CurHansl reopagapa

IMepematunk reopamapa Jloza H3/Iy4yaeT 30HAMPYIOIUMA HMMIIYJILC,
MokasaHHBI Ha puc. 23. IIpakTUUeCK¥, 3TO WACATBHBII UMIYIbLC 1S
reopagMoIOKalliM, U, HACKOJIBKO MBI 3Ha€M, KPOME Hac, HUKTO €ro He
HUCTIONB3YET.
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Puc. 23. 3oHaupyromuii UMITyJIbC reopanapa Jlo3sa.

YT1o0hBI €ro NOJIyYUTh, HEOOXOIUMO BBECTH UCKYCCTBEHHOE 3aTyXaHue
B aHTEHHYIO CHUCTEMY, T.€. YACTh MOIIHOCTH IT€peJaTIuKa NpeBpaTUTh B
«Becrone3Hoe» Terwio. [loTeHIMan HanUX NPUOOPOB, KOTOPLINA IMPHUMeEp-
Ho B 10000 pa3 rnmpeBoCcXOUT BCE U3BECTHLIE HAM aHAJIOTH, NMO3BOJISIET 3TO
chesnaTth 6e3 ymepba Juia pelraeMoi 3amavyd 1o mIyOuHe OOHapyXeHMs
MOI3eMHBIX O0OBEKTOB M MX Pa3pelIeHUIO, NEPEBOsl KOJIUYECTBO B Ka-
YeCTBO. DTO CTAJI0O BO3MOXHBIM OJ1arogapsi KOHCTPYKTUBHBIM OCOOEHHO-
CTSIM HaIlero Mpubopa, B KOTOPOM OCHOBY MepeiaTiMKa COCTaBIAET BO-
JOPOIHBII paspsIaHUK BEICOKOTO JaBJICHMS, KOMMYTHUDYIOLUMIA Hamps-
xeune 5000 Bonsr, B TO BpeMsI KaK B APYrux Mpubopax MCIoJb3yloTcs
JIaBUHHBIE TPaH3WCTOPBI, KOMMYTHpYIolue HarpsikeHue 50 Bonbr.
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OO6bIYHO NepeAaTYMKY FeopaJapoB U3JIyYaloT UMITYJ1bCbl JPYTOro TUNna
(puc. 24): B OTIMYHUE OT HALIErO0 UMMYJBECA, B KOTOPOM OTpULATEIbHAS
MOJIYBOJIHA HE NEPECEKaeT HYJIEBOM YPOBEHb, 2 CTDEMHUTCS K HYJIIO aCUM-
MNTOTUYECKU, OCTABasiCh MOHOTOHHOI M OTPULIATE/IbHOW, CUTHAJI HA PUC.
24 OTHOCMTCS K OCHWJUTHPYIOIIMM, Kora (yHKuMs nepecekaeT Hy1eBOi
yPOBEHBb 6ECKOHEYHOE KOJMYECTBO Pa3, XOTsI U CO 3HAUUTENIbHBIM OCJia-
GreHreM aMIUIMTYIbI MOCIEAYIONINX KoneOaHui, 06pa3ys OECKOHEUHYIO
CEpUI0 IKCTPEMYMOB - MUHUMYMOB U MAaKCUMYMOB.

B panuosiokauuy Kaxablif 3KCTPEMyM NpUHUMaeMoi GyHKILMU pac-
CMaTpHMBAETCS KaK OTPAXEHUE OT LEIU, U COBEPIUIEHHO IMOHSITHO, YTO
HCTIOJIb30BaHWE CUTHAJIa OCHUJUTUPYIOLIEro THNa (pUc. 24) orpaHUuuBa-
€T BO3MOXHOCTU reopajapa:; NosiBisieTcsi 60abIIoe KOTUYECTBO JOXHBIX
LeJIcH, yCyTyOJIeHHOE TEM, YTO B F€OpaAuoJIoKallMi U3-3a 60JbIIOro 3a-
TyXaHWsI CUTHaJIa MIPUXOAUTCS paboTaTh B OYEHb OOJBIIOM AMHaAMUYeE-
CKOM Jyana3oHe NMpUHUMaeMbIX aMILIMTY]I, Koraa HeoOxonmMMo Ha ¢oHe
O4YeHb MOLIHBIX CUTHAJIOB 3a(hMKCUPOBATh OYEHbD CIadbie.
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Puc. 24. Ocumnupyiolinii 30HIUPYIOLIMIA UMITYJIbC.

30HANPYIOUIMIA U OTPAXKEHHBIH HEOCLUWUIMPYIOLIUA UMITYJbC (pHC.
23) 06s13aTeIbHO HMEET KaK IOJI0XKUTENbHYIO, TAK W OTPULIATENbHYIO MO~
nynonuy. [lepBasi nojiyBojiHa - KOpPOTKasi 110 BpEMEHU U UMceT OOJbIUYIO
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aMIUIUTYy, BTOpasi MOJYBOJIHA - IIIKPOKAasi U UMeET MEHBIIYIO aMILUIUTY-
Iy, HO MHTerpajibl (IUIOIIAAM ITOA HUMHM) paBHBI, MOCKOJBKY aHTEHHbI
MMEIOT KOHEYHBIN pa3Mep U He UITYyYaloT PaliMOBOJIHBI HYJIEBBIX YaCTOT
(rmoctossHHBIN TOK). MUCKITIOUEHHE MOTYT COCTaBJISAITh CUTHAJIBI OT OJIMXK-
Hell 30HBI aHTEHHBI U CUTHAJIBI B NPOBOMSIIMX CPelaX, HO Mbl C HUMH
CTaJIKUBAThCs HE OyIeM.

B omHOpOIHOM NMOA3EMHOM Cpelie BOTHA PACIIPOCTPAHSIETCS CO CKOPO-

CTBIO MEHBIIIEH, yeM B Bo3ayxe. Ee CKOpOCTh YMEHBIIIAETCA B 1 = Je pa3
(n - MoKasaTesb MPeJIOMIEHUsI, £ - AUIIEKTPUYECKAs TPOHULIAEMOCTD).

C

Je

M3 06bIYHBIX IIPUPOIHBIX CPEN HauboJblIee 3aMe/IJIeHNe Ha0TIoaeT-

V= (32)

Cs1y BOABI — B 9 pa3 1o OTHOIIEHMIO K BO3ayXy (i Bonbl £ = 81).

Ha rpanuie pasaena nByx cpel ¢ pa3sHOM AM3JIEKTPUYECKOM IMPOHU-
LIaEMOCTBIO, BOJIHA YACTUYHO OTpaXXaeTcsl M MIET Ha3al, K MPUEMHHKY,
a oCTaJIbHAsi YacCTh MPOAOJIKAET PACITIPOCTPAHATRCS BIIEpE, IO TeX MOp,
MI0Ka HE OTPa3suTCAd OT OYEpeIHOM rpaHHUIIbI, WIHM He 3aTyxHeT. Jid reo-
pagapa Bce cpelbl, KpOMe MeTajlla, NOJIYIIpOo3padyHbl, II03TOMY pa3esis-
IOIME X TPaHULIBI HAOMIOAAIOTCA Ha NMpo¢uie OMHOBPEMEHHO, 00pasys
«CJIOCHBIHA ITUPOI».

KoadduumeHT oTpaxkeHust OT rpaHMIIBI IBYX CpeJl UMeeT BUI:

Ja e
R=NZ1 NZ2
\/8—14—\/5 (33)

OH MOXeT OBITh KaK MOJIOXHUTEILHBIM, TaK U OTpHLIATENLHBIM. Eciu

&, > &, , KOrJa BOJIHA MANAcT U3 6oee IIOTHOM Cpe€abl B MEHEC IUIOTHYIO
(B CMBICJIC ONTHUYECKON IUIOTHOCTH, WIM IOKa3aTesist HpeJIOMJIeHI/IH),
TO KOB(I)(I)PIIII/ICHT OTPAXCHUSA HUMEET I1IOJIOXKUTCIbHYIO BCIWMYMHY, IIPHU

£, < &, - OTPULATENIBHYIO.
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HanpuMep, Ha rpaHuIie Boaa-jea Kod(hGUIIMEHT OTpaXeHUsl MOJ0-
XUTeNIeH, a Ha IpaHulle JieJl-BoAa — OTPHIIATEEH, TOCKOABKY Ui Jbla

£=25+3.

IIpu monoxuteabHOM Ko3(dduimeHTe orpaxeHus: GpopMa OTpaxeH-
HOro uMIyibca (IOJSIPHOCTh, (a3za) ocTraeTcsl MpexXHeE, Npy OTpUlla-
TEJILHOM — MEHSETCS 3HaK HMIIYJIbCa, OH <«IepeBOpayMBaeTcs». DTO
CJIYXHUT IIPU3HAKOM BHA I'PaHUIIBI U MOXET UCIIONb30BAThHCS 1S OIIepa-
TUBHOM OLIEHKH CBOCTB CJIOEB, IIPSIMO Ha MECTE CheMKH, O6€3 JONOIHM -
TeJILHOH MaTeMaTU4eCcKoM o0paboTKH, ¢ 9KpaHa reopajsapa.

DTOT 3aKOH /IEKTPOIUMHAMMKH WLTIOCTpUPYETCsI puc. 25 U 26, Ha KO-
TOPBIX M300paXeHbl 30HIMPYIOLINIA U OTPAXEHHBIN UMITYJIBCHL.

KoadduimeHT mpoxoxXaeHus: BCeraa IMOJIOXUTENEH, U BIUSET TOJb-
KO Ha 3HEPTHIO CUTHaJIa, GopMa MPOILIECAIIEr0 CUrHajla OCTaeTCs MpexX-
Heil, KaK IIpM ero IPOXOXICHUY Yepe3 IPaHuUIly CBEPXY BHU3, WJIM CHU3Y
BBEPX.
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Puc. 25. OtpaxeHue OT rpaHUIIBI CJIOSI C MEHBLIEH
JUDIEKTPUYECKON TTPOHULIAEMOCTBIO.
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OTOT (aKT MO3BOJSAET KAXIYIO U3 OTPAXKAIOIMIMX IPaHHUI] aHATU3UPO-
BaTh Ha 3HaK (dopMy, da3ly) HE3aBUCMMO OT COCEMHUX I'PaHHULl MEXIY
CJIOSIMH.

T. sec % 10‘3

Puc. 26. OtpaxeHue ot cj1os ¢ 60JbLIei
JHM3JIEKTPUIECKOM ITPOHUIIAEMOCTBIO.

Teopanap perucTpupyer BpeMsi pacIIpOCTpaHEeHUs MMIIYJIbCA IO Ipa-
HMLBI 4 0OpaTHO, IJIyOMHA 3aJIeTaHUs €€ CBSI3aHa C 3apErMCTPUPOBAH-
HBLIM BPEMEHEM 4Yepe3 CKOPOCTh pacIpOCTpaHEHU BOJIHEI, KOTOpast MO-
XeT MeHATbcs 11ouTH B 10 pa3. Bo cToJIBKO Xe pa3, TeOpeTHYECKH, MOXHO
OIIUONTBCS B ITyOMHE 3aJleTaHUs TPAHMIIBI, €CJIM HE 3HATh IU3JIEKTPHU-
YeCKYI0 POHMIIAEMOCTD CJIOS.

Yanie Bcero nuaneKkTpudeckas nmpoHuaeMocts (s IToaMOCKOBbsI)
JIeXUT B paiioHe 10 eArHMUIL, MO3TOMY CKOPOCTh PaIHOBOJHEI B CPEIHEM
B TPU pa3a HMXKE, YEM B BO3Iyxe. DTO 3HAYEHHE CKOPOCTH, €CJIM HET 3a-
Jay¥ TOYHOI'O ONpeneieHUs IIMYOMHBI 3ajleraHusl 00beKTa, KaK IPaBHIIO,
Jaet omMOKy 1o rimyouHe He 6ojiee 10 IpoleHTOB.

Ho cymiecTByioT METOIMKH TOYHOTO ONpene/IeH!s ITTyOMHEI [P IPO-
duwpoBaHNH, KOIZIa reopaiap IepeMeNiaeTcs Kak eMHOE Leaoe (IITaT-
HBIH peXVM), €CJIM OTPAXKAIONINi OOBEKT JIOKAIM30BaH B IIPOCTPAHCTBE:
KabeJib, ra3oBasi TpyOa, TpaHIlles, KAMEHb U T.I. BOKpyr oGheKkTa BO3HH-
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KAloT TUIIEp6OoIIBI, IO KOTOPBIM MOXHO BBHIYMCIIUTH KaK UCTUHHYIO ITIy-
GMHY €ro 3ajleraHus, TaK ¥ AUJIEKTPUYECKYIO TPOHULIAEMOCTh BMEIIAIO-
IIETO ¢/10si. BO3HMKHOBEHME TMIIEPGOJI BOKDYT JIOKATBHBIX OTpaXareaen
00DBSICHSIETCS] HAJIMYMEM KOHEYHOM JUarpaMMbl HallpaBJICHHOCTU AaHTCHH
1o yriaM uaiaydeHusi. Korzna Ml ABMXEMCS 110 Tpacce, TO M3-3a KOHeY-
HOi JMarpaMMbl HaIlpaBIeHHOCTH AHTEHHBI, COCTAaBJLIIOLIEH NECATKM
rpagycoB, HauMHaeM GUKCUPOBaTh IPeIMET HEMHOIO PaHbLIE, YeM IS
TOYKHU IpOduiIsA, KOTOpasi HaXOAUTCS HEMOCPEACTBEHHO HaJl HUM, 3TO U
€CTb IPUYMHA BOBHUKHOBEHUS TUITEPOOIT.

JI71s1 TUIOCKMX FeoJIOTHYECKUX TPAHMIL, INie HET JIOKAJIbHBIX OTpaxa-
TeNeit, Y, TIO3TOMY, HET TMIIEpOOJI, UCIIONb3YeTCs CIELMATBHBIA METON,
onpeae/icHUsI UCTUHHO INTyOMHBI TPaHULl U IUDJIEKTPHUYECKOM MPOHM-
LIaEMOCTH CJIOEB — METOJX 30HAUPOBAHUSA, WIM METOX ITOCTPOCHMS roI0r-
pada.

ITpH 30HIMPOBAHMM NEPEAATYNK M IIPUEMHHMK Pa3beANHSIOTCA H TIe-
peMellaoTcs B MPOTHBOIIONIOXHBIX HanpapjieHUusX. BosHUKaeT romo-
rpad — 3aBMCHMOCTh BPEMEHH 3aJ€PXKH CUTHAIA OT PACCTOSHUSA MEXIY
Hepealomlel ¥ MpUeMHoM aHTeHHoi. Jomorpad — aTo ToXE runepborna,
U yXe 110 Helf MOXHO OIIPEAEIUTh MHTEPECYIOLNE TapaMETPHI.

CTpYKTypa NPUHSTHIX Fe0pagapoM CUTHAIOB MMEET CIIEAYIOMINIA BIL:

TepBBIM Ha pa3BepTKe HGUKCUPYETCS 30HIUPYIOIIUI MMITYJIBC CO CBO-
eil mpexpicTopreit. OH M3JTydaeTcsi epeIaTIMKOM, KOTOPhIX paboTaeT B
aCMHXpOHHOM pexume. Koraa npueMHUK MoTy4aeT KOMaHay Hayana pe-
TUCTPALIMM, OH YCTAHABIMBAETCS B PEXUM OXWIaHUSI CHHXPOHU3ALIMH,
KOTOpas OCYIIECTBIISIETCS IO MMITYJIbCY MepelaTiynKa, MPUIIEAIIEro ca-
MBIM KOPOTKHMM IIyTéM — II0 BO3AyXy. Takas CMCTeMa CHHXPOHHU3ALMU
BBI3BaHA TEM, YTO KJIacCHUYecKas CxeMa, Korja rnepeiaTyuk 3arycKaeTcs
OT BHEIIHETo T'eHepaTopa, B HallleM Cily4yae IIPaKTUYECKH He BO3MOXHA —
IUIS1 YIIPaBJIEHUs PAa3PSITHUKOM HYXEH TaKOW MOIIHBIA CHHXPOUMITYJILC,
YTO €r0 HAJIMYUE CHSUIO GBI BOIPOC O HEOOXONMMOCTH IepenaTyvkKa —
C €r0 POJBIO CIIPABWIIACH GBI CaMa CUCTeMA BHIPaGOTKM CHHXPOUMIYJIBCA.

CucreMa CUHXpOHM3aLlMKM TpeGyeT ONpeieNIeHHOe BpeMsl Ha cpabaThi-
BaHHE, MMO3TOMY, YTO6H 3aMKCHPOBATh 30HAUPYIOIIMIA UMITYJIBC C €TO
MpeIbICTOpUEN, B KaHAJIE PETMCTPaliMM CHTHAJIa TIPeyCMOTPEHA JIMHHUSA
3aIePKKI.

3a 30HAMPYIOIIMM UMITYJIbCOM CJIENYIOT OTpaXeHHbIE OT TPAaHULL CHUT-
HaJIbl, KOTOPBIE, COGCTBEHHO, M TIPEACTABIIAIOT OO0 TaHHBIE, OMpee-
JIIOIIME TeopaJapHbI MeToA. DTO 3aIUCh CHTHaja B 3aBUCUMOCTH OT
BpEMEHH NIPMXO0/ia, B HAILIEM Cliydae, yepe3 uHTepBai B 1 HC. Bpems ripu-
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XOJa CUIHaJla 3aBUCUT OT INIyOMHBI pacloJIOXEHUs IPaHMLbl B 3eMJIE U
CKOpPOCTH pacIpOCTPaHEHHUs paJMOBOJIHBL B JaHHOM cpene. Hampumep,
B BO3/[yX€ palHOBOJIHA PACIIPOCTPAHSIETCSI CO CKOPOCThIO 15 CM/HC, a B
Boze — 1.6 cM/Hc. (3mech UMeeTCs BBUAY TaK Ha3biBaeMasl palMoJIOKaLM-
OHHas CKOPOCTb, KOTOpas B 2 pa3a HIDKE peaJIbHOM. DTa CKOPOCTh BBEE-
Ha U1 yono6CcTBa nepeBofa perucTpUpPYEMBIX 3aliepKeK CMIHala, IIPOXO-
JS1IEero ABOMHOMN NyTh: TyJa U 00paTHO.)

I'lrybuHa 3aneraHusi rpaHMLIbI, €CJIM OHA HE IUIaBHAsl, XapaKTEPU3YeT-
Csl TOJIBKO OJJHUM TNapaMeTpoOM — €€ KOHKPETHBIM 3HayeHHeM. MBI Xe
perucTpupyeM (QYHKLHMIO BPEMEHU OTPAXXEHHOTO CHUTHAIA, M BO3HUKAET
BOIPOC, KaK MOJIOXKEHHUE IPaHULIBI (IUIs1 Ha4ajla — BO BpEMEHH ) CBA3aHO C
oToM pyHKIIMEH. M3 MHOTHX BO3MOXHBIX BADHAHTOB MBI BRIOpaI BpeMs
3aIepKKH [IEPBOr0 MaKCUMyMa, JUIsl YETO BEIYMCIIAECTCS HYJIEBOM MOMEHT
BPEMEHH, B COOTBETCTBUM C IIPUHSATHIM YCJIOBUEM, IT0 (popMe 30HIUPY-
IOIIIET0 MMITY/ILCA, NMPULIEANICTO IO BO3AyXy. /i KaXmoro curHasia 3a
MaKCHMYMOM OOsI3aH C/Ie40BaTh MUHUMYM, €CJTU CUTHAJI IIPUINEN B (ha3e
C 30HIMPYIOIUMM, WIHA 32 MUHUMYMOM — MaKCHMYM, €CJIH OTpaKeHHbIN
CHTHaJI npuiuen B npotuBodase. Ho 1oBoIbHO 4acTo MBI BTOPYIO ITOJTY-
BOJIHY CUTHa/1a He GUKCHpPYEeM — OHa MOXET HAJIOXHUTBCS Ha CIELYIOUMA
CHMT'HaJI, WIH MPOCTO HE 3apeTUCTPHUPOBAThCS M3-3a HENOCTATOUYHOM JUC-
KpeTU3aLH aMIUTUTYIbI 110 YPOBHSM — IUIS YBETWYEHUS JHHAMHUYECKOTO
JMIIa30Ha Mbl UCIIOJIB3YEM HEJIMHEWHOE Ipeobpa3oBaHue (KOMIIPECCHIO)
AMIUTUTYH, YTO IIPUBOAMT K OOJIBIIOMY HIATy DUCKPETU3aLMH U1 6OJb-
IIUX €€ 3HAaYCHUI. ’

M&I oro6paxaeM BeTMYUHY TOJOXHUTEIBHOM aMIUIMTYAbl HacChILIEH-
HOCTBIO KPaCHOI'O LIBETa, a OTPMLIATEJIBHYIO — CHHEro LiBeTa. DTH MCceB-
JOLIBETA YCJIOBHBI, OHH HCIIOJB3YIOTCSA, HAalIpUMEP, HpH H300paXeHUH
BBICOTHI MECTa HaJl ypPOBHEM MOpsI B reorpaduyeckux Kaptax. OTpaxalo-
1Ifast TpaHULIa IPUBsI3aHa K MAKCUMYMY II€pBO IOJIYBOJIHBI OTPaXXE€HHO-
TO CHIHaJIa, KOTOPBIN MOXET OBITh KaK MOJIOXKUTEIBHBIM (KPaCcHBIM ), TaK
U OTPULIATENEHBIM (CHHUM).

ITpuBeneHHEIe MOSICHEHUS MO3BOJIAT BaM paccmarpuBaTh reopanap-
HbIe IpoGWIM MOHKUMAsI, KaK PAIMOJIOKAIMOHHEIN 06pa3 COOTBETCTBYET
peasibHOI reoOMeTpuH NMOA3EMHBIX cioeB. HUKaKoi JOMIOJIHUTENBHOM 06-
paGOTKM NMPUHATBIX CUTHAJIOB HAMM HE TIPOU3BOAKIOCH, KPOME IIEPEBO-
Jla BPEMEHHO¥ LIKaJIBI B INIYOMHY IO cpenHeil cKopocTH. CpeIHIOo CKO-
POCTH UI TIPUBEIEHHBIX Mpodieil MBI BEIYUCIISUIH JJISl IHA BOPOHKM.

OTcyTcTBHE KaKO#-THO0 MaTeMaTUYeCKOM 06pabOTKHY pagroI0OKaLM-
OHHBIX ITpodUIIEi MBI MTOSICHSIEM CJIEAYIOLIUM 00pa3oM:
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1. «KapTMHKM» OYEeHb «UMCTHIe» U JIETKO «4YUTAIOTCS» JaXe HEIto-
TCOTOBJIECHHBIMHU MIOASMU. OHHU BIIOJIHE pelIaloT OCTaBIECHHBIE HAMH 3a-
Javu.

2. TouHblii ITIEPEBO PATHUOJIOKAIIMOHHOIO 00pa3a B re0JIOTHYECKOE
CEYEHHE CJIOXEH U MOXET NMPHUBECTH K PNy AUCKYCCUOHHBIX BOIIPOCOB,
HE KacaloIlUXCs pacCMaTpUBaeMoi HaMU IPOOIEMBL.

Crapsbii neHb

I1ens, o6HapyXeHHBIH Ha THe CyCJIOBCKON BOPOHKHM ITOCIE
ee ocymenust. ®oto E. KpuHosa, 1929 .

DTOT JUCTBEHHAYHBINA neHb, 00HapyxeHHbIN B CyCI0BCKOI BOPOHKE
IIOCJIE CITYCKA BOMBI Yepe3 IMPOPHITYIO B €€ O60PTY TPAHLIEIO, ChIrPaJl OYEHb
BaXHYIO poJib B U3y4eHHUH TyHrycckoro Mereopura. Bece geno B ToM, 4To
NEHb OBLI CTApBIM, CTOSUT BEPTUKAJIBHO, Y HETO COXpaHWIACh KOpPHEBast
CHCTEMa, a CaM OH HaxXOOWJICS B LIEHTPE.

DTO CTAJI0O OJHUM M3 CAMBIX BECOMBIX apryMEeHTOB IIPOTMBHMKOB
yIapHOTO MPOMUCXOXAEHHUSI BOPOHKU. XOI MBICIIH TIPOCT: ITyCTh JaXe MbI
He JOCTUIVIM JHA BOPOHKM, a HAXOAMMCS Ha KaKOM-TO IMPOMEXYTOYHOM
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