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· OEII.(Ml XAP AKTEPMCTHKA P AEOThl 

AJSTYaJJbHOCTb TCMbi. 

· B nocne.nune .necHTHJJeTHH 6bJCTpoe pa3BHTHe · ycKopnTeJJbHOH TeXHHKH 
npHBeJJO K 3Hal{HTeJJhHOMY DOBbJWeHHIO KaK 3HepmH YCKOpHeMhiX qacTHI..l, TaK H HX 
HHTeHCHBHOCTH: Cm.naHhJH B ~PHe Eonhrnoti A.npoHHbiH Konnati.nep (LHC .
Large Hadron Collider) npe)l.Ha3uaqen .nn» pacuinpeHHH nounMaHHH npupo.llbl 
'laCTHU H HX B3aHMO)leHCTBHH npn 3ueprHH CTOJJKHOBeHHH npOTOHOB )1.0 14 'T3B B 
CHCTeMe QeHTPa Mace CTaJIKHBaiOJUHXCH nyqKOB npH CBeTHMOCTH )1.0 .l034
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CO ·'CKBaiKHOCTbiO crycTKOB npoTOHHbiX nyqKOB B 25 HC •. llpH CTOJJKHOBeHHH 
ycKopeHHhiX THiKeJJblX HOHOB o6pa3yeTCH H)lepHaH MaTepHH C BhiCOKOH DJJOTHOCThiO, 

· npH HCCJJe)lOBaHHH KOTOpOH He06XO)lHMa perHCTpaUHH BTOpHl{HbiX · 'laCTHl..l C 
BbiCOKOH MHOiKeCTBeHHOCThiO. CooTBeTCTBeHo c 3THM pacTyT H Tpe6oaaHHH K 
DpHMeHHeMbiM B QJlf3H'leCKHX 3KCDepHMeHTaX )leTeKTopaM qacTHl..l, B TOM l{lfCJJe K HX 
3arpy30l{HOH CDOC06HOCTH, BpeMeHHOMY pa3perneHHIO H KOOP..llHHaT.HOHTOl{HOCTH. 

0)l.HHMH H3 Han6onee 'laCTO npHMeHHeMhlX )leTeKTOpOB 'laCTlfl..l B 
COBpeMeHHOH QJlf3HKe . BbiCOKHX 3HeprHH HBJJHIOTCH KOOp)lHHaTHbJe 

ra3onanonneHHbJe .neTeKTOpbi - nponopunouanbHbJe n .npetiifloBhie · KaMepbl, 
. )leTeKTOpbl Ha OCHOBe MeTaJJJJH'leCKHX HJJH. TOHKOCTeHHbiX · DJJeHOl{HblX )lpeHQJOBbiX 

TPY6oK (B )laJJbHetirneM - cTpoy (straw)), MHKpocTp)'KTYPHhJe ra30BbJe .neTeKi"opbl 
(MICROMEGAS, GEM). HecMoTpH ua TO,· qTo · HeKoTophie H3 3THX KaMep 
npeKpaCHO 3apeKOMeH)lOBrullf ce6H BO MHOfHX QJH3lfqe_CKHX 3KCiJepnMeHTaX.H CTaJJH 
<lJaKTnqecKH KJJaCCHKOH npH . C03)laHHH TpeKepoB; HX xapaKTepHCTHKH BCe qame 
OKa3hiBaiOTCH ue.nocTaToqubJMH' .nn» y.noaneTaopeHHH • B03HHKIIIHX · noTpe6uocTeti 
coapeMeHHbJX ycKopnTeJJbHbJX 3KcnepnMeHTOB. HoBble Tpe6oaaHHH npnaenn · K 
rioncKy HOBhiX pernennii npn. · coJ.naunn .neTeKTopoB. · HanpnMep,. ueo6xo.nnMOCTh 
ysennqeunn 3arpy3oquoti .•. cnoco6uocTn cTpoy-KaMep npn perncTpaunn 
MHOroqaCTH'lHbiX npouecCOB . DpHBena K DODbiTKaM .. DOBblllleHHH HX 
rpanynnpoBaHHOCTH (YMeHbllleHHH qyscTBHTeJJbHOH DJJOJUa)llf HH)lHBH)l.YaJJbHbiX 
KaHaJJOB Cl{lfTbJBaHHH) 3a. cqeT pa3)leJJeHHH aHO)lOB Ha HeCKOJJbKO faJJbBaHnqeCKH 

He3aBHCHMbiX qacTeii. TaK, B 6apenhHOH qacTH .neTeKTopa nepexo.nuoro H3nyqeuHH 

(TRT) - TpeKepa BHYTpeuuero .neTeKTopa ycTaHOBKH ·A TJIAC ·.· (LHC), .nn» 
ysennqeunn 3arpYJoquoti cnoco6HocTH. cTpoy nocne.nline co.nepX<imH. aHO)l.Hbie 

npOBOJJOKH, COCTOHJUHe H3 )l.Byx'nml TpeX 3JJeKrpHqecKH pa3)leJJeHHbiX qacTeH • 
. C ysennqeuneM 3arpYJKH TpeKOBbiX )leTeKTOpOB. yxy.nrnaiOTCH napaMeTpbl 

B<;JCCTaHaBJJHBaeMblX TpeKOB perncTpnpyeMbiX qacTHl..l. tpaHyJJHpOBaHHOCTb 
HH)lHBH)l.YaJJbHhiX )leTeKTHpYJOJUH?' KaHaJJOB )lOJJiKHa yMeHblllaTbCH )1.0 HeCKOJJbKHX 
CM2 HJJH MeHee. 8 cnyqae HCDOJJb30BaHHH )leTeKTOpOB Ha OCHOBe TOHKOCTeHHblX 
)lpeti<lJOBbJX Tpy6oK HX qyBCTBHTeJJbHble o6JiaCTH MOfYT fihiTb 3aDOJJHeHbl 
He60JJbiiiHMH MO)l.YJJHMH C KOpOTKHMH CTpoy, HO DpH 3TOM 6y)leT He. TOJJbKO DJJOXOe 
OTHOuieHHe qyBCTBHTeJJbHOH D!JOil.la)lH )leTeKTOpa" K ero. DOJlHOH . nnomMH, HO H 
yaenuqeua ero pa.nnauuouuan Tonmnua 3a cqeT BHernunx paM OT)leJJbHbJX Mo.nyneti. 

B nucceoTaunoimoii pa6oTe paccMoTpeua MeTO)lHKa co3.nimun 
-+d-=m 

eCTBJIHeTCH C )l.Byx KOHl..lOB 



CTpOY JVHI KpaHHHX ee yqaCTKOB, a ,I(JI.ll npoMe:lKYTOl!HhTX yqaCTKOB auo,na - l!epe3 
CTeHKY CTpoy C UOMOlllhlO cneQHanbHhTX nepe,naTOl!HhiX JIHHHH. 

.\ ·' '; 

fieJJhlO liHCCepTaUUOHHOH pa60Tbl liBJiliJIOCh HCCJie,I(OBaHUe B03MO:lKHOCTlf 

C03,I(aHHll MHOrocerMCHTHhlX aHO,I(OB U Ha UX OCHOBe rpauynupoBaHHhlX CTpOy
,neTeKTOpOB ,!(Jill pa60Thl B YCJJOBUliX BhlCOKHX 3arpYJOK C MHHUManbHhlM 
ysenul!enueM KonuqecTBa semeCTBa. 

HaV'IHaH HOBU3Hau 3Ha<JUMOCTbpa6oTbl. 
BnepBbJe pa3pa6oTana u nposepeua4MCTo,nnKa coJ,namill rpauynuposannhlx 

CTpoy-,neTeKTOpOB, 'ITO. n03BOJilleT • yBeJIH'IUTh · UX.· 3arpYJOl!HYJO' cnoco6HOCTh. 
YbrOTOBneH U·HCCJJe,I(OBaH MHOfOKaHanbHH npoTOTHn ~eTeKTopa Ha'6a3e'cTpoy·c 

cerMeHTHpOBaHHhiM aHO,I(OM. · 

Hayqno-rrparcruqecKaH geunocTh pa6oThr. · 

C03,nauue cTpoy. 6onhlliOH . .nnunhl c MnorocerMeHTHhTM auo,noM u 
He3aBHCUI\IOe Cl!HTh!BaHHe HHQJOpMaQUU C 3JieKTpUl!eCKU He3aBUCUMhTX cerMeHTOB 
no3BOnlleT o6ecnel!HTh ueo6xo,nnMYJO rpauynnposau~oc.f;,. , no seen nnoma.nn 
coJ,nasaeMoro . ,neTeKTopa lf TeM caMhiM 3Hal!UTenhHO YMeHhllllfTb 3arpYJKY 
lfH,I(UBlf,I(yanhHhTX KaHaJJOB Cl!UTbiBaHHll. 

ABTop JamumaeT: 

• TeXHOJIOfUlO U3fOTOBJJeHUll MHOrocerMeHTHhiX aHO,I(OB U BHYTpeHHUX 3JieMeHTOB 
,!(Jill TOHKOCTeHHbiX ,npeHQJOBhiX Tpy60K ( CTpoy); 

• MeTO,I(HKY ycTaHOBKU MHOrocerMeHTHhiX aHO,I(OB 'B CTpoy · C nocne,I(YJOIUHM 
BhiBO,I(OM curuana C npoMe:lKYTOl!HhiX aHO,I(HhiX cerMeHTOB l!ep_e3 CTeHKU CTpoy U 
UX nO,I(KnlOl!eHUe K BhiCOKOBOJihTHOMY nuTaHHlOf3JJeKTpOHHKe Cl!UTbJBaHUll C 

noMOlllhlO cneuuanu3uposaHHhiX nepe,naTol!HhiX nunufi; 

• peJynhTaThl cTen,noBhTX u nyqKoBhTX uccne,nosauun· npoToTuna rpauynupo
Bauuoro ,neTeKTopa ua ocuose MHorocerMeHTHhiX cTpoy. 

Anpo6aguH pa6oThl u nv6nuKaguu. 

OcnoBHhit! pe3ynhTaThl ,nuccepTal\HH ,noKna,nhmanucb u o6cY:lK.l(anucb ua 
pa6oqux cosemanlfliX Konna6opauuu CBM (Compressed Baryonic Matter), TRT 

(Transition Radiation Tracker) ATLAS, ua ceMunapax :na6opaTopuu QJH3HKH 
BhTCOKHX 3Heprnii OH51H u ony6nuKoBaHhT B 6 nel!aTHhTX pa6oTax, cnucoK KOTophiX 
npuBe,neH B KOHQe aBTOpe<}lepaTa, 3 U3 KOTOpbiX ony6nMKOBaHbl. B pe<}lepupyeMhlX 
uayqHhTX :lKypuanax. 

CTPYI£1Ypa u o6beM liUccepTagun. 
)J;uccePTaQUSI COCTOUT U3 BBe,neHHSI, TpexrnaB U 3aKnlOl!eHUSI, co,nep:lKHT 53 

pucynKa lf CnUCOK QUTHpyeMOH JIUTeparyphl U3 73 CChTnOK. 
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CO,!J;EPJKAHHE P ABOTbl 

Bo BBelienun o6ocuosalia aKTyanhHOCTh pa3pa6oTKH (Hccne.nosauun), 
c<}lopMynuposaua uenh ,nuccepTauuouuoii pa6oThT, noKaJana uayquall HOBU3Ha 

pa6oThi it ee npaKTHl!ecKall 3Hal!HMOCTh. 

B nepBoli rnaBe onucaHhl caMble·nonynllpHhle B uacTOlllllee speMll raJoBMe 

,neTeKTopbl qacTnU, pa6oTawmue ua- npuuuune raJOBoro yclfnenull, npuMeHlleMhle B 

QJU3UKe. BhiCOKHX 3Heprun H . 3JieMeHTapHbJX .. l!aCTHL\: ,npeHQJOBble ·KaMepbl, 
TOHKOCTeHHble . ,npeHQJOBhle Tpy6KH ·n 1\tUI(pocTpyKTypHble fa30Bhle. ,neTeKTOpbl. 

floKaJaHhj, ,HX_.·, r'P.eHMYIUeCTBa, He,I(OCTaTKH U B03MO)I{Hble ,,flpHMeHeHUSI, B 

YCKOpUTeJJbHbiX 3KCnepHMeHTaX. 

BTopaH rnasa nocBllllleHa onucaunw pa3pa6oTKH cerMeHTHposaHHhrX c-rpoy. 

flpuBe,neHa TeXHOJIOrHll c6opKH MHOrocerMeHTHhiX aHO,I(OB, CXeMa Cl!HTbiBaHHll 
CHrHanOB C npoMe:lKYTO'IHbiX aHO,I(HbiX cerMeHTOB .. H. no,naqa Ha., HHX 

BhiCOKOBOJibTHOfO HanpSI:lK_eHHll l!epe3 CTeHKY CTpoy .. PaCCMOTpeHa XpOHOJIOrHll 
pa3BUTHll MeTO,I(UKH C03,I(aBaeMbiX Ha 6a3e cerMeHTHbiXaHO,I(OB. CTpoy-npOTOTHnOB 

(1; 2], B TOM l!UCJ!e paCCMaTpnBaeTCSI KOHCTpyKQUll U TeXHOJIOflfll c6opKH npOTOTUna 
MnoroKananhnoro ,neTeK'fopa, o6na,nawmero rpauynuposauuocThlO 4 cM

2 [3 - 5]. 
TaK:lKe onucaua MeTo,nuKa pa3pa6oTKn cneuuanbHhiX nepe,naTOl!HhTX nunufi B su.ne 
Ka6eJJSI Cl!lf~hiBaHJfSI . C .ManbJM · KOJIUl!eCTBOM BeiUeCTBa ,I(JISI nO,I(KnlOl!eHUU 

npoMe:lKYTOl!HhlX aHO,I(HhiX cerMeHTOBK pemcTpHpYJOIUeH 3JieKTpOHHKe (6] .. 
KaK O,I(HO U3 OCHOBIJ~TX npeuMymecTB CTpoy-.n_eTeKTOpOB MO:lKHO OTMeTHTh ux 

MUHUManhHYJO pa,nnal\HOHHYJO 'TOJIIUHHy, a OCHOBHbiM HX He,I(OCTaTKOM SIBJJSieTCSI 

HeBbiCOKaSI rpauynupOBllHHOCTh, orpaHU'.JUBalOIUaSI 3.<}l<}leKTHBHOCTh. perncTpauuu 

TpeKoB npH 6onhillofi MHO:lKecTsenuocTn npoxo.nlllllHX 3apll:lKeHHbTX . qacrnu. · ,ll;nll 
YMeHbllleHUH JarpYJKH ~Tpoy KIDK,nall auo,nuall nposonoKa CTpoy B 6apenhHOM 

,neTeKTope (Barrel-TR T) ycTanosKu ATLAS 3neKTpHl!ecKu pa3,neneua a uenTpe, a 
C'IHTbTBanue curnanos ocymecTBnHeTcH ue3aBHCHMO c ee KOHL\OB. TaKHM npocThiM 
cnoco6oM snepBble B peanhHOM 3KcnepHMeHTe 6nma npuMeHena u,neH 

rpauynuposauuofi cTpoy. · 
)J;nH nOBblllJeHHSI rpauynHpOBaHHOCTH CTpoy B ·eme 60JJbWeH CTeileHH, B 

OH51H 6Lma pa3pa6oTaHa MeTfl.LIH~a co3,LiaHHll cerMeHTHposaHHbiX auo,nos cTpoy c 
He3aBHCHMbiM Cl!HThiBaHHeM uu<}lopMal\HH c Ka)K,I(oro cerMeHTa [l, 2]. O,nHHM H3 
OCHOBHhiX Tpe6oBaHHH · K pa3pa6aThJBaeMhiM ,neTeKTOpaM SIBJJlleTCll MHHUMU3aQHSI 
,LIOnOJJhHUTeJJbHO BHeCeHHOfO KOJIUl!eCTBa BeiUeCTBa H MHHUMU3aQHSI BeJIU'IHHhl 
nel!ysCTBnTenhHOH o6nacTn ,neTeKTopa. CoJ,nauue cerMeHTHposauuoro auo,na 
ocymecTBnHeTCSI c noMOlllblO cnel\nanhHO coJ,nauuoro ,nnll 3Toro cTen,na; OnepaUHH 
npoucxo,nnT cne.nywlllHM o6pa3oM: B KanunnllpHYJO Tpy6Ky u3 6opocu.imKaTHoro 
cTeKna nyTeM ee pacnnasneHHH,- snaHB:ilOTCll .nse . auo,nHhJe: .nposonoKH H3 
n030JIOl!eHOfO BOJibQJpaMa, pa3,nenlleMhle · O,I(Ha OT ,npyrofi . · H30JiliQUOHHOH 

nepeMhll!Kofi. CxeMa MHorocerMeHTHoro ano.na H o61UHH BH,n · coe.nnHHTenbHOH 
Tpy6Ku noKaJaHhi ua pHc. 1. B cnyqae, Kor,na cerMeHTHpoBaHHhiH ano.n co,nep)KHT 
pH,n npoMe:lKYTOl!HhlX nposonoK, T.e; Konu4eCTBO auo,nHbiX·cerMeHTOB N>2, BMecTe 

C npOMe:lKYTOl!HhiMH aHO,I(HhiMU npOBOJIOKaMU B KanHJJJJllp HYJO TJ))'6Ky BnimBalOTCSI 

3 
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P1ic. 1. a) 11 s) CxeMa ·MHorocerMeHrnoro imo.na: ·KariHm!JipHall TPY6Ka - (1), lf30JJliUifoHHall 

nepeMbi'IKa - (2), (J) -'-; MeCTO BIIalfBaHifir npOBOJIOK, ·aH0,!1Hble npOBOJIOKif - (4) If KOHTaKTHall 
npOBOJIOKa npOMeJKYTO'IHOrO aH0,!1HOrO cerMeHTa.:.. (?); 6) 06llllfH Blf.ll COe,!11fHHTeJJbHOH Tpy6KH; r) 

o6lllljll .Bif.ll COe,IUIHifTeJJb!fOH.Tpy6Kif C .!1BYMli,KOJ:ITaKTHb!Mif ~pOBOJIOKaM!f: .. · . 

~•,t"l (; . •• \. •• • ,: }"-'' ·-~~··. > ·~ • ; .;:~; < l' 

H KOHTaKTHbJe npOBOJIOKH, KOTOpble JJ03)1(e BbiBO,!.VITCH Hap}')Ky 'lepe3 CTeHKY CTpoy. 

Oclioimbte Tpe6osaHHH K o6'be,llHHeHHlO nposom)K ·a MHorocerMeH.THh!H aHO.Il 

cne.riywmne: coxpaHeHHe l!x np51MOIIHHetiHocTH, cnria BhJTHrHBaHng nposonoKri in 
Karmnnapa :__ He MeHee 90r, o6ecne'!eHHe · raJibBaHH'lecKoro KOHTaKTa Me)l(,lly 

KOHTaKTHhiMH H aHO,llHb!MH rrposonoKaMH H MHHHMaiJbHbJH TOK cTeKaHHH · Me)l(,lly 
,llByM51 COCe,llHblMH aHO,llHb!MH cerMeHTaMH. - . ill .. 

Bb!BO,ll . KOHTaKTHbiX rrposo.rioK . 'lepe3 CTeHKY CTpoy ocymecnmaeTC51 C 

miMontbiO ycTaHaBJIHBaeMoro Ha KaJJHJIIIHpfiyw Tpy6Ky' crrei1cepa, n3o6pa)l(eHHor6 

Ha rJHC. 2 (cnesa), KOTOpblH HeMewaeT CB060,llHOMY npOXO)I()!.eHHlO'paiJo'lero ra3a 
s.zionb· CTpoy. Cneticep, BMecTe c o6'be.UHHHIOmeti cTeKJIHHHoti Tpy6J(oli, o6pa3yeT 

cnei1cepHbJti y3eJI (CY), c noMOIUblO KOToporo no rrpHBe.!.\et!Oti Ha pnc. ·2 (crrpasa) 

CXeMe Hap}')Ky Bb!BO,ll51TC51 KOHTaKTHbJe 11pOBOJIOKH OT llpOMe~O'!Hb!X aHO,llHb!X 

cerMe~TOB <iepe3 Bbipe3aHJme 3apaHee oTsepcTm! B cTeHKe cTpoy: 3aTeM oTsepcTHe 
repMeTH3HpyeTCH 3110KCH,llHb!M KJieeM. 

l.JT06b! OTpa6oTaTb TeXHO.JIOrHlO H3rOTOBJieHHH . CTpoy C MHorocerMeHTHb!M 

aHo.uoM 8 11-iaKcHManbHo cno)I(HOM sapl-iaHTe, Ha acex 3Tanax 'pa6oTbJ rrpnMeHHIIHCb 

c~poy c HaHMeHbUJHM .unaMeTpoM -4+o.oo:-o.o~ MM, HaMoTaHHbJe .usyM-a i<arrTOHOBbiMH 

CTeHK3 CTpoy . 

BbiXOJI KOHT3KTHOii 
npoaonoKH 

. MecTO EinaiiKH 
KOHT3KTHOH 

npoaonoKH 

P11c. 2. Cnesa. - o6mnii BH.ll cneiicepa .n cneiicep c BCTaBJJeHHoii rrposonoKoii. Crrpasa -
cxeMaTn'lecKoe mo6palKeHne cneiicepHoro y3na. 
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Pr!c. 3. TipHHU~~H;mbHall cxeMa cTpoy c TP~~~~ aH0.!1Hb!Mif cerMeHTaMH. 

c-rJjnrraMH. KarrTOHOBaH IIJieHKa TOJIIUHHOH 25 MKM C O,llHOH CTOpOHbl .noKpb!Ta 

ruiiDMi:mHeM T<lniUHHOH - 0,2 MKM H CJIOeM IIOJ!HypcraHa T~JIIUHHOH -:-. 6 MKM, 

51BJr51lOIUHMC51 TepMOKJieeM. Ha .npyroi1 nosepxilocTH nneHKH HaHeceH npoBO.Il51IUHH 
rpaqJHTOCO,llep)l(aiUHH·CjJOj:j TOJIIUHHOH (6 ± 2) MKM. . . . ; . . .· 

B Ha'larie pa6oTbi 6biJJa H3rOTOBJieHa H nposepeHa cTpoy. .c TpexcerMeHTHbJM 

aHO.IlOM (pile. 3), c .IliiHHOH cerMeltTOB - 185, I 00 H 180 MM. C'lHTbiBaHHe 
HHcpOpMaQHH C KpaHHHX aHO,llHb!X cerMeHTOB ocymeCTBJIHJIOCb C KOHQOB CTpoy 

(BbiBO.l.\bl I H 4). 11H<jlopMaUHH c ueHTpaiibHoro cerMeHTa C'lHTbisaeTc51 no 

KOHTaKTHOH npOBOJIOKe 2. IlpaBb!H aHO.IlHbiH cerMeHT CHa6~eH .1.\By.MH BbiBO,llaMH. (3 
H 4), 110 O,llHOMY H3 KOT<lpblX IIO,llaeTCH BbiCOKOBOJibTHOe. IIHTilHHe~ a C .Upyroro 

CHHMaeTC51 CHrHaJI •. 11ccJie.l.\yeMa51 CTpoy npO.l.\YBaJiaCb ra30BOH CMeCblO Ar/C02 .· . . " 
(70/30)% H 06Jiy.'laJiaCb y-KBaHTaMH OT HCTO'lHHKa fe qepe3 IUeJieBOH KOJIJIHMaTOp, 

padlOJIO)I(eHHhlH nepneH.l.\HKYIIHpHO aHO.IlY CTpoy. liJHpHHa IIYlJKa y-KBaHTOB B 

Me.LI«aHHOH nnocKOCTH cTpoy cocTaBJIHJia senH'lHHY - I . MM. BbtCOKOBOJibTHoe 
Hanpg)l(eHHe 110.1.\aBaJIOCb Ha . COOTBeTCTByiOIUHH cerMe.HT aHO.l.\a. TOKOBblH 

ycJ.iJIHTenb c BXO.l.\HbiM conpOTHBJleHHeM 300 OM 110.1.\KJilO'laJIC51 Henocpe.l.\CTBeHHO K 
cerMeHTY '!epe3 npOXO.l.\H~ eMKOCTb BeJIH'lHHOH 200 n<l>. . 

CKaHHpOBaHHe meneBbiM KOJIJIHMHpOBaHHbiM HCTO'IHHKOM o6JiaCTH 

cneticepHOrO y.JJia (CY) IIOKa3aJIO, 'ITO llpH HCIIOJib30BaHHH KaJJHJIIIHpHOH Tpy6KH 

.1.\IIHHOH 7 MM H cneficepa ,llHaMeTpOM 3,95 MM H ,llJIHHOH 4,)5 MM He3cpcpeKTHBHa51 

o6rraCTb CTpoy COCTaBJI51eT BeJIH'lHHY- 7.2 MM. 

IlocJie llpOBepKH CTpoy C TpexcerMeHTHblM aHO.IlOM 6biJia paCCMOTpeHa 

B03MO)I(HOCTb C03.1.\aHH51 H H3rDTOBJieHHH CTpoy C 10-lO aHO.l.\HblMH cerMeHTaMH (pHC. 
4). ,[(IIHHa OTJ(eJibHblX CerMeHTOB HaXO.IlHJiaCb B npeJ(eJiaX (50 + 250) MM. B TO)I(e 

BpeM51 6hiJIO y.MeHbUJeHO KOJIH'!eCTBO cneticepHb!X. YJIIOB C 7 .IlO 4: qepe3 O,llHH 

o6'be.l.\HH»JOI.I.IHH :meMeHT BbiBO.IlHIIHCb .nse KOHTaKTHble npoBOJIOKH (pHc. 4). TaK KaK 

C'IHTbJBaiOmaa 3JieKTpOHHKa ,lleTeKTopa .UOJI)I(Ha pa.cnonaraTbCH · BHe ero 'IYBCTBH-

1500 

50 50 200 200 250 250 150 150 100 100 . . 
1 2 3 ~ 4 5 6 7 8 9 10 

H • •• ~ 

Pr!c. 4. TipHHUifiiifaJJbHall cxeMa CTpOY c I 0-10 aH0.!1Hb1Mif cerMeHTaMI-1. · 
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Te~~~:>.t~-q~a~_J:f, TO ~JUI ll()~~~..:-~~~_!· ~--HeH-npoM,_:-~~1?~~0.''5 :~!f'?tl~h'X~ C_er~eH!_<>B 
6btJUI . £..Q;maHJ>L II. npiiMCHCH?L-Ha-3TOM JKe. npoTOTIIne ... enel{IIliJThHbiC. TII6KIIe 

I . ' . 
nepe~aTO'-IHhiC JlHHIHf (fiJI), CJl)'JKalOI.l(HC O~HOBpeMeHHO ~Jlll no~a'-IH BbleOKOfO 
Ha'rrpliJKeHIIll II nepe~a'III em~minoB [2, 4]. C'-IHThiBaime e KpaiiHHX eerMeHTOB erpoy 
npOBO~HJlHeb e ee KOHl{OB. (. i . < ' '' 

,I(Jl.ll eHIIJKCHIIll BJlii.liHII.ll BHCIIJHHX llOMCX JliiHIIII 6bJJ1II 3a3KpaHHpOBaHhl 
-~,, l; .. - '" '.•"l ~(>/"'"(/. : 1 ~· " ' ' :;>.' '''·'•"' ,,. _.. ·; 

liJTtoMIIHIIeBcii:f · ljlonhroif · 'ronmrifloti -I 0 MKM. · OeH"oaHhie Tpe6oBaHH.ll K 
pa3pa6oTaHHOMY MeTo~y nO~KJllO'-ICHH.ll npOMCJKYTO'-IHhiX aHO~HhiX eerMCHTOB K 

' ,., !,.,., L~~-r·...:.•r·. · · ·, f..,.O:t~f ,.,. ; 1 •• : • ; :!,~~:t; .:.'! :;·.:.,i· : .-': i:·-;•; ; 
e'IIIThiBalOiqCII 3J1CKTpOHIIKC e llOMOlUhlO nepe~aTO'IHhiX JliiHHH 6hJJ1H eJle~ytoiqHe: 

••• d . ;~,-!;,~;··. ·,' .. · ··--;l'f" nli , ••• -~ · -.· ·• · :j ''r~~'t\>-· .· .<:. ,,},,-•,, 
nepe~aqa TOt<OBhiX eiirHliJTOB '' BeJlH'IIIHOH -. nopli}:(Ka·. MIIKpOaMnepa _ e BpeMeHe·M 
HapaCTaHIIsi 3+5 He' Ha paeeTOliHHe J:io 2.:x MefpoB 6e3 HeKa)li:efluii' II noTeph; nci~aqa 
no 3TIIM JKe JlHHIIliM aHO~Horo H-iulpliJKeHHH senuqimoii ~0 'i;o KB; (npJ{ TO~aX 
eTeKaHHll ::so, I HAIIIJHHa npw iiyneBOM noi-eHumille Ha coeeifiwx· ~ByX ll~Hax), a 
TaKJKe eoxpaHeHIIe MIIHn'MliJThHOH pa~IIal{IIOHHOH TOJll.l(l-IHhi ~eTeKi'opa. ' - ' 

Ha 6a3e' pa3pa6oi'aHOH ' MCTO~HK-H He3aBHeHMoro e<iiiTbl!iaHifll elfnmnos e 
ilHo.ziHhiX eerMeHTOB 'eTpoy c rTOMOinbto' nepe~aTO'-IHhl:lc'JlHHIIif 6hJJ1 II3fOTOBJ1eH 
~ByXC~OHHhTH npOTOTIIn ~eTeKTopa pa3MepoM 400x2QO'~M\IIM,etol.l(IIi{ 360 KaHliJTOB 
pemcTpal{IIII ( C'IIIThrBaHIIll) c rpaHyniipoBaHHOCThto 4 eM-; (0 4x I 00 MM2) [3-5]. 
CxeMa it'pOTOTIIna npe~eTaBJleHa Ha pH C. 5 .. rip6ToTim. 'npe.ticTaBJlliCT co6oif 
~ByXCJlOHHyto nnaHapH-yto KaMepy,' KaJK~hiH cnofi KOT<)poif . co.rie~»m-f 48 CTilOY 
~HaMeTpOM 4 MM If ~JlHiioH 42 eM: Cnoi-i c~BHHYThi ;,_;e~y: c66oif '~a sem141fHY 
p~IIyea Clpoy. AHO~hl CTpoy paJ)'{CJlCHhi Ha 4 O~HHaKOilble cerMef.rra (PIIC. 6), Ha 
KaJK~hiH lf3 KOTOphlX no HH~IfBH~yaJlhHOH WlfHe nepe~aTotiHbiX JlHHifH no~aen:.ll 

aHCJ~HOC Hanpll)i(eHwe' II no HeH JKe nepe~amTcli HHijlOpMal{HOHHhie TOKOBhle 
cwrHliJThi Ha pacnonoJKeHH~Ie · s6Jllf3i-r KOHl{OB cTpoy · aminoros~ie"' ycwnHTeJllf · If 
ljlopMIIpOBaTeJlH. - . . . ·'·'· . 
·. ' 

Pnc. 5. CxeMaTH4eCKoe H3o6palKeHne npOToTnna )leTeKTopa Ha ocHose MHorocerMeHTHhiX crpoy: 
. 1 - nnocKOCTb crpoy; 2- cy6paMa npoToTnna; 3 - raJOBbiH o6beM; 4- nnHHH nepe)la4n cnrHanos; 

/5- MCCTO paCTTOROlKCHHll 3RCKTpOHHKH C4HTbiBaHHll; 6- BbiBO)lhl 3HO)lHbiX CCfMCHTOB. 
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~c. 6. Cx:Ma 4~x cerMeHTHO~· ~p~~~ n~~MeHeHHoii Ha,~pOTOTHne rpaHynnposaHHoro )le~eKJO~~-' . . .. ; 

·.; 

l Pa~IIal{IIOHHall TOJll.l(IIHa·' ~3roToBJ1eHHhiX itn~- npoTOTIIna nepe~ato'-IH~!X 
JllfHIIH -Q,I 5%Xo. nonHall paj{IIal{IIOHHall TOJll.l(Hka •. B. o6nacTH ycTaHOBKif 
c~-eifcepHoro -Y3Jla pa3M"epoii 8~4 '' MM2 cocTilBHJla seJiutihify.;:' l ,0%X~: '·.Hoene 
c6opKII npoTOTHna, ,6hiJ1II pa3pa6oTaHbl 6onee . TOHK~e JlHHifii. !;, . pa~IIal{ifOHHOH 
TOJll.l(IIHOH - ·0,06%Xo II C ~pyriiM MCTO~OM coe.zim-ieHII~ 1 KOfiTaKTHhDC npoBOJlOK 
_eerMeHTOB C WlfHaMH _nepe~aT04HhiX JllfHHH, nplf 3TOM _nOJlHall _pa~lfal{HOHHa.ll 
TOJll.l(IIHa ~ o6naeTII ycTaHOBKII cneftcepHbiX yJJlOB ~eHhliiHJlaCb ~0 0,3 7 0,4%X0 
[6]. 

AHMoroBa.ll 3JleKTpOHHKa C'-IHThiBaHHll pacnonaranaeh OKOJlO o~Horo H3 
KOHl{OB CTpoy II IIMCJla llJlO.THOCTh paenOJlOJKCHHll I KaHliJTfMM, , ,,. 

B TpeThefi rJiaBe ,npe~cTaBJleHhl pe3yJ1hTaThi IIcene~oBaHHll: ~apaMeTpoB 

MHOfOKaHliJThHOfO npoTp:mna _ rpaHynHpOBaHHOfO ,L(C'f.CKTOpa . Ha _ OCHO_Be 
MHorocerMeHTHhiX CTpoy, llOJlYl.JCHHble Ha HCCJ1C~9BaTCJ1beKOM. CTCH~e , B J!<D_83 
OH51H w Ha_ a~poHH()M n~J<CK<l-HliJTa H6SPS s·QEPHe [ 4, 5]. , 

_, B , cTeH~()BhiX ycnoB-qilx . 6hma. nposep~Ha pa6()TOcnoco6H()eTh., II 
O~HOpO~HOCTh KaHliJTOB pemcTpal{lflf (plfC. 7), a TaKJKe BeJllf'-llfHa .TOKOB CTeKaHif51 If 

ypoBeHh IIIYJ'dOB .. np_oTo-r:IIn . npO~)'BliJTC.ll . r;"a30,BOH SCMeChlO "Ar/C02 . (80/20), ~Jlll 
5 . ·. 

Hcene~osaHHH nenon&3osanc.ll lfCTO'-IHifK y-KBa!1TOB , Fe. ,, ~ . .··- . . . , 
JwnoBall_ 3ai:lH_CHMOeTh -BCJllf'-IHHhl _ pyrHCTpHpyeMqro 

1
CHrHaJ1a, OT aHO~HOfO 

HanpliJKCHII.ll_ Ha cerMCHTaX,,CTpoy H. TIIllOBall- ;C'-IeTHa.ll.· xapaKTepiieTIIKa. npii 
periicTpaQIIII. lf3J1Yl.JCHifll, 1IICTO'-IHIIKa 55fe npHBe~eHJ>L Ha . piie. 8. ,3aBIICIIMOCTII 
YKa3hiBatoT Ha pa6oTocnoco6_HOCTh cerMeHTOB npoTOTIIna ~o ra3oBoro. yciiJleHifll., 

~~tt:dl~.ltcdl' 
10 - 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 

N2 CTpoy N9 CTpoy . N2 CTpoy N2 CTpoy 

~::ffilt±=j)EJ~dltddl" 
10 20 30 40 50 1 0 20 30 40 50 10 20 30 40 50 10 20 30 40 50 

N2 CTpoy · · N2 CTpoy N2 CTpoy N2 CTpoy 

Pnc. 7. Pe3ynbTBTbi HJMepeHnii senH4HH cnrHanos c cerMeHTOB npoToTnna penepHbiM TeCTOBbiM 
ycnmrreneM npn <jlnKcnposaHHOM aHo)lHOM HanplllKeHnn: a) nepBall rrnocJ>ocTi. CTpoy; 6) BTopall 
rrnocKOCTL CTpoy. HoMepaMn o6oJHa4eHbi, coOTBeTCTBeHHO, pliJlbi cerMeHTOB B rrnocKOCTliX . 
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Puc. 8. Tunonall JaBUCHMOCTb cpe]!Hell BeJJH'IHHLJ cumanon ar aHO]lHoro Hanpli)J(eHUll (a) u 
mnonall C'leTHall xpaKTepHcmKa ]lnll cerMeHTa crpoy (6). PerucrpupooanucL raMMa-KoaHTLJ oT 
UCTO'lHMKa 55fe. 

-I 05 npn oTcyrcTann co6cTBeHHhTX UJ}'MOBhTX cnmanoa .neTeKTopa. Benn'lnHa .. 
nopora <jlopMnpoaaTemr cocTaamrna -50 MB. vhMepeHnsr BhmonHeHbT c 

ycnnnTemrMn n <jlopMnpoaaTensrMn, no):lroToaneHHhTMH .nnsr nccne):loBaHnsr 

npoTonma Ha llYtJKe ycKopHTensr. 
Pe3ynhTaTbl npoaepKH acex · 360 KaHanoa npoTOTHna noKa3anH BhiCOK)'lO HX 

O):{Hopo.nHoCTh. Cneaa Ha pnc. 9 npnae):leHo THllH'IHoe 3HepreTH'IecKoe pa3peUJeHHe 

cerMeHTa, a cnpaaa - pacnpe):leneHne cerMeHTOB no aenn'lnHe aMnnnTy.nhr cnmana 

(Linll 
55

Fe). KonHtJecTBO Hepa6oTawmHx KaHanoa cocTaanno 3% oT o6mero nx 
'IHCna, OKOnO 2% KaHanOB OTnH'IMOCb llOHH)((eHHOi% aMnnMTy)lOi%. perHCTpnpyeMbTX 

cnmanoa. OcHOBHoii npn'lnHoii 3THX .ne<jleKToB sransriOTcsr oUJn6Kn, annsrwmne Ha 

TpaCCHpOBKY CHrHanOB OT CerMeHTOB ):10 perHCTpHp)'lOmeii 3neKTpOHHKH, lfTO 
YKa3hraaeT Ha Heo6xo):IHMOCTh ynYtJUJeHnsr coe):lnHeHHii UJHH nepe.naTO'IHhTX nnHnii 
C KOHTaKTHbTMH npOBOnOKaMH CerMeHTOB H C lllHHaMH nnaT C'lnTbJBaHHll. 

,H~. 

5000~ .. 
Mean 848 0 .. 
FWHM 160 :z: .. 
dElE 18.9% i! 

3DDOr 1\ .. 
u 
0 .. .. 
u .. 
"" 

1D00t 

0 

I c! k. "' 1:; 

~ 
I I 

0 1000 2000 
KaHanbr A~n 

Puc. 9. Cneoa - mnonoe :meprem'lecKoe pa3peweHue ]lnll cerMeHTa nparornna. AHOJIHOe 
Hanpli)J(eHne- I ,4 KB, raJOBoe ycuneHne oKono 4x 104, raJoBall cMecL ArC02 (80/20). Cnpana
pacnpe.neneHUe KaHaJJOB nparomna no BeJJH'lliHe perucrpupyeMLIX C HliX CUfHaJ!OB OT y-KBaHTOB 
C :.mepmell 5,9 K38 npn cjJMKCUpOB3HHLIX ycnOBllliX ,!(eTeKTHpoBaHMll. 
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Puc. 10. Cneoa ·- 3KcnepuMeHTaJJLHall ycTaHOBKa Ha ny'l.Ke· KaHan;· H6 · SPS, noKaJLJBaiOwall 
pai:nono)J(eriue JleTeKTOJ)OB u o5naCTL~ 'r]le TpeKu >lacmu MoryT penicrpHponaTLcll: Cripana -
cxeMa pa3MemeHull: ]leTeKtopon. Ilparomn Ha ocHooe cetMeHliiLIJ( i:rpoy' (IJcq··pacnono)J(eH 
Me)J(]IY Si-.neTeKTopaMu. TenecKon co]lep)J(HT 6 nnocKOCTell nMKCeJJLHLIX KpeMHMeBLIX JleTeKTopoo 
(Si-nnoCKOCTH) ll 4 CllliHTMnnllliMOHHLIX C'leT'!(lKa (S,_,S4). · • ' 

TecTnpoaaHHe npoTonma Ha llYtJKe .6hmo BhmonHeHo .Ha KaHane H6 SPS a 
QEPHe. B KalfeCTBe TpeKoaoro ):leTeKTopa ucnonh30Bancsr nHKcenhHhiH nYtJKOBhril: 
TeneCKOll, CO):Iep)((amHH 6 nnocKOCTei% nonynpoBO):IHHKOBbTX (Si) ):leTeKTOpOB, C 
pa3MepaMH lllfKCeneil: 30X30 MKM

2 
11 4 CI.\HHI.\Hnnlll.\HOHHbiX C'leT'IHKa, 

'lyaCTBHTenbHbJe pa3Mepbl KOTOpbTX . 6hmH 6x6 MM2
• TipOTOTHll Ha. OCHOBe 

cerMeHTHhiX CTpoy (TICC), ycTaHoaneHHhiH no · I.\eHTpy TenecKona, Mor 

npel.\H3HOHHO. nepeMemaTbCli B'lll:iTJpaaneHwsrx X H Y. Ha pHc. I 0 noKa3aHa cxeMa 
pacnOJJO)((eHHll ):leTeKTOpOB Ha ycTaHOBKe. 

OcHOBHhiMH. · 3a):latJaMH · TeCTHpoBaHHll npoTOTHna Ha nYtJKe 6brJJH: 
onpe):leJJefiJJe 3<jl<jleKTHBHOCTH perncTpal.\Hlf H .. npocTpaHCTBeHHoro · pa3peUJeHmr 
cerMeHTOB, a TaK)((e lf3MepeHHe . HetJyBCTBHTeJJbHOH ):{JilfHbl CTpoy B. MeCTaX 
YCTaHOBKlf B HlfX cneil:cepHbTX )'3JIOB. TipOTOTHll npo.nyaancH Ta30BOH CMeCblO 
ArC02 (80/20)%. ra30BOe ycHneHHe 6hmO- 6x I 04

• 

Ha pnc. II (cneaa) -noK<naHa RT-3aBHCHMOCTh ):lnsr .nayx coce):{HhiX cTpoy 
O):{Horo cnosr npoTOTHna, pacnoJJO)((eHHhrx B lfYBCTBHTenhHOil: o6nacTH TenecKona. B 

npaBOH lfaCTll pllCYHKa npiTBe):leHa 3aBHCIJMOCTb 3<jl<jleKTITBHOCTH 3THX CTpoy OT IJX 
pa.nHyca. Cpe):{Hllll TonmnHa ra3oaoro cnosr s cTpoy .nwaMeTpoM 4 MM L{nll - 70% ee 

):llfaMeTpa COCTaBnsreT- 3,6 MM lf ):lanee yMeHhlllaeTCll, ll03TOMY llpH He):IOCTaTOlfHO 
p . 

'.. .a 1 r--=~-----------. 
1: 700 -#10 •. ::1¥.:;:. #9 t; .. . 87% . . •• • 87% 
:r -,· ·,. .. ... ,, 0 08 ~ -;m...-..""~r*\*:;:r, Dl 600 _,.. . ' ,. . J: • .. " • t' ' •• 

jj :~ . ~. ~ 0 6 #10 • • . #9 ! 
t:: 500 , . , ~· 0 • 

~ -400 _ : • • \::. : · . Q) 
0·4 - (Tr 2) • • (Tr 2) 

tc1 •• · vo.2 · ::.:::300 ..0.. 

~~_.------------------~ ~ 0 • -3 -2 .. 1 2 . 3 -3 -2 -1 0 1 2 3 x: MM . X. MM 

Puc. II. Cneoa- RT-JaBMCHMOCTL ]lnll JlByx coce,li.HHX crpoy O]!Horo enol! npoTaruna. Cnpasa-
3cjlcjleKmBHOCTH 3TilX crpoy. AHOJIHOe Hanpli)J(eHMe- 1,55 KB. 
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BbiCOKifX K03rprpUI.(HeHTaX ra30BOro ycuneHHH unu/u npu He ,llOCTaTO'IHO Hlf3KUX 

noporax ,lllfCKpUMUHal.(Ulf aHanorOBOH 3neKTpOHUKJf B03MO:>KHO HeKOTOpoe 

noHH:>KeHHe 3rprpeKTHBHOCTU H3-3a 6onbliiHX rpnyKTYaUHH HOHH3aUHOHHbiX HOTepb 

,llnH penHTUBUCTCKifX '!aCTUI.(. Ilopor ,llHCKpUMUHal.(Ulf (Tr 2) _aHanorOBOH 

3neKTpOHHKU CTpoy 6bin- 4,5 rpKn._ 

HeqyscTBUTeni>HbiH 3a30p Me)l(,lly coce,llHUMU Tpy6KaMu Ka)l(,lloro _ cnoH 

COCTaBnHeT (160 ± 5) MKM Jf onpe,llenHeTCH TOnll.(UHaMU CTeHOK Tpy60K Jf 20 MKM 

3a3opoM Me)l(,lly IfX BHeUJHUMU nosepxuocTHMU. Bu,lluMaH ua puc. II 
He3rprpeKTUBHOCTb onpe,llen~eTCH 3TOH o6naCTblO _ H HeKOTOpblM CHH:>KeHUeM 

3rprpeKTHBHOCTH B6nH3Jf CTeHKU CTpOY (KaTO,lla). fhMeHeHUe 3rprpeKTUBHOCTlf B,llOnb 

pa,llnyca Tpy6oK (.llnHTr 2 u npH ,a,HO.llHOM ,uanpH:>KeHHH I ~5_5 KB) cocTaBnHeT 50%, 

-20% 1-1'1 0% ,llnH paccToH-tiuw oT KaTo,lla- 50,-- I 00 if- 300 MKM coorneTci:aeuim. 

tiyscTBHTeni>HaH nnoma.llb Si ue6onhrnaH u oT6HpaJOTcH Toni>Ko TpeKu c 

nnoll.(a,lllf 6x6 MM
2

• XHTbl pacnono:>KeHHbiX cnesa u cnpasa no nyqKy Si- ,lleTeKTopoB 

HCnonb3YJOTCH ,llnH peKOHCTpYKUHU TpeKOB. Pa3HHL{a Me)l(,lly H3MepeHHblM H 

peKOHCTpYlfpOBaHHbiM 3Ha'!eHUHMU CO,llep:>KHT HHrpOpMal.(UJO 0 · npOCTpaHCTBeHHOM 

pa3perneHHH uccne,llyeMoro ,lleTeKTopa. ,. 

Ha pHC. 12 npuBe,lleHO THOU'IHOe pacnpe,lleneHHe OTKnOHeHUH H3MepeHHbiX 

KOOp,llUHaT '!aCTUI.( OT TpeKOB, BOCCTaHOBneHHbiX no ,llaHHbiM Si-,lleTeKTopoB 

TenecKona. lllupnua pacnpe,lleneHHH ( cr) cocmsnHeT senH'IHHy 164 MKM. 

Cne,llyeT OTMeTUTb pa3nH'!He B reoMeTpH'!eCKHX pa3Mepax ,lleTeKTopos. TaK, 

nnOII.(a,llb cerMeHTa npOTOTUOa COCTaBnHeT 4 CM
2
, 'ITO B IJ pa3 npeBbllllaeT nnOII.(a,llb 

,lleTeKTOpOB TeneCKOna. IlpH BbiCOKOH 3arpy3Ke ,lleTeKTOpOB B03pacTaeT BepOHTHOCTb 

BOCCTaHOBneHUH nO:>KHbiX TpeKOB, 'ITO npHBO,lllfT K nOHBneHHJO nbe,lleCTana y 

pacnpe,lleneHHH. J13MepeHHble 3Ha'leHHH ,lleMOHCTpHpYJOT, 'lTO-npOTOTIIO Ha OCHOBe 

MHOrocerMeHTHbiX CTpOY · HMeeT THnH'IHYJO BenH'IHHY ' npOCTpaHCTBeHHOrO 

pa3perneHUH. 

Ilpu H3MepeHHHX ueqyscTBHTeni>HOH ,llnHHbi cTpoy Bo3ne cneficepuoro YJna [5] 

npOTOTHn nepeMell.(ancH OTHOCHTenbHO TeneCKOna C rnarOM 5,6 MM (TO'IHOCTb 

nepeMell.(eHHH · 6I>ma He xy:>Ke 0, I MM). PnC\FW 13 - a) nOKaJbiBaeT, 'ITO 

He'lyBCTBHTenbHaH ,llnHHa' B,llOnb OCH CTpoy (Y -KOOp,llHHaTa) B o6naCTH cnei1cepHOfO 

YJna COCTaBnHeT BenH'IHHY OKono 7 MM. Pnc. 13- 6) OOKa3biBaeT, 'ITO pa3pellleHHe 

npaKTH'IeCKH coxpaHHeTCH Ha BCeH 'lYBCTBHTenbHOH ,llnHHe CTpoy. 

IS: 500 
s 
2 400f 
'g 300 
(,) 

0 

5 
s :r 

TATIO 

-1.6 ·1 .0.6 

C)': 164 MKM 

;1,=----
0 0.6 1 1.6 2 

X, MM 

PHc. 12. ITpocTpaHCTBeHHoe pa3peweHHe cTpoy, nony<JeHHoe Ha ny<JKe. 
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Puc. 13. a) Pacnpe,11eneHHe 3<!J<!JeKTHBHocrn B.!lom, aHo,!la crpoy. He3cpcpeKTHBHall .!lnHHa (Ha 
yposHe- 0,9 OT cpe,!IHew 3cpcpeKTHBHocrn sHe cnewcepHoro Y3na) cocrnsnlleT senwnmy- 7 MM; 6) 
06nacn. yxy.11weHHll npoCTpaHCTBeHHoro pa3peweHHll s6nH3H cnewcepHoro y3na coCTasnlleT 

senH<JHHY- I MM. 

B JaK.rlro'lennn crpopMynuposaHI>I ocnoBHI>Ie peJyni>TaTI>I pa6oTI>I 1-1 BI>IBO.llbi 

,llHCCepTal.(HH: · r.rJ.::J5t: ',!/ 

1. Bnepsb!e ;pa3pa6omua~exuononfH uJroToBneHHH. MHorocerMeHTHhiX aHO,llOB 

H BHYTpeHHhJX ::~neMeHTOB cTpoy. 

2. IlpoBepeHa ycTaHOBKa MHOrocerMeHTHbiX aHO,llOB B CTpoy C nocne,llYJOII.(HM 

BbiBO,llOM KOHTaKTHbiX npOBOnOK npoMe:>KYTO'IHbiX aHO,llHbiX CerMeHTOB qepe3 

CTeHKY CTpoy . H IfX nO,llKnJO'IeHHe K BhJCOKOBOnbTHOMY nUTaHHJOf3neKTpOHHKe 

C'IHTbiBaHUH no cnel.(HanbHO pa3pa6oTaHHbiM ,llnH 3TOrO nepe,llaTO'IHbiM nHHUHM. 

3. IlpoBe,lleHbl CTeH,llOBble HCCne,llOBaHHH npOTOTlfnOB MHOrocerMeHTHbiX CTpoy. 

IlOKaJaHa B03MO:>KHOCTb C03,llaHHH Ha HX OCHOBe rpaHynHpOBaHHOrO ,lleTeKTopa. 

4. Ilpe,llJIO:>KeH H HCCne,llOBaH·' MeTO,ll yMeHhllleHHH pa,llHal.(HOHHOH TOJIII.(HHbl 

nJIOCKHX nepe,llaTO'!HbiX nHHHH .•B MeCTaX COe,llHHeHHH HX BbiBO,llOB C cerMeHTaMH 

aHO,llOB. IloKa3aHO, 'ITO TOnll.(UHa nHHUH B 3THX 30HaX MO:>KeT 6b!Th YMeHhllleHa B 5 

pa3- ,llO BeJIH'IUHbl- 0, 18%X0• i' 

5. CTeH,llOBble Jf nyqKOBble Hc.cne,llOBaHUH xapaKTepUCTJfK npoTOTHna Ha OCHOBe 

MHOrocerMeHTHbiX CTpOY OOKaJanu, 'ITO BpeMeHHble H npOCTpaHCTBeHHbJe 

napaMeTpbl ,lleTeKTOpa He OTnU'!aJOTCH OT XapaKTepHCTUK 06bi'!Hb!X TpeKOBbiX 

,lleTeKTOpOB Ha OCHOBe CTpoy. He'lyBCTBUTenbHaH ,llnHHa CTpoy B o6nacm 

pacnonO:>KeHHH BHYTpeHHHX 3neMeHTOB COCTaBnHeT BenH'IUHY MeHee 5% OT ee 

nOJIHOH 'lYBCTBHTenbHOH ,llnHHbl. fpaHynHpOBaHHOCTh TaKHX CTpOY MO:>KeT 

BaphUpOBaTbCH OT I CM
2 

Jf 6onee, a UX ,llJIHHa MO:>KeT 6biTb ,llO 4 MeTpOB. 

II 
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