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OnTuMHIANME OPOBOJIOMHON CTPYKTYPH M BHIOOD HATAXEHUS
npososiouck B apeidonoi kamepe nerexropa KEIP

B.E. Baunos, B.P. I'powes

locynaperpennnii nayunsniii uentp Poccuiickoii Penepaunn
HuernTyT suepuoit ¢pusnku um. I''M. byakepa CO PAH

Anporauusa

B paGoTe nano onicanne MeTona pacieTa 3JIeKTPHYecKUX noJeil B syeiike
ApeitpoBoii KaMepbl, 8 TaKXke 3AeKTPOCTATHYECKNX H I'PaBHTAIIHOHHLIX CMe-
mennii npososiouek. Ilonyuyeno xopomee cornaciie pesynbTaTOB pacyeTa C
N3IMepeHNAMH 11 pacueTaMi ¢ NCNOdb3oBaHneM Apyrux nporpamm. Hakneno
HcKakeHHe nodsieli B sivefike apeiigosoii kamepnt aerekTopa KEIP, obycno-
BIIEHHOE BIAHANHEM COCENHHX CJI0eB, BHeLIHel ¥ BuyTpeRHeil obevaek, nedop-
MaIlHN $4YefKH, HeTOYHOCTH BLICTABKH NpoBoJioyek B Aueiike. Ha ocHoBanun
pacueTOB BbiOpanbl HaTsAKeHHA H AHaMeTpsl npososiouek. Hng nonydenns
NpoeKTHOro npocrpancTeennoro paspemwenns 100mkm B apefihopoil kamepe
HeoDXOANMO HaTsaKeHHe 1noneBuX npoonouek 250r, avonuwix — 100r.

©TocynapcTBennnlii Hayunsiii nenrp PP
WncrutyT anepnoii pusuxkn um. I'.'A. Byakepa CO PAH

1 DBpaenenne

B Mucruryre saepnoit dusnkn nm. byaxkepa CO PAH B nacTosiiiee Bpems 3a-
sepuaeTes cozfaiie gerektopa KEIP [1] na nakonurene BOIII-4M. Onuoii
U3 CHCTeM JleTexTopa siBageTcs npeiidosas kamepa (I[K) [2, 3, 4]. Hpeiipo-
Bad Kamepa (pinc.l) uMeeT UHANIAPHYCCKYIO POpPMY I 3aHHMAET IpocTpan-
CTBO, OrpanHyelHoe ABYM4 NUAHHApIYecKknMl obevaiikamu aannoi 1100 mm
W ABYMSA TOPUEBBIMHA iiacTHHaMi, B TopuesuIX nacTHnax npocsepiensl oT-
BEpCTHS, B KOTOPBIX ¢ MOMONILIO HEPKABEIOLHX NIHHOB KPengTcd NPOBOJIOUKH.
K conepxut Gonee 16 Tuicay NpoBootiek, B ToM Hitcie 1512 curnanbunix.
Mpu naune npoposodex 970 MM u i3mepuTensnoit 6aze 370 MM xamepa naert
42 n3MepeHHs HOHM3ALOHHBIX NOTEPh I KoopaniaTel YacTHIb. IIpoBonoukn
CrpYNIHPOBAHLl B CEMb IINTHIIPHYECKNX cynepcnoen. YeTripe — HEYETHBIX
AKCHANBHLIX CYNepCsos — HMEIOT NPOBOJIOUKH NapalielibHbie OcH HUWIHHADE,
TPH — YeTHLIE CTEPEO CYNEPCIIOd ¢ NPOBOJIOUKAaMIl, HAKJIOHEHHBIMII O]l YT IOM
+100mpan K ocit kameprl, CTepeo ¢JION HCNOAL3YIOTCH IS H3MEePeHnsa Koop-
munaTel paoab ocu HK. Cynepeaou pasburel Ha apeiidhoBble A4eiK.

Buibop THna sueiiku 61 06y cnosaen TpebopaliieM NOMyYeHNsd BLICOKOrO
MMIOYJIBCHOIO Pa3penicHis NPH MIHIMAaJIbHOM KOJHYecTBE KaHaJoB 3eKTpo-
HUKII. 3a OocHOBY Mbi BEIOpadu s4veiiky (puc.2), ncnonb3yeMyio B lleTEKTOpe
SLD [5]. Hueiika comepknT BOCeMb AHOAHBIX POBOJIOYEK, HIECTH W3 KOTOPBIX
~ yyBcTBHTeNbIbe. Kpaiinime — nepaboune anofnbie NPOBOJOYKH — CIIYIKAT
N9 BLIpaBHUBAHIIA [OIA B syeiike. AHOIHLIE NPOBOJICYKH H3TOTOBJICHBI W3
[10307I04eHHOro Bosbdppama auamerpom 28 MxM u umeloT HaTsKenne 100 r.
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CHI}HHIL H clieba OT VNIOCKOCTH ¢ AHOAHBIMHY ITHOBOJIOYMKaMHi pacnojioxeHbl IBa
pana pokycHpPYIOUINX 11poBOJIoveK. 3HaueH e NoTeHInaia Ha GoKycHpyIonmx
MpOBOJIOUKAX onpenenser KoxpuinenT rasoporo ycniaenns. Pacnpenenerue
NOTEHUNAJIOB Ha MOJIeBLIX NPOBOJIOUKAX CO3laeT OAHOPOAHOE [10J1€ B J],pﬁ'r-l[l:lo-
BOM TIpOMeXyTKe HanpaxennocTno 2 KB/eMm. g qoxkycnpyomux, nofeseix
H “ﬁpﬂﬁﬂ‘lﬂ}{ AHOANEIX MPOBOJIOK MEI HCHOJB30BAIN 30JIOYEHYIO THTAHOBYIO
npopoiioky anamerpom 150 mxm. Harskenne s>1ux npososnioyek pasiio 250 r.

B kauecTBe pabouecro rasa Obini BbIOpaH HMHCTHIl AMMETHNOBBIL 3]HP
(IM3). Ha monenn sueiikn IIK ¢ sTim rasom nonyueno cpejtee no. sueiixe
npocTpancTBellHOe paspeurenne 45MKM.

2 OnruMuszanus NpoBOJIOYHON cTpYKTYphI JIK

Cxopocthb npeitda snekrponos B IIM3O nuneiino 3aBucuT OoT HanpsKEHHO-
CTH 3NEKTPUYECKOTO TIOJA H THIOTHOCTI Pa3a. JTO HAKAaABIBaeT cephbelHLle
Tpebopanns na crabunbHocTh pabounx ycnopuii B kamepe. Uamenenune nanps-
KEHHOCTH Mo WK mioTHoeTH rasa Ha 0.1% npnBoauT K onmbke naMepeHud
koopannaTii B 10 Mksm 1a 1 cM apeiida. D1o Tpebopanne HeoOBGXOANMO YUHTLI-
BaTh 1pH BbIBOpe paccTOoAHNA MeKAY CYTEPCAodMH, PacCTOANNA OT CTEHOK
JNK 1o BHEWIHNUX CJIOeB 4YeeK, NMPH BLIGOPe BEJINYMHBI cTepeo yYrila M HATH-
#enusd nposonodek. Hlosromy cepresnoe BHiManWe 6bLlIO YAeleHO pacdeTy
HCKaKeHHH nodell B sveiike N HX MHHMMISALUIIN.

2.1 Pacuer nonen B siuennke K

Brina mamicana nporpamMma pacHeTa 7€KTPOCTATHYECKHX NOJel B suelike,
KoTOopas MO3BOJIHIA OINTHMH3NPOBATE NPOBoAoYHYO cTpykTypy K. Iipn-
BeAeM KpaTkoe OlNCaHie MeTola pacueTa. B-Etpiﬂbl Ha HNpoBOJIOYKaX OIllpe-
NeNANNCch METONOM NOTeHNHAIBREX Koxpduunentos [6, 7]. Horenunanbubie
KO3 PNIHCHTE S;) MAOT CBA3b MEXKJY [NOTeHUHaJaMi H 3apafaMi Ha npo-
ponoykax. IIycTh ecTh n nposoaouek ¢ 3apanoM ; u norenunaitoM V; Ha i-oi
npoponouke. lloreniinan 1-oit NPOBONOUKH, ¢ OIHON CTOPOHBI, paBeH HaNps-
KEHHIO, a ¢ APYrofi ¢CTOPOHLI, CYMMe NOTeHINaloB, CO3AaBaeMbIX JApPYT'HMI
NPOBOJIOYEK, B MeCcTe pacnojoxenns sroit nposonoydku. [lomyvaem cucremy
ANHCNHLIX YpaBHeHuil '

Vi = S - Qulik = 1, 5m) (1)
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Bennuuna S;p pasua norenuuany, mpiodbperentoMy i-oil npoBoNoOuKoii, ecyu
coobunTh k-oil 3apan Qr = 1, a Bee ocTadbible NPOBOJIOYKIH OCTABUTH He-
3apsaKeHHBIMH. JIerKo NoTyYHTEL HEKOTOpbie CBOICTBA IOTCHUHANIBHLIX KO-
dunuenTon: S;i = Ski, Sii > Sik > 0.

[MoTenuuan ot npoonoukn Anuuoil [, B AekapToBoii cucTeMe KOOPAHHAT
uMeeT BHI:

(z=a+/(z—-a)P +z2+7)
(z+a+/(z+a) +27+47)|

rie, Q - 3apsa equHUILL ATHEBL poBoaoukil, a=L/2. Ilposonouka pacnona-
raeTcd Ha OCH zZ OT —a Jio +a.

Pemas cucTeMy numeiinnix ypasueunit (1), naxonum sapannl Ha nposo-
aoukax Q. 3uas 3apAMLI, MOKHO ONpeAcinTh NOTEHINal i HaNPAKEeHHOCTh
sjieKTpuyeckoro nois B mioboit Touke. [IporpamMma no3soNseT NPOH3BOAHUTD
pacueT foseil 0T CHETEMBI IHIIIAPIYECK X TPOBOANNKOD B BakyyMe (& = 1),
APH ITOM paccTodne Mexay npopopunkamit h gonkno 6uTe MHOrO 6onbine
anamerpa nposonuuka d. Tak npu k/d > 5 omnbka B BenHunue BLIMIICIEH-
HEIX 3apszos Melbine 1% u cranosuTes menbuie 0.1% npu h/d > 10.

Cromneie NOBEPXHOCTH MOTYT GbITh 3a/ialbl MPOBOJIOMHON CCTKOM HyXK-
ot opmut. [lng nomyydenns HeoOXOANMOI TOYHOCTH OTHOIUEHIIE Mara ceTKu
K JIMaMeTpy MpoBoJioYeK JoJK10 6LITh Gonbine 5.

[Tporpamma no3BoJiseT BHIYHCAATH MOTEHIHAN, X- H Y-KOMIOHECHTHI Ha-
NPAKEHHOCTH IEKTPHUECKOro Moid B MIOCKOCTH NePHeHANKYIFPHOIl OcH Z,
pHCOBATH paclpenesieiie KBHNOTeHNaNell 1t TpaeKTopuH Apeiida amexTpo-
HOB B g4eilke B MAUHITHOM N0JIe, HATIPaBICHHOM Mapajule/lbHO NPOBOJIOYKAM.

W3-3a muneitHoit 3asicumocTn ckopoctir apeiida(W) oT Hanpa:KeHHOCTH
nons B rasze JIMD uckaxkenue noieil npUBOANT K H3MEHEHNIO COOTHOIIEHNA
spemsa apeiipa(t) - koopanunara(X). llpu upeiipe B nocrodunoM 3MEKTPHYE-
CKOM Ilofle HaNPAKEHHOCTHIO 5 9T cooTHOLIeHHE HMEET BIJL:

e(z,9,2)=Q+In (2)

X=W-.t=k-E-t (3)

Usmenenue E na semmunuy A E npupognT K n3metetino X Ha peunny §X =
k-t-AE. Mogsnenne y-KOMNOHCHTE eKTpHYeckoro nons Ey Bh3biBaeT
cMeriienite Apeiidyoux a3ekTPponon na seauunny 8Y. B ntore umeem:

X=X -AE/E, (4)
Yo X EBolE. (5)
B cayuae meomnopoanuix nodaeil gropmyiei(4,5) NpHHIMAIOT BHA:

=



X(zap)= [ (B - B2/ Euda, (6)

WY (@a)= [ (By = B Beds, (7)

e, Typ — paccrodine mpeiidpa snexTponos, Ez, Ey - X,y — KOMIOHEHTHI
HANPAKEHHOCTH 37IeKTPHYECKOro Noiis B A49eiike 6e3 BHEIIHHX BO3MYLIEHHH,
a Ej, Ey - X,y — KOMNORenTsl noJieli B Aueiike ¢ BHEUIHNMU BO3MYLUCHI-
amu. Mcenonwsys 3T GopMynBl, MOKHO KOJIHUYECTBEHHO ONMpEle/HTDL Belll-
yuny owmbkH B H3MepeHi KoopAWHATHl 6.X W JONoJHNTENbHOe cMenlenune
apelidpyiomux snexTponos saoab ocn Y (8Y). Snavenns peanuun 86X u 8Y
BLIMHCNAMICL AJ% Tpex KpallHHX aHOAHBIX NMpPOBOJIOYEK B 3aBHCHMOCTH OT
paccTosnus apeiipa. Benmunna 6X naer cucremaTHyeckylo omnbky B onpe-
feJleHU KOOPAMHATEI, N03TOMYy Heobxomnmo, yTobu X 6bl10 MeHblIE TIpO-
eKTHOI'O NpocTpancTBennoro paspeinenns papnoro 100 Mxm.

Bemnunna §Y xapakTepusyer uiMeHeHHe KOOPIAHHATHI HEHTPa y4vacTKa
TPaeKTOPHHI YACTINLI, HOHH3ALHA C KOTOPOro OnpeieiiseT TOSBJeHNe Bpe-
MeHHoIT oTMmeTKll. Bonkiloe 3navenne éY npuBoaANT K yXyAUIEHHIO KadyecTBa
dOKYCHPOBKR JIpeiidhyIolNX 57IeKTPOHOB H CICTeMaTHUeCKOil onbKe B M3Me-
penny KoopuumnaTel. M3 pesyanrTaTOB MosennpoBaHus ObiZio nonyveHo, 4TO
8Y He HOMKHO mpeBHIIATEL 1 MM, IpH 5TOM BKJIaA B OlIMOKY u3MepeHuns Ko-
opanHaTh He npepbinaeT 50 mMiM. IIpakTHueckl BO Beex cayvasx BKAad B
yXy[llleHlle KOOpAMIaTHOro paspewienus Benuunabl 6.X muoro Goavmie Y,
N05TOMY MBI GylleM NPUBOAWTH AL rpadgukn aAng 6.X.

C nomomeio 3Toil nporpaMMbl OLIT NOCUHTANE HCKaXKeHHd, BO3HUKAIO-
[ie oT HAJNUMA COCeNHNX CII0eB, BleWHell H BHYTPeHHell HHAHHAPHYECKHX
obeuaek K, nedopmamin sueitku(cxkarne), BO3NHKAIOLIE B CTepeo ClIOAX,
HETOYHOCTH BLICTABKI [POBOJIOUEK B Aueclike M APYTHX NPHYHH,

2.2 PesyapTaThl pacyeTosB

Cynepeinoit Monenupopanics TpeMms sueiikamn (puc.3). PesynpTaTni npuso-
OATCA AA% NeHTPalbHON AUeliKi.

Baxnoll XapakTepucTUKON AUEHKIT ABASETCS HANPAXKEHHOCTh aneprnqe-
CKOTO MOJISt 1ia HOBEPXHOCTIH TIONEBLIX MPOBOJIOUEK. Ilns ”xononHelx” ra3os
3HAUeHHe HATPSKCHHOCTH Nond ke aonxHo npespiuath 40-50 xB/cm [8], B
3aBHCHMOCTH OT KavecTBa TioBepxHocTH nposodiiovek. Ilpn Boapmmnx nosasx
BO3MOJKHO 3aropaliie KOPOHHOI'O pa3paia Ha NOBEPXHOCTH MOJeBbIX NPOBOJIO-
yek. W3 aTux coobpaskennii 66131 BLIOpad AnameTp NojeBLIX U POKYCHPYIOUINX
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npopodnouek pahbiit 150 Mxm. Ilposonouxn Gulian no3onouensl AAsA yiaydile-
HMA KauyecTBa NMOBEPXHOCTH.
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Puc.3. IIporonounas cTpykTypa LIS KOTOPOil NPOBOJINIICA pacyeT.

HanpsxennocTs nond Ha TOBepXHocTH (OKYCHPYIOUIHX NPOBOJIOYEK
pana 12 kB/cM, a na nonepsix usmenserces ot 9 no 51 kB/em. Makenmann-
Hasd HaANpAKEHHOCTH MOJSA BO3HHKAET lla YIJIOBBIX npoBoiioykax. Meron ee
MOHMKEHIA A0 NPHEeMJINMOIl BejuuHIL Oyler omucan nallee. Bee 3anauvenus
NpUBeNeHBl S HANPAKEHHOCTH nois B aApeiidoBoM npomexyTke 2.0 kB/cMm.

HanpskenHOCTH N0JiA Ha NOBEPXHOCTH aHOANBIX NPOBOJIOYEK JAHaMETPOM
28 MKM, cooTBeTCTBYIOIas KodddummenTy rasoporo ycisenus 10°, pasna
300 xB/cm. Pacuernas 3aBncHMOCTb HanpaXKeHHOCTH Nods Egyoaa(kB/cM)
HA HEeHTPaJIBIOoI AHOMAHON IPOBOJOUKe OT HANPAKeHHA Ha (POKYCHpPYIOMIHX
Vg ox(kB) 1 MakcHManbLHOrO HanpsKeHNns Ha TMOTEHNNAJIBLHLIX MPOBOIOYKAX
Vaom(kB) umeeT Bt

Eaua&a =038 Vgﬁ ox +9.5- Vnﬂm- (8)

M3 »Toro BupamkeHus BHJHO, YTO ycujielHde Ha aHoJie B OCHOBHOM Ol peens-
eTCcA HanpsxenveM Ha QOKYCHPYIOIUINX IPOBOJIOYKaAX.

Mel cenieioBaii BOZMOKHOCTE PellIeHIIsd IPaBo-1eBoil HeollpelelelHOCTH
B Aveiike MOCPEACTBOM cMelleHHs aHOMHBIX mpososiouek Ha 100 1 200 MxMm.
Hekaxenna X(t) sasucumoctn npesoimaior 100 Mxm (puc.4), H nosToMy 3Ta
BO3MOXHOCTE Obli1a OTBepruyTa.

Ilna onpepenenus TpebobaHHil Ha TOYHOCThL BHICTaBKH HOJNEBLIX K ¢o-
KYCHDPYIOILHX HPOBOJOUEK MBI CMEIIAJIl HX MO OcdM clydaiiHbiM obpasoM B
COOTBETCTBHH ¢ rayccoBuiM pacnpenenennem. Ha prc.d npuBemena 3aBicn-
MOCTB CPEIHero no sueiike 3uavdeHnd X OT BelIHYNHBI ANCNIEPCHH pacnpere-
anenudg. U3 rpadmka BuaHO, 4TO Jlake NPH TOYHOCTH BHEICTABKH NMPOBOJIOYEK
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TOYHOCTH BLICTABKH MOJEBLIX NPOBOJIOYEK.
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100 MM nekaxenna pasubi 30-40 mxm. Hanomunm, yTo peansno vamMu nony-
yela TOMHOCTD BLICTaBKH OKOJIo 20 MKM I NOYTOMY BKJaioM 5Toro a¢gdexTa
B NPOCTPAHCTBEHHOE pa3pellene MOKHO NpeHebpeb.

Ipu xoncrpyupoannn IIK neobxonnmo 6n1no BeibpaTsh ONTIHMAIBHOE pac-
cTOSHIE MEXY COCeIHNMN cynepciosMu. banikoe pacnonoxkenue cjioes NnNpH-
BOAMT K B3aHMHOMY HCKAXCHMIO TIONIell B HHX, a YBeJHYeHUe paccTOAHNd
MeXAY HUMH yMeHbIIaeT KOINYecTBO N3IMEPEeHHH KOOpPAMIIATLI BHOIbL Tpa-
eKTOpHM uyacTHIL. B namem ciyuae coceflHUM cynepciioeM sBISeTCH CTe-
peocsioii, H3-3a 3TOr0 BO3HUKAeT liCKaxelle noJeil, 3aBucsiliee OT KOOpAH-
HATHl BNOJbL NpoBosioukl. B pacuerax KamxablH c/i0oil MOJIENNPOBAJICA TpeM:d
aueiikamu. PaccTosnuie MexAy cJIoaMi [J, a OTHOCHTENLHOe CMelleline Oll-
HOI'O ¢JIOS MO OTHOLIEHHIO K APYroMy «. 3uaueHie « usMenanoch ot 0 mo
28.5 MM, a @ Bapbuposasiock oT 15 no 30 mm. [IpueManMele BeTnunHbl HCKa-
xennit nonyvawores npu J = 25 — 30 mm. Ha puc.6 nokasana 3aBHCHMOCTD
6X nns f = 25 MM u 3HaveHns a = () MM, TpH KOTOPOM MCKA/KEeHHA Mak-
CHMAaJILHBL, JUIS Tpex KpailHnxX aHomHEIX npopojsioyek. IIpn 3Tom paccrosHnme
MeXNY CYNepCiogMH JIIbL HEMHOTO MeHblle painallbHOro pa3Mepa cynep-
cios W obbeM KaMepbl Mcnolib3yercsa nesdupextusro. Ilnga ycrpanenusa »roro
HENIOCTATKA DBEIJIO MPENIOAeNo MEKILY c}'nepcnoanﬁi TIOMECTUTh 3KPaH — IO
NpoOBOJIOYEK IOl ONTHMaJbHLIM noTenunanoM. Ilpun srom ymanocs mosecTi
paccTosnNe MeKLY cynepcenoamu o 20 MM i yMEHLIIMTE HCKaKeHus (pue.7).

Hanuune »kpana, HAXOUAWIErOcs TONA TNPOMEAYTOYHBIM IOTEHIHAJIOM
MEKIY CYNepclioaMi, NPUBOANT K ApyroMy nonesnomy adhdekry. Bribopom
noTeHNHaZa Ha JKpalie MOKHO M3MeHATh 3apsill Ha YTAOBLIX N0JeBLIX Tpo-
BOJIOYKAX, TE€M CAMBIM YMelbIIATHE HANpdXKelHOCTL IONIA Ha [0BEPXIIOCTH
MPOBOJIOYKH M ee cMellenne. JHaucHne noTenuunaia 6uuio BeIOpano Hexons U3
MHHUMYMa HcKakenuli B guefike n cocrasnio -5 kB. Ilpn s1ToM nanpaxen-
HOCTD 1I0JIS HA YIJIOBLIX TipoBofiodkax ym na ¢ 96 no 51 kB/cMm, a cmelnenune
YIJI0BOi NPOBOJIOUKI yMeHbILnock ¢ 1400 mxm o 250 MkM, 4To B ¢BOIO Ove-
penb yMeNbIHIo HeKakeHHs Todlell B f4eilke U ycTpaHHJIO HeoDXOAUMOCTD
CYLIECTBEHHOTO YBEINICHHS HATHKEHUA YTHX POBOIOYEK,

Ipyroit npobnemoil gBasioTcd UCKAXKEHIS, BO3HHKAlOLUINE B f4Yeilke oT
BHYTpeHHel n sueuineii obevaek JIK, ¢ nanecenHbIMi Ha HUX 3a3eMIeTHBIMU
skpanami. Ha prc.8 nokasana kapTuiia sKpHnoTennuajited i HCKaxeHui npu
HaIIUMMiM 3a3eMJIeHHOrO SKpaHa la paccTosumi 25 MM oT cyuepcinod. Meka-
XKeHusd Tnojleil Henpuemiammo Bennku. llng Toro, uwrobbl MakcHMaNLHO NpH-
6mu3nTh Kpaiidie cion adeek K obevalike, Ha X BHYTpPelHHe NOBEPXHOCTI
HaHeCcIH MeTaJlNuecKknil 3KPaH, PacnooKeH LI MeKAY BHEUIHIIM 3a3eMJIeH-
HBIM KPaHOM M CJI0OeM dueeK U NOJIadl Ha Hero onTHMalbHblil noTernuan. Ha
pic.9 npuBeieHa 3aBHCHMOCTE X NpH paccTOAHUHN OT CyMNepesios N0 3KpaHa
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Pnc.6. Uckaxenns X(t) — 3aBHCHMOCTH JUIS PAcCTOAHHA MEKAY cynep-
CAOAMHE 23 MM.
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! Puc.8. Uekamenua X(t) — saBHcHMOCTII 4 cynepelos OT 3KpaHa Nog

Pnc.7. Hckaxenns X(t) — 3aBncumMocTH A1 cymepeiosM ¢ KpalioM Ha

paccTOAHHH 10 MM mon ONTHMAJILIBLIM MOTEHIIHATIOM, NOTEeHIHAJAOM 3eMJIH, PACHOJIOAEHHOr0o Ha paccToaAlnT 2D MM oT Hero.
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Paccroaune mpeiida, Mt

Pnc.9. Hekaxenna X(t) — 3aBHCHMOCTH i cyNepenos OT sKpaHa Mo
ONTHMAJBLILIM NOTEHITHAIIOM, PACTIONOKEHHOIO Ha PaccToOANHE 5 MM OT HETo.
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Puc.10. Hexaxeria X(t) — 3aBucumocTu oT cTepeoyriia anis Tpex cTepeo-
CJI0€B, PACTIONIOAKEHHRIX Ha paccroaunax 153 mm, 288 mae u 422 mm. Crepeo-
yroa Ha rpaduke nsmensieTcs oT 3Havenus 25 mpan. ¢ warom 25 Mpadl.
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5 sm. Mcekaxenng pnosie yoBIeTBOPHTEIIBLHLIC H MO3ITOMY HaHias reome-
Tpid OLIJIa HCNONbL3oBana npn koncrpynposannn JIK.

B crTepeocnosX NAnpaAEHIOCTL NOJS H3MeEHAeTCs M3-3a JeopMaiin
Aveilki B 3aBHCHMOCTH OT KOOPAHHATH BLOIE nposoniovkH. Mekaxenns Mak-
CUMAJNILHBI B cépelie NPOBONIOYKH I 3aBHCAT OT JJINHLI MPOBOJIOYEK, paanyca
Ha KOTOPOM pachooken cTepeocinoiit R 1 Besnunnsl crepeo yraa 0. Ha pue.10
npuBeaeHo uiMenenie peanunns 86X nad pasnnuubix R un 6. Snavenne §Y Bo
Beex caydasx muoro meubuie 100 mxm. W3 pesynsTaToB pacyeTa BIANO, YTO
nekakenna menbiie 100 mxm sosumkaor upu: R=153 mm n 0 < 0.075 paxn,
R=288 mm u # < 0.1 pan, R=422 mm 1 ¢ < 0.15 pan. B IIK crepeo yroa
6L Beibpanst pasikiM 0.1 pax nng Beex cynepciioes.

1rg BeITIpaBIieHIla HCKaZKeHHIT 0JI4 Ha TOpIie KaMephl 13-3a KpacBoro -
dekTa 6b1II0 TpeAnoxeno nalecTn na Topuesyio niaactuny IK pan metanmnu-
YecKHX NoNocoK(pHe.2), pacnollokeHHLIX BHYTPH Apeii¢oBoro npoMexyTKa.
Ha nomocky noaaercs nanpaxmenne pabioe cpelHeMy IO IVIOMIAAH NOJIOCKH
NOTEHIITANY, BLIMICIENHOMY ¢ HOMOUILIO TPOrPaMMbl, onifcanHoil Buile. He-
obxomuMoe YiIeJlo Nojocok Obio Boibpano paBHBIM 4 noclle M3MepeHHN Ha
MOJIETIIT AYCliKIl ¢ PAZNNUILIM YHCIIOM I10JIOCOK.

3 Pacuer s3nexTpocTaTHYeCKHX U TrpaBUTa-
IWOHHBIX CMeEIIeHWil NMPOBOJIOYEK B AUeUKe
npeidoBoil Kamepe

Cwmemenns nposonodek B gyeiike JIK n3-3a sniekTpHyeckuX 1 rpaBuTalloN-
HLIX CHJI MOTYT CYIUECTBCHIO YXYAUIHTDH NpOCTpancTBennoe paspetnenne. C
OIIHOIT CTOPOHBI, CMELEeN S AHOMAHLIX TIPOBOACUEK HAlOT NPAMOIT BKJIaJ B yXyi-
[eHHe NPOCTPAHCTBEHNOTO pa3pellleniid, ¢ APYroil CTOPONLI, CMellleHHs Ipo-
BOJIOYEK MPUBOMAT K HCKAKEHITIO 3IeK TPHYecKuX noJieil B sueiike. Hexaxene
noJjieil yxy[iaeT NpocTpaHcTBeHHOE pa3penieline NMOCPEACTBOM H3MeHeHNH
3aBHCHMOCTH KOODPAHHATHI TpoJieTa YacTHIbl oT BpeMerr apeiida( X (1)).

Ilna onTumusannn naTdxXKeHNH NpoBoJiovek B Kamepe Obljla namucana
nporpamMma pacyeTa JeKTPOCTATHUYECKUX U I'PABUTAUNOHHBIX CMeLleHnil B
aueiike. [IpuBenem xpaTkoe oniicanne MeToja pacueTa.

B cayuyae, korsa cung, AeficTByiollas Ha €MLY JJIHIIBI IIPOBOJIOYKH,
NoMeIleHHOI B OTHOPOIHOE NoJle CHJl, MIIOro MeHbllle HaTdKeHHd, (opMa nmpo-
BOJIOYKH XOPOIIO alNpoKcHMUpyelrcd napabonoii
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- ﬁf? 2.2 .
l_S'T- 1—(7) ; (9)

rae, X — BelMYMIA CMCIIENITs IPOBOJIOUKN B TOUKE ¢ KOOPAUHATOM 2,| — mumna
NpOBOIOYKH, F' — cuiia, fleficTBYIOWAs Ha eAHUILY AJHEB NPoBoaoukH. Mak-
CUMAaJILHOE CMelleHHe LeHTpa NPOBOJIOYKY M CPeiHee cMellleriie no JJiHe
NPOBOJIOUKI PABHLI:

; G R
.}lgﬂp;,:(q- —{])— 8({. ¥ (10)
2
(.«Y) == E.{Yﬁaﬂcq (11)

CHJ’IE, ﬂEﬁCTB}'ID]ll&H Ha elHHHNY IJHHLI TpOoBOJIOMKH, B I'paBHTAallMOHHOM 1
NIEKTPHYCCKOM I11041€ UMeeT BHIL.

- map

Poyas 2 Bpls, (12)
F.I,?,wr: - Q : E: (]3}

rue, B — macca efMHNILL AJIHIBL 1POBOJOUKH, £ BEKTOpP HANPAKENHOCTH
rpapHTalinoOHNnoOroe noJi, Q = J3apsn ¢AMHNIE OJIHHEL NpoBOJIOYKH, E — BEK-
TOP HANPAKEUHOCTH ek Tphnyeckoro nounsd. [loncrapnss suavenns (12,13) B
¢dopmyay (10), nonyyaeMm oKOHUATENBIBIE BLIPAXKENNS IS CMellleHHd UenTpa
NPOBOJIOYKH B I'PABHTALMOHHOM H HIEKTPIYECKOM MOIAX

— B-CE-IE
Ry (14)
; _Q-E.P
Py e e ekt !
=T (15)

Bce BBIYMCICNNS CMEIEHIT POBONSTCS B TUIOCKOCTH MepIeH LKy IAPIOil
NpOBOJIOYKAM, NPOXOoAdulell 110 cepeniue nposonovek. lug nonydenns cme-
mennii npn z # 0 neobxonumo BocnodbioBaThed (opmyioil (9). Anropurm
paboTHl HporpaMMbl PUBENEH HIl&Ke:

1) no dopmyde (14) BuiuucaseM rpaBUTAIHOHIILIE CMElIEHH S TIPOBOJIOUEK
fg M3 HAYAJILHOTO TIONOKEHIId,

2) onpenensiem 3aps/ibl IHa IPOBOJIOYKAX, CUNTAd, YTO OHM CMelleHbl KakK

nesnoe BAOML BekTopa X, na semmunny (X,) (11) u sanpsakennocTn nong B
3THX TOYKax,

-]
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Ta6auua 1: G = (0,0)

4 }r
[Ipos-ka 1 ITpoe-ka 2
wi w3 KNoopmuinara (cm) (-1.0) (1.0}
. i X | Hanpaxenue (B) -5000 +5000
Cwmernenne (Mim)
AHATNTHYECKHE
BRIMHCACH A (+265.0 | (-265.0)
[lporpamma nocae
nepsoil nTTepamnn | (+263.0) | (-263.0)
IIporpamma,
KoHeulkli pesynprat| (4255.0) | (-255.0)
1Y
w2 ML
L L
-X
L L3
N3 Ny
Ta6muua 2: G = (0,0)
: pos-xa 1 | Ipos-ka 2 | Ilpon-xa 3 | [Ipop-ka 4
Koopmunara (cm) | (+1,+0.5) | (-1,40.5) (-1,-0.8) | (+1,-0.5)
Haunpsxenne (B) +5000 -5000 -5000 +5000
Cumemenye (MEM)
aANANHTHYECKIe
BBIYHCIIEH IR (-350,+311) | (+350,+311)|(+350,-311) (-350,-311)
IIporpamma nocne
nepsoit urrepauun | (-348,4-310) | (4348,4-310) | (4348,-310) (-348,-310)
ITporpamma, :

Koucunwii pesyabrar |(-361,4297) | (+361,4297) | (+361,-297) | (-361,-297)
Haupsxenne (B) + 5000 -5000 +5000 -5000
Cumemenne (mxn) 2
aHAT THYECKHE lﬁ' Vo

BLIYUCAEH A (-72,-573) | (4+72,-573) (+72,4573) | (-72,+573)
ITporpamma nocne
nepsoit urTepawnn | (-71,-572) | (+72,-572) | (+71,-572) |(-71,+572)
\ [Iporpasma, o '
KONeYHLI pesynbTaT| (-64,-673) | (464,-673) |(+64,4673) (-64,4673)

Puc. 11. PesyapraTs pacuyeTa niad ABYX aHaNHTHYECKH BLIMICIACMBIX
Cllyvaes.
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3) no dopmyze (15) HaXonuM BeANUNHY 3JeKTPOCTATHYECKOTO CMELIEHnS
=z,

4) BLIYHCISAEM CyMMapHOe rpaBHTalNolloe H 3eKTPOCTATHYECKOEe CMe-
HieHue J'-fm = fg . ):"e,

D) Hasiee NEepexoNnM K NYHKTY 2, 3aMenss X ¢ Ha .fm;, H JieflaeM clieflylo-
LIYI0 UTTEPANio U T. A..

llporpamma 6uina nmposepena B ABYX aHAJHTHYECKH BBIUMHCIAEMEIX Cly-
qasx, npuseaenHblx B pabore [9]. Inuna npososiouek M3 aJIOMHUHUS AMaMe-
Tpom 200 MM pasra 180 cM. Briuucsisanocs TOALKO 3JIeKTPOCTATHYECKOE CMe-
wenne npososiodek. B rabaunax na pue.li npuBenensl ycioBus pacuera n pe-
3YALTATEL BeIUHCICHHIT [IpOTPAMMBI [10¢/le NepPBoil HTTepaluuy, YTo cooTBeT-
CTBYET NpPOCTEIUM aHaJHTHYECKIIM BLIYHC/IEHHAM, Il KOHEYHBIIT pe3yabTaT
pabore! nporpammbl. Bujno xopoluee coriacue ¢ aHaJHTHYECKHMH BLIYH-
cleHnsIMH B 0BolX cllydasX H CYUeCTBEeHHOe OTIMYNe KOHEYHOro pe3ybTaTa
pacdeTa MporpamMMoil 0T YNPOUIEHHOTO aHAINTHYECKOI'o PelleHNn .

Brinio Takike npopeneHo cpaBHEHHE BeJUMMHH CMeELIeHHT, pacyHTaHHbIX
NpOrpaMMoil, ¢ M3Me‘eHUSMH Ta MOJeJNH NpolopLuoHaibnoi Kamepn: [10]
(puc.12).

7 4

i

X
Puc.12. Monens nponopuHoHaZiLHOIN KaMepbi.

Kawmepa ¢ mnnnoii npososiodex 60 ¢m nmesa necaTh aHOMHBIX NPOBOJICYUEK C
maroM 2 MM H auamMeTpom 28 MKM(30704enbill Boib(hpaM), KaTOAHBIE TIIOC-
KOCTH COCTOAJIN 13 HBaANaTH nposoiodek auamerpoM 100 Mkm ¢ marom
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I mm{6epimenay Gponsa). Paccrognue MEAKLY aHOMHOI I KATONHOI 1IIoc-
Kocramur 7.5 M. Hardkenne anomnpx posonouex 40 r, karoanwix 100 r.
Kamepa pacnonoxena TaK, 4TO ciila TAKECTH HANPABICHA ODOTHB OCH y
(puec.12). UsBectno [11] , wTo B nponopumonansHLIX KaMepax BO3HIIKaeT He-
YCTONYHBOCTE AHOMNBIX MPOBOJIOYEK, CBA3aHHAS C HONEPEMEITHBIM CMeLlleH e M
13 IFIOCKOCTH MO M NPOTHD OCH y (puc.12). cnonsays bopmyiy nisa kpuru-
“eckoro naTaxenus [11] nomyuns, nng JIAHHOIT Monesi Vepum = 6.3 kB. Ha
puc.13 npuBenena skcnepumenTasNLHO H3MEPeHHAs 3aBHCHMOCTEL CMelleHH s
OT HANPAKEHNH Ha KaTOMHBIX MIOCKOCTHX g ABYX aHOMHBIX NPOBOJIOYEK.
Bennunna cmemenig H3MEPAAACE ¢ NOMOIILIO MUK pockona. CHmomHbLIMIL i
HHAMI U30BpaXeHa 3aBHCHMOCTE CMelenus AHOJHON TPOBONOYKI B caTyyae,
KOTAa oHa mM3llaYaqbio 6hula cMellleHa 3 mAockocTn wa 10, 20, u 50 mxM,
fionyyennas B pabore [11]). Cpabrenne PE3yIILTATOB MAMEPeHnit ¢ Npeacka-
3AHUAMH NPOTPpaMMBI IPHBeNeno Ha pic.ld ms CJIy4aeB, KOTJla H3HAYadILHO
AHONMBLE NPOBOJIOYKH NONEPEMENTHO cMeIlAJINCE Ha £10, £20, +50 mxm. Ana-
THTHYECKHE BRIVICICHIS XOPOIIO OIHChIBAIOT HOBE/ICliHe MPOBOMIOUEK P Ma-
JILIX CMENeNNAX I RalOT MI0Xoe coryacie ¢ IKCOEPUMCHTOM Npn npnbaiKe-
UM K Viepum. lpenckasarms MPOTPAaMMLE IPI HAYAJBIBIX cMetnensX +10 i
20 MEM yroBaeTRopHTeNLHO OIMCBIBAIOT 3KCIePHMEHTAJIBHBIC JAHHLIE npn
Beex nampsikenuax. Hpn sTom mssecrno, yro MeXaHlrieckad TOYHOCTE H3ro-
TOBJICHIA KaMephl cocraniana 10-15 MrM.

YUeT rpaBHTalunI npakTnuecky He H3MCHACT pPe3ysNbTaToB pacyera.

Mu1 nposean cpasnenmne PE3YABTATOB pAaCYeTa ¢ HIMEPEHUAMIL, ClUENAl-
HLIMK rpynnoii SLD, na monemn gueiikuEuy NPEACKAIAHUAMHI HX NPOI'DaMMbI
MOACAHPOBAHIA IEKTPOCTATHYCCKIX 1l FPABHTALHONHEIX CMelleHNiT TPoBo-
noYek B aveiike [9]. Monen, coctogna H3 Tpex pajaoB NpoBoJoMeK IUIHIHOIN
180 em (puc.15), aBa puemmmx paia i nposoioukn 1 u 10 u3 cpennero s
HHOMHHIA [HaMeTpom 200 MKM, menTpasbHbiil PAA nuamerposm 25 MKM 13
Bosbdpama. Merasnnueckire nnockocr MONICIIPYIOTCHA ABYMS PSILAMU NPO-
BOJIOYEK mon noTenitnaioM sensii. Ha pic.16 nokasanml 3aBucHMOCTH cMele-
HITH AHOJHEIX MPOBOJOMEK OT HAPAKEHHA Ha POKYCHPYIOIUIHX MPOBOTOYKAX
I PeSyNLTATLI MOLUESNPOBaHHA (CMIonIHbie JHHIN), B3STHIE U3 pPaborsl [9],
@ TaKXKe pesysibTaThl PACYETOB ¢ UCNONbIOBAHHEM Hamell nporpammur. Ia
prc.17 nmpuBesieHLl Bermwinny CMCILEHItl, KOT/Ia aJIoMHHNeBLIe ITPOBOJIOYKIT
3AMEHeHBl Ha NPOBOJIOYKH 13 Gepmanueroil 6poniLt Toro ke AnamMeTpa, npu
PA3IIYHBIX HANPABICHNAX CIITLI TAKCCTH. Pesynuraru pacyera no mamei
porpamme NOKa3’aHLl KpetTiKaNii. Mpenckazanus obenx MPporpamMM Xopoluo
COrIIACyIoTCH MeXIy coboil i ¢ Xopoiweii TOUHOCTBIO ONUCHIBAIOT HKCHePHMEH-
TallbUbIe JJaHHEIE,

o

+- npoBo:IoYKa 4 %

o- mpoBosiouka 6
300¢ 50
%20[]-
=
100f
. 3

Hanpawenne ua xarone kB
. i Ho-
Puc.13. CpaBnesne usmepeHHBIX CMellenMil NPOBOJIOYEK B NPONOPL

H
HAJILHON KaMepe OT HanpdkeHHA ¢ AHAJIHTUYECKMMH BBIMHCIACHHAMH Mp
HavyalbHOM cMellleHnH anoaHoil npopomodku Ha 10, 20 u 50 MrM.
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Puc.14. CpaBienne n3MepeHHBIX CMellleHHA NPOBOJOYEK B MPONOPIL
HaJBLHOM KaMepe OT HaNpakKeHNd ¢ aHaJINTHYeCKHMH BbIYNCJICHHAMH ITPpO-

¥ (N KM.
rpamMMel pH HaYaJBHOM cMellleHnK aHonHoil npoponoukn na 10, 20 u 50 m
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Ha GOKyCHPYIOUNX ITPOBONOYKAX JIIK IBYX HanpapBJeHiii CHibl TAKECTH.

cnaomHas MiHNs — pacueTst [9],
{ + — Hamu pacderbl,
® — DKCTIEpHMEHT.
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+ — Hawm pacyersr, 10MKEM |
® — SKCNEePIMEONT. i
0 100 200
HaTsikeHHe aHOIHBIX IIPOBOJIOYEK,T
' Pic.18. 3aBHCHMOCTD CMELIeHHIT aHOAHBIX IIPOBOJIOYEK OT MX HATAKEHNS

IS TOYHOCTW BHiCTaBKH npopodnouek 10, 20 1 50 MxmMm.
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3.0.1 Pesyastaru pacueron

TekTopa KEJIP. Ilpu MOLEINPOBAHUH Cynepcios 3anaBallich TPH AYelikn
(pnc.3). Bee PacyeTHl, npuBencnnLie HIAKE, OTHOCATCH K uenTpanbHOIN
a4eiike. Bo Beex pacuerax Hallpsxenue na Qokycupyommx pPoBoNouKax
Obino BLIGpano PaBHbIM ~2.8 kB, makcumanbuoe HanpsiKeHHe Ha HoTeH[-
AIBHBIX IDPOBONIOYKax 8.5 kB. Anonutie nporonoyxy HaXoMMHCh NOX no-
Tennnaniom semim. Meomerpus AYEHKH, MaTepnain i AHAMeTDEI POBOMIOYeK
Ol onucansr Boimre,

s ncenenosanus BILIAHIA MEXaHUYECKOTO CMetIe IS AHOAHLIX NPOBOJIO-
HEK OHI NONepeMeHHo eMemaTueE 1o | NPOTHB OCH X Ha BEAIMYHHY TOYHOCTIL
BRICTABKH W BEIYUCIAINCE Hx ICKTPOCTATHECKIE H IPABHTANNONII L6 CMe-
mennd. Ha puc.18 nokasana 3aABHCHMOCTE CMELEeNIIs AHONHBIX IIPOBONIOYEK oT
HX HATAXKEHUS NJIA TouHoCTH BercTaBkn 10, 25, u 35 MM, Herounocrs pri-
CTABKH npoBosiover 20 MiM TpebyeT HaTANRenus anomn KX npooouex 120 r,

Ha pue.19 npuseneni BEJUITHHBI CMeIIeHNii aHOHLIX npoBoiioYex ag
ABYX Haflipapienuii BekTopa ian PAXKEHHOCTH IPaBHTaUHONHOrO nos npu
HATAKEHUN aHOMHBIX NPOBONOYeK 120 r, kaTommpix — 240 1. Ha pue.20 noka-
3AHBI HCKAaXeHHS 3aBHCIMOCTH X(t), BeI3BanNBIE CMEUICHHEM HPOBOJIOYEK |
AFueifke s sriHx ABYX cayvaes. Wcekakenns nosnei H3-3a cmelennyg nposo-
JIOYEK NAlOT NpHeMINMbLIT BKia B IPOCTpancTBeHNoe paspewenite KaMephl,
Oupenenenuwiii n TEpec IpefcTaBaser cayyail, korga na Kpailiue nepaboune
alioNHble NIPOBOMIOMKH MojaeTey norennnan - 0.8 kB, npu srom HocTHraercs
MaKCHMANLIAA OAHOPONHOCTE NOMY B AYeHKe I paBencTso 3ap4l0B Ha aHo/-
HBIX nposonoukax. 3apsn ua srux IPOBOJIOYKAX NMAMACT U yMelbiIaeTes X
CMeIlene Mo OCH y, CMelneH OCTAJILHLIX NPOBOJIOMEK H3MENAIOTes HelHa-
YN TeNbLHO.

UssecTio, yro nocse HATAKCHUA KaMepLl MPOHCXOMHT YMelnblieline Ha-
TAKEHUA NPOBOJIOYER W3-3a BpeMenoii TEKY1eCTH MaTepHasa nposooki. B
HAYabHBIIT MOMEHT 6h] CTPoe, ¢ XapaKTepHLIM BPEMEHEM HeCKOJILKO Jimeii, a
TIOTOM MeAnenHtoe, ¢ XapakTepHbIM BPEMEHeM nopsaka rofa. Io npomecrsim
HECKOJILKUX NeT HaTakKeHne YMenbmaerces no 95% - 70% HavanbHoro, jug
BOAb(ppaMa H alliOMIHIg coOTBeTcTBenHO. g neenenopaiys BIUAINNS 3TOro
3ppexTa MBI nposesn PACueTLl BINAHIA NANCHHs HaTaKenns MIPOBOJIOYEK Ha
Hckaxenue X(t) - saBncumocTty. beino YCTaHOBJIEHO, YTO NpH HavaJbHOM Ha-
TAKEHUN NONEBLIX IPOBOJIOYEK 240r, a aHonnuixX — 120 r, najenye HATAREHH
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) = 3aBHCUMOCTH H3-3a CMeILeHIT i

| NpoBoJioyeK B
ENP naa neyx Hanpasienlii pek-

nosesrix npoBoiiouek Gonee uem na 30% sapudeTcs HexenaTeNALREIM (puc.21).
Mui Hcnonb3yeM TIFTAHOBBIC NOJIEBbie MPOBOIOYKH ¥ KOTOPLIX fallenne HaTH-
KeHnd co BpeMeneM MeHbiue suavuenus 30%, THIHYNOIO Wi AITOMMHHEBBIX
NPOBOJIOYEK, NOXTOMY HaTAKeHue nonesuix npoponovek 250 r apngercs Jo-
craTounniM. Ilazenie HaTaKenns aHOAHBIX NPOBONOYEK, H3TOTOBJICHHLIX 13

BOJILQPAMa, NPAKTHYECKH He BIMseT Ha NMPOCTPAHCTBEHIOE paspelenite.
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Puc.21. Uekamennsa X(t) — 3aBucuMOCTl H3-3a YMEHBIUCHHA HATAKENNA
npososiovex B gueiike HK no 90 u 70% .

Mer nonpoboBanin yMeHLITHTS Hekaxenua X(1) - 3aBHCHMOCTH, BapbUpPY4
HaT#KEeHUs PA3THIHLIX TPYIN H0/eBBIX MpoBonodek. Ha ocuosanun aTHX pac-
YeTOR MOXKHO C/e/aTh BHIBOJ, ITO, K COXKAJIEHHIO, HA OANOPONHOCTHL TOJIH B
guefike ONMHAKOBO BINAIOT pazjittiblie TPYNNLl HOJNEeBBIX ITPOBOJIOUEK. Ilo-
STOMY CYIIECTBEHIO YMEHBIIITEL HCKAKEHNA MOKHO TOJLKO YBEJIHIUB HaTH-
JKEeHIA BeexX NoJeBHIX TPOBOJIOYEK B sivelike, TeM CaMbIM CYHIECTBEHHO TIOBLI-
CHB HArpy3ky Ha TOpleBble NMAACTHHEI.

W3 pesynbTATOB MOINENMPOBANHA CAeAyeT, YTO IS NONyMenns NpoexT-
HOro mpocTpaHcTBenHoro paspemtenus 100MKM HeobXxonanmo HaATAKCHIE 110-

sieBLIX npososiouek 250 r, anounsix - 120 r.

31




4 3axkiamodgenue

C nomowusio cozgannbix lporpamMm pacueTa 3JeK TpHYecKHX noneil i ICKTPO-
CTATHYCCKMX Il PPABHTALMOHHEIX CMeIleH Uil I POBOJIOYEK B sivelike upeiihopoi
KaAMEPLI NpOBEACHa ONTHMM3ALNA NPOBOIOYHO] CTPYKTYPHl M BBEIOpanbl Ha-
TAXKeHud nmposonoyck B JIK nerexropa KEJP.
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