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B CBH3H c nan&aellmHM paaBHTHeM TeXHHKH yc:a:opaTeneA u coanaHHbM npyrax :a:pyu

HbiX BaKyyMHbiX yCTaHOBOit B8lKHOa 3H8'1BHB8 npao6paT8IOT BOilpOChi TBOpBH T9'1BBCK8HRSI0 

yGT8H8BnHB810li{al! OCHOBHhla 38KOHOMapHOCTH H3M9HQHHSI napD;IlaJibHOro ;:xasneHBl'l np06HOrO 

r~38 B 'iySCTBHTenbHOM anaMBHTQ TB'l9BCK8Tang a 38BBCBMOCTB 0T ero C06CTSBHHbiX napa

MeTpOB, xapaXTep)ICTHKH Te'IB II B8XyyMHOil CIICTBMbl 0 a T8KJK9 BpaMBHB DOS!B119H1l.SI CBrB8J14 

Ta<JeHCKaTenn. 

Ill 
B pa60Te npusonBTCs TeopeTu'lecxxe coOTuomeBHH, OliHCbiBaiOmue H3MaueHHa nap-

nllan&uoro nasneBBH npo6uoro raaa BO speMaBH nnll neyx cny'l8ae noncoenuueuug Te'leac~ 

TanH : uenocpenCTBBBBO K KaMepe, OTKa'lBBaeMOil napOCTpyiiHhiM B8COCOM, H It nJIHHB npen

B8pHTenbBOI! OTK8'1KH M8X8BH'l9CKHM H8COCOM. npu STOM upennonaranOCb0 'ITO llOTOX upo6H~ 

ro raaa 'lepea Te'lb BBnHBTCll CTanuoaapBbiM, a speMSI ero npoHHxuoeeHHH Mana n<:> cpasae

BHIO CO speMeBaM A0CTHJK9HBSI CTBilBOBapuoro COCTOSIBHSI B BBltYYMBOJI: KaMepe. Ha nony'leB

Bb!X cooTaomeHHII cnenoeano, 'ITO sanB'lKBa naeneHHB npo6uoro raaa a 6blcTpoTa cpa6aTbl-

BaBBS! 3aBBCBT H9 TOnbXO OT B9nH'lBHbl DOTOKa 'lepe3 Ta'lb B CKOpOCTH OTK8'1KH, HO B OT 

DOCTOliBBbiX BpaMeHII nponecca OTKaUH. 8TH pa3yllbTaTbl B nanbHallmaM 6blnB HaCKQnblt.O 

yTO'lBBHbl H paCCMOTp9Hbl B pa6oTa 
121 , B KOTOpOJI: D;8Hbl BpeMaBHbie xapa!tTe-

pHCTHKH TB'IBHCKSHBSI AnSI pa3nH'lHbiX Cny'ISBB llOAKniO'l&HBSI Te'leHCKaTenH H p83nH'lHbiX 

MeTOD;BK npOBBABBHbiX HCilbiTaHHli. 3neCb TSK)I(B o6pamaaTCSI BBHMS!IBB Ba BBnH'lHHy BpeMe

HH 06nyeaBHB, KOTOp8B A0n)I(H8 6biTb DOPMK8 DOCTOSIHBOli BpaMeHH OTKS'IKH. OnuaKO B STHX 

pa6oTax ue y'IBTbiBaeTCH cjlaKTOp, csSI3aaubili co speMaueM nepeMemeaaSI npo6aoro raaa 

ItBK DO K8Hany T9'1B 0 TBK ·H DO B8KYYMHOJI: CHCTeMe AO MOMBHTa yCT8HOBneHHSI KB83HCT81lHQ

H8pHOrO nponecca. 3To epeMll MO)I(eT 6h1Tb, no-eBAHMOMy, aua'IBTenbHbiM np11 onpenenea

HhiX ycnoeaax s xauane Te'IB a s eaxyyMHoll cacTeMe. Boo6me rosopH, nOTOK np06uoro 

raaa 'lepe3 Te'lb B BSKYYMHyiO CBCTeMy SIBnHeTCll H9CT81lHOHapHb1M B CnO)I(HbiM o6p830M 

38BBCSilllBM OT BpaMaHH. noaTOMy B 06lllaM Cny'lae TeopBSI TB'l9HCK8HIISI AQn)I(H8 p8CCM8TpB-

' saTb CBSI38BBble Me)I(D;y co6oll: aecTanaoaapBble nponeccbl: noTOK npo6aoro raaa 'lapea 

KaHan Te"'B, xapaxTep H3MeBeHHSI aro napllBBnbHOrO nasneHIIH S BBKYYMHOII CHCTeMe H B 

'lyscTsBTellbHO~ aneMeHTe Ta'leacxaTenH. B CBH3B c aTHM npencTasnSiaT onpeneneaablll 

HHTepec aana'la pacCMOTpaHHll &ecTan&oHBp&oro nOTOKa npo6aoro raaa 'lepea xa&an Te'IB 

H HecT81lBOH8pHOrO H3M9H9HHSI KOHil9HTP81lHH npo6&oro raaa S HCDbiTY9MOII B81tYYMHOII 
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KaMepe. Peaya.Ta-rw a-roro paccwo-rpeua a .Qa.lllt•lmew CS7.117T BCDO.IIItao ... w .11na 7CTaaoa-.. 
neaaa ape..,.aaol aaaacawocTB ••weaeaaa .Quneua apo«<aoro raaa a 'Q'BCTBBTem.aow an-

wea-re Te'leacUTAIIB ttpa paau.awx caocoCSax ero DOJlCo..QBMDB 11: acaw-r,.ew011q oeh.eJ:'I'f, 

BW8J0Dl811Q' JS411:77WB7JO CBCHW7 OTJ:8 ... , 

1. 0~ !lpC!!Saoro raaa B UUM 1'eU 

Teop&TB'l&CKOW7 a &J:caepawe~ao,.,. paccwo-rpe .. JD c-raaaoaapaoro -re•eua rasa 
/1....&/ 

'lepea Te'llo nOCBBDl8B pj~~~ paCSOT 0 B JtO'I'OPWlt B87'188TCB aaBBCBWOC'fto HD'IBBW DO'I'0-

11:8 OT caolc'l'll raaa a reoii(8Tpaa ~~:uana -reu. 

/61 
B npaae.Qeao pemeue .11a41tJ•aoaaol aa.Qau aecTanaoaapaoro aaweaeaaa ~~:oaaea-

-rpaaaa npoCSaoro raaa ao .111111ae uaana Te'IB npa woneJ:7.IIJipBOM Te'leaaa a IIJKIADonOJKeaaa, 

'ITO aa BXO.Qe a Te'llo a wowen t •0 aowemawrca wraoaeaawl BCTO'IBBK apo«<aoro raaa, 

aaa•e roaopa, apawa oCS.117B8J1Ba waao no cpaaa&BBJD co apeweaew .QOC'I'IIllt8BBB wucaMam.

aol aenii'IBBhl KOBileBTpallBB raaa 11 ~~:uane -re..B. C>Aaa11:o 711:asaaawe ,.cnoBBa oCSA7BaBBa OC7-

mecTMBJDTCa p8AJ:O, npa &TON, D~BB.QBMOM7t 118nii'IBB8 MOI181l711BPBOro nOTOK8 npoCSaoro 

rasa CS,..a.eT wana, 'ITO orpaBB'IBBAeT B03MOJKBOC'I'It oCS .. P7••BBa -raux Te'lel, 

Ope.a.aonolKJIM, 'ITO ft'llo npe.a.cTaanaeT aa ce611 IUIDBD.pB'lecllal ll8111Ul c pa.~~a,.coM 

R a .a.naaol L. PelKIIM Te'leaaa ra:aa a &TOM c:ny•ae 67D.&T onpe.a.enll'I'I>Ca npe.a.ena1101 

aaMeaeaall 'IBCna KII)'AC:eaa It • • AIR , rne A - cpenaaa .a.1111aa caoCSo.a.aoro npoCSera npa 

ABBBOM cpe.QR8M ABBII8BBB raaa B ll8B8118 Te'IB, 

Pacc:wo-rpaw c-ra.~~aoaapawl no-roll aoan7xa •epea Jlaaan Te'IB, B cny•ae Mon&K7napa~ 

ro pelKIIMB na.~~eaae .a.aaneaa11 no AIIIIB& Kaaana onacwaawrcH aaaacaNOC'I'ItJO 
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~ B CDy'l88 BH3KOCTBOI'O -

p•p-(p-p)X/L 
t t J , 

p 2• p 2 - ( p 2_ I' 2) X/L ' 
1 1 I 

(1) 

(2) 

r.a.e p - p - nepene naan&BBH raaa sa Kaaane Te'IB, X - Koopnaaa-ra no llliHBe Kaaana. 
1 I • 

. Cpenaee naaneaae B Kaaane TaU onpenenHeTCII awpaJKeBB&M 
L 

P • _!_ f pdx • 
L o 

-3 
BCT8'18BBB raaa B B8K77N MOlKRO nollOJKBTb p "0 llllB R .< 1,5 • 10 CM1 8 llllH 

(3) 

Opa 

R ·> 
-3 I 

1,5•10 CM Re06ltOII.BMO 7'1BThiB8Tb B8nB'IHII)' B8BM8JD.mero ll8Bn8HHll BII)'TpH Te'lll p 
/1/ 2 

no cjlopt.«yne, npaaeneaaol a • Hcnom.aya {1) a (2), aa (S) npa p
1
•0 B P

1
•p 

DOily'IBM Cp8llH88 llABileHHe B K8B8118 Te'IB npH MOileKYili!pBOM B BII3KOCTBOM Te'l8HHH 

COOTB8TCTB8BHO: i ..... '12 p .~ (4) 

4 .. ' 
.;·j' 

p --!.p I 

B 3 • 

rne p • - a-rwoccjlepaoe naaneHHe, 

nnH nepeXOllHOrO pelKHM8 B KA'l8CTB8 Cpenaero ll8Bil8HBB MOJKBO Up 

cpeneee MeJK.Qy p : 
B 

;. - '12 ( i .. + i. ) _z_ p • 
- 12 • 

Py H 

Cpen&HH nnasa cao6onHoro npo6era nnH aoanyxa npa +20°C onpe.QenaeTca 

A•417.10'1 /pl 

r.Qe p - .118Bil8HB8 B TOp, 

B 'l'aCSliHile 1 Ana pa3nH'IHhiX pelKBMOB npeaeA&Bhl 3RA'leaa• cpeAHero 

B811B'IHH A 1 Onp8ll8118BHbiX H3 (7) .QIIH COOTBeTCTBYIODlBlt Cpe.QHHX ABJI!I8H 

p8CC'IBT8HHhl8 H3 'IBCn& KD AliA ABBHbiX A , a pac'leTRhl& aenR'IBBW ·n01 

D.llll D.BHBhiX R 11_t 

Ta6na.11a 

PeJKBM 'lacna p • A I R., Cl 
Kll)'aceHa TOp CM Q,n. --

MoneKynap-
KD >_2 1,24•10-5 

R ::5 6,2• 
Rhll 380 

Q ~ 3~4·1 
Oepexo.Qaol 0,02.< KD < 2 440 111•10-5 6,2•10-e.< 

314•10-8< 

BH3KOCTHhll Ka.<0,02 500 9,4·10-6 515•10-
4

.< 

6·10-2 <~ 

Ha uaHHbiX Ta6Jtauhf,t.cnenyeT1 'ITO noTox npo6Horo raaa nps t.«oneKyl 

'lepe3 KBHan. Te'IB 1 DD-BII,IlBMOM70 He BMeeT CMbiCI18 paCCM8TpBB8Tb1 TaK 

HBR 'iyBCTBIITellbHOC'I'b Te'leBCKATenell TBX:oro THna, X:BK , BanpBMep 0Tiof· 
/2/ -7 

DOTOK8 He npeBOCltOD.HT 10 IIMTOp/cex, nosTOM7 npeACT81,'111HIOT BHTE 
-7 'IHHa x:oTopbiX 6om.me 1·10 nwTop/cex:, rae Ha nponecc nepeeoca woneJ 

3BB1 6yneT BIIBHTb cpenBBll CKOpOCTb D.BBlKeHBSI raaa, 

CpeasHH cx:opocTb D.BBJKeBBH raaa no KaHany T&'IB npa aaOTepMB'Iec: 

p 
1 

• 0 AIISI BH3X:OCTHOro B nepexo.a.soro pelKBMa onpenenHeTCSI cjlopMynaNB: 

a-Q/rrR1 p-

B 

Q•:F p
8 

1 

5 



a .aam.•eAmew CS:r.arr BCDOIIWio ... w .ans ycTaaoa
• 

CBMOCft B3M8B8US Aaaii8DB llpOCSIIOI'O raaa B 'I)'BC~TellloBOM ene-

,. p83U'IJIWX CDOCoCiax ero DOilC08AB .. DB K BCllhiT;r8MOM3' oeb.eKT;r, 

CBCTeM;r OTI:AUJio 

1. fiOTO~ upoCSaoro raaa a lr&BaM Te .. 

B BJI:CD8pBM8BTAm.BOM;r pACCMOTpeDIO CTaDBODpBoro Te'I8DB rasa 
11-5/ 

Plllt paiSOT , B JI.OTOpWX B3Y'Ia8TCB 3aBBClrMOCTio B8BB'IB.BW DOTO-

reoueTpBB JtaBana Te'IB. 

pemeue AB4Jt;r3BOBBOA 3aAA'IB B8CT8DBOUpBoro B3M8B8UR JI:Oliii8B

DO AIJIIB8 JI:AB&Da T&'IB DpB Mc»>e:Jt;rru!pBOM Te'I&UB B DpellDOIICDt .... , 

t •0 DOM811188TCS MrBOB&BBWA BCTO'IBBJI: llpOCSBoro raaa, 

MUO DO Cpa&B8UIO CO Bp&M8B8M ,IIOCTIIJK&UB MUCBMam.

llBB raaa B aaaane ,.....B, O.au11:o 7Jla3BBHhle ycnoua oCS.ayaau• ocy

,. BTOM, Do-BBABMOM;r, B&IJII'IBBB MOII&Kynspsoro DOTOJ1:8 upoCSBorO 

GrpaBB'IBB88T B03MOlKBOCTJo o6Up:r:.&UB T8UX Te'I&A, 

TO Te"'b npeACTBBnB&T Ba Ce(is llBDB,IIpB'Iecii:BA JI:B.BIUl C pa.as;rcoM 

BM Te'leBRs raaa e &TOM caywrae CSy.aeT oupe.aenliTioCs upe.aenaMB 

ceBa It a - AIR , rne A - cpenass AIJIID caoCSo.aBoro upoCSera up• 

••• rasa B xasane Te'IB. 

OBBpBhiA DOTOX B03ll;rlr8 'lepea JI:BB8n Te'IB, 8 cnywrae MOII&Xynspao-

,BJI8BRB DO llnBB& X8BBn8 ODRChiB88TCB 38BBCRMOCTJoiO 
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P •p -(p -p) X:/L 
I I 3 (1) 

0 -

P 3- P a - ( P a_ ~I) X/L • 
I I a (2)~ 

naeneaRs raaa aa xaaane T&'IR, X - X~PllRBaTa no nnaae xaaana. 

aane T&'IR onpenenseTCH Bhlpa~eBReM 
L 

P • _!_ f pdx • 
L o 

-8 BaxyyM MO~RO DODOJKBTJo p • 0 nnSI R .< 1,5 • 10 CM, a nns 
I 

(8) 

onaMo Y'IBThiBaTJo eeawraHy aaRNeRJomero naBneRBs B&yTpB Te'IB p 
/1/ I 

oA B • Hcnom.aya (1) R (2), B3 (8) npR P~-o • P~·P 
HBe B ttaaane Te'IB DpR MonexynBpBOM R BIII3XOCTBOM Te'leRRR 

P" ... =% p •' (4) 

4 

tJIJ 
~.~~ 

p --!.p. 
B 3 • (5) 

rne p • - aTNOCijlepaoe naeneRBe, 

nns nepexonaoro pelKBMa B xawrecTee cpenaero naeneRRB Mo~ao npRCSnR~eRBO B3HTJo 

cpenaee Ne~y PM R p : 
B 

;_ - % ( i .. + p-. ) _z_ p • 
- 12 "' (6) 

Cpenasa nnRaa caoCSonaoro npoCSera nns B03nyxa npB +20°C onpenenB&TCR 38BRCBMOCTioJO: 

A • 4,7. 10 ·• .I p, (7) 

rne p - naBnea•e a Top. 

B 'l'aCSane 1 nns paanawrahlx pe~RMOB npaaeneBhl aaawreaas cpenaero naane&RII p 

aenn•a A , onpeneneaahlx Ra (7) nns coOTaeTcTBYJOIIIHX cpenBRx naaneRBA; aaawr&RBII R 

p8CC'IBT8BBbl8 R3 'IRCna Ito nns ll8RRbiX A 0 B p8C'IeTRWe BenR'IBHbl DOTOX8 B03llYX8 Q 
/1/ 

.an11 naBRhiX R • 

Tafin•ua 

PeJKBN '-IRena p • A I R., CM 
Kaynceaa Top CM Q, n.MTop/cex -

Monexyngp-
Ito >_2 RhlA 880 1,24•10-5 

R ~ 6,2•10-6 

Q ~ 8,~·10-s 
nepexonaoA 0,02 .< Ko .< 2 440 1,1•10-5 -6 . -4 

6,2•10 <R .< 5,5•10 

8,4•10-8< Q < 6·10-2 

8li3XOCTRblll Ko.<0,02 500 9,4·10-6 -4 . . -8 
5,5•10 .< R < 5•10 

6·10-
2 

<Q < 470 

Ha uaaabrx Ta6nanhr cnenyeT, 'ITO noTox npol5aor.,.raaa np• MonexyngpaoN Tewreaaa 

'lepe3 XSR&n. Te'IR, Do-BH!lRMOMy, Be RMSeT CMbiCD8 pSCCMSTpHBSTJo, TSX X8X C05CTBeR

R8H 'IYBCTBRTeDbROC'l'& Te'leBCKSTenell T8XOI'O TRD8 0 xax, RanpBMep nTH-6~ X senR'IRRe 
/2/ -7 

nOToJ.:a ae npeaocxonHT 10 nMTop/cex. nosToMY npencTasnsJOT aaTepec Te'IR, aenR-
-7 

wraaa xoTopbrX 6on~owe 1·10 nwTop/cex, rne aa npouecc nepeaoca Nonexyn, xpoMe n•41clt:r-
3RR, 6yneT BDRSIT& cpenBllll cxopocTJo llBR~eRBII raaa. 

Cpena1111 cxopocTb nBR~eBHII raaa no xaaany TewrR npR aaOTepMBwrecxoM TewreaRB a 

p 1 • 0 nns asaxocTaoro • nepexo.aaoro pelKHMa onpenen11eTC11 ljlopM;rnaMR: 

U•Q/,R1p-
(8) 

• 
Q•:F pa • 

' 
(9) 

,,I 

lS 

l' 



r 
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rAe P- DpC)II)'CitK8ll CDOCo6BOCTb Jt8 .. A8 Dp,JI BJI3KOCTHON BIUI DepeXOAHON pelKHNe. Hcnonb-
, Ill 

sya ljlopuynl>l .!lAB :F 0 npBB8A8BBl>le B , MOlKBO DOAy'IKTb BS (8) B (9) 81>1p8lKeBBe 

AAII CpeABell CKOPOCTB (B03AYX DpB +20°C), B ltOTOPOM a - B eM/Celt; R B L -8 CM, 

p 8 •760 TOp j p - DO Bl>lp4lK8BHIO ( 5) BIIB ( 6) 8 Top. 

nycTb 8 MOMeBT t• 0 X BXOAHOMy. OTBepcTHIO X888A8 Te'IB 0 8 XOTOpOM CyllleCTByeT 

CTallBOB8pHblll DOTOK B03AYX8o DOABOCBTCJI npoiSBitlll ras C KOBD8BTp81lB&II D 0 , 8 B Bl>IXOA

BOM OT88pCTIUI ltOBDeBTp81lBJI ero paaaa 0 (npeAqonaraeTCII0 'ITO BC8 Monexynl>l MrBOBeBKO 

yAaAIIIOTCB OT ·Bl>IXOilBOro OTBepCTBB0 T81t K8K BCTe'leBBe npOBCXOABT 8 B8KYYM). nepeaoc 

wonexyn npo6soro rasa x Bl>IXOABONY OTaepcTBJO Te~B ISyAeT npoacXOABTb sa C'leT AB~

saa B 118XA8Abl88101118rOCB ABBlK8BBB Cp8Al>l (B03AYX8), BNeJOIII8rO B8KOTOpyJO CpeABIOJO .. CXo

pOCTb a • 

nna paccwaTpxaaeworo cny11aa npo~tecc nepesoca MoneJtYn npoiSBoro rasa onxcYaaeT-
18/ 

CSI OISOISIIIeBBl>IM ypaBBeBBeM AB~SBK ; 

a. _,1 
--•D ua a t --;---1 - a .d.a... ... a • • (10) 

rtte a - JtoBDeKTpallBK Monexyn npoiSxoro rasa, 

B KeDO~BHlKKOII Cp8A8o 

D- xo&~llB&BT AK~3BB npoiSxoro rasa 

Huea '8 aqy, 'ITO AAII Te'IB L>>R Ha'lani>B08 B rpaKB'IH08 ycnOBBSI MOlKHO SaAaTb 

B BRAe 
D • 0 t 

a •.•o • 

D•O, 

t- 0. 

t·> 0. 

t>O , 

O.<:c.<oo 

·- 0; ( 11) ...... 
Pemeaae yp8BBeBBB.(10)·non11fBM C DOMOIIIbJO npeol5p830BaBBSI·nannaca B B3 Ta611J11lbl AAII 
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oparasanoa a BBAe: 

rAe 

erf x 

a • 

u/D 
a ( :r, t) • ~ a 

0
[ erfc (a- fj ) + e 

Z/2(Dt)~, fJ • 1/:!(t/D)~, 

erfcx • 1 - erfx , 

- HBTerpan raycca, 

arfc(a-.;/J)], (12) 

. ~YBBilHII (12) ISyAeT YAOBneTBOP51Tb Bl>IW&DOCTaaneBBl>IM TpeiSoaaBBIIM npa • -ut.'S,. 0 • 

TaJt xax npa t .... nepBWII 'IA8K B (12) CTp8MKTCB X 2, a BTOpOII - X 0. npH z-iit>O 

K t ... oo nepablll B BTOpoll 'ln·eKl>l CTp8MKTCSI·X 0, 'ITO npOTHBOpe'IHT yCAOBHIO D • D 
0 

AAK 

t·> 0 

nOToJt npoiSBoro raaa npeACTaBHM CyMMOII AH~~3HOBKOrO DOTOXa H DOTOXa 3a C'I8T 

ABBlK8BBB ra38 CO CXOpOCTbiO a : 

,. 

q- q + q • 
D 11 

6 

(18) 

' 

!l 
~~~ ;~,l 

fi'. ',' 11 

r 

! 

I. 
'·~ 

! 

' 

l
:~f 

~~ 
,_.:.'! 

.~· 
:'~ 

'

.1·\, 
\· 

! 

rAe 
I 

q --o..i!L,R, 
n a. q • a a11 R 1 • 

• 

Hcnonb3yil (12), DOny'IBM BS (18) 

I 2D)a I 
q -~" R a a lerfc(a-fj)+ · .·exp [-(a-{j) J 

0 
( rr Dt ) " 

npx t ..... B (14) nepsblll 'lneB a cxo6xax cTpeMKTCsl 11: 2, a &Topol - 1 

xapllbll DO'I'OK ISyAeT paseu: 
I 

qo••Raao. 

Bcna a (14) ·DOOOlKHTb z • L , To nony'IBM llOTOX B BltiXOABOM OTBepcTBI 

AOCTBlKeHBK B811B'IBKbl DOTOK8 npoiSaoro raaa t c 0 ISUSXOI It B81U1'1KIIe C1 

TOJta, Onp8A8nBM BS yCnOBKII0 DpB KOTOpOM Bl>lpalKeBBe B ~rypKbiX CJtOIS 

(14) IS1>1no ISw ISnasxo 11: 2, ttn• 11ero B8AO .nonolKHTb: 

fJ-a• 2. 

OrxyAa 

I I 
t 0 • 4D:Ia +L/a + [(40/a 

I li 
+ L/a ) - (L/a ) 1 ], 

8 TaiSnBile 2 npBB&AeBbl SB8'18BKK Cp8AB811 CXOpOCTB U AAB B03AYl 

DO ljlopNYne ( 8) 0 BpeM8BB 

nB'ftB DOTOXOB B03AYX8 Q 

t C AllSI paSA8'1Rl>IX B8AJ1118H R B COOTBeTCl 
Ill 

0 8311Tbllt 83 TaiSnBilbl • nna T8'1B 470 AMTOJ 

BW'Iacna:n:ae~> c y'leTOM P 1. •170 Top. Kos~ueaT AB~axa ren811 a acx 
1101 

C'IKTioi88ACB ·ao ljlopuyne 0 npBMA8BBOII B , 83 II:O'I'C)pOII MOlKHO DOAy'IKT: 

I 
D-.4.10 ·/ p , 

rAe D -·a cu
2

/cex; p - cpeAK88 Aa&n&H88 B03AYX8 B KaHane Te'IKo nns 
2 2 

pelKHMa D •0,91 eM· /cex, AASI Bli.3XOCTHOro- 0 •0,8 CM /cex, 

\ 

TaiSna~ta 2 -
R,cM: 1,5•10-5 8·10-5 1,5•10-4 5•10-4 1,8•10-8 

~~ 8,2•10-7 1,4·10-5 1},4·10-4 6•10-2 
4,5 

ce~: 

u,cM/CeJt 0,82 4 22,5 200 1668 

t c,C•K 18,1 0,98 7,6•10-2 6,1·10-s 6,8•10-4 

7 



noco6aocn. Jtaaana np11 Bli3KOC::THOM ana nepexoABOM pelKRMe, Hcnon&
/1/ . 

1 DpBB8A&BBb18 B o MOlKBO DOlJY'IBT& 113 (8) B (9) BblpalK&BBe 

(a03AYX up11 +20°C), B KOTOPOM II • B CM/CeK; R B L • B CM
1 

DO BblplllK&BRIO ( 5) BliB ( 6) B TOp, 

t • 0 IC BXOAIIOMY OTBepCTHIO IC8B8ll8 T8'1R 1 B ICOTOpOM Cyiii&CTByeT 

03AYX81 llOABOCIITCH npoi5Bbll ra3 C ltOBD&BTpanRel II 0 1 8 B BbiXOA• 

Tp81lHH ero paBB8 0 (np&A!lOll&raeTCH1 'ITO BCe MOli&JtYllbl MrBOBeBHO 

•rO OTaepCTRSI1 T81t JCaJC RCTe'I&BBe DpORCXOABT B BaKyyM), nepeaoc 

a IC BbiXOAHOMY OTBepcTRIO Te'IB ~YA&T DpORCXOART& 3a C'I&T AR~-

SI ABHlK&HBSI Cp&Abl (B03Ayxa), HM810JIIero H8JtOTOpy10 Cpe.QHIOIO .. CKo-

eMoro cny'laSI nponecc nepe&oca MOli&Kyn npoi5Boro ra3a onac~aaeT
/8/ 

AR~3HH : 

aa ll 
--•D aa at '7:-ia - a h.. • a. , (10) 

MoneKyn npo6&oro ra3a, D- KO&~nReHT .QH~3BR npo6aoro ra3a 

Te'IB L»R H8'18li&Hoe R rpaRH'IHDe yCliOBHSI MOlKHO 38.QaT& 

I• 0' 

t > 0. 

t >0 , 

O.<z.<oo 

·- 0; 
.I~ oo •• 

( 11) 

) DOliY'IHM C DOMOIII&IO Dpeol5p830B8HBH'Rannaca H R3 Tal5~nbl AliH 

ao/D 
t) • ~ a 

0
[ erfc (a- f3 ) + e erfc (a-t JH) , (12) 

fJ • U/2(t/D) ~ , 

erfcx • 1 - erfx , 

cca. 

T YAOBli&TBOPHTb BbiW&llOCTaane&HbiM Tpel5oaaHRSIM DpH % •Ut.~ 0 
1 

ep&bll 'lli&H B (12) CTp&MHTCSI It 2, a BTOpOil - It 0, npa %•ut>0 

ol 'ln·eabl CTpeMRTCSI .x 0, 'ITO npOTaaope'IBT ycnoa&JO a • a 
0 

.ana 

'838 llP&ACT8BHM CYMMOI AHij!W3HOHHOrO DOTOX8 II llOTOX8 38 C'laT 

T&IO U : 

q•q+q, 
D " 

6 

#1/A 

(18) 

~' 

I 
' ,_(' 

,'•/ 

;·:~~it ' 
/.~ 

.j;.· 
~~ 
\ 

.jill 
~ •, 

rAe 
ll 

q ·-DArrR, 
D a. q •llarrR 1

• 
• 

11cn0ll&3yir (12), ll'OlJY'IRM B3 (IS) 

ll 2Djll 1 
q • ~ " R 11 a I erfc (a- /n + · · exp [-(a- fJ ) ) I . 

o ( " Dt ) K . (14) 

npa t ..... B (14) nepabll 'IlleR B CKOI5JtaX CTpeMBTCH It 2, 8 BTOpOI- It 0
0 
R'CT8~o-

H8pllbll DOTOX 15y.aeT paBeH: 

q •,. R 2a a , 
0 0 (15) 

Ecna B ( 14) ·DOliOlKHT& Z • L 0 TO Dony'IRM DOTOX B BbiXO.QROM OTBepcTHR Te'lll, BpeNJI 

.QOCTHlKeUJI aenR'IRRbl nOToxa npol5aoro raaa t c , 15l1Baxol x aeliJI'IRRe CTaQJioaapaoro no-

Toxa, ODpe.QenJIM B3 YCli0BBSI1 upa XOTOpOM Bblp&lKeBBe B lj!Rrypllblx cxol5xax cjlopMynw 

(14) 15Yll0 15bl l5liB3JtO X 2, AliSI 'lero HII.QO IIOliOlKRT&: 

IJ-a• 2, (16) 
OTxy.aa 

10 • 4D:/a 
1 

+L/a + [(4D/a 2 I K 
+ L/a ) - (L/a ) 11 1. (17) 

8 T815lJRne 2 upRBe.Q&RY 3H8'18HHSI Cpe.aael CXOpOCTR a .QliJI B03AYX8
0 

BY'IRCli&BHOll 

DO 4loPMYlle (8), BpeMeBB 

liR'IifR DOTOXOB B03JlYX8 Q 
t c AASI p83liR'IHbiX B&liR'IRH R B COOTB&TCTBYIOIIIRX RN ae-

/1/ 
, B3srrwx aa Ta15nanbl • Jing Teu 470 liMTop/cex cxopocT& 

BY'IIICIIJII8C& C Y'leTOM PI ~ 170 TOp, Koa~nReRT AR~3RR reliRSI B B03AyXe 

/10/ 
D pac-

C'IRTbiBaliCJI •no ljlopuyne 1 upBH.IleRROI B 1 113 XOTopol MOlKRO DOlJY'IHT&: 

I 
D-.4.10 I p , 

(18) 

rAe D -·a cu
2

/cex; p - cpeARee A&BlleHHe B03Ayxa B xaaane Te'IB, Jlng nepexo~taoro 
2 2 

palKRMa D •0,91 cu· /cex, AliSI Bli3XOCTHOro- D •0,8 CM /cex, 

». 

Tal5nana 2 

R,cw: 1,5•10-5 8·10-15 1,5'10-4 8•10-4 1,5·10-s 5•10-s 

~JI!a22. 8,2•10-7 1,4•10-15 
ceJt 

13,4·10-4 6•10-2 4,5 470 

a .cw/ceJt 0,82 4 22,5 200 1868 1,4•104 

t cPeK 18,1 0,98 7,6·10-2 
6,1•10-8 8,8·10-4 7,1•10-5 

' i; 

7 
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r· 

~ 

2. H3MeHeBBe nap1111am.aoro llAI!IlleHHH npotlaoro ra3a 

B BaxyyMBOli xawepe1 OTKa'IHBa8MOli HACOCOM 

.QOJIYCTBN1 'ITO II BUyyMHOli KaNepe 061.8MOM VI 1 B KOTOpOli DOilll8plKBBaeTCH OCT8-

TO'IB08 ll8BII8BH8 pIll DpH CKopOCTH OTKa'III:H DO B031lYXY S IB 1 BM88TCH T8'1b1 HAXOilH-

JilaHCH B8 paCCTOHHHH L l OT OTBepCTBI! OTKa'IKB C081lBBBT81IbHOrO Tpy(lonpOBOila, X llpyro

MY II:OBDY KOTOporo DOilC081lHH8B BACOC (napocTpyliHMA HIIH MeXaHH'I8CKHA). noMeCTHN 

Ba'I81IO KOOpllHHaT B BWXOilHOM OTB8pcTHH T8'1H1 a OCb ;r aanpaBHM BllOIUo DPHMOli 

L I" Ha'lallbHblM MOM8HTOM Bp8M8BB t • 0 Clyll8M C'IBTaTb MOM8BT DOHBII8BBB DOTOKa Dpo6-

BOro ra3a q a BblXOilBOM OTBepCTHB xaaana Te'IH. Ecna npHBBTb 1 'ITO nonepe'lable pa3Me

pb1 K8M8pb1 H83Ba'IHT81IbBbl DO CpaBB8HB~ C ee ll&RBOli1 H Y'I8CTb1 'ITO M8CCOBaB CKOpOCTb 

rasa a KaMepe Mana, TO npouecc B3NeBeHHB KOHileHTpallHH npo6aoro rasa a• 1 11 npell

nono*eHHH ero paaaoMepaoro pacnpelleneBBB no ceqeaa~ xaMepb11 6ylleT onachlaaTbCB 

YP811H8BHeM 
on' J 

--- ·• D 
a a' 

at I a:r ~ (19) 

DpH Ha'lallbHOM H rpaBB'IHbiX yCIIOBHBX: 

n'=O, t• 01 O.<z.< ... , 
oa• 
-•--q/D t·> 0 , :r-0 a:r •. 

(20) 

n' • 0 , t> 0, ...... 
8 rpaHH'IHOM yCIIOBHH (20) DOTOK npo6Horo rasa q HBIIBeTCH cWHKilBeli apeMeHH 1 Ko-

TOp8H Bbipa*AeTCH cjlopMynoA ( 14) nps z • L • Hcnom.3oaaase sToA cjlopwynbl lliiH pewe

RBH ypaBHeHHB (19) BM3b1Ba8T Cepbe3Hbl8 MaTeMa'PH'I8CKBe TpyllHOCTHo 

BpeMH CMemeBHH Monexyn npo6aoro rasa B B8KYYMHOA KaMepe Ha p8CCTOHHBe 
18/ 

L I 

onpell81IH8TCB COOTHOW8HH8M 

t-L
8
/2D

1
, 

L I (21) 

rAe D 1 - Koscjl4miUieHT AHfjlcjtyssu npol5uoro rasa a aaxyyt~aoA xaMepe • .Qna ynpomeaaH pewe

HHH 38A8'1B 6yA8M p8CCM8TpBB8Tb T8KH8 Te'IB, AIIB KOTOpb!X BpeMB yCT8HOBII8BHH CT81lHo-

H8pHOCTB DOTOKA t 
0 

M8HbW8 BpeMeHJI Oi5AyB8HHH 

t .< t • 
0 0 

t ·: 
0 

(22) 

nosTOMY MOlKHO npHHBTb DOTOK q CTallHOHapHblM1 Ollp8A81I8llHbiM cjlopMynoi! (15), npa 

q• qC PSW!i!BBS ypaBH8HBH (19) MO*HO BAATH M8TOilOM npeo6pa30B8HBH nannaca tl BRAe: 

n'(z,t) • ~ 
Dl 

0np8A81IBM Cp8AHee SH8'18BBe 

K 
I2(.Rl )Kexp (-:r?/4D t)-z erfc[z/2(D t) ] I. 

rr I 

KOHil8HTp81lHB npo6Horo rasa K MOM8RTy BpeMeHH 
K 

npu ero CMemeHHH sa paccToHHHe z • z
0 

• ( 2 D 
1 

t 
0

) • 

8 

-

(23) 

t- t, 

It 
·~ 

CpeAaee au•eue a• paaao: 
•• 

•'.;• -•- r ··•· • •• • 
fioaCTUAIUII II (23) t• t 0 B -AB a&MU)' DepeNUBOli II (24) lr• Sj• 

JleCJIOlKJIWX IIW'DCII8Uli JUlbeN: 

.·.- 0,65 •.•/ D1• 

Yaao ... • paa~~UBa BpaiiTJO •acTb paaeBCTN (25) u 2 • • 1 
._ .. ,. 

JNBO .. .H Ba lJ a• Aea.H Ba AIIJUI1 L I 1 DOII7'IJIM CpeaBee 'IBCIIO NOIIft711 11pC 

.. 4NUIIUIQ A~ L I ~ NON&II'I'f t • t L r BOI'A8 raa IIJIOilB..,.BABJIYeT .. 

YMIIO .. B no cpea_. 'IBCIIO MoneJ:7.n .. L 1 • DQQeruns u IIMNUI'IIIJI7 o&lreN 

CJMtA- a....... B:OIIIl&JITP8IlBB upo6aoro raaa a oCb.ewe UN8JIIII K woNelrrJ 

N •l,lq
0
t;/V 

1 
• 

Y'III"''WWIa-. uo P•Nir:T 1 • yNBom~a (28J sa 0118 (To sa 1 Clap •01'1& 1 

'IBN cp8A- BIQIIIIUUibB08 AAIIII8BB8 upoC$1101'0 raaa II oeh.eNe UNepw: 

P•qt/V, 
e • a I 

rae q ... a aanop/cew;1 t-
0

- 11 ces; V 
1
- a a; •• -. N70p. 

C...- aapm~am.aoe A-BBe upo&loro raaa AOC'I'III'_,. BaBCionbmero 

JIPII to• tLI T.e. 

•L- •; .. tv. · 
.llU ~8BBB a&aa'IB OIIJ)81l-BBB aaBBCBNOCTII B3N8 .. BBB D8piUI8IIIrBOI'O A• 

ro raaa OT llp8M8D C5rAeN C'IBT8Tb1 'ITO C NOM811T8 llp8N8BB 

CT8UOBapiiYli Jlpoll8CC DpB CKOpOCTII OTKa'IKB DO upoC$BOJ.7 r83)' 

t>tL BA'IBII< 

5
1 1 ODBCI 

t 0<_ tL ypaiUI8BB8Y 

v I( clp I I .. ) -- s I p I I 

'io 

8 upB tO> t L-7JHIBH8BB8M 

Vl(dp/•t) D qo-Sipl. 

PemeBBe yp8BB8BBli (29) H (80} upH H8'1anbBOM yCIIOBHB P• p 
I 0 .I P,- PL I 

UNeBeHBe napiUiam..lloro llaBIIeHBB upoC$soro rasa B o61.eMe V 
1 

DpB t.< 
0 

P•(q t /y) exp [-( t -t )/T] 
I e If I I: I 

• npa t
0

·> tL! 

T -t 
P •( q /5 1)( 1- --1 -Lexp [- (t- tJ/ T ]) • 

1 c ·T
1 

I 

rAe T 1- ·v / S 1 • 

9 



• HaMeaeHBe napa.an&aoro ~:~aaneaaa npo6aoro raaa 

B B8XyyMBOll XAMepe1 OTXA'IBB88MOII B8COCOM 

B BAXYYMBOII KAM&pe o61.eMOM V 11 B KOTOpoll DOIUI&PlKIIBA&TCR OCTA-

IB npH CKOpOCTH OTK8'1Ka DO B03AYXY S IB 1 HM88TCR T8'1b 1 BAXOAR-

L I OT OTBepCTHR OTKA'IKB C08AHBHT8nbHOro Tpy6onpOBOQA0 K Apyro

OQC09JlBH9B aacoc (napocTpyllahlll ana Mexaaa'lecKall). noMeCTBM 

XOJlaOM OTB&pCTaa T8'111 1 A OCb % aanpaBaM BAOn& npRMoll 

t • 0 6yll&M C'IHTATb MOMeaT nosrBn&HBII nOTOKA npo6• 

'llBOM OTBepcTHH xaaana Te'IH, EcnB npHRHTb 1 'ITO nonepe'lable paaMe

·n&Bbl no CpABB&HHIO C ee JliJHBOll, H Y'I8CTb1 'ITO M8CCOB8R CKOpOCTb 

TO nponecc xaweaeax11 KoaneHTpAnHR npo6aoro raaa a• 1 a npell

pacnpeAeneHBR no ce'leHHIO xaMepb1 1 GyAeT onacblaaT~ocsr 

iJa' 
2 

iJ •' -- ·-o ---
iJt I iJz 2 (19) 

H'IHbiX YCDOBHRX: 

=0, t= 0' O.<z.< 00 ; 

a' 
-=--qiO I • t·> 0 ' •• o (20) 

, 
=0 t > 0' ' ..... 

H (20) DOTOK npo5Horo raaa q llBDReTCsr cpyHKDH&ll Bp8M8HH 0 Ko-

Mynoll (14) npa Z• L • HcnOn&aoaaaae aToll cjlopMynbl Anll pewe-

3biBA8T C9pb93Rbl9 M8T8M8'PH'I8CXBe TpYAROCTBo 

MOnexyn npo6aoro raaa B BAXYYMROII KAMepe Ba paCCTORRH8 
nt 

RH&M 
2 

tL• L
1
120 

1
, 

Ll 

(21) 

npo6aoro raaa a aaKyyMaoll xaMepe. llnR ynpomeaasr pewe

MaTpHBATb TAX He Te'IH, JlnH KOTOpbiX BpeMH yCT8ROBD9HHH CTADHo-' 

em.we apeMeaa o6Ayaaaaa 

t .< t • 
0 0 

t ·: 
0 

(22) 

DOTOX q CTAIUIOBAPBbiM, onpe}leneltRbiM cjlopMynoll (15), npa 

BHSI (19) MO~RO BAATH M&TOAOM npeo5pa30BABHH nannaca ~BRA&: 

qc (2(....1ll. )Kexp (-d/40 t)~a erfc[al2(0t)K) I. 
0 17 I 

I 

9HH9 KOHD9HTpanBH Dpo6Horo raaa X MOM&RTY BP9M8RH 
K 

CCTOSIHH9 Z = Z 
0 

e ( 2 0 
1 

t 
0

) , 

8 

-

(23) 

t- t,. 

'\ 

CpeAHee au••••• •' paBHO: 

•• 
..... _1_ f ••••• 

•o 0 
(24) 

fiQQCTaND • (23) t• t 0 • aae~:~sr aaM8BJ nepeweuoll a (24) •• •1'1/2 , nocne 

IMCIIOliiiiWX Blrl'IJiAmeDll ul!Jlew: 

a'0• 0,65 '• • .I D 1• (28) 

YMHO .... paq4tiUIJI llpallp> 'IAC'I'Ia paHBCTB& (25) .. 2 ••• a aaTeM pesyn&Te'l' CH-

7 ... o-.s U a 0 11 JleaJI U AIIIUI7 L I 1 Doay'IJIM cp41AH88 'IHCIIO MOileKyll upo6ROI'O raaa 

.. .uuDIV A~ L 
1 
~ WOM&IITf t • t L 1 KOI'AA raa ~Rt4JTIUIBP78'1' U p8CCTQSHB8 L 

1
• 

YWIIO .. S HO CpeJI .... 'IHCIIO MOIJ8K7II U L 1 H IICIJiemiB U JMNIH'IHII)' o61rewa ·y 
1 

1 HabeM 

cp8AH88 au•••• KOIIII&JI'IP81UI• upo61101ro raaa • o61re~oo~e UJdPiol K MOM&IITJ apewea t. t~ 

N • 1,3 •• t I v I • (28) 

:Y'IH'I'WBas, 'ITO P• Ri:T , R JMHOlKIIB (28J aa 0,78 (TU KU 1 !Sap •0,75 MTCp), DOAy

'IHM cp8A- • ..,......oe ~:~aaeBHe upoC$Horo raaa a otJ.ewe UMepw: 

P•qtiV, e e e I 

rae q .- a .IIM'I'Op/C-, t-0 - a cex; ·v 
1
- • 11; 

(27) 

pe- B ~· 

llpll 

CpeJ~Hee Dapllllam.Jioe ,._ ... upo6Hcro raaa JIOC'I'U'118'1' HUGOJibmaro a .. •••• 

to• tL, T.eo 

P • q t /V • 
~ L • L l (28) 

Jl&ll :JIIPOIII8BHS 3AJIA'IH 0Dp8Jltliii8BHS 3&BBCBMOCTB B31oo18BeHH. DApJUianltBorO Jl4Bn8HHS upoGao-

1'0 raaa 0'1' Bp&lool ... ~eM C'IHT8Th1 'ITO C MOMe.a'I'A Bpelooi8HH t ·> t L ... B .. eTCR KBaaB

CTAJUIOUpllld DpOil8CC llpll CKOJIOCTII O'I'Ka'IKH DO upo6HO...,. raay S I 1 ODBCWB88MWI njiH 

to<.. tL :ypal!IB ... 8M 

V 1(dp 1 /dt > --s
1

p
1

, 

l 
a DpH t 

0
> t L-7PABB8BH8M 

Vl(dp/dt) • qo-Sipl. 

PemeBHe ypa8HeBHll (29) B (SO} DpK BA'Ian&BOM yCIIOBBB p.- p 0 .I P.- PL B 

H3N8H8BH8 DAPilBanltiiOro Q8Bn8BHSI upo6aoro ra3a B 06J.eMe VI npa t.< t : 
0 L 

p • ( q t IV ) eap [- ( t - t ) I T ] 
I o ii I 1: I 

• npa t
0

·> tL! 

T -t 
p •( q I 5 1)( 1- --1 -Leap [-(t- tJ:I T J) , 

I « ·T, I 

r~:~e T1• ·v.,;s, . 

. , 
}. 

9 

(29) 

(30) 

t• t AA&T 
L 

(31) 

(32) 

,, 



r B Ta6llllne 3 .aaabl aaa'leHBR t L .ana .118YX nonepe'IHhiX paaMepo8 8axyyMHOII xaMepbl 

d B paanB'IBOII llllHRbl L 1 8 aa8HCHMOCTH OT OCT8TO'IHOro .11881l9HBSI 8 K8Mepe p , npH-
. -5 -3 18 

'19M .ans .118Bn9HHII ( 10 - 10 ) TOp KOaljlljlBIUI9HT .aH!jlljlyaHH 8bi'IBCilSIIlCSl 110 ljlopMyne 
1 ~ 

0 1 - 3 dc , r.ae C- Cpe.aHRSI MOIIexynspH8SI CKOpOCTb relUISI. npu P
18

> 10 TOp D 
1 

8bi'IHCilliJICSI no ljlOpMylle (18). 

Ta6nuna 3 

t = 
L 

2 
L 

1
J 2 D 

1 

d =10 CM d • 100 CM· 

L 1 c~ 
10

2 103 10
4 

16
2 103 . 10

4 
.PTop 

10-5+10-3 
1,25·10

2 
1,25 125 1.25~10 

-3 1,25·10-l 12,5 

1· 10-2 
0,125 12,5 1,25·10

3 

1·10""1 
1,25 1,25·10

2 
1,25·10

4 
Te JKe aaa'I<HIHH, 'ITO H .ansr 

12,5 1,25•10
3 

1,25·10 
5 

d = J 0 CM, TliK KaK D I He 3a8HCHT 

10 1,25'10
2 

1,25•10
4 

1,25"10
6 OT d • 

B Ta6nane 4 JlllSI pa3nH'IHbtX 3Ha'leaall t L npH V 1= 10
3 

n Jl8H\>l BellH'ilfHbl p (28) 
L 

8 3aBHCHMOCTH OT B€'1lH'IHHbl noTOKa Q
0 

B npe.anollOlK9HHH1 'ITO B03.11Yll B T9'1H flOilHO-

CTbiO 3aMemaeTC!I npo6Hb!M ra30M (HanpHMep, renHeM, y KOTOporo BSI3KOCTb 6nH3Ka K 

8SI3KOcTH B03.ayxa). 

Ta~a 4 

PL MTOp 

l! 0.,1lMTOp 

~K 
3·10-7 1,5·10-5 2,2·10-'\ 6·10-2 

1,2 470 

1,25·10-2 3,8·10-12 1,9·10-10 2,8·10-9 7,5·10-
7 

1,4·10-5 
3,8 

1;25 3,8·10-10 1,9·10-8 2,8·10-7 7,5·10-5 1,4·10-3 
10

2 

1',25•102 3,8·10-8 1,9·10-6 2,8•10-5 . 7,5·10-3 1,4·10-1 
10

4 

1,25·10
4 3,8·10-6 1,9·10-4 2,8·10-3 7,5·10-1 

1,4·10 

1,25·10
6 3,8·10-4 1,9·10-2 2,8·10-1 

7,5"10 1,4•10
2 

' 

lila paCCMOTpellllll Ta6.riBil 2 H 3 8B.aH00 'ITO llllSI Mallbllt paauep08 88 

~ 
8 KOTOpOI DOA.aeplK118aeTCSI .aaBneJille 10 TOp B HHlKe, 8peMR .11Bijlljly3BB 

8peueaeM t 0 .ansr ae6onbm&x Te'lel, u noaToMy npe.r:~nonoJKeaae o CTanuo 

'19pe3 Te'lb llllH 8TRX yCil08RI llpB peWeiiJIB ypa8H9RBH (19) He 8ltlllOIIHSie1 

npa6nBlKeaao llpBRSITb aa 891lR'IRBY cTanaoaapuoro noToxa cpe.aHIOIO no 8p• 

'IBHY nOToxa npo6aoro raaa 'lepea Te'lb. lila Ta6nunb1 3 cne.ayeT, 'ITO apet 

CymeCT8eHBO llllH llpOTS1lK9HHbllt xaMep (aanpHMep, B Cny'lae K01lbl{e8b1X ~ 

llllHBBbllt Tpy6onp080.110B H .ap.) .aalKe llpH BbiCOKOM BaKyyMe, a llpH HB3K 

SIBilReTCII llOBOnbBO 60nbWOI BellH'IBHOll: ti: llllSI He 0'19Bb 60ilbWHX KaMep, C 

8p8MH nOHBneRRH CBrBana T8'19HCKaTellSI (8peMS1 OTC'IeTa). 

lila Ta6nanbr 4 TaxJKe cne.ayeT, 'ITO .ans ManbiX Te'leA a Manb!x aaarr• 

aa napnRallbBoro .aaaneHHII npo6aoro raaa p L npeae6pelKBMO Mana B eiO 

'IHHOII t L llllSI t >t L MOlKHO npeae6pe'lb B ljlopMyne (82). npa &TOM y 
I 1 2/ 

( 32) nepell.aeT B ljlopMylly, nony'leRHyiO 8 pa60Te ' • Dns 60ilbWHIICT8a 
-5 llHTOD ( Q > 1,4•1 0 CeK ) R OTHOCBTellbRO 601lbWBlt KaMep BellR'IRHbl t L B 

cymecTaeaayiO ponb, a BMB npeae6peraT& ae cne.ayeT. BpeMH .aaljlljlyaua 

BOll CTeneBB MOJKeT BllRSITb Ra BpeMeRHble xapaxTepBCTRKR Te'leRCKaRBSI R 

'lyBCTBBTellbROCTb TerreacxaTenSL B aTOM CIIY'Iae aaMeaeaae napnaallbaor 

aoro raaa 80 apeMeBB B o61.ewe xaMepbl 6y.aeT ODBCbtBaTbCH ljlopuynaMi 

nOMOlllbiO XOTOpbllt MOJKRO onpe.aellBTb BpeMeHHyiO 3aBBCBMOCTb napnBanbR< 

llp06HOI'O raaa B 'lyCTBHT91lbHOM 81l9M9HT9 T9'19RCKaT91lSI R OlleHRTb .11BBa~ 

TellbROCTb .ansr .aaaaoll aaxyyMRoll cacTeHbl npa paallii'IRbiX cnoco6ax ero 

ABTOP Bb!palKlleT 6naro.aapHOCTb M.lii.MeHbWBKOBy, n.E.neauaoll B f, 

06CyJK.aeRBe H COBeTbl, 
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P .[l&Hbl 3H8'19HHB tL .nnH .nayx nonepe'IBhiX paaMepoa aaxyyMHOA xaMephl 

nashl L 
1 

a aaaHCHMOCTH oT ocTaTo'IHoro .nasneHHH s xaMepe p , IIPH-
-5 -3 IB 

~~ (10 - 10 } TOp XOaoj>oj>HilH9HT .nHcjlclly3HH Bbl'IIICJIBnCH 110 oj>opM)'Jl6 

c - cpeaHHB MonexyngpHaH cxopocT& renaH. npa P > 10-
3

Top D 
IB 1 

t>pMyne (18). 

Ta6nana 3 

tL~ L
2

1
/2D 1 

d = 10 eM d • 100 CM 

.2 10
3 10

4 

10
2 1,25 125 

~ 12,5 1,25·10
3 

1,25·10
2 

1,25·10
4 

1,25•10
3 

1,25·10 
5 

10
2 1,25•10

4 
1,25'10

8 

-

1tF 10
3 

10
4 

1.25~10-3 1,25·10-l 12,5 

Te JKe 3Ha'leHH51, 'ITO H .nn• 

d = 10 eM, Tax xax D 
1 

He aasHCHT 

OT d 

AllH p83llH'tfHhiX 3l:ilPH~HHii I L npH V 1=!0
3 

n aaH~l B9JIH'il1Hbl pL(28) 

B<?JIH'!HHbl IIOTOKa q
0 

B npeanOJIOlKeHHH, 'ITO B03J:lYX B Te'IH IIOJIHO-

npOOHl>IM raaoM ( HanpHMep, renaeM, y xoToporo nHaxocTb 6naaxa K 

Ta~a 4 

PL MTOp 

·10-7 1,5•10-5 2,2·10-4 6·10-2 
1,2 4~0 

0-12 1,9·10-1 0 2,8·10-9 -7 
1,4·10-5 7,5•10 3,8 

0-10 1,9·10-8 2,8·10-7 7,5·10-5 1,4·10-3 
10

2 

o-8 1,9·10-6 2,8•10-5 . 7,5·10-3 1,4·10-1 
10

4 

0-6 1,9·10-4 2,8·10-3 7,5·10-1 
1,4•10 -

o-4 1,9·10-2 2,8·10-1 7,5•10 1,4•10
2 -

10 

#Ill 

~ 

Ha paCCMOTpBDll Ta«<nBil 2 • a BH.[IHO, 'ITO .[Ifill Man&IX paaMepos saxyyMHOI KaMepbi, 

-3 
B KOTOpol IIO.Il.lleplKJIBaeTCll .nasneue 10 TOp H HHlK61 apeMH ABcjlclly3BH I L Cp8BHHMO C 

BpeMeBeM 10 Aflll He6on&WHX Te'lel, H 1109TOM)' 11pe.nnOJJOlK9HH9 0 CT81lHOHapHOCTB IIOTOK8 

'lepe3 Te'lb .llJISI 9TBX )'CJIOBHI DpB peWeHBH ypaaHeHBSI (19} Be B&IIIOfiHSieTCH, 0.QH8KO MO)KHO 

llpHOnBlKeHRO IIpHBIITb 38 BeJIH'IBHY CT81lHOH8pHOI'O IIOTOK8 Cpe.nHJOIO 110 BpeMeHH t aenu
o 

'IHHY noToxa npo6Horo raaa 'lepea Te'lb, Ha TaOnHllbl 3 cneayeT, 'ITO speMsr .na.poj>yaas tL 

cymeCTBeRHO .llllH 11pOTli)K9HHbiX KaMep (HanpHMep, B CJly'!ae EOJibl19BblX )'CKOpHTeneA, 

.[lJIHHHbiX Tpy6onpOBO.[l0B H .np,} AalKe llpH BbiCOKOM BaXyyMe, a IIpH BH3KOM BaK)')'M9 ORO 

SIBJISI6TCH AOBOJibHO 6on&WOI B6JIH'IHBOI ri: .[Ifill He 0'19Hb OOJibWHX KaMep, Ollp9J:l9JISIJOI11eA 

Bp9MSI IIOSIBJI6BBSI CHI'Hana Te'leHCKaTeJISI (8p6MSI OTC'IeTa), 

Ha Ta6nBl1bf 4 Tax)Ke cnenyeT, 'ITO nnsr Manblx Te'leA H Manblx aaa'leHHA t B6JIB'IH
L 

Ha llapl1B8JibBoro naaneBBSI 11po6aoro rasa p L 11peae6pelKBMO Mana H e10, a TaKlKe aena-

'IHHOA t L .llllSI t >t L MO)KBO llpeHe6p9'lb B oj>opMyne (32), npa aTOM )'CJI08HH oj>opMyna 

I 1 2/ 
( 32) 119peAneT 8 oj>opMyny, 11011)''19HB)'IO B pa60Te ' • nnll 60ilbWBHCTna Olll)'THMbiX Ta'leA 

-5 JI!fTop ) ( Q ·> 1,4•10 B OTHOCHTellbBO 60IIbWBX xaMep BeJIB'IBBbl t H p ylKe arpaJOT 
CH L L 

cymecT8eBayJO pollb, H HMH 11peHe6peraT& ae cnenyeT, BpeMH naoj>lj>yaHH tL s sHa'IHTen&-

aoA CT9119HH MO)KeT 8JIHSITb B8 speMeBHble xapaXTepHCTHKH Te'leHCXaHHSI H ):lBHaMH'IeCK)'IO 

'1)'8CT8HTellbaocT& Te'leacEaTena. B aToM cny'lae aaMeaeaae llapi(Hallbaoro naaneHHSI 11po6-

aoro rasa 80 8pe~~o~eau 8 ol51.eMe KaMepbl 6yneT onac&r8aT&ca oj>opMynaMH (31) H (32}, C 

JIOM0111bl0 KOTOpbiX MOlKHO OllpenenHTb 8peM&HHyiO saBHCHMOCTb llapllHallbHOI'O naBn9HHSI 

npo6HOI'O rasa 8 'I)'CT8HT9~HOM aneMeHTe Te'I9HCKaTellSI H Ol19BHTb )lHHaMH'I8CK)'IO 'IY8CTBH

T91lbHOCTb 11.11!1 .llaHHOA BaK)')'MHOA CHCTeM&I IIpH pasJIH'IHbllt CJIOCoOaX ero IIOilCO&IlHHeHHH. 

AnTop 8blpa)K&eT 6naronapHOCTb M.H.MeRbWHK08)', n.E.neaaaoA H r.H.BBnOBY aa 

06Cy)I{J:leHH9 H C089Tbl. 
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