. na muddy3noHHBIX HAcOCOB
6GbICTpOTa AeicTBUs 00braHO maetcst mpu 107! Top. ClieoBaTenbHo,
Ha BXoJie TU(PPY3MOHHOTO HAacoca C BBITYCKHBIM JIaBieHHEeM | Top,
pabotatomero B nape ¢ BH-461CM, ObicTpoTa JCHCTBUS MOMKET
coctaBsaTh ipu 107 Top 10 0,7-10% 1/c wmm 7000 51/c (depes HACOCHI
OPOXOAUT OAMHAKOBOE KOJM4YecTBO Tasa). [lpu yMeHblIeHUH
BBIIIYCKHOTO JlaBiieHUsI OU(Qy3MOHHOrO Hacoca ero IpeneibHas
GBICTPOTA JSHCTBHS JOJKHA OBITH YMEHbIIEHA, MOCKOIbKY mpu 107
Top ObicTpoTa neiictBust BH-461M cocrasnser nuws 0,2 Ji/c.



OOmue npaBuiia 3KCIUTyaTalu:

[lpu 3amycke yCTaHOBKH TPEXKJAE BCEro BKIFOYACTCS HACOC
MpeaBapUTEIbHOTO BaKyyMa; UM OTKayMBaeTCsl BCSI CUCTEMA, B TOM
yrcie A y3HoHHBIH HAacOoC, A0 IMyCKOBOTO JAABJICHUS, YKa3aHHOTO
B macropre muddy3nonHOro Hacoca (06buHO 1077 TOp, uTO
cooTBeTcTBYeT 7,5 MB TepmonapHoro Bakyymmertpa). Ilocie atoro
BKJIIOYAETCS BOJASHOE OXJaxAeHue Iu(@y3MOHHOTO Hacoca, 3aTeM
€ro Harpesareb.

[Mocne BeikmoueHust M Py3MOHHBIA HACOC JTOJDKEH OCTHITH JIO
60-70°C, pu oTKauke POPBaKYyMHBIM HACOCOM.

Ecmm HarpeBatens muddy3moHHOTO Hacoca padoTan HEKOTOpoe
BpeMsi TP TOBBIILICHHOM JaBJCHUHM (3a0bUIM  TIOJKITIOYHUTH
(dopBaKyyMHBIH HAacoc), HEOOXOAWMO BBIKIIOYUTH HarpeBarelb U
HECKOJIBKO OXJaguTh Au((Yy3HOHHBIM HAcOC Iepel OTKauyKOW ero
(dbopBakyyMHBIM. B TIpOTHBHOM ciydae BO3MOXKHO OypHOE
BCKUINaHKWE paboydedl JXKUAKOCTH W BBIOpOC ee B (hOpBaKyyMHBIH
Hacoc.

Boo6mie Hamo MOMHMTB, YTO NMPH BCEX aBapUIHBIX CUTYalMIX
pexie BCETO HEO0X0IMMO BBIKIJIIOYATh HarpeBaTellb
1 dy3noHHOTO Hacoca U MEPEKPHIBATH €r0 BXOJHOH KpaH.

4.3. AncopOIMOHHBIE HACOCHI.

[puanun  nmelcTBUsS  aACOPOIMOHHBIX  (KPHOCOPOIIMOHHBIX )
HAacOCOB OCHOBaH Ha CIIOCOOHOCTH TBEPIBIX TOPHUCTHIX TeI
MOTJIONATh Taphl W Ta3bl 3a cUeT (uandeckoil ajcopOUMu IpH
HU3KHX TeMIeparypax. AJCOpOIMOHHBIE HACOCHI ITO3BOJISIFOT
OTKa4YMBaTh OOIBIINE 00BEMbI OT arMochepHoro aasieHust 1o 107
TOp; TpPH TIOCIEAOBATEIHHOM BKJIIOYEHHS BO3MOXKHO JIOCTHKECHHE
Bakyyma 10" Top. ACOp6LMOHHBIE HACOCHI JIETKO H3TOTOBUTh, OHH
MOTYT UMETh Pa3IINYHbIC Pa3Mephl U MPOU3BOAUTEIBHOCTD. | TaBHBIIH
HEJOCTAaTOK HAaCOCOB JTOTO0 THMA — IUKIMYECKOE JIEHCTBHE,
CBSI3aHHOE C HAJIMYMEM TMpejiesia TOrJoUaloueld CrIocoOHOCTH
aacopbentoB. llpu HaceimeHun anacopOeHTa HeoOXoauMa ero
pereneparnusi, IJ1s 4ero Hacoc nporpeatot 10 20—400°C.

B kauecTBe a7cOpOEHTOB Yalle BCEro UCIIONIB3YIOT CHHTETHYECHE
LICOJIUTBI — AOMOCHJIMKATHl C TIOCTOSSHHBIMH pa3MepaMu Top.
CriocoOHOCTh  a/IcopOMpOBaTh pa3NUYHBIE MOJEKYJBI 3aBHCHUT OT
BEJIMYUHBl TOp IEOJUTOB, IOSTOMY MX OOBIYHO HAa3BIBAIOT
“MONIEKYJApHBIMM  cuTaMu’. Mapka 1eoJuTa COOTBETCTBYET



pa3Mepy ero mnop, Hanpumep LeoJuT 5 A UMEET MOPhl JUAMETPOM S
aarcrpeM u T.1. Juamerpsl Monekynd O,, N,, CO, 6musku k 3 A,
CJIeJ0BaTEILHO OHHU TOTJIONIAIOTCS IleonmuTamMu SA u 4A. s
MOTJIONICHNS KPYIHBIX OPraHWYECKHMX MOJIEKYJ IEOJUTHl HE
[IPUTOJIHBI, IMOCKOJbKY MaKCHUMaJbHBIA Juamerp ux mop — 10
AHTCTPEM; JIyYIIUM aJICOPOCHTOM B JTOM Cllydae SBIISETCS
AKTUBUPOBAHHBI yromb (20-50 A).

YCeTpolcTBO  aACOPOIMMOHHBIX HACOCOB  OYEHBb IPOCTOE —
aJCOpOCHT MOMENIAeTCs B JIFOOYI0 E€MKOCTh, KOTOPYIO MOIKHO
MPUCOCAUHUTh K BAKYYMHOU CHUCTEME, OXJIaJIUTh JKUJKUM a30TOM H
3aTeM HarpeTh I pereHepanuid (puc.7).

CopOIoHHasi eMKOCTb 11e0IuTa SA

PasHOBecHOE CopOIMOHHBIE EMKOCTH I[EOTUTA, M3/KF, npu 77 K
TaBJICHUE, TOP (CKMIKWI a30T).
asor KHUCIIOPOJ] aprou BOJIOPOJT
5107 - 1 0,06 0,014
1-107 4 1,5 0,13 0,030
11073 37 8 3,0 0,030
1-102 102 80 30 0,320
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Pucynok 7.
[Ipocretimmuii (a) ¥ yCOBEpIICHCTBOBAHHBIN (0) acOpOIIMOHHbIE
HaCOCBHI.

1. ancopOeHT
2. CTEKJIOBaTa

3. TpyOKa ¢ OTBEpCTUSAMU
4. HarpeBaTelb

HexoTopble npakTuieckue yKazaHus:

Leonute! o6nagaer oueHb OOBIIOW EMKOCTBIO [T HAPOB BOJIBI —
mo 18% ot coOcTBeHHOro Beca MpH KOMHATHOM TemIepaType,
[I03TOMY IICOJIUT TEPe 3arpy3Koil B KOPITyC Hacoca menaecoo0pasHo
MIPOTPETh HECKOJIBKO YacoB B CymImibHOM mkagy npu 150-200°C ;

MEXJly HAacocOM M OTKauyMBaeMOM CHUCTEMOW  JKeJlaTeJIbHO



YCTaHOBUTHh OXJKIAAEMYIO JKAIKAM a30TOM JIOBYIIKY  JUIA
KOHJICHCAITUH BOJIBI M IPYTUX MAJIOJICTYIHX COCTUHECHUH.

Ilpu perenepainuss He CIeAyeT MEperpeBarh ICOJUTHI CBBIIIEC
400°C — npeBbIIIEHUE TEMIEPATYPhl BBI3BIBACT pa3pylLIEHUE TPaHyl
LIEOJTUTA.

CnuiikoM IUIOTHas HaOWBKAa TPaHYJIMPOBAHHOTO  ICOJIMUTA
YMEHbBIIAET  OBICTPOTY  JCHCTBUS  aJICOPOIIMOHHOTO  HACOCa;
Ie7Iecoo0pa3Ho IMOMECTHUThL B Hacoc MephOpHpOBAaHHYIO TPYOKY
(ceTky) mnst obJerdeHus IOCTyIa ra3oB KO BCEi Macce ajcopOeHTa
(puc. 70).

LeomuTsl, aKTUBUPOBAaHHBIA VyTONb W JPYTHE aacOpOEHTHI
00J1a/1a10T OYEHb TIOXOH TEIUIONPOBOIHOCTBIO — B CEPEUHE TPYOKH
muametpoM 3 cM ¢ neomurom  4A  temmeparypa 77 K
yctaHaBiuBaeTcs yepe3 30—40 MuH nocie NOMELIEHUs €€ B JKUIKHI
a30T. Tak ke MeIJIeHHO MPOUCXOJUT U Pa3orpeB MpPH pereHepalyy.
[Toatomy He cienyer aenarh HACOCHI C TOJIIUHON CIOsl ajcopOeHTa
6ozee 3 cM.

AnCOpOITMOHHBIMA  HacOoCaMH MOXKHO OTKadMBaTh o00beMa,
HauWHasE OT arMOc(epHOTo NaBJICHHS; OJHAKO IpelBapUTelbHas
oTKauka gaxe 70 10 Top yBenuuuBaeT 00BHEM ra3oB, MOTIOIICHHBIX
afcopOeHTOM, TIPUMEPHO B 75 pa3 3a CYET COOTBETCTBYIOIIETO
YMEHBITICHUS NaBieHus. [lodToMy miisi yBETWYCHHS IUTEIHHOCTH
paboTel ©e3 pereHepauusi cieayeT MNPEABAPUTEIBHO OTKAYMBATDH
BaKyyMHYIO CUCTEMY XOTs Obl BOJIOCTPYHHBIM HACOCOM.

Pereneparuio amcopOeHTa HEOOXOAMMO MPOBOAWTH MPH HACOCE,
OTKPHITOM Ha OTKAuky WM Ha atMocdepy, HHA4Ye BO3MOXKHO
CWJIBHOE TIOBBHIIIICHUE JaBIIEHUS B HACOCE B PE3yJIbTaTe BBIJEICHUS
MTOTJIOMIEHHBIX Ta30B.

HanbGonee menecooOpa3sHO  HCIIONB30BaTh  aJCOPOIIMOHHBIE
HACOCHl NI TOJyIep)KaHUs BaKyymMa B peakTopax, padoTaromux
JUTATENBHOE BpEeMsl BHE BAKYYMHOW yCTaHOBKH.

5. UIBMEPEHUE BAKYYMA.

B naHHOM pazjene paccMOTpeHbI HAaHOO0JIee PACTIPOCTPAHCHHBIC U
IIPOCTBIE CIIOCOOBI H3MEpeHns Bakyyma B peaernax 1 + 107 top.

5.1. TepmonapHbie BaKyyMITpHI.

[punnun paboTel TEPMOMAPHBIX AATYMKOB JaBJICHUS OCHOBAaH Ha



3aBUCUMOCTH TEIUIONPOBOJHOCTH ra3a OT JaBJCHUS B YCIOBHUAX
cpemrero Bakyyma (5 + 107 Top). Cxema M3MepeHHs AaBICHHMI
TE€pPMOIapHBIM JaTYUKOM NPHUBEACHA Ha pHC.8:
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Manomerpudeckue namnbl [IMT-2 u JIT-2 mpencraBnsior coboii
CTEKJISIHHbIE KOJIOBI, B KOTOPBIX CMOHTHPOBAaHBI HarpeBaTellb U
TepMoIiapa, cBapeHHbI B Touke 7. [IoCTOSIHHBIN TOK, HArpeBaroIUi
MPOBOJIOKY 3, MOXXHO pEryJupoBaTh W H3MEpsATh. s mamibl-
JaTyvka NOAOMpPAlOT BEJIMYMHY TOKa HAarpeBa, NpH KOTOPOM
MUWJIJTMBOJIBTMETP, MPUCOEIUHEHHBIM K TepMorape, mokasbiBaer 10
MB, ecu maBnenue ne npessimaet 107 Top.

IIpy  moBBIIEHMST ~ JaBIEHUS  TEIUIONPOBOJAHOCTH  rasa
YBEJIMYMBAETCA, YTO NPUBOAMT K CHIKEHHMIO TEMIIEpaTyphl cras
TEpMONapbl, — IIOKa3aHUS MHJUIMBOJIBTMETpa yMeHbIIarTcsa. K
nataukam [IMT-2 u JIT-2 npunaratorcs rpagyipOBOYHBIE KPHUBHIE,
MTO3BOJISIOLINE OIpENETUTh JIaBJICHUE o [TOKa3aHUsAM
vuurBosibT™MeTpa (0—10 MB). YacTo BakyyMm B cHCTEME OIICHUBAIOT
B MWJIJIMBOJIBTAaX, YTO CBSI3aHO C BHIOPACHIBAHMEM I'PaTyHPOBOYHBIX
KpUBBIX BMECTE C YMAaKOBKOH naTdrka. K TOMy jke MIKajbl cambIX
pacnpocTpaHeHHbIX, HaJEKHBIX U YAOOHBIX BakyymmeTpoB (YTB—
49, BT-3) nMeroT rpalyipoBKy B MAJUTUBOJIBTAX.

[Ipexxne yem BmamBaTh TEPMOMApPHBIM JAaTYMK B YCTAHOBKY, €TO
HeoOxoaumo otkanubposats. Jatunku [IMT-2 u JIT-2 nocrynaror
B 3aIlasHHOM BHJE, OTKAYaHHEIE 10 BaKyyMa He Xyxe 10 Top, Ha
YTO YKa3bIBaeT 3€pKajbHasg TIOBEPXHOCTh PACHBUICHHOTO B
OTPE3aHHOM KOHIE TOTJIOTUTENS] OCTAaTOYHBIX Tra3oB (0OBIYHO
Oapuii). JlaTuMk NOAKIIOYAIOT K BaKyyMMETpPy, HE BCKpbIBasd.
[lonGupatoT Takoil TOK HarpeBa, MpPU KOTOPOM MHJUIMBOJIBTMETP
nokaspiBaeT ToyHo 10 MB. Cnenyer ydecTs, 4TO Npu HM3MEHEHHUH



TOKa HarpeBa Cliail TepMOIaphl MPUXOINT B TEILIOBOE PaBHOBECHE
yepe3 2—3 MHWH., IIOSTOMY TOK HarpeBa HW3MEHSIOT ITOHEMHOTY.
OTkanuOpOBaHHBIA JTATYMK MOXKHO BCKPBIBaTh M BIIAUBaTh B
ycTaHoBKy. Co BpeMeHeM TOK HarpeBa MeEHSeTCs, OCOOCHHO eCiH
JATIHUK JONTO paboTai mpu MOBHIICHHBIX AaBineHusx (0-2 MB). s
KaJTMOPOBKU HEOOXOAMMO 00ECIICUNTh B YCTAHOBKE BaKYyyM HE XYKe
10" rtop. Takme Manble AABICHHS H3MEPSIOT BAKyyMMETPAMH
JIPYTHX THIIOB.

Kpome cTexnsHHBIX, HCHONB3YIOT AAaTYMK B METAJUINYECKOM
kopryce JIT-4M. 3HadeHue TOKa Hakala yKa3aHO Ha €ro Kopiyce,
YTO HE MPEMATCTBYET MoAOopy 6ojiee TOYHOTO 3HAYEHHUSI Ha XOPOIIO
OTKa4YaHHOW YCTaHOBKE.

JocronHcTBamu TEPMOMIapHBIX JIATYUKOB SIBJISTFOTCS
MPUMEHUMOCTh HMX KO BCeM Tra3aM W IapaM, BO3MOXKHOCTb
HEMpPEePBIBHOTO HAOIIO/IEHHUS 32 JaBJICHHEM B BaKyyMHOH CHCTEME.
OpHako MMoKa3zaHUs TEPMOIApHOTO MaHOMETpA 3aBUCAT OT poja rasa
(cMm. pasgen 3); KpomMe TOro, TEPMONApHBIA JaTYUK OOJamaeT
VHEpIrMel W TOoKa3aHWs MpuOOpa 3ama3AplBAalOT Ha HECKOJIBKO
CEeKYH/I IIpY OBICTPOM M3MEHEHUH BaKyyMa.

5.2. NoHu3amoHHble BaKYYMMETPHI.

Ha  puc9 M300pakeHa  JaMIma-IaTdvuK  AJIEKTPOHHOTO
HOHU3aLMOHHOr0 MaHoMeTpa. B ee neHtpe pacnonoxen karon 1, ero
OKPYKaIOT CIIUPAb aHoMa (CeTKa) 2 W IMIHHIAPHICCKUN KOJIJICKTOP
noHoB 3. Ilocmegnmii wWMeEET OTPUIATEIBHBIA  MOTEHIIAAT
OoTHOCUTEIbHO KaToja (—25 B). IloreHmuan aHoga OTHOCHUTEIBHO
karoma +200 B.
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Pucynok 9.
ManHoMeTprudecKkuii aTauk (a) U ynpouieHHas cxema (0)
WOHU3AIIMOHHOTO MaHOMETPA.



1. katox 4. MuMamMnepMeTp
2. aHOJ 5. MUKpOoaMIepMeTp HOHHOTO TOKa
3. KOJNJIEKTOp UOHOB 6. peryasTop aMuccuu (peocTar)

Hcmyckaemple HAKAICHHBIM KATOJIOM SJICKTPOHEI CTPEMSITCS K CETKE
(aHomy), co3maBasi 3JIEKTPOHHBIA TOK (OOBIYHO YCTaHABIUBAIOT €rO
[IOCTOSTHHOE 3HAa4eHHe 5 MA), 4acTh 3JIEKTPOHOB MPOJIETAET MEXIY
peAKMMH HHTKaMH CETKH W BBI3bIBACT HWOHHW3AIMIO Tasa,
HaXOJSUIErocsl MEXY CETKOM U KOJIJIEKTOPOM KOHOB. B pesyibrare
JIEHCTBUS TOJISI aHOJA JICKTPOHBI BO3BPAILIAIOTCS K HEMY, CO3/1aBast
JJIEKTPOHHBIN TOK, W BBI3BIBASA JAOMOTHUTEIHFHYIO HOHHU3AIHIO Ta30B.
Ilon npeiicTBueM TONS  KOJUIEKTOpA  IOJIOXKUTENbHBIE  HOHBI
YCTPEMIISIOTCST K HEMY, CO3/aBasi MOHHBIM TOK. Ilpu maBimeHuMsX
MerbIine 107 TOp OTHONIEHHE HOHHOTO TOKA K SJIEKTPOHHOMY IPSIMO
MIPOTIOPIIMOHANBHO ~ JIABJIIGHWUIO Ta30B B Jamme-gatduke. [lpm
MIOCTOSTHHOM  JJICKTPOHHOM  TOKE  HOHHBIA  TOK  MPSIMO
MIPOTIOPITUOHANICH JABJICHUIO, TIO3TOMY IIKala MHUKpOaMIlepMeTpa
JIMHEHHA ¥ TpagyupoBaHa B MM PT. CT. (TOp).

Bepxuuii npenen AaBieHUN, U3MEPSEMbIX HMOHMU3ALMOHHBIMU
Bakyymmerpamu (matuuk [IMU-2, mnpubop BUT-1, ILIT-2)
OmpesenseTcs TeM, YTO NpH JABICHHH B cucTeMe Bbime 10° Top
packaneHHbld Tpu paboTe modena BOIbPPaMOBBIA KaToj OBICTPO
paspymaerca. Hwkuuii mpenen m3mepenuit (10 'Top) cBazan c
YMEHBIICHHEM TIPH IABICHHSAX MeHbine 5-10° Top HOHHOTO TOKa
matunka [IMW-2 g0 3HayeHuWil, CpaBHUMBIX C  TOKOM
(hOTOIIEKTPOHHON IMHUCCHH.

Ilpyu w3MepeHMH BaKkyymMa HMOHH3AIIMOHHBEIM BaKyyMETPOM
HEOO0XOJMMO MMOMHHTb, YTO OCHOBHBIM HUCTOYHHUKOM OINHMOOK YacTo
SIBIIIETCS HEJIOCTATOYHO oOe3rakeHHas Jammna-natdauk. s ee
00e3raKuBaHNUs PEKOMEHIyEeTCS YBEIMUNTEL BpeMs mporpesa B 1,52
pasa MO CpaBHEHHMIO C YKa3aHHBIM B HMHCTPYKIUHU; >KEIaTCIbHO
OCTOPOKHO MPOTPETh CTEKIITHHYIO KOJIOY JIAMITBI Ta30BOH TOPEITKOMA.

Henomyctrma paboTa HOHH3AIMOHHOTO JTATYWKA TIPH JABICHUSIX
Bpime 10 TOp; Jydile BCEr0 HAYMHATH WM W3MEPEHHMS, KOIIa
MOKa3aHUsl TEPMOMAPHOIO0 BaKyyMMETpa C OTPETyIHPOBAHHBIM
TOKOM HarpeBa IMPOYHO YCTaHOBHWIIMCH Ha MpeAesbHOM 3HaueHuu 10
MB (10~ Top).

5.3. OuenHka jaBieHuid B 00JaCTH BEICOKOTO BaKyyMa.



Jlnanason masiennii 10°-10* top coorBerctByer Bcero 0,4 MB
Ha I[IKaJe TEepPMONapHOro BakyymMMmeTpa. B oaroit obmactm
WCIOJIb30BaHNE MOHU3AIMOHHOIO JaTYMKa HEXeJIaTeNbHO; K TOMY
’KE HEOoOXOIUMOCTh TIIATENBHOrO O0E3raXMBaHHUS  JaTyHKa,
MIEPEKIIIOYEHIS] HECKOIBKUX TyMOJIEPOB M HACTPOUKH Iepe]] paboToi
HE BBI3BIBAIOT OONBIIOTO JHTYy3Ma3Ma. [lo STUM HpUYMHAM
HMOHU3ALMOHHBIM BaKyyMMETPOM IOJIb3YIOTCS PEAKO.

B TO xe BpeMs A HEKOTOPBIX PaldoT (PEKUM MOJIEKYJISIPHBIX
ITyYKOB, HCIIAPEHHE 3JIEKTPOHHON OOoMOapIMpoOBKOH) HEOOXOIUMO
HAJIEKHO OMpPEICINTh, HE MPEBBIIIACT /1M JaBIeHHE B cucteme 107
Top. IIpubnkeHHO OLIEHUTh BEpXHUH IIpenel JaBJIeHUS MOXHO, HE
BKJTIOYAsI HOHU3AIMOHHBIA BaKyyMMETD.

OavH W3 caMbIX HAJACKHBIX KPHUTEPHUEB BBICOKOTO BaKyyma —
oOpa3oBaHue “TeHM’ OT TMPEIMETOB, IMONANAIONMX B 30HY
MOJIEKYJISIpHOTO ITyuka. Hanuuue Ha OXJIaXIEHHOH NOBEPXHOCTH,
I7Ie OCaXJalIHCh BEIIECTBA B PEKUME MOJIEKYJSIPHBIX ITy4KOB
(paznen 8.1), mosockl, MOBTOPSIONIECH (HOPMY MOMEIIEHHOW B MOTOK
MOJIEKYJl TIPOBOJIOKHM, YKa3blBaeT Ha COOJIOJEHHE KpPUTEPUs
BBICOKOTO Bakyyma (A>>d, cm. paszzen 3). OdeHb cnaboe KuIleHHE
a30Ta B MIApOBOM JoBymike (paszd. 6.3), OTCYTCTBHE HAa HapYXHOU
CTEHKE TaKOM JIOBYIIKH CKOHAEHCHPOBAHHOW BOJABI MPU BIAKHOCTH
1o 80% yka3bpIBalOT Ha TO, YTO MEXAY CTEHKaMHM JIOBYIIKH BaKyyM
e xyxe 107 top.

XopomurM KpUTepHUEM BBICOKOTO BaKyyMa, a 3a0/HO M KadecTBa
Macna B Iu(pQy3MOHHOM Hacoce SBISETCS OTCYTCTBHE M3MEHEHHMH
JaBJICHUA B IPOLIECCE 3aJIMBKU a30Ta B JIOBYIIKY Hacoca. [ Takoit
OLIEHKH HY)XHO HECKOJbKO YMEHBUINTh TOK HarpeBaTels
TEpPMOIIAPHOTO  JIaTYMKa, YTOOBI CTpelIka MWJIIMBOJBTMETPA
HaxoAWJach B mpejaenax mkaibl ¢ peneHusMu (9,5-10 mB). Tlocne
YCTAQHOBJIEHUS CTPEJIKU HA MOCTOSSHHOM 3HA4Y€HHUHM NPH BKIIOUECHHOM
mupQy3MOHHOM Hacoce 3aJMBAalOT JKUAKHHA a30T B JIOBYIIKY
BHUMATENBHO CJels 3a TOKa3aHMsIMU MWUIMBOJIBTMETpa. Eciau B
MOMEHT “TIpUJIMIIaHUs” a30Ta K CTEKJIYy HE IIPOUCXOIUT OTKIOHEHUS
CTPEJNKH B CTOPOHY OOJBIIMX 3HAYEHWH, MOKHO C yBEPEHHOCTBIO
YTBEPAKATh, 4TO AABICHHE B cucTeMe He mpesbimaer 107! Top.
OTUM METOIOM HeNb3sl I0JIb30BaThCs sl DPIYTHBIX HAcocos!
(JlaBnenue napos prytu npu 293 K oxono 10~ Top).

6.CTEKJIIHHBIE BAKYYMHBIE YCTAHOBKM.



Crexno AaBHO M 3aCiIy’)KEHHO BBIODAaHO XMMHMKAMU B KauecTBE
[JIABHOTO KOHCTPYKLIMOHHOTO MaTrepuaja [uia J1a0opaTOPHBIX
peaktopoB. Kpome mpo3padyHOCTH M XMMHYECKOW CTOMKOCTH, OHO
00J1a/1aeT BRICOKMMH “BaKyyMHBIMH~ KaueCTBaMH:

O4eHb Masioe JaBieHue napos (ne Gonee 10" top mpu 300 K);

JIETKOCTh OYMCTKH U AeCOPOLMH OONBIIMHCTBA I'a30B U MaPOB;

OTJIMYHBIE MIEKTPOU30IUPYIOLINE CBOHCTBA;

CITIOCOOHOCTH JIETKO MPUHUMATh U COXPAHATH JII00YI0 hopmy.

Jnst MOHTa)ka CTEKJISIHHOW YCTaHOBKHM JIOCTaTOYHO HUMETh OJIUH
OCHOBHOM MHCTPYMEHT — Ta30BO-BO3IYLIIHYIO TOPEIKY.

Hwmwxke OynyT paccMOTpeHBbl MaTepHaibl, AETAIM W IPHUHIMIIBI

MOHTa)Ka BaKyyMHBIX YCTaHOBOK U3 CTEKIIA.

6.1. KoHCTpyKLIMOHHBIE MaTE€pPHAJIbI, BTEKJIO.
Crexo.

Baxuenuinmu XapaKkTepruCTUKaMU CTEKOJI SIBJISIFOTCS
TeMIieparypa npeBpamieHus (pasMsrdeHus) U KOd(QOHUIUEHT
TEIJIOBOrO paclIvpeHus. B Touke mpeBpaleHus, COOTBETCTBYIOLIECH
Y3KOMY TeMIepaTypHOMY HMHTEpPBAIly, UCU€3aeT XPYIKOCTh CTEKIa,
Ha4YMHAEeTCs ero pa3msrdeHue. Ecnu 1o 3Toi TemmnepaTypsl HarpeTb
BaKyyMHUPOBAaHHBIH CTEKJSIHHBIA cOCyl, TO OH OyJIer cMmsT
aTMOC(epHBIM JaBICHUEM.

Belme TemnepaTypsl IpeBpallieHus JIexkaT TeMIepaTypa OTKHTa,
pabouas TemmepaTypa 1 TeMIepaTypa pacCTeKJIOBBIBaHUS.

Crexno o0agaeT o4eHb MI0X0H TemIONPOBOJHOCTHIO, IIO3TOMY,
€CIIH  OCTaBHThb  OCTBIBAaTb IIpM  KOMHATHOM  TeMIeparype
TOJICTOCTEHHOE CTEKJIITHHOE W3/eHe, HapyXXHbIE CIOH OyxyT
OCTBIBaTh ObICTpee BHYTPEHHHX. [Ipu 3TOM B CTeKJie HOSBISIFOTCS
OoJiblIMe HANPSDKEHUS, U M3JENIME MOXKET Pa3BaJUThCS Cpasy, WM,
YTO emie Xy)ke, I[Oclie Hadajga »JKcIuryarauuu. s cHSITHA
BHYTPEHHUX HANpsKEHUM H3JeNHe W3 CTeKia JUIMTEIbHOE BpeMs
BBIEPTUBAIOT MIPU TEMIIEpaType OTXKUTa, KOTOpas MpEBBIIIAET
TeMIepaTypy HpeBpamieHus. llpn TemmepaType OTKHTa H3JENHE B
OTCYTCTBHE BHEIIHUX YCHINH HE Je(pOPMHUPYETCS.

Belie TemmepaTypbl OTXKHTa JISKUT pabodas Temreparypa, MpH
KOTOPOM CTEKJIO MOYKHO THYTh, CHanBaTb — T.€. IMPOU3BOAUTH
CTeKJIONYyBHBIE paboTel. HarpeBanme crexna Bblme pabodeit
TeMIepaTyphl B TEUEHHE JJIUTEIBHOTO BPEMEHH MOXKET MPHUBECTH K



€ro PacCTEKJIOBBIBAHUIO — KPUCTAJUIN3ALMH YaCTH CTEKJIA; IIPU 3TOM
TepsieTcs  MpO3pavyHOCTh, MEXaHW4YecKass W  TemIepaTypHas
YCTOMYUBOCTb.

Or  ko3ddumueHTa  TEMJIOBOrO  PACIIMPEHUs]  3aBUCHT
YCTOHYMBOCTh CTEKJIa K pPE3KUM KOJICOaHHWAM TeMIepaTypsl H
BO3MO>KHOCTH COETMHEHMSI €T0 C IPYTUMH MaTepualaMu.

[lo BenmumHaM Temmeparypbl HpeBpamleHuss U KodhduuueHTta
TEIJIOBOTO PACUIMPEHUS CTEKJIA ACTATCS Ha ABE IPYIIIBL:

1. JlerxomnaBkue (“IUIATHHOBBIE”) C TEMIIEPATypOH MpeBpaIIeHUs
§OO4OOOC 1 K03(hHUIMEHTOM TeTIoBOTO pacmupenus (85-90)-10°

2. TyromnaBkue — ¢ teMmmneparypamu npespamieHus 350-500°C u
KOd(pQUIUEHTaMH  TemnoBoro  pacummpenus  (47-52,5)-107
(“monubaeHoBbie”), (3540 )-107 (“BonbdpamoBsie”).
“Metannuyeckue” Ha3BaHMUsSI TPYNI CTEKOJN  YKa3blBaIOT HA
BO3MOXHOCTb CITaliKU C COOTBETCTBYIOIIMMH MeTajulaMH OJiaroaaps
omuzocti  KoaduimeHToB TermoBoro pacmmpenusi. CpoiicTBa
OCHOBHBIX CTEKOJI IPUBEICHBI B paznene 9.

Kpapreroe cTekiao sBisSeTcs OMHOKOMITOHEHTHBIM (Si0,), oHO
OTIIMYAETCs] OT BCEX JPYTUX CTEKOJ TYTOIUIAaBKOCTHIO (pabodas
temmeparypa 1250°C) u oueHb ManbM KO3(QQUIUEHTOM TEIJIOBOTO
pacumpenus — 5-1077, T.e. B 10 pa3 MeHbIIIe, YeM y APYTHX CTEKOIL
bnaromaps mManomy KO3(QQHLUMEHTY TEMJIOBOIO PpacIIMpPEHHS
W3Jenusl U3 KBapla He HyKIAlTCs B OTXKHUTE.

Crexia IIaATHHOBOH TPYIIBI MMEIOT I[BET TOPLA TPYOKH JITHHOM
cBeiie 10—15 cM OT 3eIeHOro 10 CUHE-3CJICHOT0; TOPIbI TPYOOK U3
MOJHMOICHOBBIX CTEKOJ OKpAIlEHbl B CBETJIO-XKEITHIM LIBET; LBET
BOJIb(PAMOBBIX CTEKOJ (ITUPEKC) U3MEHSIETCS OT CBETIIO-)KEJITOTO JI0
Oenoro. ['maBHOoe oTiamune TPyOOK W3 MHpeKca — MPOJOJbHBIC
MIOJIOCHI, XOPOILIO 3aMETHBIE NP BPALICHUU TPYOOK; MOIUOICHOBOE
CTEKJIO, KaK 0oJjiee JIErKOIUIABKOE, OOBIYHO HE MMEET II0JIOC BIOJb
TpyOOK.

KBapueBoe cTekin0 HHU3KMX COPTOB MaJlo IMPO3payHO, B HEM
COIEP)KUTCS Macca MeNbYaWlIMX Iy3bIpbKoB. OCHOBHOE OTIHYME
KBapla OT JPYTHX CTEKOJ — OTCYTCTBHE pa3MATYeHHs MPH KPACHOM
U KEJITOM KaJIEHWHM B IUIAMEHHM BO3JYIIHO-Ta30BOM ropenku. [lms
naiky KBapia HeoOX0JuMa KUCIOPOJHO-Ta30Basi TOPEJIKa.

OCHOBHBIM CTEKJIIOM [UII HM3TOTOBJIEHHUS JeTajedl BaKyyMHBIX
YCTaHOBOK Ha XWUMHUYECKOM (aKyJbTeTe SBISETCS MOJIUOICHOBOE.
OTO  CTEKIO  [JOCTaTOYHO CTOMKO K  TEIJIOBOMY  ylapy.



MonubeHoBOe  CTEKJIO  JIETKO  CHasTh €  METaUTHYeCKUM
MOJHOICHOM; XOPOIIHI CITail MONyYaroTCsl ¢ KOBapoM (CM. HIDKE).
s cnaiiku MOJIMOJCHOBOIO CTEKIIA C JAUPEKcoM (BOJIb(HpPamMoBOC)
HEOOXOIMM TePEX0/1 U3 CTEKIIA C IPOMEKYTOYHBIM KO3 PUIIMEHTOM
TEIUIOBOTO pacIIMpeHus. TakuM SBIAETCS HMEHCKOE IEPEeXOIHOe
CTEKJIO — TPYOKH C MPOOIBHOMN YepHO# monocoi. [lepexoHbie cran
MOJIMOJIGHOBOE CTEKII0O — KBApI] COCTOST W3 HECKOJIBKUX COPTOB
CTEKOJT; X OOBIYHO JENIAI0T BHICOKOYAaCTOTHOU CBapKOM.

[Ipn HarpeBaHnM B BaKyyMe W3 CTEKOJI BBLAETSIOTCS B OCHOBHOM
mapsl BOJBI M JIBYOKHCH yriepojia. bopocunnkatHele (TyroIiaBKUe)
CTEeKJIa, HaXOJSIIUECs Ha BO3MyXe MPH KOMHATHOW TeMmIepaType,
ancopoupyior 10—50 moHoCIOEB BOABI U 10 S MoHOCHoeB CO,. s
MOJIHOM JIECOPOIMM ATHUX BEIIECTB HEOOXOJUM MPOTPEB CTEKIa B
BakyyMme He Xyxe 10~ Top 10 350°C B TeyeHHEe HECKONBKHX YacoB.
[Ipu Harpeanuu 10 400°C nmpeobnagaet BeIICICHUE TTAPOB BOIBI U3
Macchl cTekna. Takol mporecc MOXKeT IMPOAOIKATECS OYEHb JIOJITO.
CreknsHHBIE KpaHBl CO CMa3KOW IMPOTpeBaTh HENb3sl, MOITOMY B
YCTaHOBKE C TaKWMH KpaHaMH BCer/ia MPHCYTCTBYET BOJA,
KOJINYECTBA KOTOPOU B cilydae OOJBIINX CTEKJITHHBIX TOBEPXHOCTEH
MOTYT OBITh CpPaBHHMBI C KOJMYECTBAMH HCCIIEAYyEMbIX pearcHTOB.
Ecnu moBepxHOCTH cTeKiIa 0CBOOOIUTH OT acopONpOBaHHON BOJEI,
OHa MOXeT copOMpoBaTh Maphl Macia u3 auhdy3noHHOTO Hacoca. B
psAAe ciay4yaeB Takoe ‘‘3arpsAi3HEHHe” CTeKJa MpeANoYTUTENbHEE,
ITOCKOJIBKY TIEHKA Maciia TuApoQoOHa U MaJIo JieTyyva.

Monnb1eHoBOE CTEKIIO UMEET OYSHb MaTyI0 Ta30IPOHUIIAEMOCTh
IIp¥ KOMHATHOM Temneparype. Jlerde npyrux rasoB uepe3 TOHKHE
CTEKJISTHHBIC MIEPETOPOJIKA TupPyHIUpYeT TeNni.
["azomponuIiaeMoCTh KBapIia ropasio BBIIIE, YeM Y IPYTHX CTEKOJ.
Kgapn maumnaer ourytumo mpormyckars renuii npu 180°C, Bogopox
— mpu 300°C, kucnopon, a3zoT, apron — npu 900—-1000°C. ITortomy
IUT 00€3raXXKrBaHUs HEIb3s IPOTPEBaTh KBAPIIEBOE U3/IEIUE ra30BOM
TFOpPEJIKOM; JIydllle MOJIb30BaThCAd JJIEKTponeubto. [ oTnaiku
OTKaYaHHBIX KBapUEBBIX H3JEIUI ClleyeT MPUMEHITH YTOJIBHYIO
YTy, HO HE TOPEJIKY.

Meramibl.

M3 MeramioB M3rOTOBISIOT B OCHOBHOM KOPIIyCa BaKyYMHBIX
HacocoB. s Tex dYacTell XMMHYECKHMX BaKyyMHBIX YCTaHOBOK,
KOTOpBhIE€ HMEIOT KOHTAaKT C AaKTHUBHBIMH pPEareHTaMH, METajlIbl



OOBIYHO HE TPHUMEHSAIOT. VCKiIFoueHHEe COCTaBISIOT 3€pKalbHBIC
MTO/ITIOKKH B CIIEKTPOCKOITMYECKUX HU3KOTEMITEPATyPHBIX KIOBETAX.

B BakyyMmHBIX cucTeMax He cJIeIyeT MpUMEHATh JIUThIE
METaJJIMYeCKue  JeTalld,  KOTOpble  Oo0majgaroT  OOJBIIOH
MOPHUCTOCThIO. BecbMa HexenaTenbHO WCIONB30BaHHE OpOH3HI,
JaTyHU WU JAPYTUX CIUIaBOB, B COCTAaB KOTOPBIX BXOJAAT IIMHK H
kagmuil. JlaBnenue mapoB 3Tux MertamioB npu 200°C cocraBusieT
oxoio 107 Top.

I'maBHOM TIpOOIIEMO OOBIYHO SBIIETCS BaKyyMHOE COCIMHCHHE
CTeKJla C MeTaioM. MonuOJeHOBBIE CTEKJIa CIIauBalOTCAd C
METaJUTHYECKHM MOJIHOJICHOM. Koaddumment TETJIOBOTO
pacmmpenuss momu6aena  55-107.  Ko>(pduummeHT —TemioBoro
pacimpenus Bonbgpama 44107, ero nyuine crnauBaTh CO CTEKJIOM
TUna nupekc. g Hafe)XHOTO BaKyyMHOTO COEIMHEHUS TIATEIHHO
OYHIIEHHBIH METaT JOJDKEH OBITh MOKPHIT TOHKHM CIIOEM OKHCJA.
[ToBepxHOCTH MONTUO/ICHA IO CIIOEM CTEKJIA IIPH XOPOIIEM KauecTBe
cnas  umeer  KopuuHeBbli  1nBer. Cmam  MommOmeHa ¢
COOTBETCTBYIOUINMH CTEKJIAMH BBIZCPKHBAIOT PE3KOe OXJIaKICHHE
KHUJKHM a30TOM.

YacTo UCIoIb3yI0T Cau MOIUOIEHOBBIX CTEKOJ ¢ KoBapoM (54%
Fe, 29% Ni, 17% Co, 0,2% Mn, 0,2% C). KadecTtBeHHBII crait
nMeer cepeli 1BeT. Ilpu cnaiike KoBapa cO CTEKJIOM HEAOIYCTUM
JUTUTENbHBIN HarpeB MeTtawia cBbime 435°C, mOCKONIBKY MpH 3TOM
TeMIlepaType TPOUCXOMUT (a30BBIH  TEPEeXOod, H3MEHSIOITHI
KO3(G(GUIMEHT TEIUIOBOTO  pAaCUIMpeHHs KoBapa (HOPMaJIbHOE
snauenne 45-107). KoBap XOpOMIO COGHHHSETCS C JIPYTHMH
MeTaJlJIaMH MSTKUMH W TBEPABIMH MPUIIOSIMH. Y CTONYMBBIE K
TeMIepaTypHbIM KOJeOaHUSM CIad TOJY4YaroTCs B OOIIEM ciydae
JUTA TaKUX Tap CTEKJIO-METAJUI M CTEKIIO-CTEKJIO, KO3(PPHUIMEHTHI
TEIUIOBOTO PACIIMPEHHUS KOTOPBIX pa3nuyaroTcs M Oonee 4dem Ha
7-107.

Pe3una n macTMacchl.

Pe3nHOBBIE TPOKITAIKK MPUMEHSIETCS B JU(PPY3HOHHBIX HACOCaAX.
Hnst coennHenus: (HOpBaKyyMHOTO Hacoca C YCTaHOBKOH OOBIYHO
WCHOJB3YIOT PE3UHOBBIE NUIAHTU. OTH M3AEIUS HU3TOTOBJIEHBI U3
CIEIUATBHON BAaKyyMHOM PE3WHBI, KOTOpas 00JIaacT CPaBHUTEIHHO
HEeOOJBIION Ira30POHUIIAEMOCTBIO.

CrnenyeT NOMHHTH, YTO IIPH MOHWKEHUH TEMIEPATYpPhl BO3MOKHA



JETIOIMMEPHU3aIsl Pe3UH U BBIJENIEHHE U3 HUX JIETYYUX MPOIYKTOB,
— IS HEKOTOPBIX COPTOB Iporiecc HaunHaeTcs yxke mpu 60°C.

I[J'II/IHa PE3MHOBLIX MUJIAHI'OB B YCTAHOBKC JOJIZKHA 6I:ITI>
MUHUMAIILHOW. {7151 BBOAA 3MEKTPOJOB B BaKyyMHYIO YCTaHOBKY H
HEKOTOPBIX JPYTUX TIIeied MOXKHO HCIIOJIB30BaTh TIPOOKH W3
OyTunoBoii pe3unsl. [IpoOku HE0OX0ANMO HPOTPeTh B BaKyyMe Mpu
100°C B Teuenue 2—3 4acoB, 3aTEM UX HarpeBarOT HECKOJBKO YacOB
mo 110°C B macne rpymmel BM. Ilocie Takoi o0paboTku MpoOKH
MOXHO HCIIOJIB30BaTh B CUCTEMAaX C MUHUMAJIBHBIM OAaBJICHHEM 1075
Top. HarpeBanue npoOoK mpu 3TOM HEAOIMYCTHMO.

B BakyyMHBIX CHCTEMax YacTO WCIOJNB3YIOT JeTalld U3
tetpadroprioudTuiicHa (teduion, ¢ropomiact-4). ITOT MaTepuan
He pazmaraetcs npu HarpeBanuu 1o 200°C. Tedmon obOmamaet
HEKOTOPOU TEKYUYECTBIO MOJI JABIIEHHEM; 9TO CBOMCTBO HEOOXOAUMO
YYUATHIBATh TIPU W3TOTOBIEHUM IPOKIAJAOK W YIUIOTHUTEICH Ui
Bpalarmonuxcsi getanel. B mocieaHem ciydae Jydile BCEro
coyerarhb Te(i)J'IOHOBI)Ie U PE3MHOBLBIC BTYJIKM, KaK IIO0Ka3aHo,
Hampumep, Ha puc.10.

Pucynox 10.
BBonx BpauieHus B Bakyym
1. Ban
2. TepmoHOBAS BTYJIKA
3. pe3suHOBas BTYJKa
4. HAXXUMHAs raifka

B BakyyMHOi#1 cucTeMe MOTYT OBITh HCIIOJIB30BAHBI Pa3IMIHBIC
IJIACTMACCHI, OJHAKO HEOO0XOJMMa WX THIaTeJbHAs IMPOBEpPKa Ha
ra3onpoHULAEMOCT, M JABJICHUE HACBIIIGHHOro mapa. B
BBICOKOBAKYYMHOW YacTH YCTAHOBKHM 4YMCJIO JI€Tajeil U3 pPe3uHbl U
IJIACTMACC JIOJIKHO OBITh MUHUMAJIBHBIM.

6.2. BciomorarenbHble MaTepUAIbI.
Bsi3kue ymnorHuTenu (cMaskH).
HHSI YIUIOTHCHUS CTCKIIIHHBIX KPAaHOB U IHJII/IQ)OB B OOJIBIIIMHCTBE
CJly4dacB Ham6onee MNpeANOYTUTCIbHA CMa3ka Tuiia Pam3zas

(xayuykosas, 'OCT 0183—-75). Ota cMa3ka roTOBHUTCS CIUIABICHUEM
mpu 100°C 6 gacreli BazeTnHOBOTO Macia, 2 Jactel mapadunaa u 16



yacTte Kayuyka. JlaBieHue mapoB CMa3Kd MpU KOMHATHOU
TeMIIepaType He J0IDKHO TpeBbimath 10~ Top.

Anne30HOBbIe (YTICBOJOPOHBIC) CMa3KU UMEIOT ropasjo Oojee
HHU3KOE JaBieHue mapoB (10 1077 Top), OmHAKO OHM O06GIAAIOT
00JbIIel TEry4ecThI0 M BBDKUMAIOTCS M3 KPAHOB, YTO MPHBOJUT K
3ae/JaHHIO MTOCIIETHUX.

B mocnenHee BpeMs MONYyYHIN PaclpoOCTPaHEHUE CUIMKOHOBBIC
CMa3Kd, KOTOpBbIE TOTJIONIAIOT  Tropa3fi0  MEHBIIE  IapoB
OpPraHWYEeCKNX COOCIMHEHUH, 4YeM KaydyKOBbIE M YTJIEBOJIOPOJIHBIE.
OpHaKo CHJIIMKOHOBOE CMa3KM TOXKE€ BBDKMMAIOTCS W3 KPaHOB MpHU
moBopoTax. Jlydine Bcero MCoip30BaTh CHIMKOHOBBIE CMa3KH IS
CKOJIB3SIIIUX U Pa3bEMHBIX COEAMHEHUI PE3UHBI CO CTEKIIOM.

B Ttex cmywasx, korma TpeOyercs Oojee rycras 3amasKa
(mpucoenMHEeHNEe ONTUYECKUX OKOIIEK K IUIOCKUM nutidam), y100HO
WCTIONB30BaTh IIacTWiMH ¢ nobaBienneM 10-30% kaydykoBon
cma3kd. KommnoHeHTsl crutaBisitorcss B Bakyyme mnpu 100°C u
OTKa4MBAIOTCS MPH 3TOi Temmeparype 10 107~ top.

Jm penxo pa3beMHBIX HETIOABIKHBIX COSAMHEHUH HCIIONB3YIOT
IUIaBSIIMECs] 3aMa3KU-OMTYMbI M THIEWHBI. J[aBieHuWe mapoB 3THX
3ama3ok npu 20°C me mpesbimaer 10 Top, oHM mmaBsTCA mpH
temneparypax 40—100°C.

Kien.

Eciu  Mecto  CkIEWKM  pa3sHOPOJAHBIX  MaTEpUalOB  HE
TTOIBEPTaCTCS pe3KuM KoJIeOaHusIM TEeMITepaTyphbl,
NPEANOYTUTENHEE BCETO MCIOIb30BaTh AMOKCUAHBIE Kieu. OHu
00Ja/laloT BBICOKOW XMMHUYECKOW CTOWKOCTHIO M OYEHb MajbIM
JIaBJICHUEM TIapOB.

st HaknelKy craeB TepMONap Ha CTEKJIO U COJEBBIE OKOILIKH
MOXXHO HCHONb30BaTh kiei b®d-2. TmarensHO 00€3:KUpEeHHBIC
ITOBEPXHOCTHU MOKPHIBAIOT TOHKUM CJIOEM KJIes (KJICH IOJDKEH OBITh
a0CONIOTHO TPO3pavyHBIM, MYTHBIH HE TOIUTCA), BBICYLIMBaeT 2—3
yaca NMpu KOMHaTHOW Temmnepatype u 1-2 gaca npu 100°C. Jlerann
MOKPBIBAIOT KJIEEM BTOPHUYHO, IUIOTHO TNPIWKUMAIOT U CyLIaT
aHaJIOTUYHO, TIOBBIIIAs B KOHIIE TeMiieparypy 1o 150°C.

IIpu mcnons30BaHUN AMOKCUAHBIX KiieeB (yurne Mapku “II10”)
MOJIC3HO TMOKPBHITH MPEABAPUTEIBHO CKJICUBACMbIE MOBEPXHOCTH
kieem b®d-2, xak omnwucaHo Bbime. Eciau ckieiika BbITTOJTHEHA
MPaBUIbHO, C MUHUMAJIbHON TOJIIUHON KJIEEBBIX CIOEB, TO KIEECHbIE



COEAMHECHHUS MOJIMOAEHOBOTO CTEKJIAa C KOBAapOM M MOJIMOAEHOM
BBIJICP)KUBAIOT MHOTOKPATHOE OXJIAXK]ICHHUE KUIAKHM a30TOM.

B mHacrosimiee BpeMsi BBIMYCKAlOTCSl CHEHMANbHBIC KIEH JUIS
pasNMYHBIX NPUMEHEHHH B BakyyMHbIX cuctemax. He cruenyer,
OJIHAKO, TIOJh30BAaThCA OPTaHWYECKUMH KIesMu 0e3 KpalHen
HEOOXOIUMOCTH, IIOCKOJBKY OHH aJCOPOMpPYIOT OpraHHUYEcKHe
peareHTsl, pearupyoT ¢ TaloreHaMu 1 rajJoreHBOI0pOJaMH.

6.3. Jletanu BaKyyMHBIX YCTaHOBOK.
Kpansi.

B cTeknsIHHBIX BaKyyMHBIX YCTAaHOBKaX 4allle BCETO MCIIOJIB3YIOT
NpULUTN(OBAaHHbIE CTEKJSIHHBIE BakyyMHble KpaHbl. Kpawsl,
n300pakeHHbIe Ha puc. 1la (MPOXOMHBIE) MPUTOTHBI TOJBKO IS
YCTAaHOBKM MEXAYy oOObeMaMH, JaBJICHHE B KOTOPBIX HIXKE
atMocdepHoro. Yrnosble kpaubl (puc. 116 u 11B) MoxHO
UCTIONIBb30BaTh AJsl  COCAMHEHHMsSI BaKyyMHBIX KOMMYHUKAIMH
(HKHUH OTBOJ) C MCTOYHHMKAaMHU JapieHus 10 1,2 atm (OokoBoi
otBon). B aTOM ciyuae atmocdepHOe AaBiIeHUE NMPIKUMAET KEpH
KpaHa. YrioBoi kpaH (110) Hepemko HCHOIB3YIOT M Kak IPOOKY.
Broanmast BHyTpeHHHMH 1niHd (KEepH) KpaHa, MOXKHO 3alHMBaTh
KHUJIKOCTH B IIPUIIASHHBIA K HIDKHEMY OTBOAY O0BEM.

Pucynoxk 11.
CrekisHHbIE BaKyyMHBIE KPaHBbI.

Kpanbl, He ObiBIIME B YMOTpeOJIEHHH, CIEAyeT HPOBEPUTH Ha
kadecTBO mpunu@oBku. s 3TOro Ha KEpH KpaHa CIUYKOH
HAaHOCAT Y3KYI0 TMOJIOCKY rimnepuHa. [Ipm moBopoTe KepHa B
KOpITyCe XOpOIIO HMPUIUTN(OBAHHOTO KpaHa TIIMLEPUH PACXOIUTCA
Mpo3pavyHoil mIeHKoi Oe3 monoc W my3blpeil. B mpoTuBHOM ciyyae
KpaH HeoO0XoauMo Ionniu¢oBBBaTh. JJIg NMITH(OBKH HCIOIB3YIOT
KOPYHOBBIE ITOPOIIKH COOTBETCTBYIOUINX 00BEMY PabOThI HOMEPOB.



Kepn u kopmyc xpana oOunbpHO cMaunBaroT 50% BOIHBIM pacTBOPOM
rmureprHa. lcmonb3oBaHue cyxoro a0pasuBa WM BOABI 0e3
[IIUMIEPUHA MPUBOIUT B OOJBIIMHCTBE CIIy4acB K Oe3HaIEKHOMY
3aegaHul0 KpaHa. KepH BpamamoT B KOpIyce KpaHa, Clerka
Haxumas. llepuopuueckn pacTBOp TINIMIEPHHA C KOPYHJOBBIM
MNOPOLIKOM CMBIBAOT TEMJI0M U HAHOCST HOBEIC nopuuun a6pa3HBa u
pactBopa.

IlockosbKy CKOpPOCTh OTKAa4KM OYEHb CHJIBHO 3aBUCHT OT
auaMeTrpa  OoTBepcTHss (cM. paszmen  3), HMHOTJAa BO3HHKAeT
HEOOXOIUMOCTh PACIIMPUTh OTBEPCTHE B KepHe Kpana. [yist atoro
UCTIONB3YIOT KOHYC M3 KPYIIHOI'O Ha)KAaka Ha BOJOCTOMKOH OCHOBE
(marepuaTas HaxkgadHas mKypka). Ilpu octopoxkHoil paboTe KoHYC
MOKHO Bpamarh 3JeKTpoABurareieM. Haxagak mnepuoauyecKu
CMa4yMBalOT BOJHBIM PACTBOPOM TJIHILIEPHHA.

XpaHuTh KpaHbl clienyer 0e3 cmaskd. [ mpemoTBpaimeHus
3aeAaHusl MEXKIYy KEpHOM M KOPIyCOM BKIQJBIBAIOT MOJOCKY
OyMmaru.

IIpu cBapke BBIXOZOB KpaHa CO CTEKJISIHHBIMH TPyOKaMu KEpH
JIy4lI€ BbIHYTb. BoxoBrie OTBOABI JOJDKHBI UMCTH IJIMHY HC MCHBLIC
2 cM Ui MaleHbKuX U 4—6 cM i Oonpmux KpaHoB. Kopmyc kpaHa
1 0COOCHHO MECTa COEIMHEHMs C KOPILyCOM OOKOBBIX OTBOJOB IIPH
CBapKe JIOJDKHBI ObITh 00MOTaHBI aCOECTOBBIM IIHYPOM HWITH JICHTOM.

Jns cma3ku KepH KpaHa CierKa HarpeBaloT Haja IUIaMeHEeM
TOPEJIKH ¥ HAHOCAT CYyXHMM ILIIATeJeM OYeHb TOHKHH CJIOH CMa3KH,
OCTaBJIsiA YMCTOM HIDKHIOIO 4YacTb KepHa — MpuMepHo 1 cwm.
WznumHsiss cMa3Ka COBEPUICHHO HE CIIOCOOCTBYET JOCTIKEHHIO
xopowero Bakyyma. llocme 3TOro Temiblii KepH BCTaBISIOT B
TIIATEJIbHO OYMINEHHBI KOPIYC M BpallaloT A0 00pa3oBaHUS
MIPO3PAYHOTO CJIOSI CMa3Ku 0e3 MATEH M IOJIOC. YTIIEBOJOPOAHbIE U
CHJIMKOHOBBIC CMAa3KH JICTKO CMbIBAIOTCA JUITHIIOBBIM 3(1)I/IpOM u
XJIOpOOPMOM.

KpOMe OCIIBbHOCTCKIITHHBIX, B XUMHNYCCKUX BAaKYyYMHbIX
YCTAHOBKAaX HCHONB3YIOT KpaHbl (BEHTWIM) C Te(QIOHOBBIMH
yIJIOTHEHUsIMU. Takue KpaHbl HpU XOPOILIEM HW3rOTOBICHUHM HE
TpeOYIOT CMa3KH M BBIIEP)KUBAIOT AABJIEHUE CO CTOPOHBI 3aKPHITOTO
TE(IIOHOBBIM ITOKOM 00bEMa JI0 5 aTM.



Pucynox 12.
Kpan ¢ Ted10HOBBIM YIIIIOTHEHHEM (OTKPHIT).
1. CTEKIITHHEIN KOPITYC 3. raiika (XJI0poIIIacT)
2. Te(IIOHOBBIH MITOK

Meramueckue KpaHbl Pa3iUYHbIX KOHCTPYKLUI MMEIOT OYEHb
MaJIO€ T'a30BbIACICHUEC U HATCKAHHUC, HO B XUMHNUYCCKHUX BaKyyMHLIX
YCTaHOBKAaX HCIOJB3YIOTCS PEIKO, B OCHOBHOM H3-32 TPYAHOCTH UX
COCIUHEHHUS CO CTEKJIOM M Majoll XMMHYECKOM CTOHKOCTH.

s

Jna pa3beMHBIX BaKyyMHBIX COEIMHEHHUI CTEKIISTHHBIX TPYOOK
KCIONB3YIOT CTaHAapTHhIC KoHMueckue numuder Ne 10, No 14,5, Ne
19, Ne 29. bonee penkue HOMepa — Ne 7,5 u Ne 45. Homep munda
orpesensieTcs HauOONBIINM JHAMETPOM NPUIITH(GOBAHHBIX KEpHA
(BHYTpeHHsIs1 yacTh) U My(Thl (BHewmHss 4yacTh). KoHycHOCTh Bcex
numpoB kpunaara 1:10. [IpaBuna npuTUpku U cMa3ku TUIM(GOB TeE
e, 4TO U JUI CTEKJISTHHBIX KPaHOB.

OXJ'Ia)K}_IaCMLIe JIOBYIIKH.

B  BakyyMHBIX yCTAaHOBKax 4Yalle BCETO0  HCIIOJIB3YIOT
oxnaxaaeMmble xuakuM azotoM (77 K mwim —195°C) noBymku 1ByX
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Pucynoxk 13.
OxJTaK1aeMBbI€ JTOBYIITKH.




Pazbopayto snoBymiky (puc. 13a) mpuUMeHSIOT B TeX CiIydasx, KOTaa
HEOOXOIUMO CKOHJCHCHUPOBATh OONBLIME KOJIMYECTBA Ta30B H
napoB, a Taxke Boabl. Ilocie oxkoH4aHUs! pabOTHl TaKylO JIOBYILIKY
MOJKHO OBICTPO CHSITH U OTHECTH Pa30rpeBaThCs B BHITSDKHOW IIKad.
[Tockonbky  pazbopHast JIOBYIIKA OKa3bIBaET OoubIoe
COIIPOTHUBJICHUE MOJIEKYJSIPHOMY IIOTOKY B YCIOBHSIX BBICOKOTO
BakyyMa, €€ OOBIYHO IIOMELaloT B (POpBaKyyMHBIX JIMHUSAX
YCTaHOBKH.

JloBymika ¢ BHyTpeHHEH OXJIa)KAaeMOi MOBEpXHOCTHIO (puc.130)
MOHTHPYETCSI HaJ BXOJHBIM MarpyOkoM muddy3noHHOTO Hacoca.
[pu pabote Hacoca B HWKHEH YacTH JIOBYIIKH, YCTaHOBJICHHOW HaJI
PTYTHBIM HAacocoM, COOHMparoTCs Kalild PTYTH, Majalollue Ipu
pasorpese oOpaTHO B Hacoc.

ManomeTpsl

Js m3mepenns gasieruit ot 1 mo 1000 Top caMbIiMu yIOOHBIMH
sBistorcss U-oOpasHble pTyTHBIE MaHOMETpHI. [Ipu ncmons3oBaHUM
BMECTO PTYTH BBICOKOKHIISIIIINX >KUJIKOCTEH (Hampumep, macia BM—
5) nmerxko wm3meputh nmasneHus 0,1-10 Top. TpyOku mMaHOMeTpa B
3TOM CIIy4ae CJIEAyeT JeiaTh C BHYyTPEHHUM JAUaMEeTPOM HE MeHee 6—
7 MM ans ocnabieHus] KanwULIpHBIX siBieHuil. Kpome Toro, rassl,
JABJICHUE KOTOPBIX H3MEPAETCA, HE JOJDKHBI PACTBOPATHCS B
MaHOMETPUYECKOH KUIKOCTH U pearupoBaTh ¢ HEH.

Ilepen m3mepeHneM MaBICHUN >KUIKOCTHBIMH MaHOMETpPaMH WX
HY’KHO THIATEJIhHO OTKa4yaTh MpPHU OTKPHITOM KpaHe 2 (puc.14). Bo
BpeMsi U3MEPEHUM KpaH 2 3akpbIT. HamyckaTs ra3 B MaHOMETpP HaJl0
OCTOPOXKHO — TSDKENasi PTYTh Jake HpU HAJTUYUW 3aMeJUISIOIIErO
Kalmuisipa MOXeT pa30MTh MaHOMETp MpH OBICTPOM BIyCKE rasa
1101 OOJBIIIUM JIaBJICHHUEM.

{ ) X Pucynok 14.

KunkocTHoM MaHOMETP
. IIKaJIa C JeJICHUSIMU
. KpaH
. Kamuusip
. IPEAOXPAHUTETLHBIA 00bEM
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Heb6omnsmine JAaBJICHHUA arp€CCUBHBIX Ta30B UM MApOB MOXHO C



BBICOKOH TOYHOCTBIO U3MEPATH CTCKIIAHHBIM M€M6p AHHBIM
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Pucynox 15.
MeMOpaHHBIT MAaHOMETP
1. membOpana 5. TOJKaTeNb
2. KpaH 6. OCBETHUTEIb
3. 3epKkainblie 7. mkana

4. ynpyras HUThH (IepIEHANKYISIpHA
TJIOCKOCTH PUCYHKA)

Bo m36exanune paspeiBa MeMOpaHbl kKpaH 2 (puc.l5) mepekprIBaroT
mocje OTKAaYKd BCEro MaHOMETpa TOJNBKO Ha BpEMsl M3MEPECHUH.
KamubpoBky  MemMOpaHHOTO  MaHOMETpa  OCYMIECTBIISIIOT IO
BomsHOMY U-oOpasHomy wMaHomeTpy. Ilepenq kaimmOpoBKo#W B
MaHOMETP HAIyCKaloT TPUd OTKPBITOM KpaHe 2 BO3AyX TOJ
aTMOC()EpHBIM JIaBJICHHUEM, IIOCJIC Yero KpaH MepeKpPhIBAIT U
OCTOPO’)KHO BIYBAaKOT W30BITOYHOE JaBJICHHE B BOASHOH U
COOOTITAFOIIHIACS ¢ HUM MEMOpPaHHBI MaHOMETPHI.

[Ipu pabote ¢ paBnaeHusimu 10—500 Top MeMOpaHHBI MaHOMETP
WCIONB3YIOT B KayecTBE HYJb-IPUOOpa, IUIsl Yero K ero BHEUIHEH
KaMepe TMOJKIIOYal0T PTYTHBIH MaHOMETP W HalyCKaroT B Hee
BO3MyX MpH 33JaHHOM JaBJICHUH. B 3TOM cirydae MeMOpaHHBIN
MaHOMETpP Uu3MepsieT HeOOJbIIoe H30BITOYHOE MAaBJICHUE TIO
CPaBHEHWIO C TIOKa3aHMSAMH pPTYTHOTO MaHoMeTpa. [a3 moxn
MeMOpaHy ¥ BO3JlyX BO BHEIITHIOIO KaMepy HaIlyCKaloT IONEPEMEHHO
HeOoIbIMMHU TopIusiMu. ONUcaHHBIN Croco0 MO3BOJIIET U30eKaTh
3arpsi3HEHHs BEINECTB ClIeJaMH  PTYTH, HO TpeOyeT OOibIIoi
OCTOPOXKHOCTH, — TIpH OOINBIIOM [aBJICHHH C OJHOM W3 CTOPOH
MeMOpaHbI BO3MOXKEH €€ Pa3phiB.

6.4. O01Me TPUHIIAITHI KOMITOHOBKH.



Co3nmanre BaKyyMHOH (M OO0 IPYTroM ASKCIIEPUMEHTATBHOMN)
YCTaHOBKHU IIPENCTaBIsgeT c000il MOWCK pa3yMHOTO KOMITPOMHCCA
MEXIY BO3BBIIICHHBIMH MNOTPEOHOCTSMH W HalHMYUeM CIy4aiHO
npuoOpPEeTeHHOr0 M cnucaHHoro obopynosanusi. JKemnaromue
oGecrieunth BbICOKMI (Tyume 10° Top) BakyyM B peaKTOpax
JOJDKHBI  PE3KO  OTPaHWYUTh TPUMEHEHHE CMa30K, pEe3HHBI,
IUIACTMAcC, a TaKKe OOJBIINX CTCKISHHBIX IIOBEPXHOCTEH B
YCTaHOBKE. BakyymHbIe YCTaHOBKHU s XMMHUYECKUX
9KCIIEPUMEHTOB  CEpPUHHO  HE  TNPOM3BOJATCH, Ui HX
KOHCTPYUpPOBaHMS W M3TOTOBJIEHHMS  MOTYT  IPUIOJUTHCA
[IPUBEACHHBIC HUXKE COBETHI.

Tonpko 4dYTO TmONyYEeHHBIH (QOPBAKyyMHBIH HAcoC CJEIyeT
MIPOBEPUTH 1O HCIOJIB30BaHUA €r0 B YCTAHOBKE, INPHCOEAMHUB
TEPMOIIAPHBIA JaTYMK KOPOTKUM BaKyyMHBIM IIJJAHIOM K BXOJIHOMY
natpyOky. Ilepen mepBbIM NyCKOM NIpPOBEPUTh HAJWYUE Macjia B
Hacoce. HampaBneHue BpaleHMs 3JEKTPOJBUTATENS OINPEAEINISIOT
IpU CHATOM NPUBOJHOM pEMHE; A HM3MEHEHHS HalpaBlCHHS
MEHSIOT MecTaMH JBa (ha30BBIX IPOBOJA.

@opBaKyyMHbIH  Hacoc Jydllle BCEro YCTaHOBUTb  Ha
METaJIJIMYECKUi MOAJOH BHYTPH 3BYKOM3OJHUpYyloliero smuka. [lox
CTaHHMHY Hacoca HEOOXOIMMO TOAJIOXHUTh KYCKH PE3UHbI [UIs
ocnabneHust 3ByKa W BUOpanuu. 3BYKOM3OJUPYIOMIMHA  SIUK
SIBIISIETCS. OOBIYHO XOPOLIMM TEIJIOU30JIATOPOM; ISl () (HEKTUBHOTO
OXJIAKJCHUSI HAacoca W 3JIEKTPOABUIATENs BHYTPb SIIHKA CIEAyeT
MOMECTUTh paauaTop ¢ MpoTo4yHou Bojaou. [ns Hacoca BH—461M
ILIOIIA b TIOBEPXHOCTH XOJNOIMILHHUKA JOJIKHA OBITH 0k0710 0,1 M°.

C yCTaHOBKOHl HacoCc COEAMHSIOT KYyCKOM BaKyyMHOTO
PE3UMHOBOIO IIUIAHTa JUIMHOW He Oosiee 1 M M 1naMeTpoM OTBEPCTHUS
He menee 10 mm. Takol HUTaHT MOTJIOTUT BCe BHOpanuu U He OyeT
CIJIBHO MeIlaTh JOCTI)KEHUIO XOpOoLIero Bakyyma. Pacrnosoxenue
JeTanel npocTenineil BAKYyMHOM yCTaHOBKU MPUBEACHO Ha puc.16.



Pucynox 16.
Cxema npocreiiiie BAKYyMHONW yCTaHOBKH.

1. dopBakyymHBII HacOC 7. GOMBITION TPOXOTHON KpaH
2. nuy3MOHHBII HacoC 8. popBakyyMHbII OasIOH

3. oxyaxaaemast JIOByIlIKa 9. yrioBoii KpaH BbIX0J1a

4. maTYnK BaKyyMMeTpa 10. cunb$hoH U MeTauInIecKast
5. KpaH “BO3yX-OTKauKa” mydra Ne 14,5

6. 00JIBIION 3-X0/TOBOW KpaH 11. oTBOA AN mpUNaiku

HOBBIX YacTen YCTaHOBKH

Ocoboe BHUMaHHE Ha/l0 0OPaTUTH Ha TIABHYIO JIMHUIO OTKAYKH —
OT TIAPOBOM JIOBYIIKH 3 70 BeIXoaa 9. b 3Tol MWHUK HEOOXOAMMO
WCIOJIB30BaTh TPYOKHM C BHYTPEHHHUM AuaMeTpoMm He meHee 10 mm.
Taxoii xe aAuaMeTp KenaTeleH Uil oTBepcTHi KpaHoB 7 u 9. B
JIMHUY 10JDKHO OBITh MMHUMAJIbHOE KOJIMYECTBO U3THOO0B, JeNaTh UX
HY>KHO IUIaBHBIMM, — IPEACTaBbTE ce0sl Ha MECTe MOJIEKYJbl rasa,
KOTOPO TpuXomuTcs OWUTbCA O CTEHKHM W CHIDKaTh M3-3a 3TOTO
CKOpOCTb Ha MoBopoTax. PopBaKyyMHBIE JIMHUH, TJ€ TEUCHHUE Ta30B
HUMEET BSI3KOCTHBII XapakTep, MOTYT MMEThb MEHbBLIMH IUaMETp U
00JIBIIYIO JUIMHY, OJJHAKO TOXE Ha/l0 M30eraTh JUIIHUX PACCTOSHUN
1 U3TU00B.

CiieyeT OCTaHOBUTHCSI Ha METAJUIMYECKON BbhIXOAHOMW vacTtu 10,
npecTaBisoneld co00l  crmasHHbIE CHIBGOH U CHENUAIBHO
BbITOueHHYI0 Mypry Ne 14,5. CunbhoH mpHuKIeeH K CTEKIy, Kak
omucaHo B 6.2. Jlyymmii marepwan st MyQGThl M CHIb(pOHA —
Hep)KaBeromas craigb. | WOKHI BBEIBOA CYIIECTBEHHO oOOJerdaeT
MIOJICOCTUHEHNE TPOMO3JAKHX CBEMHBIX PEaKTOPOB, IPUMEHEHHE
METAJUIMYECKOH My(Thl HCKIIOYaeT €€ IIOJIOMKH, 4YacTble IpH
UCIIOJIb30BaHUU B 3TOM BBIXOZE CTEKJIA.



Kpemnenne mrapoBoit noBymku 3 K Bxomy auddy3noHHOTO
Hacoca JIydlle BCEro OCYIIECTBJIATh HYepe3 Chail MeTall-CTEKIIO.
BrixogHoli natpyOoK Hacoca MOXHO COCIMHUTH C (hOPBAKYYMHOM
JTMHAEH KOPOTKUM IUTAHTOM U3 BaKyYyMHOU PE3UHBI.

[Ipu wucnons30BaHUM MacisHOTO JTU(GPY3HOHHOTO Hacoca C
KEKTOPHOM CTYNEHbIO WJIM MapoOpTyTHOIO HAacoca MEXIY €ro
BBIXOJIHBIM TAaTpyOKOM U 3-XOIOBBIM KpaHOM 6 HMEET CMBICI
YCTaHOBUTH TaK Ha3bIBAEMBIH ‘‘(OpBAKyyMHBIN OauIoH” 00BEMOM 5
—10 nuTpoB. YKa3zaHHBIE HACOCHI MMEIOT CPAaBHUTEIHHO OOJBIIOE
BbIyckHoe aasnenue (0,1-1,5 Top), moatoMmy, eciiu OTKauka HUMH
OCYIIECTBIISIETCS JIMIIb JJIsl MOIJEepXaHuSd BBICOKOTO BakyyMma (B
YCTaHOBKY HE TIOCTYNAl0T HOBbIE MOPIMHM Ta30B) JaBJIEHHE B
otkauaHHoM 10 107 Top dopbamnoHe GymeT BO3pACTAaTh OHYEHD
MEIJIEHHO, U ITyMHBII ()OpBaKyyMHBIH HACOC MOKHO OTKIIOYUTH Ha
1,5-2 wyaca. [lns KOHTpOJS M CBOEBPEMEHHOTO BKJIIOUECHUS
(hopBaKyyMHOr0 Hacoca CleAyeT yCTaHOBUTH TEPMOIAPHBINA JaTYUK
B JTMHHIO (popOautoHa.

XVUMUYECKHEe BaKyyMHBIE YCTAHOBKH COJZIep)KaT OOBIYHO eIlie
OIHy BaKyyMHYI0 JIMHHIO CO MHOXECTBOM OTBOJIOB — TaK
Ha3bIBaeMylo “TpeOeHKy’, KOTOopas MOAKIIOYeHa uepe3 KpaH K
TJTaBHOM JTUHUHU OTKadKd. K “TpebeHKe” mprcoeuHEHBI 00hEMBI TS
ra3oB, MAaHOMETPHI, BBIXOJBl HA IUIH(ax U Apyrue aeranu. Jlyuqrre
HUMETh IS “TpeOeHKH” OTAEIbHBINA TUPPY3NOHHBIH HACOC; €CTIH 3TO
HEBO3MOJKHO, €€ CJIelyeT MPUCOSINHUTH K TJIABHON JTMHUH OTKAYKH
yepe3 JBa KpaHa, MEXAY KOTOPBIMH HAXOAWTCA CheMHAaS
oxnaxmaemas JoBymika (puc.13a). Takoe yCTpOWCTBO, XOTS H
CHIDKAET CKOPOCTh OTKa4yKH “TpeOCHKH”’, OKa3bIBaeTCs IOJIE3HBIM B
OYeHb MHOTHX CIydasix. [J1aBHOe Ha3HA4YeHHE OXJIaXIaeMOn
JIOBYUIKH — HE JOMYCKATh B TJABHYIO JMHUIO OTKAYKHU arpecCHBHBIE
rassl M Tapbl, a TakKe Mapbl OPraHMYECKHX BEIIECTB, JIETKO
PaCTBOPUMBIX B BAKYyMHOM Maclie H CMa3Ke.

Ecnm 3apanee TOYHO HE OMPECICHBI IETH W METOIUKA PabOTHI
Ha BaKyyMHOH YCTaHOBKE, CJEOyeT OIPaHHYMTHCS M3TOTOBJICHUEM
mpocTeiiero Bapuanra (puc.16), npemxycMoTpeB B TIIaBHOW JTMHHUH
OTKa4yKu 2—3 3amasHHBIX OTBOZAA. Pacnojio)XKeHHe 3THX OTBOJOB
JIOJDKHO OBITh yHOOHBIM JJISl TOCHEAYIONIeH NPUIAKH HOBBIX
JeTanew.

YBennunBaTh YHCIO KPAaHOB B yCTaHOBKE 03 HEOOXOANMOCTH HE
CTOUT — NUTM(BI U CMa3Ka SBISIIOTCS XOPOUIMMHU aJICOPOCHTAaMH U
WCTOYHUKAMM HaTekaHus. Bce JHMHUM OTKAaYKu JIOJDKHBI HMETh



MUHUMAJbHYIO JUIMHY WM BHYTPEHHUM AUaMETp HE MeHee 7—8 MM.
Jaxe mpu HAIMYUK TOJIBKO OJIHOTO BaKyyMMETpa IKEIaTeIhHO
YCTaHOBUTHh HECKOJIBKO TEPMOIIAPHBIX JIATYMKOB BaKyyMa, 0OCOOCHHO
B KOMMYHHKAIMAX, HauOoliee YJallEHHBIX OT JUPQPY3HOHHOTO
Hacoca.

Bo Bpems MOHTaka YCTaHOBKHM OTJACIbHBIC TOJBKO YTO
CAENaHHBIE YaCTH €€ HYXXHO IOCIIeIOBaTeIbHO IIPOBEPATh Ha
OoTCyTCTBHE Teun (pasmen 7.2); Tpu 3TOM IS OoOecTieueHus
BO3MOXHOCTH OTKAaYKH HEOOJBIINX yYaCTKOB BCE HE3aBEPIICHHBIC
KOMMYHHKAIIUM, HE 3aKpbhIThIC KpaHaMu, HYXHO BpPEMEHHO
3amanBaTh. B pe3ynpTaTe 3TO MO3BOJHUT 3aTPATUTh TOPA3/I0 MEHBIIE
BPEMEHH Ha MOWCK HamOoJee TPYIHO OMpeAesieMbIX MECT Cl1aboro
HATCKaHUsI BO3yXa.

7. TIPABWUJIA PABOTBI HA BAKYYMHOM YCTAHOBKE
7.1. BxiIroueHne 1 BEIKIIIOUEHHE
Bximrouenue

CHayajla OYMIIAIOT CBEMHYIO OXJaXJaeMyl0 JIOBYIIKY 3
(puc.16); HameBalOT ee ChEMHYIO YacTh W MEPEKIIOYaloT KpaH 5 Ha
OTKauKy. Brirouaror BozasiHOE OxJaxkJeHHue GOpBaKyyMHOI'O Hacoca
W paclupelenuTeNbHblii IUTOK. [loACTaBIsAIOT 1OJ CHEMHYIO
JIOBYLIKY cocyn Jlproapa ¢ ®uakuM a3oToM. JIoBylika H0JKHA OBITH
BHaYaje MmorpyeHa B a3oT Ha 2—3 cM. [lpu “npunmumanuu’, azora K
JIOBYILIKE, YTO CBHIETEIBCTBYET O €€ OXJaXKACHUH, HEMEAJICHHO
BKJIIOYAIOT 3JIEKTPOJBHUraTeib (JOpBaKyyMHOI'O Hacoca.

Uepez 2—-5 MHH OTKpBIBAIOT 3-X0A0BOil KpaH 6 (puc.16) Ha
OTKa4yKy TIJIaBHOW BAaKyyMHOW JMHMH W TpeOyeMbIX Al PaOOThI
00bemMoB. [ dy3noHHBIA MacIsIHBIN (HE PTYTHBIN!) HACOC MOYXKHO
IIPU 3TOM OTKa4yaTh Yepe3 €ro BIYCKHOW KpaH 7, eciu ¢hopOaLIoH B
ycTaHoBKe  orcyTcTByeT. Ilpm  Hammuum  QopOamiona 8
muddy3nOoHHBIE HAcoc CHayala OTKauMBalOT CO  CTOPOHBI
BBIITYCKHOTO TIaTpyOka 3—5 MWH. B NMpoTHBHOM ciiydae BO3IyX W3
dhopbamiona MOXKET BBEIOPOCHUTH pabouyio KUIKOCTH
1 dy3noHHOTO Hacoca B yCTaHOBKY. PTyTHBI Hacoc OTKauMBaroT
IIPU 3aKPHITOM BIIyCKHOM KpaHE TOJBKO CO CTOPOHBI BBIXOAHOTO
matpyOka.  Bximowator  TepmomapHbeii  Bakyymmerp.  Ilpm
JOCTIKCHHH BakyymMa okoio 3-107 Top (5 MB TepmomapHOro



BaKyyMMeETpa) AOJIUTh a30T IO OXJIaXIAaeMylO JIOBYLIKY, HO He
onmxke 3 cM ot ee nuuda.

Toce OCTIKEHHUS BO Beeil cucTeMe BakyyMa He Xyxe 107 Top
(7,5 MB) moxHO BKiIrOuarh audy3uoOHHBI Hacoc. s 3TOorO
IIOBOPAaYMBAIOT KpaH 6 Ha OTKA4Ky BBIXOJHOTO MmaTpyOka
muddysnonHoro Hacoca (y mapoMacisiHOro Hacoca BXOJIHOW KpaH 7
MOET OBITb OTKpHIT). BKIIOWaloT BOASHOE OXJaKACHHUE, 3aTeM
Harpesarellb Hacoca. B 3aBHCHMOCTM OT KOHCTPYKLIHH BpeMs
BBIXOJIa Ha paboumii pexxum cocravisger 10-30 mun. [Ipu 3amycke
PTYTHOTO Hacoca B €ro LIAPOBYIO JIOBYIIKY Cpa3y MOCIE BKIIOUCHUS
HarpeBarens 3anuBaroT 20—40 M a3oTa U MOJJEPKUBAIOT TaKOU
YPOBEHb JI0 JOCTHXKEHHA pabouero pexuma (JIOBYIIKa MEpecTaer
3amoreBatb). [locie 3Toro 3anMBaloT a30T Ha Y4 00bEMa JIOBYILKU H
TOJIKO TOI'JIa OTKPHIBAIOT BXOJAHOHM KpaH 7. OTKpbIBaHHE BXOAHOTO
KpaHa PTyTHOIO Hacoca /0 3IMBKU €r0 JIOBYLIKH KHIKUM a30TOM
MPUBOIUT K PACIpPOCTPAHEHUIO B YCTaHOBKE MapoOB PTYTH, YTO B
psize ciy4yaeB BeChbMa HEKEJIATeIIbHO.

Bo Bcex cimydasx, Korza mIpu OTKPBIBAHWM OYEPETHOIO KpaHa
BO3MOXKHO pe3koe (10 107" Top m BbIIIE) yBEIMUYCHHE AABICHUS B
cUCTeMe, CIeAyeT IepeKpPhITh BIYCKHOW KpaH IU(Py3MOHHOTO
Hacoca M OTKauyaTb BHOBb OTKPBIBAEMbIi 00beM (HOpBaKyyMHBIM
HacocoM. [Ipu 3TOM 3aKpbITBI € JBYX CTOPOH AWU(QY3HOHHBIH
HAcoC B OTCYTCTBHE T€UH MOXKET padoTaTh caM Ha ceOs He MEHbLIe
qaca.

Bo Bcex aBapuitHBIX CUTYalUsIX HE0OXOIUMO OBICTPO:

1. BBIKITIOUUTE HarpeBarelns AudGy3noHHOTO Hacoca

2. IepeKphITh BXOAHOU KpaH Au¢dy3MOHHOTO Hacoca

3. nocTaBUTh 3-X0JI0BOM KpaH 6 B HEUTpaJIbHOE MOJI0KEHHUE.

Brixirouenue
Macnsssbiii 1uddy3uoHHBINH HACOC!
Brikrowaror, HarpeBatenb Hacoca, MOCTE MPEKPAIEeHUs KUIIEHUS
Macna (yxymamenue Bakyyma — ¢ 10 MB mo 9,5-9,0 MB) ynanstor
a30T U3 IIAPOBOH JIOBYLIKM — MOXXHO BbIAYTH Bo3ayxoMm. [locme
HEOOJBIIOTO YBEIWYCHHUS JdaBJICHUS (WCTIapeHHe KOHJEHcaTa) |
BOCCTAHOBJICHHUS BaKyyMa Ha ypoBHe 5-107° Top (8,5 MB) 3akpbiBaioT
BXOJHOU KpaH MU(}Y3HOHHOTO HACOCA, CTABAT 3-XOJO0BOW KpaH B
HelTpanbHOE MOJOXKeHue. YOupaioT cocyn Jlploapa ¢ >KUIAKUM
a30TOM W3-TI0A CHEMHOH JIOBYIIKH, CTaBAT KpaH 5 B HEHTpanbHOE
MIOJIOXKEHHUE, BBIKIIIOYAIOT (POpBaKyyMHBIII HACOC, HAITyCKAIOT B HETO



BO3IyX (KpaHOM 5 WJIM OTHEIHHBIM KPAaHOM), MPH HEOOXOIUMOCTH
CHHUMAIOT JIOBYIIIKY.

PryTHBIi nuddy3uoHHBINH Hacoc:

Brikmrowaror HarpeBareib Hacoca, IMOCTe MPEKpAaIIeHUs KUIICHHS
PTYTH TEPEKPBHIBAIOT BXOIHON KpaH, BBIAYBAIOT a30T M3 JIOBYIIIKH.
OTKa4uMBarOT HAcOC Yepe3 BbIXOAHOH maTpyook 20-30 MuH., mocie
4ero MepeKItovyaroT 3-XOJI0OBOW KpaH B HEUTpaJbHOE IMOJIOKEHUE H
BBIKJTIOYAIOT YCTAaHOBKY, KaK OMMCAHO BBIIIE.

ITocne BeIKTIOYEHUST (POPBAKYYMHOTO HACOCA 3aKPHIBAIOT KPaHBI
BOJISIHOT'O OXJIAX/ICHUS ¥ OTKJIFOYAIOT AJICKTPOIIUTKH.

He cnemyer ocraBnsTh Ha HOYh BHYTPEHHHE ITOBEPXHOCTH
BBICOKOBAaKYyMHOW YaCTH yYCTAHOBKH B KOHTaKTe C aTMocdepoit —
YCHEBIINE OYMCTUTHCA CTECHKM BHOBBH MOKpoioTcs Bomoi, CO, u
MIPOYMMH T'a3aMH U TapaMH, IMEIOIUMHUCS B TaOOpaToOpuu.

7.2. Ilouck MecCT TeUH.

Ecmu TepMomnapHBIi BaKyyMMETp IPH HCIPABHOCTH JaTdUKa U
npubopa ymopuo mokaszeiBaeT 0,5-1 MB B mpomecce paboTh
ucrnpaBHOro (OpBaKyyMHOTO Hacoca, HaI0 TIPOBEPHTH, HE
OTKAYMBACTCS JIM CIAydalHO OONBIIONH O0BEM JIETy4eH KUIKOCTH.
OTnenpHBIE Kamiid BOABI, 3aMep3as MPH HCHApEHUH, MOTYT
yAEp)KHUBaTh CTpeNKy Bakyymmerpa Ha 1-1,5 MB B Teuenue
nonmydaca u Oosbmie. [Ipu oTcyTcTBUM BOJBI B CHCTEME C TaKHM
BaKyyMOM TMPUCYTCTBYeT Jblpka. Haltu ee mpocTto. YdacTku
CTEKIISTHHBIX TPYOOK Oe3 craeB IBIPSIBBIMH He ObIBAIOT. B mepByio
ouepe/b HaJl0 OYeHb BHUMATEIIEHO OCMOTPETh CIIau C My3bIpbKaMH U
MYTHBIMH TIOJIOCAaMH. 3aTeéM IIPOBECTH OKOJIO HHX pa3psIHBIM
IIPOBOJIOM  BBICOKOYACTOTHOro  reHeparopa Tecibl. BHyTpu
YCTAaHOBKHU MOSABISAETCS KpPacMBOE MAJIMHOBOE CBEYEHHE, a B MECTe
TEYH TIPU MPOXOXKIESHUH BOJM3HM HErO Pa3psHOTO MPOBOJA — SIpKas
CBETSINAsACSA TOYKA. YCTAaHOBKY BKIIIOYAIOT, HAITyCKAIOT B HEE BO3IYyX
1 3alauBaroT JBIPKY.

Bricoko4acTOTHBIN TeHeparop He HaimeT Teub BOIM3H
METaJUTMYECKHUX JIeTajeil (pa3psm yXOOWT Ha METalll), KpOME TOTO,
HE BCEr/la MOXXHO HaWTH caMm TreHeparop. B Takom ciywae xoporo
CMa4yMBalOT KYyCOK BaThl TUATUIOBBIM 3()UPOM U MPOBOJAT 3Ty BaTy
[0 MecTaM TpeArnoiaraeMod Tedd, Cclels 3a TOKa3aHHSIMH
BakyymMMmeTpa. Ecim B KakoM-TO MecTe KOHTAakT cHas ¢ HapaMmu
a¢upa BBI3bIBACT yBEIUUCHHE AaBiieHus (cTpenka asrkercs k 0 MB),



criail cieayeT mnponasth emie pas. Ilepen maiikoil B 3TOM cliydae
HY’KHO TPOAYTh yYacTOK YCTAHOBKH BO3JyXOM, IOCKOJBKY B HEe
MOXET  MOMacTb  KOJIMYECTBO  3(dupa, AOCTaTOYHOE  JUIA
B3pBIBOONIAaCHON KoHIleHTpanuu. CTOMT Takxke yOparh mocyay c
3(hupoM moJaNBIIe OT MECTA MANWKH.

IIpH yCTOMYMBBIX MOKA3aHMAX BakyymmeTpa 3—7 MB (5-107°-1072
TOp) Teub HaWTtu TpynaHee. ['eHeparop Teciapl HE BBI3BIBACT
TJIEINEero paspsna npu Bakyyme jdyuiie 4 mB. CHoBa MeanieHHO
MIPOXOJAT IO MOIO3PUTENBHBIM MecTaM BaToi ¢ adupom. IIpu sTom
BO3MOKHBI JBa BapuaHTa — JHO0 3(QUp MPOHUKAET B IBIPKY U
BBI3bIBACT YBEJIUYCHUE JABJICHUS, JIMOO HEYKIIOXKas MOJICKyJa
3aTHIKAaeT MAJICHBKOE OTBEPCTHE W BaKyyM OBICTpO yiyuiiaercs. B
MOCJIETHEM CJIy4ae CJIErKa HarpeBaroT MOJI03pUTeNbHOE MecTo. Ilpu
3TOM Te€4Yb OOBIYHO OTKPBIBAETCSI W BaKyyM YXY/IIaeTcs.
Briki04aOT ycTaHOBKY, HAIyCKarOT BO3AYyX, IMPONAuBaOT IJIOXOH
crnail.

WNHorga mepedncieHHbIe CIIOCOOBI HE TIOMOTaloT, — BaKyyM
OCTAaeTCs Ha ypPOBHE 10 top (7,5 mB). Torna Bce mo03pUTENbHEIE
MeCTa IMOCJIEI0BATEIbHO MOKPHIBAIOT TOHKUM CIIOEM BaKyyMHOM
CMa3K{ TOCJIe CMasbIBaHUS, OYepenHOro crmas BeDKUAaT 10 MuH.
Ecnu u 3Ta Mepa He NMOMOXeET, HaJl0 MOCIEA0BATENLHO MPOBEPUTH
KpaHbl — BJIaBUTb, CJIETKAa MOBOpauyuBas, KepHbl. [Ipu oTcyTCTBUM
VIyYIIeHUsT BaKyyMa TPOBEPSIOT J(PUPOM KOMMYHHKAIH OT
dhopBakyymHOTO Hacoca 0 3-x0/10BOTO KpaHa. CheMHYIO JIOBYIIIKY
P 3TOM HE OXJIAXKIAIOT a30TOM — €€ CIeAyeT MNpeABAPUTEIHHO
NO4YMCTUTh. EcaM cuTyauus HE MEHSETCs, INPOBEPSIOT YCTAHOBKY
TOKa HarpeBa TEPMOIIAPHOTO JaT4yhKa, — JJIsI 3TOTO HAJ0 HMETh
OpoOHBI JaTYMK Ha CTaHAapTHOM HuiMge, TOAKIIYAaeMBIA K
yctaHoBke. IIpu mnpaBUIbHOM TOKE OCTaeTcs IOAO3PEBAThH
YCTAHOBKY B 3arps3HCHUHM €€ MAaJIOJETYYUMU OPraHHUYECKUMHU
COeIMHEHHAMU. B TakoM ciy4ae BakyyM JOJDKEH pe3Ko
VIIYYIIUTBCA, €CITH OXJIAJUTh KHIKHM a30TOM IOy YacTh
OTKaYMBacMoOro oO0beMa. YCTaHOBKA, IIOKa3aHHas Ha pwuc.lo6,
cHa0)keHa KpaHOM 5, oTcekaromuM (HOopBaKyyMHBIH HAacoC Tak, 4To
oXJaxnaeMas  CheMHas ~ JIOBYIIKa  MPOJOJDKAET  CcOOHMpath
KOHJICHCUPYEMBIE TMaphl. JTO OYEHb YAOOHO MIA OBICTPOTO
OTIpe/ieTIeHNs IPUYMHBI TUIOXOT0 BaKyyMa — Ipsizb wiu Teub? Ecnn
KpaH 5 MMOCTaBUTh B HEUTpaibHOE Moj0XkeHue mpu 4—7 MB 1 Bakyym
IIpU 3TOM HE YXYJILIACTCs, a JaXE HECKOJBKO YIy4IIAeTcsl — Te4b
MOJKET OBIThH JIMIIb Ha y4acTKe OT (OPBaKyyMHOTO Hacoca 10 KpaHa



5. Ckopee Bcero B 3TOM ClIydyae T€YM HET BOBCE, HYXHO MBITb U
MIpOKa4YMBaTh YCTAHOBKY.

Hanmo ydectb, 4TO B yCTaHOBKE CO CBEKECMa3aHHBIMH KpaHaMU
MpeNlebHBI BaKyyM HE JOCTHUTaeTCsi B TEPBHI JeHb pPaOOTHI.
IlpuurHa 3TOro CTaHET $CHOW, €CIM T[OHIOXaTh COJEPKUMOE
pa3orperoil CbEMHOM JIOBYLIKM IIOCJE€ OTKAauKd HOBOM UHCTOU
YCTaHOBKM — 3amax JIeTyduX (pakiuil BaKyyMHOH CMa3K# OYEHb
XapaKTEePEH.

Ecnu teub B ycTaHOBKE MO3BOJISIET 10CTUYb BaKyyMa 10 TOp, HO
HE JIy4dlieC, 1J1d €€ MMOUCKa MPUMCHAIOT CIICLIUAJIBHOC O60py,E[OBaHI/IC.

Jlyammuit cmoco6 m30exaTh TEYW B YCTAHOBKE — TIATEIbHAS
MpoIaKKa CTeKIa, yAAIEHUE BCEX MOJ03PUTEIbHBIX BKIOYECHUM.

7.3. Usmepenne 00beMOB.

[Ipu pabote ¢ razaMmu HEOOXOIUMO 3HAThb OOBEMBI OTIEIBHBIX
yacTel BakyyMHOW ycTaHOBKM. M3MmMepuTb oO0beMBl, HUMeEsS B
YCTaHOBKE MaHOMETp J00oro Tuma (KUIKOCTHBIN, MEMOpaHHBIN),
oueHb mpocTo. Jlydmmii cmocob — 3apaHee U3MEpUTh 00BEM OJHON
W3 KOO A7l XpaHeHHs ra3oB mepel BHalKoil ee B ycTaHOBKY. Jlis
3TOro B KOJIOYy HaJIMBAaIOT BOLY M MEH3YPKOW WM B3BELIMBAHUEM
OIIPENEINSIOT €€ KONMYECTBO. EciM Takylo omepanuio crenarb
3a0bUTM, — HAJ0 HaWTH JIIOOYK KPYTJIOJOHHYK KOJOy ¢
HOpMaNbHEIM TmHoM (0,5-211) ¥ TOYHO OINpenenuTh ee 00BeM.
Henb3s 1monbp30BaThCsl IMIIOCKOJOHHOW KOJIOOH — IJIOCKOE TOHKOE
CTEKJIO HE BBIIEPKHUT aTMOC(EPHOTO JaBIICHHS.

KanubpoBounyto koi0y NpUCOEAMHSIOT K TOW YacTH yCTaHOBKH,
B KOTOPOH HaXOAUTCS MaHOMETP. Koy 0CTOpOXKHO OTKAYMBAIOT 110
MaKCHUMAaJbHOTO JIABJICHUS, HW3MEpPsSEeMOro MaHomerpoMm. Jlydiie
TaKyl0 OTKa4yKy NpPOBOAWUTH MOPLHSIMH, OTKpBIBas KpaH MEXIY
KoJ0OW W OTKa4aHHOW dacThio ycTaHOBH: (“TpebeHkoii”). Kpan
KOJIOBI 3aTe€M MEPEeKPHIBAIOT U BO3AYX M3 “TpeOEHKH” OTKaYMBAIOT.
[lpu nocTrkeHMH HEOOXOIUMOTO IAaBJICHHUS HAYMHAIOT H3MEPSTH
o0BeMbl, HCHONB3ys 3akoH bonng-Mapuorra. Komby (Vo) ¢
HW3MEPEHHBIM JAaBJeHUEM P, 3aKpbIBarOT, OTKAuMBAIOT YCTAHOBKY M
MaHoMeTp 710 107> TOp, 3aTeM NepeKphIBAIOT KPAHAMH MUHHUMAJIbHBII
00bEM YCTaHOBKHM, K KOTOPOMY MPHUCOEAMHEHBI KaluOpoBOYHAsS
koi0a 1 MaHOMETDP (Vyun T+ Vian). BBITYCKAOT BO3MyX W3 KOJOBI B
3Ty 4acTh YCTaHOBKU. Torua:

POVO = PI(VO + VMm—I + VmaH)



OmpenenstoT CyMMy HEH3BECTHOTO MHHHUMAIBHOTO o00beMa W
obremMa wmaHomerpa. Omepanuio MPOBOMAT HECKOIBKO pas; BO
BTOpOM H3MepeHun Bmecto Py 6epyr Py, nanee P, Bmecto P, — 34
m3Mmepenusd. OmnpenensitoT  cpeaHee  3Hauenue. JlanmpHeimiue
n3MepeHnss 00bEMOB YCTAaHOBKA MOJKHO BBITIOJNIHUTH, HCIIONB3YS B
KauecTBe V( U3BECTHBIH 00BEM Vi + V oy, BETUUHHBI H3MEPEHHBIX
00BEMOB 111 yI00CTBa IMOJIB30BaHUS CIIEIyeT 3amucaTth Ha KOJbax
WUJIM Ha paMe€ YCTaHOBKH B COOTBETCTBYIOIIMX MECTaX.

7.4. Hammyck ra3oB B yCTaHOBKY M UX OYHCTKA.

Bce rasel MOKHO pa3fenuTh Ha JABE TPymmbl: 1) ¢ JaBiIeHHEM
apoB TPH TeMIepaType KUIKoro asora 10~ Top u Beume (O,, Ar,
CH4, C,Hy, C;Hg m ap.); 2) ¢ naBnennem napoB npu 77 K MeHbIre
10 * top — Cl,, HCI, HBr, HI, NH;, SO,, CO,.

g Hamycka B yCTaHOBKY ra30B IEpBOI I'PYNIbI K BHIXOAHOMY
IUTUQY MPUCOSAUHUT Ta30BbII OAJIOH, OTKaYMBaIOT BCE 0OBEMBI 110
KpaHa OaJIJIOHa, MEPEKPBIBAIOT KPaHbl OTKAYKM M HAITyCKAIOT ra3 B
OJIHy M3 KOJO yCTaHOBKM M COOTBETCTBYIOIIYIO YacTh ‘“‘TpeOeHKn”
nox JamieHueM He Oonee 1 atm. KonOy c ra3om 3akphIBaioT,
TIePEKPBIBAIOT KpaH OaJIOHA M OTKAYMBAIOT “TpedeHky”. Ilpu stom
4yacTh rasza Tepsercs; [UIsl YMEHBIICHHS IOTeph HAJ0 OTAEIATH
KpaHaMd MHHUMallbHBI mepenyckHoil obwvem. Ecnmu TpeOyercs
OYMCTKa Ta3a, MEXIy OaJUIOHOM M BXOJOM YCTaHOBKHM ITOMEIIAIOT
JIOBYIIKU C TIOTJIOTHTENISIMHU, UMEIOIMMH Majoe JaBJICHHE IapoB,
KOTOpBIE TakXe OTKa4MBaroT. KHCIopoJ MOTNOImalT B HarpeTou
KOJIOHKE C MarHMEBBIMU CTpYXKamd. [ ynaneHus cienoB BOJBI
KpoMme dbochopHOTO aHTHApUIA TOJIC3HO YCTaHOBUTH
HU3KOTEMIIEpaTypHYIO0 JOBYIIKY — XOTs Obl U-00pasHyio TpyOKy.
OTy  JOBYHIKY  OXJaXIalOT 10  TEeMIEpaTypbl  KHUIIEHUA
COOTBETCTBYIOIIEro rasa npu 760 top (mampumep, st CHy —162°C
wi 111 K), npu Hanuuuu Tako# JIOBYIIKH MOXHO OBITh YBEPEHHBIM,
YTO JaBJICHHE B YCTaHOBKE He OyJAeT MpeBbIlIaTh arMochepHoe B
mpolecce HamycKaHHs rasa. Eciy cooTBeTCTBYIOLIas TemIeparypa
nexut Hke 77 K, oxnakaeHue Mpou3BOAAT KUIAKUM a30TOM.

l'a3pr BTOpOI Tpymmbl B YCTaHOBKY HAIyCKAarOT OOBIYHO U3
CHEeLMAbHON TEpernyCKHOW JIOBYLIKH, TNpeACTaBisitomell coboi
OXJIAXKJAEMYIO JIOBYIIKY, H300pa’keHHYI0 Ha puc.15a, ¢ yrioBbIMu
KpaHam¥ M CTaHJApTHBIMU NUTH(aMy Ha BXoJe U BbIxoze. JIoBymiKy
HATOJHAIOT, MpOIMycKasg B Hee cialOblii TOK rasa M3 OajuloHa HIIH



mpubopa s momydeHus. [lpu 3TOM IOBYIIKY OXJaXIAarOT [0
temnepatypel He Himke 100 K Bo wu3bexaHue KOHICHCAIMU
KHCIIOpoia U3 Bo3ayxa. [locne KoHAeHcanun He0OX0JUMOro o0beMa
JKUJIKOTO WJIM TBEPAOTrOo ra3a o0a KpaHa JIOBYIIKH 3aKpPBIBAIOT H
MIPUCOEINHAIOT €€ K BaKyyMHOW ycTaHOBKe. CKOHJ€HCHPOBAHHBIN
ra3 OXJaXIaroT *XHUJKUM a30TOM, OTKPBIBAE€T CHadaja BBIXOJHOU
KpaH yCTaHOBKH (OTKJIIOYHUTH MUQQY3HOHHBIH HACOC), 3aTEM KpaH
JIOBYHIKM “Ha ycTaHOBKY”. CoAep>KUMO€ JIOBYIIKM OTKaYMBarOT JO
10* top. Iocine 5TOro mpH HEPEKpPHITOM KpPaHE “HAa YCTAHOBKY”
pa3orpeTh JOBYLIKY /10 TEMIEpaTypbl, IPH KOTOPON JaBlIEHUE ras3a
paBHO 500-760 TOp, 3aTeM OBICTPO OXJIATUTH €€ KUIKAM a30TOM U
Cpa3y OTKpHITh Ha OTKauky. [Ipu 3TO# omepanuu ygansioTcs ciesl
KHUCJIOPOJa, UMEIOIIETO 3HAYUTENbHOE NaBieHue mopos mpu 77 K.

[lepemycknoii o0beM (ipu 77 K) n oObem anst XpaHeHHs raza B
yCTaHOBKE OTKauMBaioT 10 10 Top, mepeKphiBaloT KpaHbl OTKAYKH
U 3allycKaroT ra3 B YCTAHOBKY, IIOMECTHUB NEPENyCKHYIO JIOBYILIKY B
HU3KOTEMIIEpaTypHYlo 0aHr0, 00eCIeUunBaIONIYI0 JaBIICHUE ra3a He
Boiie 760 Ttop. Ilocine, NOCTHMXKEHHUS B YCTAHOBKE YKa3aHHOI'O
naBieHus (IIPOBEPSIOT  MAHOMETPOM) [EPEKPBIBAIOT  KPAHBI
JIOBYIIKM M BBIXOJla YCTaHOBKU. ['a3 KOHAEHCHPYIOT, OXJIaxaas
KUJKAM a30TOM TIPHUCOETUHEHHBII K 00beMy Ui XpaHEHHS
cTeKIsHHBINA “marer”. OtkaumBatoT ras mpu 77 K mo 107 Top.
Onepanyio MOBTOPSIIOT J0 T€X IOp, MOKAa OTKPBIBAHHWE Ta30BOI0
obbema ¢ oxnaxnaenuem 1o 77 K razom B otkawannyio ao 10 MB
BaKyyMMeETpa yCTaHOBKY HeE IEepecTaHeT yXyaIlaTh B HeH BaKyyM, —
TOTJa Ta3 MOXKHO CYMTATh OYHUIIEHHBIM OT KHCIOpPOJa. AHAIOTHYHO
MPOU3BOMAT OYHCTKY JKHJIKAX pEareHToB OT PacTBOPEHHOIO
BO3/yXa; CleAyeT MPUHATh MEPHl MPOTHB BBIOpOCA BCIIEHWBIIEHCS
KHUJKOCTH B “TpeOeHKY .

OuncTka OT TapoB BOJBI JIOCTUTAETCS HAMYCKOM Tra30B U3
OXJIAKACHHOW JOBYmIKM (cM. BbIme). Jlias Iydimeid o4HMCTKH
WCHOJIB3YIOT AOMOJHUTEIBHYIO JIOBYIIKY M KOJIOHKY C (ochOpHBIM
AHTUJPUTIOM, YEpE3 KOTOPbIE HECKOJIBKO Pa3 MepernycKaroT Ias.

8. CIIELIMAJIbHBIE ITPUEMBI PABOTBI
8.1. PexuM MOJIEKYJISIPHBIX MTYIIKOB.

Ecou B BaKyyM€ OAHOM HAIIPABJICHUUN JBUXKXYTCA IMOTOKH YaCTHI]
CTOJIb MaJIoM HMHTCHCHUBHOCTH, YTO CTOJIKHOBCHHSA YaCTUI] B IIOTOKEC



OTCYTCTBYIOT, TaKOW DPEXHM TMEPEeMEIICHNs] BElIecTBa Ha3bIBAIOT
PSKUMOM MOJICKYJIIPHBIX Y4YKOB. VIMEHHO TmpH COONIOIEHUHU
YKanaHHOTO  yCJIOBHsI HEOOXOJMMO TMPOBOJUTH COBMECTHYIO
KOHJICHCAITUIO PEareHTOB IS UCCIEAOBAaHUS MX PEaKIUil B TBEPIOH
(haze. CoBepmICHHO OYEBUIHO, YTO B YCTAaHOBKE JOJDKCH OBITh
XOPOIINI BaKyyM, & CKOPOCTh KOHJICHCAIIMH OYEHb MaJia.

Hwxe mpuBeneHbl YHCICHHBIE XapaKTEPUCTHKH  pEeXHUMa
MOJIEKYJISIDHBIX Ty4KOB. B pacderax wucCHonp30BaHbl (HOPMYIIBI,
MpUBEICHHBIC B TMaBe 3. B kadecTBe pabodero paccCTOSHHS B3siTa
JUIMHA 30HBI TIEPECEUYCHHUs MYYKOB B CIIEKTPAIBHBIX KPHOCTATaX,
paBHas B cpeaHeM 1 cm. Jlna Bosayxa mpu 293 K u pasHbix
JIABJICHUSX MOJIyYUM TaKUE 3aBUCUMOCTH:

JlaBieHue Cpennsis anuna | Jlosis MoJeky,
CBOOOIHOTO HE UMEBIINX
TOp (MM PT. CT.) ITa npobera, cM CTOJIKHOBEHUI
Ha |l cM
10 1,33-107 489 0,998
107 1,33-102 49 0,980
107 0,133 4.9 0,820
10 1,33 0,49 0,135
OueBMJHO, 4YTO HpH BaKyyMe B yCTaHOBKe Xyxe 10° Top

TOBOPUTH O MOJICKYJISIPHBIX IIYYKaX HCET CMBbICTA.

Ecimm s

OpraHMYeCKHX MOJICKYJ NpPHHSTh cpemmmii mmamerp 10° M u
MouteKyJsipHyto Maccy 100, mpu 293 K momyunm:

Hanenue | Cpeansis Hounst CkopocTb Houst
MapoB JUTIHA MOJICKYJI, | KOHICHCAIIUH, | MOJICKYJI, HE
OpraHu4. | CBOOOJHOTO | HE MOJICKYJI Ha HMMEBIINX
peareHTa | mpobera, MMEBIIHX | CM° B CEK CTOJIKHOBCHHMIM
Ha cM CTOJIKHOB. Hal cMm, C
BBIXOJIE Ha |l cM Y4eTOM
U3 coIuia, BO31yXa, IPU
TOD TTaBJICHUH
BO3JIyXa
10 |10°
TOp TOp
10° 68 0,985 0,77-10"° 0,89 | 0,74




10" 6,8 0,863 0,77-107 | 0,78 | 0,65
107 0,68 0,229 0,77-10"8 021 | 0,17

W3 npuBeneHHBIX AAHHBIX CIEAYET, YTO MHPEASJIOM Ul pexuMa
MOJIEKYJIIPHBIX ITYYKOB SIBJIIETCSI CKOPOCTh MOJA4M BCEX PEAreHTOB
Ha MOUTOKKY 0ko710 10'® Mosexyn B cexyHay Ha 1 cM” IpH BakyyMme
10 Bo3yXy He Xyxe 107 top. IIpu 5ToM 26% YacTHIL HCIIBITHIBAIOT
CTOJIKHOBEHHUSI B Ta30BOH (ha3e, HO, CUNTas PEaKLUUIO0 IPU IEPBOM
CTOJIKHOBEHHH MaJIOBEPOSITHOM, €10 MOXKHO mpeHeOpeys. Mcxoaubie
(opMyIbl TIOKa3bIBAIOT, YTO COOJIOACHUE pPEeXHMMa MOJEKYISAPHBIX
MIy4KOB yJIydllaeTcs MpsMO HponopruoHanbHO T, K yXyaAmaercs
00paTHO IPONOPIHOHAIBHO KOPHIO M3 MOJIEKYJSIPHOH Macchl U
KBaJipaTy AMaMeTpa 4acTHll.

8.2. UcnapeHre MEeTaJlJIoB.

CriocoObl McnapeHuss METAUIOB B BakyyMe, IMPUIOAHBIC JUIS
KPHUOXMMHUUYECKOIO CHHTE3a, OIMHMCAaHbl B JUTEPAType (CM. CIHMCOK B
KOHIle mocobus). 3mech OyayT KpaTKO PacCMOTPEHBI OCOOCHHOCTH
WCTapeHusl IPH UCTIOIb30BaHUN PE3UCTHBHBIX HAarpeBaTeieH.

Haubonee nerxko paboraTb ¢ TeMH MeTaulaMH, TeMIepaTypa
MCTApeHHs] KOTOPBIX (COOTBETCTBYET NaBlieHMio mapoB oT 107 1o
107 Top) 3HAYMTENBHO HUKE TEMIIEPATYpa IUIABICHHS. X MOXKHO
UCTIApsTh JaXKe U3 THUIJICH, HANPaBICHHBIX CBEPXY BHU3, MM BO BCE
CTOPOHBl U3 TOPU30HTAIBHO PACIOJOXEHHON HarpeBaTeIbHON
CIHpAITH. Hust CIEKTPaJIbHBIX KpHOCTATOB XOPOILO
3apEKOMEHJOBaIM ce0s TUMM Ha numdax C  HapyKHBIM
HarpeBateneM, mnpurogaeie mo 1200 K (kBapm) m 1000 K
(HeprkaBeromas CTajb):




Pucynok 17.
Hcmapurenn METauIOB ¢ HAPY>KHBIM HArPeBATEIIEM.
1. HarpeBarens 3. Oxnaxnenue muda
2. Bxiaaplii ¢ MeTajuioM

KBapuesple  ucmapuren  MOKHO  IPHUMEHSATh  TOJBKO Ui
MaQJIOAKTUBHBIX MpHU paboueill Temmeparype MeETajuloB, HalpuMeEp
LUHKA, KaJJMHs, HEKOTOPBIX JAHTAaHOUIOB. [lJ11 MarHust 00643aTesIbHO
MIPUMEHSATH MUPEKCOBBII, HO HE KBAapLEBbIi ucnapurens. llenounsie
U MIEJIOYHO3EMEIbHbIE METaUlbl YAOOHO HCHapsiTh M3 CTalbHOTO
HCHApUTEN CO CTaJbHBIM BKJIAJBINIEM, KBaplEBBIA HCIAPUTEND
paspylaeTcs eJIOUYHBIME METaJUIaMU B TEUCHHE Yaca.

[lockonbky HarpeBaTenb PacmojOKEH PsIIoM co HuIudoMm, s
MPEIOTBPAIIECHHS BHITEKaHHUs CKAa3KH HEOOXOAMMO MPHUHYIUTEIBHOE
oxXJIaXKJeHHe IuH(a, TydIle BOAOH.

g BOCHpOM3BOAMMBIX  pE3yJIbTaTOB  HCHApeHUs  HaJo
KOHTPOJIUPOBaTh TOK, a HE HANpsDKEHHWE Ha HarpesarTele, TOrAa
MOKHO BOBPEMsI 3aMETUTh YXYAIIEHHE KOHTAKTOB WJIM 3aMBIKaHHE
BUTKOB. Ecim Tpebytotcs temmneparypsl Boimie 1500 K, koHCcTpyKIns
HarpeBaTelis CyIECTBEHHO YCIOXKHSIETCS.

8.3. U3mepenne TemmnepaTyphl.

Jus n3mepenust remrieparyp B nuanasone 77-350 K nambonee
ynoOHa TepMomapa MeAb-KOHCTaHTaH. B nmrepaType umeroTcs
mopo6HbIe AaHHbIe 1o 3aBucuMoctu ee DJIC oT TemmepaTypsl, HO
JUIl  KOHKPETHBIX OOpa3loB IPOBOJOKM HYXHa KaJlMOpOBKa,
KOTOPYI0 BBIIOJNHSIOT [0 Ta30BbIM TepMoMmeTpaM. Hannyumas
BOCIIPOU3BOJUMOCTE T€PMOIIAPhl MEb-KOHCTAHTaH TOJIy4aeTcs Ipu
MIPONAauBaHUM CKPYYEHHBIX MPOBOJIOK OJOBSHHBIM npunoeM (JICC—
40) ¢ xaHU(OIBIO M TOCIEIYIOIIEeH O0OpEe3KOH Ui YMEHBIICHUS
pasMepa cmas. Pa0oumii M KOHTPOJIbHBIM CIau HEOOXOAUMO
nzonupoBate kieeM b®-2 (cMm. rnaBy 6.2), 3aTeM pabouuii chaii
MPUKJIEUBAIOT Ha IOBEPXHOCTb TEpPMOCTaTHpyeMoro Oioka, jaubo
BCTaBJISIIOT B CIIEUAIBLHOE OTBEPCTHE OJIOKA M 3alIMBAIOT CIUIABOM
Byna. [na temneparyp 300-1000 K 0O0BIYHO HCHONB3YIOT
TepMONapbl M3 CHEUHMAJbHBIX  CIJIABOB  (XPOMEINb-AJIIOMETb,
XPOMEIb-KOMENb U JIp.), CIIay IOIy4arT CBAPKOH IPOBOJIOK.

Tepmomapa He MODKHA MMETh 3JIEKTPUUYECKHX KOHTAKTOB HU C
KakKUMHU JCTAISIMH, KpeMe KJIeMM HW3MEpUTEIbHOTO Npubopa.



JKenaTenbHO WCITONB30BaTh H3MEPUTENBHBIA MPHOOP C BHICOKHM
BXOJHBIM  CONpOTHBJICHHEM  (UU(PPOBOH, C  BIECKTPOHHBIM
YCUJIUTENIEM), TIOCKOJIBKY CONPOTHBIICHUE TEPMOMAPhl  MOXET
nocturath jaecsatkoB Owm. [lpu Mcrnonp30BaHWM MHUJUTHBOJIBTMETPOB
OT BakyyMMETPOB M UM TOJOOHBIX 00s3aTeIbHO  BBOJSAT
nornpaBoyuHblie Kod¢p¢uuneHTsl. B auanasone temmeparyp 77-200 K
HAWIY4IIeH cpeqod s cras CpaBHEHHUsS SBISACTCS KUAKUHA a3o0T,
TeMIlepaTypa KHIICHHS KOTOPOTO MaJI0 3aBHCHT OT HW3MCHCHHMA
aTMOC(EPHOT0 JaBJICHHS U IPUMECEH KUCI0pO/Ia.

CrieluaJibHO  BBITIOJTHCHHBIE aBTOPOM MOCOOMS HUCCIICAOBaHUS
MTOKa3aJIid, YTO B OOBIYHO WCIIOIB3YEMBIX CTCKISTHHBIX PEaKTOpax-
KpuocTaTax 0e3 TEIJIOBBIX JKPAHOB TeMIIEpaTypa Ha MOBEPXHOCTH
OXJTAXKJIAEMOT0 KHMJKAM a30TOM CTEKJISTHHOTO IMajblla B BaKyyMe
cocrasiser He MeHee 90 K, meanoro 6oka — He menee 80 K.

Temmepatypsl THTJICH C HCIApsSEMBIMH METaNIaMUA B JTUAIla30HE
1000-2500 K naubonee ynoOHO N3MEPATH ONTUIECKUM THPOMETPOM
C JIOTIOJIHUTENBHOW JIMH30H, MO3BOJIAONIEH (POKycHpoBaTh ero Ha
IUTOMmAN 0KoJo | MM2.

8.4. OuncTKa YCTaHOBKH OT aACOPOMPOBAHHOM BOJBI.

Bo BBenenuu u pasgene 6.1 ynmoMuHanoCch, 4TO XpaHs;mieecs Ha
BO3AyXE CTEKJIO aJCOpOMpYeT NEeCSITKH MOHOCIOEB BOAbl. B Tex
cllyyasix, KOrza B peakTope, MMeeTcs eIMHCTBEHHAs OXJaxaaemas
XKHUIKAM a30TOM IIOBEPXHOCTb, Ha KOTOPYI0 B TEUCHHE YacoOB
KOHJIGHCHpYeT HeGonbiune Konuuecta (10 10~ Momb) peareHTOB,
MEPEKOHJCHCAIMS BOJBI CO CTEHOK PEakTopa Ha 3Ty HOBEPXHOCTb
MOXET CYIIECTBEHHO HCKa3UThb pE3yJbTaThl  JKCIEPUMEHTA.
ABTOpPOM TMOCOOMS yCTAHOBJIEHO, YTO MPH BaKyyMHPOBAaHHOM
oObeMe peaktopa okono 200 CM’, BpeMEHM MpeIBAPHTEIbHOIM
OTKauKM NpH KOMHATHOH Temmepatype 10 10 Top 6 uacoB, Ha
paGouyi0 MOBEPXHOCTH B 25 CcM° B TEUEHHE Yaca MOXKET
MEPEKOHIEHCUPOBATHCA CO CTEHOK J10 10~ Mob BOIBL.

Ha 3aBogax anexTpoBakyyMHOW anmaparypsl Uisl yIaJICHHUsT BOBI
OTKa4YMBAIOT MPHOOPEI B BBICOKOM Bakyyme mpu 500—600 K, HO B
YCTAHOBKE CO CMa3KOH, pEe3UHOM, CKJIEeMKaMu 3TO clenaTh
HeBO3MOXKHO. Haumbonee ymoOHBIM OKa3zaicsi CHoco0 3aMelieHHs
BOABI BEIIECTBOM, JAIOIIMM C HEW as3eoTpomHsle cMecu. U3
MMONOOHBIX BEIIECTB B OOJBIIMHCTBE CIy4YaeB ONTHMaJbHBIM
SIBJIIETCS] STUIIOBBIN ciupT. /|11 OUHCTKH peakTopa UM YCTaHOBKH K



HUM IPUCOEIMHSIOT 3aKPhITYI0 KPaHOM aMIyjldy C aOCOJIOTHBIM
cnuptoM. CrnupT 00€3rakWBaroT, MOBTOPSAS HECKOJIBKO pa3 ILHKI
3aMOpaKUBAHUE JKUIKUM a30TOM — OTKayka — pa3MOpaKUBaHHE.
[peBapuTeIbHO OTKAYMBAIOT OUMIIAEMbIi 00beM 10 Bakyyma 107
TOp B TeueHHE 2—4 4acoB. 3aTeM OTKPBHIBAIOT aMIIyJly CO CIIHPTOM
IIpYM KOMHATHON TemIlepaType Ha YCTaHOBKY B TeueHue 15-20 MuH.
AMITyJTy 3aKpbIBalOT, apbl CIUPTA U BOABI OTKauuBaroT 1,5-2 yaca,
3aTeM TIOBTOPSIOT omepamuio. JIBykpaTtHas o0paboTka mapamu
CIHMpTa CHMXXAET CoJiepKaHhe JecopOnpyeMoi BOJbI Ha CTEHKAxX IO
KpaiiHeii mepe B 10 pa3. AHaJOrM4YHO MOXHO 00€3BOKUBAThH
METAJUINYECKUE TOBEPXHOCTH YCTAaHOBOK.

OCHOBHBIE CBOMCTBA CTEKOJI

9. CIIPABOYHBIE JJAHHBIE

Mapka (B Jlunensrit koa . Pabouas Temmeparypa
CKOOKax TEIUIOB. pacIUp. | TeMIepaTypa OTXHra
crapasi) 107 rpag

“IIaTHHOBBIE™
C90-1 (BA-1) 90+2 550 400-505
C89-1 (Ne2) 8942 550 410-520
C-87 (3CH4) 87+2 500 360450
“MOJIOIEHOBEIE”
C49-1 (3C-5) 49+1 580 410-540
C49-2 (3C-5K) 49+1 575 410-535
C47-1 (Ne46) 47+1 590 420-555
“Bonb¢pamMoBbIe”
C40-1 (3C-11) 40%1,5 620 385-520
C39-1 (Ne 17) 39,5+1,5 640 410-540
C37-1 (Ne 40) 37,5+1,5 806 580-750
IUIaBJICHBIA KBapLl
Co6-1 5,0 1250 -
JIureparypa

1. KoponeB b.1. OcHoBbl BakyyMHOUW TexHuku. M.JL., “Oneprus”,

1964, 464 c.

— YueOHMK ANl TeXHHMKyMoB. KHHWra He mneperpyxeHa TeopHeH,




MHOTO TIOJIE3HBIX IPAKTUIECKIX CBEICHUH.

2. Kopones B.U., Ky3uenos B.U., [Tunko A.U., Ilnuckosckuii B.S.
OcHoBbI BakyyMHOH TexXHUKU. M., “Oneprus”, 1975, 416 c.

— OT0 W mocleAywliue u3gaHus oTinyaercss oT [1] omucanuem
0oJee COBpEMEHHOTO 000PYIOBaHUS M MATEPUATIOB.

3. TexHonorusa TOHKUX IUIEHOK (crpaBouHMK). [lox pen. Maiiccena
JI., T'moura P, HLI-O—IZOpK, 1970, Ilep. ¢ anrn. T.I., M., “CoBetckoe
panuo”, 1977, c. 9-351.

— bonpmroe KOMWYECTBO TMIOJNIE3HBIX JAHHBIX CO CCBHUIKAMU Ha
OpUTHHAJBHBIC paboThl. JIyuriee mocodue aiist TeX, KTO 3aHUMAeTCs
WCMapeHUEM METAJIOB U HEOPTaHNIECKHUX COSAMHEHUH.

4. Kpuoxumus. [loxg pen. Mockosuma M., O3una I, HL}O-ﬁOpK,
1976, Ilep. ¢ aurn., M., “Mup”, 1979, c. 19-157.

— Onucanne METOAOB BaKyyMHOTO WCIIAPEHHS] METaJUIOB  JUIS
XUMHYECKUX U CTIEKTPAIBHBIX SKCIIEPUMEHTOB.

5. UmyrtoB K.B. Texnnka (U3NKO-XMMHUYECKOTO UCCenoBaHus. M.,
1954, 341 c.

— OdeHb MoNe3Hass KHATA JJIs SKCIIepUMEHTaToOpoB. Onrcanue npue-
MOB pabOThl B YCJOBHSX IUIOXOTO CHAOKEHHUS 00O0PYJO0BaHHUEM H
MaTepuaIaMu.

6. Shriver D.F. The Manipulation of air-sensitive compounds. Part 1.
Vacuum-line manipulations. Mc. Graw Hill Book Co., 1969.

— Omnucanue CTEKISHHBIX BaKyyMHBIX YCTAHOBOK JIJISi XUMHYECKUX
AKCIIEPUMEHTOB. TaOMHIIbI JaHHBIX JIJIS TA30BBIX TEPMOMETPOB.

7. ObpaszoBaHre W CTaOMIM3aAIsI CBOOOMHBIX pamukaioB. Ilom pen.
Bacca A., Bpoiina I'., I1ep. ¢ anri., M., WJIL., 1962, c¢. 180-131.

— llogpoOHble maHHBIE 1O KaTUOPOBKE HU3KOTEMIEPATYPHBIX
TepMortap (MeIb-KOHCTaHTaH)
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