MNpunoxenue 1.

Cucremarnueckas owmnbka cTaHAAPTHOM
MBro

IMoxkaxeM, yto ctaHaapTHbIii BapuaHT [1BI'O numeer cucremarunye-
CKYI0 OLIMOKY B ONUCaHuy pedpaKLiy BOJIH.

B xauecTBe UCXOOHOTO BOJTHOBOIO YpaBHEHUSI OyeM UCIOb30BATh
ypaBHeHue Kireitna-Topaona (YKI)

VzU————;——C—U=O ¢))

KOTOPOMY COOTBETCTBYET JUCIIEPCHOHHOC COOTHOIICHHE, 3adalollce
3aKOH JUCIICPCHMN:

o =} +kc’ ()

31ech @ — 4acToTa BOJIHBI, K — BOJIHOBOE YUCJIO, @; — COOCTBEH-
Hasl 4aCTOTa OCLWIJISTOPOB IOJIs (ITPOCTPAHCTBEHHAS] XapaKTEPUCTU -
Ka Cpebl pacrpoCTpaHeHYsl, IJIsl TUTa3Mbl — JICHTMIOPOBCKasl 4aCcTOTa
3JIEKTPOHOB), € — CKOPOCTb CBETA B BaKyyMe.

DT0 Haubojiee pacIpOCTpaHEHHBI B paguOAMAra3oHE BUI OUC-
MEepPCHM, MOCKOJIbKY OH CYIIECTBYET B MOHOC(hEpe — camMOi 00BbEM-
HOM TIpU3EMHOM Cpejie, Iie PacIIpPOCTPAHSIOTCS paguoBOJIHB. KpoMe
aroro, YKI sBisieTcss aCUMIITOTUYECKUM BOJIHOBBIM YpaBHEHUEM LIS
JIIOOBIX BUIOB AUCHEPCUH JIEKTPOMATHUTHBIX BOJIH ITPU MOBBILIEHUHN
4aCTOThI, YTO BBIIEISET €70 U3 BCEX JPYTMX BOJTHOBBIX YPABHEHUIA.

OO1LENPUHATHBIN CTaHIapTHBIH MOAXO0 K BeIBoay ypasHeHu# [IBI'O
HaYMHAETCH C MpeacTaBieHus GYHKLIMU BOJTHOBOTO T10J1s1 B BUIAE Oec-
KOHEYHOTO psifia 10 CTeTeHsIM O0JIBIIOro mapameTpa v :

© -
UG = explivy (1) 3 2200 3
mo ()"

DTOT psiI IPUHSTO HA3bIBaTh JIyYEBHIM PSIIOM, B KOTOPOM ¥ U A4,
(da3zoBasg 1 GecKOHEYHasI MMOCJIEIOBATEIbHOCTb aMIUIMTYIHBIX (DYHK-
LM, 3aBUCHMBIX OT IIPOCTPAHCTBEHHbIX U BPEMEHHOI KOOpIUHAT.
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Moxacrasnss aydesoit psia (3) B YKI (1), momyyuM GECKOHEYHYIO
LIETIOYKY YPaBHEHUI, MEPBOE U3 KOTOPLIX UMEET BUA:

1(oyY o
WW)Z_?(E—) +c—zL=0 “4)

OnpenenuM B (4) Vi =k Kak JOKaJIbHBIN BOJTHOBOM BEKTOP,
a —0y / Ot = @ KaK JIOKAIBHYIO YaCTOTY, IOJIy4MM ypaBHEHHUE IiKOHa-
Jna:
2 2
- ()] (0] .
k*—-—+—%=0 (5)
¢t ¢

DTO ypaBHEHME 3aaeT CBSI3b MEXIY BOJTHOBBIM BEKTOPOM M 4acTo-
TOM B KaXIOH TOUKE MPOCTpaHCTBa ¥ BpeMeHU. Ho TpaekTopust BOJTHBI
OTIpE/IE/SAETCS He TOJBKO TOYKOM, HO M HEKOTOPOii €e OKPECTHOCTBIO.
C MareMaTH4yecKoil TOYKHU 3PEHHMS — 3TO Majasi & -OKPECTHOCTb, He-
o6xomuMast [UIS CyLIECTBOBaHMS TIPOU3BOIHBIX, a C PU3NIECKON TOUKH
3peHus — 310 30Ha OpeHernsi, cou3MeprMasi C IUIMHON BOJTHBI M IIEPUO-
JIOM OCLIWJUISLIAHA.

VcnoBue NPUMEHUMOCTH T€OMETPUYECKOM OINTHKH, KOTOPOE OM-
HOBPEMEHHO pa3liefisieT BOJHOBBIE 3G@EKTh Ha pedpakLUOHHBIE U
I¢bpaKIIMOHHBIE, UMEET BU/L:

TP . TW . LP A LW
r,ro’r,ro’ﬂ,/lo’l,ﬂ.o

31ech v — OOJBIION NapaMeTp, 7 ~ 27/ @ — CPEAHUM ITEPHUOJ BOJI-
Hbl, A~ 27 /k — CpemHsis WIMHA BOJHBI, T, U A, — BPeMEHHBIEC U
MPOCTPAHCTBEHHbIE MAcIUTa0bl AUCTIepCUM, T, U L, — BDEMEHHBIC U
IPOCTPAHCTBEHHbIE MACLUTAGHl BapHalyii IapaMeTpoB cpensl, T, u
L, — BpeMeHHBIC M NMPOCTPAHCTBEHHbIE MACIITaObl BApHALMH BOJI-
HOBOTO ITOJISI.

Vv = min

>>1 (6)

SBneHue pedpakiuK ONpeAeaseTCs MEPBBIMU MTPOU3BOAHBIMHU Ya-
CTOTBI X BOJIHOBOTO BEKTOPA, KOTOPbIE MOXHO MOJYYUTb MyTeM Aud-
(bepeHLMPOBaHUA ypaBHEHHs 3fiKoHana (5). st mpoCcTOTHI Hampa-
BUM BOJIHOBOM BEKTOP BAOJIb OCH X .
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ok | o dw o 0w, | .| ® dw @, Ow,
o |k ox k. ox “\ 2k k. oy @
X X
Hcrnonb3yeM CBOMCTBO BOJHOBOrO BekTopa Vxk =Vx(Vy)=0,
T.€. «pOTOp IpaJueHTa cKausipHoil ¢hyHKuuMu (¢dassl i ) BCeraa paBeH
HYJTIO» ¥ TIOJIYYUM CBSI3b MEXIY YaCTHBIMHU IIPOM3BOIHBIMU:

Ok, _ Ok, ®)
Ox
Orclona: 4
gk_zé o 0w o oo, )

& \Fk oy Ik o

B 1npou3BOJILHOM TOYKE MPOCTPAHCTBA U BPEMEHM 3allaiuM ClIENy-
JIOILME TTapaMETPhl BOJTHOBOTO MOJISL M CPEAbI: HECYIIYIO YacToTy @,
YaCTOTHBIN rpagUeHT \

Vw=¢0w/0x+e,0w/0y, COOCTBEHHYIO YaCTOTy Cpelbl @; W €€
rpanueHT Vo, =€,0w, /Ox+€,0w, /0y .

OcTaJIbHBIE TTapaMETPHI TOJISI — BOJTHOBOE YUCJIO M €r0 MPOU3BO-
nHble onpenensarcs us (5), (7) u (9).

Mogens nonst craHaaptHoi [IBI'O mis TOYKM M €€ OKPECTHOCTH
MIpECTaBIsIeT COOOM JIOKAIBHO TUIOCKYIO OTHOPOIHYI0 MOHOXpOMa-
THYECKYIO BOJIHY C MEIUTEHHO MEHSIIOIMMUCS NapaMeTpaMu:

U= 4,exp i(kx + Ok x+ O y]x+i§—k—y—xy—i(w+a—wx+@-y)t (10)
ox oy Ox Ox oy

Teneps, ecu MoACTaBUM Mozeb nost (10) B BOTHOBOE ypaBHEHHE
(1), To yBMAMM, YTO HAOOJbILIAsT OLUMOKA ONPENENSIETCS WICHOM:

—2[3@—%%)@ (11)

BenmuuHa 3TOi OLIMOKH COOTBETCTBYET BEIMYMHE PePpPaKUHOH-
HBIX 3((dEKTOB U IMOSBJICHHE €€ B YDABHEHUH HEBA3KM OOBACHSETCS
cooTHouleHueM (8). OmHa M3 MPOU3BOAHBIX MPU MOACTAHOBKE B BOJ-
HOBOE ypaBHEHME KOMIIEHCUPYETCS MAPHBIMU IIPOU3BOIHBIMU 4aCTO-
THI BOJIHBI U CPEJIbI, a BTOpasi, UMEIOILAst TOYHO TaKylO Xe BEJUYUHY,
OCTaeTCs HE CKOMITEHCUPOBAaHHOM.

Takum 06pa3om, CTAaHAAPTHAS OOLIENIPHAATASA JTIOKAJIBHO-IUIOCKAS MO~
JeJIb TOJISl He YAOBJETBOPSET HCXOJHOMY BOJHOBOMY YPABHEHHIO B 00-
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JacTH pe)paKUHH H HE MOXKET ABJISATHCA €r0 ACHMNTOTHKOM Ha 6ObIINX
PacCTOAHMAX.

CrpyKTypa cucTeMaruyeckoit ouimbku (11) craHmapTHOM Monean
MOKAa3bIBAET, YTO B HEHMl OTCYTCTBYET YUET MONIEPEYHOM YaCTOTHOM MO-
OYJISALIMHY BOJIHBI (IUCTIEPCUOHHON pedpaKlIMK) U HETIPABUIIBHO y4Te-
Ha HEOIHOPOIHOCTD CpEeIbl.

[MpyyKvHa TOABJIEHUS CUCTEMATHYECKOil OIMOKM rpaduyecKu
n300paxeHa Ha puc.23.
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Puc. 24. Ipuuuna cucmemamuyeckoii owubku 6 cmanoapmioi [1BIO.

73



Mpunoxexue 2.
IucnepcroHHas pedppakums € TOUKM
3peHMs NPUHLMNA CyNepno3nums

BOJIHOBBIE MPOLIECCHI NP HATWYMKA AUCTIEPCHOHHOM pedpakuuu
JOJDKHBI TONYUHATHCS TIPUHIUIY CYTEPIO3ULIMM, TTOCKOJBbKY HC-
XOIHbIE YPAaBHEHUS SIBISIIOTCS TMHEHHBIMU, T.€. PEILICHNE VIS CYMMBI
BOJIH PaBHO CyMMe PEILIEHMMA JUIS KaXI0H U3 HUX.

Cpa3sy Xe MOA4YEepPKHEM, YTO Ul IHEPTeTHUECKUX XapaKTepUCTHUK
BOJTHBI, HAMIPUMED TSI MOLTHOCTH WJIM DHEPTHH, 3TOT MPUHLKT HE
BBITIOJIHSIETCS, TOCKOJIbKY OHU SBJISIIOTCSI HETUHEHHBIMU QYHKLMSIMU
mosist. OGHAKO Ha MPAKTUKE MMEHHO SHEPTETHYECKUE XapaKTEPUCTH-
KM KaK pa3 ¥ IIPeACTaB/ISIOT MHTEPEC.

B HauGosiee pacIpOCTPAHEHHOM MPHKIATHON 3amade pagrodu-
3UKM — Tepejade COOOILEHU C MOMOLIbIO PaAMOBOIH — JOCTOBED-
HOCTb OTIpedensieTca dHeprueil curHana. bonee Toro, caMo NOHATHE
pacrpOCTpaHEHUS BOJIH CBA3BIBAIOT C PACIIPOCTPAHEHUEM BOJIHOBOW
s"epruu. Hanpumep, B [IBI'O (xak B 06BIYHOM, TaK U B MoIUPHULIU-
POBAHHOM) TPYIIIIOBAsi CKOPOCTb — 3TO CPEIHSIS 38 NEPUOLI KosebaHus
CKOPOCTb Mepeaady SHEPTUM.

Mgl, B ciily JIMHEHHOCTY 3aJa4yyd, MOXEM HaXOAWTh PEILICHHUS IO
qacTsM, WIS OTJAENbHBIX COCTaBJISIOUIMX TMOJsI, a MOTOM UX CyMMHU-
popaTb. Ho Bcerna GyneM MOMHMTb, YTO MPOLIECC MEPEeIavyn SHEPTIH
MOXHO TTOJIyYUTh TOJIBKO IO MOJHOMY PEIIECHHIO, KOraa BCe COCTaB-
JITIONIME TIOJISi TIPOCYMMHUPOBaHBI — 3[E€Ch NMPWHLMI CyNIEPIIO3NIHHI
H€ BBITIOJTHSIETCS.

B crieKTpaJbHOM TMOAXOIE, T.€. TPH MPEICTaBIeHUH IOJId B BUAC
COBOKYITHOCTM TapMOHMYECKMX COCTaBJSIIOLIMX, JIUCTIEPCHOH-
Hast pedpakums o6bscHsieTcs: 3PpPekToM (HOKYCHPOBKH YaCTOTHBIX
KOMITOHEHT TOZOOHO TOMY, KaK ITPOMCXOIMT CXaTHe MPOAOIBHO-
MOZLYJIMPOBAaHHOM IO YaCTOTE BOJIHBI (WJIM CHTHAsA C JIMHEHHOW ya-
croTHOil Moaynsiueir — JIYM) npu HanM4YuM OUCNEPCUMA B OOHO-
MEPHOM CJTydae: BOJHA GyeT MMeTh MAKCUMAJIbHYIO MOLIIHOCTb B TOH
TOYKE MPOCTPAHCTBA U B TOT MOMEHT BPEMEHH, KOTIIa MOTHOCTHIO CO-
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BranyT ¢a3bl BCEX CIIEKTPAJIbHBIX KOMIIOHEHT. DTOT IPUMED paccMa-
TPUBAETCS B yYeOHHUKAX.

B onHoMepHOM cJiydae BO3MOXHO TOJIBKO TiepepaclipeicsieHUe
MOIIIHOCTH B IPOCTPAHCTBE, OOILIasi SHEPTUsI OCTAETCsl MOCTOSTHHOM
JUIS KaXIO €ro TOYKH. 371eCh, eCTECTBEHHO, 3(PdEKT TUCTIEPCUOHHOM
pedpakLiM1 HE MOXET HAOMI0AaThCS TPUHUUITUAIBHO.

[Tpu nepexone K ABYM WIM TPEM HU3MEPEHUSIM IOSIBISIETCS BO3MOX-
HOCTb Nepepacrpeie/icHUs 3HEPTUU B IPOCTPAHCTBE. 151 3TOro HEOOX0-
IIIMO, YTOOBI CTIIEKTPAIbHbIE KOMITOHEHTbI UMEIM Pa3HOE HallpaBieHue
BOJIHOBOTO BEKTOPA, KaK 3TO UMEET MECTO MpHU MOINEePEYHOI 4aCTOTHOMN
Moy L. Toraa KpoMe MpoaosibHOM (POKYCUPOBKY, BOSHUKHET €1Le U
TIoNnepeyHast, a pe3yJIETaTOM X COBMECTHOTO AEUCTBUSI OyIeT MPOCTpaH-
CTBEHHOE TiepepacnpeaeieHye sHeprun. EcTecTBEHHO, TTO/IHas SHeprust
BO BCe¥i ITPOCTPaHCTBEHHOM 001aCTU OCTaHETCS] HEU3MEHHOIA.

TakuM oGpa3oM, JUCTIEpCUOHHAs pedpaklvs — 3TO HU YTO UHOE
KaK AMCIIEPCUOHHBIE MCKAXEHYsI BOJHBI JJIsi MHOTOMEPHOTO CiIy4as,
KOTJa 4YacTOTHasA AUCIEPCUSI TPUBOIMT K TOIMEPEYHOMY IIEPEHOCY
3HEPTUM.

s ucrionb3oBaHus 3¢ dexTa TMCNepCUOHHOM pedpakUUK B HEO -
HOPOJHBIX Cpelax He 00s3aTeNbHO COOPYXaTh CleLMaIbHble aHTEH-
HBI, (POPMHUPYIOIME MONEPEYHYIO YACTOTHYIO MOAYJISALUIO, @ MOXHO
KCITOJIB30BaTh TPAaHC(HOPMAIINIO TIPOJOJIBHON MOLYJISILIMU B ITOTIEpEY -
HYIO Ha ECTECTBEHHBIX HEOIHOPOAHOCTSIX cpenbl. B 3TOM Cityyae MoryT
OBITh UCITOJIb30BaHbI OOBIYHBIC, aKe HE HAINpaBJICHHbIC AHTEHHHI, a
yIIpaBJIeHXE BOJTHOM IMPOUCXOAUT MyTEM aMIUIMTYAHO-4YaCTOTHOM MO-
JOYJSIUUU U3Ty4aeMOT0 UMITYJIbCA.

PaccmoTrpuM 3amady, Kak MOJTyYUTh MAKCUMAIbHYIO KOHLIEHTPALUIO
SHEPIUM TI0JIS Ha BhICOTe 38 KM B 33IaHHOI1 Mosioce 4acToT. Bribepem
nosrocy 500 KIix, criekTpajibHble KOMIIOHEHTHI T10JIs1 OYAEM pacCYMThI-
BaTh METOIOM I1apaboIMYECKOro ypaBHeHUsT Teopuu fudpakuuu. Hac
OyZIeT MHTEPECOBATh I10JIE Ha yIAJIeHUU OT UCTOYHMKA B 1700 KM, nocre
OTpaXeH!sI OT HOHOCHEPHI, YUTO OOECTIEUNBAET YCIOBUS IIPUMEHUMOCTH
I10 yIJiaM ISl MapaboiMyecKoro npubmkeHus1. Pacyer Kaxnoi crek-
TPaJIbHOW KOMITOHEHTHI B HAYAJIbHOW TOUYKE HaYHEM C HYJIEBOM (a3bl.
B BBIOpaHHYIO HAMH KOHEYHYIO TOYKY OHU TIPUIYT C KAKUMHU-TO CBOM -
MU (azamu. Eciii B 370 KOHEYHOI Touke Bce ¢a3bl IPUPABHATD, 3TO
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Puc. 26. Drepaus 601108020 noas, CPHOKYCUPOBAHHO20 HA 8bicome 38 KM.
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Puc. 27. DyHKYUA MOUSHOCIMU HAHANLHO20 NOAS, ObECneHUsalowe20 GoKyCUposKy
3Hepeuu Ha gvicome 38 km.
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Puc. 28. Dyuxyus ¢asvi Ha4a1bHO20 noAs, obecnewusarousezo goxycuposky
Inepeuu Ha gvicome 38 km.
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OyIeT 3KBUBAJIEHTHO COOTBETCTBYIOLLIEMY OTPULIATEIbHOMY CMELIEHUIO
(a3 4aCTOTHBIX KOMITOHEHT I10JIsI B HAYaIbHOM TOYKe. 3Hasi aMIUTUTYIbI
1 (a3bl B HAYAJIbHOM M KOHEYHOM TOYKE, Mbl MOXEM, CYMMUPYS CIIEK-
TpaJIbHbIE KOMIIOHEHTHI, PACCYMTATh 10JI€ B KOHEYHOM TOYKE, a TAKXKe
Ha4yaJIbHOE TT0JIe, KOTOPOE MPUBOAUT K TAKOMY PE3yJIbTaTy.

Kak cinenyer u3 pucyHKOB 25-28, c(OKyCHpOBaB 110Ji€¢ B BbIOpaH-
HOI TOYKE MyTEM U3JTYYECHMS OIpeaeSIeHHOIO UMITYJIbCa, MOXHO yBe-
JTUYUBATh 3HEPTUIO BOJIHBI B COTHU pa3. M bl MOJly4WIM 3TOT pe3yJIbTaT
METOIOM CYIIEPIO3MLIMHK CITEKTPATIBHBIX KOMITOHEHT. Pu3nyeckom
OCHOBO#I TaKOM BO3MOXHOCTU siBjisieTcsl 3(Q(PEKT TUCTIEPCUOHHOMU
pedpaxuuu. [1pu pacrpocTpaHeHUH TTPOAOJIbHO-HEOJHOPOIHOTO Ha-
YaJIbHOTO UMIyJibca (puc. 27-28) B HEOMHOPOAHOUM MOHOChEPE Y HETO
MOABJISIETCA TOTIepeYHasi YaCTOTHAS MOAYISILIMS M BOBHUKAET 3D deEKT
IUCIEPCUOHHON pepaKLnu.

Ha puc. 29 noxasaHbl JlydeBble TPA€KTOPUU ISl BOJHBI 6€3 mpo-
JIOJIbHOM YaCTOTHOM MOIYJISIIIMU JUISI HEHTPAIbHOW MOHOXpOMAaTHYE-
CKOM BOJIHBI, TI0JIE KOTOPOM MBI PACCYMTHIBAIM B 3TOU 3a1a4ye METO-
JIOM MapaboInYecKoro ypaBHeHUs1. BUIHO, UTo Ha KOHEYHOU JaJIbHO-
cTH (POKYCHPOBKMU JIydeil HET.

Ha pucynke 30 npuBeIeHbl TPa€KTOPUM JyYeH 11 HAUAJIBHOTO UM~
MyJIbca ¢ MPOJOJbHOMN YacTOTHOM Moxnyisuuei. BeanunHa koaddu-
LIMEHTA MPOIOJIBHOM MOAYJISILIUM PACCYUTBIBANIACH MO (Pa30BOM Xapak-
TEPUCTUKE CUHTE3UPOBAHHOTO U3JTyYEHHOTO UMIyJibca (puc. 28) mwis
MAaKCUMaJIbHOM MOIIHOCTHU (puc. 27). 3aech BUIHO, YTO Ha BbIcOoTe 38
KM Tpou3oliia poKyCHpOBKa, IPUUMHOM KOTOpO# cTan addexT auc-
MepPCUOHHOM pedpaKLIMU.

E1ie onyH crioco6 o0 bSICHEHUS TUCTIEPCUOHHOM pedpakiMy U300pa-
XeH Ha puc. 31. Pa3muyHble 4aCTOTHBIE KOMITOHEHTHI MOJISI TPOHUKAIOT
BIJIyOb MOHOC(hEPHI M3-3a YACTOTHOMN JUCIIEPCUM Ha Pa3HYIO BBHICOTY,
dbopmupyst GOJBIIYIO BUPTYalIbHYIO aneptypy. Dasupys 3Ty aneprypy
myTeM (OPMHUPOBAaHMSI HAYaJIbBHOTO MMITYJIbCA, MOXHO YTIPaBJIsITh pa-
JIMOJIy4eM, KaK B OOBIUHOM (ha3upoBaHHOI aHTeHHOH peleTke (DPAP),
HaIpaBJIsAs MAKCUMAJIbHYIO SHEPTHIO B BLIOPAHHYIO TOUKY.

IToyeMy xe Ha 3P deKT TUCITEPCHOHHOMN pedpaKLIMd HE HATOJKHY-
JIUCh 3KCIIEPUMEHTAIILHO, BeJIb B KOPOTKOBOJTHOBOM JUara3oHe pabo-
TaeT OIPOMHOE KOJIMYECTBO pagUOCPeNnCTB? DTa cUTyalusi OOBSCHSIET-
€S OYEHbB ITPOCTO — pa3pabOTYMKHU ITPHUOOPOB OOSITCSI IUCITEPCUOHHBIX
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Puc. 29. Ilpocmpancmeennbie mpaekmopuu Ay4eii 0N Ha4anbHo20 umnyasca 6e3
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Puc. 30. IIpocmparcmeaennbie mpaekmopuu ay4eii 018 HA4AAbHO20 UMNYAbCA C
npodoabHOl Yacmomuoii Modyssyuen.

79



»

Rresorerarevvrresd
Bupryansuas —— \ 5
aneprypa \X_—__—_r__
Sz

Hounocdepa

[piemuuk

Tlepenaruux

3eaan

s

Puc.31. @okycuposka noas eupmyanvHoii anepmypoil.

UCKAXEHUI U MO3TOMY B TOMABISIONIEM OOJBLIMHCTBE CJIydyaeB MO-
Ji0ca repeaaBaeMoro curHaia He npesbiinaeT 100 KT, Janbire Hayu-
HAIOTCS TUCIIEPCUOHHBIC UCKaXXeHUS (GOPMBI CUTHAJIA, B TOM YHCIIE U
aucriepcuoHHas pedpakuusi. Hanpumep, Takyto nonocy 100 Klix 3a-
HUMaJl 30HAUPYIOLLMIA CUTHAJ 3arOPU30HTHOTO panuosokaropa SH32.
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