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IIPUMEHEHWE 3AROHA NOAOBNA IIP B3PHIBAX K ABJEHWIO
HHEPETAYN JETOHAT NN

A. ®. Beases, M. A. Cadoscruii, H. H. Tamn
(Mocrsa)

UsBecTHO, 9ro pmeToHaIMA 3apsAfa B3PHIBYATOTO BeINecTBA (BB) wmosker
BEI3BATh [[eTOHAIMIO APYTOT0 3apsAjia, HaXONAIErocs HemofaldeKy. JTO aBJie-
Hue 00HYHO Ha3hBAlOT Mepefadeil [eToOHATMN WU [eTOHAaUWell Yepes BIAMsHIe.
3apAg, B KOTOPOM IIepBOHAYalAbHO BO3HHUKAeT MeTOHAIIMA, Ha3HBAETCH aK-
TUBHHIM WJIM TepefaloliuM, a 3apsj, KOTOpOMY IepelaeTrcsA MeTOHALWs, Ha-
3BIBAeTCSI ITaCCHBHBIM WJIN BOCHPHHHMAIOL[AM.

@ur. 1. Cxema ouniToB Blopmo 1o mepegave meToHa-
oun. 1 — aKTUBHHEIN 3apsan, 2 — IacCHBHHIA sapsm,
8 — CBUHIOBHE IMOAKIAAKU, 4 — CTaJbHbIE ILIUTHL

fIBneHuWe mepemauuM [JeTOHAIMM, BechbMa BayKHOE B IPAKTHYECKOM OTHO-
IMeHNN, a TakKKe TpeCTABIAIIee 3HAUMTENbHbI HaYYHHIH HHTepec, m3yda-
JI0Ch MHOTHMMH HcCCJIefoBaTeJsaMu [1-2 3. 4,66 7]

Jlost Bcex paHee IIPOBeJieHHHIX HcCAef0BaHH B 0o6JacTH mepegadm mero-
Hallil XapaKTepHO ciaeayiolee:

1. IlpuMeHeHNe TUIMHIPHUICCKNX OOBIYHO YHJMHEH-

HBIX 3apsoB.

2. Pacmomnoenune 3apsAmoB TOpIaMu APYr K APYTY.

3. Orcuer paccrosHUI Iepegadd OT TOpIA AKTUB-
HOTO /10 TOpIla IACCHMBHOTO 3apsaga TaK, KakK 5TO IIO-
KaszaHo Ha ¢ur. 1.

Yike B IepBEIX NCCIENOBAaHUAX Iepegadd HeToHa-
nuu 0BT ycTaHOBJEH BepOSTHOCTHEIA XapakTep ABJIe- ®ur. 2. Cxema 3aBu-
Hus. PaccrosgHua INepefaddl AeTOHALlMUM U pPAaCCTOSHMA  CHMOCTH BEpOATHOCTH
OTCYTCTBHUS Iepefadyd He OTJeNeHbl pe3KOH TIpaHuIlei. HQPOT“;’I&GCTOHHM:HH
B goBoipHO MMpOKMX IpefesNaX pPAacCTOSHAA MeKAY
3apAnaMu IpH NpPOBeJeHUN psfa OIEBITOB BO3MOKHEL
KaK IepejadYa JeTOHAI[MU, TAK M OTCYTCTBUEe Iepefadyu. XapaKTep U3MeHe-
HUA BepOATHOCTU Tepefadd [eTOHAIUU ¢ PacCTOSHWEM CXeMaTHYeCKH IIOKa-
3aH Ha ¢ur. 2, roe 0 ocu abCIucc OTIOKEHHl PacCTOAHMS MEKIy 3aps-
mamu [, a MO Ocu OpAUWHAT — BepPOATHOCTH Hepefadm w.

BasxmeiiniuM pesyapTaTOM IpOBefeHHBHIX paHee paboT, U Hpeykae Bcero
dyHmaMeHTaIbHHX wucciaenoBaumii Bropao [!], Obuio ycraHoBJIeHHme CBA3U
MeKIy pacCTOsSHHeM Tepefaun feToHalum R u BecoMm axrusHOro sapaga C.

Cormacuo Brwopao, maa paccroammii, coorBercrByomux 50% BepoaTHOCTH

Iepegavn,
Ry, =kVC M

AHaJlOrMYHOe COOTHOIIEHWE IPUBOAUTCH WU [JsA paccrosHuil Ge3olacHBIX
R, mo nmepemaue peroHamuu B «ExmHBx mpaBmiax 6e30macHOCTH IIPU BeJeHUU

B3pPHIBHEIX pabor»
Ry,=EkVC (2)
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Hos¢dunumenr k& ¢opmynasr (2), cooTBeTCTBYIONMII YCIOBUIO OTCYTCTBHUA
mepefayn, JO/KeH OBITh Goabmie k ¢opmynast (1).

CymecTBeHHOE BHHMAHHE B paHee BBIIOJIHEHHHIX paboTax II0 U3y4YeHUIO
nepegayn JeTOHAINU YAeIsI0Ch TaKsKe BOIPOCY O MeXaHU3Me Ilepejadl IeTo-
"ganun., MexaHu3M 3TOT CJI0KeH, HO BMecTe ¢ TeM HeCOMHEHHO, YTO OCHOBHBIMU
darTopamu, obecHeuNBAIONINMU Iiepefady MeTOHAIlUM OT 3apAfa K 3apAny,
ABJsIeTCA ymapHas BOJTHA ¥ IIOTOK PaCHIMPAIONINXCHA INPOLYKTOB B3pHIBA.

Brio Takyke moxkasaHo, 4TO IpU OIpejeJeHHEIX yCJIOBHU-

AX M, B YaCTHOCTH, HpPU HaJWYUU Yy AKTUBHOTO. 3apaja

= 000J0YKN Tepefada METOHAI[MH MOKeT OCYIIeCTBJIATHCS
OCKOJIKaMu 000JI0YeK: IIolmajfaHue XOTs OBl OXHOTO OCKOJKA

MOKEeT BBI3BaTh JIeTOHALMI0 IaCCHBHOTO 3apsfga. Husxe

< JCIOJH30BAJIUCH 3apsambl 6e3 o00IOYKM WWJIN ¢ BechbMa cia-

| 6oit 0Gomoukoit m ahPeKTH OCKOIKOB He paccMaTPUBAIOTCA.

@ur. 3. OCHOBHOI BapHaHT OIBITOB IO Ilepefade AeTOHAIUHU, MCIIONb-
30BAaHHLIH B JaHHOI pa6orTe. I — aKTUBHHI (cdepmueckuil) 3apsapn;
2 — 3JIeKTPOLeTOHATOP; 3 — IACCUBHBII 3apAj; 4 — 9KpaH

Hecmorpss Ha 3HauuresbHOe KOJIMYecTBO paboT, BOIpOC O IlapaMeTpax,
OIIpefleIAIONINX JaJbHOCTh Ilepeladyd MeTOHAIlNi, NajleKo He sBIsAeTCA HC-
yepnaHHEIM. Heo0xoqumo ¢ camMoro Hadasla uMeTh B BUAY, YTO JJIA aKTHBHOTO
U IIaCCUBHOT'O 3apsil0B OCHOBHBIe IapaMeTpHl Iepefaddl JeTOHaUU ABIAIOTCS
pasaudHeIMU. [[JIs1 maccHMBHOTO 3apsga BajkKHa ero YyBCTBUTEIBHOCTH, CBA3AaH-
Hasl ¢ BeJIUYMHOH KPUTHYECKOTO IaMeTpa: 4eM MeHbIIe KpPUTHYeCKUil aua-
MeTp, OIlpefesiseMblil corgacHo XaputoHy [®] BpemeHeM peakumuum Bo (pOHTe
JIeTOHAI[MOHHON BOJHBI, TeM BHIIe 4YyBCTBUTeAbHOCTH BB, Tem Ha Goxabmiee
paccTosiHHe MOKeT OBITH IepelaHa [eTOHallus JaHHOMY maccuBHOoMy BB or
OJHOT'0 U TOTO Ke aKTUBHOTO 3apaja. Ilo mpemioskennio AnnHa HccaIefoBaHUe
nepefayy JeTOHAIMN OT IIOCTOSHHOIO aKTUBHOTO 3apsifia PasHBIM I1aCCHUBHBIM
3apAfaM MOKeT HaTh U [efiCTBHTeJIHHO IaeT CYI[eCTBeHHHII MaTepHal O 4yB-
creuteabHocTu BB, ocofeHHO B Tex ciaydasix, Korja pedb UIeT O 3apajgax
TaKOIl CTPYKTYpH, TAKUX CBOWCTB, IPU KOTOPHIX TPYAHO HCIIOJB30BATh CTaH-
JapTHYI0 LIpo0y ompemeieHus dyBcTBUTedbHOCTH (Komep Hacta).

Bwmecre ¢ Tem 1o cux mop He sicCHO, Kakas XapaKTepHCTUKA aKTHBHOTIO 3a-
pAfa ABISAETCA OCHOBHOII ¢ TOYKHN 3peHHsS Iepeladyn JeTOHAIUN; KaK yBUIUM

Jajee, [dajKe OCHOBHOI 3aKOH [JIA pacCTOSHUS Ilepemadn R=EkVC,rne
C — Bec aKTUBHOIO 3apsja, BHIBBIBAET COMHEHIE.

OcHOBHOIT 3afaueil MaHHOTO HCCJIEIOBAHILT ABJIAETCA yTOYHEHHEe BOIPOCa
00 OCHOBHOM IapaMeTpe aKTHBHOTO 3apsja, OllpeaesalleM JalbHOCTH Ilepe-
maun getoHauuu. Ilpw ycraHOBIGHMH Takoro mapamerpa OymeM WHCXOJUTH
13 3aKOHA MOJOOHA IIPU B3PHIBAX B ero sHepreTHUecKoil mHTepIperarmu [10].
ITpu 3T0OM ecTecTBeHHO B KaduecTBE aKTHBHBIX 3apsAH0B HCIOJH30BAaTh 3apsjbl
chepuueckoil GopMbI: MMEHHO MJIsS TAaKUX 3apsIOB 3aKOHB pacIpocTpaHeHUs
yIapHBIX BOJH WM paclIMpeHus MPOAYKTOB B3pHIBa ABIAIOTCA HamboJee LpoO-
CTBIMU U JeTaldbHO mcciaenoBanabiMu. Ha ¢ur. 3 maHa ocHOBHas cxeMa pacio-
JIO}KeHUs 3apANOB B Hamux onbiTax. HaBepXy akTuBHBI 3apsy cdhepuuecKoi
(OpPMEL € 3JEKTPOMETOHATOPOM; BHHBY MAaCCHUBHBII 3apsaa NUINHIPUYECKON
¢dOpMBI; BpOBEHH ¢ BePXHUM TOPILIOM IIaCCHBHOTO 3apsa pacloJjaraeTcs oTpa-
jKalomuil 9KpaH (0 poJu 3TOr0 dKpaHa cM. Jatuee). B cooTBercTBUM € IpUHA-
THIM B 3aKOHe IOM00WsI, PacCTOSHUs OTCUYNTHIBAIOTCS OT IEHTPa aKTUBHOTO
3apsiga IO IIOBepXHOCTH IIaCCHBHOTO 3apsja, Ha KOTOPYK  BO3MeicTBYyeT
yaapHasi BOJHA WJH IIOTOK HPOMAYKTOB B3PHIBA.

ITompsB 3apsigoB IPOBOMWJICA B clieNMaJbHON B3PHIBHOI Kamepe, 060py-
JOBAaHHOII CMOTPOBBIMH OKHaMU. fIBJIeHHe B3pbiBa U Ilepefada IeTOHAIMU pe-
PHCTPUPOBAIUCH CKOPOCTHBIM 3epKadbHBIM Qoropeructpom CDP-2 [°].
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Ha ¢ur. 4 npuBenen xapaKTepHBIl CHUMOK sBJIeHHUA Iepefadd AeTOHAIIMH
or cdepudeckoro sapsaga guroro TI' (rpormi-rexcoren) 50/50 mecom 23 2
(zmamerp 30 wm) mwIMHApPUYEeCKOMY 3apapy mopomioobpasmoro TT 50/50
mrotHocteio 1.0 2/cu® ma paccrosaume 37 mm. CHumor mpomssegen COP-2
B BapHaHTe QOTOperucTpa ¢ HempephIBHON pa3BepTKOil Ipy JNHelHOl CKOpocTH
pasBeptku 1500 s/cer. Jluuua 1 wa cEHumMKe Qur. 4 — cBedeHHe AeTOHAIUMH
cepuvecKOTO aKTUBHOIO 3apsfa (dIEKTPOAeTOHATOp YrayOjaeH B 3apap:

Bpems———-

dur. 4. 3ammch ABIEHNA Tepefadd AeTOHALWHN B BapHaHTe

doropernctpa. 1 — CBeUEHME [eTOHAUUN AaKTHBHOI'O 3apsja,

2 — cBedeHNe pPACIINPSIIUXCA MPOAYKTOB B3PHBA AKTHBHOTO

3apsAga, 3 — CBeYeHHe JIeTOHAINY MMacCUBHOTO 3apaga, 4 — cBe-

4yeHNe CTPYHU NMPOLYKTOB B3PHIBA, BBHUIETAIONINX ¢ TOPIA IACCUB-
HOrO 3apaga

JeToOHAI[Ns BOBHUKAET B IEHTPe M BHXOJUT Ha IOBEPXHOCTH 3apsAia IpaKTH-
YecKH ONHOBPEMEHHO; MMEHHO II09TOMY MEI IOJy4aeM IOYTH BepPTUKANLHYIO
anano). Jluaus 2 — cBeueHHe DACIIMPAIOMMXCH MPOLYKTOB B3pHIBA aKTUB-
moro sapsaga. llpumepHO Ha cepefliHe PacCTOSTHUS CBepPXY BHU3 HaXOIUTCHA
BepXHUI TOpel| NTacCHBHOTO 3apsafa U dKpaHa. B pesyasrarte oTpaskenus mpo-
OYKTOB B3phiBa OT IOBePXHOCTH 3apsAia W DKpaHa IIONYYaeTcs ATUTeIbHOE
cBeUeHUe B BHje TOpU30HTANXbHON JauHuu. Jlumma 3 — cBeweHue AeTOHAIMH
maccuBHOro 3apsga. Va3 ¢ur. 4 BUAHO, 4TO KOHTAKT HPOAYKTOB aKTHUBHOIO
3apsfa ¢ IMOBEPXHOCTHIO IIACCUBHOTO 3apsfa He BHIBEIBAET MIHOBEHHOIl [eTo-
HallUW TIOCJIEeIHeTO.

JleToHamus IaccuBHOTO 3apsifa HPOUCXONHUT ¢ HEKOTOPOH B3aJep:KKON T,
KOTOpOsA MOKeT OBITH M3MepeHa HemocperncTseHHO 10 ¢ororpadum. Coorser-
cTBYIOMMe MaHube cM. HmRe. Heo6xomumo oTMerurs, uro 6e3 sKpaHa pacumiung-
pOBKa cHMMKa ObiTa O KpaliHe TPYAHOIH: cBeyeHHe IIPOAYKTOB B3PHIBa OXBa-
THA0 OBl MaCCUBHBIN 3apsajl, W JeTajlu BO3HHKHOBEHHSA JeTOHAINY B HeMm OBIh
OB TPYOHO pAasIMYUMBIMU.

Ha ¢ur. 5 mokasausr gororpaduu, moaydennsie COP-2 B Bapumanrte ayunbs
BpeMeHu, IpH CheMKe Ipollecca Mepefadn AeTOHAIUM 0T cepUIecKOTo 3apsania
auroro TT Becom 135 2 (mmamerp 3apsaga 94 mm) MIIHHIPIMYIECKOMY BapARy
maconaoro TI' 50/50 mmormoctbio 0.9. Paccrosnme R or meHTpa aKTUBHOTO
3apsaga 00 MoBepXxHocTH THaccuBHOTO 127 mm. Macimrab paccrosHuil gaercs
MaciiTabHoN TUHeHKOH BHIBY KayKI0TO Kajfpa; PAacCTOSHNE MERAY ABYMS MeT-
kamu Macmrabuoit auaeiiku coctaBiser 100 ma. Ilog wammbiM Kagpom yra-
3aHO BpeMsa B MHUKpPOCeKYHOaX OT MOMeHTa B3pDHIBA aKTHBHOTO 3apsga. Uepes
8 mEcer MPOMYKTH B3phlBa aKTHBHOTO 3apAga MOAXOAAT K IOBEPXHOCTUIIACCHB-
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HOTO 3apAjfa W 9KpaHa; depesd 12 wmkcex OTYETIUBO BHAHO HX TOPMOKeHHe H3-
3a oTpaskeHusi; depes 16 mkcerx BUJHO HadaJ o CBeUeHMs NETOHAIMN IaCCHB-
HOTO 3apAfa. XOTA CHUMKH B BapHWaHTe JyNIbl BpeMeHu (ojiee HaTIANHE, HO
npu HeoOXOJUMOCTH OLEHKN CKOPOCTei, BpeMeH 3aJepKHU U T. J. IPeIodYTH-
TeJbHEE 3alNMCh B BapHaHTe (HOTOperucrpa.

a 6 8 2
[P ——
0 e ane 3

@ur. 5. 3anuch ABIEHUA Mepefayd [eTOHAIMM B BAPHAHTe JYUH BDPEMEHU. a — 4 MEKCek;
6 — 8 mrcer; 6 — 12 mucer; e — 16 wmrcer; 0 — 20 mrcer; e — 24 mrcer; e — 32 mKcek;
a8 — 40 wmmcex|

Ilpu momomu yrasaHHON BHIIIe METOAUKM OBLTIM HpOBeJAeHH OOMUpPHEIE
UCCIeI0BaHUA SBIeHUS INepefaddl AeTOHAIMU . IpeyKJe BCero oIpejieleHue
paccTOSHUA Tepefadu JeTOHaUMU Mias pasnaudHbix BB; mpum stux mcciaemo-
BaHUAX MEHAJCA COCTaB KaK aKTUBHBIX, TaK M IAaCCUBHBIX 3apsJOB.

IMpu wmcomonpzoBanuu cepuyecKUX aKTUBHEIX 3apsf0B BepOATHOCTHBIH
XapakTep SABJIEHMA Mepefaud AeTOHAIUU IIOJHOCTHIO COXpaHgEeTCH, NO3ITOMY.
creays Bropsmo, B KadecTBe OCHOBHOI'O PacCTOSHUA Iepefadyd JeTOHAIIMM MBI
NpUHUMATIN TO pPaccTOSIHWE, Ha KOTOPOM BepOSTHOCTH Iepefadd JeTOHAIUU
cocraBiasra 50%.

Hexortopsie u3 mONyYeHHHIX JaHHHIX mpuBemeHsl B taba. 1. B xavectse
BB mnaccuBHEIX 3apsAo0B HCIOJb30BAINCH:

1) rexcoren mmorHocthio 1.0 (akruBmble 3apageri: TI' 50/50, rercorem
naoTHOCThI0 1.43 W rekcoreH miaotHOcTRIO 1.1),

2) TI' 50/50 umortuocteio 1.0 (aktuBHBIE 3apsagpr: auroit TI' 50/50, mo-
pomrooGpasusii T 50/50, ammonut-6 — cmeck 80% am. cemutpsr u 20%

TpoTHIIA),
3) ammonnt-6 (aktmBHEBIe 3apams:: TI' 50/50 aumroit, rexcorem p = 1.43,
rexkcoren p = 1.1).

Bo Bropom cronbue Tabaunbl ykasanbl Beca akTHBHBIX 3apafgos C. B Tpe-
TbeM croabre Tabaumsl HpuBefeHH 3Hadenus C, — 3HauYeHUe TPOTHIOBOTO
3KBMBaleHTa, T. €. 3HaUeHHe Beca TPOTUJIA, DHEPTHUSA B3PHBa KOTOPOIrO paBHA
3HepIHM B3pHIBa AaHHOTO 3apsga. B mpocreiimem ciydae

Ca = CS / ETHT

37ech eryr — Y/eIbHas TeIJIOTa B3PHIBA TPOTHJIA U & — y/edbHas Tell-
J0Ta B3pHBa AaHHOoro BB. B kavectBe erpyr mpunuMaerca 0oOHYHO 3HaUeHUe
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1000 xkas/ke, cooTBeTCTBYIOMmEe TPOTUIY OOJBIMON muoTHOCTH. Benumunmna C,
XapaKTepusyeT coOfep/RaHUe dHepPTMH B 3apsje.

B pamnoit pabore wmcmonb30BaNmCh CpaBHUTENBHO Maible 3apsagsl BB.
Ussecrno [*°], uro musa takux 3apsamos 4actb BB pasGpacrmBaercs m smeprusa
ee He HCHOOJb3yercs; «paboralollieily aKTUBHOW dYacThi0 sABJIsiercsa Bec, C*
MeHbIIMiA, weM mouubrt Bec. [[nsa omenkm arTHBHOrO Beca C* OBLIE HpOBe-
JeHbl CIeMuajbHble ONBITH 110 W3MePeHHI0 CKOPOCTH pasiieTa MPOIYKTOB
BONM3HN OT 3apsifOB, 3HAUMUTENBHO pPa3iWYaOIUXCs IO Becy, ¢ IOCIefyomeit
00paboTKoit pe3yabTaTOB MerTOomaMu 3akoHa momobusa. Bruro yeraHosieHo,

Tabauya 1
Paccroanme nepemaum geToHAIAA

Rj, — paccrosinme, coorsercrByomee 50% BepoaTHOCTH, R5)° = Rsy (C,*)—'/s —mpusesien
Boe paccrosiane 50% BEPOSATHOCTH, i1i.. — CPeJlHee 3HAYEHHME, B CKOOKAX IOJ{ HUMH—MAK-
CHMaJIbHOE OTKJOHeHME OT CPeJHero B 9%

AKTHUBHEL 3apAL C, 2 ! Cyr 2 ’ Cy* 2 Rsy, cM | Ry, m/re'ls
ITaccusHbIl 3apag — rekxcorer p = 1.0
TT 50/50 p = 1.68 135 154 154 19.6 0.365
23 26 26 11.6 0.390
Tlexcoren p = 1.43 46 58.5 58.5 15.0 0.390 0.37
(8.0)
T'excoren p= 1.1 50 64 55 12.9 0.340
ITaccuprmtii 3apsg — TT 50/50 p=1.0
TT 50/50 p=1.68 23 26 26 6.3 0.213
TT 50/50 p=10.9 22 22.7 19 5.1 0.190 0.20
6.5)
AmM. 6 p=0.9 135 135 22 5.9 0.197
ITaccuBHHI 3apam — aMMoHHT-6 p = 1.0
TI 50/50 p=1.68 135 154 154 9.4 0.176
23 26 26 5.2 0.176
T'ercoren p = 1.43 46 58.5 58.5 7.0 0.180 0.177
(1.7)
Tlercoren p = 1.1 50 64 55 6.6 0.174

yro B ciayuae aurtoro TI' 50/50 m rewcorena p = 1.43 pasGpocom BemecTBa
MO;KHO npeHeOpedb U HONpaBKYy Ha pa3bpoc He BBOAWTH; B ciaydae TeKcOTeHa
p = 1.1 nompaBka CTAHOBWTCS CYINECTBEHHOI; GOJbIIas BelWdYWHa IIOIPaB-
KU [JJIA MeJJIeHHO pearmpyoliero aMMOHWTA CBS3aHa C TeM, 4TO YHEPTHA, OMN-
pefessoias pasier HPOAYKTOB BOIU3M OT 3apsAfa, COCTABIAET MAJYK 4acTh
NMOTeHIMaJILHON SHePruu B3PHBa (Ha 3HAUUTENBHBIX PACCTOSHUAX OT 3apsafa
HOJA DHEePIMM aMMOHHUTA, LpeBpamaliiascs B paboTy, 3HAYUTEJILHO BO3pa-
craer).

ITociie TOro Kak mMpoOBefieHA ONEHKA «aKTUBHOTO» Beca C*, MOKHO BHIYHC-
JUTh (PAaKTHIeCKUH TPOTUIOBHN HKBUBAJEHT

CB = C*S / ETHT (3)

COOTBETCTRBYIOIEe 3HAYEHHME HpUBENeHo B cTojabume 4 rtaba. 1. B cronbme 5
taba. 1 mpencraBieHO W3MepeHHOe 3Hadenme paccrognms R;,, cooTseT-
cteyfomee 50% BeposTHoCcTH mepefaun. B TaGaune qaHm 3HAYCHUS

3

T. € IIPUBeJleHHbIe PACCTOSHUA, cooTBeTcTBYIomme 50% BepOATHOCTH Iepefadn
JeToHAINK,






