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A H H 0 T A U H H 

B HaCTOH~eM C60pHMKe M8TepM8HOB npeACT8BH6H8 SCKM3HaH npo

pa60TKa llffTMMeTpOBO~ ~MAKOBOAOPOAHO~ ITY3HPhKOBOH KaMepH, np6AH83-

naqeHHOH AnR HCllOHb30B8HHff B nyqKax qacTH~ npOTOHHOrO CHHXpOTpOH8 

na aneprHID 70 raB, coopy~aeuoro B r.CepnyxoBe. B HeM HanarawTca pe

aynDTaTH npeAB8PHT6HbHOrO paCCMOTpeHHH OCHOBH~ CHCTeM H YCTpOHCTB 

KaMepu, npoBeAeHHoro B TeqeHHe !966 r. rpynno~ cne~HaHHcTOB 06~e~H

nennoro HHCTHTyTa HA6PHHX HCCH6AOB8HHH. 

C6opHHK cocTOHT H3 AByx qacTe~. qaCTh nepBSH, nocBs~eHHaH WH-

3HKO-TeXHHqecKOMy 060CHOBaHHD OTAeHbHHX yaHOB H MeX8HH3MOB C06-

CTBeHHO KaMepH, ITOArOTOBHCHa KaMCpHHM OTACHOM ~a6opaTOPHH fiACpHHX 

np06HCM. qaCTh BTOpaa, OXB8THBaD~8ff KOMITHeKC BOITpOCOB, CBH3aHHHX C 

paapa60TKO~ KpHOrCHHHX CHCTeM YCT8HOBKH, llOArOTOBHeHa KPHOreHHNM OT

AeHOM ~a6opaTOpHH BHCOKHX SHeprHH H ny6HHKYeTCH OTA6H»HHM npenpHH

TOII. 

B npeACTaBH6HHHX M8T6PH8H8X COACp,E8TCH peKOM6HAa~H OTHOCHTCHb

HO ~enecoo6p83HOrO HCllOHH6HHH KaMepH H OTAeHbH~ ee yaHOB, KOTopwe 

MOryT 6HTh llpHHHTU aa OCHOBY npH COCT8BHeHHH TeXHOHOrHqeCKOH qacTH 

npoeKTHOrO 38AaHHH Ha BCID YCTaHOBKY B ~eHOM. 
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BBEliEHHE 

rpa~HOSHHI nporpecc B paSBHTHH YCKOPHTen~HOM T6XHHKK, ~OCTHrHyTH~ B nocne~Hee ~e

CHTHHeTHe, CTHMynepOBaH COS~aHHe H COBepmeHCTBOB8HHe cy~eCTBY~ M6TO~OB HCCne~OB8HHB 

npoueccoB, npoTeKam~ex npe BHCOKHX asepresx. 

B apcesane aKcnepeueHTan~HHx cpe~CTB, KOTOPHMH pacnonaramT ~epHHe ~eseqecxee na6o

l pa2opaa B sacToamee Bpeus, TpeKOBHM npe6opau npeHa~neZHT oco6oe uecTo. STO uecTo SHaqe

l~n~so yrrpoqenoc~ c uoueHTa nosBReHHB Taxoro saueqaTen~Horo HHCTpyueHTa, xaKHM sBRHeTCR 

·1 rryaHpi>KOB8R Kauepa. OrpoMHHii nporpecc B esyqeHHH CSMHX Kauep, a TaKllte BOSMOlltHOCTe£1 HX 

... HCITOH1>80B8HKB COBU6CTHO C yCKOPHi'enHUH sapRllteHHHX qaCi'HU, Bbl,ltBHHyJI nysHp~KOByiO K8Mepy B 

qecHO H8M6onee BSEHMX npH60poB, SHaqeHHe KOi'OpHX cerO~BH Tpy~HO nepeoueHHTI>. BoSHHKHYB 

K8K H8CTOJII>HH6 npe60PH, nyaHp~KOBHe Kauepu BCKOpe nepepOCJIH B UO~HHe npoUHmJieHHHe yCTa

HOBKH, no ra6apHT8M H CJIO&HOCTH SKCnepHUeHT~HOrO 060py~OB8HHB CpaBHHMHe C KpynHHMH yc

KOpHTeHBUHo Bbl)t8~8HCR pOJII> KaUep B ~HSHK6 Hamero BpeMeHH o6yCJIOBJieHa U6JIHM PR~OM npecy

~HX HU yHKK~HHX KaqecTB, cpe~H KOTOPflX ~OKyY6HT8JIDH8B TOqHOCTI> H ITOJIHOTa CBe~eHHii, no-

l Hyqaeu~ 0 Kalt~OM OT~eJI~HOM B88HIIO~e£!CTBHH, 

I Oco6eHHO 6oJ~Dmee ycnexa 6HJIH cBssaHH c 

qe£1 cpe~H ~ns rrysHpi>KOBHX K811ep. ETa ycnexe 

erpam!, nolltany~, onpe~ensmmym pon~. 

OCBOeHH611 lltH~KOrO BO~Opo~a B KaqecTBe pa6o

B Cy~eCTB6HHO£i uepe 06BS8HH Bbl,lt8DmUUCB ~0-

CTHllt6HHBU ITOCJI8~BBX neT B paa~HTHH HHEeHepHHX U6TO~OB KpeoreHHO~ i'eXHHKH. PesyJII>T8TOM 

STOrO BBHJIOC~ COS~HBe p~a doJIDmHX RaKep, HCITOJI~SyeUHX B H8CTOB~ee Bpellft Ha ycKOpHT6JIHX 

C SHeprKSUH nyqKOB ~0 30 raB H CTaBmHX npoo6p88811H e~e 6onee KpynHHX yCT8HOBOK, npodne

KH OOOpy.eHHft KOTOPHX B H8CTOHmee Bpeus BC8CTOpOHHe HsyqaDTCft B CBHSH CO CTpoHTeJI~CTBOII 

• HOBHX ruraHi'OKHX ycxopeTeneii. . 
fiepBOe 06CYJJt~6HHe ~HSHqeCKHX sa~aq, pemeHHe KOTOPHX OK88HB88TCB ~OCTyiTHHM C ITOMO~~m 

~ BO~Opo~HOii nysHp~KOBOD K8MepH, HMe~eD npOTBX8HHOCT~ pa6oqe~ 06JI8CTH B HanpaBJieHHH nyqKa 

6oxee ~Byx ueTpOB, 6HJIO C~enaHO qHHOBCKH(1) B 1962 r. 0H paccMOTpen BOBMOlltHOCTH eayqe

HHH C06HTHii, npOHCXO~H~ B nyqKax qacTHU C SHeprHHIIH B HHT8pBaJie 10+20 raB, ~8B86MHX 

CTeH~Op~CKHM SJieKTPOHHNK YCKOPHTeneu, H npemen K BHBO~y 0 He06XO~HMOCTH ooopyxeHHH K8118-

~ pa,· euemllle£1 paauepbl, npe6neaaTeJI:r,so paBHHe 3xixi u3• Taxym nysHpDKOBYIO Kauepy npe.ztnona

, raxoc~ eonon:r,soBaT~, rnaBHHII o6pasou, .ztns Ha6n~eHHH Heynpyrex npoueccoB, CBBSaHHHX c 

HsyqeHH8U CHJIDHHX B88HMO.zteDCTBHl, npOT8K8ID~ C yqacTH811 HeATpaJII>HHX qaCTHU, a T8K!e ,l(JIH 

HCCHe~OB8HHH BS8HIIO~eACTBH~ ~nepOHOB C npoTOH8MHo fipe STOll, B U8JIHX ITOBHWeHHH S~8KTHB

HOCTH perecTpaUHH qacTHU, pa6oqeD 06~e11 K8MePH OKpyzaJICH KOJII>UOII HS HCKPOBHX K8Uep. 

B 1964 r. onydnHKOB8HH npOeKTH YHOroue~poBHX KH,l(KOBO~OpO.ztHHX nyaHp~KOBHX K811ep, pas

pa60T8HHHe B AproaHcKol e EpyKXeBeHoKot.t Haueouan~liHX na6opaTOPHBX CDIA <2 11 3). B HaqecTBe 
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O~Horo H3 HaH6onee BaXHNX apryMeHTOB, CITOC06CTBOBaBWHX ITOHBneHHID H peanmaa~HH 3THX npo-

8KTOB, BN~BHranaCb H800XO~HMOCTh C03~aHHH BO~OpO~HO~ nyaNphKOBO~ KaMepN ~nfl npoBe~eHHfl 

HCCne~OBaHH~ ITO ~H3HK8 He~TpHHO. 

KoHCTpyHpoBaHHe 6onhmmx ~H~KOBO~opo~Hb~ nyaNphKOBNX KaMep noTpe6oBano npmaumrrmanh

HO HHOro ITO~XO~a K pemeHHID H8KOTOpb~ T8XHaqecKHX aa~a~. B ~aCTHOCTH, rrpo6neua ~OTOrpa~H

pOBaHHfl 6onbmoro pa6o~ero o6~eua Kauepu, ~onroe BpeMa ocTaBaBmaacH uepemeauow, npmo6pena 

BITOnHe peanbHN~ CMNCn rrocne nepBNX ycrreWHNX OITNTOB ITO rrpHMeHeHHID B rryaNpbKOBNX KaMepax B 

Ka~eCTBe pe~neKTOpa crreumanhHoro cBeTooTpaxaromero uaTepmana (cKOT~na~Ta), KOTOpN~ B co

~eTaHHH C WHpOKOyronhiiOU OITTHKOW H CBeTnonOnhHO~ CHCT8MOii OCBemeHHH B nepBOM llpHOnHXeHHH 

noaBonHeT ycTpaHHTh ~enun p~ npmaumnmanbHNX TPY~HOCTew. 

AuepHKaHCKHe npoeKTN npe~ycMaTpHBaiDT BNITOnHeHHe pa6o~ero 06~eMa B BH~e BepTHKanbHQ-. 

ro umnHH~pa, mueromero ~HaueTp, npmonmaHTennHO paB~" 4 ueTpau*>, m BNCOTY 3 ueTpa. Pac

CMOTpeB B03MOXHOCTH HCcne~OBaHHH CHnhHNX B3aHMO~eHCTBH", H3y~eHH8 pacn~HNX CBO~CTB ~ac

TH~, a Ta~e llOCTaHOBKy 3KCIT8pHM8HTOB ITO ~HSHKe cna6NX B3aHM0~8HCTBH~, npOeKTHNe rpynrrhl 

npHWnH K 3aKniD~8HHID9 ~TO yKa3aHHNe BNme pasuepN KaMep 6y~yT ~OCTaTO~HN ~nH npoB~t"§~~· 

60nhWHHCTBa oKCIT8pHM8HTOB B o6naCTH oHeprHH ~0 30 raB. AHanorH~Hhle BNBO~N 6NnH TaKEe 

c~enaaN B UEPH'e<4>. .,. 
Hap~y C 9THM o6a auepHKaHCKHX npoeKTa rrpe~araiDT HCITOnhSOBaHHe KaMep B Ka~eCTB8 

3~8KTHBHNX ~eTeKTOpOB ~- n~eH, o6pasyro~CH npH H~epHNX npeBpameHHHX, HnH HBnHromHXCH 

cne~CTBH8M pa3BHTHH BTOPH~HNX npoueccoB, npOHCXO~HmHX B KaMepax. nna 3Toro BHYTPh Kauep 

npe~ycMaTpHBa8TCH nouemeHHe KOHB8pcHOHHNX nnaCTHH C TaKHM pac~eTOM, ~TOON npOCTpaHCTBO 

Mex~y HHMH MOXHO 6Nno CBo6o~ao woTorpa~mpoBaTh aecKonnKHMH ~oToannapaTaMH, ycTaHOBneHHu

MH B BepXH8H ~aCTH KaMepN. 

B He~aBHee BpeMH CTHB8HCOH(S) npoBen rrpe~BapHT8nhHOe paCCMOTp8HH8 B03MORHOCTH COOpy

X8HHH CW8PK~8CKO~ BO~OpO~HOH nyaupbKOBO~ KaMepN ~HaM8TPOM 6 M, KOTOpyro HM88TCH HaMepeHKe 

HCITOnbSOBaTb COBM8CTHO C npoeKTHpyeMHM B CillA yCKOpHTeneM Ha SHeprHID 200 rBB. 

B XO~e BC8CTOpOHHero H3y~eHHH npo6neM, CBH3aHHhlX C COS~aHHeM KpynHUX KaMep, CTano 

HCHO, ~TO H8KOTOpNe He~OCTaTKH 60nhlliHX KaMep MOryT OKaSa~ cephe3HOe BnHHHHe Ha TO~HOCTb 

nony~aeuux peaynhTaTOB. ~oTorpa~mpoBaame cne~oB ~acTH~ ~epea ToncT~ cn~n Bo~opo~a c rro

uo~ro mHpOKOyronbHOH OTITHKH Ha CBeTnOM ~OHe OKa3NBa8TCH B03MO~HNM TOnhRO B TOM cn~ae, 

KOr~a nysNpbKH HY8IDT paaMephl oonee O~Horo MHnnH¥8Tpa. C ~pyroM CTOPOHH 9 BpeMH pOCTa rry

SUpDKOB ~0 yKaaaHHNX paauepOB OKa3NBa8TCH ~OCTaTO~HO OOnhWHM, ~TO Bne~eT aa COOOW ITOHB

neHKe mcKaxeHH~, ooycnoBneHHNX HecTaumoHapHNMH npo~eccaum, npoTeKaromHMm B pa6o~eu o6~eue 

KaMepu H, KaK cne~CTBHe 3TOro, yBenH~8HH6 norpeWHOCTH H3MepeliH~. 

*) nmaueTpN KaMepAprOHHCKO~H BpyKXeBeHCKO~ HaUHOHanbHUX na6opaTOPH~ CillA COOTB8TCTB8HHO 
paBHN 3,? H 4,3 MeTpa. 
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fiflTHM6TpOB8fl B0,1{0p0.1{H8H nya~p:&KOBaH KSMepa, SCKH8B8H npopa60TK8 B8pH8BTOB KOTOpol 

IIpOB6,1{6H8 II T6116HH6 !966 r.,OCHOB~86TCH 88 KpHTHqeCKOU 8H8JIH88 BC6X H8B8CTHHX aapy6ez

H~ rrpoeKTOB B HBnH6TCH ,1{8XDH6ImHU p8SBHTB8U npe,l{CT8B~eHBI 0 DYTHX COS,1{8HBR B ,1{0CT8TOq

HOI uepe coBepmessoro np~6opa, cnoco6aoro B TeqesBe ,l{XHTeXDsoro Bpeuesw CnyEHT:& ~KTBB

BHU cpe,l{CTBOM II01lyqeHHH HH~opua~HI B HOBOR SHepreTHqecKOI OO~CTH, OCB06HH6 KOTOpol aaq

B8TCH C IIyCKOU rrpOTOHHOrO CHBXPOTPOH8 B r. CepnyxOBe. lly6XHKY8UY6 U8T8pH8J1~ OTpa&a!OT 

Kp8TKOe C0,1{6pz8BB6 DpOB6,1{8BBOI pa6oTY • 

9 



; 

... 

rJIABA I 

llEPCllEKTH~ HCllO~b30BAH~fl KAME~ 

illHpoK 

KOBOti KSUe 

pe qMCTOH 

BO~OpO~H8H nysHpnKOB8H Kauepa HBnH8TCH YHBB8pC8HDHHM npH60pOM, 0 ITOMO~D KOTOporo KOTOpNH rrp 

YO~HO H3Y8pHTn BOe KHH8Y8THqecKHe napaMeTpN qacTHU, H B STOU OTHOW8HHH OH8 He MOK6T 6HTn BepCHOHHHX 

38Y8H6Ha HH O~HHY H3 TSKHX HOB~ npH60pOB, K8K CTpHMepHH6 H HCKPOBH6 KaMepH. fipaB~a, 6CXH TaKBH 

H6KOTOpOe HBneHBe KaqeCTB6HHO H3B80THO, TO ~nH ero KOneqeCTBeHHOrO HayqeHHH MOKHO HaiTH 

HHOr~a 6onee ITO~XO~H~Ha npe6op, qeu BO~OpO~H8H Kauepa. 0~H8KO, HCITOnn3YH T8KHe npe6opu, 

KaK npaBHno, H8B03MO~HO 06Hap~HTn COBepmeHHO H8H3B8CTHH8 HnH H80~M~8HHNe HBneHHH, KOTO

pHe MOryT B03HHK8Tn B HOBOH 06naCTM SHeprHH (HaiTpHMep, npM SHeprHHX qaCTHU OT CepnyXOB

CKOrO yCKOpHTena). 

C MOM8HT8 ITOHBneHHH nepBO~ BO~OpO~HO~ nyaupnKOBO~ KaMepu, KM8Bill8H p83M8pH nop~Ka 

H8CKOnnKHX C8HTHMeTpOB, ~un COBepmeH CKaqoK K C03~8HHID KaMep M8CmTa6a O~HOrO-~Byx MeTpOB, 

KOTOpue ycneillHO HCITOnn3YIDTCH B H8CTOH~ee BpBMH B 3KCnepKM8HTax HB yCKOpHTenHX. 0~H8KO 

yze Ha ~8HHOM 3Tane O~maeTCH H8CTOHT8nnH8H He06XO~HMOCTn B COOp~eHHH BO~OpO~HHX Kauep 

e~e 6onnmHX pasuepoB. 8TO CBH38HO C TeM, qTQ B03MO~HOCTH npHM8H8HHH oymeCTBY~nHX Kauep 

~nH SKOITepHM8HT8nnHUX HCCne~OB8HHH B HaH6onee HHTepeCHUX cei1:qac o6naCTHX qJH3HKH aneMeH-J 

Tapnux qacTHU necnMa orpaHeqeHu. Bo-nepnux, B ~~KOBo~opo~nux Kauepax r~nux paaMepoB 

KpaUHe Hes((xlleitTHBHO pernCTpepyiDTCH BTOpeqaue H8HTp8nnHHe qacTHUU. liOSTOMY C ITOMOmDID Ta

H3 KO'l'Opux 

I. 
2. 

HOM 

3.· 

4. 

5. 

Hue aa 

non:oaoBaHHH 

KHX K8Mep HCnn3H H3yq8Tn B38HMO~ei1:CTBHH, B KOTOpUX 06paayeTCH 6onee O~HOH Hei1:Tp8nnHOH 

qacTeuu. Bo-BTopux, uenaa o6nacTn WH3HKH cna6ux Baaeuo~ei1:CTBHM - weaeKa aei1:Tpeao - acTa

eTCH BHe rpaHHU npHMeHeHHH COBpeMeHHHX ~H~KOBO~Opo~HL~ KaMep, XOTH HM8HHO 3~8Cn HOITOnnao- ~H 
namte ·lltH~KOBO~OpO~HOM ~3Hp:&KOBOi1: K8M8pH 6UJIO 6bl oqeHn ~enaTeJI:&Hb:M. 8TH Tpy,l.\HOCTH B 3H8-

qHTen:&HOM uepe 6UJIH 6bl ycTpaHeHH B peayJI:&TaTe C03~8HHH XH,l.\KOBO,l.(OpO,l.\HOH IIY3Up:&KOBOi1: K8Me

pu C pa60qHM 06MMOM, cy~eCTB8HHO IIp8Bhiii18IDIJIHM pa6oqee 06~eMN KaMep, ,1.\S~CTBYID~HX B H8CTOH- THMeTpOBOi1: 

~ee Bp8MH. TaKHM o6p830M, HS06XO~HMOCT:& C03~8HHH BO~OpO~HHX nyaup:&KOB~ K8Mep 60nnmHX 

pasMepOB HBJIHSTCH 8CT8CTB8HH~ Tpe60B8HH8M cerO~HHWHero ~HH. 

liOCKOnnKY 38Tp8Tbl H8 COOpyllteHHe T8KOrO npH60pa 6HCTp0 yBeJIHqHB8IDTCH C pOCTOM ero 

PHPOBaHa 

UOlltHOCT:& 

~HMaJI:&HHM 0 

ra6apHTOB, He06XO~HMO BHHM8T8JinHO HsyqHTL BOITpOC 0 pasuepax KaMepH B CBH3H C KOHKpeTHHMH fipHMeHeHHe 

sa~aqaMH rrpe~CTOH~HX HCCJie~OB8HHM B 06JiaCTH BHCOKHX SHeprHH. pacna.n;aromeec 

llpOBe,l.(eHHOe HHEe ,1.\eTaJinHOe paCCMOTpeHHe pasnHqHHX W8KTOpOB, onpe,l.\SJIHIDmHX pasuepu pa- Hue qaCTHnH. 

6oqeli 06JiaCTH H reOMSTpHD EH~KOBO~Opo~HO~ rrysup:&KOBO~ KaMepH, CO BCSH oqeBH~HOCT:&ID DOKa- HeHTOB HOHST 

3aJIO, qTQ KaMepa ~H8U8TpOM 5M npH rny6HHe 3M KOMITPOMHCCHO y~OBneTBOpHeT uenoMy pH~Y npo-

THBOpeqHB~ Tpe60BaHHM, BhlT8KaiD~HX H3 paSJIHqHHX qJH3HqeCKHX S~aq, HHTepeCHUX ~nfl paCCUaT-

pHBaeMOM o6naCTH SHeprH~. 

IO • 
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DtDJO KOToporo 

He JIOK6! 6HT:& 

Y. llpaB;l{a, ecJIH 

JIOZHO HaiiTH 

axHe rrpH6op~>~, 

HBJI8HHH, KOTO

OT CeprryxoB-

yepll IIOPH;l{Ka 

YIDIIIHX B HaCTOH

e p 6on:ommc 

paa11epH pa-

p 

ffiHpOKHe rrepcrreKTHBH ~JIH npone~eHHH 3KCIIepHM8HTOB C IIOMOm:&ID XH~KOBO~OpO~HOW rryaHp:&

KOBOih KaMepb! paauepOM 5 MeTpOB B OCHOBHOM o6ycJIOBJieHbl y~at~Hb!M COtlCTaHHeM B O~HOM npH60-

pe qJIJCTOH rrpOTOHHO~ (HJIH ~ei1TepHeBOH) MHllleiiH 60JI:&IIIHX paauepOB C lieTe.KTOpOM H3JiytreHHH, 

I<OTOPHH IIPH COOTBeTCTByJ>meu HCIIOJIHeHHH (Harrpm.tep, IIyTeM IIOMCIIieHHH B pa60t~Hff 06'beM .KOH

BepCHOHHilX IIJiaCTHH), CIIOC06eH Ta~e 3W~eKTHBHO perHCTpHpOBaT:& ¥ -KBaHTH. 

TaKaH KaMepa MOEeT 6HT:& HCIIOJI:&SOBaHa B U6JIOM PH~e 3KCIIepHMeHTaJI:&HhlX HCCJie~OBaHHH, 

KOTOphlX npHHUHIIHaJI:&HO HOBHMH HBJIHIDTCH CJieAyiDmHe: 

I. MaytreUHe B tlHCTbiX yCJIOBHHX B3aHM0~8HCTBHH He~TPHHO Bb!COKHX 3HCprH~i C HyKJIOHaMH. 

2. ~1CCJie,n;oBaHHe BSaHMO~etiCTBH~ ~pOHOB, B KOTOpb!X pOlK~aeTCH 60Jiee O).lHOi-1 ue~TpaJI:&-

1!0!1 qaCTHU!l. 

3.- MayqeHHe 3JieKTpouarHHTHHX pacn~oB peaoHaHCOB. 

4. Mccne.n;onaHHe rHnepoH-HyKJIOHHHX naaHuo~ewcTBH~. 

5. Ha6n~eHHe pe~KHX pacna~on a.n;poHoB. 

· HHEe Ha IlpHMepe KOHKpeTHb~ 3KCnepHM8HTOB paCCMOTpeHH HeCKOJI:&KO IIO~po6Hee B03MOJKHhle HC

IIOJI:&SOBaHHH MHOrOMeTpOBO~ KaMep!i B HCCJie~OBaHHHX IIO ~H3HKe BHCOKHX 3HeprH~. 

B 06JiaCTH CHJI:&HHX BSaHMO~eHCTB~ uoryT npe~CTaBJIHT:& HHTepec CJie~YIDmHC npo6JieMh!: 

I. lloHcK pesoHaHcon, pacnagaromaxcH Ha ABe H 6onee HeUTpaJI:&HHe qacTH£M, onpe8eJieiiHe 

RBaHTOBb!X qJ.1CeJI 3THX peSOHaHCOB H HayqeHHe MexaHHSMa HX reHepag.r.m. llptn.!epOM TaKOrO pe-

30HaHCa HBJIH6TCH £. 0 
-Me30H C rrpe~IIOJiaraeMbiMH CIIHIIOM H qeTHOCT:&ID 0+ , KOTOPb!Li pacna~aeT-

t: 0 ._._ -r;O.._o;:"O o CH no cxeue c:. Jl T J\ 

PeaKUHH poJK.ZJ;eHHH C0 
(Hanpm.tep, j[-+p--t+n) H8B03MOJKiiO HSyqaT:& C IIOMOIIl:&ID 06hlqiiHX 

Bo.n;opo,n;HhlX nyaHp:&KOBUX xauep, TaK KaK B TaKHx KaMepax nnoxo perHCTPHPYIDTCH woTOHH. B nH

THMeTponoii JKe xauepe peaKUHR TaKoro Ttma cTaHyT Ha6JIIO.Z\aeMhiMlll. Bo-nepBbiX, 6y.n;eT aaperHCT

pHpoBaHa 3HaqHTeJI:&HaH ~OJIH BTOpRqHHX HCnTpOHOB (CM. § 5r, rn.ll). BO-BTOphlX, IIOHBHTCH B03-

MOlKHOCT:& aw~eKTHBHO ~eT6KTHpOBaT:& r -KBaHThl, IIOCKOJI:&Ky B OOJI:&lllOtl 06l>eMC KUMepbl M0li(H0 OII

THMaJI:&Hb!M o6paaou paauecTTtiT:& ~ocTaTO\IHOe KOJI:l1\leCTBO KOHBepc!lloHHbiX mmcTHH (cu. p11c. 7, §6). 

llpHMeHeHHe KOHBepC!tiOHH~X TIJiaCTHH B TIHT11MeTpOBO~ KaMepe TI03BORRT TaKRe lti3y\laT1 peSOHaHChl, 

pacna,n;aiOIJlHeCH Ha 3-4 ll0-ueaOHa, Ha HenTpOH H ll0-Me30HH HJIJ/1 .n;a:m:e Ha KOpOTKOJKVIBYi:\HC CTpaH

IWe qaCTltiU!lo BOSMOlltHO t HOHeT 0+ ~0 CHX IIOp He Hat:i,n;eH TOJI1KO IIOTOMY, \ITO pacna.l(bl .KOMIIO

H8HTOB HOHeTa HeJI:&3ff 6HJIO 06HapyE!tiT:& B 06Ht!HHX Kauepax. 

§ 2. ~syqeHRe 3JI6KTpOMarHRTHHX paciiaAOB peSOHaHCOB BH~a: 

p/Cfo-- J(o+~ 

(.t)" -- J[+ + J[-+ 'I 
jJ,"Wo -- fJ-t+j[ 

- e++e-

II 

R T.~. 
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~CC~e~OBaHRH 3TRX npo~eCCOB TI03BO~HT, HarrpHMep, TIO~yqRT:& ~aHHNe 0 xapaKT8pRCTRKax 

pe30HaHCOB (TIO~OX8HHH peaoHaHCHOrO TIHKa, ero WHpHHe R T.~.), H8 HCKaX8HHNX CH~:&HNM B3aH

MO~e"CTBH8M. ITpl-1 H3Yti8HHH pacrr~OB, B KOTOPNX KOH8tiHNMH npo~yKTaMH H~HIDTCHjl -M830HN 

HHH a~eKTPOHN, H3MepeHHH H H~eHTH~HKa~HH a~eKTPOHOB uoryT BNTIOHHHT:&CH c noMo~m ueTO~OB, 

OTIHCaHHNX B §§ 4 H 5 rn.IT. 

3. ITOHCK MHOroqaCTHtiHNX Q830HaHCOB. C pOCTOM 3HeprHH rrepBHtiHNX tiaCTH~ yBBHHtiHBaeT

CH OTHOCHT8~:&HN~ ·BeC KOH8tiHNX COCTOHHR~ C 60H:&WHM tiHCnOM qacTH~. B CBH3H C 3THM, npH BH

COKHX 3HeprRHX ITOHBHH8TCH B03MOXHOCT:& H3Yti8HHH peaoHaHCOB, y KOTOPNX ~OMHHHpyiDT KaHanu 

pacna~a C 06pa30BaHH8M 6o~ee TpeX qacTH~ B KOH8tiHOM COCTOHHHH • .... 
n~H 06Hapy~eHHH MHOrOtiaCTHtiHNX peaoHaHCOB H ~~H onpe~eneHHH HX KBaHTOBNX tiHCe~ H8-

06XO~HMO 3HatiHTen:&HO 6on:&mee KOHHti8CTBO aHaHH3HpyeMNX C06NTH~, ti8M rrpH H3Yti8HHH ~Byx- H 

TpexqacTHtiHNX pe3oHaHcoB. Eo~:&mo~ o6~eu "MHmeHH" H BOSMOZHOCT:& yBenHtiSHRH aarpyaKR nyq

KOM nepBHtiHHX qaCTR~ (CM.§ 7, r~.IT) IT03BO~HT ITO~ytiHT:& Ha MHOrOM8TpoBO~ BO~OpO~HO~ Kauepe 

3HatiHT8H:&HO 6o~mee tiHCHO HCC~e~yeMHX C06HTR~, ti8M Ha o6uqHNX BO~OpO~HNX KaKepax, rrpH 

O~HIIaKOBOM BP8118HH pa60TN yCKOPHT8~H. 

ITpH HayqeHHR MHOroqacTHtiHIDC p830HaHCOB rrpeHMymec·TBa MHOrOM8TpOBOM KaMepu rrpOHBllfillT

CH TaK~e B B03MOXHOCTR perHCTpa~RR H8MTpan:&HNX IT-M830HOB (CM. §6, rn.IT). 

4. ,Z{eTa~:&Hoe cpaBneHHe aKcnepHMeHTan:&HHX ~aHHNX c TeOOOTHtiSCKHMH uo~ensMH. EcT:& oc- ... 

HOBaHRH H~8HT:&CH, tiTO B 6~R~a~mHe ro~H 6y~yT ITO~yqeHN 6onee ~eTaH:&HNe T80peT:Hq8CKH8 

npe~CKa3aHRH OTHOCHT8~:&HO M8XaHH3Ma CHH:&HHX B3aHMO~e~CTBR~ rrpH BNCOKHX 3HeprHHX. qTOdN 

npoBepHT:& 3TH npe~CKa3aHHH, MOX8T ITOTpe60BaT:&CH BCH 3KCrrepHM8HTaH:&HaH HH~OpMa~HH 0 ~aH

HOM npoL\ecce. B npHHL\Hrre, aTa HH~opMa~"Lm noJIHOCT:&IO co~e p~HTCH B ~H\WlepeHIU!SH:&HNX ceqeaesx 
dn G 

BH~a d d , r~e n~ 3K-!0; K - tiHC~O qaCTH~, yqacTByiOII\HX BO B3aHMO~e~CTBHHX, & 
5, ... Sn 

5
1 

52 .... s- KHHeMaTHtieCKHe HHBapHaHTN, o6pa30BaHaue us tieTupexuepaux HMrryn:&coB nepBRti-' , n 
HO~ u BTOPHtiHNX qacTH~. ITpu cpaBHeHHH c TeopeTHtieCKIIIMH npe~cKa3aHHHMH Kaz~oe 3KcnepHMeH-

TaJI:&noe C8ti8HH8 ~O~XHO 6b!T:& CTaTHCTHti8CKH XOpomo 068CTI8ti8HO. 

0ti8BH~HO, tiTO TIOBblill8HIII8 3\Wl8KTHBHOCTH perHCTpa~RH C06NTH~ B K8M8pe H perRCTpa~HH 

HBMTpaJI:&HbiX tiaCTH~ H806XO~HMN ~HH npoBe~eHHfl TI0~06HOrO po~a HCC~e~OB8HH~. 

5. ~3Yti8HHe BSaHMo~e"CTBHM rHnepoHoB. B HSCTosmee BP8Mfl He npe~cTa~HeTCH BOauoz

HNM ITOJiytii1T:& nytiKH rHnepOHOB(G). IT03TOMy MHOrOMeTpOBaH BO~OpO~Hafl nyaHp:&KOBaH KaMepa HB

JIH8TCH 8~HHCTB8HHNM ~8T8KTOpOM, C ITOMOII\:&10 KOTOporo MOXHO H3ytiaT:& rHrrepoH-HYKnO~HNe B3aH

M0~8~CTBHH, HaTipHMep, TaKH8 KSK: 

Y+P--Y+P 
Y+P·- Y+P +j(o 
-o o .~+ ..=. + p -- ..1\ +£:.. 

r-""\- ~· • 
';JC" +P --.:.. +J\ 

!2 

R T.~. 



ITHTHM6TpOB8H XH~KOBO~OpO~H8H nyaHpDKOB8B K8Mepa CSy~eT H688U6HHM8 T8KX6 TipB npoBe~e

HHH ~e~oro pH~8 KCCne~OB8HKM B oCSnaCTH cnaCSHX B88BMO~e~OTBBA. 

I. Pe!KHe pacna,1!LI CTp8HHhiX tl8CTKU. C ~OCT8TO'lHO CSORDWOM aqxpeitTHBHOCTDil MOryT CSHTD 

HayqeHH paanHqHHe K8HanH pacna~a rHnepoHOB B K0 - M~SOHOB: 

~· t L.--1C .,.n ·~ 
o--1\.· + K
g--:::·+ e- (~-) +'V 
P.O ~P +e-r~.r) •v 
-· ~t .::. -~ +e+(tJ.I)+V 

Ki,2-- sr.t + e+ (~ +) .. 'J H T.~. 

2. Orr~TH C aeMTpHHO. llHTHM8TPOB8B BO~Opo~H8B TIY8HPDKOB8B KaMepa HBHB8TCH, B TIPBHUH

rre, ~eaHDHHM ~eTeKTOpOM ~RH H6~TPHHHHX 8KOnepHM8HTOB. llpH 88TIOHH6BHH K8Mepy Z~KHM BO~o

pO;ltOII npe;nOT8iM6TOH B03MOZIWM H3J'llrfTD B 'lHCTOM BH~e 11 ynpyrHe 11 ( )} - p ) H 11 HeynpyrBe 11 

( ~ - p )- B38BIIO~eitcTBHH ( '\) + p -I-f-+ X++ p H T .~ •) • Hccne,nOB8HHe HeynpyrHX ( \)- p )

B38HM0lt6HCTBH~ npe~CT8BnH6T CSOHDWOM HHTepec. fipH STOM OCOCSeHHO B8ZBHII HBnB8TCB nonyqeHHe 

CBeAeHHH 06 STHX Ba8KMO~eMCTBHBX B8 CepnyxOBCKOM ycKOPHTene, H6ATpHHHHl 0TI8KTp KOTOporo 

6y;neT 6o~ee 11&80TKHM11 , qeu HeBTpHBHHe OTI8KTPH oy~eOTByll~ yCKOPBTene~. ~RB HCOne~OB8HBB 

"yrrpyrHX" ( \l -n )-BaaBUo~elcTBH~ KB.Mepa ~onJKHa aanonHBTDCH lltH~KBM ~e~lTepBeM. B yxaaaHHhiX 

3KCnepHM6HT8X B K8'l6CTB8 11MHW6HH 11 MOX6T HCTIORD80B8TDCH CBHWe 30 113 pa(Soqero OCS~eMa Kauepb!. 

flpH HHT6HCHBHOCTH nepBH'lHOrO TIY'lK8 1012 npOTOHOB/UHKn H 'l8CTOTe UHKnOB 8 UHKn/IIHB (npe~no
HaraeMH6 yCHOBHH pa60TH CepnyXOBCKOrO yCKOpHT6HB) UOEBO Ollt~8TD He ueaee ~ByX HelTpHHHHx 

C06HTHH B qac. ITpH STOll npe~nonaraeTCH, 'iTO CHCT8MH BHBO~a npoTOHBOrO fiY'lK8 H ~OKyOHpO!KH 

K630HOB, paCIT8!8~CH 0 00pa30B8HH8M HeMTpHHO, 8H8HOrH'lHH TeM, KOTOPfie HCTIOnDSyllTCH B 

llEPH'e. 
TaKas qacTOTa HeMTpHHHHX C06HTKit TI03BOHB6T npOB8CTK H8 Kauepe U8HHM pB~ SKOnepHMeH

TOB rro rpHaHKe HeMTPHHO, T8KHX, HanpHMep, KaK npoBepxa cnpaBe~HBOOTH npaBHna ~ T = ·r B cna-

6HX B38HMO~eMCTBHHX nyTeU HSytleHHH pe8KUHM C 06paSOB8HH811 HYKnOHHHX HS06ap, npoBepKa npa

BHH8 OT6opa A Q • .15 B peaKUHBX c o6paaoBaHueu E - renepoaoB, noacKH rHnOTeTHtlecxoro 

npoMeJKyTOqHoro 0080H8 VV+ (npB 3BTIOHH6HKB K8118pli H60HOM, Cll § 6, rn.fi) B T.~. ,, 

§ 3. 9neKTpouarHHTHHe B38B110!8MCTBBB 

B STO~ o6naOTH npe~CTBBnBilT HBTepec, H8TipHUep, CHe~ymmue 8KCnepHU6HTH: 

!3 
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I. HayqeHHe pacceHHHH n±- M830HOB BHCOKOa SHeprHH H8 sneKTpOHaX B EHAKOM BOAOp9A8 

c ueni>IO sauepeHHH rilOpM=tf>aKTopa 11-uesoHa. 

2. HCCB8AOB8HHe B38HMOA811CTBHH WOTOHOB BHCOKO~ 3HeprHH C npoTOH8MH. 11pH pacna~e 

11°-ueSOHOB, po~eHHHX B MHmeHK CepnyxOBCKOrO rrpOTOHHOrO yCKOPHT8BH, uoryT B03HHKaTl> ~ -

KB8HTH, SHeprHH KOTOpHX npeBHmaeT SHeprHH ~ -KB8HTOB, nonyqaeMNX Ha Cy~eCTByiO~ SBSK

TPOHHHX YCKOPHTSJIHX. ]{BH rrpOB8,Zl8HHH 3KCnepHU8HTOB ITO HayqeHHIO ( 't- p) -B38HMO~ei!CTBHit Ha 

ITHTHMSTPOBOM BO~OpO~HO~ KaMepe He06XO~HMO, qT06H HHT8HCHBHOCTI> rryqKa ~ -KB8HTOB COCTaB

BHJia 50-IOO ~OTOHOB sa YHKJI H WOH HSHTPOHOB He 6uJI CBHmKOM BeJIH~. CorJiaCHO npH6JIHEeHHO~ 

0U8HK8, 3TH yCJIOBHH BHTIOJIHHIOTCH BITBOTI> ~0 SHeprHH ~ -KfiaHTOB 15-20 raB. 

ooooOoooo 

Bee CKa3aHHOe BHme CBH~eTeBI>CTByeT 0 TOM, qTQ C ITOMOmPIO ITHTHMeTpOBO~ TIY3Hp~KOBOA 

KaMepH MOEHO ITOJiyqHTl> MHOrO HOBOH HH~OpuayHH 0 B38HM0~8~CTBHHX 3JI8M8HTapHHX qaCTHU B 06-

naCTH BHCOKHX SHeprH~. TaKHe U8HHH8 CBOi!CTBa ITHTHMeTpoBOA Kauepu, KaK B03UOZHOCTI> perHCT

pHpOB8Tl> OCTaHOBKH 60Jil>illHHCTB8 3apHE8HHHX qacTHU C HMITyBI>CaMH ~0 I raB/C, BHCOKaH a~eK

THBHOCTl> perHCTpayHH Hei!TpOHOB H HS~TpaBl>HHX CTpaHHHX qacTHY B mHpOKOM HHTepBane 3H8p

rHa, 60BI>maH BepDHTHOCTl> Ha6n~eHHH BTOpHqHHX H ~ame TpeTHqHHX B38HM0~8ACTBHM qacTHY K, 

HaKOHey, B03MOXHOCTI> ycTaHOBKH B Kauepe ITB8CTHH ~BH KOHBepcHH ~ -KB8HTOB HMeiOT orpou

HOe sHaqeHHe, B oco6eHHOCTH, npH ~eHTH~HKauHH yHHKaJIDHHX co6HTH~. C~ecTBSHHOe yB~wqe
HHe BepOHTHOCTH H~8HTH~HK8UHH TaKHX C06HTH~ HBBHeTCH, Ha Ham Barn~, HaH60Jiee BaEHO~ xa

paKTepHCTHKO~i ITHTID46TpOBO~ KauepH, npe~H83HaqeHHOA ~JIH HOBOH 06JiaCTH SHeprH~, r;n:e CJie~y

eT OEH;n:aT:D B03HHKHOB8HHH HOBHX HBJ18HH~. B CBH3H C 3THM ~OCTaTOqHO BCITOMHHTI>, qTO ~ -rH

nepOH 6HJI BrrepBHe 06Hapy~eH Ha CHHMK8X C 80-~IOt1MOBOt1 rryaup:DKOBOH xauepH, cauo~ 60Jil>mO~ 

H3 cymeCTBYIOlllHX B HaCTOH~ee BP8MH BO~OpO~HHX KaMep. 11epooe Q - COdbiTHe y~aBOCl> O,ItH0-

3HaqHO H;l(8HTH~HYHp0BaTI> 6naro~apH TOMy, qTO Ha CHHMKe, KpOMe ~pyrHX BTOpHqHHX qaCTHy,6u

JIH aaperHCTpHpOBaHH TaKEe o6a ~ -KB8HTa OT pacn~a 11°-ueSOHa. tJ:HCJIO 11y~aqHHX11 CJiyqaeB B 

ITHTHUeTpOBOH Kauepe 3Ha~T8Jll>HO yBeJIHqHTCH. 
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rJIABA II 

IIPJ.1HU£1IIJ.1AJl1HIXE OCOEEHHOCT£1 !t13YllEH£1H B3AJ.1MOllEklCTB£1£1 IIP/.1 
3HEPr!t1RX AO 70 rsB 

IIorpemHOCT:& B Onpe~eneHHH HMnyR:&COB ~aCTHL( CKRa~HBaeTCH H3 OWH6KH, 06yCXOBR6HHO~ He

TOliHOCT!>IO BOCCTaHOBn6HHH rrpocTpaHCTB6HHhlX KOOp~IIIHaT CR8)(a, OWH6KH, B03HHKaiOII(ei1 BCR6~CTBIII6 

MHOI'OKpaTHOI'O pacceHHHH qacTIIIL(, H OWH6KH, CBH3aHHOi1 C H6T0l{HOCT:&IO 3HaHHH MarHHTIIOI'O IIORH 

B KaMepe. B Cyll(eCTBYIOII!HX KaMepax OWH6Ka C B orrpe)teneHHH KOOp)tHHB! 06bll{H0 He rrpeBHWa

eT 50 MK. ,7!nH rrpoeKTlllpyeMbiX ll[6 MHOI'OM6TPOBbiX KaMep B6RHl{HHa OWH6KI1, IIO-BH~HMOMy, 6y)teT B 

H8CKOX:&KO pas 6on:&me. ~etiCTBHTen:&HO, ITO PH~Y npH~HH (HCnOR:&30BaHHe CB6TROnOX!>HOM CHCT6Mbl 

ocBemeHMH, rrpuMeHeune mHpoKoyron:&HbiX o6~eKTHBOB H T.~.) woTorpawHpoBaHne rry3wp:&KOB B MHo

roueTpOBbiX Kauepax B03M0ll[H0 TOX:&KO B TOM cnyqae, eCRH IIY3bip:&KH 6y~yT HMeT:& )tlllaM6Tp He Me

Hee I MM. IIpH TaKHX ~HaMeTpax rryablp:&KOB TOR:&KO BKX~ OT ~HCTOpCHtf OITTH1{8CKOH CHCT8Mbl B H3-

uepPIT6X:&HyiO OWH6Ky COCTaBHT OKORO 100 MK (rrpHMepHO IO % OT paauepOB ITY3bip:&Ka). KpoMe TO

ro, 6y~eT saMeTHbiM BKR~, KOTOpb!H BHOCHT B OWH6Ky HeperynHpHHe CM6li\6HHH nyabip:&KOB, Bb13H

BaeMble Typ6yneHTHbiM ~BH~6HH6M pa6oqeti *PI~KOCTH M BCITXb!BaHHeM nyawp:&KOB. B peayn:&TaTe 3TO

I'O, BeRHl{HHa £ B MHOI'OMeTpOBbiX KaMepaX M0ll[6T )tOCTHI'aT:& H6CKOX:&KHX COT MHKpOH. 

Cpe~HeKB~pa.TH~HHe omn6KH B onpe)teneHHH KPHBH3Hbl K, aanuyTan:&Horo yrna ~ H nonHpHoro 

yrna A(yron Me~y HarrpaBneHHeM MMrryn:&ca ~aCTHL\H H nnocKOCT:&ro, rreprreH)tHKyRHpHoi1 HanpaB

neHHIO Mai'HHTHOI'O ITORH) Bbll{HCRHIOTCH no H3B6CTHbiM(?) WOpMynaM: 

( ~K)2(cu-2) = 6~l5 .f/ + 9,04 10-2 (I) f. pz 

(!J If )2(p~2) = 16,6 ·£2 + I ,13 10-2 ( 2 ) ez pz 
(tJ.A )2(pal) = 35,3 .82 + 2 ,26f Io-2, ( 3 ) ez pz 

r~e e - )tRHHa OTpe3Ka TpeKa, HCITOX:&3yeMOI'O ITpH H3MepeHHHX ()tmUia H3M6p6HHH), B CM, 

G - omn6Ka B orrpe)teneHHH Koop~nHaT B CM, P - MMnyn:&e qacTHL\bl B MaB/c. 

KaK rroKaaana rrpH6RH)l[6HIIaH oueHKa, ~nH KauepN, HMeiOII(eti rroneaHblti o6~eM V= 30M3 H 

~HaMeTp pa6oqeti 06XaCTH 5M, OTHOCHT6R:&HaH OWH6Ka B orrpe)teneHHH HMnyn:&Ca ~aCTHL\, B03HHKaiO

~aH 1113-Ba HeTOl{HOCTH 3HaHHH HanpHEeHHOCTH Mai'HHTHOI'O ITOXH, He IlpeBHmaeT 0,3 % )taXe rrpH 

~aKTHl{6CKOH H60)tHOpO)tHOCTH.nOXH, )tOCTHraJOII(eti I3% ITO OCH KaMepbl H 18% no pa)tHycy. ilpH 

3TOM rrpe)tnonaraeTCH, ~TO a6COXIOTHaH BeXH~HHa Harrp~eHHOCTH IlORH orrpe~eneHa C TOl{HOCT:&IO 

He Xyze O,I %, OTHOCHT6X:&HH6 H3MepeHHH TOilOrpaWHH ITORH rrpoB6)tCHbl C TOl{HOCT:&IO 0,05 %, a 

3Hal{6HHH ITOJIH B K8.ll,ItOi! T0l{K6 HaXO)tfiTCfl XHH6tiHOi1 HHTeprrORRL(H6H H3MepeHHi1, Bb!IlOXH6HHb!X C 

marOM 30 CU (MaTpHL(a H3U6peHHti IlOXfl 3aHHMaeT I0-15 THC.H~eeK B rraMRTH UamHHbl). 
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TIOSTOMY npH 0~6HK6 norpemHOCTH B onpe~eXeHKK HMITyX»Ca M03HO npeae6peq» HeTOqHOCT»D 

B HarrpRX6HHOCTH uarHHTHOrO ITOXR ITO cpaBH6HHD C ~pyrHMK HCTQqHKK8UK OWK60K. 

Ha pKC.l ITOK83aHa aaBKCHMOCT» OTHOCKTeX»HO~ OWK6KK B KMITyX»Ce qaoTK~H OT BenHqHHH 

KMITYX»Ca ~XR PH~a 3HaqeHH~ 6 K e npK HanpH!eHHOCTK uarHHTHOrO ITOXR 30 KrC. ~3 pKC.l 

BK~HO, qTO rrpK rrpOBe~eHKK K3MepeH~ aa CHKMKax C 60X»WKX KaMep, B KOTOPHX ~nHHa TpeKOB 

UOXeT COCT8BXR~» HeCKOX»KO UeTpOB, MOXHO 6e3 60X»WO~ ITOTepH TOqHOCTH B onpe~eX6HKH HM

nyn»ca orpaaHqHT»CR ~XKH8MK K3MepeHKH l-1,5M. 3TO CllpaBe~XKBO TaKEe K B OTHOW6HKK H3Ue

peHK~ yrXOB ~ K A t ITOCKOX»Ky OWK6KK 3THX yrXOB 38BHCRT OT ~XKHH f 6oxee cxa6o, qey 

omK6Ka B aurryx»ce (cu.wopMynH I-3). Ha pKc.2 rroKasaHa saBacKMocT» omH6KK yrxa A oT ~xK

HH KsuepeHKR rrpK KMrryxnce qacTH~, paBHOM IO r3B/c. BK~Ho, qTo ~XR ~XHH KBKepeHKH, rrpe

B~mammHX I,5u, yueHnmeHKe omK6KK B yrxe A c yBexKqeaKeu ~XKHH asuepeHKH ae BeXHKO. TaKas 

38BKCHMOCT» OWH60K B yrxax OT ~XKH~ K3MepeHKH COXpaHHeTCH H npH 6oxee BHCOKHX SHe~rHHX 

qacTH~, ITOCKOX»Ky TOqHOCTn onpe~eXeHKH yrXOB qaCTK~ C HMITyX»CaMK 6oxee 10 raB/C rrpaKTH

qeCKH He 3aBKCKT OT KMITYX»Ca qaCTK~. 

ITpa uanps~enHOCTK uarHKTHoro nons 30 Kro, ~XHHe KsMepeHHH I-I,5u H Bexaqaaax omK60K 

B ITpOCTpaHCTBeHHUX KOOp~KHaTaX, He npeB~WaiDmHX 200 MK, OTHOCKTeXDHHe OWK6KH B onpe~exe

HKK KMITyX»Ca 6y~yT CpaBHKMH C COOTBCTCTBYDWKMK OWH6KaMK, xapaKTepH3YDWIDlK K3MepeHKH B 

cymecTByDWHX BO~Opo~H~ KaMepax, r~e BCXKqKHa G He rrpeBumaeT 50 MK, a ~XKHa K3UepeHHH -~ 

6XK3Ka K 50 OM. 

ITpK o6pa60TKe ~aHHHX C nyaHpnKOBUX KaMep oqea~ qacTO paccqHTHBamT S~eKTHBHHe YaCCH 

CKCTeM K3 ~ByX KXK 6onee BTOpKqHHX qaCTH~. TI03TOMy rrpe~CT8BXHCT KHTepec OUeHHTb OWH6KK, 

KOTOpHe MOryT B03HKKHyTb llpH onpe~eneHHH STKX BeXHqHn. ~H 3TOrO MO~eXHpOBaXHCb TpeX- K 

ITRTKnyqeBble ( :Jl-p )-C06HTKH K pacoqHTbiB8XHC» OTHOCHTeX»Hble OWJ46KH B onpe~eneHKK S\WeKTHB

HOM MaCCbl CKCTCYbl ~BYX BTOpKqHbiX TI-Me30HOB, o6pa30BaHHbiX B aTHX C06b1THHX. PaoqeT 6biX Bbi

ITOXHeH ~ns HeoKonnKKX suaqeHKH aHeprKH rrepBKqHhlX TI-uesoHoB B o6xacTH aHeprH~ OT IO ~o 60 

raB rrpK pasnKqH~ rrpe~nOXOEeHHHX OTHOCKTeXnHO BenHqHHbl OWH60K B onpe~eneHHK KOOp~KHaT K 

~XKH~ H3MepeHHH. 

TipK ~XHHaX K3MepeHH* OKOXO 1,5M, HarrpszeHHOCTH ITOXH 3Q KrC H npH C t paBHOM !OQ-

200 MK, TOqHQCTb OITpe~eneHHH a~eKTHBHO* uaCCH, Amjm t B YHOroueTpOBbiX Kauepax COOTaB

XReT 1-6% (CM.pKc.3), qTQ cpaBHHMO C BeXHqJ4HaMH ~ffl/m B Maxb!X KaY6pax (0,7-6 %). 
a) ~3MepeHHe HMITYXDCOB SXeKTpOHOB. ITpH O~eHKe TOqHOCTH K3UepeHKM HMITYX»COB aneK

TpOllOB He06XO~KMO yqHTbiBaTb BXKHHHe p~K8UHOHHHX ITOTepb. 3XeKTPOHbl C Haqan»HbiU KYfiYXbCOK 

P0 nocne npoxo~~eHKH nyTK 6L B cpe~e c pa~Ha~KOHHO~ ~XKHO~ XO 6y~yT HMeTb paonpe~ex~

IIKe HMITyXbCOB, OITKCbiBaeuoe cpopuyXO~ ra£lTXepa(8): 

W(~)dV = 
e-~ :zc-~ 

r(x) e dy' 

16 

(4) 



~ 

I • T - 0 T ;; - :" if I 0 I = T---r"' i . - .. .. 
I ~ -

411/P. 

" 8 

8 

,, 

4 

2 

IJ 20 "' Jlllll/e 

Pac. I. SaucaJroc'fit onoca'fenaol. 

OIIQJOKB B BIIIIy.1IIIC8 O'f ;&8JliAHIIIi 

BIIDJJlltC8 ,ttM p8.SJUNBHX 8118.'118-

BBI omJJOD € B onpe,ttenea .. 

KOOp~BB'f JJ ,ttXHBH B8118p8BJJB e. 
HanpRK8BBOC'flt ll&rBJJ'fBOro UOM 

H = 30 Krc. I - €. = ISO IlK, 

e = IOO 011; 2 - e = 200 IlK, 

e = IOO 011 JJ £ = SO IlK, f =S0c11; 

3 - e = 500 IlK, e = ISO Oil. 

AA, 
lpo8 

50 f(J{) ~, 

A~ 
% 

8 

6 

• 
2 

0 
50 1)0 21XJ J(J() II(}(] 6,-

Pac. 2. 88BBCJJIIOC!It OIIHOKB B yr~e lPac. 3. 88BBCBIIOC!It O!BOCB'f8nitBOI 

o! ,tt.D& as11epeau upa pas

D'IIBHX 8B8118IIJIJIX ODCSD £" 

B onpe,tt818BJJH KOOp~BB!. 

BIIBJ.U.C P = IO raB/C. 

I - f, = S011K; 2 - E = IOOuK; 

3 - e = ISO IlK. 

OJIJJOKJJ B ~K!HBBOI 118008 0! 

norpemsoota B onpe,tteneu• 

KOOp,ttHH8!. Hanpa&8BBOC!It 

ll&rBH!aoro nons H = ~ src, 
,ttJIIBB JJ8118p8U.If f = IOO 011; 

KPJJBBB I O!BOCJJ!CB K 

m= 750 JlaB,a KPHBU 2 

COO!B8!C!BJ8! m= 5600 JlaB. 
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e P. 
r.ZJ;e ~= np' l!ll.. t ::r= X.ln2 . 

P - liiMITYJinC 3Jl8K,TpoHB. ITOCJ18 npoXOlK,ZJ;81U1H ,Z{JIKHht 6 L, 

r "'i;'; r~a~yHKUKH. 

C U8JIY,D yBBJIHqeH~ TOqHOCTlll onpe.ZJ;8Jl8HKH KMITYJinCa MOEHO OT6KpaTn .ZJ;JIH KSUepeHKH OT-

p88KK TpeKOB, Ha itoTOpbiX fiOTepK SHeprKK Ha KSJiyqeHH8 M8Hnme Sa,ZJ;aHHhiX: 'jf. ~0 ( f.Jo -Kosw-

IDIIIUK8HT "oCSpes~HK~", ·o6~qHo npKHKMae:Mht~ paBHhiM 0,5 -t I,oC 9>). ,llwcnepcKH D pacnpe,lleJie

HKR KMfiyJI:&09B,· · BhttrKCJl8HHafl ITO !J!opuyJie ( 4), C yqeTOM 11 0~pesaHHR 11 HU86T B.I,Z{: 

.D =<APi> :exp(-:r.f 3) l(Jy.,.x) -expf2:xfn2)[ l(ZVo·x>] 2 
, (5) 

P.z n 1(1J., x) l('J•• x) 
r.lle I - aenoJIHaR raUMa~yHKUKH. 

OTHOCIIITBJinHaH omH6Ka wsuepeHKH Hu:nyJinCOB SJieKTPOHOB, Cpad , o6ycJIOBJIBHHaH paa6poco:M 

pa,llKaUIIIOHHhiX noTepy,, ,llaeTCR BblpallteHHell 8 pa.ZJ;. = K0 D , r,lle KOS~KUHBHT K0 aaBIIICHT OT ue.:.. 

TO,lla 0ITp8,ll8Jl8HliiH KMnyJinCa KS H8MepeHKi1 KOOp,llKHaT Ha TP8K8. HanpHMep, npH napa60JIHqeCKO« 

anrrpOKCIIIMaUHK npoeKUKlll TpeKa Ha ITJIOCKOCTY,t neptteH~HKyJIHpHym HanpaBJI8HHD u:arHHTHOrO ITOJIH, 

Ko~ o,s<IO). 

TaK KaK C B03pac'TaHH8M ,llJIHHht !iL , OmHCSKa Jpa.il YB8JIHqKBa8TCH, a norpemHOCTD K3M8-

p8HHH KpliiBK3Hht TpeKa yMeHnmaeTCR, TO npH 3a,ZJ;aHHOM 3HaqeHHK HMnyJinCa P0 cymeCTByeT OITTq

MaJinHaH ,llJIHHa 4L0n~ , npH KOTOpO~ OmH6Ka B onp8,ll8J18HHK HMfiyJiy,ca 6y.ZJ;eT HaHM8HY,me~ 

( A:.· = Omtn ) • Ha rpa!IJKK8 (pHc.4 H 5) ITOKa3aHht SaBHC~OCTH BeJIKqKH s/ISCJIKL.ont OT SHaqe

HHM HMnyJiy,coB sJieKTpoHOB P0 .ZJ;JIH paaJiwqHhiX TOqHOCTeH onpe.ZJ;eJieHHH KOOP.ZJ;KHaT. 

~3 COBM8CTHOrO paCCMOTp8HKfl STKX pHCyHKOB MOlKHO BK.ZJ;8T», qTO ,llallte npK cpaBHHT8JIY,HO 

60JIY,WHX OmH6Kax B 1113118p8HHHX npOC'fpaHCTB8HHhiX KOOp.ZJ;HHaT'B ITRTHM8TpOBOM K~epe ,ZJ;OCTHraeT

Cfl TOqHOCTY, B onpe.ZJ;eJI8HIIIH HMITyJIY,COB SJ18KTPOHOB C SHeprHe« ,Z{O 50 rBB, 6JIH3Kafl K B8JIKqHH8 

Srni:n , He npeBhtmammeii 5 -t 6 % npH· AL. = O, 75 -t 2 u. 

6) BJIKHHHe Typ6yJieHTHO~TK. PeHHxap,ll(II) paccuoTpeJI sa,ZJ;aqy o TypdyJieHTHOCTH 

.llJIH lKK,llKOBO.ZJ;OPO.llHO~ nyablp~KOBO~ Kau:epy C ,ZJ;KaMeTpOM 3,511 III BhiCOTO~ 3,15 M 

C ITOMO~D H8KOTOpon ,ZJ;OBOJI»HO rpy6o«, HO ITO,ll,Z{ammeHCH pacqeTy MO,ll8JIK. TypdyJieHTH08 .ZJ;BHllte

HHe ITpHBO,llKT, BO-nepBb!X, K ~myqanHouy CII8Ut8HKD rryahtpY,KOB- Ha BeJIHqKHY !J1 = lf-t ( lf -CKOpOCT:& 

TYP0JJI8HTHhiX BHXpe~, t - Bp8MH pocTa rryshtp»Ka .ZJ;O pasu:epoB nopH,llKa I MM, npHeMJieYNX .llJIH 

!lJOTdrpa!J!KpoBaHHH B MHOrOM8Tp0BbiX Kauepax), H, BO-BTOpbiX, K OmH6Ke B onpe.ZJ;8Jl8HHH U8HTpa 

nyshtpY,Ka Ills-sa IDJIYKTyanH~ rroKasaTeJIH npeJiouJieHHR !12 = ~ ·4 'f • CorJiacao uo.ZJ;eJIH Pei1HXap,lla, 

OmK6Ka ~~ B yrJie, ITO,Z{ KOTOphiM 06~eKTKB IDOTOarrnapaTa BH.ZJ;HT TOqKy Ha rJiy6HH8 Z B lltlti,Z{

KOCTH, orrpe,ZJ;8JIH8TCH 1118 COOTHOill8HliiH: 

A'f = 5, 8 • 10-4 • r. 3/2 • Q 7/8, 

r.ZJ;e Q - T8ITJIOBO~ ITOTOK, rrepeHOCHMht~ TypdyJieHTHhiM ,llBHEeHHe~. Ha OCHOBe STO~ MO,Z{8JIH HaUH 

6b!JI npoBe,lleH pacqeT OillH60K B onpe,ll8Jl8HHK KOOp,llKHaT nyshtp»KOB H KMfiyJI»COB qaCTHU rrpH ,Z{Byi 
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P, 13/Jjc 
PHO. 4. SaBHCHMOOTD OTHOCHT6.1I&HO~ OillH6KH Hunyn»ca aneKTPOHa OT BenaqHHhl HHITYJffiCa 

rrpH paanaqHLIX aHattemmx omH6KH E B orrpe;neneHHH Koop;nHHaT H rrpTII orrTHMam.

HO~ ;ztnHHe H3MepeHH.fl. HarrpHliteHHOOT:& ITOJI.fl - 30 KI'Ci Wf:lJprum yKa3aHbl 3Ha'le

HH.fl e B w. 

0 
a2s as I 2,5 5 10 25 50 

Rr36/c 

Pmc. 5. 3aBHCHIIOCn OITTHMa.n:&HOM ;ztnHHH H3MepeHJII.fl OT BenaqHJW HMnyn:&ea aneKTPOHa 

rrpH paa.m!t!HHX 3Hat19HHHX Ollll'!6~ e B onpe;neneHHH KOOp;ztHHaT. Harrpm:teHHOCT:O 

noJIH 30 KI'C; Izyil]paw y-KaaaHbi aHatteHHH c B MK. 
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3HaqeHHHX pa3HOCTH TeMnepaTyp Me~y ~HOM H BepxaeH qaCTDID KaMepH, T=0,05 K 0,I0°. TaKHM 

pa3HOCTHM TeUnepaTyp B MO~enw PenHXap~a COOTB6TCTBYIDT TerrROBHe ITOTOKH 1 paBHHe 80 K 2I0 BT 

llpw pacqeTe wcnonDsoBanwcD cne~yromwe ~aHHHe: 

~waueTp Kaue:pH D = 5 u, 

Bb!COTa Kaueplll h = 3 M, 

~Jli-!Ha H3MepeHHH e = I M, 

HarrpHXeHHOCTD uarHHTHOrO ITORH H = 30 KrC 1 

rny6HH8 i = I00 H 200 CM 1 

BpeMH pOCTa rry3HPDK8 t = IO MGeK. 

PesynDTaTH pacqeTa npHBe~eHH B Ta6nwue I. 

Ta6m'l!.\8 I 

Q, z, Omw6Ka, MM ll P /P ,% rrpH P 1 rBB/C 
BT CM Js x) Ll, 41z e I IO 20 

IOO 0,65 0,29 O,?I 0,350 0,3I 3,I 6,2 
80 200 0,65 0,78 I ,01 0,495 0,44 4,4 8,8 

IOO 0,92 0,64 I,I3 0,495 0,44 4,4 8,8 
210 200 0,92 1,80 2,02 0,890 0,79 7,9 15,8 

x) &s = 3,44 • +m- -om1116Ka B 1113MepeH!tU'l cTpeJihl rrporw6a, 
m - tmcno aes~HCHMhiX !113MepeaHL1 Koop~HHaT Ha cne~e, E, =Vilf +41~ 

XOTH B 3TI-!X pacqeTaX BenwqHHa Oill!IIClK!11 1 llO-B!II~!IIMOMy, CHRDHO saBblilleHa, OH!II TIOK83HBaiDT 1 

qTQ IICOClXO~HMO o6paT!IITD cepDC3HOe BHHMaH!IIe Ha rrpo6neMbl 1 CBH38HHbie C B03H!t'IKHOBeHHeM Typ6y

JieHTHOrO ~B!IIIKeH!IIH B Ka~ompe. B qacTHOCTH 1 neo6XO,l(!IIMO TlltaTeJIDHO paCCMOTpeTD BOllpGCbl TepMo

CTaTHpOBaHHH Ill TepMO!t'I30RHI.\!II!t'l pa6oqero OClMMa Kauepbl. 

§ 5. ~AeHT!IIWHK8U!IIH qacTH£ 

a) ~3MePeHHe HOH!II38£H!II. B ClORDill!t'IX X!ll,l(KOBO,l(OpO,l(HbiX KaMepax MOXHO OXH,l(aTD yueHDill6HHH 

CTaT!t'ICTJIIqecKOW Oill!IIClK!II B onpe~eneH!II!II ITJIOTHOCT!II CJie,l(a ITO cpaBHeHHID C Oill!IIClKOn 3TO~ BeJIHqJIIHH 

B MaJIHX KaMepax, ITOCKORDKY OTHOCMTeRDH8H rrorpeillHOCTD !113MepeH!IIH ITROTHOCTH CJie,l(a o6paTHO 

rrporropuwoaanDHa ,l(m1He HsMepHeMoro cne,l(a: ~ = ~-e g(!. +d)j2 ( L. - ~nwaa cne~a, d -,l(Ha-
~ ViL . 

MeTp nyshlp:&Ka). JlnH rrpe,l(nonaraeub!X ycnoB!II~- B rrHT!IIMeTpoBoti Kauepe ( L = 2,5M; d = I w) 

lll1H!IIMaJIDHOe 3HaqeH!t'le ~ COCTaBnHeT 4%. TaKOH Oill!t'I6Ke COOTBeTCTByeT BepxHHH rpaHHI.\8 06-
~ 

naCT!II KMITYJIDC0B 1 B KOTOpO~ B03MO~HO OT,l(eReHHe rr+-ue30HOB OT rrpOTOHOB 1 paBHaH rrpHMepHO 

2,2 raB/c. 

llpHBe,l(eHHaH Ol.{eHK8 yqMTNBaeT TORDKO OillH6Ky 1 CBH3aHHYID C rryaCCOHOBCKHU pacnpe,l(eneHHeK 

rryshlp:&KOB. Ecnw rronaaH omw6Ka H3MepeHMH nnoTHOCTH cJie,l(a He npeBocxo,l(HT 6onee, qey: B~Boe, 

qJIICTO CTaTHCTHqecKyro Oill!t'lClKy, TO TQqHQCT:O !t'I3MepeH!t'Ifl HOHH3al.{!t'l!t'l B MHOrOMeTpOBO~ Kauepe 6y.l(eT 

He xy~e TOqHOCT!II lllsuepeHHH, rronyqaey:ot1 Ha uanNx Kauepax. 
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AOCTaToqHO onpeAeXHT» HMITyX»C H yrOX BHXeTa XID60rO & -aXeKTpOHa, Ha~AeHHOrO Ha ee CXe

~e. 0~HaK0 1 qT06H OT~eXHT» TaKHM MeTO~OM n+-Me30HH OT npOTOHOB B o6naCTH HMITyX»COB ~0 

3 raB/c, Heo6xo~HMO HaMepHT» yron BhlneTa 0 -axeKTPOHa c TOqHOCT»ID nopanKa I 0 • K cozane

HHID, TaKOH TOqHOCTH ~OCTH~TPYAHO HS-3a TOrO, qTO TOqKa BhlReTa d -aneKTPOHOB onpe~enH
eTCH C 60X»WO~ OWH6K0~ 1 o6yCRORn8HHOH MaXbW yrnoM (He npeBHWaiD~HM 0,2°) OTKXOH6HHH nep

BHqHoU qaCTHUH npH pacceHHHH Ha SXeKTPOHe(I2 ). YBenwqeHHe paaMepOB ~OTOrpa~HpyeMHX ny-

3hlp»KOB B MHOrOMeTpOBHX KaMepax yXyAmaeT TOqHOCT» H3MepeHHH yrna BhlReTa 0-aXeKTPOHa. 

nnH HA6HTH~HKaUHH qaCTHU MO~HO.TaKXe HCITOHD30BaT» H3MepeHHe qwcna 0 -aneKTpOHOB Ha 

6AHHHU6 AXHHhl cneAa qaCTHUHo 0AHaKO ~a~e B 60X»WHX ~HAKOBOAOPO~HHX KaMepax npH ARHHe cne

Aa 2,5u qwcxo 0 -3X6KTPOHOB Ha CR6A6 qaCTHU BeC»Ma uano, TaK QTO CTaTHCTHQ6CKHe OWH6KH 

He noaBOXHIDT paaAenHT» n+-ueaoHhl H npoTOHN, ecnm HMnyn»cH qacTHU npeBHWaiDT I raB/c. B 
o6naCTH HMITYR»COB, M6H»WHX I raB/C, MeTOA cqeTa J -SX6KTPOHOB MOEeT OKaaaT»CH none8HHM 1 

KOrAa HeB08MOXHhl H3MepeHRH ITROTHOCTH nyaHp»KOBo 

~pyroH CITOC06 HAeHTH~HKaUHH OCHOBaH Ha CpaBH8HHH SHeprHH 8 -aneKTpOHOB 1 06pa80BaH

HhlX H~eHTH~HUHpyeMOH qaCTHU6~ 1 C 3HaqeHHHMH HX uaKCHMaX»HhlX SHeprHH, BhlqHcneHHhlX npH paa

XHQHhlX npeAITOROE6HHHX 0 uacce STOH qaCTHUhlo KorAa SHeprHH qaCTHUhl MHOrO M8H»me B6XKQHHH 

M2/2me (r~e M - uacca qaCTHUhl, a me - uacca SX6KTPOHa), TO MaKCHUan»HaH KHHeTKqecKaH 

aHeprHH o6paaoBaHHhlX eiD d -axeKTPOHOB o6paTHO nponopumoHaX»Ha KBaApaTy uaccN qacTHUN • 

YqHThlBaH STO 06CTOHT6X»CTB0 1 MOEHO, HanpHMep, CKaaaT», qTO, eCXH Ha CReAe HM66TCH XOTH 

6H OAHH 8 -aXeKTpOH C SHeprHe~ 6on»me~, qey MaKCHMaX»HaH KHH6THqecKaH aneprHH d -3X8KT

-pOHa OT npOTOHa, TO Macca HAeHTH~HUHPYeMOH qaCTHUhl MeH»me uaCChl npOTOHa. llpM OTAeRCHHH 

il-Me30HOB OT npOTOHOB STOT M6T0A npHrOAeH AXH HUnyn»COB qacTHU, He npeBH~aiD~HX 1,3 raB/C, 

KOrAa Ha CXeAe ll-ueaoHa AXHHOH 2,5 M HM66TCH B cpe~HeU He UeHee OAHOrO d -aneKTpOHa C 

8HeprHeM, 6on»meH MaKCHUaR»HOH SHeprHH d -aneKTpoHa OT npOTOHa. 

0TMeTHM 1 qTo B o6naCTH HUITynDCOB ~0 1,3 raBjC qaCTHUhl AOCTaTOQHO HaAeEHO paaXHQaiDT

CH no nnoTHOCTH ax cneAOB. TioaTouy HauepeHHH aueprmm G -aneKTPOHOB B aTOM HHTepBaxe 

HMITyn»COB ~aiDT TOX»KO AOITOXHHTen»Hhle CB8A6HHH 1 nouoraro~e MA8HTH~HKaUHH. B peAKHX cnyqa

HX H8MepeHHH SHeprHH 8 - aneKTPOHOB IT08BOXHIDT HA6HTH~HUHPOBaT» qaCTHUH C HMnyn»CaMH 1 8Ha

qHT6X»HO npeBHWa~H I raB/c; npw aTOM qwcno TaKHX yAaqH&X cnyqaeB pacTeT nponopuwoHan»

HO yB6XHQ6HHID paauepoB KaMe~. 

B) PaAHagHOHHhle noTepH. B npHHUHne, wsuepHH HSMeHeHHe KPHBH3Hhl cne~a sapaxeHHOH 

qacTHUH npH npoxo~eHHH qaCTHU6H nyTH l 1 MOEHO OTA8XHT» SX8KTPOHN OT ApyrHX qacTHU1 

CKaE6M 1 OT ~ -M630HOB. 0AHaKO HanHqHe OWH60K H3M8peHHH H pas6poca ITOTep» SHeprHH Ha H3-

nyqeHHe npHBOAHT K TOMy, qTO qaCT» aneKTpOHOB MOEeT 6NT» npH 8TOM npHHHTa 3a ~ -M830Hhl 
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R Hao6opoT. 

MOZHO ITOK838Tbt ~TO ~OXH ~ -M830HOB, OWR60qHQ rrpRHRM88MHX 38 9X8KTPOHH, He rrpe~CHT 

2 %, eCXH OTHOCHT9XbHOe H3M9H8Hl'!e R3M8pfl8MOrO HMITyX~Ca ~aCTHUH y~OBX8TBOPfi9T COOTHOWeHHm: 

.1 = p~pf > 2{2 c5('4 

r~e P H PI - 3Ha~eHRfl RMITYXbC8 ~aCTHUU COOTB9TCTBeHHO B Ha~axe R KOH~e OTpeaKa, Ha KOTO

pOM RauepHIOTCH rroTepR aHeprRR, a 8~ = ( t.t ) F- BeXH~Hiia OTHOCRTenbHOil omH6KR RauepeHHH 

HMITYXbCa ~ -M930Ha. llpR STOM rrpo~eHT R~8HTRWR~HPOB8HHHX 3X9KTpOHOB paBeH: 

"" e-H 'r-1 1-e-L2..f2 o~(P) ] d 
We(4>2ffof')=j r('l) ~ cp[ ..ffCfe(P) • ~ 

r~e ~ =en ~f t t'( = L;(oe t f. - ITORH8H ~XHH8 TpeKOB, e - ~XRHa, Ha KOTOpO~ R3-

M9pHeTCH HMITYXbC, X0 - pa~R8UHOHH8H ~XHHa, de- OTHOCHT9RbH8ff OmH6Ka RMITYRbC8 aneKTpOHa, 

r - raMMa-wyHKUHH, ~ - HHTerpan OmH60K. 

Ha PRC.6 rrpRBe~eHa 38BHCHMOCTb npoueHT8 H~8HTRWHUHPOB8HHMX axeKTpOHOB, ~e , OT 

RMnyxbCa aneKTpona ~nH p83HHX .ztXHH L npH ~XHHax H3MepeHHH e t paBHbix 50 H IOO CM. 

Ilpe~nonaranocb, ~To KOS~HUH9HT K0 paBeH 0,5, a Koa!lJci>HUHeHT "o6peaaHHH11 Vo paBeH oo (cu. 

§ 4a). 11.3 pHCyHKOB BH.1lHO, qTQ npR ,1lJtHHax f.. , paBHbiX OI(QRO 2 M, }l;OXH H.1l9HTHqJHUHPOB8HHHX 

axeKTpOHOB cocTaBnHeT 40-60 % BTinOTb ~o aHeprHit rropfl~Ka 50 raB. TaKHM o6paaou, B uHn'l"ouA"' 
"' 

POBOM KaMepe MOZHO ,1J;OCT8TO~HO a~eKTHBHO l'I}l;9HTRWHUHPOB8Tb 9R8KTpOHH. 

r) He~TpOHbl. 3aBHCHMOCTb a!lJ!lJeKTHBHOCTH perHCTpaUHH H9~TpOHOB, VV , OT ~SMepOB 

uepu npe~cTaBneHa B Ta6xHue 2. 

Ta6xHua 2 

THrr BaaHuo~e~CTBHH e t CM 
w, %, TIPK 2, CM. 

roo 200 300 400 

50 5 8 8 8 
YnpyrRe BaaHM0.1le*CTBHH roo 5 IO I3 I4 I 

I 50 5 IO I4 I8 
200 5 IO I4 I8 

-
YnpyrHe H HeynpyrHe 50 I4 22 22 22 
B38RMO~eittCTBHfl roo I4 26 35 36 (cywapHo) 

I 50 I4 26 37 45 
200 14 26 37 46 

--·-

3~9Cb Z - paCCTOflHHe TOqKH 00pa30B8HHfl HCtiTpOH8 OT 38~He~ CT8HKR KaMepu, OTCqHTll

B89MOe B,1l0Rb rryqKa ~aCTH~, f - paOCTOHHHe rpaHHUH rryqKa OT 60KOBHX CTeHOK KaMepu. 3Haqe

HRH 9~8KTHBHOOTH perHCTP8UHH B T86XHU9 2 BHqHcneHbl ~XH H8~TpOHOB, o6paayiOmHXCH B (pp)

coy~apeHHHX rrpH aHeprHH 50 raB. IlpH STOM pacnpe~eneHHR He*TPOHOB ITO HMTiyXbCaM H yrnaM Bll-

-\ 
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P, r.&;c 

PHO. 6. BepOHTHOCTD ~eHTH~HKa~H a~eKTpOHOB B BO~OpO~HO~ 

nyalipDKOBoi4 KaMepe. HanpHllteHHOCTD no~ - 30 Krc; 

ODIH6Ka B onpe~e~eHHH KOOp~HHaT G = 100 UKj cn~om

Hiie KpHBJie COOTB6TOTBYIOT ~JmHe HSMepeHHH f = 100 OM, 

nyHKTHpH!ie OTHOCHTCH K e = 50 OM; LtHWPaMH yKaSaHJ'i 

fiOnH!i6 ~nHH!i TpeKOB B CU • 

... 
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1IeTa B3HTbl COr1IaCHO CTaTHCTWieCK0£1 M0,1.\e1IJ.i MHOl!t8CTB8HHOrO p0llt,I{6HMH. fti3 Ta6mil~bl B!ti;!IHO, qTO 

a~~eKTHBHOCTD perHCTpaU!tiH HeMTpOHOB, pO~eHHHX BO B3UKM0,1.\8~CTBHHX qaCTHU BHCOKO~ 3HeprHH, 

cy~ecTBeHHO yBenHqHBaeTCH c yBe1IHqeHHeM ,1.\1IHHbl KaMepu. llpH yBe1IHqeHHM nonepeqHux paaMepon 

KaMepH CBHme 3 M 3~6KTHBHOCTB perHCTpaU!tilti 3UM6THO He M6HH6TCH. 

§ 6 • Bom.maH WKOBO,l{Op2l!HaH Kauepa KaK ,l{8T6KTOp 't - KBaHTOB. 

a) MeTa1InHqecKHe nnacTHHH. KaK nnepBue 6H1IO yKaaaHo ~.TpH1I1IHHrouCI 3 ), B 6onDmHX 

l!tM,l\KOBO,l\OpO,l\HHX KaMepax uenecdo6pa8HO ycTaHaB1IHBaTD Ha6op M6Ta3I1IHqeCKHX TI1IaCTHH ,1.\1IH KOH

BSpcHH t -KBaHTOB, B08Hlt1KaiDmHX B pa6oqey 06~eue KaMSpH. 3Ta H,l\SH HCI101ID3Y8TCR B npoeKTax 

MHOroMeTpOBUX Kru.t8p( 2- 4) o EC1IH ~ -KBaliT KOHBepT!tipyeT B O.ztHOti H3 nnaCTt1H, TO B61IHqJ.iHy H 

HanpaB1ICHHe liMTiy3IDCa "I -KBaHTU MOlitHO onpe.zt81IHTDt H31.!6pHH K09J>.1tHHaTH TOqKJ.i KOHBSpcHH H 

KPMBV!3Hbl cne.n,OB 31IeKTpOHa H I103HTPOH!l Ha ,1.\1Ilt1He d Mel!t.ztY nnaCTHHaMH. Ey.zteM CqHTaTD, qTO 

111I8CTHHbi paCil01Iara!O'l'CH Ha p.lBHOM pacCTOHHMH ,1.1pyr OT ,1.\pyra. ilyCTD qHC1IO nnaCTHH 6y.n,eT ~ , 

T01ImHHa !1JIUCTHH - f , ,1.\JIMHa 06JIUCT!ti perHCTpaU~iH - 5 ( 5 =~·d, I10CKOJ1DKY t npeae6pe

l!tHMO MU1IO TIO CpaBHSHHID C d). ilpe,l\TIOJiaraR, qTo omH6Ka B OI1p8,1.\8Jl8HHH KOOp.ztHHaT ~= 200 UK, 

H HanpHlitSHHOCTD MarHliiTMOrO TIOJIH COCTaB1IH8T 30 KrC, ,I{JIH OTHOCHTSJIBHOM OmH6KH HMilYJlDCa ~0-

TOHa JrL'leeM: 

( ": )1 = {( ~~t y + ( l.~;o·• p n~ 
r,11e X0 - pa;!IMUUvlOHHUH ,1!1IHHa MaTepHaJia 11JIUCTJ4H, P - HMTIYJIDC qaCTHUbl (raB/C), t H d B 11. 

0THOC11Te1IDiiaH OWH6Ka B onpe,1.\81I8HHH HMllYJIDCa cpOTOHa TipH cp!tiKCHpOBaHHbiX 8HUq8HHRX 5 H I101I- "' 

ROll BSpORTHOCTV! KOHBSpcliiH ~ -KBaHTOB Wf OKU3HBa8TCH MHHMMa3IBHO~ npH T01IIllHH8 I11IUCTHH 

t 113 [ 9/7fm (i -Wr) ] 2/J X 
min= 0,15 p S o • 

B Ta63IHUe 3 npHBe.zteHbl napaueTpH OI1THMa3IDHOrO Ha6opa I11IaCTHH ,1!111'! ·~ -KBaHTOB C 3H8p

rH8M 8 ran. 

llpH aa,l\aHHO~ a~KTHBHOCTH perHCTpaUMH VVT yBenzqeHHe .l\1IHHu o6nacTH perHcTpaUHH oT 

2 ,1!0 3M He npHBO,l\HT K cymeCTBSHHOMY yveHDmeHKD omH6KH B onpe,lle3IeHHH HMI1Y1IDCa cpOTOHa. ilo-

3TOMY uenecoo6paaHo orpaHHqHTDCH .zt1IHHO~ Ha6opa nnacTHH, He npeBumamme« 2 u. 

ilpHeM3ICMHMH, KaK C TOqKH 8p8HMH TOqHQCTH OI1p8,1!81I8HHH 3HeprHH t -KBaHTOB, TaK H C 

TOqKJ.i 3pBHHH acpcpeKTHBHOCTH HX perHCTPUUHH, HB1IHIO'l'CH CJie,l\yiDillHS B03UOl!tHH8 Ha60PH I11IaCTHH: 

I) S= 2u; ~= 5; t= 0,19 X0 ; (A/- >;= I4%; Wr =54%. 

2) S= 2M; V= 6; t= 0,25 X0 ; ( L/ )r= rs%; Wr= 69 %. 
ilpH aTOM TOqUOCTB Onpe,n;eneHHH m.my1IDCa O -KBaHTa I101lyqaeTCH He Xyl!te TOqH()CTH, ,1!0CTiil

raeJ.Wt1 C nOMOUlBID nponaHOBOW KaMepu, a cpOH OT 33IeKTpDHHO~OTOHHHX 1IHBHe£1 He CJIHillKOM Be1IHK. 

rpy6Hfi pacqeT I10Ka3a1I, qTO ,1!111'! paccuaTpHBaeuoH 061IaCTH aHepriM BepoHTHOCTD reHSpaUHH 31I6K

TpO!.!arHHTHOrO KC.CKU.zta B O,li;HOt1 I11IUCTJ/lHe He npeBNmaeT 4%, 8C1IH T01IIllHHa t;S 0,2 X0 • 
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no-
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Tadwa, 3 

5, M Vi;,% *lx. v d, CH 

32 O,I9 3 33 
54 0,30 3 33 

I 69 0,39 4 25 
79 0,48 4 25 
90 0,62 5 20 

32 0,12 4 50 

2 54 ·0,19 5 40 
69 0,25 6 33 
79 0,30 7 29 
90 0,39 8 25 

32 0,09 6 50 
54 0,14 7 43 

3 69 0,19 8 38 
79 0,23 9 33 
90 0,30 10 30 

CooTBeTcTBY~~e omHdKH B HKDy~ce UO-ueaoaa oy~YT paBHH: 

~nH 5 nnacTHH ( ~ )rro = 2 + 10 %. 
~nH 6 nnacTHH ( APP )no = 4 + !2 %. 

(A/)T% 
14 
22 
29 
35 
46 . 

9 
!4 
18 
22 
29 

7 
II 
!4 
17 
22 

Ha pHC.7 npHBO~HTCH CXeMa pacnonoEeHHH Hadopa HS 5 nJI8CTKH. ITO doKaM H caa~H noue

!llalOTCH TOnCT!ie CBliiHUOBble nnaCTHHbl (.., 2 014 P8 ) ~nH nornOIU6HHH aneKTpOHOB HHSKOM SHepr~m, 

TpeRH ROTOP~ MornH db! coa~aT:& aaaqeTeJI:&HHM woa. 

ITO-BH~HMOMy, ycTaHOBKa B Kal&epe dOnDWHX TOHKHX nnaCTHH COCT8BHT cep:&eaHy~ TeXHHqec

Kym a~aqy. OqeBH~Ho, coxpaHHB cyuuapHy~ TonmHHY nnaCTHH npezae", nepBble nnaCTHHH, Hue~ 

IItHe CpaBHHTenDHO HedOnDWHe paauep!i, MOJtHO C~6Jl8TD donee TOHKHMH( 4) (1/3 +I/2 t mi.n), a 

nocne~aue nnaCTHHH, HMemmHe CSonDmHe paauepH, - donee TOnCTliMH. 

BepOHTHOCT:& perHCTp8UHH IT0-MeSOHOB, paaneT r -KBaHTOB OT pacna,ll;a KOTOpwc npOHCXO~HT 

B KOHyce 0 yrnOM 60° (HS TOqKH, YK838HHOM Ha pHC.7), paBH8 30% (npH 5 nnaCTHHaX) HnH 

50% (npH 6 nnacTHHax). 

KaK OTMeqeHO B padOTe( 4), BOnDwpaM OK831iB8eTCH HaHCSonee RO~XO,li;Hl!IHM M8TepHanOM ,ll;nH 

nJiaCTHH, T.K. y Hero HJII3KH11 K03~HUHeHT TenJIOBOrO paclimpeHHH (npH 25°K, t:J_ = O,I2.I0-6 

rpa,li;-I) H BHCOKaH EeCTF-OCT~. K TOMY Ee BepOHTHOCT:& CHnDHOrO BS8HMO,li;6MCTBHH BTOpHqHHX qac

THn B Ha6ope BOnDWPaMOBHX nnaCTHH ,1l;OCT8TOqHQ HH3K8H (3KBHBaneHTH8 BepOHTHOCTH B38HMO,li;6M

CTBHH B CJIOe EH,li;KOrO B0,7J;Opo,7J;a TOJ!l!IHHOM 1,8 M). KaK OTMeqaJIOCD B~e, npH aTOM B03HHK81DT 

TeXHHqeCKHe Tpy,li;HOCTH, CBH38fiHii6 C yCT8HOBKOM B K8Mepe don:&mHX nnaCTHH M8JI01f TOJ!l!IHHH 

("'I MM). 
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CBO~CTBa aXDMHHHH He CTOX:& XOpOmR, KaK BOX:&~paua (cL=0,25.I0-6rpa~-I R TennoeM

KOCTD SHalll'!TeX:&Ha) • 11a-aa c5on:&me~ TOX!lll'IHbi amoa.mHHeBbiX nnaCTRH ( t = 23 MM) c5y~eT CJ.in:&

Hee CKa3biBaT:&CH MHOrOKpaTHOe pacceHHHe aXeKTPOHOB. KpoMe TOro, BepOHT!!OCT:& CJ.in:&HOrO 

B3aRMO~eLiCTBMH Ha TOX!llRHe O~HOiil TIXaCTRHbi B lleTb!pe paaa Bhlille 1 lleM B CXyllae BOX~paMOBbiX 

rrnaCTRH. O~HaKo, OlleB~Ho, liTO s~alla ycTaHOBKH anmuHHHeBbiX rrnacTRH B oc5~eue KaMepbi pe

maeTCH c5onee npOCT0 1 lleM ~XH ~. 

qTO KacaeTCH ~eneaa H CBRHna, TO 3~eC:& 1 TIO-Bli~RMOMy 1 RMeiDTCH ~OCTaTOqHO cep:&e8Hhle 

KOHCTpyKTRBHble Tpy~HOCTH, ococ5eHHO B cnyllae c P6 ( t = I ,5 uu). 

HaKOHeU, CXe~yeT 8aMeTHT:& 1 qTO ~XH npOBe~eHHH HCCXe~OBaHH~ npl'l c5onee HH8KHX SHep

rRHX nepBl'lliHbiX llaCTHU HeOc5XO~HMO ycTaHOBHT:& Ta~e c50KOBble nnaCTHHhl1 liTOc5bi OXBaTHT:& 

6on:&mH~ TenecH~ yron. 

6) Bo:ztopo:zt-HeOHOBaH CMeC:&. l{JIH perHCTpaUHH r -KBaHTOB MOlltHO HCTIOX:&30BaT:& COCTaB

HYID rryahlp:&KOByD KaMepy, llaCT:& KOTOpo~ aanOXHeHa lltH~KHM BO~OpO:ztOM 1 a ~pyraH llaCT:&- TH

llteHO~ EH:ztKOCT:&ID Hnl'l ee cuec:oro c ~KHU Bo~opo~oM. llpo~ex<14) noKasan, liTO cuec:& Bo~opo
~a C HeOHOM, KaK pac5oqaa lltl'I~OCT:& ~XH nyabip:&KOBO~ KaMepbi, pa6oTaeT Bf!OXHe y~OBXeTBOPH

TeX:&HO. 06naCT:& liYBCTBHTeX:&HOOTH CM9CR K H3Xyli9HHD XelltHT B HHTepBane TeMnepaTyp 26+290X, 

T.e. B TOM Ee l'IHTepBane, liTO H y lltH~KOBO~OpO~HO~ nyabip:&KOBOM KaMepbi. ~XH TaKO~ COCTaB

HO~ KaMepbi C paauepaMH ¢ 2,5X5M 6Hna C~enaHa rpyc5aH OUeHKa 3~9KTRBHOCTH perHCTpaUHH 

II0-Me30HOB, po~aiD!lll'IXCH B llaCTH KaMepbi, 3af!OXHeiiHOM BO~OpO~OM. 

Tipe~nonaranoc:&, qTo oc5~euHaH KOHUeHTpaUHH NeB cuecH uoEeT cocTaBnHT:& 20, 28 H 50%. 
TaKHM KOHUeHTpaUHHM COOTB9TCTByiDT 8HaqeHHH·pa~HaUHOHHbiX ~XHH X0 , paBHhiB I,38; I,OO H 

0,55 M. ~XH npOCTOThl TOliKa po~eHHH TI0-MeSOHa ~KKCHpOBanaC:& B U9HTpe nepBO~ f!OXOBHHbi 

KaMepbi. Ilpl'IHHManoc:&, qTO ~XHHa, Ha KOTOpO~ H3M9PHIDTCH one~ aneKTPOHOB ~ n03HTPOHOBr 

cocTaMaeT I M. 

Peayn:&TaTbi pacqeTa npe~cTaMeHbi B Tac5nHue 4. BepOHTHOCT:& perHCTpaUHI'I rr0-Me30HOB 

B~HCXeHa ~XH HeCKQn:&KHX 3HalleHH~ yrXOB HX BblneTa, 8 , 1'1 pasnHqHbiX KOHueHTpaUH~ 

HeOHa B ClleCH. 
Tac5n:Kqa 4 

X0, 11 VI , % npH e , rpa~. 
2 IO IS 20 25 30 

0,55 78 79 . 80 60 30 0;5 
1,02 46 48 50 40 12 0,2 

1,38 33 33 35 30 7 O,I 

~3 Tac5XHUbi BH~HO, qTO B paCCMaTpHBaeMO~ KaMepe BepOHTHOCT:& perHCTpaUHH TI0-Me30HOB, 

yrnhl BbiX9T8 KOTOpbiX He npeBblmBIDT 2Q-25°, BeC:&Jia BbiCOKa (OT 30 ~0 80% B aaBHCHJIOOTH OT 
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KOH~CHTpau~H HCOHa). ilO-B~~~MOMy, paCCMOTpeHHafl 3~8Cn COCTaBHaH KaMepa 6y~eT ~OCTaToqHQ 

3WW8KT~BHhlM ~8T8KTOpOM il0-Me30HOB np~ HPOB8~8H~~ MHOrRX 3KCTiep~M8HTOB B o6naCTH BHCOKHX 

aHeprz~. 

Tpe6yDT ~OTIOnHHTennHOrO H3yqeHHH BOTipOCH, CBH3aHHH8 C yBenHq8HH8M KOH~eHTpaUHK H80-

Ha B CMeCK, TepMO~KHaMHqeCK~MK ycnOBKHMK pa60TN CM8CH H HX BnHHHHCM Ha pOCT nyaupen, a 

TaKme BH60p0M MaTCpHana, rrpHrO~HOro ~nH RCTIOnn30BaHHH B RaqeCTBe CT8HKH, paa~enHD~e~ ~Be 

qaCTH KauepN. PH~ npo6neM B03HHKaeT TaK~e B CBH3H C reHepa~He~ aneKTpOHHO-~OTOHHNX nHBHe~ 

B HCOH-BO~OpO~HOii Cl.I8CH. 

§ 7 • l~HTCIICHBHOCTn nepBHqHOrO TI;yt!Ka 

nnH OTITHManDHOrO HCTIOnn30BaHHH 6onnWOrO o6~eMa MHOrOMeTpOBOW BO~OpO~HO~ TIY3HpnKOBO~ 

KaMepu Ka~eTcH ~enecoo6pa3HHM ynenHqRTn nonHyro 3arpyaKy Kauepu nepBRqHHMK qacTK~aMH aa 

cqeT ynenKqeH~H nnoma~K rronepeqHoro ceqeHKH rryqKa. 

ilpK ycnOBHH COXpaHCHKH B03MO~HOCTK 06pa60TKK C06HTHW TaK08 yBenKqeHHe HHTCHCKBHOCTH 

rryqKa 06ecrreq~no 6u H8COMft8IIHHe npeKMJm8CTBa B TIOCTaHOBKe ~R3HqecKHX 3KCTICPHMCHTOB, BNpa

~aromHeCH B yM8HnWCHHH BpeMeHH pa60TH yCKOpHTCnH, CHH~CHHH 3aTpaT Ha @OTOrrneHKY H yMCHDme

HHH qJ!cna cpa6aTNBaH~~ KaMepH B pacqeTe Ha O~HO C06HTHC. B 3TOW CBH3H npe~CTaBnHCTCH B~

HHM H3yqeHKe 3aBKCKMOCTH ycnOBH~ rrpOCMOTpa H H3MepeHHfl C06h~HH OT qKcna nepBKqHHX qacT~ 

Ha CHKMKe H TIOrrepeqHHX pa3M8POB nyqKa. 

YBen~qeHHe qHcna nepBHqHHX qacT~U cymeCTBeHHO y~nKHKT BpeMH npOCMOTpa CHKMKOB K 3a

Tpy~HHT pa6oTy H3MepKTennHHX npK6opon K3-3a yxy~weHHH WOHOBNX ycnoB~. O~HaKo 3TH Tpy~

HOCTH, TIO-B~KMOMy, MOryT 6HTn npeo~oneHH C TIOMOmPD 6NCTpo~efiCTByiD~ CKaHKpyiD~HX H H3-

M8pHT8RnHHX aBTOMaTOB. il03TOMy, TIO~anyn, CaMaH cepn83HaH OTiaCHOCTn, B03HHKaD~H TIPH yBe

nJ.iqeHHH HHTCHCHBHOCTH rryqKa, aaKnroqaeTCH B B03MOEHOCTK TIOTepH HH~OpMaUKK 0 C06HTHHX. B 

3TOn CBH3H He06XO~KMO BHHCHHTn, HaCKOnnKO CHRnHO MHOroqKcneHHH8 B3aKMHHC nepeceqeHHH H 

HanoEeHHH TpeKOB MoryT TIOBRKHTn Ha K3MepeHHH yrnOB BNneTa qacTKU, KpHBH3HH HX cne~OB H 

HOHH3a~KH. 

Ha OCHOBaHKK peaynnTBTOB npe~BapHTennHHX OU8HOK MOEHO OEH~aTn, qTO npH CTaTHCTKqec

KOM pacnpe~eneHHH nyqKa no nno~a~H ~ro3cM2 B KaMepy MOEHO BBO~HTn so-roo nepBHqHNX qac

THU. ITpH 3TOM ~OnH COBMemeHHHX H306paMeHHn nepBHqHHX H BTOpHqHHX cne~OB He 6y~eT rrpeBN

WaTn 2%, a cnyqawHHe nepeceqeHHH nyqKa TIOCTOpOHHHMH cne~aMH rrpaKTHqecKH He TIOBRHHIDT Ha 

B03MO~HOCTn H3MepeHHH TpeKa. 

TaKHM o6pa30M, eCTn OCHOBaHHH H~8HTnCH, qTo npH HHT8HCHBHOCTH nyqKOB fl-Me30HOB, npo

TOHOB H aHTHTIPOTOHOB, ~OCTKraro~e~ SQ-100 ~aCTHU ua O~KH CHKMOK, e~e OKaEeTCH B03MOXHHM no

nyqKTn BCID He06XO~HMyD HH~OpMaUKID 0 aaperKCTpKpOBaHHNX C06~TKHX. 
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• 
llpH npOXO~eHHH qepea BXO~HOe OKHO KaMep~ qaCTH~Y nepBHqHOrO nyqKa MOryT HCITYTYBaT~ 

COy~apeHHff C H~p8MH B MaTepHane OKHa, qTO ~O~EHO npHBeCTH K yBennqeHHID ~OHa B KaMepe • 

Ec~H ITOTpe60BaT~, qT06H quc~O BSaHMO~eitCTBHit B OKHe He npeBYmano 10 % OT KO~HqeCTBa HB~e

Ta~ qaCTHU, TO a~eKTHBHaH TO~~Ha OKHB (To~mHHB 1 HSMepeHHaH B~O~~ HBIIpaB~eHHff IIO~CTa 

'lSCTHU) ~onmHa 6H~ He 6o~ee 4 CM B c~qae HCIIO~HeHHH OKOH HS 6epRn~HH H~H a~mMHHHH H He 

6o~ee 2 OM B c~qae npHMeHeHHH CTB~H. 

KOHCTpyKTHBHHe C006pazeHHH OTHOCHTe~~HO WOPMY H TO~mHH~ OKHS ~H BBO~a nyqKa B KBMe

py rrpHBO~ffTCH B r~aBe ill • 

§ 8. PaauepY H Wopua KSMepH 

MomHO O~H~aTDt qTO npH COy~apeHHHX qaCTH~t npOHCXO~HmHX npH SHeprHRX H6CKO~DK0 ~9CHT

KOB raB; yr~H B~eTa 6on~mHHCTBa BTOpHqHHX qacT~ He 6y~yT npeBHmaT~ 30°.TaK, COr~aCHO CTS

THCTH'l9CKOi! TeOpHH MHOEeQTB9HHOrO po~eHHH, B (P-P)-CTOnKHOB9HHHX npH SHeprHH 40 raB no~ 

yrJiaMl1 6onee 30° BY~eTaeT 2.10-4 %t a npR 70 raB - UeHee I0-5% poli,ZteHHYX · ll-11630HOB. ECJIH 

rryqoK rrepBHqHHX qacTH~ Ha BXO~e KaMepy HMeeT nonepeqHoe ceqeHHe Ix0,2 u2 , a.~nHHa uauepe

HHH paBHa !,5 M, TO ~na nonepeqH~ paauepoB Kauepy MOEHO .na~ cne~ymiJlYm o~eHKy: 

mupuHa - 2xi ,5 • SLn 30° + I = 2,5 u, 

BHCOTa - 2xi,5 • SLn 30° + 0,2 = I, 7 u. 

nnHHa KaM8PJi ~ORZHa COCTaB~T~ 00 MeHDme~ uepe 3 1 5M, TaK KSR 1 KpDMe ~nHHH HSMepeHHB 

(! 15M), He06XO~HMO yqeCT~ ~JIHHY 11 06JISCTH MHmeHH 11 (I,5-2M). llpH paauepax 2,5x!,7x3,5 M3 

pa60'lHil 06t~eM KaMePJi OKaSHBaeTOH noqTH TaKHM lite, RaK H ~JIH ~PBH~yBCKOi! KaMe pH 11fAIIIpa6en~ 11 • 

0,ltHSKO C ITOMODtDID KB.MepH 11MRpa6eJIL 11 HeJI~BH atMJeKTHBHO perROTpHpOBan "f -KBBHTb1 1 a TBKJKe 

B8SHY0~9~CTBHH H pacn~H CTp8HHHX qacT~ BNCOKHX SHeprHM. llpOCTp8HCTB0 1 He06XO~HMOe.~~H 

paauemeHHff KOHBepCHOHHHX O~BCTHH (OM. § 6a), CBH3SHHHX C perHCTpa~IIIeit 1r-KBBHTOB 1 ~OnO~

HHT6XDH0 COCTBBIIIT OKOJIO 2-X MeTpOBo 

B HHTepecyiDDteit HBC 06~SCTIII aHeprHi! don~mHHCTBO ~JIHH pacna,na KOpOTKOEIIIBYDtiiiX CTPSHHHX 

'laCTHU ~emiiiT B HHTepBane OT 0,5 ~0 2M (OM.Tad~HuY 5). C~e~OBBTe~~H0 1 B KSMepe C YKSSSHHH

MH rronepeqHHUH paauepaMH K ~JIHHOM 5M MOZHO dy~eT C 8~~6KTHBHOCT~ID OT 60 ~0 95 % perHCTpH

poBaT~ BCe pacna~Y ROPOTKOlltHBYDtHX K-MeSOHOB H runepOHOB 1 B03HHKBID!ItHX B coy~apeHHHX qac

THU BNCOKIIIX SHeprHM. 

llpH paCCMOTpeHHH 8KCnepHUeHTOB 1 B KOTOPiiX C OOMO~m nyaHp~KOBOM KSM9Pii HayqamTCH 

B8aiDlO.lt9itCTBM H pacna~ :hnepOHOB 1 MOlltHO ~'Q:J4TBn 1 qTO nepe~HHH qacT:& KSMepY ( Nl M ) ffB

RH6TCff 06JlaCTDID reHepa~HH rmnepoHOB, TOr~a KSK B3SHIIO~eMCTBHH rmnepoHOB npORCXO~HT BO BTQ

polt 'lBCTH (tv 2 M) t a r- KBBHTH OT 11°-M930HOB 1 odpaBOBSHHYX npH pacn~e rmnepOHOB, KOH

BepTHpyiOT B o6nacTH paaue~eHHH nnacTHH ( ov 2M). Tor~a ~nuaa KauepY B aanpaBJieHHH nyt~Ka 6y

.neT paBHffT~CH npHd~HSRTe~:&HO 5 Mo 
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TaoJIHua s 

p, ftJB/C Cpe;n;Haa ;nJimHa pacna;na, eM 

L:+ g- ...--. 2:- K: /\0 ,......., 0 ! 
....__, &.....j 

I 2 3 4 4 5 7 7 
5 10 14 20 21 27 34 34 

10 20 27 40 41 53 68 69 
20 41 54 80 83 106 136 137 
40 82 108 160 165 212 273 274 
60 123 162 240 248 318 - 409 410 

Taonaga 6 

,llJIHHa IIISMe- qiiiCJIO qiiiCJIO nepBIII'II• qacno poz;nes- qHCJIO BSaMMo-
KaMe Ill peHMH, M CHIIIMKOB HHX qaCTIIIU Hh!X r111nepo- ;neltcTBMlt rm-

Ha CHIIIMKe HO~) nepOHOBXX) . 

2 M 0,5 2.105 10 2,4.10 4 270 

5 M I 2.Io5 20 1,2.10 5 2010 

,,, X) Bbi'IIIIICJieHO B npe;nnOJIOllt8HIIIIII, qTO f5pp-'f+ .. ... = 3 ~6. 
xx) ;n;na :mmyJIMOB r111nepoHOB I rs:s/c B npe;nnoJioJKeHMIII, qTo t5yp =I5Mo. 

B TaOJIIIIUe 6 III Ha p111c.8 TIPIIIBe;D;eHH pesyJinTaTbl ogeHKM 'IIIIICJia BTOplllqHb!X BSaHYO;D;eltoT

BIIIW rHnepOHOB, oopaSOBaHHh!X np111 coy;napeHIIIHX TipOTOHOB, HM8ID~X 111MfiyJinC60 ra:s/O,C npOTO-

HaMill B ;D;ByXMeTpOBOH III llHTHMeTpOBO~ BO;D;OpO;D;Hb!X nysb!pnKOBbiX KaMepax. B pacqeTax npe;nno

JiaraJIOCn, qTO BSaHMO;D;e~CTBHH rHnepoHOB npoHCXO;D;HT BO BCeM OO~eMe KaMephl, np111qe11 pe

riiiCTpmpyiDTCH JIHmn TaKIIIe B3a111MO;IJ;8HCTBIIIH riiinepOHOB, B KOTOpb!X ;IJ;JIMHa CJie;D;OB BTOpll1qHb!X 

qaCTIIIU npeBbllllaeT ;IJ;JIHHYIIISYepeHHH (lYB TIHTHMeTpOBOit .lr1 0,5 M B ;D;Byx:YeTpOBOlt Ka.Mepe). 
"t""+ + ~+v+r.:+m-lth,myJinCHblti cneKTP rimepoHOB paccqHTb!BaJica ;n;JIH peaKD;IIlit pp--n '- ~ H pp-n'- n :Jl ;n 

• 
no CTaT111CTII1qeCKOH MO;D;eJIII1 MHOllt8CTBeHHOrO poz;neHHH C yqeTOM nepll1~epii1'116CKIIIX B3aii1MO;D;eitCT

BIIIH (KBa;npaT nepe;naHRoro qeTNpexuepHoro IIIMnyJinca ae 6onee 0,2 (ra:s/c)2). 

ilpe;nnoJiaraeTCH, qTQ yKa3aHHble Ha pii1C.9 pasuepbl BH;D;HMOlt OOJiaCTII1 oy;nyT ;D;OCTaTOqsbl 

;D;JIH Ha6Jiro;neHHH ooJinmHHCTBa Mb!CJIHMb!X B aacToamee :speYH coob!Tmlt. ~uea orpoMHble npeaMy

mecT:sa nepe;n MaJib!MH KaMepaMH B CMb!CJie s~eKT111BHOit perii1CTpaUH111 COOb!TJ/llt CO CJIOZHOH reHe

THKOlt npouecco:s, naTII1MeTpoBaH KaMepa BMecTe c TeM cnoco6aa o6ecne'IIII1Tn, KaK o6 aTOM ro

:sopii1JIOCn B § 4, BOSMOEHOCTn onpe;nenea111a ooJinmHHCTBa napaueTpoB cooHTHlt c ToqHoCTHKH, 

He xy;nmHMH, qeM ;nocTHraDTca Ha nyqmax Kauepax MeHnmero pasMepa. 

,llJIH HsyqeHHH B3aHYo;neltCTB111lt npH OOJiee HHSKIIIX aseprHHX KOHBepcHOHHble nJiaCTIIIBH ue

JieC006paSHO ycTaHaBJIHBaTn TaKZe III C OOKOBOlt CTOPOHbl nyqKa C TaKHM pacqeTOM, 'IITOObl 
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PHC. 8. RunyxocBHe pacnpe~e~eHHB rmnepOHO~ B (pp)-cTOnRHOBeHHHX H 'CJHC~O BTOp~HHX 

r.wnepoH - HYK~OHHHX B38HUO~e~CTBH~: a) - ~ ~ByxM8TpOBO~ BO~OpO~HO~ KSMepe, 

6) - B Im!I!DeTpOBO~ BO~OpO~HO~ Kallepe. I - 'CJHCJIO C06HTH~ !I!Hna pp _,;.;ni:+ K'+ 

B aaBHcoocTH oT BIIIIYn:&ca rHneposa; 2 - TO ze ~JIH peaKzum pp -ni:•K+ar+.rt-; 

3 B 4 - I'HCTOl'paliW UCJJa ~TOpB'CIHHX B3aHIIO~e~CTBHI_I'HnepOBOB, o6paSOBaH

BHX OOO!I!B8TCTB8BHO B peaKIUIRX pp - n[•K+B pp -nE+K+fi'• 9'[: 

PBC. 9. MBBBII~BHe paauep~ ZB~KOBO~opoxsol ITJBiiPDKOBOI K8116p~, B606XO~BIIIi6 ~n& npoBe~e

BRB BaMepeBBI 88 yCKOPBTeae C BOMBBBaDHOi 3&8prBei npo~OBOB ?0 rsB. 
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npOCTpaHCTBO Me~~y nnaCTHHaMH CB060~HO npOCMaTpHBanOCb COOTBeTCTBy~ @OTOannapaTaKH. 

B STOM cnyqae ~enecoo6pa3HO~ WOPMOH KaMepH HBnHeTCR ~KnHanp C OCbDt HanpaBneHHO~ ~Onb 

CHnOBHX nHHHM nona. 

HaH6onee CKnbHHe apryMeHTH B nOnb3Y TaKOrO HCTIOnHeHHR KauepH cne~yeT H3 npoqHOCT

HHX xapaKTepHCTHK coneHOH~a H3 CBepxnpOBO~HHKa, npe~Ha3HaqeHHOrO ~na COS~aHHa B pa6oqey 

06~eMe KaMepH MarHHTHOrO nona BHCOKO~ HanpHEeHHOCTH. 

HesaBHCHMO OT @OpMH KaMephl 60nbWOH npocTpaHCTBeHHN~ 06~eM He06XO~HM ~nH nOCTaHOBKH 

B81TpBHBHX 3KCnepHMeHTOB. ~ B 3TOM cnyqae HaH6onee aw@eKTHBHOe HCnOnb30BaHH6 pa6oqero 

06~eMa ~OCTHraeTCa ~nH KaMepN, WOPMa KOTOpo~ 6nH3Ka K C@epHqeCKO~. 

rJIABA m 

KOHCTPYKUMH KAMEPbl 

TeH~eH~HH B pasBHTHH MeTO~HKH ~H~KOBo~opo~HbOC nyaHpbKOBHX KaMep, HaMeTHBmHeCH B 

nocne~Hee Bp6MH B CBH3H CO BCe yBenHqHBaDmHMHCH MaCmTa6aKH BHOBb COS~aBaeMNX yCKOpBTe

ne~ aneM6HTapHHX qacTH~, a TaK~e H6H3MeHHO B03p8CT8IDmHMH Tpe60BaHHRKH K TOqHOCTH H non

ROTe nonyqaeMOW 3KCnepHM6HT8nbHO~ HH~OpYa~HH, ~OCTaTOqHO HarnH~HO HnnrocTpHpymTca Ta6nz~ 

~e~ 7, B KOTOPO~ C06paHN OCHOBHHe CBe~eHHH 0 KpynHe~mHX ~eitCTBYromHX H paapa6aTNBaeMHX 

B HaCTOHmee BpeMa ~KOBO~opo~HHX nyShlpbKOBNX KaMepax. HeKOTOpNe ~aHHNe, CO~epzamHeCH 

B 3TOH Ta6nH~e, SaHMCTBOBaHH H3 aHanorHqHo~ Ta6nH~, COCTaBneHHO~ B.~aynepOM H npHBe

~eHHOVi E.IlbiDHTOM Ha MeTO:ziHqecxoit xoHwepeH~HH B Purdue(I5). 

HeCMOTpa Ha TO, qTQ o6mee HanpaBneHHe pa3BHTHH KaMepHO~ M6TO~HKH H OCHOBHH6 Tpe6o

BaHHa K TaKOrO po;lla TI~H60paM B HaCTOamee BpeMa B 3HaqHTenbHO~ Kepe OTipe~eBHBBCbt KOH

CTpyKUHOHHNe npo6neuu, KacaromHeCa BN60pa WOPMN, 06~eMa H OTITHManbHOrO BapHaBTa HCTIOn&e

HHH ;IIO CHX nop OCTaiDTCa OTKpNTNMH. B KaE;IIOM KOHKpeTHOM Cnyqae OHM pemamTCH CaMOCTOHTenb

HO Ha OCHOBe KOMnpOMHCCHOrO y~OBB6TBOpeHHa ~enoMy pa~y no~qac npOTHBOpeqHBNX Tpe60BaHHH. 

Cpe;I~H HaH6onee Ba~HHX Tpe6oBaHHii, -KOTO~M ~OnEHa y~OBn6TBOpaTb KaMepa, cne~yeT OTM6THTb 

c.fte:z~yromHe: 

I. 06ecneqeHHe ycnOBH~ ~na DOCTaHOBKH mHpoKO~ nporpaMMN 3KCnepHM6HT8nbBHX HCCne~o

BaHHVi, Hano~eHHOVi B rnaBe I. 

2. ~OCTHEeHHe Heo6xo~HMo~ TOqHoCTH axcnepKMeHTanbHO~ HHWOPMa~HH, nonyqaeuo~ c rro

MOmbm TaKO~ ycTaHOBKH. 

3. TeXHOnOrHqHOCTb H3rOTOBn6HHH OCHOBHhlX yanOB ycTaHOBKH H 3KOHOIIHQ6CKaH ~enecoo6-

pa3HOCTbe 

4. Ha~e~HOCTb pa60TN BCero KOMTineKca CBOEHOrO 3KCDepHMeHTanbHOrO o6opy~OBaBHH H 

6esonaCHOCTb pa60TN Ha HeM. 
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s. Coa~aHHe Heo6xo~HMHX 9Kcn~yaTaUHOHHNX y~o6cTB. 
§ 9. CpaBHHTe~»HaR ogeHKa BapHaHTOB 

KaK yJlt8 OTM8ll8~0Cn Bblme ( CM • § 8, r~. !1) , npOTRlK8 HHOCTn pa6oqei1 06~acn: lKH~KOBo~OpO.l{HOti 

nysblpnKOBOM KBM8pbl ~O~lKHB COCTBB~HTn He MeHee 5 M8Tp0B .l{~ff TOro, qT06bl y.l{OB~8TBOPHTn HC

XO.l{HMM Tpe60BBHHRM 9~8KTHBHO~ perHCTp8UHH OCHOBHOro K~acca C06blTH~, p83BHBaiDmHXCR B pa6o

qeM o6~eMe KaM8pbl npH 9HeprHRX nepBHqHblX ll8CTHU 70 raB H MOrymHX npe.l{CTBBnHTn Orrpe~e~eHHblM 

HHTepec HB CT~HH 38B8pill8HHR COOpyllteHHR ycTaHOBKH. ,/leTa~nHOe paCCMOTpeHH8 KHH8MBTHll8CKKX 

OC068HHOCT8~ perHCTPBUHH BTOpHqHHX ITPOU8CCOB, rrpOHCXO.l{ffmHX rrpH 9THX 9H8prHHX B ITY3blpnKOBO~ 

K8Mepe, rrpHBO.l{HT K y6ellt~8HHID, qTQ 60~nillHHCTBO BTOpHqHblX qac1HU 38K~roqeHO B Y3KOM KOHyCe C 

yr~OM npH BepmHHe, ITpH6~H3HT8~nHO paBHblM 60°. 0TM8ll8HHbl8 06CTORT8~nCTBa, K838~0Cn 6bl, CO 

BCei1 OlleBH~HOCT»ID CBH~eTe~»CTBYIDT B rro~»ay BNTRHYTOH wopMbl pa6oqero o6~eMa KaMepbl. llpeHMY

mecTBa K8M8pbl, BbliTO~H8HHOi1 B BH~e UH~HH~pa, OTM8ll8~HC», B llBCTHOCTH, B pa60T8(IG), r~e 0.1{-. 

HOBp8M8HHO C 9THM ~aH CX8M8THll8CKHM ua6pOCOK B03MOlKHOrO KOHCTpyKTHBHOrO HCITO~H8HHR YCTa

liOBKH. I.1.~eH C03~8HHH TBKOtl yCTBHOBKH Ham~H CBOe BOIT~011{8HH8 BO if>PBIIUY3CKOM rrpcieKT8 11MIIlpa-

6em,n(I?), KOTOpbl~ B HBCTORII\88 Bp8Mff HBXO.l{HTCR B CT~IIIPI ocymecT~8HHH. 
HeCMOTpH HB OTM8ll8HHble HBHble npeHMyii{8CTB8 UH~HH~pmqecKO~ KaMepbl C rOpH30HT8~nHO Harr

pa~eHHOH OCniD, 6o~nillHHCTBO COBpeMeHHhlX rrpoeKTOB He H.1{8T no 9TOMy rryTH B CH~Y ne~oro pH~a 

rrpHcymHX eMy H8~0CTaTKOB. Cpe~H HHX r~BBHe~mHM H8,1{0CTaTKOM HBJIH8TCH Tpy.l{HOCTn C03.1{8HHH B 

npOTHlK8HHOM 06~eMe CH~nHOrO MBrHHTHOrO ITO~H C ITOMOII{DID 6eaze~83HblX MBrHHTHblX CHCTBM, OCHo

BBHHblX Ha HCITO~n30BaHPIPI HBn8HHH CBepxrrpOBO,l{HMOCTPI. iloc~e,l{HHe Tpy.l{HOCTH Cp8BHPIT8~DH0 ~erKO 

npeO,l{O~P!Mbl rrpPI M8CillT86ax H8llpHZ8HHOCT8~ MBrHHTHblX TIO~etl, He npeBblmBIDII{PIX 20 KrC. 0,1{H8KO npPI 

6o~DmHx sHalleHPIHX HarrpHXeHHOCTH uarHHTHoro rro~H (30 Krc H 6o~ee), ycnemHo pea~lllsyeMHX B 

HBCTOHII\88 Bp8MH C TIOMOII{DID CBepxnpOBO~HmHX CHCTBM, npHXO~PITCH HCKBTD PIHOrO KOHCTpyKTHBHOrO 

pemeHHH. 

ilpe~CTBB~H8TCH, qTQ OTITHMB~DHOH B 9TOM C~yqae 6y~eT KaMepa, BblllO~H8HHBH B BH~e BepTPI

K8~DH0 ITOCT8B~8HHOrO UH~H~pa, PIM8IDII{ero .1{HBM8Tp, llpPIO~PI3HT8~DH0 paBHblti 5M PI BblCOTY OKO~O 

3 M. C~e~yeT cpasy Ee 38M8THTD 1 qTQ TBKBR i1>0pMa KBM8pbl B MBKCHMB~DHO~ CT8IT8HH y~OB~8TBOpR-

8T T8KlK8 Tpe60BBHHRM, BblT8K8IDII{PIM H3 C006p8lK8HPIH, CBH38HHblX C KOHCTPYKTHBHblM HCITO~H8HH8M 

CB8TOOTITPiqecKOtl CHCT8Mbl, TIO~p06HO paCCMOTpeHHOtl B r~aBe Y, a T8KlK8 OTB8ll88T yc~OBHRM aif>if>eK

TPIBHOtl perPICTp8UHH H8tiTp8~DHblX llBCTPIU PI ~ -KBBHTOB C ITOMOII{DID MeTa~~PiqecKPIX IT~BCTHH, ITOM8-

II\8HHblX B pa6ollPitl oo~eM KauepN (eM. § 6, r~.n). 

,/lOCTP!lK8HPie npe~e~DHOtl TQqHQCTH npoBe~eHHH PI3MepeHHH 0 ITOMOll!l>ID nysNpDKOBOtl KBM8pbl B 

CYII{8CTB8HHO~ Mepe 38BPIOHT OT B03MOZHOCTH 06ecrrelleHPIR paBHOM8pHOrO p8ClllHp8HPIH pa6oqet\ ZPI~

KOOTH no BOeMy pa6oqeyy OO~eMy, a TBX!8 OT C03.1{8HHH O~arorrpPIHTHUX yc~OBHtl ~nR ee T8pMOCT8-

TP!pOB8HPIH. KaK Oy~eT ITOK838HO HHZe, 9TH Tpe60B8HHH T8KlK8 HBPI60~ee PBUHOHB~DHO y.l{OB~8TBOpH-
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DTCH B KaMepe, BNTIOHH8HHOH B BH~e BepTHKaHDHO paCTIOHOZ8HHOrO UHHHH~pa, HMeromero BHyTpeH

HHH T8pMOCTaTHPYIDmH~ 3KpaH H TIO~BHZH09 ~HH~e, OXBaTNBaromee B nnaHe B8CD pa6oqH~ 06~eM. 

HM88TCH H8CKOnDKO KOHCTpyKTHBHNX pemeHHH, rrpH6HH3HT8HDH0 C O~HHaKOBOH CT9TI9HDID non

HOThl y~OBH8TBOpHIDmHX TIOCTaBH8HHNM BNm8 Tpe60BaHHHM. flpH BN6ope U9H9C006paaHOrO KOHCTpyK

THBHOrO P8lli8HHH, TIOMHMO OCHOBHNX C006paE8HH~, H3HOX8HHNX B Haqane naparpa~a, MN OCHOBhlBa

HHCb Ha p~e ~OTIOHHHT8HDHNX npe~TIOChlHOK, KOTOphle MOryT 6hlTD apryMeHTHpOBaHhl cne~yiDmHM 06-

paaoM. 

HaBeCTHo<7>, qTo ~o nocne~Hero BpeueHH 6onDmHHCTBO KpynHHX Kauep (6onee I ueTpa) 

CTpOHHOCb C B8PXHHM paCTIOHOE8HH8M pacmHpHT8nDHOil CHCT9MN. JlorHqeCKH 8TO onpaB.ZJ;aHO TSM,qTQ 

rrpH TaKOH KOMrraHOBK8 KaM8pN HaH60nee 8CT8CTB8HHHM nyTeM y~aeTCH Ha6exaTD BHHHHHH Ha pa6o

~HH 06~eM napa3HTHNX BCKHTiaHHH EH~KOCTH B6HH3H nopmHH. KpOM8 TOrO, B 3TOM cnyqae nerKO 

ocymeCTBHH8TCH T8MTI8paTypHNH nepexo~ OT pa6oqeH cpe~N Kauepu K napoBO~ ~aae H~ TIOPlliHSM, 

Heo6xo.ZJ;HMO~ .ZJ;HH HOPMaHDHoro ~YHKUHOHHpoBaHHH pacmHpHTen»Horo MexaHH3Ma. ~MeHHO aToT nyT» 

H 6hlH HCXO.ZJ;HNM B nepBOHatiaHDHhlX BapHaHTax npoeKTOB MHOrOKy60BNX KaM8p( 2 , 3); TaK08 Ee HC

IIOHH8HH8 IIPHHHTO B OKQHqaTenDHOM BH.ZJ;8 .ZJ;HH ~paHUYSCKOti KaMepbl 11MHpa68HD 11 • 

HaH6onee CymeCTB8HHNM H8.1(0CTaTKOM BepxHero paCIIOHOE8HHH pacmVIpHT8HDHO!t. CHCT8Mhl B cny

~ae ee HCIIOHH8HHH C OTKpbiThlM nopmHeM, KaK 8TO HM8HO M8CTO B nepBOHaqanDHhlX npoeKTax, HBHR-

8TCR aarpR3H8HH8 pa6oqero 06~eMa npo~yKTaMH HCTHpaHHH IIOplliH8BOrO MeXaHH3Ma H B03HHKHOB8HH8 

oca~Ra Ha OTpaxaiDIItHX noBepxHoCTHX .ZJ:HHma KaJA:ephl. nocne.ZJ;yromze auepHKaHCKHe npoei<Tbi(IB-I 9), 

TaR xe KaK H npoeKT, paapa6aTHBaeMHH B UEPH"e< 20>, nomnH no nyTH paaMemeHHH pacmHpHTenD

HOH CHCT8Mhl B HHEH8~ qaCTH KaMepu. 

,llei.tCTBVIT8HDHbl8 npeHMymeCTBa TIO.ZJ;06Horo pemel!HH B H3B8CTHOH Mepe HBHHIDTCH COMHHT8HDHbl

MH, XOTH H He HCKnmqeHN H8KOTOpble .ZJ;OCTOHHCTBa B CBH3H C y.ZJ;06CTBOM paaMemeHHH OTITHqeCKHX 

yCTpOHCTB B BepXHeti qaCTH Kauepbl H C03.ZJ;aHH8M XOHO.ZJ;HOH 30Hbl B 06naCTH pacmHpHTCHDHOrO M8Xa

HH3Ma, tiTO Kpaf.tHe EenaTSH»HO H3 C006paE8HHH HCKHIDqeHHH TIOHBH8HHH rrapa3HTHbDC BCKlmaHHti B 

pai.tOHe MaKCHMaHDHOrO T8TIHOBH.ZJ;8H8HHH. fiOSTOMy, npeE.ZJ;8 qeM OCTaHOBHTDCH Ha KaKOM-HH60 KOH

Kp8THOM pemeHHH, HaM npe.ZJ;CTaBHHHOC» BaEHNM rrpopa6oTaTD H8CKOH»KO BapHaHTOB KOIICTpyKTHBHO

ro HCTIOHH8HHH KaM6pN H, B qaCTHOCTH, KaaaHOCD U6H8C006pa3HbiM paCCMOTp8TD COBMemeHHbl~ 

BapHaHT KaM8pbl, KOTOpNH, KOMTIPOMHCCHO COti8TaH B Ce6e TIOHOEHT8HDHN8 KatiSCTBa H3B8CTHbDC M8-

TO.ZJ;OB HCTIOHH8HHH, .ZJ;aBaH 6H B03MOEHOCTD 683 cymeCTB8HHbiX 3aTpaT rrepeHTH OT O.ZJ;HOrO BapHaHTa 

K .ZJ;pyroMy. 3CKH3HH8 npopa60TKH H8CKOHDKHX BapHaHTOB TipHB8.1(8HN B flpHnOESHHH I. 

Ha pHc.IQ npe~CTaBneH CX8MaTHti8CKHH qepT8E KaMepbl, KOHCTPYKUHH KOTOpoil OCHOBb!Ba8TCH 

Ha .1(8TanDHOM aHaHH38 paCCMOTp8HHNX BapHaHTOB H, Ha Ham BarnH.ZJ;, C HaH60n»mei1 TIOHHOTOM OXBa

T~BaeT HOB8HWH8 ~OCTH)I(8HHH B o6naCTH COOPJE8HHH MHOrOKy60BHX EH~KOBO.ZJ;OpO~HhlX TIY3blp»KOBhlX 

KaMep. 0T~8HDHbl8 06~8KOHCTPYKUHOHHN8 3H8M8HTN, CBH3aHHN8 C pa60tiHM 06~8MOM H BaKyyMHbiM KO

!yxOM KaM8pbl, paCCUOTp8HN B cne~yiD~eU naparpa~e •. 0ITHCaHH8 ySHOB, HMSIDmHX CaMOCTOHT8HDH08 
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Puc. IO. Cxe•••••ecKBl qep•ex wauepK. I - nepBcKon; 2 - ux ... RHa•op; 3,21,27 - <onxoo6ue.
HHKB; 4 - sa~TH~ Kosyx ~oToannapa~a; 5 - lHHme Kawep~; 6 - lHmme BaKYYuuoro Kozyxa; 

7 - TepuocTaTmpym~" sKpaH; 8 - coneuoml; 9 - renmeBul KpmocTaT; IO - o6eq~Ka Kopnyca; 

II - o6eqa"Ka BaKYYYHOrO Kozyxa; I2 - BnycKH~e OKHa; I3 - nOlBHZHOe lHHme; I4 - TOpOHla

n»H~" cmn»~ou; I5 - ocuoBaume nysapDKOBQ~ Kauep~; I6 - nopmeu»; I7 - nmnHUAP; 18 - onopa 

coneHOHla; I9 - ocHoBaHme BaKyyuuoro Kozyxa; 20 - rmn»sa; 22 - onopHBH KonoHHa; 23 - ~na
uen-na6mpmHT pacmmpmTen»HO~ cmcTeY~; 24 - rmlponpmBOl; 25 - mTOK nopmHH; 26 - uoHTBEHo

-TpaHcnopTROe ycTpO"CTBOt 28 - nnaT~opua; 29 - rHlPOllOl~eYRHKt 30 - pen»COB~ nyT». 
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- onopa 

!UHQ-

3Half8HH8 H aaKniDlfaiDmHX B ce6e B~HN8 npHH~HITHannHN8 OC068HHOCTH, ~aeTCH B COOTB8TCTByiD-

lllHX paa~enax. 

§ IO. HeKOTOpH6 axeueHThl KOHCTpYKqHH 

a) Kopnyc ItaMepM (CM.pHc.IO) repM8TH3HpyeT pa60lfHH 06MM, aanonHH8Mblti lKH~KHM BO,Z{Opo

,l!OM MH lltH~KHM ~etl:TepHeM npH T8MnepaTypax, COOTB6TCTB8HHO paBHMX 27 H 34°K. 0H BKJiroqaeT 

B ce6H ill8CTn OCHOBHMX ~eTane~: I) UHXH~pHqeCKyiD o6eqat1Ky C BITYCKHMMH OKHaMH H ~naHua

MH; 2) BepxHee c~eMHoe ~HH~e c qeTMPnMH HJiniDMHHaTOpaMH ~nH woTorpawHPOBaHHH 111 o~HHM -

,Zlnfl BHayannHOrO Ha6n~eHHH; 3) rrepeXO~HYID ropnOBHHY paCrnHpHT8JinHOrO yCTpOtiCTBa, Ha KOTO

poti qepea nocpe~CTBO TOpOH~aJinHOrO CHJin<lJOHa MOHTHpyeTCH ITO~BHlKHOe HHlltH88 ~HK~e. H T8pMO

CTaTHpy~tl: T8ITJI006M8HHHK; 4) ~HiHH~p pacmHpHT8JI»HOrO M8XaHH3Ma C rHJin30M ~JIH CROJinllt8HHH 

ITOpWHH; 5) HHlKHIDID KpHmKY paCWHPHT8XnHOrO ycTpO~CTBa C HanpaBJIHID~HMH WTOKa ITOpillHH H rM~

paBJIHlf8CKHM 3aTBOpOM ITO~nopmHeBOrO rrpOCTpaHCTBa H 6) OITOpHHH CTaKaH. 

Bee nepelfHCJI8HHH8 ~JI8M8HTH KOpnyca KaMepH npe,1.!CTaBJIHIDT 0060~ CBapHMe KOHCTPYKUHH, 

BHITOJIHHeuue H3 HeMarHHTHOtl: aycTeUHTHOti aeplltaBe~etl: CTaHM yapKM IXI8H9T. YnJIOTHeHHe pas~ 

8MHHX 3JI8M8HTOB KOpnyca npe,1.!yCMaTpHBa8TCH OCy~eCTBRHTn C ITOMO~niD WHPOKO HCITOJin3y8MMX B 

HaCTOHmee Bp8MH Ha 60JinWHX RpHOr8HHhlX ycTaHOBKax yfinOTHHT8JinHHX 3JI8M8HTOB, OCHOB8HHbcr 

Ha rrpHM8H8HHH TOHKHX ITJI8HOK H3 <l>TOpOITJiaCTa HJIH HH,1.!HH, HaH8C8HHMX Ha ITpOBOJIOKY HJIH Ha 

CIT8~HaJinHH8 yrrpyrHe 3JI8M8HTH H3 H8plltaB8ID~etJ: CTaXH. 

Koprryc KaMephl ITO~B8plK8H BHYTP8HH8My ~aBX8HHID, B pa6oqey COCTOHHHH paBHOMY IO aT H 

B HecTa~HOHapHOM pelltKMe Mory~euy ~OCTHraTn I4 aT• OH ~onEeH 6wTn paCClfHTaH TaKllte aa H3-

6biTOtrHoe BHemaee ~aBJieHme, paBHOe I a'l'. Oco6ue Tpe6oBaHHH rrpe~~HBJIHIDTCH K trHCTOTe o6pa-

6oTKH BHyTpeHH8ti ITOBepXHOCTH, KOTOpaH He ~OnlltHa HM8Tn ~apaiTHH, CITOC06HHX BH3BaTn rrapa-

3HTHH8 BCKHITaHHfl lltH~KOCTH Ha CT8HK8 Kauepu. ITOBHW6HHhl8 Tpe60BaHHH K TOlfHOCTH H3rOTOBJie

HHH H lfHCTOT8 06pa60TKH HaKJia~HBaiDTCH TaiOK.e.Ha pa37>6MHH6 C08~HH8HHH H ITOB8pXHOCTH CKOJID

lK8HHH. 

6) BHeWHHM BaKyyMHHtl: KOlltyx 3aKxroqaeT B ce6e BCe HH3KOT8MIT8paTypHH6 Y3JIH KaMepu. 0H 

MsroTOBJIHeTCH Ha HeMarHHTHOtl: HePlftaBe~et1 CTaJIH uapKH IXI8H9T. Koxyx pacctrHTNBaeTCH Ha 

BHyTp8HH88 ~aBJI8HH8 I4 aT, KOTOpoe peaHH3yeTCH B aBapHtl:HOM cxyqae, H Ha BH8WH88 ~aBJie

HHe I aT, lfTO cooTBeTCTByeT HqpMannHHM aKcrrJiyaTa~HOHHHM ycJIOBMHM. 

BaewHHR KOlKyx C0~6PJKHT DHTn OCHOBHHX KPYITHHX 3X6M6HTOB: I) B6pXHee C7!6MH06 ~HH~e, 

CH86lK6HH06 ropnOBHHaMH ~HR BB0,1.!a B K8Uepy OCB8THT6nDBHX H WOTorp~6CKHX ycTpOtl:CTB, a 

T8Kllt8 ~JIH BHB0,1.!a KOMMYBJJK$l; 2) IUUil'IH,1.!pJ1116CKYJ) o6eu.hy, CH86JK6HHYil WJIBH~Willf, OKHaMH 

~HH npoxo~a nyqKa H ropHOBHHaMH ~HR IT0,1.!C06,1.!HH8HHH BBKYYVBOI CHCT6MH H CHCT6M~ aBapHlHOU 

38~T~i 3) HMEHee C7!6MH06 ,1.!HH~e, HBHRID~eeCH CHnOBHM OUOpHHU SB6HOM ,1.!JIH BC6X aneueHTOB 

KOHCTpy~H; 4) KOHHqecKyro Kp~mKy HHlKH6rO BilKa, o6ecneqeBaro~ ,1.!0CTYD K M6XaHH3MY pacmH

peHH!I; 5) ODOPHH6 KOnOHHH. 
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Tpe60BaHHH K HSrOTOBXeHHD BaxyyYHOrO KOEyxa HBRHDTOH odHqHUKH ~XH COCy~OB, rrpe~aas

HaqeHIIb!X ITO~ BUCOKH~ Baeyyu. YMOTHeHHe aneMeHTOB BaKYY14HOro KOEyxa ~OXEHO OOYilleCTMHT:&

CH C IIOMOIII:&D pe3HHH, HMeDillel IIOBUmeHHYD KOpoSOCTOHKO~:&. 

B) TOHKOCTeHHUe o6onoqKH OKOH Ha BHemHeM BaKYyMHOM KOEyxe H KOprryce KaMepu HBHHDTCH 

Bec:&ua OTBeTCTBeHH~H axeueaTaMH KOHCTPYK~H Kauepu. Oxaa cnyzaT ~na rrpoxo~a rryqKa nep

BHqHHX qacTmi. tiT06H yuea:&UIHT:& qHCXO 4JOHOBHX BSaHMO~eiCTBHI qacTHI.{ C lolaTepHaJIOM CTeHOK 

Kauepbl, KOX~eCTBO B611160TBa Ha rryTH IIyqKa qacTHI.{ ~OXEHO 6HT:& MHHHMaJI:&HHM H, KaK IIOKaSH

BaeT pacqeT (cu. § 7, rn.rr), cyxyapaaa TOJIIIIHHa uaTepHaJia B aanpaMeHHH ~BHEeHHH qacTHU 
~ 

~OJIXHa 6UT:&·He 60Jiee 4 CUB CJiyqae npHUeHeHHH 6epHnXHH H aXDMHHHH H He 6onee 2 CUB CJiy-

qae - cTaJIH. ITp~ttueaeaHe axmuHHHH H 6epHJIXHH B aaweM cnyqae aeuenecoo6pasao. 

~3 KOHCTpyKI.{HOHHHX C006pazeaH" I.{enecoo6pa3HO pasuepH OKHa aa BH6UIHeU BaKyyMHOM KOXy

xe Bbi6HpaT:& 60JI:&UIHMH, qey Ha KOEyxe KaMepH. C yqeTOU 3THX S~ueqaHH" ~H S~aHHOi BenHqH

HH pacqeTaoro ~aBJieHHH 14 aT H sanaca npoqaooTH rt = 4,25 6y~eu HMeT:&: 

a) ~HaueTp Baemaero OKHa - 1000 uu; TOXIIIHHa o6onoqKH - 14 KYi 

6) ~HaMeTp BHyTpeHHero OKHa ~ 600 UKi TOJimHHa 060JIOqKH - 6 MM. 

Ana yBeJIHqeHHH a4>4JeKTHBHOCTH HCIIOX:&SOBaHHH KaUepH Ha ee BXO~e npe~rrOJiaraeTCH ycTa

HOBHT:& cnel{HaJI:&HOe marOBOe 0TKJIOHHDIII66 ycTpO"CTBO (cu.rx.YIT), II03BOJIHD111ee paBHOMepHO~C

npe~eJIHT:& nyqoK BXO~HIIIHX qaCTHI.{ B npe~eJiax ue~HaHHOI MOCKOCTH KaMepH. Tor~a, ~JIB· OTKJIO

H6HHH nyqKa qacTHI.{ no ~HaMeTpy KaU6pH Ha 3 u,aeo6XO~HUO HM6T:& H8CKQX:&KO TaKHX OKOH. 

BOSMOEHOCT:& HCIIOXH6HHH OKOH npo~OXrOBaTO" 4Jopyg 6ea HapyDieHHH rrpoqHOCTHHX xapaKTe

PHCTHK COCy~OB Tpe6yeT ~OIIOXHHTeX:&HOrO TlllaTeX:&H~ro HsyqeHHH H nocne~yDillero MO~eJIHpOBaHHH. 

r) BaKyyuaaa cHcTeua.tiTo6u orpaa~HT:& TenxonpHTOK qepes ocTaToqaul ras K HHSKOTeu

nepaTypHHM ysnau Kauepu, npOCTpaHCTBO Me~y KOpnyoou KauepH H BHemHHU KOXyxou SBaKYHPY

eTCHo B HaCTOHIII68 BpeuH B 60JI:&UIHX KpHoreHHHX CHCTeuax npHMeHHDTCH ~Ba THIIa T8nJIOHSOBHI.{HH: 

I) MHOrOCJIO"HaH cynepH30XHI.{HH, HaHOCHMaH Henocpe~CTB8HHO Ba SalliHillaeuul ysex H 2) MHOro

CJIO"HaH cyrrepHSOJIHI.{HH ~:&DapHoro THIIa, IIOKPHBa~H BByTpeHHDD IIOB6pXHOCT:& BaKyyuaoro KD-
aO zyxa • 

B o6oHX cnyqaax npocTpaacTBo, saaaToe cynepHSOJIHI.{Hel, a~aeTCH B OTKaqxe. O~aaKo 

B nepBOM cnyqae aeo6xo~HMbl" BaKYYM ~onzea 6uT:& BHme, aezenH BO BTopou. C ~pyro" OTOpoHN, 

H6CMOTpH aa CyllleCTBeHHHe npeHMYilleCTBa TerrJIOHSOXHI.{HH ~:&DapHOrO THna, KOTOpble IIOJIHOCT:&D 

peaJIHSyDTCH B CHCTeMax, HMeDIIIHX O~HOCTOpOHHHI BepXHHI pas~eu, OHa Tpy~HO npHMeHHMa K KOH

CTPYKI.{HH xauepu paccMaTpHBaeuoro BH~a. rroaTouy HHXe (cM.pHc.II) noxasaaa cxeMa BaKyyMHOH 

CHCTeuu, npe~ycuaTpHBaDille" OTxaqxy BaKyyMaoro xoxyxa Kaueps B npe~rronozeaHH, qTo HcnoJib

syeTCH cynepHsOJIHI.{HH nepBoro THna. Heo6xo~Huoe paspezeaHe B aTOM cxyqae ~onxao 6HT:& ae 

xyze 10-S MM H~ • 
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llOMHMO OCHOBHOrO O~~eya BaKYyYHOrO Komyxa C OTHOCHT8~HO H8BHOOKHKH Tpe~OBaHBHMH K 

OT8fl6HH 11liHOTOTbl11 BaKYyYa, HM8i>TOH He~OJI:DmHe IlOJIOOTH,paarpaHHtiHB8IOI!tH8 0IlTHli80KH6 3JI8M8H

Tbl HJIJIIOMHHaTOpa K8U8PH (CM.pHc.26 .H 27), KOTOpHe ~OJIXHbl OTKatiHB8T:DCH ~0 BHO?KOrO B8Kyyua 

(nyqme Io-6w Hg ) • YpoB8H:D Tpe60B8HHil K 11 B8KyyYH0£1 rHrHeHe" 3THX o~~eMOB cyD(eOTB6HHO 

Bblme, flOCKOJI:DKy OHH BXO~HT B KOMilJI8KC OflTHti8CKHX 3JI8M8HTOB Kauepu, KOTOpHe B T8li8HH8 BCe

ro nepuo~a .pae50TH Kauepb1 ~OJllltHH ooxpaiUIT:D BHOOKyiO npoapa.t~Hoon. 

HaKOH6U, Il0CJI8~HHH o()~eM, Hy~aiOmHilCH B HeaaBHOHMOil OTKatiKe, aaKJIIQq8H Me~y ~ByYH 

ynJIOTHHTeJI:&HWMH MaH~eTaMH mTOKa nopmHH paomHpHTeJI:&Horo ycTpoiloTBa (cu.noaHUHH II H 28 Ha 

puc.I3) •. 0TKat~Ka aToro o~~eua ~OJIEHa npoHaBo~HT:&OH ~~H~ pas nocne ot~epe~o~ oueHN pa~o

t~Hx ynJIOTHHT6JI:DlibiX MaH~eT (fl03HUHH II Ha TOM Ee pmoyHKe). 

0CHOBHbl6 xapaKTepHCTHK*, KaCaiOUlH8CH BaKyyYHO~ OHOT8MH, yKa3aHH B Oll8U~HKaUHH B KOH

ue rnaBH, a ee npHHUHnHan:&Haa oxeua noKaaaHa Ha pHc.II. 

0CHOBHbi8 Tpe6oBaHHH K BaKyyMHO~ CHCTeMe, HCilOJILSyeMO~ Ha EH~KOBO~Opo~HOK nyablpLKQ

BO~ KaMepe, O~YCJIOBJI8HH, rJiaBHbiM o6pa30M 9 HaJIHliH8M B3Pb1BOOnaOHO~ ope~H, HaxO~HD(8MOH no~ 

~aBJI8HH8M, ~OXO~HDlHM B aBapH~HOM OJiyqae ~0 I4 aT. IT03TOMY npHHHMaiOTOH MaKCHMaJI:&Hble MepH 

npe~OCTOPO~HOCTH, HanpaBJI8HHb16 Ha 3aD(HTy BaKyyYHOrO o6opy~OBaHHH KaMepH OT B03~e«CTBHH 

3TOH cpe~H. AHaJIOrHliHO TOMy, npOHHKHOB8HH8 aTMOCW6Pbl B BaKyyUH06 npOCT-

paHOTBO Kauepbl, B CJiyqae aBapKH 0 BaKyyYHO~ CHCT8MOii, ~OJilltHO ObiT:& IlOJIHOCTLIO ·ucKJI-"eHO. 

~H 3TOrO Ha OCHOBH~ MarKCTpaJIHX OTKatiKH, KaK yKa3aHO Ha OX8Me, npe~ycMaTpHBaiDrCH 

aBTOMaTHli8CKH8 0biCTpO~eHCTBYIOmH8 KJianaHbl K mH6epbi, nepeKpbiBaiOD(He JIHHHH OTK8tiKJ4 B CJiyllae 

fl0Bblm8HKH ~aBJI8HKH B BaKyyYHOM KOEyxe, a TaKEe npH JII06biX HapymeHHHX B CHOT6M8 OTK8~KH. 

B flOCJI6~H8M CJiyqae, liT06bl H30e~aT:D B03MOlltHOCTH B03HKKHOB8HHH oepL63HO~ 8B8PHHHO~ CHTya

UHH, npe~yOMaTpHB88TCH CTOflPOU8HTHbiH peaepB no B06M CHCT8M8M OTK8liKK. 

~) AB8pH~H8H JIHHHH ~H8M8TpOM SaO MM npe~yOMaTpHBaeTCH ~JIH 6HCTpO~ 3BaKyaUKH BO~Opo

~a H3 BaKyyYHOrO KO~yxa npH oepLe3HbiX HapymeHHHX B pa~OTe KaMepH. 0TKpb!Tbl~ KOH8U 3TOH JIH

HHH flO~BO~HTCH K Ofl6UJ4aJI:DHOMY TOpmepy, ·aaxO~HDl8MYCH Ha paCCTOHHK" 500M OT ycTaHOBKH.TOp

mep CHa~lltaeTCH UOCTOHHHO rOPHlllKM ~aKeJIOM npKpO~HOro rasa C 3Jl6KTPHli6CKHM aanaJI:DHHKOM. 

ABapmilHaH uarHcTpan:& ~OJilltHa ObiT:& BblflOJiueHa H3 HepxaBemme~ cTaJIH. OT~eJI:&Hble 3B6HLH 

3TOH JIHBHH coe~HHHIOTOH Mellt~Y COOOH qepes nocpe~CTBO M8~Bb!X HJIH ~pyrHX ynJIOTHHT6Jl:DHbiX 

3JI6M6HTOB, CflOCO~HbiX npoTHBOCTOHTL HH3KHM TeMnepaTypaM. Ha~eEBOCT:D ynJIOTH6HHH ~OJIEHa 

6biT:D ~OCTaTOtiHO BbiCOKOH, tiT06bl npe~OTBpaTHTL B03MOlltHOCT:D npHTOKa B03~yxa B uarHCTpaJI:D 

H, T8M CaMbiM, HCKJIIOtiHTL B03HHKHOB6HJ46 B3pbiBOOnaCHOH KOHU6HTp8UHH. 
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IPHK 
I • ~KeH-

laltyyKa 

'BBO 

116 BC6-

IIJIIH 

I 28 H8 

II pac5o-

I B KOH-

fill:& Ko

CH no.zt 

e 11epu 

CTBHH 

!MII1l'CH 

iCJIY'tlae 

r"KH. 
[ckTya-

JOJtOpo

BTOil JIH-

CilEUH~HKAUHfi BAKYYMHOW CHCTE~. 

CHCT6M8 OTK8'11KH BBKYYMHOro KOEyxa • 

0CHOBHhl9 napaMeTpH CHCT6MH. I.0TK8'11HB89MHtt 00~6M- 120 u3. 
2.PaapezeHH6 - I0-5Topp. 

BHCOKOBaKyyMHH6 arperaTH. 

a) ITapouacJIHHHe .ztM<lJ<I>yaMOHHble HacoChi. 

6) ~ByxpoTopHble B8KYYMHH6 H8COCH. 

B) MexaHH'tlecKHe HacocH c uacJIHHHM 

YTIJIOTH6HH6M. 

3.raaOOT,li;6~6HH6 CT9HOK - 33,6"10-2Topp.JI/CeK. 

4.Heoc5XO~M8H CKOpOCTI> OTKS'IIKH - 70000 JI/CeK. 

l.MaKCH.M8JI:bH8fi npOHSBO,li;HTOJI:&HOCT:b - 40000JI/Cer-t. 

2.KOJIH't16CTBO - 4 lliT. 

3. 061J{8H TIOTp90JIH6M8H MOIIUIOCT:& - 22 I(BT. 

I.llpOH3BO,li;HT6JI:bHOCT:b - 500 JI/C6I(. 

2.KOJIH't16CTBO - 4 WT. 

3.0<51J{8H TIOTpe<5JIHOM8H MOIJ{HOCT:& - 28 KBT. 

I.llpoHaBO.ztHTen:&HOCT:& - 45 njceK. 

2.KOJIH't19CTBO - 4 lliT. 

3.061J{8fi IIOTpe6JIH6MaH MOilUIOCT:& - 28 KBT. 

~OpB8KYYMHb16 H8C0Cbl ( M6X8HH'II9CKH6 C MSCJIHHbiM ynJIOTH6HH6.M ). 

I.Upo.HaBO.ztHTen:&HOCT:& - !20 ~jeeR. 

2.KOJIM't19CTBO - 8 WT. 

3. 061J{8H IIOTpe<5JIH6.M8H MOIJ{HOCT:b - 160 I(BT. 

CHCTe.Ma OTKB'IIKH TipOMezyTO'IIHhlX TIOJIOCT9~ HJIJIIDMHH8TOpOB. 

0CHOBHhle napaMeTpa CHCT6MH. l.0TK8'11HB86MHtt o<5~eM- 0,3 u3. 
2.Paapeilt6H:Me- ro-6Topp. 

3.raaoOT,li;6JI6HH6 CT9HOK - 1,2•!0-4Topp.JI/CeK. 

4.Heoc5XO,li;HM8H CKOpOCT:& OTK8'11KH - 200 JI/CeK. 

Typ60MOJI9KYJIHPHH6 HBCOCH. I.llpOH3BO,li;HT6JI:&HOCT:& - 200 JI/CeK. 

2.KOJIH't16CTBO - 2 mT. 
~ByxpOTOPHH6 B8KYYMHM6 HBCOCbl. 

MexaHH'II6CKH6 HBCOCH C M803UIHHM 

yrrnoTH6HMeM. 

I.llpo.HaBO.ztHTen:&HocT:& - 50 njceK. 

2.KOJIH't16CTBO - 2 WT. 

3.001J{8H IIOTpec5JIH6M8H UOIJ{HOCT:b - !,4 KBT. 

1.llpo.HaBo.ztHTen:&HOCT:& - 16,5 n/ceK. 

2.KOJIH't16CTBO - 2 mT. 

3.06~8H IIOTpec5JIH6M8H MOIJ{HOCT:& - 5,6 KBT. 
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AXH HOpuan»Horo IDYHKUHOHHpoBaHHH nysup:&KOBOM KaMepu Heo6xo~HYo nepHo~zt~eCKH ocy

rqecTBXHT:& neperpeB pa()oqei1 lltH;ltKOCTIII • .B Kauepax cymeCTBY!OllllrfX KOHCTPYK~HM neperpeB ~OCTIII

raeTCH C6poCOM ~aBXeHHft B pa()oqey o()~eMe ~0 SHUtiCHHM, XCRa!lllllX HHllte paBHOBCCHOrO COCTOH

HHH CIIICTeMU raS-lltH~KOCT!I rrpH ~aiiHOH TeMnepaType. Cc5poc ~aBJICH!tifl MOlltCT rrp0113BO~IIIT!ICH CJie

,n;yiOlltlllMH ~Byua cnoco6au111: I) nyTeu 6b!CTporo yneJIHtleHHH o6Mua pa6ot~ei1 lltlr1~KOCTIII IIIX!r1 2)rry

TCM 6biCTpOrO Bb!Cpoca t~aCTIII pa6oqei1 lltlr1,ll;KOCTH HXH rasa HS 06'beua ITYSb!p:&KOBOH KaMepbl. , .. 
].i.JIH 60X:&WIIIX lltlll,ll;KOBO~OpO,lJ;HbiX ITySb!p!IKOBb!X Kayep C Oc5~CMOM pa6oqei1 lltlll,ll;KOCTIII B HCCKOJI:&-

KO ~eCRTKOB Ky60MCTPOB HC~CJleC006pa3110 rrp~t~Men:eHHe paCWHplr1TOJI!IHOti Clr1CTeMbl, npoHSBO~RII(CH 

c6poc ~aBneuHR no BTOpouy crrococ5y. 9To ooycJIOBJieHo Teu o6cTOHTeX!ICTBOM, t~TO B cxyt~ae iu-
6poca rasa SHaqJ.1T8X:&HO BOSpaCT3CT XOJIO~OnpOH3BO~HTCXDHOCT!I KplllOreHHOW ycTaHOBKH, a BH-

6poc lltH;l(KOCTH npHBO,ll;HT K HC06XO~HMOCTH C03~8HHH cne~HaJI:&HhlX KpHoreHHbiX HaCOCOB Bb!COKOi1 

rrpOH3BO~HTeX!IHOCTH H 6b!CTpo.n;ellCTByiOII(HX KXarraHOB C 60X!Ill1HM!r1 npOXO~HHMH ceqeHHRMlr1, CITOC06-

llb!X paooTaT:& rrp1r1 TeurrepaType lltH~Koro no~opol(a. 

IT03TOMY B .n;an»Hei1meM Mbl oy.n;eM paCCMaTpHB8T:& TOX!IKO pacniHpHTCX!IfiYIO CMCTCMY, rrpOH3BQ-

,ll;flJicyiO c6poc .n;aBJieHl'lR no nepBouy crroco6y. • 

9KBIIIB8XCHTHaH uexaHHqeCIC8fl cxeua paCWIIIPHTeX!IllOH CIIICTeMbl K8MCPbl ITOK838H8 H8 pl4c.I2. 

,llei1cTBIIIC BO.llOPO~a B nysb!p!IKOBoii ICaMepe A H pa6oqe~ cpe,llu B rH;~tponpHBO,lle D Ha nopweH!I 

C no~o6Ho ~elicTBHIO npylltHH, rtaTopbie ycxoBHO Hso6pai!eHbl B BH.zte ynpyrmc sxeMeHTOB 8 
H E • 

l3 CT3~HOHapHOM COCTOHIIHH IIOplllCH!I 38HHMaeT BepXHCC IIOXOlKCHHe. 

C6poc .ztaBXCHHH BO.ztOpo~a B qyBCTBHTeX!IHOM 06'beMe KaMepbl ~OCTHraeTCft nyTCM 6HCTporo 

nepcuemeiiHH rropmHH BHHS sa ct~eT ycHJiHH F , .n;e11cTBYJODlero co cTopOHbl rH~ponp~ttno.n;a • .llBH

JKeH-ne IIOplllHfl BHHS Ciy.n;eT npO~OnlltaT!ICR ~0 TeX nap, llOKa rrpHo6peTCHHaR ttopmHeM ITO~ ,llC~CTBH

eu CRXbl ~ KIIIHCTHtiCCIC8R 3HeprHR He nepeti~eT ITOXHOCT!IJO B IIOTeH~H8X!IHYJO aHeprRID BC8X ~e«cT

BYIOII(HX Ha nopweH!I ynpyrHx sxeMeHTOB HXH noRa aHa He 6y~eT norameHa B pesyx:r:.TaTe ero co-· 

rrpHKOCHOBaHHR C ~CUllWHPYJOII(HM ycTpO~CTBOM. 

ITpHueHeHHe ,lleMniDepoB, mHpOKO npaKTHKyeuoe Ha uaxbiX Kauepax, B .n;aHHOM cnyt~ae HBXReT

CH HC~execoo6p83HHM, TalC OHO npHBO~HT It BeCbM8 3H8tiHTeJI!IHO~ llOTepe 3HeprHH BCJIC,ll;CTBHe TQ

ro, tiTO rrpiii TOPMO:ateHHH ITOpl!IHH BCR KHHeTHtiCCKaH 3HeprHH pacceH:BaeTCH B ~eMniDepe. Ta :ate 

3IIeprHR B pacm~ttpHTCX!IHOM ycTpO~CTBe 6e3 ~eMITIDepa npeBpamaeTCH B llOTCH~MaXbHYIO 3HeprHJO 

ynpyrmc 3XCMCHTOB, KOTOpaH, B CBOD Ot~epe~bt BHOB!I nepeXO,llHT B KHH8THti8CICyiD 3HeprMIO nopm

HR H HCITOX!ISyeTCH ~XR C:ataTHH pa6oqei1 :atH;l(KOCTH. HeHs6e:atHHe npH 3TOM OTHOCHTeJI!IHO He60X:&

lllllle llOTCpH 3HeprHH KOMITeHCHpyiOTCH sa CtiCT npHTOKa HSBHe. 
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aBeprHIO 

prHIO nopm

o He6onD-

YKasamme 06CT0HT8Jl:&CTBa ITOCJiylltHJIH OCHOBHHM apryM8HTOM B I10Jl:&Sy O)l;H03Ha'llHOrO Bbi60pa 

:n;JIH paCCMaTpHBa8MO~ TiflTMMeTpOBOH lltM:n;KOBO:n;OpO:n;HO~ nyahlp:&KOBO~ KauepN pacmHpHT8Jll>HOrO ycT

pOHCTBa B BapHaHTe 6e3 :n;eunwepa. 

UeTo:n; c6poca :n;aBneHHH conpflllteH c pH:n;ou KOHCTPYKTHBHhlX Hey:n;o6CTB, KOTOpNe cTaHOBHTCH 

OC068HHO Ol!lYTHMHMH IIPH npoeKTMpOBaHHM 60JI:&lliiDC HH3KOT8MTI8pa.TypHbiX Ka.Mep. l1M8JlCH pH:n; riOITL!

TOK npHBGCTH KaMepy B COCTOHHMe 'I!YBCTB!.1T8Jl:&HOCTH K MOH!.13HPYIOlll8MY H3Jly'lleHMIO J.1Hb!MH CIIOC06a

Mil, HaripMMep, IIYTGM IIpOTiyCKaHHH qepea pa60'I!MH 0<5MM HMIIyJI:&Ca yJI:&Tpa3ByKa HJIH HMII:)Jl:&Ca Bhl

COKO~ 'l!aCTOTbl. O:n;HaKO 3TH TIOIIhiTKH IIOKa npaKTH'Il8CKOro 3Ha'I{8HHH H8 IAMGJIH, H TIOSTOMY B na

CTOHII\88 BpeMH HaH6onee pean:&Hblu,no-npelltHeuy, ocTaeTCH crroco6 uexaHHqecxoro pacmHpeHHH,yc

nemHo rrpHM8Hfi8Mh!H B PH:n;e C1ll\8CTByiOlllHX KOHCTPYKUHH. 

CxeuaTM'I!ecKMfi 'l!epTellt xauepN c pacmMpHTeJil:>HNM ycTpo~CTBOM aToro BM:n;a rrpe:n;cTaBJicH Ha 

pKc.IO. K OCHOBHbiM pa60'I!HM SB8H:&HM ::(SJia H3M8H8HMH :n;aBJIGIIHfl, IIOKa3aHIIOro Ha p!t1c.I3, rrp!t1-

Ha:n;nelltaT: nopmeH:& 3, TOpOH:n;an:&HNti CHJIDWOH 35 H IIO)l;BJ.1lltHOe )l;HMl!l8 1. 0co6eHHOCTJ.1 KOHCTpyK

TKBHOrO MCTIOJlHGHHfl STHX yCTPOHCTB paCCMaTpMBalOTCH HHllte. 

a) IlopmeH:& HBJl!18TCfl HaJ.1<50Jiee OTB8TCTB8liHbiM Y3JIOM M8XaHH3Ma p8.ClllMP8HJ.1fl Kat,!epbl. 0H 

no:n;BepllteH :n;BORKOrO po:n;a MeXaHM'I{8CKMM HarpySKaM - )l;HHaMH'I{8CKJ/IM l'l CTaTH'Il.SCKHM. ITopmeH:& Ha

XO:n;HTCH B 30H8 :n;eHCTBHH CHJl:&HOrO HCO)l;HOpO:n;HOrO uarHHTHOrO IIOJIH. ITOCJIG)l;Hee 06CTOHT8Jl:&CTBO 

Haxna:n;h!BaeT orpa.HHqeHHe Ha Bbl<5op uaTepHana nopmHH. CTpeMJieHHe npe:n;eJI:&HO B03MOlltHO yueH:&

mKTl> BJIMHHHG HH:n;YKUHOHHHX H Bl'IXpeBNX TOKOB Ha pa<50Ty TIO:n;BHlltHb~ qaCT8W paCruHpHTGJI:&HOrO M8-

XaHH3Ma C O:n;HOBP8M8HHblM BbiiiOJIHeHH8M yCJIOBJIIi1 o6ecrreqeHHH He06XO:n;J/IMOW rrpoqHQCTH, JIGrKOCTH 

l1 I!H3KOM TGTIJIOTIPOBO:n;HOCTH MaTepHana KOHCTPYKUHJ/l TIPHB8JIO BC8X HCCJie:n;oBaTeJieti, pa60TaiOl!lHX 

B 3TOM HarrpaBJI8IIMH 1 K Mb!CJIH 0 U8JieC00<5paaHOCTH rrpHM8H8HJ/lH )l;JIH STHX U8JI8~ CII8UJ/IaJI:&HbiX 

nnaCTH'I!eCKHX Mace, H3rOTOBJieHHbiX Ha OCHOBe HCTIOJil:>30BaHMR CT8KJlOBOJIOKHa. HaH<50Jiee IIO:n;xO

:n;H~KMH uaTepHaJiaMH :n;JIR nopmHH HBJIRIOTCH rrnacTuaccN uapox at32-30I J/l CBAM , Texao -

norHH rrpOH3BO)l;CTBa KOTOpNX :n;ocTaTO'I!HO XOpomo OCBOeHa. 

naJI:&HeHmHe HCCJie:n;OBaHHH STHX MaTepH~OB B HarrpaBJICHHM Bh!HCH8HHH HX IIOB8)1;8HJ/Ifl B yCJIO

BKllX BO:n;OpO:n;HNX TeMrrepaTyp HaqaTbi B HaCTOHl!lee BpeMH COBMGCTHOH rpyrrno:iii CIIGUHaJIHCTOB 0Lifll!1 

H B~'a. 0lltM:n;a8TCH, '!{TO STJ/l HCCJie:n;OBaHHH :n;a:n;yT TIOJIHOUeHHym HH~OpMaUHID OTHOCHTGJIDHO OKOH

qaT8Jll>HOro Bbl<50pa KOHCTPYK~HM M TGXHOJIOrHH H3rOTOBJI8HMH nopmHeBOrO M8XaHJ/l3Ma. 

ITopmeHD CBR3aH C rH:n;paBJI!tfqecKHM TipHBO:n;OM qepea TIOCpe:n;CTBO TIOJIOrO lllTOKa 2?, BhlriOJIHBH

Horo HS MaTepHaJia, HM810l!l8rO HH3KH~ K03~HUH8HT T8TIJIOTipOBO:n;HOCTH TIPH 3THX TeMTiepaTypax. 

flo Y6XaHH'Il8CKHM CBO~CTBaM HaJII60Jiee rtpHrO)l;HO~ :n;JIH 3TO" UCJIJ/l flBJIH8TCfl HepEaBeiOmaH CTaJI:&, 

TennonpOBO:n;HOCTl> KOTOpO~ pe3KO rra:n;aeT B CTOpOHY HH3KHX T8MII8paTyp (rrpH6JIH3HTeJI:&HO B 

ro4 pas). 
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PHc. I2. 9KBHBaneHTHaH uex~ecKBH cxeua pacmu

PHTen&Ho~ CHOTeMa. A - KOpnyc KaMepH; 

B H E - ynpyrae aneMeH~; C - nopmeHD; 

D- Kopnyc pacwHpHTen&HO~ cHcTeMH; 

F- cHna, ~e~CTBYDmaH Ha nopmeHD B Haqa

ne UHKna pacmHpeHHH. 

o qs., '" .,,. ::' 

-

·.~· .. ~.S:~:.~~~.t~~~~~~ 
PHc. I3. CxeMaTHqecKH~ qepTez cHcTeua pacmHpeHHH. I - no~BHEHoe ~HHme; 2, 8 H 3I - Tenno

oc>:ueHHHKH; 3 - nopmeHD; 4 - UHnHimp; 5 H I4 - HanpaBJIHIO!IU!6 BTynKH; 6 - I'HX&38 ; 

7, II H 24- ynnOTHeHHH; 9- onopHHtt CTSKaH; IO- CH~OH-KOMneHC&TOp; I2- CTHZ

K8 pasMMHaH; I3, IS m 30 - ~HBma; I6 - mnmn&Ka; I7 - nnaT(tlop:ua; IS - nopmeo 

aBapB~Horo UHJIBfmpa; !9 - KpHWKa; 20 - npyuua; 21 - rH]tpono~T:~eUHHK; 22 - a.BapJil

mdt I{KJIBlijl;p; 23 - nopmeBD pa6oqero UHJIBimPa; 25 - pa6ou1t IUIJIBlijl;p; 26 - MOHTa:oo

!paucnop!HOe npHcnoco6ntnme; 27 - mToK; 28 - HSAYBHoe ynnoTHeHHe; 29 - cH~oBas 

pao!HsKa; 32 - onopa coneuo~a; 33 11 34 - onopHHe ~HHma; 35 - TopoH~aH&H. cH~oH. 
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qepea mTOK nopmHH DPOBCXO~BT 3B&qBT8nDBHI DpiTOK T8DB8 K K8Uepe. qT06H Orp8HHQBTD 

STOT T8DllOnpBTOK, HaDp8BnRm~B BTYllK8 WTOK8 5 YCBll8BBO OX~88TCB. Clle~yeT HU8TD B BB

~y, QTO,TBK KBK WTOK pa60T88T B YCllOBHHX HHSKBX T8UD8p8Typ, B8Dp8BnRDmH8 BTYllKH pa60T8~T 

B peaBU8 cyxoro Tp8HBH. YDllOTB8HH8 WTOK8 ~OCTBraeTCH C DOUO~D CD8U18XDHHX Y8HE8T II. 

nonollHHTellDHBH H~YBHBH uaKaeTa 28 npe~ycuaTpeBaeTcH ~llH repueTMS&UIB no~nopmHeBoro npo

CTpaHCTBa B CJlYqae DOBpe~eHMH OCBOBBHX U8HE8T. CueB8 U8HZ8THHX YDllOTH8HHi II B STOU 

cnyqae UOXeT npOHSBO~HTDCH npH H&llBqBM BOAOP0~8 B K8Uepe. 

qT06H HU8TD BOSMOEHOCTD BeCTH peUOHT H DPOWHll8KTHKy rHApaBnaqecKoro yana HeaaBHCRMO 

OT K8MepH, WTOK BHDOllHHeTCH paa~euHHU. MexaHHqecKaH CBHSD o6eHX qacTe~ WTOK8 Me~y C060M 

OC~eCTBllHeTCH CTRZKO~ I2. 

6) TOpO!A8llD~ C~OH OCy~eCTBllBeT rH6Kym CBHSD MeEAY KOpDyCOM KaMepy H DOABHEHHM 

~HH~eu, repueTHSHPYH pa6oqH0 06~eu OT DpOCTp8HCTB8, 38HHTOrO DOpmB6BHM pacmHpHTellDHHU ue

X8HH3MOM. 0CHOBHHM Tpe60B8HH8M K STOR rH6KO" CBHSH HBllH6TCH o6ecneqeHHe ee BHCOKOH ~OllrO

BeqHQCTH (donee I06 UHKllOB)o KaK 6HJIO DOK838HO B pa6oTe(22 ), T8K8H ~OllrOBeqHOCTD BDOllHe 

~OCTHlltHMB. 

nns HCClleAOB8HHH DOBeAeHHH TOP08A8llDHHX CHllDWOHOB B pa6oqHX yCllOBBHX H C UellDID OC

B08HHH TeXHOllOrHH HX DpoHSBO~CTBa, UeTO~OM rH~pOWTBMDOBKH 6Hll8 HSrOTOBll8H8 ~llH MO~ellH K8-

uepy ODHTH8H D8PTHH HS IO CHllDWOHOB C H8PyEHHM ~H8M6Tpou 750 MM. CHllDWOHH BHDOllHCHH C OT-

60PTOBKOfi (cu.pHc.I4 H I5), DOSBOllH~eH OCy~eCTBHTD DpHCOe~HHeHHe HX K Wll8HU8M TBK, qT06H 

H8H60llee panHOH8llDHHM 06paaou nepe~aTD HarpyaKy, DOllHOCTDID HCKllmqHB Hanp~eHHH H3rH68 B 

CB8pHOM WBe. H3rOTOBll6HHe ODNTHOH D8PTHB CHllDWOHOB C03~8ll0 DOllHyiD yBepeHHOCTD B B03UOEHo

CTH OCB08HHH npOH3BO~CTB8 TeY Ee U6TO~OU 60llDWHX CHllDWOHOB AllB DHTHM8Tp0BOW Kauephl. 

qT06H HM8TD B03MOlltHOCTD ~6T8llDH0 HCCll6AOB8TD npoqHOCTHhl6 X8paKTepHCTHKH TOpOH~aHDHllX 

CHll:&@OHOB H onpe~ellHTD HX yCT8llOCTHyiD npoq&OCTDt 6Hll DOCTpOeH CD6UH8llDHbiH CTen~ C ~BYMH 

CHll:&{[JOHBMH (cu.pHc.I6), H8 ICOTOpoM B yCllOBHHX, npH6llHllt6HHHX K pa6ouu, J.IO:JmO npOB6CTM 

BCe He06XOAHMN8 HCDHT8HHH. PeayllDTBTH npeAB8pHTellDHHX T6H30U8TpeqecKHX HSUepeHHR, BHDOll

HeHHHX npH KOMH8THOH T6YDepaType, DOK83HB8IDT 1 qTO H8IIPBZ6HH8 B H8H60llee OD8CHHX ceqeHHRX 

He B~O~HT 38 npe~enu HOpuH. 0~HOBp6U8HHO C 3THK OCB06HH B6KO~PHe T6XHOllOrBqecKHe npHe

MH, CBH38HHHe C H3rOTOBll8HHeM, CB8PKOH 1 YDllOTHeHHeU H DOCll8AY~ KP6Dll6HB6U DOJiyqeHHHX 

rH6KHX 3lleMeHTOB. 

B) ilOABHIHOe AHHMe HrpaeT pollD AH8Wp&rMH 1 OTA8llBIDM6M pa6oqBM o6~eu K&MepH OT paCWH

pMTenDHOro uexaHBSMa. Ouo BMeeT uaoroneneBoe uaauaqeuHe.Bo-nepBHX, ouo nosBonseT BHpan

HHT:& ~BRieHHe E~KOCTH BO BpeUH p8CWHpeHBH; BD-BTOPHX, o6ecneqHB89T He06XO~BMyiD rHrHeHy 

pa6oqero o6~eua Kauepe, npe~OTBpa~as nona~&HHe B Hero sarpssHHIDMHX qaeTHu, llH6o raaoBhlX 

nyaHpe~, HBRH~MHXCH Clle~CTBH8M pa60TH DOpillHH; B-Tp8TDHX, OHO HBllfl8TCH TeiTROBhlM 6apDepou, 
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PHC. !6. YCTaHOBK8 ~nH HCDHTaHHH TOpO~BnDHHX CH~OHOB B8 

ycTanOCTHYD npoqsocT~. 
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J!OKaJIH3YlOilUU.I XOJIO~HYIO SOHY B IiHlltUeiii qacTH KaMep:bl. f 
[. 

TaK llte, KaK H nopmeu:o, no~BH~Hoe ~HHme BHnOJIHHeTCH HS nnacTuaccN. flpHMeHeHHe nnacT

Maccu C uanof! TenJionpOBO~HOCT:&IO ~aeT BOSMOlltHOCT:& yueH:&WHT:& TenJIOBOM KOHTaKT 'SOH:bl HSMepe- t 

HHH c souo~ ~eiiicTBHH pacmHpHTeJIDuoro MexauHsua. ~opMa ~HHma B:bi6HpaeTCH Hs coo6p~eHHi1 no- J 
JiyqeHHfl MaKCHMaJI:&HOrO 3~~eKTa OTpallteHHH OT llOKp:biTHH HS CKOTqJiaiiiTa, KOTOpoe HaHOCHTCH Ha 

noBepxuocT» no~BHJKHoro ~HHma co cTopouN pa6oqero o611eua. Bonpoc Bb16opa wopuu ~uHma no~-

po6HO 06CYJK~aeTCH B § I5, rn.Y. fiO~BHlKHOCT:& ~HHma 06ecneqHBaeTCH TOpO~aJI:&H:biM CHJI:&~OHOM, 

Ha KOTOp:bliit OHO OnHpaOTCH ITO BCeMy nepHMeTpy. 

§ I2. ~ 
Cxeua rH~paBJIHqecKoro npHBO~a 

a) ITpHHgHn AeiiicTBHH. 

Ha pHc.I7 npe,n;CTaBJieHa npHHUHllHaJIJ,HaH cxeua paCmHpHTeJI:&HOH CHCTOM:bl npoeKTHpyeMoiii. B 

O!tiHJ/1 nHTHMeTpoBoiii litH~KoBo~opo~aoiit nys:blp:&KOBolii Kauephl. 

l 
i' . 
' 

flep~IO~ KOJie6aiiHLi nopWHH paCmHpHTOJI:&HOlii CHCTOM:bl Onpe~eJIH8TCH llt8CTKOCT:&IO lKH~KOrO H ra- ; 

soo6pa~uoro BO~opo~a B pa6oqey o611eMe nyshlp:&KOBoiii Kauepu H JKeCTKOCT:&IO rasa B aKRyuynHTO

pax AII H A2I. YBeJIHqeHHe JK8CTKOCTH BCeiii CHCT8M:bl npHBO~HT K yMeH:&WeHHIO nepHO~a KOJie6aHHlii 

nopmHH H, CJie,ll;OBaTeJI:&HO, I< yM8H:&W8HHIO napaSHTHOrO BCKHllaHHH U~KOrO BO~OpO~a na CT8HKaX 

KaMepbl. flpH Bb!OpaHIIOM ~l1aMeTpe nopmHH yBeJIHqeHHe JICOCTKOCTH BCeiii CHCTOM:bl ~OCTHraeTC~ sa 

cqeT yBemJiqem~H :m:ccTKOCTH rasa B aKKyYyJIHTOpax Au H A2I. 
' 

B CTaUHOHalJHOM COCTOHHHH, KaK llOKaSaHO Ha pHc.I7,KJianaH:bl ~ H B3 - OTKpbiT:bl, a 

BI-saRpbiT. IT pH aToM: nonocT:o I r~paBJIHqecKoro UHJIHH~pa oRasbiBaeTCH coe~HHCHHOi1 co 

6aRoM, a aKKYMYJIHTop AII c aKKYMYJIHTopoM AI2• 

KnanaH t 
J 

CJIHBH:biM ; 

Henocpe~cTneHHO nepe~ HaqanoM UHKJia pac~HpeHHH RnanaHbl B2 H B3 saKp:biBaiOTcH, oTcoe~H

HHH TeM CaM:biM llOJIOCT:& I rH~POUHJIHH,ZJ;pa H aRKyMyJIHTOp AII OT rH~pOCHCTeM:bl. 

C1:ma F , Heo6xo~HMaH ~JIH c6poca ,n;aBJieHHH JKH~Roro BO~opo~a B qYBCTBHTeJI:&HOM o611eMe 

' i 

nys~>~p:&KOBOH RaMepH,C03,ZJ;aeTCH nyTeM npHCOe~HHOHHH C llOMO~lO KJianaua•Br K llOJIOCTH I aKKyuy- ; 

nnTopa AII c ,n;aBneHHeu PII· 

l1pu paOOTG nysblp:&KOBOW Ka.M8p:b1, KaK yJKe OTMeqaJIOC:& Bblme, HOH36elltHO B03HHKa!OT TIOTepH 
~ 

SHeprHH H B pesyJI:&TaTe 3TOrO nopmeH» He BOSBpamaeTCH B HCXO~HOe Bepxaee llOJ!OllteHHe. ~H 

KOl.II1eHCaUHH 3THX llOTep:& B KOHUO XO~a peROMnpeCCHH OTKp:biBaeTCH KJianaH B2, a KJianaH Br sa

KpbiBaeTCH. flpH 3TOM JKH~ICOCT:& HS IIOJ!OCTH I rH~POUHJIH~pa HaqirmaeT BblTeKaT:& B CJIHBHOH 6aK, 

,n;aBJieHHe B nonocTH I IIOHHJKaeTcH ~o ypoBHH Pi 1.1 rropmeH:& ocTaHaBJIHBaeTCH B Hcxo~HOM BepxHeM 

nOJIO~CHHH. 

KouneHCai.UIHI noTep:o sHeprHH rrpnBO~HT K TOMY, qTo KOm1qecTBO :m,n;KoCTH B aRRYMYJIHTOpe 

AII yuen:o~aeTCH u B pesyn:&TaTe aToro yMeH:&maeTcH ~aBneHHe rasa B HeM. llls CJIHBHoro 6aKa B 

aKRYMYJIHTop An lKH~KOCT:& BosBpa!liaeTcH cJie,n;yiOmHM o6pas.oM. CHaqana c rrouom:&IO RJiarraHa B3 

t 
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PHC. I?. flpHHnHilHaJI&HU CX8118. paCDIBpK!SJI&HOJ:t OHC!I!SIIH liH!rHW!pO.BOlt 

z~Ko.Bo~opo~Hol nys~pDKO.Bolt xauep~. I H 2 - nonoc!H r~

pa.BmAecxoro nHJIHH;Ztpa; 3 - nonoon pacmHpHTSm>Holt CHCTew; 

B1 , B2 • B3 - rHJtpa.BJIHllecKHe xnanaHii; An, A12 • ~ -rH

.ztpoaKKYl.fY.7IHTop~; Hp - m~pa.BJIHllecKBI Hacoc; p - ~a.BneHHe 

ope~. 
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~~~KOCT~ OHCTpo BTiyCK88TCH B 8KKyMy~HTOp AII ~3 aKKYMYHHTOpa Arz• 3aTeM C TIOMOm~ID r~~

ponacoca BHCOKOPO ~aB~eH~H H p ocymeCTBHH8TCH nepeKaqKa ~~KOCT.I!I .113 C~~BHOPO 6aKa B aK

KYMYnfiTOp Arz. EbiCTpoe BOCCT8HOB~8HH8 pa6ot~ero peiltiD.la B 8KKyMY~HTOpe An Tpe<5yeTCH ~~H 

TOro, qTOOH MOiltHO 6U~O c~enaT~ ~Ba-Tp.l!l ~RK~a paCill.l!lp8H.I!IH 38 BpeMH O~HOPO .I!IMTIY~~ca qac

THU OT yCKOp.I!ITenH. BOCCT8HOB~8H.I18 ilte pa6oqero peiltHMa aKKyMY~HTOpa A12 MO~eT np0.113BO~.I!IT~

Cfl B TeqeH.I!Ie BCero U~K~a ycKOp.11T8nH 6naro~apH TOMy, qTO 3TOT aKKYMY~HTOp .11M88T 6o~~myro 

8MKOCTn .11 ~aBneHHe B HeM 3a ~Ba-Tpz U.I!I:Kna pacm.l!lpeH.I!IH ~3M8HH8TCH H83HaqHTe~~HOo 

PerynHpOBaHHe cTerreH~ pacm~peH.I!IH ocymecTBnHeTCH B paccMaTpMBaeMo~ cxeMe nyTeM ~a

MeHeH~H ~aB~eHHH P11 B aKKyt.~ynnTope An· llp~ aTOM nooo~eHHe rro~BHlltHoro aneMetiTa c~cTew 

pacm~peHMH B CT8U~OHapHOM COCTOHHH~ He ~3M8Hff8TCH. 

6) C~88HmaH CHCTeMa. 

HopMan~noe WYHKUHOHHpoBaH~e rH~porrpHBO~a o6ecneT.I.I1BaeTcH c noMom~ro KnanaHOB Br,B2 
.11 B3 (p~c.I?). YrrpaM8IU18 KnanaHaMIII ocymecTMH8TCH TIO CXeMe, .11306paJJteHHOH Ha p.11c.I8. 

llO~B.I!IiltHHe aneMeHTH 3TOM CX8MH yKa38HH B IT0~0~8H.I1111, KOPA8 nyaup~KOB8H K8Mepa HaxO~HTCH 

B CTaUHOHapHOM COCTOHHIII.I!Io 

AnH c6poca ~aBneH.I!IH Bo~opo~a B nyaup~KOBOH KaMepe Ha Bxo~ cxeMN ynpaB~eHIIIH K~naHa

M~ nocTynaeT aanycKarom~~ aneKTpl!lqecK~ii HMnyn~c c a~eKTPOHHoro nyn~Ta ynpaBneHHH. ~ 

AGMCTB.I18M 3TOPO HMnynDCa 3H8KTpOMarHHT 8M nepeMemaeT 30~0THHK TI1, no~nepTNM npyEHHOH B 

rcpali\Hee HH~ee nOHOllt8HHe. llpH 3TOM 30HOTH.I!IK IT2 nepeMemaeTCH lltH,1U(OCTDID no~ ~aBH8HH81( P4 

n Kpai1nee neBoe nonoxemm Ill W11KC111pyeTcff B aTOM rronollteHIII~ lltPI~KOCTDID, nocTyrralOIIle£1 B ero / . 
npaByiD TOPU8BYID ITOHOCT~ ITO~ naBH8HPI8M P5• 0~HOBP8M8HHO C 3THM lltPinKOCTD no~ ~aMeHHeM 

P5 aaKpuBaeT ImarraHu B4 .11 Bs .11. rrepeMemaeT aonoTHHK n3 B KpaiiHee neBoe rronollteHHe. B pe

aynnTaTe rrepeKnroqeH.I!Iff 30~0TH.I1Ka n3 KHarraHH Bz Ill B3 3aKpHB8IOTCH, a KnarraH Br - OTKPHBa

eTCH .11 uaqHHaeTCH rrpo~ecc c6poca ~aBneHHH BO~opo~a B qyBCTBHTenDHOM o6~eue rryaupDKOBOH 

RaMepu. 

B Haqane ~B.I1~8HHff TIOpillRH paCmHpHTennHOH C.I!ICTeMH BH.113 ~aBH8HHe ~~KOCTH B H.l!liltHei1 

ITOHOCTH 4 UHHH~pa oopaTHOH CBH3H pe3KO B03paCTaeT, T.ITO BH3HB8eT OHCTpoe nepeMemeH.I!Ie 

30HOTH.I!IK8 ll4 B Kpawnee rrpaBOe ITOnOllteHHe. llpH ~aHnHeiimeM ~BH~8H.I!IPI TIOpillHH ~H~KOCTD BH

TeCHff8TCH .113 Hl!l~eii TIOHOCT.I!I 4 UHHHH~pa OOpaTHOH CBH3.11 B CHHBHOH oaK qepe3 KH8TI8H B4, 

r.rrparomi-Ii1 B ~anrmi1 MOMenT BpeMeH!II po~~ npe~oxpaHPITeHDHOro MarraHa. B TO lite BpeMH qepea 

o6paTHHlil KH8TI8H OKI ~H~KOCTD .113 CnHBHOPO 08K8 nOCTyrraeT B BepXHIDID ITOHOCT~ 3 nBnH~pa 

o6paTHOii CBH3H. 

llp.11 nepeMemeHHM 30HOTHIIIK8 ll4 npHTOK llt.I!I~KOCT.I!I B eMKOCTD Er' HaT.IaBillHWCH nocne ne

peKHIDT.IGHHH 30HOTHHKa ll2 , npeKp8If(88TCH .11 HaqMHa8TCH .I!ICTeT.IeHHe nOCTYTIHBilleH llt~KOCTH B 

CHHBHOlil 08Ko BpeMH tui HCT8T.I8HHH 3TOH ~H~KOCTH 38BHC.I!IT OT ~aBneHHff rasa B 8MKOCTH Er• 
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Puo. 18. Cxew ynpeneHmt cunoBma yanou rHJtponpuBo;na. I H 2 - pa6oue noJIOO!rB ru

;npo~liBH;ltpa; 3 B 4 - fiOJIOC!rll ~JIBH;ltpa 06paTHOit CBR3H; A - ru;np08KKYJIY3IH!rOpj 

E - euoon; Hp H H - ru;n;paBJIBllecKHe HacooH; ~ - tiJum,Tp; TO - Tennoo6ueH

mm; B - KJianaH; OK - o6pa!rHHI.t KJianBH; n - aonoTmm; ll - ;n;poccem,; 911 - aneK

!rpowrHHT; P - ;n;eneHHe cpe;D;H. 
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r 
BenHqHHa aToro ~aBneHHH BH6HpaeToH TaK, qT06hl BpeMH tu1 6uno paBHO BpeueHH HanonHeHHH ' 

tH1 eMKOOTH Er qepe3 ~pocoenD nr npH 3aKphlTOM ~poooene n2. 
llocne TOro, K8K ~Ha~parya B 8MKOCTH Er nHEeT Ha pemeTKY, HaqHeTCH HOTeqeHH8 EH~Ko

CTH HS euKOCTH E2• TaKaH oqepe~HOCTD HCTeqeHHH EH~KOCTH H3 euKocTe~ Er H E2 o6ycnoBneHa 

Teu, qTo ~aBneaHe rasa B eMKOCTH Er HecKonDKO npeBHmaeT ~aBneHHe rasa B eYKOCTH E2• ~c

TeqeaHe XH~KOCTH HS eYKOCTH E2 6y~eT npo~OnEaTDCH ~0 TeX nop, ITOKa 30nOTHHK n4 He Bep

HeTCH B OBOe HCXO~HOe nonozeHHe. HeTpy~HO BH~eTD, qTO STO HCTeqeHHe 6~eT npOHCXO~HTD B 

TeqeHJ/le BpeYeHH tuz=f- tU1• 

llepeKnroqeHHe 30nOTHHKa n4 rrpOHCXO~HT, KOr~a ITO~BHEH~ aneYeHT paCmlllpHTenDHOrO yOT

po~CTBa HaqJIIHSeT ~BHraTDCH BBepx. llpH STOM ~aBneHHe Z~KOCTH B HHEHe~ ITOnOCTH4 UHnH~pa 

, 

o6paTHO~ CBH3H 6HCTpo rr~aeT H Z~KOCTD ITO~ ~aBneHHeY P6 nepeye~eT SOnOTHHK n4 B HC

XO~HOe rronozeHHe. O~HOBpeueHHO c nepeKnroqeHHeM 30nOTHHKa n4 npoHcxo~HT nepeuemeaHe so- ·. 

nOTHHK8 ll5 B Kpaiiaee npaBOe nonozeHHe 38 CqeT pe3KOrO ITOBHW8HHH ~aBneHHH lltH;ltKOCorH B BepX-• 

Heii ITOnOCTH 3 Ul/lnHH~pa o6paTHOii CBH3Ho llpH ~8nDHeiimeM ~BHEeHHH ITO~BHZHOrO aneueHT8 BBepX ,. 

ZH~KOCTD BHTeCHHeTCH H3 BepXHeii ITOnOCTH 3 Ul/lnM~pa 06paTHOii CBHSH B CnHBHOii 6aK qepes 

KnanaH Bs' KOTOPH", aHanorJilqao KnanaHy B4 , HrpaeT B ~aHHH~ uoueaT BpeYeHJ/l ponD npe~oxpa

HHTenDHoro Knarraaa. B TO ze BpeMH qepes o6paTHHii KnanaH OK2 E~KOCTD HS OnJ/lBHOrO 6aKa 

ITOCTyrraeT B HJ/lZHIDD ITOnOOTD 4 UJilnK~pa o6paTHOii CBHSH. ~~ 

llocne BOSBpameHHH SOnOTHHK8 n4 B OBOe HCXO~HOe nonozeHHe ZH~KOCTD ITOCTynaeT TOnDKO 

B eMKOCTD E2, TaK KaK uarHcTpanD, coe~HHammaa eMKocT-J/1 Er J/1 E2, oKasuBaeTCH nepeKpHTO~ 

30nOTHHKOM n5. Bpeua HarronueHHa eMKOCTJ/1 E2 rrpH saKpHTOM ~poccene n2 6y~eT paBHO BpeYeHH 

tu2 , T.e. BpeueHH, B TeqeHHe rooToporo EH~KOCTD BHTeKSna J/13 aee. Kor~a ~Jila~parua B eu- ~ 
KOCTJ/1 E2 nHEeT Ha pemeTKy, npOJ/lSO~eT 6HCTpoe ITOBHmeHJ/le ~8Bn8HHH B MarJ/lCTpanlll, coe~HHHD- r 
meii STY eMKOCTD C 30nOTHHKOM n2 ~0 ~aBneHHH P7 • llpH STOM 30~0THHK n2 BepHeTCH B OBOe HC-

xo~P.oe nonozeHHe~ Bene~ sa aTJ/lM OTKpOIDTOH KnanaHH B4 H Bs H npoHso~eT nepeKnroqeaJ/le so

noTHHKa n3 , B pesynDTaTe KOTOporo KnSTiaHhl Brt ~ J/1 B3 B03Bp8THTCH B OBOe J/lCXO~HOe nono

ZeHHe. llpJil 38KPHTOM ~poccene n2 rrepeKnroqeaJ/le Kn8TiaHOB Brt ~ H B3 6y~eT rrpolllCXO~JilTD 

rrpH6nH3J/lT8nDHO B TO Bpeua, KOr~a ITOpmeHD pacmHpHT8RDHOrO ycTpOHCTB8 ~OCTHrHeT CBOero 

BepXHero rronozeHJIIH. B cnyqae He06XO~J/lMOCTH, OTKPHB8H ~p6ccenD ~' MOEHO S8KpHTD Kn8IT8H 

Br Ill OTKPHTD KnaiTaHH ~ H B3 38 H8KOTOpoe pery.nlllpyeuoe BpeYH ~0 B03BpameHJ/lH rropmHH pac

mHpJIITenDHOrO ycTpoiicTBa B oBoe BepxHee rronozeHHe. 

llocne nepeKnroqeHJ/lH KnarraHOB Br J/1 ~ nopmeHD paomHpJ/lT8nDHO~ OHCTeMH S~epzHTOH B 

OB08M BepXH8Y rronozeHHIIl. B03MOEHHe KOne6aHHH ero ITpH OOT8HOBK8 He 6y~yT ITPJ/lBO~JilTD K ne

peMemeHHID 30nOTHJ/lKOB ll4 H ll5, TSK K8K Kn8IT8HH B4 J/1 Bs OTKphlTH. 
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lJIOJIH6HM 

• 18 :IH,ltKQ-

,CJIOBJieHa 

1 E2• Hc

Jl8 :sep

:XO.ztHT:& l3 

101'0 ycT

IUI.DHBllP8 

fi4 l3 HC

IBie 80-

t!l :s Bepx-

1111'8 nepx 

t qepea 

Jipe,llOXpa

'() 6axa 

I! T01I:&RO 

IIJilTOi! 

I BpeMeHH 

'lla B eu

coe.ztHHH»

I OBOe ZC

ISBHe 80-

10e nono-

l,u!:& 

iJoero 

1 RJianaH 

hH pac-

~H l3 

xne-

llepea H6KOTOpoe :speMH IIOCJie OCTaHOBKH ITOPlliHH pacmMpli!TCJI:&HOi-1 CMCTeMbl B BepxHeM ITOJIQ

~eHHM 30JIOTHHK IT5 CHOBa BepHeTCH B Kpa~Hee JieB08 IIOJIO~eH!II8 PI .ztaBJieHH8 P4 IIOCTyiiHT K 30JIOT

JHIKY III. ECJIH K STOMY MOMeHTy Bp8M8HH 3JI8KTpOMarH!IIT 8M 6y.zteT Bb!KJIIO't!8H, TO H8 STOM nHKJI 

paCillHp8HHH BO.ztOpO.zta B KaMepe saKOH't!HTCH. ECJIH ~e 3JI8KTpOMarHHT 9M 6y.zteT BKJIIO'lleH, TO IIOCJie

;IJ.yeT oqepe.ztHOe pacmzpeHHe. BpeMH Sa.ztep~KH IIOplliHH B B8PXH8M IIOJIO~CHHH peryJivtpyeTCH C IIOMO

IIl:DIO ,llJlOCCeJIH .1!:3 • 

ITpz Bb16paHHOM .ztzaMeTpe rropmHH, paBHOM 2,5 M, rrepHO.zt KOJie6aHH~ rropmHH pacwzpMTeJI:&HOM 

CHCTeMbl B pa60't!HX yCJIOBHHX MO~eT peryJIHpOB8T:&Cff B rrpe.zteJiaX OT T=70 MCeK ,ltO T=S5 MCeK.3Ta 

peryJIHpOBKa OCYil\eCTBJIHeTCH sa ClleT HSMeH8HHH KOJIHlleCTBa rasa, CO.zteprlail\erOCH B eMKOCTHX 

E3 H E4 , C08,ltHHeHHb!X COOTBeTCTBeHHO C aKKyMyJIHTOpaMH AII H A2I. IlpH 3TOM IlpOHCXO,ltHT HSMe

H8HH8 ~eCTKOCTH BCetl CHCTeMbl, lll, CJie,ltOBaTeJI:&HO, HSMeHeHvre nepHO.zta KOJie6aHHW IlOPliiHH. He

CMOTpH Ha sTo, nepeKJIIOlleHze KJiarraHOB Br• B2 z B3 npz HezsMeHHhlX noJio~eHHHX .ztpocceJieli .11:1 
M .ll2 B paCCMaTpHBaeMOW CX8M8 ynpaBJI8HHH OCYil\8CTBJIH6TCH B O,ltHH H TOT ~e MOMeHT BpeM8Hlll ne

pe,ll npHXO,ltOM TIOpWHH B BepXHIOIO TOliKy. BpeMH onepe~eHHH He liiSM8HHeTCH Ta~te, 8CJIH IlpH Bap:&

MpOBaHHH 8MnJIRTY.ztbl KOJie6aHHM IlO,ltBHXHOrO SJieMeHTa lii3M8HH8TCH IlpO.ztOJIXHTeJI:&HOCT:& cpa6aTb!Ba

HliiH RJianaHOB Br lii B2 • 

Ra pzc .I9 npe,11.CTaBJieHa :speMeHHaH sa:BzcHMocn pa6oTbl sJieMeHTOB cxeMbl ynpa:sJieHJ/IH. 

§ 13. 

CxeMaTHlleCKHLi qepTex CHJIOBoro yaJia rH.ztpaBJIHllecKoro rrpHBO.zta npe.ztcTaBJie!I Ha pHc.20. 

CHJIOBO~ yaeJI rH.ztporrpHBO.zta COCTOHT H3 .llByx ~HJlHH,llpOB - pa60l!ero 25 H a:sapJIIHHOro 22,cKpen

JICHHb!X Mellt.ztY co6o10 mnHJI:&RaMH I6. B pa6ol!eM ~HJIHH.ztpe pacnoJiaraeTCH nopiiieH:& 23 c V -odpas

HHMH YITJIOT!I8HHHMH 24. WTOK IlOPlliHH 23 I18p8M8Il\a8TCH B .llBYX HanpaBJIHIOil\HX BTyJIK8X 14, SaKp~n

JI8HHb!X B .llHHil\aX I3 H I5 pa60l!ero ~HJIHH,llpa 25. illTOKH IlOpiiiHefi 23 H 3 CBH3aHbl Me~.ztY C060H C 

rroMOil\:&10 paa~eMHOfi CTHlltKH I2. B ~HJIHH.ztpe 22 aBapzfiHoro TOpMOXeHHH pacnoJiaraeTCH noprnea:o IS. 

ITpH HanoJIHeHJ/IH KaMepb! BO.ztopo.ztoM nopiiieH:& IS onHpaeTcH aa KpbiiiiKY I9 ~MJIHH.ztpa anapHlinoro 

TOpMOllteHHH VI TeM CaMb!M npeilHTCTByeT nepeM8Il\eHHIO IlOpiiiHH paCIIIHPHTeJI:&HOM CHCT8Mblo 

Bo :speMH pa6oTbl nysb!p:&Ko:sofi Kauepb! c noMOil\:&IO npylltHH 20 nopiiieH:& IS y.ztep~MBaeTCH B 

cpe,ztHeM ITOJIOlltCHHH OTHOCHTCJI:&HO aBapHMHOrO ~HJIHH,llpa 22 H He COilpHKacaeTCH C IlO,ltBM~HllM 3JI8-

M8HTOM paCIIIHpHTeJI:&HOH CHCTeMbl. Jtix COTIPHKOCHOBeHHe HaCTynaeT TOJI:&KO B TOM CJiy't!ae, KOr.zta 110 

K8KHM-JIJ/160 np:HqHHaM ITO.llBHlltHH~ SBeMeHT pacmzpHTeJI:&HOrO yCTpOHCTBa rrepe~.ztCT rpaHH~ paspe

Ill8HHOrO pa6oqero XO,lla. llp~ s"l'OM JIH60 B HHlltHeti, JIH60 B BepxHeJ.1 ITJIOCKOCTHX ~liJ:JlHH.ztpa 22 a:sa

pPifiHOrO TOpMOllt8HHH B saBHCHMOCT~ OT HanpaBJieHHH ,llBH>IteHHH ITO,ltBUJltHOrO 3JI8M8HTa pacmHpMT8JI:&

HOti CHCTeMbl peSKO :BOapaCTaeT .ll8BB6HH6 rz.ztpOlltH,ltKOCTM, liTO ITpHBO,llHT K C03,llaHHIO TOp!.WSffU(eV. 

CMJib!. BeJIH'l{HHa TOpM03H!1et1 CHJibl 3a:BHCI1T OT ,llHaMeTpa rropiiiHH IS H ero IlPOtPHJIH, KOTOpb!e Bblc5H

paiOTCH TaK, 'l{TOc5bl .ztaBJieHHe B ~HJIHH.ztpe aBapHHHOrO TOpMO>IteHHH He npeBblill8JIO npe.zteJI:&HO .llOTiyC-
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P~c. 19. BpeueHHaH aaBHOHMOOT~ pa6oTN a~eMeHTOn cxeuu 

ynpaB~eHHH. B - K~anaH; IT - ao~oTHHK; E - eM

ROOT~; T - nepHO~ KO~e6aHH~ nopmHH. 
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PMC. 20. CH~OBO~ yae~ r~porrpHBO~a. 

0603HaqeHHff Te ~e, qTQ H 

Ha pHC. 13. 
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TKMOro. BHCOTH B8PXHe~ H HHEHe~ no~OCTe~ qH~HH~pa 22 8B8pH~Horo TOpMOEeHRH BH6~p8DTCH H3 

yc~OBRH, qT06H B xy~meM c~yqae npOU8CC TOpMOEeHRH no~BHEHOrO S~eMeHTa paClliHpHTe~»HOH CHC

T8MH 38KOHqH~CH MHrKOH nOC~KO~ nOplliHH 18 Ha TOpqeBH8 noBepXHOCTH ~H60 UH~HH~pa 22, ~H60 

KPHlliKH 19. Cz~OBOH yae~ rz~paB~zqecKoro npzBo~a BuecTe c ynpaB~HD~HMH ~anaHauz, BKKYMY

~HTOpauz H ~pyrHMH 3~eMeHT8MH CXeMH ynpaB~eHHH, He nOK838HHHMH H8 pHC.20, yCT8HOB~eH H8 

M8CCHBHO~ n~BTWOPMe 17, KOTOpaH C ITOMO~D dO~TOB KpenHTCH K ~YH~8MeHTy. DcTHPOBKa n~aT

WOPMH OTHOCHTe~»HO mTOKa nopmHH pacmHpHTe~»aoro ycTpOHCTBa npozaBo~HTCH onTzqacKHM uaTo-

~oM npH YOHT836 CH~OBOrO ya~a rH~ponpHBO~a. ITpH HeOdXO~HMOCTH paadopKH KOpnyca nyaHp»KOBOH 

KaM8pH ~aT@OpMa 17 BMeCTe CO CMOHTHpOB8HHHM Ha HeH odopy~OBaHHeM C nOMO~D r~pOITO~beM

HHKOB 21 CT8BHTCH H8 pe~»CH, TP8HCnOpTHpyeTCH no ra~epee, pacno~OX6HHOU no~ KOpnyCOM rry-

3Hp»KOBO~ Kauepu, H ~a~ee nepeHOCHTCH Kp8HOM K peMOHTHOM n~O~~Ke. 

rJIABA Y 

0 IT T H K A 

~0 noc~e~Hero Bp6M6HH ~~H OCBemeHHH padoqux 06beMOB EH~KOBO~OpO~HHX nyaHpbROBHX K8-

uep HCIT0~»30B~HCb npeHMy~eCTB6HHO OCB6THTe~HH6 CHCT6Mhl, HB~HD~HeCH KOHCTpyKTHBHHMH paa-
~ 

HOB~HOCTHMH TeuHorro~»Horo ueTo~a ocBemeHHH. XoTH ueTo~ woTorpawzpoBaHHH Ha CBeT~OM rro~e 

· d!:i~ H3BeCTeH ~8BHO, OH He H8XO~H~ cede pacnpoCTpaHeHRH BC~e~CTBH8 ue~oro pa~a npHCy~X 

euy He~OCT8TKOB. 

I 

Haz6o~ee cy~ecTBeHHHM He~oCTBTKOM aToro MeTo~a HB~HeTCH HeBoauozHocT» woTorpawzpoBa

HHH nyaup»KOB ua~oro paauepa c xopomzu KOHTpacTOM. rro~yqeHHe rryaup»KOB Heodxo~HMhlX paaue- ~ 
1 

po.B, B CBOD oqepe~»t CBH38HO C BHeC8HH6M Hellte~aTe~»HHX HCKaXeHH~ C~e~OB ti8CTHU, KOTOpue 

OTqaCTH odyC~OB~6HH HepaBHOMepHNM BCTI~BaHHeM HX BO Bp6MH pOCTa, OTqaCTH - ~BHllteHHeM EH~

KOCTH B padoqey OdbeMe KaMepH. 

TeM He MeHee, CBeT~OnO~»H8H CHCTeMa B noc~e~Hee BpeMH Bee qa~a npKM6HH6TCH npH COO

pyEeHHH rryaHphlWBbiX KaMep, B OC068HHOCTH Kauep C dO~»WHM paauepOM pa(')oqe~ 06JI8CTH. ITpH

qzHH aToro KPOIDTCH B npaKTHtieCKH Henpeo~oJIHMhiX Ha cero~HHillHHH ~eH» TexHzqecKHX TPY~Ho

CTHX C03~8HH~ cneqza~»HhiX K8MepHhiX HJIJIDMHH8TOpOB, KOH~eHCOPHhiX ~HH3 HJIH 0Tp8llt8Te~e~ dOJI»

moro paaMepa H H606XO~HMOrO KaqeCTBa, C KOTOPHMH MOrJIO 6H dHT» CBH38HO OCymeCTB~eHHe 

TeMHOnO~»HOiii Cl1CTeMH OCBeqeHHH ~m'! 60JI»lliOi1 K8MepH. 

C ~pyrolii CTOpOHH, nepBH8 06H8~8lltHB8D~He 3KCnepHMeHT8~»HHe ~8HHHe, no~yqeHHHe B pe

ayJI»TaTe HCTI0~»30B8HHIT ~~fl OCBemeHHH paooqero 06beMa KaMepu cneqH~»HOrO 8BTOKO~HM8UH

OHHOrO M8Tepza~a THna CKOTq~a~T, C03~.8JIH rrpe~TIOCH~KJII ~mi llC6CTOpOHHero !o!:CC~e~OB8HHH B03-

MOlltHOCTH ero npHM6H6HHH ll lltH~KOBO~OpO~H~IX nyaHp»KOBHX KaMepax 60~»moro paauepa. llpKMeHe

HJI!e CKQTq~aMT8 HBH~OC» BHXO~OM H3 TOrO TYTIHKa, KOTOpHH B03HHK H8 nyTH pa3BHTHH MeTO~HKH 
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Rp8.11TCH HS 

BJll,HO~ c\c

a 22, JIH60 

H, aKicyMy

HOBJIBH Ha 

BKa IIJiaT-

ICIU'lll 116TO

ltY3hlp:OKOBOli1 

~pono.l{lleM

tpnycou ny-

IJ&KOBhlX Ka

rBBHhlMH paa

BeTJIOM IIOJie 

forpaqnipoBa

•IDib!X paa.ue

n, KOTOphle 

P8HH8M lltH,ZJ;-

!CH npH coo-, 

facTH. llpa-

~ TPY.1tHO

TeJielt 6oJI:o- . 

!BJIBHHe 

• llpH.MeHe

a ~8T0,1{HKH 

IIY3b!p:OKOBb!X KaMep B HanpaBJIBHKH ,1{8JI:OH8LllllerO yBeJIJ.illBHKH paauepOB pa60llei'l 06JiaCTH. 0.1{HaKO 

He MCKRIDqeH0 1 qTQ ~eJiaHHe ,l{OCTHrHyT:D rrpe,ZJ;eJI:DHOM TOllHOCT!ri B H3MepeHHH K00p,1{HH8T TpeKOB 

qacTM~ B 6y,ZJ;y~eM aacTaBJ.iT KOHCTpyKTOpOB rrya~p:DKOBhlX Ka.Mep OIIHT:D COCpe,ZJ;OTOllHT:D CBOe BHH

Mai!M8 Ha B03MOlKHOCTH OCy~eCTBJieHJ.iH T8MHOIIOJI:&HhiX CHCTeM OCBe~eHHHo 

.I!JIH BblllOJIH8HiriH KOHCTPYKTOpCK!riX paclleTOB 1 npellt.l{e BCer0 1 HeOCSXO,ZJ;IriMO 3HaT:O KOS@PHUHBHT 

OTpa!eHHH CKOTllJiali1Ta 1 KOTOphiM CBH3hiB86T HPKOCT:& B OTpallteHHO.M CBeTe C H8JIOllt9HHOW OCBe~eH

HOCT:&J0(23): 

' (6) 

r,lle E - ocBe~eHHOCTD Ha noBepxHOCTH CKO'l'UaitTa; k- xoaiMJH~HeH'l' O'l'paJteHHR; B - RPKO

CT:& CKOTllRali1Ta B OTpallteHHO.M CBeTe; c( - yro~ ~eBXR CBe'l'a Ha CKOTQJI8~T H Y- yroJI Mellt

ll.Y HarrpaBJI6HHHMK Ha,ZJ;all~~tero K 0TP8Jit9HHOro CBe'la. 

~3MepeHHe KOS~H~K9H'1'8 O'l'paKeKBS npOBO,l{HJIOC:D C IIO.MO~Il 8BTOKOJIJIHMa~HOHHO~ Tpy6hl,a 

TaKEe wotorpa~HlleCKHM nyTeu. 

Ha pHc.2! DOKaSaHa 38BKCJ.Dl0CT:& KOS~K~HeHTa OTpa~eHHH 0'1' yrJia 'J .l{JIH auepHKaHCKOrO 

cKoTqJiati:ra THrra FE- 582 H SPR - 704, ,ZJ;JIH· Heue~xoro cxoTqJiali1Ta "MHKPOJIIIKC 11 H .l{Byx oCSpaa

~oB cKoTqJiawTa JiaCSopaTopHoro·HaroTOBJieHHH, oCSoaHaqeHHoro 6yKBaMH A lri E. 
Ha pHC.22 npHBe,ZJ;eHa 38BHCHMOC'l':& K03~H~HeHTa O'l'pallteHHH TBX lite BH,ZJ;OB CKOTqJia~Ta 0'1' 

yrna rra,ZJ;eHHH cBeTa d.. • 
nnH O~eHKH npH.MeHHMOCTH CKOTqJia~Ta B MHOrOMeTpOBhiX IIYShlp:DKOBhlX KaMepax H606XO,Zl;HMO 

aanTH MaTe.MaTHqeCKOe BhlpaKeHBe aaBHCHMOCTK KOS~H~HeHTa OTpallteHHfl CKOTqJiali1Ta 0'1' yrJia Y • 
TaKoe BhlpameHHe CSWio rroJiyqeuo ,ZJ;JIH CKOTllJiat!Ta THna F E - 582. 

~3 rpa~HKOB 1 rrpe.l{CTaBJieHHhiX Ha pHc.2Ia), C ,ZJ;OCTaToquo xopomHM npH6JIHllt8HH8.M MOZHO 

orrpe,lleJII4T:D 

k (V oL)= cf (cL) 
I 1+(-f-2)2 (7) 

r,lle c1 = 900 H c 2 ::::: 0,0094, ecJIH yroJI Sl BhlpaJtaeTCH B pa,ZJ;zaaax. 

B aaKJI!OlleHKe,MOZHO 38119'1'HT:D, qTO HS BOeX K3M9peHHhiX BH,Zl;OB DO CBOKM OIITKqeCKK.M CBOVI

CTBaM TOJI:DKO a.uepHKaHCKHli1 CKOTqJiatiT (Tana FE -582 HJIH SPR-: 704) nparo,ZJ;Hhl ,ZJ;JIH npHMeHe

HHll B OCB8THT8Jl:DHW: CHCTe.Max lltH,ZJ;KOBO,ZJ;OpO,ZJ;HNX DyShlp:DKOBbiX KaMep. JIICllhiT8HM9 B lltK,Zl;KOM BO.ztO

polJ,e noxaaaJio, qTo rrpe,ZJ;rrouneJil,Hee npa:MeHHT:& cKoTqJia:t!T THrra S PR-704, rJia,ZJ;KaH noBepx

HOCT:& KOTOpOrO 38Tpy,Zl;HH9T napaSHTHOe BCKHITaHHe SH,ZJ;KOrO BC,Zl;OpO,ZJ;a. 

§ !5. llapa:M9Tpij OOB9TKT9JIDHOK CHCTeKN 

)1JIH CHCTeMJll OCB8Dt9HPIH t OCHOB8HHO~ Ha npm.teHBBHII CKOTqJiat!Ta B KaqeCTBe peqJJieKTOpa 1 

H800XO,Zl;HM0 1 qT06hl HCTOqHHK CBeTa HaXO,ZJ;HJICfi B6JIHSH BXO,Zl;HOrO apaqxa 06119KTKBa. BhiiTOJIHBHHe 
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S!OrO yc~OBHH H8H~yqmHM 06pa30M ~OCTHraeTCH nyTeM HCll0~»30B8HHH KO~»~eBOPO HCTOliHHKa 

CB8Ta, OKpy~aro~ero 06~eKTHB B ll~OCKOCTH BXO~HOPO apaliKa • 

CBHB» Mem~y H806XO~HMO~ SKCll03H~H8H ll~8HKH H H HCKOMO~ HHTerpan»HOH HPKOCT»ID 

HMllyJIMHOH ~aMnhl J Bd t ~aeTCH COOTHOmeH.PieM! 

Cii 2d H = .Ji- c, (ot.) Cz_ Co6 .. ~ Co~ d.. J Bci.t (8) 
· ' A' r • 

r~e . r - p~HyC KO~»I{e•BOI HMny~CHOi1 ~aMnii, d - ~HaJieTp ee paap~HOPO K8H8.JI8, 

A = f / .D - Be~HliHHa ~aacJ>parw o6~eKTHBa H ~ - yro~ no~H apeHHH. 

C~e~yeT aaMeTHT», liTO cJ>opMyxa (8) 6uxa no~yqeHa B npe~noxoxeaaH, liTO paaMepu Bxo~-

-.ro 3pal1Ka 06~eKTHB8 ITOCTOHHHii H He SaBHCHT OT)rxa ITOXH apeHHH ~ • 8TO yCXOBHe Bhl-

ITOXHH8TCH He ~~H BCex 06~eKTHBOBo Y 06~eKTHB8 ~~~~8KTOPOH11 , aanpHMep, BXO~HO~ apaqoK pac

TeT(24) c yBeXHlleaaeu yr~a ~ TaKHM o6paaou, liTO aKcnoaHUHH H oKaSYBaeTCH nponop

uaoHa~»HOM Coa 2 ~Co~ J~ 
YqHTiiBaH npHBe~eHHH6 BHme xapaKTepHCTHKH CKOT~ai1Ta H aaaqeHHH 3KCIT03HI{HH (H = I 

JIKcex), aeo6xo~HMoi1 ~JIH nJieHu MHKpaT-300, a TaKEe a~a.Basc:& BeJIHqHHaJIH r = 50 w H 

d = 5 MM, H~itzteY aaaqeaHe HHTerpax:&HOI HPKOCTH HYITYXDCHOH liaMnbi:.J Bdt =3,3.104HTC8K. 

B peayli:&T8Te H6H368EHNX UOTep:& CBeTa B 06~eKTHBax H KSMepHNX HXllmMHHSTOpax, a TSKEe no

Tep:&, o6yCXOBJI6HHNX H806XO~HMOCT:&ID liSCTHliHOH 3Kp8HHpOBKH HCTOliHHKa CBeTa, ~eHeTBHTe~HO 

He06XO~HM8H B8XHliHHa HpKOCTH MOX6T npeBHmST» npHBe~eHHOe Blim8 3H8li8HHe npH6XH3HTeX:&HO Ha 

ITOPH~OK •. Teu He ueaee, T8K8H BeXHliHHa HPKOCTH BITOXHe ~OCTHXHMa C 06iiliHiiMH Tpy6li8Tb1MH 

HMITyX:&CHiiMH ~aMITSMH cepHi1HOPO npOH3BO~CTBa(2S). 
CooTHOmeHHe (8) noaBoxseT onpe~e~HTD cJ>opuy ~HHIIla H 6oKOBhiX CTeH~K nyaHp»KOBOi1 Ka

Kepbl, ~XH KOTOpiiX 06ecneliHBa6TCH HaH60X:&mas O~HOpO~HOCT:& OCB6Jil8HHOCTH Ha nJieHKe, liTO 

BeC»Ya BaEHO npH pa60T8 C nJI8HKOH, HM8IDIIl8~ 60X:&myro KOHTpaCTHOCT:&o 

9KcnepHMeHTan:&HaH npoBepKa noKaaB.Jia, liTO peay~:&TaTN, no~yqeaaue paclleTHhiM nyTeu, 

y~OB~8TBOPHT8X:&HO COPJiaCyiDTCH C H86~ro~aeuoi1 B ~eHCTBHT8~»HOCTH 38BHCHMOCT»ID SKCITOBHUHH 

H OT napaueTpOB ocBeTHTe~»Hoi1 CHCTeuhl. 

~3 paCCMOTpeHHbiX HSMH B8pH8HTOB HaH~yliWHM OK838~CH BSpHaHT C 3JI~HITTHli8CKH.M ,ZtHHIIl6M, 

,Zt~H KOTOpOrO 38BHCHMOCT:&. t/ OT ' npe~CT8BX8H8 Ha pac.23. llpH BTOM 60KOBble CT8HKH K8-

Y8pbi ITOKphiB8IDTCH pe6PaJIH, CllOC06CTBYIDIIlHMH yBe~Hli8HHID OCB811l8HHOCTH Ha KpaiD ITOJIH KS_ztpa. 

§ 16. KOHTpSCT H306paxeHHH 

.ll.JIH ycneCIHOi1 pa<50T!i CB8TXOITO~:&HOH CHCTeMbl OCB8Jil8HHH llp83Bblqak!HO BSXH0 1 liT06bl CB8T, 

na_ztaromai! Ha nyahlp:&KH, rro~~exaJilHe ci>oTor~HpoBaHHro, HMe~ xopomym aanpaBJieHHOCT:&, a6o TOJI:&

KO B STOM C~yqae CB8TOBOi1 ITOTOK, pacnpOCTp8HHIDJilHi1CH B HanpaBJI8HHH 06~eKTHB8 cJ>OTOannapaTa, 

~OBOJI:&HO CH~:&HO OC~a6JIH8TCH BCJI8~CTBHe pacceHHHH V. H306paxeHHH nyaup:&KOB B ,ZtOCTaTOqHOH 
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Pl'Jc. 23. Pacnpe.neJieHHe aKCII03HUHH IIJieHKl'f H B aaBHCHMOCTl'f OT 

yrJia IIOJIH apeHHH-{}-. I - pacnpe.neJieHHe .l{JIH o6'bei\Tl'I

Ba C IIOCTOHHH:biM apaqKOM; 2 - pacnpe.l{eJieHHe .l{JIH 06'beK

Tl'IB8 Tl'fna 11 ~JieKToroH 11 
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Mepe H~e~HO OT~eRHIDTCH OT ~OHa. 

0QeHKa B03MO~HO~ BeRHqHHH KOHTpaCTa H306pa~eHMH nysHp:&KOB H8 nneHKe HBRHeTCH BeC:&

Ma Tpy~HO~ sa~aqe~. lloaTOMy MH orpaHHll:HRHC:& paCCMOTpeHHeM HaH60nee rrpOCTOro.cnyqaa,KOr

~a HCTOqHHK CBeTa COBTI~aeT C BXO~HHM spaqKOM ~OT006~eKTHBa, ~HH~e pa6oqero 06~eua KaMe

pH HHRHeTCH ITROCKHM, a nysHpeK pacrrOHOEeH Ha OTITHqecKOH OCR 06~eKTHBa. 

B rrpe~nono~eHHH, qTo ~HaueTp nysHp:&Ka ~ocTaToquo BenHK H ero Hso6pazeHHe no~qHHHeT

ca 38KOHaM reoueTpHqeCKO~ onTHKH, nonyqHM BenHqHHy KOHTpaCTa H306paEeHHH nysHp:&Ka H8 

nneaKe K0 B BH~e: i 

K - y_ 9l k ( 0,0) =------=--:---:--...-=--:-----:---
0-Eo- a.:t jkC~.ce:)G(li')Co:S 2.l1-·Co5Y' dS, (9 ) 

e~ ef 
r~e E~- ocBe~eHHOCT:& Ha nneaKe, cos~aaaaa cKoTqnatitTOM H onpe~eneaaaa no ~opuyne (8); 

£0 - ocBe~eaaocT:& aa nneHKe, cos~aHaaa nyaHp:&xou; ct- paccTOHHHe OT BXO~Horo apaqK~ 

o6~eKTHBa ~o ~HH~a KauepH; G('t')- HH~HKaTpHca pacceaHHH CBeTa rrysHp:&Kou, qJ - yron 

paCCeHHHH; d 5- ::meueHT noBepXHOCTH CKOTll:HatitTa; f 4- paCCTOHHHe OT BXO~HOrO spaqKa 

od~eKTHBa ~0 aneueaTa noBepXHOCTH d SH e2- OT nysHp:bKa ~0 aneueHTa TIOBepXHOCTH d s . 
~HCHeHHHe 3H8lleHHH KOHTpacTa K0 B 38BHCHMOCTH OT nono~eHHH nyaHp:&Ka no BHCOTe h 

B pa60lleU 06~eue KaMepH npe~CT8BR8HH Ha pHc.24. 3HaqeHHH OT~eR:&HHX napaueTpOB npH 3TOM 

6HRH CRe~yD~HUH: a= 5u; Cz = 0,0094; nH = I,083. 

Heo6XO~HMO aaueTHT:&, qTo B ~eHCTBHTeR:&HOCTH BeRHqHaa KOHTpaCTa MOEeT OK838T:&CH ro

pas~O MeH:&me~, HeEeRK yKa3aHH8H H8 pHC.24. llpHqHHOtit 3TOrO HBRHeTCH pacceHHHe CBeTa B 

EH~KOM BO~Opo~e H 3UyH:&CHOHHOU CHOe nneHKH, a T8KEe Ha KauepHHX HHHDMHH8TOpax H BHYT~H 

o6MKTHBa. O~HaKo ~na nJieHKH "MHKpaT-300 11 y71.e saaqeaHe KOHTpacTa K=2 uoxeT o6ecneqHT:& 

pasHHQY onTHll:eCKHX nJIOTHOCTetit 6 D = I, ~ocTaToqHyD ~na aBTOMaTHll:ecKotit o6pa60TKH CHHMKOB. 

3HaqeHHe KOHTpacTa K TaKEe CHH:&HO 38BHCHT OT BenHqHHH H306paEeHHH nysHp:&Ka Ha 

nneHKe. flpH yueH:&meHHH aToro Hso6pazeHHH ~o pasuepoB, onpe~enaeuHX ~H~paKQHOHHOtit xap

THHotit, COOTBeTCTByD~e~ ~aHHOMy OTBepCTHD 06~eKTHBa, SHaqeHHe KOHTpaCTa 6HCTpO y6HBaeT. 

llo MeTO~y, yK838HH0MY B pa60Te(26 ), MOEHO OpHeHTHpOBOqHO OQ9HHT:& BHHHHHe pasuepOB 

rrySHp:&Ka Ha BenHqHHY KOHTpacTa. llonaraa, ll:TO ~H~paKQHOHHaH KapTHHa 3pH HMeeT BH~ TIPHMO-· 

yron:&HHKa, Hatit~eu: 

K= (.P+ro)2 
(.P+ ro) r_ .P 2 +-f. (IO) 

r~e p - P~HYC H306pazeHHH rryaHp:&Ka Ha nneHKe, nonyqeHHOrO B OTCyTCTBHH ~H~paKQHH, H 

ro - ~HYC ~H~paKQHOHHOM KapTHHH 8pH. 

llpH Pt:: ro MOEHO npe~e6peq:& nocne~HHM qneHOM B aHaMeHaTene BHpaxeHHH (IO), ecnH 

sHaqeHHe K0 ~ocTaToqHo BenHKO. TaKHU o6pasou, ~etitcTBHTen:&HOe aHall:eHHe KOHTpacTa K B 

~aHHOtit 06RaCTH He 38BHCHT OT M8KCHM8H:&H01it BenHqHHH K0 , a CBH38HO TOR:&KO C paauepauH ny-

3Hp:&Ka. 
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ca :sec:ot 

aa,Kor

J~ella KaMe

' 

MYJie (8); 

- yron 

I spat~Ka 

~cu d S • 

~COTe h 
i 

lnpH STOJI 

CHHJIKOBo 

y6~:saeT. 

paauepoB 

Bill npHJIO-

0), eCJIH 

ora K B 

11ep8.11H ny-

KaK JierKO npoBepHT:& C fiOMO~:&D COOTHOmeHHS (IO), ~HYC H806paEeHHB nysHp:&Ka, He06-

XO,lfiU.fHit ,1J;JIB o6ecneqeHHS KOH!p8CT8 K=2, paBHseTCB fJ = 2,4 r, o nocKOJI:&KY K8PTHH8 8pH He 

ffBnHeTCB npSMOyrOJI:&HHKOM, TO B ,n;eitCTBHTeJI:&HOCTH He06X0,1J;HIIH6 8H8lleHHB pa,n;ayoa H806paze

HHH nysHp:&Ka p OK8SaB8IDTCB M6H:&mHMH fiOJiyli6HHHX H8~H. 0,1J;H8KO SOH0 1 liTO OHH ,1J;OJIZHY 6HT:& 

60JI»me pa,n;Hyca ,1J;H~paKUHOHHOit K8PTHHH. 

§ 17. napaMeTpY WOTOrpawaqecKOM CHCTeUH 

PaCCMOTpeHHe paspema~eit CfiOC06HOCTH ~TOrpaw:HqeCKOl CHOTeUH nyaup:&KOBOl KSMepH He

o6X0,1J;HMO ,n;ns onpe,n;eneaHs cne,n;y~HX napayeTpoB: MacmTa<Sa woTorpawapoBaaas J3 H BeJIHliHBH 

~HawparJIH A. 06~eKTHBOB, p8CCTOBHHB H8B0,1J;KH 06~eKTHBOB a0 , 8 T8KE8 pasyepoB H THna npH

MBHHeiiOl nneHKHo BeJIHliHHa paspemeBHB OnTHli8CKOI CHCT6JIH HrpaeT pemaD~D poJI:&, KOr,n;a ,1J;JIB 

~6HTKWHK8r(HH li8CTHI:( He06X0,1J;HIIO HSMepeHHe HX HOHHSHpyDJteA OnOC06HOCTH. B nysHp:&KOBHX K8-

Mepax, OCHOB8HHHX Ha HCfiOJI:&SOB8BHH CB6TJIOnOJI:&HOit CHCT6JIH OOBemeHBB, paspema~as CnOC06-· 

HOOT:&, KpOIIe TOro, Henocpe,n;CTBeHBO onpe,n;eJiseT paayepH nySHp:&KOB, KOTOpHe Tpe6yDTOS ,1J;JIS· 

fiOJiylleHHS CHHJIKOB C ,n;onyCTHJIHM KOHTpaCTOJI H806pazeHBBo 

06HliHO npHHHTO CliHT8T:&, liTO paapema~as CfiOC06BOCT:& OnTHlleCKOA CHOT6JIH onpe,n;eJIS8T

CH o6paTHOA BeJIHliJ/IHOit pa,n;ayca ,1J;HWWp8KUHOHHOfrt K8PTHHY SpH, r. . O,n;HaKO TaKOe onpe,n;eJieHH8 

cnpaBe,1J;JIJ/IBO TOJI:&KO ,1J;JIS o6~eKTOB 1 pacnOJIOZ8BHHX B6JIH8H OnTHli80KOit OCH 06~8KTHB8 H8 pao

CTOHHHH H8B0,1J;KH. EcJIH CB6TS~8SC8 TOIIK8 paCOOJIOZeBa XOTB H 88 OnTHli6CKOA OCH 06~eKTHB8, 

HO BHe nJIOCKOCTH H8B0,1J;KH, TO B Kali6CTBe KpBTepBS paspema~el CnOC06HOCTH li80TO HCnOJI:&

syDT pa,n;HyC r O,S TOrO KpyEKa paOC88BBB, BHYTPH KOTOporo C0Cpe,n;OT811HB86TCH noJIOBHHa 

BCeit CBe'!'OBOA SBeprHH, yqactBy~eA B H306paaeBBB ,1J;8BBOro 06~K'l'&. 

l(JIH CB6TBmHXCB TOlleK, pacnOJIOI:eBHHX BBe On'l'Bli80KOH OCR, KpyzKB paOC6HHB8 H806~a

DTCH 8JIJIHnCaMH, paayepH KOTOpHX ortpe,n;eJISmTCB(2?) noJiyOCSKH: 

r r c = _C....:o_6_'ZJ_ (II) 

r;n;e r,.. -nonyoc:& B JlepH,1l;HOH8JI:&HOit fiJIOCKOCTHi r.: - no,nyoc:& B carHTT8JI:&HOit nJIOCKOCTH; 

r- pa.n;Hyc KPyEKa paccesHHH, pacnonozeaaoro aa onTnecKoA oc!ll; 1J - yron MeE,n;y rnaBHHII 

nyqoy H OnTHlleCKOH OC:&D. 

O,n;HaKO COOTHOmeHHB (II) cnpaBe,1J;JIHBH TOJI:&KO B TOM CJiyqae, KOr,n;a wopua H paayep apaq-

KOB 06~eKTHB8 He 38BHCHT OT yrJia 

(II) nepexo,n;sT B cne,n;y~e-(24): 

r. - --::-'-r --r
""' Co6l9 

'\9 • .llJIB O<S~eKTHBa 11~116KTOrOH11 , HanpHJiep, COOTHOmeBHS 

(I2) . 
' 

C nOMOm:&D 8THX COOTHOmeHHl, a TaKllte ,1J;Harpa101, npHBe~eHHHX B pa60T6(2B) t 6HJIH onpe

~eJieBH 8HalleHHH ,1J;BaMeTpa 2 r 0,5 ,1J;HWWP8Kr(HOHHOA KapTHHH CB8TH~elcs 'l'OliKH B aaBHCHJIOCTB 

oor pacoTosHHH HaBOltKB a0 , a Taae Of wo£Ycaoro paccTOHHHB f B anepTypaoA ,n;H&WparMH l1 
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PHC. 24. 3aBHCHMOCTb BenHqHH~ KOHTpaCTa H306pazeHHH nya~PbKB OT ero 

nonoKeHHa no B~CoTe B npe~enax pa6oqero o6~eua Kauep~. 

a 0 

"-

PHc. 25. Pacnpe~eneHme paapemaro~e~ cnoco6HOCTH BHYTPH pa6oqero oo~eMa KauepN. 

a) - ~nfl 06~eKTHBa C fiOCTOHHHhlM apaqKOM; 6) - ~nfl o6~eKTHBa THna 
11~JI6KTOrOH11 • 
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"' o6MKTHBa • .zrmma BOJIHH CBeTa rrpz aTOM 6biJia rrpHHHTa paBHOi<i 580.I0-0 MM. 

Ms IIOJiyqeHHhlX pesyJI»TaTOB CJie~yeT, ~TO B rrpe~JiaraeMOM BapzaHTe IIHTHMeTpOBOi<i rrys~p»

KOBOH KaMepH paayMHO rrpHHHT» paCCTOHHHe HaBO~KH a 0 = 3M, a ~HaMeTp arrepTypHOH ~Ha~parMH 

D= 3 MM. Pacrrpe~eJieaza paapewa~~ei<i crroco6HOCTH BHYTPH KaMep~ c yqeTOM cooTHOmeHHi<i (II) 

l'l (I2) IIOKasaHH Ha PI-IC.25. 

B COOTBeTCTBHH C peayJI»TaTaMH, IIOJiy~eHHHMH B § I6, HeOOXO~HM~H ~HaMeTp rrya~p»KOB 

IIpH 3TOM COCTaBJIHeT OKOJIO 2 MM. 

,Z{o CHX nop MH paCCMaTpHBaJIH JIHW» BJIHHHHe ~H~paKUHH CBeTa Ha Kpa~ arrepTypHOH ~Ha~ 

parMH Ha paapemam~D CIIOCOOHOCT» ~OTOrpa~H~eCKOH CHCTeY~. HO paaMepu H306paxeHHH rrya~p»

KOB, IIOJiylleHHHX Ha·~OTOrpa~H~eCK0£1 nJieHKe, orrpe~eJIHDTCH TaKXe CBOHCTBaMH IIJieHKH. BJIHHHHe 

nneHKH H8 paapemammym CIIOCOOHOCT» ~OTOrpa~H~eCKOM CHCTeMH HaHOOJiee IIPOCTO MOXHO OIIHCaT» 

c rroMOIIII>Il IIOHHTHH paa pemamll!eM CHJIH nJieHKH N n • 8Ta BeJIHliHHa xopomo zaBeCTHa JJ;JIH pasJIH~-

HHX THIIOB IIJieHKH. 

06HliHO MaCWTaO ~OTOrpa~HpOB8HHH fo H THII IIJieHKH B~6Hpa~TCH C TaKHM pac~eTOM, ~TOOH 

&nHHHHe IIJieHKH Ha paspemaDil!YD CIIOCOOHOCT» ~OTOrpa~HlleCKOf.i CHCTeMH OHJIO npeHe6pe~HMO Ma

n~. 8TO 03Ha~aeT, ~TO ~OJIXHO B~IIOJIHHT»CH COOTHOWeHHe: 

N n~-rr- (13) 
0,5 

TaK KaK CTOHMOCT» ~OTOIIJieHKH COCT8BJIHeT Cyll!eCTBeHHyll ~aCT» 3KCIIJiyaTa~HOHHhlX paCXO-

~OB IIO KaMepe, TO eCTeCTBeHHO, liTO paawepH H300paEeHHH paOOllero OO~eMa K8Mep~ H8 IIJieHKe 

~ODH!i Cl!iT» MHHHY8J!bH.biKH • 

CorrocTaBJieHHe rracrropTHNX ~aHHHX pasJIHllHNX MapoK rrJieHKH c paccMoTpeHHUMH B~me Tpe6o

BaHHHIIH IIOK83HB8eT, liTO H8HJiyllrnHY THIIOM IIJieHKH ~JIH H8WHX ~eJiei<i HBJIH8TCH IIJI8HKa 11MHKpaT-

30011 WHPHHOf.i 70 W. ,Z{JIH npe~IIOJiaraeMoro yrJia IIOJIH apeHHH ~OT000~8KTHBOB 211= 90° B _Ta

KOII CJiyllae ifJOKYCHOe paCCTOHHHe Oo~eKTHBOB .1(0JIEHO COCT8BJIHT» J = 35 -t 40 MM. 

§ !8. BapHaHTH KOHCTQYKTHBHOrO HCIIOJIHeHHH 

Bo3MOEHOCT» IIOJiyqeHHH M8KCHYaJI»HOM TO~HOCTH H3MepeHHH KOOp~HH8T Ha IIJI6HKe SaBHCHT 

He TOJI»KO OT CBOMCTB OCB8THT6JI»HOH CHCTeMH, HO B 3H8llHTeJI»HOH Mepe orrpe~eJIH6TCH Ta&Ee 

~o6pOTHOCT»Il HCIIOJI»syeuoi<i ifJOTorpa~HlleCKOM OIITHKH. 

ilOMHMO y~OBJieTBOpeHHH TpeOOB8HHHM, H3JIOEeHHHM B npe~yll!eM naparpa~e, EeJiaTeJI»HO, 

qTQClH OCl~eKTHBH HMeJIH T8KE6 paapemaiDil!Y~ CIIOCOOHOCT», OJIH3KYil K T80peTHll8CKH B03MOEHOM, 

T.e. BOJIHOBYD aoeppauHil YeH»rne l /4 H ~HCTOpcHil, He rrpeBHW8DlJID I -t 1,5 %, ~TO I103BOJIHT . 
ITpOHSBO~HT» nepBHH BHsyaJI»HhlM IIPOCMOTp IIOJ!Jl{8HHHX CHHMKOB H OTOOp HHTepecyromHx COOHTH~ 

Ha OClHliHNX npOCYOTpoBHX CTOJiaX. PaSJIHllHHe B03MOEHOCTH C03~8HHH TaKOrO 06~eKTHBa paCCMaT

pHBallTCH B paOOTe( 24). 
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KaK 6ano noKasauo B pa6o~e<29 >, ~HH o6ecneqeHHH Ha nxeHKe npaBHHDHOI nepcne 

~so6pazeHHH C06HTH~~ npOHCXO~H~HX B pa6oqey 06~eue KaMepH, Ha06XO~HM~qT06H yrox 

Ha OllTHqecK~X OCe~ OTHOCHT9HDH0 HanpaBH9HHH uarHHTHOrO flOHH He npeBHmaH 30°, 

qTOOH paCCTOHHH9 OT flHOCKOCTH nepBHqHOrO nyqKa ~0 BXO~HHX spaqKOB 06~eKTHBOB 

M9HbillHM 2,5 Mo llOHOZeHH9 HHHIDMHHaT6poB, Y~OBH9TBOpHID~ee 3THM Tpe60BaHHHM 1 llOKasaHO ~ 

pHc.IO. 

Uexecoo6pasHoe KOHCTPYKTHBHOe HcnoxHeHHe KaMepHHX HHHDMHHaTopoB HueeT 60HDmoe a 

qeHHe ~HH ycnemHo~ pa6oTH woTorpawHqecKo~ CHCTeMH. OcHOBHaH WYHK~HH HX cocTOHT B 

xeHHH pa6oqero o6~eua Kauepu, sanoxHeHHoro E~KHM ~b~opo~ou, OT aTuocwepu. llpH . 
~OHEHH 6HTD BHllOHH9HH TaK, qT06H 06ecneqHBaHOCD paBHOMepHoe OCBemeHHe BCero pa6oqero 

o6~eMa, a TaKEe xopomH~ o6aop ero co CTOPOHH o6~eKTHBOB. HxnDMHHaTopu ~OHEHH TaKEe . 

y~OBn9TBOpHTb cne~yDmHM Tpe60BaHHHM: 

a) OKHO, o6pameHH09 K pa6oqeuy 06~euy KaMepH, ~OHEHO 6HTD cwepHqeCKHM 1 qTO 

q~T H93aBHCHMOCTb XO~a CBeTOBHX Hyqe~ OT BenHqHHH flOKaaaTeHH npeHOMH9HHH pa6oqe~ 

CT~; 

6) ~OHEHa 6HTD npe~yCMOTpeHa BOSMOEHOCTb IDCTHpOBKH OO~eKTHBa WOTOannapaTa 

T9HbHO cwepHqeCKHX OKOH, a TaKEe OKOH Me~y C06ol; 

B) TennoHaonH~HH pa6oqero o6~eua KauepH OT woToo6~eKTHBa - BaKyyMHaH; 

r) HMnynbCHaH xauna, paaMe~aeuaH B npocTpaHCTBe Mez~y o6~eKTHBOM H OKHOM Kauepi, 

~onxHa Haxo~HTbCH B cpe~e HHepTHoro rasa; 

~) KOHCTpyK~HH HnHIDMHHaTopa ~OnEHa 06ecneqHBaTb B03MOXHOCTb 6HCTpol 8aM9HH 

mel H3 CTpOH HMflyHbCHO~ naMnH; 

e) ~HH OrpaHHqeHHH TennonpHTOKa K pa6oqeMy OO~eMy KaMepH OT BHyTpeHHHX qacTe~ 

HHHIDMHHaTopa, HaXO~H~CH npH KOMHaTHO~ TeMnepaType, He06XO~HMO npe~yCMOTpeTb T8flHO

WHHbTp1 KOTOpH~ o~HOBpeueHHO ~oxxeH BHTIOHHHTb WYHK~HH aamHTHoro CTeKHa B cnyqae 

co CTeKnou, Haxo~HmHMCH Ha pa6oqeu o6~eMe KauepH; 

E) C ~8HbiD 06ecneqeHHH MaKCHMaHDHO B03MOEHO~ O~HOp0~HOCTH TBMnepaTypH ~KOrO 

~opo~a B0HH3H HHHIDMHHaTOpOB, zenaTSHDHO, qTOOH T8nHOUpHTOK B pa6oqwl 06~ey KaMepu 

KOHCTpyK~HOHHHe 3H8M8HTH ~HHIDMHHaTOpa OHH MHHHMaHDHHM. 

Ha pHc.26 H 2? npe~CTaBHeHH qeTHpe BapHaHTa HCTIOHHeHHH HHHDMHHaTOPOB, KOTOpue 

3HBaiDT Ha npzHaMTIHallbHYID B03MOEHOCTb y~OBBBTBOpeHMH H3BOEBHHHM BHmB Tpe60BaHBHM. 

KOHb~eBaH HMllYHbCHaH HaMrra, OKpyza~aH 06~9KTHB, HaxO~HTCH B 30H9 ~eMCTBBH CHnDHo

ro MarHHTHOrO flOHH. llpH rrpOT8KaHHH TOKa qepea paapH~HHM KaHan 3TOl HaMITH OHa ITO~BepraeT

CH CHHDHHM MBXaHHqeCKHM HarpyaKaM. ll03TOM~ BO HS0eXaHH8 paapymeHHH HaMnH BO BpeMH pa6o

T~~OHEHH OHTb npHHHTH MepH, HCKHIDqaDmHe BOSMOEHOCTb BOSHHKHOBBHHH He~orryCTHMO OOHDmHX 

MSXaHHqeCKHX Hanp~eHH~ B CT8KH9. 
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PHc. 26. HJinmMHHaTop xauepH. ( BapHaHTH A H E ). I - xauepaoe oxao; 

2 H 14 ... :saKyyUH06 OKBO; 3 H 6 - 8JI6M6HT Ha.ztYBHOrO ynJIOTH6HHH; 

4 - HHAHe:soe ynJIO!HeBHe; 5 - oo~eKTH:s; 7 - npHXHMHaa nJiacTHaa; 

8 • KaBaJI .ztnH TpaacnopTIIIPO:SKH fiJI6HKH; 9 - T6pYOCTaTHpyD~Hl 

s11ee:sax;~iO - pesHHOBoe ynJioTH6BHe; II - xopnyc xauepy; 

I2 - npHEHYBol ~Jiaae~; I3 - CTeKno-TenJio~HJI])Tp; IS - cex~oH

!IaH JIIYfiyJI])CBaH JI8Jina; !6 ... KOJI])~6:SaH HYfiYJI])CHaH Jiauna; 

I7 - DCTHpo:soqaaa npo&na.ztKa; I8 - DCTHpO:SO'IIHiill :SHH!; I9 - CHC

T8Ua !paacnop_!BpO:SKH HS06pallt6BBH; 20 - Ty6yc 06~6KTHBa; 

2I ... :saKyyUBHI KOJJtyx. 
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BapHaHT B BapHaHT r 

PHc. 27. HnnnYHBaTop Kauep~. l ~apHaHT~ B H r ). I- Kauepuoe OKHO; 

2 - onop~« ~naae~; 3, 26 - sneueaT B~YBBOro ynnoTBeBHH; 

4 - naTpy6oK OTKaqKH; 5 - o6~eKTBB; 6 - onopHaa TepuocTa

THpyeuaH rHn»sa; 7 - onopH~ T6pMOCT8THPOBaH~ CTaKaH; 

8 - Ty6yc 06~6KTHB8 H neBTOITpOTHEBOrO M6XaHH3Ma; 9, 22 B 

25 - T6pMOCT8THPYD~~ 3U66BHK; IO, !5 - IDCTHpOBOq~« TOpO

H~anD~« CH~oH; II - ropnoBHBa Koprryca Kauep~; 12 - rrpH

ZHMHOti ~naBe~; I3 - CTeKnO-Terrn~HnDTp; I4 - B8KYYMHOe OKHo; 

I6 - HMfiYnDCHaH mnma; I7, 24 - IOCTHpOBOqHaa npoKn~Ka; 

I8, 23 - IDCTHPOBOqHH« BHHT; I9 - KOMITeHca~OH~~ CH~oB; 

20 - sneMeHT onpaB~ nHH3; 2I - aarrpaBJIHIOIIlHti ~nu~p; 

2 7 - BapyxH~ KOl!Cyx. 
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Ha pac.28 fiOKaSaHa ~OTOrpa~HH HMnyX~CHOl naMnH, KOTOpaH C uen~D yweH~meHHH BXHHHHH 

yKaaaHHHX BHme ~aKTOpOB 1 BHnOnHeHa TaKHM OClpaSOM, qTO MexaHaqeCKHe YCHXHH, BOSHHKaDmHe 

IlpH npoTeKaHHH TOKa qepea naMny, BOCnpHHHMaMCH ClaH,ltaZB.MH HS HepJitaBemmeit CTaJIH 1 OKpyJita»

~HYH nauny C HapyJitHOH H BHYTpeHHeii CTOPOH. Bee npOCTpaHCTBO Me~y 6aH,2taEaMH H XaMno~, 

sa HCKnmqeHHeM yaKOl KOHHqeCKOl OClnacTH ,2tnH BHXO,lta CB6Ta, aanonHeHO anOKCH,2tHOH CMOHOH. 

fipe~nonaraeTCH, qTO, BBe,ltH B STO npOCTpaHCTBO Me,2tHYD peelpHCTyD TpyelKy C npOTOqHO~ B0,2tO~, 

y~aCTCH ITOXHOCT~ID CHHT~ Tenno, BH,ltenHromeeCH BO Bp6MH HHTeHCHBHO~ paelOTH HMnyn~CHOH HaMnH. 

ilpe,2tBapHTen~HHe HCnHTaHHH naMnN, npoBe,lteHHHe B nOCTOHHHOM MarHHTHOM none HanpH~eH -

HOCT~D 19 Krc, ,2tana Y.ltOBneTBOpHTe~HHe peay~TaTH. 

~TOClH COCTaBHT~ Ceele HarnH,2tHOe npe,2tCTaBneHHe Oel HSOClpaEeHHH TpeKOB 1 ,2taBaeMOM pac

CI,IOTpeHHO~ ~OTOrpa~HqecKO~ CHCTeMOi.t 1 C nOMOOil aJieKTpoHHO~ cqeTH.OH uamHHH ClHRH CMO,ltenH

poBaHH HeKOTOPHe BHT6p6CHH6 ,2tJIH OClJiaCTH SHeprHi.t cepnyxOBCKOrO yCKOpHTenH cnyqaa B3aHMo

~e~CTBHH rr--ueaOHOB C npoTOHaMH: 

lf"(IO) 
p 

+ p -

(0,5) + n- (6,87) + n° (3,0) ; 

co,s> + rr- cr,99) + rr- (3,87) +no (3,o> + n+co,99); 

{

-P 

- A'+ Ko 

Ao _P (8,02) + rr- (0,98); 

K0 __.n+ (0,83)+ rr- (I,II); 

llpH pacqeTe npe,2tnonaranoc~, qTo qeTupe ~ToannapaTa pacnonoEeHH TaK, KaK yKaaaHo 

Ha pHc.IO, no yrnaM KBa,ltpaTa C ,2tHaroHan~D 300 CK sa ypOBHe 260 CM Ha,lt ue,ltHaHHOM nnoCKO

CTbD KaMepu. ~HaMeTp paC)oqef.t OClJiaCTH npHHRManCH paBHHM 460 CM, rnyelHHa peSKO H30Clpazae

MOrO npOCTpaHCTBa - 200 CU. Yron YeE,lty OnTHqeCKHUH OCHYH OCl~eKTHBOB H OC~D KauepH 6pan

CH 20°, yron nonH apeHHH oc>~eKTHBOB- 90°. MarHHTHOe none cqaTanoc~ 0,2tHOpo,2tHHM c HanpH

aeHHOCT~D·30 KrC. SHepreTaqeCKHe fiOTepH qaCTHU He yqHTHBanHC~. 
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nauuu, npe,2tHaasaqeHHoi.t ,2tJIH pac>o

TH B CH~HHX MarHHTHHX fiOJIHX. 
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Pmc. 29. Mo~enmpoBaHHe cTepeocHHUKOB oo6u~mi, ~aBaeuux qeTyphUH 

~OTOannapaTaMH, ycTRHOBneHHHUB Ha nBTHUeTpOBOI Kauepe. 

XapaKTepmcTHKH co6HTH" npmBe~eHH aa oTp. 69. Ha pwcyaKe 

ZHpHHUH nHHHHMH o6oaHaqeHH TpeKB npOTOHOB, TOHKHUH - Tpe

KH aapszeHHHX fiHOHOB, llYftKTHpHHUH - HanpaBneHHe BHneTa 

HeiTpanDHHX nHOHOB. 
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rJIABA YI 

M A r H M T H 0 E IIOJIE 

TOliHOCT:& sKcnepHMeHTaJI:&Hoit HHciJopua~HH, noJIJ'1laeMoti c nyahlp:&KOBOti KaMephl, Haxo.n;HT

CH B llpHMOti_SaBHCHMOCTH OT HanpH~8HHOCTH MarHHTHOrO ITOJIH B ee pa60li8M OO~eMe. llpH HM

rrym;cax "tlaCTH~ MaCIIITa6a H8CKOJI:&Kl'IX ,Z\8CHTKOB rsB/C pa,n;HyCbl Kpl'IBH31Ibl TP8KOB C~'aHOBHTCH 

CTOJI:& 60JI:&Illl'IMH 1 liTO llpH HaJIHlll'Il'I ~eJIOrO pH,n;a l'ICTO"t~Hl'IKOB OIIIH60K 1 ITO,Z(p06HO auaJIH3MpyeMblX 

B rnaBax 2-11 H 5-11, .n;aJKe onpe.n;eneHHe aHaKa aapH,n;a qacT11~ rrp11 orpaH11li8HHOM rrpo6ere 11x 

B KaMepe MO~eT OKa3aT:&CH B8C:&Ma aaTpy,Z(H11T8Jil>Hb!M 1 He rOBOpH y~e 0 TOliHOM 113M8P8Hl'!11 11X 

HMllyJI:&CO B • 

3TO OC5CTOHT8JI:&CTBO HBJIH8TCH Ba~H8Wili8Li ITP11lll1iiOM TOrO, liTO rrp11 KOHCTpy11pOBaH11M KaMep 

ycTpotiCTBaM ,Z(JIH COS,Z(aHHH MarHHTHOrO ITOJIH B l'IX pa60li11X OC5i>eMax y,n;eJIH8TCH OCHOBHOe BH11Ma

HHe • O.n;HaKO MaCIIITa6b! saT paT, CBH3aHHbiX C COOpylKeH118M ITO,ZI;06Hh!X ycTpOi1CTB, B8C:&Ma 6b!CTpO 

pacTyT C yB8JI111:18I!l18M OC5~8MOB KaMep H IT0Bbllli8HH8M HanpH~8HHOCTH ITOJIH B HHX. 

TIOoTOMy y~e HS CTa,Z\HH onpe.n;eJI8Hl'IH HCXO,ZI;Hb!X .n;aHHblX ,ZI;JIH np08KT11pOBaH11H aHaJIM3 cy

IIj8CTBYHJI!ll'IX M8TO,ZI;OB H 113biCKaHH8 0ITT11MaJI:&HbiX nyTeiii ,Z(JIH oC5ecrreqeH11H HaM60JI:&Illeti B8JIHliMHbl 

IlOJIH llp11 COBpeM8HHOM ypOBH8 T8XHH"li8CK11X B03MOJKHOCT8W HBJIH8TCH qpe3BblllatiHO Ba~HOti 3a,Z(a

qeJ.1 • .l3 .n;aHH011 rJiaBe BKpaT~e ti3JIOJK8Hb! peayJI:&TaTb! paCCMOTpeHHH OCHOBHh!X aCIT8KTOB 3TOti 

rrpo6neMbl. 

TeXHH"tleCKH8 BOITpOCb1 1 KaCaHJI!ll'I8CH Bb!60pa IWHKp8THOrO BapHaHTa MCITOJIH8H11H, OC5Cyi;(,n;aJO'l'

CH BO BTOpoti qaCTH CC50pHHKa, IT0CBHI!l6HHO~ KpHoreHHblM CHCT6MaM Kauepu. 

C TOliK11 3p8HHH OCHOBHblX T8XHHK0-3KOHOMHqeCKHX ITOKaaaTeJieti 6b!JI11 rrpoaHaJIM3!1pOBaHH 

CJI8,Zi;YHJI!lH8 CMCT8Mbl! 

I) sJieKTPOMarHHT c M8,ZI;HhiM11 HJI11 aJIHJM11H118BhiMM o6MOTKaMVI c BO,n;HHHM oxna;>K.n;eHHeM; 

2) COJI8HOH,Z( C aHaJIOr11qHb!M l'ICITOJIH8HH8M OC5MOTOK; 

3) COJI8HOH,Z\ C OC5MOTKOti 113 CBepxrrpOBO,Z\HHKa. 

KpHOreHHble COJI8HOH,ZI;bl (H8CBepxnpOBO,ZI;HI!lH8) He paCCMaTpHBaJIHC:& 1 TaK KaK B pa60Tax( 30 

H 31 ) noKaaaHa HX aKOHOMHlleCKaH He~eJiecooe5pasHocT:& .n;JIH cnyqaH rrp11MeHeHHH B KpyrrHux yc

TaHOBKax. 

B HaCTOHI!l88 Bpeii!I OTQ,yTCTByeT KaKa!I-JIHC50 o6menpVIHHTaH M8TO,ZI;HKa rrpOB8,Z\8HMll 0~8HOii

HblX T8XHHKD-3KOHOMH"li8CK:V.X pacqeTOB TaKOrO po.n;a ycTpotiCTB • Il03TOMy Mbl BblHYlK.l\8Hbl C5b!JI!1 OC

TaHOBHTl>CH Ha IIOJiyoMITHpHqecKOM M8TO,Z1;8 BblliHCJI8HHH CTOHMOCT8iil OT,Z1;8JI:&Hb!X CVICT8M. )lJIH KaiK

~Oti HS rrepeliHCJI8HHhlX CHCT8M COCTaBJIHJIOC:& BblpaJK8HH8 1 CBH3b!BaHJI!l88 ITOJIHYHJ CTOMMOCT:& C 3l!a

qeHH8M HH,Z\yK~HH ITOJIH B ~eHTpe pae5oqero OC5i>eMa KaM8pbi 11 reOM8TpM1:18CKMMH rrapaMeTpaMM 06-

MOTKH. 
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C IIOYO~ID SJI8KTpOHHO-BHq~CJI~T8~HOI U8WHHH ~HR K~Ol CHCT8YH 6HXH H8~8HH OIIT~M8~ 

HH8 aHaqeHHH napaueTpOB, COOTB8TCTBYID~e ee M8KCHM8~HOI SKOHOUHqeCKOI ~KTHBHOCTH • 

fipH pacqeTaX BBO~~JICR KOS~HUH6HT, IIOK83HB8ID~i BO CKOHbKO paa rOTOBoe'Ha~exae ~opo

E6 U8TepH8JIOB, H3p8CXO~OB8HHHX H8 ero H3rOTOBJI6HR6. Kpoue TOro,npH paCCYOTp6HHH CBepxnpo

BO~R~ero COJI6HOH~8 CTOHUOCTb KPHOreHHHX YCT8HOBOK yqeTHB8A8Cb B U6H6 &H~KHX raaoB. Ana 

ynpo~eHHR .pacqeTOB ~OIIYCK8JIOCb, qTO ue~y 06UOTK8UH OTCYTCTByeT ~e~, H806XO~Y8H ~HR BB0-

~8 nyqKa qaCTHU B Kauepy. H8 ~8HHOU ST8II6 H6 npe~CT8BHRJIOCb B03UOZHHU yqeCTb SKCIIny8T8UH

OHHH6 pacxo~w, CBHaaHHwe, B qacTHOCTH, c co~ep~aH~eu o6c~BSID~ero nepcoHana. 

ilpH rrpoBel(eHkB-1 BbllHWJieHII!M Mbl HCXOI(HJIIII 1113 CJiel(yiDDutx l(aHHI:IX: 

a) 06~eM, B KOTOPOM C031(aeTCR ITOJie, rrpei(CT8BJIReT C06on UHJIH~p I(HaMeTpOM 6M H BHCO

TO~ 5M. ilOJI0 HanpaBJieHO BI(OJib ero OCH; 

6) 3a rrepiWI( cyll(eCTBOBaHHH KaMepb! BpeMH paoOTbl C MarHHTHHM IIOJieM COCTaBJIReT 20000 qa-

COB, a KOJIWieCTBO IJ,HKJIOB oxna~l(eHHll OT KOMHaTHOM AO pa6oqei,1 TelmepaTyphl paBHO 100; 

B) CTOHMOCTb I KBTq- 1,9 Korr; 

r) IIOTepi-1 SJieKTpOSHepr~m B SHeproycTaHOBKax COCTaBJilliOT 15%; 

A) RaTIHT8JlbHble 3aTpaTbl Ha COOp~eHHe 3JieKTpOyCTaHOBOK OpHeHTHPOBOqHO paBHbl ( 3Z) 

!8•!03 py6jMrBT; 

e) IIJIOTHOCTb TOKa IIO ceqeHHIO 06MOTRH IIOCTOllHH8; 

*) CTOKMOCTb CBepxrrpOBOI(HHKa COCT8BJIHeT OpHeHTHPOBOqHo 1200 ·py6/Kr. 

§ 19. CoJieHOHA C BOAHHHM OXJla*AeHHeM 

Ha OCHOBaHHH aaMe~aHH~, Cl(eJiaHHbiX Bh~eX~ Ill IIOJlb3YllCb OCHOBHhiMH COOTHOllieHHRMH COJie

H0HA8, IlpHBeAeHHbiMH B pa6oTax( 30 •31 ), MO~HO TIOK838Tb, qTO IIOJIH8R CTOHMOCTb TaROrO COJieHO

MAa 6yl(eT rJISBHhiM o6pa30M CJiaraT»Cll 11:3 3aTpaT, CB!l3aHHHX C COOpy~eHH6M 3HeproycT8HOBOK H 

H8COCHb~ CTaHIJ,HM, a TaK*e 11:3 CTOHMOCTH COOCTBeHHO COJieHOHAa Ill ITOTpe6JIHeMOM 111M SJieKTPOSHep

rHH. 

Ha pHc.30 ITpHBel(eH PllA pacqeTHbiX. KPHBhiX, A8ID~HX 3aBHCHMOCTb IIOJIHOM CTOHMOCTH COJieHOH

Aa Ill OTAeJibHbiX ee KOMITOHeHTOB OT OTHOCHTeJI»HOro AHaMeTpa o( AJill Mei(HO~ OOMOTKH ITpllMOyrOJI»

HOrO ceqeHHll. (CMHCJI o( Ill APYrHX reoueTpll!qeCKHX napaMeTpOB IIOHCHeH Ha TOM xe pHCyHKe). 

x) iloAqepKHeM eme paa, qTo paCXOAhl, CBH3aHHble C COAep~HHeM 06CJIY*HB810~ero rrepCOHSJia H 

SKCITJiyaTaiJ,HeH o6opyAOB8HIIIH, Ilplll paCCMOTpeHHH BCeX MarHHTHhiX CHCTeM ITpHHHTbl IIpH6JIH3H

TeJibHO OAIIIH8ROBbillH Ill B CpaBHHTeJibHYID OIJ,eHKy CTOHMOCTH He BKJIIDqeHbl. YTOqHeHHe STHX 

pacqeTOB C yqeTOM BCeX waKTOpOB npOBOAHTCll B HaCTO!l~ee BpeMH. 
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Pac, 30. 3aBHOHMOCTD OTOHMOCTH COn6HOH~a C M6~HO~ 06MO~ 

KO~ OT ero OTHOCHT8nDHOro ~H8M6Tpa. Bo - H~UHH 
nona B U8HTpe; K3 - KOS~HUH6HT aanonH8HHH 06MOT

KH M6~Dm; C0 - nOnHaH CTOHMOCTD; CK - CTOHMOCTD 06-

MOTKH; C8 - CTOHMOCTD SB8KTpOSHeprHH, a TaKEe Ha

OOCHHX H aneKTpOOHTam~ ycTaHOBOK. 

Pac. 3I. 3aBHCHMOCTD CTOHMOCTH coneHOH~a OT O~Hopo~

HOCTH nona Ha OCH ~nH p~a SHaqeHI~ HH~yK

UHH DOnH B0 B U6HTpe. ConomHHe KpHBH6 OTHOCHT

CH K M6~HOA 06MOTKe, a DYHKTHPHHe - K 8mDMH-

HH6BO~. 
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~3 pRCyHKa BR~HO, qTQ cy~eCTByeT OITTRMaRDHOe 3HaqeHRe e( , npR KOTOpOM ITOnHaH CTOR

MOCTD C9R8HOR~a MRHRManDHa •. Cne~yeT ITQ~qepKHYTD 1 qTQ OITTRMaRDHOMy o( COOTBeTCTByeT OIT

TRMaRDHOe 3HaqeHRe ITnOTHOCTH TOKa. llonyqeHHaH B peaynDTaTe pacqeTOB BenRqHHa OITTHMan:o

HO~ ITROTHOCTH TOKa j = 346 a/eMf ~nH Me~HOH OOMOTKR XOpOmO cornacyeTCH C yKaaaHHHMR 

B pa6oTe( 33 ) OOH3aTen:OHWMH 3HaqeHHHMH aKOHOMHqeoKO~ ITnOTHOCTR TOKa, HaHAeHHHMH HHHMH 

M8TO~aMH. 

AIIa,norRqHO, aaqJHKCHpOBaB f:i H BapDHPYH BemfqHHY fo , TaKJKe IIOlKHO onpe~enRTD 

orrT~{an:oaoe aHaqeHRe JB R COOTB8TCTByiDmyiD eyy ITROTHOCT:O TOKa. 

B ~an:oHefi~cu orrTHManDHaH rrnoTHOCT:o TOKa onpe~enHnac:o ftyTeM rrooqepe~Horo BapDRpo

BaHHH cA H j3 • llpR aTOM OT0!1panlt1C:O KOMORHau;I'lH aTHX BeRH'!RH, COOTBeTCTBYIDIIUi8 MRHRMan:o

HOi1 ITORHO}) CTORMOCTH COR8HOJII~a. 

AHanorH'!HHe pacqeTH rrpoBO~HnHc:o H ~nH coneHOH~a c aniDMRHHeBOH o6MOTKO~. KaK H. 

cne~OBano OJKJII~aTDt OITTHManDH08 3HaqeHHe ITROTHOCTR TOKa B aTOM cnyqae cymeCTB8HHO Hi11JK8 9 

XOTH ITORHhl8 CTOHMOCT!1 M8~HOrO M aniDMRHH8BOrO COneHOR~OB OKaaanRCD B8CDMa ORR3KRMI1. 

ITOMRMO reOMeTpRqeCKHX rrapaMeTpOB 1 ITpOBe~eHHHi1 aHaRR3 IT03BORH.JI TaKJKe Onpe~eJIHTD 

~Rfl pH~a 3Ha1J:eHHll RH~YKD;l1R ITOJIH B u;eHTpe OITTHMaJIDHYID O~HOpO~HOCTD, COOTB8TCTByiDmyiD MH

.HHMaJI:OHb!M CTORMOCTHM CO.IT8HOH~OB C Me~HbiMH 111 aniDMRHHeBhiMH 06MOTKaMH. llo.rryqeHHHe peayn:o

TaTH rpa@HqecKR rrpe~cTaBneHH aa pHc.3I. PeaynDTHpyromaH rronHaH cTOHMOCTD, BHqRc.rreHHaH 

~.liH CO.JieHOH~OB C OITTHMa.liDHO~ O~HOpO~HOCTDID1 B 3aBHCRMOCT!1 OT HH~yKD;HH ITORH B U8HTpe 

rrpe~cTaBneaa aa p11c. 34. MoJKHO BH~eTD, 1!TO CT0!1MOCT:o Me~aoro coneao~a c BHyTpenHHM 

,IJ;HaMeTpbM 6 M rrpH l1H,IJ;yKD;HH ITO.liH B D;8HTpe 30 Itrc COCTaBHT npRMepHO 24 M.liH.py6. 0ITTH

Ma.IT:OHaH O,II;HOpO~HOCT:O ITORH B ~aHHOM CJiyqae Ha 0011 COJI8HOH~a ~nH TO'!KR, HaXO~Hmei1CH Ha 

KpaiO paoollero OOileMa KaMepbl (Ha paCCTOHHHH I 1.25 M OT u;eHTpa), paBHB. 92%. 

§ 20. 8 n e K T p 0 M a r H H T 

B pa60Te( 30) yKa3blBaeTCH, qTQ BITJIOTD ~0 nonei1 C !1H~yKu;He~ 25-30 KrC eme MOJKeT 

6HT:O HCITOJID30BaH a.rreKTpOMarHHT. Coa~aHHe s.rreKTpouarHHTa oohl'!HO conpoBOJK~aeTCH Mo~enH

poBaHReM. TaK KaK rrpOB8CTH TaKOe MO~eJIHpOBaHHe ~nH HaC He .rrpe~CTaBRHJIOC:O B03MOJKHHM 1 TO 

OH.Jia QAe.JiaHa ITOITHTKa ou;eHHT:O BRKHHH8 paaXH'IH~ waKTOpOB .Ha CTOHMOCT:O 3.JieKTPOMarHHTa, 

OCHOBHBaHc:o Ha pH~e yrrpomaromKx npe~rro.rroxeHHH. 

ITOnHaH CTORMOCT:O sneKTpOMarHHTa, KpOMe aaTpaT, nepel!HC.JieHH~ B § 19, BK.JIIDqaeT 

TaKJKe CTORMOCT:O MarHRTOITpOBO~a. 3aBHCHIIOCT:O ITORHO~ CTOHUOCTJ/I 3.JieKTPOMarHHTa OT Beneqe

Hbl HH~YKD;HK ITO.liH OH.Jia HaRAeHa B peay.JI:OTaTe OITTHMH3aD;HH ero reOMeTpHqeCKHX paayepOB. 

TaK KaK rrapaMeTp ~ ( CM.pHc.32) y s.rreKTpoMarHHTa WHKCRpoBaH H orrpe~e.rrHeTCH r.rry6HHO~ 

KaMepbl, TO rrpH HCCne~OBaHHK Ha OITTRMyM Bap:oHpOBaJICH TOnDKO napaMeTp o( • Bo BC8X pac

'18TaX rrpRHHManoc:o, '!TO MarHRTOITpOBO~ BHITORH8H !13 CTattH-3, a HH~YKD;KH ITO.liH B Hell pacrrpe-
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PHc. 32. Cxeua aneKTpouarHHTa.l- ~nHHH uar&HTHHX cHnOBHX nHHHA. 

L11 - nHH8AHiiA paauep uarHBTOnpoBo~a. 

fO 20 30 IJoK~C' 

PHC. 33. 3aBHCHUOCTl> CTOHMOCTH aneKTPOU8rBHT8 OT BenuqHH~ HanyK

QHH nona B0B ~8BTpe. I - U8~B8H 06UOTK8 ( \=IS Krc.); 

2- M8~H8H 06UOTK8 ( ;=20 Krc.); 3- anmMHBB8B8H 06UOTK8 

( ~=IS Krc.); 4 - ~YHHH8BaH 06UOTK8 ( ~=20 Krc.); 

BJl - :aanyKQHH uarsuonpoBo~a. 
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~eneHa paBHOMepHo. PeaynDTaTH BNqzcneHH~ npe~cTaRneHH aa pzc.33. llpoBe~eHHHe pacqeTu 

BCne~CTBHe pH~a rpy6NX npe~nonOE6HH~ HBnHDTCH cyry6o OpHeHTHpOBOqHHMH, OC066HHO B 06-

naCTH none~ C HH~YKUHeH, 60nDW6H 20 Krc. Cne~yeT OZH~aTD, qTO Bcne~CTBHe HaCH~6HHH Ee

neaa CTOHMOCTH aneKTpOMarHHTa H coneHOH~a TIPH TIOnHX CBHWe 25 KrC OKaKYTCH 6XH3KKMR. 

§ 21. ConeHO~ H3 CBepXTipoBO~HHKa 

llonHaH CTOHMOCTD TaKOrO coneHOH~a cnaraeTCH B OCHOBHOM H3 cne~yD~X KOMTIOH6HTOB: 

a) CTOHMOCTH CBepxnpOBO~Hmero MaTepzana; 6) CTOHMOCTH H6CBepxnpOBO~Hme~ 06MOTKH C yqe

TOM aaTpaT aa H3rOTOBneHHe coneuoz~a; B) pacxo~oB aa oxn~~eaze coneao~a ~o pa6oqe~ 

TeMnepaTypu; r) pacxo~oB Ha no~~ep~aHHe pa6oqeH TeMnepaTypu B coneaoz~e; ~) 3aTpaT aa 

coopymeHH8 sneKTpOnHTaromzx ycTaHOBOK; e) CT0111MOCTH ITOTpe6nHeMO~ sneKTpo3Heprzz; Z)CTOH

MOCTII1 3anaca renzH; 3) CTOHMOCTH Kp1110CTaTa. 

llpz rrpoBe~eHHH pacqeTOB npe~nonaranocD, qTo o6MOTKa coneHo~a 6y~eT BunonHeHa H3 

cTa61mH3HpoBaHHoro CBepxrrpoBo~HHKa, 1113rOTOBneHHoro Ha ocHoBe crrnaBa N/; + 50%lr .llpz

HHManocD Ta~e, qTO O~HOpO~HOCTD ITOnH Ha paCCTOHHHH 1,25M OT U6HTpa coneHO~a ITO ero 

OC!ii ~OJL'KHa 6LITD He Xyllte 92/~. 

YqHTLIBaH CKa3aHH06 BLIW6 Iii ITOnb3YHCb WOpMynaMH pa60TH( 34), MOZHO Ha~TH 3aBHCHMOCTH 

IIOJIH01i CTOHMOCTH COJieHOH~a H3 CBepxrrpOBO~HHKa OT HH~YKUHH TIOJIH. Ha pHC .34 TIPHB8~8Hbl 

,B;Be KPHBbie TaKOH 3aBHCII1MOCT14 (6e3 yqeTa CTOHMOCT14 KpldOCTaTa). HlilltHHH KpHBaH rronyqeHa 

Ha OCHOBaHHH KpHTzqecKHX xapaKT6PHCTHK KOPOTKHX 06pa3UOB (CM.pzc.49) H3 crrnaBaN&t50%zr, 

ldMeiDmHX HaHM8HbWH8 ITJIOTHOCTH TOKa. BepXHHH KPHBaH COOTBSTCTByeT 3HaqeHHID rrnOTHOCTH TQ

I<a, npldHHTOMy O~HHaKOBbiM ~nH BC8X 3HaqeHHH 14H~YKUHH TIOJIH 111 paBHbiM 5 •I04aJctl- X). 06-

nacn,3aKJIIDqeunaH Ment)J;y 3THMld KpHBhiMH, Ha HaW B3rn.H~, COOTB6TCTBY6T peaJibHO ~OCTHlitHMNM 

B HaCTOH~ee Bp6Mfl TIJIOTHOCTHM TOKOB B CBepxnpOBO~HHKax 14 MOllt6T ~aTD npe~CTaBJieHlde 0 ITOJI

HOU CTOHMOCTld CBepxnpOBO~Hmero COJI6HOH~a. 

Ha pzc.35 uaaeceHLI KPHBLie e~HHOBpeMeHHLIX 3aTpaT, H~mHX Ha coopyzeHHe paanzqHbiX 

MarHHTHLIX CHCTeM, B 3aBHCHMOCTH OT B8JIHqHHN HH~YKUHH TIOJIH B U8HTpe. 

~3 paCCMOTp8HHfl rpaWHKOB 34 111 35 MOlltHO C~eJiaTb BNBO~, qTQ COJI6HO~ H3 CBepxnpOBO~

H111Ka, ~allte np111 HLIH8WH8M BNCOKOM CTOHMOCTH MaTepHaJia 14 cpaBHHT6JlbHO HR3KHX ~orryCKaeYHX 

rrnOTHOCTHX TOKa, 6y~eT BLirO~Hee coneHOH~a H3 M8~H. ll0HBJI6HI46 CBepxnpOBO~HmHX CTinaBOB C 

X) 3HaqeHH8 ITJIOTHOCTH TOKa, paBHOe 5•104 ajcM2 , Tipi4HHManOCb npe~nonOZHTenDHO, cqHTaH 
ero COOTB6TCTByromHM cpe~He~ TinOTHOCTH TOKa ~nH p8aJIDHHX CBepxnpoBO~HmHX COn6HO~OB, 
BL!TIOnHeHHbiX H3 paCCMaTpHBaeMOrO CBepxnpOBO~HHKao 
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Pee. 34. 8aB&CHUOCTD nonao" CTOHUOCTH CHCTeU AnH C03A8HBH 

uarH&TBOrO DOnH OT BenuqHHH HHAYKUHH B0 B ~eHTpe pa-

6oqero o6~eua Kauepu. Bpeua pa60TH - 20 000 qacoB. 
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6onee BHCOKHMH napaueTpauz c~enaeT B ~aHDHeMmeu TaKze coneHOM~H e~e 6onee Buro~HHMH. 

Kpoue TOro, cne~yeT ORH~8TD, qTQ B 6nM~aMmHe ro~H, B CBff3H C OCB06HH6M TeXHOnOrHH H 

yBenzqeHzeu M8CillT860B npOH3BO~CTB8 CBepxnpOBO~HMKOB, HX CTOHMOCTD cy~eCTBeHHO ITOHH3HTCH. 

Bee CK838HH06 Burne TI03BOnffeT npH~TM K 38KniDqeHMID, qTo B KaqeCTBe MarHHTHOM CHCTe

MH ~nff llffTHMeTpOBOM XH~KOBO~OpO~HOM nyaupDKOBOR Kauepu uenecoo6paSHO HCfiOnD30B8TD CO

neHOM~ HS CBepxnpOBO~HHK8. 

Cne~yeT SaMeTHTDt qTQ 38TpaTu,yKaS8HHH6 Ha npMBO~HUUX rpaWHK~He BKniDqaroT CTOH

MOCTH uarHHTHOrO SKpaHa, H606XO~HUOCTD COOpy.E6HMH KOTOporo B H8CTOH~ee BpeUH HayqaeTCH. 
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Pee. 35. SaBHCHUOCTD 38Tp8T H8 COOpy.EeHHe CHCT6U ~nff C03~8HHff 

uarHHTHOrO nona OT BenzqHHH H~YKUHH B0 B U6HTpe pa-

6oqero o6~eua KBUepu. 
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rJIABA YII 

PA3BEPTWBA~lliHE CWCTEM~ 

~H yBenH~eHHH SWWSKTHBHOCTH HCnOnbSOBaHHH npOSKTHpyeMO~ MHOrOMeTpOBOM ~H~KOBO

~OpO~HOH nyswpbKOBO~ KaMepH He06XO~HMa pa3B0pTNBaiDmaa CHCTeMa, KOTOpaH n03BOn~na 6H 

paBHOuepHo pacnpe~enHTb no pa6o~eMy o6~eMy KaMepw ~acTHUW, nonyqaeuwe OT ycKopwTena. 

K CHCTSMe OTKnOHSHHH ny~Ka npe~~HBnHIDTCH Tpe60B8HHH: 

I) SMnnHTy~a pasBepTKH 4 + 5 u; 

2) BpeMH pasBepTKH 2 + 5 MCeK; 

3) qJIIcno pacmHpSHH~ KSMepN 38 O~HH UHKn pa60TN yCKOpHTena-5; 

4) peXHM pa6oTs ycKOPHTena IO UHKnoB/MHH; 

5) paCCTOHHHS OT Haqana paaBepTNBarome~ CHCTSMN ~0 USHTpa KaMeps nop~Ka 30 M. 

§ 22. HunynbCHaH p83BepTNBaiDmaH CHCTeMa 

PasBepTKa nyqKa B woKanbHO~ nnocKOCTH pa6oqero o6~eua Kauepw uoxeT 6NTb nH6o He

npepNBHO~ H ocymeCTBnHTbCH C ITOMO~biD HunynbCHOrO aneKTpouarHHTa, nHTaeuoro CHHYCOH

~anbHNM HUnynbcou TOKa, nw6o cTyneHqaTo~ H ocymecTBnHTbCH c nouombro p~a wunynbCHNX 

sneKTpouarHHTOB, nHTaeuwx nocne~oBaTenbHO BO BpeueHH TpaneueH~anbHWH HunymcauH TO

Ka(3S). B STHX CHCTSYax npH OTCyTCTBHH TOKa B JIIYrrynbCHOM uarHHTe nyqoK qaCTHU MO~eT 
6NTD Hanpa»neH HnH Ha ueHTp,HnH Ha Kpal KauepH. B nepBou cnyqae ~na o6ecneqeHHH Heo6-

xo~HMO~ pasBepTKH nyqKa Tpe6yeTca B~BoeueHDmeeuarHHTHOe none H noaToMy OH 6onee npe~

rroqTHTeneH. 

0~H8KO HCnOnD30B8HHe IT0~06HNX CHCTeM ~nH paaBepTKH ~aCTHU BNCOKHX aHeprHH Ha 60nb

mHe yrnH Kp8~He 88Tpy~HHTenbHO, T8K K8K STO rrpHBO~HT K HS06XO~HUOCTH COS~aHHH MOmHNX 

HMrrynbCHNX uarHHTHNX none~ B 60nDmOM 06~eue. HanpJ/IMep, rrpH M8KCHU8nbHO~ HH~YKUHH B HM

rrynbCHOM uarHHTe 2 Tn H paCCTOHHHH OT Ha~ana p88B6pTNBaiDmeM CHCTSMN ~0 U8HTpa KaMeps 

25 M ~nH OTKnOHSHHH rrpOTOHOB C HMrrynDCOM 70 raB/C Ha rronOBHHy ~HaueTpa Kaueps ITOTpe6y-

6TCH HMITynDCHN~ uarHHT ~nHHO~ ITOpH~Ka 19 M. I!0~06H8H OHCT6U8 Hy~aeTCH B 0~6Hb MOmHOM 

HCTO~HHKS HYITynDCOB TOKa. 

§ 23. Kou6HHHpOB8HH8H paaBepTNB8mmaH CHCTeua 

~H yY8HDmSHHH paauepOB HUITynDCHNX aneKTpouarHHTOB H uOmHOCTH HX HCTOqHHKOB ITHTa

HHH rrpe~naraeTOR K0~6HHHpohaHH8H pasBepTNBaiD~H CHCTeua, COCTOHmaa HS HUrrynbCHOrO uar

HHTa, yCT8HOBn6HHOrO B ronOBHO~ qaCTH paaBe~TNB8D~el CHCTeuH, H ITOCTOHHHNX uarHHTOB, 

pacrronaraeusx ue~y xurrynDCHNY uarHHTOu H Kauepo~ (pHo.36). HurrynDCHNM uarHHT, Haxo~a

~e~ca B Haqane pasBepTNBa~el CHCTSMN, aa~aeT yrnH BXO~a rry~Ka qaCTHU B nooTOHHHNe uar

HHTH. fipH 6ommHX yrnax BXO~a qaCTHU B ITOCTOEHHH~ uarHHT OHH rrpOXO~HT B uarHHTHOM none 
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60JI:&WH8 rryTH H, CJie.ztOBaTeJI:&HO, rrpeTeprreBaiOT 60JI:&WH8 OTKJIOH8HH.H. BH60p0M cl)opMbl ITOJIIOCHbiX , 

HaKOH8~HHKOB ITOCTOHHHHX MarHHTOB MOEHO .ztOCTH~:& Tpe6yeMoro aaKOHa pacnpe.zteJieHHH IT~Ka ~ac

THU B cl)OKaJI:&HO~ ITJIOCKOCTH pa6o~ero o6~eMa KaMepu • 

.llJIH HOpMaJI:&HOH pa60TH paaBepTHBaiOill8H CHCT8Mbl 6eapa3JIHqHO rrepiiOHaqaJI:&HOe HarrpaBJieHHe 

rr~Ka rrpH OTCyTCTBHH ITOJIH B HMrryJI:&CHOM MarHHTe. IT~OK MOE8T 6HT:& KaK B U8HTpe, TaK H Ha 

KpaiO KaMepH. B rrepBOM CJI~ae .ztJIH paaBepTKH nyqKa B.ztOJI:& BCeH KaMepbl B HMITyJI:&CHHH MarHHT 

H806XO.ztHMO rro.ztaT:& 6HrrOJIHPHHH HMITyJI:&C TOKa. 

Heze rrpHBO.ztHTCH rrpe.ztBapHT8JI:&HOe paCCMOTpeHHe O.ztHOrO H3 BapHaHTOB paaBepTHBaiOill8~ CHC

T8MN, rrpe.ztHaaaaqeHHO~ .ztJIH OTKJIOH8HHH rrpOTOHOB C SHeprHe~ 70 raB. PaaMephl CHCTeMhl yKa3aHN 

Ha pec.36. ITpe.ztBapHTeJI:&HHe pacqeTH BHITOJIHeHH rrpH CJI8.ztYIOillHX rrpe.ztiTOJIOE8HHHX: 

I. MarHHTHOe rroJie B aaaope nocTOHHHHX MarHHTOB HBJI.HeTCH o.ztHopo.ztHHM. 

2. MarHHTHOe rroJie B pa6oqeM o6~eMe H pacce.HHHOe rroJie B6JIH3H KaMepu paBHO HYJIIO. 

3. TOK B HMITyJI:&CHOM MarHHTe M8HH8TCH ITO CHHyCOH.ztaJI:&HOMY aaKOHy. 

ilpH .ztBHE8HHH rryqKa ~aCTHU CHaqaJia B 0,7.tHOpO.ztHOM MarHHTHOM ITOJie, a aaTeM rrpH OTCyTCT

:BHH MarHHTHOrO ITOJIH, OTKJIOH8HH8 rr~Ka B pa3B8pTHBaiOill8~ CHCTeMe 6y.zteT: 

R2 -Lt 
tt.h = R- VRR- (I." 

r.n;e: Ah -OTKJIOHeHee nyqKa, L - JliCCTOHHHe OT neaTpa KaMepbl .n;o HaqaJia MarHHTa, f - .ztJIH

aa UarHHTa, }? - pa.ztHYC KpHBH3HH. Pa.ztHyC KpHBH3Hbl (B MeTpax) corJiaCH0(3G) paBeH: 

R - ____;P=----
0,29978Z B 

• r.zte: P - HKITYJI:&C qacTHUbi B raB/C; B - HH.ztYKUHH B e.ztHHHUax TeCJia; ~ - aap.H.zt qaCTHUbi B 

aJieMeHTapaux e.ztHHHUax aap.H.zta • 

.llJIH 3a,11;8HHHX paauepOB paaBepTb1BaiOII!6H CHCT611N H HH.ztYKUHH B MarHHTHOM aaaope B=2 TJI 

aKITJIHTy.zta paaBepTKH rryqKa, paBH8H CyuMe OTKJIOH6HHH, rrpOH3BO.ztHMbiX HMrryJI:&CHbiM H ITOCTOHHHHMH 

M8rHHTaMH, 6y.zteT 4,9 M. 

SHaH aMITJIHTy.Ay H BP6MH pa3BepTKH, MOEHO orrpe.zteJIHT:& ITOJIOE8HHe nyqKa qaCTHU B KaMepe 

B pa3JIH~Hbl8 MOM8HTbl BpeM8HH. 3aTeM .ztJIH aa.ztaHHO~ KpHBOH TOKa B HMITyJI:&CHOM MarHHTe aHaJIHTH

~eOKH HJIH rpacl)HqeCKH onpe.zteJI.H8TOH KOHcl)HrypaUHH MarHHTHHX .ztOpOE8K ITOCTOHHHbiX MarHH~OB. 

§ 24. 0TKJIOHHrowHe uarHHTbl 

B paCCMaTpHBa6KOK BapK8HTe HMITyJI:&CHHH uarHHT U8JI8C006pa3HO BHITOJIHHT:& 6pOH8BbiM C B03-

.ztymHbiM 3830pOK B U8HTpaJI:&H~M CTepEHe (CK.pHC.37). Ce~eHHe ITOJIIOCHNX HaKOH8~HHKOB .ztOJIEHO 

6biT:& TpaiT8UH8BH,7.tHHM, qTO .ztaCT B03MOZHOCT:& COrJiacao(3?) CYII!8CTB8HHO ITOBHCHT:& acl)cl)eKTHBHOCT:& 

uarHHTao MaTepHaJIOM cep.zte~HHKa HMITyJI:&CHOrO MarHHTa MOE8T CJiyEHT:& JIHCTOB8H 8JI8KTpOT8XHHq8C

KaH CTaJI:& M8PKH 3-320. 
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ITOCTOHHHHe OTKnOHH~Re MarHRThl npoeKTRpyiDTeH C-o6pa3HO~ WOPMH. ~8-Sa 60n»WO~ ~RHHH 

OTKROHHD~ MarHRTOB (12M R 15 M) HX MOXHO pa36HTb Ha OT~8RbHHe eeKQHH. illHpHHa H WOPMa 

TIORDCHHX HaKOHeqHHKOB onpe~eRH8TeH napaMeTpaMa MarHHTHOrO TIORH, o6eeneqRBaD~~H paBHQ

yepHyiD pasBepTKy nyqKa TIO ~HaMeTpy KaM8phl. 0eHOBHH8 ~aHHHe MarHHTOB TipHBe~eHH B Ta6n.8. 

Ta6JU1Ua 8 

M a r H H T ~~yK- BenHqHHa llHeno HH~yK- Conpo- Bee Bee 
l\HH B saaopa, BHTKOB THBHOeT:&, THBne- M8~H, eTaRH, 
aasope, eM rH ·HHe, T T 

TR OM 

lthmyn:&eHHiii 2,0 5 IO I,65.io-3 0,013 O,II 12 

1-t:i IIOeTOHHHH~ 2,0 IO 172 - 0,65 12 180 
2-~ TIOeTOHHHhl~ 2,0 . IO 172 - 0,75 

I 

06MOTKH H3rOTaBRHBaiDTeH H3 M8PHOt:i Tpy6KH eeqeHHeM 128 MM2 , oxnax~eHHe MarHHTa BO~HHOe. 

§ 25. HCTOqHHKH TIHTaHHH 

B KaqeeTBe HCTOqHHKOB TIHTaHHH ~Rfl TIOeTOHHHaX MarHHTOB MOryT 6H~b HeTIORb30BaHH reHe

paTOphl TIOeTOHHHOro TOKa e CyMMapHO~ MOmHOeTbiD nop~Ka 1500 KBT. 

~Rfl TIHTaHHfl HMTiyn:&eHOrO uarHHTa H606XO~HM eii6l\HaR:&HH~ HeToqHHK TOKa, eoa~aiD~~ HY

nyn:&Chl TOKa ~RHT8R:&HOeT:&ID 20 MCeK, eHHXPOHH3HpOBaHHH6 C pa60TO~ KaMepu. TaK KaK aa_O~HH 

.l\HKn yeKopeHHH npOHCXO~HT 5 l\HKROB paCWHpeHHH KaMepH, TO reHepaTOp ~ORX6H eoa~aBaT:& 5 HM

rrynbCOB 3a Bp8MH, TipHMepHO paBHOe 300 MC8K. MiHTepBaR M8X~Y OT~eR:&HhlMH rpynnaMH HMIIyn:&COB 

BH6HpaeTeH paBHHM 6 CeK. 

B KaqeCTB8 reHepaTopa CHHyCo~an:&HOrO TOKa MOXeT 6HT:& HCIIORb30BaH CTI8l\HaR:&HH~ HK

rryn:&CHH~ MaWHHHHV. reHepaTOp HRH He3aBHCHMHt:i HHB6pTOp O~HOWa3HOrO TOKa. ~RH YM8H:&W6HHH 

MOmHOeTH reHepaTopa napannenbHO 06MOTKe MarHHTa He06XO~HMO IIO~KRDqHT:& KO~eHCaTOPHYID 6a

Tapero, peaKTHBHaH MOmHOeT:& KOTOpOt:i paBHa peaKTHBHO~ MOmHOCTH, TIOTpe6nHeKOl MarHHTOM. nna 
yueH:&W8HHfl HarpeBa 06MOTOK MarHHTa OHH IIO~KnroqaiDTCH K reHepaTopy TORbKO BO BpeMH pa60TH 

KaM8pH (rrpHM8pHO Ha 300 + 500 MC8K). 

CHHyCOH~an:&HHt:i HMrryR:&e TOKa MOEHO nonyqHT:& npH paap~e KO~eHeaTOpHOt:i 6aTapeH Ha HM

nynbeHH~ warHHT qepea KOMMyTHpyromHe B8HTHRH (HanpHMep, HrHHTpOHH THIIa HBG-100/15). llpH HO

IIOR:&30BaHHH HMIIYRbCHHX K0~8HCaTOpOB THIIa HM-5-150, HOMHHaR:&HOe pa6oqee HaTipHEeHHe KOTQ

pMX paBHO 5 KB, 8MKOCT:& KO~eHCaTOpHOiii 6aTapeH ~RH paCCMaTpHBaeuoro MarHHTa eOeTaBHT 

o,oos W· nna nonyqeHHH 6HTIORHpHoro HMrryn:&ca TOKa HrHHTPOHH BKRroqaiDTCH BCTpeqHo-napannen:&

HO (pHC.38). llepe3 HrHHTpOHH nepBO~ rpyniiH npOXO~HT TIOROEHT8RbHaH BORHa TOKa, TOr~a KaK 

qepe3 HrHHTpOHhl BTOpo~ rpyiiiiH - OTPHL\aTeR:&HaH IIORyBOnHa. ITpH MaROM K03WWHL\H8HT8 3aTyxa

HHH TOK MarHHTa 6RH30K K CHHYCO~aR:&HOMy, a HanpHX8HH8 Ha KOH~eHeaTOPHO~ 6aTapee M6HH8TCH 
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Puc. 37. Cep~eq&uK uunynDCHoro uarHUTa. Puc. 38. Cxeua HCTOqHUKa nHTaHHH HUnyXDCHOrO UarHHTa. 

I - HUrryXDCHH« uarHHTi 2 - BHnpHMHTeX&; 

3, 4 - sapH~HHe COITpOTHBH6HHHi 5, 6 - KOH

~eHCaTOpH; 7, 8- HrHHTpOHH. 
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noqTH no KOCHHyco~aXDHOyY aaKOHy. 

TaK KaK no ycnOBHHM pa60TH KauepH reHepaTOp HMnynbCOB ~onzeH C03~aBaTb 5 HMnyHbCOB 

TOKa aa O~HH UHKn pa60TU yCKOpHTena, TO He06XO~HMO HCrrOnbSOBaTb 5 KOH~eHCaTOpHUX 6aTa

peH, KOTopHe nocne~oBaTenbHO paapa~aDTCH Ha uarHHT. 

PaCCMOTpeHHaH pa3B6pTUBaro~aH CHCTeMa npe~CTaBHH6TCH ~OBOHbHO rpoMOS~KHM COOpyzeHH6M 

H Tpe6yeT CpaBHHTenbHO MO~HUX HCTOqHHKOB ITHTaHHH. 

nna y.M6HbmeHHH paauepOB uarHHTOB H MOmHOCTH HX HCTOqHHKOB ITHTaHHH zenaTenbHO yBenH

qHTD paCCTOHHHe OT Haqana pasBePTUBaro~e~ CHCTeMH ~0 KaMepu H HM6Tb XOpomo C~OKYCHpOBaH-
• 

HUM nyqox qacTHU, qTo noaBonHT yueHbWHTb sasopu uez~y rronmcHHMH HaKoHeqHHKaMH uarBHTOB. 

3HaqHTenbHOro yMeHbmeHHH BpeMeHH paaBepTKH rryqga qaCTHU B~Onb ~OKanbHO~ rrnOCKOCTH pa6o~ 

qero 06~eMa KaMepH MO~O ~OCTHqb, npHMeHHB MHOrOC6KUHOHHH~ HMrrynbCHHH uarHHT CO CIT8UH

anbHHM HCTOqHHKOM TOKa(35). 

KpOMe Taro, He06XO~HMO paCCMOTpeTD B03MOZHOCTb H3rOTOBneHHH ITOCTOHHHUX OTKHOHH~X 

MarHHTOB paSBepTHBaiD~e~ CHCTeMH H3 CBepXnpOBO~~erO MaTepHana. 

r11ABA YDI 

KOHTPOJI1, YIIPABJIEHJIIE, C.IifHXPOHk'J3A@R 

ilHTHMeTpoBaH z~KoBo~opo~HaH nysupbKOBaH Kauepa aBnaeTCH cnozHHM wmsHqecKHM npH6o

poM, ITO CBOHM MaCmTa6aM He ycTyrraromHM KpynHO~ rrpOM~HeHHO~ ycTaHOBKe. KOMrrneKC OCHOBHOrO 

o6opy~OBaHHH Kauepu BKnmqaeT: I) C06CTB6HHO KaMepy; 2) coneHOH~ CO CBepxnpOBO~H~MB 06-

MOTKaMH; 3) KpHOreHHUe ycTaHOBKH; 4) BaKyyMHUe arperaTu; 5) KOMnpeccopBOe X03HHCTBO; 

6). r~paBnzqecKHe ycTpo~CTBa; ?) BaKyyYHUe CHCT6MU; 8) CHCTeMy aBapH~HOM aa~THj 9) xpa

HHnH~e ~nn czHzeHHoro H czaToro rasa; IO) BCnoMoraTenDHue peuoHTHo-npowHnaKT~ecx~e npH

cnoco6neHHH; II) uarHHTHue cHcTeMH ~~H pasBepTKH nyqxa; I2) 5HepreTHqecKHe ycTaHOBKH 

H T.rr. 

Becb KOMnneKC 06opy~OBaHHfl KaMepH. OXB8THBaeTCH e~HHO~ CHCT6MOR U6HTpanHSOB8HHOrO 

ynpaBneHHH, KOHTpOnH, CHrHanHsaUHH, aBTOMaT~eCKOrO perynHpOBaHHH H CBH3H, HanzqHe or

POMHUX KOnzqeCTB Z~KOrO BO~QpO~a Tpe6yeT co6n~eHHH OC06UX Yep rrpe~OCTOpOZHOCTH rrpH 

npoBe~eHHH aKcnepHMeHTOB aa KaMepeC38 >. Kpoue rrpHMeHeHHH cauocpa6aTuBaiD~ ycTpo~cTB 
(aa~HTHllX M8M6paH, npe~OXpaHHT6~bHHX xnanaHOB H T.n.), rrpe~OTBpa~aiD~ B03MOEHOCTb BO&

HHKHOBeHHfl qpeaMepHOrO ITOBUilleHHH ~aBneHHH H HCKniDqaiD~X npoHHKHOBeHHe XH~KOPO BO~Opo~a 

B BagyyuHyiD CHCTeMy(39), B ycTaHOBKe npe~ycuaTpHBamTCH aBTOMaTHqeCKHe 6nOKHPYID~e yCT

po~CTBa, CBOeBp6M6HHO OCTaHaBnHBaro~He pa60Ty pacmHpHTenbHOro M6XaHH3Ma, CHHMa~e Han -

pHZeHHe c HMnynoCHHX naun, oTxnroqaro~ze BcnouoraTenbHHe arperaT~ Kauepu, BKnmqam~e cmc-
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TeMy aBapH~HO~ BeHTHnR~HR H T.n. 

HH~e npHBO~RTCfl C006pa~eHKfl ITO BH60py H KOMnaHOBKe KOHTpOnDHO-perynHpyromKX yCTpOM

CTB, a T8K~e paCCMaTpHBaiDTCfl BOllpOCH ITOCTpOeHHR CHCT8MN CKHXpOHKSa~KK pa60TH K8M6pN 

c ycKopHTeneu. 

§ 26. EnoK-cxeMa yc~HOBKK 

Ha pKc.39 rrpKBe~eHa o6maR 6noK-cxeMa ycTaHOBKK. B Hee He BxnroqeHH o~K~KTenDHHe 

ycTpOHCTBa K CKCTeUN c6poca K XpaHeHHH C~K~8HHNX raSOB, ITOCKOnDKY KpHoreHHNe CKCT8MN 

ITO~p06HO paCCMaTpHBaiDTCR BO il qacTH. 

Kauepa CO BCITOMOraTenDHHII o6opy~OBaHK8M, o6ecrreqKBaromHM pa6oTy BCeX ee ysnoB, pas

MemaeTCfl B OT~enDHOM sane. qaCTD STOrO 06opy~OBaHHH HMeeT M8CTHHe 6nOKK K rrynDThl yrrpaB

neHKH, CHa6~eHHhle rrpK60pauK BO BSpHB06esorraCHOM HCITOnHeHHK. Bee JCTpOHCTBa, HaXO~RmHeCR 

B paCCeRHHOM MarHHTHOM none, SKpaHHPJIDTCfl OT ero BOS~ei1CTBHR. 

Orrepa~KK perynKpoBaHKR K KOHTponR rrpH pa6oTe xaMepH ocymecTBnRIDTCH ~KCTaH~HOHHO. 

~fl STOi1 ~aRK HaK6onee OTBeTCTBeHHHe KOHTpOnDH0-H3MepKTenDHhle npK60pH BHHOCHTCR B OT

~enDHHM san, r~e pacrronaraeTCR ~eHTPaRDHNM nynDT yrrpaBneHKH K pasMemaroTCR HaH6onee Ba~

HNe ycTpOMCTBa orrepaTKBHOrO perynKpOB8HKH K KOHTpOnH. 

KOHCTpyK~RR rrynDTa 14 paaMe~eHHe ero o6opy~OB8H14fl BNITOnHRIDTCH TaR, qT06N orrepaTOp 

Mor nerKo rrpoKsBO~KTD Heo6xo~KMoe perynHpoBaHHe K cne~HTD sa pa6oToi1 ycTaHOBKK. Ha ~eHT

panDHOM rrynDTe pacrronararOTc·H: 

I. BTopKqHNe rrpH6opw ~HcTaH~KOHHRX MaHoMeTpoB, Henocpe~CTBeHHO KSMepHIDmKX ~aBRe

HKe B pa6oqeu o61>eMe Kauepw. 

2. ilpK60pN, noxaswBaro~Ke K sanoMKHaromKe ~KHaMHqecKKe npo~eccw, npoTeKaro~e B pa6o

qeu 061>eMe KaM8pN K B H8K6onee OTB8TCTB8HiillX ysnaX CHCT8Mhl paClliKpeHKH BO Bp6Mfl pa6oqKX 

~KKnOB. ~H STOM ~enK nynDT o6opy~yeTCH MHOronyqeBMM S8TIOMKHaiDmKM OC~HnnorpaWOM, KOTo

pHH ITOSBOnHeT O~HOBP8M8HHO,HO H838BKCKMO,Ha6n~~8TD KpKBNe pacrnKp8HKH H XO~a ITOplliHH C 

HaHOX8HHHMH Ha HHX CKrHanaMH OT ITyqKa qaCTH~ K HMllynDCHNX naMn. TaKaH CKCTeMa ~aeT BOS

MQlKHOCTD ~eTanDHO npocne~HTD BCID ITOCne~OBaTenDHOCTD CnOliGiO~i ~eTIK rrpo~eCCOB, pasBHBaromHX

Cfl B pasRHqHHX ysnax JCTaHOBKK. ilepBHqHHMH ITpK60paMH STOM KOHTpOnDHOM CKCT8Mhl HBnHID~CH 

8MKOCTHH8 H HH~YKTHBHH8 ~~TqHKH. 

3. ITpK60pH HsuepeHHR a6conmTHOM TeMrrepaTypw B HeCKOnDKKX ToqKax pa6oqero o61>eMa 

KaMepH (TOqHOCTD OTCqeTa ~ORlKHa 6NTD He XyXe O,OI 0). 

4. ITpR60pH, WHKCRpyromKe xo~ K KpaMHHe rrono~eHHH rroprnHH H TopoH~anDHoro CKRDWOHa 

(TOqHOCTD OTCqeTa- He xyxe 0,5 MM). 

5. 0CHOBHNe perynKpyro~He opraHH CHCT8Mhl CHHXPOHHSa~HH pa60Thl KaMepN C yCKOpHTeneM, 
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TIOSBO~HID~He ITO xe~aHHID onepaTOpa H3M6HffT~ pe~HM paOOTH KaMSPHt pery~HpOBaT~ IT0~0~0HH6 

ITyqKa Ha KPHBO~ pacmHpeHHff H T.~ • 

6. Te~eBH3HOHllhl6 ycTaHOBKH ~~ff nao~ro~eHHff paooqero OO'beMa KaMephl, OCHOBHOrO SKC

nepHM6HTa~~HOro aa~a H p~a ~pyrHX TSXHO~OrMqeCKHX ITOMemeHH~. Y Ka~~OM TeneBHSMOHHO~ 
yCTaHOBKH npe~ycMaTpHBaiDTCff KOMMyTaTOphl, IT03BO~ff!O~He ITO ~e~aHHID OrrepaTOpa rrpOH3BO~HT~ 

Bbl6op ooT>eKTa na6~ro~eHHff. 

7. llpH60phl KOHTpOnH Hallpff~0HHOCTM MarHHTHOrO ITO~ff, q1.1c~a qacTHU B nyqKe, qJ.1C~a 

Ka~poB, cyuuapHoro 'I!Hc~a UMKnoB. 

B. CHrHa~HaaTophl, onoBemaromHe o Bcex HapymeHHHX HeaBapHUHoro xapaKTepa. Cro~a OTHO

CHTCH CB6TOBOe Ta6~o, CMrHa~H3Hpyro~ee 0 ll6HCrrpaBHOCTffX ~aMrr-BCIThlill6K, neHTOITpOTH~HhlX Me

xaHH3MOB, 06 OOphlBax H~H OKOHtiaHHH rr~eHKH, 0 HapymeHHHX B CHCT6Me CHHXpOHHSaUHH, 06 H3-

M6H6HHH tiriC~a qaCTMU. 3~ec~ ~e HaXO~HTCH ayMMep, OITOBemaiDinHM OnepaTopa 0 npe~CTOH!~0M 

BnycKe ny'I!Ka B KaMepy. 

9. Ta6~0 CB6TOBO~ CHrHa~H3aUHH aBapM~HOro COCTOHHMH HaHOO~ee OTB6TCTB6HHhlX ya~OB 

H CHCT6M KaMephl. 3~ec~ 0CYin6CTB~H6TCH CHrHanH3aUHH 0 HapymeHHffX BaKyyua, 0 B03HHKHOB6-

HMM YT6'1!6K BO~OpO~a B ITOM61l\6HHe, 0 qpeauepHOM ITOBpill6HMH H~H na~eHHH ~aB~6HHH B paooqeM 

OO'beMe, 00 aBapH~HHX OTK~OH6HHHX rrOplliHH H~H OMera-CH~~WOHa, 0 ~erpa~aUHH MarHHTHOrO no

~H CBepxnpoBO~Hinero C0~6HOH~a, 0 ITOHH~6HHH ypOBHff remiHt 0 HapymeHI/IHX uarlllCTpa~ei.f rH~

porrplllBO~a 1.1 T.n. B~roqeHHe Ka~oro aBapH~Horo Ta6~o conpoBo~aeTCff cHrHa~oM cHpeHs. 

§ 28. ~yHKUHOHa~~HHe o~OKIII 

PaauemeHH6 annapaTypH pery~HpOBaHMH M KOHTPO~H paa~HqHHX ya~OB KauepH npOM3BO~HTCH 

IT06~oqHo. Ka~~~ O~OK BK~roqaeT B CeOH npH69Phlt OTHOCH1l\H6Cff TO~~KO K O~HOM yrrpaB~H6M~M 

V.M CHCT6Me: 

a) YnpaB~eHHe r~ponpMBO~ou. 8ToT 6~oK co~ep~HT: 

I) CxeMH ynpaB~eHHH paooTo~ a~eKTpouarHMTHhlX K~anaHoB rM~ponpMBo~a. 

2) Pa~MocxeMbl npeoopaaoBS.HHH cHrHa~oB oT ~HHaMHtieCKMX ~aTqHKOB ~aB~eHHH. 

3) Cxeuy cTa611l~HaauMM no~o~eHHH rropmHH. 

4) CxeMy M3M6p6HMH CKOpOCTH ITOPillHH H MH~HKaUHM ero ITO~QX6HHH npH OCTaHOBKaX, 

5) BTOpMqHHe rrpM60pH (a~eKTPOHHhle llOT6HUMOMeTphl M T.rr.), paooTaiOmHe OT ~aTtiHKOB 

~a~eHMH, TeunepaTypu, ypoBHH 1.1 pacxo~a. 

6) YrrpaB~eHHe BaKyyMftOM CHCTeMOH, B O~OKe paauemaiOTCH: 

I) llpH60phl ~MCTaHgHOHHOro ynpaB~eHHH paooTOH BaKyyYHhlX arperaTOB. 

2) llplll60phl KOHTpO~H BaKyyua. 

3) E~OKIIIPOBOtiHHe ycTpoUcTBa, IIIC~rotiaro~He Boauo~HOCT~ omH6oqHoro B~rotieHMH BaKyyM

Horo o6opy~oBaHHH B paooTy. 
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4) ilpHOOphl CB8TOBOW H 3BYKOBOli CHrHa~H3a~HH 0 HapyweHHH BaKYyua. 

E) YrrpaB~eHHe cwcTeMaMH ocBemeHHH, WoTorpawwpoBaHHH w Te~eBH3HOHHoro KOHTPO~H. 

B 3TOT O~OK BXO~HT: 

I) BhiCOFWBOJII>THble BLIITPRMHT8~I1 ~~H rrwTaHHR ~aMIT-BCITbiWeK. 

2) MCTOqJIHKH ITHTaHHH 3Jl8KTpO~BHraTeJieM @OTOarrrrapaTOB (H~H CXeMa yrrpaBJieHHH CHCT8MOM 

ITH8BMaTMqecKOM ITpOTH~KH ~eHKH). 

3) lJy~:&T yrrpaB~eHHH Te~eBH3HOHHOi1 CHCTeMOW • 

4) ilpHOOp KOHTpO~H TeMrrepaTyphl 3amHTHhlX CT8KO~ OO~eKTHBOB. 

5) CxeMa ,n:JIH 3a~amm cTpo6ociwrrwqecKoro pe~wua JiaMrr KoH"!'po~:onoro ocBemeHHH. 

6) 11pM,60pbl KOHTpOJIR ~aB~8HHH raaa B aamHTHbiX OOMMaX CHCT8Mbl r,{JOTOrparpwpoBaHHH • 

7) 11pHOOp KOHTPO~H BaKyyMa B aamHTHbiX OO~eMax. 

8) CxeMa KOHTPOJIH paooTbl wurry~I>CHhiX ~aMrr rro~cBeTa. 

r) YnpaBJieHHe CHCTeMoM Harro~HeHHH w aBaKyagww Bo~opoAa. E~oK B~DtraeT B ce6H: 

I) ITp116opu, perynwpyDmwe ypoBeH:& BO~opo~a rro Mepe aano~HeHHH Kauephl. ~aTtrHKaMH 

ypOBHH MOryT, Harrpmwp, C~y~HT:& KO~eHCa~HOHHble MaHOM8Tpb1( 40,4I). 

2) ITpM60pbl KOHTpO~H ycTpOMCTBa aBTOMaTHtf8CKOrO ITO~~ep~aHHR KO~Htf8CTBa ~H~KOCTH B 

pa6oqeM o6MMe Km.wpu. 

3) BTo p11qHble rrpH6o pu, rroKa3uBaDmwe CTaTHtrecKoe ~aB~eHHe • 

. ~) KOHTPOJI:&Hhl8 rrpH60pb1 TepMOCTaTHpyDII!8W CHCT8Mbl. B 3TOM O~OKe paauemeHbi: 

I) BTOpV!qH:c!8 rrpw6opu, ITOKa3biBaDII(He 11 perHCTPHPYDmHe TeurrepaTypy B pa3JIHqHb!X TOtrKax 

pa6otrero Oo~eMa KaMepbl, rropwHeBOrO ycTpOHCTBa H B TepMOCTaTHpyDII(HX 3M88BHKax. 

2) MaiiOMeTphl, yKU3biBaDII(H8 ~aBJieHHe B CHCTeMe T8pMOCTaTHpyDII(HX 3M88BHKOB. 

e) BBoA rryqKa H KOHTPOJI:& HHTeHcVIBHOCTH. B 6JioKe paaueu(eHbi: 

I) CxeMbl ~ncTaH~HOHHoro KOHTpOJIH pac5oTu OTKJIOHRDmwx uarHHTOB. 

2) KouTpoJII>Hhle rrpwoopbl CI'ICTeMhi cTaownwaa~VIH rrwTaHHH uarHHTOB. 

3) BHCOKOBOJI:bTHb18 CTa6HJI11311pOBaHHbl8 HCTOtfHHKH ITHTaHUH !l>OTOYMHO~HT8JI8M C~HHTHJIJIH

L(I'IOHI!b!X cqeTqMJ\QB. 

4) nJIOK peryJIV!pOBaHHH narrpHJiC8Hl1H Ha Ka~~OM !l>OTOYJ.fHO~HTeJI&. 

5) EJioK JIHHHM 3a~ep~eK ~JIR cornacoBaHHH BpeueH rrpoxo~eHHH CKrHaJIOB OT r,{JOTOyMHOEH-

TeJieM K CX8MaM COBITa~eHHM. 

6) BbiCorwqacTOTHhle pasBeTBHTeJI:a carHaJioB. 

7) CxeMhl coBrr~eHMM 11 mHpoKorroJIOCHble ycHJIHTeJIH. 

8) ITe pectreTHbi8 rrpaoophl. 

9) JlorHqecKne CX8Mbl ( CX8Mbl rrporrycKaiiHR, 6JIOKI1POBK11), rrpe~Ha3JiaqeJIHbl8 ~~H yrrpaB~8Hl1H 

IIepcctieTHbiM rrpHOOpou, perHCTpvrpyDII(V!M q11CJIO traCT VI~ B Ka~~OM ~~iKJie • 
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IO) 

qHcen. 

II) 

I2) 

I3) 

E) 

fipeo6paSOBaTenH aneKTp~eCKHX CHrHaBOB B UH~pOBOH KO~ ~ ycTpOllCTBO rreqaTH 

fipH60pH ~HCT8HUHOHHOrO ynpaBneHHH CHCT6UOM BHB~a rryqxa. 

fipH60pH KOHTponH HHTeHCHBHOCT~ BHyTpeHHero nyqKa yCKOPHTena. 

fip~60pH KOHTponH sneKTpOHHHX cxeu. 

CHHXp9BH3Hpymmee ycTpOMCTBO. B STOM 6noxe paauemeau: 

I) 3neKTpOHH8H CXeUa CHBXpoBHSHpy~ero ycTpo~CTBa 1 COCTOHmaa HS KaCK~OB, cornaco

BHBammHX UOM6HT npoxo~eHHH nyqKa C pa60TOM paCWHpHTeBbHOrO ycTpOMCTBa H CHCTeMOM WOTo

r~HpoBaHHH. fio~po6aoe OITHC8BH6 STO~ CX6MH ~aBO B § 29. 

2) ~OrHqeCKaH cxeua 8BTOM8T~6CKOrO KOHTponH pa60TH CHCTeMH CHHXPOH~38UHH. 

3) 0cHOBHNe H peaepBHH6 6nOKH DHT8HHH. 

4) fipH60pH ~BR KOBTPQBH H B8CTpo~KH CXeY CHCTeMH CHBXpOH~38U~H. 

s) 

I) 

xauepu. 

2) 

3) 

4) 

5) 

6) 

YnpaBneaHe cBepxnpoBOAHm!U uarBBTOM. B 6noxe aaxo~HTCH: 

BTOpHqHH~ npH6op, ITOK83HB8~H~ HarrpHKeHHOCTb uarHHTHOrO ITOBH B padoqey 06~eMe 

KOHTPOBbHH6 rrpH60pH CXeM 3amBTH CBepxnpoBO~amHX 06MOTOK. 

BTopeq~ npe6op cBepxnpoBO~Hmero ~aTqHKa ypoBaa renHa. 

OpraHH pyqaoro yrrpaBn6HHH CHCT6MO~ HarrOBH6HBH KpHOCTaTa renHeM. 

BTopeqa~ npa6op, noxaaHBammeM pacxo~ renHH. 

BTOpHq~ npHdop M8HOM6Tpa, ITOK83HBa~ero ~aBneHH6 B KpHOCTaTe. 

H) YcTpoicTBa aB&pHHaoM aam!TH. B nouemeHHRX H npouesyToqHNX od~euax aeKoTopMX 

yanoB KaM6pH, r~e B peayBbT8T6 TeqeU MOXeT OK838TbCH B3pHBOOIT8CH8H KOHU6HTP8UHH Bo~opo

~a, yCT8H8BnHB8DTCH ~aTqHKH 6HCTp0~6~CTBYmmHX raa08H&nH38TOpOB. fipH ITOHBBeHHH BO~OpO~a 

BHpa68THB86TCH CHrHan, KOTOPHM ODOBemaeT od OIT8CHOCTH 1 BKnmqaeT Ha ~opcHpOB8HHNH peXHM 

B6HTHBHUHm,, OCT8H8BXHB86T r~~porrpHBO~ H T.~. qTOdH rrpH BH638ITHOU BNKnroqeHHH SB6KTpOITH

T8HHH He rrpoHSOmna 8Bap~H, B dnoKe 38mHTH rrpe~yCM8TpHB8eTCH CHCTeka peaepBHpOB8HHH ITH

T8HBH OT 8KKYMYBHTOPHNX 6aTapel. 

!oreqecKHe cxeMH CHCTeMH aameTH aaaneaepyDT caraanu, nocTyrraromee co Bcex 6noxoB H 

yanoB KSK6pH, H1 B Cnyqae BOSHHKBOBeHHH 8B8pHH, rrpOHSBO~HT BKnmqeHHH COOTB6TCTBYIDmHX 

6BOKKPOBOK. 

~R ITOBHmeHHH H~eZHOeTH pa60TH CHCTeMH 38mHTH H606XO~HMO BC6 ~aTqHKH, norHqecKHe 

CX6MH H HCITOBHHT6nbHHe M6X8HHSMH dnOKHpoBOK ~y6nHpOB8Tb. 

K) CBeTOB06.Ta6no. BnoK Od~e~HHHeT B Cede Bee CB6TOBHe CHrH8BbHH6 yCTpOMCTBa, yKa-

3HB8mmH6 Ha HapymeHHe padOTH rrepeqHCBeHHHX BHm6 CHCT6M, a TaKXe Ha BCe OTKROH6HHH OT 

aopyanbaoro npoTeKaHHH Texaonor~ecxoro npouecca. 
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JI) MHeMOH~lleCKaH cxeMa ycTaHOBK~. Ha MH8MOH~li8CKOH CXeMe li8TKO ~ao6pa~aiDTCH BC8 

yaJIN H CHCT8MH ycTaHOBKH, a TaK~e MarHCTpaJI~HNe JIHHHH HaTIOJIH8HHH H SBaKyaUHH E~KOI'O BO

~opo~a, OTKaliKH, 3Jl8KTpOTIHTaHHH H T.~. 

nJIH rrpe~OTBpall!8H~H TIOJIOMOK H aBap~~ npH HenpaBHJI~HHX ~e~CTBMHX OTiepaTOpa npe~ycMaT

p~BaiDTCH JIOI'H'II8CKM8 CX8MH H OJIOKMpOBK~, He ~OTiyCKaiD~~e BKJIID'118HMH o6opy~OBaHHH_B pa6oTy M 

CHPHaJIH3HPYID~He 06 OlliH6Kax. 

§ 29. CHHXpOHH38UMH KauepH 0 yoKOpHT8JI6M 

ITo npe~BaPHTeJI~HhiM ~aHHNM OEM~aeToH, liTO ~JIMTeJI~HOCT~ RMny~oa llaCTMU OT npoTOHHO

ro CHHXpOTPOHa H~B8 COCTaBHT 0,3 • 0,5 C8K npH HHTepBaJie~Hx OJie~oBaHMH 5-8 OeK. TaK KaK 

pact~eTHHU rrepHO~ KOJie6aHH~ paCmHpHTeJI~HOM CHCTeYH KaMepH paBeH 100 + 150 MCeK, TO K8E~O

MY UHKJiy ycKopeH~H MO~eT COOTB8TCTBOBaT~ OT 2 ~0 5 ~OTOI'pa~M~ TpeKOB llaCTRUo TaKHM o6pa-. 

30M, pacmMpHT8JI~HOe yCTpO~CTBO KaMepH, CHCT8Ma CKaHMpOBaHMH KaMepH Tiy'!IKOM, a TaKEe anna

paTypa ~JIH woTorpaw~POBaHHH ~OJIZHH pa6oTaT~ cepHHMH llepea Ka~e 5-8 oeK. 3To o6cToH

TeJI~CTBo OTipe~8JIH8T OCHOBHOe OTJIIII'IIM8 C03~aB88MOI'O CHHXpOHJ/I3Mpyro~erO yCTpOHOTB8 OT paEee 

M3B8CTHHX( 42
t
43 ). 

Hao6pa~eHH8H na pMc.40 6JIOK-OX6Ma CHHXpOHM3Hpyro~ero yCTpO~OTB8 COCTaBJieHa ~JIH CX8MH 

ynpaBJI8HMH I'H~paBJIH'118CKHM TipMBO~OM, 0IIHCaHH6 KOTOpo~ ~aeTCH B § 12 I'Jl8BH 1Y • · llpM aTOM.,. 

TaKze y'!IHTHBaHCH TOT ~aKT, liTO Hat~aJIO KaE~O~ cepMH pacmHpeHMi1 aa~aeTCH CTapTO!HM MYTIYJI~

COM oT ycKOpiiiTeJIH, a BCH nocJie~yromaH pa6oTa OHOTeM Kaueps onpe~eJIHeTCH BHyTpeHHMMM CHHX

POIIIMTIYJI~CaMH, noJiyllaeMHMM OT ~aTliHKOB ~aBJieHMH, ycTB.HOBJieHma Ha r~ponpMBo~e. 

ITpM TIOMOIIIIII KOMMyTaTOpa po~a pa60TH B03MOZHO ocymeCTBMT~ BHelliHHH M BHyTpeHHHH peZHMH 

aanycKa KaMepbl. B peDMe BHemHero aanycKa CHHXPOHHaauHH ocymecTBJIH8TCH CTapTOBw.t:H MMnyJI:&

CaMH, TIOJiyllaeMHMM OT YCKOpHT8JIH; npM BHyTpeHH8M aanycKe CHHXpOHMTIYJI~CH TIOCTynaiDT OT cne

UMaJI~HOI'O reHepaTOpa HMMTHPYIDIIIKX MMTIYJI»COB. naJI»HeiimaH pa60T8 B OOOHX CJiy'!18HX npOHCXO~HT 

JIM60 OT HMTIYJI~COB r~ponpHBO~a, JIH60 OT ero HMHTaTOpa. 

KaoKa~ aa~epzKM CHHXPOHHaHpyro~ HMnyn~coB KSr npHMeHeH ~JIH ouemeHHH nepBoro UHKJia 

cepHH OTHOCHT8JI»HO Ha'llaJia TIJl~Ka 'llaCTHU. B CBH3H C TeM, liTO ~Jlfl BBO~a TiyqKa B K8Mepy MC-· 

TIOJI»3Y8TCH C~CTeMa CK8HHpOBaHHH, TO Tpe60B8HHH K OTa6HJI»HOCTH BpeM8HHO~ aa~epZKH 3TOI'O 

KaCKa~a MOI'yT 6b!TD HeZeCTKHMH. BazHO TOJI»KO, 'IIT06bl Hat~aJIO TiyliKa COBTI~8JIO C Hat~aJIOM TIPH

MOI'O XO~a CKaHHpOB8HHfl. ll03TOMY KaCK~ MOZ8T 6HT» BHTIOJIHeH TIO CX8M6 O~HOBH6paTOpa C OT

HOCHT8Jl»HO~ H8CTa6HJI»HOCTDID 5-8 %(44). CTapTOBH~ ~rryJI»C, aa~epzaHHH~ K8CK~OM KSr, OT-

. KPHBaeT KJiarraH aanycKa H rrepe6paCHBaeT aneKTPOHHHe KJIID'IIH 3K1 H SK2 • 

B MOM8HT HallaJia C6poca ~aBJI8HHfl OT .l18TqBKa, ycTaHOBJI8HHOI'O B I'H~poTipHBO~e, HS CX811Y 

TIOCTyrraeT KMTIYJI»C, KOTOpbiH aarrycKaeT BC8 TIOCJI8~YIDIIIH8 KaHaJlbl OHCT8MH CHHXpOHH38UHH. HaH6o

Jiee Bbii'O~HOe TIOJIOZ8HH8 Tiy'!IKS ITO OTHOlli8HHID K Hat~aJiy pacmHpeHHfl aa~aeTCH III3M8H8HH8M BpeMeH-
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HOM aa~ep~K~ B KacK~e K35 • 

BoapacT nysup»KOB TpeRoB qacTHU onpe~enaeTCH :speueHeu a~ePERH HYnyn»ca, nocTynam

mero OT CXeYH COBna~eHH~, K KOTOpo~ ITO~KJimqeH TeneCKOIT HS CUHHTHnnHUHOHHHX CtleTtiHKOB. 

8TOT HMnyn»c COOTBeTCTByeT Hat~any npoxo~eHHH nyqKa tlaCTHU qepea pa60t~H« 06~eM KaMePH• 

tJTOClL! HeCTUOli!Jib!IOCTb BpeMCHHOti sa~CPJKKI-1 RaCKa~a K~ He BnHHna Ha B03p8CT nyaHp»KOB 1 OH 

BL!ITOnHeH ITO CXeMe 9aHTaCTPOHa C OTHOCHTen»HO~ HeCTaClHn»HOCT»D 0,5 %(4S). 
KOJ!MyTaTop TeneBH3~0HHOrO KOHTpOnH IT03BOnHeT Bb16HpaT» ~nH BHayan»HOrO npOCYOTpa nm

ClOH ~a KaAPOB ~aHHOH cepHH. CxeUH nponycKaHHH cn1 H crr2 npe~oT:spamamT BKnmt~eHHe KaHano:s 

ITO~CBCTa ~ Te~eBH3li!OHHOrO KOHTpOnH B OTCyTCTBHH ITyqRa. • 

3aAaTtlli!K tlli!Cna paCWHP6HHH OTCtiHTbiBaeT KOnHtleCTBO HYnyn»COB 1 ITOCTyna~ OT r~po

np~BO~a, li! 1 B 3aBHCHMOCTH OT a~aHHO~ nporpaMYb1 1 B~aeT HYnyn»C KOHua CepMHo llpo~H KaC

Ka~ sa~~p~K~ K34, aTOT HMnyn»c aaKpHBaeT KnanaH aanycKa H nepe6pacbl:saeT B HCXO~Hoe,nono

JKeuHe KJIIOtllil SKI H 8K2 • C npHXO~OM H8 BXO~ CHHXpDHHSHPYillltero ycTpoRCTB8 CJie~ymll{ero Hll-

' rryJI»Ca OT yCKOPHT8JIH cepHH ITOBTOpHeTCH. Ha pHc.41 HSOClpalleHa :Speii6HH8H ~HarpaiBI8 CJie~O-

BaH~fl li!Mnyn»COB qepes OCHOBHble ClJIOKH CHCTellbl CHHXpOHH38UHH Kauepbl • 

.13 CJiyqae Bblll~~eHHOiii OCT8HOBKH ycKOpHTenH, H8 BXO~ CHHXpOHH3Hpyllll{ero ycTp0£1CTB8 Hll

rryJI»Cbl HC ITOCTynaiOT. PacmHPHTen»H8H CHCT6M8 npeKp811{aeT CBOIO pa6oTy H YCT8HOBHBWH«CH B 

~HHaMli!Ke TeMnepaTypHbiH peJKHM KaMepbl HapymaeTCH. ARB ycTpaHeHHH 3TOrO H6~0CT8TK8 B CHHX

pOHH3HpyromeM ycTpoHCTBe npe~yCIIOTpeHa CHCT6118 CT8ClHJIH38UHH TepYO~HH811Hti6CKOrO pelKHU8 1 

COCTO!lmafl H3 reHepUTOpa-HMHTUTOpa CHHXpoHYnyJI»COB ycKOpHTenH H 3Jl6KTpoHHbiX KJimqeR 3Kl H 

3K2• ~JlHTen»HOCT» HHTCpBana cne~OBBHHH HllnyJI»COB HMHT8TOp8 BbiClHpaeTCH H8 0 905-0,1 CeK 

6on»me HHTepBana Me~~y CHHXpOHH3HPYDII{HMH HMfiyJI»C8YH. tJepea K8C~ 38~epzKH K32 HMnyn»Cb1 1 

nonyqaeuue OT ycROPHTeJIH, CHHxpoHBaHpyDT HMHTaTop, aanycKaa.ero nocJieaaqana pa6o~bl KJiana-

Ha c6poca ~aBJieHH!l lf C pa68Tb1B8HHH 3JleKTPOHHbiX KJIJOqei!. TaR K8K B 3TOT UOIIeHT KJII)q 3KI OKaSii

BaeTCH nepe6powcauhiM, TO Hr.myn»c OT lDIHTaTopa ae non~aeT B pa6oqidt KaHan. B ceyqae OT

cyTCTDHH Ha BXOAe ycTpOiiiCTBa CHHXPOHYnyn»COB OT YCKOPHTena K8CK~ S~eplKKB KSr He pa6o

TaeT, aneKTPOHHHe KJIIOI:lH H8XOAHTCH B HCXO~HOM fiOJIOKeHHH H, cne~OB8T6X»HO, aanycR CXeYH 

OCylll.eCTBJIH8TCH CHrHanaMA 1 ITOCTyrraiOmHUH OT HMKT8TOpa. llpH ST9M HllnyXDCN OT rH~ponpHBO~a 

qepes aneKTPOHHbl\1 Rnroq 81\2 He npoxo~HT B ocTan»Hhle RaHaJIH. 

Tpee5oBaHHH K CTa6H1I»HOcTH npeueaHo~ a~epsRH Rac~oB K32 , KE3, K34 , K35 , Ks6 ,KSS 

H KOMMyTaTopa HMITY1I»Ca TeneBH3HOHHOrO KOHTpOnH He CnHWKOM lKeCTKHe, H fiOSTOMy K8CK8~bl uo

ryT ObiT» BHITOJIH8HH ITO CX8Me OAHOBHopaTOpa C OTHOCHTeJIDHO~ HeCT8ClHJI»HOCT»D 5-8 %. ~H 
oe5ecne'lleHHH C5ecrrepe60MHOV. paOOTH MarHHTOB CK8HHpoB8HHH H HMnyn~CHbiX JlaMIT npe~CMOTpeHbl 

cxeMbl ROMMyTauH~, ocymecTBJIHIO~He nooqepeAHoe no~KJiroqeaHe aecKon»RHX HaiiomtTeneii aaeprHH 

K o~aoU uarpyaKe. llo~aapH~ HaKonHTene~I rrpoucxo~HT :s npoMe~yToR ue~ cepHmm. 
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. P:l'lc. 41. _BpeueHHSili .n;:l'larpaMMa cJie.n;oBaH:I'IH li!Mrrym,coB. 
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liXH llO»Hm6HHH Ha~eKHOCTH 1 YY6HDW6HHH ra6apHTO» H ll0Tpe6XH6KO~ MO~HOCTH CHHXpoHH3H

pyro~ee ycTpO~CTBO BHITOXHH6TCH Ha nonynpoBOlHHKOBUX aneueHTaX. flepe~ ycTaHOBKO~ B CXeyY 

CMHXpOHH3aUHH nonynpOBO~HMKOBHe aneu:eHTH lOL'HH 6HTD D0lB6p!6HH HCKyCCTB6HHOMy CTapeHH~, 

C U6XDID BHHBXeHHH BHYTP6HHHX l6~6KTOB H yCTpaHeHHH B03MO~HNX BHXO~OB H3 CTpoft B HaqanD

HhlM rrepHO~ 3KCITXyaTaUHH. 

B CHHXPOHH3HPY!Olll6M ycTpotiCTBe npe]!.yCMaTpHBaeTCH CHCT6Ya OnepaTHBHOro a»TOMaTH'116CKo

ro KOHTPOXH sa padOTO~ BCeX 6nOKOB. Ben pa6oTa CHCTeYH CHHXpoHH3aUHH lOX3Ha HarnHlHO OT

palltaTDCH Ha MH6MOHH'II6CKOH CXeMe ycTaHO»KH. 

rJIABA IX 

M 0 A E Jl ~ P 0 B A H H E 

ilHTHMeTpOBaH lK~KOBOlOPO~HaH Tiy3HPDKOBaft KaYepa B T6XHH'II6CKOM OTHOmeHHH H»Xft6TCH 

rrpH6opoM, KOTopu~ He KMeeT ceoe Henocpe]!.CT»eHHoro aaanora. Pemeaee MHOrHX ysno» TaKo~ 

KaMepH HBnfl6TCH npHHUHTIHanDHO HOBNM KaK C KOHCTPYKUHOHHO~, TaK H C T6XHOXOrH~6CKO" CTO

pOHH. KOHCTPYKUHH KaMepH OCHOBH»a6TCH Ha U6XOM Pfll6 HO»elmHX Hayt~HD-T6XHK'II6CKHX lOCTH~e

HHM, BOITXO~eHHe KOTOPHX B rrpOMHmX6HHOM uacmTaoe 6yleT BnepBHe ocy~eCTBX6HO Ha STOY npH~

pe. KpoMe TOro, KaMepa TaKHX pa3MepOB HBnft6TCH YHHKaXDHHM npH60poM. flOSTOYy 0Tl6XDHH6 ys

nH KaMepH B CHXY CIT6UH~HKH SKCnnyaTaUHH H CXO~O" KOMTI03HUHR OlHOBpeueHHOrO l6HCTBHH UHo

rHX ~aKTOpOB - HH3KHX TeMrrepaTyp, ~a»X6HHH 1 BaKYyYa H lHHaMH'II6CKHX HarpySOK - He YOryT 

OHTD TIOXHOCTDID pemeHH TOXDKO pacqeTHHM nyTey. 

0]!,HHM H3 CTIOCOOOM npeo~OX6HHH T6XHH'116CKHX TPYlHOCTeH, B03HHKa~ fiPH npoeKTHpoBaHHH 

KpyrrHOW ycTaHOBKH, HBXHeTCH np0»6l6HH8 »CeCTOpDHHe~ 3KCrrepHU6HTaRDH0" 0Tpa60TKH OT~6XDHHX 

ee yaXOB Ha MO~enHX H MaKeTax. B qaCTHOCTH 1 HaH60nee TIOXHaH HH~puaUHR 0 ~HSH'II8CKHX npo

ueccax, npoTeKaromex B TaKOH yCTaHOBKe, MOX6T OHTD nonyqeHB TOXDKO B yCXOBHHX 1 UaKCHUaXD

llO rrpH6nHJKeHHHX K peanDHHM nyTeu cos~aHHR aHanoreqaoro npH6opa He6onDmoro pasuepa, KOrla 

TeXHOnOrHH H3rOTOBX6HHH H KOHCTpyKTHBHOe HCDOXH6HH6 yqHTHBa~ Tpe60BaHHR, npe~~ft»Xft6YH8 

K Kpynuon ycTaHOBKe. 

il03TOMy, 'IITOOH B MaKCHMaXDHOH Mepe y~o»neTBOpHTD fiOCTaBX6BHOH BHme sanaqe, 6Hna pas

paOOTaHa ~HpOKaH nporpaMMa npOB6~6HHH KOMfiX6KCa MO~eXDHHX HCnHTaHHH 1 KOTOpHe lOXXHH cno

COOCTBOBaTD nonyqeHHID HCqepTIHBa~eH HH~OpMaUHH no paSXHqHHM acneKTaU paCCMaTpH»a8YOH npo6-

neMHo C ToH ~e uenDro 6Hna HaqaTa paspa6oTKa 5D-caHTHMeTpoBoH uo~ene Kauepu B uarHHTe-cone

HOH~e H3 CBepxnpOBO~HHKa. ~ npe]!,meCTBOBaX OOXDmOH 06~eM M6TO~HqecKHX HCCX6~0BaHHH 1 npoBe

~eHHHX Ha ~etiCTBYID~eH 25-CaHTHM6TpOBOH Kauepe, a TaKJKe paapaOOTKa H HCllHTaHHe cepHH CBepx

npOBO~H~ coneHOH~OB HapacTaro~ero paauepa. 
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C ITOMOI!l:&IO 5Q-caHTl1MeTpOBOM ICaMepbl 6ylJ,eT npOBelJ,eHO .Z:,eTaJI:OHOe 11CCJI6,l(OBaHl18 CJI6lJ.YIOII\l1X 

CHCTeM: 

I) coJieHOHlJ.a 113 CBepxnpoBOll.HHKa, 

2) rl1ll,paBJIJ1qecKoro npMBOlJ.a crl!cTeMbi pacnmpeHHff, 

3) TOp0!1,l(aJI:OHOPO Cl1JI:O~OHa, 

4) C·Y!CTeMhl OCB61!l6Hl1ff l1 QJOTOP parpMpOBaHl1ff C npl1M8H6Hl16M CKOTtrJiatiTa. 

ilOCICOJII>KY C03l1,8HHe 50-CaHTHMeTpOBOW ICaMepbl CBff38HO C M8Tepl1aJII.HbiMl1 3aTpaTmiVI, TO I.I,eJie

C006pa3HO ITOCJie 11pOB8lJ.81H1ff MOl1,8Jl:&l!bJX l1CIIh!T8.Hl1ti HCIIOJI:&30BaT:& ee ICaK .n,e~iCTBYKlll\l1Vl np1160 p, 

npelJ,HasHatreHHblii ,l\Jlff IlOCTaHOBKH (ill13!1qeCICl1X OIIbiTOB B rrytrK8X qaCTJ.1I.I, C paBHVITeJI:&HO He60JI:&IIJIIJX 

3Heprl1~, ITOJiyqaeMbJX Ha CJ.1HXpO~KJIOTpOHe ]flil. 

§ 30. KoncTpyKUHH 5D-caHTl1MeTpoBoti BOlJ.OpOlJ.HO

AetiTepHeBoti nyshlpi>KOBoti ~~uepu 

CTpeMJieHl16 B OlJ.HOM T8XHl1tl8CKOM KOMITJieKOe COtreTST:b ycTaHODKy lJ.Jlff MOlJ.8JI.11pOB8Hl1ff 11 ITOJI

HOI.I,eHHbiH !lll13HTl8CICHi1 rrp1160p lJ.Jlff ff,l\epHI:DC HCCJielJ,OBaHHLI H8KJI8lJ.biBaeT OTneqD.TOK H8 KOHCTPyKTJ.1B

HOe HCITOJIHeHHe 50-caHTHMerpoBoti KaMephl. TaK B cJiyqae HCITOJII>SOBaHHH KaMepbi B KaqecTBe WH
sHqecKoro npH6opa BeCI.Ma geJiecoo6pasHo npHMeHHT:& CHCTeuy woTorpa(ilMpoBaHHH na TeMHOM rroJie, 

K8K 06ecrreql1B810IllYIO H8l160Jiee KOHTP8CTH08 l1306pa~eHHe MaJlbiX ITY3blp:blCOB Ha ITJI8HKe. il03TOMY 

KOHCTPYKTHBHO K8Mepa ll,OJIRH8 6b1T:& BblllOJIHeHa T8Kl1M 06pa30M, qT06w rrepeXOlJ. OT T6MHOITOJI:bHOW 

Cl1CT8Mhl OCBeiUCHl1ff K CBeTJIOITOJI:bHOH H 06paTHO He 6biJI CBff38H C Cyll(eCTB8HHh!Ml1 OCJIOlKH8HillffMl1. 

. Ha pHc.42 rrpelJ.CT8BJieH COBM61!leHHblti qepTeJK lJ,ByX Bapl18HTOB KaMephl, D OlJ.HOM 113 IWTOpux 

l1CIIOJI:&3yeTCff CHCTeMa OCBCIU8Hl1H HarrpOCBCT C ITOMOill:&IO Jll1ll3bl (npaBafl ITOJIOBl1H8 pHCYHKa), a B 

lJ.pyrOM- lJ.JIH OCB8ll\8Hl1ff npHMCHHeTCff CICOTqJiatiT (JieBSR ITOJIOBHH8 pHCYHKa). 3JieMeHTbl KOHCTpyR-· 

I.l,l1l1 ICaMephl 0603HaqeHbl B ITOlJ,lll1Cl1 K pHCYHKy. 0CHOBHble ee XapaiCTepHCTHKl1 rrpl1BelJ,CHbl B Ta6JI.9. 

Ta6JIHqa 9 

I. BHyTpeHHHH lJ.l18MCTp - 50 OM. 

2o rJiy6HH8 KaMepbl - 52 CM. 

3. Pa6oqHti o6~eM - 80 JIHTPOB B BapHaHTe CO CKOTqJiatiTOM l1 120 Jll1TPOB B 
B8pHaHTe C Jil1H30H. 

4. CHcreMa pacmHpeHHH - TOPOHlJ.SJI:&HhiH CHJI:&~OH c rHlJ.paBJIHTleCKHM npHBOlJ.OM. 
5. ilpell,eJibl l13MCHeHHff lJ,SBJieHHff B pa()oqeM o6~eMe - 2-10 aTM. 

6. Pa6oqHti XOlJ. CHJil>WOHa npHJ% pacmMpeHHH- 3 MM. 

7. BpeMff I.I,HKJia- IS 11ce~J. 
8. CHCTeMa TCPMOCTSTHpoBaHHff - BOlJ.OPOlJ., Kl1ITRI!lHti noll, lJ.aBJieHHeM. 

9. Cnoco6 WOTOrpaWl1POB8Hl1ff - Ha TeMHOM HJIH CBeTJIOM ITOJie. 
IO. MarHHTHOe rrOJie - 40 Krc. 

II. TerrJIOHSOJIHI.I,Hff - BhiCOKOB8KyYMH8ff. 

X) ilpH BhlqHcJieHHR BpeM6HH ~KJia HCTIOJI:&30B8JIOC:b 3HaqeHHe K03WWl1I.I,l18HTa C~HMaeMOCTl1 BO~opo

,l\8 K0 = 2,II5 • ro-3 <4 >. 
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P!i!C. 42. C OBUell\eHHbli1 qepTel!t ~Byx HCITOJIHeHJIIit 50-caHTli!MeTpOBOit KaMepu. 

I - CTepeO~OTOannapaTj 2 - CMOTpOBOe OKHOi 3 - Kopnyc KaMepu; 

4 - coneHOH~ I/I3 CBepxnpOBO~HI/IKa; 5 - KpHOC~aT COneHOI/I~a; 

6 - TepMOCTaTIIIPYIDII\aH nonOCTDi 7 - TOpOH~anDHHil CHnD~OH; 

8 - ~HHII\6i 9 - niDK ~nH OCB6THT6nflt IO - TOHKOCT6HHHit ~nH~p 

~nH I\permeHI/IH KaMephl; II - mToK; .12 - KOnD~eBaH KPbiD!Ka; 

I3 - KpblllKa; I4 - riii~paBnHqacKHit ~nH~p; 15 - nopmeHD; 

16 - CI/InOBOit KapKac; I7 - TOHKOCT6HHblit ~ni/IH~p ~nH E:panneHHH 

KpiiiOCTaTa; IS - 36pKano; I9 - a30THHit SKPaHi 20 - peaepBHNit 

6aqoK; 21 - co6lllparomaH ni/IH3a; 22 - naTpy6oK ~nH OTKaqKJII; 

23 - 3apKano; 24 - BaKYYMHb!R Komyx. 
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§ 3I. PacmHpHTe~aoe YCTpo~CTBO 

B HaCTOR~8M naparpawe paCCMaTpHBa6TCR TO~KO CHROBaft qacT~ r~paBnHqecKO~ CHCTCMH, 

KOTOpa.R KOHCTpyHpoBaHaCJ, B COOTB8TCTBHH C npHHUHilHMJ,HO~ CX6MO~, npHBC,llCHHOH Ha pHc.43a). 

PaccuoTpHM pa6oTy rH,llponpHBO.lla, pyKOBO.llCTByacJ; aTOH cxeuo~. naBneHHe P0 HBnHeTca 

.neunwHPY~HM. Ero BeHHqaua ycTauaBnHBaeTcH nocToauuoU H paBHOH 300 Kr/cul. ~aBneuHa P1 
H P2 BH6HpaDTCR TaK, qT06H BHilOHHHHOCJ, ycHOBHe P2 > Pr• DpH llOAEaTHH KaMepH Knanae K2 
OTKPfiBaeTCH, H uacHo nocTynaeT no,ll .naBneeHeM P2 B noHOCTJ; I · re.npaBHaqecKoro U:JtiJIHH,ZJ;pa •• 

B STO Ee BpeMH KHanae Kr aaKpHT, a K4 - OTKPHT. K KOHUY IlO,llX8THH 06paTHHU Knanau K3 sa

KPHBaCTCR, H B 06~eye ycTaHaBnHBa~TCR ,llaBn8HHC P = 300 Kr/cu2. CHCTCMa OCTaHaBnHBaeTCR, 

H KaMepa OKa3HBaeTCH B IlO,ll3aTOM COCTORHHB. DpH pacmHpeHHB KHaTiaHH KI H K4 OTKPHTH, a 

K3 H K2 - 3aKPfiTH. B aTOM cHyqae uacHo TIO.ll ,ZJ;aBneeeeu P1 aa r~paBH~ecKoro u;HnHHJJ;pa no

CTynaeT B aKKyYyJIHTOp Pr• CHCTCMa uaqHuaeT ,llBHraTJ;CH. B IIOM6HT ,llOCTHlKCHHR llO,llBHlKHOi1 CHC

TCMO~ HyReBOU CKOpoCTH Knanau K4 aaKpHBaeTCR, H B KaMepe C03,llaeTCH HHEHee ,llaBHCHHe.ilpH 

IlOCTynneHHH Ha KHanaH K2 HOBOrO ynpaBHa~ero Hlllly~ca U:HKH IlOBTOPHCTCR. 

Ha pHc.436 rrpHB6,ll8H CXCMaTaqecKHU BH,ll CHHOBOrO QHRHH,llpa C rropmueu, Ha KOTOpOM o6o

aeaqeuy OCHOBHYe napaMeTpY CHCT6MY. Haze npHBO,llHTCH qHCHCHHYe auaqeHHH STHX rrapaMeTpOB: 

S0 = 72 cu2, ,Sf = 6I,7 cu2, .S3 = 154,5 cu2, $5 = 44 cu2, P0 = 300 Kr/cu2, 

P1 = I6,2 Kr/cu2, P2 = I03,7 Kr/cu2, P3 = 20 Kr/cu2. 

KOHCTpyKTHBH08 HCilOHH6HBe CHXOBOrO yaHa rH,llponpHBO,lla Tipe,llCTaBRCHO Ha pHC.44. 

BaEHO~ npo6HeMO« npH KOHCTP.JHpoB8HHB CHHOBO« qacTH r~ponpHBO,lla HBnH6TCH o6ecneqe

HHC TOpMOaCHHH llO,llBHlKHOrO yaHa.B cnyqae aBapHB1 KOTOpa.H MOlKCT B03HHKHYT~, HanpHMep 9 rrpH 

llOHOMKe TOpO~M~HOrO CHnDWOHa HXH Tpy6onpOBO,lla 1 H,ll~ero OT aKKyYyHHTOpa P0 K CHROBOMy 

yaHy rH,ZJ;ponpHBO,lla. 

Ha pHCyHKax 45 H 46 llpHB8,llCHY rpaWHKH H3MCH8HHR ,lleUCTBym~ CHH H CHH TOpMOlKCHHH B 

aaBHCHIIOCTH OT XO,lla nopmHR npH llOROIIK8 TOPOH,llaHJ;HOrO CH~OHa H Tpy6onpOBO,lla P0 ,llRH Tpex 

llOROlK8HHI CHCT8MH pacmHpeHHR. KpHBYe 1 1 2 H 3 COOTBCTCTB8HHO OTpalKamT aBapHi1HNC COCTOH

HHR1 npOHCXO,ll~He npH IIHHHIIMJ,HOM 1 cpe,llHeM H MaKCHMaHJ;HOif ,llaBHCHHHX B KaMepe. v!H,llCKC 

"a" OTBOCHTCH K KPHBYM H8M8H8HHH ,ll8~CTBy~x, a HH,ll8KC 11611 - K KPHBNM H3UCHCHHH TOpM0-

3H~ can. UHwpo~ 4 ua pec.45 o6oauaqeea KPHBaH HaMeaeHHH CHHY B r~paBnHqecKoM u;HRHH.ll-, 
pe B cHyqae noHOifKH TopoH,ZJ;aHJ;Horo CHHDWOHa npH cTau;Houapuou .naBHeHHH B Kauepe, paBHOM 

10 Kr/cu2, a u;8Wpo~ 5 - KPHBaH H3M888HHR ,ll8~CTBym~U CHHY B KaMepe npH HOPMMJ,HO~ pa6o

Te rH,llponpHBO,lla. 

Ha paCCMOTpeBHH PHCYHKOB 45 H 46 cne.nyeT, qTo CaMYH 60HJ;mOH nyTJ, TOPMOlKCHHR ITO,ll

BHlKHOI CHCT6MH IlOHyqaeTCH llpH CRe,lly~ yCROBHHX: a) KOr,lla IlpOHCXO,llHT IlOROMKa TOpOH,llanD-
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PHC. 43. CxeM!ll rH,npaBJIH'tl6CKO!-l CHCT6Mbi H CHJIOBOrO ys11a rH,nponpHBO,na 

,ItJIH 50 - C8HTHM6TpOBOiii K8M6plll. 1 - KaMepa; 2 - TOpOH,ItaJI:&

Hlllfii CHJI~WOH; 3 - nopmeH:&; 4 - rH,npoHacoc; K - KJianaHlll; 

P - ,naB.tteHHH; S- noBepxHOCTH;I H II - rioJIOCTH rH,npouHmm,npa. 

7 

PHc. 44. KoHCTPYKUHH CHJIOBOiii qacTH rH,nponpHBo,na 50 - caHTHMeTpoBolii 

KaMepbi. I - nopmeH:&; 2 - KOKaHoe ynJIOTHeHHe; 3 - mToK; 

4 - UHJIHH,np; 5 - MeXaH~qecKH~ _orpaHH't!HTeJib; 6 ~ Tpy6onpo

BO.Itbi; 7 - KpbimKa BaKyyYHOrO KOXyxa ~aMepbi. 
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PMc. 45. HaMeHeHHe cHn B rH~paBnBqecKOM UH

nHH~pe B cnyqae aBapH~Horo TopMozeHHH 

npH nonOMK6 TOpOHA8nbHOrO CHnb~OHa. 
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npH nonoMKe Tpy6onpoBo~a. 
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uoro CHn~oua npa ~aaeHMM B xauepe P8 = 2 aTu, 6) Kor~a uapymaeTCH Tpy6onpoBo~ P0 npM 

~aBneHMH B Kauepe PB = IO aT. 

CpaBHHBBH fin0Dt8~M no~ COOTB8TCTBYillltHYH KPMBYUH ~eHCTBY~ H TOpM03HmHX CHX ~H 

STHX CXyqae~MOZHO BH~eT:& 1 qTO nyT:& TOpMOK6HHH nO~BHZHOn CHCT8MH He npeBHm86T 3 MM. C 

yqeTOM paooqero XO~a DO~BHl!ti!Oll CHCT6UH H nyTH ee TOpJ40llt6UMH B aB8pHIHmt YCXOBHHX 6ano 

Haii.!t6H0 1 qTQ ~XH 5Q-caHTHUeTpOBOH KaYepbl ,ltOXJKeH 6HT:& HCfiOXD30B8H TOpoH~M:&HHH CHXJiPOH1 

HMeJOillUii ~CKpbiTHe B CD060~HOM COCTOHHHH nopH,l{Ka 8 UM. JbiH OKQHqaT6X:&HOrO ODpe,lteXeHHH 

YCXOBH~i TOp!v!Ol:WHIUl He06XO.~IiMO pa.cCJ,toTpeT:& BCI! rH,ltpo~HCTeMy KaYepbl B IJ;6X014 1 T8K K8K TOp

MQ;:\eiiJt!e BO tmorOM 3am1CHT T8101t6 OT yCXOBM'l~i pa.60TH KJianaHOB B OXeUe ynpaMeHHH OHXOBW 

yaxou. 

PaCCUOTpeunaH CI.1:0Teua oy.!teT pac50TaT:& Y.lt0BJieTBOpHT6X:&HO B TOM oxyqae 1 KOr,lta HMeeTOH 

Ha'!!U.-,J>Ublti ::3:130p Me;:;;'{y TOpM03flli\HM nop!Ull611 H ri1,1tpaB.JIHli6CK11M IJ;I1XHII,ltp0U 1 KOTOpblii B H8Bl6M 

cxyt~ae nuopan pamrnM 0,5 MM. 

§ 32. CHcTeua ocBemenHH H WOTOrpa@HpoBanHa 

KUI< O'TueqaJJOC:& Bbll!le 1 KOIICTpyKIJ;l!H l(WI6pbl npe;ItyCM8TpHBB6T B03110lmOCT:& pas~eX:&HOrO 

HCDOX:&30Ball~1li .!tBJ'X CHCT6U OOBeU(eHHH 11 ~lOTOrpa((mpoBaHHH: 11nanpoOBeT 11 (TeUHOnOX:&HBf!. OHC

Teua) H C npnMeHeHHeM CKOTqxaMTa (CB6TXODOX:&H8H OHCTeua). 

Ha pHc.47 npHB6AeHa CXeMa OCBemeHHH H WOTOrpa~HpoBBHHH nepnoro THna. CBeT OT MO

TQqHHK8 I, oTpasimlliHC:& OT nnooKoro sepKaxa 3, nona,ltaeT na KOH,lteuoopuym xwnsy 4, nooxe 

npOXO~eHHH KOTOpoH H DOCXe,lty~ero OT~eHHH OT BTOporo finOCKOro sepKana 7 006MpaeTCH 

B llHTHO UC;JutY Oc5lleKTHBaMH 9, r,lte norxomaeTCH CBeTOBOi.t XOBymKo£t. 06XSCT:& paCSoqero 061>eua 

Bc5XH3H CT6HKH K8M6;>bl OCBeqaCTOH C DOMODt:&ll IJ;MXHil.i(pMqecKOro aepKBJIB 2. 0TCSpomenubli! STHM 

sepKaXOM CBeT B BH~e KOX:&IJ;eBoro nyqKa naAaet na BHyTpeHJIJOil nonepXHOCT:& IJ;HXHH,ltpHqecKo

ro sepxaxa 5 H1 0Tp8.3HB!UHC:& OT nero, nOna.!taeT B Ty Ke XOBymKy. 

B KaqecTBe HCTOqHHKa CBeTa npHuenHeTCH HYnyX:&CHBH xauna THna R~K-500 C SHeprHe~ 

BCnblmKR 500 ~lltoyxe~. ~oTorpawepoBauue pac5oqero o6lleua KBMepbl ocy~ecTBnHeTcH ~BYIIH cTe

pe{)I.}OToannapaTBMH, cHa6E:emnum o6lleKTHBBMH Trma "Pycca!}-2911 , aa ne}$>pepoBaHHYIO ci>oTo

nJieHKy "THn-IO" mepHnoiii 35 w. <PoKycuoe paccToHaue oc5'beKTHBOB paBHo 70 w. MacmTa6 ci>o

TorpaqwipoBanHH COCT8BXHeT 1:19,2. 

Ha puc.48 npnBe.!tCHa CXeMa OCBellleHHH H WOTOrpaci>HpoBaHHH C HCDOXDSOBaHHeM CKOTqxa"Ta. 

CBeT OT KOX:&IJ;eBoro HCTOqHMKa I, OKpy~IO~ero 06'beKTHB 2 CTepeoci>OTOannapaT8 1 nOnB.!taeT H8 

aepKaXO 3 H1 OTpa3HBiliHC:& OT Hero, qepea CMOTpoBOe OKHO KaMepbl 4 na,ltaeT H8 DOKpNTHe HS 

CKOTliXatiTa 61 HaKxeeHHOe I18 KPblmKY Kauepy 71 H Ha ,ltOllOXHHTeX:&Hble 0Tpalla.T6X:&Hble KOn:r:.na 8. 

WHT8HCHBHOCT:& CBeTa, OTpa~eunoro OT CKQTqxa"Ta (cM.pHc.22a), peSKO yuen:&maeTCH npH yrxax 
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DaAeHHH CBeTa, 60XbWHX 50 rpaAyCOB. ITOSTOMy DOBepXHOCTH, Ha KOTOpUe HaKneHBa8TCH 

CKOTqna~T, pacnonara~CH DO OTHOW8HHD K IIaAaromeMy Ha HHX CBeTy ITO~ yr~aMH, He rrpeBH

maiD~H 35 rpaAyCOB. 

§ 33. CBepxnpoB08HillH~ C0~8HOH8 

Co~eHOH~ ~XH 5Q-CaHTHMeTpOBOill Kauepu BhiiiO~HH8TCH H3 CTa6H~H3HpOBaHHOrO Ka68JIH, 

HsroToMemwro Ha ocHoBe CBepxnpoBo.n;Hmei1 rrpoBo~OKH H3 crrJiaBa N~ + 50 % Zr .n;HaMeT

pou 0,25 MM 6es ~orroJIHHTe~bHoro noKphiTHH. KpHTHqecKHe xapaKTepHCi'IIIKH aTo.iii rrpoBoJIOKH 

~~H pH~a o6pa3UOB rrpHB8~8Hhl Ha PHC .49, OCHOB!lble rrapaveTphl C0~8HOI/I,ll;a yKa3aHbl B Ta6.I0. 

Tae5mtua IO 

Cpe,Z(HIII}i TOK B 06MOTK6 - 500 aMrrep 
Cpe.n;HIII.iii KOSWWIIIUHSHT sano~HeHHH o6MOTKH CBepxrrpoBo~HHKOM - 4,5% 
Cpe~HHW TOR B CBepxrrpOBO,ll;HilleW ~HJI8 - 50 aurrep 
Cpe~Hflfl ITXOTHOCT» TOKa B CBepxrrpOBO~H~ei1 ~HJie-l05ajcM2 
06mH.iii BeG Ka6eJIH - IIOO Kr 
06mH.iii Bee CBepxrrpOBO~HHKa - 50 Kr 

C~Jia rrpHTH~eHIIIH ue~y KaTywKaMH - 500 TOHH. 

Ha piiiC .50 rrpe.ncTaBJI8HU CX8W 06MOTOK H TOIIOrpaqlHH uarHHTHOrO IIO~fl COJI8HOH~a. ·B 

COOTB8TCTBIIIH C pacnpe,l(eX8HH8M MarHHTHOrO IIOJIH BHyTpH 06MOTOK, Ka~~afl H3 HHX 6biJia pas-

61/ITa Ha 3 ceKqHIII. TaKoe .n;eJieHI/Ie o6MOTOK rrosBOJIHeT rrporrycTHT» liepes cBepxrrpoBO~Hmne 

~HJihl HaH60JlbWHi1 TOK, COOTB8TCTBYIDillHH MaKCHMaJI»HOMy IIOJIIO B ~aHHO.iii CeKUHiil, llp8,l\IIOJiara-

8TCH, liTO B ~UXbH8HI!I8M BC8 C8KUHH OC5MOTKH by.n;yT ITHTaT»CH OT O,l(HOrO HCTOllHHKa TOKa, 

0CHOBHhle xapaKT8piiiCTHKH OT,ll;8JlbHhlX C8KUIIIH rrpiiiBe.n;eHbl B Ta6JI.II. Ha pHc.50 rrpHB8,l\8Hhl 

TaKlK8 KOHCTPYKUHH CTa6HJIH3IdpOBaHHbiX Ka6eJieti, 3aiTOJIHHIDillHX KalK,l\YID C8KUHID 06MOTKH COJie

liOH,l\a. llorrepellHhl8 pa3M8phl Ka6eJJe.iii H KOJ!Hli8CTBO CTa6HJIH3HPYIOII(8rO MaTepi/IaJJa OIIp8,l\8Jlll-

JJOCb TIO WOpMyJie( 4?): z 
S·.lln·h·AT=I ·p~ 

r~e I - TOK B cra6HJIH3HpOBaHHOM cBe pxrrpoBO~HHKe B aMrrepax, p - y~e~»Hoe corrpoua

~eHRe CTa6H~H3Hpyromero MaTeplt1UXa B OM•CM, f1 T - pa3HOCT» M8lil:,ll;Y T8MII8paTypam-r Ka6eJil! 

•rK H re~H8BOH BaHHhl TB, S -IIOB8pXHOCTb OX~a~.n;eHRH Kae5e~H Ha 8,ll;HHHUY ,ll;~HHhl B 

crl- /eM, h - KOSiJ/tP11UH8HT T8ITJlOOTBO~a OT rmCiefiH K reJIH8BOti BaHH8 B BaTT/CM'!'pa,l\, 1/fi.
II~OII(a~b IIOII8p8liHOrO C8ll8HHH HOpMax»HOrO rrpOBO~HHKa B CM2 • 

llpH paCll8TaX C0~8HOH,n;a rrpHHRMa~OCb, liTO CTa6H~H3HpyiDII(Hiii M8,ll;HU.iii IIPOBO~HHK B ITOJie 

50 Krc rrpH TeMrreparype 4,2°K oC5~a.n;aeT y~e~bHhiM corrpoT~!B~euHeM, paBHhiM 5.ro-8oM.CM 

( 48
t
49 ) ilapa.M8Tp hilT B \IJOpMyJJe 6pa~CH paBHhiM 0,2 BT/C~ (SO). 

ll3 TOIIOrpa\IJHH MarHHTHOrO ITO~H (PHC.50) BH.n;HO, llTO MaKCHMa~»H~ rpaAH8HT IIOJIH B 

paC5oqeM oe5~eue rryshlpbKOBO.iii KaMephl cocraMHST IS%. C ue~w rrOBhlilleHHH o~Hopo~HOCTH 
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PHc. 49. KpHTHqeoKHe xapaKTepHOTH

KH KOpOTKHX o6p83UOB npo

BO~OKH ~ 0,25 MY H3 cn~a
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Puc. 50. C!pYKTypa oeKUH~ H Tonorpa~HH no~H oBepxnpoBO~H~ero 

coneHOH~a. I - oBepxnpoBo~HHK; 2 - ue~HaH npoBo~oKa; 

3 - 06TK8 H3 HepEaBem~e~ CTa~; 4 H 5 - H30~UHft; 

!,II H III - Houepa C6KUH~. nHaueTpH Ka6e~e~ 6ea H30-

~mwu: Iuu ( 1-H oeKUHH ), 2,3uu ( II-H H III-H ceK

~~ ). 3amTpHXOB8HH8H 06~8CT~ npe~CT8B~6T 0060~ pa-

6oqH~ o6~eu Kauepu. 

T > , ... ~ 

• 
..... 

l 



f' 

H 
0 
~ 

;.;~~~ 

C8KUHM 

I 

II 

Ill 

BH~TpeH-
HHii! .n;~a-
MeTp, 

MM 

600 

750 

860 

Hapyil\Hb!iil Kos((JI.v~-
.D;HaMeTp, u:11eHT aa-

nonHeHHR 
MM OOMOTK!tl 

cBepxnpo-
BO,ZJ,~Itl!WM, 

• 

I 
750 7 

860 3,3 

1000 2,5 

T a 6 n ~ u a II 

Kos([l((JMUI1- TOK B !1nOTHOCT:O 
eHT sanon- cBepx- TOKa B cnepx· 
H8H~fl 06- npono- 11pOBOl\flll\8il il\11 
MOTKH Ita- i'\Rll\8M Jie' 2 
6eneM, % JKHJie, ajcM 

aM nephi 

24 30 0,6.10 5 

24 50 105 

24 75 1,5.10 5 

l1nOTHOCT:O Bee ,l!JII1Ha '!!11cno MaKCHMan:&-
TOKa B 00- cBepx- Kaoe- BHTKOB HOe IIOJI8 B 
MOTKe, npono.n;- nR, Ka6enR 06MOTK8 
a;ci m.ma B C8KUHH, 

C8KUI1H, KM KrC 
Kr 

0,4.10 4 27,2 7,6 3600 65 

0,33.10 4 II,4 6,4 2540 40 

4 II,O 7,4 2540 30 0,35.10 .. 

'- a• a 

m w ~ m 0 ~ ~ ~ § 
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ITO~H 6~~ ilpOBe~eH TaKme pacqeT KOppeKTHPYIDmHX KaTymeK, pacno~araiDmHXCH y TOPUOB OCHOB

HbiX OOMOTOK. 

OrrTHMa~»HWe reoMeTpHqecKHe xapaKTepHCTHKH KoppeKTHPliDmHx KaTymeK, ~aromHx rroHRme

HHe Heo~Hopo~HOCTH MarHHTHoro rro~H BHYTPH pa6oqero o6~eMa KaMepH ~o 5 ~ 7 %, rrpHBe~eHH 

B Ta6mtue 12. 

Ta6~Hua 12 

BHyTpeHHHH ~HaMeTp KOppeKTHPYIDmHX KaTymeK - 720 MM. 

Hapy~H~ ~HaMeTp KOppeKTHpyromHX KaTymeK - 880 MM. 

PaCCTOHHHe Me~y KaTyWKaMH - 520 MM. 

BHCOTa OT~e~bHO~ KaTyillKH - 80 MM. 

rJIABA X 

PA3MEillEHWE HA ITY~KAX M ITEPCITEKTMB~ PA3BMTHH 
PAEOT 

KaK y~e OTMetiaJioc:o B Hatia~e OT.tieTa, rrporpaMMa HCC~e~oBaHJI!Lf, KOTOpHe rrpe~rroJiaraeT

CH rrpOBeCTJII C ITHTHMeTpOBOM ~H~KOBO~Opo~HOiii IIyS~pbKOBOM KaMepoiii, JI!MeiDilleti pa60tiJI!lt1 OOMM 

60M3, oxBaT~BaeT mHpoKyiD raMMy aKcrrepHMeHTOB no WHSJIIKe CH~»H~x, c~a6HX Jll aJieKTpoMar

HHTHbiX B3aHMO.n;eiiiCTBJI!t1. 0Ha BK~roqaeT Ta~e ITOHCK HOBbiX 1:!8CTHU J11 pe30H8HCOB, KOTOp~e MO

ryT o6paso:B~BaTbCH B pesy~»TaTe BSaJIIMO.n;eiiiCTBHH sHeprJI!l:!HbiX rr- H K-MeSOHOB OOOJIIX SHaKOB, 

a TaR~e npOTOHOB Jll aHTHITpOTOHOB. 

TaK KaK ITHTJIIMeTpOBaH KaMepa HBJiff6TCff B8CbMa MOHyMeHTaJibHh!M COOp~eHJIIeM, paCCl:Il1TaH

HHM Ha ,ll;~HTeJibHHM CpOK SKCITJiyaTaUJIIH, TO ee pasMemeHHe H8 nyqKaX 'll8CTJIIU OT yCKOPHTeJIH B 

CeprryxoBe ,ll;OJIEHO B M8KCHM8JibHOiii Mepe Y'lll1T~B8Tb BOSMO~HOCT:& ITOJiyl:IeHHH Hayl:IHOM JiJHWOPMaUJIIJII 

ITO HaHOOJiee rrepcneKTHBHHM HanpaBJI8HHHM. 

C .n;pyrotl CTOpOHN, KOMTIJI8KC COOp~eHHiii KaMepH ,ll;OJIE8H y.n;atiHO C01:!8T8T:&Cff C cymeCTBYID

IliHMJII JIIJIH TIJiaHHpyeMHMJII SKCTiepHMeHTaJI:&HHMH yCTaHOBKaMH, paCTIOJiaraeMHMH Ha TeX Ee TIY'!!Kax. 

ilOCJie~Hee OOCTOHTeJI:&CTBO HaKJI8.n;HB8eT CYI118CTB8HHOe orpaHHQeHHe Ha BHOOp KOHKpeTHOrO 

MecTa pacnono~eHHH KaK cauoiii KauepH, TaK M Bcex WYHKUJIIOHaJI:&HO CBHSaHHbiX c Hero ycTpoiii-

CTB. 

§ 34. CTpOJI!TeJI:&HHiii KOMTIJieKC 

OpHeHTHPOBOl:IHHiii, Bec~a npe~BapHTeJI:&H~iii nJiaH F03MO~Horo pasMemeHHH KaMep~ noKasaH 

Ha pHc.5I. HOBHe CTpOeHHH, OTHOCHI11JII6CH TOJI:&KO K STOiii KaMepe, OT.MeqeHH nBeTHOiii Map~tMpOB

KOiii. MOXHO BH~eT:&, l:ITO CCHOBHOiii SKCnepHMeHTaJI:&HHti 38JI OpJI!eHTJI!pOBaH B,ll;OJI:& 303MO~Horo 

HanpaBJieHHff IIyl:!Ka HeiiiTpHHO. ITo OCJII STOrO SaJia CO CTOpOHH, npHMHKarome~ K raJiepee 25,pas

Mellla8TCH DHTHMeTpOBaH Kauepa II. CTpoeHJIIH, Haxo~HmM6CH no o6eJIIM cTopoHau aToro saJia, 
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llSTHM6TpOB8H KaNepa B KOMTI~eKCe YCKOpHTe~ Ha 70 raB. I - KOHDUO yCKOpHTe~; 2 - 8KCnepHM6HT8~bH~~ 
+ 

sa~; 3- ra~epes; 4- Kaaa~ nyqKoB ycKopeHHMX qacTHU K-( 20 • 35 raB/c ), p, 0C+\ 20 + 40 raB/c ), 

p,Ji-( ~0 70 raB/C) C HenpepHBHHM cneKTPOM SHeprea; 5- K8H8~ nyqKQB YCKOpeHHKX qaCTHU C npepHBHHM 

CTI6KTpOM SHeprH~ ( 25 + 32 raB/C ); 6- H6RTPHHHH~ K8Ha~; 7 - K8Mepa 11CKaT 11 ; 8- Kauepa 11MHpaOen» 11 ; 

9 - BCnOMOr8T6HDHble TIOM61Jt6HHH KaMep 11MHpaCieJib 11 III 11CK8T"; 10, !6 - BO~Op0~H8ff H reMeBaH KOMTipeCCOpHHe 

CT8HUIIIIII; II - fiHTHM6TpOB8ff KaMepa; I2 - naBJIIXbOH HCfiHT8HJ/Iff III npO~H~KTIIIKJ/I rH~ponpiiiBO~a; !3 - H8COCH8H 

( I-~ aTaa ), nyJlbTOBas \ 2-~ aTax ); I4- sHeproKopnyc; 15- OEHZHT6JibHaH; !7 - uacTepcKHe; IS- na

CiopaTopHHl KOpnyc; 19, 20 - B6HTIII~TOpH8H; 2I - 6MKOCTH xpaHeHJ/IH H 8B8p11IlHoro cCipoca r830B; 22 - 3~eK

TpOM3H8Ji; 23 - 830THbllrt 38BO~; 24- 11~aKe~"; 25 - fi8BJ/IJI:&OH CKBHHPYIOIJtiiiX MarHHTOB ( I-~ 3T8Z ), BHTHllt-

H8fi B6HTK8Mepa ( 2-t,t 3T8Z ) • 
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HecyT Henocpe.z~cT:seHHble CJIYJite6Hbl·e WYHKUIU-t. nouemeHHe, nouetreHHOe Houepou 15, npe.ztHaaHa

qaeTC.FI ,liJI.fl paaueL!18HHH o:atH:atHTeJI:&HbiX ycTaHOBOK. Ero Henocpe.z~cTBeHHbiM npo,liOJIJKeHHeM HBJIHeT

ca KOMnpeCCOpHbiH 3aJI 16, KOTOpbl~t CJIHB8HC:& C llOM81l\8HH814 8H8JIOrHtrHOro H83H8l!8HHH 10, 

ll03BOJI.fi8T C03,li8T:& e,liHHYID uen:& BO,liOpO,liHO-reJIH8BbiX KOMnpeccopHbiX yCT8HOBOK. PeUOHTH~e 

U8CTepCKH8 17 HOCHT BCllOMOraTeJI:&H~ xapaKT8p. ~X H83H8l!8HH8 - 06CJIYJJtHB8HHe BCero OCHO:B

HOrO H :scnouoraTeJI:&Horo o6opy.z~o:saHHH, c:saaaHHoro c Kauepo~. 

C npOTHBOllOJilltHO~ CTOPOHbl OT OCHOBHOrO SKCnepHMeHTaJI:&HOro aaJia H8XO,li.FITC.fl noueme

HHH 12 H I3, B KOTOpbiX H8 nepBOU STa:ate pa3M81l\8IDTC.fl rH,llp8BJIHqecKH8 CHCT8Mbl K8U8pbl. ilpH

qey llOM81l\8HHe 12 npe,liCT8BJI.f18T C060~ ,liByXCB8THbl~ aaJI, o6opy,liOB8HHbl~ ll0,li~8MHHM .KP8HOU. 

0Ho npe.z~HaaHaqaeTCH .llJI.fl npo:se.z~eHH.Fi peMOHTHo-npo~HJiaKTH"Il:eCKHX pa6oT c rM,llpaBJIHl!eCKHMH 

ycTpO~CTB8MH 1 a llOM81l\8HH.fl 13 38HHM8IDTCH llO,ll OCHOBHOe 06opy,liOB8HH8 1 o6ecneqHB8IDil\88 JltH3-

H8,li8HT8JI:&HOCT:& pacmHpHT8JI:&HOrO M8X8HH3U8 KaM8pbl: rH,llpOH8COCN, KOMnpeCCOpbl, rH,llpOaKKy

MyJIHTOpN, ~enJI006UeHHHKH H npoq. Ha BTOpOM 3Ta:ate STO~ qaCTH 3,li8HHH pacnoJiaraeTC.FI U8HT

paJI:&Hbl~ nyJI:&T ynpaBJI8HH.fl KauepOH C rJiaBHbiMH 6JIOK8MH ,liHCT8HUHOHHOrO KOHTPOJiff, ynpaBJie

HHH, CHHXpoHH38IJ;HH, BHayaJI:&HOrO H86JI~8HHH H 8B8PHHHO~ 381l\HTbl. ~S nyJI:&TOBOrO llOM81l\8HHH 

trepea TaM6yp HM88TCH BbiXO,ll B rJI8BHbiH 38JI KaMepbl. Ha:seCH8.fl ranepeg C08,liHHH8T STOT BbiXO,ll 

C :BepXHe~ nJIOil\a,liKO~ Kauepbl. CX8M8THl!8CKH CTpOeHHe flYJI:&Ta llOK83aHO Ha pHc.52. 

llouemeaue 14 saKJimqaeT :s ce6e OCHOBHOe aHepreTMqecKoe o6opy.z~o:saHMe. 3.z~ec:& Haxo

.llHTCH CHJI:&HOTOqHble arperaTbl llHT8HMH C:BepxttpOBO,li.FIIl\8rO COJI8HOM,ll8 K8M8pbl H CHJIOBble ycTa

HO:BKH o6mero aHeprocHa6aeHHH. 

raJiepeg 25 H806XO,liHM8 ,liJl.fl pa3M81l\8HHH uarHHTHbiX HMnyJI:&CHbiX paa:sepTbiB8IDil\HX ycTpO~

CTB, o6ecnequ:sammHX maro:soe OTKJIOHeHHe nyl!Ka aapallteHa~x qacTHU. 

]a60paTOpH~ KOpnyc, nouetreHH~ HOUepoy 18, HBJIH8TC.FI OCHOBHhlM M8CTOM H8X0Jit,li8HHH 

nepcoHaJia, aaHHToro :s aKcnepMueHTax Ha Kauepe. OH coa.z~aeT TaKJKe Heo6xo.ztHMNe ycnoBMH 

,liJIH npOB8,li8HMH npe,liB8pMT8JI:&HO~ o6pa60TKH 3KCnepHU8HT8JI:&HOrO M8TepHaJia H U8TO,l1Ml!8CKHX 

HCCJI8,liOB8HHM, HanpaBJI8HHbiX Ha YJIYliW8HH8 K8l!8CT:B8HH~ llOK838T8Jie~ HCllOJI:&ayeuoro o6opy

,liO:B8HHH. 

0lltH:atHT8JI:&Hb18 ycTaHOBKH Kauepbl CMOryT pa60T8T:& C Tpe6yeyo~ npOH3BO,liHT8JI:&HOCT:&ID 

TOJI:&KO llpH ycJIOBHH H8KOTOporo y:BeJIHl!8HH.fl npOH3BO,liCT:B8HHO~ MOil\HOCTH CYil\8CTBYIDil\8rO 830T

HOrO 88BO,lla. Heo6XO,liHMOe pacmMp8HH8 38BO,ll8 6y,lleT CBH38HO C npHCTPO~KO~ K Heuy ,liOllOJIHH

TeJI:&HOrO DOM81l\8HHH, llOK&S8HHOrO H8 pHCo5I llO,ll HOMepou 23. 

~H XpaH8HHH IJ;8HHNX raaOB-,li8~TepHH H H80H8 - npe.z~ycMaTpH:BaeTCH llJIOil\8,liK8 CO C~epH

qeCKHMH 8MKOCT.FIMH 21, KOTOpaH ,liOJIJKHa 6NT:& Y.ll8JI8H8 OT OCHOBHOrO KOMllJI8KC8 COOpy:ateHH~ Ha 

paCCTOHHHe 30Q-400 Yo C npOTWBODOJIOJltHO~ CTOpOHbl (Ha pMC.51 He nOK838HO) ,liOJIE8H HaxO

,liHT:&C.FI TOpmep C ~K8JIOM ,liJI.fl C:atHrSHH.fl BO,liOpO,lla B a:sapH~HOM CJiyqae. 
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HarJIH~Hoe npe,n:cTaBJieHHe o IIOJIHOM aHcau6Jie CTpOHTeJII.Hb!X coopyJKeH~-~:11 ,n:aeT p:ac.53 • 

PasMeli\emw KaMephi B rrpe~eJiax s.z~amm rroKasaHo Ha p~-~:c.54. KaMepa ycTaHaBJII-I:BaeTcH 

H3. MaCCli!BHOM tlJyH,n:aM8HT8, 008CII8trli!Ba!Olll8M OTCyTCTBlll8 Bh!XO,llflll\li!X sa Ilp8,l\8Jlhl HOPMhl BV!6pa-

4Ttl~ IIpV pa60T8 paCillHp:TtiT8JII.HOrO M8XaHiti3Ma. 0,Z~HOBp8M8HHO C 8THM iJ)yH)\aMCHT CJiy;KHT CMJIO

Bh!M 3B8HOM, OCYll\8CTBJIHIOJIIHM M8XaHHti8CKyiO CBH3I. M8lK~Y KOpnyCOM KaMepb! V! rM)IpaBJI:1ti8CI<l1M 

rrpHBO.liOM pacwHpHTeJI:nHoro MexaHHSMa. ~YH.llaMeHT HMeeT CJIOJKHYIO KOHwurypa~HIO, KOTopaH o6-

ycJIOBJieHa H800XO,llli!MOCTI.IO pa3M8ll\8HHfl B 8TOM paviOHe Cne~HaJII.Hb!X MOHTMHO-T paHCIIO pTHh!X 

Ilpli!CIIOCOOJieHHJ.1, a TaiOKe CIIOCOOOM KpenJI8Hli!H K HeMy OIIOpHOi1 nJiaTlpOpMbl rH,l\paBJilllti8CKOrO 

IIPHBO,lla. 

·~JIH npOB8,l\8HHH peMOHTHO-IIpOWHJiaKTHqeCKitiX paooT, CBH3aHHh!X C pa360pKOW pacrnVIpV!T8JII.

HOrO YCTpO~CTBa KaM8phl, HJIH rH,Z~paBJIHtr8CKOrO UHJIHH,llpa, nOCJI8,l\HH8 ,ZIOJilKHhl TpaHCnOpTV!pO

BaTI.CH B CII8UHaJII.H08 IIOM811\8HHe, 06opy,ZIOBaHHOe CT8H,li8.MH H MOHTalKHblMH rrpMCIIOCOGJI8HHHMH. 

TaKOe nOM811\8HH8 rrpe.z~ycMaTpHBaeTCH B H8IIOCpe,n:CTB8HHOH OJIH30CTH OT OCHOBHOrO saJia KaMe

phi. TpaHilleH, V!M8IOll\aHCH rro.z~ KB.Mepoi1, .z~aeT BOSMOlKHOCTI. ocyll\eCTBJIHTI. Heo6xo,Z~HMbie ne peue

meHHH yKa3aHHblX Bblllle ysJIOB. 8Ta lK8 TpaHill8fl CJIYJKHT ,ZIJifl TIPOKJia~KH KOMMYHHKaUHM. 

lJTOObl HM8TI. B03MOJKHOCTI. ITpOBO,ZIHTI. pa60Tvl no peMOHTy H MOHTalKY OCHOBHb!X ysJIOB Ka

Mepb! (Koprryca, COJI8HOH~a, KpHOCTaTa, BaKyyMHOrO KOlKyXa H T.rr.),OCHOBHOM 8RCII8pHM8HTaJII.

HblM SaJI OOOPY.l\Y8TCH ~ByMfl KpaHaMH C rpy30IIO,li~8MHOCTI.IO 200 T. H 5 T. 

B saKJIIOtreHHe OTM8THM, trTO oom~-~:u TpeooBanHeM K aKcnepHMeHTan:nHoMy sany H rroueme

HHHM IS H I6 (cM.pHc.5I) HBJIHeTCH ooecrretremm nsphiB06eaonacHocTH Bcero ycTaHaBmmaeMo

ro B HHX o6opy~OBaHHH. CaMH rrouemeHHH ,ZIOJIJKHbl 6HTI. Bh!IIOJIHeHhl c nerKoi1 KpOBJiet1 V! m{eT:n 

~OCTaTOtrHyiO IIJIOll\a)\I. OCT8KJI8HHfl. Ms HaHBh!CillHX TOtreK IIOM811\8HHH rrpe~ycMaTpV!BaeTCfl ec~eCT

B8HHaff Bb!TffJKKa. KpaTHOCTI. o6Mena Boa.z~yxa aa ctreT ~ei1CTBHH rrpHHY~HTeJI:nHoJ.:l neiiTHJIHUHH B 

HOpMaJII.Hb!X YCJIOBHHX ,l\OJIJKHa COCTaBJIHTI. 5 H B aBapHMHOM CJiytrae - 30. ITrHTQqHhl8 B8HTHJIH

UHOHHble KaMepb! 19 Ttl 20 ,ZIJIH HaHOOJI88 8W<J>8KTHBHOrO liiX ,l\8~CTBTtiH paCIIOJiaraiOTCH C o6e;nc CTO

pOH OT aKcrrepHMeHTaJI:nHoro sana, a Bh!TfflKHh!e - Ha~ raJiepee~ 25. 

§ 35. ITporpaMMa HaytrHO-M8TO,Z~HqeCKHX H KOHCTpyK

TOpCKHX paapa60TOK 

Coa~aHHe CBepx6oJI:nmHx lKH.l\KOBO,llopo~Hh!X nyahlpi.KOBbiX Kauep, HM8IOll\HX HaCTO~I.Ko rpaH

.liH03Hh!e MaC!!!Ta6bl, tiTO HX MOJKHO CpaBHHTI. C yCKOpHT8JI8M cpe~HIIIX pa3MepoB, COBM811\8HHbiM C 

3aBO,l\OM ITO IIpOH3BO,ZICTBY lKH,ZIKOrO BO,l\OpO,lla H reRHH, 8CT8CTB8HHO, Tpe6yeT TaKOM opraHHSa

UHH paOOT, TIPH KOTOpOll HaytrHO-M8TO~Hti8CKH8 III KOHCTpyKTOpCKHe pa60Thl no HaH60Jiee Tpy,n:o-

8MKHM yaJiaM ocymecTBJIRIOTCR rrapanneJI:nHo. ITpH aToM ~OJIJKHO rrpe~ycMaTpHBaTI.CH tracTIIItrHoe 

rrepeKph!TIIIe CpOKOB Ilp08KTitipOBaHJIIH Ttl III3rOTOBJI8HIIIH KaMepbl, a TaKJKe CY11\8CTB8HH08 onepeme

HH8 COOpylK8HHH CTpOIIIT8JII.HOrO KOMnJieKca. 
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CETEBad I'PA4)1/lK llPOBEiJlEHIMi PABOT llO KAMEPE 

Co~apJKaHme 

pa6oTbl 

Mo~eJI]) Ka.Mepbl 

Ka.Mepa 

CoJieHom~ 

ma cBepxnp. 

PacnmpmT. 
CHCT8Ma 

OnTWi. 
ycTp-Ba 

BaKyyM. 
CHCT6Ma 

CTpOHT. 
KOMTIJI6KC 

KpmoreHHble 
CHCT6Mbl 

Kopnyc 

BaK. KOl!t. 

KpmocTaT 

06MOTKa 

Ka6em:. 

llHJIHH;l(p 

llopmeH:& 

rPI~PaBJI. 

lllJIJIIOMHHaT. 

06TJeKTHBbl 

4)oToannapaT 

ArperaTbl 

llpm6opbl 

8Kcnep. aaJI 

JJ.pyrme a~aH. 

OlltHJKJIIT. yc-na 

TenJiomaoJlflu. 

YcnonHue o6oaHa~eHHH 

1967 1968 1969 1970 

rnn - r!ll;n;pamlliqecrme liJ Hp - HaJia;n;oql{hiC pa60Thi; 

a11 - 11cnuTaHMH nplll aaOTHow T; naKyyMHhle !llCllhiTaH!IIH; rrs - npoer\THoe aa;n;aH!IJe; 

n;n; - !IICithlTaH!Ilfl rrpk'l no;n;opo;n;Ho£1 T; lil3r - lil3roTonneHlilei 111/l - rrycKOBhle lilCITbiTaHk'!H; 
Blil - naKYYMHLie lfCIThiTaHIIlfl: Mp - MOHTaJ!.tHhl8 paOOThli np - rrp08KTiilpOBaHk'!8; 

1971 1972 1973 

p!ll - paspaOOTI\a H !1CTibiTaHH6; 

c<5 - coopr\a; 

0!1 - CT6H;D;OBU6 liJCTihlTaH!IIflt 
CTP - CTPO!IJT6Jl:OCTBO. 

-, . .,.-,.·7,1111 

i 



err 

ylf 

1'\ /T 
-./ I / 

ao -IU :,..--,-
ooe·g-1\r_l . ~~~ r=----- ti!IIIIA "lou= 

I' 

NOhllli , ~~ -~ 
ill 

I~ 
§ 

I'LJ 
8 r--

·5 

m II 
a :;a 

l .-%z 
~ 

r--t---1 -

r;..~zl; 
ODD CJCJCJ CJCJCJ DOD DOD ODD D-OD 
ODD DCJCJ DOD ODD DOD DOD ODD 

11-11 ou 



• 

floB-1 

Puc. 54. Paaue•eaue xauep~ B axcnepuueataXDaou aane. I - xauepa; 

2- ru~ponpuBo~; 3- onopaas-naa!Wopua ra~onpHBo~a; 
4 • !pauen, cn;rzall(aH ~M paa<Sopxu ru~ponpaBo~a; 5 - uar

BB!md aKpaa; 6 - WYB.ltmieat. 
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~H Toro, qTo6H cocTaBKTD ce6e o6~ee npe~cTaBneHKe o uacmTa6ax npe~nonaraeyo~ 

paapa60TKK, Ha cTp. III npKBe~eH noaTanaH~ rpawKK BHnonHeHKH pa6oT. ~a npKBe~eHaoro 

rpaWKK8 BK~HO, qTQ llpK 6naronpKHTHOM CTeqeHKK 06CTOHTenDCTB KaMepa MOrna 6H 6HTD CMOH

THpOB8H8 B I972 r. K rrocne He06XO~KMHX HCDHTaHHH BBe~eHa B SKCnnyaTa~HD B cepe~HHe 

I973 r. 

§ 36. OueHKa CTOKMOCTH COOpY!eHHH 

llpOB6CTK KOppeKTHyiD O~eHKY aaTpaT, CBH38HHHX C COOpy.EeHH6M K8Mepy, 6ea nonHoro 

3H8HHH MeCTHHX ycnOBKH K 6ea yqeTa BC6X COCTaBnHID~HX CTOHMOCTH He npe~CT8BnH6TCH BOS-
-~ 

MOKHHM. 0~H8KO HeKOTOpaH OpK6HT8~HH B MaCmTa6ax CTOKMOCTH coopyzeHKH MOXeT 6HTD nony-

qeHa HS paCCMOTpeHHH npe~naraeMO~ HHZe cne~KWHKa~HH CTOHMOCTH COOpyEeHHH, B KOTOpO~ 

yKaSaHH npe~ITOBOEHTenDHHe 38Tp8TH, OCHOBHB8~6CH H8 T6X npe~B8pHT6nDHHX H60WH~H8nDHHX 

CBe~eHHHX, KOTOPHMH pacnonaranH 8BTOPH HaCTOH~ero OTqeTa H8 ~aHHOM aTane. B cneuHWHKa

~HD He BKnmqeHH CTOHMOCTH ~e~TepHH H H60B8, KOTOpHe Be RBnHmTCR COCT8BH00 qaCTDD CTOH

MOCTH COOpyEeHHH. C yqeTOM C~enaHHHX BHme OrOBOpoK, MOKHO nonaraTDt qTQ CTOHMOCTD yr.Ta

HOBKH B BO~OpO~HOM B8pH8HTe He BHH~eT cy~eCTB6HHO 38 npe~enH 24 YnH.py6. O~HaKO K STO~ 

cyuye ~06aBHTCH p8CXO~H, CBHSaHHHe C H8yqHO-MeTO~HqeCK00 ~eRTenDHOCTDD H8 STanax paapa-

6oTKH, pacxo~H aa npoeKTHPOBaHHe, a TaKEe Ha aaroToBneHHe uo~enz KaMepu B coneao~e Hs~ 

CBepxnpOBO~HHKa. 3TH paCXO~ ~OITOBHHTeBDHO COCTaBRT 2,2 KnH.py6. 

CneijHWHK8UHR CTOHMOCTH COOpY!6HHR KaMepH 

I. Kayepa: 

a) Kopnyc c Tennoo6ueHHHKaMH 

6) 
B) 
r) 
~) 

BaKJJKHHI xoayx ........••......•................. 
TenBOHSOnHUHft •••••••••••••••••••••••••••••••••••• 
BaKyyYHOe o6opy~OB8HH6 (CTa~apTHOe) ••••••••••••• 

BaKyyKHOe 06opy~OB8HH6 (cneuH&nDHOe, B3PHB038~-
IQ6HHOe) • ••••••••••••••••••••••••••••••••••••••••• 

2. PacmHpHT6nDH8H CKCT6K8! 

MnH.py6. 

0,8 
0,7 
O,I 
0,2 

O,I 

I,9 

a) ~~p C HanpaBnR~K BTynK8MH 1 ynnOTHHT6nDHH-
MH aneueHTSMH a Tennoo6ueHHHK8MH................. O,I 

6) rHnD88 C yqeTOM XPOMHPOBaBHR H XOHHHrOBaBHR...... O,I 
B) nopmeBD x m~oK................................... 0,4 
r) r~ponpHBO~ C Kn&DaH8KH.......................... 0,3 
~) CBCT6K8 ynpaBneHHS............................... 0t2 
e) 06opy~OB8HH6 r~paBnzqecKOH CHCT6KH.............. 0,25 
z) TOpo~anDHHH CHnDWOH C ~H~eu.................... 0,25 

I,6 

II4 • 



• 
3. MarHHT-co~eHoan: 

a) 06IIOTIC8. .................................. 
KPHOCTaT C KaTymKaiiH H 6aaAa&aiiH ••••••••••• 
CHCTeMa RHTB.HHH • • • ••••••••••• • •••• • ••••••• • 

5 
0,6 
O,I 

6) 
B) 
r) cmcTeKa sa~TH............................. O,I -----

4. 0HCT611a WOTOrpawzpoBaHHH: 

a) 06~eKTKBH ~ea cwep~eCKKX ~EIIHHaTOpoB •••• 
6) ~OToannapaTH C aBTOIIaTHll6CKHIU4 IBJIJ)SaJIH •• • 
B) .Hn~DYHHaTOpH (B~~aH KOHCTPYKUHm) ••••••••• 

5,8 

0,2 
0,5 
0,2 

r) cKoTqxaiT.................................. O,I -----
5. CKaHKPYmmaH CHCTeua: 

I,O 

a) HIIRY~DCHaH KaTymKa C o6opy~OB8HH6U......... 0,8 
. 6) OTK~OHH~Ke uarHHTH•••••••••••••••••••••••• 0,5 

B) HCTOllHHKH RHTSHHftooo••••••••••••••••••••••• 0,2 -----
6. KpmoreHHHe cHcTeUH: 

1,5 

a) OZHZHT6~H C ~eTaH~epaiiHoo•••••••••••••••••• 2,5 
6) CHCTella XpaHeHHft llt~KHX raaoB •• •••••••••••• I,O 
B) BBapzlHHe CHCT611Ho••••••••••••••••••••••••• 0,5 
r) CHCT611H TpBHCfiOPfKPOBKH CZHZ6HHHX raaOB.... 0,5 
~) Kounpeccopaoe o6opy~oBaaee................. 0,5 --------5,0 

7. C':rp9HT6~DHHI KOKn~6KC: 
a) pacmHpeHBe aSOTHOrO SaBO~a••••••••••••••••• 0,5 
6) OCHOBHO~ 3~ H WYH~aii6HT................... 0,8 
») KRC!epCKHe................................. 0,4 
r) raJiepea. . • . • • . . . . • . . . . . • . . . . . . . • • . . . . . • . . . . 0, 3 
~) se~eaaas ~opora............................ O,I 
e) OZKIHT6~DH0-KOIIRp6CCOpHas.................. 0,5 
E) ny~DTOBaH H r~paB~Kll6CKaft................. 0,4 
a) sHeproKopnyc H odopy,ll;oBaHHe o6lllero sasHalleHHft 0,7 
H) B6HTH~HUHOBHHe ~0116lll6HHH................... 0,2 
K) ~adopaTOpHH~ KOpnyc ••••••••••••••••••••••• _. __ _.0~,~6 __ 

4,5 
0,6 a. llpm6opY, czcTeu~ czraaxeaa~• • KOBTpons ••••••••••••• 

9. MarHH~BaH aa•aTa •••••••••••••••••••.••••••••••••••••• 

IO. Pacxo~ sa npoeKTHpoBaBHe • uo,ll;e~apoBa&He •••••••••••• 

CYMMAP~E PACXO~ •••••••••••• 

IIS 

2,0 

2,2 

26,1 
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OCHOBHbiE PESYJIDTATbl 

I. lloK83aHo, qTo Kauepa ~eaueTpou 5u H r~y6HHOI 3u Kounpoumccuo y~oB~6TBOpHeT nenouy 

PH~Y Tpe60BaHHR, BHT6KaDmMX Ha PH~a ~HaH~eCKHX a~aq, HHT6peCHHX B o6~aCTH SHeprel ~0 

70 raB. TaKaH KaYepa HBHReTCH H~ean»HHU ~eTeKTOpOU C06hlTHR, BHSBaHHMX H6lTpHHO. 0Ha B08BO

HR6T H~6HTH~HUHPOBaTb npoueccu, B KOTOpMX o6paayeTCH H6CKOXDKO H6HTpan»HHX qaCTHU, H npo

B6CTH ~eTaXDHOe HCC~e~OBaHHe B8aHUO~eHCTBHi renepOHOB C npOTOHaue. laBaH B08YOEHOCTb nony

qHTb UaKCHUan»H06 qmcxo CB6~6HHI 0 npmpo~e BTOpBqHHX qacTBU B 0 RHH6YaTHK6 HaH~6HHOrO C06H

THH, DRTBU6TpOBaH Kauepa HB~6TCH Haa6onee BOAXO~H~U npB60pOU ~~ 06HapyE6HHH H60EH~aHHHX 

HB~6HBH B HOBOH o6naCTH SHeprml. .• 

2. KoHCTPYKTHBHO Kauepa BHnO~H6TCH B BH~e B6pTBKaXDHOrO UBnHH~pa C HBKHHU pacno~oze

HH6U pacmepHT6XbHOH CH.CT6UY. 

3. B cacTeue pacmepeHHH Kauepu npmueHHeTCH nnacTuaccoB~ nopmeRb c re~paBneqecKHu 

npHBO~OU. PaOoqal o6~eu KaYepu repYeTeqHO OT~6HR6TCH BO~BHZHHU ~HH-6U OT npocTpaHCTBa, sa

HHTOrO pacmHpHT6XDHYU U6XaHH3MOU. llo~BHEH06 ~HH•e 06ecneqmBaeT paBHOU6pH06 pacmmpeHHe EH~

KOCTH B npe~e~ax BH~HMOH 00~8CTH Kauepu. 

4. B KaqeCTBe CHCT6UH ~HR COa~aHHH uarHHTHOrO BOHR HCBOXDsyeTCH CBepxnpOBO~~~ CO~e

HPH~. Ue~~peqecKaH ~opua Kauepu saenyqmmu oopaaou y~oB~eTBOpHeT Tpe6oBaHHHu, BYTeKam~ 

HS KOHCTpyKTHBHHX OC066HHOCT6H C0~6HOH~a. 

· 5. B Kauepe mcnon»syeTCH cecTeua ~oTorpa~mpoBaHmH Ha cBeT~ou no~e c npaueHeHaeu 

cKoTq~alTa. ~oTorpa~epoBaHHe pa6oqero o6~eua ocy•eCTB~eTCH qeTypbUH ~oToannapaTaue, CHa6-

zeHHYYH 06~eKTHBaMH THBa n~~eKTOrOH" C yr~OM BOHR apeHHH 90°. 
6. COBU6CTHO C KaYepol HCBOttbsyeTCH paaBepTYBaD•aH CHCTeua, KOTOpaH BOSBOHR6T paBHQ

uepHO pacnpe~enHTb BXO~HmMe qacTHUH no ee pa6oqeuy o6~euy. 

7. llo npe~BapHT6nDHYU OU6HKaM CTOHMOCTb npoeKTHpOBaHHH B COOpy.E6HHH Kauepu ( BKXDqaH 

CTpOHT6XDHmi KOMBHeKC ) COCTaBHT 26 M~. py6. 

oooOooo 

llpa BHn0~6HHH H8CTOH.6H pa60TH 6on»maH HOMO~ aBTOpau 6Y~ OKaaaHa CO CTOpOHH pH~a 

no~pas~e~eHBl, a TaKEe OT~6XbHHX COTpy~BHKOB 06~e~HB6HHOro HHCTHTyTa H~epHHX BCC~e~OBaHBH. 

llpe~e Bcero aBTOpY cqmTaDT CBOBM BPBHTHYM ~oxrou no6~aro~apBTb COTPY~HBKOB KpaoreH

HOrO OT~e~a nBS sa o6c~eBBe pH~a BOBpOCOB, S8TpOHyTHX B OTqeTe, a Taxze KOHH6KTHB OT~e~a 

6asBCHHX ByqBCnHT6JibHMX MamBH KBTA, o6ecneqmBut.t BHBO~elme MHOrHX CHOJltHHX pacqeTOB. bT()

py npHaHaTeHDHH ~6opaHTaY H T6XHBKaM KauepHOrO OT~ena, KOHCTPYKTOpCKOrO 6mpo B ~OTOXa6o

paTOPBB Ball sa 6on»mym HOMO~ B O~OpMX6BBB pa60TY, a TaKEe B.H.IaxymKBHOI, BHnOHHBBmel 

6ucTpoe neqaTaHB6 T6KCTa C pyKOUBCBHX uaTepBanoB. 
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llPHJIOJKEIUfE 

B rrpo~ecce paspa60TKH ITRTHMeTpOBO~ EH~KOBO~OpO~HO~ KaMepH 6hlRO paCCMOTpeHO He

OKORbKO BapHaHTOB HCITORHeHHfl pacmHpHTeRbHO~ CHOTeMH. CxeMaTHqeCKHe qepTe~H KaMepH C 

pasnHqHHMH HcrronHeHHaMH pacmHpHTeRbHO~ CHCTeMhl rrpe~cTaBneHH Ha pHc.SS-59. B xa~~OM 

Hs BapHdHTOB ooecrreqHBaeToa rronHaa repMeTHsa~Ha paooqero o6~eMa KaMephl H BHCOKaH paB

HOMepnocTb pacruHpeiiHR lKH~KOCTH. 

CpaBHHTeRbHO~ rrpOCTOTO~ OTRHqaeTCR ysen H3MeHeHHH OO~eya (pHc.55), BhliTOnHeHim~ 

B BH~e ITO~BHlKHOrO ~HH~a, npHKpenneHHOrO K KOprrycy KaMephl ITpH ITOMO~H TOpOH~anbHOrO 

CHRbWOHa C rrepe~aqe~ yc~RHH OT rH~pviTpHBO~a qepes WTOK. K He~OCTaTKaM ~aHHOll CHCTeMhl 

OTHOCHTCH JKeCTKHe Tpe6oBaHHH, npe.zt~RBnaeMhle K paOOTe rH~ponpHBO~a ( OC06eHJ!O B aBa

pH}iHOM pelKHMe) i HanHqHe OORbWHX ,ZJ;BHlKymHXCH Mace; B03MOlKHOCTb B03HHKHOB8HHR TOKOB 

~yKO I!pH ~BHlKeHHH ,ZJ;HH~a B HeO~HOpO~HOM MarHHTHOM none; H800XO~HMOCTb C~eMa T8ITROBOrO 

ITOTOKa C ~BHEy~erOOH mTOK8. 

Ha pHc.56-58 rrpe~OTanneHhl BapHaHThl KaMephl C paarpylK8HHhlM ITO~BHlKHhlM ~HHmeM. 0TRH

qHT8RbHO~ OCOOeHHOOTbD 3THX BapHaHTOB HBRHeTCH HaRHqHe ITOpniHH (~ 2500 MM), HMeDmero 

CpaBHHTenbHO OORbWO~ XO~ H rrepe,n;a~ero yCHRHe OT rH~porrpHBO~a K ITO~BHlKHOMy ~HHmy 6onb

ruoro ~HaMeTpa qepes ITpOMeEyTOqHyD EH~KOCTbo Bo3MOEHH ~B8 TMITa ITO~BHlKHOrO ~HH~a - XO

RO~HOe (pHc.58) H TerrnOHSOnHpyDmee (pHo.56, 57). B B8pH8HTe C XORO~HhlM ,ZJ;HH~eM rrpoMe• 

EyTOqHo~ lKH~KOCTbD HBnReTCH rrepeoxnaJK~eHHhl~ lKH~KH~ BO~opo~, T8K qTO rropweHb pa60TaeT 

B yCROBHHX HHSKHX TeunepaTyp. H~eEHOCTb H ~ORrOBeqHOCTb pa60Thl ITOpruHeBhlX yiTROTHeHH~ 

Taxoro 6onbmoro ~HaMeTpa rrpH 6onhmHX y~enhHhlX Harpysxax, pa6oTaD~HX 6es CMaSKH B yc

noBHHX HH3KHX TeunepaTyp, YOryT OK838TbCH BeObM8 HeBhlCOKHMH, ITpHqey nD6aa Herrona~Ka 

B ITOpmHeBOM YCTpo~CTBe ITpHBe~eT K He06XO~HMOCTH OTOrpeBa BCe~ KaMepH. 

B CBH3H C 3THM BapHaHT C TeiTnOHSOnHpy~ ~H~eM (pHc.56, 57) o6n~aeT orrpe~eneH

HHMH rrpeHYy~eCTBaMH. B 3TOY BapHSHTe yrrnOTHeHHe rropmHH He HBnHeTCH npo6neuoH, ITOOKOnb

Ky npoueEyTOqHaH ~OCTb HM66T KOUHaTHyD TeunepaTypy. ITpH STOY Ha~eEHOCTb H ~onro

BeqHOCTb yrrnOTH6HHH uoryT-OhlTb BeCbM8 60nbWKMH, a B cnyqae ero ITOnOMKH He BOSHHKaeT 

Heo6xo.n;HYOCTH B OTorpeBe Kauepy. ~H Toro, qT06H o6ecrreqHTb ~na ~HH~a xoporuHe Tenno

HSORHPYD~He CBO~CTB8 H YCTO~qHBOCTb B ycnOBHHX pa60Thl H8 CZ8!H8ITPH OTHOCHTenbHO Ma

nou Bece, OHO BhliTOnHH6TCH B BH~e COT006pa3HO~ KOHCTpyKUHH. C~eCTB6HHhlM He,ZJ;OCT8TKOM 
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BapHaHTa C TeiTnOHSOnHpyiDmHM ITO~BH~HHM ~HH~eM HBnHeTCH HanRqHe ~Byx CHn»~OHOB 6onD

WOro ~HaM6Tpa, OT ~onroBeqHOCTH KOTOpHX 6y~eT SaBHCeT:O pa60TOCITOC06HOCT:O KaMepH. 

BapHaHT KaMep~, HSO?pa~eHHH~ Ha pHC.58, npe~yCMaTpHBaeT BOSMO~HOCT:O BhlHece

HRH OCHOBHOrO pas~eMa pa6oqero 06~eMa. Ka»epu B Tennym SOHy. 8THM ~OCTHraeTCH BUCO

KaH Ha~e~OCT:O ynnOTH8HHH. 0~HaKO ~nH TOro, qT06H ynnOTH8HHe HaXO~HnOC:O npR KOMHaT

HOM TeMnepaType, ~nHHa TennOBOrO MOCTa ~On~Ha COCTaBnHT» He KeHee 3 M. ilpH STOM B 

sasope Me~~Y ~HnHH~pRqecKHMH o6eqaUKaMH TennoBoro MOCTa BOSHHKaeT rasoBaH no~ywKa. 

~nfl Toro, qTo6hl Hsoe~aT» npoHHKHOBeHHH rasa Hs sasopa B pa6oqH~ o6~eM KaMepH B uo

MeHT pacumpeintH, H606XO~HMO 11M6T:O TaK~e XOnO~HOe ynnOTH6HHe. ilpaB~a, Tpe60BaHHH K 

XOnO~HOMY ynnOTH6Hl1ID B STOM cnyqae OKaSb!BaiDTCH MeHee lK60TK11MH. 

Ha pHc.59 npe~CTaBneHa KOHCTPYKUHH KaMep~, r~e B C!1CT6Me pacmHpeHHH HCITOn:osy

eTCH snacTHqHaH MeM6paHa, no~~loiMaeMaH ,n:aBJieHHeM rasa. MeH:omYiti Bee ~BH~Y~HXCH qac

TeU B STOM BapHaHTe nosBOJIHeT nonyqHT:o MeH:omee BpeMH pacmHpeHHH. O~HaKo c sHepre

THqecKOH TOqKH speHHH BapHaHT C M8M6paHO~ M8Hee BHrO~eH, qey nopmHeBO~. 
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Pee. 55. BapaaBT DRTHU8TpOBOl ZE~KOBO~OpO~HO" KauepH C no~BBZHHU ~HE~8M ( BBZB88 pac

nonozesme pacmHpBTenDHoro ycTpolcTBa ). I - BaKYyYBHl Kozyx; 2 - ~epuocTaTH

PYD._l 8Kpaa; 3 - reneeBHI KpHOCTaT; 4 - COnBHOH~; 5 - nepBCKon; 6 - S~TB~ 

KOZJ.X WOTOannapaTa; 7 - BX~UEH8TOp; 8 - UHOrOCXOlBa& TennOBSOnHUHH; 9 - KOp

nyc KauepH; IO - no~BHZHOe ~BH~e; II - Topom~anDBHI caX&Wos; I2 - no~BeCKa 

KpaocTaTa; I3 - onopa BaKYYUHoro Kozyxa Kaueps; I4 - re~ponpHBo~; IS - .Tenno

BaonepoBa&HHI KaHan; I6 - ynnOTB8HBe; I? - SKPaH T8pUOCT8TBPOB8BHR HXXIDYBHa

TOpa. 



Pwo. 56. BapHBHT DHTHU8TpOBOI SH~KOBO~OpO~HOI K8U8p~ 0 T8UXOB30nHpyD .. U paarpyseHHHU UO~

BH~H~ ~Ha~eu e Tennuu uopmHeu ( &maHee pacuonoaeBKe paommpmTeX&uoro ycTpoloTBa). 

I - BBKYYMH~ KOayx; 2 - T8pUOOT8TBPYD... SKpaH; 3 - OOHOBHOI T8UX006U8HHBK; 

4 ~ CTa6BX~3BPYD~~ T8UX006U8HHBK; 5 - SKPBH T8pUOO~THpOB8HBH BXHDMHHBTOpa; 

6 - renmeB~ KpHOOTBTi 7 - OOX8HOB~; 8 - uepBCKOU; 9 - 38--THHI ROXyx ~OT08Dn8-

paTa; IO - annmuaHaTop; II - uHorocnoluaa TennoesonHQHa; I2 - Kopuyc Kauepa; 

I3 - T8UXOH30nHpym~ee pasrpyaeHH08 UO~BBEH08 ~BB~e COT006p83HOI ROHCTpyxnBB; 

I4 - XOXO~B~ TOpOB~8X&HHI CB~OH; IS - T8UBHI TOpOB~BX&HHI CB~OH; I6 - UO~

B8CK8 KPHOCTBTB; I7 - ouopa ROpnyca Kauepa; IS, 25 - T8UX006M8BBBRBi I9 - BBapBI

Hai R8pUaH B ~Dm8pHOM BCUOXH8HBB; 20 - OUOPBBH pemeTRB; 2I - T8Uxai nopmeBD; 

22 - o6~u c Tennol aH~ROCTDm; 23 - rB~ponpaBo~; 24 - onopa BBRf.YUBoro xoayxa 

Rauepa. 
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Pmc. 57. Bapmaar-narmueTpo»oa &HAKOBO~opo~aol Kauep~ c rennoaaoxapym_.u paarpy.~eaaHY no~

BHEHHY ~HHmeu H rennYu nopmaeu ( Bapxaee pacnonoaeaHe pacmapmren&aoro ycrpolcrBa~ 

I - BBKyyYHHI KOayx; 2 - T8PUOC!8THPY~~~ 8KP8Hj 3 - OCHOBBOI T8DJI000Y8HBBK; 

4 - CT80HnHSHpym._l !8UJI000M8BBBK; 5 - renBaBHM KPBOCTBT; 6 - COJI8BOB~j 7 - nepBC

KOn; 8 - s~TBHl Koayx woroannapara; 9 - Bnn»YHHBTop; IO - uaoroonoKaas rennomao

na~a; II- Kopnyc KauepN; I2- DB8B8Dm8ft CT8HK8 COT000p88BOK KOHCTpyK~B; I3-xo

JIO~Hbll TOPOB~ana~ CB~oa; I4 - TannYI TOPOB~am.IINK CH~OHj 15, 25; 26 - !8MO

o6ueHBBKB; I6 - noaaoe ~BBme; I7 - no~BecKa Kopnyca Kauep~; 18 - mapHKOBYe ynopy; 

I9 - onopa coneaom~a; 20 - onopaaa pemerKa; 2I - TennYI nopmea~; 22 - oO~eu c ren

nol &H~KOCT~m; 23 - rH~ponpHBo~; 24 - onopa Baxyyuaoro Koayxa; 27 - re~paBnuqec-

KBI ~ouKpar. 
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fBC. 58. BapHaH~ nRTHYe~pOBO~ EB~KOBO~OpO~HO~ K8U6pY C XOnOAHHN pasrpyzeHHHU DO~BHEHHM 

~HH~eu, xono~a~ nopmaeu m ynno~sesaeu Kopnyca Kauepy, BYHeCeHHYM B ~ennyiD soay. 

I - B8KYyYHHI Kozyx; 2 - T6pUOCT8THPYID~I SKpaa; 3 - renaeB~ KpBOCT&T; 4 - CO

neaoa~; 5- nepacKon; 6- sa~T&Ye KOZYXH_ ~otoannapaTa; 7, I6, 21, 22, 25- ~e

nnoo6ueHHmKB; 8 - mnnmumaaTop; 9 - uaorocno~uas Tennomsoxsuas; IO - Ropnyc KaUe

py; II - xono~soe pasrpyzesaoe no~Bwaaoe ~BB~e; 12 - Topo~an»BHA cmXDwoa; 

13 - xono~a~ nopmeaD; 14 - Q~nm~p; IS - onopa coneaoa~a; 17 - rm~paBnmqecKBI 

~OUKp&T; 18 - R8p8TK8 AnB nepe~BMX8BBH K8M8pY; I9 - peXDCOBHI nyTDt 20 - Wn&H6U-

-na6apHHTi 23 - rB~ponpBBO~. 
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Pee~ 59. BapBBR~ DHTKU6TpOBOI EH~KOBO~OpO~HO~ K8M6pH C TennOH30HKPY~mMM paarpyxeHHHM no~

BHEHHU ~He~eu e Tennol anacTeqHol ueu6paHol ( BepxHee pacnonoxeHBe pacmapeTeH&

Horo ycTpOICTB8 ). I - B8KyyYHHH KOEyx; 2 - T6pMOCT8THPY~mMI SKp8Hi 3 - OCBOBHOI 

Tennoo6M6HHHKi 4 - CT86HnH3HPY~~~ Tennoo6M6HHHK; 5 - reneeBHI KpHOCT8Ti 6 - co

neHOH~t 7 - nepHCKOn; 8 - 38~THHI KOXYX ~OToannapaTa; 9 - enn~UHB8TOp; !0 - YHO

rocnoiHSH TennoaaonHUHH; II - Kopnyc KauepH; I2 - Tennoeaonupym~ee paarpyxeHHoe 

DO~BHEH06 ~BH~6 COT006p83HOI KOHCTPYKUHHi 13 - XOnO~HHI TOPOH~a~SHI CH~OH; 

I4 - Ten~ Topoa~anDaHl ce~os; IS - onopa coneaoa~a; I6 - no~BecKa Kopnyca Ka

uepH; I7, 22, 27- TennoodueHHHKH; I8- od~eu c Tennol EB~KOCTbD; I9- onopa Ba

KYYJIHoro KOEyxa K8Y6pH; 20 - m~paBnuqecKHI ~OUKpaT; 2! - 118pBKOBH6 ynopH; 

23 - nozaoe ~BH~e; 24 - peaHHOBBH ueudpasa; 25 - onopaaH pemeTxa; 26 - ynpaBnHe

MHe npHMOToqsHe KnanaRH qynoqaoro THna. 

I25 


