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EL!CTpOJleHCTBYlOWHe tjloTopef'HCTpaTOpb! TISITHMeTpOBOI'O M8f'HHTHOI'O 

HCKpOBOf'O CTieKTpOMeTpa 

0TIHCbJB8eTCSI KOHCTpyKUKSI tjloTopel"'HCTpaTOpOB, HCTIO/Ib3yeMbiX B TISITH

MeTpOBOM M8f'HHTHOM HCKpOBOM CTieKrpoMeTpe, ¢oTopel"'HCTp8TOpbl TI03BOnSI

IOT OCyWeCTBni!Tb B CTapT-CTOTIHOM pe>KHMe 10 cpa6aTb!B8HHH B CeKyHJlY TipH 

JlnHHe K8Jlpa 180 MM, 8 ¢oroperHCTpaTope HCTIOnbayeTCSI HeneptjlopHpOB8HH81! 

tjloTonneHKa WKpKHOH 35 MM, 

OnbrT pa6oTbi, HaKonneHHhiH aa necKonbKO neT 3KcnnyarauHH tjloroperH

crparopoa, TIOK838n HX BblCOKYIO HS,lle>KHOCTb TipH MHOf'OCYTO'IHOH Henpepb!B

HOH pa6ore. K HaCTOS!illeMY apeMeHH na 3THX tjloroperHCTparopax nony'!eHo 

OKOTIO J ,6 MHTinHOHOB CTepeotjlororpatjJHil Ml1C, 

Pa6oTa BbiTIOnHeHa B na5opaTopHH S!JlepHbiX npo6neM OvH!l1 

I 

Upen .. u 06>enu•••••• -<THTYT& qopawx accneAO-o. Jb6 .. ~ 

© 1977 OtheC>uHeHHWai UNC81111Y8 Jf()epNW% IICCAei>oeGHUaiJly6HG 

B 9KcnepHMeHTax, npoBOJJ.HMbiX Ha ycKopHTenruc qacTHU 
BhlCOKHX 3HeprHA C I10MOllihiD OI1THl.JeCKHX HCKpOBWX K8Mep, 

JJ.nB perHCTpaUHH C06biTHA HCI10nh3yeTC9 ¢oTorpa¢Hl.J€CKHA 
M€TOJJ.o 3TOT MeTOJJ. nonyl.JHn WHpOKOe I1pHMeHeHHe 6naro
JJ.8p9 CBoeA npocToTe H Ha.a.e*HOA perHcTpaUHH nonyqae
MoA HH¢opM8UHH. 0JJ.H8KO 6onhWOe "MepTBoe" BpeMB HC
I10nb3Y€MhlX ¢oToperHCTp8TOpOB l.J8CTO CHnbHO CHH*8€T 
9¢¢eKTHBHOCTh 3KCI1epHM€HTanbHOll ycTaHOBKH. 

B onHcaHHOM HaMH paHee MaKeTe neHTonpoTB*Horo 
1 ' 

MexaHH3Ma ¢oroperHCTpaTopa Ml1C · npoTB*Ka nneH-
KH ocyweCTBnHnacb I1pH I10MOWH JJ.BYX 9neKTpOM8f'HHTHhlX 
nopowKOBbiX My¢r. OpoTH*Ka Ha .a.nHHY 200M M c pa36po

coM ±_5 M M npoH3BOJJ.Hnach 3a 110M c. CymecTBeHHbiM He
.a.ocTaTKoM 9TOrO B8pH8HTa neHTOI1pOTH*HOPO M€X8HH3M8 

BBnBnOCb 6onbWOe BpeMH 38JJ.€P*KH (-30M C) - OT MO

M€HTa I10JJ.8l.JH HMITynhCa TOKB Ha o6MOTKy I10pOWKOBbiX 
9n€KTpOM8f'HHTHhlX My¢T J].O HX Cpa68ThlB8HHH, 'ITO B JJ.BH

HOll KOHCTpyKUHH neHTOI1pOTH*HOf'O MeX8HH3Ma He I103BOnH
no 3Hal.JHTenbHo yBenHl.JHTh ero 6LrcTpo.a.eACTBHe H yMeHh
WHTh pa36poc B BenHl.JHHe I1pOTH*KH nneHKH. 

C H8Weli TOl.JKH 3p€HHH, OJJ.HHM H3 nyl.JWHX ¢oToperH
CTpaTOpOB, HCI10nh3Y€Mb!X B 3apy6e*Hb!X na6opaTOpH.HX B 

CTapT-CTOI1HOM pe*HMe, HBnHeTcg ¢oToperHCTpaTop Ha 

JJ.BYXMeTpoBoA BOJJ.opo.a.Hoii: ny3biphKoaoA KaMepe UEPHa. 
B 9TOM ¢oToperHCTpaTope npoTH*Ka nneHKH ocymecTBng
eTCH I1pH ITOMOWH 9neKTpOJJ.BHraTeng C I1€l.J8THb!M poTopoM. 
ManaB HHepUHOHHOCTh poTopa o6ecnel.JHBaeT BbiCOKoe 6brc
Tpo.a.eii:CTBHe 9neKTPOJJ.BHraTenH. Ha Bany 9neKTpo.a.aHraTe
nH KpoMe Be.a.ymero 6apa6aHa Haxo.a.HTCH npoBonol.JHLrA 
ITOTeHUHOMeTp (aaTl.JHK I10nO*€HHH), T8XOMeTp H JJ.HCK C 
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aayMH wenHMH ~oToaaTquKa. CurHanhl ynpaeneHHH c aTux 

ycTpOHCTB TIOCTYTIB!OT B COOTBBTCTBY!OWHB aneKTpOHHbiB 

CXBMbl 1 KOTOpb!B o6ecneqHBB!OT 3aaaHHbiH pe)!<HM aBHfKB

HHH H OCTBHOBKY aneKTpoaeuraTenH, npoTHfKKB nneHKH HB 

oaHH Kaap anHHOH ( 180;!:_1) M M npOH3BOaHTCH 38 50 M c. 

KoHcTpyKUHH ~oToperucTpaTopa rro3BonseT nonyquTb 3 ~o

Torpa~uu 3a uuKn ycKopuTenH. 

flng TIHTHl\18TpOBOrO MBI'HHTHOI'O HCKpOBO!'O CI1eKTpOl\18T

pa 06h8J:IHHBH!IOrO HHCTHTyTa HaepHbiX HCCJ!B)JOBBHHfi 
2 

cnpoeKTHpOB3Hbl H H3!'0TOBJ18Hbl )JBB 6biCTpoaeilCTBYIOIUIIX 

~OTOperucTpaTOpa, TI03BOJ1H!OlllHX pa60T3Tb B CTapT-CTOTI

HOl\1 pemuMe c HenepcpopupoBaHHoil ~oronneHKoii Ha nasca

HOBoM: HJ1H TpuaUeTBTHOfl OCHOBB lllllpKHOt'! 35 l\1 1\1, Pa3l\tep 

Kaapa - 180 x 32M M 2 . MaKCHl\JCWbHOe qncno cpa6aThrBa-

HHH B paooqeM pe)!<HMe - 10 Ka!JpOB B CeKyHIJY, l\LlKCHM3J1b

HOB BpeMH npOTHfKKil Kaapa - 50 M C 1 ToqHOCTb OCTaHOBKH 

Kaapa - :t_1 M M, 

npu C03aBHHH ~OTOperucTpaTOpOB 6bin Bbi6paH TBKOH 

BapHaHT KOHCTpyKUHH, DpH KOTOpOM H3 Kopnyce ~OTOpe

l'HCTpaTopa MOHTHpOBanHCb B Buae OTA8J1bHhlX 6nOKOB 

~YHKUHOHanbHbJe MeXaHH'leCKue y3nLI. KoHcrpyKTHBHO 6bJ

na rrpeaycMOTpeHa B03MO)!(HOCTb 6biCTpOH 3aMeHbl 3THX 

6nOKOB 3aTIBCHhlMH Ha Cnyqat\ BhlXODB HX H3 CTpOH B npo

UBCCe pa60Thl 1 T,K, ~OToperHCTpaTOphl npeaHa3HaqanHCb 

JJnH MHorocyroqHotl Herrpep~omHoil pa6oTbi, BamHbiM rpe6o

BBHHeM K KOHCTpyKUHH 6hlnO o6ecrreqeHHe 6hlCTpOH nepe-

3apHUKH ~oToperucTpaTopoB nneHKOtl. 

<PoroperucTpaTop (pH c. 1 n 2 ) cocronT 1!3 Kopnyca 1, 
B BepxHeA qaCTI! KOToporo HaXOJ:IHTCH ITHTa!OIUHfi 6yHKep 2, 
a B HHfKHBH 'IBCTH - npueMHbiH 6yHKep 3, l\19)!(JJY liHMH 

KperruTCH neHTorrpoTHfKHbifi MexaHH3M 4, KacceTbi 5 u 6 
BMKOCTb!O 500 M naBCBHOBOfl nneHKH (300M TpH3Il8T3THOr!) 

nerKo yKperrnHIOTCH B cneuuanbHhlX nanpaBnHIOIUHX 7 u yJJe

P*HBaiOTCH rroanpymHHBHHhlMH 3awenKaMu 8. npu aToM 

BepXHHH KBCCBTB 5 CBOHM 3y6qaThlM KOJ18COM BXOJ:IHT B 

aauenneHHe c ay6qaTbiM KonecoM TOpM03HOtl MY~Tbi 9, a 

HHfKHHH - BXOJ:IHT B 3BUBITJ1BHHe C npuBOJ:IHb!M aneKTpOJ:IBH

raTeneM 10 H TOpM03HOH MY~TOH 11, 

B BepXHBH qaCTH TIHTB!OIUBI'O 6yHKepa 2 HBXOJ:IHTCH 

yaen noaaiOIUHX ponHKOB 12, KOTOphlH BOCITOJ1HHBT 3arrac 

4 

" 

14 

7 
6, 
6 

P 11 c. I. 06wuM: Bun ~oToperucrpaTopa. 1 - Kopnyc, 2 -

TIHTB!OIUHH 6yHKep, 3 - npueMHb!H 6yHKep, 4 - neHTOTipo

THfKHb!H M8XBHH3M 1 5-6 - KaCCBTbl 1 7 - HanpaBJ1H!OlliBH
1 

8 - aawenKa, 12 - noaaiOIUHe ponuKli, 13 - KOHTaKTHbiM 

aaTquK TIHTaiOWel~O 6y HKepa, 14 - TOpM03Hbie ponHKH, 15 -

KOHTBKTHb!M aaTqHK npueMHOro 6yHKepa, 16 - ~HJ1bMOBb!H 
KaHan, 17 - CTOJ1HK, 

nneHKu B nuTaiOrueM 6yHKepe. YnpaeneHue npueoaoM noaa

IOIUHX p0J1HKOB OCyiUeCTBJ1HBTCH C TIOMOlllblO KOHTaKTHOrO 

aaTquKa 13. 

B sepxHeil qacTu npueMHoro 6yHKepa HaxoarrTCH y3en 
TOpM03HbiX ponrrKoB 14, ·KoropbiH o6ecnequeaeT Heo6xoau

MYIO TIJ10THOCTb HBMOTKH ~OTOnneHKH B npueMHOH KBCCeTe, 

flng ynpaBneHHH TipHBOJ:IOM npueMHOH KBCCBTb! HCTIOJ1b3yeT

CH KOHTBKTHbiH aaTqHK 15, paCTIOJ10)!(8HHbiH B 6yHKepe 3. 
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PH c. 2. 06umi1 BH!l <jloToperHcTpaTopa ( BH!l c3a!lH). 9 -
TOpM03Ha51 My<jJTa, 10 - llpHBOJlHOli 3lieKTpOJlBHraTenh, 11 
TOpM03Ha51 My<jJTa. 

K MOMeHTY <jloTorpaqlf!pOBaHH51 TpeKOB B HCKpOBblX Ka

Mepax nneHKa B <jlHnhMOBOM KaHane 16 ITPH*HMaeTC51 CHH-

3Y K ITnOCKOCTH CTOnHKa 17 3a C~eT C03JlaHH51 pa3pe*eHH51 

)J.O 0,2 aT M Hall TinOCKOCTh CTOnf!Ka. Tiepe!l Ha~anOM JlBH

•eHH51 B <jJHnhMOBOM KaHane <jloTOTIJleHKa OT6paChlBaeTC51 

Jl8BJleHHeM B03JlyXa OT TIJlOCKOCTH CTOJ1HK8. Tio!lKJliDqeHHe 

pa6o~ei1 nonOCTH npeJlMeTHOro CTOJlf!Ka K B8KYYMHOH M8-

rHCTp8JlH HJlH K M81"\iCTpanH C B03JlYXOM TIOJl )laBneHHeM 

OKOJlO 1,5 aT M OCyiUeCTBJ151eTC51 C ITOMOlllhiD 6biCTpOJlei1-

CTBYIDlllf!X 3JleKTpOMarHHTHhlX KnanaHOB C 3neKTpOHHhlM 

yrrpaBneHHeM. 
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fleHTOllpOTSDKHbiH MeXaHH3M ( CM. p If c. 3 If 4 ) conep-
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p If C. 3. fleHTOllpOT511KHbili MeXaHH3Mo 1 - o6pe3HHeHHhlli 

6apa6aH, 3 - 6e3y!lapHhlQ OJlH0060pOTHhlH MeXaUH3M C OC

TaHOBKOH, 4 - TOpM03H851 6b!CTpOJlel!CTBYIDllla51 3neKTpOM8-

rHHTHa51 <jlpf!KUHOHH851 My<jJTa, 5 - llpHBOJlHa51 6hlCTpOJleH

CTByiDllla51 3neKTpOMarHHTH851 <jlpHKUHOHH851 My<jJTa, 6 - llpll

BOJlHOH WKHB, 7-9 - <jJOTO)laTqf!Kfl ynpaBneHH51 If KOHTpOn51 

pa6oqero UHKna <jloToperucTpaTopa, 10 - Ban. 

*HT o6pe3HHeHHb!H 6apa6aH 1, npu•HMHbJe ponHKH 2, 6e3-

ynapHbiH OJlH0060pOTHblll MeXaHH3M C OCTaHOBKOH 3, pa6o

T8!0lllflll B MaCn51HOH BaHHe, TOpM03HYID 6bJCTpOJleHCTBy-
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pH c. 4. neHTonpOT'SDKHblH MeXaHH3M - BHn A. I - o6pe-

3HH8HHblll 6apa6aH, 2 - npH)KHMHLre ponHKH, 

lOillYIO 8Ji8KTpOM8rHHT'YIO cppHKUHOHHYIO MycpTy 4, TaKyiO )1<8 

llpHBOLlHYIO MycpTy 5, llpHBOLlHOH IllKHB 6, cpOTOLlaT'iHKH 7-9 
anH ynpaBneHHH H KOHTpong pa6oqero UHKna cpoToperHcTpa

Topa. 

KoHcTpyKUHH nonBeCKH ponHKOB 2 o6ecne'4HBaeT B03-

MOJKHOCTb perynHpOBKH yCHJ!HH npH)KaTHH cpoTonneHKH K 

o6onKaM 6apa68Ha I H no3BOJ!HeT nerKo ycTpaHHTb c no

MOillbiO perynHpOBKH nepeKOC OCH pOJ1HKOB OTHOCHT8J1bHO 

ocH 6apa6aH8, B KOHCTpyKUHH nonBeCKH npH)KHMHLIX ponH

KOB npenycMoTpeHLI pe6opnhi, npenoTBpamaiOmue cxon 

cj:JoTonneHKH c 6apa6aHa. 
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Ee3ynapHwli onHoo6opoTHwli MexaHH3M 3 o6ecne'iHBaeT 

llpH paBHOMepHOM BpameHHH B8J1a IO HepaBHOMepHoe Bpa

lll8HHe 6apa6aHa, a HMeHHo: npH noBopoTe Bana Ha yron 

60 ° 6apa6aH H8llOLlBJi)K8H, llpH nanbH8HilleM llOBOpOTe sa

na Ha yron oT 60° no I20 ° 6apa6aH BpamaeTCH c nocTo

HHHLIM yCKOpeHHeM, 3aTeM B HHTepBane I20 °-300 ° OH 

Bpam8eTCH C llOCTOHHHOH yrnOBOH CKOpOCTbl0 1 a B HHTep

Bane 300 ° -360 ° rrpoucxonHT 38'\le.'!neHHe BpameHHH 6a

pa6aHa C f!OCTOHH!!b!M yCKOpeHHeM. 

f1pHt--IeHeHHe 6e3ynapHOI'O onHoo6opoTHoro MexaHH3Ma 3 
C OTM8'48HHb!M 38KOHOM H3M8H8HHH yrnOBOll CKOpOCTll 

6apa6aHa no3Bonuno o6ner'iHTb LlHHaMHKY p86oTw Mexa

HH3Ma, f1pH 8TOM yCHJ1He Ha ITJ1eHKe He npeBLJillaeT 700 r. 
llHKJ1 obrCTpoli rrpoTH)KKJi nneHKI1 npoTeKaGT cnenyiOillHM 

o6pa3oM. 3anyCKEllOUUIH 11MI1YJibC BKJ1Kl'iaeT yrrp8BJ1HIOillYIO 

8J18KT[JOHHYIO CX8ti.IY, KOTOp8H npollyCK88T TOK qepe3 Ka

TylllKY 8J18KTpOMa!'HllTHOH cppHKUHOHHOH MycpTbl 5 (pH C, 3 ) • 
f1ocne cpa6aTWBaHIIH cppHKUHOHHOH MycpThl Bp81ll8l01llllll MO

MeHT OT 8J18KTpOLlBHr8TeJ1H nepenaeTCH Ha 6e3ynapHhlll 

onHoo6opoTHwli MexaHH3M 3. f1pu noBopoTe 6apa6aHa I 
H8 onpeneneHHhlll yron (oKOJ10 300°) 8J18KTpOHH8H CXeM8 1 

CBH3aHHaH C cpOTOLlaT'illKOM 8, o6eCTO'iHBaeT cppllKUHOHHyiO 

MycpTy 5 II nonaeT HMllYJ1bC HallpH)K8HllH H8 TOpM03HYIO 

MycpTy 4. 06e 8J18KTpOM8rHHTHbl8 MycpTbl M8)KLlY U11KJ1aMII 

llpOTH)KKll llJ1eHK11 o6eCTO'i8Hbl, 

CnenyeT OTM8TI1Tb 1 'iTO HeTO'iHOCTb OCT8HOSKH BXOLlHO

ro Bana 10 onHoo6opoTHoru MexaH!I3Ma s npenenax OKono 
60° He BJlHHeT Ha senH'iHHY npoTH)KKH nneHKH. B nelicTBH

TeJlbHOCTH pa3Gpoc f!OJlO)KBHHH, B KOTOpOM I1pOHCXOLlHT 

OCTaHOSKa BXOLlHOrO sana 0LlH0060pOTHOrO MeXaHH3M8 1 He 

npeshiillaeT 20 °. 
Oco6eHHOCTb~ orrucwBaeMoro neHTorrpoTH)KHoro Mexa

HH3Ma HSJ1H8TCH TaK)Ke TO, 'iTO 38KOH LlBH)K8HHH 6apa6aHa, 

Benymero nneHKY, 3anaeTcH He 8J1eKTpOHHLIMH cxeMaMH, 

a M8X8HH'48CKOH CHCTeMOH, 3To I103SOJ1HBT 3Ha'iHT8J1bHO 

yrrpOCTHTb 8J18KTpOHHhl8 CXeMW ynpaBJ18HllH J18HTOllpOTH)K

HLIM M8X8HH3MOM, CnenyeT OTMeTHTb 1 'iTO 8J18KTpOHHKa 

cj:JoToperucTp8TopoB MVIC ocyllleCTsnHeT KOHTponb 38 npa

BHJ1bHOCTbiO pa60Tbl BCeX y3J10S cpOTOpei'HCTp8TOpOB 1 B TOM 

'iHCJ1e ll 38 S8J1H'iHHOH npoTH~KH llJ18HKII, 
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B MecTe pacnonmKeHHH ¢oToperHCTpaTopoa /2/ HMe

eTCH paCCe5IHHOe Maf'HHTHOe none OT sneKTpOMaf'HHTa 

MMC a HecKonhKO coTeH spcTen • .UnH o6ecne"'eHuH Hop
ManhHoti pa6oTbi ¢oToperHCTpaTopoa 6noK 6biCTpoti npo
TR)KKU nneHKH 1 a TaK)Ke 6biCTponetiCTByiOIIUie f'a30-BaKy

YMHbie sneKTpoMarHuTHbie KnanaHbi 3alliHilleHbi Maf'HHTHhi
MH 8KpaHaMH H3 CTBnH, 

B nepHon MaKeTHbiX pa3pa6oTOK ¢oToperucTpaTopoa 
6bWH npOH3BelleHbl HCnbiT8HH5I 6e3ynapHOf'O OllH0060pOT
HOf'O MeXaHH3M8 H8 BbiHOCnHBOCTb, .ilnH 8TOf'O H8 cne
UHanhHO H3f'OTOBneHHOM OllH0060pOTHOM MeXaHH3Me 6wno 
npoH3BeneHo oKono 5 · 10 6 o6opoToa. B pe3ynhTaTe 3a-
30p Me)KilY KHHeMaTH"'eCKHMH nap8MH H3MeHHnC5I Ha 0,1 M Mo 

K HaCTOHilleMy apeMeHu Ha K8)KilOM H3 ¢oToperHCTpa

ropoa, o6ecne"'HB8IOiliHX nony"'eHHe crepeo¢oTorpa¢uH co-
6hrTutl, 3apef'HCTpHpOB8HO 6onee 2 MHnnHOHOB UHKnOB 

neHTonpOT5I)KH0f'O MeX8HH3Ma, 113 HHX pa60"'HX - OKOnO 
1,6 MHnnHOHOB, npH OCMOTpe neTaneti MeXaHH3MOB He 
o6Hapy)KeHo 38MeTHoro ux H3Hoca, AHanH3HpyH pa6oTy 

¢oToperucTpaTopoa a Te"'eHue pHna neT a SKcnepHMeHTax, 
npoaonHMbiX c noMOillhiO MMC, MO)KHO cnenaTh BbiBon, 
'ITo ¢oroperucTparopbi uMeiOT xopowy10 sKcnnyaTauuoH

HYIO Hatle)KHOCTh, n03BOn5IIOiliYIO npOBOilHTh MHOf'OCyTo"'
HYIO pa6oTy. 

CpaaHuTenhHO HenaaHo 6wnu awnonHeHw uccnenoaa
HHH c uenhiO yMeHhweHuH apeMeHH pa6oqero UHKna ¢oro
perucTpaTopoa. B sKcnepuMeHTanhHOM pe)KHMe pa6oTw 

Ha HMeiOiliHXC5I !fJoTopef'liCTpaTopax 6bWO nony"'eHO 15 K81l

p0B a ceKyHny. MHTepecHo OTMeTHTh, 'ITo npu npoaeneHHH 

8THX HCCne)lOB8HHH CKOpOCTb Bp8IlleHH5I !fJpHKU""OHHbiX 
My!fJT 6bJna OKOno 1500 0 6/M H H1 T0f'll8 KBK HOMHHBnhHbiH 

pe)KHM HCnonh3yeMbiX !fJpHKUHOHHbiX My!fJT -25()() 0 6/M H Ho 

B 6ynyllleM pa6oThi no yMeHhllleHuiO apeMeHH pa6o'!ero 
UHKna ¢oToperHCTpaTopoa 6ynyT npoaon)KeHbi, 

ABTOpbl C'IHT8IOT CBOHM npHS!THbiM aonrOM Bblp83HTh 

6naroaapHoCTh B.n • .n)Kenenoay, A.A.T HnKHHY H B.n.Kap
noacKoMy 38 HHTepec K pa60Te H noCT05IHHyiO nOMOillh 1 

H .A.KypHbiKoay 38 6onhwyiO pa6oTy no noabiilleHHIO Ha
ne)KHOCTH 6biCTpoaetiCTBYIOillef'O neHTonpOT5I)KH0f'O MeXa-
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HH3Ma, r.n.3opuHy, H.H.ne6eaeay, ~.M.MnhH"'eBy, A.M.Yep
HeUKOMY 11 B.H.Bnacoay 38 npoaeneHHe pa6oT no c6opKe 
H HananKe ¢oroper11cTparopoa, a TaKme no noaeneHHIO 

HX llO 8KCnnyaT8Ul10HHOf'O ypOBH5I, 
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