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CNoBo )
0B VIPUHE BRYECNABOBOHE PAKOBOJIbCKOIA

22 nexabps 2019 r. ucnoynHsierca 100 JieT co THS pOXIASHUS 3acayKeH-
Horo aesatenss Hayku P®, 3acnyxeHHoro npodeccopa MOCKOBCKOIO YHM-
Bepcuteta MpunHsl BsdecnaBoBHB Pakob6oabCcKoOil — 3aMedaTebHOIO Ipe-
rnmojaBaTtesisi, BUIHOTO YYE€HOro B 00JacTU (PU3UKUM KOCMUUYECKUX JIydyei,
naypeata JloMoHocoBcKoii mpemuu, ¢ 1967 mo 2004 rr. — 3amecTUTEs
3aBeayonero kageapoil KOCMUYECKUX Jiydeid U (pu3nMKU KocMoca pusnde-
ckoro ¢akyyibrera MOCKOBCKOIO rocyIapCTBEHHOIO YHUBEPCUTETAa UMEHU
M.B. JloMmoHoOCOBa.

Bcsa xu3npr Mpunbsl BsyecnaBoBHBI c¢Bsi3aHa ¢ MOCKOBCKMM YHUBEpP-
curetoM, [locie okoHuaHus ¢usndeckoro dakyabrera B 1946 1., OHaA 1O
MOCJAeIHUX AHEW XM3HU paboTasa B MOCKOBCKOM yHMBepcutete. MpuHa
BsiuecnaBoBHa pabortana Ha Kadeape KOCMUYECKUX Jiyuyell U (PU3UKHU KOC-
Moca OTHeNIeHUs saepHoil (du3uku ¢Gusndeckoro ¢akyabTeTa aCCUCTEH-
TOM, JolieHTOM, ¢ 1977 r. npodeccopoM U NpodeccopoM-KOHCYJIbTAHTOM,
B 1967—2004 rr. Obl1a 3aMeCTUTEIEM 3aBeayIoIero Kadeapoil KOCMUYECKUX
JIydeil u pu3uKu KocMoca PU3n4ecKoro paxkyJybTeTa.

Oco00 cieayeT OTMETUTh TepoOMUYEcKylo cTpaHully Ouorpadum Hpu-
Hbl BsiuecnaBoBHBI — BO Bpems Benukoit OTeuecTBeHHOIN BOWHBI OHa ObLia
HavaJIbHMKOM IITaba JIereHaapHOTo XXeHCKOTI'0 IToJIKa HOYHBIX O00MOapaAnpOB-
IIMKOB, MPOIILIAa BCIO BOWHY, U IeHb [106eabl BCTpeTHIa Ha TEPPUTOPUHM pa3-
IPOMJICHHOTO Bpara.

Bmecte ¢ akamemukamu [.B. CxkobGenbubiHbiM, C.H. BepHOBBIM,
I''T. 3auenuubimM, '.b. XpucTuanceHoM, 4I.-KOPPECIIOHAEHTOM aKaaeMUU
Hayk C.M. Hukonabckum, npodeccopom H.JI. I'puropossim N.B. Pako6ob-
cKas cTaja OJHUM M3 OCHOBOIIOJIOXXHMKOB HOBOTO, OYpHO Pa3BUBAIOIIETO-
cq paszaesia CoBpeMeHHO (pU3uKu — acTpodu3uKU BBICOKUX dHepruii. [loxg
€€ PYKOBOJICTBOM B MOCKOBCKOM YHUBEpPCUTETE ObLIM HA4aThl MOA3EMHBIC
HCCJIeIOBAHUS MIOOHOB KOCMUYECKUX JIYYEM C TMTOMOIIbIO PEHTIEHO-3MYJIb-
cuoHHBIX KaMmep. [1pu nipoBenenun 3Toit pabotel MpunHa BsuecnaBoBHa npo-
siBUJIa ce0sl KaK BBIIAIONIUICS OpPraHM3aTop HAyKW U OJICCTSIIUI SKCIepH-
MeHTaTop. [TociienoBaTeIbHO OBLIM PEIIEHB MHOTHE METOAUYECKIE BOIIPOCHI
SKCMEPUMEHTA, MO3BOJIMBIINE CYIIECTBEHHO YBEJIMYUTHh TOYHOCTH OIIpEe-
JICHUsI DHEePTMU KacKajaa, CO3/1aBaeMOro YacTHIIAMM KOCMMYECKUX JIyYei.
HMpuna BsiuecnaBoBHa mokasaia CBOM OpraHM3aTOPCKUII TAJlaHT U Chirpaja
OIpeAesIoNlyI0 POJb B 9KCIIEpUMEHTE, IoJiydrBileM HasdBaHue «[lamup»,
LIEJIbI0 KOTOPOIO OBLIO MCCIeA0BaHNE B3aMOAECTBUIA TIPU BHICOKUX DHEP-
TUSIX YaCTUI KOCMUYECKHUX JIydeil ¢ sapaMu aTOMOB Bo3ayxa. [loaydeHHBIE
B 9KcnepuMeHTe «IlaMup» pe3ynbTaThl SIBASIOTCS YHUKAJIbHBIMU U 10 CUX
MOP IMIMPOKO OOCYKIAIOTCS, B HEM OBbLIO JOCTUTHYTO PEKOPAHOE MPOCTPaH-
CTBEHHOE pa3pellleHrMe 4YacTUIl, HAKOIUIEH OOIIMPHBIA CTaTUCTUYESCKUIA
matepuaj. C 1973 r. moxa pykoBoactBoM M.B. Pako0oibcKoil 1 nipu ee Heno-
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CpeICTBEHHOM OY€Hb aKTUBHOM yYaCTUU MPOBOAUIUCH UCCIEAOBAHNS TTOTO-
KOB TIEPBUYHOI0 KOCMMUYECKOTO U3JIydeHUsl B cTpaTochepe (Ha OasioHaX)
C MOMOIIbI0 PEHTIEHO-3MYJLCUOHHBIX KaMep. DTU 3KCIIEPUMEHTHI MO3BO-
JIUJIUA TIPOABUHYThCS B pellieHUU (pyHAaMEeHTaJbHbIX TPOOJIEM COBpEMEHHOM
acTpo(PU3UKN KOCMUYECKUX Jydelt — U3YYEeHUU TIPOUCXOXKICHMS, YCKOPEHUS
1 MEXaHU3MOB PaclpOCTPaHEHUS TATAaKTUYECKUX KOCMUYECKUX JIy4eil BBICO-
KOl sHepruu B Mex3Be3nHoil cpene. Hayunbie pabotel M.B. Pako6oabcKoii,
CO3[IaHHOTO U PYKOBOJMMOTO €10 HAYYHOT'O KOJIJIEKTUBA, SIBJSIOTCS MUOHEP-
CKMMU U CTaJIM KJIACCUKOU HAyKMU.

Bcio cBoio xu3Hb B MockoBckoM yHuBepcutetre M.B. Pakobonbckas
yuyujach U paborasa Ha Kadeape KOCMUYECKUX Jydeld U (PU3UKM KOCMO-
ca oTmeleHUs sAepHOM (uU3MKM duszudeckoro dakynabrera MOCKOBCKOTO
yHuBepcuteTa. B pazButuu Kadeapsl npodeccopy MpuHe BsiuecnaBoBHe
Pako6obckoil mpuHamiexxuT ocobast posib. B 1967—2004 rr. oHa 6bu1a 3ame-
CTUTEeJIeM 3aBeyollero Kkadeapoii, BLIIIOJHSISI OTPOMHBIM 00beM OopraHu3a-
TOPCKOI pabOTHI.

Bo MHorom 6yiaromaps eii Ha Kadeape ObLIM 3a710XXeHbl OCHOBBI Y4€OHO-
ro Tnpoiiecca, KOTOPbIi ¥ TMTOHBIHE YCIEIIHO pa3BuBaeTcs. B TeueHrne MHOTUX
JIET oHa BeJia Ha Kadeape co3naHHbIN €10 (pyHaamMeHTalIbHbIN Kypc «BBeme-
HUE B PU3UKY KOCMUYECKUX JIyUeii».

IToMyuMo OoJblION MpernogaBaTesIbCKOW pabOThl Ha OTACJIEHUU Slep-
HOU ¢pusuku ¢usndyeckoro daxkyaprera MpruHa BsayecnaBoBHa yuTana Kypc
«SlnepHas pusuka» 1Jisk CTyAeHTOB—Te0(MU3UKOB Te0JIOrMYeCcKoro akyiabTe-
Ta. Ha ocHOBe 3TOro Kypca ObL1 M3[aH 3aMevyaTeIbHbI Y4eOHUK.

HMpuna BsyeciiaBoBHa B NMpsIMOM CMBICJIe OblLIa Oylioi Kadeapbl, oHa
cozgana Ty nOoOpyro atmocdepy KadeapalbHOTO KOJJIEKTUBa, Ojaroga-
ps KOTOPOMY yaaeTcsl pealu30BbIBaTh BCE caMble CJIOXHBIE 3agauu. MpuHa
BsiuecnaBoBHa BocIuTasa He OJHO MOKOJIeHUE (DU3NKOB-KOCMUKOB, (U3N-
KOB U reo@u3uKOB-sIAePIINKOB. JdecaTku yuyeHbiXx — ydyeHukoB M.B. Pako-
00JbCKOM paboTaloT BO MHOTHMX OTPACEBbIX M aKaAeMHUYECKUX MHCTUTYTaxX
BO MM TIPOIIBETAHUS Halllell CTpaHBbI.

C 1966 r. o 1990 r. U.B. PakoGonbckast Oblia JeKaHOM (haKyIbTeTa
MOBBIIIEHUST KBAJIMGUKAIMY MpenofaBaTeyicii BHICIIMX YYeOHbBIX 3aBeACHUI
MO €CTeCTBEHHBIM HayKaM, 3a 24 roma Ha PIIK mpouau nepenoaroToBKy
6osee 80 Tricsiu mpenonaBaTteneit co Bcero Coperckoro Coro3za. 3a opraHu3a-
1110 paboThl 3TOTO (hakynabreTa M. B. Pakobonbckas Obl1a HarpaxkaeHa 30J10-
toii Mmeganbio BAIHX. OHa sBnsinack uwieHoM YueHoro coBeta MI'Y, YueHoro
coBeTa pusnueckoro axkyiabreta MI'Y, Yuenoro coseta HUNSAD MT'Y.

Hapsay ¢ HayyHOI1 1 menaroruueckoit pabotoit Ha PU3NYECKOM (PaKyJib-
tete MI'Y Mpuna BsiueciaBoBHa Bcerma akTMBHO 3aHMMajach OOIIECTBEH-
Hol nesitenibHOCThIO. C 1987 1. mo 1997 1. oHa co3pana u Bo3TasJisiia o0lie-
CTBEHHYIO opranusanuio «Coto3 xeHIuH MI'Y», 1o mHUIIMaTUBE KOTOPOIo
BO3HMK M CTaJl €XKETOJIHBbIM O0IIIEYHUBEPCUTETCKUI Mpa3aHUK «/leHb ceMbu»
IJIs TIperoaaBaTeieil, COTPYAHUKOB U UX neTeil. OpraHmM3aTtopoM MNepBOTro
«JlHg cembmn» Obl1a MpruHa BsiuecnaBoBHa Pakobosbckast.
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Boimaromuiicst yaeHbIl, IIpenojgaBaTelib, O0IIeCTBEHHBIN aesaTesb Upu-
Ha BgyeciiaBoBHa Oblia 3aMedaTeIbHBIM YeJloBeKOoM. OHa o0Jiafgana TOHKUM
YyBCTBOM IOMOpAa, MCKIIIOUMTEIBbHON 00asITeIbHOCTHIO M JOOpOKeIaTelb-
HocThlo. M.B. PakobGonbckasi Oblla 4eJIOBEKOM pPa3HOCTOPOHHUX TajaaH-
TOB — IIMcaJia CTMXM, OPraHU30BBIBaJIa TBOpUYeCcKue KadeapajbHbIe Beuepa
JUISI CTYACHTOB U IIperoaaBarteiieil, KOHCYJIbTUPOBajia MHOTHE XyI0KECTBEH-
HBIE TIPOU3BEACHUS O TEPOMYECKOM ITYTH KEHCKOTO IMOJIKa HOYHBIX boMbap-
INpOoBHINKOB. OCOOEHHO HEOOXOAUMO OTMETUTH €€ MIPOHUKHOBEHHBIE KHUTH
0 CBOMX 0OEBBIX MMOApPYTax.

PexTop MOCKOBCKOTO YHUBEPCUTETA,

AKaieMUK /6 /&4 A B.A. Cadoenumuii



NPEAWUCIOBUE

Hacrosmasa kaura usgaercsa B cBsi3u co 100-1eTHUM 1001IeeM 3aMedaTellb-
HOTO Iefarora U y4eHoro — (pu3nka, 3aciayXXeHHOro nesTeliss Hayku P®, 3aciy-
JKeHHOro npodeccopa MOCKOBCKOIO YHUBepcuTeTa, JlaypeaTa JIOMOHOCOBCKOM
MMpeMUU, 3acay:KeHHOro AesaTensts Hayku Poccutickoii denepaunu Mpunsr Bsae-
ci1aBoBHBI Pako6oibckoit (1919—2016). Dto u3maHue MOAIepXKaHO pelleHUEeM
y4eHoro coBera HayuHo-uccienoBaTeIbCcKOro MHCTUTYTA SIAepHOI (UMK MMe-
Hu I.B. CkobenblbiHa 1 OTASACHUS SuepHoil PU3NKU PU3NIecKoro (pakyabTeTa
MoCKOBCKOIro rocyaapcTBEHHOIo yHuBepcuTeTa uMeHru M. B. JlomoHOCOBa.

B 1938 r. W.B. PakoOGonbckas mocTtynuia Ha (usmyeckuit ¢axkyJbTeT
MockoBckoro yauBepcuteTa. Korna Havyanach Bennkass OreuecTBeHHas BOiHA,
Hpuna BsyecnmaBoBHa 100poBoabLeM yiia B KpacHyio apMHIo 1 cTaja Hayallb-
HUKOM IITaba JEereHIApHOIO XEHCKOro 46-ro IBapIeiiCKOro MoJIKa HOYHBIX
60oMOapIMpPOBIIMKOB, MpoIia Bclo BoitHy — oT CeBepHoro Kaskaza mo I'epma-
Huu. B ampene 1946 roma M.B. Pakoboibckasi B 3BaHUU I'Bapauy Maiiopa Obuia
IeMOOMIM30BaHa 1 BEpHYJIach Ha 4-i KypcC SIIEPHOTrO OTAeIeHUs DPU3NIECKOrO
(akynbreTa 1 ¢ TEX MOP U 10 MOCIETHUX JHEN XXU3HU €€ HayuyHasl U MperoaaBa-
TeJIbCKasl AeSATeIbHOCTDb ObliIa HEPa3phIBHO CBs3aHa ¢ MOCKOBCKUM YHUBEPCUTE-
TOM, TIe OHa paboTaja aCCUCTEHTOM, HOLIeHTOM, ¢ 1977 1. mpodeccopoM U TIpo-
(beccopoM-KoHcyabTaHTOM, B 1967—2004 rr. OblIa 3aMECTUTEIIEM 3aBEoYIOLIETO
Kadeapoil KOCMUYECKUX JIydeil 1 (PU3UKU KocMoca (M3UYEeCKOro (akysabTeTa.
M.B. PakoboinbcKas TakxKe Bea IMperoJaBaTeIbcKylo paboTy Ha OTIEJIEHUN T'e0-
(bU3MKM Te0JOrMIeCcKOro akynbTeTa, MHOTHE TObl ObUIa JeKaHOM (daKyiabTeTa
noBeIeHus KBaaudukaun MI'Y. OHa BocruTajia orpoMHOE KOJTMIECTBO (pU3M-
KOB-KOCMMKOB U (PU3MKOB U T€0(U3NKOB — SIIEPIIUKOB, 110 CYTH OpraHu3oBaja
Y4eOHBIN TIpollecc Ha Kadeape KOCMUYECKUX Tydeld 1 (U3MKHM KOCMOca, co3aana
U CIUIOTWJIA 3aMedaTesIbHbIN KOJUIEKTUB IIpernonaBaTeieil 1 HaydYHbIX paOOTHU-
KOB, ObL1a aymioi u cepameM Kadeapsl. M.B. Pakobonbckas aBTOp BbLIAIOIIMXCS
pabot B obimactT Gu3nku KocMuuyeckux aydeii. B Hayuno-ucciaenoBarenbckoMm
nHCTUTYTE gaepHoit ¢usuku nmenu JI.B. CkobenbipiHa MI'Y oHa opranmn3oBaia
1 BO3IVIaBWJIA MCCAEAOBAHUS KOCMMYECKUX JIy4el C ITOMIIbIO pEeHTTeHO-3MYJIb-
cuoHHbIX Kamep. M.B. PakoboJibckast aBTOp MHOTMX Hay4yHbIX paboT, y4eOHUKOB
1 MoHorpaduit o ssuepHoil pu3nkKe M GU3NKe KOCMUYeCcKUX tydeii. Ocobo cie-
IyeT OTMETUTh KHUTU M puHBl BsiyeciaBoOBHBI, MOCBSIIEHHBIE €€ JIETeHIapHOMY
TMOJIKY 11 OO€BBIM IIOAPYTaM.

K 80-neTHemy 06mnero Mpunsl BssueciaBoBHbl B 1999 r. 661 M31aH COOPHUK
BOCIIOMUHAHUN ee apy3ei U KoJjuer. Tupax 3Toro coopHuka ObL1 OYEeHb Orpa-
HUYEHHBIM M B HACTOSIIIEe BpeMsl IIPaKTUYECKU HE MOCTYIIEH HayYHOM U Iiena-
roruyeckoi obuectBeHHOCTU. [loaToMy mpeacrapisieTcs, YTO HOBOE 100MIeiiHOe
n3ganue o M.B. Pako6oabcKoit OyneT oueHb BaXKHBIM IS IITUPOKOTO Kpyra Hayd-
HBIX paOOTHUKOB U IIpeIoaaBaTeeil.

[Ipu moATOTOBKE 3TOI KHUTU PeAaKIIMOHHO-U3IaTEIbCKUI COBET UCIIOIb30-
BaJl CTaThb1 1 BOCIIOMMHAHUsI, IOATOTOBJIEHHBIE OPY3bsIMU U Kojuieramu M puHbI
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BsiuecnaBoBHbI K u3nanuto 1999 r. B kHure npencrtaBieHbl OCHOBHbIE HaydyHbIE
pabotsl M.B. Pako6oJIbCKOIl 1 ee COaBTOPOB MO M3YYEHUIO MIOOHOB KOCMMYE-
CKHUX JIydeil, pe3yJbTaThbl MCCIEIOBAHUI KOCMUYECKUX JIydeld B 3KCIIEPHUMEH-
tax «[Tamup» 1 RUNJOB. B pe3ynbTaTe KHUra COAEPKUT KaK HAydHbIC CTATbH,
B KOTOPBIX OTpakeHbl Pe3yJIbTaThl UCCIEIOBAHUI OTEUECTBEHHBIX YUYEHBIX, B TOM
yrciae MOCKOBCKOIO YHUBEpPCUTETa B 00JacTh (PU3MKU KOCMMYECKMX JIydei,
Tak 1 OYeHb UHTEPECHbIE BOCTIOMUHAHMS U3BECTHBIX YUEHBIX, IPy3eil U OJIM3KUX
HMpuHbl BsiueciaBOBHBI.

KHura cocTouT 13 4yeThipex yacteii u npuiaoxenus. Yacts I conepxut 6mo-
rpapuio M.B. PakobGosbcKoii, 0030pHYIO CTaThlO, MOCBIILIEHHYIO poju MpuHbI
BsuecnaBoBHBI B 3KcIiepuMeHTe «IlaMup», a TaKKe HEKOTOPbIE paHee OITy0IMKO-
BaHHBIE CTAThM I10 UCCJIEIOBAHIIO MIOOHOB KOCMUYECKUX JIy4Yel, 10 pe3yabTaTaM
akcniepuMeHTOB «ITamup» 1 RUNJOB. Yacts I1 coctouT u3 crateid 1 04epKoB
— BocriomuHaHuit o M.B. Pakobonbckoii. Yacts 111 — 6ubnuorpacdus ee Tpyaos.
B yactu 1Y npuBeneHbl BhiAepKKU 13 KHUT MpuHbl BsyecinaBoBHBI 0 Bennkoit
OTtedecTBeHHOM BoitHe, ee cTUXU, (ppoHTOBBIE (hoTorpacduu. B npunoxeHun qaHbl
CBeleHMsI 00 aBTOpax cTaTeil U BocmoMuHaHMil. HayyHble cTaTbu U BOCIIOMUHA-
HUSI JaTHPOBaHbI TOIAMU UX HAITMCAHUSI, aBTOPbI HEKOTOPBIX BOCTIOMUHAHUI YXe
VIIJIW 13 KU3HU.

CobpaHHbIe BMECTe HayYHbIE CTaTbU U BOCTIOMMHAHUS CO3al0T YHUKATbHOE
npencrasieHue o M.B. Pako6onbckoii — BhIIAIOIIEMCS YIEHOM 1 3aMevYaTeTbHOM
yenoBeke. MpuHa BsueciiaBoBHa Obljla YHUKAJIbHBIM YEJIOBEKOM — 3amMeyvaresib-
HBIIl TIperogaBaTe/ib, OPraHM3aTOP HAyYHbIX MCCJIEIOBaHUIA, OJIECTSIIUIA JIeK-
TOP, YeJIOBEK repondecKoil ouorpacduu, oHa Bceraa OyaeT MpuMepoM ISl HOBBIX
MOKOJICHUI YYeHBIX, MpernoaaBareieii, acCUpaHTOB U CTyAeHTOB MOCKOBCKOTO
YHUBEPCUTETA.

PenakiimoHHO-U30aTEILCKUI COBET 61ar01apyT BCeX aBTOPOB CTAaTel U BOC-
nomMuHaHui, a Takke O. becriasioBy, 1. UBaHOBY 3a 60J1bl11yI0 paboTy 110 MOJATO0-
TOBKE KHUTH.

Peodaxyuonno-uzdamenvckuii cogem
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bensesa I ®., 3enexckas H.C., PoraHosa T.M.

«COBETCKas XeHLLUMHa MoxeT BCE»

M.M. Packosa
lepoit CoseTckoro Coto3a

WpuHa BayecnasosHa Pakobonbckas
(1919-2016)

JlereHma MOCKOBCKOIO YHHUBEPCUTETa — 3aMedaTeJIbHbI YUeHbIi U opra-
HU3aTOp HAayKHM, TIperofaBaTesib, OOllIecTBeHHBIN AesaTeab MpuHa BsiuecmaBoB-
Ha Pakobonbckast, poaunach 22 nekadpsi1919 r. B r. JlankoB Jlunerkoit odiacTu.
Ee otenr — PakoGonbckuit BsauecnaB AduHoreHosuy (1888—1930) — oxoHuma
¢ 30y10TOM Meaanbio KocTpoMmckyto rumMHasuio, a B 1910 r. — ¢pusuko-mMaremMaTu-
yecKuii pakyabTeT MOCKOBCKOTO YHUBEPCUTETA 10 CIICIUMAIBHOCTH aCTPOHOMMUS.
OH paHoO yMep U3-3a 60j1e3HU cepana. Matb — BapBapa ®enopoBHa Pakobonbckas
(1888—1964) — yuntenb pyccKoro s3bika, padboraia B ropogax Jlankose, EropbeB-
cke u Mockse. [1ociie BeIxoga Ha IMeHCHIO XXuJia B ceMbe MpuHBI BsiueciaBoBHBI.
HMpuna BsyecnaBoBHa B 1938 I. OKOHUYMIIA ONBITHO-ITOKA3aTEIbHYIO IIKOTY UME-
Hu A.H. Paguiesa u nmoctynuna Ha puzndeckuii pakyiasrer MI'Y.

Bemmkasa OtedecTBeHHas BoitHa 1941—1945 rr. B xX13Hu Kaxmoro yejaoBeka
ObIBaeT YHUKaJbHBIN Cllydail MOBEepHYTh cynb0Oy, 1 MpuHa BsdeciaBoBHa 3TOT
clydait ucronb3oBaia B 1ojiHoi Mepe. C TepBbIX THel BoitHBI MapuHa Muxaii-
JIoBHa PackoBa pealn30BbIBajIa UICI0 CO3MAHMUS KEHCKMX aBUALIMOHHBIX ITOJIKOB,
6 okta6psa 1941 r. MU.B. CranuH noamucan mpukas O CO3IaHUM TaKMX ITOJKOB.
Cootsetctytoinyo Tenedonorpammy LHK BIIKCM W.B. PakobGonbckas mpu-
Hsa 9 oKTsAOps, Korma aexxypuiia B KoMuTeTe komcomona MI'Y. B pesynbraTte
B oKTs0pe 1941 r. ¢ 4-ro kypca ¢pusndeckoro dakynbrera MI'Y W.B. Pako60Jb-
cKas1 1oOpoBoILHO yiia Ha ¢ppoHT. [lepBoit B ciucke hopMUpYIOLIErocs TojiKa
OHa 3arucaina ce0bsl, 3aTeM 3a AeHb ycIiesia 003BOHUTH Bce (haKyabTEThl M cOOPaTh
JIOBOJILHO OOJIbIIIOE YUCJIO NPYIUX CTYAEHTOK YyHMBepcuTeTa. OTOOp cMoriu
npoiitu 17 geyiiek u3 MI'Y, a 10 okT6ps OHM OBLIM 3aYKCIIEHBI B aBUATPYITITY
Ne122 n HampaBJIeHBI B aBUALIMOHHYIO IIIKOJIY B I. DHTeJbC, B KoTopoit .B. Pako-
OoJibcKasl Ipoliia o0yyeHHe W cTaja mTypMaHoM. OHa OuYeHb XOTeja JIeTaTh
IITYpMaHOM Ha 6oeBoM camoiieTe. Ho cynp6a pacropsimmnachk nHaue — B (peBpasie
1942 r. 1.B. Pako6osbckas Oblla Ha3HauUeHa Ha4yalbHUKOM 11Taba 46-ro reapaeii-
ckoro Tamanckoro KpacHozHaménHoro opaecHa CyBopoBa 3-ii CTeIIeHU HOUHOTO
60MOapANPOBOYHOTO aBMALIMOHHOIO TMOJIKA — KEHCKOIO aBUAIIMOHHOTO IT0JIKA
B coctabe BBC CCCP Bo Bpems Benukoit OteuecTBEHHOM BOMHBI.

C Mas 1942 r. 1o KOHIIa BOMHBI KEHCKUI aBUAIlMOHHBIN TOJK y4acTBOBAJ
B 00EBBIX AEHMCTBUAX Ha pa3TMIHBIX PpoHTax Benukoit OTedecTBEHHON BOWMHBI.
ITpu popMupoBaHuU 10JIKa OH ObLI OcHaIIEH camojiétamu [1o-2, cHavyana ObLIO
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20 TakMX CaMOJIETOB, K OKOHYAHUIO BOMHBI — 36. YHUKAJIbHBIA KEHCKUIA MTOJIK
HOYHBIX 60MOapIUPOBIIIMKOB 3aKOHUYWJT CBOI 60€BOM MyTh oA bepauHoM.

B amnpene 1946 rona U.B. Pakobosibckasg B 3BaHMM I'Bapavy Maiiopa Oblia
JIeMOOWIN30BaHa 1 BEpHYJIach Ha 4-i KypcC SIIEPHOTrO OTAeIeHUS DU3MIECKOIO
daxynbTeTa.

Hayunas geareabHoctb. B 1949 rony M.B. PakoOosbckas 3auuTuia JUILTIOM-
HyI0 paboTy «d-3JeKTPOHBI, OOpa30BaHHBIE MIOOHAMU KOCMUYECKUX JIydeit»,
BBITIOJIHEHHYI0 Tnof pykoBomctBoM B.M. Bekcnepa u I''T. 3amenuna. B 1950—
1963 romax paborana accucteHTOM, B 1963—1977 — nouenrom u ¢ 1977 r.- mpo-
deccopoM Kadeapsl KOCMUYECKUX Jydeil pusnyeckoro daxkyabreta MI'Y. C 1967
o 2004 romel ObIIa 3aMECTUTEIEM 3aBeIyIOIIEro Kadeapoil KOCMIUYEeCKIX JIydeit
U pU3MKHU KOCMOCA.

MHorue HayuyHble paboTel M.B. PakoOoabCcKO U CO3MaHHOIO €10 HayYHO-
ro KOJIJIEKTHBA OBbLUIM IMMMOHEPCKUMU M CTaJIA KJIACCUKONM HayKu. MOXHO OTMe-
TUTb OCHOBHbBIE, HauOoJiee 3HAYMUTEJbHbBIE STallbl 3TUX MCCIEIOBAaHMIA; U3yde-
HHUE 2JIEKTPOHHO-(POTOHHOII KOMIIOHEHTHI B CTBOJIaX IIMMPOKUX aTMOCKhEpPHBIX
mmBHe#t (LLIAJI) na OGompmioit kamepe Bmibcona B ®Pusmueckom MHcTHTYTE
uMm. I[1.H. Jle6eneBa (PHUAH) rmon pykoBoactBoMm C.M. Hukonbsckoro u I'.T. 3aie-
muHa B 1958 r. B 1962 r. mo pe3ynbrataMm 3Tux ucciaenoBanuii Y.B. Pako6ob-
cKad 3alllMThIa KaHAUAATCKYIO TUCCePTaLI0 «DHEPreTUUECKUE XapaKTepPUCTUKHI
BJIEKTPOHHO-(GOTOHHOM KOMITOHEHTHI B cTBoJIax LIIAJI». B 1968 rony U.B. Pako-
6onbckoit B HUUA® MI'Y 6blna co3naHa 1abopaTopust KOCMUYECKUX U3JTydEHUI
BBICOKMX 9HEPTHUIA, KOTOPOIT OHa pykoBoamia 1o 1988 rona.

Ilox ee pyKOBOACTBOM cO3maHa KpyITHOMAacIITabHas yCTaHOBKA Ha TTyOMHe
60 M (B MOCKOBCKOM METPOIIOJUTEHE) U U3YYeHUs SHEPIeTUUECKOIO U 36 HUT-
HO-YIJIOBOTO pacrpeaeieHus MIOOHOB! KOCMUYECKMX JIydeil SHEprUsiIMU OOJIbIIe
1 T>B, BeimonHeHBI pabOTHI TTO TeMe «M1ooH». B 1975 rogy mo pe3yabraram 3TOro
sKkcniepumenTa M.B. PakoGonbckas 3amuTia JOKTOPCKYIO TUCCEPTALIUIO.

K Hagairy 70-X TogoB ObLIH ITOJIyIeHBI O9€Hb MHTEPECHBIC Pe3yJIbTATHI 110 U3Y-
YEeHUIO MIOOHOB KOCMUYECKUX JIydeii. BbU10 M3BeCTHO, YTO MIOOHHI B aTMOC(depe,
B OCHOBHOM, T€HEPUPYIOTCS TPU pacliajie MMOHOB? 1 KAOHOB®, KOTOpPbIe 00pa3y-
I0TCS B SIIEPHBIX B3aMMOJEUCTBUSX TTEPBUYHBIX KOCMUYECKHUX YACTHIL C STAPAMU
aTOMOB BO3/yXa B BEPXHUX CJIOSIX aTMOC(EPHI.

! Mio6H (OT OYKBBI W, UCTIOJIB3YIOIIEHCS ISl 0003HAYEHUS) B CTAHIAPTHOM MOJIe-
T (PUBUKA 3JeMEHTapHBIX YaCTHUII — JICNITOH, UMEIOIINIA OTPHUIIATEIbHBINA 3JIeK-
TpUYECKUM 3apsia, Maccy B 207 pa3 00JIbllie MacChl JIEKTPOHA, BpeMSI XXU3HU 2,2
MUKPOCEKYH/IBI.

ITuonb! ( T-ME30HBI) — IPYIIINA U3 TPEX HECTAOMIBHBIX YACTULL — ABYX 3apSIKEHHBIX
(7t ¥ 7U) ¥ OMHOM HEeUTpanbHOM (71°), OTHOCSIIMXCS K KJIACCY alPOHOB U SIBJISIIO-
IIMXCS Cpeny HUX Hambotee JIETKMMKU. Macca nmmoHoB — 7t* 140 M»B, w° 135 M3B.
CornacHO COBpeMEHHBIM MPEACTAaBICHUSM, TIMOH COCTOUT M3 KBapKa (u mian d)
¥ aHTUKBapKa. 3apsKeHHBbIe ITMOHBI paciagaiorces 3a Bpems 2,6 108 c.

3 Kaons1 (K-Me30HBI) — rpyIima HeCTaOMIBHBIX 3JIEMEHTAPHBIX YaCTHII C TIPUMEPHO
OJMHAKOBBIMU MacCaMM, B KOTOPYIO BXOJIST ABE 3apsiKeHHbIE YACTULIBI U 2 HEM-
TpasibHble. Macca kKaoHoB — K* 494 M»B. 3apsikeHHble KaOHBI pacragaloTcs 3a
cyer cyiaboro B3auMoneicTeus 3a Bpems 1,2 104 c.
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N3yyeHue sHepreTMYECKOro CIeKTpa M YIJIOBOTO pacIpeleieHUs] MIOOHOB
MO3BOJISIET MOJYYMTh BaxKHYI0 MH(OPMAILIMIO O XapaKTepHUCTUKAX IIEPBUYHOIO ITOTO-
Ka KOCMUYECKHUX JIydell Ha rpaHuile atMmocdepnl. McclienoBaHue 3¢ HUTHO-YIJIOBBIX
pacrpeneieHHii* MIOOHOB JaeT BO3MOXHOCTh OLIEHUTD J0JII0 KAOHOB B IIPOLIECcax
reHepaly MIOOHOB WJIM K& OOHAPYKUTh HOBBIE ITPOLIECCHI TeHEpalliid MIOOHOB.

B skcnepuMeHTax IO MCCIEAOBAHMIO MIOOHOB NPM ITOMOIIM MarHUTHBIX
CIIEKTPOMETPOB M U3 aHAIN3a KPUBOIA ITOIJIOLIEHUSI MIOOHOB B IpyHTE B 60-¢ roabl
OBLT MOMYYeH dHEePTeTUYECKUi CIIEKTp MIOOHOB B objactu 3Hepruii no 1 TaB.
IMoxazaTenb cTereHn HAKJIOHA CIIEKTpa MEPBUYHBIX HYKJIIOHOB B 3THUX DKCIEPU-
MeHTax y, = 1.6£0.1 cornacoBbIBalCs ¢ KOHCEPBATMBHOW TEOPUEN TeHepauuu
MIOOHOB TIpM pacriaje MMOHOB U KaoHOB. B To xe Bpems B pabotax I'.b Xpuctu-
aHceHa, A.Jl. EpiblkuHa W APYTUX YYEHBIX ObLIM MOJyYEHbI MOJOTWE CHEKTPHI
MIOOHOB B o0JtacTu sHepruii 10~'—10! TaB. CornacoBath pe3ynbTaThl 3TUX 3KCITE-
PUMEHTOB C TaHHBIMM, MOJYYCHHBIMU U3 U3YYeHUS] KPUBOI MOLJIOIIEHUS MIOO-
HOB B IpyHTE, ObLIO BO3MOXHO JIMIIb B IPEANOJI0XEHNUN CYLIECTBOBAHUS IIpU
sHeprusx 6obiile 1 ToB HOBBIX MpoIIeCCOB reHepalii MIOOHOB. B 3T0 Xe Bpems
Ha YCTaHOBKE B COJISTHBIX KOTIsIX amMmepuKaHcKkuii ¢pusuk Ix.B. Keiddens moayunn
36HUTHO-YIJIOBOE paclipelieJiIeHe MIOOHOB ¢ dHeprueii okono 2 TaB ¢ noBonbHO
BBICOKOI CTETIEHbIO M30TPOIUY 1 IIPEATIOJIOXKII, UTO MOJOBUHA MIOOHOB C TaKH-
MM 9HEPIUSIMU POXKIAeTCs B Ipolieccax, OTJIMYHBIX OT pacrnaaa IMOHOB U KAOHOB.

B Takoii mpoTUBOPEUNBOM 0OCTAHOBKE MIPEACTABIISIIOCH OUEHb BAXKHBIM M3ME-
pUTH B 00JacTU 3HEPruit MooHoB 1—10? ToB ogHOBpEMEHHO Ha OIHOI YCTAaHOB-
K& 3¢HUTHO-YIJIOBOE 1 SHEPIeTUUECKOe pacrpeneicHs] MIOOHOB B MAaKCUMAaJIbHO
IIMPOKOM ITHAara30He 3eHUTHBIX YIJIOB. [Ipu 0OGCYXIeHUM MPOEKTa SKCIIEPUMEH-
Ta OBbLIO IPEIJIOKEHO MCIIOIb30BaTh B KAYeCTBE NETEKTOpa IO 3eMJICH peHTre-
HO-3MyJIbcMOHHBIe KaMephbl’ (POK) 6ombiioit miomanu. st 3Toro TpedboBaioch
MOA3eMHOE TIOMEIleHUEe Ha HEeOOJNBIION ITyOMHE, COTHM TOHH CBMHIIA, ThICSIYU
KBaJIpaTHbIX METPOB PEHTTCHOBCKOM IUIEHKM, pa3jid4yHas allrapaTypa W JIIOIM.
PyxoBonmurenem, opraHM3aTOpOM 1 UCIIOJIHUTEIEM YHUKAJIBHOIO KPYITHOMACIIITa0-
HOTO 3KCIIepMMEHTa CTajla IOLEHT Kadenpbl (PU3MKU KOCMUYECKUX dydeit MI'Y
N.B. Pakob6onbckast. DKCIepuMEHT ObLT pa3BepHYT B MOCKOBCKOM METPO, B TTOME-
LIeHUSIX 00MO0yOexkuIa Ha cTaHIUsIX «[lapk KynbTypbl» U « KponmoTKMHCKas», TAe
paboTaTh MOXHO OBLIO TOJBLKO IO HouaM. I1o IOCTaHOBJICHUIO MPABUTEILCTBA,
koTtoporo nobunack M.B. Pakobosbckasi, ObLIY BeIIEIeHBI (DOHAMPYEeMbIE MaTepHa-
J6I — 250 TOHH CBUHIIA U peHTIeHOBCKas TieHKa. B moaBaie rmaBHoro 3nanust MI'Y
ObLI CO3/1aH ITPOSIBOYHBIIA LICHTP, VIS JJA0OpAaTOPUU HaliIeHbl U3MEPUTEIIbHBIE ITPU -

3eHUTHO-YIJIOBBIE DACIIPEACICHUSI MIOOHOB, POXICHHBIX B pe3y/bTaTe paclana
IMMOHOB 1 KAOHOB, OITKMCHIBAIOTCS 3aBUCUMOCTBIO SecH, rie O-3e HUTHBIA YyroJ Ipu-
X0/Ia MIOOHOB. B ciydae cylecTBOBaHMS IPOLIECCOB IPSIMOM TeHepaluy MIOO-
HOB B SIIEPHBIX B3aMMOMAENCTBUSX, HAIIPUMED, MIPU pacliafe KOPOTKOXUBYIIMX
YaCTUII, 3eHUTHO-YIJIOBBIC paclpeaeieHUs] MIOOHOB CTAHOBSITCSI M30TPOITHBIMMU.

PeHTreHO-3MyIbCHOHHBIE KAMEPBI COCTOST M3 CI0€B CBMHIIOBOTO MOTJIOTHUTEIIS
MepecIOeHHbIX PEHTTEHOBCKON TJIeHKOM. PeHTreHOBCKas MIeHKa UCIOJb3yeTCs
IUIST OTIpeAeIICHUS] SHEPTUH SJIEKTPOHHO-(OTOHHOTO KacKana, pa3BUBAIOIIETOCS
B CBMHIIOBOM KaMepe.
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00pbI (MUKPOCKOITBI M (DOTOMETPHI). B paboTy 0ueHb aKTUBHO BKJIFOUUJIMCH MPETO-
JaBatesiv Kadeapbl KOCMUYECKUX JIydeid, TUTIJIOMHUKY, JJaOOPaHTHI.

HccnenoBaHus MpoOBOAWIMCH Ha YCTAHOBKE, COCTOsIIei u3 146 riybokmx
CBUHIIOBBIX KaMep, pacrojioXKeHHbIX nofa yrinamu 0°, 45° u 60° rpaaycoB K Topu-
30HTaJIbHOM TIOCKOCTU. Takasi KOHCTPYKIIMS KaMmep IMO3BoJisia ¢ OJWHAKOBOM
3¢ GEeKTUBHOCTBIO PETMCTPUPOBATH TOPMO3HBIE FaMMa-KBaHThbI, 00pa30BaHHBIE
KaK BePTUKAJIbHBIMU, TaK U TOPU3OHTAJbHBIMU ITOTOKAMMU MIOOHOB B CBMH-
1€, U ONpPEAEIUTh SHEPTeTUUECKUE CIIEKTPHI M YIJIOBbIE paclpeneyieHus MIoo-
HOB c 3Heprueil Boie 2—3 TaB. Yke camble nepBble pe3yabTaThl, TOJTYYEHHBIE
Ha ycTaHOBKe « MI0OH» MoKa3ajiu, YTO MPU dHEPrusx MooHoB oT 2 10 10 T>B onun
TeHEepUPYIOTCS B Mpolleccax pacnana 1 U K-Me30HOB M UX CIIEKTP OMUCHIBAETCS
KOHCEepBaTUBHOU Teopueit, ¢ yeM opunimaibHo cornacuics JIx.B. Keiiddens.

ITpu npoBeneHnuu atoii padotel MprHa BsuyeciaBoBHa mposiBujia cedsl Kak
BBIJAIOIIMIICS OpraHU3aTOp HAayKu M OJecTAIuMii akcriepumeHTaTop. [lociemno-
BaTeJIbHO OBbUIM PEIIeHbl MHOTHME METOMMYECKHE BOMPOCHl IKCIEPUMEHTA: Mpo-
BEIIEHbl OLIEHKW TOYHOCTU IMPOSIBICHUS, PETPECCUU CKPBITOrO M300paxkeHwusl,
paccesiHAS cBeTa B (hOTOMETpe U IUIEHKE, BIUSIHWE CIOWMCTOCTH CBUHIIOBOTO
nornotuTens. [1pu mocTpoeHNU CeKTpa YIUThIBAJIMCH TakXKe BO3MOXKHbBIE MCKa-
>K€HUS CIIEKTPOB M3-3a BIMSHUS (IyKTyaluil. TOUHOCTh OMpenaeaeHus SHEPTUn
Kackaja Obljia mpoBepeHa abCOIIOTHOM KaTuOpOBKO METOIA ITO Macce HEUTpasb-
HOTro MMOHA, pacnaBllIerocs B MullieHU, moMmeleHHoi Haa POK. belio nokaszaHo,
YTO HEPTUs MHAUBUIYaJTbHOIO Kackaaa B MHTepBasie 2—5 T3B onpenensiercs 6e3
CMeILEHMs] C OTHOCUTENIbHOM o1InOKO, paBHOM 20%.

BOkcno3unusg POK B MocKOBCKOM MeTpo npoaoikaiachk oonee 20 1eT U cocTa-
Buia 3.06-10" r-c-cp. DTO MO3BOJIMIIO TTOJYIUTh XOPOIIIYIO CTATUCTUKY Y UCCIIEIO-
BaTh Ipoliecchl Mpu 3Hepruu Boiie 10 TaB. 3a 3Tu roas! ObLI0 3aperMCTPUPOBAHO
6osee 20 THICAY 31EKTPOHHO-(POTOHHBIX KackanoB (DPK), n3 Hux 6onee 8500
DPK, 06pazoBaHHBIX TOPMO3HBIMU (POTOHAMU C Heprueil bonbiie 2 TaB. bouiu
MOJTlydeHbl YIJOBbIE pacIpeleseHus] U [I00aJbHbIA 3HEPreTMYECKU CIEKTpP
MI0OHOB B nuana3oHe 0—89° ¢ sHeprueit 3—50 TaB, a Tak:ke CIeKTpbl BEpTUKAJb-
HOTO U FTOPU3OHTAJbHOTO MTOTOKOB MIOOHOB. BbUI clenaH BBIBOI O HOpMaJIbHOM
HaKJIOHE CMeKTpa MePBUYHBIX HYKJIIOHOB B objactu sHepruit 20—400 TaB (y =
1.65 £ 0.05) u o BKj1aze MPOLIECCOB OBICTPOI FreHepalii MIOOHOB 3a CUET pacrana
YapMHPOBaHHBIX YacThll. DPPEeKTUBHOE CEUSHUE POXKICHUS YapMa MpU SHEPTUU
Hyks10HOB 100 T3B 051710 TTOSTYyYeHO paBHBLIM 1.7 + 0.5 MO/HYKIIOH, YTO B IIpeAenax
OIIMOKM coriacyercs ¢ pe3yabTaTaMM, ITOJTYYeHHBIMU Ha YCKOPUTEISX.

TakuM o0pa3oM, BIlepBble OblIa CO3daHa M MPOIKCIIOHWPOBAHA IO 3EM-
Jieli YHMKaJIbHasl KpyITHOMAcITabHas yCTAaHOBKA M3 MHOTOCJIOMHBIX CBUHIIOBBIX
POK nmnsg uzydyeHus MpoleccoB reHepalud MIOOHOB KOCMUYECKUX JIydeil BbICO-
koii aHepruu. I1o pesyapratam atoro akcrepumeHnTa B 1975 rony U.B. Pako6oJib-
CKas 3alllMTWIA TOKTOPCKYIO uccepTainio Beero mo pesynbrataM 3KCIEpUMEH-
ta «Mwoon» B HUUA® MI'Y 6bl10 3amuiineHo 6 KaHauaaTcKuxX U 1 mokTopckas
JIUccepTalms, onyoirukoBaHa 1 MoHorpadus.

N.B. PakoboJibcKasl MccienoBaia TakKe MPOLeCChl B3aUMOJEUCTBUS aapo-
HOB ¢ sHeprueit 102—103 T3B ¢ aToMaMu Bo3/1yxa ¥ CBUHIIA B TPAHAMO3HOM 3MYJIb-
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CHMOHHOM 3KCIlepUMeHTe, KoTophiil B 1971 romy Havascs B ropax Ilamupa. B ero
ycremHoM npoBeaeHur MpuHa BsgyeciaBoBHA cHOBa MposiBUJIa CBOI opraHU3a-
TOPCKUI TaJIaHT M ChIrpajia OMPEAeISIIONIYIO POJib. DKCIEPUMEHT, MOJYYUBIIUA
Ha3BaHue «Ilamup», mpoBoauics B ypouuine AK-Apxap Ha BbicoTe 4370 M Haf
ypoBHeM Mops. llenblo sKcneprMeHTa ObUIO MCClieNOBaHME B3aMMOIEUCTBUI
JaCTUI] KOCMUYECKUX JIy4eil ¢ simpaMy aTOMOB Bo3ayxa Ipu sHeprusix 10>—10°TaB.
OCHOBHBIM 3JIEMEHTOM JIETEKTOpa U B 3TOM 3KcnepuMmeHTe ctaau POK, skcmo-
3ULIMS KaxXA0# 3aKIaaKu KaMep JIWIach OKoJo roaa. s aTux aKCIepuMEHTOB
ucmnosiab3osaiaock 2000 ToHH cBUHIIA, TU1o1anb POK exeromno gocturana 1000 m2.
DKcrepuMeHT mnponokancsd a0 1991 r., cymmapHasi 5KCIO3ULIMS COOpaHHBIX
Ha [lamupe Kamep sIBUJIaCh PEKOPIHON MO CPAaBHEHUIO C aHAJIOTUYHBIMU 9KCITe-
pUMEHTaMHU, BBITIOJTHEHHBIMU 32 pyoexXoM. ExxeromHo B JIETHUI Mepuoa peHTIe-
HOBCKHUE TUIEHKW W3BJEKaJNUCh U3 YCTAHOBOK M 3aMEHSUIMCh HOBBIMU. IlneHKM
MPOSIBIISIMCH, a 3aTeM 00padaThIBaIMCh C LIEJIbIO TOMCKA COOBITUIM — TeHETUUYECKH
CBSI3aHHBIX TPEKOB YaCTHII, SIBJISTIOIIMNXCS PE3YIbTaTOM Pa3BUTHS SIIEPHO-KacKal-
HOTO JIMBHSI B aTMoc(epe. DTU COOBITMSI ObUIM Ha3BaHbBl raMMa-aJpOHHBIMU
ceMeiictBamMu. B skcriepumente «[lamup» McciieqoBaluch UX MPOCTPAHCTBEH-
HO-2HEPreTUYeCKre XapaKTEPUCTUKH, a TAKXKE 3aBUCUMOCTD 3THUX XapaKTEPUCTUK
OT MOJIHOI 3HEPTUM COOBITUS, HEITOCPEACTBEHHO CBSI3aHHOM C 9HEpPryeil mepBuY-
HOU 4aCTUIIbI, BbI3BABILIEW JIUBEHb.

Ha ITamMupe ucrofb30BaCh KaMephbl pa3IMYHbIX KOHCTPYKIIWIA: T.H. «yTJIe-
pOIHBIE» KaMephbl, B COCTaB KOTOPBIX MOIMOJHUTEIBHO BKJIIOYAJICS YIIEPOIHBIA
0JI0K, rie JOJDKHBI ObLIU MTPOUCXOIUTh B3aMMOJENCTBUS, U INTyOOKKME CBUHIIOBBIE
PBOK omHOpomHOI KOHCTPYKILIMM, COCTOSIIIIUE U3 CBUHIIOBBIX TIJIACTHH, TTEPECo-
€HHBIX PEHTTEHOBCKUMU IJIEeHKaMU. KOHCTpYKIIMS CBUMHIIOBBIX KaMep, Mpeiio-
>xeHHast U.B. PakoOombckoli, Oblia aHaJOTMYHA KaMepaM, MCITOJIb3YyEMbIM JUIS
U3yYEHUS MIOOHOB B 3KCHepUMeHTe «M10OH». DTO ObUIO OYeHb BaXKHO, MMOCKOJIb-
Ky MOXHO OBbUIO pa3BUBaTh METOAUKY Cpa3y ISl ABYX SKCIIEPUMEHTOB.

Pab6orta ¢ TakumMu GONBIIMMU TUIOLIAISIMU dMYJIbCUU TpeboBasa Crielaib-
HOU TEXHUKU U OOJIBIIOTO Yucja y4acTHUKOB. MMEHHO MOATOMY y4aCTHUKaMM
SKCIIEpUMEHTA ObLIM YYEHBIE PA3HBIX MHCTUTYTOB M CTpaH (7 COBETCKUX U 3 MOJIb-
CKMX Hay4YHO-UCCAEA0BAaTEIbCKUX UHCTUTYTA). B 80-& roasl K 3TOMY COTpYIHU-
YeCTBY NPUCOSAVHUIUCH ATTOHCKKE (DU3UKU. ['0JTOBHOI OpraHu3aluei aKcrepu-
MeHTa o611 @UAH. DkcniepuMeHTanbHOM paboToii cotpynHukoB HUUA® MTI'Y
pykoBoauiu npogeccop N.B. Pakobonbckas u npodeccop U.T1. UBaHeHKoO.

3HauuTeIbHAsI CTAaTUCTUKA U XOpOIlIee MPOCTPAaHCTBEHHOE pa3pelleHue Tpe-
KOB YaCTHII IIO3BOJIUJIO B 3KcriepuMeHTe «ITaMup» mpoBEpUTH pa3InyHble MOAEIN
SAIepHBIX B3auMoaeicTBuii. OKazanoch, YTO JISI YACTHUIL C SHEPTUSIMU, MEHBILIMMU
10>—10° ToB xapakTepMCTUKM B3aMMOIENCTBUSA HE MPOTUBOPEUAT ITapaMeTpam,
SKCTPANOJUPYEMbIM U3 YCKOPUTEIbHBIX AaHHBIX. OMHAKO MpY OOJBIIMX SHEP-
TUSIX TIOSIBJISIIOTCSI CYIIECTBEHHBIE OTIMYMS: HapyllaeTcs CKeWJIMHI® Bo ¢par-
MEHTAlIMOHHON 00JIaCTU B3aMMOIEUCTBMS. BaxkHble MaHHbIE TMOJIYYarOTCS TMPU

6 Ckeiinr @eiiMaHa — CBOMCTBO HE3aBUCUMOCTH MHBApUaHTHOTI'O CECUCHUA UHKITIO-
3MBHOTIO IMpouecCa CTOJKHOBEHHNA aapoHa C aApOHOM WJIM C AAPpOM OT SHEPIrumn
HaJICTAlOICro aapoHa.
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aHaJu3e CEMENCTB C CaMbIMU OOJBIIMMYU SHEPTUSIMM: HabII01aeTCsl KOMILIaHap-
HO€ pOXIEHUE YaCTUIl B aKTaxX SIAEPHOrO B3aMMOIEWCTBUS alpOHOB C SHEPTUei
6obireit 103—10* TaB ¢ siapamMu aTOMOB Bo3ayXa. DTO MPOSIBISIETCS B TOM, YTO
B TaKMX ceMelCcTBax, 3aperuCTpMPOBaHHBIX B KaMepe, HECKOJIBKO (10 5) sHepre-
TUYECKHU BBIACTIEHHBIX LIEHTPOB (00pa30BaHHBIX TaMMa-KBaHTaMU, KJacTepamu,
rajlo, aIipoHaMu) BBICTPAaMBAIOTCS BAOJb MpPsIMOM JuHUU. [IpOLIEHT BBICTPOEH-
HBIX COOBITHI pe3KO 3aBUCUT KaK OT SHEPIMU CEMeMCcTBa, TaK W OT YMcJia aapo-
HOB B ceMeiicTBe. SIBieHne «BbICTPOSHHOCTU» TIPUCYILE ONpeAeIEHHBIM SIIePHBIM
B3aMOJICHICTBUSM, BEPOSTHOCTh CIY4ailHOTO MOSIBJIEHUS TaKUX COOBITUI OYEHb
Majia. MeTronuka TJTyOOKMX CBMHIIOBBIX KaMep BHECJa CYIIECTBEHHBIN BKJIaf
B M3yYyeHVE KOMIUIAHApHOTO pa3jieTa YyacTull. bbII MpemIokeH HOBBIA MOIXO
K aHaJIM3Y 5TOTO SIBJIEHUSI — PACCMOTPEHUE SHEPTeTUYECKH BbIIEJICHHBIX LICHTPOB.
IToka3zaHo, YTO KOMILJITaHAPHO Pa3JIeTalOTCs HE TOJBKO raMMa-KBaHThI BbICOKOM
SHEPTUU, HO U aAPOHBI, PETUCTPALIUSI KOTOPBIX MPUBOIUT K YBEJIUUYEHUIO TOJU
BBICTPOCHHBIX COOBITHIA. BB ycTaHOBIEH 3HEPreTUYECKUii TOPOr 3TOrO SBJie-
Hust (~10* TaB) 1 ero Bo3aMOKHasI CBSI3b C OOJIBIIMMU IMOIEPEYHBIMU UMITYJIbCAMU
YacTUll, BO3HMKAIOUIMX B TaKUX B3auMozeicTBusIX. TeopeTudeckoe o0bsICHEHUE
SIBJIEHUIO BBICTPOEHHOCTH MOKa HE HailIeHo.

Hcnonb3oBaHue B 9KCIIEPUMEHTE TJYOOKUX CBUHIIOBBIX KaMmep ITO3BOJIUIIO
MOJYYUTh UHTEPECHBIE U OYeHb BaXKHbIE PE3YJbTAThl, KOTOPBIC 10 CUX TOpP BXO-
JIAT B YMCJO TJIABHBIX JOCTHKeHUI sKcrnepumeHTa «[lamup». Bbuto mokaszaHo
CYILIECTBOBAHWE psiia aHOMAJIbHBIX SIBJEHUI, BO3HMKAIOIIUX MPHU B3aMMOICH -
cTBUU aapoHOB ¢ 3Heprueit 10°—103T3B ¢ sapamu Bo3ayxa u cBUHIIA. B Kame-
pax ¢ riyouHoii 110 cM cBUHLA HaOdOgaNach OIJIMHHOIMPOOEXKHAsT KOMIIOHEHTa
KocMuYeckux aydeii. Ha rmydbunax 6osee 50 cM pe3Ko 3aMeIsiIoCh MOMIOIIeHUE
agpoHOB. DTOT 3(P(PEKT MOXHO MOHATh, €CJIU MPEANOJOXUTh POXKIECHUE YapMU-
POBaHHBIX YAaCTUIL ITPU B3aUMOJEHCTBUY aIPOHOB CO CBMHIIOM, IIPU 3TOM 3 eK-
TUBHOE CEUYEHUE POXACHMS YapMa IpUu 3Hepruu anpoHoB okoiio 100 T>B npeBsi-
1IaeT yCKOPUTeNbHbIE AaHHbIe. [I7151 peleHus 3Toii mpobiembl rpynmnoit HUNA®
MTI'Y ObLT NIpeIoXeH CIlelMaibHbIA aKcriepuMeHT——Ha [laMupe yctaHOBIeHa
KOHCTPYKIIUS C BO3MYIITHBIM 3a30POM, B KOTOPOI CJIOU PEHTI€HOBCKOM IMJIEHKU CO
CBUHIIOM pas3JiejieHbl TpoMeXyTKoM B 2.5 MeTpa. K coxaneHuio, mocie pacnaaa
Cosetckoro Coro3a pacnajiach 1 Kojjtabopauus akcnepuMeHnTa «I[lamup». Uccie-
JIOBAHUS MPOAOJIKAIUCH JIUIIL B OTAEIbHBIX IPYIIaxX, KOOpAWHALMs padoT Oblia
yrpaueHa. [1o pesyiabTaTtaM mMcciaenoBaHuii s3KcriepumeHnTa «Ilamup» B HUNAD
MT'Y 6bu10 3amuineHo 14 KaHAUAATCKUX U 2 TOKTOPCKUX AUCCepTalli, OMyO0Iu-
KOBaHO 3 MoHorpaduu.

[TonydyenHsbie B akcniepuMeHTe «[laMup» pe3yabTaThl SBIISIOTCS YHUKATbHbI-
MM U IO CHX TTOp IIUPOKO 06CyXknaroTcs. PEKOpIHO JOCTUTHYTOE MPOCTPAHCTBEH-
HO€ pa3pelleHre YacTUIl, OMpenessIonieecss BOZMOXHOCTSIMU PEHTIE€HOBCKOMN
IJIEHKHW, PEKOPIHBIM SIBJISIETCS U HAKOIUIEHHBIA B 3KCIIEPUMEHTE CTaTUCTUYE-
CKUW MaTepual.

C 1980 r. mox pykoBoactBoM M.B. Pako0oJIbCKO 1 MpH €€ HENMOCPEICTBEH-
HOM OYeHb aKTUBHOM YYaCTUH TTPOBOAMUINCH UCCIEI0BAHUS IOTOKOB MIEPBUYHO-
ro KOCMHUUYECKOIo U3Jy4yeHusl B cTpaTocdepe (Ha GanioHax) ¢ nomoiibio POK.
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B 1995 rony poccuiickasi u siOHCKasl TPYMITbl KCCenoBaTeleil HayaJlu COBMECT-
Hy10 0aJUTOHHYIO ITPOrpamMMy, HampaBJIeHHYI0 Ha U3MepPeHe XUMUUECKOIo COCTa-
Ba U DHEPreTUYECKUX CIEKTPOB MEPBUYHOTO KOCMMYECKOIO U3JIydyeHUsI B 00J1a-
ctu 1-500 T>B npsMbeiMu MeTomamMu. B skcnepuMeHTe MPUHUMAIU ydacTHhe
¢ poccuiickoit cropousl HUMAD MI'Y, ®UAH, UAU PAH u xadbenpa ¢usuku
KOCMMYECKUX JIydeil pusndeckoro akyapsreta MI'Y. HaydHbIM pyKoBOOUTEIEM
sapnsiacs akagemuk I'.T. 3auenuH. st Toro, 4ToObl BHIIIOJHUTL UCCIASAOBAHUS
B YKa3aHHOI 3HepreTUyecKkoi objacTtu, Obulo TMpoBeAeHO 10 yCHEIIHbIX -
TeJIbHBIX OaTOHHBIX TosieToB ¢ KamuaTku 10 Bojbcka Ha BbICOTE OKOJIO 33 KM
C UCTIOJIb30BAHUEM HOBBIX JIETKUX OMYJILCUOHHBIX KaMeP CIOXKHOM KOHCTPYKIIUH,
MO3BOJISIONIMX TTOJIYYUTh UHGOPMALIMIO O 3apsie U SHEPTUU YaCTULIbl €AUHBIM
METOIOM B IIMPOKOM JMana3oHe 3Hepruii. DKCIepUMEHT MO3BOJIUI TMPOABU-
HYTbCSl B pellieHUM (byHIaMEeHTaJIbHOM TMpOoOJeMbl COBPEeMEHHOI acTpodusu-
K1 KOCMUYECKUX JIy4eil — M3y4eHUU TMPOUCXOXACHUSI, YCKOPEHUSI U MeXaHU3-
MOB PacIpOCTpaHEHUS TaJaKTUYECKMX KOCMMUYECKUX JIyyeil BHICOKOW 3HEpruu
B MEXK3BE3IHOM Cpele.

Ilenarornyeckas aesaTeabHOCTb. BClo cBOIO XK13HB B MOCKOBCKOM YHUBEPCUTE-
Te 1.B. Pakobonbckast yuuiaach U paboTana Ha Kadeape ¢uznku kocMoca Otaene-
Hus saepHoi dusuku ¢puszdpaka MI'Y. B pazsutuu kadenpsl npodeccopy Mpune
BsiuecnaBoBHe PakoGobCKOM MPUHAMLIEKUT ocobast posib. B 1967—2004 rr. npo-
deccop N.B. Pakobonbckast Obuta 3aMecTUTeNIeM 3aBeaylollero Kadeapoii, mom ee
PYKOBOICTBOM 3aJI0XKEHBI OCHOBBI yU€OHOTO MpOollecca, KOTOPbIi Y MOHBIHE YCIIeII -
HO peayiu3yeTcs Ha Kadeape. B TeueHre MHOTUX JIeT OHA yMTaia Ha Kadeape co3-
JAHHBIN ero (pyHIaMeHTaJIbHBIN Kypc «BBeneHre B GU3NKYy KOCMUYECKUX JTydeii»,
M0 KOTOPOMY YYMJIUCh M y4aTcsl MHOTME MOKOJIEeHUST (DM3UKOB-KOCMUKOB. Takxke
noa pykoBoactBoM MpuHbl BsuecnaBoBHBI ObLT co3MaH MPAKTUKYM 10 (pU3UKe
KOCMUYECKUX JIyyeil B paMKax crieliuajbHOro saepHoro npaktukyma OSd. [Tomu-
MO OOJIBIIION MpEIoAaBaTeIbcKOi paboTe Ha OTACIIEHUU siIepHOl (U3UKU hU3u-
yeckoro daxynsreta MprHa BsyeciaBoBHa yuTana Kype «AaepHas duznka» mist
CTYJIEHTOB—Te0(13UKOB reojiornyeckoro ¢akynbrera. Ha ocHoBe 3T0ro Kypca Obut
M3IaH 3aMevareNibHbIi yueOHUK. MpruHa BsyeciiaBoBHA B MpSIMOM CMBIC/IE Oblia
Jy1Ioii kadeaphl, OHa co3najia Ty 100pyto atMochepy KadenpalbHOro KOJIEKTUBA,
6J1aroapst KOTOpOI yaaeTcsl peajr30BbIBaTh BCE CaMble CJIOXKHBIC 3a1aull.

C 1966 o 1990 rr. N.B. PakoGonbckas Oblla JeKaHOM CO3AaHHOTO €I0
(hakynbreTa MOBBIIEHUS KBaIU@UKALMKM TperogaBareieil BBICHIMX YYeOHBIX
3aBeICHUI TT0 eCTeCTBEHHBIM HaykaM, 3a 24 rona Ha PI1K npouiu nepenoaro-
ToBKY O0osiee 80 Thicsiy mpenoaanareneii co Bcero Coserckoro Coro3a. 3a opraHu-
3aLnio padotsl aToro akynasreta M.B. Pakobonabckas Obu1a HarpaxaeHa 30J10TOM
Menanbio BJIHX.

OHa sgBhsiiach wieHoM YueHoro coBeta MI'Y, YueHoro coBeTa (hu3nueCKOro
dakynbreta MI'Y, Hayunoro copeta AH CCCP 1o KoCMMYECKUM JTydaM.

OomecTBeHHas aedaTebHOCTh. Hapsiny ¢ HaydyHOI U Megaroruyeckoi pado-
Toli Ha dusmueckoM dakynapreTe MI'Y, Upuna BsyeciaBoBHa Bcerma akTUBHO
3aHMMaJIach OOILIECTBEHHOM NesITeIbHOCThIO. Korma mpu momaepkke mapTkoMa
u O6bearHeHHoro npodkomMa MI'Y B 1987 r. O6bl1a BnepBble co3naHa 2KeHckas
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opranuzanus B MI'Y umenu M.B. JlomoHnocoBa — 2KeHcoeTr MI'Y, ee npence-
nmarenem Ilpesunuyma crana MpuHa BsuyecnaBoBHa PakoGosnbckas. B 1991 1.
XKencoBeT 0bL1 TIpeobOpazoBaH B O01IecTBeHHOE 00benruHeHre «Co103 KEeHIIUH
MI'Y» (B HacTosiee Bpemsi — «CoBeT XeHIMH MI'Y») co cBoum YctaBom. Ero
3aJayaMy B T€ TPYIHbBIE IS Hallel CTpaHbl, JJISI HAYKU 1 BBICIIEH IIKOJbI TOIbI
ObUIM CBSI3aHBI C OKa3aHMEM MOMOIIHU B MPOoGheCCUOHATBHOM MPOABMXKEHUY XKEH-
IIMH U C pPellleHUEM MX COLMAJIbHBIX W XKUJIUIIHBIX BOIPocoB. «Co103 XKEHIIMH
MTI'Y» no ununuatue MUpuHbl BsauyeciaBoBHBI BMECTE ¢ aAMUHUCTPaLIMEN U Mpo-
(bcoro3HOI opraHuzalMell YHUBEpCUTETa JOOMJICS CYIIECTBEHHBIX M3MEHEHUWIA
B paboTe mpenogaBaTeieil U HayYHBIX COTpYAHUKOB MI'Y, B TOM uucie KeH-
wuH. B I'ockomurete no tpyny u counaabHbIM BoripocamM CCCP «Co103 xKeHIIUH
MI'Y» coBmecTtHO ¢ PektopatoM u O0benuHEHHBIM MpocdkoMoM MIY BhICTY-
MU WHULAATOPOM M3MEHEHUs 3aKOHOAATEeIbCTBA, B COOTBETCTBUM C KOTOPBIM
MpenoaaBaTeIsIM U HayYHbIM COTPYIHMKaM BY30B ObUIO pa3pelleHO pabdoTaThb
¢ coxpaHeHueM neHcuu. Kpome toro, «Coros xkeHimH MI'Y» moa pyKoBoJACTBOM
M.B. Pakob6oabcKkoil xomaTailcTBOBaJl mepeld opuandecKuM otaejoM [ocko-
MobOpazoBaHusi CCCP o CHSITUM BO3pPAaCTHBIX OTPAaHMYEHUIN MPU MPOXOXICHUM
MO KOHKYpPCY MpoheccopCKOo-MpenoaaBaTeIbcKUM U HaydHbIM KaapaM, He 3aHU-
MaloIMM aAMUHUCTPATUBHbBIEC TOJDKHOCTH, U YCTAHOBJIEHUU OTITYCKOB HAayYHBIM
COTPYAHMKaM BY30B TOU XK€ IJIUTEIbHOCTH, YTO U COTPYAHUKAM UHCTUTYTOB AKa-
nemuu Hayk. Hauyana paboTy ceklius XeHIIMH-BeTepaHOB BOMHBI, BO3IJIaBisieMast
OBIBIIEN MapTU3aHKOMN, KaHAUIATOM Ouojiornyeckux Hayk H.M. JlaHuikoBud.
B at11 ke ronsl B MI'Y no nannmatuBe «Coro3a xxeHIIMH MI'Y» BO3HUK M cTaj
€XEeroJHbIM OOIIEYHUBEPCUTETCKMIA TTpa3IHUK «/leHb ceMbM» IJIS MperoaaBaTte-
Jelt, coTpyaHukoB U ux gereil. 1.B. Pakobonbckas Bo3riapasia «Coro3 XeHIUH
MI'VY» ¢ 1987 r. mo 1997 rr..

I'maBHbIM M3naHreM CoBeTa KEHILIWH, BBILICAIIMM ellle NPy XKU3HU M puHbI
BsiuecnaBoBHBI, SIBISIETCS YHUKAJIBHBIN OMOrpacniecKuii cioBapb «IMOCKOBCKUIA
YHUBEPCUTET B XEHCKUX Jnax»’. B MI'Y BriepBble MOSIBUIOCH U3JAHUE, BBIIY-
LLIEHHOE B cepum «ApXuB MOCKOBCKOTO YHUBEpPCUTETa» B uecTb 250-netuss MI'Y,
LIEJIMKOM TOCBSIIIEHHBIN XX€HCKUM HayYHO-IIeJarornyeckuM KaapaM. OTa KHUTa
SIBJISIETCSI OMHOBPEMEHHO OuorpauyeckuM CjloBapeM, CIpPaBOYHBIM U3JaHUEM
1 MH(pOpPMaLIMOHHOM 0a30i1 IS JaJbHERIIINX UCCAEA0BAaHU OCOOEHHOCTEN XKeH-
CKOro TpyJa B HayKe U Bbiciiell mkose. MpuHa BsyecnaBoBHa pagoBajiach U3aa-
HUIO 3TOW KHUTU, Hay4yHyto padoTy CoBeTa XEeHIIMH OHAa CYMTaja OYeHb BaXKHOMI
YacThIO €T0 NESITeIbHOCTH.

HNpuna BsuecnaBoBHa PakoGosibckasi MMesa MHOXECTBO MPaBUTEIbCTBEH-
HBIX Harpaj 3a BoeHHble 3aciiyru. OHa O0bl1a HarpaxaeHa OpaeHom KpacHoti 3Be3-
nbl (1942 r.), Opnenom KpacHoro 3Hamenu (1945 r.), OpaeHamu OTedyecTBEHHOM
BoiiHEI (1 crerienu — 1944 r. u 11 crenenu aBaxabl — 1945 1. u 1985 1.), OpaeHom
«3Hak ITouéra» u 15-10 MegansMu.

7 MoCKOBCKMIT YHUBEPCUTET B )KEHCKUX JiULlaX. bruorpaduyeckuii cioBaps / bease-
ea I.®D., 3enenckas H.C.M.: Uzn-Bo MI'Y, 2004. — 464 c. (Cepust «<ApxuB MOCKOB-
CKOI'O YHUBEPCUTETA»).
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Ee HayuyHo-megarornueckas padora B MI'Y Takke BbICOKO Npu3HaHa. OHa
aBisiaach «3aciayXeHHbIM aesateieM Hayku PCDOCP» (1990 r.), «3aciayXeHHbIM
npogeccopom MI'Y» (1994 r.), maypeatom IIpemun umenn M.B. JlomoHOCOBa 3a
reaaroruyeckyio aesareabHocTb (2003 1.).

HMpuna BsuecnaBoBHa PakoOosibckas TIpoxuia HEOOBIKHOBEHHYIO, SIPKYIO,
HACBILIEHHYIO TPYAOM M 3a00TaMU XU3Hb, MPAKTUYECKU MO TMOCAETHUX HTHEH
MPOI0JIKask HAYYHYI0 paboTy, 3aHUMAasICh CO CTyAEHTaMU U aclIMpaHTaMu, ITOMO-
rasi CBOM KoJuIeraM JeJIOM U COBeTaMU, KOHCYJIbTUPYS UX MO OpraHU3allMOHHOMN
1 METOINYECKOM paboTe Kadeapbl KOCMUYECKUX JIydeil U (hM3UKH KOCcMoca.

OHa BbIIIUIa 3aMyX 3a CBOEro OBIBIIErO0 OJHOKYPCHMKA, a MOCJEe BOWMHBI —
anbloHKTa BoeHHo-Bo3myniHoil nHxkeHepHoit Akagemuu uMeHu H.E. 2Kykos-
ckoro (BBHUA um. H.E. Xykosckoro) Imutpust [TaBnosuya Jlunme (1919—2006),
KOTOPBI ITocie OKOHYaHUS 3-1o Kypca MOCKOBCKOIO rocyIapCTBEHHOTO YHUBEP-
cuteta B 1941 1. ObLT NpU3BaH B apMUIO U HampasjieH Ha obydyeHre B BBUA um.
npod. H.E. XKykosckoro. Tak ke, Kak 1 ero Oynyliasi >xeHa, OH IPOXOIUJT BO-
CKOBYIO CTaXXMpPOBKY B 45-M I'BapmeiickoM HOYHOM INTYPMOBOM aBHAllMOHHOM
MOJIKY W TPUHMMAJI ydyacThe B OOEBBIX NEUCTBUSAX Ha JIEHUHIpaacKoM (pOHTE.
ITocne ycnenrHoi 3aiuThl AMccepTaliu ocTaics paboTaTh B AKageMUu Ha Kagde-
Jipe paavoIriepealonux U paguonpueMHbIx ycTpoicTB. Ilocie yBoabHEHMST U3
Boopyxennbix Cun [A.I1. JIunae padotas B MOCKOBCKOM MHCTUTYTE WHKEHEPOB
CBSI3U, TI€ SIBJISUICS 3aBeAYIOIIMM Kadeapoit, mpodeccopoM, Be MpernoaaBaTe/b-
CKYIO M Hay4yHYIO paboTy.

B cembe U.B. Pakob6oabckoit u J1.I1. JIuHae poaunuce 1Boe ChIHOBe: AHApeit
AmutpueBuy JIMHae — BbIOAIONIMICA (UIMK-TEOPETUK, aBTOP (hyHIAAMEHTaIb-
HBIX pabOT MO KOCMOJIOTMH, CO3/1aTelb TEOPUU «MHMIISIIIMOHHONH KOCMOJIOTUU»
u Huxonait IMutpueBud JIMHAE — MICUXOJIOT, aBTOP aHATUTUYECKU-TEIUCTBEHHO-
ro HaIlpaBJIEHUS TICUXOTepanuu (3MOIMOHAIbHO-00pa3Hasl Tepanusi).

DTa oTBaXHasl, TOOpoxXeJiaTeJbHas U OT3bIBUMBAS XEHIIMHA, MPOIIeIIIast
BOITHY, BbIpacCTHUBIIIAsl 3aMeUyaTeIbHbIX CBIHOBEM, CyMesia TaK MHOTO CeJIaTh IJIst
MocxkoBckoro yHuBepcuteta. OHa MpoaosKajia MHTEPECOBaThCs AeJIaMy CO3/IaH -
HOM €10 XXeHCKol opranmu3anuu MI'Y, BcTpevanace ¢ ee npeaceaaTensiMu, paao-
BaJIach €¢ ycIexaM, yJacTBoBaJjla B TeJIEBU3MOHHBIX Iepenayax, AaBaja MHTEPBbIO,
pacckasbiBasia 00 uctopuu 46-oro reapaeiickoro Tamanckoro KpacHozHaMEéHHO-
ro opaeHa CyBopoBa 3-ii cTeleHM HOYHOTO 60MOapAMPOBOUYHOIO aBUALIMOHHOTO
MoJIKa — K€HCKOI'0 aBUALIMOHHOTO TTOJIKa U O IeBYIIIKaX-JeTYMIIaX.

Hpuna BsiuecnaBoBHa PakoGosibckast yiuia u3 Kus3Hu 22 ceHTsiopst 2016 r.
B Bo3pacte 96 jer, moxopoHeHa Ha HoBomeBuubeM KiiaaOMIle psSIOM CO CBOUMM
MYXEM.
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A.K. Manarapgse, T.M. PoranoBa, J1.I'. CBellHuKOBa

WPUHA BAYECJIABOBHA PAKOBOJIbCKAA
N IKCNEPUMEHT TAMWUP»

BBenenmue

C cepenuHbl Iponuioro XX BeKa IS PEerrMCTPAallid BBICOKOSHEPTHIHBIX
YacTUIl HepBUYHOro Kocmudeckoro mamydeHus (I1KJI) mmpoxo mcmoib3oBaics
Meton HIAJI (mmmpokue atMocdepHbIe TNBHM). Yke B 1957 romy 3TUM METOIOM
OBLI OTKPHIT M3JIOM B CIIEKTPE BCEX YACTUI] P SHEPTUM — MOPSIIKA HECKOIBKIX
[I>B. Cytb MeTOma B TOM, YTO YaCTHUIIBI, MAJaOIINe Ha atMocdepy 3eMiIn, TOJb-
KO C HUYTOXHOM BEPOSITHOCTBIO MOTYT TOCTUYD 3eMiIr Oe3 B3aMMOIEICTBUI, OHI
YCIIEBAIOT IIpoB3auMoAeiicTBoBaTh 10 10 pa3 ¢ ssapamMy aTOMOB BO3IyXa, BEIIEIISIS
BCIO SHEPIHIO B SACPHO-3JIEKTPOMATHUTHEIN KacKal 9acTHIl B atMocdepe, IToIe-
pEYHEBIC pa3Mephl JIUBHS OKOJIO 3¢éMHOI ITOBEPXHOCTH COCTABIISIIOT OT IECSITKOB JIO
COTEH METPOB B 3aBUCMMOCTH OT 3Hepruu JuBHs. [1loaTomy ycranoBku HHIAJI — ato
CTAaHIIMU C JIEKTPOHHBIMHM CYCTYMKAMM, PACCTaBICHHBIMU Ha ITOCTATOYHO OOJIb-
X PACCTOSTHUSIX IPYT OT Ipyra. Takue ycTaHOBKM TPeOOBaIM €XKeTHEBHOIO 00CITY-
KMBaHUS U CEPbe3HON MHPPAKCTPYKTYpHL. bonbime 1oiomany yCTaHOBOK HYKHBI
W IS PEeTUCTPALIMK YaCTHUII C OOJIBIIMMHU SHEPTUSIMU, TaK KaK ITOTOK YacTHIL CTe-
IIeHHBIM 00pa30M (C moka3aTesieM ~2.7) yMeHbIaeTcst ¢ poctoM 3Hepruu. Ho atot
MeTOHI He IT03BOJIsUI McciienoBaTh cTtBoibl IIAJI, rme cocpenoToueHbl OCHOBHEIC
caMble SHEPIMYHBIE KacKamooOpasylolllde 4YacTUIIbI, Hecyllue WH(OpMAaIIIio
0 TTapaMeTpax B3aUMOICHCTBHS. A BO3MOXHOCTH MCCJICIOBAHIIN B3aMMOICICTBIIA
C TMTOMOIILIBIO YCKOpUTEJIel ObUIH ellie oueHb aaneku oT [1aB-Hoit obnacTtu sHepruii.

B skcrrepnmente «[lammp», Hagatom B 1971 tomy [1], OBUIO MpemioXeHO
nccireqoBaTh CTBOJEI 11IAJ] HOBBIM, HETaBHO TOTHA BO3HUKIIIM METOIOM PEHTIE-
HO-3MYJIbCMOHHBIX Kamep (POK), o4eHb IPOCTHIM B KCIUTyaTalluK: KaMephI IIPE-
CTaBJISUTA 13 Ce0sI CI0i MUIIICHH 13 YIJIEPOa, B KOTOPOIl YaCTUIIBI B3aMOIEHCTBO-
BaJld, 1 CJIOEB PEHTTEHOBCKMX IUICHOK, IIEPEeMEXAIOIINXCS CO CIIOSIMHU TSKEJIOTO
BEIIIECTBAa, B KOTOPHIX Pa3BUBAJICS SIICPHO-2JICKTPOMATHUTHEINA KacKal B CBUHIIE
ot yactuir IIIAJI, magarornux Ha Kamepy. Cou peHTTeHOBCKHUX IICHOK pacIiojiara-
JINCh Yepe3 1—2 cM CBUHIIA, PETUCTPUPOBAIMCH TOJIBKO YaCTHUIIBI C S9HEPTHE Ooree
HecKonbKIX TaB, Ho ¢ mpeKpacHBIM ITPOCTpaHCTBEHHBIM pa3penteHeM (~300 MKM)
1 XOPOIIMM 3HEePreTHYeCKH pa3pellleHrueM. DTOT METOI He TpeOOBaJl 3JIeKTPOHUKH
1 eXeTHEBHOTO 00CITy>KMBAaHMS, IIO3TOMY JaBajl BO3MOXHOCTD CO31aBaTh ACIICBhIC
YCTAHOBKM OYCHB OOJIBIINON IUIOIIAAM, KOTOPBhIE MOIJIA SKCIIOHMPOBATHCS ITpaK-
THYECKA 0e3 MEPTBOTO BPEMEHHU BECh IOM, MX MOXHO OBLIO pacIIojiaraTh BEICO-
KO B TOpax, M 00CITy>KIBaTh TOJIBKO B JIETHEE BpeMs: 3aMEHSITh IUICHKKA Ha HOBEIC.
B ny4ime rompl momanb KaMep JOCTUTala COTeH KBaapaTHBIX MeTpoB. OCHOBHAsI
yacTh sHeprun 1IAJI mepexoouT B 3JeKTPOMAarHUTHYIO KOMIIOHEHTY, B CTBOJIAX
LIIAJI Takke ripeobi1amaeT BBICOKOHEPIrUIHAsI 3JIeKTPOHHO-(OTOHHASI KOMITOHEH -
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Ta, TO3TOMY perucTpupyeMble B aKcniepuMeHTte [Tamup crBosbl LIIAJT HasbiBanuch
raMma ceMmeicTBaMu WM CylepceMeiicTBaMu, €ClIu CyMMapHasi SHEPTusl MpeBbl-
mana 1000 ToB. AnpoHbl MOXXHO ObUIO BBIAEISATH TOJIBKO Ha 0oJjiee ITyOOKUX ycTa-
HOBKax, KOTOphIE CTaJIM 9KCIIOHUPOBaTh no3aHee. Pacimdpposka crBosioB 1IAJ,
00pa30BaHHBIX TTEPBUYHBIMU KOCMUYECKUMU JIydamu ¢ sHeprusimu 1015—1016 5B
OblIa OYeHb aKTyaJIbHOM 3amaveil, Tak Kak B 70-ble TOIbl MAaKCUMAaJIbHbIE SHEPTUU
YacTUL, JOCTUXKMMBIE C TIOMOILBIO YycKopuTesiei, He npesblianu 100 I'3B, na u B
HacToslee BpeMsl, HECMOTPsI Ha OypHOe pa3BUTUE TEXHUKU KOJUIaliAepOB, UCTIOJb-
3yI0Ileil BCTpeUHbIe MyYKU CTATKMBAIOIIMXCS TTPOTOHOB, MaKCUMaJIbHAsl SHEPTUS
B3aMMOJIENCTBUS IIPH ITEPECUETE B 1aOOPaTOPHYIO cCUCTeMY cocTassieT 1.6:1015 3B,
a B akcnepuMmeHTe «[lamup» 3aperucTpupoBaHbl B3aUMOICKCTBUSI C SHEPruei
6osiee 1017 3B. BTopoii cylliecTBeHHbIII MOMEHT 3aKJIIOYaeTCsl B TOM, YTO Ha KOJI-
Jlaliiepax MpakTUIECKH TEPSIIOTCSI caMble ObICTPbIe BTOPUYHBIE YaCTHUIIBI, POXKIEH-
HblE MPpU PparMeHTalM1 HAJIETAIONIETO aipoHa, TaK KaK OHU JIETSIT B LIEHTPAJIbHOM
Y3KOM KOHYCE Iy4yKa, a B TaMMa-ceMelcTBaX, Ha000POT PETUCTPUPYIOTCS TOJIBKO
caMble ObICTpble YacTUIlbl. UMEHHO BO (hparMEeHTAlIMOHHON 00JIACTU POXACHUS
YyacTUll COTpyaHUYecTBOM «ITamup» BriepBbie ObLTO OOHAPYKEHO HEOOBIYHOE SIBJIE-
HUE — <«BBICTPOEHHOCTb» — KOMILUIAHAPHBINA pa3jieT caMbIX SHEPTUYHBIX YaCTUII,
00pa30BaHHBIX MPY B3aUMOICICTBUM TTPOTOHOB (MJIU sifep) ¢ dHeprueit 6osee 1016
5B ¢ ssmpamu Bo3nyxa. ABieHuE «rajio» — HaOMoAeHrEe 00OMbIINX AUMPDY3HBIX TATEH
Ha TUIEHKE, BIIEPBbIC 3apEerMCTPUPOBAHHBIX B PEHTTE€HO-3MYILCMOHHBIX 9KCIIepU-
MEHTaXx Ha ropax, 0Ka3ajoch TaKxXe CBSI3aHO C POXKICHUEM HEUTPaIbHBIX TMOHOB BO
(pparMeHTaIIMOHHOI YacTH CMEeKTPa BTOPUUHBIX YaCTUILI MPU SHEPTUU B3aUMOIE -
ctBus 6onee 1015 3B.

DkcrnepuMeHT “IlamMup” — KpylmHOMAacCIITaOHBINA SKCIIEPUMEHT C TOJIOBHOM
opranuzanueid ®usznueckuit uHctutyT uMeHu I1.H.Jlebenesa AH CCCP (HbiHe
PAH). PykoBoautenem pa6ot cran C.A. CraBaTUHCKMI, TpeacenaTeseM aka-
nemuk H.A. Jlo6potuH, a Bnociaenctsuu — akagemuk I.T. 3auenuH. B cotpyn-
HUYECTBO BOLIIO 7 MHCTUTYTOB M3 pa3Hbix pecnyoauk CCCP u 3 moabckux
uHcTuTyTa. B MI'Y ObL1a co3maHa BTopas no BeauduHe rpymnna “Ilamup”, cocto-
SBIIAasi B OCHOBHOM U3 MOJIOABIX BBIITYCKHUKOB (r3nyeckoro (akynbreta MI'Y.
Eé BosrmaBuiu UM.B. PakoGonnckas u E.A. Myp3uHa. M3 Bcex rpymin, BXOASIIAX
B corpynHuuectBo ITamup, WU.B. Pakobonbckas aydliie Bcex pa3dupanach B METO-
JIMKe OOJIbIIMX PEHTTEHO-3MYJIBCMOHHBIX KaMep, TaK KaK B 3TO BpeMs 3aKaHYH-
Bajla CBOIO JOKTOPCKYIO AMCCEPTAIMIO TIO TIEPBOM KPYIMHOMACIITAOHOI peHTre-
HO-3MYJIbCMOHHOI YCTaHOBKE MOJ Ha3BaHueM «M0oH». YcTaHOBKA COCTOsIIa U3
IJTyOOKUX CBUHIIOBBIX KaMep, SKCIIOHUPYEMBIX B TYHHele MOCKOBCKOIO METPO-
nonmureHa B 1966—68 rr. rpynmoit MI'Y monx pykoBomctBom I'.T. 3anenuHa
u W.B. Pakobonbckoit [2]. B aToi1 ycTaHOBKE yXe McHoab3oBanoch 250 TOHH
cBuHIa 1 5000 KBagpaTHBIX METPOB PEHTIEHOBCKO TUIEHKU, U TIpeAHa3HavYanach
OHa JIJI1 M3YYeHUs] SHEPreTUYECKOTo CIEKTpa M 3eHUTHO-YIJIOBOTO paclipeieie-
HUSI ONMHOYHBIX MIOOHOB ¢ Eu > 3 T3B (cM. 3TOT 3TOT COOPHUK).

Bo BpeMst exeroaHbIx JIeTHUX 3KcIeauuuii B ropax [lamupa Ha BbIcOTe
4360 M Hag ypoBHEM MOpPs HauaJiu 3KcnoHUupoBaTh POK pa3Hoil KOHCTpYKLIMU
obueit momanbo 10 1000 kBagpaTHBIX METPOB ¢ ucnojb3oBaHueM 1500 TOHH
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CBUHIIA U 5—6 ThICSIY KBagpaTHBIX METPOB PEHTTEHOBCKMX IUIeHOK. OCHOB-
HY10 paboTy 10 cOopKe U pa3dopKe KaMep NPOBOAUIN JIETOM CUJIaMU HAYYHBIX
COTPYIHUKOB BCEX WHCTUTYTOB-yYyacTHUKOB. ExeromHo MI'Y mon pykoBon-
ctBoM U.B. Pako06oibCcKOW OopraHu3oBBIBaJl CTyneHYecKuit oTpsa Ha Ilamup,
KOTOPBIN MOJIb30BaJICSI OTPOMHBIM YCIIEXOM HE TOJIBKO CTYIEHTOB, HO U COTPY/I-
HukoB MI'Y, Tak Kak 1Mo3BoJIsLI MOOBIBATH B HEOObIUATHO KPAaCMBOM MECTE Top-
Horo [Tamupa u mpuoOIIUTECS K 00JbII0M Hayke. [Tocyie CHITUSI peHTeHOBCKast
TJIEHKA MPOSBIISIach B ClelIMalIbHO CO3IaHHOM MposiBouHoM LieHTpe @UAH
B AnMa-ATe M pacchuiajach s OOpaOOTKM B WHCTUTYTHI, y4YacTBYIOIIUE
B aKkcrnepuMmeHTe «Ilamup». JIBa pa3a B roJ NpoOBOIUINCH paboure COBELIaHUS
B MoOCKBe U B pa3IUYHBIX pecnyoanKax (4ieHax COTPYAHUYECTBA) IJIsl 00CYX-
NeHWsI, O0BEAUHEHUS TTOJYYEHHBIX PEe3yJIbTaTOB 1 BBIPAOOTKM OOIIEi cTpaTe-
TUU VCCIIETOBAHUN.

HpuHa BsiueciaBoBHa Oblia B pacliBETE CBOE KUITyUeit NesITeTbHOCTY U 3a/1a-
BaJla TOH MHOTMM HaUMHAHUSIM, MOJIepK1Basi BCE HOBOE, 0COOEHHO OTKPBIBIINECS
BO3MOKHOCTU KOMITbIOTEpHOI 00paboTku. MmenHo rpynna HUUSAD MI'Y Bme-
cre ¢ otnenoM M.IT.MBaHeHKO Hayaja aKTUBHO MCIOJIb30BaTh pacyeThl Ha KOM-
MbIOTEPAX TAKUX CIOXHBIX SBJICHUI KakK Trajo U cynepceMmeiicta. B Komtadopauymn
«[Tamup» MpuHa BsiuecnaBoBHa oTBeyasia 3a METOAMKY U OYEHb MHOTO BPEMEHM
yaensiaa ee pa3BUTHIO U aHaausy. Cepusi METOAUYECKUX SKCIePUMEHTATbHbBIX
paboT, conpoBoXaaeMasi CEpuell pacueTHO-TEOPETUUECKUX PabOT, BBHITOIHEHHBIX
nox pykoBoactsoMm M.I1.MBanenko B HUUAD MTI'Y, cosnanu 6a3y mist onpeaese-
HUSI 9HEPTUU YaCTULL C XOPOIlIell TOUHOCThIO, BOCCTAHOBJIEHUSI UCTUHHBIX CIIEKTPOB
13 U3MEPEHHBIX, JUISl IOHUMAaHUSI CYIITHOCTH SIBJICHUS TaJo U T.1I.

Oto Obla uges M.B. Pakobonbckoit — mobaButh Ha [lamupe riybokue
CBUHIIOBBIE KaMephbl, aHAJIOTUYHbIE KaMepaM B 3KCIepUMeHTe «MIOOH», Toraa
KaK OCHOBHBIMU YCTaHOBKaMHU 3KcrepuMeHTa «[laMup» 10 TOro SIBJASUIUCH yrjie-
ponnbie kKamepsl (C-POK), nmeroiine HeG0IbII0e YMCIIO PETUCTPUPYIOIINUX CJIOEB
U yriepoaHyto mullieHb. [To npemnoxennio HUMAD MI'Y 6buto penieHo cobu-
path r1ydookue CBUHIIOBBIE KaMephbl (Pb-POK) orpaHuyeHHO TUTOIIAaN C AECST-
KaMUu PErucTpUpyrolux ciaoeB. M3HavyalbHO Mpeanosarajoch UCIOIb30BaTh UX
IJIsT KaJTUOpOBKU JAHHBIX, TMojydyaeMbix ¢ nmoMolbio C-POK. 1 cBUHLOBBIX
KaMmep TpeOdOoBajoCh OOJIBIIOE KOJIMYECTBO PEHTTEHOBCKOW IJIEHKU, 0OpaboTKa
IUIEHKY OblJ1a OYeHb TPYIOeMKa, OMHAKO, OHW MUMEU LB psil MTPEUMYIIECTB:
KOHCTPYKIIMST YCTAHOBKM TO3BOJIsyIa 60jiee TOYHO OMNPENesiTh SHEPIrui0 Kacka-
1oB, 3(bEeKTUBHO pa3feIsaTh Kackalbl, 00pa3oBaHHbIE rTaMMa-KBaHTaMM U apo-
HaMM, 0oJiee TOUHO CBS3bIBaTh NMPOCTPAHCTBEHHbIE KOOPAMHATHI alpOHOB 1 raM-
Ma-KBaHTOB, U3y4aTh ()OPMY KackKaaoB OT aJpOHOB 1 raMMa-KBaHTOB, a TaKXke
3aKOHOMEPHOCTH IMOMIOIIEHMS aAPOHOB B TSLKEJIOM BEIIECTBE.

HMMeHHO 3TU KaMmephl 1ajJd BO3MOXHOCTh M3MEPUTh DS XapaKTepUCTUK
SIEPHBIX B3aMMOAEHCTBUI MPOTOH-CBUHEL B objgacTu 3Hepruit 20—100 T3B,
3aMEeTUM, YTO Jaxe B caMoM IocjeaHeM sKkcrnepuMeHTe Ha yeckopuTtessx (LHC)
SHEeprus MPOTOHOB B ITyuke cocTapisieT 15 T3B. IloapoOHO pe3yabTaThl OMUCHI-
BaeMbIX Jajiee uccienoBaHuil B akcnepuMeHTe [laMup npuBeaeHbl B MOHOTpa-

¢uu [3].
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Oco00eHHOCTH B3aUMO/IEICTBHIA aIPOHOB
NPH CBEPXBBICOKHX SHEPIrUsax

I'ano. XapaktepHoii yepToii raMMa-aIpoOHHBIX ceMelcTB ¢ Y Ey > 500 TaB
(rme Y Ey — cymMmMapHasi sHeprusi raMMa-KBaHTOB B COOBITUH) B MEXXIYHAPOIHBIX
SMYJIBCUOHHBIX 3KCIIEPUMEHTAX SIBJISIETCS BBICOKAsi BEPOSITHOCTh OOHAPYKEHUS
B MX COCTaBe «Tajio» — 00JbIIOro nuc¢y3HOTO IMSTHA ¢ MOBBIIIEHHON TIJIOTHO-
CThIO TOTeMHeHUs D B LIeHTpaibHOM YacTh coObITHSA. [10g100HbBIE COOBITUS peru-
CTPUPOBAIUCH U B 3kcniepuMmeHTe «[lamup» [4].

IIpu perrcTpanuu NEPBBIX COOBITUI C Talo (PM3UKU HE TIOHMMAaIN MPUYUH
BO3HUKHOBEHUS 3TOro sBieHUs. CTpOWINCh caMble pa3HOOOpa3HbIE TMIIOTE-
3bl, CPEIW KOTOPBIX Mpeo0iiagaay MHEHUS O TIOSIBIEHUU HOBBIX «9K30THYECKUX»
MEXaHU3MOB B siiepHOM B3aumoeiicTBur. Hamo 66110 MOHSTE B IEPBOM MPUOIH-
KEHUU, MOXHO JIU OOBSICHUTD rajo B paMKaX OObIYHOUN (pU3UKHU, Oa3UpyIoIIeics
Ha 9KCTPAIOISIIUN YCKOPUTENIbHBIX JaHHBIX (T.€. B paMKaX CKEMJIMHTOBOTO WJIN
KBa3UCKEWIMHTOBOTO aKTa), WJIM HEOOXOMMMBI «KaTacTpoUIeCcKre» HapylIeHUs
B CIIEKTPE POXKIAEMBIX BTOPUYHBIX YaCTHUIL U X MHOXECTBEHHOCTU. HyXXHO OBLIIO
TaK>Xe BBISICHUTH, BOBMOXHO JIM TTOSIBJIEHUE OOJIBIIIMX TaJIO0 B CEMENCTBAX OT MPO-
TOHA, WX XK€ OIPEIeSIONIYI0 pojb B 00pa30BaHUN 3TOro (heHOMEHa WrparoT
sanpa. [Tpumep rano cMm. Ha puc. 1.

Puc. 1. IIpuMep rano Ha nJeHKe B LIEHTpE ceMeiicTBa

ToaBKO ¢ TOSIBJIEHNEM TIEPBBIX PacUeTOB YIAJIOCh ITPOJIUTH CBET Ha MPUPOIY
raio. [1yst odpazoBaHusI rajio He0OXoAMMa KOHILIEHTpalusl 00JIbIIIOrO MOTOKA SHEP-
'Y Ha OOJIBIION (OTHOCUTEIEHO OMMHOYHOTO ITSITHA OT YACTUIIBI ) IUTOIIAIY B TIJICH-
ke. I1pu B3auMoaeiicTBUM giep odpa3yeTcsd MHOTO aIpOHOB, KaXKIBII 13 KOTOPBIX
JTaeT IJEKTPOMATrHUTHBIN Kackan, 3T DMK cOIBUHYTHI OTHOCHUTENIHLHO JPYT IPY-
ra 3a cyeT OOJBIINX Pt MOPOXKIAIOIINX UX aApOHOB, TAKNM 00pa3oM, MOXKET OBITh
IIOCTATHYTa HeOoOXoaMMasl TIJIOTHOCTh SHEPTHUH Ha JOCTATOYHO OOIITMPHOI TUTOIIA-
1. Ho BeposITHOCTB 3aperucTpHUpOBaTh CEMEMCTBO OOJBIIION SHEPTUM OT TSKEIOTO
aipa BecbMa HM3Ka, T.K. TP 3TOM HEOOXOINMO UMETh TIEPBIYHOE SIIPO C OTPOM-
HoIT sHeprueii. BeposgTHOCTh TeHepay cyliepceMeicTB ITPOTOHAMI BO MHOTO pa3
BoIme. [Ipn 3TOM «pa3mMasbIBaHWE» SHEPTUU ITO JTOCTATOYHO OOJBIION TUIOIIAIN
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U CBSI3aHHAS C 9TUM JAUCCUIIALIMS SHEPTUU MOXKET OCYILECTBISITHCS MHOXKECTBEH -
HBIM POXIEHUEM apOHOB, HO Topa3no 6oiee 3(h(HEKTUBHBIM MEXaHU3MOM JIUCCH -
Malyy SHePIUU SBJISIETCS 2JIEKTPOMAarHUTHBIN Kackan. Kak Obl10 yKa3aHo B paboTe
[5], HEOOXOMUMBI YPOBEHBb MOTEMHEHWSI MOXET JOCTUTaThCs MyTeM HaJIOXKEHUS
OOJIBIIIOTO YMCIIa 3JIEKTPOHHO-(OTOHHBIX KackanoB (DPK) B kamepe OT JoCcTaTOU-
HO PaBHOMEPHO pacIpeneeHHbIX HU3KOOHEPTUYHBIX YaCTUIl HAa OrpaHUYEHHOMU
TJIOIIAAM UMW Ke BeencTBue 3ddekra nmepekpbiBaHus rmeprudepuitHbIX odacTei
BU3yaibHO HabmogaeMbix DPK oT ynaBiimx Ha KaMepy BbICOKOIHEPTUYHBIX TaM-
Ma-KBaHTOB. B KaXXIoM KOHKPETHOM CIyyae poJjib TOTO WIM IPYroro onpenaesiser-
Csl UCTOpMEN pa3BUTHS SIEPHO-3JIeKTpOMarHuTHoro Kackanga (A9K) B atmocde-
pe. B mepBoM cityyae sHeprust KaXkaoil YacTUIIbI, TaJatolleil Ha yCTAaHOBKY, MOXET
OBITH HMKE TTOPOTra PerucTpallii MHAWBUIYaIbHOM YACTUIIBI B IJIEHKE, HO CyMMap-
HbIN 3(hHEKT MOATIOPOrOBBIX YACTUIL O0YCIABIMBAET MOSIBAECHUE TaJI0 JOCTATOYHO
oosbiioi muomanu. IlpeacraBisieTcss €CTECTBEHHBIM, YTO POJIb MOATIOPOTOBBIX
KBaHTOB B 00pa30BaHUM Tajio BO3pacTaeT ¢ dHeprueit cemerictBa. Takum obpaszom,
KOJIMYECTBEHHOE HapacTaHWe CJa00 MPOSIBISBILIMXCS TTPU MaJIbIX SHEPTHUSIX COObI-
THii 3(pdekToB (MoBbIIeHHbIH (oH U nepekpbiBaHue DPK) npuBoauT K Kaue-
CTBEHHO HOBOMY Il HAOJt0AaTe sl IBJIEHMIO (Ta0) IPY POCTE SHEPTUM CEMEICTBRA.
[Ipu 3TOM Heb3s1 OTPULIATH, YTO 0OPAa30BAHUE CAMBIX OOJBIIMX TaJ0 MOXET OBbITH
CBSI3aHO U C SIEPHBIMU MPOLIECCAMU, HO TAKHUE COOBITHSI MAJIOYUCIICHHEE, YeM Iajio
MaJIOM WJIM YMEPEHHOM TUIOLAIN.

CreayeT OTMETWUTb, YTO TIPU JAETAaJbHOM MCCIEIOBAHUU IPOOJEMBI Tajio
OoJibllIoe 3HAYeHHWE MMelda BO3MOXHOCTb MPUBJIEKATh SKCIIEPUMEHTAbHBIC
JaHHBIE TI0 MPOJOJBbHOMY M TOMEPEYHOMY Pa3BUTHUIO Tajlo B CEMEMCTBaX, 3ape-
TUCTPUPOBAHHBIX B ITyOOKUX MHOTOCIOMHBIX CBUHIIOBBIX KaMepax COTpyIHUYE-
ctBa «IlamMup», 4TO MO3BOIMIIO JETATBLHO pacIIM(PpPOBaTh 3TO COBEPIIEHHO HOBOE
SBJICHUE .

Asnenne BoicTpoeHHOCTH. [Tpu aHanu3e cemelicTB ¢ rasio ¢ ZEy > 500 TaB (yT0
OPUEHTUPOBOYHO COOTBETCTBYET SHEPIUMHY B3aMMOJEHCTBUS TTEPBUYHOI YaCTULIBI
EO > 1015 3B) 6bu11 06Hapy>XeHbI COOBITHS, B KOTOPBIX HAOIIOAAIMCH CTPYKTYP-
Hble (MHOTOLIEHTPOBBIE) Tajl0, BEICTPOSHHBIE BAOJb MPSIMOi JIMHUM B TIJIOCKOCTU
perucTtpanuu. Takas BbICTPOGHHOCTb HAJIMUME KOMIIIUIAHAPHOTO pasjieTa BTO-
PUYHBIX Han0OJIee BLICOKOIHEPIMYHBIX YACTHUII B aKT€ B3aMOACHCTBUSL.

JIorMyHbIM 1IaroM CcTajJlo OO0beAMHEHUWE OOBEKTOB, 3apPEerMCTPUPOBAH-
HBIX Ha pa3HBIX [JyOMHaX B KaMmepe (a, cliefoBaTesibHO, U 00beIMHEHUE raMMa-
1 aIpOHHOI KOMITOHEHT) MPU pacCMOTpeHUHU JaHHbIX. C 3TOl 1Ie1bI0 HaMU OBLIO
BBEIEHO MOHSTHE SHEPreTUYECKU BBIAECNIEHHBIX LIeHTpoB (DBLI) [6, 7], BBIIBU-
rarmoliee Ha MepBblil TUIAaH He TTPUPOLY MM BHEIIHUN BUI PA3IUYHBIX OOBEKTOB
B CEMEICTBE, a MX SHEPIUIO, MOCJE Yero pa3HOPOIHbIE HanboJiee BHICOKOIHEP-
TMYHbIe OOBEKThl CEMEMCTBA MOXHO aHAJIM3UPOBATh COBMECTHO (CM. puc. 2),
CIIPOELIMPOBAB UX C Pa3HbIX INIyOMH HAOJIOAEHUS HA OHY TJIOCKOCTD (Harpumep,
MOBEPXHOCTh KaMePbl MJIM, B CJTydae HAKJIOHHOTO MafeHUsI, HA COOTBETCTBYIOILYIO
HOPMAaJIbHYIO TIJIOCKOCTb).

OBII BxiroyaloT B ceds: 1) rajjo WM OTAEJbHbBIE LIEHTPHI (MOACTPYKTYPHI)
MHOTOLIEHTPOBBIX I'ajlo; 2) TaMMa-KJIacTephl, T.€. TECHbIE TPYIIITbl FAaMMa-KBaHTOB;
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3) oTnenbHbIC, U30JMPOBAHHBIE OT TaJI0 M KJIacTepoB, Hanbojee SHEPTUYHbIE FaM-
Ma-KBaHTHI B ceMeliCcTBe; 4) HanboJiee SHEPTrUYHbIE aIPOHBI B ceMeiicTBe (B YacT-
HOCTHU, aAPOHHBIE TaJo).

ITpumep akcnepuMeHTaabHOro cyrnepcemeiictsa ¢ OBII mpencrasieH Ha puc. 3.
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Puc. 2. Ob6sexmut cemeiicmea ( a — snekmpomacHumuoe eano, b — adpounnoe eano,
¢ — adpon, d — eamma-kaacmep, e — 2aMMA-KBAHM,), 3apecUcmpPUpo8aHHble
Ha pa3HbIX enyOUHAX 6 MHO20CAOUHOU Kamepe U noosexcauile cee0eHuo
6 eQUuHYI0 KapmuHy 015 Habaro0eHus aghgpekma evicmpoeHHocmu
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Puc. 3. Ilpumep evicmpoenuvix DBII: mumwennas ouazpamma eamma-aopoHHO20
cynepcemeiicmeéa Pb-6. + — adponvl, « — eamma-keanmol,
X — Haubonee 8blCOKOIHEpeUtHble AOPOHbI, @ — adpoHHoe 2ano,
@ — aneKmpomasHuUmHoe 2ano.
Llughpor okono 4-x Haubosee sHepeuuHbIX 00BEKMO8 cynepcemelicmea
YyKa3zviearom ux sHepeuio 6 ToB
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Puc. 4. 3asucumocms doau ebicmpoenHbix cobbimuil cpedu eamMma-ao0poHHbIX CeMeicme
om 3Hepeuu cemeticmea XEy : a — dasn 3-x DBII 6 kaxcoom cemeiicmeae;
0 — 0as 4-x DBl 6 kancdom cemeilicmee;
6 — ona 5-mu DBI 6 kaxcdom cemeticmee.

Irxcnepumenm: B — dannvle no enyobokum ceunyosvim POK namupckoeo sxcnepumenma;
O — dannsie no yenepoonsim Kamepam co8BMeCmHO20 POCCULCKO-SINOHCK020 IKCHEPUMEHMA
Ha [lamupe; Pacuem: wmpuxoeas aunus — pacyem no MSF-moodeau;
HNYHKMUPHAS AUHUSL — 0451 CAYUALHO OPOUEHHbIX MOUeK

TakuM 00pa3oM, MOSBUIACH BO3MOXHOCTh NMPUMEHUTH €IUHBINA ITOAXOM
B aHaJM3e Ha BBICTPOEHHOCTbH IS CEMEWCTB B IIMPOKOM JMana3oHe 3HEPTUil.
DTOT HOBBI MOAXOM Jajd BO3MOXHOCTh YBeJUUUTh B 10 1 Gojiee pa3 cTaTUCTU-
Ky 3KCHEPUMEHTAJbHBIX M PACUETHBIX COOBITHI, UCMOJb3yeMbIX IJIs aHajIu3a
BBICTPOEHHOCTH, a TAKXKE MTPOCIEAUTh IHEPTETUYECKYIO 3aBUCUMOCTb A PeKTa.

BaxxHbIM 11aromM, BBITIOJJHEHHBIM HaMH, ObLIM pacyeTbl (hJIyKTyallMOHHO-
ro ¢oHa CJIy4allHOTO ITOSIBJIEHUSI BBICTPOEHHBIX COOBITHI. DKCIEpUMEHTab-
HbI€ U pacueTHbIE NaHHBbIE 3aBUCMMOCTU BEPOSITHOCTM PErMCTpallMi COOBITHIA
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C BBICTPOEHHOCTBIO OT 3HEPTYHU COOBITUI JaHbl Ha puc. 4. J1J1s TOYeK 3TOTO0 rpadu-
Ka COBMECTHAasl JOCTOBEPHOCTb CYIIeCTBOBaHUS 3¢ eKTa BLICTPOEHHOCTH CTaHO-
BUTCS 99.98 %. OcoBGEHHO SIBHBII 1 GOJBILION POCT BEICTPOEHHOCTH HAOJI0IAETCS
B 3aBMCMMOCTH OT YMCJIa aipoHOB B cemelicTBe Nh , Kak mokasaj TOMOJTHUTEb-
HBII aHaJIM3. DTO CBSI3aHO C TeM, UTo pa3Max (aykryauuii Nh nipu ¢pukcrupoBaH-
Hoii EQ ropasno MeHblie, YeM aHajioruyHble aykryaiyu aist ZEy.

Hamu Ob10 TIpoBeneHO Takke CpaBHEHME AAaHHBIX MaMUPCKOTO SKCIepH-
MEHTa T10 BBICTPOEHHOCTM C YCKOPUTEIbHBIMM NaHHBIMM. Ha puc. 5 mokazaHa
3aBUCUMOCTb JOJY CEMENCTB C BHICTPOCHHOCTBIO OT KOJIMYECTBA paccMaTpuBae-
Mbix DBII. BugHo, uro mist cemeiicTB, odnanaroiux Nh = 1-3 (T.e. Majio3Hep-
TMYHBIX CEMENCTB), JOJS BBICTPOEHHBIX COOBITMI coBmaaaeT mpu Bcex NOBIL
¢ pacueTHbIM oHOM. [s cemericts xe ¢ Nh > 30 (E0 > 1016 3B) ata nons (Bepo-
SITHOCTb BBICTPOEHHOCTH) TOpa3io BhIlIe pacyeTHOro oHa BILIOTh 10 NOBII =
7. CnenyeT 3aMeTUTh, YTO YPOBEHb (hOHA CYyYalfHOU BHICTPOEHHOCTU HE 3aBUCUT
OT BHEPTUM B3aUMOJEHCTBUSI.
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Puc. 5. 3asucumocms doau cemeiicme ¢ 8b1CMpPOEHHOCMbIO OM KOAUHECEA
paccmampugaemvix 3Hepeemuyecku evioenenHvix yenmpos (9BII) 6 kaxcdom cemeiicmee:
HYHKMUpHAas Aunus — pacem no modeau MSF; B — sxcnepumenmanshole cemelicmea
u3 Pb-xamep ¢ Nh > 30; ® — sxcnepumenmanvHuie cemeticmea u3 Pb-kxamep
¢ Nh = 1-3; A — yckopumenvruie daunvie npu EQ = 250 5B (s3xcnepumenm NA22)

3nech Xe IoKa3aHbl JaHHBIE I10 J0JIe BBICTPOSHHBIX COOBITUI mJis OaHKa
nJanHbix akcriepumenTa NA22 B IEPHe (m—Au B3aumoneiicraue, EQ = 250 I'3B,
«MUILEHHBIN» 3KCIEepUMEHT) [3]. DTu 3HadyeHUs 3aMedaTeJIbHO COTJIaCyIOTCS
C YPOBHEM pacueTHOTO (PIIYKTyallMOHHOTO (pOHA ¥ JTaHHBIMU 110 MAJIOHEPTUIHBIM
CEMEMCTBaM, YTO IMOATBEPKIAET M BEPHOCTh HAIIIMX OLIEHOK CIIYYaiHOM BBICTPO-
€HHOCTHM I10 MOJIEJIbHBIM pacueTaM, U ITOPOTOBbIi XapakTep 3¢ ¢heKTa BHICTPOCH-
HOCTHU, HaOJII0AaeMOro JUILb TTpU 00Jb1MX Nh, cooTBeTCTBYIOIIMX O00abIM EQ.
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BaxxHbIM MOATBEPXIAEHUEM CYIIeCTBOBaHMS 3((deKTa BHICTPOEHHOCTHU SIBU-
JIUCh TaHHBbIE cTpaTocepHbIX ucciaenoBaHuii. M3-3a Maioro cios BelecTBa Haj
SMYJILCUOHHOM KaMepoil B cTparocdepe 3aperucTpupoBaHHOE CEMEMCTBO EsIB-
JIIETCSl C BBICOKOI BEPOSITHOCTBIO PE3yIbTaTOM HE MHOTHUX, 4 OTHOTO «4HCTOTO»
B3auMoJeicTBUSA. JIJIsl TTIOTHOTO TMPOsIBIIEHUs (DeHOMEHA BBICTPOCHHOCTU MOPO-
roBOi 3Heprueil mo oueHke Ilamupckoro corpyaHudectBa siisietcs:t EO » 1016
5B. CoObITHI1 TaKO# BBICOKOW SHEPrUU B CTpaTtocdepe K HACTOSIIEMY MOMEHTY
umeeTcs Bcero aBa. Hanbonee uHtepecHbIM siBisieTcs cynepceMeiictso CTPAHA
[8], 3aperucTpupoBaHHOe Mpu MoJjere aspocraTta ¢ Kamyatku 1o Bojru Ha BeicoTe
30—33 km. OuenenHas sHeprust EO = (1.0—1.1) -1016 3B.

Pesynbrar paccMOTpeHUsT HamMu BBICTpOEHHOCTU [9] B cymepceMmeiicTBe
CTPAHA npencrapneH Ha Puc. 6.
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Puc. 6. Muwennas ouaepamma yenmpanvroii uacmu cynep-cemeiicmea «CTPAHA».
Llughpamu 0603nauenvt nepsovie NAMb BbICOKOIHEPLUYHBIX AOPOHOB

3HauyeHNe CPEAHETO pt B pONUTEIHLCKOM B3anmoneicTeuu cyrepcemeiictBa CTPA-
HA nipeBbiiaet 2.5 I'aB/c (HauboJiee BeposiTHOI Ipeacrapisiercs olieHka = 10 I'3B/c).
N.B. PakobGonbckast Takke ydyacTBOBajla B paboTe IO aHaJIM3y 3TOTO COOBITHS.

B [10] ommcaHO yHMKallbHOE COOBITHE, 3aperMCTPUPOBAHHOE Ha BBICOTE
17 xm (okomo 100 r/cM2) peHTreHO-3MYJILCUOHHOM KaMepoli, YCTaHOBJICHHOMN
Ha CBEpPX3BYKOBOM camojieTe «KoHKopm». DTo raMMa-ceMeicTBO ¢ MepBUYHOMN
sHepruei okoso 1016 3B, a SEg » 1600 T3B. ITaTtb Hanboaee SHEPTUYHBIX TaM-
Ma-KBaHTa ¢ 3HeprusmMu cBbilre 50 TaB aBisioTcss BRICTpOeHHBIMU (CM. pUC. 7),
BCETrOo X€ BIOJIb JIMHUN BICTPOEHHOCTH PACIIONIOXEHBI 38 YacTUIl U3 3aperucTpu-
poBaHHBIX 211, 3Tn 38 ramMmma-kBaHTOB HecyT 51 % Bceil BUIUMOI 3Hepruu. Dto
€IMHCTBEHHOE CTOJIb CUJIbHO BBIIEJAEHHOE 10 SHEPIUU COOBITUE, 3apETUCTPUPO-
BaHHOE B dKcrNeprMMeHTe Ha «KOHKOpae», Py 3TOM B COOBITUSIX MEHBIIINX SHEP-
T'Ul SPKUX CIy4aeB BHICTPOEHHOCTH OTMEUEHO He OBLIO.
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Puc. 7. /luaepamma camvix snepeuuHviX 2AMMa-K8AHMO8
cmpamocgheprozo cobvimus JF2af2 6 sxcnepumenme na “Koukopoe” [10].
1o eepmukanu omaodicena snepeus 6 THB,

N0 20pU30HMANU — NPOCMPAHCMBEHHOE NOA0ICEHUE 8 MM

TakuMm o6pa3oM, B paMKax coTpyaHudecTBa «Ilamup» OBLIO YCTaHOBJIEHO
CYIIIECTBOBaHME HOBOTO SIBJIEHMSI — KOMILUIAHAPHOTO pa3jieTa YaCTUIL B aKTe siep-
HOTO B3aUMOAECWCTBUS M MPOBEIEHO ero MmoapobHoe ucciaenoanue [3, 11], yro
COBMECTHO C SIBJICHMEM T'aJlo CBUIETEIbCTBYET O IOSIBJIEHUU CYIIIECTBEHHO HOBBIX
YyepT B siiepHOM B3aumogeiictBuu ipu EQ > 1016 3B.

Teoperrueckuii MEXaHU3M SIBJIEHUS BHICTPOEHHOCTU A0 CUX ITOP HE OIpee-
JieH. BbIcKa3bIBalIUCh MPEANON0XEeHNSI OObSICHUTD 3TO SIBJICHUS C TIOMOIIIBIO pa3-
JIeTa XKEeCTKUX WU MOJYKECTKMX CTPYI B aKTe B3aUMOIEICTBUS, C IIOMOIIIbIO pa3-
phIBa KBapK-TJIIOOHHON CTPYHBI WJIM BpallaTeIbHOIrO MeXaHU3Ma, BO3HUKAIOIIETO
MPU BBICOKOSHEPTUYHOM COyIapeHuU ABYyX 00beKToB. [1osABIsInCh 1axke padoThI,
Mpearojaralonue U3MeHeHUe pa3MepHOCTY IIPOCTpaHCTBA B MUKpOMAcIITade
MPY B3aMMOJAEHCTBUN CBEPXBLICOKON dHepruu. Ho yeTKux ommcaHuii B paMKax
KaKOW-JIMOO TeOPUU HE BO3HUKIIO.

IIpy aHanmM3e CTONKHOBEHMII BBICOKOM MHOXECTBEHHOCTHM B 3KCIIEpU-
MeHTe CMS, B KOTOpBIX pOXAAIOTCS 00Jiee COTHU 3apsisKeHHBIX YacTULL, ObLIN
O0HAapYXEeHbl KOppesIIUM YacTHUll, pa3fieTaloIuXcs I10A OOJJbIIMMU yTIaMHU
JIpYT K IPYTy, HO JIeXallUX NMPAaKTUYECKU B OMTHOU MOIMepevyHOl TI0CKOCTU. DTO
MPUBOAUT K OOpa3oBaHUIO JIOKAJILHOTO MPOTSKEHHOIO MaKCMMyMa — <«XpeO-
Ta» (ridge) — Ha AByMepHOM paclpeneJeHun (PYHKUNN KOppeasluuyu MpUu pas-
HUIIE a3MMYTaJbHbIX YIJIOB BbUIeTaroIIuX yacTull Dj ~ 0 maxe OOJbIINX pa3HUIL
niceBnoObicTpoT Dh. B omnpeneneHHBIIT MOMEHT BBIABUTAJIOCh IPEAIIOIOXEHUE,
yTo HabmomaeMblii Kommabopauuein CMS B croikHOBeHMHM TTpoToHOB Ha LHC
punx-3¢ddexTt 1 Habmogaemoe Komnabopamueit “ITamup” B 3MyJIbCUOHHBIX 9KC-
MepUMEHTaX ¢ KOCMUYECKMMU JIydaMU SIBJICHHE BEICTPOCHHOCTH MSITeH Ha IIJIEHKE
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€CTh MPOSIBJIECHNE OJHOIO U TOTO K€ HEMOHSITHOTO ITOKa MeXaHM3Ma BO3HUKHO-
BEHUSI KOMILJITaHApHOU CTPYKTYpbl coObiTuid [12]. Ha ocHOBaHUM 3TOi rumore-
3bl MOXXHO ObLIO OBl MpeAcKa3aThb 3aMETHBIN KoMIllaHapHbIN a¢hdekt Ha LHC
B obJacTu nepenHux ObicTpoT. Ho Takoe ucciaenosaHue He ObUIO OCYIIECTBIEHO.

HccaenoBanue k03 (HUIMEHTOB HEYNIPYTOCTH
BO B3aMMO/IECTBUAX MPOTOH-BO3YX M MPOTOH CBUHEII.

I'mybokue CBUHLIOBBIE KaMephl, TipeaiokeHHbie M1.B. Pako6oabCcKoit, To3B0-
JIWJIY U3y4aTb HE TOJIbKO FraMMa-ceMeicTBa, HO 1 MOoJay4YaTh CIEKTPbl OAMHOYHBIX
aJpOHOB U U3y4yaTh NpoaojbHoe pazButue SADK B Tskenom BeuectBe. OauHOY-
HbIe aApoHbl — 3TO Toxe ocTtaTku IITAJI Gonee HU3KUX 3HEPruid, appeKTUBHAS
9HEPrusl B3aMMOJEICTBUS KOTOPBIX COCTABIISIET AeCATKU — cOTHU T3B. Habmona-
€MBbI€ CIIEKTPHI aIpOHOB OIIPEACIISIOTCS IICPBUYHBIM CITEKTPOM YaCTHII M XapaKTe-
PUCTUKAMU B3aMMOICHCTBYS IIPOTOH- SIAPO BO3AYyXa IIPU 3TUX SHEeprusix. UMeHHO
5TH KaMepbl JaJd BO3MOXHOCTh M3MEPUTh PSII XapaKTepUCTUK SIEepHBIX B3a-
WMOJEUCTBUI MPOTOH- cBUHEL B objacTu sHepruit 20—100 TsB u obHapyXuTh
aHOMaJIbHOE TOMIOIIEHe Ha OOJbIIMX TyOMHAX CBMHLA. 3aMETHUM, YTO JIaxe
B caMOM IIocyienHeM skcnepuMeHTe Ha yckoputelsax (LHC) sHeprust nmpoToHOB
B nyuke coctapisier 15 TaB. ITogpoOGHO pe3yabTaThl MUCCAEAOBAHUIA B SKCIIEPU-
MeHTe ITaMmup npuBeaeHbl B MOHOrpaguu [3].

B Haimx pabotax ObL10 MOKa3aHO, 4To KO3 duuueHT Heyrpyrocty Ktot (mos
SHEpIUH, IepelaHHasl B OMHOM B3aMMOIEHCTBUM BO BTOPUYHEIC YaCTULIBI, M UMEH-
HO 3Ta OJS OMNpedesisieT CKOPOCTb Pa3BUTHsSI KacKaaoB B aTMocdepe M CBMHIIE)
He SIBJISIETCS BeTMYMHOM MOCTOSIHHOM, HE 3aBUCSILEH OT SHEPruy 4acTULbI U Mac-
CHI SIApa-MMIIEHM, KaK JOJTOe BpeMsl CUUTATIOCh B KOCMMUYECKHMX JTydaX. YXKe B cepe-
nuHe 80-X rogoB M3 NaHHBIX HECKOJBKUX SKCIEPUMEHTOB CJIEAOBAIO, YTO MOIEIU
KBapK-TJIIOOHHBIX CTPYH C pacTyIIM KO3(POUIIMEHTOM HEYIIPYTOCTH JIYYIIIe OIUCHI-
BalOT B3aMMOAEICTBUSI C siIpaMU Bo3ayxa npu aHepruu 6osee 1015 3B. beuio yrouHe-
HO noBeJicHIe KO3 PHUIIMeHTa HEYIIPYTOCTH BO B3aMMOIEHCTBUSIX IIPOTOHOB C SIIpa-
Mu Bosayxa mpu sHeprun 20—1000 T3B: Ktot = 0.60—0.66 ripu sHepriv okojo 50 TaB
U c1abo pacTeT ¢ pocToM sHepruu a0 BeauurHbl 0.64—0.70 mpu sHepruu 1000 ToB;
BO B3alIMOJIEICTBUSIX IPOTOHOB C simpamu cBuHIIA Ktot 3aMeTHO OOoJbIIe ¥ COCTaB-
qser BennuuHy 0.71—0.77 npu sHeprum 50 TaB. IlomydeHHBIE BBIBOABLI XOPOILLIO
WHTEPIPETUPOBAIUCH B paMKaxX TOJIBKO YTO TMOSIBUBILMXCS TOTAA MOJEIE MHOXKe-
CTBEHHOT'O POXIEHMS KBapK-TIIOOHHBIX CTpyH, Takux Kak QGSJET, VENUS, MC0.
I1o m3ydeHMIO0 CKOPOCTH TIOIJIOIICHHUSI TaMMa-CeMEICTB B Bo3myxe (3deKTBHAS
sHeprus okojio 1—10 I1sB) 1 onMHOYHBIX aAPOHOB B CBUHLIE (3(D(eKTUBHAsI SHEPTUs
B3aUMOJEMCTBUSI COCTABISIET AecATKU T2B) ObLIO MOKa3aHO, YTO CEUYEHUsT HEYIpy-
rOro B3aMOJEHCTBUS MPOAOJIKAIOT PACTU C POCTOM SHEPTUM, TTPUUYEM HE TOJBKO BO
B3aUMOJEHCTBUSIX C SIApaMU BO3yXa, YTO ObLIO YCTAHOBJIEHO paHee, HO Y BO B3aUMO-
JIecTBUSX ¢ aapamu cBMHUA. Ecin npu sHeprun 200—280 I'3B opPb = 1750 + 55 M6
[3], To pu sHepruu 50 TaB opPb = (2000 £ 120) m6. ITpu 3TOM pa3HULIA MEXTY
CeYeHNEM HEYIIPYroro B3auMOIeHCTBIS ITMOHOB 1 IIPOTOHOB C SIAPaMy CBUHIIA HUABE-
JIUPYETCS C POCTOM SHEPIUU U COCTABISIET BemunHy He 6omee 10% mpu 50 TaB.
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IIpoBepka sddekra Jlannay-Ilomepanuyka- Muraana

BnepBoie yganoch B 00JacTu 3Hepruil aecatku T3B skcnepuMeHTaabHO
npoBepuTth Bausinue a¢dekra Jlanmay-ITomepanuyka-Murgana. C nosiBaeHUEM
KPYMHOMACIITAOHBIX PEHTIEHO-3MYJIbCUOHHBIX KaMep, MO3BOJUBIIMX MPOABU-
HYTbCSI B 00J1aCTh MCCAEAOBAHMSI SHEPTUM B3auMoeicTBUs Oojiee necsaTkoB T2B
Ha CBMHIE, B Hayaje 80-X romoB OCTPO BCTajJ BOIPOC O MPUMEHUMOCTH DJIEK-
TPOMAarHUTHOI KaCKaaHOI TeOpuU B 00JJACTU CTOJIb BLICOKMX 3Hepruil. Kak eiie
B 50-x romax BrepBble yka3anu Jlangay u ITomepanuyk [13], Teopuss TOpMO3HOIO
U3JlydeHus1 U oopa3oBaHMs map, pa3Burast bete u Taiitiepom (bI'), ctaHoBUTCS
HecHpaBelJIMBOM B IJIOTHBIX cpeaax MpU aHeprusx yactul oosee 1 ToB n3-3a Biu-
SIHASI MHOTOKPATHOTO pacCessHUsI, KOTOPOE MPUBOIUT C POCTOM SHEPIUU K YMEHb-
LLIEHUIO BEPOSITHOCTU MCITyCKAHWSI raMMa-KBaHTOB 3JIEKTPOHOM. U K YMEHbIIIe-
HUIO BEPOSITHOCTU 00pa30BaHUs 3JEKTPOH-TTO3UTPOHHOM Mapbl raMMa-KBaHTOM.
CTtporoe KBaHTOBO-MEXaHMYECKOE paccMoTpeHue 3ddekTa ObUIO MPOBEAECHO
Murganom B pabote [14]. MccneqoBanue A.A. ITomanckoro [15] Ha ocHoBe [14]
JIaJI0 BO3MOXHOCTb paccuuTath AuddepeHIraaIbHble BEPOSTHOCTU 3JEKTpoMar-
HUTHOTO U3JIYYEHUS B CBUHIIE: (POTOHOB BJIEKTPOHAMU U e+e—-T1ap (hOTOHAMMU.
ITox pykoBoactBoM M.B. Pako0OojbCcKO#i ObLIO MPOBEAEHO MCCASAOBAaHUE pac-
npeaenenuit DPOK mo nonoxeHuo MakcumyMa kKackana B kamepe F(Twmax) mns
JIBYX 9HEPreTUYeCKUX MHTEPBAJIOB 1 MOKAa3aHo, UTo yxKe B uHTepBaje 10—30 ToB
co cpenHeil aHeprueil kKackamoB <E0> = 17 TsB skcnepumeHTanbHas riiyouHa
MakcuMyMa <Tmaxakcn> otaudaetcs oT <TmaxbI™> s KacKagHbIX KPUBBIX
c ceueHussimu BI' Ha 1.5 k.e., T.e. OoJiee, yeM Ha ABe oLIMOKHU. B sHepreTuueckom
uHtepBaje 30—70 ToB ¢ <E0> = 41 T3B otanune <Tmaxaskcn> ot <TmaxbI'>
ele 0oJiee 3HAUMMO U cocTaBsieT ~ 3 K.e. B To xke Bpemsa <TmaxaKcI> B yKa3aH-
HBIX SHEPreTUYECKUX MHTepBajax B Mpeaenax olnbok coracyroresd ¢ <TmaxJI-
IIM>, nony4eHHBIMU JJ151 KACKAAHBIX KPUBBIX ¢ cedyeHusiMu JITIM.

M3yyeHue noronieHusi B CBUHIE aJIPOHOB

ITon pykoBoactsoM M.B. Pakob6osbcKoil MpoBeneH eIUMHCTBEHHBIA B CBOEM
poAe 3KCIEPUMEHT IO M3YyYEHUIO MOIJIOLIEHMS] B CBUHIIOBOM MOIJIOTUTENE aapo-
HOB KOCMHWYECKOTO U3TYyYEHMUS C SHEPTUSIMU HECKOIBKO AeCATKOB T3B 1o riyouHbl
7 Aint 1 ¢ TpocTpaHCTBeHHBIM pa3pemrenneM 300 MmkM. B xonme 80-x romoB B 3Kc-
MepUMEHTaX ¢ KOCMUYECKMMMU JydyaMM ObLIM OOHApy>K€Hbl HEKOTOPbIE aHOMAJINH,
HEOOBSICHUMBIE C TOUKU 3pEHMST OObIYHBIX IPEACTaBICHUI 00 aNpOH-SAePHbIX B3a-
nmoneiicTBusix. B yactHoctr, Ha TsaHb- IllaHECKOM MOHU3AIIMOHHOM KaJIOpUMETPe
[16, 17] monydeHBI pe3yabTaThl, CBUAETEIBCTBYIOIINE O IOSIBICHUU M30BITOYHOI
WOHU3ALIMU Ha O0JIBIIMX [NTyOMHAX B CBUHLIOBOM NorjaoTutese. OaqHako u3-3a 0071b-
LLIMX PETUCTPUPYIOIIMX KaMEP U3y4aloCh MOMIOIIEHUE HE OMHOM YaCTULIbI, @ BCETrO
ctBoia IIAJL. Jlna o6bsicHeHus Habmogaemoro a¢gdekra aBropamu pador [16, 17]
Obula TpeaIoXKeHa rnoTe3a POXIACHUS BO B3aMMOJEUCTBUSIX aIpOHOB C SApaMU
CBUHLIA MPOHMKAIOIIMX YaCTULl, KOTOPhIE, pacragasich B IyOMHE KaJlopuMeETpa,
CO3IaI0T M30BITOYHYI0 MOHM3ALNI0. YacTUIIBI ¢ OTKPBITHIM YapMOM — O4YapOBaH-
Hble WX YapMUPOBAHHBIE aApOHbl — MOAXOAUJIM HA POJIb TAKUX MPOHUKAIOIIMX
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yacTMll. BpIcKasbIBajioch TakKe TPEINOJIOXKEHUE, YTO MCTOYHUKOM aHOMAJIuid,
Ha0II0IaeMBbIX B JIMBHSIX MHUIIUMPOBAHHBIX MIOOHAMU, MOTYT OBITh HEKHE TSIKEJIbIe
JIOJITOXKUBYILME YaCTULIBI, CJ1a00 morjouatiecs B atMmochepe [18].

151 MOMCKOB aHOMaIWii B morioleHu aapoHoB M. B. Pako6obcKoit 06110
MpemIoXXeHO Mpos3KcroHupoBath POK 3HauuTtenbHO OOJbIIEH TyOUMHBI, 4eM
HCIob30BaBIIMecs paHee, a uMeHHO 110 cM. CunHuoBas POK mocraroyHoit
ryOrHBI (6—7 TTpo6eroB IJIsl B3aUMMOJEHCTBYSI apOHOB), NMEOIasi yHUKAJIbHOE
10 CPaBHEHMIO € 3JIEKTPOHHBIMM IETEKTOPAMU MPOCTPAHCTBEHHOE pa3pelieHne ~
300 MKM, 1aBajlo BO3MOXHOCTb M3y4aTh MOMJIOILIEHUE aApOHOB, HE UCKAXXEHHOE
COIMPOBOXIEHUEM BTOPUYHBIX TMOHOB U F'aMMa-KBaHTOB U3 aTMOCGhEphl; U3Mepe-
HUME KOOPAMHAT KaXk/I0ro COOBITHSI HA pEHTTEHOBCKOM TIJIEHKE TTO3BOJISIET BOCCTa-
HaBJIMBaTh FEOMETPUIO TPOXOXKIECHUS YacTull B Kamepe. M B 1983/84 1 1986/87 rr.
Kamepbl TayouHoin 110 cM ¢ 34 ciossMU peHTTeHOBCKOM TIJIEHKU. ObUTU COOpaHbI
1 TIPO3KCITIOHMPOBaHHI. Jlajsiee Havyasics TPyAOEeMKMI Mpoliecc 00pabOTKU, MOJy-
YeHBbl XapaKTEePUCTUKM TIOTOKA aapOHOB B KaMepe W Haja KaMepoii, MOCTPOCHBI
pacrpezesieHus: KackKaJoB 10 ITyOMHaM 3apOXIACHUS B Kamepe JJisl pa3HbIX 9HEp-
TUii, YIJIOB MPUX0/a, MTPOBEACHO U YYTEHO UCCIIeNOBaHNE BO3MOXHBIX (DOHOBBIX
KackajioB, B MEPBYIO o4yepelb BKJIaa KackKaaoB OT MIOOHOB Ha OOJIBIIMX TIyOu-
Hax cBUHIIA. Bce nccienoBaHus conmpoBoXaainuch cpaBHeHneM ¢ MoHTe-Kapio
MonenupoBaHueM. PacueTHast BenmurHa ripo6era 210 r/cm? Obljia MojTydeHa HaMu
C YUETOM METOANYECKUX OCOOEHHOCTE! perucTpaiuu 1 oTbopa 4acTUll Mo Mpo-
rpaMmme, 6a3upyrolieiics Ha aiIMTUBHOM KBApKOBOI MO/IeJIU aIpOH-SIIPO B3aUMO-
JEeWCTBUI, TIe ObUIO MOKa3aHOo, YTO 3Ta MOJIE/b JOCTATOYHO aIeKBATHO BOCITPOU3-
BOAUT OCHOBHbIC XapaKTePUCTUKU KACKaJ0B OT aJPOHOB M KPUBYIO MOTIOLIEHUS
agpoHOB Ha rmyouHax cBuHUA 10 40 cM [3, 19]. DkcnepuMeHTalIbHOE pacipeaee-
Hue dNakcri/dt, moctpoeHHoe no 770 KackamgaM OT aApOHOB ¢ SHEPTUSIMU OoJiee
20 T=B u npuBeneHHOE Ha PUCYHKE, OMUCHIBAETCS 3KCIIOHEHTON B 00JacTy 10
80 k.e. ¢ moka3atesneM Lu3am=212 r/cM? , 4TO XOPOIIIO COIJIACyeTCs C pacyeTaMM,
a B obsactu 6osiee 80 K.e. OHO OKa3aja0Ch 3HAYMTENbHO Tojoxe. HabmogaeMbIit
Ha OOJIBLIMX ITyOMHAX U3OBITOK KackamoB coctabisgeT ~30% OT MOJHONM MHTEH-
CUBHOCTM KacKaaoB Ha rinyonHax 73—132 k.e. (Oxuganoch 123 Kackaga oT agpo-
HOB, a 3apErMCTPUPOBAHO C BbIUETOM (POHOBBIX COOBITHI 184). Bblin neTanbHO
MpoaHaJU3MPOBAHbI TTOJTYUYEHHBIE XapaKTEPUCTUKN KacKaloB B HUKHEN U BepX-
Heil yacTu KaMephl, CIIEKTPhI, YIJIOBble pacnperneneHus. Hanpumep, eciu 31o
HEJOYYTCHHBIE MIOOHBI, TO UX CIIEKTP HAa €NIUHUILLY Kpyde, 1 OHU UMEIO COBEPIIICH -
HO JIpyroe yIJIOBOe pacnpesesieHre, YeM MIOOHbBI, POJIMBIIMECS U3 PacIaBIIMXCS
MUMOHOB. HUKaKMX pe3Kux pa3uuunii He ObLJI0 OOHAPYXKEHO.

Ha puc. 8 mokazaHo pacnpeieneHue SKCIEePUMEHTAIbHBIX KacKaloB IO Ty-
ouHam 3apoxaeHus1 B cBuHUEe dNakcn /dt, monydyeHHOe Mo Bceil crtatuctuke 770
KackanoB Ha rimyorHax 22—190 k.e. [11s1 cpaBHeHYs TPYBEACHBI TOUKH, TTOJTyYeHHbIE
o Oonblleit ctatTiucTuke B Kamepax 40 cM riyouHoii. @oHOBbIE COOBITUSI BHIYTEHBI
13 3TOro pacrpeneacHus. PacueTHoe pacrpenesieHre KackanoB, MOJyYeHHOE B e -
TMOJIOXKEHUHM, YTO Ha KaMepy TafaloT OObIYHBIE TTMOHBI ¥ TPOTOHBI, 0003HAYEHO TTyH-
KTUpHOU JuHuel. CIUIoNIHOM JMHUel 0003HaYeH BapyMaHT pacyeTa, KOoraa B IOTOKE
MPUCYTCTBYET MEUICHHO MOIJIONIaoIIasicss KoMIoHeHTa ¢ ipooeroM 2000 r-cM2,
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Puc. 8. Dxcnepumenmanvroe pacnpedenenue no enyournam 3apoxicoeHus Kackaoos 6 CéuHue:
mouku 8 kamepe 2ayounoii 40 cm, kpecmuxu — 6 kamepe 110 cm. Pacuemnoe pacnpedenerue
Kackados, noay4eHHoe 8 NPEeONOA0NCeHULL, YMO HA Kamepy nadaiom 00bi4Hble NUOHbL
U RPOMOHbL, 0003HaAHeHO NYHKMUPHOU aunuell. CniowHoil AuHuell 0603HaueH 8apuanm
pacuema, K020a 6 NOMOKe NPUCYMCMaEyem MeoaeHHO NOAOWAIUASC KOMNOHEHMA
¢ npobezom 2000 e/cm?.

Kak yxe ymoMuHaaoch, OMHO M3 BO3MOXHBIX OOBSICHEHUI OBLIO Tpe-
JIOXEHO paHee — pOXAeHME BO B3aUMOICHCTBUSIX aIpOHOB CO CBUHIIOM pac-
NagamlMXcsd 4acTUll, NMPOOEeru KOTOPbIX CPaBHUMBI C TJIyOMHOM KaMephl:
HE MeHee HEeCKOJbKMX JIECSITKOB CAHTUMETPOB M He OoJsiee 1.5 MeTpoB Ipu
sHeprusax 20 > TaB g Toro, 4yTobbl MPOAYKTHI MX pacnana MOIJIU ObITh
3aperucTpupoBaHbl B Kamepe rayonHoit 110 cm. OT Takux yacTull TpedyeTcs
Tak>Xe, YTOObl OHU MPOHOCUJIN SHEPTUIO B I1yOb CBUHIIOBOTO MOTJIOTUTENS,
MMpakKTUYSCKHN HEe pacxodys ee B sSAepHBIX B3amMmouelicTBusix. HakoHen cpe-
Y NPOAYKTOB pacliaaa onpeaeieHHYI0 4YacTbh JOJKHBI COCTaBJISITh JIEOTOHBI
U HeWTpajabHble MUOHBI AJ151 9P (HEKTUBHOM Mepenauyn dJHEPTUU B TaMMa-KBaH-
ThI. 13 MHOXeCTBa M3BECTHBIX K HACTOSIIIIEMY BpeMEeHH YaCTUIl TAKUM yCJIO-
BUSIM YIOBJIETBOPSIOT YACTHULIBI C TSKEJIbIMUA KBapKaMu, U 00jee WJIN MeHee
M3ydeHbl YapMupoBaHHBIe YacTulbpl. X Macch nopsiaka 2 I'aB/c, BpemeHa
xku3HU — oT 1.8:10—13 cex (Ac), mo 1.07-10—12 cex (D=x) [20]. Koaddpu-
IIACHT HEYIIPYTOCTH BO B3aMMOACHCTBUSIX YapMUPOBAHHBIX YAaCTHUII C Belle-
ctBoM Main Ktot ~ 0.1 [21]).

brina co3maHa mporpamMmma, OCHOBaHHasi Ha MOJAEIM KBapK-TJIIOOH-
HBIX CTPYH [3], B KOTOpPOUl MPOMOIEIUPOBAHO pa3BUTHE KAaCKadOB B CBUH-
IIe C YYETOM POXASCHMS YapMHPOBAHHBIX YaCTHUII. DTa IIporpaMma XOpoOIIo
onuchiBaja MOrJOILIEHWE B CBUHIIE OOBIYHBIX aAPOHOB HAa HEOOJIbIINUX Y-
OuHax CBMHILIA, 0€3 BKIIOUYEHUS POXKICHUS YapMMUPOBAHHBIX YaCTUL] MOTJI0-
IIIEHUWE OJHOPOJHO M XOPOIIO AaMNMPOKCUMUPYETCSI SKCHOHEHIMaJIbHBIM
3aKOHOM C €IMHBIM JJis Bcex rayouH mokasareneM Lusm = 215 £10 r/cm2.
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IIpu MoagenvpoBaHUU PKCHEPUMEHTA C YYETOM POXAECHMUS YapMUPOBaAHHBIX
YacCTUI] Mbl MOTJIM BAapbUPOBATh OTHOCUTEJIbHOE CEUEHUE POKIECHUS C — aHTH
¢ mapbl Ha cBUHIE Ac. B peHTreHO-3MYJIbCUOHHBIX KaMepax He U3MepseT-
csl MepBUYHAsI SHEPTUs agpoHa, oOpa3oBaBIIEeTO JaHHBIN KacKaa Ha YPOBHE
HaOJIIOEHUSI, OMHAKO IO JTaHHBIM PacyeTOB MOXHO OBIJIO OLIEHUTh XapaKTe-
puctuku pPb-B3anMoneicTBUA, B KOTOPBIX T€HEPUPYIOTCS YapMUPOBaHHbBIE
YacCTHUIIbl, OTBETCTBEHHBIE 32 U30BITOYHBIE KacKalbl: 3(HEKTUBHAS IHEPTUS
B3aMMOAeCTBUS oKa3ajach MpUOJIMU3UTeIbHO paBHOM 75 T3B, Tonbko yap-
MHUPOBaHHBIE YaCTUIBI, YHOCsIIME OoJiee yeM 1/3—1/2 sHepruu nepBUYHOMN
YacCTHUIIBl, MOTYT MCKaXaThb KPUBYIO IOTJIOLIEHMUST alpPOHOB, MMO3TOMY MOXHO
OILIEHUTh TOJBKO CEUYEHUSIX POXIECHUS yapMa B objlactu 6osbiux XF. Benu-
YUHAa IMTOJITHOTO CeYEHMS POXIEHUS yapMma, TpedyemMasi IJIsl OIIMCaHUs U3JI0Ma
KPUBOU TOTJIOLIEHUS, HA0II0AaeMOTr0 B HUXXHEN 4acTU TJyOOKOH CBUHIIO-
Boii kamepsl, coctanisieTr ~20% — 50% ot Heyrnpyroro ceueHusi opPbin nipu
cpelnHeil aHepruu B3aumoaencTeusa 75 TaB, npu nepecyeTe 3TOil BEJIUUUHBI
Ha HYKJIOH TpeOyeTcs mpeamnoJiaraTb JMHENHYIO (M1 OJIM3KYI0 K JIMHEMHON )
A-3aBUCUMOCTb Ha spe CBUHIA B obsacTu pparMeHtanuu. B aTom ciyyae
BEJIMYMHA Oppin OKa3bIBaeTCs AOCTAaTOYHO O0bIIoi 3+1.5 MO/HYKIIOH, 4TO
cocTaBisgeT 6% OT HeyIlpyroro ce4eHus] B Pp-CTOJKHOBEHUSX MPU DHEP-
ruu 100 ToB. /Io cux mop Takume 3HEPTUU HEIOCTUXKMMBI Ha YCKOPUTEISIX
B MUILIEHHBIX KCIIEPUMEHTAaX.

ITo aTol ke mporpaMmMe ObLIM MOCYUTAHBI CIIEKTPHI MIOOHOB, U3MEPEH -
Heie B MI'Y non pykoBoactsom U.B. Pakobonbckoii u I'.'T. 3auenuHbIM (CM.
CTaThlO B 3TOM cOopHUKe U [22]). YcTaHOBKM MPEACTABISIM COO0U rnydoKue
CBMHIIOBbIE PEHTTEHO-3MYJIbCUOHHBIE KaMephl, PACHOJOXEHHbBIE ITOI 3eM-
JIel B 1IaxTax METPO, YacTh M3 KOTOPBIX OblIa pacroyioxkeHa moj yriom 450
K TOPU3OHTY I yBeau4YeHUsT 3¢(HEKTUBHON MIOMIAAU PETrUCTpalluid MIOO-
HOB, UAYIIUX MTOJ OOJBIIMMU yTJaMU. BbLTIO TTOJIydeHO, YTO CIIEKTPHI MIOOHOB,
npuxoAsImux non yrjioM 0 < 600, cTaHOBSITCSI 00Jiee MOJOTUMU TIPU SHEPTUU
6onee 10 ToB, B To BpeMs, KaK CIIEKTPbl MIOOHOB MO OOJBIIMMU YIIaMU
MMEIOT MoKa3aTejb HaKJOHA MHTErpaJibHOTO crliekTpa y= -2.68. KauecTBeH-
HO Takoe MOBEeAeHME CIIEKTPOB MIOOHOB XOPOIIO OOBSICHSIOCH BKJIAaIOM TaK
Ha3bIBa€MbIX «IIPSIMBIX» MIOOHOB. OOBIUHBIE MIOOHBI OOPa3yIOTCs B pe3yJibTa-
T€ pacnangoB 3apsKEHHBIX TMOHOB U KAOHOB, UTO MPUBOJAUT K CIIEKTPY MIOO-
HOB B aTMocdepe Ha 1 Kpyye, yeM IepBUYHbBIE CIIEKTPhI, TaK KaK C yBEJIU-
YyeHUEeM 3HEpPruu npoder B3aMMOJCHCTBUS CTAHOBUTCS MEHBIIE pacHaaHOro
nmpoGera ME30HOB. A «IpsSIMbi€» MIOOHBI IPOUCXOIST U3 pacHagoB YapMUPO-
BaHHBIX YacTULl (MJIM YacTUll ¢ b- U t-KBapKaMu), oOpa30BaHHBIX BO B3aMO-
NeCTBUSIX alpOHOB C sSapaMu Bo3ayxa. [lo3ToMy sHEepreTMYeCKue CIIEKTPhI
MPSMBIX MIOOHOB JOJDKHBI OBITh OJU3KM K CIIEKTpaM MEPBUYHBIX HYKJIOHOB.
Ecnu B mccnenyeMoii o6iacTu 3HEPTrUid CeYeHUE POXIASHMs yapMma pacTerT,
TO CHEKTPHI «IIPSIMBIX» MIOOHOB JOJIKHBI OBITh MOJIOXE, YEM CITEKTPHI IIEPBUY -
HbIX HYKJIOHOB. [10o3TOMY noJIKeH HabJI0aaThCsl U3JIOM CYMMapHOTO CIIEKTpa
MI0O0HOB. Ha puc. 9 mpencraBiieHbl CIIEKTPbl MIOOHOB, U3MEPEHHbBIE Ha MO/~
3eMHoOIt yctaHoBke MI'Y [2] (kBaapaThl) B cpaBHEHUU ¢ pacyeTamu o MQ.
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Puc. 9. Cnexmpul miooHo8, usmepenHsie Ha nodzemuoi ycmarnoske MT'Y
6 cpasnenuu ¢ pacyemamu no MQ c yuemom Ac=0.1 ( 36e300uxu)
u eapuanm ¢ Ac =0.2, (ueprnoie Kpyxcku) u 6e3 ywema (Ac=0. omkpuvimoie KpyyucKu)
PONCOCHUSL YAPMUPOBAHHBIX YACMULY,

CnexTpbl MIOOHOB, paccuMTaHHbIE B paMKax MQ ¢ BKIIIOUEHUEM POXKIE-
HUS YapMUPOBAHHBIX YACTHUIL C OTHOCUTEJIbHBIM cedeHueM Ac=0.1 u Bapu-
aHT ¢ Ac =0.2, KaK BUIHO U3 pUC. 9, MOKA3BIBAIOT, YTO BBEIECHUE POXICHUS
YapMUPOBAHHBIX YaCTUIl 3HAYUTEJNBHO YJIydIllaeT COTJacue B3KCIIepUMEHTa
¢ pacuetoMm. OlLieHEHHBIE U3 pacuyeToB (PGEeKTUBHBIC SHEPTUM YACTUII, TeHe-
pupylolue psiMble MIOOHBI, oKa3aiauch okoJio 200 T3B, a ceueHne poxneHUs
okoyio 350 M0, mpenamnoJiaras JMHEHHYI0 A-3aBUCUMOCTDb CeYeHUS reHepaluu
yapMa, MOXHO IOJYYUTh OLIEHKY Opp—=>C ~ 2.5 MO/HYKJIOH, UTO HE IPOTUBO-
pEYHUT OlieHKaM, IMMOJy4YeHHBIM 10 KPUBOI MOTJIOLIEHUS afpOHOB B CBUHIIE [3].
B nacrosimee BpeMsti B akcnepuMeHTe Ice Cube maMepeHbsl MooHBI go 1000
TsB, u Takke 0OHapy:KeH PacTyIIUil C SHEPrUei BKJIaI IPSIMbIX MIOOHOB, TIpU
HECKOJIbKO 00Jiee BBICOKMX dHEeprusax. [23].

Hns yTOYHEHUs MPUPOAbI JIMHHONPOOEXKHO KOMIIOHEHTHI B TPYIIIIE
M.B. Pako06onbCcKoO# OB MPEaoXeH U OCYIIECTBIEH 3KCIIEPUMEHT, HallpaB-
JICHHBI Ha U3MEPEHNE CEUECHUS] POXKISHUSI YapMHUPOBAHHBIX YaCTUII (KaK BO3-
MOXHOI'0 UCTOYHHKA U30BITOYHBIX KACKANOB) C MOMOIIbIO PEHTTEHOOMYJIbCH -
OHHOI KaMepbl ¢ O0JILIIUM BO3AYLIHBIM 3a30pOM, B KOTOPOM YapMUPOBaHHbIE
YaCTUILIBI OYAYT pacIiagaThCs ¥ IPOU3BEAYT XapaKTEPHBII MUK B HUKHEM KaMe-
pe. Takas kaMepa Obl1a co3gaHa, oTnpanieHa Ha [TaMup, npo3KcnoHUpoBaHa
B 1992—1994 rr., HO TIEHKHX OBUIM YTpayeHbl U3-3a U3BMEHEHUS MOJIUTUYECKO-
ro cratyca ITamupa.

TakoBbl pe3yabTaThl MPOBEAEHHBIX B paMKax 3KcmepuMeHTa «Ilamup»
HCCJIeNOBaHUA, TOJYYeHHbBIX Ha 0a3e Iriy0okux cBUHLIOBBIX POK — meruiie
Hpunsl BsuecnaBoBHbl Pako60abCKOI.
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The alignment of the main Auxes of energy In a target plane s found i familics of cosmic ray
particles detected o deep lead x-ray chambers, The fraction of events with alignment is unexpectedly

large far families with high cnergy and a large nwnber of hadrons.

This can be considered as

evidence For the existence of coplanar srattering of secondary particles i the interaction of particles
with superhigh energy, Eo & 10'" 8V, Data analysis suggests that the production of most aligned
groups vocurs slightly above the chamber and is cheracterized by a coplanar scattering and quasi-
sealing spectrum of secondaries in the fragmentation region. The most elahorated hypethesis for the
explanation of the alignment is related to the guark-gluon string rupture. However, the problem of
the thearetical interpretation of our results still remains open.

PACS number(s): 13.85.Tp, 96.40.De, 96.40.Pq

I INTRODUCTION

The international Pamic Collaboration is condocting
a cosmic ray cxpoeriment at an altitude of 4400 w0 above
gca level in the Pamir mountains. Primary cosmie ray
particles incident upon the atmosphere produce nuclear-
clectromagnoetic cascades of secondaries in air. Hadrons
and electromagnetic particles related genealogically are
called “family” particles. y-badron family features de-
pend on the interaction of heulrous with nuclei 1o air,

Experimental data accumulated during meore than the
past 20 past years may allow us to study interactions
at very high eneries {up to Ey ~ 10'% eV ). These ener-
pics are beyond the presenl accelerator range, and new
phenomena may reveal themselves in this region.

A. Installation

The Pamir experiment syuipment consists of x-ray
emulsion chambers of two kinds: carbon chambers (C
chambers) and deep lead chambers (Pb chambers).

Ph chawnbers {see Fig. 1) arc assembled of many sheets

aenuitive Loy

F-raysinae i AR

f) emEb

LemPa
3 cmP
1emFb
1pemFy

Pamir thick lead chamber

FIG. 1. Structurs of the most-used deep lead chamber of
60 cin thickness from Pamir exporirment.
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of lead of thickness 1 em, interlaid with x-ray films. The
total depth of each Pb chamber is from 40 cm (=70 c.u.}
up to 110 em {&195 c.u). A thick lead substance pro-
vides bath the few interaction lengths [or hadrons and the
guasicalorimeter regine for the cnergy determination of
particles.

The C chatnber [1] consists of a block of 60 cm of car-
hou covered on hotih sides by blacks of lead of thickness
i cm at the top and 5 cm at the bottom. Each black of
lead contains three layers of x-ray flm. The carbon block
provides the large cross section of the hadron interaction,
while the lead blocks are of minimasl thickness allowing
the determination of particle enerpies.

The total arca of the chambers is a bow tens of sguare
meters. Gnee a vear all these chambers are disassembled,
the films are taken away, and the results of the experi-
ment are investigated. The results to be reported in this
paper have been obtained using deep Pb chambers, which
have some advantages in hadron detection efficiency and
energy determination accuracy. On the other hand, C
chambers possess a larger arca of exposure. A compari-
son with some data from carbon chambers will be given
here too,

B. Experimental procedure

Cosinie ray < quanta and hadrons create electron-
photon cascades {or showers) in the lead. [The term
Sy oquantum” is conventionally used for both v quanta
and elecirons {positrons).] These showers are detected
in the x-ray emulsion filus as dark spots of a size which
is typically smaller than 1 mum.

The darkness density I E, t) of each spot depends on
the energy F of the cascade and on ke depth § of ks
development in a chamber. Comparing I3[ F, ¢} for every
shower wilth theoretical predictions one can obtain the
enevgy of cach cascade and, consequently, the energy E,
of a v quantum incident upan a chamber and producing
this shower in it. By doing so for hadrons, one can deter-
mine the energy E,[‘-r} released into the electromagnetic

2766 T 1995 The American Physical Society
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component within the installation. It differs from the
hadron energy EY at the chamber surface by the factor
k., which 1s around 1/3 for pions.

+ gquanta produce electron-photon cascades in the ap-
per part of a chamber only, whereas hadrons praduce
such showers at large depth as well. The criterion for
hadron identification in families is that the breakthrough
of & particle in a chamber (i.e., the shift of the origin of
the cascade curve) has to be greater than ¢ c.u. In this
case only a few percent of admixture of the misidentified
“r quanta is present among particles classified as hadrons.

The efficiency of the hadron detection is ahout 70-
80 % on average for Pb chambers, and about 55% for C
chambers, All chambers have an energy determination
threshold around 4 Te¥ for E, and E,(‘TJ [or around 12
TeV for Eﬂ correspondingly}.

While dealing with v-hadron families one can recco-
struct the target diagram of an event by measurement of
the coordinates and incidence directions of particles in
the film emulsion. Thus one can find such characteristics
of a family as the total energy of v quanta ¥ E. or the

total energy of hadrons relcased to y quanta Y Eftﬂ, the
distributions of v guanta and hadrons in the event area,
E, or Ef‘-'} spectza, ete. All families in omr experiment
were classified by the walue of the total energy of the v
component 3 E.. Families with 37 E, > 100 TeV are
nnder consideration here. When studying “superfami-
lies” with 3> F, > 1000 TeV it was found that in the
central region of the event one can often see oie or a few
large diffuse dark spots {halos) in the x-ray films, of a size
from several millimeters up to a few centimeters. Each
such hale appeared usnally as a result of the development
of an atmospheric electron-photon cascade from a high
energy 7 quantum produced at some altitude above the
chamber [2, 3]

In the lower part of 2 deep lead chamber one can
also find large spots looking like small halos, but hav-
ing hadronic origin 4]. Each such halo is the result of
a cascade produced by a hadren of very high energy in
lead {with E5" about 200-500 TeV).

C. History and formulation of the problem

In 1983 the Pamir Collabaration found several fam-
iltes with three or [our halos of electramagnetic origin
[5. 6], and in most of these families (in five out of six
such families) the multiple halos were aligned more or
less along a straight line. Experimental results obtained
during the svbseguent years did not increase consider-
aldly the statistics for investigaiton of such events, but
the relative fraction of events with aligned multiple halos
of electromagnetic origin became smaller,

As an ahgnment ¢ritevion the parameter of asymmetry
introduced by Rorisov |7] is conventionally used:

s

z Cos 240 0

_itjek=1
Cwalm - 1){m —2) (1)

41

2767

Here e is the number of objects, i, §, k stand for vertices,
and ;;« is the angle between two vertors ki and k3. An
evenl is considered as aligned il A > 0.6. (A stronger
requitement is A = 0.8.)

The parameter An ks the best known parsmeter of
asymmetry describing the degree of alignment rather
than the eccentricity. For example, A4 will be equal to 1
if four points belong to the same straight line, but it will
be far less than 1 if these points form four vertices of a
long rectangle.

T bave a grasp of the flucteation backyround, Le.,
the probability of random accurrence of alignment dur-
ing the development of the nuclear-electromagnetic cas-
cade, a computer sitnulaticn of families with multiple ha-
los was made [8, 9] using a quasiscaling maclel without
any specific mechanisms for producing asymmetry [10].
The relative fraction of events with three aligned halos in
the simulated fainilies appeared to be rather high, about
30 35% (by the eriterion Ay 2 0.6).

The level of background noise calculated for three ran-
dom inrcideut points (ar “particles” not belonging to the
same cascade} was given as 24% by the same criterion.
Therefore an appropriate analysis of the phenomenon to
isclate the effect [rom the Buctuation background became
essential.

However, in the papers [B, 6] discussed above anly ha-
tos at the same {small] depth in the upper part of the C
chambers were considered under some constraint on the
level of darkness I of the spots in x-ray films. Experi-
mental results obtained in Pb chambers allowed one to
investigate the alignment of multiple hales ab differsnt
cbservation depthe and at various levels of dackness D,
and to take inte account the contribution of hadron cas-
cades (hadronic halos) in the lower part of a chamber [8].
It was found that the aligninent of multiple halos in the
same famly is a Function of both the depth and the level
of darkness D used for balo identification, Therefore this
approach seems physically inadequate.

It iz worth mentioning here that an attempt to investi-
gate the asymmetry of family particle confizuration (sep-
arately for the v component and for hadrons) in events of
small energies {3 E. = 100 400 TeV} was made in [11].
Tt was found that there was some excess of asyinmetry in
experimental events over simulated ones, However, the
analysis was carriad gut with a gnite different criterion of
asymmetry a, and the existence of such asyrmmetry did
not necessarily imply alignment.

In the investigation of aligninent we tried Lo And a bet-
ter method of selection of objects to be examined, which
would be more sensithve and less dependent on methard-
ological factors. In (9, 12] it was suggested to consider
not only hales, but a more general ¢lass of objects, which
were called “energy distinguished cores” [EDC's). These
ohjects in the x-ray film correspond to the centers of
the most prominent jets [air cascade branches) with the
highest energies in a family. They include the following
ohjects: {a] halos of electromagnetic origin {or separate
cores of a multiple halo), (b) ~ clusters {i.e., compact
croups of v quanta which are combined inte clusters ns-
tog the criterion of decascading), (¢} ~ quanta isolated
o clusters and halos; [d) hadrens (in particular, the



2763
; —
i
: -
.
. - . -
. * . *
7 7g e
) ;.oa &
. B
N . .
. - .% S
' G 16 mm
' *
¥iG:. 2. An example of the target diagram with cuergy

distinguished cores for the event with aligument (the family
Pb-f). A—0.55 Figures in the plet staod for energy in TeV
(alrcady nueltiplied Ly 3 for hadrons). FE1XC: (3 is the hale of
clectromagnelic origin; @ is the hadronic halo; < are the high
ruergy hadrons; # are the family -y quanta; + arc the hadrons
of the family.

hadrops which produced halos in the chamber).

In order to treat the -y component and hadrons in a
sinilar way, v should nultiply by the [actor of 3 the
energy E‘r] released by a hadron in the chamber inte
the electromagnetic component, since most secondaries
in a family are pions and the average fraction of energy
transferred by pions te the electromagnetic component is
approximately cgual Le 1/3.

Al family particles may be classified in such four types
{a}-{d) of ohircts (cores). Then all cores are considered
in the order of decreasing caergy, so it becomes clear
how to select the three or more most energetic objerts in
each family for analysis, The maximal possible number of
eoares considered in each family is limited ooly by the mul-
tiplicity of particles in the event. For superfamilies {i.c.,
events with 37 F = 1000 TeV) this numhber may run to a
few hundreds of observed particies: that is why we calted
sieh selected objects EDC's (energy distinguished cores).
Low energy families {with 3= E., about 100 eV} contain
sometimes not more than three such cores {usually these
are simply separate 4 quanta and badrons), It is warth
noting here that at high energy, where the alignument ef-
fect becomnes essential, selected EDC's have energios at
least & [ew times higher than the detection threshaold 4
TeV.

This approach allows onhe to study alignment in -
hadeon families of net very high energies when there arc

TABLE L.
N, =3 and Ny = L

pLU il
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nwo halos, and to avoid discriinination of some types of
ED{C's against some other oncs. By this method the in-
vestigation became cffective and physically rquivalens for
hoth charged secondaries in an atmospheric shower (fam-
ily hadrons) and neutral secondaries (- component in the
same family], comnbining them to describze the interaction
above a chamber,

To investigate the alignmemt of all family cores, winch
are detected at different depths i the chamber, a target
diagram was mace by projecting all traces of EDC's onto
one plane {for example, ento the plane of the chamber top
surface). If the zenith angle of an event was mot zera,
the family image was transformed to the normal plane.
Aligrunent of the energy distinguished cores was studied
in Lhis plane; see, e.g., Fig. 2.

II. RESULTS
A. Experimental statistics

In this work we have analyzed 68 v-hadron families
from deepr lead chamlbrers with the lulal energy of the
7 component 3 F., = 10 TeV, the number of v quanta
N, 2 3, and the number of hadrems N, 2 1 {see Talle 1),
It our data bank there are also 19 families with &V, = 0
which were not wied in this work. since we were iooking
only for v-lsdeon [amilies. Aiong these 68 events there
are 18 fumilies with 37 F., > 500 TeV; see Table IL. [Such
high energy events were collected from a larger area of the
instailation than lower energy ones,) The total exposure
of Pb chambers here in use js abont 450 % vy, As for the
hadron component, 13 events with ¥y, = 10 are prescal
in our data.

For comparison in some fignres we also show the data
feom carlon chamwbers of the Pamir Russia-Japan Joint
Experiment. This set coutains 84 y-hadron families with
3 A, = 100-2600 TeV (see Table 1) from total expo-
sure around 440 m? yr. These results were obtained using
Japanese x-ray flms from Pamir chambers measured in
YWaseda University {Tokyo) and analyzed with the par-
ticipation of the anthors.

B. Evidence of alignment

‘I'o find the effective criterta of alipnment for analysis,
we tested various thresheld values of A and variants in-
cluding different numbers of cores (EDC's) in a family.
The Lest ratio of the signal to the finctuation backgronnd
with satisfactory statistics appears with the alignment
criterion Ay 2> 0% However, versions with other num-
bers ol EDC's are also shown in our figures, The pro-

Experimental events in use: the number of v-hadron families with 30 E, = 100 TeV,

3By (Tev) 300-500 | S 500 | Tatal
Pl chamboers s I s e
O chambors {Bus-Jap.] | ¥ 12 ) 5 || Hq
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TABLE {I. Families from decp bead x-ray cliambers with Eh‘., = 500 Te¥ or Ny = 100

Naie of N,

| vE, Nu EH};’) Hako | Alignoea
event ! {TeV) | {Te¥}) by criterion
I D - I G ) X _Ae
LoLiTa | 386 6140 31
PL-45 312 4574 Caa
Phes 195 50
PL-3703 180 | Too23 l_
Phsz” C Tz T T
Fhs& 192 33|
ree 91 1 [
Phss 0 a1 30
F73-4 : 76 11
Fu-20 &1 22
Ph-3704 | ar | 7
Pb6blz a4 | 4
Pb-2 &0 3
Pu-Z1us B3 &
Phenl 54 1z
Tb-54 : Ei 23
Pb-4711 20 3
Ph5801 | 47 T2
Pb-zz01 | 35 . 1z |

pased approach allows us to follow the behavior of the
fraction of events with alignment as o function of 37 £,
representing the family energy.

In Figs. 3{a). 3H{b). and 3{c) one can see sach depen-
dence [or respectively three, four, and fve encergy distin-
guished cores selected in each family in order of decrens-
ing energy. T owould he inefficient to inclide ton many
ED{ s from each lamily in consideration since the obser-
vation of alignment for many objects demands very nu-
merous experinental statistics in order to be seen, (An
obvious reason s the low probability of alignment for
many objects, For example, only one event with seven
aligned EDCs is prescnt in the available experimental
ateriall)

The two dashed lines in each figure show the levels
of accidental occurrence of alignment in model sinmula-
tions {i.e., in artificial y-hadrow [amilies} aned i simoe-
lated groups of randomly lncident olijects. One can see
that the Anctuation background level iz always higher
in mardel events doe to correlations in & cascade. The
madel which we have used (10] does not involve any
special mechanism of asymmnetry, Simulation results an
accidental alignment due te finctuations are in practice
ot sensitive to the poclens atomic number. In acdditon,
the overwhelming majority of detected superfamilies at
the Pamir altitude should be from proton primarics [13].
Herealter the criterion A = 0.8 iz nsed for classification
of the families with alignment.

A increase of the fraction of events with alignment is
cvident for families studied in deep lead chambers. This
fraction rises from the background level at 3 E = 100
300 TeV b (614 L8Y% for three cores uneder consideration
and to [47 £ 17)% for four EDC™s at 3 B, = 500 TeV,
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1t is worth noting that an additional analysis has heen
performed where we have studied the behavior of the
alignment fraction with eocrgy when vinious Kinds of
energy distinguished eotes were considered separately
According to this analysis. the fraction of events with
alignment appears to be independent of energy for the
~ quanta nnder consideration, but increases with energy
for both ~ clusters amd hadrons. The fraction of cveats
with alignment for & quanta stays ab the level of the flne-
tuation hackgroind, since the electromagnetic cascade
mechanism violates the original conhiguration of 7 quanta
even if they were aligned at the interaction point. The
characteristic length of development of a miclear cascade
in the atmosphaers is a few times greater than for the elec-
tromagnetic ane, Therefure hadrons and v chiters Bden-
tificd with charged secondaries in the inbetaction better
preserve their origingl configuraiion. However, the in-
crease of alignment with energy for v clusters or hadrons
is less prominent than the similar rise for EDC's, where
these twa kinds of objects are mcladed into consideration
kogether with hales and 4 quanta

Such behavior of different kinds of energy distinguished
cores confirms indirectly our understanding of the role
of every eomponent of a family in the alignment phe-
nomeno,

The data obtained in the cartbon chambers, Fig. 3,
show the same tendency as the Qi obiained o the lead
ones, but the increase of the alignment effect for the C
chamber data is somewhat less prominent. Thers may
Ire several reasons for this difference. The data from C
chambers for maximal energy range are poor in the high
energy events as compared with Pl chamlby Tro seddi-
tion, the lidron detection efficiency for the C chambers is
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considerably lower than for the Pb chambers, and missed
hadrons may destroy the display of alignment vnder con-
slderation.

In Fig. 3(b) one can see tha estimated value of the frac-
tion of events with alignment if the thickness of the lead
chambers were equivalent to the thickness of the carbeon
ones. This value seems to be io agreement with the C
chamher data. The accuracy of cnergy determination for
hadrons in carbon chambers {especially for high encrgy
particles) is alzo lower than in the Pb chambers, where
the multilayer method allows one to follow a complete
cascade curve from a particle, in contrast to only one or
two points over a lead block in carbon chambers.

The cxistonce of the alignment effect is supported by
the fact that the experimental puint at 3 B, > 500 TeV
see Fig. 3(h)] stays at two standard deviations above the
fluctuation background level. If we estimate the com-
bined significance of the deviation from the background

FIG. 3. Dependence of the fraction of families wilh align-
iment oi total 4 compenent energy of an event E E.. Niaa
is the total number of families in a given energy rangs; Nalign
is the number of lamilies with aligniment in the same en-
ergy range; (o} considering three encrgy distingoished cores
(EDC s} in each family; (b} congidering fonr EDC's in cach
family; {c} considering five EDC's. Experiment: B is for Pb
chamber data; O is for © chambers of the Pamir Joint Ex-
prriment (data bank of Waseda University); P is for the ox-
timate of prabable result of PL chambers having a reduced
thickness equivalent to the © chambers one.  Simulations:

is for the artificial families by the guasiscaling model
wilhual any special asymmetrys - - - is for randomly incident
objects.
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for two independent points at 3 E, = 300-500 TeV and
S E., = 500 TeV, the x* criterion yields the confidence
level’ =~ 99%.

Our medel simulations of y-badron families [14]
showed that the best correlation with the primary en-
ergy Eg of the air cascade is obtained not for 3 E, {or
for 37 Eiowml = 3y + EEP]) but for the number of
hadrons in a family, ¥y. Fluctuations of &), at fixed
Ey appeared to be two or three times less than fluctua-
tions of the total v component energy 3 F, or the total

hadron energy ZE:’) for the same £g. Therefore, if the
effect under consideration has an energy threshold while
K, increases, the same behavior should be observed as a
function of the hadron number My, the increase of align-
ment being even more distinct than while considering the
dependence on ¥ ..

In Fig. 4 the dependence ol Lhe fraction of events with
alignmeat on the hadren number N, i a Family is pre-
sented for various numbers of the cnergy distinguished
cores under consideration. One can see an evident rise
of the fraction with an increase of N,,. Thus the re-
sults presented in Fig. 4 confirm the sensitivity of the
alignmeat to the number of hadrons in & family, In Pb
chambers the fraction of famnilies with alignment comes
to {83 & 3T)% for three EDC's and {67 £ 33)% for four
EDC's. The increase of the effect for events from carbon
chrambers is in agreement with the Pb chamber data. C
chamber lamilies are poor in events with large numbers
of hadrons, Ow comments on the carbon chamber data
shown in Fig. 3 are valid for this comparison toa.

Figure §shows the dependence of the fraction of fami-
lies with alignment on the nuinbrer of energy distingnished
cores in each family under investigation. One can see that
in families with Ny = 1-3 it is not higher than the level
of the Auctuation background, whereas for the group of
events with N3 > 30 this fraction is much greater than
the calculated backgraund for up to seven cares consid-
ered. Despite large statistival errors, this makes an jim-
pressive case in favor of the realily and significance of
the effect under consideration, of its sufficiently high fre-
quency of sccurrence in the range of large /vy, and, conse-
quently, of high energies of the primary particle Eg. The
energy scale Ep where we see & considerable aligninent
begins at abont 101% ¢V,

Figure & also shows the fraction of aligned events in
accelerator data at £y = 250 GeV {target experiment
NA22 at CERN, #-Au interaction [15]). These results
are in remarkable agreement with the results of vur model
simulations of the background level. This confirms the
methods which we have used in our simulations, as well ax
our conclusion that alignment is a threshold effect which
occnrs only at sufficiently large energies,

!The standard deviation is assumed to oheoy Paisson statis-
Lics, since the range with prominent aligmnent is far from the
thresholids of the selection criteria.
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FIG. 4. Dependence of the fraction of families with align-
ment on the hadron number Ny in a Family. (a), (b}, and (e}
correspond to events with threc, four, and five EDC's in each
family (see caption to Fig. 3}.
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F1z, 5. Dependence of the fraction of families with align-
ment on the oumber of cnergy distinguished cores (EDC's)
in each family, For MNioie, and Noag. see caption to Fig. 3,
- - - - is for the model simulation. Experiment: @ is for the
families from deep lead chambers with Ny = 30, e is for the
families from deep lead chambers with No=1-3. A is for ac-
celerator data at Ep=250 GeV (experiment NA2Z at CERN,
w-Au interaction),
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©. Transverse momenta of energy
distinguished cores

Thre analysis of the transverse momenta py of EDC's
seems to he of importance in the theoretical explanation
of the phenomenon. It is well knowan that the x-ray emul-
sion chambers detecting air families are able Lo measure
et @ itself, but o roughly related quantity ER (where B
is the particle energy and R is the distance in the target
planc fram an axiz]. The relation between p, and ER
is based on the assumption that the particles are pro-
duced in one Interaction at some altitude Jf above an
installation. In this case p,H{ = ER. ER ol each core
is determined in reference to the energy-weighed center
of the ensemble of four EDCS o each Banily. Such cen-
ters correspond fo the points of interaction with proba-
ble alignment and they may not coincide with the axis
of the whole shower, which inchudes many particles from
other imtersctions inside the same air cascade. Ewvents
with ¥ E, > 500 TeV were analyzed. The average value
{F R} in this case appeared to be 2.1 + 0.8 GeV km for
events with alignment and 1.8 £ 0.5 GeV km for families
without alignment. Dne cannot see any significant differ-
ence in this gquantily between the two clvses of events.

I seems reasonable alse to caloulate the avevage ratio
of longitudinal pll and lrahisverse p {in reference to the
aligument direetion in the target diagram plane) in the
same events for the same four EDCs in each. Such a
quantity,

YA [Sot-Xen (et @

is similar Lo the famous parameter “thrust.” The average
value (Epll,’xpf') was obtained to be ~ 11 for events
with alignment and ~ 4 for cnes without alignment. This
ratio differs considerably for the two cases, This is a
patural consequence of separalion by the eriterion A >
.8, Such an cvaluation for events with alignment enables
us to sec that aligned cores come cut of the coplanarity
plane by (p¥) ~ 0.1(ps).

Thus assuming the most probable interaction altitucle
H = 2 ki {which follows from the halo superfamilies
analysis [1]), {p) within the group of four FDCR is esti-
mated as ~ 1 GeV /e and {p) ) = 0.1 GeV /e

D. Energy distribution over the most
energetic cores in a family

The cnergy distribution over four energy distinguished
cores in each family is another interesting characteris-
tic. Figure 6 shows the distributions in energy fraction
EEDC S | EEPT for simulated families (quasiscaling
MSF model [103) in the energy ranges 3. B, = 100-500
TV oand 3 £, = 500 TeV and for experimental families
i the same ranges. The shape of the distribution docs
not change with energy % E., in simulated farilies, and
the shape of the distribation for low energy experimental
families agrees with the simulations, whereas the platted
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FIG. 8. The distribation of energy fractions over the four
muegt energetic cores in a family. Experiment with deep lead
chambers: B is for families with E,’ = 500 TeV; w is for those
with 3" B., = 100-500 TeV. Simulations by the guasiscaling
MSF maodel [10}: - - - - is for artificial families with any 3 £, ;
is for secondaries created in a single interaction at By =
16 eV,

points for superfamilies (3" E., > 500 TeV) diflcr consid-
erably from both the above meutioned distributions.

In this represeatalion tlie maore steeply the function
falls with vnergy, the “younger” the cascade ape is, and
the harder is the energy spretrum of the objects under
cansideration, since repetitive interactions due to the cas-
catle development lead to energy degradation, resulting
in softening of the spectrum and equalization of Lhe en-
ergy distribution. The solid line shows the distribution
in cneryy fractions over the four most epergetic particles
produced in a direct interaction in the quasiscaling madel
at Fy = 10 eV. it iz evident that the distribution for
events with 3} &, » 500 TeV is close to the ralculated
one for particles just after an interaction in the guasis-
caling model.

This shows that by investigation of the energy distin-
guished cores in the experiment we in fact study the frag-
mentation part of the particle production spectrum; this
part of the spectrum being only slightly distorted by the
air cascade and by the detecting device. In addition,
this implies that the most energetic cores in the majority
of the supecfamilies under consideration are produced in
one ipteraction at relatively low altitude above the ¢cham-
ber. {Particles coming from a large altitude may underga
a strong cascade cffeet.)

III. DISCUSSION

Alignent of energy distinguished cores (or particle
streams, or energy Huxes) in air Eamilies should he re-
lated to caplanar scattering in nuclear interactions. It is
vory hard ta explain the results of our experiment in the
framework of conventional interaction models. It can be
inferred from [16] that the magnetic field of the Earth
could not be responsible for any appreciable asyinme-
try. In the same work the obvious fact that the coplanar
*fan” of particle streams may be blurred by the cascade
prucess after a few interaction paths was confirmed by a
model simulation. Therefore, cither the interaction which
leads to the coplanar seattering ocours not far from the
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chamber.? or it may oceur more than a few Ladron inter-
action lengths above the chamber. However, in the last
case the multiplicity of aligned particles in this *fan”
should be large enough to provide the alignment of four
cores at the observation level while the other originally
aligued particles drop out of the original “fan” plane due
to the cascade development.

There are twoe main problems which should be solved
in order to find a_theuretical explanatjon of alignmcut,‘
First of all, one should identify an interaction mechanism,
and then one shenld solve the problem of the intensity
of coplanar events. In the absence of o simple theoreti-
cal interpretation of alignment, any guess at the possible
interaction mechanism should be carefully considered.

Halzen and Morris proposed an explanation of align-
ment based oo the semibard jet model {p; > 3 GeV) [17].
Such an interpretation docs nol secm quite satisfactory
since EDCs of families are formed by the most energetic
fragmentation-region particles, but not by the sofi jet
particles.

Roizen has suggested interpreting the phenomeno as a
projection of quark-gluon string rupture produced in the
process of semihard double inelastic diffraction dizsoci-
ation, the string connecting the semibard scattered fast
guark and the incident hadron remnpants [18]. Such an
explanation semins plausible because the energy threshold
of the alignment ¢ffect is consistent with the thresholdlike
dependence of semihard double inelastic dilfraction, Ac-
cording to theoretical predictions [14], being independent
of alignment, snch a diffraction process should manifest
itself progressively at 10 — 10'® eV, The “length” of
aligned groups of EDC’s as a projection is also maore or
less in agrecment with the transferred momentum dur-
ing string production (& =~ 3 GeV/c). In this vase the
target diagram of a superfamily with aligninent may be
consiclered as o direct “pholographic™ image of such a
Process.

The average invariant mass Af of the cntire group of
four aligned particles is (M2) = (60*12%) GeVE For the
gronp af six aligned particles (M?) — {150 £ 150} GeVZ.
Such an evalualion of M s agaiu more or less compatible

2. T. Zatsepin (private comrmonication) suggested a possi-
bility that high cnergy inleractions {at ensrgies about 10'%eV)
may be approximately divided ioto two classes, will small
anid with large coefficients of inelasticity. In this cuse there
will be some primary particles which do not produce sec-
unilaries with observable energy and do not losc significant
cnergy during their first few interactions i the atmosphere.
Such particles bave a chance to carry high energy through the
atmosphers, and if their last interaction vccurs not far away
from the chamber and belonga to the second class [with large
coctlicient of inelasticity and therefore with release of main
fraction of their energy), then the alignment of the products
of thix last inteaction of these particles will not be blurred by
the cascade process. Under this hypothesis the major part
of observed superfamilies skould be praduced in accordance
with this scheme.
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with the inelastic dilfraction picture [18].

Note that the energy range Ey = 101% - 1016 oV is pro-
claimed as the threshold for several unnsnal processes:
[a] for the alignment phenomenon; (b)) for “Centauro”
events production [20]; (c) for the explanation of the elec-
tramagnetic particle spectrum in extensive air showers in
the experiment "Hadron™ |21); {d) for semibatd douldle
inelastic diffraction.

The possitile relation of alignment to the string rupiure
hypothesis has already been mentioneel above. It is per-
tinent to add that the ratio {—”',',} ~ 0.1 within an EDC

te d
group i reughly consistent with proper steing parame-

ters in transverse momentum space, bat as oor prelim-
inary mode! simulations show it may be appropriate to
assume very small {p;} ~ 20 MeV across the string in or-
der to explain alignment, Such a value has something in
commorn with features of the hypothetical “chiron™ event
production [22] snggested Lo appear i the sume enerpy
range.

Cur grouwp attempted to study the intermittency anc
fractal structure of superfamilies and to pelate these phe-
nomena with alignment. A study of intermittency was
earlier carried out in [23-25] in the energy range 0.1-
10 TeV for accelerator and balloon data, However, as
has been shown above, we did not fiod any noticeable
{exceeding background) alignment at such low energies,
Thus ak present. we do not gee any experimental evidence
of a direct relation between alignment and intermittency.

Our cosmic ray events under consideration are differ-
ent from accelerator and balloon target experiment data,
since our superfamilies are the resull not ol a single inter-
action but of & nuclear cascade In the atmosphere. Such
cascades may Dlur to some extent the display of inter-
mitteney i an individual interaction. The pozsibility of
separating cascade effects from the peculiarities of a sin-
gle mxclear interaction requires further investigation, and
we are going to continve our work in this direction.
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Nevertheless, some qualitative relatioa of alignment
and intermittency may exist: irregularities at cnergies
M.1-10 TeV due to the quark-glnon pHasina appearance
revealed as excessive fluctuations in angular and lat-
eral distribution should become more evident at energies
107 — 10* TeV (for example, string production with large
transforred mamentum that gives an alipnment effect in
the il plane).

The authors enderstand that the ideas discussed abowe
do not constitute a complete theoretical interpretation
of alignment. However, any hint can be important when
discussing events at such a high energy and with such
hard-to-reach statistics. An active search for a satisfac-
tory explanation is necessary and is uneer way.

It would be st desirable to test this effect on acecl-
crators. Prelitminary cstimates indicate that the cnergics
aceessible at Fermilab wanld he barely enough to pro-
duce comparable families. [lowever, one can stili cbhtain
interesting results at these energies due to the possibility
af having much betier statistics than in cosmic rays.
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Charm production cross-sections estirneted from data obtained in the "Pamir" and other cosmic ray experiments
are compared with accelerator data. The strong increase of the charm production ¢ross-section with energy,
essential for the explanation of cosmic ray data, is analyzed from a theoretical point of view.

1. INTRODUCTION revealed in the calorimeter by EAS core hadrons,
was found to increase abruptly for total hadron
energies of about 40 TeV. To explain the observed
effect, the authors proposed a hypothesis that the
excess in the ionization is cauvsed by particles,
which decay deep in the calorimeter. lonization
induced by high energy hadrons in a calorimeter
depends strongly on low-energy processes difficult
to acceunt for. Furthermore the composition and
spectrum of EAS core hadrons makes the quan-
titative evalnation of charm production cross-
sections exceedingly difficult. In view of these
facts the Pamir Collaboration started to expose
the deep lead X-ray emulsion chambers (XEC)
| 3] in order to study the abscrption of single
: A hadrons in lead. Contrary to calorimetry meth-
problems remain unsclved in this field | 2]. The- ods, hadrons detected in XEC are not distorted
Gl‘CtII(‘:H] predactaor.ls for chctwm pradnction cros?.— by group arrival of particles due to the high spa-
section, oe, ak high energles are very uncertain tial resolution of X-ray films (300 xm), Moreover
because they depend on the heavy quark mass, T D S S W
. . . LY ElCLLlUIIIﬂ.S!lEIAL LASLACS WILIL l!!sll l:l]t:isy
t?m c:on‘trmbutxon of next-to-icading ?rder corTec- threshold (6 TeV), induced by hadrons in suc-
tions {NLO), parton structure functions at small o

x, and the scale factor w*. However, the ener-

During the last decade fixed-target studies of
heavy-flavour production have provided a wealth
of data about charm. Total cross-sections, single
inclusive distributions and quark and antiquark
correlations have been measured in proton- and
pion-induced reactions up to a laboratory ener-
gy of 1 TeV. Perturbative QCD is in this case at
its very limit of applicability, because the charm
mass is close to the typical hadron scales. Thus,
non-perturbative effects will very likely play an
important role | 1]. The averall conclusion of
these studies is that the gualitative and quantita-
tive features of the experimental distributions are
propeely described by the theory, but many open

cessive interactions in the chamber, are detected
’ . in XEC. The results obtained confirmed the con-
gy dependence of g is very important for o clusion en a probable large value of charm cross-
mic ray physics. The rapidly progressing neutri- section {oFF = 1.5 1 mb) at a laboratory energy

no astrophysics needs, for an interprf.:tation gf of about 75 TeV | 3|.
their data, a knowledge of atmospheric neutri-
ne and muon fluxes, which at high energy de-
pend strongly on the contribution of so called
"prompt” muons and neutrines, originating in the
atmosphere from charined particie decays.

in the late 808 three cosmic ray experiments
reported a significant mdication that o is large
at several tens of TeV. At the Tian-Shan iopiza-
tion calorimeter | 2] the energy absorption path,

The "Muon” experiment | 4] observed a hard-
ening of the spectrum of electromagnetic cas-
cades for single muons arriving at azimuthal an-
gles & < 60° and at energies beyond 10 TeV,
whereas the spectra of muons at larger angles
were described by a power law with a fixed in-
dex. This behaviour of the muon spectra can
be described qualitatively by the contribution of
"prompt” moons. The total cross-section need-

(020-5632/037F  soc front malter 17 2003 Elsevier Science BY. Al rights reserved.
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ed to explain this hardening was estimated to be
(o7 = 1.7 £ 1 mb) at a laboratory epergy near
100 TeV. The reliability of the rapid increase of
the charm production cross-section with energy is
analyzed comparing the charin production cress-
section, estimated from cosmic ray data, acceler-
ator data and theoretical predictions.

2. PAMIR EXPERIMENTAL DATA ON
& PRODUCTION

Atmospheric hadrons (mostly aucleons and pi-
ons) passing through the 110 em deep chamber
can successively interact with lead nuclei and pro-
duce electromagnetic cascades, detected by X-ray
films, if their energy E exceeds the threshold
6 TeV. The t-distribution of the cascade start-
ing poluts in the chambers is mostly sensitive to
hadron cross-sections and the inelasticity coeffi-
cient, K | 3]. But if charmed particles are pro-
duced, due to the large decay length, they can
penetrate deeper in the chamber, comparable to
the total depth of the chamber, and hence should
be cbserved as excess cascades at large chamber
depths.

The total area of the exposed chambers was
30.5 m?. 900 cascades induced by hadrons with
E" > 63 TeV were selected. The measured
absorption length, L, obtained in the imterval
22— 78¢.u. 36 L = 2124+ 19 g/em? and agrees with
results obtained in an experiment using a 40 cm
XEC and with calculations. However, at depths ¢
> 78 ¢.u. L is found to be 310+ 36 g/em?, which
is significantly larger. The excess of cascades at
a depth > 80 c.u. is about 30%. A number of
methodical effects which could result in incorrect
measurements of the hadron absorption path in
lead were studied in detail [ 3]. It could be shown
that, within the accurcy of this experiment, ex-
cess cascades do not differ from usual cascades
induced by hadrons.

The hadron absorption was calculated up to
110 cm of lead in the framework of two simula-
tion codes which both describe accelerator well:
MQ | 8], based on the gquark gluon string mod-
el | 6] and AQM, based on the additive quark
model | 7]. Both codes take into account the en-
ergy distributions of particles, procedures of de-
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tection and selection of events, the composition
of hadrons incideat upon the chamber and so on.
Fhe absorption ebtained was strictly exponential
over the entire range of the absorber depths, with
an expected absorption path in lead of L = 2154
10 g/em?

For a detailed analysis of the chanmm hypothe-
sis responsible for excess cascades, the modified
program MQ [ 8] was used for calculations of
nuclear-electromagnetic cascades in ajr and lead
taking charm preduction into account. The inclu-
sive spectra of varicus types of charmed particles
in the MQ modzsl compared with recent experi-
mental data were well reproduced in the frame-
work of the MQ generator [ 8]. When simulat-
ing the experiment the relative production cross-

hPL
section of e6-pair §, = Eﬁ-m,- was varied. The effoct

of the absorption curve bending similar to the ex-
perimental one can only be observed for a very
large relative cross-section 4, = 0.5 + 0.1. The
calculated value of L varies from 220 + 8 g/cm?
in the depthi intervat 10-80 c.u., to 276412 g/em?
for 80-190 c.u. that is close to the values obtained
in our cxperiment. Calcnlations show that the ef-
fective production emergy at which charm parti-
cles produce excess cascades deep in the chamber
is, on average, 756 TeV, with a mean value zp
for these particles of 0.4. Hence the amir exper-
iment can only give information about charm pro-
duction cross-sections in the region of large xp.
Estimates of the total charm production eross-
section are difficult. But in order to compare our
data with that of other experiments, the estimat-
ed value of the charm production cross-section
over the entire £y range was calculated and com-
pared to the cross-section in pp collisions under
the assumption that o5 = aPPA1*00¢ We ob-
tain off = 3.3 % (.7 £ 0.8 mb. The first exror is
associated with the accuracy of the relative cross-
section, &, and the second cne, with the uncer-
tainty of the extrpolation from a lead to a proton
target.

The program MQ) enabled simulation of the
muon spectrum [ 9], To describe the verti-
cal muon spectra measured in the experiment
"Muon"| 4] o5 > 2.5 mb/nucleon should be as-
sumed, which agrees with our estimates using
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the badron absorption curve and is slightly larger
than estimated earlier [ 5}.

3. COMPARISON WITH THEORY

We present the energy dependence of ooz in
Fig.1. In the low energy region the charm produc-
ton cross-section, ogp in pp— and rp—interactions
from fixed-target accelerator experiments | 1]
were used, In the high energy region the estimates
of charmn cross-section obtained from the "Pamirc"
[ 8] and "Muon” experiments | 3} are showsn to-
gether with a measurement at v 5 = 630Gel in
the collider experiment UAZ [ 19]. In the low ener-
gy region @.: grows rapidly is well reproduaced by
QCD calculations | 1] taking into account next-
to-leading order corrections. The default value of
the charm mass in [ 1] is M.=1.5 GeV, and the
default choice for the factorization scale pp and
renormalization scale pg arve 2M, and M, cor-
respondingly. Even in the low energy range the
uncertainty in the calculation 15 an order of mag-
nitude. 1f the encrgy dependence is cstimated us-
ing accelerator data at GeV energies and ¢osmic
ray data in the TeV region oq will increase as
~ E%8 gver three orders of magnitude in crergy.
The inelastic cross section n this region increases
slowly. To analyze how realistic is this assump-
tion, we have considered the theoretical predic-
tions | 11], where the charm particle production
cross-section was caleulated in the frammework of
QCD up to the high energies as a function of dif-
ferent parameters: NLO corrections, the structure
functions G(z, 2?), the scale factor g2, At small
#2 ~ M2 where the best agreement with exper-
iment 15 attained, the contribution of NLO cor-
rections enhances the cross section by a factor
of 2 at GeV ocnergics and increases significant-
Iy with energy. Furthermore the energy increase
of the cross-section was shown to depend strong-
iy on Lhe behavior of the structore function in
the region of small r which define the contribu-
tion of gluons to the interactionm cross-section at
superhigh energies. Fig.1 shows the above men-
tioned calcolations for two sets of the structize
functions: the Duck-Ouens { D02) [ 13], Gluck-
Reyi-Vogt (GRV1) [ 12] at 1* = 4 GevZ One
can see, that an increase of the charm production
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cross-section assumpting GRV1 structure func-
tiong is almost linear with energy. It is explained
by the power law behaviour of the strueture func-
tions at G{z — 0) ~ r~®33-049 Far DO,
where 2G(z — 0) ~ Consi, the predicted in-
crease in the cross section is significantly weaker.
Moreover onre can see that even GRV1 does not
predict the cross-section value 3 inb at 75 TeV,
which is necessary for explaining cosmic ray re-
sults, Predictions of the quark-gluon string mod-
of, QG8M, from the same paper | 11] also con-
tradict the obtained cross section value. Herein it
should be noted that in tnost theoretical calcula-
tions for RHIC or LHC, authors as a rule predict
slower cnergy dependence of charm production.
But choosing the iree parameters of calcnlations
they are based on the experimental point UAZ,
which in principal is in contradiction to cosmic
ray points. But collider measurements are sensi~

tiva oniv tn cantral raminn of charm nraduntion
tive only o central region Of Coarm proguction.

Conversely the cosmic ray data is sensitive only
to large values of zp.

4. DISCUSSION

Summarizing the above consideration, one can
state that in spite of the iatest achievements of
heavy quark physics it is not clear whether the re-
suits of the two cosmic ray experiments [ 3] and
] 4] can be explained by the production of charm
particles. But a rapid growth of of cross-sections
dees not seem too fantastic. To clarify the na-
ture of excess cascades in the Pamir experiment,
a special experiment with X-ray emulsion cham-
bers with large air gap [ 15] was suggested for di-
rect neasurement of the charm production cross
section. Unfortunately there are no other cosmic
ray experiments sensitive to charm production.
Numercus experiments, where the muon spectra
at sea level are reconstructed wsing the muon ab-
sorption curve in the ground, give significantly
stmaller estimates for the charm production cross-
section than in the "Muon"experiment. More like-
ly this difference is assoriated with the principal
impossibility to measure high energy muens with
small angles, because such installations should be
located very deep underground.
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Figure 1. The charm production cross-section
measured at accelerators in pp-reactions (small
black circles), in wp-reactions (small open circles),
and estunated in the cosmic ray experiments
"Pamir" (big star) and "Muon" (big full circle).
Theoretical predictions for low enetgy range from
| 1] {solid lines for upper and lower limits), for
high energies from [ 11} for QCD NLO calculation
with two sets of structure functions GRV1 [ 13]
{diwshed line) and D02 | 12] {dotted line). Predic-
tions of the guark-gluon string model QGSM [ 11]
are shown by dot-dot-dashed line.
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ABSTRACT

This is a full report on the cosmic-ray spectra and composition obtained by the emulsion chambers on board
10 long-duration balloons, launched from Kamchatka between 1995 and 1999. The total exposure of these
campaigns amounts to 575 m? hr, with an average flight altitude of ~32 km. We present final results on the
energy spectra of two light elements, protons and helium nuclei, and on those of three heavy-element groups,
CNO, NeMgSi, and Fe, covering the very high energy region of 10-1000 TeV particle '. We additionally present
the secondary/primary ratio, the all-particle spectrum, and the average mass of the primary cosmic rays. We find
that our proton spectrum is in good agreement with other results, but the intensity of the helium component is
nearly half that obtained by JACEE and SOKOL. The slopes of the spectra of these two elements obtained from
RUNIJOB data are almost parallel, with values of 2.7-2.8 in the energy range of 10-500 TeV nucleon™'. RUNJOB
heavy-component spectra are in agreement with the extrapolation from those at lower energies obtained by CRN
(Chicago group), monotonically decreasing with energy. We have also observed secondary components, such as
the LiBeB group and the sub-Fe group, and present the secondary/primary ratio in the TeV nucleon™' region.
We determine the all-particle spectrum and the average mass of the primary cosmic rays in the energy region
of 20-1000 TeV particle '. The intensity of the RUNJOB all-particle spectrum is 40%-50% less than those
obtained by JACEE and SOKOL, and the RUNJOB average mass remains almost constant up to ~1 PeV.

Subject headings: acceleration of particles — cosmic rays — shock waves — supernovae: general

1. INTRODUCTION

The simultaneous observations of various cosmic-ray (CR)
components, proton to iron, bring us vital clues for the un-
derstanding of the origin of cosmic rays, their acceleration
mechanism, and the propagation processes in the Galaxy, par-
ticularly in the high-energy region, where troublesome effects
such as the ionization loss, solar modulation, complicated en-
ergy-dependent collision cross sections, and so forth, become
negligible.

There remain, however, many open questions. For instance,
(1) does the acceleration limit actually appear in the proton
spectrum somewhere around 0.1-1 PeV, and subsequently does
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the helium and heavier components become dominant as the
proton spectrum drops off? (2) Does the secondary/primary
ratio in the TeV region decrease monotonically with the energy
increase in the same way as in the GeV region? (3) Do the
indirect ground-based data connect smoothly to those obtained
by the direct balloon- or spacecraft-based data on the energy
spectra and the mass composition?

It is also noteworthy that measurements of the diffuse TeV
y-ray flux are becoming available (Fleysher et al. 2005) as the
capabilities of ground-based telescopes rapidly develop. Most
diffuse TeV vy-rays probably result from nuclear interactions
between CR protons with £, = 10 TeV and the hydrogen gas
in the Galactic disk. So, naturally, one must ask if the intensity
of the TeV «y-rays is in agreement with that predicted from the
CR proton flux at energies greater than 10 TeV. If not, it might
indicate that the TeV y-rays come from a novel source in the
Galaxy, such as the annihilation of supersymmetric particles
in dark matter (Bergstrom & Gondolo 1996; Edsjo & Gondolo
1997), thus addressing a challenging problem in both particle
physics and astrophysics.

With this background, we commenced a joint balloon ex-
periment with the use of emulsion chambers in 1995, and we
have performed 11 balloon flights from the Kamchatka pen-
insula, in 10 cases successfully recovering the balloon near the
Volga region after a level flight of ~150 hr.

We have already reported the RUNJOB (RUssia-Nippon
JOint Balloon collaboration) results obtained from the first four
flights, RUNJOB-1 and -2 in 1995 and RUNJOB-3 and -4 in
1996 (Apanasenko et al. 2001, hereafter Paper I). In Paper 1
we demonstrated the flight performance, such as the trajectories
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and the altitude variations of RUNJOB balloons (see also Fu-
rukawa et al. 2003), gave detailed descriptions of technical
details, such as the chamber efficiency, energy determination
(see also Hareyama et al. 2003), charge determination, and so
on, and presented preliminary results on the energy spectra of
various CR components.

For this reason we omit the technical details in this report
and focus on the final results based on all RUNJOB experi-
ments, including the remaining six flights, RUNJOB-5 to -11,
excluding RUNJOB-7 as its campaign failed due to a mal-
function of the auto-safety system.

2. RESULTS AND DISCUSSION

In Figure 1, we show the proton and the helium spectra
obtained by our 10 flights, where the vertical axis is multiplied
by E;” in order to emphasize spectral features. Also shown are
the results of other measurements, including the results at lower
energies recently obtained by AMS (Alcaraz et al. 2000a,
2000b) and BESS (Haino et al. 2004). Both groups provide
remarkable spectra with excellent energy resolution and high
statistics, although the energy region, 0.5-100 GeV nucleon™',
does not extend to the energy region of interest here. Their
spectra appear to continue smoothly to energies of = 1 TeV
nucleon™', although we cannot conclude whether the extrap-
olation of their helium spectra is more likely to connect to the
RUNJOB or JACEE (Asakimori et al. 1998) points.

We note that no new proton with PeV energy has been ob-
served since the PeV-proton event detected in the 1995 cam-
paign. Second, we find that the slopes of the proton and the
helium spectra are nearly parallel, with indices of 2.74 +
0.08 and 2.78 = 0.20 in the energy range of less than 100 TeV
nucleon™', respectively, where the errors are statistical only.
Third, our helium intensity, while consistent with MUBEE
(Zatsepin et al. 1994), is nearly half of those given by JACEE
and SOKOL (Ivanenko et al. 1993).

The JACEE and SOKOL results are unexpected from our
current understanding of the shock acceleration process in su-
pernova remnants, which depends only on the particle rigidity,
while the RUNJOB result seems to match these expectations.
So the discrepancy between JACEE/SOKOL and RUNJOB/
MUBEE is critical for our understanding of the origin of CRs
and the acceleration mechanism, with these two sets of results
leading to quite different alternatives.

In Figure 2, we give the energy spectra of the three heavy
primary groups, CNO, NeMgSi, and Fe, where the filled red
symbols denote RUNJOB data, and also plot data from the
HEAO 3 (Engelmann et al. 1990), SANRIKU (Kamioka et al.
1997), CRN (Miiller et al. 1991; Swordy et al. 1993), SOKOL
(Ivanenko et al. 1993), and JACEE (Asakimori et al. 1997)
groups. The vertical axis is multiplied by EZ°. One should
remember here that the JACEE data for iron include the subiron
components with Z = 17-25, while those from RUNJOB are
for pure iron only.

If we focus on data given by RUNJOB and CRN alone, the
energy spectra of heavy components decrease monotonically
with energy up to ~10 TeV nucleon™', and the slope of the
energy spectrum becomes gradually harder with heavier mass,
for instance ~2.7 for the CNO group and ~2.6 for Fe. Recalling
from Figure 1 that the slopes of proton and helium spectra are
2.7-2.8, the gradual change in the slope of the energy spectra
of the individual elements indicates a rigidity-dependent form.
This result is a natural consequence of the different collisional
cross sections, with, for instance, ~40 mbarns for p-p and
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FiG. 1.—Proton and helium spectra obtained by the RUNJOB experiment
(red circles) together with other direct measurements.

~750 mbarns for Fe-p in the TeV region, coupled with two
scenarios: the stochastic shock acceleration at supernova blast
waves and the leakage from the Galaxy in the propagation
process, both of which depend on the particle rigidity (see, for
instance, Shibata et al. 2004).

On the other hand, if the JACEE and SOKOL data are cor-
rect, we must find an alternative scenario, in relation to the
source and the acceleration mechanism. In fact, as several au-
thors have pointed out, based on JACEE data the source of
helium and heavier components must be different from that of
protons and could, for example, be produced by supernova
shocks expanding into Wolf-Rayet winds (Biermann 1993;
Biermann & Strom 1993; Biermann et al. 1995).

In Figure 3, we show the secondary/primary ratio obtained
by the present work together with data from ACE/CRIS (Davis
et al. 2000), HEAO 3 (Binns et al. 1988; Engelmann et al.
1990), and SANRIKU (Hareyama et al. 1999), covering the
lower energy region. One should recall, however, that the bal-
loon altitudes in RUNJOB of ~10 g cm™? result in a consid-
erable contamination effect for these secondary components,
coming from the fragmentation products in the atmosphere. In
Figure 3, we have eliminated 45% of the contaminations for
the sub-Fe components and 67% for the LiBeB group.

While the contamination effect is quite large, the uncertainty
in the correction procedure is as large as 15%—-25%, coming
mainly from the uncertainty of the fragmentation parameter
P, for an i-nucleus fragmenting into a j-nucleus. The details of
these calculations appear in the paper of Ichimura et al. (1993),
where the simulation procedure and the explicit values of the
fragmentation parameter for various projectile nuclei against
the atmosphere are summarized. Thus, one should view the
RUNJOB data in Figure 3 with these uncertainties, and we
reserve a definite conclusion until after further study.

Once we obtain the energy spectra of individual elements
from proton to iron, it is straightforward to estimate the all-
particle spectrum and the average mass of the primary CRs.
In Figure 4, we present the all-particle spectrum together with
other direct data, SOKOL (Ivanenko et al. 1993), JACEE
(Asakimori et al. 1997), and Grigorov (Grigorov et al. 1971a,
1971b, 1971c¢), as well as indirect data from KASCADE (Ulrich
et al. 2001) and CASA-MIA (Glasmacher et al. 1999), which
are representative of recent flux measurements and of a sys-
tematically lower flux, respectively.

We find that the RUNJOB data result in a spectrum ap-
proximately 40%-50% less than those obtained by JACEE and
SOKOL. This is quite natural from the results for light elements
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Fi6. 2.—Heavy-component spectra obtained by RUNJOB (red symbols) together with other direct measurements. The intensities are multiplied by 1/10 for the

NeMgSi group and 1/100 for the iron group.

in Figure 1 and those for heavy elements in Figure 2; namely,
the RUNJOB intensities of elements other than protons are
significantly less than those given by JACEE and SOKOL.
In Figure 5, we plot the average mass in the form of
(In A) (where A is the mass of the primary CR) against primary
energy for two direct observations, RUNJOB and JACEE, and
two indirect measurements, KASCADE (Ulrich et al. 2001)
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F1G. 3.—Secondary-to-primary ratios for (a) B/C and (b) sub-Fe/Fe, where
RUNIJOB data give [LiBeB]/[CNO] in place of B/C, and sub-Fe represents
Z = 21-23. Contaminations of atmospheric secondary products are eliminated
67% for (a) and 45% for (b).
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and CASA-MIA (Glasmacher et al. 1999). The RUNJOB data
show a constant average mass of up to ~1 PeV particle™',
whereas the JACEE data indicate a rapid increase with energy
beyond 100 TeV particle".

There is considerable disagreement in the indirect data be-
tween KASCADE and CASA-MIA, with the former connecting
smoothly to the RUNJOB data and the latter connecting to the
JACEE data around 2 PeV. Both EAS data show a common
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Fi1G. 4.—All-particle spectrum obtained by RUNJOB together with those
obtained by other direct and indirect experiments.
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FIG. 5.— Average mass vs. primary energy obtained by RUNJOB, together
with those obtained by other direct and indirect experiments. The two points
at the highest two energies for RUNJOB are obtained from the same data with
two different choices of bin width.

rapid increase of the average primary mass with energy, but
the starting energies of the mass increase differ greatly between
the two groups. It is worth mentioning, however, that the Cer-
enkov light measurements of the composition obtained by
BLANCA at CASA (Fowler et al. 2001) do not show such a
strong shift in the mean mass around the knee region but give
no mass increase at least up to 10 PeV particle™".

While we have focused on the experimental results below
the knee, we touch briefly on the difficulties in those above
the knee, in connection with the direct experiments. The CR
spectrum and composition above the knee have been studied
by a number of ground-based extensive air shower (EAS) ex-
periments. There remain, however, inevitable difficulties in the
estimation of the primary energy and mass. In order to obtain
these quantities, it is necessary to rely on simulations of shower
phenomena in the atmosphere, which are strongly affected by
the choice of nuclear interaction model.

DERBINA ET AL.
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One should recall that there is no experimental basis for
simulation codes at such high energies, 10'°~10" eV and be-
yond, which are much higher than those accessible to particle
accelerators. In addition, shower phenomena are essentially
governed by the secondaries produced in the fragmentation
region, which is difficult to observe in the inclusive experiments
of high-energy accelerators, even in SppS experiments at
E,~ 10" eV, much lower than those necessary for practical
EAS studies.

In fact, the indirect data on the all-particle spectrum and the
average mass show considerable scatter, in particular the latter,
with no consensus imminent in the EAS field, despite many
years of observations with increasingly sophisticated tech-
niques. So it is critically important to obtain direct data on the
all-particle spectrum and the average mass at around 10'*-~10"
eV particle™', even if it is limited to slightly lower energies
and with poorer statistics than obtainable from EAS studies,
to provide a reference point for the indirect data.

Finally, it is clear that further direct CR observations with
high statistics are essential, using new facilities such as the
super—long-duration balloon capabilities in the Antarctic or at
midlatitudes in the Northern or Southern Hemisphere, and/or
those under construction for year-long exposures on the inter-
national space station.
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Characteristics of cosmic-ray hadronic interactions in the 102107 ¢V range are studied by
observing a otal of 429 cosmic-ray Famitbics of visible energy greaier than 100 TeV found in
cmulsion chamber experiments at high mountain aliitudes, Chacaltova (3200 m above sea level}
and the Paanrs (4300 m above sew level) Extensie companisons were made wilh sumulisted
families based on mndels so Tar proposed, concentrating on the relation hetween the observed
famiiy flux and the behavioor of high-cacrey showers in the Tamilics, hadronic and clectromag-
netic componenis. I0s concluded that there must be global change in charvacteristics of hadronic
interactions st around 4'% eV deviatiag from those kaown in (he acceleraior energy range.
specially in the forwardmost angtlar repion of the coliision. A detsiled study of a new shower
phenomenon of small-p particle enussions, po being of the order of 10 MeV /e, is cavried ot
and its relation Lo the orgim of buge “halo” phenomens associated with extremely high energy
Tamiliex is discussed as one of the possibilitics, General characteristics of such super familics are
surveyed.

1. Introduction

The present paper covers a study of the characteristies of very high energy
cosmic-ray interactions obtained by observing cosmic-ray families recorded in
emulsion chambers at high mountain altiiudes: Chacaltaya and Pamir. At present,
an analysis is made of the recent five series of the “Pamir joint chambers™ by the
Pamir—Chacaltava collaboration groups, resulting in g step-wise improvement of
the statistics of the observed high-cnergy cosmric-ray families in Chacaltaya and
Pamir experiments.

The joint-chamber programme started after agreement had been reached bhe-
tween both the Chacaltaya and Pamir groups at the “l1st International Symposium
on Super High Energy Cosmic-Ray Interactions”, Nakhodka, 1980 [1]. The pro-
gramme commenced with the construction and exposure of a small test chamber at
Pamir {4300 m above sea level) in 1981, and since then the scale of the joint
chambers has grown steadily with time. During the large cmuolsion-chamber
experiments at high mountain altitudes, Chacaltayva and Pamir, the results have
been reported and discussed at various occasions at International Cosmic-Ray
Conferences and International Workshops on “Very High Dinergy Cosmic-Ray
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Interactions™. This report will cover those works, together with the most recent
summary of the collaboration,

The main purpose of the programme s to study the characteristics of cosmic-ray
interactions at cxtremely high encrgy. say E, > 10Y eV, through obscrvation of
“family phenomena™ with increcased statistics in the scaled-up emulsion chambers
at high mountain altitudes. At the moment, this energy region is yet to be reached
by fulure giganlic accelerators, and there are indications peinting towards an
unknown feature of the hadronic interaction in such a high-energy range. Cosmic-
ray discoveries of unusuazl phenomena, such as the “Centauro species™ in the
Chacaltaya cxperiments [2] and the Huge “halo™ phenomena found in both
experiments, Chacaltava and Pamir [3]. seem 10 deny any adequate explanation
based on a simple extrapolation of our present knowledge on hadroenic interactions
so far obtained through accelerator experiments, but seem to indicate some global
change of characteristics mn particle productions at such a high energy. Confirma-
tiecn and understanding of these unusual phenomena require not orly further
improvement in statistics of cosmic-ray events at cxtremely high encrey by scaled-up
exposure, but also [urther study of the events in a variety of chamber structures at
a varicty of altitudes. Such consideration led us to the decision to make a joint
exposure of mainly the Pamir-type carbon chambers which bear excellent cffi-
cicngy for the detection of the hadronic component in family phenomena.

The total exposurc of the “‘joint chambers™ at the Pamirs amounts to about 530
m*-yr up to now, and in total 173 cosmic-ray familics of visible cnergy not less
than 190 T¢V have been found with a threshold of 4 TeV tor shower detection. In
the present study of cosmic-ray hadronic interactions we include the experimental
results of 135 high-encrgy familics obtained through a 560 m”-yr exposurc of a
part of the Pamir carbon chambers (4] for which the analysis has been made with
the same criterion as the joint chambers, and 121 families from the Chacaltaya
two-storcy chambers of about 300 m” - yr, in order to make mutual comparisons
among the three independent experimental results and make the study conclusive
by increasing the statistics. Thus. the total statistics of families of visible cnergy
greater than 100 TeV amount to 429 from these three experiments. The experi-
mental procedure of the joint chambers is described in sect, 2.

The first study of common interest for both groups addresses the guestion
whether the global charactieristics of cosmic-ray intcractions can he consistently
understood by some simple extrapolation of our knowledge lrom lower-cnergy
accelerator experiments. or that any gqualitative change can be found in the nature
of the intcraction. The study has been carried out by comparing the observed
familics with the simulated ones constructed on the basis of already published
algorithms, all of which are based on the extrapolation of knowledge acquired in
the accelerator cnergy range. The comparisons are focvsed on the relation be-
tween the observed cosmic-ray family flux and the power indices of the superposcd
cnergy spectra of high-cnergy showers in the families. The results of the compar-
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isons and their physical significance will be presented in sects. 3 and 4. The
agreement among the three experoments was found to be satisfactory and none of
the simulation models succeeded in reproducing the cxperimental results on the
relation between the two guantities, indicating there must happen to occur a
change in the global characteristics of the hadron interaction in the very high
energy cosmic-ray range. Among the possible facts causing such a discrepancy
between observations and simulation calculations, one of the most significant
features was found to be the frequent observation of families of a rich hadron
composition as compared with the clectromagnetic onc, gamma-rays and /or
electrons, on the experimental side with respeet to the multiplicity ard the cnergy
fraction which hadrons oceupy m the family energy. Since the mgjority of these
high-energy showers are expected to originate directly from secondarics of the
parent mnteractions, a study was made of the nature of shower-inducing particles by
their transition behaviour in the chamber material.

The second topic concerns the high-energy shower clusters of a peculiar nature,
observed in the joint chambers. They have a small Jateral spread of an order
characteristic of atmospheric electromagnetic phenomena and vet an anomalously
penetraiive power. They are observed isolated, alone, or accompanied by only a
small number of distant showers with negligible small energies, showing that they
represent nothing other than the direct continuation of incident cosmic-ray barvons
through a new type of fragmentation process. The hasic propertics of these special
shower clusters are described in seet. 3.

I sect. 6 a brief summary will be given of a systematic study of such small-spread
central shower clusters in Chacaltaya fwo-storey chamber, based on a detailed
observation of constituent shower cores in nuclear emulsion plates under a
microscope [5). The resuits of the study show that there exist two types of shower
clusters, called the “single-ciuster™ (or uni-halo) type and the “multi-cluster™ {or
multi-halo) tvpe. Among these, the single-cluster type 15 found to be a building
block of shower-cluster phenomena, and it displuys a new feature of particle
production: the production p§’ is small, of the order of 10 MeV /¢, and the
multiplicity of the original particle production 15 smail, a few on average. These
shower clusters are closely related with the origin of huge “hale”™ phenomena and
considered 1o be nothing other than the precursory stage of “hale” phenomena,
where both energy and production altitude are insufficient. If onc boosts such
shower clusters up to much higher energics and to much hipher interaction
altitudes and supposes the rapid atmospheric degradation processes during the
passage through the large amount of atmospheric material, then we will have
characteristic halos.

The third topic pertains to the analysis of the cosmic-ray familics in the
extremely high energy region, Y £ not smaller than 2000 TeV. A family in this
energy region is frequently accompanicd by one or more “halos”™. A “halo” is a
morphological name given to a certain object occupying an area on an X-ray {ilm
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with nearly unitorm photometric density (darkness), having the dimensions of
several millimeters 10 & fow centimeters in diameter and showing apparent differ-
ent feature from the ordinary shower spots. Since the first discovery of the
spectacular “halo” event named “*Andromeda”, on the X-ray films of the Chacal-
tava chamber no. 14 in 1969 [6], the statistics of such halo events have steadily
increased as the emulsion chamber experiments at high mountain altitudes pro-
gressed, and we found that their core configurations have turned out o appear in
a wide variety. In sect. 7 we shall present the experimental resulis on three “haio”
events of very high cnergies in the joint chambers and discuss the origin of such
“halo” phenomena in relation to the nature of shower elusters studied o seets, 5
and 6. We have found that the phenomena have now become general characieris-
tics of the fragmentation phepomena of the forwardmost angular region of the
hadronic collision. Characteristics of the exiremely high energy hadronie interac-
tions generating a superfamily are discussed on the basis of our observational data
on a large group of shower spots on an X-ray film surrounding the central “halo™,
referring to the composition and the lateral spread of shower-inducing particles.

Sect. 8 will be devoted to discussions and a summary of the experimental data.
The results of our present study indicate that the characteristics of very high
energy nuclear interactions. near around o exceeding 101 eV, must be novel and
cannot be accounted for with a simple extrapolation of our present knowledge
obtained through accelerator experiments in the lower energy region. It is cspe-
cially remarkable that most of this possible novel nature of the hadronic interac-
tion is seen in the forwardmost smaull-angular region where the cosmic-ray observa-
tion covers in its full potentiality.

2. Experimental procedure
2.1. PAMIR JOINT CHAMBLERS

The “Pamir joint chamber” consists of chambers of two types. The first is the
“lead chamber™ which s made up of 35 em of uniform lead, in which Japanese and
Sovict X-ray films are inserted alternatively under every 1 cm of Icad. The second
is the Pamir standard type “carbon chamber”, made up of the upper part. called
11 -block™, containing 6 ¢cm of lead, the lower part. called “H {(hadron) block™,
containing 5 ¢m of lead, and a 60 cm (1.8 c.u.} carbon laver in between, Table 1
gives a resume of the exposures of the joint chambers. Fig. | shows a schematic
view of the Pamir-type “carbon chamber” and Chacaltaya two-storev chamber.
Both types of chambers have sullicient thickness for detecting with good efficiency
the high-energy hadrons in a family. For example, the thickness of a Pamir-type
“carbon chamber” amounts to 1.7 times A, the geometrical collision mean frec
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Tabrn 1
Summary of cxposures of the Pamir joinl chamber { ¥ number ol halo eveats, {T) halo events under
apalysis, {7 ) Centauro-gvent

Chamber Type Area Exposure Analvred Na. of famiiies
(m") {m’-yr) {m™ yr) {XF,, 2 1 Tev)
Pi simall test
”m ¢ 48 48 BH] 13441}
P3 C 72 72 72 15
P¥ C 158 36 36 G923+ (0%)
P4 thick Ph 14 %
Pa < 120) 244 90 32 +4{2%)
Ph ¢ 75 under exposure

530 169~ {5y - (i*})

path of ordinary cosmic-ray baryons, which assures the detection efficiency to be
over 7%

Among the joint chambers, P2, P3, PS5 shown in table 1 contain the Soviet
X-rays films {RT6M} and Japanese X-ray films (N-type and # 100-type). inserted
aliernately under 3, 4, 5 and 6 ¢m of lead from the top of the -block and under 2.
3,4 and 5 cm of tead from the top of the H-biock. Chamber P3, constructed by
the Soviet group through a special extra expedition in QOctober 1983, contains only
Japanese photo-sensilive material, inserted under 4 and 6 cm of lead and under 3
and 5 cm of lead from the top of the I block and the H-block, respectively. As for
the Japanese part of the photo-sensitive material, they were sent back to Japan
after exposure and processed there.

2.2, SHIOWERS IN THE PAMIR JOINT {HAMBERS

After processing, the routine naked-cve scanning for shower spols were carried
out on all the X-rav films in the f-block and H-blocks. A group of spots due tc a
bundic of parallel showers was seleeted and recorded as duc to a “‘cosmic-ray
family™ which started from onc and the same primary cosmic ray, and its target
map was constructed at every observational layer. When we identify & group of two
or more sufficiently high energy showers having their respcctive clear spots in both
the F-block and the H-black layers, it is safe to say that the mutual correspon-
dence is established between the -block part and the H-block part of the family.

2.3, IDENTIFICATION OF SHOWER ORIGIN AND ENERGY MEASUREMENT OF SHOWER
SPOTS

The darkness D of individual shower spots of tamilies on cvery X-ray film is

measured by applying the microphotometric method, separately in the Soviet and
the Japanesc groups. A cross check on cvery calibration has been confirmed. The
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darkness measurement of the shower spots on the Japancse side was done with an
ordinary 200 pm x 2{(0) gm square slit. as is usual for N-type X-ray films used in
the Chacaltaya chambers. The measured darkness of the spots due to each shower
is plotted against depth, 7, throughout the depth of the chamber material, and the
potential maximum darkness, D . of the shower is estimated. The relation
between energy and D, is calibrated with the one measured by the trackcounting
method in nuclear emulsion plates under the microscope for showers observed in
so-called “calibration chambers™, ie. uniform-lcad chambers, in which the nuclear
emulsion plates are inserted in contact with X-ray films under the same lavers.
After such @ calibration 1t was found that the sensitivity of X-ray films i joint
chamber P2, P3, P4 and PS5 was almost the same as that of the Chacaliaya
chambers no. 19, no. 21 and no. 22, while that of N-tvpe films of joint chamber P3
was lower by a factor of approximately 1.9 in energy scale. and this moderate
sensitivity has made feasible the separate measurement of individual shower cores
tn a closely collimated bundle of showers as is discussed in sect. 5.

Showers observed only in the f-block give us the darkness in N-type X-ray film
at the depths 4 and 5 ¢cm for chamber P2, and 4 and 6 cm for the chambers P3. PY
and P5. respectively, and we call them showers of atmespheric gamma ravs and
Jor slower of electron-pair origin {abbreviated as “gamma rays™) Out of the set of
theoretical transition curves £ vs. 1 of showers of electron-pair origin, the best fit
is selected out by choosing the energy value, £, and the first pair-creation depth,
At in the most suitable way.

Shower spots found only i the H-block are identificd as due to showers of
hadronic origin (abbreviated as ~hadrons™) The energy measurement is done in
the same way as in the casc of gamnta rays. The energy is the obscrvable part ELY,
transformed into gamma rays @t the local interaction of @ hadron of energy F L ic.
EV =k FE,. In the following., £ denotes the visible energy £, of gamma rays
and E{¥’ of hadrons.

There are cases where dark spots duc 1o one and the same high encrgy shower
are recorded on X-ray films of both the - and H-blocks, indicating a2 strong
penetrating power. This kind of shower may be a very high encergy gamma ray, or a
hadron which has made a local nuclear interaction in the material of the ! -block
itself, In such cases, the identification of the shower-inducing particle. whether it 1s
a gamma ray or a hadron, is made by comparing the darkness transition through-
out the depth of the chambers with the theoretical one of pure clectromagnetic
showers in 4 uniform lead chamber. If the darkness in the H-block. continued from
the f-block, is greater than that expected from the theoretical curve in uniform
lead, which is fitted by a computer algorithm using the observed darkness in two
different levels of the -block, they are cailed “hadrons”™.

Since there is a 60} cm {i.e. 1.8 c.u.) carbon layer between the - and H-blocks.,
we would expect a break there of the experimental transition curve when we
compare it with the case of uniform-lead layers. A simulation calculation of the
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shower transition was carried out for the case of a gamma ray incident upon the
I-bluck, in order to gange the magnitude of the fluctuation and the magnitude of
the break in shower development for diffcrent energy ranges, taking into account
the so-called LPM effect (Landau—Pomeranchuk-Migdal effect) and the practical
structure of thc Pamir joint chamber, based on the algorithm complcted by
Okamoto and Shibata [7]. The results will be shown in appendix A in some detail.

Here we preseat, as an example, the result of the calculations on the average
behaviour of the transition of the spot darkness in the Pamir joint chamber for the
case of an ¢ "¢~ pair entering the top of the chamber. Fig. 2a shows the average
transitions curves of the spot darkness tn a 200 wm X 200 wm square sht for three
cnergy regions: 10 TeV. 20 Tev and 50 TeV in the cases where the N-type films
have the sensitivity of joint chamber P2 and P3. [n the case of joint chamber P3
where X-ray films have a lower sensitivity, the calculation was made according to
the scaling law of the film sensitivity. The cffect of the break in the transition cunve
due to the interposed carbon layer can be seen in the data of the first layer of the
H-block. As is shown in appendix A. the fluctuation of the magnitude of the break
is large for gamma-rav-induced showcers, depending on the stage of shower
development within the upper chamber. If a shower starts its development carlier
in the I-block. the clfcct of the break s large, since high-energy electromagnetic
particles dissipate their energy rapidly by cascade processes and get scattered away
during passage through 60 cm of carbon layer. 1t s also found that there is no casc
in which the darkness of the shower spots in the H-block exceeds those expected
from the theoretical transition curve in homogencous lead which reproduces best
the experimental darkness ot the spots in two different depths of the I-hiock by
the theoretical curve. In fig. 2b we present some examples of transition curves
[rom experiment which could not be cxplained as s simple [uctuation from the
cascade shower of pure clectromagnetic origin, but which is to be identified as a
shower originating from a “hadron™. This leads us to believe that our criterion for
the identification of the origin of the shower-inducing particle, whether it is a
hadron or a2 gamma ray, works well in a statistical sense,

24 CLASKSIFICATION OF SHOWERS IN THE PBLOCK: "DUECASCADRING”

Foliowing the ordinary point of view on the hadronic interaction of cosmic-ray
particles with atmosphceric nuclei and the subsequent atmospheric propagation,
most of the observed showers in the F-block must be “gamma rays”, and the
remaining minor part might be attributed to local nuclear interactions of the
hadronic component, considering the present structure of the Pamir carbon
chamber. Then, the majority of single-core showers without any parallel showers in
the very neighbourhood must stand mostly for the direct arrival of gamma rays via
the decay of =" mesons produced by nuclear interactions in the atmosphere.
When gamma rays are produced at bigher altitude, they will have suffered
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Fig. 2. (a) Average transition curve of spot darkaess €208 w3 200 wm square slit) for three different
engrgies i the Pamir carbon-tvpe joim chambers obteined from simulation calculations snder the
algorithm developed by Okamolo and Shibata, The shower is assumed to start from the ¢ ¢ puair.
Curves show the cases (o) 00 TeVo {20 20 TeV and {4} 30 TeV. respectively, for the films with
sensitiviey of N-type X-roy films of P20 P3 and P53 A noticeable break of the transition cumves is scen
expecially for lower energy showers, which s cowsed by G0 cm of carbon placed between the - and
tl-blocks. Datted curves are for the case of aaiform lead. (b)) Examples of siagle-core showers in the
block identified as of hadronic origing Curves are best-fitied  theoretical transition curves for
gamma-tay incidence.

atmospheric cascade processes and will be obscerved as a local shower cluster of
small spread characterized by a scale of the order of a Molicre unit. The algorithm
of clustering procedure from the observed family data back to the eriginal gamma
rays was developed in cach group of mountain experiments (8], and is usually
called the “decascading”™ procedure. The constant for such a clustering procedure
of “decascading”, K. was studied with artificial atmospheric ciectromagnetic
cascades and the value K, =11 GeV - -m(ic. 11 TeV  mm) will be used hercafter
at the Pamir altitude as a result of this study. Then, the showers observed in the
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I-block are classified into two categories; (&) single-core showers and (b) shower
clusters, representing gamma rays arriving directly and gamma rays from atmos-
pheric electromagnetic cascades. respectively.

3. General properties of cosmic-ray families. Experimental results and comparison
with simulation calculations

3 LOEAMILY FLUX

The total exposure of the carbon-type Pamir joint chambers amounts to about
530 m*- yr as is given in tablc 1. yviclding 175 cosmic-ray families with ZE = 100
TeV, where L/, means the sum of the visible shower energy in a family when the
energy of detection threshold, £, is set to 4 TeV., The study will start from the
gamma rays in a family, because the gamma-ray part has already been studied
repeatedly and the comparison with the published data can give a check on the
present experimental results.

Fig. 3 shows the integral spectra of the family cnergy in the form of the total
energy of “‘gamna rays”, L. In this figure, the closed cireles represent the 175
fumilies in the joint chamber, while the open circles represent the result obtained
throngh a systematic study of a part of the Pamir chambers of 400 m? - yr exposurc

]02 T T T

primary

1 {=EEy)/m2yearsr

10 Fl 1103 ,'0!. e

TEy(TeV)

Fig. 3 Inicgral spectes of ihe total gamma-tay energy of a family, 3E . Closed circles represent 573

tamilics in the Pamir joint chambers of 330 m™ yr exposure and open circles represent a part of the

Pamir chambers 4] of 300 m” vr expasure. The primary flux of cosmic rays with aormal chemical

composition and the resolis from simulation calealations with (hree modeds of hadronic intersctions are
shiown,
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i4] for which the scanning and the measutrements arc done meeting the same
criteria as with the joint chamber, The agreement between the two is satisfactory
and both spectra are well approximated by the power law in infegral form given as

F(>LE,)=F{LE /100 Tev) " (n

with a common index o = 1.25 + (.1, shown by a straight line in the figure, The
shapce of the spectra agrees well with the Chacaltaya result [2]. The absolute
frequency of the family mcasured with the total encrgy of the gamma rays greater
than 100 TeV, F,. is calculated as 0.37 /m” - yr - st at Pamir (61¢) g /cm? of air) and
0.61/m* - yr - st at Chacaltaya (540 g /cm® of air} after the necessary corrections
duc to cxperimental conditions. The £, valuc at Pamir has been extensively
studied and concluded as (1.35/m" - yr - sr by the Pamir group on the basis of a
systematic study of 1000 m™- yr exposure, giving good agreement with the present
results,

Also shown in fig. 3 arc the cxpected spectra of the total encrgy of the gamma
rays, LI, for families obtained by simulation caleulations using the three types of
hadronic interaction models so far published. In what follows & short account will
be given of the algorithms of each model of hadronic interaction here used and the
results of the calculations.

3.2 BRIEF ACCOUNT OF THE MODELS IN THE SIMULATION CALCLLATIONS

In general, cosmic-ray families observed at high mountain altitudes are consid-
ered to be the result of a superposition of complicated atmospheric effects, nuelear
and electromagnetie, which start from the primary interaction high in the atmos-
phere. Consequently, large dispersions are expected in the observed guantities for
individual families caused by supposed fluctuations of the position of the matn
interactions. and the inclasticity of the collision for encrey release, cte. Since the
beginning of family studies at high mountain altitudes, a number of simulation
studies have been carried oul by various authors in order 1o investigate the
dominant characteristics of hadron interactions at extremely high energy in such
fluctuation problems. The general view on such family obscrvations has been
summarized in refs, [1,2].

It is well known, through these works, that there exist two main factors which
govern the features of the simulated (amilics. One is the chemical composition of
the primary cosmic rays and the other is the model of particle production by
hadronic interactions.

Throughout this work, we choose the normal chemical composition for primary
cosmic rays [9]. A recent result from direct observations of primary cosmic rays by
the JACEE group [10] is that the energy spectrum of the primary cosmic-ray
proton extends up to about 10" ¢V without changing the power index and thus
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Tagre 2
Assumned compasition of primary particles. DRSO Heavy dominam madel 151

Model i, V) Proton (%) Alpha (%) CNO %) Heavy (823 Fe (%)
normal 19 32 7 TR 04 13
COMpPesItuN gt 42 i3 14 15 16
HDSOI tHe I8 LG 18 15 34
{Mit. Fuii) 't 14 8 17 (] 47

docs not give any indication that the chemical composition is changed rapidly
around the primary energy up to, at least, 10" eV. Since the dominant compo-
nents of the primary cosmic-ray particles which vield high-energy cosmic-ray
families observed at high mountain altitudes with a high detection threshold
encrgy as F_ 24 TcV are considered to be proton and/or aipha particles. the
above-mentioned JACEE results scems to indicate that there is no reason for the
chemical composition of the primarics to sharpiy deviate from the normal composi-
tion at the regicn around 10" eV or higher for the present purpose. In table 2, we
summarize thce chemical composition of the primary cosmic rays used in the
present calculations. Also presented in table 2 is the se-calied *Fe-dominance
composition”™ of the Mt. Fuji group [11], introduced and used for their family
analysis, without any plausible observational support, aiming to get a fit for the
observed family flux preserving the hypothetical scaling nature in particle produc-
tion in the cosmic-ray energy range.

In fig. 3 we present the energy spectrum of the primary cosmic rays at the top of
the atmosphere in integral form by the line which follows the formula

1> Eg) = 1o Eo/10%eV) 7, (2)

where J, =50 £ 20/m” yr-sr at E, = 10" ¢V obtained from air-shower experi-
ments. The power index y incrcases gradually from y = .8 (in integral form) at
10’3 eV to higher encrgies.

As for the model of multiple particle production, we took here the following
five models thus far proposed, and performed calculations on the atmospheric
propagation of cosmic-ray families, comparing the results of these models with
each other and confronting them with experimental data.

Model 1. 1JA-5 Monte Carlo program [12], The UA-5 Monte Carlo program
GENCL + DIFFR is used in our calculation. The basic mechanism of particle
interaction is the production of hadron clusters and their decay, and parameters
ar¢ chosen so as to reproduce UA-3 results as fairthfully as possible. For simplic-
ity, we here assume all the secondaries to be pions. The diffractive interaction
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cross section is taken here to be 199 of the total melastic cross section following
the UA-4 results [13], 523 examples of UF = 100 T¢V are simulated.

Model 2. FU0 algorithm developed by Wrotniak et al, [14]. According to the
authors, the nature of particle production scales in the rapidity distribution n
lower encrgies, ~ 1 TeV of ISR energy range, and the gradual change of the
rapidity distribution is taken into account o give agreement with the resuits of the
SppS collider experiment at CERN (100 TeV). The scaling character in the
x-distribution of the secondaries produced is strongly violated as the interaction
encrgy increases, as will be shown in fig. 7h. 305 examples of X1, = 100 TeV are
simulated.

Model 3. MSE model developed by the Pamir group [15] and used for the
family analysis since the beginning of the Pamir ¢xperiment. Particle production
cssentially follows a scaling law in the fragmentation region., with the break in the
small rapidity (i.c. central) region. 427 examples of L2, = 100 TeV are simulated.

Model 4. Traditional two-fire ball model in cosmic-ray study. 577 examples of
Y.E,. =z 100 TeV are simulated.

Model 5. MQ Monte Carlo program recently developed by the Pamir group
[16]. The namc MO criginates from the fact that the global behaviour of particle
production resembles the quark—gluon string model of the pomeron. based on the
1 /N expansion in QCD, proposed by Kaidalov and Ter-Martirosian [17]. Particle
production 1s of a guasi-scaling nature and it describes wetl most of the collider
data. A unique choice of the algorithm 1s 1o take a large inclasticity factor, K., at
the collision according to the QCD model tor nucleon—nucleus interactions calcu-
lated by Shabelsky [18]. As a result, the values of K increascs from .66 {0.62} at
100 GeV to 0.81 ¢0.84) at 10 TeV for the nuclcon (pion}-nuclcus [N™] interac-
tion. Such a choice of the inclasticity factor makes, phenomenologically speaking,
the attenuation of the cosmic-ray family through the atmosphere very sirong. For
the practical calculations. we use in Model 1 the values of the inclastic cross
section for the casc of the proton interaction with air nuclei given by Hillas [19], as

Al p-air) = 760[ o M{inel}] " g sem?. (3)
where

o VN (inel) = 32.2[1 + 0.0273¢ + 0.01€°8( )| mb. {4}

with € = In{ £ /200 GeV), and for pions we replace the numerical factor 32.2 in eq.
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Tanie3
Powcer indices of energy spectra of three categories of high-cnergy showers, Family {lux is given by
HXE = 100 TeV)/FLE, 21008 TeV) with 1,08, = 1000 TeVY S0+ 20/m7 yi-sr from the EAS

experiment

Shower clusters Single cores Showers - H Family flux
Toint chamber 182+0.16 2,141 8012 LEI+012 (74330010 ?
Pamir (400 m”-yr} L8 +.20 21510100 2064017 (&1 t2sixin ?
Chacaltaya 2.1a+10015 23040000 2R21+024 (701310 0
Maodel EUAS) 212440013 251 + 0006 200+0804 (30111 -
Muodel 2 (FG0 264 +0.00 2754+ 0.06 3530007 (T3+050rx 0 QL3
Model 3 (MSF} 1.99 ~6.04 2RS40 2154009 GSEL3)xin
Model 3 (Fire-ball) 2294005 2A0+003 22300405 (3+007)IxiIn :
Maxdel 5 (MQ) (LA =1y 7151

4 Expected value at Pamir by assuming A, = 100 pr/ems,

{4} by 2{1.3. The values used in the calculations of the other models are approxi-
mately the same.

The encrgy of the hadrons is transtormed into visible shower energy by multipiy-
ing by k. where k_ is the gamma-ray inclasticity at the collision, and is sampled
from the I-distribution with the avcrage (ky) ={.15 for Model 1, as shown in
appendix B. The average vaiue of &, {k‘,}, shows little difference for the various
models. Parameters which are not mentioned in this brief summary arc given in
appendix B. Also errors in encrgy estimations are taken into account for calculated
showers by assuming a gaussian-type distribution with an energy-dependent disper-
sion. for mstance ~ 206 at £ ~ 10 TeV,

A FAMILY FLUX-VALULE; COMPARISON WITH SIMULATED FAMILILS

In fig. 3 the calculated encrgy spectra of the simulated families based on Maodel
I, 2. and 3. respectively are also shown, In the caleulation, the primary flux given
by eq. (2} was used. Table 3 summarizes the family flux value in m?-yr-sr. LE,
means the total energy of the gamma-ray component of a tamily. One sees that the
flux values of the simulated families in Model 1 and Model 3 are significantly
higher than observed. while Model 2 gives a consistent family flux. A discussion of
the physical significance of such comparisons witl be given in subsect. 3.7, after
giving some details of the characteristics of the hadronic interactions used in ¢cach
model.

34, SHOWERS IN FAMILIES IN THE PAMIR JOINT CIHIAMBERS
Now we proceed to study global features of the obscrved families. First we

present a scatter plot of cnergy vs. lateral distance from the family center for the
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Fig. 4. {a} Scatter plots of eocrgy vs. lateral distance from the family center {or constitaent showers
observed in the F-block of 162 families of visible family energy, XE; | between HRY and 1000 TeV with
E, =4 TeV in the Pamir joint chambers. (+ ) single-core showers seen only in the Mblock: (B
single-core showers pengtrating from the - into the H-block: {2% shower clusters seen oaly in the
I-black: {#} shower clusters peacirating Trom the 1 into the H-block. (b The same as () for showers
observed in the H-blocks.

constituent showers of 162 families of Y, between 160 and 1000 TeV with
£, =4 TeV in the Pamir join chambers, as an illustration of the global nature of
cosmic-ray families. Fig. 4a shows a scatter plot for showers observed in the
f-block, and there the showers are classified into the following four categories: A
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plus represents single-core showers found only in the I-block; a filled square
single-core showers which continued into the H-block: an open circle denotes
shower clusters obscerved in the -block and a filied circle shower clusters which
continued into the H-block. Showers observed only o the H-block are depicted in
fig. 4b. The two lines in the fipures are drawn, to show the energy-weighted lateral
spread, ETR, of 1T GeV-km and .2 GeV - km, respectively. For the hadron
component the energy is the visible shower ¢nergy, the energy-weighted spread
must then be multiplicd by 1/¢ky>, where (kvy) is the averaged samma-ray
inelasticity of the hadron interaction, of the order of (.3-0.2.

35 ENERGY SPECTRA OF HIGH-ENERGY SITOWLERS

Relving on the convincing assumption that higher-cnergy showers in a family,
say £z 10 TeV. will more faith{ully refleet the characteristics of the pareat
interaction without scrious secondary effects, we shall begin with studying the
global behaviour of the distributions of the energy, £, and the encrgy-weighted
lateral spread, £ R, of these high-energy showers in familics by superposing all of
them. Here, £ means the visible energy in the form of electromagnetic cascade
showers. Since these high-cnergy showers constitute a large fraction of the ob-
scrved family energies which we are concerned with in the present study, we will
concentrate on the global nature of the hadren interaction in the high-v region by
superposition of all the cvents. The statistics here applics to familics of visible
energy between 106 and 1000 TeV, ie. 162 families in the joint chambers and 127
familics in a part of Pamir chambers ol 500 m~ - yr. The high-encrgy showers arc
classificd into three categories: {a) single-core showers in the M block, {b) shower
clusters i the f-block and (¢} showers in the H-block, respectively, following the
procedure deseribed in sobsect. 2.4 Table 4 gives the statistics of high-cnergy
showers of cach category (L, > 10 TeV) {or the present joint-chamber experiment
and a part of the Pamir cxﬁcrimcm referred to above. In table 4 the results of

Tanrr &
Classification of high-eneroy showers (£ = 10 TeV)

=

Toual chamber Pamir Chacaltaya
(400 m?-vr) (nos, 19, 21, 22)
No. of familics {XE | = 100 TeV) 1632 85 K2
Fshowers single cores RIH] 274 IST468 ")
shower clusiers S32 X} 1y {0
H-showers  C-jels 114 134 38

Ph-jets-iower 37

Y The statistics covers only high-energy familics observed hoth in the I~ and H-blocks.
F Number of continwing showers from upper (0 lower Chambers,
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obscrvations in the Chacaltaya two-storey chambers nos. 19, 21 and 22 are also
presented, as a reference, for which the total exposure amounts to 150 m? - yr.

In order to get an impression of how these high-energy showers (£, 2 10 TeV)
are associatcd with the observed cosmic-ray families, we present scatter plots
showing the relation between the energics of these high-energy showers and the
visible family energics, L E,,., which they belong to. Fig. 5a illustrates this for the

(TeV})

single

TEyig (TeV)

i

Ofts

R PR

ZEyis (TeV) Hooo

Fig. 5. (o) Reistion between the encrgy of single-core showers and the family energy, YF,,. which these

high-energy showers belong to. The experimental results from 289 familics of visibic energy between

160 and 10060 TeV obscrved in the Pamir joint chambers and a part of Pamir chambers (500 me-yr

exposure) are presented. Open eircles stand for single-core showers which penetrate through the

{block into the H-biock. and closed circles stand for 1he ones observed oniy in the -block, {b) Same
as fa) for the case of shower clusters.,
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case of single-core showers observed in the F-block. and fig. 5b for shower clusters
from a total of 289 families in the joint chambers and @ part of the Pamir chambers
{500 m° yr-sr exposurc), [n both figures open circles stand for showers which
penetrate from the 7-block into the H-block, and closed circles stand for showers
obscrved only in the f-block. The following study will be made on the hasis of
these observations.

Fig. Aa depicts the superposed encrgy spectra of the three categories of
high-cnergy showers in differential form for 161 familics of 00 < X R, < 1000
TeV in joint chambers in (a), exeept for one Centauro candidate event [20], and 83
familics from a part of the Pamir chambers in {b). cach of which iy normalized per
cvent for the purpose of making comparison of the spectrum shape and average
numbers beiween the two cxperiments and, furthermore, for a comparison with
simulated data. Open triangles stand for shower clusters, closed circles for single-
core showers in the F-block and crosses for showers detected in the H-block. All
the superposced cenergy speclra for the three categories of showers are well
represented by a power law, reading in differential form
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Fig. 6. {0} Encrgy spectra of three calegorics of high-energy showers (£7 = 10 TeV) in differeniial
form {or (a} 161 families of 100 < XE, | < 1000 Te'V in the juint chambers. cxeept tor one Centauro-type
event, and (bl for B3 Tamilies from a part of Pamir chambers. # single-core: ~ 0 shower cluster; +
showers in the H-black, The spectra are normalized per event in order o be able 1o make o comparison
of spectrum shape and average number between both experiments, and 10 compare with simulations.
{B} Superposed epergy spectra of three calegories of high-energy showers of simuolated families
caiculated on the basis of (o) Mudel 1 and (b} Model 2, after following the same procedure as for the
experiment. Symbols are the same as in Hp 6a The spectra are also normalized per oveni tor
comparison with experimental duta.
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where £, denotes the power index of the three categories of showers, 8, is
obtained through a least square fit in the cnergy intervals of 13-530 TeV for the
cases of single-core shower in the I-block and showers in the H-block, and 30
— 100 TeV for shower clusters, respectively, as shown by the straight lines in the
figures. These energy intervals for cach category are accepted as regions of least
affection from both fluctuation and bias of the detection, and such energy intervals
are considered to be high cnough to predict the characteristics of the hadronic
intcraction. For comparison fig. 6B shows the energy spectra of the high-eocrgy
showers for simulated families based on Maodel 1 in {a) and on Model 2 in (b)), after
following just the same procedure as for the experiment.

The best fitted value of the power indices, 8,. of the three categorics of showers
and family (Tux obscrved in the three experimernts, i.¢. the joint chambers, a part of
Pamir chambers and the Chacaltaya chambers are summarized on table 3. In this
tabic the family flux at the Chacaltaya altitude is normalized to the one at the
Pamir altitude, assuming the attenvation length of the family flux to be A, = 100
g/cm”. Also shown are the results of simulation calculations based on the four
diffcrent models of hadronic interaction so far proposed. One notices that the
power indices of the high-cnergy showers in the familics are almost the same
among the three independent experiments.
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3.6. RELATION BETWLEEN FAMILY FLUX AND POWER INDICES OF THE ENERGY SPEC-
TRA OF HIGH-ENERGY SHOWERS

In table 3 we summarized the resuits of three independent experiments and the
simulation calculations on family flux values in units of m* - yr-sr and the power
indices of the threc categories of high-energy showers. All the models for the
simulation calculation we have used here have been uniguely extrapolated from
the lower energy accelerator experiments to the cosmic-ray encrgy range. Now, our
first purposc is to find out how different types of particle production can give
different behaviour of the simulated families as far as flux value and energy spectra
of high-energy showers in the families are concerncd, and how they can reproduce
the observations.

Fig. 7a shows the relation between the family flux values, J(ZFE(> 100 TeV)
measured in m’ - yr - sr. and the power index B, of the high-energy showers of the
single-core category in the -block, for three experiments and four simulation
calculations. Fig. 7b illustrates the same for the shower-cluster category [21]). (In
both cases, Model 5 [the MO model] is not included because the spectrum study
on high-energy showers after the decascading procedure has not yet been com-
pleted.} The three experimental results, Pamir joint chambers {(closed circle), a
part of the Pamir chambers {open cirele) and the Chacaltaya experiment {(triangle),
agree well with cach other within ¢xperimental crrors, irrespectively of the differ-
ent experimental conditions. The large error bars scen in the flux values of families
in the simulation calculations are caused by the uncertainty of the flux values of
the primary cosmic rays, i.e. I, =(50 £ 200 /m? -yr-srat £, = 10" eV.

How would the relation between the above two quantitics be when the primary
cosmic rays were not of normal chemical composition, as accepted here, but
dominantly composed of hcavy nuclei with an energy beyond 10" ¢V? As an
example, we present in fig. 7¢ the stimulated result on the relation between these
two quantitics for the casc of single-core showers when the primary composition is
the same as in the HDSQI model {Mt. Fuji) in table 2.

One can sec that the family flux for each assumed model of hadron interaction
becomes about a factor 3 smaller {approximately proportional to the proton
ahundance) relative to the case of a normal chemical composition as shown in fig.
7a, kceping the power indices and the relative relationship among the models
fixed. We see that the flux valucs arc still larger than observed when considering
the scaling or quasi-scaling nature of the inferaction models, indicating that the
dissipation of cosmic-ray families is much stronger during passage through the
atmosphere.

3.7. 51GNIFICANCE OF PARTICLE INTERACTIONS SEEN FROM THE COMPARISON

In the previous sections, we saw that the simulated families based on different
maodels of particle production gave different relations between family flux values
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and power indices of high-encrgy showers in families, and the comparisons show
that none of those calculations could satisfactorily reproduce the relation inferred
from obscrvation. Next we will investigate the implications of such a contradiction
on particle interactions in the cosmic-ray energy range.

One finds that the observed value of cosmie-ray family flux is much lower than
the simulated results based on the algorithms of Model 3 (MSF of Pamir) and
Model 1 (GENCL. + DIFFR of UJAS). These two models have characteristics of
cither the scaling or the guasi-scaling tvpe in particle production at the collision.
while Model 2 {FOO0 of the Polish group) shows a strong breakdown of the scaling
nature in the high-energy cosmic-ray range, vielding a value of the family flux
consistent with experiment,

[n order to see the characteristics of particle production of these models at the
high-encrgy cosmic-ray range, we present in fig, 8a the rapidity distribution of the

w1 7 T T
s <= model-i -
3 .- model-2 4
s past)

Fig. 8. (a} Rapidity distribution of the prodoced charged secondaries in the cnerey ranges | TeY (ISRY

100 Tev (CERN collider? and 16 TeV (cosmic-ray) for (he cases of Model 1 and Model 2. (b)

x-distribution of the charged secondarics in wo enerpy ranges for various models, The numbers denote
the simulation models.
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charged secondarics at the interaction for Model 1 and Model 2 for comparison. In
this figure the rapidity distributions of the charged secondaries are given for
interaction cnergics of 1 TeV (ISR energy range), 100 TeV (CERN collider range)
and 10* TeV (cosmic-ray range). The closed circle in the figure gives the pscudo-
rapidity distribution of the charged secondaries obtained by UA-5 experiments,
and one sees that Model 1 was so constructed as to reproduce well the experimen-
tal distributions gt the CERN collider energy. We did not find a serious difference
between Model 2 and Model 1 at 1 TeV ISR encrgy and 100 TeV CERN collider
cnergy. One finds, however, a large difference at the exirapolated cosmic-ray
energy range, 10* TeV, showing a strong break-down of the quasi-scaling nature in
Modetl 2.

In fig. &b the x-distributions are shown of the produced charged secondaries at
the interaction for the models here calculated at energics 100 TeV and 10+ TeV.
In the extrapolated cnergy range at 10* TeV, one ohserves differences among
them, ¢specially between Model 2 and the other models,

As lar as the value of the family flux is concerned, it is now cvident that such a
strong breaking of the scaling nature as Model 2 displays can give a value
consistent with observation, while the expected family {Tux becomes higher as the
interaction type approaches the scaling type. Such a tendency has alrcady been
noticed at the beginning of family studies and the break down of the scaling law
and the increase of the multiplicity and p in the cosmic-ray energy range was
seriously argued [1,2,22]. On the other hand, as for the power indices of the
speetra of high energy showers in the family, such an algorithm as is seen in Model
2 gives too soft a spectrum, implying the age of the familics to be very old. While
the experimental result gives a value of 8, consistent with what is expected from
scaling-type pion production as is typically scen in the case of Model 3. it gives a
much higher flux valuc than observed.

In order to sce the global characteristics of the obscrved cosmic-ray families
from a diffcrent perspective we present the distribution of the ¢nergy fraction ¢
that the total encrgy of high-cnergy showers (£, > 10 TeV) constitutes in the
respective families. Here g is defined as ¢ = LE{= 10 TeV}/LLE . In fig. 9 we
show by a closed circle the normalized distribution of the g-value from 289
observed familics of visible family energy between 100 TeV and 1000 TeV found in
the Pamir joint chamber and in a part of the Pamir chambers as referred to before.
Fig. 9a gives a comparisen with the distribution from simulated familics using
Model 1 represented by histogram, fig. Yb for the case of Model 2, and fig. 9¢ for
Madel 3. As is seen in these figures, onc recognizes a difference between
experimental results and stmulations that is, a large fraction of the observed
cosmic-ray families have a higher g-value than in the case of simulations. This
indicates that the cosmic-ray families arc in a much younger stage before being
degraded by the atmosphere, than the simulated ones using these Models.

In conclusion, we found little hope to come up with an eligible algorithm which
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is able to explain the global characteristics of cosmic-ray family obscrvations in a
consistent manner by extrapolating accelerator resuits up to cosmic-ray energies,
as far as we concern ourselves with the models so far examined which seems to be
covering a wide enough range of distributions of muitiple pion production. This
indicates that the discrepancy can hardly be restored by a small modification in
such a way as adjusting the r-distribution (or rapidity distribution) of the produced
pions, as long as we restrict ourselves to the framework of multiple pion produc-
tion. This seems to indicate that a solution must be searched for outside this
framework.

We would like to make a remark on Model 5, the MQ model. An extensive
comparison between experimental results and simulation calculations 1s currently
being made by the Pamir group [23,24]. The results obtained up te the present
show that the power indices of the energy spectra of hadrons and high-energy
gamma rays, without the decascading procedure, remain close to the experimental
values within the error limit, while the predicted fanuly flux 1s significantly smaller
than in the case of Model 1 and Model 3, yielding about twice the experimental
value. A success of Model 5, though preliminary, for reducing the family flux value
with guasi-scaling particle production, comes from the strong attenuation of the
families due to choosing a large inclusticity coeffictent. (A} = 0.81 for nucleon-
nuclei {(N') and (K} = (.85 for pion—nuclei (N'*} interactions at an interaction
energy of 107 TeV, as described above. Such a strong attenuation through the
atmosphere, particularly the change of atienuation mean free path of a4 nucleon as
a function of the primary energy, is shown in appendix B in comparison with the
cases of other models. Unfortunately, at this moment there 1§ no experimental
suppert for the existence of such a large nuclear ¢ffect in multiple pion production
to increase the inelasticity close to the onc in air—nucleus collisions.

28 LATERAL SPREAD GF HIGH-ENERGY SHOWERS

Fig. 10a shows the superposed distributions of the energy-weighted lateral
spread, £, R, measured from the family center in differential form for the three
categories of high-energy showers (£ » 10 TeV)} mentioned above for the joint
chamber. Agreement of the distributions among the three experiments is satisfac-
tory and all the distributions are approximately represented by an exponential law.
The average value of the lateral spread, (E R, for the three experiments arc
summarized in table 5, together with the results obtained by simulation calcula-
ttons, [n fig. 10b we show the results of the simutation calculations based on Model
1. One sces no significant difference between experimental results and simulated
results, through we recognize an excess of shower clusters in the region, £, R=1
~2 GeV-km in the Pamir joint chamber In comparison with the simulation
calculation. A discussion of the results of these lateral distributions of high-cnergy
showers will be given in subsect. 4.4,
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Average lateral spread for high-energy showers (£, = 10 TeV)

H-showers
(J-.'w}R) Geveom

Single cores Shower clusters

(E Ry GeVom CE LR GeVem

Joint chamber 410+ 28 3614 20 572+ 67
Pamir 473428 430+ 25 538+43
Chacaltaya 457+ 32 362421 445 + 50
Model 1 487+ i5 427+ 14 574424
Model 2 488+ 18 363+12 669 + 54
Modet 3 519+ 18 425+ 14 56528
Model 4 576+ 23 G134+ 14 852 + 20




4. Exotic families in unbiased observed events
4.1 ANOMALOUS HADRON DOMINANCE TN FAMILIES

Since the discovery of the event “Centauro-1" in the Chacaltava chambers, a
systematical search for cosmic-ray families of Centauro interactions has been made
in cmulsion chamber experiments at high mountain ailtitudes by looking for
cxamples which show an anomalously rich hadron content of the constituent
showers in familics [2]. The study was motivated by the question whether the
Centauro events are cxceptionally rare exotic phenomena or whether they point
towards a global change in the characteristics of hadronic interactions in the
cosmic-ray energy range. In order to illustratc the situation, we present the
experimental results on the hadron and gamma-ray composition of high-energy
families and compare them with the results of simulation calculations.

In fig. 11a we give the present status of this search for a total 429 families [121
from Chacaltaya (open circles), 173 from the pamir joint chambers and 135 from a
part of the Pamir chambers of 500 m” - yr {closed circles)] in the form of a scatter
diagram of N, vs. {J,. Here, N, denotes the number of hadrons in a family with
visible encrgy greater than 4 TeV, and Q, = LEV ALY E + Y EP) the fraction of
the total visible encrgy which these hadrons constitute. Fig, 11b shows the result of
simulation calculations; 323 events with Model 1, as zn exampie, assuming the
primary cosmic rays to be of normal chemical composition. The different marks on
the plots refer to families due to dilferent primary cosmic-ray nuclel. One sces that
there exist abundant familics with an anomalously rich hadron content in the
experimental data, somctimes both 1n the number and the energy fraction, and
sometimes in an energy fraction, which is beyond expected f{luctustions in the
distribution from UA-5 typc hadronic mteractions. One f{inds that the global
features obtamned from the other models 1 approximately the same as in Model |,
as shown in appendix B. The figures tell that such an anomalously rich hadron
content is ncither caused by the incidence of heavy nuclei in the primary cosmic
rays, nor by the superposed fluctuations of ordinary-type purticle production
during passage through the atmosphere. It is known that hadron detection is
effecied by the choice of the gamma-ray inelasticity, ky, of hadronic interactions
for clectromagnetic shower formation. However, the conclusion here is not changed
cven when one imposes extreme conditions on the hcavy-nucleus target {the lead
plates) by making &k as large as <A ) = 0.3 for hadron interactions, in order to
¢xplain the abundant hadren deiection. The simulation resulis show that none of
the families is found to show @ = .75 and N, = 5 [25], though the experimental
result still shows the existence of familics of much richer hadron composition.

In order to sce this feature more clearly, we present in fig, 12a the scatter plot
of N, vs. @, where we sclected families by the criterion that the average spread,
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are for 173 familics in the juint chambers and 135 families in the Pamir chambers, and open circles are

for 121 families from the Chacaltays chambers, Scc the text for the events with a figure. {b) The same

for the case ol simulated famihes of Madel 1. The different marks signify the different primary
cosmic-tTay nuclet;  proton, 2 alpha, <0 CUNOL % heavy, + Fo,

{ E*R*), after applying thc “decascading” procedure for the “gamma-tay” com-
ponent in the f-block.must be less than 300 GeV - m. The criterion means to select
familics of which the location of the main interaction is closcly above the
chambers. W¢ found 69 families from the Chacaltaya and 173 families from the
Joint chamber and Pamir chambers satisfying the above condition. Fig, 12b shows
the corresponding result for a simulation calculation based on Model 1. Under
such criteria, onc finds that the frequency of occurrence of families of rich hadron
content in cosmic-ray observations is much enhanced.
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We should make a remark here concerning families of a very large number of
hadrons, expressed by a circle and a number in fig. 11a. All those with a special
mark arc supcrfamilies with L2, = 1000 TeV, some details of which will be
discussed later. Among them. the family marked as (7) shows more than 70
hadrons of visible encrgy greater than 4 TeV, which came from the Chacaltaya
chamber no. 21 [26], and the Chacaltava group considered it to be a candidate of
the Centauro type interaction and called it Centauro VII. The family is an extreme
case of very large visible family energy {~ 5000 TeV), and it is estimated to have
been produced at 2000 ~ 3000 m above the chamber, indicating one of the tvpical
anomalous characteristics of extremely high energy super-families. The event
marked as C2{} is coming from Chacaltaya chamber no. 20} is also a candidate of
the Centauro-type imteraction and was called Centauro VI The visible energy of
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the event is measured as 1360 TeV, being produccd at ~ 800 m above the
chamber, and 29 showers of energy £ > 4 TeV are identified to be of hadron
origin [2.25]. Details of the analysis of these two cvents will be presented else-
where. In the figure we also plot one high energy superfamily [marked (E)] called
“Elena™, recently found in the Pamir thick-lead chambers [23]. The visible energy
of the event 15 1 700 TeV and contains a hadron of visible energy of 800 TeV, The
events marked (1}-(6) signify the results of studies of superfamilies of £ > 2000
TeV in the Pamir joint chambers including a shower spot study of the off-halo part
which will be discussed in sect. 7.

4.2. TRANSITION BEHAVIOUR OF HIGH-ENERGY SHOWERS IN THE {-BLOCK

In this section we present the resuits of a study on the nature of high-cnergy
showers which start the shower development in the I-block by constructing their
transition curves throughout the material in the Pamir joint chambers. The study
was motivated in order to sce the nature of shower-inducing particles from the
point of view of transition behaviour through the chamber materials. For this study
we concentrated on the high-energy showers obscrved in joint chamber P3', since
they made & major contribution 1o the statistics with a satisfactory uniformity of
X-ray films.

Fig. 13a shows the transition behaviour of high-energy showers in the form of
depth variations of the spot darkness measured with a 200 pwm X 200 um square
slit, The open cireles are the average over 63 single-core showers in the F-block
with energy F47! between 20 and 40 TeV. The closed circles are the average for 94
shower clusters with cluster energy £, between 40 and 100 TeV containing no
shower cores with energy greater than 4 TeV among the constituent cores of a
cluster. The average ¢nergy of single-core showers and that of the highest energy
shower-core in clusters is the same: {FY) = 25 TeV. For the construction of the
transition curve for the case of shower clusters, the spot which showed maximum
darkness among the constituting shower cores at each depth is traced down. The
average transition curve of the spot darkness caleulated on the basis of 1)
simulated showers due to gamma-ray incidence of energy 25 TeV 1 given in the
fisure by the sct of triangles in the {-block part. One sces that it could not
reproduce the cxperimental shower curve in f-block. By comparison, one finds
that the experimental curves show that the shower develops more abruptly in both
the single-core shower and shower-cluster cases, indicating that the incoming
shower-inducing particles are not of pure gamma-ray origin.

For a more realistic comparison, a simulation calculation was carricd out
assuming an additional 1 cm of lead above the chamber to represent possibie
atmospheric effects, if present. The result, shown by the dotted line with crosses,
can reproduce well the shower transition in the -block, but the discrepancy of the
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shower behaviour in the H-block cannot be eliminated; the experimental result
shows less attenuation.

A similar behaviour is clearly seen for the cnergy region arcund {0 TeV. Fig.
13b shows the average behaviour of 9 examples of single-core showers of cnergy
80-120 TeV with a mean energy of 100 TeV and of 11 examples of shower clusters
with a mcan cnergy 100 TeV for the highest energy shower cores among the
constituents. The symbols are the same as in fig. 13a. The dotted line with triangles
represents the average of 20 simulated showers initiated by 100 TeV gamma rays.
An appreciable difference is seen in the shower development at the {-block.

Such unwpsual transition behaviour of high-encrgy showers has also been noticed
in the Chacaltaya chambers [2]. In fig. 14 we present the transition of spot
darkness of high-energy showers (£ > 10 TeV) measured by a square slit of 200
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Fig. 14, Averaged transition of spot darkness on X-ray films raeasured by a 280 pm X200 pm square
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high energy showers (£ = 10 TeV) in chambey nos. 21 and 22, respectively. and the open sguares and

circles are for shower clusters. The dotted curve is 1he average behaviour for the case of gamma rays
{see text)

wm X 2000 gm throughout the depth of the Chacaltaya chambers 21 and 22, In
tabie 4 a summary of the statistics of such high-energy showers is given [27]. The
Chacaitaya chambers 21 and 22 have the same structure; the total area of both the
upper and lower chambers is covered with nuclear emulsion plates, The chambers
have 7 ¢em and 11 ¢m of lead in the upper and lower chambers, respectively,
scparated by a 240 cm air-gap. As is scen such a large air-gap causes the strong
break in the transition curves. The closed sguares and circles represent the
single-core showers in the chambers 21 and 22, respectively, the nuclear emulsion
plates containing. core configuration was studied in detail under the nicroscope.
Open squares and circles represent shower clusters in nos, 21 and 22, respectively.,
The dotted line in the figurc shows the averaged behaviour for the case of
gamma-ray incidenee upon the chambers obtained through simulation caleulation,
i.e. one hundred gamma rays of energy greater than 10 TeV enter the chamber
with the same power spectrum as the experimental results, Le. with power index
B=—1.25 i integral form. Here one sces that the high-cnergy showers show a
stronger penetrating power than in the case of gamma-ray incidence. From such
observations the Chacaltaya collaboration gave these high-cnergy shower clusters
the name “mini-clusters”™ in order to discriminate them from atmospheric cascade
showers of gamma-ray and /or electron origin [2). From these considerations we
are led to suppose that they are the bundie of hadrons and gamma rays and /or
clectrons, from our present knowledge, of {p’) ~ [0-20 MeV /¢ at production.
Such unusual behavicur of shower clusters with small spread is seen much clearer
in huge shower-cluster phenomena to be described in sect. 5 and 6.
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4.3 RELATION TO THE GLOBAIL VIEW ON COSMIC-RAY HADRON INTERACTIONS

Many of the reported exotic family events, Centauro and others, display an
anomalous richness of the hadron component. We saw the hadron abundance in
the unbiased family samples of the three experiments, the Pamir joint chambers, 4
part of the Pamir chambers, and the Chacaltaya chambers. The characteristics are
common and there are no significant differences among the three experiments,
and the cxperimental results do not agree with that of simulation calculations
based on ordinary modcels of multiple-pion production. We recognize the existence
of & number of familics with a lurge hadron excess. beyond the expected fluctua-
tion of the multiple-pion production. The anomalously hadron-rich families consti-
tute a substantial part of the unbiased observed samples, say at least ~ 205, This
fact requires a change in the global view of high-energy hadron interactions,

Seeing the above results, it becomes necessary to re-examine the current picture
which assumes the main sources of gamma ravs to be decay of #" mesons
produced in nuclear collisions, As the possible methods of re-examination, a study
was madc on the transition behaviour of showers in the /-block. In the current
picture, these showers starting in f-blocks are initiated mainly by gamma ravs
and /or electrons, arriving at the observed level either directly from a nuclear
interaction or with cascade multiplication while traversing the atmosphere. The
resuits presented in subscet. 4.2 shows that the obscrved shower transition is
significantlv different from the one expected from the current picture. The
showers, both of single-core and of cluster structure. have a stronger penetrating
power which could not be consistently understood as caused by their gamma-ray
and /or electron origin. The difference with the simulation results of gamma-ray
origin is much larger than the expected minor mixture of ordinary hadrons which
generate the shower in the block.

4.4, HIGH-p+ NATURE OF HIGH-ENERGY SHOWERS

Summarizing the present study on high-encrgy cosmic-ray families in sect. 3,
one may be ablc to construct the following global view on cosmic-ray hadron
intcractions around 10 TeV. From the point of family-flux observation, the
attenuation of cosmic-ray families must be much stronger than cxpected from a
mere extrapolation of knowledge in the accelerator cnergy range. The encrgy
spectra of high-cnergy showers are harder than the spectra from simulation results
and the value of the power indices of the spectra, 8, is approximately the same as
for the family spectra, i.¢. a = 8,. This mcans that the showers in the observed
high-energy families are, as a whole, in a younger stage of development, before
suffering from strong atmospheric degradation, than obtained from simulations. It
means that these high-cnergy families (then high-cnergy showers) are produced
just above the apparatus. Such a gucess scems to be supported when comparing the
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distribution of g-values with simulation results as seen in fig. 9. There, the majority
of cosmic-ray familics have a large g-value. Meanwhile, one secs the lateral spread
remains the same for the three categorics of high-energy showers in experiments
and simulations as shown in table 5 and fig. 10, Together with these two facts, we
huve to expect the exisience, with an appreciable fractional frequency, of a new
type of hadronic interactions where the shower-inducing secondaries are produced
with large py. Such global large-p, behaviour of cosmic-ray familics has already
been found in the study by the common “jet-clustering” procedure and reported in
the joint paper of the three mountain experiments {11,

From the Chacaltaya chambers several clean cosmic-ray families were reported
for which the interaction position was determined by the triangulation method of
shower direction, and the p, of the secondaries was measured in a direct way,
giving ( pi?y ~ 2-3 GeV /e, far beyond those expected from ordinary tvpe [1.2].
The secondary showers of these events consist of single-core showers and shower
clusters, and both have stronger penetrating power than expected of showers of
pure gamma-ray origin [2].

5. Family of a narrow central core
5.4, EXISTENCE

Among high-encrgy cosmic-ray tamilies (£, = 100 TeV} in the Chacaltaya
and the Pamir joint chambers, we frequently observed a family with a collimated
central shower cluster of a clean core configuration spreading in the range of an
order of a fow millimeters in diameter. This central shower cluster occupies the
most part of the total visible encrgy of a family. There are only a few showers
outside, and sometimes we found no accompanying showers at all. Families of this
type are interesting in many respects. The strong concentration of energy flow seen
in this type of family suggests that they are of a proton primary. The cluster
configuration of small spread tells us that the events arc caused by nothing other
than a diffractive-type dissociation in the forwardmost small angular region of the
collision. Then the question is whether they originate from the production of "
mesons in diffractive part via the known mechanism, or from some new staie as the
conptinuation of the incident baryons. From a phenomenaological point of view, they
must be the initial phase of “halo™ phenomena, showing a lower bound in either
their energy or altitude of production. and arrive at the chamber before suffering
from degradation processes when passing through large amount of air.

In this section we shall discuss the results of the most recent cbservations of
such shower clusters from the Pamir joint chambers and from the Chacaltaya
two-storey chambers. In table 6 we list 11 examples of high-energy shower clusters
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TaBLE &
Shower clusters {precursory stage of “halos™) (£ = 4 TeV). N, is number of identified hadrons, and N,
denotes the number of shower cores which penctrate from the I block into the H-block

Cluster E juster Nogres  rimax} E . {Er; Ny, N, XE {family)

{TeV) {mm} (Tevy  {GeV-m} (Tev}
PICIG7-232 ia3 K] 4.5 1] 176 2 3 163
P3°C4-432 206 4 2.5 T0 128 { 5 243
P3'C4-467 274 12 1.8 40 8.7 i 1 284
P3'(3-329 382 4 IR 24 689 2 i 431
P3'(CH-651 513 # 1.2 136} 532 2 5 513
P3'C4-454 9% 27 kX1 a2 9.7 7 [§: 959
P5C154-52 i32 1 25 55 hAll {] I 132
PACI54-65 202 11 1.5 47 5.4 2 5] 02
P5C154-85 921 3 33 (REN 534 i 3 1025
P 164-76 287 4] 15.4 Jiy klt] 4 4 357
P5C164-59 14 ki .64 43 29 2 2 177
C2515718D 64 [ 0.27 2300 16 1 2 858
225162189 K40 32 1.3 - - - -

of visible cncrgy greater than 100 TeV among 173 families in the Pamir joint
chambers, together with two typical examples in the Chaczaltaya chambers. One
sces that they all are of extremely small spread and vary in number of cores. The
probability of finding these shower clusters is about several pcrcent among all
families observed, which is not negligible. A systematic search on the frequency of
such narrowly collimated shower clusters was carried out in ref. [28]. and the
results are summarized in table 7. together with the results of simulation calcula-
tions, There, the family spread is measured by R, {= LER/L L) and the frequency
is compared using the bounds Ry <4 mm and R <8 mm. As s seen in table 7,
the obscrved frequency of occurrence of families with small spread is significantly
larger than found in simulation calculations, which means that the existence of
such narrowly collimated shower clusters is not due to fluctuations of ordinary-type
hadron interactions.

52, TYPICAL EXAMPLES SEEN IN X-RAY FILMS

In order to see the characteristics of such shower clusters, we shall first of zall
present here some typical examples of X-ray film obscrvations in the joint chamber
P3" where the clean core configuration can be observed in the F-block due to the
moderate sensitivity of the films.

Fig. 15a shows a photograph of shower cores in the central shower clusters on
X-ray films of the event P3'-C3-329, where (1) and {2) are for films under 4 cm and
6 cm of lead in the {~block, and (3) and {4) under 3 cm and 5 cm of lead in the
H-block after passing through a carbon layer of 60 cm in between. One notices two
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Fig. 15, fcontinued}

cores, indicated by (a) and (b} in the figure {among three of small spread)
penetrating strongly from the [-block into the H-block where the darkness is much
larger than that in the f-block, and a new-born core, indicated by {d), appearing
close to them in the H-block.

96



Fig. 15. {(continued)

Fig. 15b shows another example: the central shower cluster of the event
P3-C1{}7-8232, which exhibits similar characteristics. Three sharp shower cores, all
contained within a small arca of | mm in diameter, appear under 4 ¢m of lead of

97



160E T T T T T Ty
:_ A) oan 2 3
- ‘. . o a
= %2 %
g [t .
§ 105'_ : .f ° +° Bo‘ ot E
v . .t ]
[ - .t E
«enty, J
| PI'C4B4GA + o me i .
\ 1 4.3 lluxxl L P tsklxl i i 3 rJ1iiz
al 1 10 100
R {mm)
100: T T T T ¥ F T T T 3
. B) . ]
- PAC4B4S4 Core E
Lo ]
E
& 10p b ¥
1 o ?,t. E
ﬂ}' [ ]
- o » -
I~ t -
i - . 1 1 1 1 ] ]
o] 20 [ &0 80 100

EWR {Gevm)
Fig. 16. (2} Scatter diagram of the shower-core caergy vs. its distance [vom the family center for the
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only in the F-block and (4 ) showers observed oaly in the H-biock, (b) Distribution of the latcral
spread of shower cores in the central clusicr of the family P3-C4-B454 in integral form.

the I-block, shown in (1} and two of them, indicated by (&) and (b}, penetrate
strongly into the H-block [shown in (3} and (4)] while the third one extinguishes.

The shower clusters presented here are examples of a very simple cluster
structure having small lateral spread, { Er) being of the order of ~ 13 GeV-m. I
we assume that they are due to hadrons originating from ordinary nuclear
interactions just above the chamber, the estimated interaction height will come out
as only several tens of meters or lower.

There are still other cases where the large central shower clusters have more
complicated configurations composed of a targe number of strongly penctrative
shower cores. As an cxample, we present in fig. 15¢ photographs of the central
shower cluster of the cvent P3'-C4-B454, tracing down from the [-block in {1)-(4},
as before. Fig. 16a shows the lateral structure of the shower cores of the whole
family in the form of a scatter diagram, plotting the cnergy of individual con-
stituent shower cores against their respective distances from the center. The
circled dots represent the penctrative shower cores into the H-block, the majority
of them being hadrons, the plusses the cores cbserved only in the H-block. ie.,
hadrons, and the filled circles the cores which are obscrved only in the ~-block.
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Fig. 17. Penctrating behaviour of the central shower cluster of the family " Tatiana™ throuph the Pamiv
chamber of four carbon layers. in the form of clectron number. N, (R < 4 mm), versus depih.

Onc observes the dominance of hadrons in the central part of the shower clusters
of radius ~ 3-4 mm. Fig. 16b gives the distribution of the lateral spread of the
shower cores inintegral form. The average lateral spread for the high-energy
shower-corc part is (Ery ~20 GeV-m with X-ray film resolution, mpossibly
smaller than that expected from ordinary-type hadronic mteractions.

The existence of high-energy shower clusters of small spread with high penetrat-
ing power has been attracting attention from the very first start of the Chacaltaya
and Pamir experiments. One of the typical exampics is the central cluster of the
super-family named “Tatiana” recorded in the [ive-storey-type Pamir carbon
chamber [29]. The penetration behaviour m the form of variation of the total
¢lectron number through the chamber material of the “Tatiana™ event is pre-
sented in fig. 17 for the central region of the fumily, inside a radius 4 mm, where
the darkness of X-ray films shows greater than 0.4, As is shown in the figure, the
chamber consists of a -block of 6 cm of lead, four H-blocks of 5 cm of lead and 4
carbon layers of 20 cm between every two lead blocks. One sees that the cluster
traverses throughout the chamber without appreciably changing the X-ray film
darkness.

3.3 EXAMPLES [N EMULSION PLATES

We have observed shower clusters of similar characteristics in the Chacaltaya
chamber, too. As has been mentioned, the Chacaltaya two-storey chambers nos.
19, 21 and 22 arc totally covered by nuclear emulsion plates, both upper and lower
chambers. Subsequently, a detailed study on the shower-core configuration n
clusters is available through microscopic observation.

The results of the systematic study on the nature of high-cnergy shower clusters
carricd out by a careful examination of nuclear emulsion plates will be given in
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Fig. 18. {a) Target map of individual shower cores in the cluster of the event C21-5157- 1100, by

micrascopic observation in nuclear emulsion plates in Lthe upper chamber of Chacaltave chamber no.

21, Figures in parentheses are ostimated cnergies of cores. (b} Isadensitometric map of the cluster,
shown ia fig. 18, under 3 em of lead in the lower chambers,

sect. 6. Here we prescat two typical examples of such shower clusters from the
Chacaltaya chambers referring to the cvents in the Pamir joint chambers. In figs.
18a and 19a we give the target maps of individual shower cores in the clusters
taken from nuclear emulsion plates for the events C21-S157-1100 and €22-5162-1-
89, respectively [30]. One sces that the spread of both ¢lusters is very small, a fow
miflimeters or less in diameter. The figures in brackets of fig. 18a stand for the
mecasured energy of individual shower cores, In the center of the cluster we found
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Fig. 19 {2} The same as fig. (82 for the cvent C22-5162-1-89 m» Chacallaya chamber no. 22, (b}
Isodensitometric map of the cluster, shown in fig, 19a, under 5 om of lead in the lower chamber.
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Fig. 200 Transition of wotal number of clecirons of shower clusters. lisied in table 6, measured by a
Faster SsCanmng microscope,

two very energetic shower cores with cnergy ~ 1{{ TeV separated by 530 um. In
the case of the cluster C22-S162-189, shown in fig. 194, a finec shower-core
confizuration is observed on the nuclear emulsion plates; only under 3 em of lead,
unfortunately, because the cluster fell of the edge of the nuclear emulsion plates.
One sees a clean shower-core configuration in a verv small area in the upper
chamber for both examples, and in the lower chambers they form a halo configura-
tion, as shown in figs. 18b and 19b, respectively. after passing through the chamber
material, i.e. lead plates in the upper chamber, 30 cm of g plastic target layer, a
240 c¢m air-gap, and the lead plates in the lower chambers. The examples show that
these shower clusters are just in the initial phase of 4 halo phenomenon which is
the result of the degraded stage after passing through a certain amount of
material,

Inn fig. 20 we show the transition curves of the high-cnergy events listed in table
6 in the form of the total number of electrons measured by raster scanning of the
high-energy shower-cluster region on X-ray films. Again one secs that much larger
portion of the cnergy is deposited in the lower chamber, indicating the strong
penctrating power of these shower clusters. The number of identified hadrons 18
also presented in table 6.

5.4 NEW TYPE OF INTERACTIONS WITH SMALL p,

Summarizing our shower-cluster obscrvations, we notice the following charac-
teristics:

(i} there are clusters of great penetrating power;

(i1} their lateral spread, (Er), is small of the order of ten to several tens of
GeV-m.
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It will now be evident that it is very hard to cxplain such shower clusters, as
presented here, by a bundle of ordinary atmospheric gamma rays and/or clec-
trons. If, on the other hand, we were to assume them 1o originate from atmos-
pheric nuciear interactions of the ordinary type, we would have an abnormally high
number of nearby atmospheric interactions, ~ 100 m or lower, compared with
those occurring af large distances above the chamber expected from ordinary
hadronic collision mean free path, Thus, we are led to consider the possibility that
they might stand for a new fundamental fragmentation phenomenon involving the
complex, composed of hadrons and gamma rays and/or electrons which are
governed by a new dynamical constant having the magnitude of a few to several
tens of MeV,

Furthermore, if we boost the present shower-cluster phenomena up to much
higher interaction encrgy and up to much larger interaction height, then we will
get at those types of interactions, whose products, after having traversed the
atmosphere down to mountain altitudes, will give rise to the “halo” phenomena in
the central part of the super-familics.

6. Study of characteristics of large shower clusters in the Chacaltaya two-storey
chambers

Here we give a bricf summary of a systematic study of the characteristics of the
large and high-encrgy shower clusters in the Chacallaya two-storey chambers, in
connection with the study discussed in sect. 5. Dctails of the study have been
summarized in ref. (5], As mentioned above, the study was carried oul by inspect-
ing nuclear cmulsion plates under a microscope. As a result, the spatial resolution
of individual shower cores and the energy measurement are precise enough.

High-energy shower clusters in this study are selected by the following two
criteria;

{1) shower clusters should cccupy more than 50% of the visible cnergy of the

farmmly;

(2) the visible encragy of the cluster must exceed 100 TeV.

In total 40 shower clusters in the cnergy range between 100 and 1000 TeV are
selected by the above criteria in the Chacaltaya two-storey chambers. One of them,
the event C21-8157-1100, has already been shown in scct. 5 as an illustration,

6.1, MULTIPLICITY OF ORIGINALLY PRODUCED PARTICLES AT THE CLUSTER PRO-
DUCTION

In fig. 21 we show the superposed fractional energy spectra, f = E®°/E e Of
shower cores belonging to a cluster in integral form and normalized to one event.
The spectra are constructed for 17 clusters of E = 200 TeV {closed circles)

cluster
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and 20 clusters of 100 TeV € £, .. <200 TeV (open circles), scparately for
comparson. One finds that the cnergy spectra in, both cases are well represented
by a superposition of two exponential distributions with distinctly different slopes:
onc for high-energy shower cores of /2 (0.04 and the other for lower encrgy cores
of f< .04, as shown by the straight line and dotted linc, respectively. 1t is natural
to supposc that the spectrum of the higher fractional encrgy part will represent the
one of the parent interactions, while the lower ¢nergy part will represent the effect
of degradations in the atmosphcere after the birth of secondaries. If we accept such
a point of view, the figure tells us that the number of originally produced particles
at the interaction for succecding cluster formation are not large in average {several
per interaction).

Triangles in {ig. 21 represent the spectrum of subelusters after applying the
“decascading” procedurce, mentioned in subscet. 2.4, using a cut-off paramcter
K. =6 GeV-m for clusters of £ . =200 TeV for the purpose of taking into
account possible electromagnetic degradation processes of originally produced
particles during passage through the atmospherc. The slope of the spectrum is the
same as that of single cores in the high-f region as is scen in the figure, and the
extrapolation to = following the slope of the higher fractional energy part gives
the average maltiplicity of around several to ten.
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Fig. 22, Fxamples of strongly penetrating and of small-spread shower clusters in Chacaltaya chambers
aos. 21 and no. 22 in the furm of the transition of darkacss, measured by a 200 pmx 200 pm square
slit.

6.2, STRONG PENETRATING NATURE OF SHOWER CLUSTERS

For somc of these shower clusters the strong penctrating nature is also observed
in the Chacaltaya two-storey chambers. Fig. 22 shows several examples of such a
strong penetrating nature of large shower ¢lusters in the form of depth variations
of darkness measured in X-ray films with a square siit of 200 pm x 200 pm,
tracing down the maximum darkncess region in each layer throughout the depth of
the chamber material of chambers nos. 21 and 22, in which the upper and lower
chambers are scparated by a 240 em air-gap. The figure tells us that there exist
large shower clusters which arc not explained by pure gamma rays and /or electron
origin but they arc of hadronic origin, though they show small lateral spread of an
order of magnitude which is characteristic for clectromagnetic cascade processes in
the atmosphere as given in sect. 7.

6.3, PRODUCTION py OF THE SECONDARIES

It is natural to suppose the higher fractional energy region (f 2 0.04) in the
energy spectrum given in fig. 2} to reflect the production spectrum at the parent
interaction, and the lower energy region, on the other hand, {0 contain the
descendent interaction effects, either hadronic or electromagnetic. If this is the
case, we should find that the secondary multiplicity at the parent interaction be
small, and that the large number of shower cores observed in large clusters be
products from successive effects. This is born out by fig. 23, where we have plotted
the average spread of shower cores with higher energy (f = 0.04) in a cluster, { Er)
{f > 0.04), against shower-core multiplicity in the cluster, N (= 2 TeV). We found
that there exist fwo types of shower clusters. Clusters of the first type ponulate the
area between the two broken straight lines in the figure, and they are called to be
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of the “single-cluster (or uni-hale)” type. Clusters of the sccond type have a larger
spread and a multi-cluster structure, and are called to be of the “multi-cluster (or
muiti-halo}” type.

A consistent interpretation of the figure is that the average secondary py at the
parcnt interaction for the “single-cluster” type is small and depends neither on the
primary nor secondary energies, and that the obscrved shower-core multiplicity
and the observed (Er} {f>0.04) are proportional to the zmount of traversed
atmospheric material and /or to the geometric distance between the parent inter-
action vertex and the observational position. Fig. 24 supports such an interpreta-
tion from a different perspective. In this figure the energy fraction occupied by the
high-cnergy shower cores in cach cluster, x (= ZE(f > 0.04) /F .. ) 18 plotied
against the shower-core multiplicity N (» 2 TeV). One clearly observes a negative
correlation between « and N (22 TeV), showing the effect of subsequent
interactions and degradation occurring proportional to the traversed atmospheric
thickness, resulting in a further multiplication of particles and a [urther redistribu-
tion of the originally released cnergy.

Returning to fig. 23, the “single-cluster™ type events vield a value as small as
about 10 McV /¢ for an cstimate of sccondary p(y), assuming the height of the
parent interaction veriex 1o be of the order of | km above the Chacaltaya. Then, a
“multi-clusters {multi-halo} -type will be explained as representing multiple pro-
duction of the *single-cluster”-type clusters.
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Since these shower clusters show a strong energy concentration in the forward-
most small angular region (of the order of 10 * radiun or smaller), they are
showing nothing other than the continuation of the ingident baryons by their
fragmentation. It might represent diffractive dissociation of the new type scen in
the very high energy region.

The Pamir group reported the interesting observation that “multi-halo”type
events show alignment of constituent subcores with a significant statistical level
(311

7. Characteristics of superfamilies
7.1, HALO PUENOMENA IN SUPERFAMILIES

One of the most striking features encountered in observing superfamilics in the
cxtremely high cnergy region, say LA, = 1000 TeV, is the so-catled “halo™
phenomenon. A “hale” is a continuously blackened arca on X-ray films which
appear in the central part of a super-family. Its size varies between several
millimeters to several centimeters m diameter and, in most cases, constitules a
substantial fraction of the family ¢nergy. It has a peculiar shape compared with
ordinary shower spots on X-ray films. Examined under the microscope, it turns out
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Tanr &
Characteristics of the off-halo part of superfamilies. The last two families come [rom Chacaltaya
chamber nos. 19 and no. 21, respectively. Events with a huge halo are marked by an asterisk

Family N{z4TeV) NJ(z4 TeV) XFE, NE, CE_R)D CERD O
ey {TeV) {GeV-m)  (GeV-m}

P3C1-80 &7 17 213 229 673 659 (.22
P3-(’5-505 97 19 654 513 582 990 (143
PIC9n-125 < %3 20 362 595 2001 The) el
P37-(2-201 134 K1) 1855 712 187 541 .28
PY-4-369 147 M 1337 RYRE 196 427 1141
M.AIIL * Ad 44 404 444 672 a5 n.32
Centauro-VII 284 73 2264 1367 LGGD 0.50)

to be a gigantic bundle of a huge number of parallel shower tracks. From the first
chservation of the spectacular giant “halo” event “Andromeda” (1969} in the
Chacaltaya chamber no. 14 [2]. observational data of the phenomena steadily
increased in both statistics and variety, as the large-scale emulsion chamber
experiments at high mountain altitudes progressed, i.e. on Chacaltaya, Pamir, Mt.
Fuji and Mt Kambala. A common method has been established among the
rescarch groups regarding procedure and algorithms for treating the “halo”
phenomena, such as the measurement of the lateral distributions of electron
number density in cach photo-sensitive fayer, construction of the transition curve
on clectron numbers throughout the depth of the chamber material, estimation of
the total encrgy contained in the “hale™ from the calculated total track length of
the shower particles, and so on.

In the present Pamir joint chamber we have found five supcrfamilies with
LFE, 22000 TeV, some details of which are given in tables 8 and 9, Three out of
these five have a high-energy “halo™ in their central arcas (table 9). As an
example, we present in fig. 25 the photometric density distributions of the jargest
“halo”, which belengs to the family P3'-Ci-BS0, in the form of isodensitometric
curves. The total c¢nergy of the halo region is estimated as 19000 TeV. It is

Tasie 9
Details of balos in three superfamilies

Family Iblock H-block o RY.
, : Tev
'rm'.n; E‘lm II’IIJK JI:lul ( I ¢ } {Cm)
(c.u) {TeV} (e (TeV)
P3".C1-90 8.6 14000 21.3 son 19600 3.
P3'-C5-505 0.4 &230 21.7 2980 9210 12
P2-C96-125 10.0 3700 220 fatih] 4570 1.2

{max 15 the maximum depth of halo development in cach block. and R, is the radius of the halo
region.
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recorded on X-ray {ilms in all four photo-sensitive layers throughout the chamber.
Fig. 25a and 25b correspond to the depths of the photosensitive layers under 4 cm
and 6 cm of Icad in the I-block, and 25¢ and 25d under 3 ¢m and 5 c¢m of lead in
the H-block, respectively, What is impressive, besides its vast size, is the fact that it
remains nearly unaffected in its principal configuration.

Foliowing the common algorithm, the electron density on X-ray films s ob-
tained by converting the photometric density at the same place, with the conver-
sion factor is given by the method cxplained in sect. 2. The lateral distribution of
the measured ¢electron number density in each layer tor the halo of the cvent
P3'.C1-BY( are aiso shown in fig. 24, as an cxample. Let us here briefly iniroduce
the way to estimate the total energy of the halo region from the measurement.

Generally, the lateral distribution of the electron number density, plr, £}, is well
approximaicd by an exponential function, as is seen in fig. 25, given by

p(r. 1) =pol1) exp(—r/r,), (6)

where py{1) and r, are constants which are determined by fitting the measured
clectron number density by eq. (6) at each depth. The total number of ¢lectrons in
cach layer, N(r), is given by the intcgration over r to infinity by a smooth
extrapolation,

Nty = [ ol 1)2mr dr. (7)

The total track length of the halo region, 7, is given by

Z= [ N(1) . (8)

0

In the above calculation, a proper extrapolation is made from the measured region
down to the transition curves according to cascade shower theory. So finally we
obtain the encrgy of a halo, E,,,, by multiplying by the critical energy in lead,
€, =174 MeV, ie.

J"L"!'ml-:t = E(IZ' (9)

In fig. 26 the total number of ¢lectrons in each layer against depth are plotted
for all three “halos”, following the above procedure. For comparison we show by a
dotted line the theoretical transition curves of electron number for cascade
showers of electronic origin which fit to those of the “hales” in the f-block. After
subtracting the clectron numbers which follow the thecretical transition curve
through the I-block to the H-block, the transition curve of the hadron block was
constructed and fitted by a new theoretical transition curve.
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Fig. 26, Transition of the total number of clectrons through the chamber malerial for the three halos
listed in 1abic 9.

Onc sces that all three “halos™ are strongly penetrative, cven though the
respective shower maxima have been either already or almost attained inside the
-block, i.c. the electromagnetic part is already in a degraded stage. This indicates
that the strong hadronic nature is inherent 0 the “halo”, whose effect is made
manifest in passing through the carbon laver of the chamber. Such strongly
penetrative power is common to shower clusters which we discussed in detail in
sect, 6, If once supposcs that the two kinds of phenomena originate from essentially
the same kind of particle production, and that the morphelogical difference
between the twe is brought about only by the difference in their interaction
energies and production heights. then these shower clusters just represent the very
mnitial stage of “hale’” formation.

7.2, SHOWER SPOTS IN SUPERFAMILIES

Even though the complete understanding of the extremely high energy interac-
tion mechanism, which gives rise to “halo” phenomena themselves, does not seem
to have been acquired vet because of their complex phenomenclogical structure,
we would be able to investigate the nature of the hadronic interaction in such an
extreme high energy region through the observation of shower spots surrounding
the “halo”. These shower spots must originated from secondarics in the parcnt
interaction amnd their subsequent nuclear interactions which would show the
inherited novel nature of the primary interactions.

Te begin with, in order to get an idea of the global feature of supcrfamilics.
here we pick up g supcrfamily P3-C5-B525, and present. in fig. 27, a scatter
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in the off-halo part of the superfamilies P3-03-BA25, Symbols arc the same as in fig. 16{a)

diagram of the cnergies of individual shower cores surrounding the halo and their
respective distances from the family center. The symbols in the figure are the same
as in fig. 16a. [n the central part, the family has a “halo™ of radius 2.2 cm (the
region of film darkness £3 > 0.1} with visible energy 9200 TeV. The shower-spot
measurement has been carried out for the whole region of > 3 mm. including
inside the halo region, and we found 750 shower spots with a total visible cnergy of
3900 TeV, as shown in fig. 27. The shower spots are distributed over a circular
area of radius ~ 20 cm. showing a very wide spread. In the following, a shower-spot
study will be made, under the common criteria, for those five familics which lic
outside the hale region {(defined by 3 > .1) this cutside region will be called the
“off-halo” part.

The Tirst information on the longitudinal development, revealed by the off-halo
part of g superfamily, can be scen Itom the relation between N, and @, in fig.
11a. The numbers in fig. [la, 1-6, correspond to the number of superfarmlics
listed in table 8, including one Chacaltava superfamily. As 1s seen in table &, the
total visible cnergy of the oft-halo part, the sum of Y £ and L £, ranges between
about one thousand and a few thousands of TeV as shown in table 8 One finds a
tendency of hadren-dominant nature in cither N, and @, or both, ¢cven thought
these superfamilics are estimated to have been produced at a high altitude from
the obscervation of the halo part.

The second indication can be seen, in relation to the above discussion, in the
energy spectra of the two components, hadrons and gamma rays, in the off-halo
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Fip. 28 (a) Fractions] eaergy spectia of gamma ravs in the ofl-halo part for five superfamilies in the

Pamiv joint chambers lisied m wable 8. &0 PI-CLBYD, {+ % P3-C3-B35. (a0 P2-O96-BI125. (a )

P3-C2-B2M and () PY-C4-BInY. (b) Same us (a) Tor showers of hadronic origin. The solid cuine s
Hse average speclrnm for decascaded shower cluslers i the aif-balo part of the evenis.

part. Figs, 28a and 28b show the fractional energy spectra. in integral form, of the
hadrons and gamma ravs respectively, in the off-halo parts of five super families.
Here, energies are normalized 1o the respective total visible energy ol the off-halo
parts. As a common feature of the five families. one notices that the hadron
spectra arc much harder than the gamma-ray spectra. Also shown, by a solid curve,
in fig. 27b 13 the average encrgy spectrum of the shower clusters of the off-halo
part after the procedure of “decascading™. It will be of some interest to note that
the spectrum of such “decascaded”™ shower clusters agrees with the hadron spectra
within the fluctuations.

The observational facts described above suggest the following speculation on
cosmic-ray inferactions at extremely high energies. The primary interaction in the
extremely high encrgy cosmic-ray range frequently produces a strongly coilimated
bundle of particles which resutts in the “halo™ after atmospheric degradation, and
has a hadron-dominant character. The successive interactions inherit the hadron-
dominant character as long as their respective parent particles are of sufficiently
high energics, whercas the interaction becomes ordinary when the energy of the
parent particle fails to be sufficient, giving rise to gamma rays viz charge-indepen-
dent multi-pion intcractions,
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8. Discussions and summary

The main purposc of the present work is to make a survey on the global
characteristics of hadronic interactions in the extremcily high cnergy cosmic-ray
region in a systematic way through the observation of cosmic-ray familics recorded
in cmulsion chambers at high mountain altitudes: the Pamir joint chambers (530
m? - yr exposure), a part of Pamir chambers (500 m® - yr exposure} and Chacaltaya
chambers (350 m~-yr exposure). For the present study, the total number of
high-energy cosmic-ray familics of visible energy greater than 100 TeV was 429
The basic point of view is focused on the question whether the nature of hadronic
interactions found in cosmic-ray emulsion chamber experiments can be explained
by a simple extrapolation of the knowledge acquired in the lower energy accelera-
tor experiments; and if not. what are the new characteristics in the extremely high
CeNergy regons.

It was shown that the three experiments gave consistent results on the main
features of the observed cosmic-ray families such as family flux and the behaviour
of high-energy showers in the families, irrespective of their different experimental
conditions.

Among the characteristic quantities which govern the global features of cosmic-
ray families, the present study concentrates on the correlation between family flux
and energy spectra of high-energy showers in the families. An extensive compari-
son was made between the observed familics and the simulated familics, The
simulation calculations we made are based on models of multiple-pion production,
hitherto proposed, all of which arce cxtrapolations of knowledge from lower energy
accelerator results. For the calculations a normal chemical composition was
assumed. The result of the comparison shows that none of the models so far
proposcd succeeds in reproducing the experimental relation between the two
quantitics family flux and power indices of high-energy showers. This suggests that
the characteristics of the hadronic interaction might underge a qualitative change
mm the extreme high energy cosmic-ray intcractions, especially at the forwardmost
angutar region where the cosmig-ray obscrvation is in its full potentiality.

Thus, if the ordinary muitiple hadron production alone can not expiain suffi-
cicnily the global features of cosmic-ray family observations, we have to suppose
that something new happens in hadronic interactions in cxtreme high energy
cosmic-ray energies, say near or above 1" &V,

First of all, looking for the origin of such a change in the nature of the hadronic
interaction, the particle composition in the familics are studied and we have found
that an appreciable fraction of the families have a rich hadron content, either in
number, or in cnergy fraction, or in both. We found through a comparison that
simulation calculations did not reproduce convincingly the frequent appearance of
tamilics of hadron-rich composition by either supcrposed fluctuations of ordinary-
type multiple pion production or by heavy nuclei in the primary cosmic rays. The
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large dispersion of the scattered points in the diagram of N, versus ¢, in fig. 1la
is recmarkable when it is compared to the case of simuiated familics. Such large
fluctuations can only be caused by assuming extremce fluctuations in elementary
collisions under multiple-pion production. It was argucd [32] that there must be an
essential contribution of fragmentation processes, which is still underestimated in
the mechanism of particle emission considered in ordinary-type diffraction,

Among such families of rich hadron content, the proper Centauro-fype and
Mini-Centauro-type ones have been known in the Chacaltaya cxperiment as the
extreme case in which none or very few gammua rays arc emitted at the intcraction.
The phenomenological constants governing the intcractions, such as multiplicity of
hadrons and their production p, are well defined, and the concept of “baryonic
fire-balls™ has been proposed [2). This means that in those phenomena the exotic
fire-balls are produced by the direct transformation of the incident baryvons.
instcad of being generated out of the vacuum via the mediating field, and that they
decay into baryons without accompanying gamma rays. A new tvpe of diffraction
phenomena was suggested by Goulianos in 1986 on the interpretation of Centauro
type interaction [33]. If we adopt such a viewpoint, the wide dispersion of families
of rich hadron composition in the scatter plot of N, vs. @, indicates that we
observed Centauro-type and Mini-Centauro-tvpe interactions which occurred at
various altitudes. and gamma rays are produced, via decay of =" mesons, by
successive decendent interactions with air nuclei during the passage through the
atmosphere.

As the family energies get even higher, we encounter the phenomena called
“halo” which are often associaled with superfamilies with L E | > 1000 TeV, and
we found that they show a variety of core configurations and penetration charac-
teristics. In order to explore the origin of such “halo™ phenomena, it seems to be
absolutelv necessary to observe the very early stage of particle production, before
rapid clectromagnetic degradation processes take place. Following the result of a
systematic study of such "halo™-type events by the Pamir group. it was reported
that comparatively small “*halos™ with energy not greater than 000 TeV often
show a behaviour consistent with clectron—photon cascades. A large part { ~ 30%)
of the energy is carried by particles with cnergics lower than the threshold of
registration as scparated shower spots in the X-ray film obscrvation. It was
reported also, in refs. [3,34-36], that ““halo™ production is possible by one or a few
high-cnergy gamma rays produced by ordinary intcraction or by fragmentation
processes at the interaction. Besides, it was observed in the cxperiment with the
usc of the Pamir deep lead chambers that beneath the “*halo™ area there were also
hadrons detected possessing around one half of the total hadron energy on
average, which is consistent with model calculations [37,38).

In the present papcr we have made an analysis of shower clusters of small
spread in the Pamir-Joint-Chambers and m the Chacaltaya chambers, which are
considered to be at the precursory stage of the “halo”. It was found that the
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frequency of observation of these cvents is significantly larger than a simple
fluctuation of the ordinary-type interactions, and that they show similar character-
istics with huge “halo” phenomena, such as a strong concentration of the energy in
a very small angular range. Furthermore, they often possess strong penctrating
power through the chamber materizl, which is difficult to explain when assuming a
pure gamma ray and /or electron origin,

In the Chacaltaya chambers, a systematic study of such special shower clusters
of the energy range 100-1000 TeV has been carried out in full detail through
microscopic ohscrvations of nuclear emulsion plates. The result shows that there
cxist two types of high-cnergy shower clusters which we called the “single-cluster
{or uni-halo}’ type and the “multi-cluster {or multi-halos)}” type. respectively. The
“single-cluster™ type 1s considered to be an clement of such & special shower-clus-
ter phenomenon. The multiplicity of the produced secondaries at the interaction in
such “single-cluster™ type is not large, several on average, and the production piy’
is small, an order of 10 MeV /¢, which is much far smaller than for ordinary-type
meson production, this scems to indicate a new characteristic constant governing
this high energy and narrowly collimated shower cluster phenomenon. In view of
the large penctrating power and the isolated rature of these cxamples, none of
them could be attributed to gamma ravs via 7"-mesons. In fact. they are the
continuation of incident baryons, indicating the appearance of a new proper type
of fragmentation phenomena in the forwardmost angelar region of the order of
107 radian or much smaller. Thus it is natural to consider the “multi-cluster”
type to be an ensemble of such “single-cluster™ types. Even though such a detailed
analysis, performed in the Chacaltaya chambers, is not possible in the Pamir
chambers because of the absence of nuclear emulsion plates. 1 will be possible (o
obtain additional informution on the absorption charactecistics of “halos™ in the
Pamir thick-lead chambers, some of which have a thickness of more than 1 m of
lead and in which X-ray films are inserted in & multi-layered way.

The spectacular giant “halo™ will be the extension of these shower-cluster
phenomena up to much higher cnergies and higher aititudes of production. Of
course, since the energy range of the spectacular “hale” phenomena. exceeding
10* TeV or more, is much higher than the energy scale of the present study on
shower-cluster phenomena, we might expeet that still unrevealed nature will be
lving behind the phenomena, and the present understanding might be only one of
the possibiitics, The increase of statistics of such extremely high encrgy phenom-
¢na is urgently required. In the present situation it should be noted that the
general characteristics of the interactions seems to be envincive through the study
of particle compoesitions in such extremely high cnergy families, even from the
study of the off-halo part. The present experimental results indicate that these
superfamilies have a rich hadron content and large production po.

Recently, a new preliminary result has been reported on the indication of a
change of the characteristics of the hadronic interaction by the Tien-Shan experi-
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ment [39], in which a combined measurement of cosmic-ray interactions was
performed, i.e. the total number of electrons by air-shower array, and the measure-
ment of the high-energy gamma-ray component by the X-ray chambers at Tien-Shan
altitude. The authors reported that the fractional energy spectrum of high-energy
gamma rays (0 the respective primary cosmic-ray cncrgics, which are estimated
from the total number of eleetrons, changes its shape at around 10* TeV. Since
the observed energics of the majority of the gamma-ray families in their experi-
ment range {rom several tens to a few hundreds TeV, we expect that the majority
of the cosmic-ray families of visible encrgy greater than 100 TeV, studied in this
article, could be beyond the threshold where the novel nature of the hadronic
interaction is appreciably recognized.

The collaboration experiment is supported by the Nuclear Division of Academy
of Science, USSR. Also, the collaboration experiment is financially supported in
part by Grand-in-Aid from the Ministry of Education, Science and Culture in
Japan, Waseda University and Institute for Cosmic-Ray Rescarch, University of
Tokye in Japan, and Conselho Nacional para ¢ Desemvolvimento Cientifico ¢
Technologice, Fundacao de Amparo a Pesquisa do Estado de Sao Paulo in Brasil.
The authors would like to express their gratitude to the members of the Pamir
expedition for the construction of the joint chambers.

Appendix A. A study of the transition behaviour of shower spots in the Pamir joint
chambers by simulation calculations

Since the present paper is concerned with the characteristics of the transition
behaviour of high-energy showers in the cosmic-ray familics in the Pamir joint
chambers, it is of impertance to understand the shower development of gamma
rays in the chamber material, including the fluctuation problem. In the case of the
Pamir carbon chambers which are composed of various different malterials as
shown in fig. 1, it is naturally expected that the shower particles may develop in a
special manner through these material. In order to sce the global behaviour of
shower development and its fluctuation caused by the interposed carbon layer, we
present here the results of the simulation calculations of shower development
carried out following the algorithm developed by Shibata [7], which has been
invented to save computing time and is applicable 1o any structure of the material.
The average behaviour of shower development has already been presented in sect.
2 for the case of e e™ pair incidence upon the chamber in which we see some
discontinuity in the transition curve due to interposed carbon layer. We see there
that, the lower the energy is, the larger the break of shower transition becomes in a
measurement of a square slit of 200 wm X 200 pm.
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Figs. A.la—A.ld give the results of the simulation calculation for the case of
gamma-ray incidence upon the chamber with several different energics:

Fig. Ala £,= 1) TeV, 7{ cases
Fig. A.l1b Ey= 20 TeV. 4(} cases
Fig, A.lc Ey= 50TeV, 30 cases
Fig. A.ld Ey= 100 TcV, 20} cascs.

The darkness on X-ray films depends on the film sensitivity when transforming
the numbers of electrons into darkness in X-ray films. Here we assume the
sensitivity of the X-ray films used for joint chambers P2, P3 and P5.
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The solid curve in the figures show the average shower fransition fitted to the
points in the /-block and extrapolated down to the H-block assuming the uniform-
ity of the lead. First one sees that the fluctuation of the shower starting-point
becomes larger for higher energies because of the so-called Landau effect which
has been taken into account in the simulation algorithm. In the casc of showers
which have already deveioped in the [-block, on average almost afl the spot
darkness in the H-block turns out to be much lower than expected from the case of
uniform lcad. Only if the showers start deep inside the Fblock, they ¢an exceed
the expected spot darkness in the H-block.

In the practical case, the threshold of spot darkness, D, is around 0.1 as shown
by the broken line drawn horizontally in the figure. From this one can conclude
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that, on average, most of the shower spots found in the [“block can not be
detected in the H-block for lower encrgy showers, and particularly so in X-ray
films of the joint chamber P37 which has a moderate sensitivity compared to P2, P3
and P5. Actually there are some showers which are not observed in the H-block in
spite of the fairly large spot darkncss ohserved in the f-block {corresponding to an
order of 50 TeV). The simulation calculation shows that the spot darkness of such
high energy should be much larger than D, in the H-block, suggesting that those
showers consist of a narrow bundle of electromagnetic particles, but arc not due to
a single gamma ray of high energy.

Appendix B. Parameters in simulation calculations

We give some complements on the parameters used in simulation calculations
which are not referred to in the discussions of sect. 3, Each algorithm has its own
parameters.

B 1 ENERGY DEPENDENCE OF THE ATTENUATION LENGTH OF COSMIC-RAY BARYQONS

Fig. B.1 gives the energy dependence of the attenuation length of cosmic-ray
baryons uscd in the five algorithms discussed in the text, measured in units of
g/cm?. Three models [Model 1 {UA-5), Model 2 {FOM and Model 4 (Fire-ball)]
produce the same values and have a similar cnergy dependence, while Model 3
{MSF) of the Pamir group shows a little slower encrgy dependence, Model 5 (MQ)
has special characteristics as given in the text, and gives a stgnificantly shorter
attcnuation length due to the large inclasticity coefficient. In the caleulation. the

attcnuation mean frce path, A, s given by the relation A, =A . /(1-{((1 —
150 T T 1] T T T T T 7 T T
o - 4
E |
S L
= 100 _
5 L :
~ —_ nodel],
50 [ \model-s- T e ]
i L I 1 1 l 11 i I i F j
10 107 10° 16° 10°

Egn {Tev)

Fig. B.1 Encrgy dependence of atienuation mean free path of cosmic-ray barvons used in simulations
caleslations of varnous madels,
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K}, where A, is given by the formula in the text, K is the inelasticity
coefficient and y = 1.7 denotes the power index of the integral primary energy
spectrum,

B.2. DISTRIBUTION GOF GAMMA-RAY INELASTICITY

The gamma-ray inclasticity, &, gives the conversion factor of cnergy of the
hadrons into the energy of the gamma-ray component. The following formula is
commonly used as the generating function of kT.

L .57
B(I'{a}} \ B
The parameters « and B are determined to reproduce the & -distribution ob-

tained by simulation calculations according to the algorithm of each model. The
numerical values of «, 8 and resulting (4 arc as follows:

flk,)dk, = ) exp(k,/B) dk,. (B.1)

a =105, B =0.145, (k7> =(.15 model 1, model 2,
a=1{023, B=02, (k,>=0.16 model 3,
a =130, B =014, (ky> =().18 model 4.

The distributions of & sampled from the above f-distribution for cach modcl are
shown in fig. B.2 for {A) Modecl 1, (B) Model 3 and (C) Model 4, respectively. The
average value, (k_}, which governs the family behaviour is almost the same.
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Fig. B.2 Distribution of gamma-ray inelasticity £, sampled from the ["-distribution in simulation
calculations of (a) Madel 1, (b) Model 3 and (¢) Model 4.
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B3, Ny -G RELATION SEEN IN SIMULATION CALCULATIGNS

As a complement of subscct. 4.1, we give here the correlation diagram between
N, and @, for simulated families of three different models, except Model 1 which
has alrcady been shown in fig, 12h. Here we select the families with { E¥R* ) < 300
GeV - m. Fig. B.3 shows the results for (AY Model 2, (B) Model 3 and {C) model 4.
We see that these four models [including fig. [2b in the text] show approximately
the same distributions. Furthermorc, one finds large differences from the obscrva-
tional data shown in the text [fig. 12a] where a large fraction of the observed

families show a hadron-rich character in either number, or in energy fraction, or in
both.
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Abstract

Experimental results arc presented on high energy cosmic-ray badron interactions
rccorded in homogencous-type thick lead chambers (total thickness being 60 cm and 110
cm) exposed at the Pamirs (atmospheric depth §95 g /em?). High encrgy cosmic-ray hadron
flux is measurcd. The attenuation mean free path of the arriving cosmic-ray hadrons of
E{* = 6 TeY measured in the chamber is obtained as 252 + 30 g /cm® of lead. However, for
the high energy hadrons (F(y) > 10 TeV) constituting cosmic-ray families of the highest
energy range, LE{y)> 700 TeV, which have becen accumulated so far in the series
exposures ai the Pamirs and analysed by MSU group, the attenuatior mecan frec path of
hadrons in lcad has turned out to be as short as 170237 g/cm? with 95% CL by the
maximum likelihood method. The present cxperimental result of such a short attenuation
Yergth of hadrons in cosmic-ray familics is essentially consistent with that obtained for high
energy hadrons (E{y)= 10 TeV) constituting the “Chiron-type” families of TE(y) > 100

* On leave from Institute of Nuclear Physics, Moscow State University, Moscow, Russia.
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TeV in the Chacaltaya twoe-storcyed chamber cxperiments. The anemalous transition
characteristics of high cnergy hadrons in lcad is found and examples are presented. The
physical significance of the experimental results on extremely high cnergy hadron interac-
tions 15 discusscd.

1. Inéroduction

The joint program between Moscow State University (MSU) and Waseda
University started in 1991 on the study of characteristics of high energy cosmic-ray
interactions by means of homogeneous-type thick {ead emulsion chambers {con-
taining 60 cm thick lead) exposed at the Pamirs (4300 m, 595 g/cmz) for ane year
starting from 1988, as part of joint research on very high energy cosmic-ray hadron
interactions under Chacaltaya and Pamir Collaborations. The main target of the
joint program is to study in detail the nature of high encrgy cosmic-ray hadron
interactions making full use of the X-rvay film chambers containing homogensous
lead of large enough thickness.

The hemogeneous-type thick lead chamber has fine advantage for the study of
the overall transition behaviour of the shower development of nuclear—electromag-
netic cascades originating from individual high energy cosmic-ray hadrons because
of the fine resolution power of the photosensitive materials through sufficient thick
lead materials, when compared with what has earlier been carried out by means of
the ionization chamber technique which suffers from the effect of mixing-in of
hadrons arriving in groups.

It has been revealed in the joint work by the Chacaltaya and Pamir Collabora-
tions [1] that the global characteristics of very high energy cosmic-ray hadron
interactions over ~ 10" eV are hard to explain in terms of a smooth extrapolation
of those of ordinary multiple pion productions which we know in lower encrgy
accelerator experiments, of energies up to that of CERN SppS. This conclusion
has becn derived on the basis of extensive obscrvations on 430 cosmic-ray families
of visible energy not {css than 100 TeV. Comparisons were made with the results of
simulation calculations based on several models, all of which assume ordinary-type
multiple pion productions for the atmospheric nuclear interactions. It has been
shown that the obscerved cosmic-ray family flux is smaller by a factor 5 to 10,
whercas the power indices of fractional energy spectra of high energy constituent
showers in the respective families are harder than predicted by simulation calcula-
tions. This means that the attenuation of the actually observed cosmic-ray families
15 stronger during their atmospheric propagation, and that the majority of the
observed cosmic-ray families are in younger stages of development than predicted
by the simulations. The results indicate that the characteristics of the hadron
interactions might show a drastic change at the interaction cnergy of around 10'®
cV.

The cosmic-ray cxotic intcractions of the type named “Centauro spccies”
reported by the Chacaltava experiment [2,3] could be the phenomena responsible
for such changes of the characteristics of hadron interactions. A systematic study
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has been carried out on the occurrence frequency of families of the characteristics
of the Centauro species in our joint work by means of the above large statistics of
observed families, and it has been found that a significant fraction, around 204 or
even more, of the observed families show an abnormally rich fraction of hadron
components in either energy or numbers, or both {1].

As i1s known, the basic characteristics of the exotic-type Interactions named
‘Centauro specics” are multiple hadron production without any neutral pion among
the produced secondarics. It has been a long-standing question what the absence
of neutral pions signifies in particle physics, and it puts us a question whether the
produced secondaries are the ordinary hadrons already known or some vet
unknown new objects. It is expccted that the kcy chie to settle the problem is to
get detailed knowledge on the secondaries from these exotic-type interactions, and
indications which reveal the anomalous characteristics of high energy hadrons
originating from such exotic-type interactions have been collected in the Chacal-
taya experiments and these have been reported elsewhere {2,3].

The purpose of the study on hadron attenuation by means of homogeneous-type
thick lead chambers at the Pamir is focused on the following two subjects. One is
to try to measurc parameters of hadron—lead interactions at encrgies fur excecding
those achievable in fised-target accelerator experiments and to test the validity of
the cxisting model of hadron-nucleus collisions. The other is to search for the
“anomalous cascades” in exotic-type cosmic-ray interactions of “Centauro” and
“Chirons” reporied from the Chacaltaya emulsion chamber experiments, because
decp lead homogeneous-type chambers will provide sufficient observational condi-
tions of transition characteristics of these anomalous showers.

After ten years’ work, the experimental results on the flux of cosmic-ray
hadrons at Pamir altitude which are predominantly composed of nucleons ( ~ 709%)
showed that the inelastic cross section for the nuclcon-lead interaction is o(n —
Pb) = 2030 + 190 mb and the average inclasticity coefficient is large, (K} =0.8
[4,5]. tnvestigation on the absorption of high energy single hadrons at large depths
of lead (> 3A,,,) shows an indication of abnormally weak attenuation which could
be consistently explained by the production of charmed particles with large cross
section [6].

Based on the observation of these global characteristics of high energy cosmic-ray
hadrons, the study has been extended to the attenuation behaviour of hadrens in
cosmic-ray families.

The collaboration was agreed in both proups under the common vaderstanding
that the study of cosmic-ray events by means of thick homogeneous-type lcad
chambers will open up new prospects on the unscttled problem of hadron physics
at extreme high energies,

In this paper, we shall describe the experimental results of a systematic study on
high energy cosmic-ray hadrons rccently carried out in the homogencous-type
thick-lead chambers (60 cm)} with an exposure of 16 m?-yr, Accounts of our
experimental procedure are given in sect. 2. Expcrimental resulis on the single
cosmic-ray component are summarized in sect. 3. The observed attenuation be-
haviour of cosmic-ray hadrons in lcad is described, togcther with their incident flux
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and their energy spectrum at the Pamir altitude. Thesce recent results are com-
parcd with the ones reported from the MSU group [4-7] to obtain a view of the
global nature of cosmic-ray hadrons.

In sect, 4, we describe the central achicvement of the present joint work. It
deals with a systematic study on the attenuation length of high energy hadrons in
cosmic-ray familics in homogeneous-type thick-lcad chambers. If we stand on the
ordinary point of view that muitiple pion production continues to play a dominant
role for hadron inieractions cven at extreme high energies, say over 10'® eV or
more, the majority of the high energy hadrons in cosmic-ray families should be
pions. If this is the casec, the attenuation length of chose observed hadrons should
give a valuc consistent with that expected from the pion-lead inelastic cross
section, of order ~ 250-300 g /cm® of lead. The first attempt of the MSU group to
investigate the aticnuation length of high cnergy hadrons, E{y)=4 Tc¢V, in
families of visible encrgy LE(y)=> 100 TeV led to an uncxpected result: the
attenuation mean free path, A,,, turned ocut to be significantly smaller, i.e.,
A, =144+ 18 g/cm? [7]. Even if the effect of detection loss of hadrons is taken
into account for families consisting of 2 small number of hadrons, N, < 2, it gave
Ay = 184 £ 24 g/em? [4].

These preliminary results of the MSU group are essentially consistent with the
observation of the admixture of particles of short attenuation mean free path
(0.4 + 0.2)A,,,,, previously reported by Chacaltaya two-storey chamber experiments
based on u systematic study of 220 high energy hadrons (E(y) = 10 TeV) in 82
families of visible energy greater than 100 TeV [3].

In view of this, we present here new experimental results of a systematic study
of the attenuation characteristics of 176 high energy hadrons (E(y) = 10 TeV) in
17 super-families of visible energy greater than 700 TeV which have been collected
in the homogeneous-type thick-lead chambers at the Pamir since 1977, All these 17
super-familics have been found in the chambers of sufficiently large thickness,
containing at least 40 cm of lead. The new experimental results give a short
attenuation length, 176*3] g/cm’ with 95% CL by the maximum likelihood
method, and it seems to indicate that we are obscrving new hadronic phenomena
originating {rom extremely high energy cosmic-ray imteractions in the hadron
physics field. On the other hand, if we consider such a new behaviour of short
attenuation mean fre¢ paths of badron interactions in cosmic-ray family obscrva-
tions taking place in the forwardmost anguiar region of hadronic interactions, such
characteristics, as casily understood, can be the main cause of the hard attenuation
of family propagations through the atmosphere which has been made clear in
extensive family studies by the Chacaltaya and Pamir Collaborations [1]. Further-
more, such a new knowledge on the characteristics of hadrop interactions will
demand a drastic change in the global view on the phenomenology of cosmic-ray
atmospheric propagation and, hence, in turn, on the primary spectrum and
chentical composition which is based upon cosmic-ray family observations and
extensive air shower experiments,

During the course of the study on individual high energy hadrons, we have
cnecountered some hadron-induced showers showing unusual transition behaviour
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through lead material which seems toe demonstrate the exotic nature of hadron
interactions, Examples shall be presented and will be discussed in sect. S in
relation to the characteristics of the exotic-type hadronic interactions of the
Centauro species which have been reported from the Chacaltaya experiments.
Sect. 6 is devoted to a discussion of the physical significance of the experimental
results.

2. Experimental procedure
2.1, Structure of the Pamir thick-lead chambers

The cmulsion chambers of our present concern is homogeneous-type lead
chambers exposed at the Pamirs for one year starting in July 1988. The structure of
the unit chamber is prescnted in Fig. 1a2. Fach unit chamber has an area of 10 m?
and contains 60 cm lead. In total, threc units of the chamber were exposed. These
three units are called Pb-68, Pb-69 and Pbh-70, respectively.

2 cmPb

1 cmPb
1 cmPb

1 cmPb

sensitive layers

Russian films(RT6M)

60 cmPB

| Il|“....‘-‘| l |\|

Pamir thick lead chamber

Fig. 1. (a) Structure of the uniform-type lead chambeis of thickness 60 cm, Pb-68, Pb, 69 and Pb-70, in
the Pamir cxperiment. (b) Structure of the uniform-type lead chambers of thickness 110 cm, Pb-43,
Pb-45 and Pb-46, in the Pamir experiment, {c) Siructure of the Chaculiaya two-storey chambers no. 21
and no. 22,
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The Russian RT type X-ray films are inserted under every 1 cm lead for the
detection and measurement of electron showers, except for the depths 1 cm and 58
cm from the chamber top. It totals 58 layers of X-ray films. After the processing of
the X-ray films was completed in Russia, the films have been sent to Japan for the
joint analysis. The present paper describes the experimental results obtained from
the study on the exposure of 16 m?* - yr.

Fig. 1b shows another type of thick homogeneous lead chambers, hereafter
called the “MSU chambers”, with which the MSU group [4] has carried out a
detailed analysis on cosmic-ray hadrons. As is shown in the figure, the chamber
thickness is much larger than the one shown in Fig. 1a, containing 110 cm of lead.
X-ray films have been inserted under every 1 cm of lead for the shallowest six
layers, and under every 2 cm of lead for the remaining 57. The results that are
obtained by the two chambers will be compared w.r.t. hadron flux and attenuation
charactcristics of the cosmic-ray hadrons.

Fig. 1c shows the structure of the Chacaltaya two-storey chambers ne. 21 and
no, 22, by which a number of high energy cosmic-ray families have been studied
among the series exposure at Chacaltaya by the Japan-Brasil collaboration. As is

1 cmPb

1 cmPb
2 cmPb

sensitive layers

110 cmPB

Russian films(RTeM)

) -

uuuuuuuuu

|||||||||||||||||||||||||

Pamir thick lead chamber

Fig. 1 (continucd).
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secn in the figure, the chambers consist of three parts: the upper chamber of 7 cm
[ead; target lavers of 23 cm thick pitch, and the lower chamber of 11 ¢m lead. The
upper chamber has an area of 44 m?, and contains five layers of N-type X-ray
films, cach layer being inserted everv 1 cm lead, starting from 3 cm from the top.
Three layers of ET7A type nuclear emulsion plates are inserted under 3, 5 and 7
cm of lead covering the wholc area. The lower chamber has an area of 33 m?, and
contains 11 lavers of N-type X-ray films under every 1 cm lead from the top, and
five layers of ET7A type nuclear emulsion plates arc inserted under cvery 2, 3, 4
and 5 ¢m lead from the top. There is a 230 ¢m air-gap betwecn the upper and
Iower chambers for the observation of target interactions of the incident hadrons.
The exposure times are 677 and 633 days for chamber no. 21 and no. 22,
respectively. A detailed study of the fine shower-core configuration is feasible by
microscopic observations of the nuclear emulsion plates. The results of the

apper chamber
(T cmPh)

5 sensitive layers
(K-rey fiim +
emulsion platc)

P L

air-gap (220cm)

lower chamber
{11 cnPb)

12 sensitive fayers
(X-may fim +
emulsion plate)

(o) Fiing

Chacaltaya chamber no.21

Fig. 1 (continued).
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observations of cosmic-ray {amily phenomena will be compared with those of the
uniform-type thick-lead chambers at the Pamirs.

2.2. Detection and energy measurement of electromagnetic cascade showers

A routine naked-eye scanning of the X-ray films for the dark spots duc to
electron showers developed in the chamber has been carried out throughout all the
depths of the chamber, and the arriving showers are reconstructed by measuring
the arrival direction of the showers. The arrival direction of a shower is deter-
mined by measuring, under the microscope, the horizontally projected direction
and distance between the pair of dark spots created by showers in the top and the
bottom cmulsion layers of the X-ray film, separated vertically by 200 xm due to
the plastic base supporting them. “Side showers”, i.e. showers which do not pass
through the top surface of the chumber, have been identified through the measure-
ment of their respective positions and arrival directions, and have been omitted
from further analysis.

The energy of an clectron shower which has developed within the lecad and has
left dark spots in several layers is determined by the micro-photometric method.
The darkness of the shower spot, D, is measured with a micro-photometer through
a 200 x 200 wm? square slit, on every shower-recording X-ray film. After subtrac-
tion of the background darkncss, we get the net D-value of the shower spots in
each layer. The net D-values, thus obtained, of the pair of spots on each X-ray
film sheet, in turn, arc calibrated by using a sct of calibration spots of different
darkness, formed by several specified exposures, made just after its production, to
a 'Sr—"Y radioactive source of a definite strength,

Plotting thesc calibrated nct D-values of the shower spots on all layers against
depth, the transition curve of the shower is constructed. The curve is compared
with the set of theorctical curves for pure electiromagnetic cascades of clectron-pair
origin obtained through simulation calculations following the algorithm completed
by Shibata [8]. Some details of the trapsition curves used here and the method of
encrgy determination arc given in Appendix A,

Now lct vs start from the case of a pure clectromagnetic cascade shower. By a
computer algorithm, we look for the theoretical curve which best reproduces the
shape of the empirical transition curve, and we get the “would-be” darkness, D,
of the shower at its shower maximum. In determining the energy, £, of the shower,
a semi-empirical D ~FE relation is used. In the present experiment, the detection
threshold of the spot darkness is around D~ (.1, corresponding to a shower
cnergy of ~ 2 TeV. On the other hand, AT, the starting depth of the shower, is
given by the horizontal shift of the experimental transition curve with respect to
the best fit theoretical curve, The fitting procedure explained above is illustrated in
Fig. 2.

As for a shower of hadronic origin, we have to solve three problems: shower
origin identification, shower cnergy delermination and shower starting depth
estimation. Herc the shower energy, £, now stands for the visible energy of the
shower, i.e, the cnergy released in the form of electron showers.

131



10 F | } T ] | | | 3
: m=0.0 100TeY :
e suTev i
i R
10°F E
C ]
(\:-:‘ B ]
E - b
§' : X
od
X
8 10F =
o a .
a) - ]
| 5 i
v
107 . 3
X ]
- 1
5 |
1073 1 { f [ | . 1
0 2 4 6 g8 10 12 14 16

t (cnPh)

Fip. 2. An iljusiration of the determination of the shower starting point AT and energy E of showers in
the thick-lcad chambers.

The wentification problem is the following. The observed showers in the
chamber are classified into two catepories: those of clectromagnetic origin
(hereafter called “gamma-rays”} and those of hadronic origin, and it is necessary
to identify the two.

Now, firstly, as will be seen In the examples shown in Fig. B.1a, b, most showers
induced by hadrons by ordinary multiple-pion produgtion ¢reate transition curves
whose shapes arc quite similar 10 those of pure electromagnetic cascade showers.
For those showers £ and AT are determined in the same ways as for pure
electromagnetic cascade showers, and the identification criterion comes out as
follows: a shower having large AT is identified as of badronic origin. Usually a
criterion 47 = 6 c.u. is used, where 1 c.u. {cascade unit} correspoads to 0.57 cm of
lead. In this way, the above-mentioned thrce problems arc solved at a stroke for
this type of showers.
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The remaining showers of hadronic origin ¢reate transition curves which deviate
beyond tluctuation from that of a pure electromagnactic cascade shower. Several
examples of such irregular transition curves originating from hadronic showers are
presented in Figs. B.lc—f. For this kind of showers the above-mentioned irregular-
ity itself leads us to the identification that they are of hadronic origin. For a
shower of this type, we define AT to be the horizontal shift between the
theoretical and the observed shower maximum, the latter being defined as the
highest maximum in the transition curve constructed on the basis of the four
ncarby experimental peints of largest darkness as shown in the figures. Determina-
tion of E for this type of showers are made in the following way. 1If we succeed in
reproducing the observed transition curve by the simulated curve given in Ap-
pendix A, then £ is given by the simulation result. If, on the other hand, we do not
mect success, some other measures have to be sought for. An cxample of such
trials is described in Sect. 4-7.

2.3. Single-arrived hadrons and cosmic-ray families

A shower detected in the chamber is either a single isolated shower or a
member of a bundle of parallel showers with the same arrival direction, which we
call a cosmic-ray “family”.

A “single shower” here is defined as the one which is not accompanied by any
other paralle]l shower of energy above the detection threshold, recorded within the
same block of the chamber.

Identification of a shower member constituting a family is made in the following
way. Take any pair of X-ray films recording a family at two different depths. Put
one on top of the other. Choose any pair of showers which have their respective
dark spots on the both sheets of the films. A shower pair of higher energy with
larger relative horizontal distance is preferred. If the shower pair is parallel, then
one can adjust the relative position of the two films in such a way that both spots
on one film are placed just on the top of the corresponding spots on the other.
When this is accomplished, all the remaining patterns of spots due to the family on
the two films are found to coincide in position with each other. The lateral spreads
of ordinary families are of the order of 1 to 10 cm, and the identification of family
showers i1s unambiguous except for the ones which are located far from the family
center in an isolatcd manner.,

Here we remark on the possibility of paralle] showers coinciding, A typical dark
spot diameter in our experiment is several times 107° ¢m, so that a change in
mutual distance by several times 1072 ¢m is easily discerned. Two or more paits of
films can bc used for the same family, and the available vertical separation
between a pair of films, when they were exposed at the Pamirs, is usually up to at
lcast several cmi. On this basis the accuracy in cur parallelism check for pairs of
showers is estimatcd to be better than 1072 radians in the plane containing them.
Next we shall take an example that the spots dug to three parallel showers form an
equilateral triangle on a sheet of X-ray film. In this case the accuracy of the
parallelism check of a shower with respect 10 the other showers is ¢stimated to be
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better than 10~ steradian. For larger numbers of paraliel showers the accuracy is
gven better, Now the incident vertical flux, at the Pamirs, of the singlc gamma rays,
and that of the single hadrons is given in Sccts. 3 and 4. The cosmic-ray family flux,
on the other hand, is given in Sect. 4.1. One will sec that the probability of parallel
single showers coinciding, making up a fake family is negligible, when one
comparcs the family flux with the single particle fluxes, and considers the accuracy
in the parallelism check, together with the lateral spread of a family.

A cosmic-ray family has its origin in a very high encrgy nuclear collision of a
primary cosmic-ray particle with an atmospheric nucleus, and the main interaction
that is practically observed in emulsion chambers at high mountain altitudes occurs
usually at a height of several hundreds of meters or higher above our chamber.
Then the detected high encrgy showers in the family give us important information
on hadron interactions at cxtremely high cnergy region [1].

3. Experimental results on singlc-arrived hadrons and gamma rays
3.1. Hadrons and gamma rays

Now the incident vertical flux, at the Pamirs, of the single gamma rays of energy
not less than £ is known ta be

I(>E)=(60+6)(3TeV/E)y" """ m 2yr~Istr~! (1)

for £E=3 TcV 9]

Table 1 gives the statistics of the shower obscrvation in a 16 m?yr exposure in
the present two units of the chambers, Pb-68 and Pb-69, and the one obtained by
MSU group, a 26 m?yr exposure of the very thick chambers containing 110 cm Pb
as shown in Fig. 1b. In Table 1 we present the flux value of the hadrons satisfyving
the following eriteria:

(i) The incident zenith angle, #, should be smaller than 50 degrees, i.c. tan
8 < 1.2;
(ii) The visible energy, £,(y), should not be less than 6.3 TeV; and
{iil) AT = 6 c.u. and AT > 14 c.u..

Table 1

Statistics of shower abservation

Chamber MSU (120 ¢cm Pb) Present chamber (60 em Pb)

analysed arca 26 M7 yr 16 m?-yr

Number of gamma 594 (31.7 /m2-yr} 436 (27.3 /m-yr)
rays

Definition of AT =22 cu. AT = 14 e, AT = 6 cou.
hadrons

Number of hadrons 780 (30, /m?y1) 565 (35.3 /m%-y1) 723 (45.2 /m2-yr}
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The above criteria have been chosen so as to make possible a comparison between
the two experiments under the same criteria. One sees that the hadron flux of the
visible energy, £\, (y), greater than 6.3 TeV shows good agreement within the
experimental error, giving

I(En(y) > 6.3 TeV) ~ 30/m* - yr. (2)
10— T T T3
T 4
— N 9 n
i I ® o |
N ol o .
& 10 2 ... . :
=~ LA i
=] [ §!§§§§§ N
= : %%
~ 10tk =
= = =
Z s iif 3
= - i
102 RS WU N T S S RN SRS T R
-20 0 20 40 60 80 100 120
AT {c.u.)
100 ¢ 1 =
) [ -
w » -
e
(o] = -
g
.
= 10 b =
< - -~ 1
=, N - :
— o -
z [ el
o ~.,§
10-2 1 | [ [ | ] 1
20 40 60 80 100 120 140 160 180
AT (c.u)

Fig. 3. (a) AT distribution of all the showers of visible energy greater than 6.3 TeV detected in a 16
m?:yr exposure of the thick-lead chambers shown in Fig. 1a. {b) AT-distribution of showers of visible
energy preatcr than 6.3 TeV in a depth region AT of 20 c.u. () for the present chambers. The ordinate
is the number of showers per m>-yr. The results of the MSU group in the depth range 20-200 ¢c.u.
measured in the chamber shown in Fig. 1b is also presented for comparison. () for 25 < AT < 70 c.u.
and {a)for 70 < AT <170 c.u.
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3.2, Attenruation length of cosmic-ray hadrons

Fig. 3a shows the AT distribution of all the observed showcrs that satisfy the
above criteria in a total exposure of 16 m?yr, where the abscissa is 47T, measured
in units of radiation length {c.u.}). The ordinate is the observed number of showers
in each unit AT interval in 16 m?yr exposure at the Pamirs. Looking at the overall
features it is clear that the exponential deercase in the range vver AT greater than
10 cu. demonstrates the global attenuation behaviour of cosmic-ray hadrons in
lead, whereas the distribution in the range of AT smalier than ~ 6 c.u. mainly
reflects the contribution of atmospheric gamma rays. Fig. 3b gives the attenuation
of cosmic-ray hadrons in the range of depths AT from 20 c.u. to 120 c.u., together
with the result (20 < AT < 180 c.u.) of the MSU group. The ordinate is the number
of hadrons per m*- yr- c.u.. One secs that the two global distributions agrce well
with cach other with respect to both the atienuation characteristics and the flux
valucs, The attenuation of cosmic-ray hadrons throughout the depth between 20
c.u and 120 c.u. in lcad is represented by the exponential law

AN/d(ATY = N, exp( —AT/A,,), (3)

where A, stands for the observed attenuation mean free path in c.u.. We get,
from the figure,

/A, = 0.0256 + 0.00303 /¢.u. (4)

as the best fit for the present cxperiment in the range of AT from 20 c.u. to 120
c.a1.. It gives the attenuation length of cosmic-ray hadrons in lead as

Ag{Pb) =252+ 30g/cm?* (20547 <120cu.). (5)
If we apply the same procedure for the range of AT from 10 c.u. to 40 c.u., we get
Aaa(Pb) =210+ 27 g/cm® (10 <AT <40cu.). (6)

The above results confirm the results obtained by thc MSU group, ic. an
increasing A, with increasing depth of observation, Table 2 summarizes the
results of the measurements on attenuation length in lead by the present work and
by the MSU group [9,7]. The detailed structure of the attenuation behaviour found
by the MSU group will be discussed later.

Table 2

Attenuaton mean free path of hadrons

Chamber Range of fitting ATP (gr/cm?)
preseat chamber 20 < AT <120 ¢, 252430

(60 cm Pb) 10 < AT < 40 cu, 210427
MSU 20 = AT < &0 ¢ 209+17

{120 cm PE) = AT <2 cu 30+ 36
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3.3 Zenith angle distribution

The arrival zenith angle distribution, at the chamber-top, of the hadrons which
have given risc to the showers starting deeper than 20 c.u.,, 4T = 20 c.u., is shown
in Fig. 4. The distribution is approximately reproduced by the formula

J(<cos 8)=J(0=0°)27/m " (cos 8)". (7)
From the figure, one obtains the valuc of m as
m=732+0.05 (8)

for the present statistics, and it agrecs well with the MSU result. This gives the
attenuation mean free path of hadrons in the air, A, (air), by the well-known
relation

m=1/A+2, (9)

where + is the atmospheric depth of the Pamirs, 595 g/cm?. The attcnuation
length of hadrons in the atmosphere is thus obtained as

Ag(air) =112 + 12 g /cm?, (10)

which 15 consistent with the results of the various studies hitherto made.
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Fig. 4. Zenith angle distribution of cosmic-ray hadrons with AT = 20 c.u. The broken line 1s the best it
to the experimental data.
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3.4. Flux and the energy spectrum of cosmic-ray hadrons

In Fig. 5, we give the visible energy spectrum, £,(y), in differential form, of the
detected hadrons (closed circles) selected undcr the afore-mentioned criteria,
together with the spectrum of gamma rays (open circles). One sces that the
spectrum of the hadron visible energy is well represented by

1(> E\(v)) = I(EW(y) /10 TeV) ™' /m” yr - str, (11)
with
Ipy=(17.0+3)/m?yr and &, =2.09%0.13. (12)

The above-obtained numerical values of N, and «, are consistent with thosc
obtained so far by the MSU group. Table 3 summarizes the results of both
experiments.

Table 3

Flux and power indices of cosmic ray hadrons (E[¥? = 10 TeV)

Chamber Iy (/m2-yr) x

Present chamber 1743 3.09+£0.13
MSTJ 151 301401
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Fig. 6. Visible energy spectrum of the abserved families, in integral form, in the present chambers of 16
m*-yr exposure, The broken line is a power spectrum with index 8= 1.5,

A remark should be added herc, The majority of hadrons, more than 909,
ohserved here are the single-arrived ones, Le. not associated with any other
showers of energy E(y) = 6.0 TeV. This fraction is hard to understand in terms of
the atmospheric propagation in the models of ordinary multiple-pion production.
The details of such comparisons with simulation calculations will be published
elscwhere.

4. Experimental results on cosmic-ray families
4.1. Cosmic-ray family flux
In the present chamber, we have found ]14 families of visible energy greater than

50 TeV, The family energy spectrum is shown in Fig. 6. The spectrum is repro-
duced by

H(> Eqiy) = (0.4 £0.2) (Epa, /100 TeV) ™ /m? - yr - str, (13)
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Tabic 4

Some details of 17 super-families of the highest energy range in the uniform-1ype lead chambers at the
Pamirs since 1977

Name Eomity N, XE, Ny XED 4y Halo Chambert
(TeV} iTeV) {TeV) depth
ED = 4 Tev (cm Pb}
LoLiTa 6834 386 6140 3 699 010 230 1o
Pb-45 5634) 32 4574 44 1055 .19 3050 110
Pb-28 3893 195 3069 59 824 0.21 800 60
Ph-3703 3249 180 2559 23 690 (rL21 2320 40
Ph-53 2798 120 2071 44 727 .26 520 60
Pb-8 2585 192 1964 33 62! 124 1920 40
Pb-6 2337 21 1521 44 Bl6 (0.35 1000 40
Ph-54 1627 111 1291 30 335 0.21 - ()
Pb-20 1534 61 807 22 @37 0.41 760 40
Ph-3704 1242 47 890 7 352 0.28 1600 40
Pb-6012 721 48 668 4 53 .07 660 60
Pb-2 882 &0 752 3 120 (115 594 40
Ph-21035 743 63 6R7 5 56 .08 - 40
Pb-6013 982 58 704 12 LR8 019 800 ol
Pb-38 1711 75 625 23 1086 0.63 8500 6
Ph-4711 720 29 575 3 144 0.20 - 110
F73-9 1246 76 949 11 297 .24 - &0
with
8=151+03. (14)

The flux of cosmic-ray families has been repeatedly studied in high mourtain
altitudes by different types of chambers, and the present flux value is consistent
with the one previously obtained at the Pamir altitude {1].

4.2. Global features of hadrons in super-families

Now, we shall proceed to study the attenuation characteristics of high energy
hadrons which are associated with very high energy cosmic-ray families observed in
homogeneous-type thick-lead chambers at Pamir, The ¢xperiment has been carried
out since 1977 by the MSU group and the data on very high energy cosmic-ray
families has bcen collected. Up to this moment, 17 super-familics of total visible
encrgy, LE(y), exceeding 700 TeV have been collected and analysed in a series of
exposures totalling ~ 450 m?yr.

First we begin with the survey of the global behaviour of hadrons in the
cosmic-ray families of the highest encrgy region secn in the thick-lead chambers.
We present some details of thes¢ 17 families in Table 4: family encrgy, number of
gamma rays and hadrons of visible encrgy greater than 4 TeV, their cnergy sum
and thickness of the lead of the chambers in which each super-family was
observed. Although the thickness of the chamber varied from exposure to expo-
sure, whole chamber had sufficient thickness to study the attenuation characteris-
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Fig. 7. (a} Diagram of the visible energy E[Y), versus distance R, measured from the family center, for
hadrons of visible energy greater than 4 TeV in 16 super-families of ZF = 700 TeV. (h) Diagram of the
visible cnergy of hadrons and their shower starting positions AT in 17 superfamilies. (¢} Illustration of
the detected hadronic showers in the family “Pb-54", The ordinate is the depth of the chamber in cm
and the abscissa is the coordinate x in cm in the X-ray film. The vertical solid line shows the visible
range of the detected hadronic showers, (d) Same as (¢) for the family “Pb-28". (¢) Same as {(¢) for the
family “LeLita™.

tics of the hadrons through the chamber material. Primary cosmic-ray energies
which have given rise to these super-families are estimated to be at least 10 eV
or so.

In total 176 high energy hadrons of E,(y)}=10 TeV, among a total of 398
hadrons of E,(y)=4 TeV, have been found to start shower development with
AT = 6 cu.. Among them, 143 hadrons with AT = 10 ¢.u.. In the following, wec
concentrate our studics to the attenuation characteristics of these 143 hadrons,
because they arc completely free from mixing with atmospheric gamma rays,

In order to show the global featurcs of the distribution of these 398 hadrons in
familics, we present, in Fig. 7a, a supcrposed scatter diagram between the
distance, R, from the family center and the visible hadron encrgy, £,(y), for 398
hadrons of £,(y) =4 TeV found in the above-mentioned 17 super-familics. Fig. 7b
shows a scatier diagram between the visible hadron energies and the shower-start-
ing depth, AT, defined in Sect. 2.2
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Fig. 7 {continued).

In order to visualize the development of hadronic showers in a family, we show
typical examples of shower observation through chamber materials in Fig. 7¢ and
7d for the families Pb-54, Pb-28 and in Fig. 7¢ for the family named “LoLita”,
respectively, all of which are listed in Table 4. Each line in the figures illustrates
the starting depth of a hadronic shower and how the induced shower traverses the
chamber with spot darkness above the threshold. As is seean in the figures most of
the super-families penetrate deep into the chamber and we found several showers
continuing close to the bottom of the chamber. Therefore, we are able to identify
hadrons in a family without any ambiguity by studying the shower direction and the
two-dimensional relative positions of the detected showers.

Fig. 8 gives the superposed encrgy spectrum of these hadrons in integral form
(closed circles). The spectrum is well reproduced by a power law,

N zE(y))~E(y) ", (15)
with
a,=1.16+0.1. (16)

The power index «, is significantly different from that of single-arrived ordinary
cosmic-ray hadrons, a, = 2.09 + 0.13, as given in (12), but it is in good agreement
with the result obtaincd for 430 families of visible energy greater than 100 TeV
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observed on Chacaltaya and the Pamirs. Hard energy spectrum of hadrons in
familics indicates that the families are in an earlier stage of development as a
whole, as was discussed in Ref. [1].

4.3. Statistical study of attenuation mean free path of high energy hadrons

In the following, we¢ study in detail the attenuation characteristics of the
hadrons of E,(y) = 10 TeV in supcr-familics, taking into account the difference of
the detection range of the hadrons in each chamber.

Let us define the interval of AT for hadron detection by (AT),,, < AT < (AT) ..
and fix (A7), = 10 c.u.. We give the details of the effective AT range, ie. the
effective thickness, 7.y, of the chamber, for hadron detection for individual
familics in Table 3.

Now, the super-families in Table 5 are classificd into scven classes according to
the difference of the AT range, e, group A (<40 ca), B (<60 cw), C (<70
cul), D(<80cuw), E(<100 cu), F{< 110 c.u) and G (< 120 c.u.), respectively,
as 1s shown in Table 6 where the corresponding family names are given in cach
family group. The hadron data of each data group should be normalized with the
number of incoming hadrons, However, since we do not know the number of
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incoming hadrons, we replace the number of incoming hadrons by the number of
observed interactions in the common AT interval of all the families, i.c. 4T = 10-40
c.i.. The number of hadrons of visible encrgy greater than 10 TeV in each AT bin
for each family group is given in Table 6. In total (08 hadrons are found in thiy
common AT interval. In the line (1) of Table 6 we show the total number of
observed hadrons in each AT bin and in linc {2) the statistical error. Line (3} gives
the normalization factor for the obscrved number of hadrons in each bin and line
(4) is the normalized number of hadrons in each bin. Line (5} is the calculated
statistical error and in line (6} we give the average AT of the ovbserved hadrons,
(AT}, in cach bin. Lines (7), {8) and (9) give the normalized hadron number,
statistical error and { AT ) when we summarize the data into four groups in proper
AT range over the depth of 40 c.u. to make the results statistically sigmificant.

In Fig. 9 we show the AT distributions of the 143 hadrons of visible energy
greater than 10 TeV {closed circles} obtained from Table 6. The attcnuation mean
free path ts given, by least square fitting, as

Ay, =176 £ 48 g/cm?, {17
@il
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Fig. 8. Integral energy spectrum of the visible energy of the hadrons. (@): 398 hadrons of visible energy
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We apply the same procedure to the very high energy hadrons of E,(y) = 20 TeV.
The AT distribution of these 68 hadrons of E (y) > 20 TeV (open circles) is also
shown in Fig. 9. A,,, in this case is obtained as

A, = 146 + 40 g /em?. (18)

The same procedure is also applied to the 262 hadrons with energy E,(y) > 3 TeV
and we get an attenuation mean free path, in this case, of

Ay =174 £ 30 g/cm’. (19)

4.4 Application of the maximum likelihood method

Here, we briefly summarize the results obtained by applying the maximum
likelihood method to cstimate the attenuation length, We know that the depth
distribution of interaction obeys the exponential law

CXIJ'( _'f/)".'m)s (20)

with the attenuation mean free path A,,. In the practical experiment, a chamber
has a finite thickness and the observation of the attenuation is restricted within a
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Table 5
Effective thickness of the chambers for hadron detection.

Family Chamber depth Zentth tangent: tan § Effective thickness defined by
T {cm Pb) T =(T-4 cm Pb)/cos 8
in cascade units {cu)
LoLiTa 110 (r.27 193
'h-45 30002 .18 4h
Pb-28 6l 0.32 103
Ph-3703 40 010 64
Ph-53 ol 0.1 1
Ph-H§ 40 .53 71
Pb-6 40 0.60 82
Ph-54 60 0.10 99
Pb-20 30 053 59
Pb-3704 4{} (27 G5
Ph-6{)12 3] (.70 120
Ph-2 40 r42 68
Pb-2105 40 0.1y 64
Pb-6013 60 0.93 134
Ph-58 &0 (1L.58 113
Pb-4711 110 0.14 187
F-73.9 60 0.25 101

? X-ray filmes are abscent between the depth of 31 cm Pb and 82 cm Pb in the chamber.

certain interval. Let us assume, for the case of the /th hadron, that the observation
is restricted to the interval between ¢ [i] and ¢, [f]. Then, the normalized
probability distribution of the depth ¢, of the fth hadron is given as

pi( r!"’ ”latt) dt:‘ = CXD( _'ri/‘iml}(dri/dau)/q()[f] (2])
with 7, [¢] <t <f_ . [i]. and g,[¢] is the normalization factor given by

QO[i] = [exp( _[min[i]/"‘au) - exrj( _Imzu[j]/)‘alt)] . (22)
Now, in the experiment, we have N hadrons. For each hadron i, (i=1,2,....N),

we have the observed depth ¢, and the detection interval (¢ l{], ¢,..[{]). The
likelihood of this set to be observed is defined as

i\‘r
L(/\au) =L(f1! {2"“*'{1’\-’; /\alt)El_—Ilpi({a" )"zm)' (23}

The normalized distribution

LA/ f, LX) Ay (24)

is calculated using the experimental data of cach hadron in Table 6. In the
numerical calculation of the integral over A, in the denominator of Eq. (24), we
extend the integration up to A, = 800 g/cm? instcad of infinity. The maximum of
the distribution determined by the equation

OL(Ayy) /A =10 {25)
gives the value of the most-likelihcod attenuation length.
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Fig. 9. (#): AT disiribution of 143 high encrgy hadrons with E{y)=10 Te¥V and 4T = I{) c.u,,
constructed from Table 6, in 17 super-families. The solid line shows the best fit exponential attcnuation
wilh A, =176 g/cm? (O} AT distribution of 68 high encrgy hadrons with £(y)x= 20 TeV and
AT = 10 cu. in 17 super-families. The broken line shows the best-fit exponential attenuation with
Ay, = 146 g/em?,

Fig. 10 gives the normalized distribution given by (24) for 143 hadrons of
E\(¥) = 10 TeV. From the maximum point and width of the distribution we get the
value of A, with 95% confidence level,

Ay = 17075 g /em?. (26)

The same distribution for 68 hadrons of E,(y}:> 20 TeV are given in Fig. 11 and
we get from the distribution

Ay = 137230 g/em?. (27)

The values obtained above are found to be significantly smaller than we got {or
the case of the single-arrived ordinary cosmic-ray hadrons, A, (Pb) =252+ 30
g/um?, as was given in Sect. 3.2.

It is of an interesting significance that we find the contraction of the attenuation
meatt free path to be more obvious in hadrons of higher encrgies.
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4.5. Hadrons in families of visible energy 100-500 Tel

The study of attenuation mean free path of hadrons in the families of total
energy between 100-500 TeV gives the same results as in the case of super-fami-

0.03 LI I B L L LN L T L L L B L BRI

0023 - -

002 - ~1

L{Aau) / f L{hau) dhae

0015 -
o.M -
0.005 -
o NN e 1..xl....l.,,._-
0 50 100 150 200 250 300 350 400

2
A, (erfom®)
Fig. 11. Normalized distribution of likelihood for 68 hadrons of E{y) = 20 TeV in 17 super-familics,
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Table 7
Some details of high energy cosmic-ray families observed in the thick-lead chamber cxposed at Pamir

Name E ity N, 3E, N, I E{Y o Chamber
{TeV) {Tev) (Tev} {cm Ph)
2302 694 15 486 S 208 (0299 40
4301 604 23 498 2 106 176 11
2201 515 35 390 12 125 {1.243 40
3701 497 35 457 3 40 (+.N&1 4)
2103 494 41 477 2 17 0.035 40
3705 412 28 353 1 60 1146 4
2002 390 7 358 2 32 3.082 40
2102 384 36 52 3 32 0.082 40
3708 382 6 334 1 48 0.126 40
1804 370 32 3n 3 39 0.16 40
2202 352 17 148 8 204 0.579 40
2092 332 4 315 1 17 (L052 4)
4306 328 37 35 ! 13 0.039 110
1712 322 25 309 1 13 0.041 40
1408 317 6 105 4 212 (1.664 4)
4716 s 12 3l 1 3 0.7 1o
2203 i 16 213 5 98 0.316 40
2301 204 12 203 5 95 (1.319 40
1409 297 17 289 1 8 0.028 40
1405 286 23 253 3 33 0117 40
1715 254 14 203 4 31 0.199 40
1101 246 7 213 1 33 0.136 40
4304 234 20 227 1 7 0.031 110
1407 220 16 180 1 40 0.181 40
1707 n7 9 186 2 k) 144 40
3702 215 7 109 4 16 0.403 44}
2009 213 15 157 1 56 0.264 40
211 212 8 175 4 37 (.175 40
2204 211 19 191 3 20 0.096 40
2020 187 13 128 7 5@ 2314 40
017 177 7 17 5 60 .34 40
1mno7 157 9 162 i 5 0028 40
110 i66 17 5 1 7 0.043 4
1912 163 13 109 6 54 ).333 4}
2023 {57 10 152 i 3 0.033 a0
1TK)S 148 7 141 1 7 0.049 40
66l 147 9 117 4 an 0,201 44}
1818 143 10 118 3 25 0.176 40
4305 134 15 113 3 21 [L158 1n
Hi62 119 10 T 2 10 1486 4

lics of the highest encrgy range just we presented. We give in Table 7 some details
of all the 40 families of visibie encrgies in the range 100-300 TeV. which has been
also coilected by the MSU group, together with the super-familics mentioned
agbove. Just similar analysis has been carried out on hadrons of those 40 families as
was made for hadrons in super-families. We found 119 hadrons of visible encrgy
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greater than 4 TeV. We show, in Fig. 8, the supcrposed spectrum of visible energy
for those 119 hadrons in integral form {open circle), too. One sees the spectrum is
a power type with index same to that of super-families, i.e. E.(v) “*, where
a;=1.16 £ (.15, as is shown by the dotted line in the figure. The attenuation
mcan free path of the hadrons in these 40 familics is given as

A= 144 + 18 g/cm?, {(28)

As i5 seen in Table 7 almost all hadrons, 94 out of 119, arc found in the cvents
with N, = 3, and the attenuation mean free path obtained for those events with
N, =3 1is given by

Aga = 184 + 20 g /cm?. (29)

The value of A, obtained above is as small as for the families at the highest
energy range of LE(y) = 700 TeV. Although the value given above is obtained for
the families composed of a comparably small number of hadrons and that we do
not take into account the loss of detection of hadrons at, deeper depths due to the
breaking of the trace of plural showers which belong to the same family, different
from the case of super-families as shown in Fig. 7, the above-obtained valuc of A,
is nearly the same as the one obtained by the observation in the Chacaltaya
two-storcy chambers which is shown in Sect. 3, in which the visible enecrgics of the
majority of observed families are in the same energy interval, i.e. from 100 to
several hundreds of TeV in visible cnergy.

4.6. Global relation between attenuation and collision mean free paths

When one proceeds to the global comparisons of the attenuation mean free
path between the two categories of hadrons, single-arrived hadrons described in
Sect. 3 and hadrons in families here studied, we should take into account the
difference of energy spectra of hadrons arriving upon the chamber, If we assume
that the characteristics of hadron interaction is the samc betwecn both categorics
of hadrons and it is ordinary type multiple-pion productions as scen in accelerator
encrgy regions up to CERN colliders, we shall be allowed to use the well-known
formula which connect A_,, and A, and given by

113

A = )"cun/(l - <(1 _K)a>)" (30)

where K is the inelasticity of the collision and « the power index of the energy
spectrum in integral form for hadrons arriving upon the chamber.

Power index o is found to be 2.09 for single-arrived cosmic-ray hadrons (sec Eq.
(12)) and 1.16 for hadrons in super-families (see Eq. (16)). Assuming two cases of
inefasticity, K= 0.5 and 0.8, we get
(A) for singie-arrived cosmic-ray hadrons;

A~ 134, for K=105,
Ay~ 1.03A for K=038,

el
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and
(B} for hadrons-in-families

Ay~ 1.8A for K=0.5,

coll
A ~12r,, for K=08,

respectively. As is seen, the value of A, should be larger for hadrons in families
than for single-arrived ordinary cosmic-ray hadrons, by a factor of about 1.2-1.3, if
we assume A, to be the same for both categories of hadrons. If we assume the
hadronic¢ interaction to be ordinary multiple-pion production, the majority of the
single-arrived hadrons is likely to be protons but most of the hadrons in families
will be pions. The collision mean free path A of protons i less than that of
pions; hence A, of hadrons in familics should be much larger than that of
single-arrived hadrons. The experimental result shows just the opposite: A, of
hadrons in families is much shorter than that of single-arrived hadrons. Thus, the
experimentally observed difference of A, between the two categories of hadrons
must be accepted In 2 much enhanced way and 1t scems to require drastic changes
in the characteristics of interactions for hadrons originating from cxtremely high
€nergy cosmic-ray interacfions,

4.7. Anomalous transition behaviour of high energy cusmic-ray hadrons

The above experimental results on the attenuation characteristics of hadrons in
very high energy cosmic-ray families seem to indicate the existence of “new
hadronic states™ which have been unknown yet, If this is indeed the case, we shall
not be surprised to find anomalous phenomena in cosmic-ray hadrons which are
not seen in the ordinary hadrons we already know, t.¢, nucleons and mesons. The
peculiar new shower phenomena named *“mini-clusters” in Chiron-type familics (3]
observed by the Chacaltaya collaboration is one such unusual phenomenon.

In this section, we demonstrate the anomalous transition characteristics of
hadrons through the homogencous-type thick-lead chamber by choosing particular
cxamples that are hardly scen in the results of simulation calculations based on
ordinary multiple-pion production.

The first example is a very high energy single-cored shower, Pb69-B8-5152,
which is not associated with any other showers and shows an unusual transition
curve on spot darkness. The shower starts its development from the top layer and
persists down to the bottom of the chamber, 60 cm of lead. The transition curve on
spot darkness, measared with a 200 pm X 200 pm square slit, is given in Fig. 12a.
The solid curves in the figure show an attempt to reconstruct the total transition
curve by a supcrposition of purce electromagnetic cascades of various energics, all
of which start at different depths, This procedure has its basis in the “mini-cluster”
picture, because no other particles can reproduce the experimental curves, As the
first maximom region shows a saturation of the X-ray film darkness, a raster
scanning has becen carried out aver a circle of 5 mm in radius to determine all the
electron numbers in this range, and the curve of the first maximum of the figure is
adjusted on the basis of the observed energy obtained by such a measurement, The
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Fig. 12. Shower transition curve on spot darkness, D, measured by a square slit of 200 pm X 200 gm?,
(a) for the event “PB69-B8-5152", (b) for the event “PB738127-1007, {¢) for the event “PB73B15-F127,
(d} for the event “PB73B0Y-F1" and (e} for the event “PBa8B13-F8".

total visible encrgy of the particle is estimated to be E(y)~ 400 TeV in the
obscrvable range of depth.

An interesting feature of the transition characteristics is seen in the continuous
shape without significant attenuation throughout the entire depth of the chamber,
120 cu., ~4 A of a nucleon. This phenomenon can be understood by considering
that the incident cosmic-ray particle has interacted with the chamber materiat just
as it entered the chamber and developed nuclear and electromagnetic cascades by
successive interactions. Successive interactions happen so frequently, because of
the short collision mean free path, that succeeding clectromagnctic cascades
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Fig. 12 {continued).

initiated by the successive interactions begin to develop before the attenuation of
the preceding electromagnetic cascades.

Such examples have been known since the early time of the Pamir thick-lead
chamber experiments, We present several examples of similar characteristics from
recent results in Fig, 12b, ¢ and d, in order to show that the above example is not a
rare feature among the observed high energy hadrons. They are Pb735127-100 (b),
Pb73B15-F12 (c) and Pb73B9-F1 (d), respectively. Among them the shower shown
in (b}, as well as the shower shown in (a), is a single-arrived one and cach shower
shown in (c) and (d) is the main shower constituting their respective families.

Under the assumption of the ordinary type hadron interactions, the successive
main energy release is expected due to collisions by surviving nucleon through the
jead and the successive peaks will be distanced by, approximately, an order of
geometrical collision mean free path of proton in lead, an order of ~ 15 cm of
lead. Thus wc can expect regular wave-like transition ¢urve in such case of usual
hadron interactions. In our examples of experimental data, however, such wave-like
structures are not seen significantly in the transition curves, but one sces a rather
flat structure which is presumably caused by the continuous contribution of the
collisions with short mean free paths. Although the argument here is not quantita-
tive yet, the progress of the study will make statistics increase, and it will make
clear the difference in a much more quantitative way.
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Fig. 12 (continved).

The next example of such anomalous transition characteristics is found in the
event named Pb68-B18-F18. The special feature of the event is that it consists of
two closely separated shower spots only {as close as 1.28 mm is their mutual
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Fig. 12 (continued).
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distance} and they are both detected from a depth of 32 c.u., and both continue
their shower development down to the bottom of the chamber. In Fig. 12¢, we give
the transition curves on spot darkness, D, of the ywo showers measured in a
200 x 200 wm? square slit. Since the two start topether from a depth of 32 c.u., we
consider that they were recorded during the construction or disassecmbling of the
chamber, when the chamber thickness was 50 cmPb from the bottom. Two are of
hadronic-origin showers because of their penetrating characteristics as seen in
their transition curves which are deviating far from that of purc electromagnetic
cascades. The shower energics of the two are estimated to be 80 TeV and 41 TeV,
respectively. It is evident that two hadrons originate from a fragmentation or
diffractive process of a cosmic-ray particle with an air-nucleus, when we consider
their extrcme small opening angle, of order of 107% radian. Then, p{y) of the
particle emission is estimated as small as p(y)~ 40 MeV /¢, if we assume the
interaction happened at around ! km (~ 1 geometrical collision mean free path of
nuctecn) above the chamber. These examples are telling us that a peculiar type of
fragmentation process is going on In the forwardmost angular region and the
produced particles have exotic properties which show anomalous transition be-
haviour,

We have already found a number of shower phenomena which show strong
penctrating power far beyond the case of pure electromagnetic cascades in the
Chacaltaya two-storey chambers and the Pamiir joint carbon chambers, and we
reported a variety of examples in Ref. [1]. They are very high energy and small
spread shower-cluster phenomena originated from small p, particle emtission, of
order of a few tens of MeV /¢ or less, 1 just the forwardmost angular range of
1079 radian or so and make up for a substantial fraction of the family energy. We
call them ‘“‘giant mini-clusters” [3]. In Fig. 13, we present typical examples of
transitton curves of these high energy shower clusters observed in the Chacaltaya
two-storey chambers for comparison. As is seen, we are able (o observe similar
transition characteristics as found in the above examples in the homogeneous-type
thick-lead chambers, though the chamber structure is different and the thickness
of the chambers is much less than the present uniform-type lead chambers, In
cosmic-ray phenomenology, such shower clusters are the premature stage of
special cosmic-ray phenomena called *‘halos”, the uniformly blackened arcas in
X-ray film observations [1,3].

5. Study in the Chacaltaya two-storey chambers

Since the discovery of Centaura and Chiron-type interactions by the Chacaltaya
cxperiment, a detailed study on the nature of high energy showers in those families
has becn continuously carried out with wse of nuclear emulsion plates in a serics
exposures of the Chacaltava two-storcy chambers.

Among the cosmic-ray families of the Centauro species, the interaction charac-
teristics of the Chiron-type have been classified on the basis of three clean
cosmic-ray families in which the locations of the respective interaction vertices
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Fig. 13. Typical examples of transition curve an darkness for high energy shower-clusters observed in
the Chacaltaya two-storey chambers.

have been determined by the triangulation method, in which the mutual distances
and the opening angles of high energy constituent particle pairs have been
measured geometrically for the respective families recorded in the Chacaltaya
two-storey chiambers no. 19 and no. 20 [3]. The characteristics of the interaction
are summarized as follows:

(1) The visible transverse momentum, p (y), of the high energy secondaries at the
respective parent interactions is large, { p{y)? ~ 2-3 GeV /c, about one order of
magnitude larger than the average p{y) of mesons produced by ordinary-type
multiple-meson production [3]. The existence of such a kind of particle production
can be understood by considering the experimental fact that we frequently obscrve
clean cosmic-ray families in the early stage of development and of large lateral
spreads, since they are quite naturally explained as haviag their origins in such
large p, particlc emission as scen in Chiron-type atmospheric interactions.

{2) We observe a peculiar type of exotic shower-cluster phenomena named “mini-
clusters” which are produced by the secondaries in the parent Chiron-type interac-
tions. The exotic character of a “mini-cluster”, which has been found after a
detailed study of nuclear emulsion plates by using a microscope, reveals itself in
the fact that the lateral spread of the shower cluster is of the same order as that of
the young atmospheric cascades, and hence, the { p{v)} of the cluster-constituting
particles, electromagnetic as well as hadronic, is as small as 10-20 MeV /¢, smaller
by one order of magnitude than that in ordinary picn productions.

(3) Furthermore, the secondary hadrons produced in the parent Chiron-type
interactions have a smailer attenvation mean free path, as small as ~1/2-1/3 of
the geometrical value, A, [3].
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Table 8

Some details of high energy famities and associated high energy showers (F = 10 TeV) observed in the
Chacaltaya two-storey chambers no. 19, no. 20 and no. 21

Chamber no. no. 19 ne. 20 no. 21 Sum
Exposurc (m?®- yr) 30 20 17 77
no. of families {XF = 100 TeV) 36 28 8 82
Single-core-upper 5903 39(19) 59019} 157{68)
Shower-cluster-uppecr 104{42) 52(13) 45(15) 18970}
C-jets 16 13 9 27
Ph-jet-lower 10 8 9 27

( ¥ number of continuing showers from upper to lower,

The study on the detailed characteristics of Chiren-type families has been
extended, up to now, to 82 high energy families of X E(y) = 100 TeV which are
selected under the following criteria, in the series exposure of the Chacaltaya
two-storey chambers no. 19, no. 20 and no. 22:

(1) visible energy should be larger than 100 TeV and

(2) lateral spread should be large, {(E*R*) > 300 GeV -m, where E* and R* are
energy and distance, after applying the “decascading” procedure [2,10], of a
shower from the family center, averaged over showers of energy exceeding 10 TeV.

The second critetion above is set for selecting families of the Chiron-type,
because particle production with a large p, value results in the families of large
lateral spreads at the observational level. The majority of these selected families
are clean, Le. without any trace of serious degradation due to secondary atmo-
spheric processes, indicating the production altitudes to be closely above the
chamber. Through microscopic obscrvation in nuclear emulsion plates, we have
found 211 single-cored high cnergy showers and 199 rini-clusters of E(y) = 10
TeV, in those 82 cosmic-ray farmlies. Table 8 gives some details of selected
families under the above criteria in successive exposures of Chacaltaya two-storcy
chambers and threc catcgorics of high cnergy showers of visible energy greater
than 10 TeV which are associated with those sclected families. Fig. 14a shows
superposed energy spectra of those three categories of showers with E(y) = 10
TeV observed in those 82 families; i.e. (O) for shower-clusters (mini-clusters); (e}
for single-cored showers found m the upper chambers, and (+) for showers
detected in the lower chambers, ie. C-ets and Pb-jets-lower, respectively. The
integral spectrum of the family encrgy, ¥ E(y), is also plotted in the tigure. Fig.
14b gives the superposed distribution of lateral spreads, E(y)R, of the high energy
showers of F{y}= 10 TeV, in integral form for those three categories of showers,
Symbols are same to those in Fig. 14a. The average of the lateral spread, (E{(v)R>,
is as large as ~ 700 GeV - m, indicating large {p (v)> particle emission. These
high energy showers of E(y)= 10 TeV are considercd to be induced by the
sccondary particles directly emitted from the parent interactions because of their
large x value, and the visible energies of the majority of the observed cosmic-ray
families range from 100 TeV to several hundreds of TeV. Here x = E{y)/LE(y) is
a fractional shower encrgy with respect to the total visible family energy. Fig. 14c
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Fig. 14. (a} Superposed encrgy specira of three categories of high energy showers in 82 families of
Y E(y) 2 100 TeV observed in the Chacaltaya two-storey chambers no, 19, no. 21 and no. 22. Selection
criteria of the evenis are given in the text. () shower-clusters; (@) single-cored showers in upper
chambers; and {(+} showers detected in lower chambers {C-jets and Pb-jets-lower}. The spectrum of
family energy (©) is also shown, The lines show the best-fit power-spectra. (b) Superposed distribusion
of {ateral spread, E(y}R. Symbols are same as in Fig. 9a. {c) Distribution of shower starting position for
211 high energy hadrons (E(y}z 10 TeV} associated with Chiron-type families observed in the
Chacaltaya two-storey chambers no. 19, no. 21 and no. 22. The abscissa is the depth of the chamber
measured in units of geometrical collision mean free path of ordinal nucleon. The broken line shows
the attenupation for ordinal nucieops. The solid line js the best fit (o the experimental data,

gives results on the distribution of shower starting positions for the 211 high cnergy
single-cored showers in Chacaltava two-storey chambers, Here, the chamber depth

is expressed in units of geometrical collision mean free path, A, of the nucleons

o CH no, 19

CH no.21+ 22

Fig. 14 (continued).
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Fig. 15. Averape transition curves on spot darkncess through chamber material for single-cored showers
(e, @) and shower-clusters {2, 3) in the Chacaltaya two-starey chambers. The dotied curve is the
average lransition curve for the case of gamma-ray incidence obtained by the simulation caiculations.

in the chamber. The experimental results are shown separately for chamber no. 19
and chambers no. 21 and no. 22, because there is a difference in chamber structure
between no. 19 and the others. The broken line in the figure stands for an
exponential decrease following the geometrical cross section of nucleon interaction
with chamber material. One sees that the cxperimental result does not attenuate
according to A, but much faster. The best fit to the experimental data, shown by
solid tinc in the figure, gives an attenuation mean free path as

Mo = (0.4 20.2)A . (31)

Under the ordinary concept of multiple-pion production, single-cored showers
found in the upper chamber would presumably represent the direct arrival of
gamma rays due to the decay of neutral pions in the atmosphere, together with a
mixing-in of a small fraction of hadronic showers induced by secondary interac-
tions of hadrons in the chamber. In actual cases, however, we found that the
transition characteristics of those singte-cored showers which start that shower
development in the upper chamber differ significanify from those of pure clectro-
magnetic cascades. As is shown in Table 9, a large fraction of the showers leave
their continuation tails in the lower chamber, which is hardly reconcilabie with the
behaviour of ordinary electromagnetic cascade showers becavse of the existence of
the large air gap betwcen the upper and lower chambers. Fig. 15 gives the average
transition curves of spot darkness measured with a 200 gm X 200 gm sguare slit
for those single-cored showers {(closed circles) in the Chacaltaya two-storey cham-
bers no. 21 and no. 22, together with those of the shower clusters of small spreads
{open circles), the “‘mini-clusters”. The dotted curve in the figure gives the
expected average transition curve for gamma rays obtained by the simulation
calculation, where 100 gamma rays of energy greater than 10 TeV are sampled
from the energy spectrum with the same power index as the actually observed one,
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i.c. y=—13 in integral form as shown in Fig. 14a. We see an appreciable
difference on penetrating power between the experimental and simulated showers.
It seems to definitely exclude the possibility that the majority of single-cored
showers found in the upper chamber could be due to gamma rays, as well as the
possibility that “mini-clusters” could be purc electromagnetic cascades which start
from atmospheric gamma rays. Even if we admit that onc half of those showers in
the upper chamber might represent the mixing in of gamma rays, the collision
mean free path remains still shorter than the geometrical value, ~ {0.5-0.6) Ageos
as secn in Fig. 14c. Furthermore, if we believe in the gamma-ray origin of the
showers in the upper chamber, one faces the difficulty that we can not find the
respective partner gamma ray of w"-meson decay for the majority of these
single-cored showers. If, then, they were gamma rays not due to #° mesons, we
would be forced to ask the question of how such large number of isolated gamma
rays could be directly emitted with such a large p, value, of order ~ 2 GeV /¢,
from the main interaction itself.

Therc might be an argument that the strong penetrating feature of a single-cored
shower might be caused by a spatially unresolved gamma-ray pair from a =
meson which is generated a few meters above the chambers. In such a case,
however, the expected resultant transition curve must be no more than the
superposition of two pure electromagnetic cascades, and it will give the same
results as that of the simulation calculation given in Fig. 15,

On the basis of the above arguments, we are led to the conclusion that in the
“Chiron-type” intcractions “hadrons in new state” are emitted with large p,
unaccompanied by pion emission. The Chacaltava collaboration gives the tentative
name “y-particle” (Chiron-particle)} to those unusual hadrons.

6. Discussions and summary

The motivation of the present joint work was to make a detailed study on the
anomalous nature of high energy cosmic-ray hadrons with full use of the large
thickness of the homogeneous-type lead chambers in order to explore the vet
unsettled questions on extremely high energy cosmic-ray interactions, The striking
fact which we found is that the attenuation length of high energy hadrons observed
in families originating from extremely high energy cosmic-ray interactions, say over
10'® eV, is significantly smaller than that of single-arrived ordinary cosmic-ray
hadrens, as shown in Sect. 4. Since this study has been carried out in chambers of
the same structure, by using photosensitive materizls of the same guality and the
same way of analysis, we are led to the conclusion that the observed difference
between the two is really significant.

As was shown in Sects. 35, ordinary cosmic-ray hadrons we are concerned with
here have a visible energy range E(y) from 6 TeV to ~ 30 TeV and most of them
{(more than 90%) enter into the chamber in single isolated way, i.e. not accompa-
nied by any showers of visible energy above the detection threshold. Such observa-
tional facts strongly suggest that the majority of the single-arrived ordinary cosmic-
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ray hadrons which we are observing are most likely nucleons with mixing-in of a
small fraction of pions. In fact, the global attenuation behaviour of cosmic-ray
hadrons was shown to be consistent with such an assumption.

If we take the point of view that the multiple-pion production continues to play
a dominant role for hadron iteractions, even in such an extremely high energy
range as in the present study, the majority of the observed hadrons in super-fami-
lies would be pions. Then, we should find the attenuation characteristics of pions
m our measurement for those hadrons in super-families. As discussed in Sects.
4-6, A, of hadrons in families should be larger than that of single-arrived
hadrons, because the energy spectrum of the latter is steeper than that of the
former and also the collision mean free path of pions is larger than that of
nucleons. The experimental results, however, show just the opposite: A,, of
hadrons in families is much shorter than that of single-arrived hadrons.

Such abnormal characteristics found in hadrons associated with super-fantlies
could give a key clue 1o settle the puzzle of exotic-type cosmic-ray interactions
named “Chiron-type” among “Ceontauro species”. And we might be able to
speculate that this contraction of the attenuation mean free path of high energy
hadrons from cosmic-ray interactions at extremely high energy might be the rcason
that the flux of the high energy cosmic-ray families at high mountain altitudes is
smaller than the one expected in the case where usual multiple-pion production is
assumed for hadron interactions, as obtained in Ref. {1]. However, the resulis
#ppear quite cmbarrassing to us, because the above-mentioned cross section is far
above the upper limit theoretically imposed for ordinary hadronic interactions, t
seems to us that we might be forced to introduce some new dynamics which might
be outside the present standard models of hadron physics. Furthermore, it has
been reported from the Chacaltaya experiment that the above-mentioned abnor-
mally large cross sections have come up in conjunction with the exotic shower
phenomenon: the tertiary particles produced in the above-mentioned collisions are
emitted with abnormally smaller p, value, an order of magnitude of 10-20 MeV /¢,
and form exotic shower clusters named “mini-ciusters™.

We ar¢ able to give further evidence of the exotic nature of these hadrons
differing from ordinary hadron interactions, i.e. the frequent observation of
showers of abnormally strong penctration in very thick lead chambers and in the
carbon-type chambers of the Chacaltaya and of Pamir experiments [1,3). These
three might be closely connected with each other in cosmic-ray family observations.
Locoking into all these unusuat characteristics, we are led to the idea that there
exist “hadrons in new states”, to which the Chacaliaya group gave the tentative
name “y-particies’” {Chiren particles).

The Chacaltaya group reported that the exotic-type interactions named
“Centauro species™ can consistently be understood as representing the production
of Centauro and/or Chiron fire balis with masses of 200-300 GeV/c? in the
forwardmost angular region of the hadron collision through fragmentation or
diffractive processes which the incoming cosmic-ray particles undergo, and are
more easily observed due to the observational conditions of the cosmic-ray experi-
ments |3},
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We are eagerly awaiting the FNAL resuits where the energy of hadron collision
might be around threshold for the appearance of the events which show such a
new type of interactions. Especially the study of the short attenuation behaviour of
the produced hadrons in the calorimeter is crucial, separating them from gamina

rays.
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Appendix A. Shower observations in emulsion chamber at high mountain altitodes
A. 1. Emulsion chambers and shower energy determinations

The emulsion chamber is, as is well known, an electromagnetic shower
calorimeter with fine space resolution and has been widely used in cosmic-ray
studies. A gamma ray or an ¢lectron, ¢ither incident on the chamber from outside
or generated inside the chamber itself, make an electron shower through cascade
multiplication processes, Nuclcar emulsion plates inter-layered between lead record
tracks of the generated electron shower. Under a microscope, we are able to
abserve a bundle of shower tracks. Counting the number of shower tracks within a
circle of various radii and at various depths in lead gives us a measure of the
shower encrgy. Such an energy measurement for incident gamma rays or electrons
has the advantage that it has, in principle, no upper bound for validity, provided
the chamber is thick enough to cover the full development of the shower. The
limitation arises at lower energy, since, if the energy is low and the shower is small
and diffuse,then background tracks cause difficulty for a shower to be found. Such
method of energy determination of the shower has been repeatedly confirmed
through the progress of Chacaltaya experiments on the study of target interactions
(C-jets). {See, for example, Ref. [2].)

In high scnsitivity X-ray films, such a bundle of electron tracks originating from
cascade processes leaves a dark spot, and measurement of the darkness of the
shower spot by a microphotomefric method in a certain slit size gives the means for
the energy estimation. Since X-ray films have their own sensitivity characteristics,
the relation between electron number and shower spot darkness in X-ray films
must be calibrated properly. One way is to put the nuclear emulsion plates
together with the X-ray films and construct directly the relation between shower
energy and spot darkness. Another is to calibrate by means of irradiation of the
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X-ray film by a radio active source to known electron density. In the present casc
of uniform-type thick-lead chambers at the Pamirs, the Iztter method is applied as
described in the text.

In the microphetometric measurement of darkness, we practically measure the
spot darkness m X-ray films with the emulsion coated oa both sides, upper surface
and lower surface, respectively, separated by 200 pm of plastic. Occasionally, we
take off one side and measure the darkness recorded in one side, especially for
shower spots of the highest darkness region, If cne takes a 200 X 200 gm square
slit, the darkness of the X-ray film of double sided coating is just twice as large as
for the case where gne side is taken off, except for showers of very large inclination

(see Ref, [111).

Ne (r=5(0itm,t)

t (cmPb)

Fig. Al. llustration of transition curves on electron number inside a radivs of 5¢ um from the shower
center. {ak m =tan § =0 and (b} m =tan & =1.0, where & is zenith angle of shower arrival direction.
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Fig. Al {continued).

A.2. Transition curves of eleciromagnetic cascade showers

An algorithm for the simulation calculation of the development of electromag-
netic cascade showers in the various structures of the chambers has been described
by Shibata et al. [53], including Landau—Pomeranchuk effects of electromagnetic
processes. Here we show the transition curves of electron numbers of cascade
showers counted inside a circle of 50 wm starting from an electron pair of various
energics calculated by Shibata. Fig. A.1(a,b) give the results of the calculation of
transition curves when an electron pair enters the chamber vertically (s = tan
# =0} and with zenith angle of 45 degrees (s = tan # = 1), respectively, as an
example, where & means the zenith angle of the incident electron pair. The
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Fig. A2, lllustration ¢f transition curves on shower spot darkness measured by a square slit of 200 = 200
pm? on X-ray films coated on both sides. {a) m =tan #=0and (b} m =tan #=10.

calculations have been done for the cases where the nuclear emulsion plates were
inserted with an air gap of 2 mm under every 1 ¢cm of lead.

The transition curves of electron numbers are transformed into the ones of
shower spot darkness by using the characteristic scnsitivity curve of the X-ray film.
Fig. A.2{(a,b) give the transition curves of spot darkness of the showers initiated by
electron pairs of various energies, measured by a square siit of 200 X 200 um? for
the cases of m = 0 and m = 1.0, respectively. The chamber structure is taken to be
the same as for the case of the nuclear cmulsion plates.

A.3. Relation between shower energy and spot darkness at shower maximum

Each X-ray film has its own characteristic curve of sensitivity and it is not linear
to the irradiated particle densities, and it is known that it starts to bend gradually
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Fig. A2 (continued),

by the saturation effect when particle densities exceed a certain threshold. Fig. A3
shows the results of simulation calculations for the relation between the energy of
the cascade showers and spot darkness at shower maximum measured in a
200 % 200 wm’ square slit. Under ordinary experimental conditions of one vear’s
exposure and routine processing, cascade showers which give a net D, value
exceeding ~ 0.1 are detectable, As is seen, the corresponding detection threshold
energy is found to be 2-3 TeV. In the Pamir experiments, practically, we take the
threshold energy to be 4 TeV for the discussion of the results free from detection
bias, after taking into account the various experimental conditions.
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Appendix B. Illustration of the determination of AT for showers of hadronic
origin

In this appendix, we prescnt a way to determine the shift of shower starting
position, AT, by illustrating several examples which are found in the chamber.
Most showers of hadronic origin which start deep in the chambers show the shape
of normal electromagnetic cascade shower, but sometimes the transition curves
deviate from the one of normal electron showers far beyond fluctuations.

The two cxamples of Fig. B.1(a,b) show transition curves of a normal shape
similar to pure electromagnetic cascades which start deep in the chamber. An
estimation of AT is madc measuring the horizontal shift of shower transition

168



e

D{200x200 mkm}

2002200 mkmi}

Fig.ALl-1(a)

Famliy Pb-8
Hadron S2R45

Fig.AII-1(b}

Famlly Pb.G
Hadran 5404

deph [=m P3)

EeA1e Tev cis 607 e Ex 201 ta¥ gz 15 o
I PRIV SIS S EPRFETITN EPRI OF WP S P 1 10_4.--1:---‘l-x--lx---r--u!--.‘n:
i 3 i
1= /.""‘-\ E13 3
3 F 3 3
0.1+ E 0.1+ . 3
[]'gi1 - 0.01 T Ty T e T e ey
20 23 a0 35 40 45 50 G s 10 %] 20 25 3o
capin {em £a) depih (em Po)
Fig.ATI-1{d)}
Famll Pb-28
Fig.AIT-1{C) ’;_l""‘:"f“ P;":: Hadron 552
’ Ex 51.5 Te¥  dix 17 cu, Ex 209 To¥ dix 9.7
10‘!'lll'!lllllll!ll-ll|!ll!|||l|;_ 10 NIPEPEPE EPETEFEPEE BN TR P B |
] E E £
LR ET L
E - E E al® 3
p .t - * L E - L
] - b b L
] . l - "
-
0.1 4 * E 0.7 * -
Olol—_r_!_r!_rrﬁ—,Thﬁ_?hrTﬂ—.-ﬁﬂr'Pﬁ_r"ﬂT—l-'*I-r——n‘GT L e o B o e L Rtun o T o
3 0 15 a0 25 i¢ 35 o 5 1o 15 26 25 30
Legin fom Poy deain [em o)
FLS'AII_I(Q) Famlly Fhb.3701 . Flg'AII—l(f} F;lm‘:ly P:;:B
Hadron 571 sdran
= 32.% 'ro\ro di=11.4 cu, Ex 43 To¥ dix 34 2w
io—:—l—l—|—|—t-d—l—l-|—1—hﬂ—fhhj—u—-'—uh]—l-hi—lfl_l—hu-l_]; 50
13 =1
3 o - F 3
] ., - _
0.1 4 . = 0.1 3
0.0t TV e e ey $.01 T T T It S T
3 5 14 15 20 23 30 El g 15 29 25 3¢ 33

g2 iem Poj

Fig. BL. Examples of transition curves on spot darkness of hadron-induced showers observed in the
thick-lead chambers. (a} and (b} hadron-induced showers of ordinary shape similar with pure electro-
magnetic cascade showers, (e)-(f): badron-induced showers with complex structure.
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Table B1l. Some details of showers which are presented in Fig. B.1

Shower no. E(v) AT
(TeV} (c.u.}
$404-Family Pb-6 (Fig. B.1(a)) 201 11.0
$2045-Family Pb-6 (Fig. B.1{b)) 416 60.7
$178-Family Pb-33 {(Fig. B.1{c}) 515 17.0
552-Family Pb-28 (Fig. B.1(d)) 239 4.7
$71-Family Pb-3703 (Fig. B.1(e) 322 11.4
S54-Family Ph-28 (Fig. B.1{f)) 43.0 25.0

curves of eleciron-pair origin te fit to the observed curve, which is shown in the
figere by the curve, and the measured AT value is described in Table B.1. Fig. B.1
(c—f) give examples of showers of hadronic origin which show fairly large devia-
tions from the normal shape of simple electromagnetic cascade showers. In those
cases, we define 4T as the shift of the theoretical curve to the depth where the
transition curves are constructed by using four points arcund the largest darkness
as shown in the figures, and the visible energy is estimated by the sum of
decomposed several simple cascade showers, as explained by the examples in Sect.
4,7. of the text,
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Abstract

We report experimental results obtained by the emulsion chambers on board of the long duration balloon. We have
been carrying out the trans-Siberian-continental balloon flight since 1995, and the results from 1995 to 1996 experi-
ments are presented here. Total exposure of these two years amounts to 231.5 m? h at the average altitude of ~32 km.

The energy range covers 10-500 TeV for proton-primary, 3-70 TeV/n for helium-primary, and 1-5 TeV/n for Fe-
group (Z = 26-28), though statistics of heavy components is not yet enough. Our preliminary data show that the
spectra of the proton and the helium have nearly the same power indices ~2.80, while those of heavier ones become
gradually harder as the mass gets heavier, for instance the index is ~2.70 for CNO-group and ~2.55 for Fe-group.

It is remarkable that a very high energy proton with multi-PeV is detected in 1995 experiment, and the estimated flux
of this event coincides with a simple extrapolation from the energy spectrum with the power index 2.8 observed in the
range 10-500 TeV. It indicates that there is no spectral break at around 100 TeV, in contrast to the maximum energy
predicted by the current shock-wave acceleration model. This evidence requires some modification on the acceleration
and/or propagation mechanism.

Also we present all-particle spectrum and the average primary mass in the energy range 20-1000 TeV/particle. Our
preliminary data show no drastic change in mass composition over the wide energy range, at least up to 1 PeV/particle,
though the statistics is not yet enough to confirm it concretely.

The flight performance and the procedure of the analysis, particularly the energy determination methods and the
detection efficiency calculation are also given. © 2001 Elsevier Science B.V. All rights reserved.

1. Introduction of the shock waves: that is in marked contrast with
the observational data. In fact, we detect a proton
Nowadays, the energy spectrum of cosmic-rays primary with the energy as high as multi-PeV in
extends up to more than 10% eV, well beyond the the first balloon experiment of 1995 (see Section
so-called Greisen—Zatsepin—Kuzmin cut-off energy 4.2 in this paper).
[1,2]. Nevertheless, we do not reach yet a com- To solve the difficulty in the acceleration limit at
mon consensus on the origin and the acceleration Enax ~ 100 TeV for proton, several theorists have
mechanism of cosmic-rays even below ~10'% eV, proposed other models, involving mechanism such
the confinement energy in our galaxy. Above all, as a postacceleration [8,9] after the energy gain by
the “knee” puzzle is still left behind, although first the direct shock acceleration in supernova rem-
signal of the knee was observed by Kulikov and nants (SNR’s), or introducing a new source [10-
Khristiansen [3] more than 40 years ago, and Pe- 12] to reproduce a “bump” appeared around the
ters [4] immediately pointed out its importance in knee, * and so on [13-15].
understanding of the origin of galactic cosmic ra- Each model predicts a somewhat different fea-
diation. ture in the composition near the knee. For instance,
Though many theorists have developed an at- Axford [8,9] proposes that the cosmic-ray compo-
tractive theory of diffusive shock acceleration by nents above the knee are primarily the same as

supernova blast waves [5-7], and succeeded in
accounting for the observational data of the cos- — . .

. . R . Recent air shower experiments [53,54] show, however, no
mic-ray particles in the lower energy region, <10 significant “bump” around the knee, but a rather smooth
TeV, the current theory cannot accelerate protons change of the slope in the all-particle spectrum between below
beyond ~100 TeV, mainly due to a finite lifetime and above the knee, say from ~2.7 to ~3.1.
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those below the knee, and the energy spectrum of
the latter with the cut-off at ZE,,, (Z: charge of the
primary element) is boosted well above the knee
region, 2 1 PeV, due to the multiple collision with
large scale shock-waves in the interstellar medium.
Therefore the average mass of the primary ele-
ments does not change so drastically around the
knee region, but increases rather slowly at higher
energies, similarly as observed below the knee.

Alternatively, several authors [10-12] propose
that some “new’” component might give rise to the
recovery in the energy spectrum above the knee. In
this case, we expect the composition changes dras-
tically either into heavier one or into lighter one above
the knee, which depends on the type of new source.

On the other hand some author [16] claims from
another point of view that the knee is not caused
by the astrophysical origin mentioned above, but
by a fundamental change in the nuclear interaction
at very high energies, = 100 TeV. One may com-
ment that such a possibility is absolutely rejected
because the recent accelerator results show no
drastic change in the multiple meson production at
the energies of 100-1000 TeV [17]. But such a
comment is not acceptable so straightforwardly,
since these data are based on the collider machine
and no definite data are available in the forward
region, where the behaviour of the fast secondaries
is most important for the development of shower
phenomena in the atmosphere. However, we do
not touch this problem here as it is slightly devi-
ated from the objective of the present paper, but
one should always keep such a possibility in mind.

Anyway, a key to confirm which model is cor-
rect is to establish directly the chemical composi-
tion in the knee region. It is, however, not so easy
to make clear the composition in the knee region
from the direct observational method, and the
energy region above 10'* eV/particle has been ba-
sically covered by the ground-based air shower
experiments, which have an inevitable difficulty in
identifying the primary species.

Until now, several groups have reported energy
spectra for various elements in very high energies,
extending up to a few hundreds TeV for proton
and to a few tens TeV/n for heavy elements, with
the use of flying vehicles such as balloon and the
satellite [18-23].
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While the proton spectrum obtained by differ-
ent groups is in reasonable agreement, the en-
ergy spectra of other components differ with one
another. Also individual data points are consid-
erably scattered in the higher energy region, = a
few hundreds GeV/n, among different groups,
mainly due to poor statistics and the uncertainties
in the energy calibration.

Under these circumstances, Japanese and Rus-
sian physicists started a joint collaboration, called
RUNJOB (RUssia—Nippon JOint Balloon-pro-
gram), on the observation of primary cosmic rays
with use of the balloon-borne emulsion chamber
in 1995. Two balloons were launched from Kam-
chatka peninsula in July 1995 for the first time,
where each payload consisted of two emulsion
chambers (hereafter abbreviated as EC’s) with the
unit size of 40 x 50 cm?. We performed the same
experiment further in July 1996. All EC’s (eight
chambers in total) were recovered successfully near
the Volga region after the exposure of ~150 h.

The advantage of RUNJOB is in the geo-
graphical position of each institute and the facility
in ballooning, suitable for quick shipping of the
payload, which is absolutely important to reduce
the background in the case of the passive-type
experiment. That is, the chamber is constructed in
Institute of Space and Astronautical Science
(ISAS) in Tokyo, and transferred to the launching
site in Kamchatka via Khabarovsk, located rather
near Tokyo. After recovery of the payload at the
place of landing (Volga region, west side of the
Ural Mountain, etc.), it is moved to Moscow via
Volsk Balloon Station without delay, and photo-
sensitive materials such as the X-ray film and
the nuclear emulsion plate (hereafter abbrevi-
ated as NEP) are arranged separately from other
nonsensitive materials. These films and NEP’s are
brought back to Tokyo by both Japanese and
Russian members in the form of air-hand-lug-
gages, and processed immediately upon the arrival
at Institute of Cosmic Ray Research (ICRR),
University of Tokyo.

In fact, we find NEP’s used in the present
experiment are surprisingly fine in spite of so
long exposure as ~150 h. This is because it takes
only three months from the start of the nuclear
emulsion pouring to the finish of the chemical



Table 1

RUNJOB campaigns in 1995 (RUNJOB I, II) and 1996 (RUNJOB III, IV)

RUNJOB I RUNJOB II RUNJOB III RUNIJOB IV
Flight duration (h) 130.0 167.0 134.0 147.5
Chamber area (m?) 0.4 0.4 0.4 0.4
Exposure (hm?) 52.0 66.8 53.6 59.0
Chamber weight (kg) 230 230 254 254
Balloon volume (m?) 180000 180000 180000 180000
Balloon weight (kg) 650 650 650 650
Ballast masses (kg) 800 800 800 800
Parachute weight (kg) 180 180 180 180
Contorol device weight (kg) 220 220 220 220
Total weight (kg) 2080 2080 2104 2104

processing, both of which have been carried out at
ICRR.

Another reason of the cleanness of NEP is due
to the cut-off rigidity of ~3 GV along the flight
course in Siberian latitude * [24,25]. This makes us
quite favourable in tracing the electron showers up
to the vertex point and in identifying the kind of
primary element with use of NEP on microscope,
which are often buried in the background tracks,
since the bulk of the background comes from those
with energies less than 1 GeV. Namely, higher cut-
off rigidity is more favourable for the observation of
high energy cosmic-ray primaries with the use of
EC.

In this paper, we summarize the results obtained
by four balloon flights with eight EC’s on board
carried out in 1995 and 1996. In Section 2, we
present the performance of the RUNJOB experi-
ment, focusing on the flight situation, the structure
of the payload, and the data processing. In Section
3, we give the energy determination applied for the
RUNIJOB chamber with a thin calorimeter, which
is designed to reduce the weight of payload. In
Section 4, we show the energy spectra for various
elements obtained by the present work, and com-
pare them with those reported by other groups in
the past. Section 5 is reserved to the summary and
the discussion for the present results.

4 The polar patrol balloon provides a capability of much
longer duration experiment without the sunset effect, but the
cut-off rigidity goes down as small as multi-tens MV. This gives
us a rather negative factor in the case of the passive-type
experiment.

2. Experimental procedure
2.1. Flight performance

We have launched four balloons from Kam-
chatka in 1995 and 1996, and recovered all pay-
loads successfully. The details are summarized in
Table 1.

The trajectories of four balloons are shown in
Fig. 1, and one finds they are impressively stable
for both years. The altitude profiles of individual
flights are shown in Fig. 2, where the altitude
fluctuation due to the day—night effect is remark-
able, and the variation between the minimum and
the maximum altitudes amounts to as large as 10
g/em?. This variation does not bring us any serious
problem for light elements such as proton and
helium, since their attenuation lengths are ap-

RUNJUG |
RUNJIE 1
= RUNJIEE
RUNJOR B

oy i s

Fig. 1. Trajectories of four balloon flights performed in 1995
and 1996.
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Fig. 2. Altitude profiles of four balloons.

proximately of the magnitude of 100 and 50 g/cm?
in the atmosphere respectively.

It might become, however, effective for heavier
elements, particularly for the iron with the attenu-
ation length of ~15 g/cm?. So, we should not use
a simple average altitude estimated from the flight
record shown in Fig. 2, but find an effective alti-
tude for several primary elements in order to
eliminate the above uneasiness, which is discussed
in detail in Appendix A.

2.2. Chamber structure

Both groups of Japan and Russia have enough
experiences in EC techniques, which have follow-
ing advantages in observing the high energy cos-
mic-ray primaries:

the detection threshold of shower energy is
rather high, > multi-TeV though slightly de-
pends on the experimental condition, namely
EC is very effective to select cosmic-ray prima-
ries with high energies,

EC has much larger acceptance in SQ than that
of the active-type detector,

both analytical and the simulational studies
[26-28] on the cascade shower development
are well established to determine the shower en-
ergy with good accuracy.

Because the balloon performance here is limited
in its volume and the weight, having 180,000 m?
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and 650 kg respectively as shown in Table 1, we
cannot load EC with heavy calorimeter on board.
In order to solve these difficulties, we had to design
inevitably light-weight type EC by reducing the
absorber thickness, whereas the energy determi-
nation using cascade shower becomes hard, par-
ticularly for high energy event, as it is discussed in
the next section.

Now, we show the chamber structure of 1995
and 1996 in Fig. 3. The chamber consists of basi-
cally four parts, which provide following func-
tions:

primary module to identify the primary particle,
target module to produce the interaction,
spacer module to separate the secondary parti-
cles,

calorimeter module to observe the electromag-
netic cascade showers.

The design of large spacer enables us to mea-
sure the emission angle of both secondary particles
(n*’s, v’s) and fragments (p,o,...) coming from
the break up of the heavy primaries. By using these
data complementarily with the photometric data
available for cascade shower energy determina-
tion, we can overcome the difficulty in the limited
depth of the calorimeter with ~4 radiation length
in vertical, which is too thin to catch the shower
maximum for very high energy events, unless the
zenith angle is large enough to elongate the path
length in calorimeter.

The calorimeter module is divided into two
sections, upper and the lower parts. The upper
calorimeter is made up of styrofoam plates (thick-
ness of each one is 1 cm), thin lead plates (thick-
ness of each plate is 1 mm, corresponding to 0.178
radiation length) and the sheets of photo-sensitive
materials (X-ray film and NEP), which plays two
roles, one to be a spacer for separating the sec-
ondaries produced in the target, and the other to
help the microscopic work for tracing the elec-
tron showers from the lower calorimeter to the
target.

There are some differences in the chamber
structure used in 1995 and 1996 campaigns. The
acrylic target plate in 1995 is replaced with the
stainless steel in 1996, and the spacer thickness
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(including the upper calorimeter) in 1996 is nearly
half of that in 1995. This is mainly due to an ex-
pectation to increase the efficiency in tracing work
on NEP from the calorimeter layer to the target
layer, namely to find the vertex point (hereafter
abbreviated as VP) in target as easily as possible.
These improvements indeed gave us a positive re-
sult as we have expected, while the cascade de-
gradation effect in both target and the upper
calorimeter makes us occasionally troublesome to
discriminate between hadron-induced shower and
v-induced one at the early stage of the event se-
lection in 1996 data.

One chamber has an area of 40 x 50 cm?, and
two chambers are put together in one box without
any gap (see Fig. 21 in Appendix B). This setting
condition is very effective in tracing a type of event
crossing the two adjacent chambers, which in-
creases the effective solid angle considerably in
comparison with that expected from those assem-
bled separately.

Another advantage of the present assembling
scheme is that the calculation of detection effi-
ciency becomes very simple (see Appendix B),
without worrying about troublesome effects of the
collision and the absorption of cosmic-ray parti-
cles in adjacent chambers.

In this experiment, we have used also a high
sensitive X-ray film, called screen-type X-ray film

[29,30]. The result of the analysis of this film will
be reported elsewhere, which might bring us a
complementary data for the present results, par-
ticularly for the iron component.

2.3. Event scanning and identification of primary
particles

We start with a naked-eye scanning of the
shower spots successively recorded on the multi-
layer stack of #200-type X-ray film in the lower
calorimeter. After scanning individual dark spots
on the X-ray film, their coordinates on each layer
are stored on the computer hard-disk with help
of the digitizer. Once we get the coordinates of
individual shower spots recorded on the multi-
layers of X-ray film, we can easily reconstruct
their trajectories by projecting each three-dimen-
sional coordinate on a sheet of plane surface so
that they are placed in a line. We call this sheet, a
map.

With reference to the map, we can detect
quickly the electron shower on NEP with use of
the microscope. While the shower spots marked on
the map are only those visible by naked eye on
#200-type X-ray film, we can find very small
electron showers on the NEP by referring to the
map, even those invisible on the X-ray film. For
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instance, a visible spot by naked-eye on X-ray film
is limited to those with the net optical darkness
Dy 2 0.1, where Dy = Dy, — Dpg  (Dgp: spot-
darkness, Dy,: background darkness, see also
Appendix B). This limitation for the visible spot-
darkness on the film corresponds to approximately
50-100 electrons within the circle of 50 pm radius,
though depending slightly on the experimental
condition.

On the other hand, it is possible, in principle,
to detect even single electron track on NEP as
long as the location accuracy in shower trajec-
tory is excellent and the background tracks are
not so significant. In fact, Nishimura et al. [31]
have succeeded in primary electron observation
with use of the EC on board of the balloon
flights performed at Sanriku Balloon Station in
Japan.

Since as large as ~1 mm is the location accuracy
of the map with use of the X-ray film, it is hard to
trace up electron showers on NEP in the upper
calorimeter and/or the target unless the shower
energy is high enough with large multiplicity, say
more than a few tens TeV. So, after detecting
electron showers on NEP’s every layer by referring
to the map, all of these coordinates on NEP are
stored once more on the hard-disk with help of the
computer-aided-large stage (CALS), which installs
the microscope and covers the movable area of
40 x 50 cm? with the accuracy of a few pm in
reading the coordinates. Details are presented in
Refs. [18,29,30].

To make the location accuracy of each shower
more precise with use of NEP, we pick up more
than 10 reference tracks of relativistic heavy pri-
maries on NEP, penetrating from the top to the
bottom in the chamber, and correct a relative
setting position of each NEP on CALS so that all
the reference heavy tracks are aligned simulta-
neously with one another. Finally, we find the lo-
cation accuracy in reconstruction of the shower
trajectory is ~90 pm, small enough to reach the VP
with ease.

The next step is to identify the kind of primary
element using upstream NEP located just above
the VP, occurring mainly at acrylic plates (or
stainless steel plates) in the target or at lead plates
in the calorimeter. If the VP is observed luckily on
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NEP, the identification of the primary is of course
perfect even for proton in jammed background
tracks. Practically, however, most of VP are lo-
cated in other nonsensitive materials such as lead
and acrylic plate, and we have to search a candi-
date of primary track with use of the upstream
NEP on microscope.

Heavy primaries ( 2 CNO) are identified im-
mediately without ambiguity at the first upstream
NEP just above the VP, since their tracks are of
heavily ionizing ones associated with &-rays. On
the other hand, in the case of helium primary, we
observe sometimes a couple of candidates on NEP
in the same field of vision on microscope within
the circle of 90 um radius. Then the location ac-
curacy of 90 pum is not enough in order to identify
which track is a true one among them.

To do so, we pick up at least two reference
heavy tracks near the VP, usually a few centime-
ters distant from one another on NEP, and then
confirm the true one with use of the triangulation
method [32]. The location accuracy of this method
is of the magnitude of 20-50 pm, depending on
the relative distance between the VP and nearby
reference-heavy-tracks. It is now accurate enough
to identify helium tracks behind the background
mainly coming from minimum ionizing tracks, as
the grain density of the helium track is four
times higher than that of the minimum ionizing
one.

The location accuracy of 20-50 pum is still not
enough for the identification of proton primary,
since sometimes observed are several candidates
with minimum ionizing tracks even in such a small
field of vision on microscope, having the same
zenith and azimuth angle as that of the electron
shower of interest detected at downstream NEP’s.
The location accuracy must be of better than 10
um for the definite identification of proton in the
case of long duration experiment, while the accu-
racy of 100 um is good enough in the case of short
duration experiment.

In practice, we succeeded in the identification of
proton some half among necessaries, where no
canditates of helium and heavy tracks are ob-
served. But, the halfness in the identification here
does not matter at all, since both possibilities of
helium and heavy primaries are definitely rejected



for these events, i.e., all of them must be protons
(or may be neutrons produced via charge exchange
process in the atmosphere), irrespective of either
success or failure in the definite identification of
proton. It is rather remarkable that half of proton
tracks in total are identified despite of the long-
duration exposure with bulky background tracks
on NEP.

The location accuracy for the primary identifi-
cation in the case of JACEE group is nearly the
same as ours [63], while the percentage of the
success in proton identification is not explicitly
reported in their long duration experiments. On
the other hand, Zatsepin et al. [23] reports that it is
hard to discriminate between proton and helium in
their long duration balloon experiments, since
their location accuracy is of the magnitude over
hundred micron meters. Therefore, their results on
proton and helium components (see Section 4.1)
are obtained only with use of short duration ex-
periments performed at Volsk Balloon Station in
Russia, where background tracks must be much
reduced in comparison with those observed in the
long duration experiments.

2.4. Charge determination

To avoid the laborious d-ray counting of heavy-
primary track for the charge determination, we
developed a narrow-slit method using the micro-
scope equipped with CCD camera and the monitor
TV, which is auto-controllable by PC for three
axes simultaneously, (x,y) on stage and z for ob-
jective lens. We briefly describe this method here,
details of which are summarized in Ref. [33].

We measure the darkness of primary track
within a narrow slit using CCD. The slit width
must be optimized according to the kind of the
primary charge. It should be narrower for lighter
elements, and wider for heavier ones, otherwise
the signal can be masked behind the background
tracks in the former case, and the darkness is
saturated in the latter case.

Also we have to eliminate the effect of the depth
of focus along the track in nuclear emulsion of 60
pum thickness (100 um in the case of those inserted
in the primary module in 1995), which is taken into
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account by measuring automatically the darkness
every 5 um step depth by the help of z-axis con-
troller.

Next problem is the calibration of the darkness
within the narrow slit for the absolute charge de-
termination. One might think that heavy ion beam
is the most promising for this purpose. It is, how-
ever, not so simple from the practical point of
view, particularly in the case of long duration bal-
loon experiment. Since the background tracks re-
corded on NEP are large in this experiment, it is
not useful for us to get the beam data with use of
rather fresh emulsion without backgrounds. In-
stead, we calibrate the darkness and check the
resolution of charge determination in the follow-
ing way.

As presented in Ref. [18], bulky heavy-primary
tracks are observed by the use of the screen-type
X-ray film on board of the Sanriku balloon. The
charge resolution is, for instance, 0.36 and 0.82
charge unit for oxygen and iron respectively.
Among these heavy primaries, we select three typ-
ical ones, O, Si and Fe, where we pick up those
within Z £ 0.2 range around a Gaussian peak at Z
in a charge spectrum.

Applying the present charge-determination
method for those identified from Sanriku experi-
ment, we get satisfactory results as shown in Fig. 4,
where together plotted are helium results identified
by counting the grain density, and several curves
are drawn from the simulation calculation dis-
cussed below.

To check the resolution of charge determina-
tion, we perform extensive simulation calculations
of d-rays produced by heavy primary during the
passage in nuclear emulsion, taking account of the
background recorded on practical NEP on board
of the RUNJOB balloon. The details of the simu-
lation calculation are summarized in Ref. [34],
and well confirmed by the comparison with heavy-
ion beam data.

The simulated heavy tracks associated with
jammed &-rays are pasted randomly on RUN-
JOB’s NEP actually exposed. We applied our
charge-determination method for these artificial
events, including the backgrounds observed by
RUNJOB experiment, and the results are shown in
Fig. 5 in the case of the path length with 200 um.



v T T T

net darkness of heavy primary track

tan &

Fig. 4. Scatter plot of zenith angle vs. darkness of heavy track
recorded on nuclear emulsion plate, obtained by Sanriku ex-
periment. Curves are obtained by the simulational calculation
taking the background effect into account.

Though the resolution depends naturally on the
path length (practically = 200 pm) used for data-

Table 2
Tracing results obtained by 1995 and 1996 experiments.

Primary RUNIJOB 95 RUNIJOB 96
Proton 117 339
Helium 26 90
Li,Be,B 3 12
C.N.O 9 33
Ne,Mg,Si 6 11
Sub-Fe 3 4
Fe 6 2
Not identified 13 9
Total 183 500

The meaning of “not identified” appeared in the bottom line is
“we could not identify the VP”.

taking of the track image, these results are satis-
factorily enough for the practical purpose.

2.5. Detection efficiency

In Table 2, we summarize the statistics on
tracing results, obtained by both 1995 and 1996
experiments. We meet occasionally with a dif-
ficulty in observing the VP for proton-induced
interaction with small multiplicity of charged par-
ticles, mainly coming from an event of low energy
interaction. Number of such type of event is also
presented in the bottom line named ‘“‘not identi-
fied”, and the loss rate depends on chamber struc-
ture, for instance, 7% and 2% for 1995 and 1996
experiments respectively. But it does not bring us
any trouble in the present result since we focus on
high energy event only.
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Fig. 5. Resolution of charge determination with use of narrow-slit method, taking the RUNJOB background into account.
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Based on these data, we can estimate the ab-
solute intensities for various elements as well as for
all-particle by summing them.

It is needless to say that in order to evaluate
them, we have to take into account the detection
efficiency &(E,) as the function of the primary en-
ergy Ey. So, we touch upon here the detection ef-
ficiency problem in RUNJOB chamber.

This procedure is somewhat complicated, and
related to various kinds of parameters, such as the
chamber structure, model of the reaction cross-
section, detection condition of the electron show-
ers on X-ray film, resolution of the shower-energy
determination and so on. So, we summarize the
essence of the evaluation in Appendix B and show
here only the numerical results from the 1995 and
1996 experiments.

In Fig. 6, we show numerical results of the de-
tection efficiency, £(Ey), in several cases of primary
elements for the 1995 and 1996 experiments, where
we calculated them by the use of the cross-section
based on the soft-sphere model [57] (see Appendix
B), including the dependence of projectile energy.
Another choice of the cross-section is discussed in
Section 5.

One finds that the detection efficiency of the
1996 chamber is much better than that of the 1995,
particularly in the lower energy region. This is
mainly due to two effects; i.e., one is a difference in
spacer thickness and the other in dilution factor,
Dy =1+ A/L (L: thickness of each lead plate, and
A: gap length between two lead plates), in lower
calorimeter. Both parameters in 1996 are of the

magnitude of nearly half of those in 1995 (see
Section 2.2 also).

In relation to the above discussions, we have to
take care also in superposing individual data of
different flights in 1995 and 1996 campaigns. Nat-
urally, one cannot superpose straightforwardly
each data equally, since the effective balloon alti-
tude, the exposure time, the chamber efficiency,
etc., are all different in each flight.

To combine them, let us consider a flight j with

the effective altitude ¢;, the chamber area S;, the
exposure time 7;, and the detection efficiency ¢;.
Assuming the absolute differential intensity of
a primary cosmic-ray as Al, at the top of the
atmosphere, the observed number AN; of the rele-
vant primary is given by, (see Eq. (A.2) in Ap-
pendix A)
AN; = é/’S/QU(T./')Z}AIOeiI/) (1)
where t; = t;//4 (A: attenuation length of the pri-
mary in the atmosphere), and Qy(t;) is the effective
solid angle at the altitude ¢;, explicitly given by Eq.
(A.3) with £ = 0 in Appendix A.

Superposing both sides of Eq. (1) with respect
to flight number j, we immediately obtain the ab-
solute intensity

2, AN;

A]O = T f o N
>0 &80 (z)) Tie™

(2)

where we omit the parameter of energy inherent in
Aly, AN; and ¢;, for the sake of simplicity. The

£ik)

delection efficicncy

R
} prtm.m|
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'
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Fig. 6. Relation between detection efficiency and primary energy E, for 1995 and 1996 experiments.
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above superposition of different flights ;’s must be
done, of course, in each energy bin for the prac-
tical procedure.

3. Energy determination
3.1. Photometric method

Electron shower originated in a nuclear colli-
sion with materials in the chamber is easily de-
tected by naked-eye on X-ray films inserted in the
calorimeter, whereas it is visible on NEP only with
help of the microscope. In addition to the validity
of the naked-eye scanning of the shower spot, the
development of spot-darkness successively re-
corded on multi-sheets of the X-ray film gives us
an important information on the determination of
the shower energy XE,.

The maximum darkness Dy, in the transition
curve of the shower spot-darkness is approxi-
mately proportional to XE,. The spot darkness
is measured with use of the photometer, and we
get immediately Dy, by fitting a simulated tran-
sition curve onto the measured data (see Fig. 8a).
Then we obtain straightforwardly XE, using the
relation of Dy, vs. 2E,, taking into account vari-
ous effects, such as the zenith angle effect, chamber
structure, position of the VP and so on [28,
35].

Since the shower energy XE{P™) obtained by
the photometer might be affected by the amount
of the background as well as the processing con-
dition, we have to calibrate it by comparison
with the energy ZE\*"™ obtained by the electron-
counting method using NEP, which is almost free
from the experimental condition.

The absolute energy calibration of our simula-
tion calculations used for the electron-track
counting was checked with use of FNAL electron-
beams with 50, 100 and 300 GeV [36,37], though
the electron beam with higher energies is not
available nowadays. The energy calibration at
higher energies 2 multi-TeV was performed with
use of m°-peak in y—y invariant-mass distribution,
which was obtained by Chacaltaya two-storey type
EC [38,39] (see next subsection).
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Fig. 7. Correlation between shower energies obtained by pho-
tometer method and those by electron-counting method.

In Fig. 7, we show the correlation between
TEP©) and TE" obtained by 1995 and 1996
experiments, and find no correction is necessary
for the absolute value of the shower energy in both
experiments. It means that the background in
RUNIJOB experiment is not so critical as to need
the correction of the standard numerical parame-
ters appeared in the characteristic curve of #200-
type X-ray film, p vs. D, where p is the electron
density and D is the optical darkness on X-ray film
(see Eq. (B.9) in Appendix B).

Here, we have to recall that the calorime-
ter thickness of RUNJOB chamber is as thin as
~4 radiation length in vertical, as mentioned in
the previous section. We meet occasionally events
where the shower transition curve does not reach
its maximum point before leaving the bottom of
the lower calorimeter, particularly in the case of
very high energy events with small zenith angle.
Two typical examples are shown in Fig. 8, where
(a) is an example of reliable fitting, and (b) a
doubtful one without observing the shower maxi-
mum. We found approximately 20% of all events
are of (b)-type one. In the next subsection, we
present another method to determine the shower
energy for the (b)-type events.
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3.2. y-ray core method

In RUNJOB chamber, we can measure simul-
taneously the emission angles of =%, y (via
1’ — 2vy) produced by the nuclear interaction as
well as those of fragment products such as proton,
a,..., due to the break up of heavy primary in the
case of 1995 chamber. > We do not discuss here
the method of energy determination with use of
the fragments, which is summarized in Ref. [18].

Up to now, we have proposed several methods
[40-42] for the energy determination in RUNJOB
chamber, using the emission angle of n* and v. In
this paper, we focus on a method for the deter-
mination of the shower energy XF,, transferred to
y-ray component, since the event selection is ab-
solutely based on the shower spot recorded on X-
ray film and hence the detection efficiency is closely
related to the magnitude of XE, (see Appendix B).

The shower energy released into secondary y’s is
immediately written down with use of the emission
angle 0; and the transverse momentum p, of each
constituent v in the following way.

S D . 0;
EE{:;%Z’Z;—(I%)QE )a

where n is the y-ray multiplicity, and the average
transverse momentum (p,) is nearly constant with

3)

3 Unfortunately it is hard to measure the emission angle of
fragments in the case of 1996 chamber, since the target material
is stainless steel plate, and the discrimination between proton
fragments and cascade-degraded electrons becomes difficult.
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~200 MeV/c, except small emission angle in the
very forward cone.

Based on the results from both cosmic-ray
(Chacaltaya EC [38,39]) and the accelerator (UA7
[43]) experiments, we assume the functional form
of (p,)(0) is expressed as

(P)(0) = po[1 — ™, 4)

u=0(E,)/q, (%)

where typical values of py and gy are of the mag-
nitude of 200 MeV/c and 80 MeV respectively.

Here we have to take care of a detection-
threshold energy effect in applying Eq. (4) for the
practical analysis. Namely, we observe only y-
cores with energies larger than some threshold
energy E. in NEP, where E. depends on the cham-
ber structure as well as the exposure time, for in-
stance 50-100 GeV in the case of RUNJOB
experiment and 200-300 GeV in the case of Cha-
caltaya experiment.

Naturally, the condition of E, > E. deforms the
shape of (p,)(0,E. =0) in Eq. (4), and we get a
following relation from a simple calculation,

(P)(0.E.) = (p)(0,0) + E0. (6)

In Fig. 9, we show the correlation between
0(E,) and (p,)(6,0), after eliminating the effect of
E. using Eq. (6), which is obtained by Chacaltaya
two-storey-type chamber (E. ~ 0.2 TeV) and the
FRITIOF simulation code [44]. The shower ener-
gies cover 3—-150 TeV for the former data, and 1-
200 TeV for the latter data. Curves in the figure are
drawn by Eqs. (4) and (5) with two choices,
(po, 90) = (200,100), (180,60) in unit of (MeV/c,

and (E,) =2E,/n,
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Fig. 9. Correlation between the emission angle and the average transverse momentum for y-rays produced by nuclear interaction.

MeV). More careful fitting with Eq. (4) shows that
these parameters depend weakly on XE, (see Ap-
pendix C).

It is remarkable that the Chacaltaya data
(hereafter called C-jet data) agree fairly well with
those expected from the simulational FRITIOF
code, and also those obtained by the iron-induced
jets coincide with those by the proton-induced jets.
Looking at carefully Fig. 9, one might notice that
the average transverse momentum, (p,), obtained
by C-jet data is slightly enhanced in large emission
angle. This is fully consistent with the contribution
coming from the quark-parton hard scattering
[50]. The enhancement is, however, not essential
for the present energy determination, but the bend-
ing region, 0,(E,) ~ 0.1 GeV, is the most impor-
tant.

Now, we consider the physical meaning of the
average energy (E,) appeared in Eq. (5). Since the
threshold energy E. of each constituent y detected
in NEP is 50-100 GeV in the case of RUNJOB
experiment, the energy sum of ys, 2E,, is naturally
less than the true one released over the whole
phase space, 0" = 0—m in CMS. As presented later
in more detail, the former energy is 11% less than
the latter, based on the simulation calculation.

From the view point of fireball picture, one
might remark that ys mentioned here are those
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produced by the decay of the fastest moving
cluster only, neglecting the second and subsequent
ones.

In order to select ys belonging to the fastest
cluster, we pick up only those satisfying a condi-
tion

0> oy — A, with A =3, (7)

where 7 is a familiar variable, pseudo-rapidity
(= —Intan0/2), and #,,, is the highest pseudo-
rapidity. Therefore, the multiplicity #» of ys in Egs.
(3)-(5) is not always equal to the observed one.
The selection condition with Ay =3 in Eq. (7)
corresponds to the collection of approximately
90% of ys produced by the isotropical decay of the
fireball.

For the practical procedure in grouping ys de-
fined by Eq. (7), we use the second highest pseudo-
rapidity, #,.«, instead of #,,,, in order to avoid a
fluctuation in the emission angle of top v, while the
simultaneous determination of the shower energy
and the energy-weighted center (see later discus-
sion in this subsection) is performed with inclusion
of the top v.

Now, we can regard the group of ys selected by
Eq. (7) as “effective” one in the total shower en-
ergy released over the whole space in CMS, in the
sense that most of the shower energy is transferred



into this group in the laboratory system. So, all
physical quantities, such as XE,, n and (E,), are
used tacitly in the meaning of effective ones in the
following discussion.

Let us present explicitly how to get the shower
energy XE, from the y-core data. To make the
procedure simple, we omit here the effect of the
threshold energy E. in detecting each core, whereas
the exact procedure is summarized in Appendix C,
taking its effect into account.

From Egs. (3) and (4), we find immediately a
transcendental equation with respect to (E,) in-
herent in u;

1 <&
=N ) =1, (8a)
nea
where we defined a function
pol—e™
=29 - 8b
fly =2 = (80)

We can solve easily the above equation with
respect to (E,) by use of the iteration method, and
then we obtain the shower energy XE, (= n(E,)).
But there exists a critical problem in the applica-
tion for RUNJOB data in practice. Namely, we
can observe only the coordinate of each y-core °
on the target diagram, r;(x;, ), and the height %
from the plane of the target diagram to the VP in
the raw data, while the energy-weighted centre,
rg(xg,yc), is not available. It may seem to be
troublesome in estimating the emission angle
0; (= |r; — rg|/h) of each y-ray, but this problem is
easily solved in the following way.

The energy-weighted centre is given by

n n
I = E Eyiri E Eyn
=1 i=1

and using a relation E.,; = p,/0; ~ (p;)(0;)/0;, we
finally get following equations from Eqgs. (4) and
®),

©)

© In principle, we can determine also the energy of individual
vs by counting electron number with use of NEP. But it is quite
hard to count the electron number separately from those
originated in another y-core, because they are often overlapped,
particularly in the central region, due to the limited spacer with
20-30 cm size in RUNJOB chamber.
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), =1, (10a)
xf (), = xq, (10b)
f (), = ya, (10c)
where the meaning of (---), is

<X>n:£ix,-, (11)

i=1
and
o N30+ o) ) )

h 40

We have to solve the above equations simulta-
neously with respect to ((E,); xg,¥s), and then get
the shower energy XE, = n(E,). The solution is
obtained with use of the iteration method (see
Appendix C).

Now let us check the reliability of the present
energy-determination method by applying it for
Chacaltaya experimental data and FRITIOF
simulation ones. The structure of Chacaltaya
two-storey-type chamber is basically the same as
RUNJOB chamber, but the spacer of the former is
~170 cm, that is much longer than the latter with
~20 cm. Therefore, in Chacaltaya chamber, it is
possible to estimate the energy of individual vy-
core’s by counting the electron number without
worrying about the mixture of each core as in the
case of RUNJOB chamber, and get the shower
energy 2E, by summing up the individual y-ray
energies.

In addition to the information on the energy E.;
of each constituent y-core as well as its coordinate
(xi,»:), the advantage of C-jet data is in the range
of the detected shower energy XE, that covers 3
~150 TeV, just the region of interest in RUNJOB
experiment.

Energy resolution, AE,/E,, is ~15% for each y-
ray in C-jet data, which is confirmed from the n°-
peak in the invariant mass distribution of y—y
[38,39], so that it is quite interesting and important
to compare the energies obtained by the present
energy determination with those given by C-jet
data.
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estimated shower-energy and the true one respectively.

In Fig. 10a, we show a histogram of the ratio,
Y =108,[2Eyesti/ ZEyirue], Where XE, . is the
shower energy estimated by the present method
taking into account the threshold energy effect
(E. =0.2 TeV), and XE, . is the true one ob-
tained by C-jet data. By fitting a Gaussian curve
onto the histogram, we find ¢ = 0.158 around
(Y) = 1.04, that is satisfactory enough for the
present purpose.

Fig. 10b is the same histogram as shown in Fig.
10a, but obtained with use of the FRITIOF code,
where XE, . means the shower energy including
ys radiated backward in CMS, whereas XE, . is
an “‘effective” one as mentioned before. Therefore,
the peak position (Y) is shifted to 11% less than
unity, and we have to correct this effect for the
practical energy determination, while no shift is
necessary in Fig. 10a, because XE, . in C-jet data
is also the effective energy transferred by the fastest
moving cluster only.

The present method is applicable also for the
heavy particle initiated shower, and we use here
the FRITIOF code in order to make artificial
target diagrams of y-cores. The result is demon-
strated in Fig. 10c for iron primary, in the same
form as Fig. 10a and b, where the Gaussian curve
with ¢ = 0.130 is drawn together. The dispersion is
much smaller than those found in the proton-ini-
tiated shower. This is due to the fact that the
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multiplicity of y-ray’s produced by heavy-primary
interaction is considerably larger than that in the
case of proton.

We note again that the peak position (Y) is
shifted to 28% less than unity due to ys radiated
backward in CMS, which is of course taken into
account in the practical procedure in estimating
the shower energy XE,. We call the inverse of (Y)
as the scale-shift factor Sy, which is given in
Table 6 in Appendix C for proton, helium and iron
primaries.

In Fig. 11, we show a scatter plot of Z,Egph"‘0>
vs. ZE{*™) obtained by RUNJOB data for several
primary elements, where the former energy is de-
termined by the photometeric method described
in Section 3.1, and the latter by the present y-
core method. One finds they distribute along the
straight line of 45° with the dispersion of ~0.15,
well within the allowable fluctuation.

Now, once we confirmed that the shower energy
2E, is determined with good accuracy even in the
case of the thin-type calorimeter, the final proce-
dure is to convert XE, into the primary energy E;.
The conversion of XE, into Ey is, however, not so
simple, and must be checked carefully with use of
various kinds of simulation codes, which relates
also to the detection efficiency problem.

So, we discuss this problem in detail in Ap-
pendix D, and give here only the numerical results
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Fig. 11. Scatter plot of the shower energies obtained by pho-
tometric method vs. y-core method.

of the conversion factor C, (= Ey/XE,) in Table 3
used in the present work. These results agree with
the past works [23,45,63] (see Appendix D), taking
the different chamber structure into account.

One may remark in Table 3 that the difference
between two conversion factors is rather small,
one originated in the target jet (T-jet) and the
other in the calorimeter jet (Cal.-jet), whereas the
original average inelasticity per interaction, (k,), is
quite different between light and heavy targets,
particularly in the case of heavy projectile, as
shown in Table 8 in Appendix D. This is because
the effect of successive interactions become signifi-

4. Experimental results
4.1. Proton and helium components

We show proton and helium spectra in Fig. 12
together with those obtained by other groups [19—
21,23,46,64], where the vertical axis is multiplied
by E}°. The error-bar appeared in the present
work is evaluated on the basis of the Poissonian
distribution instead of the Gaussian one, given by
++1/N in the case of N counts. This is because the
latter approach is acceptable only if N is reason-
ably large, whereas the statistics of higher energy
events is small in general in the cosmic-ray experi-
ments [47].

Now, we have no indication of the bending in
the proton spectrum up to more than 100 TeV,
and in opposite, find an existence of PeV-proton
(see next subsection), which is far from the cut-
off at around 100 TeV expected from the current
model.

Our proton spectrum is in good agreement with
other data within statistical errors. On the other
hand, the absolute intensity of our helium spec-
trum is of approximately factor two lower than
those obtained by JACEE [19,20] and SOKOL
[21], while our data agrees rather well with those
obtained by MUBEE [23] and Grigorov et al. [64].

In Fig. 13, we plot our proton and helium
spectra together with the counter experiments
covering lower energy region [46,48] in the form of
the intensity vs. the primary energy per nucleon.
Fitting a following power-like spectrum onto our
data with use of the method of least squares,

dI

cant in the case of T-jet, while it is negligible in the A ps
case of Cal.-jet. dE, 0
Table 3
Conversion factor C, for various elements based on FRITIOF code
Proton Helium C,N, O Ne, Mg, Si Iron
(B=28) (B=28) (B=27) (B=27) (B=26)
1995 T-jet 3.65 6.01 9.35 11.3 15.2
1995 Cal.-jet 3.70 5.50 7.80 9.10 11.6
1996 T-jet 3.62 5.62 8.32 9.90 13.0
1996 Cal.-jet 3.64 5.30 7.45 8.63 10.9

T-jet means the target jet occurred at acrylic plate for 1995 chamber and/or at stainless steel plate for 1996, and Cal.-jet means the
calorimeter jet occurred at lead plate. f§ is the exponent of differential energy spectrum.
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we obtain

B,=2.78+£0.05  f,=2.81%0.06, (13)
and

Iyo = (226 +0.13) x 10%, (14a)
Lo = (1.50 +£0.11) x 10%, (14b)

where suffixes p and o denote proton and helium
respectively, and I, is given in unit of (m?s str
(GeV/n))~!. We draw these lines together with
experimental data in Fig. 13, and find that the
counter data are well on these extrapolated to the
lower energy region.

Although our data do not show any difference
in spectral shape between proton and the helium
components at least up to 50 TeV/n, this problem
is very interesting in connection with a non-linear
shock acceleration process in SNR’s proposed by
Ellison [49], predicting subtle differences in the
power index between these two, because ions with
larger mass to charge ratio are accelerated more
efficiently.
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In this stage, we cannot say definitely whether
the spectra of two elements are parallel or not in
the higher energy region, and we reserve the con-
clusion until the completion of full data analysis of
RUNIJOB experiments, including most recent
flights performed in 1999.

4.2. PeV-proton event

Among proton-induced interactions observed
in 1995 experiment, we detected an event with the
shower energy YE, more than 500 TeV. The in-
teraction takes place in the top lead plate in the
lower calorimeter, and the primary proton is for-
tunately identified at the NEP inserted just above
the top lead plate. In Fig. 14, we illustrate the
picture of this event.

As discussed in Section 2.2, the thickness of our
calorimeter is not enough to catch the shower
maximum in the transition of spot darkness for
very high energy event, unless the zenith angle of
incident shower is large enough to elongate the
path length in the calorimeter.

In Fig. 15, we demonstrate the transition curve
of this event, where one finds the observed spot
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groups.

darkness doesn’t reach a shower maximum as ex-
pected. So, it seems very hard to estimate XE, in an
ordinary way.

Fortunately, however, there were two sheets of
#200-type X-ray films in the barrier envelope in-
serted at the bottom of the chamber box as shown
in Fig. 14, which were prepared for the purpose of
test processing.

The electron shower developed in the calori-
meter module spreads geometrically into down-

stream layers without suffering the cascade process
after leaving the bottom lead plate in the chamber.
Then we expect to get some information on the
shower energy by comparing the spot darkness
recorded on two X-ray films, one just beneath the
bottom lead plate (named the film A) and the other
in the barrier envelop (named the film B), with
relative distance of ~4 cm taking the inclination
effect into account.

We measured the spot darkness Da and Dgp re-
corded on two X-ray films, A and B respectively,
with use of the photometer for several sizes of di-
aphragm slit. We show the ratio D /Dg for several
slit sizes in Fig. 16. We performed also simulation
calculation [35] to obtain the ratio Da/Dg, taking
into account the exact configuration of the cham-
ber structure, where the cascade process even in
the light materials (X-ray film, NEP and wood
base) other than lead plate is also included. Nu-
merical curves are drawn together with experi-
mental data in Fig. 16, which are well within two
simulational curves of 500 and 1000 TeV in XE,.

While it is very hard to convert XE, into the
primary energy E, on event by event basis, the
conversion factor is supposed to be 3—5 on average
from Table 3, corresponding to 0.20-0.33 in ef-
fective value of k,, which is consistent with various
past considerations by many authors [38,39,45,
50,51]. So, the primary energy of this event can be
of the order of magnitude of at least multi-PeV.

It is, however, important here to emphasize an
evidence that there exists multi-PeV proton, indi-
cating the absence of cut-off region somewhere
around 100 TeV, in contradiction to what is ex-
pected by the current model, no matter if the en-
ergy of the present event might be 2 or 5 PeV.

The present method tells us at the same time
that it is possible to determine the shower energy
with = 100 TeV even in the case of thin-type EC,
if we have an additional information on the lateral
spread of the electron shower after leaving the
calorimeter. In fact, taking the advantage of the
present result more positively, we designed a new
module, called “diffuser”, beneath the calorimeter
in recent RUNJOB chambers performed in 1997
and 1999, which consists of several layers of pho-
to-sensitive materials (X-ray film and NEP) and
the spacers alone, without any other heavy mate-
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rials. We will report these results in the near fu-
ture.

4.3. Heavy components

Though the statistics is not enough, we demon-
strate the present results in Fig. 17, together with
those obtained by other authors [19-22], where
three typical groups, CNO-group, NeMgSi-group
and Fe-group (Z = 26-28), are summarized. ' We

7 In the past preliminary reports on RUNJOB results [65,66],
we have demonstrated 20-30% lower intensities than those
shown in Fig. 17. This is due to a revised calculation for the
conversion factor and the detection efficiency.
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have to note that the JACCE [19,20] and SOKOL
[21] data include sub-iron elements (Z = 17-25) in
Fe-group.

Our fluxes of these three heavy components are
in good agreement with other two groups, JACEE
and SOKOL, in the energy region less than 10
TeV/n. Looking at carefully Fig. 17, however, our
spectra on CNO and NeMgSi decrease monotoni-
cally with higher energy, while those of the other
two groups show rather enhancement in the higher
energy region 2 10 TeV/n, particularly for CNO
elements.

If we focus on the data presented only by
RUNIJOB and Chicago group [22], all elements
seem to decrease monotonically, and the slope of
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Fig. 17. Heavy component spectra obtained by different
groups.

the spectrum becomes gradually harder as the
mass gets heavier, for instance, ~2.70 for CNO-
group and ~2.55 for Fe-group.

4.4. All-particle spectrum

Summing up the spectra for individual elements
presented in Sections 4.1 and 4.3, we can get the
all-particle spectrum. In Fig. 18, we show it to-
gether with data obtained by other groups [19,21,
52], where the grey zone [18] denotes the summa-
tion of individual fluxes obtained by the past direct
measurements with the use of counter devices.

While all the data are well consistent with one
another in the energy region < 100 TeV/particle,
our all-particle intensity is approximately 30% less
than those obtained by others in the higher energy
region 2 100 TeV/particle, though the statistics
are poor.

Fitting a following straight line onto our data,

(%P = JEy",

we find

p=278+0.07, (15)
Jo = (6.92 +£0.56) x 10* (16)

in unit of (m?sstr (GeV/particle))~™!. The extrapo-
ration of this line to the lower energy region seems
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elements reported by the past direct experiments.

to be consistent with the grey zone obtained by the
past direct experiments as shown in Fig. 18.

The slope obtained here is distinctively harder
than the spectrum index of ~3.1 nowadays con-
firmed by air shower experiments beyond the knee,
although the absolute intensity still fluctuates
considerably among individual air shower groups
[53].

Now, the problem is how these two slopes, be-
low and the above the knee, can be linked to each
other. There are three possibilities; first is an ex-
istence of “bump” somewhere around PeV region,
the second is “flattering” before dropping, and the
third is “smooth dropping”. According to recent
air shower experiments, the first possibility seems
to be ruled out [53,54], but the other two pos-
sibilities are difficult to evaluate at this stage
from both direct and indirect observations. These
problems are very important for the study of
cosmic-ray origin and the acceleration mechanism
[55].

4.5. Average mass

It is decisively important for the understanding
of the origin and the acceleration mechanism of
high energy cosmic-rays to reveal experimentally
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the chemical composition, particularly around the
knee region. Unfortunately, however, it is hard
to observe separately each element with enough
statistics in such high energy region. So, instead
we estimate the average mass number expressed
as

_Zé‘AJl' lIlAg
DV

where Ep is a primary energy per particle, and
AJ, is a differential intensity in the energy bin
(Ep, Ep + AEp) for the element ¢ with mass number
Ay.

In Fig. 19, we show the present result together
with JACEE data [19,20], where the grey zone [18]
corresponds to the average mass number estimated
from the past direct-observations with use of
the counter devices. One finds the average mass
number is of the magnitude of 4-6 (He-Li) around
10 TeV/particle.

It is remarkable that JACEE and our data are
in nice agreement with each other in the energy
region < 100 TeV/particle. JACEE data show,
however, a gradual increase in mass number at
higher energies, while our data seem to be almost
constant over the wide energy range, 20-1000 TeV/
particle.

(In4)(Ep) (17)
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Unfortunately, the statistics of our data is very
poor in the higher energy region and it should be
reserved for the full analysis in the future to con-
clude whether the mass increases significantly with
the energy beyond hundred TeV.

5. Summary and discussion

Based on eight EC’s exposed on board of the
long-duration RUNJOB-balloon flights performed
in 1995 and 1996, we present the experimental
results on the composition and the energy spectra
of the cosmic-ray primaries. Numerical values of
differential intensities for individual elements as
well as the all particle are explicitly summarized in
Table 4.

Here we summarize the essence of our results
presented in the last section as following:

e our proton spectrum covers 10-500 TeV, and is
nearly consistent with those reported by other
groups in the past,

e a proton with multi-PeV energy is observed,
and the estimated flux of this event coincides
with a simple extrapolation from the above en-
ergy range with the power index 2.8,
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our helium spectrum covers 3-70 TeV/n, and
its intensity is nearly half of the value obtained
by JACEE and SOKOL, but in good agree-
ment with that by MUBEE and Grigorov
et al.,

our proton and helium spectra are nearly paral-
lel with a common index of ~2.8, both consis-
tent with the extrapolation of data obtained
by the past counter experiments in the lower
energy region, < multi-TeV/n,

the present absolute fluxes of both CNO-
group and NeMgSi-group are in good agree-
ment with other groups in the energy region
< 10 TeV/n,

but our spectrum of CNO does not increase so
significantly with higher energies as JACEE and
SOKOL indicate,

Fe-spectrum is in agreement with those given by
other groups within statistical errors,

our spectra on heavy components, CNO-group,
NeMgSi-group and Fe-group, lie on the extrap-
olation from Chicago data,

the slope of the energy spectra of heavy compo-
nents seems to become gradually harder with
increasing mass number, i.e., ~2.70 for CNO-
group and ~2.55 for Fe-group, if we are based
only on Chicago data and our data,



Table 4
Numerical table of absolute differential intensities for individual
elements and all-particle

Primary Energy range Absolute flux
(GeV/particle) (m~2s 'str!
(GeV/particle) ")
Proton 0.80-1.40 (4) 146 023 (-7)
1.40-2.60 (4) 2.80 fgg; (-8)
2.60-4.20 (4) 57710 (-9)
4.20-7.00 (4) 1.56 fggz (-9
0.70-1.40 (5) 2.95 fégg (~10)
1.40-5.00 (5) 1.84 f}gg (-11)
0.50-3.00 (6) 8.80 ﬁoﬁ (~13)
Helium 2.50-6.25 (3) 113 fggg -7
6.25-9.50 (3) 198 fgﬁ; (-8)
0.95-1.70 (4) 4.04 f};g (-9)
1.70-2.50 (4) 106 0% (-9)
2.50-7.50 (5) 145 10 10y
CN, O 1.07-1.79 (3) 1.83 fég “7
1.79-3.21 (3) 438 ffg; (-3
3.21-5.71 (3) 8.49 fg;g (-9
0.57-1.00 (4) 1.62 f(l)g; (-9
1.00-2.50 (4) 2.10 jfg‘; (~10)
Ne, Mg si 104167 (3) 476 T390 (g)
167271 (3) 135 f(l)% (-8)
271417 (3) 329 38 9
Tron 0.45-1.79 (3) 4.58 j‘z‘:i; (-8)
1.79-4.11 (3) 2.65 jfgg (-9
0.41-1.07 (4) 2.36 ff:;‘;‘ (~10)
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Table 4 (continued)

Primary Energy range Absolute flux
(GeV/particle) (m~2s 'str!
(GeV/particle) ")
All particle  2.00-3.00 (4) 4.04 fgg; -8)
+0.20
3.00-5.00 (4) 1.54 020 (-8)
+0.49
5.00-9.00 (4) 2.57 049 -9
+1.39
0.90-1.50 (5) 4.62 139 (—10)
+0.83
1.50-2.50 (5) 1.53 _0.54 (—10)
2.50-5.00 (5) 2.80 t?;} (—11)
+3.93
0.50-2.00 (6) 1.71 14 (-12)

The meaning of (+n) is to multiply numerical values in the
column of the energy range and/or the absolute flux by 10+".

all-particle spectrum is quite consistent with
those given by other groups in the past in the
energy region < 100 TeV/particle,

but the present intensity is ~30% less than those
in the higher energy region beyond 100 TeV/
particle,

the average mass is nearly constant over the
wide energy range 20—-1000 TeV/particle.

In the above several items, one must be con-
cerned about the facts that our intensity of the
helium and those of MUBEE and Grigorov et al.
are nearly half of those obtained by JACEE and
SOKOL.

Our results presented in the last section are
based on the soft-sphere model [57] to get the de-
tection efficiency, so that another choice of the
model for the reaction cross-section might boost
considerably the intensities of the helium and
heavier components. In fact, JACEE group [63]
has used the hard-sphere model [56], but as dis-
cussed in Appendix B, our cross-section is at
most 10-20% higher than that expected from the
hard-sphere model, a typical opposite one to the
soft-sphere model. Namely, even if we use an al-
ternative model for the calculation of the detection
efficiency, our intensities shown in the last section



increase only 10-20%, which cannot at all explain
the difference between our data and those by the
other two groups.

While our data is not yet full and do not include
the most recent experimental data, we believe these
discrepancies are not simply due to a statistical
reason, but could be caused by some method-
ological problems, such as the energy calibration, *
the detection efficiency calculation, the primary
identification, etc. So, we reserve the discrepancies
mentioned here for further studies in the future,
taking the above possibilities into account.

Present results are based on 40% of data ob-
tained in RUNJOB experiments, and the results of
complete analysis will be reported in the near fu-
ture.

Acknowledgements

This work is supported by Institute of Cosmic
Ray Research (ICRR), University of Tokyo, In-
stitute of Space and Astronautical Sciences
(ISAS), Japan Society of Promotion of Sciences
(JSPS), Grants-in-Aid for Scientific Research and
also for International Science Research from the
Ministry of Education, Science, Sports and Cul-
ture in Japan (grant no. 08404012, 08045019 and
111695026), and Russian Foundation of Funda-
mental Research (grant no. 00-15-96632), Inter-
national Projects of Russian Ministry of Science
and Technology, and Russian Commission on
Balloon Research, Grants PFFI 99-02-1772, 99-
02-31005, 99-02-18173, Grant “Universiteti Ros-
sii” 990592 in Russia.

We particularly acknowledge all staffs of the
emulsion division of ICRR, the balloon division of
ISAS, Volsk Expeditionary Base and Moscow
State University for their helpful works at various
levels to realize¢ RUNJOB-program.

8 The transition curves used for the determination of the
cascade shower energy in JACEE are the same as those used in
RUNJOB, both groups basing a common Ref. [35]. So, the
difference between RUNJOB and JACEE cannot be due to the
energy calibration.

194

Appendix A. Effective altitude of the balloon and
the atmospheric correction

As shown in Fig. 2, the altitude fluctuation of
RUNJOB balloon is rather significant, so that we
show here how to estimate the effective altitude for
such fluctuation.

Vertical intensity of the cosmic-ray particle /, at
an observational level of ¢ g/cm? is given by

I, (t) =1Ie™", witht=1¢/4, (A.1)

where [, is the absolute intensity of the particle at
the top of atmosphere, and A is its attenuation
length.

Now, the number of particles Ny incident
upon the chamber with area S for the expo-
sure time 7 at the altitude 7 is immediately written
down, taking the zenith-angle effect into account,
as

Nobs :ST// cos 01, (t/ cos 0)dQ
JoJe<2n

= [SQo(1) T (7), (A2)
where, we defined a function
1
Q(r) = 2n/ x!Fem (/=D gy, (A.3)
0

and Q is the effective solid angle at the level 7.

Let us divide the total exposure time 7 into
small intervals AT, =T7/m (i=1,2,...,m), and
put the altitude of balloon corresponding to ith
interval as t; (= 7;4). Then, using Eq. (A.2), we get
immediately the total number incident upon the
detector during the exposure,

Nobs = [SQT)I, (7). (A.4)

Here,

T=— 5 A5

= ; T (A.5a)

R o

Q== Qyr,)e ", (A.5b)
m

i=1

are both evaluated from the actual flight record
shown in Fig. 2, and Q depends slightly on the
attenuation length A of the primary particle.



Now, from Eq. (A.4), we can obtain straight-
forwardly the absolute intensity /; at the top of the
atmosphere without worrying about the altitude
fluctuation of balloon. It is, however, quite com-
plicated to apply the above procedure, dividing the
exposure time into so many small intervals, for the
practical data analysis, particularly for the atmo-
spheric correction and the calculation of detection
efficiency as shown in Appendix B.

In order to avoid such a complexity, we had
better introduce an “effective” altitude 7. so that
Eq. (A.4) is equal to Eq. (A.2). Namely we have to
solve a following transcendental equation with
respect to fe(= t.4),

Q(re)e™ = Qe (A.6)
We can get ¢, easily in the following way. As f. is
not greatly different from the average altitude 7, we

can put

T =T+ At, (A7)
and expanding the left-hand side of Eq. (A.6) with
respect to At after substituting Eq. (A.7) into Eq.
(A.6), we obtain a solution
At = [Q)(7) — )/ (7), (A.8)
where Q is defined by putting £ = 1 in Eq. (A.3).
If the approximation is not satisfactory, we repeat
the same procedure after replacing 7.(= 7 + A¢) by

Once we get the effective altitude ., we can esti-
mate easily the atmospheric correction factor, o, =
exp(t./A). From this table, we find, for example,
o, = 1.08 and 1.98 in the cases of proton and iron
primaries, respectively.

Appendix B. Simulation calculation of the detection
efficiency

One of the most important assumptions for the
calculation of the detection efficiency is a type of
model for the reaction cross-section og. In this
paper, we consider two typical models, hard-
sphere model [56] and the soft-sphere model [57]
for nucleus—nucleus interaction. The former model
gives

2

or =2 (A7 + 47 —K)%. (B.1)
Here, Ap (or At) is the mass number of projectile
(or target) nucleus, and

ro=1.29 x 1071 cm, (B.2a)

Kk = 1.189 exp[—0.05446 min(4p, A7)]. (B.2b)
This model has been used for the efficiency calcu-
lation in JACEE chamber [63].

On the other hand the latter model gives

2 2 :
t. Practically, however, even two or three iterations or = m(ap + ap)[lny +Ei(x) + 7], (B.3)
are enough. Aol

In Table 5, we show the numerical values of the 1= ONN %7 (B.4)
effective altitude thus estimated for four flights. n(ap + ai)
Table 5
Numerical values of effective altitude of RUNJOB balloon for typical primary elements

Primary charge Attenuation Effective altitude (g/cm?)

A2
length (g/lem’) RUNJOB I RUNJOB II RUNJOB I RUNJOB IV

1 110.00 11.60 11.21 12.02 12.25

2 48.68 11.23 10.84 11.60 11.85

8 26.68 10.96 10.55 11.28 11.51

14 20.64 10.84 10.41 11.12 11.36

20 17.14 10.74 10.29 10.99 1123

26 14.97 10.67 10.21 10.89 11.14
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where, v (= 0.5772) is the Euler constant, Ei(y) is
the integral exponential function, and oyy is the
cross- section for the nucleon—nucleon interaction
including energy dependence, and ap (or ar) is
related to the nuclear root-mean-square radius of
the projectile (or target) nucleus (see Ref. [57] for
detail).

In the case of proton-nucleus interaction, we
use a cross-section based on the soft-sphere model
including the energy dependence, which is in good
agreement with that proposed by Hillas [58].

In Fig. 20, we demonstrate the collision lengths
/. expected from the above two models for typical
projectiles and targets. One finds, for instance, the
former length gives 10-20% higher than the latter
length in the energy region of our interest, ~100
TeV, in the case of helium projectile, namely the

T
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=
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Fig. 20. Collision length expected from two models, the soft-
sphere model and the hard-sphere model for typical projectiles
and targets, where /. is multiplied by ten in the case of iron
target to discriminate from the other curves.
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detection efficiency based on the former model is
10-20% less than that based on the latter model. In
the present paper, we use the soft-sphere model for
the practical estimation of the absolute intensities
as shown in Section 4.

Before going to the details of the simulation
procedure, we illustrate a top view and a side view
of our detector in Fig. 21. The detector consists of
two chambers, A and B, and its area S is 50 x 80
cm?, and the geometrical height of the module / is
38.3 cm (21.1 cm) for 1995 (1996) chamber. The
shield box is made of the black acrylic plate with
the side thickness of 1.2 cm (1.3 cm) for 1995
(1996) chamber, and with the top-cover thickness
of 1.0 cm for 1996 chamber, whereas the top cover
of 1995 chamber is made of a luan with the thick-
ness of 1.5 cm. All of these numerical parameters

top-view

Chamiber area : §

==

de-view

i,
3
k3

Fig. 21. View of our chamber configuration, and the feature of
cosmic rays trajectory.



are exactly taken into account in the present cal-
culation.

Let us consider a cosmic-ray particle incident
upon the bottom of module at a position, O(x, ),
from a direction, (0, ¢). The number of the cos-
mic-ray particle AN arriving at a small area, AS =
Ax Ay, within a small solid angle, AQ = Acos 0A¢,
is immediately written down from Eq. (A.2) in
Appendix A as

AN = Ij|ASAQT] cos fe /40, (B.5)

where T is the exposure time, A is the attenuation
length of the cosmic-ray primary, and ¢, is the ef-
fective altitude of a balloon. As discussed in Ap-
pendix A, we do not need to worry about the
altitude fluctuation of the balloon now, once
we get the effective altitude 7. We replace ¢, into ¢
in the following discussion for the sake of sim-
plicity.

Now, we touch upon briefly the criterion of
event selection for those recorded successively on
multi-sheets of the X-ray film in the form of dark
spot, which is quite essential for the calculation of
the detection efficiency.

The dark spot is formed on the X-ray film due
to the electromagnetic cascade shower originated
in the nuclear interaction at target (or lead plate in
the calorimeter). It is visible by naked-eye if the
net optical darkness D, is larger than ~0.1 after
subtracting the background spot-darkness Dy, (see
Egs. (B.l1la) and (B.11b)). So, we select only
events satisfying a condition that shower spots
with D = 0.1 are observed on more than two
sheets of X-ray film inserted in the calorimeter.

We set further an additional condition that the
path length from a VP to a bottom point is more
than 4 c. u., which rejects a jet event occurring near
the bottom of the lower calorimeter.

Let us put the detection probability as
P(x,y; 0,¢) for the case of the cosmic-ray trajec-
tory shown in Fig. 21, which includes the above
two conditions as well as a collision probability
and the geometry of the trajectory. Then, from Eq.
(B.5), we obtain the number of cosmic rays actu-
ally observed,
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Nobs:/"'/.P(xvy; 0,9)AN

= [5SQO(‘L’)T]]()671 with 7 = l//l7
leading to
PR N (B.6)
O T ESQy(D)T]e T O ‘
here,
5—#//dxd // d cosfd¢
T SQ(7) s g Q<o

x P(x,y; 0, ¢)cos fe=(ec0-r, (B.7)

is nothing but the detection efficiency we need.
Once we get it, we can estimate the absolute in-
tensity I, straightforwardly from the observed
number N,ps with use of Eq. (B.6).

As the practical form of P(x,y; 0, ¢) is, how-
ever, very complicated, we calculate ¢ with use of
the simulation method in following steps.

Step 1: Sampling of a primary energy E, ac-
cording to the familiar power form, £ P Explicit
numerical value f§ is summarized in Table 3 in the
text.

Step 2: Uniform sampling of a position of the
particle, (x,y), incident upon the bottom layer.

Step 3: Sampling of an incident direction, (0, ¢),
according to the following distribution function,

yc dcosOdg
QQ(T) ’
(B.8)

F(0,¢)d cos 0d¢p = cos e <0~

which is the integrand of Eq. (A.2). If tan6 > 5.0,
we go to Step 1.

Step 4: Sampling of a VP according to the
cross-section given by Egs. (B.1) and (B.2). If the
nuclear collision occurs either outside the chamber
or at the shield box, we go to Step 1.

Step 5: If the path length from the VP to the
position, (x,y), at the bottom layer is less than 4
c.u., we go to Step 1.

Step 6: Sampling of secondary particles pro-
duced by the nuclear collision with the use of
FRITIOF code. For a surviving proton and/or a



fragment nucleus (including nucleons) due to the
nucleus—nucleus collision, we repeat the Step 4 for
each particle.

Step 7: y-rays thus produced are linked to the
simulation code for the pure electromagnetic cas-
cade shower, applicable even for the heteroge-
neous chamber structure [35].

We calculate simultaneously the darkness of
each shower spot with use of the characteristic
curve of X-ray film [45], i.e., the electron density
p(no./cm?) vs. optical darkness D (in half side
emulsion coated on the X-ray film) given by

D) =001 = . (B9)

1+ ap
where

Dy=6.5 and o=5.50x10"% cm?. (B.10)

The net spot darkness D, within the slit size of
300 x 300 pm? is calculated, taking into account
the inclination effect, by

Dyt = Dy + Dy, (B.11a)
where
Du,d :D(pu.d+pbg) 7D(pbg)’ (Bllb)

and p,(py) is the electron shower density at up-
per(lower) emulsion surfaces of X-ray film, and py,
is a background density, which is estimated back
from Eq. (B.9) with use of the observed back-
ground Dy, on half side emulsion, for instance
Dy = 0.58 in the case of RUNJOB 1996.

If shower spots with D, > 0.1 are observed on
more than two sheets of X-ray film, we go to Step
8, or else go to Step 1.

Step 8: Sampling of €, = XE, ., according
to the Gaussian form, ocexp[—Y?/2¢?] with ¥ =
log,g(€y/€y0], Where €, = XE, . is the energy sum
obtained by the Step 6, and o =0.13-0.16 de-
pending on the kind of primary (see Fig. 10 in the
text). If €, <1 TeV, we go to Step 1, or else count
the number of events, N(e,) = N(e,) + 1, and go to
Step 1.

After converting from e, into E, with use of
the conversion factor summarized in Table 3 in the

text (see also Appendix D), finally we obtain the
detection efficiency,
N(E())

E(Ep) = No(Eo)’

(B.12)

where Ny(Ep) is the initial number of particles in-
cident upon the chamber bottom for the true pri-
mary energy, and N(E,) is the observed one,
taking the detection condition into account. Nu-
merical results are presented in Fig. 6 in the text.

Appendix C. Threshold energy effect in the energy
determination

In EC with target module, we face inevitably
with the following two restrictions in detection of
v-core produced by a local nuclear interaction
occurred in the target,

E, 2 E. and r, <r, (C.1)

where E, is the y-core energy, and r, is the distance
from the energy-weighted centre of y-core’s at the
plane of target diagram. For instance, in RUN-
JOB experiment,

E. = 50-100 GeV, (C.2a)
and
re = 0.5-1 mm. (C.2b)

The average height of the VP being ~20 cm, we
have a cut-off emission angle,

0. = 2.5-5.0 x 107 rads. (C.2¢)

Egs. (C.2a) and (C.2¢c) are, however, not inde-
pendent, but closely connected with each other in
the following form

0, ~ (P . (C.3)

EC

For instance, putting £, = 50 GeV and (p,) = 200
MeV/e, we get

0. ~ 4 x 107 rads,

giving a result consistent with Eq. (C.2c).
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Now, we have to modify Egs. (10a)-(10c) in the
text, taking into account the threshold energy ef-
fect mentioned above. To make the calculation
easier, we assume a trial model, where a fireball
decays isotropically into y-rays that carry the most
part of XE,.

The distribution function is supposed to be of
the following form in the fireball rest system

de* d@’

Y(e,07)de dQ* = nge </ I

(C.4)

€0

where ny is the average y-ray multiplicity, and ¢ is
the average energy of y-ray in the fireball rest
system, approximately equal to p, appeared in Eq.
(4) in the text.

Then, we obtain a following energy-angular
distribution of y-rays in the laboratory system,

W(E,, 0)dE, d0 — nye = dx &, (C.5)
z
where
_l ngEnl _ l E«/
YT2%E, T2 (E) (C.6a)
and
z=x(1+)?) with y=0(E)/e. (C.6b)

2E, appeared in Eq. (C.6a) is the shower energy
transferred by the fastest moving fireball for E, =
0 and 0. = oo. Integrating over x and y(z) in Eq.
(C.5), we find a familiar form for the angular and
the energy distribution respectively,

2

noﬁ, (C.7a)
y

and

l’l()E](x) dx, (C7b)

namely the former gives a well-known isotropic
angular distribution and the latter an exponential
integral energy distribution, which are both con-
sistent with the experimental data in the forward
region [38,39,59,60].

Now, we calculate the average energy including
the threshold energy effect, with use of Eq. (C.5),
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Ve do [ E(E,,0)dE,

e =" 40 S W(E,0)dE, (9
The explicit form of Eq. (C.8) is given by

(Ey). = wc(E)) + E, (C.9)
where

=Gy 10
and

Gel,2) = (k — D! / ev;” do. (C.11)

Two parameters, x. and z., are given by replacing
E, and 0 into E. and 0, respectively in Egs. (C.6a)
and (C.6b).

On the other hand, from Eq. (6) in the text,
(E,). is obtained experimentally by

o t GA"EC
Z@Mv )

o (C.12)

i=1

where n. is an observed multiplicity for E, > E
and 0 < 0., and connected with n in the following
relation with use of Eq. (C.11),

ne = ngGa(xe, z¢). (C.13)

Finally, from Egs. (4) and (6) in the text and
Egs. (C.9) and (C.12), we find the same equation
as Egs. (10a)—(10c) in the text, after re-defining
f(u) in Eq. (8b) as,

Su) =

1 Po 1—e™
®¢ 4o ’

; (C.14)

Now, after solving the modified transcendental
equations simultaneously with respect to ((E,) ;
XG,Yg), we obtain ny from Egs. (C.13), (C.6a),
(C.6b) and (C.11). Finally we can get effective
shower energy, 2E, = ny(E,), taking into account
the cut-off effect, £, > E; and 0 < 0..

To apply the iteration method, we need an ini-
tial set of ((E,); xg,»g), and in practice, we put
initially



Table 6

Numerical values of parameters appeared in Eqs. (C.16a) and (C.16b) and the scale-shift factor discussed in Section 3.2

Py (MeV/c) Gy (MeV) u Vo { Vg Sshife
Proton 170 72.0 0.075 4.0 L15 2.50 L12
Helium 170 85.0 0.062 6.0 1.15 2.50 1.15
Iron 170 68.0 0.060 6.0 1.15 2.50 1.29
1 & po conversion into Ej is hard to determine for indi-
(E,) = o —, (C.15a) vidual showers, since the distribution of k, is ra-
¢ =1 ther broad, particularly in the case of iron as
shown in Fig. 22 (filled circle).
1 & 1 & However, all we have to do for the practical
XGg = — x;, and yG=— Z)&’y (C.15b) ‘o : : P
ne ne 4= purpose is to find an effective conversion factor

where 0; is estimated by the use of the above initial
centre of axis, (xg,g), and n. is the observed y-ray
multiplicity. Of course, these values are iteratively
changed into new ones.

In Section 3.2, we assumed two parameters, py
and ¢y, are independent of the shower energy XE,
as well as the (effective) multiplicity n,. By fitting
Egs. (4) and (5) carefully into the data, we find that
the following forms reproduce well the correlation
of (p)(0) — 0 in both C-jet data and FRITIOF
simulational data.

po =Py (1 —e™/")[ZE,)", (C.16a)
and
qo = Gy (1 + Cem/v), (C.16b)

Explicit numerical values appeared in Egs.
(C.16a) and (C.16b) are summarized in Table 6,
where Sg,;i denotes the scale-shift factor discussed
in Section 3.2.

Appendix D. Conversion of Y E, into E,

In Section 3, we show that the shower energy
XE, is determined satisfactorily with the use of -
core, and the accuracy is nearly comparable with
that of the energy estimated by the photometric
method. Now, the problem is about the conversion
of XE, into the primary energy E,. This is closely
connected to the inelasticity k,, transferred into y-
ray component produced in the nuclear inter-
action. Therefore, it is a natural claim that the
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C, (= Ey/2E,) so that the true Ey-spectrum is re-
produced from XE,-spectrum we actually observe,
no matter if each conversion may fluctuate con-
siderably.

From a simple calculation, we get the following
relation [45], assuming a power spectrum with in-
dex B (= f — 1) in integral Ey-spectrum,

C, = 1/[(kN"", (D.1)
where
W) = [ #oax (D2)

and ¢ is a distribution function of k.

Nevertheless, one may argue that the above
procedure, shifting XE,-spectrum to Ej-spectrum
by multiplying C,, is allowable only for proton
component with large statistics, and it does not
work for heavier ones with small statistics, par-
ticularly for iron element, where the fluctuation of
k, might become serious.

We have to point out, however, on an im-
portant detection condition inherent in the EC
experiment, namely an event with small &, corre-
sponds to small shower energy on average, and
then practically it is lost in the initial stage of na-
ked-eye scanning on X-ray films, since the dark-
spot signal is too thin to observe by naked-eye.
This detection condition cuts the tail of small £,
and makes the spread of k,-distribution much
narrower than that of the original one.

Let us compare explicitly two k, distributions
normalized by (k,) in Fig. 22, one (filled circle)
from the original without any detection bias and



original k. -distribution
: practical k. -disteibution
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Fig. 22. Normalized k,-distributions for two selection conditions; without any selection criterion (e), i.e., original k,-distribution and
with the selection condition (grey histogram) mentioned in Appendix C.

the other (grey histogram) from the practice taking
the actual event selection into account (see Ap-
pendix B), where three typical elements, proton,
helium and iron, are demonstrated in the case of
cal. jet. As mentioned before, we find that the
spread of the k, distribution we actually observe
(grey histogram) is significantly reduced in com-
parison with the original one (filled circle).
Therefore, we can apply the conversion procedure
mentioned here also for heavy-initiated shower.
The conversion factor appeared in Eq. (D.1) is
calculated with use of the FRITIOF code, taking
into account the successive interactions in cham-
ber, though it is not so effective in our chamber
due to the thin type calorimeter. In Table 3 in the
text, we summarize the conversion factor for typ-
ical primary elements, which are nearly consistent
with the past works. For instance, we show those
obtained by JACEE [63], MUBEE [23] and

Table 7

SANRIKU [45] in Table 7 for typical elements.
Small difference between our results in Table 3 and
those in Table 7 come from the different chamber
structure, and then they are rather in good agree-
ment with one another, taking this effect into ac-
count.

Now, we would like to mention that the present
procedure in estimating C, is absolutely based on
the assumption of energy-independent #k,-distri-
bution. Then, if it depends on the primary energy
E,, the numerical values summarized in Table 3
are not applicable for the conversion into Ej.

Though we have no direct evidence for the en-
ergy independence of the ky-distribution in the
higher energy region Ey, 2 10 TeV, it is well
known that the attenuation lengths of both had-
ronic (mostly nucleons) and electromagnetic
components in the atmosphere do not change very
significantly with interaction energy [61], and have

C, estimated by JACEE, MUBEE and SANRIKU in the case of calorimeter jet

Proton (ff = 2.8) Helium (f = 2.8) C,N,0(f=2.17) Ne, Mg, Si (f=2.7) Iron (B = 2.6)
JACEE 3.64 5.10 7.04 7.58 9.09
MUBEE 4.00 5.88 8.62 9.43 11.1
SANRIKU 3.89 5.61 7.63 9.26 10.2
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Table 8

Average inelasticity (k,) without any detection bias expected from several simulation codes

Target Model Projectile
Proton Helium Oxygen Iron
Carbon: FRITIOF 0.199 0.105 0.054 0.026
VENUS 0.183 0.092 0.048 0.030
QGSIJET 0.194 0.091 0.047 0.026
Iron: FRITIOF 0.208 0.134 0.092 0.054
VENUS 0.189 0.117 0.088 0.059
QGSIJET 0.208 0.114 0.078 0.044
Lead: FRITIOF 0.217 0.164 0.125 0.080
VENUS 0.198 0.138 0.110 0.089
QGSIJET 0.219 0.145 0.108 0.075

a constant value (~100 g/cm?) within the energy
range of our interest. This is closely connected
to the inelasticity and the collision cross-section.
So, our assumption is not far from the actual ev-
idence, though based on the indirect observational
data.

One may argue further that these studies might
depend on the model of nuclear interaction. This is
also not so serious obstacle for our purpose, since

idan ™

e T -

moL

aaiial

primary energy Eo(TeViparticle}
obtained by ¥-core or fraginent method

I 1 100 1400
primary energy E, (Teviparticie}
obtained by phtemetric methoed

Fig. 23. Scatter plot of the heavy-primary energies obtained by
two methods, £{™ and EF™). Proton-primary events are also
plotted for reference, where their primary energies are obtained
by multiplying the conversion factor and the shower energies

shown in Fig. 11.

only k, is the principal parameter, and the differ-
ence in the production spectrum of the energy and
the emission angle for individual ys among various
models is the second order effect, as far as the
conversion-factor problem is concerned.

In Table 8, we summarize the average value of
inelasticity (k,) (without any detection bias), ex-
pected from several simulation codes (CORSIKA
[62]) for typical projectiles and targets. One finds
the difference is not so significant among individ-
ual models, and must be masked behind the reso-
lution of the present energy determination (see
Section 3 in the text).

Now, as mentioned in the beginning of Section
3.2, we can estimate independently the primary
energy E{™ with use of the emission angle of
fragments such as p, o, ..., produced by the break
up of heavy primary. So we compare it with the
primary energy EX™ obtained by the conversion
of XE, into Ey, using Table 3.

In Fig. 23, we demonstrate the correlation be-
tween these two energies for heavy primaries,
where proton events are also plotted for reference,
which are obtained by converting XE, in Fig. 11
into E, with the use of Table 3. We find the dis-
persion appeared in EJ™® vs. £ is somewhat
larger than those in ES™ vs. EP™),

In the present paper, however, we do not use
ES™® for heavy primary, but use £ and/or
EX because the emission angle of fragment
products (p, He, .. .) is hard to measure in the 1996
chamber as mentioned in the beginning of Section
3.2.
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BOCMOMUHAHUA



I.T. 3ayenun

He WLLW Tbl U3NNLLIHIOK COXHOCTD
B HECMOKOMHbIN HaLL aTOMHbIA BEK,
Bo3pacT — 3710 it 60ry ONMOLWHOCTb,
Ecnu monoz yLioit 4enoBex.

[ycTb ycTana Thl Camyto ManocTb
HyTb CrYCTUNMCL MOPLLMHKN Y BEK,
BoapacT — 310 eit-60ry hopmanbHOCTb,
Ecnu Mooz oyLioit 4enoBex.

[ycTb Te6s1 03apsieT yNbloKa

Jlaxe ecnu ceanHbl, Kak CHer,
BoapacT — 310 eit-60ry oLInOKa,
Ecnu Mooz oyLioit 4enoBex.

MycTb N0GOBb HEPYLLNMA, KaK KPEnocTb,
[ycTb He CTapuTCs Cep/Le BOBEK,
BoapacT — 310 eit-60ry HenenocTsb,
Ecnu Mooz oyLioit 4enoBex.

PasBe COmnHLE y6aBUT CBEYEHbE,
Pa3Be 3Be3/bl 3aMeaNaT CBOV 6er?
Pa3Be BO3DACT UMEET 3Ha4eHbe,
Ecnu monon oyLioit enosek!
Jpy3bsi-0HONOM4aHe

NMPO®ECCOP NPUHA BAYECJIABOBHA PAKOBOJIbCKAA

Otmeuas 80-neTHuit roowmneit Upunesl BsueciaBoBHbI Pako00IbCKOM, OYEHB
XOYeTCs 00paTUTh BHUMaHME Ha €€ OCHOBHbBIE YepThl. MiprHa — 3TO 1iebHAas JINY-
HOCTb, KOTOpasl eCclii OepeTcsl 3a KaKoe-HUOYAb A0, TO CTPEMUTCS BBIITOJIHUTD
€ro HawiIy4iumM oopa3oM. B ee Jiekiusix Bce JOBEAEHO 10 IMOJHOIO MOHUMaHUSI:
OHa He HauMHaeT OOBSICHATD IIpeaMeTa, He TOBEIsI BCE 1O IIPOCTOI OCHOBHI.

CriekTp ee JesTeIbHOCTH HeoObluaiiHo mupoK. Ellle Oyayyu CTYZeHTKOM,
TaifHO OT poAuTesieli, OHa OKOHYMJIA KOy IapalllloTUCTOB, Ipolia Beaukyio
OTedyecTBEHHYIO BOMHY HayaJbHUKOM INTada KEHCKOTO aBMAIlMOHHOTO IIOJI-
ka. [To okoHYaHMM BOIHBI — CHOBa y4yeba Ha (u3MUecKoM (akyjbTeTe. YxXKe
B Ipollecce pabOThl Hal OUIUIOMOM OHa OOHapyXuja WHTEPECHbIC SIBJICHUS.
B acniupaHType oHa 3aHsIach 9KCIepUMEHTaIbHBIM u3ydeHreM cTBoJioB LITAJT,
MOJIy4nyia pe3yJIbTaThl, IIOKA3aBIIKWE, YTO HUKAKOM IIPOCTOM MOMEJIbIO CBOMCTBA
JIMBHEI HE ONMUCHIBaIOTCS. biiecTsinas 3amura — 1 CHOBa HalpsbKeHHasl padorta.
Maio 65110 11st MpunHbl BsaueciaBoBHEI OBITH 3aMeCTUTENIEM akaaemMuka BepHo-
Ba Ha Kaeape KOCMMYECKUX JIydeil, OHa cTajla OMHOBPEMEHHO I€KaHOM HOBOTO
daxkynsTeta MI'Y — dakynbpTeTa MOBBHILIEHUs KBaTU(MUKALMU TIperogaBaTeei
BY3oB, rae Bce mpuxoauaoch HAUMHATH ¢ HyIs1. OHA TakKe MPOoIoJKaia HayqYHYIO
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paboTy B 00JIaCTU KOCMMUYECKHUX JIydeil — BO3IJIaBUJIA TPYIIIY COTPYAHUKOB JISI
MU3YyYeHUsS] MIOOHOB KOCMUYECKUX JIydell ¢ MOMOIIbIO PEHTTEHOIMYIbLCUOHHBIX
KaMep, B KOTOPbIX HAOMI0AaMCh paiMallMOHHbIE TUBHU, CO3aBaeMble MIOOHAMU
B CBUMHIIEe. B pe3ynbTaTe MHOrONeTHEN pabOTHI €10 YCTAHOBJIEH HEPTeTUYECKUIA
CIHEKTp MIOOHOB B oOnactu 3Hepruii 4—10 T>B u HaiineHO ux yrjaoBoe pacrpe-
neneHue. B aTux paborax BIiepBbie MOJTYYEHO YKa3aHWe, UTO B 00J1aCTH BHICOKUX
sHepruii (Boie 10 T>B) umeeTcst TOMOJHUTEIbHBINA KaHaI FeHepallii MIOOHOB,
MOMMMO pacnanoB i-u 1 K-y, KakuMu-To OBICTPO pacnagalliMMUCS YacTUIIa-
MM, BO3MOXHO, YapMUpOBaHHBIMU. Ha 3TOM MaTepuasie Obla HamvMcaHa KHUTA,
a Mpuna BsuecnaBoBHa 3alliuTUIa JOKTOPCKYIO IMCCEPTALIMIO U cTajia Tpodecco-
pOM, 3aTeM MOJy4YrJia 3BaHUE 3acayKeHHoro rnpodeccopa MI'Y.

Ceiivac Mpuna BsuecnaBoBHa — wieH bonbioro YuyeHoro Coseta MI'Y,
3aMECTUTENb 3aBEAYIOLIEro Kadenpoit KOCMUYECKUX JIyueid 1 (PU3UKM KOCMOcCa,
MPOAOJIKAET BECTHU OOJIBIIYIO HAYYHYIO pabOTY MO U3YYEHUI0 KOCMUYECKUX JIyUeid.

Ho Bce 310 TOJIBKO OHA U3 CTOpOH TaslaHTOB MpuHbl BsiueciaBoBHbl. OHa
OIIHOBPEMEHHO KPYIHBIN CIELMAJIUCT B KyJUHApUU, Y Hee OOJbIIas CeMbs,
TaJaHTIMBBINA U CKPOMHBIN MyX JMutpuit Jlunae, ranantiusbie netu. OcobeHHO
MpOCIaBUJICA ee cTapllinii CbIlH AHApeit JInHae, pa3BUBIIMI MHOISILIMOHHYIO T€O-
puio BceneHHoli, BepHee, MHOXECTBO BApUAHTOB 3TOI 3aXBaThIBaloOILEH 001acTu
usukn.

CnoBom, Mpuna BsueciaBoBHa BcTpeuaeT cBoii 80-JeTHUI 100Uelt, OKpy-
>KEHHas JIIo0sI1Ieil ceMbei, COTPYTHUKAMU, IPY3bSIMU, U s XKeJalo il TONTuX JeT
TBOPYECKOTO 310POBbs U JaTbHEUIINX YCIIEXOB.
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H.I1. Unbnna, HH. Kanmbikos

[a, Ha [lopore NOKONEHWIA,

Ha nbInu pacTo4eHHbIX NeT,
TBOMX LLIAroB, TBOUX [BUKEHNIA
OcTancs HenaMmeHHbIii crep,

B. bptocos

0 PONW NINYHOCTU B UCTOPUK
(MHOHHbIN 3KCMEPUMEHT MrY)

BriepBbie Mbl mo3HakoMuauch ¢ MpuHoit BayecnaBoBHOI, Koraa yuuinuch
Ha 3 Kypce ¢usndeckoro dakynbretra MI'Y (Ha Kadeape KOCMUYECKUX Tydeit).
Torna MpunHa BsyecmaBoBHaA Besa 3aHSATHS B ClieIMaIbHOM IpakTukyMe. Ilo3na-
Hee, Korma MBI yke padotann B MI'Y, u Hame oOmeHUe ¢ Hell ctaio Oojiee
pPEeTYJISIpHBIM, a B MHBIE IIEPUOABI — IMPAKTUUECKU ITOCTOSHHBIM, IIPUIILIO IIOHU-
MaHHue TOTO, YTO B HaIIly XXW3Hb Bollea YeaoBeK, aKTUBHO BO3IEHCTBYIOIIUIA
Ha OKpYyXaloIllee ero XXM3HeHHOe IIPOCTPAHCTBO (IIPOU3BOJIBHON pa3MEPHOCTH ).
IMTopaxatoT u opraHu3allMOHHbIE cIOCOOHOCTU MpuHbl BssueciaBoBHBI, a TakKe
YIMBUTEJIbHOE YMEHUE B MaKCHMaJbHO CXaThle CPOKU aKKyMYJIMPOBATh CYIIIE-
CTBEHHYIO MH(MOPMAIIUIO, YTO MTO3BOJISIET €11 MPaKTUYECKU MTHOBEHHO IPOHUK-
HYTb B CyTh HOBOM 3aga4yu. [ToaToMy MoHATHO, 4TO MMeHHO MpuHe BsauecnaBoB-
He yIaJIoch TPOBECTH MIOOHHBIN 3KcTiepuMeHT MI'Y, o0beIMHUBIINI B CBOEH
paboTte mpenonasateneil Kadeapbl KOCMUYECKMX Jydyeil U COTPYTHUKOB psiaa
otnenoB HUUSI® MT'Y.

K Hauanmy ceMunecsaTbix ToI0B B MUpe Obljla HAKOIUIEHA 1Iejiasi CepUsl Pe3yJib-
TaTOB I10 U3YYEHUIO XapaKTePUCTUK MIOOHOB KOCMMYECKUX JIydell, ITOJydYeHHBIX
¢ IMIOMOIIIBI0 pa3HOOOPA3HBIX METONOB M YyCTaHOBOK. Hanbosee BaxkHbIe XapaKTe-
PUCTUKU MOTOKA MIOOHOB — 3TO MX 3HEPreTUYECKOE 1 36 HUTHO-YIJIOBOE pacIpe-
neneHus. CormacHoO yCTOSIBIIEHCS] KOHCEpBAaTUBHOM TEOPHH, MIOOHBI B aTMOC(e-
pe reHepupyIOTCs, B OCHOBHOM, IIpU pacIiajie MMOHOB U KAOHOB, 00pa30BaBIIIMXCS
B SNEPHBIX B3aMMOJEUCTBUSIX II€PBUYHBIX KOCMHYECKHUX YacTUIl (HYKJIOHOB)
C sSiIpaMM aTOMOB BO3[yXa B BEPXHUX CJIOSIX aTMOC(EPHI.

M3ydyeHne 5HepreTUYeCKOro CreKTpa MIOOHOB ITO3BOJISIET MOJIYYUTh BaXKHYIO
HHGOPMAIIMIO O XapaKTEePUCTUKaX IMEePBUYHOIO IOTOKA HYKJIOHOB, HampuMep,
0 MoKa3zaTeJie CTeIIEHU HaKJIOHA €ro SHEPreTUIeCKOro CIIeKTpa.

AHanu3 xapakrepa 3eHUTHO-YIJIOBBIX pacIIpelejieHHUII MIOOHOB HAaeT BO3-
MOXHOCTb OLIEHUTH HOJII0 KAOHOB B IIpolleccax I'eHepallud MIOOHOB IIpU pac-
Maae MMOHOB M KAOHOB WJIM Xe YBUAETh HajJWuMe MHBIX IIPOLIECCOB IreHepalin
MIOOHOB. JIe10 B TOM, YTO 3€HUTHO-YIJIOBBIE pacIpeneeHIss MIOOHOB, POXKICH-
HBIX B pe3yJbTaTe pacrana MUOHOB M KAaOHOB, OIMCHIBAIOTCS 3aBHCHMOCTBHIO
sec6, rae 0- 3eHUTHBIA yroj mpuxoaa MooHoB. CylliecTBOBaHUE IIPOLIECCOB MPS-
MOI1 reHepallii MIOOHOB B SIIEPHBIX B3aMMOMEHCTBUSX, CKaXeM, IPU pacrane
KaKMX-TO KOPOTKOXMBYIIIMX YaCTULI, IIPUBEAET K NU30TPOITHBIM 36 HUTHO-YTJIOBBIM
pacmpeneeHUsIM.
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B MIOOHHBIX 3KCHEpUMEHTax B 3TO BpeMs ObLIM TOJYyYEHbI CEIyIOIIUe
JaHHbIE. DHEPTeTUYECKUI CTIEKTP MIOOHOB ObUT M3MEPEH B 00JIACTU SHEPTUiA 10
102 3B mpu moMoII¥ MAarHUTHBIX CIIEKTPOMETPOB M U3 U3Yy4EeHUsI KPUBOIA MOIJIO-
IIEHUsI MIOOHOB B TpyHTe. [lokaszaTeslb CTeNeHM HAKJIOHA CIIEKTpa MEePBUUHBIX
HYKJIOHOB B 000MX MeToaax mojiydywiics paBHbiM 1,6+0,1, 94To M coriiacoBbiBa-
JIOCh ¢ KOHILIETIMe KOHCEPBAaTUBHOM TEOPUM TeHepallii MIOOHOB MPU pacriajie
MUOHOB 1 KaoHOB. B To ke BpeMs B padotax HUNAD MI'Y u ®U AH, ucnonb-
3YIOIIUX MOHU3ALIMOHHBIE KAJIOPUMETPHI /11 PEeTUCTpallM 3JIEKTPOHHO-(OTOH -
HBIX JIMBHEH, CO3MaHHBIX MIOOHAMM B BEILIECTBE KaJIOpUMeETpa, ObLIN IMOJTYYEHBI
JIOBOJILHO TOJIOTMe CIEKTPhl MIOOHOB B obyiactu sHepruii 10m-10133B. Cornacue
PE3YJIBTATOB 3TUX IKCIIEPUMEHTOB C JaHHBIMU, TTOJTYYEHHBIMU U3 U3YUYEHUS KPU-
BOIi TOTJIOIIEHNSI MIOOHOB B TPYHTE, TOCTUTAIOCh, €CJIM TPEAMNOJOXUTh CYIle-
CTBOBaHME HOBBIX MTPOLIECCOB reHepalli MIOOHOB (OTJIMYHBIX OT pacrana MMOHOB
1 KaOHOB) C 3Hepruei 6ompiie 1 TaB.

K Tomy xe, amepukanckuit pusuk JIx. B. Keiiddens Ha cBoeil ycTaHOBKe
B COJITHBIX KOTISIX MOJIYYWJ 3€HUTHO-YTJI0BOE paclpeeIeHUE MIOOHOB C 9HEPIH-
el ~2 ToB ¢ TOBOJIbHO BBICOKOI CTENEHBIO U30TPOIUU. 15T 00BSICHEHUSI CBOETO
pe3ynbTaTta Keliddeab npeanoioxui, 4To NoJ0BUHA MIOOHOB ¢ aHeprueit ~2 ToB
poXmaeTcs B Ipolieccax, OTJMYHBIX OT paciiajga MMOHOB U KAOHOB.

B Takoii mpoTuBOpeurBOil 0OCTAHOBKE BUAEJCS TOJbKO OAWH BBIXOH —
C03/1aTh YCTAaHOBKY, CIIOCOOHYIO M3MEPUTh SHEPreTUUYECKOE 1 3€HUTHO-YIJIOBOE
pacrpezejieHue MIOOHOB B MAKCUMAJIbHO IIMPOKOM JIMarna3oHe 36HUTHBIX YIJI0B
Iist obysactu sHepruit 1013—1014 »B.

3a BBINOJIHEHME 3TOU 3aaun U B3siach B Havase 70-x romoB MpuHa Bsuec-
JIAaBOBHA, U €i1 ynajaoch MpakTU4YeCKH peaan3oBaTh uaeu, passuteie I'.T. 3amnenu-
HBIM U €70 YUYCHUKaMU.

Huxkro ny4ie camoii MpuHbl BsiueciaBoBHBI HE CMOXET paccKas3aTb O TOM,
KaK MPOXOAWIH MePBbIe IIark 3TOT0 JOBOJBHO CJI0XHOTO SKCIEPUMEHTA, B KOTO-
POM Ha pa3HbBIX CTAAUSIX TPUHUMAJIU YYaCTHE U aBTOPbI STUX CTPOK.

HccnenoBaHust IpOBOAMIIMCH HA YCTAHOBKE, cOcTOs el 13 146 ° Tmy0oKux
CBUHIIOBBIX KAMEP, PACHOJOXEHHBIX B TOJ3€MHOM MOMEIIeHU MOCKOBCKOIO
MeTponoauTeHa nog yriramu 0°, 45° u 60° rpamycoB K TOPM30HTAILHOM TIOCKO-
ctu. Takasg KoHCTpyKuMs Kamep (nmpeanoxeHHas I'.'T. 3alienuHbIM) TO03BOJIsIa
C OAMHAKOBON 3((HEKTUBHOCTHIO PETrMCTPUPOBATH TOPMO3HbIE TaMMa-KBaH-
Thl, 00pa30BaHHbIE KaK BEPTUKAJbHBIMU, TAK U TOPU3OHTATIbHBIMU ITOTOKAMU
MIOOHOB, 1 OTIPEAEIUTh SHEPreTUYECKUE CIIEKTPHI U YIJIOBBIE paclpenesieHUs
MIOOHOB ¢ 3Heprueit Boile 2—3 TaB. Dkcnosunus POK cocrasuna 3,06—1017
rpaMM. cek. cTep. Bcero 3a roabl 93KCo3ULIMK OBLIO 3apeTUCTPUPOBAHO OoJiee
20 ThICSIY 3JAEKTPOHHO-(GOTOHHBIX KackanoB (DPK), uz Hux — 6onee 8500
DOK, o6pa3zoBaHHBIX TOPMO3HBIMU (OTOHAMU ¢ dHeprueit Gosbuie 2 TaB.
Briiy moJsiydeHBl YIJIOBBIE pacrlpeicieHUs] U TJ00adbHBI SHEPreTMYeCKUit
CIIEKTp MIOOHOB B auamna3zoHe yrjoB 0—89 rpaaycoB c sHeprueit 3—50 TaB,
a TakXe paslesibHO CIEeKTPhbl KackaaoB OT BepTukajabHoro (0° — 60°) u ropu-
3oHTaNbHOTO (60° — 89°) MmoTokoB MOOHOB. Kak mokaszaau pacyeThl, BHIIIOJ-
HeHHble JI.B. BoiikoBoli, TOpM30HTaNBHBIM MOTOK MIOOHOB B 00J1aCTH SHEPIUiA
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1o 50 TsB npakTuyecku HEUYBCTBUTEJIEH K 10JIe MIOOHOB OBICTPOIi FeHEpalluu
U OTpaXaeT CHEeKTP MMOHOB U KAOHOB, POXACHHBIX MPU SIAEPHBIX B3aUMOIEi1-
CTBUSIX IEPBUYHBIX HYKJIIOHOB.

AHaJIN3 TOPU30HTAJIBHOIO 9HEPTETUYECKOTO CIIEKTpa IMoKa3aJj, YTO 3HaUECHUE
MoKasareJjis CIieKTpa IMMOHOB U KaoHOB coctapigeT ynK=1,68 + 0,05. CoorBer-
CTBEHHO, ITOKa3aTeJIb CIIEKTPa MePBUYHBIX HYKJIOHOB IOJIydeH paBHbIM YN=1,65
* 0,05. B To ke BpeMsi ObUIO TOJYYEHO YMOJIOKEHUE BEPTUKAIBHOIO CIIEKTpa
MIOOHOB IpU 3HaueHUsx sHeprum Oosiee 20 TaB, ykaswiBaliee Ha CyIIECTBO-
BaHME IPOLIECCOB OBICTPON reHepallii MIOOHOB. DKCIEPMMEHTAbHbIE TaHHBIE
MO YIJIOBOMY pacIpeeieHUIO U CIIEKTPY BEPTUKAIbHBIX MIOOHOB COTIJIaCOBbIBA-
Juchk ¢ pacuetamu JI.B. BoakoBoil mpu AOMyIIEHUU AOJM Te€HEepaluu OBICTPBIX
M100HOB (0,2—0,4)% OT MMOHOB TO#l XK€ DHEPTUMU, YTO COOTBETCTBYET CEUEHUIO
POXIEHUST OYapOBaHHBIX aIPOHOB OC ~ 1—2 MO MpY SHEPTUSAX MEPBUYHBIX HYKJIO-
HoB — 100 TaB.

OnHako X0TeJIOCh YMEHBIIUTh CTATUCTUYECKHE OIIIMOKH, TIOJTyYEHHbIE B 3HA-
yeHUsX YN M OC MPU pa3aeqbHOM PACCMOTPEHUM 3HEPTETUYECKOro W YIJIOBOTO
pacnpenenenuil. dna storo I'eopruit TumodeeBuu 3auenuH u MpunHa Bsuec-
JIaBOBHA TPEMJIOXUIM MTPOBECTU MHOTrOIMapaMeTpUIeCKUil aHaJIN3 dKCITEPUMEH -
TaJbLHOTO MaTepualla Mo 3HePreTUUeCKU-yrioBbeIM pacnpeaeneHusm DK, Takoit
aHanu3 TpedoBas 0oJiee MOAPOOHBIX TEOPETUUECKUX PaCIIpeNeeHU, YeM MOX-
HO OBbLIO HAiTU B OIyOJIMKOBAHHBIX PabOTaX, MO3TOMY MbI IIPEANIPUHSIIIA pacyeT
nuddepeHIMaNTbHBIX SHEPreTUYECKH-YTIIOBBIX pacipeaeaeHii MiooHoB 1 DK,
reHepupyeMbix MiooHamu B POK.

B pesynbrare MpoBeneHHOro aHajlu3a ObLUIO MOJYYEHO 3HAaUYeHWEe MoKa3aTe-
JISI CTeTICHU CIIEKTpa NMepBUYHBIX HYKJIIOHOB YN =1,64 +0,03, 4TO COOTBETCTBYET
BesmunHe YnK=1,67%0,03 u sacdpdexTuBHOMY ceueHro oc=1,7+0,5 MO/HYKJIOH,
€CJIM OLIEHMBATh CEYEHUE TeHepallii YapMa npu sHepruu HykjioHa 100 TaB. los
OBICTPBIX MIOOHOB, ompenesgeMas TPaIULIMOHHBIM 00pa3oM, IO OTHOIIEHUIO
K J10Jie TMOHOB MeHsteTcst rpu 3ToM oT (0,26+0,08)% nipu sHepruu MIOOHOB paB-
Hoit 5 T3B 10 (0,33%0,10)% npu sHeprumn miooHoB 40 T3B.

Yb6enutenbHoe n0Ka3aTeNbCTBO BIMSHMSI T€HEpallMyd YyapMma JaeT 3aBUCH-
MOCTb OTHOILIEHUs Yucia BepTUukaabHbIx DPK (0°-60°) K yncTy TOPU3OHTATBHBIX
DDK (60° — 89°) ot sHepruu Kackana Ey. Takoe nmpeacraBieHre TaHHBIX (BecbMa
ynauyHas Haxoaka MpuHbl BsueciaBoBHbBI) HAMMEHEe YyBCTBUTEIbHA K METOTUYE-
CKMM TOTpEelIHOCTIM Mpu ornpeaeneHnu sHeprud B POK. Beanuuna P(xr) paBHa
-0,1 u <10—5 119 BapMaHTOB pacyeTa COOTBETCTBEHHO C YYETOM M 0e3 yueTa reHe-
paiuu yapMma.

TakuM 00pa3oM, aHaIU3 IKCIEPUMEHTAIBHOIO MaTepraa 1Mo 3HepreTuye-
cku-yrnoBbiM pacripeneneHusM DPK B POK ykasbiBaeT Ha 3HAUMTEIbHbBIM BKJIa]
MIOOHOB, POXIEHHBIX MPU paclaje YapMUPOBAHHBIX YACTUII, U JAET XOpolllee
corjacrue 3KCIEPUMEHTAJbHBIX JAHHBIX C KOHCEPBAaTHMBHBIM IpEACTaBICHUEM
0 HaKJIOHe TIepBUYHOI0 3HepreTnyeckoro crnekrpa YN =1,64+0,03 B sHepreTuue-
ckom uHTepBane 20—200 T>B.
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EA. Myp3nna
BOCIMOMWUHAHKUA O NPOLLJIOM

ITocne okoHuyaHus pu3UUecKoro akynabTeTa 51 OblIa pachpeneicHa Ha “00b-
ekT BepHoBa” — Takoe KomoBoe Ha3BaHue ObI0 B TO BpeMss y HUDU-2 MTI'Y. Cep-
reii HuxkomaeBnd mpeiosKuil MHE MECTO JiabopaHTa B IMPAKTUKyMe IT0 SIIepHOIM
(usuKe, rme HaYMHAJIA CO3aBaThCs KOCMUYecKast labopatopusi. BoT TaM-To B KOH-
ue 1951 rona s1 mo3Hakomumack ¢ MpuHoii BsiuecnaBoBHoil Pakobonbckoit. [To3Ha-
KOMMJIACh BOOYMIO, a CJIBIIIAJIA SI O HEll MHOTO paHbIIIe, elle Oyaydn CTyIeHTKOIA.
Mexay MOMMM TTOApPYyraMA-OTHOKYPCHULIAMY BEJINCh BOCTOPKEHHBIE Pa3rOBOPHI
0 TOM, 4TO Ha (haKyJIbTeTe yYUTCsI TeporHs Beamkoit OTeyecTBEHHOM BOMHBI, IITYP-
MaH, HayaJIbHMK IITaba X€HCKOro aBMAllMOHHOTIO I10JIKa. Bcem OBIIIO MHTEpecHO
IIPOCTO YBUIIETh €€, IIOrOBOPUTh ¢ Heil. Ho MHe He 1moBe3io, HM pa3y 10 OKOHYa-
Hus1 pusmyeckoro ¢akyiabTeTa s1 HUTAe ee He BeTpeTwia. Bel mpencrapisiere, Kak
s1 ObIJIa YIUBJIEHA, TIPOCTO OIIEIOMIICHA, KOTIa 0Ka3aJloCh, YTO MOUM OJIVKAWMIIINM
ToBapulleM 1o padote Ooyaer MpuHa BsiuecnaBoBHa Pakobosbekas. B MmoeM npen-
CTaBJICHUM paHbIlIe CIOXUICA 00pa3 repondyecKoi, sKeCTKOU KEHIIMHBI, TOpaoi
1 HETIIPUCTYITHON. A B HEHCTBUTEIHLHOCTA OHA OKa3ajach YIWBUTEIHHO MSTKOM,
BHUMATEJILHOM, CTapaloleiicss BceM ITOMOYb JOOPEIM COBETOM U JIEJIOM.

KocMuueckast abopatopusl sIepHOro MnpakTukymMa B To BpeMs (1952—53
IT.) TOJBKO CO3[1aBajlach U HAaC B Hell ObLIO Tpoe: accucteHT MpuHa BsiuecnaBoB-
Ha PakoOoJjibckasi, 1 — crapiuuii 1adopaHT 1 Hukonait AnekcaHapoBuy 3eHUH —
He3aMEHUMMBII Halll TOMOIITHUK, MEXaHUK, TabopaHT, MOHTaXKHHK, MacTep Ha BCe
PYKHU.

Mpbl paspabaThiBaiyd, IIPOEKTUPOBAJIM, CO3JABAJIM YCTAHOBKU, KOTOpPEIE
IMOTOM Mepeexaar B HOBOe 31aHue pu3ndyeckoro akyabreTa Ha JICHUHCKUX ropax
U CTaJI IIpoodpa3aMu TeX, KOTOPHIE M ceifuac COCTABIISIIOT ITPAKTUKYM 110 KOCMU-
YeCKHM JIydaM

B HalieM ManieHbKOM KOJUJIEKTUBE, cKopee Bcero oyiaronapst Upune Bsuecna-
BOBHE, CO3[aJIMCh TEIUIbIC, IPYKEII00OHbIE OTHOIIEHMS. 4 3Ke Bce BpeMsI UyBCTBO-
BaJla HEHaBSI3UMBYIO OITEKY CO CTOpOHBI MpuHbI BsiueciaBoBHBI: TO OHa JIaBaja
HY>KHBIE COBETHI 10 paboTe, TO YUMIIa XKUTEHCKOM MyIPOCTH, TO IIPOCTO yrouiajia
BKYCHBIM IIPOTOM M paccKa3bIBajla eTo pelellT CO BCeMU HIoaHCaMU.

K 1954 rony KocMUYeCKUi MPaKTUKYM B OCHOBHOM OBLIT Y€ CO3[aH, S U3
craplirero jlabopaHTa crajla CHavyaja WHXXEHEpOM, 3aTeM acCHCTEHTOM Kadeaphl
KOCMMYECKHUX JIydel M cekpeTapeM Kadeapbl. Mbl HaGpaian OIBIT 3KCIEPUMEH-
TaJIbHOU paboThI M 3aayMalich o Oyayiiem. He 3Haro, Kak rojiyuniaoch, Ho MpuHa
BstuecnaBoBHA Havaia BeCTH HayYHYIO paboOTy B KocMUYecKoli 1aboparopun U
AH non pykosoactBoM I'.T. 3anenuna u C.U. HukoibcKoro, a moToM U MeHs
OHa co0J1a3HWIA TIEPCIIEKTUBOM MHTepeCHOM paboThl M1 poMaHTUKOM [Tamupckmx
SKCIIEIULIANA.

B 1955 roay Mbl ¢ Heit moexanu Ha BocTtouHslit [Tamup, B ypounine YeyeKThl,
rae osuta 6aza ®MAH u roe tox pykosoactsoM C.M. HukoibcKoro co3naBaiach
YCTAHOBKA IO MCCAEAOBAHUIO IIUPOKUX aTMOC(PepHbIX JuBHel. CnaBHOe ObLIO
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BpeMst! CIIoXXWIICS IPYKHBIN U BeCeJIblid KOJJIEKTUB, B KOTOPOM OYE€HbB JIETKO OBLIO,
U XUTb, ¥ paboTatb. Mbl ¢ MpuHoit BsyeciiaBoBHOI MOCENUIMCH B OMHON KOMHa-
Te, TJe OYEHb XOPOILIO MPOXUIN BMECTE OKOJIO TPEX MECSIIeB, BCELIEeJIO OTAaBasICh
cBoeli paboTe. Mbl U3ydaay BO3AYIIHbIE JIMBHU Kaxaas CBOMM MeToaoM, Mpuna
BsuecnaBoBHa nmpumeHsiia Kamepy BuiibcoHa, a 1 — Oobllie MOHU3ALIMOHHbBIE
KaMephl.

®otorpaduto 3;1eKTpOHHO-(HOTOHHOTO Kackaaa B Kamepe BuibcoHa, moiry-
yeHHy10 UpuHoii BsauecnaBoBHOI, 10 CUX MOP MOXHO BUIETh Ha CTEHE HaIlleTo
KOCMUYECKOTO MPaKTUKyMa.

C Tex mop Mbl TaK UM UAEM 10 XXM3HU PSIIOM, HU pa3y He TMOB3IOPUIM 3a
48 et coBMecTHOM paboThl. U Bcerna nuaep B HameM ayate MpuHa BsayecnaBos-
Ha PakoOosbckas.
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C.MU. Hukonbckui

NAMUPCKAS 3KCNEAULIUA ®UAH 1955 TOJIA

DKCIlepUMeHTaIbHbIe HWCCIIENOBAaHMSI IIMPOKMX aTMOCGEpPHBIX JIMBHEH
B namupckoit akcneanumu @UAH ocennio 1955 roga Ha Beicote 3860 M Ha ypoB-
HEM MOpPS$ 0Ka3aJuCh IJis MEHS TePUOIOM KaxX10AHEBHOro ooueHus: ¢ MpuHoit
BsuecnaBoBHOI Pako00JIbCKOM, UTO MOBIMSIIO HA MOCEAYIOLIYIO0 OpraHU3alKIo
9KCIIEPUMEHTOB B 9KCHEAULIMOHHBIX YCI0BUSIX B ropax. Hac cyliecTBeHHO pa3iu-
YaJl OIbIT pabOTHI.

It MeHs1 3To Oblja aeBaTas dKcreauuus Ha ITaMUpcKyio BBICOKOTOPHYIO
cranumio ®UAH, cTpouTenbcTBO KOTOPOil B Oojice YeM TpexcTaxX KMJIOMeTpax
OT XKeJIe3HOUM Joporu 3aBepiuuyioch B 1947 romy Bo BpeMsl BBIIIOJHEHUSI MHOIO
JUILIOMHO paboThl 1oa pykoBoacTBoM H.A. [loOpoTrHA, U 4eTBEPThIii roJ pado-
ThI TT0 HOBOI MTpoOJIeMe: Pa3BUTUE U MOTIJIOLIEHUE IIIMPOKUX aTMOCHEPHBIX JIUB-
Hel, KOTOpble K MOEMY BXOXKIEHUIO B 3Ty TEMATUKY y>Ke Hadyalu pacCMaTpUBaThCs
KakK 3JIeKTPOHHO-(OTOHHAs KOMIIOHEHTa aJlpOHHOIO Kackaja, reHepupyeMoro
B aTMOcdepe.

st Upunbl BsyecnaBoBHBI KPYTJIOCYTOYHBIN PeXXUM HAOMIOAEHUN 1IIUPO-
KMX aTMOC(EpHBIX JIMBHel ¢ Kamepoit BuiabcoHa o3Hayajl Heu30exXKHble HOY-
HbIe JeXYpPCTBa, YTO COBEPILIEHHO HECBOMCTBEHHO paboTe Ha yueOHOI Kadeape
MT'Y, u Mor JuiIb HAallIOMUHATh €ii BoeHHbIe rojabl. MHBIMU, YyeM Ha Kadenpe,
OBIIM YW OTHOILIEHUS CO CTYAEeHTaMM, COCTaBJISIBLIMMU OCHOBHYIO, Haubo-
Jiee aKTUBHYIO 4acThb DKCHEAMIIMOHHOrO KoyuleKThBa. IToBOIOM M OCHOBHOI
MpuYnHOM ydactusi MpuHBI BsgdyeciaBoBHBI B SKCHEAUIUM OBUIO BKIIOUECHUE
B U3MEPUTEIbHBINA KOMILJIEKC YHUKAIBLHO OOJBIION IIJISI TOTO BPEMEHU KaMephl
BunbcoHna, crrenmanbHo paspaboranHoil B ®UMAH misg peructpaniii B3anMo-
JIeACTBUI 3JIEKTPOHOB, (DOTOHOB U aIPOHOB BHICOKOI SHEPTUHU, COCPEAOTOUEH-
HBIX B CTBOJIaX JuBHel, MpuHa BsyeciiaBoBHa yXXe yJacTBOBaja B UCITBITAHUSX
aToii KaMepbl B MockBe. OgHako 3aKa3unMKoM 3Toi KaMephl O0bu1a ITamupckas
SKCHeAULIMs, 1a U CTaTUCTUUECKMII MaTepuasl HaKalUIMBaJICcsl Ha YPOBHE MOPS
CJIMILIKOM MEJJICHHO.

WHTeHCUBHOE pa3BUTHE MCCIACAOBAHWI ITUPOKUX aTMOC(EpPHBIX JTUBHEN
Ha [Tamupe HaunmHanoch no nHuumatuee I'. T.3auenuHa. Mos nepeopueHTaLUs
Ha 3Ty TeMaTUKY COBIIaJa C BHEAPEHUEM B 3TU IKCHEPUMEHTBI MPEAIOXKEHHBIX
JI.LH. KopabieBbIM rogoCKOIMUYECKUX CXeM, B KOTOPBIX MCIIOJb30BaIUCh Ia30-
pas3psiiHble MajoradapuTHBIE JIAMIIOYKU C XOJOAHBIM KaTOAOM, YTO MO3BOJISLIO
co3gaBaTh MHOTOKaHaJbHbIE, 00Jiee YeM Thicsya KaHaJloB, CUCTEMbI perucTpaluu
3JIEKTPOHOB 11 MIOOHOB B HAOJIOAEHUSX IIIMPOKUX aTMOCGhepHbIX JuBHeil. Hauu-
Hag ¢ 1952 roma B cocTaBe MaMUPCKUX DKCOEAUIIMI Oblja BBIIIOJAHEHA Cepusl U3
JecsiTKa 3KCIEepUMEHTOB IO UCCAeA0BAHUIO MPOCTPAHCTBEHHOTO pacnpeacaeHuUs
BJIEKTPOHOB, MIOOHOB U SIAEPHO-aKTUBHBIX YACTHMII B ITMPOKMX aTMOCGHEPHBIX
JINBHAX ¢ TTepBUYHOM sHepruei 1015—1016 3B. OcHOBHY0 4acThb KCCIIEA0BATEb-
CKOT0 KOJIJIEKTUBA COCTABJISUIN CTYASHTBI YETBEPTHIX U MATHIX KYPCOB (DU3NUECKO-
ro (pakynpreta MI'Y 1 ApyrMx UHCTUTYTOB.
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PesyabTaToM 3KCMEAUIIMOHHBIX PaOOT OBLIM JaHHBIE, TOJydaeMble MpU
HaJleXKHOI OMHOBPEMEHHOM paboTe BCceX BXOASIIMX B YCTAaHOBKY ITpruOopoB. JlaH-
HbIE O KaXIOM IIHPOKOM aTMOC(hepHOM JIMBHE 3alMCHIBAIUCH B BUIe Oojiee cTa
YUCOBBIX 3HAYEHUI TJIOTHOCTU MOTOKA 3JIEKTPOHOB M MIOOHOB Ha Pa3IMUHBIX
pacCTOSIHUAX OT 1ieHTpa (OCHM) JIMBHS, HECKOJBKO NECSITKOB BEJIMYMH MOHU3a-
LIMM B MOHM3AIIMOHHBIX KaMepax, paclojOXKEeHHBIX IO/ pa3IuuyHbIMU (UIBTPa-
MM, B KOTOPBIX TEHEPUPYIOTCS U TTOTJIOIIAIOTCS KacKaabl aApPOHOB U 3JIEKTPOHOB,
1 oTtorpaduu pa3BUTHS KACKaJ0B 3apsoKeHHBIX YacTull B Kamepe Bunibcona. Otu
JAHHBIE COIMOCTABISUIUCh C PAa3IUYHBIMU TEOPETUYECKUMM WM TPyOO MOACIIb-
HBIMM XapaKTepHUCTUKAMHU IIMPOKMX JuBHel. HempaBunbHasi pabora i1000ro
MHMOPMAIIMOHHOTO KaHajla Ha YCTaHOBKE MCKaxaja 3KCIepUMEHTabHbIC AaH-
HbIE BCEI YCTAHOBKU, YEM M OMIPEIE/ISIIMCH BHICOKUE TPEOOBAaHMS KO BCEM yyacT-
HUKaM 3KCIEPUMEHTA, K KOJIJIEKTUBY, TPUOJIM3UTEIBHO MOJIOBUHA KOTOPOTO y4a-
CTBYeT B BBICOKOTOPHOI 3Kcneauiuy Brepsbie. B rpymne Mpunsl BsaueciaBoBHBI
OoJibliIasi YaCTh COTPYAHMKOB BIIEPBbIE YUaCTBOBAJIA B TaKOil paboTe ¢ TpubopoM,
JUIS1 KOTOPOTO HEOOXOIUM CTaOMJIBHBIN TeMITepaTypPHbI PEXUM B JIETKOM IIIUTO-
BOM JIOMMKeE TIpY 0oJiee YyeM ABaAllaTUIPadyCHOM PAa3IWYMK THEBHBIX U HOUHBIX
TeMIIepaTyp 3a ero CTeHaMH.

Tenepsn, 6onee yem yepe3d 40 jeT, I HE MOMHIO KaKUX-JTMOO OCIOXHEHUM
B paborte rpymnnbsl MprHbl BssueciaBoBHBI, XOTSI OHU, HECOMHEHHO, ObUTU. bblin
00JIe3HU COTPYIHUKOB €€ TPYIIbl, ObUIM TTPOOJIEMbI B CBA3U C TEMIEPAaTypHBIM
peXXuMoM nomelieHus. JIMIIb Ternephb 1 MOTY OTHECTH OTCYTCTBUE O0I1IeTO Hampsi-
>KEHMST BCEX YYACTHHUKOB 9KCIIEPUMEHTA, CBI3aHHOTO C BKJIIOUEHUEM B SKCIIEPU-
MeHT 1955 rona 60Jbl110# 1 Kanpu3HO Kamepbl BuibcoHa, pealbHO K HE3aBUCH -
MOCTH pabOThl YCTAHOBKM OT KaripU30B KaMepbl BusibcoHa. Takast HE3aBUCUMOCTh
ObLj1a CBSI3aHA C TEM, YTO MHTEPEC K KapTUHE JIMBHS B Kamepe BuibcoHa Bo3HUMKa
JIMIIIb B MIPOLIeCCe aHaIM3a MOJYyYeHHBIX 9KCTIEPUMEHTAbHBIX JaHHBIX, a BO Bpe-
MsI BCEX BHE3AIHBIX HEMOIaI0K B paboTe ¢ Kamepoii BuiibcoHa HUKaKue MO0~
HaJIbHbIE B3PBIBBI HE BHIXOIWJIN 32 CTEHBI (DAHEPHO-IIIMTOBOTO IOMUKA, Te pado-
taja rpynma UpuHsl BsueciaBoBHBI.

B 1956 u mocnenyrouye roabl UCCIEIOBAHUSI DHEPreTUYECKOTO CIIEKTpa
3JIEKTPOHOB 1 (DOTOHOB B CTBOJIAX IIUPOKUX aTMOCQEPHBIX JTUBHEN C TTOMOIIBIO
KaMmepbl BunbcoHa 3aBepmianuchk B MockBe Ha teppuropun @UAH. Tak xak
YaCTUIIbl BBICOKOW DHEPIMU B CTBOJIAX JMBHEN B HUXXHEN TMOJOBUHE aTMocde-
pbI HAOIIOAIOTCS, TJIABHBIM 00pa30M, B CIy4asx reHEPUPOBAHHBIX TIEPBUYHBIMU
MPOTOHAMHU TIPY MPOXOXACHUM UX B TIYOUMHY aTMOCepbl, TO SHEepreTuYecKue
CIIEKTPHI YACTUII B CTBOJIAX JIMBHEHM OKa3aIMCh CJIA00 3aBUCAILIMMU OT LJIyOUMHBI
HaOJoneHult B atMocdepe, 1o KpaitHell Mepe, B UHTEpBaJle SHEPTUIA MePBUYHBIX
npotoHoB 1014—1015 3B, yTo 1 o6¢cyxaanock Ha MexamyHapoaHO KOH(pepeHIIN
o KOCMUYeCKUM JiydaM B 1959 rony B Mockae.

Hnst meHs xe pabora Ha [Tamupe B 1955 rony ¢ yuactuem Mpunsl Bauecna-
BOBHBI 3aITOMHUJIACh TTPUMEPOM BO3MOXKHOCTH CITOKOMHOU paboThl B CIIOXHOM,
peajibHO HelpeacKa3yeMoil CUTyalluu.
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JIN. CapbiyeBa
NPYXECKAf 3AMETKA

Wpuny BsauecnaBoBHy PakoOoOJbCKYIO s YBUAEIA BIIEPBbIE B MPE3UAUyME
KOMCOMOJILCKO KOHepeHIU dusndeckoro ¢axkyiasrera MI'Y B 1945 ronmy.
B BoeHHOIT hopMe ¢ opaeHaMM Ha TpyIU OHA BBIIILIA IO aIllJIONMCMEHTHI U BOC-
XUIIeHHBIC B3MISIALI aymiuTopuu. B TO Bpemst oHa onmiieTBopsijia coboit oOpa3
JIeBYIIKY- TepOosi U yIUBUTEIbHBIM 00pa30M rapMoHupoBaia ¢ armochepoii [Tobe-
IIBI, MOJIOIOCTH M HaleXXAbl, IapUBIIEH B HaIlleil CTymeHYecKol cpeae. S He Mory
M1CaTh O ¢ TePOMYECKUX MOABUTaX BO BpeMs Benmmkoii OTedecTBEHHOI BOIHHI,
T. K. He OblIIa OYEBUAIIEM 3TUX COOBITHII, HO S MOTY OITMCaTh, KaK CKJIaIBIBAINICh
HaIlld OTHOIIIEHMS TIOCJIe BOITHBI, KaKylO POJIb OHU ChITPaIM B MOE XKMU3HU U KaK
CJIOXXMJICS B MOEM IIPEAICTaBICHIUU 00pa3 3TOro YINBUTEILHOTO YeJIOBEKA.

Bckope nocrie ee aeMoOuIM3ay 13 ApMHUM 0Ka3aJioCh, YTO OHA OyaIeT MPOI0J-
XKaTh IIpepBaHHOE BOHOI 00pa30BaHME Ha TOM 3Ke Kypce, Ha KOTOpOM YUMJIach U 1.
MbI okoHUYWIH (pu3ndeckuii pakynbTeT B 1949 rony. OHa octanack padboTaTh Ha (PU3H-
YecKoM (DaKymnbTeTe, a s IMMOCTYITIIA B acMpaHTypy PU3NIecKoro MHCTUTYTa AKase-
mum Hayk uM. I1.H. JleGeneBa 1 Ha HeKOTOpoe BpeMsI HAalll KOHTAKTHI ITPEPBaJIiCh.

Cynbba cBesla Hac CHOBa CITYCTSI HECKOJIBKO JieT, B 1955 romy. K aTomy Bpeme-
Hu Mpuna BsigecnaBoBHaA pomwia M BOCIIMTBHIBAJIA JIBYX 3aMedaTelbHBIX CHIHOBEIA,
paboTajia acCUCTEHTOM Ha Kadeape KOCMIYECKHX JIydeil 1 (pU3nKU KocMoca (pru3n-
YeCcKoro (pakybTeTa, a s Iocjie OKOHYAHMST acIIMPaHTyphl ObUIA TIPUHSTA Ha paboTy
B HUMUAD MI'Y u yuactBoBana B coBMecTHEIX ¢ DMAHoM mccienoBaHusIX IIMPO-
KUX aTMOC(epHBIX JMBHeM 1o pykoBoacTBoM I'. T. 3auenuHa. B ogHoli 13 BcTpeu
Ha ceMIHape 1abopaTopnn KocMudeckux jiydeit @M AHa, pykoBonrMoM 3aB. Kade-
npoui mpodeccopom C. H. BeproseiM, MpuHa BsiuecnaBoBHa oOpaTuiiach KO MHE
C BOIIPOCOM, HEe MOTY JI1 ST IOPEKOMEHIOBaTh, B KAKOM KOJIJIEKTUBE CTOUT €ii IIpo-
JOJDKUTh 3aHMUMAThCS] HAyIHO! paboTo. 4 TIpeUIoKIIa BKITIOYUTRCS B HAITy HAyd-
HYIO TPYIITY, TA€ MBI 3aHUMAINCh U3yIeHEM 3JIEKTPOHHO-(POTOHHOM KOMITOHEHTHI
IIAPOKMX aTMOCGEPHBIX JIMBHEN C TTOMOIILIO OOJIBIIOI KaMepbl BuibcoHa, comep-
Kallle HeCKOJIbKO CBMHIIOBBIX ITIJIACTUH. YCTaHOBKA pabdoTajia B MOCKBe Ha Teppu-
topri @MAHa 1 HaszbBanach «lllecTUrpaHHUK», T.K. CYSTUYMKH JJIST PETUCTPALII
IIAPOKMX JIMBHEU PACIIOJIarajlich IT0 BEPIIMHAM 3TOM (PUTYPHI, a B LIEHTPE IIECTH-
rpaHHUKa TTOMeNIaIach MHOTOIUIACTUHYATAs KaMepa BribcoHa.

DT0 OBUIO HavyaJioM HaydHOI paboTel MpuHEI BadecmaBoBHEI 1 HECKOJBKO
cTaTeil Mo UCCACAOBAHMUIO CBOMCTB 3JIeKTPOHHO-(MOTOHHONM KOMMIOHEeHThl ITTAJT
BCKOpEe OBbLIM OITyOJIMKOBAaHBLI M CTAJIM OCHOBOM €€ KaHAMIATCKOM TMCCepTaILnH,
KOTOpPYIO OHa 3amuTwia B 1962 rony.

3aTeM HECKOJIBKO JIET MBI peIKO BCTPEeUaJINCh ApyT ¢ ApyroM. ITocie okoHYa-
HUS acTIUpaHTypHI B 1954 rony s ctana pabotats B HUMAD MI'Y B maboparopum
KOCMMYECKUX 1yueit, a UpuHa BsuecnaBoBHa — Ha Kadeape KOCMUIECKUX JIydeii.
B penxue BcTpeun, KOTOpEIE CYYAICh Ha CEMMHApaXx 110 GU3NKe KOCMUIECKIX
nyueit B @MAHe, oHa moka3biBaja MHE, HACKOJIBKO BaxKHO, OCOOCHHO TSI 3KEH-
IIMHBI, 3aHUMAaThCSI TTeJaroTUIeCcKoil paboToM, ¥ CKJIIOHSIIa MEHSI K MBICJIH O TIepe-
XoJIe Ha Kadeapy KOCMUUYECKUX JIydeid, TIe OHa B 3TO BpeMs ObLIa JOILICHTOM.
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OO0CTOSATENBCTBA CIOKUINCH TaK, 4TO B 1964 roay g nepelivia Ha Kadeapy Koc-
MMYECKMX JIy4eit, M ¢ TeX op MBI paboTaeM BMecTe. be3 npeyBennueHst MOTy cKa-
3aTh, YTO HABBIKM ITeJarorn4eckoii padoThl MHe ObUIM NpenogaHbl MpuHoii Bsaec-
JlaBoBHOM. OHa HaydMJia MeHsI, KaK HaJllo B3aMMOJEHCTBOBATh CO CTyIeHTaMU, KaK
JIOOMBATHCSI TOTO, YTOOBI TBOU JIMYHBIE MHTEPECHI COBIANAIA C OOIIECTBEHHBIMU —
TOrJa ycreX BCSIKOTo nejla rapanTupoBaH. Ilemarormyeckuii TamanT Mpuabl Bsyec-
JIAaBOBHBI ITPOSIBJISIETCS HE TOJIBLKO ITpU pabOTE CO CTYAEHTAMU, €To OLIYLIAIOT Ha cebe
BCE COTPYIHUKU Kadeapsl. B uem cyTb ee megarornyeckoro mnoaxona? Ao, mpexae
Bcero, TpedoBaTeIbHOCTh. CTiib Pakobobekoit — xecTKuil cTuiib. BMecTe ¢ TeM 3a
>KE€CTKOCTBIO CKpbIBAETCS 10OpOe OTHOLIeHUE K oasiM. MpuHa BsiueciaBoBHa CBO-
MMM MOCTYNKAMU1 Haydmryia MEHSI, YTO HeJIb3s OTKJIAAbIBATh PellieHe BOIIPOCca, €CIIN
OH CBSI3aH C YeJIOBEKOM. DTO OLIYTHJIM Ha ceOe, s Iymaro, Bce COTPYIHUKHU Kade-
Iphbl. JloOpoxkenaTenbHas U TBopUyecKasi aTMocdepa, KoTopasl CIOXWIAch Ha Kade-
Ipe — 270 Oe3ycyioBHas 3aciayra UpuHbl BsiueciaBoBHBI.

A TIOMHIO, KaK HAaYMHAJIAaCh e JesITeIbHOCTh 10 M3YYEeHUIO0 MIOOHOB B KOC-
Muyeckux jgydax. [Tpexme yem B3sITbCS 3a OpraHU3alnI0 3TON paboThl, B KOTOPOMA
OCHOBHBIMH JIETEKTOPaMH MIOOHOB JTOJDKHBI OBUTH CJTY>KUTh PEHTTEHOIMYJIbCUOH -
HbI€ TJIEHKM, OHa MHOTO pa3AyMbIBajia, COBETOBaach C aBTOPUTETHBIMU (DU3MKa-
mu. Korga xxe oHa B3sij1ach 3a pellieHue 3TOU Mpo0eMbl, 1eJI0 3aKUIIEIIO.

Perucrpanust MIOOHOB ¢ TIOMOIIBIO PEHTIEHO3MYJILCUOHHBIX KaMep, paclio-
JIOKEHHBIX TI0J, 3eMJIei B MMOMelIeHNsIX MOCKOBCKOTO METPOITOJIUTEHA, SIBUJIACh
YHUKaJIbHOU paboToii. HUKTO B MUpe He UCITOIb30Bajl 3TOT METOI IS PETUCTPA-
LIV MIOOHOB M ompenesieHus ux sHepruu. [loTpedoBaicst KpONOTIMBBIN TPY,
Oosblllast MeToaMYecKass paboTa, HACTOMYMBOCTh M TpeOoBaTeIbHOCTh M pUHBI
BsiuecnaBoBHEI K pYKOBOJUMOMY €10 KOJUIEKTUBY HayUYHBIX COTPYAHUKOB, UTOOBI
yOeoIUTh HayYHYIO OOIIECTBEHHOCTD, YTO I10 ISTHAM ITOYePHEHUS PEHTI€HOBCKUX
IUIEHOK MOXHO OIpeleIUTh SHEPTUIO MIOOHOB, UCITYCKAIOLINX TOPMO3HbIE (DOTO-
Hbl, KOTOPHIE, B CBOIO OUEPE/b, NAIOT HAYajIo 3JIEKTPOHHO-(DOTOHHBIM JIUBHSIM.

Maciurabbsl YCTAaHOBKM BIEYATJISIOT: OHA COCTOSIJIa M3 PEHTTEHOAIMYJIbCH-
OHHBIX TUIEHOK obOuieit maomanbio 4000 KBagpaTHBIX METPOB, IMPOCIOEHHBIX
CcBUHLIOM. bblio ncnonb3oBaHo 250 TOHH cBUHLA. MccaenoBaHus MPOBOAUIIUCH
B TeUEHNE HECKOJIBKUX JIET. B pe3ynbTaTe ObLUT M3MEPEH SHEPTETUUECKUIA CIIEKTP
MIOOHOB B MHTepBaJjie aHepruit ot 2 1o 60 T3B. Peanu3zaius 3101 pabOTHI HE OCY-
IIECTBUJIACH ObI, €CJI1 OBl HEe OTPOMHBIN OPTaHW3aLMOHHBIN TaaHT Y prHb! Bstue-
CJIaBOBHBI, €€ YBJIEYEHHOCTb ITOCTaBJIEHHOM 3a1aueii.

OnHOBpeMEHHO OHa Yy4YacTBOBaJla B MEXAYHApPOAHOM OKCIEpPUMEHTE
«[TaMup», B KOTOPOM TaKKe MCMOJIb30BaJIaCh METOIMKA PEHTI€HOAMYIbCUOHHBIX
KaMep M OBLIM OOHapyXKeHBl 3K30TUYEeCKHE COOBITHSI, BO3HMKAIOIIME TIPYU B3au-
MOJEUCTBAM YaCTULl KOCMUYECKOI'O MU3JIyYeHMST CBEPXBBICOKUX SHEPTUiA C sipa-
MM aTOMOB. DTa 3K30THKa 0 CEr0 BpeMEHM He HAXOIMUT OOBSICHEHUS B paMKax
CYILIECTBYIOIINX TPEACTABICHUIN U, TIO-BUANMOMY, CMOXET OBITh ITOHSTA TOJILKO
B OKCIIEPUMEHTAX Ha YCKOPUTEJISIX HOBOTO ITOKOJICHUSI.

B neHb 106uest xouetcs noxenarbs UpuHe BsuecnaBoBHe, UTOOBI €€ HEUCCSI -
KaeMasl SHepIusl U JaJiblile CIYKMJIa HayKe U Jejy BOCITMTAaHUS HOBBIX HAayYHBIX
KaJpoB.
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T.I. AmuneBa

BJIATO[JAPHO CY[IbBY 3A BCTPEYY
C UPVHOI BAYEC/IABOBHOWA

Mos pabora ¢ UpuHoii BsuecnaBoBHolt Pakobonbckoit Hayanaach 6omee 30
JIET Ha3aj, Korma s MpUILIa Ha Kadeapy KOCMUYSCKUX Jydeil. DTo ObLIO BpeMs
HayaJla TpaHAMO3HOH pabOThl IO OpraHM3allMyd HOBOM YCTaHOBKM IS M3y4e-
HUSI MIOOHOB KOCMUYECKUX Jydyeit. Mnest 3Tux ucciienoBaHuil BOZHUKIIA B CBA3U
¢ TeM, 4TO B cepenurHe 60X romoB MOSBWINCH HETPAAULIMOHHBIE Pe3Y/IbTAThI IIPU
HCCJIeTOBAaHUY IIOTOKA MIOOHOB KOCMUYECKMX JIy4eil BHICOKOM 9HEPIUU, a UMEH-
Ho, B madopatopuu [l. Keiipdens B CLLA Obu10 MOTyd4eHO U30TPOITHOE 3€HUT-
HO-YTJIOBOE pacIpeneneHne MIOOHOB ¢ aHepruei 6oiiee 2 TaB, a Takke B Poccun
B naboparopusx PUAH n HUMNAD B ycraHOBKAax ¢ MOHM3aLMOHHBIMU KaJlo-
puUMeTpaMM HaOJII0AAJICS IIOJOTUI CIIEKTP MIOOHOB, IIPOTUBOPEUYMBIINI U3BECT-
HOI1 Teopuu OOpa3oBaHMS MIOOHOB IIPM paclane IIMOHOB 1 KAOHOB U JTaHHBIM
I10 TIOIJIOIIEHNIO UX B TpyHTe. [103TOMY BO3HMKIIA UesI U3MEPUTh HA OMHOM 1 TOM
JK€ YCTAaHOBKE 3HEPreTUYECKMi CIIEKTP MIOOHOB M MX 3€HUTHO-YIJIOBOE pacIpe-
neneHue B oomactu aHepruit 1012—1014 3B.

Ecnmm wHayyHeIM pykoBoautelleM ucciaenoBaHmii cran [ T. 3aumenuH,
TO nyioi padorsl — MpuHa BssiuecnaBoBHa. [1peacTosyio peluTh Maccy poodiaeM:
HaWTU OOJIbIIIOE MOMEIIeHNE IS pa3MeIleHUsT YCTaHOBKHY, IIPUYEM IJTyOOKO IO
3eMJIelt IS TIOTIONIeHUsT (poHa OT MSTKOM KOMITOHEHTHI KOCMUUYECKHUX JIydeit,
TpeboBaI0Ch OTPOMHOE KOJIMYECTBO CBMHIIA, Hy>KHa OblJIa peHTTeHOBCKAasl INIEHKa
IJISI peTUCTPAllMi TOPMO3HOTO U3IYYeHMSI MIOOHOB B CBUHIIE, HEOOXOAMMO OBLIO
OpraHMU30BaTh MPOSBKY 3TOM IJIEHKM, HY>KHBI ObUIM (hOTOMETPHI U MUKPOCKOIIbI
JIJIS1 ee 00pabOTKMU.

31ech B TIOJTHOM Mepe IpOSIBUJICS HEOOBIKHOBEHHBIN OPraHM3aTOPCKMIA
tanaHT MpuHbl BsuecnaBoBHBI U ee co3uaTebHasl aHeprus. Eit ynanock mnoiny-
YUTH IJIS1 pa3MelleHUs] YCTAaHOBKHY ABa OOJIBIINX MOMEIICHUS Ha CTAHILIUSIX METPO
“Kpomnorkunackasa” u “Ilapk KyabTypsl”. XoTs paboTaTh TaM MOXKHO OBIJIO TOJIb-
KO HOYbIO, C 2-X YaCOB HOYM J0 5-TH YaCOB yTpa, KOINA BHIKIIOUYATIOCh BHICOKOE
HaIIpsKeHME BIOJIb ITyTei, HO KaKoe 3TO MMEJIO IS Hac 3HaueHue! Mbl ObLIN Tak
BOOMYIIEBICHBI BCEl Uaeei HOBOI paOOTHI, YTO CIOXHOCTU HOYHON XKU3HU HAC
HE CMYIIAJIU.

I1pu nopnepxke pekropa MI'Y akagemuka U. I'. [lerpoBckoro IIpaBurens-
CTBO BBLAEIIIO (DOHAMPYEMbIE MaTepUaibl — CBUHEI] U PEHTTEHOBCKYIO ILJIEHKY.
Benuck neperoBopsl ¢ LHIOCTKMHCKUM XMM3aBOAOM O pa3pabOTKe [JIsl 3TOrO 3KC-
MepuMeHTa 0CO00I PEHTTEHOBCKOI IUIEHKU — OIMpeIeeHHOro pa3Mepa, ¢ ABY-
CTOPOHHEN 3MyJbcuell U B 0ojblioM KoiaumdectBe — 4000 KBampaTHBIX METPOB
B roa. M 3a Bcem 3tuM crosiia MpuHa BssueciaBoBHa.

IToMHI0, KOraa BCTall BOIIPOC O IIPOSIBKE OOJIBIIIOIO KOJIMYECTBA PEHTIEHOB-
CKOM TJIEHKU, Mbl ¢ UprHOIi Bsiuec1aBoBHOI IToexair B COOTBETCTBYIOLIYIO Opra-
HU3ALIMIO TOrOBapyuBaThCs O CO3MaHUU IPOSBOYHOrO lieHTpa. Korma Mbl BBIIILIM
OTTYy[a MOCJIe pa3roBopa ¢ COTPYAHUKAMH, 51 BbIpa3ujia COMHEHME B TOM, YTO HaM
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YIACTCSI YTO- TO CAeNaTh ¢ 3Toi pupmoii. Kak ato Bo3myTuiio u oouaeno Mpuny
BsuecnaBoBHy! OHa HUM Ha MUHYTY HE COMHEBAJIaCh B yCIIEXe HAIIIETOo ejia. DTOT
YPOK I 3aITOMHUJIa Ha BCIO XKU3Hb: €CJIU XOUYelllb YeTr0-TO 100UThCS, HAJ0 HE XHbI-
KaTb, HE OMyCKaTh PYKW, HE COMHEBATbCSI, 2 BEPUTb B CBOU CUJIBI U JOOMBATHCS
ycrexa.

B pesynbrare sHeprueit u pemmreabHOCThI0 MpuHbl BsiuecnaBoBHBI Mposi-
BOUHBIN LIEHTP ObUT OPraHW30BaH B IJIaBHOM 3n1aHuu MI'Y.

Boo0i1ie, Hy>kHO OTMETUTb, UTO MHOTO “yYpOKOB Ha BCIO XXM3Hb' TOJy4usa
HE TOJIbKO $1, HO, IyMaio, U Bce pabortaBuine ¢ MpuHoit BauecnaBoBHoii. Kor-
Jla co3faBajach Halla “MIOOHHAs Ipyrmna”, a 3aTeM U JabopaTopusi, JIOAU ObUIU
pa3Hble, He 00XOaUI0Ch 0e3 KOH(IMKTOB, HO OHU BCernaa paspemanich MpuHoi
BsiuecnaBoBHOI ¢ IpUCYIIMMU € MyAIPOCTBIO U TaKTOM. £ Bceraa nmopaxanach ee
YMEHUIO MPUBJIEKATD K Halllell paboTe JT1o/ieil, YyBCTBOBATh X BHYTPEHHIOKO CYIII-
HOCTb, IIPEABUIETh UX BO3MOXHOCTH 1 OBITh MM TOOPHIM HACTABHMKOM.

ITocTennieHHO MIOOHHAs ycTaHOBKA Obl1a co3naHa. OHa cocTosiia u3 144 peHr-
T€HOAMYJIbCUOHHBIX KaMep, ruiomanbio 0,5x1 M2 kaxaas. Kamepa umena 30 cio-
€B CBUHIIA TOJIIIMHOM 1 cM, MepecIoeHHbIX PEHTTeHOBCKOM TIJICHKOM, B KOTOPOI
PETUCTPUPOBAIUCH KAaCKalbl, 00pa30BaHHbIE TOPMO3HBIMU (DOTOHAMU OT MIOOHOB
B CBMHIIe. PEeHTreHOSMYILCHOHHBIE KaMephl 9KCITOHUPOBAJINChH B TeUEHUE TO/a,
napaJjuiebHO 11IJ1a HaydHas pa3padorka npobjembl — B jadopatopuu I'. T. 3ale-
muHa B U AH u 8 HUNAD MTI'Y B otnene U. I1. UBaHeHKO — ITPpOBOAMIINCH
TEOPEeTUUECKUE PacyeThbl, HEOOXOMUMBIE JJISI OCMBICJIEHUST SKCIIEPUMEHTAIBHBIX
pe3ybTaTOB.

Korna 3akoH4YunIach nepBasi 3KCIO3ULIUS, INIEHKY ObLIN ITPOSIBJIEHBI U MIOCTY-
MUaU B JabopaToputo 1js o0padbotku, MpuHa BsyeciaBoBHa OblLia ¢ HAMU € paH-
Hero yTpa 10 IMO3IHEro Beuyepa, Mbl BMECTE MPOCMATPUBAIM TUIEHKU (BHAJae
Jaxe B OeJIbIX MepyaTKax), UCKaJIu MATHA TOTEMHEHMS, U3MEPSIIN YIJIbl, (poTOMe-
TPUPOBAIU, ONPEAC/SIIA SHEPTUIO KAXKI0TO Kackana. Jlo cux mop B 1adbopaTopuu
COXpPaHWJINCh MHOTOYMCIIEHHBIE OTPOMHBIE XKYPHAJIbl ¢ HAANMCIMU Ha 00JIOXKKE
“UBP”, koTopsle Bena MpuHa BsiuecnaBoBHa 1o 00pabOTKe 3KCIepUMEHTATbHBIX
naHHbIX. OHa BHMKAJIa BO BCe MeJIOYM 00pabOTKU M OYEeHbD TIATEIbHO ClIeaua 3a
MeToAMYeCKMMU BorpocamMu. YTOObI MOJYyYUTh “(U3NUYECKN YUCThIE” pe3yJibTa-
Thl, Hy>KHa ObLj1a Oe3yIpeuyHast MeToOIMKa.

Kaxmyto Hefeno Mbl Bce COOMpalIUCh B IaAOOpPaTOPUU “3a KPYIJIbIM CTOJIOM”
1 o0CyXAaM, YTO CAEJaHO 3a 3TO BpPeMsl, CTPOUJIU SHEPreTUUECKUE CIIEKTPHI,
YIJIOBBIE pacrpeae/ieHus, MeYTalM, Kak OyIeT XOpOoIlI0, KOTla Mbl YIBOUM — YTPO-
MM CTaTUCTUKY U TTOJIy4YUM O0Jiee TOUHbBIE Pe3yIbTaThl.

3a rombl 3KCIO3ULMK YCTAHOBKU OBLIO 3apeructpupoBaHo Oojee 20 000
KacKaJjoB, OJJHAKO B NaJbHEMIIyI0 00pabOTKy BKIIOUMIM HEMHOTUM 00Jiee T10JI0-
BUHBI, OCTAJIbHbIE UMEJIM MMOTEMHEHHME HUXE Mopora U He MOTJIM OBbITh UCMOJIb-
30BaHbl MPU MMOCTPOCHUM SHEPTETUIYECKOTO CIIeKTpa. Bbhliu uccienoBaHbl CIeK-
TPbI KACKaJ0B OT FTOPU30HTAILHOTO U BEPTUKAJBHOTO MOTOKA MIOOHOB, a TaKXkKe
3¢HUTHO-YTJIOBBIE paclpeaeeHus ISl pa3IMYHbIX SHEPTUI MIOOHOB.

YKe nepBble pe3yabTaThl, MOJy4YeHHbIE HA 3TOU YCTaHOBKE, IMOKa3aJIu HECO-
CTOSITEILHOCTb PE3YJIbTATOB aMEPUKAHCKMX YYEHBIX. DHEPTeTUYECKUI CIIEKTp
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MIOOHOB ITOKa3bIBaJl, YTO OHU 00pa3yloTcs MpU pacnaae M- U Ka-Me30HOB, CTe-
MEHHOMN CIEeKTP KOTOPBIX MOXHO OMNHWCaTh, MUCXOAS W3 OOIIENPUHSTON TEOPUM
¢ nokasareneMm crerneHu 1,65%0,05. JlanbHeillas 3KCMO3ULIMSA U YBeJIWUYEHUE
CTaTUCTUKU TIOATBEPAUIN 3TU PE3YJIbTaThl, a TaKXkKe MO3BOJMIU MPOIBUHYTHCS
B 001acTh aHepruu M1ooHoB 1o 10 TaB. ITosydeHHbBIE pe3yabTaThl TOKa3aau, YTO
JIO 9TUX SHEPTUI HE TIPOSBIISIOTCS KaKue-I100 aHOMaJIbHbIE MPOIIECCHl 00pa30-
BaHMS U B3aUMOJEUCTBUS MIOOHOB KOCMUUYECKUX Jydeid, a SKCIIEpUMEHTaIbHbIE
pe3yabTaThl Ty4llle BCero OMMChIBAIOTCS pacuyeTaMu B MPEATIONIOXEHUM, YTO MIOO-
HbI 00pa3yloTCs MpY paciaje MMOHOB Win MMoHOoB uioc 20% kaoHoB. [1pu yBe-
JmdyeHuu s3Hepruu Boie 20 ToB 66110 00HapYKEHO YMOJIOKEHUE BEPTUKATIBHOTO
CIIEKTpa MIOOHOB, YTO MOTJIO CJIYXKUTbh YKa3aHUEM Ha CYyIlIECTBOBaHUE MPOLECCOB
MPSIMO reHepallii MIOOHOB.

ITo aTM paboTaMm ObLIM 3alMIIEHBI 4 KaHAWAATCKUE AUCCEepTALlMU, a UTO-
TOM cTaJla JOKTopcKas nucceprauust MpuHbsl BsueciaBoBHBI.

Ho He Takoii yeioBek “Hallla HauyajJbHUIIA ", YTOOBI yCITIOKAUBaThCS Ha TOCTUT -
HyToM. MIMes Gorateiiimii onsIT paboThl ¢ METOAUKON PEHTIEHOIMYIbCUOHHBIX
kamep, MpuHa BsiuecnaBoBHa ¢ rojlOBOMl MOrpy3ujiach B HOBBIM IpaHAMO3HbBIN
akcnepuMeHT «I[lamMup”, B KOTOpoM MpuHUMaIM ydyacTue 10 pa3IMyHbIX UHCTHU-
TYTOB, B TOM UHCJIE U 3apyO0eKHBIX. DTa KpyIMHEeIIass B MUPe SKCIO3ULIUS PEHTIe-
HO3MYJIbCMOHHBIX KaMep pacriojioxeHa B ropax Ilamupa Ha BeicoTe 4500 MeTpoB
Hal ypoBHEM Mops. Yyactue B [lamupckoii komnabopaluy — 3TO HOBBIA MHTe-
pPEeCHBIIA 3Tall B Hallleil XKU3HU, TTOJIHBIN 3aMevyaTeIbHbIX BCTPeY, OYPHBIX HAYIHBIX
00CYXIEeHUI, HOBBIX UIAEH U OTKPBITUIA.

Ho ato yXe npyrast uctopusi.

IToutn monoBUHY Moei xku3HU 51 padoTato ¢ UpuHoii BsyeciaBoBHOI, 1 MHO-
TrOMY y Hee HayuuJach He TOJIbKO B HayKe, HO W B XKM3HM, U 51 6J1arogapHa cyap0e 3a
TO, YTO OHA CBeJIa MEHS C TAKMM HEOOBIKHOBEHHBIM YEJIOBEKOM.
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b./.lopsyes

BEIYLLAA BNEPEN KOPABJIA
(LLIrpuxm k nopTpery)

...Kopabnb 6uncs B LWTOpME, 0nacasichb HEW3BECTHOTO Gepera u He UMER BO3MOXHOCTIA Nepeceyb Kpy-
roBpalLigHune BeTpa. Torfa kanutaH yBUAEN NpekpacHyto MONOAYH [EBYLLKY, B36EXaBLLYHO Ha nanyoy
BMECTE C PEOHEM BOMHbI. «3H0MI-3H0A0-0CT U TP 4ETBEPTU pyOMal>» — Ckas3ana oHa. ..

A. TpuH, «beryuiast no BonHaMm».

Hpuny BsuecnaBoBHy PakoOoJbCKyl0 51 YBUIE] BOEpBble HAa 3aHSITUSX
B SIIEPHOM IIpPaKTUKyMe, KOTaa CcTaj cTyneHToM OTaelleHUsI CTPOSHHUS BelllecTBa
¢usuueckoro dakynpreta MI'Y. Ha akynbrere paboTtaii MHOTHE TIperniofaBaTe-
JIM, KOTOPBIE YYTh OOJIbIIIEe OECSITHU JIET Ha3al ellle ObUIH (PPOHTOBUMKAMM, HO KEH-
rHa — 00eBoil oduliep, HAYAIbHUK 1ITa0a aBUAIIMOHHOTO K€HCKOT'O I10JIKa 3TO
OBbLIIO HEOOBIYHO Jaxe Ajs1 Toro repondyeckoro speMeHu. Iloaromy Mpuna Bsue-
CJIaBOBHA OblJIa U3BECTHBHIM Y€JIOBEKOM Ha (DaKyIbTeTe 1 MbI, CTYIESHTbI, BHMMA-
TEJIbHO K Hell MpHUCMaTpUBAIMCh. 3HAKOMBIE BHIITYCKHUKM OTAEICHUS (13 Yucia
3JI0SI3BIYHBIX) TOBOPUJIM, YTO B UX OBITHOCTD CTyAeHTaMu Pako0OosbcKast 3a4acTyio
BBIIVISIZENIA YCTAJION, a U3 €€ JaMCKO#l CYMOYKY HEHApOKOM MOIJIA BBINACTh KaKu-
e-To AeTckue Bemnibl. Eine 051! JIBoe MajleHBKMX CBIHOBEH — 3TO He (PYHT n3roMa!
MHe xe B To Bpems MpuHa BsiueciaBoBHaA 3alOMHUIIACH KaK YETKUM, TpeboBa-
TEJIbHBIN IperoaaBaTeNlb U o0asgTeIbHasl XKeHIIMHA.

Crnenymoliast BCTpeda COCTOsUIaCh CIYCTsI IeCsTh JieT. 1, HOBOMCIIeUeHHBII
KaHIUIAT HayK, CTall paboTaTh 1o HayajaoM MpuHbl BsyecaBoBHBI HAa Kadenpe
KOCMMYECKUX Jydeil. DTo IIUTCS yxXe 0ojiee Tpex necsaTKoB JieT! BcrmomuHaeTcs
OIVH HEINPUSITHBIA I MEHSI 3MHU30I — S, ellle HauMHAIOIIMI IIperoaaBaTeb,
ObUT MpUIJalleH Ha Oecedy K AekaHy dakynbTeta npodeccopy B.C. dypcosy.
B o BpeMst paboTa mperoaaBaTtesisa CYUTaaach MPEeCTUKHOM, M BBICOKOMY Hadyajlb-
CTBY OBIJIO TIPUHSITO 3HAKOMUTHCS C MOJIOABIMU KaJIpaMU. “A KTO SIBIISIETCS 3aBe-
IVIOIIMM Balllelt Kagenpoi?” — crpocusl MeHs nekaH. “Wpuna BsdeciaBoBHa
PakobGonbckasa” — HamBHO oTBeTH s. Ilocie 3Toro s1 6bUT ¢ TT030pOM U3THAH U3
JIeKaHCKOTo KabuHeTa. MHe “3eeHoMy” M HEMCKYIIIEHHOMY OBLIIO HEBIOMEK, YTO
3aBeaylonImM Kadenpoii 661 akanemMuk Cepreit Hukomaesna BepHos. OmmonuTs-
cs1 OBLIO HEMYIpEHO — B TedeHUe IsATHannatu jeT Cepreit HukomgaeBud TOIbKO
OIVH pa3 MPUCYTCTBOBAJ Ha 3aceqaHuM Kadenpnl. OH OB MeperpykeH padboToit
o pykooactsy HUUA®D MTI'Y, B Akagemun Hayk, MHOTOYKMCIEHHBIX BBICOKMX
00IIIECTBEHHBIX KOMUCCHSIX.

Bcs xoHKpeTHass paboTa, CBsI3aHHAsl C PYKOBOICTBOM Kacempoii, Jiexasa
Ha rieyax MpuHbl BsiueciaBoBHBI KakK 3aMECTUTEIS 3aBEAYIOIIEro Kadeapoii, aTy
JISIMKY OHa MPOJ0JIKAET TIHYTh U 110 CEi NeHb.

B nmocnennue cemHanmaTh JeT Ha Kadeape KOCMUYECKUX JIydeil U (pU3NKHU
KOCMOCA CJIOXWJICS OY€Hb YIauHbIN pyKOBOISIINUMI Ty3T BO IVIaBE C aKaJAeMUKOM
I'eopruem TumodeeBrnuem 3anenmuHbiM. B aToM Tanneme Mpuny BsdecimaBoBHy
0e3 ImpeyBeInYeHYS MOXHO Ha3BaTh OPraHU3allMOHHBIM CTep>KHEM Kadeaphl.
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Co crunem HMpunsl BsiuecnaBoBHBI KakK pPYKOBOAMTENS s TMO3HAKOMMIICS
C TepBbIX IHEeN paboThl Ha Kadenpe. [losydyuB mapy 3amMedyaHUil 3a OMO3JaHUS
Ha 3acefaHus Kadeapsl, s, KOHEYHO, PelInI, YTo PakoboabcKast CIUILKOM CTPO-
I'Mii PyKOBOJUTEIb M YTO 3TA CTPOTOCTh HEOMpaBIaHa “B YCJIOBUSIX MUPHOTO Bpe-
MeHu”. OHAKO BMOCAEACTBUU I UBMEHUJI 3TY TOUKY 3peHUs — IPUMEpHI IVCILIM -
MJIMHBI ¥ YeTKOCTU B paboTe JaloTcsl Ha Kadenpe npexae BCero ee pyKOBOACTBOM.

Ot KayectBa UpuHsl BsuecnaBoBHBI MBI, TIperogaBaTesn Kadeaphl, uMe-
€M BO3MOXHOCTb HAOJII0AaTh MPaKTUYECKM Kaxayto Henemto. C Takoi 4acTOTOM,
KakK MpaBUJIO0, MPOUCXOIAT 3acenaHusl Kadeapbl. YelloBeKy, MPUCYTCTBYIOIIE-
My Ha 3TUX 3aceJaHMsIX, cpa3y Xe OpocaeTcs B Ij1a3a HeOpMaIbHBINM XapaKTep
o0cyxneHunit. Byab To cTpyKkTypa yueOHOro IjlaHa WJIK CUTYallysl B CTYIEHUECKUX
rpynmax — Bcerna MpuHa BsyecnaBoBHa AeTaibHO “pa30upaer” BOMPOCHI, 100U~
BaeTCsl MOJHOW SICHOCTH Y NPUHSITUSI KOHKPETHBIX PELIEHUI, KOTOpBIE B CIyvae
HEOOXOIMMOCTU TOPYYaeT BBIMOJHATh KOHKPETHBIM jJuliaM. YacTo B KauecTBe
TaKWX JIMII BLICTYIIAIOT BeyIIKME MpernoaaBaTeu (KypaTophl) CTyAeHYSCKUX TPYIIII.
He cekper, 4To MHCTUTYT KypaTopcTBa Ha (aKynabTeTe (0OCOOEHHO B IMOCIEIHEE
BpeMsi) UMeeT JOBOJbHO (hopMaibHBbIN XapakTep. MHoe moyiokeHre Ha Hallein
kadenpe. OTYEeTH KypaTOpOB 3aC/IyIIMBAIOTCS MPaKTUYECKU Ha KaXKIOM 3ace-
nanuu kadenpsl. Hepenko Ha kadenpy mpuriamamTcs CTYASHThI, 110 TEM WIU
WHBIM IMPUYMHAM He BBITIOJHSIOIIME YIeOHBIH M1aH. Jlake B caMbIX TPYAHBIX CITy-
yasx Kadenpe, Kak MpaBUIIo, yIaeTcsl HATU KOHCTPYKTUBHOE pellieHUe BOMpoca,
1 B 5TOM OOJIBIIIYIO POJIb UTPAET OTPOMHBII MTeAArOrMYeCKMil U XKU3HEHHBII OTBIT
HMpunsl BsuecnaBoBHBI. To, 4To Ha Kadeape KOCMAYECKHX JIydeil Co CTyIeHTaMK1
paboTtaoT U “Bo3sATCA”, — (PpaKT XOPOIIO U3BECTHBIN B CTYIEHUYECKOW Cpele, UTo
MpUBIeKaeT Ha Kadeapy MHOTUX Cepbe3HbIX CTyAeHTOB. Ho ioduTtensam noayuntsb
JIATIJIOM, IO BO3MOXHOCTH “He TIPUKIIaabIBasi pyK”, Takas MpakTUKa BOBCE HE Hpa-
BUTCS. [103TOMY OHM pacmycKaloT CJIyXH O TOM, YTO Ha Kadeape TPYAHO YIUTHCA.
O1u ciiyxu MUpuHa BsiuecmaBoBHa BoclipruHUMAaET 0ojie3HeHHO. OHa momyepKrBa-
€T He0OXOAUMOCTb TP GhEPEHIIMPOBAHHOTO OTHOILIEHUS K CTYAeHTaM, LIECHUT TeX
U3 HUX, KTO YMEET XOpoIlo “paboTaTth pyKamu” B 1abopaTopuun. HeonpaBaaHHas
CTPOrOCTb MpernoaBaTesieil Ha 9K3aMeHax M 3aueTax Takke He rooiupsiercs. “Bcee
COMHEHUS JOJIKHBI pa3peliaThCs B TOJIb3Y CTyeHTa”, — T100UT roBoputh Mpuna
BsiuecnaBoBHa.

PykoBoacTBo kadenpbl MHOTO BHUMAaHUS yaeasieT KadenpaabHbIM CIIell-
KypcaM, CTpeMsCh K TOMY, UTOOBI UX TIEPeUYeHb U COACPKaHUE C OAHON CTOPOHBI
JaBajy Obl BO3MOXHOCTb YCIIEIIIHOTO OCBOEHMSI MaTepuaia CTyAeHTaMU, CIeI1-
aTM3UPYIOIIUMUCS B 00JIaCTU SKCIEPUMEHTA, a C APYToi — OTpakasin Obl camoe
COBPEMEHHOE COCTOSIHME HayKu U 00ecCIieYMBajld OCHOBATEJIbHYIO ITOATOTOBKY
CTY/JICHTOB 110 (hyHIaMEHTaJIbHBIM M TIPUKJIAAHBIM AUCUMIUIMHAM. B ciryyae HeoO-
XOAUMOCTH JJIs UTEHMS JISKIWI mpuraamatoTres Beayiuve crnenranuctsl HUN-
A®, TAUI u. T.51. Takoili monxon Mo3BoiMI Kadeape IMTOArOTOBUThL OOJIbIIOE
YUCJIO CITOCOOHBIX MOJIOABIX (DM3UKOB, JUISI KOTOPBIX Kadeapa sSIBUIach CTapTOBOM
TJIOIIAIKOM Ha TTYTH B OOJIBIIYIO HAYKY.

bepexxHoe U BHUMaTeIbHOE OTHOIIEHHUE 00ecTieueHo Ha Kadeape, BIIpoueM,
JII00OMY CTYAEHTY. 31eCh TaKKe Haao OTMETUTD B MEPBYIO ouepeab 3acayry Mpu-
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Hbl BsyeciaBOBHBI, KOTOpasi HAXOOMUT BpeMsl IS O6ecell ¢ HaydHBIMUA PYKOBOIM -
TEJSIMUA CTYACHTOB, NMPU3bIBAET 0a30Bble Jabopatopuu Kadeapbl MaTepUalbHO
IOMOTaTh CTyEHTaM.

Eie onHa xapakTepHas yepta Pako60oabCKOM — 4eTKMiT KOHTPOJIb 32 UCTOJI-
HeHMeM peleHuil. MpuHa BsiuecniaBoBHa MeET IMYHYIO ITaMsITh. OHa IIpeKpacHO
3HaeT U TIOMHUT BCE MEPUNETUU U KOJUIM3UHU, CBSI3aHHBIE C YYEOHBIM MTPOLIECCOM
Ha Kacdeape, COBEpIIEHHO HepealbHO HalesaThcs (a MHOTIA TaK Xo4eTcs!) Ha To,
yto MpuHa BsyecnaBoBHa 3a0y/eT 0 paHee TaHHOM TeOe YCTHOM MOPYyYEHUU.

Hano 3amMeTuTh, 4TO HEyTOMUMAas paboTa IO KOHTPOJIIO Haj yYEOHBIM IMpO-
lieccoM Ha Kadenpe Bcerma npotekaeT y MpuHsl BsiyeciaBoBHBI Ha (oHe ee
HEBEPOSITHON 3arpy>k€HHOCTU IPYTMMU AedaMu. BcrmoMuHalo, Kak MpUXoauiIoch
HarpsraTthbcs, KOraa BO BHEYPOUHOE BpeMsl Hallo ObLJIO CPOYHO C HEM CBS3aThCS.
HeobGxonnmo, mipexe Bcero, Cooopa3uTh, rie ceiiuac OHa HaXOIUTCSI — B Jlabopa-
topu HUNA®D, koTopoii oHa pyKOBOIMUJIA HE OAUH IECITOK JIET, WM Ha TIpUeMe
MOCEeTUTENel, UTO MPOBOAMUIICS €10 B KaueCTBe MeKaHa (paKyJbTeTa MOBBIIEHUS
kBaMpukamuu MI'Y. OHa morna 3acenath Takxe B 2KeHcoBete MI'Y, npence-
JaTejieM KOTOpOlo OHa Oblia u3bpaHa, WU MPOCTO OBITH AOMa, 3aHUMAsICh IO -
TOTOBKOU HOBOTO M3aaHus cBoeil KHUru. OTKyna MpuHa BsiueciiaBoBHa yepnaia
CWJIBI, YCITEIIHO paboTas Mo CTOJb MHOTMM HallpaBJIEeHUSIM, — JUJISI MEHST BCeraa
OCTaBaJIOCh 3arajikom.

... [lepeunThiBasi HAMMCaAaHHOE, MIOHUMAIO0, UTO MTPOCTOE MEPEYUCTIEHUE NEJT0-
BbIX KayecTB MpuHbI BsiueciaBoBHBI HE TTO3BOJISIET COCTABUTD €€ JIMTEpaTypPHbII
noptpeT. PaccestHHO CKOJIbXKY B3IJISIAOM IO KHVKHBIM IMOJIKaM ToMallHe 0nom-
OTeKMU... BOT ee yueOHUK 10 siaepHOi (pU3NKE, OCOOSHHO TOIYJISIPHBIN Y CTYAEeH-
TOB-“He(u3nkoB”. IloueMy-TO B3IJIS[ OCTAHABIMBAETCS Ha KHWIE, CTOSIIEH
Ha coBceM Jpyroii noike — “beryias no BoiaHaMm’. Uto obiero y Mpunsl Bsue-
CJIaBOBHBI, Ha MEPBbIIA B3I SBJISIONIEHCS BOIUIOIIEHUEM TPE3BOTO IparMaTu3-
Ma, C pPOMaHTUYECKUMU TeporHIMU ['puHa? DTo 0011Iee — pOMaHTHKA, TTPUCYIAst
xapaktepy MprHbl BsuyeciaBoOBHBI.

“A Bce-Taku Halua kadeapa — camas Jydinas!” — MHOTIA BBIPHIBAETCS
y Hee. I Mbl, mpenoaaBatenu Kadenpel, C 3TUM COTJIaCHbI. DTO MHEHME OTpaxKka-
€T He 3aBBIIIEHHYIO CAaMOOLIEHKY, a 3aMeJaTeIbHbII “KiIuMaTt”, Hapsiuil B KOJI-
JIEKTUBE Kadeapbl, B KOTOPOM COYETAIOTCSI BHMMaHHUE, MOOPOXeIaTebHOCTb,
JoMalllHee “Teruio”, a moaJyac ¥ poMaHTUYeCKas MIPUIMOIHITOCTb. DTO MO3BOJISIET
MHOT'MM TIpenojaBaTe/isiM CYUTaTh Hall KadeapaabHbIi KOJJIEKTUB CBOE 00JIb-
o cembeil. Posib MprHbl Bsiuec1aBOBHBI B 3TOU CEMbE COBEPIIEHHO OYEBUI-
Ha. OHa cienuT 3a TeM, YTOOBl BETEpaHOB Kadeapbl He OOMKaJIM “BO BHEITHMUX
nHcTtaHuMsAX”. Ho ocoObeHHO BHUMaTe/lbHAa OHAa K MOJIOABIM KaapaMm Kadeaphl.
“OTpsn” MOJOABIX AOLEHTOB, OBIBLINX BBIITYCKHUKOB Kadeapbl B 3HAUYUTEIbHON
Mepe 00513aH CBOMM HBIHEIITHUM cTaTycoM ycunusiM MpuHbl BsiueciaBoOBHBI.

A xadeapanbHble yaenuTus? [1ouTn KaxXaylo HeAe o Mbl — MperoaaBaTeu
Kadenapsl, MpeaCcTaBUTEIM HEOOTaTOro COCIOBMSI, KyTlaeMcCsl B POCKOIIIA — POCKO-
IIX YEJOBEYECKOro OOIIEeHHUS. YKpallleHHWeM 3THX Oecel SIBASIOTCS paccKa3bl
Hpunbl BsuecnaBoBHbl u I'eoprus TumocdeeBrua. Ho HacTosiue mpa3mHUKKA
B KadenpaabHOM Yail-KiTyoe ObIBalOT Toraa, Koraa MiprHa BsiueciiaBoBHa yromaet
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Hac UCMEYEHHBIMHU €10 TOPTaMU. DTU TOPTHI — HACTOSIIIIE TPOU3BEACHUS UCKYC-
ctBa! HyxHO ObITh, IO KpaifHeil Mepe, ['orosieM, yToOBI AaTh MpeaCTaBICHUE 00
3TUX IleaeBpax KyauHapuu. KctaTu, KyivnHapHas 1mKoja MpuHbel BsyeciaBoBHBI
YCIIEIIHO pa3BUBAETCs Ha Halllel Kadenpe, He yCTyIasi B MOMYJISIPHOCTA HayYHOM.

BcnomuHaeTcs ogHO KadeapaibHOEe MEPOIPUITHE B KOHIE 3IOXM Iepe-
CTPOMKM, KOTJIa Mbl Bcell Kacheapoil OTIpaBUIMCh Ha BHICTABKY B My3eii nu3o0pa-
3uTebHBIX UCKycCTB UM. A. C. IlymkuHa. IToe3nka Ha TpaHCIIOPTE U CTOSTHUE
B ouepeau MO3BOJIWJIM MHE B ITOJHOU Mepe HaciaaauTbes Oecenoit ¢ JAMutpuem
ITaBnoBuyem Jlunge — myxem MpuHsl BsuyecnaBoBHEI. S cMor Jydiie mNo3HaKO-
MUTBCS C 3TUM WHTEPECHBIM, TTyOOKHWM YEJIOBEKOM, JIydllle MPEACTaBUTh cede
cembto MpuHbl BsyecnaBoBHBI, DTa ceMbsl HEpaBHOAYIIIHA K UCKYCCTBY M UMEET
MPEBOCXOAHYIO KOJIIEKIIMIO 3alCell JIyJIIMX BOKAJUCTOB MUpA.

... BoT ee omHa HaydyHO-TIONYJsSIpHasi KHUTA U3 AOMAaIlHel OUOJIMOTEKM.
B Heii ecth cTpoku, nocesieHHble MpuHe BsiuecnmaBoBHe u Amutpuio Ilasno-
Buuy. Ho, moxainyit, raBHBIN Trepoii 3TO KHUTY — UX ChIH. “BbIpociinii B ceMbe
npodeccopoB” Anapei Imutpuesud JInHae cTaa oqHUM U3 BeIyIIUX KOCMOJIOTOB
Mupa. MHe pUXoauJIOoCh CIylIaTh MyOJIWYHbIE IEKIIUU AHApes [IMuTpueBruya u y
MEHSI CJIOXKUJIOCH BIIeYaTIEHHUE, YTO OH B CBOEM TBOPUYECTBE HE U30exkasl ceMeitHO-
ro BIMSIHUS. B 4acTHOCTH, pe3yIbTaThl pacUeTOB B JIEKIUSAX ObUTH TPEACTaBICHBI
B BUJI€ KPACOUYHBIX LIBETHBIX CJIAliI0B, HATOMUHABIIIMX 3aCTHIBIIYIO IIBETOMY3BIKY.
A He 3Har0, MOOUT M AHApel JIMUTpHEBUY MY3bIKY, HO B €I0 KOMIBIOTEPHOM
rpaguke ObLIO YTO-TO OT peepuuecKux TopToB MprHbl BsiueciaBoOBHBI.

MoxxeT BOZHUKHYTh BOIPOC — a HET JIM Ha Kadenpe KOCMUUYECKUX JIydeu
kynbTra Upunbl BsuyecnaBoBHbI? Ha. Takoil KyJbT eCTh. A KaK MOXET ObITh MHAYe
y Takoro xapusmarudeckoro auaepa’?! Ho eciu ceppe3Ho — MpuHa BsuecnaBoBHa
JNEUCTBUTEJIBHO MOJIb3YETCSI OTPOMHBIM aBTOPUTETOM U YBaAXKEHUEM Y TIperoaaBa-
TEJIEW U yYaIuxcH.

IToMHIO camonesiTeIbHBI KOHUEPT, KOTOPBIA Jajdyd B €€ YeCTh CTYIEHTHI
U acnypaHThl Kadeaphl B OOWH M3 MOroXUX Maiickux nHei. [Tox akkoMmaHeMeHT
TUTap OHM UCIIOJHSIA NIECHU, HalTMCaHHbIe HAa (PPOHTOBYIO TEMATUKY. DTO OBLIO
BOJIHYIOIIIEE M TPOTaTeJIbHOE 3pEIHIIIE.

ABTOpHUTET PYKOBOJCTBA, TEM HE MEHee, He MCKJIIoUaeT BO3MOXKXHOCTU OOMe-
Ha MHEHUSMHU U Jaxe OCTPhIX JUCKYCCUU MPU 00CYXIeHUM Ha Kadeape TeX WIN
HWHBIX BOIIPOCOB. DTU IUCKYCCHUU 3a4acTyI0 MHULIMUPYIOTCs camoit MpuHoii Bsiue-
CJIaBOBHOM, KOTOPOU Xo4deTcsl 3HaTh “Iylac Hapoaa”. Hepenko eif mpuxomuTcs
BBICJIYIIIMBATh KpPUTUYECKME 3aMeYaHusl B CBOU afpec. 4, HanpuMep, He pa3 TOBO-
PWJI €11, YTO He MOTY IMOHSTh €€ HEMPUSI3HU K CIOBOCOUYETAHUIO “BBHICOKUE SHEP-
run” (Takoro Hay4yHOTro HampaBjeHUs HeT B o(UIUAIbHBIX OyMarax Kademapsl).
DTO 00CTOATENBCTBO KaxKeTCSI OCOOEHHO CTPaHHBIM, €CJIM YYECTh, YTO OCHOBHBIE
pa6otsl MpuHbl BsyecnaBoBHBI BBIMOJHEHBI B 3TOI objacTu pusuku. BeposT-
HO, OJHOU U3 TJIaBHBIX TPUYMH TaKOW aHOMAaJIMU SIBJISIETCS BEJIMKasl IPeIaHHOCTh
Pako6oabcKoil KOCMUYECKHUM Jy4aM”’, KOCMUUYECKOMY acleKTy 3TOi HaydHOM
TUCUMITIAHBI.

O6nacth uHTepecoB MpuHbl BsdyecaaBOBHBI MPUMEHUTEIBHO K YyYEOHOMY
MPOILIECCY U JIIOJM, B HETO BOBJICUEHHBIM, JAJIEKO BBIXOAUT 3a paMKU Kadeaphl.
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31ech ee 1esITeIbHOCTh YaCTO MMEET OOILeYHUBEPCUTETCKUIA XapakTep. B mocien-
HUE TOJbl, B YaCTHOCTU, OHA JOOMBAJIACh YIyUIlIEHUS ObITOBBIX YCIOBUI MOJIOIE-
KM, TIpOXKMBalolleil B TJ1aBHOM 30aHUu MI'Y. MHoro ycuiunii 3aTpayeHo ero s
KOPPEKTUPOBKHU MOAXO0B K MPOrpaMMe MarucTepckoro o0y4yeHus CTyAeHTOB, TAe
Ha pa3HbIX YPOBHSIX OBLIO MPUHITO MHOTO CHIPHIX~, HEPEATUCTUYHBIX PEIIeHUA.
bausko k cepaiy npuHsiaa UpuHa BsyecnaBoBHa mpobJieMbl CTaplIEeKypCHUKOB
(uznyeckoro akyapTeTa, BOZHUKIIME Ha ONIPEACICHHOM 3Tare B CBS3U C Iepe-
KOCaMU B “sS3BIKOBOM” OOy4YeHUU. 3MIeCh OHA TakKXKe BBICTYITMJIA CO BCTPEUHBIMU
nHuIMaTuBamMu. CBOIO TOUKY 3pEHUS 1T0 3TUM U IPYTMM BOIpOcaM OHa OTCTanBa-
Jia Ha YueHoM CoBeTe U 00IIEyHMBEPCUTETCKUX (hopyMax.

Takux HacCTOMYMBBIX MHUIIMATUBHBIX JIIOEH YyacTo (He 0e3 UPOHWM) Ha3bl-
BaloT “Oerymumu Briepeau naponosa”. K UpuHe BsyecnaBoBHe 3Ta 3aTacKkaHHast
MeTadopa BOBCe He MOoAXoAuT. Bo- MepBhIX, €€ ycrexu 3acTaBJSIOT OTHECTUCH
K Hel C yBaxkeHUEM U 0e3 BCIKOU MpoHUU. Bo-BTOpHIX, YeloBeK, Oeryinii Briepe-
JIA TIapOB0O3a, HUYYTh HE MOXXET U3MEHUTh KypC 3TOr0 TPAHCIIOPTHOTO CPEACTBa.
IToaToMy B maHHOM cilyyae, KaK HeJib3s JIydllle, TOAUTCS MO3TUYECKUir 00pa3 —
“Oeryias Brepeau Kopaoss”.

HakaHnyHe ee ro0uies xouercs moxenatb MpuHe BsdyecnaBoBHe nanbHeit-
IIMX YCIIEXOB B €€ MHOTOTPaHHOM, KUMy4ei fesaTeabHocTh. Ho riaBHbBIM SBISIETCS
MoXeJaHue KPEMmKOoro 310poBbsl, YTOOBI U BIIPEAb OHA JIETKO Oekasa Io XKU3HEeH-
HBIM BOJIHAM, TTOMOTas IIPOKJIaabIBaTh MyTh TOMY KOpabJIt0, KOTOPHI Mbl Ha3bIBa-
€M MOCKOBCKUM YHUBEPCUTETOM.
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AK. Manaragse
.B. PAKOBOJIbCKAS U AIKCNEPUMEHT [TAMUP»

B 1971 r. Obl1a HayaTa paboTa 1o pa3BEPTHIBAHUIO OOJIBIINX PEHTTEHOAIMYJIb-
cuoHHbIX KaMep (POK) B ropax ITamupa Ha BeicoTe 4400 M C LeJbIO perucTpa-
LIMM CHEKTPOB U CEMENCTB YaCTUL BTOPUYHBIX KOCMUUYECKHUX JyYel Ha TOPHBIX
BBICOTaxX. DTU UCCIeN0BaHUS ObIJIM HauyaThl BCEA 32 MOAOOHBIMU SKCIIEPUMEH-
tamu Ha ropax Hopukypa n ®@yn3usgma B Smonun u Ha r. Yakanraiig B bonmmsumn
(AHmbr). PabGoTel mo skcriepuMeHTy «IlaMup» BeIUCh CHJIaMU COBETCKO-IIOJIb-
CKOro COTpYyIHUYECTBA, KOTOpOoe O00beAUHSI0 8 coBeTcKUX MHCTUTYTOB (HNU-
SA® MI'Y, ®DUAH (ronoBHas opranuszauusi) u USAMAH B Mockse, puznueckue
UHCTUTYTHI B Tounucu, TamkeHnte, Anma-Are, dymanoe, EpeBaHe) u 3 moabcKux
rpymnsl (13 Jlog3uHckoro yHuBepcuteTa, KpakoBckoro yHuBepcuteTa 1 Boicinei
rnegaroruyeckoi mkoJibl B Kenblie). BrocieacTBuu K 3TUM UCCAEA0BAHUSIM TIPU-
COeIVHUIUCH U gnoHckue pusuku. Co3zgaHHas Ha [TaMupe ycTaHOBKa BblaaBalia
pe3ynbTaThl 60see 20 JIeT, a aHaIM3 HOJTYYEHHbBIX JAHHBIX MPOI0JIKAETCS U MO CUI0
opy.

MaciTabbl TaMUPCKOro 3KCIIepUMEHTA OKA3aIMCh YHUKAJIbHBIMU HA MUPO-
BOM YPOBHE I10 BEJIMUMHE ILJIOLIAAe SKCITIOHUPYEMBIX KaMep U IT0 00BbEMY MOJTy-
YEHHOT0 MaTepuaa.

B HUHNAD MI'Y namMupckoii TeMaTUKOU OBIIM 3aHSTHI 3 TPYIIILI: 9KCIIE-
pUMeHTalIbHas rpymnmna noa pykoBoacTBoM WM. B. Pakobonbckoit u E. A. Myp-
3MHOM U Hay4yHbIe COTPYAHMKU U3 jadopatopuit U. I1. UBanenko u I'. b. Xpu-
CTMAHCeHa, 3aHMMAaBIIMECsS COOTBETCTBYIOLIMMU TEOPETUUYECKHMMU pacyeTaMu.
KoneuHo, cepauem 3Toii paboThI ObLIa SKCIEPUMEHTAIbHAS TPYIIIA, SIBISBLIASCS
B TO BpeMsl OAHOI U3 HauboJiee CUIbHBIX U MHOTOUYMCIIEHHBIX B COTPYIHUYECTBE
«[Tamup». Tak KaKk MeTOIMKA PEHTI€HOIMYJIbLCUOHHBIX Kamep (POK) 6bu1a 6113-
ka M.B. Pako6onbCKOI Mocie YCMEeITHO MPOBEAEHHBIX €10 MIOOHHBIX MCCIeN0-
BaHMIT, TO UMeHHO TTamupckas rpyrma HUMAD MI'Y okazanack Ha epeIOBhIX
MO3ULIMSIX B COTPYAHUYECTBE B OCBOGHUM HOBOI IJISI TOTO BpeMEHU METOIUKU
PBK, B npyMeHeHUH K UCCAEAOBAHUI0O KOCMUYECKUX JIyyeid Ha Topax U B pa3pa-
0OTKe MHOXECTBa BCTalOILIMX Meped GU3nKaMu METOAMYECKUX BOIpocoB. Omnu-
CaHWE 3TUX METOMMYECKUX MPOOJIEM U COMYTCTBYIOIINX TOHKOCTEN B 00paboTKe
U UCTOJIKOBAaHUM 3KCIIEPUMEHTANIbHBIX JAaHHBIX BPSI JIM YMECTHO B 3TOM OYEPKE,
HO JII00O1 HccienoBaTelb 3HAET, UTO «IbSIBOJI CUAUT B MEJI0Yax», U TAKUM obOpa-
30M ycHex 3KCIepUMEHTAILHON pabOoThl 3aBUCUT OT YCHELIHOTO U IPaMOTHOIO
pa3pelleHus MHOXeCTBa MeJIKMX 3agady. B 3ToM miaHe o4eHb BaXKHBIMM OKa3a-
JIUCb U OOJIBIIONH METOOAMYECKMIA OIBIT, HaKoIJleHHbIH MpuHoit BsuecnaBoB-
HOIA, B COBOKYITHOCTH C €€ KeJIe3HOI BoJiell K «4MCTOM» paboTe, U €€ HEOOBIKHO-
BEHHbIE OpraHM3allMOHHbIE CIOCOOHOCTU. OJHMM M3 BaXKHBIX 3TAroOB B paboTe
MaMUPCKOTO COTPYIHUYECTBA CTaJ0 MCMOJIb30BaHWe Ha Ilamupe mo mpemioxe-
Huwo WM. B. Pakobonbckoil riydokux cBuHLOBBIX POK. KBasukanopumerpuye-
CKMI pexXuM paboThl TAKMX YCTAHOBOK ITO3BOJIMII HE TOJIBKO PELIUTh 00JIee TOYHO
3a;a4vy OIpeAeIeHUsI SHEPTUM YaCTULL, HO U TIPUBEN B pe3yIbTaTe K BO3MOXHOCTH
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HCCJIEIOBAaHUSI HOBBIX M BaXXHBIX (PU3NUECKUX SBJICHUIA: PETMCTPALIMU IIUHHO-
MPOOEXHBIX YACTHUIL B TSKEJIOM BEllleCTBE (CBUHIIE), SKCIIEPUMEHTATbHOMY MO~
TBepxkaeHuIo apdekra Jlangay-ITomepaHuyka-Muraana, o0HapyKEeHUIO BEICTPO-
€HHOCTM DHEPreTUYECKM BBIIEJEHHBIX LIEHTPOB B raMMa-alpOHHBIX CeMeNCTBaxX
U TIPOTPecCy B psifie APYTUX BOIIPOCOB. AHAIU3 3TUX 9KCIIEPUMEHTAIbHBIX PE3YJIb-
TaTOB MOIKPEIUISICS HEOOXOMMMBIMU TEOPETUUYECKMMM pacuy€TaMu, MPOBEIEH-
HBIMU COTpyAHUKamu Jadboparopuu U, I1. UBaHEHKO, TECHO KOHTaKTUPYIOILIUMM
C BKcrnepuMeHTaTopaMu. Bce 3To nano BecoMble HaydyHbIe pe3ybTaThl, OTKpPhIBa-
IOII[1€ CITUCOK OCHOBHBIX YCIIEXOB BCEr0 MaMMPCKOTO COTPYIHUYECTBA, TTOTYYEeH-
HBIX MOCJIE MHOTMX JIET HAIIPSIKEHHBIX M OOBEMHBIX MCCIIETOBaHUMA.

Tenepp, olleHMBasE BaXHOCTh M YCIIEIIHOCTb T€X WU WHBIX (PU3NYECKUX
pe3yabTaTOB, Jierye CyauTh, KaKue Iard Ha MPOTSDKEHUU JOJITOM NesTeIbHOCTH
MaMUPCKOTO COTPYIHUYECTBA ObUIM yIauyHbIMU, a KaKhue — He oyeHb. B Haua-
Jie MTaMMPCKON pabOThl MHOTO BPEMEHU U YCWIMIA OBLIO MOTPAvYeHO Ha «IIPOObBI
1 OIIMOKM” ¥ Ha MEIJIEHHBII Mpoliecc oTpadboTKU MeToauku. C 1pyroil CTOpOHBHI,
9T0 ObLI Mepuoa Haubosiee APYXKHOM U KOJJIEKTUBHOM pabOThl BCEX YUaCTHUKOB
cotpynHuuectBa «[lamup». JIBa paza B rom MpoOBOAWJIMCH pabouue COBEIIaHUS
COTPYAHUYECTBA, KOTOPbIE MPOXOAUIM B MHTEPECHBIX M XKMBOMUCHBIX MeCTax:
B CpenHeii A3uu, Ha KaBka3ze, B [1osbiie. ZKapkue HaydHble TMCKYCCUN BEIUCH
O/, OPEXOBBIM AEPEBOM B MpeAropbsx I[lamupa, y miaoTuHbE Ha Meneo, Ha TLUTsIKe
noja najnbMamu B [IuiyHae, Ha rope Aparali, B Mojbckux TaTpax u T.1. DTO ObLT
Mepuo, KOrma Bce ObUTM MOJIOXE, M Ha BCE XBaTaJo U DHTY3Ma3Ma, U BPEMEHU,
U JICHET.

Ha »sTux BcTpeyax 0COOEHHO XOPOIIO BUAEIOCH TO, KaK OpraHM3allMOHHOE
BiMsiHe MpuHbl BsiuecmaBOBHBI CTUXMIHO OXBaThIBAJIO MaKCUMAaJIbHO AOCTYII-
Hy10 00s1acTh. CTOWJIO, HATIpUMED, YYaCTHUKAM COBEII[aHUS, 3aCTUTHYTHIM JIMBHEM
BO BpeMs 3KcKypcuu B Xamku-Oou-I'apm (okpecTHOCcTH JlyliaHOe), CTOIMUTHCS
MOJ, KPBILIe KaKoi-To Oecenku, U BOT YK€ MpeACcTaBUTEIM Pa3HbIX PECITyOJIUK,
YTOOBI CKOPOTaTh BpEMSI, HAQUMHAIOT BBICTYIIaTh CO CBOMMM MECHSIMM M TaHLIAMU
Mo pyKoBoOASIIUMU yculusaMu Mpunsl BsauecnaBoBHbl. 1o e€ nHUUMaTHBE TIpU
JIpyroii BcTpeue ObUIM HaIlMCaHbl M UCTIONHEeHBI «ieBoukamu HUM A ®» vacryii-
KJ O KaxXaoM U3 uaepoB «Ilamupas», HaIoiaTro 3alIOMHUBIINECS YYEHBIM KOJLIE-
raM. A o camoii Upune BsiueciaBoBHe HapogHOE TBOPUYECTBO MOJIBUJIO:

B xomnnabopaiivy coBeTCKO-MOAbCKOM
Het nmeHu rpo3Hee Pako0oIbCKOIA.

3a Heli ctpeMuTcsi, bor He nacT coBpaTh,
Bcst 1006poBoIbLIEB-paKO0OOJIbLEB PaTh.

I1Ino Bpems. ¥ [laMupckoro coTpyaHUYECTBA 3aBI3aJUCh TECHbIE HAYYHbIE
CBSI3U C SIMOHCKUMMU (pu3ukamu, ocodbeHHo ¢ AnoHcko-bpa3uibckoil Kosado-
panueil. Hauanach smoxa nepecTpoiiku. CoBETCKO-TIOIbCKOE COTPYIHUYECTBO
MJIABHO MEPEepOCsIo B POCCUICKO-TIONBCKO-SATIOHCKUI dKcepuMeHT Ha [lamupe
€ TeMM e OCHOBHBIMU HayYHbIMU LiesiMu. M 3nech mamupckas rpynna HUUA®
MI'Y Hamna cBo€ gocToilHoe MecTo. B pamkax moroBopa ¢ KpyImHEHIIUM YacT-

225



HBIM yHUBepcuteToM fAmnmoHun Bacsma pa3BuBanach akTMBHas U IJIOAOTBOPHAast
COBMECTHasI AESITEIbHOCTh MO 00pabOTKe U aHAIU3Y JaHHBIX INTyOOKUX CBUHIIO-
BBIX KaMmep.

DTO MHOTOJIETHEE TECHOE U MTO-HACTOSIIEMY MTapTHEPCKOE B3aUMOACHCTBIE
yueHbix HUUA® MTI'Y ¢ pusukamu u3 YHuBepcuteTa Bacsga okasanoch 3ame-
yaTeJbHBIM (DYHIAMEHTOM IJIs JaJbHEHWIIEero pa3BUTHUs CBSI3E€ MeXIy COTPYH-
HukamMu MI'Y u sganmoHcKMMM uccienoBaresisiMy. Bpsia 1u Takoe MpoaosikeHue
ObUTIO OBl BO3MOXHO 0€3 MpeaBapUTEIbHO 3aBOEBAHHBIX POCCUMCKON CTOPOHOM
JIOBEPUS M yBaXKEHUSI CO CTOPOHBI SITOHCKUX (PU3UKOB, B 11e710M, onaceHus SIoH-
1I€B BCTPETUTHCS ¢ HEAOOPOCOBECTHBIM MTapTHEPCTBOM B Poccuu, K coxXajeHuIo,
B Hallle BpeMs He JIUIIIEHbl OCHOBaHMI. B 1aHHOM Xe ciiydyae B IOCJAEIHUE TOIbI
B HUUA®D MIY mnosgBuiaoch HECKOIBLKO HOBBIX T€M SIITOHCKO-POCCUICKOTO
COTpPYAHMYECTBA B 001aCTV (PU3NKU KOCMUYECKUX Jydyeil. 1 B HEKOTOPBIX 3TUX
paboTtax nmo-tnpexxHemy npuHumaet yyactue M. B. Pakobosbckast.

MHorag yietal — Kak ToBap1MBaJIv BCTaphb.
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J1I'. CBelxHnKoBa

NETEHAA

WUpuna BsyecnaBoBHa PakoOosibckass — 3To JjiereHma. Kaxablil cTymeHT,
NpuxoddIIMii Ha Kadeapy KocMuueckux jydeir ¢puszdaka MI'Y, y3HaeT, uTo
PYKOBOAUT Kadeapoii JereHaapHas XXeHIIMHA — HavyaJbHUK IITaba >KeHCKOIro
JIeTHOTro nosika. Kak rpaBujio, B KaKoil- TO MOMEHT CTYACHT ITOMNagaeT Ha BCTpe-
Yy C He#l, rae oHa pacckasblBaeT (HEBEPOSTHO MHTEPECHO) O CBOEi BOEHHOM
>ku3HU. Ha ogHOM 13 TaKuX BCTpeY s MOHSJIa, YTO Ta, Mpoljiasi BOGHHas XXKU3Hb
OblJ1a CTOJIb 3HAUYUTEJIbHOM U BecoMoii 1151 MpuHbl BsiueciaBoBHBI, YTO €€ Mocie-
JIyIolasi — OYeHb HaChIleHHAs U OJiecTsIIasl o BCeM MepKaM XXU3Hb, HUKOTAa
HEe CMOXET 3aTMUTh HEBEPOSITHBIN SHTY3Ma3M U BEJIUKYIO LieJib, KOTOpPbIe OBLIU
y T€X BOEHHBIX JE€BOYEK.

Bo3MoXHO, IMEHHO 3TO OCTABWJIO IevyaTh Ha BHIOOpPE HAayYHBIX HampaBlie-
HUI1, KOTOpble MTHULMKPOBaja 1 Bo3miapisia MpuHa BsueciaBoBHa: MIOOHHBIN
9KCIIEPUMEHT C YCTAaHOBKOM, pacIiojiokeHHOM ri1y0oKo moj 3emiieil B MOCKOB-
CKOM METPOIIOJIUTEHE, U MHOTOCJOWHbIE CBUHIIOBBIE KaMephbl 3KCIIEpUMEHTa
“ITaMup”, pacnosoXeHHbIe BLICOKO B ropax, — caMble INIyOOKHEe U caMmble 00Jb-
LLIMe MO IUToIIAAW B MUpPE (U151 TAKOTO TUIIA YCTAHOBOK) — THICSIYM TOHH CBUHIIA,
KBaJpaTHbIE KUJIOMETPbl PEHTTE€HOBCKUX IIEHOK, THICSIUM COOBITUI, OTOOPAHHBIX
U IPOCMOTPEHHBIX B MUKPOCKOII TJ1a3aMU AEBOUYEK, YK€ IPYTUX 1eBOYEK, — KOTO-
PBIX OHA cymeJia YBJIeub Ha 3TOT ellie OJWH MOIBUT.

WMpuHa BsyeciiaBoBHa 04eHb XOPOLLO BhIAEISIET HauboJiee MHTEpeCHbIE 3a1a-
yu. Y eciu eii 3To KaXKeTCs HY>)KHBIM U BaXKHBIM, HUYTO HE MOXET OCTAaHOBUTD €€.
MBI, 1eBOYKM, KOHEYHO, ITePUOANYECKI HBUIU U “B30OPbIKMBAIN”, OUEHb YK 3TOT
Tpyn ObLT “kMTalickuMm”. OmHAaKo, MO MPOILIECTBMM MHOTHUX JIET 0Ka3ajaoCh, YTO
HaM yJIajoCch UMEHHO C 9TUM TUIIOM YCTAaHOBOK M Ojlarogaps “KuTalicKoMmy” Tpy-
Iy TIOJTYYUTh LIEAbIA P pe3yabTaToB, KOTOPbIe MPUHLUMUITMATIBLHO HE MOTJIM ObITh
IMOJIy4EHBI Ha IPYTUX KaMepax.

Ho Npuna BsiuecnaBoBHA He TOJBKO Mpyydaia Hac K TPYAY, HO U BOCIIUThI-
BaJia BO BCEX OCTaJIbHBIX HampaBaeHusX. Kak oHa ymeeT NpaBUTh TEKCThI cTaTei,
Oaromapsl BeJIMKOJICITHOMY 3HAHMIO PYCCKOIO sI3blKa M 4yBCTBY peuu. Ilompo-
Oyii-Ka Tmpu Hell cKazaTb PYCCKOE CJOBO C HempaBWJbHBIM yaapeHuem! U yx,
KOHEYHO, KaxXkJasl )KeHIIIMHA B Halllelt JabopaTOpUU 3HAET C AECITOK KYJIMHAPHBIX
peuenToB oT MpurHbl BsiueciaBoBHBI. A KaK BOCITUTATh ABYX OTJIMYHBIX CHIHOBE?
Ouenb npocto! HyxHo TosibKo cipocuTh Y MpuHbl BsiueciaBoBHBI.

OnuH pa3, Koraa Mbl ObLIM C Hell B KOMaHAUPOBKe B TOKMO, K HAM Ha YXXUH
rnomnaj pyCCKMiA aClIMpaHT, OKOHYMBIIWN Kadeapy KocMUIecKux ydeil. OH ObLT
npocto oyapoBaH MpuHoii BsauecnaBoBHoii. OHa KopMuIa €ro 4eM-TO OY€Hb
BKYCHBIM, JIeunJia eMy pyKy M paccropaluuBaia 060 BceM. [TpoBens Beuep ¢ HaMu,
OH MOTOM MHe ckazan: “S mymai, npodeccop PakobosbcKkass — 3TO OUeHb CTpalll-
HO, a OKa3bIBaeTcsl, OHa Kak poaHasi Mama”. EcTb 1 Apyroii acCuMpaHT, He MOCKBUY,
st Kotoporo MpuHa BsiuecnaBoBHa mpoOurBajia MPOIMUCKY U XuJbe B MOCKBe,
YyTOOBI OCTaBUThL Ha padote B MI'Y. CK0IBKO cuJl OHA MOTpaTuja Ha 3TO, HO JOOU-
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Jlach, NEMCTBUTENBHO, KaK poaHas Mama. O4eHb MHOTO MOJIOIBIX COTPYAHUKOB,
>KM3Hb KOTOPBIX OHa 00yCTpouia, UCKpeHHE OiarogapHbl €if 3a 3TO.

HNpuna BsyecnaBoBHa — 1jis Bcex Hac npumep. Ee cuia u sHTy31a3M, BOJIst
U CHOCOOHOCTh MTHOBEHHO MpPUHMMATh TMpaBUIbHbIE PELICHUS, HEBEPOSITHasI
BBIHOCJIMBOCTb OTHOCUTEBLHO 3acelaHUil M CEeMUHApOB, BCETAAa BOCXUILAIOLINE
Hac, HUKaKOI'o HbIThS ¥ TIECCMMU3Ma, Jaxe Koraa OHa Wiy ee 6Ju3Kue 3a0osieBa-
10T, CTUMYJIMPYIOT Hac Ha HOBBIE TTOJABUTH.

He ycneB 3akoH4YUTH 3KcrepuMeHT “IlamMup”, Mbl TYT e HayajJiu HOBBI,
elie 6osiee Tpynoemkuit akcrepumMeHT RUNJOB ¢ yxe gaxke He “KMTaicKum”,
a “ANOHCKUM” TPYJAOM — HaJ0 He TOJIbKO HAMTH ThICSIYY COOBITUI, HO U IIEPECUU -
TaTh TpeKu B HUX. Ho MbI BeicTouM! MBI Boctiutanbl MpuHoii BsiueciiaBoBHON!

OpnHa u3 BeICTOSBIIMX neBoueK U yuyeHu1l JI.I'. CBelmrHuKoBa
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CA. CnaBatnHekui

YETBEPTb BEKA B 3KCMEPUMEHTE “NAMWP”...

Brnepssie g ycabiian 06 Mpune Pako6oabeKoii, elie korna yauics Ha (u3u-
yeckoM (pakynbTeTe MI'Y. HecMOTpss Ha TpyAHOCTU yuyeObl, OHA aKTUBHO 3aHU-
Masiach OOILLIECTBEHHOM esTeIbHOCThIO — OblJIa YICHOM By3KOoMa KoMcomoJa. Ee
“Ms ObLITO OKPYKE€HO repondeckuM opeosioM. Eliie 6b1! DTa AeBylIKa Mpolilia BClO
BOITHY B COCTaBe XKEHCKOTO I10JIKAa HOYHBIX O0OMOapAMpPOBIIMKOB, a Tellepb MpPo-
JIojikaia yueOy Ha (pu3nyeckoM akyJbTeTe.

IToToM Halm ITyTH pa3ouLInch, s1 padotan B DM AHe, ona — B MOCKOBCKOM
YHUBEPCUTETE.

B mamaTi BO3HUKAET ellle OAUH MHTEPECHBI MOMEHT. D10 6bLI0 B 1965 romy Bo
BpeMst MexXIyHapoaJHOU KOH(pepeHLIMHU M0 KOCMUYECKUM JiydaM B JlongoHe. MuHu-
CTpOM 00pa3oBaHUsI AHIJIMKA ObUT YCTPOEH IpYeM JUISl YYaCTHUKOB KOH(EPEHLIUH,
KOTOpBII ITPOXOAWJI B U3BECTHOM ABOpLIe Ha JlayHUHT cTpUT, 9. 3ameTuB, yto MpuHa
Pako0bonbckast okpykKeHa rpymrion OxX1BJIEHHO 0eCeayIolX MHOCTPAHLIEB, 51 OO0~
LLIeJT y3HATh, HEe HY>KHa JIM TIOMOILb B 00bSICHEHUM Ha aHIJIMICKOM si3biKe. OKa3alioch,
YTO Cpely ITPUCYTCTBYIOIINX HAXOMUTCS M3BECTHBIN YUeHBIN — KOCMUK K. DIUIHoT,
KOTOpBIIA BO BpeMsl BTOPOXi MUPOBOIi BOIHBI BoeBa MpoTtuB ¢aiuctoB. C. H. Bep-
HOB, KOTOpBI ObLT IJIaBOM Hallei aenerauuu, npeactaBuil Mpuny BsuecnaBoBHy
KaK YJaCTHUILY BOMHBI — HayaJIbHMKa IITa0a JIETeHIAPHOTO aBUALIMOHHOTO 3KEHCKO-
IO T0JIKa. DTO 1 BHI3BAJIO TAKOE OKMBJICHUE U BCE COOpaBLIMECsS BOKPYT aHIIMICKIE
(U3MKY BBICKA3bIBAIM CBOE BOCXUILIEHNE TE€POU3MOM U OTBAroii COBETCKUX JIETUMII.

Haie recHoe cotpynHuuectBo ¢ MpuHoii Pako0obcKoi Hauanoch IpuMep-
Ho B 1970 rony, Koraa y MeHs 3apoaujiach Uiesl UCII0JIb30BaTh JJIs1 UBYYEHUS SIAeP-
HBIX ITPOLIECCOB IIPY CBEPXBBICOKMX SHEPTHSIX PEHTI€HOOMYIbCHOHHYIO METOINKY
Ha BBICOTax Irop, B YacTHOCTH, Ha [Tamupe. 1 MpoBepKy BO3MOXHOCTH TaKOTO
9KCIIepUMEHTA ObLJT HEOOXOAUM JIMCTOBOM CBUHEL 0COOOro NpokaTa. PaHee Takoit
CBUHEL, ObLI MCIOJb30BaH rpymnnoi M. B. Pako6oibCKOil B MIOOHHOM 3KCIIEpU-
meHte MI'Y. MpuHa BsuyecnaBoBHa TOHsIa OOJbIINE TEPCIIEKTUBLI 3KCIIEPU-
MEHTa Ha Topax H, ImocoBeToBaBIIMCh ¢ I'. T. 3anienmmHbIM, aKTUBHO MOIIEPKaB-
LM MJIEI0 TAKOTO IKCIEePUMEHTa, MpeaocTaBuiia 0koJjo 40 TOHH CBUHLIA.

C aToro npodHoOro stamna v Hayajcs 3KcrepuMmeHT “Ilamup”, mpomgokaB-
IIMICS YeTBEPTh BeKa U JABIINI MHOTO BaXKHBIX I KPACUBBIX pe3yJIbTaTOB.

Cama MpuHa BsyecmaBoBHa Bo3MIaBWiIa HayyHyto rpymny MI'Y, akTuBHO yya-
CTBYIOLIYIO B 3TOM 3KcrnepumeHTe. Ocoboe BHUMaHKME OHA HallpaBWJIa HA METOAM-
YyecKue MpoOJieMbl, BO3HUKILNE ITPU TTPYMEHEHUN PEHTICHOAMYILCMOHHEIX KaMep
K perucTpauym 4acTull, 00pa30BaHHBIX B slIepHO-KacKaaHOM Mpoliecce. Ee rpymnmoit
OBbUIM YCIICILHO pelleHbI TPoOeMbl BIUSHUS 3a30pa MEXXAY ITOBEPXHOCThIO CBUHLIA
U PEeHTTEHOBCKOM IJIEHKU Ha BEJIMYMHY U3MEPsIeMOI SHEPruu, TTIOATBEPKAECHO Cylle-
crtBoBaHue 3 dekra Jlangay-ITomepanuyka-Muraana pyu CBEpXBBICOKMX SHEPIUSIX,
MpoBeAeHa a0COII0THAS KaTMOPOBKAa METOIa UBMEPEHHSI SHEPTUM T10 BEIMYMHE Mac-
cbl t0-Me30Ha, MoKa3aBIlas, YTO OTCYTCTBYIOT KaKMe-IM00 CUCTEMaTUYECKUE OIIN0-
KU B UBMEPEHUU DHEPIYHU, a caMa OLIMOKa cocTaBiisieT IpuMepHo 20—30 mMpoLeHTOB.
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HecomHeHHoli 3aciyroii Mpunbsl BsiyeciaBoBHBI SIBUJIOCH TO, YTO OHa
MpUBJEKJa K ydacTUio B 3KcrepuMeHTte “Ilamup” coTpymHMKOB JlabopaTopuu
N. I1. UBanenko — T. M. PoraHoBoli, KOTOpbI€ BBIMOJHWIM OOJIBIION 0O0BEeM
TEOPETUYECKMX pabOT, HEOOXOAMMBIX JIs1 00PaOOTKM pe3yIbTaTOB SKCIIEPUMEHTa
U UX MHTEPIIPETaALU.

N.B. Pako6onbcKoit ObuTa peaioxkeHa KOHCTPYKIIUS TJTyOOKUX CBUHIIOBBIX
KaMep, ¥ Ha 3TOM ITyTH yIaJI0Ch IMOJYYUTh MHTEPECHBIE pe3YyIbTaThl, KOTOPBIE U IO
CHX TIOp BXOJST B YUCJIO IIaBHBIX JOCTUXKEHU akcriepuMeHTa “ITamup”. B yact-
HOCTHU, OBIIO OOHApYXXEeHO, YTO Ha MIyOMHEe CBMHLA OoJibiie 50 caHTUMETPOB
HaOJIIo1aeTCsl U30BITOK AJIEKTPOHHO-(OTOHHBIX KacKaaoB. VX mpoucxoxkaeHue
JI0 CUX TIOp HE YCTaHOBJIEHO. JINOO OHM BO3HUKAIOT B pe3yJbTaTe 00pa30BaHMS
B BEPXHUX CJIOSIX BeIllECTBA YapMMPOBAHHBIX YACTUII, TTPOMYKTHl KOTOPHIX, pac-
Manasich Ha raMMa-KBaHTHI 1 2JIEKTPOHBI, 1al0T Hayajo TakKMM KackaaaM. B aTom
cllydae HE0OXOIMMO JOITYCTUTh, UTO CeUeHUE poxKaeHUs Ac-yacTull 1 D-Me30HOB
aHOMaJIbHO 0oJiblloe, MouTH B 10 pa3 0oJibllie, Y4eM MOXHO OXUAATh U3 DKCTParo-
JISILIMUY yCKOPUTENbHBIX JaHHBIX. JIpyroe o0bsicCHeHNE eliie 00Jiee SKCTpaBaraHTHOE
U COCTOUT B TOM, YTO HEOOXOAVMMO AOMYCTUTh CYIIIECTBOBAHUE HOBBIX, HE U3BECT-
HBbIX U HE HAOJIOAABUIMXCS Ha YCKOPUTEJE aApOHOB, CEYEHUE B3aMMOACHCTBUS
KOTOPBIX C siIpaMy CBUHIIA MOYTU B 10 pa3 MeHbIlIe, YeM SIAepHOE.

Hns perieHus: 3Toi MpoOJieMbl ObLT MpPEmIOXEH CIelUaIbHbIA 3KCIepU-
MeHT — Ha [TaMupe ycTaHOBJIeHa KOHCTPYKIIUS C BO3MYIITHBIM 33a30POM, B KOTOPOA
CJIOV pPEHTT€HOBCKOM IJIEHKW CO CBUHILIOM TOJIKHBI OBITh pa3neeHbl TPOMEXYT-
KOM B 2,5 MeTpa. EcTb yBepeHHOCTb, YTO 3TOT SKCIIEPUMEHT 1aCT OTBET Ha BOIIPOC
0 MpUPOE MPOHUKAIOIINX YACTUII.

Mertoauka rayo0oKrUX CBUHIIOBBIX KaMep Jajia CYIeCTBEHHbIN BKJIa/ B U3y4e-
HUE KOMILIaHApHOTO pa3jieTa YacTHll. bbl1o moKa3aHo, YTO KOMILJIaHApHO pasJie-
TalTCS HEe TOJbKO raMMa-KBaHThI BBICOKOU 9HEPTYH, HO U aPOHBI, peTUCTpaLlUs
KOTOPBIX MTPUBOAUT K YBEJIMYEHUIO JOJIU KOMIUTAHAPHBIX COOBITUIA, PETUCTPUPY-
€MbIX CBUHILIOBBIMM KaMepaMH, MO CPaBHEHMIO ¢ JAHHBIMM YIJIEPOAHBIX KaMep,
y KOTOPBIX 3(D(HEKTUBHOCTb PETUCTPALIU AIPOHOB MEHBDIIIE.

HNHTtepecHble pe3ynbTaThl MOMYYEHBI TakKe MPU aHaJIu3e COOBITUI, comep-
KaluxX “rajio”, KOTOpble T€HEPUPYIOTCS Y3KUMU MyYKaMMW 4YacTUl] OOJbIION
IUIOTHOCTU. Psm Takux cOOBITMIA MOXHO OMNMcCaTh KaK pa3BUTHME YMCTO DJIEK-
TPOHHO-(OTOHHOTO KacKaja CBEPXBBICOKOW 3HEPIMU B aTMoc(depe, yrnaBIIero
Ha PEHTI€HOAMYJILCYOHHYIO KaMepy.

B pesynbrate 3TOi NEeSITEIbHOCTU B YHUBEPCUTETCKOM TpyIirne ObLIO 3allly-
1IeHO 0KoJio 10 KaHAUMAATCKUX AUCCEPTALIMI U TOTOBSITCS K 3allIUTE 2 TOKTOPCKUX,
KOJIMYECTBO MyOJIMKALIMK 1o pe3yjbTataM aKcrnepumeHTa “Ilamup”, B KOTOPBIX
yJacTBOBajla YHUBEPCUTETCKas TPyIINa, IepeBajiMBaeT 3a COTHIO.

Kpome HaydyHBIX TOCTMIKEHMI OoJiee YETBEPTU BeKa padOThl B IKCIIEPUMEHTE
“ITamup” 3alTOMHWIMCH TOPSTYUMU OOCYXICHUSIMU W CIIOpaMU, B KOTOPBIX POXK-
Jajach He TOJIbKO MUCTMHA, HO 1 ApPYyXK0a, HOBBIMM 3HAaKOMCTBaMU, UHTEPECHBIMU
Moe3IKaMH.

B 3akitoueHue xoueTcs mo3npaBuTh MpuHy BsyeciiaBoBHY CO C/TaBHBIM 1001 -
JIeeM U MoXeJIaTh el 00JIbIINX YCIIEXOB B JaJbHEHIIIEM.
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M.B. KavawknHa

.B. PAKObOJIbCKAS -
NEKAH ®AKYJIbTETA NOBbILLEHNA KBATUOUKALINK
NPENOJABATEJIEN BY30B

B nexabpe 1966 roga mpukazom Munsy3za CCCP 6bl1 co3gaH B MOCKOB-
CKOM YHHUBepcuTeTe (paKyabTeT MOBBILIEHUS KBaaudUKALIMM MpernomaBaTeaci
BY3o0B, Ero nekanom HaszHauuau HMpunHy BsdecnmaBoBHy PakoGonbckyro. 3a
OYeHb KOPOTKUI1 CpOK, OJlarogapsl ee opraHu3aTOPCKOMY OMBITY, YK€ K Havyaiy
Mapta 1967 1., Bce ObUIO TOTOBO K IepBoMy npueMy ciyiareneid @I1K: opranu-
30BaHa paboTa AeKaHarta, HaydHo-MeToaudeckoro CoBera, Kyaa BOLIIU 3aMECTH -
TeJIU AeKaHOB (paKyabTETOB U Beaylllre MperogaBaTesiv, pa3padoTaHa CTPYKTypa
®DIIK, pacrpeneneHsl IIpenoaaBaTeIbcKie U yIeOHO-BCIIOMOTaTeIbHEIC IITATHI,
BoIIesieHHbIe MuHBY30M 1151 PI1K, cocraBiaeHBI yueOHBIEC IUTAHBI M IIPOTPAMMBI,
Hayajaoch U3JaHue y4eOHO-MeTOAUUECKOM JINTepaTyphl AJjIs CayluaTesei.

IlepBriit Habop HacuuThiBaJ 350 ciayiaTteseil, U 00ydalch OHU HA IIIECTU
€CTECTBEHHBIX (haKyJbTeTaX. DHTY3Ma3M, SHEPrusi, OTBETCTBEHHOCTh Mpu-
Hbl BsiuecnaBoBHBI 32 MOPYYEHHOE HOBOE JI€JI0 MepeaaBaJluch COTpYAHUKAM
nekaHaTta. YeTko oTiaxeHHas padora ¢ ¢aKyabTeTaMU Yepe3 HaydYHO-MeTO-
nuyeckuit CoBeT ¥ MHCIIEKTOPOB oTaeiaeHuit ®IIK mpuHoCcHIa MOI0XUTEIb-
HEI€ pe3yJbTaThl U OJIarogapHOCTH ciymartenaeil. @aKyabpTeT OBICTPO pa3BU-
Bayicd M K 1971 r. 6p1tnt co3maHbel otaeneHuss PIIK yxe Ha 15 daxkymbreTax
YHUBEPCUTETA, U MpUeM ocyluecTBiasuica mo 130 cneumanbHOCTIM, TOTaa
Ke Hayvajcsg npueM Ha ctaxupoBky, C 1972 roga mosgBuiaach HoBas popma
pa6otel. ®IIK MI'Y coBmectHo ¢ MunaBy3om CCCP ctan opraHm3aTopom
CEMMHAPOB I10 MOBBILIEHUIO KBATU(PUKALMU PYKOBOISIIET0 COCTaBa BhICIIEH
IIKOJIBI: PEKTOPOB, IIPOPEKTOPOB, NeKaHOB, 3aBeayomux Kadeapamu. OIIK
MT'VY ObLI EepBbIM U CAMbIM KPYIHBIM B cTpaHe. ONbITOM €ro opraHM3aluu
BOCIIOJIb30BAJIMCh MHOTME BHOBb coO3JaBaeMble (DAaKyJbTEThl IMOBBIIIEHUS
KBanu(puUKauum Kak B MOCKBe, TaK U B peCIyOJIMKAaHCKUX YHUBEpPCUTETaX,
U B psiie cTpaH coapyxecTtBa: boarapumn, Benrpuu, Kybe.

B 1975 rony U.B. Pakoboabckas HarpaxaeHa 3ojioToil Mmeganbio BJIHX
“3a pa3paborKy cTpykrypel PIIK, BHempeHMHE MepeaoBOro OMIbITa PabOTHI
COBETCKUX M 3apy0OexxHbix BY30B, ycTaHOBJIEHME Hay4YHBIX CBSI3€id U OCY-
LIECTBJIeHUE HaydyHo-MeTtoauuyeckoil momomu 270 BY3am crtpanml”. Tak
ObLIM OTMEUYEHBI ITepBbie ToAbl padoThl M. B. Pako00abCKON B CCTEME MOBbI-
LIEHUS KBaJludUKaluy IIperoaaBaTeaeii By30B.

Henb3s He ymOMSHYTbh U 0 paboTe MO MOBBILIEHUIO KBaJTUMUKALIUA TIpe-
nopasaTtejieii MOCKOBCKOTO YHUBepcuTeTa. OToMy Bonpocy MpuHa Bsuec-
JIJaBOBHA yesijla MHOTO BHUMaHUS U PEryasipHO KOHTPOJMPOBaia BIMOJIHE-
HME TUIaHOB MOBBIIIEHUS KBaauuKauuu npenoaasarenciit MI'Y. Ee noknanbl
Ha 3acenaHusx yuyeHoro Cosera MI'Y comepxkanu aHaiu3 padboThl paKyabTe-
TOB B 3TOM HallpaBJeHUU U CIOCOOCTBOBAJIM JIyUllleid €e OpraHu3aluiu.
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DHeprusg u opraHuzoBaHHOCTh MpuHbl BsuyeciaBOBHBI MO3BOJSIN €l
couetaTh pykKoBojacTBo PIIK ¢ GobIIoi negarornyeckoil 1 HaydHou pado-
TOl, HaMMCaHWEM JOKTOPCKOUW AucCcepTallMy U YCHEIIHOM ee 3aluToul. A,
CBUAETEb 3TOr0 Mepuoa XU3HU U NesaTeIbHOCTU MpuHbl BsdyeciaBOBHHI,
He MepecTaBajia YAUBISATHCS €€ padbOTOCIHOCOOHOCTH, AEJIOBO XBaTKe, yMe-
HUIO Oepeuyb BpeMs, TaJlaHTy MoadupaTh Kaapbl. OHa yMena co3aaTh Takue
OTHOILIIEHUS B KOJUIEKTHBE JAeKaHaTa, UTO BCe paboTallu ClakeHHO, IPYXKHO.
Hano otMeTuTh BaxkHbie yepThl xapakTepa MpuHbl BsuecnaBoOBHBI: ¢ OOAHOM
CTOPOHBI, YETKOCTh pACHOPSIKEHUI, TpeboBaTEeJIbHOCTh K COTPYIHUKAM,
C IpYroul — XejaHue MOOIIPUTH 3a XOpOIlllylo paboty. MHorue npemnomaaBa-
TEeJIM U COTPYAHUKHU (pakynabreToB U nekaHara PIIK ObLIM MO MHUIIMATUBE
HMpunbl BsdecnaBoOBHBI HarpaxXIeHbl HarpyAHBIMU 3HaKaMMu “3a OTJUYHBbIE
ycrnexu B paboTe B 061acTy BbIcIero oopaszoBaHus”, “OTIUYHUK ITPOCBEIIE-
HUs”, rpaMoTaMu MuHBY3a, pektopa MI'Y.

OCo0eHHYI0 CITOCOOHOCTh O0IIATHCS C TIOAbMY MOXHO ObLIO HAOII0AATh
BO BpeMs €€ BBICTYIJICHUU IMepen caylaTeJssMU Ha COOpaHUsSIX, MOCBSIIEH-
HBIX Hayajlly 3aHsTUI, KOTOpble MpoxoAuau B akToBoM 3aie MI'Y. Ilepen
rpomanHoii aynutopueil B 1500 yenoBek ee mpocTasi, apKasi pedb C XKHBbIMU
MnpuMepaMu, YETKUM M3J0XEHUEM MaTepuajaa ob yCIOBUSIX O0Oy4YeHUs, Tpe-
OoBaHUIX K 0OyYarouMcs, Obl1a MIpOHKU3aHa T0OPOKEeNaTeIbHOCTBIO K CITY-
1IaTeJsIM M BCceraa BOCIpUHUMAaIach UMU BeCbMa MOJOXUTEIbHO.

Jiss MHOTMX W3 Hac, COTPYIHUKOB nekaHaTa, MpuHa BsueciaBoBHa
SBJISIIaCh MPUMEPOM HE TOJbKO OTIUYHOIO PYKOBOAUTENSI, KOTOPBIA MOT
U MOXBAJIUTh U TOPYyraTh, a €CJAU MepeOdOpIIUT B MOCIEAHEM, TO U WU3BU-
HUTbCS, HO MpPEeXJe BCEro YAMBUTEJIbHOTO UEJOBEKAa W XEHIIWHBI. Y KaX-
JIOTO U3 Hac CaydYyaaucCh XU3HEHHBIE MTPOOJIeMbl, U OHA yMeJia JaThb MYIpbIi
COBET, YCIOKOUTb, Moadoaputhb. I[lpernomHocuna M ypoKM KyJIUHaApHOIO
HUCKYCCTBA, ILIEAPO AEJISICh HE TOJIbKO pelenTaMyd OpUTMHaIbHBIX KyIIaHUMH,
HO JaBasi BO3BMOXHOCTb “TpoaeryctupoBaTh”’. KaxXablii mpa3aHUK yaUBIIsIa
Hac YeM-TO HOBBIM: TO TOPTOM, TO X€Ji€, TO IPYTMMU BKYCHBIMU BELLAMU.
OnHax bl MpUraacuiia Hac B 00eAeHHBIN MepephiB K cede ToMOol 1 mokKasaa,
Kak 3a 30 MUHYT MOXXHO TIPUTOTOBUThL 00el Ha 6 yelloBeK, MMesl HEKOTOPhIe
noaydadbpuKkaTsl B XOJOAUIbHUKE.

BcriomuHaeTcss MHe MW COBMeCTHBINM oTAbIx ¢ HMpuHoit BsyecnaBos-
Hoil B sHBape B Kpbimy. M1 Tam oHa He MoTJia MOJHOCTBIO MEPEKIIOUYUTHCS
Ha OTIBIX: MpOJoJIKala paboTaTh Hald KYpCOM JIEKIIUIA MO sAepHON dusnke.
CTaHOBWJIOCH TOHSITHBIM, KAKUM 00pa3oM MOXET YeJIOBEK yCIeBaTh CTOJIbKO
JenaTh.

Pabotry nexkaHa (akyabTeTa MOBbILIEHUS KBaaudukauuu MIY
H. B. Pako6onbckoit MunBy3 CCCP oneHMBan odyeHb BbICOKO. OHa Oblia
aKTUBHBIM y4aCTHUKOM ceMuHapoB aekaHoB PIIK, koTopbie MUHBY3 Mpo-
BOAWJI PETYISIpHO U He ToJIbKOo B MockBe. PIIK MI'Y noanep>xuBaj TeCHbIE
CBSI3M C YHMBEpPCUTETaAMU CTpaHbl, IMyTeM OOpaTHOU CBSI3M uU3ydas addek-
TUBHOCTb CBOEU NESATEIbHOCTU, CTeTleHb BAUISHUA MI'Y uepe3 caymarenei
Ha pa6oty BY30B, BHenpeHUs TOJYYEHHBIX 3HAHUUN B Y4eOHYIO, HAyYHYIO
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1 BOCHUTATEJbHYIO MPakTUKy. B CBOMX JOK/Iagax W BBICTYIUIEHUSIX Ha 3TUX
ceMuHapax MpuHa BsiuecnaBoBHa 1eApo Aeauiach HAKOITUIEHHBIM OTIBITOM.
Hexanbl ®IIK paznuunbix By30B nmpuesxanu K Heil U Ha UHAWBUAYAJbHBIE
KOHCyJbTauuu B MI'Y.

3a 23-xnetHuii nepuon padborel M. B. Pako6onbckoit Ha DPIIK MI'Y
Ha (akysibTeTe pouin odyueHue 6oiiee 60 ThicsY MpenogaBaTeneii BY3o0s,
20 THICSIY YEJIOBEK PYKOBOISIIIETO COCTaBa BBICIIEH IIIKOJIbI, 3 THICSIUM CIIEIU -
aJIMCTOB HapoAHOro xo3siicTBa. Llngpbl roBopsAT o0 MacuiTadbax aAesTeIbHOCTU
®DI1IK u ero 6eccmenHoro pykosoauteisg M. B. Pako6obcKoiA.

C NoJIHBIM OCHOBaHMEM MOXHO TOBOPUTH 0 ToM, 4yTo WM. B. Pako6oiib-
ckas Obl1a He ToJbKo aekaHoM DPIIK MI'Y, Ho saBisg1ach aKTUBHBIM Y4acT-
HUKOM CO3JaHUsl CHUCTEMbl MOBBIIIEHUS KBaJudUKaLMU IpernoaaBaTeacii
BY30B U €€ COBEPIIIEHCTBOBaHMUSI.
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UB. KoctukoBa

“>XEHCKWUIA OTBET” W.B. PAKOBOJIBCKOIA:
10 JIET COHO3Y XEHLUWUH MIY

Hauvano Ilepectpoiiku B CoBerckoM Colo3¢ 03HAMEHOBAJIO Hayaj0o MHOI'MX
3HAYUTEIbHBIX U3MEHEHUI B OOILLIECTBEHHOM U MOJUTUYECKOM Xu3Hu. Kazanoch
Obl, cpeIv TAKMX U3MEHEHWI, BO3POXIEHUE XKEHCKOTO NBUXKEHUS BOBCE HE SIBJISI-
€TCsI TeM COOBITHEM, O KOTOPOM MBI TOBOPUM B IIEPBYIO o4depenb. OqHaKo, UMEHHO
OHO MOXET OBbITh NPU3HAHO KOHLEHTPUPOBAHHBIM BBIPAXKEHUEM CYTU MPOMCXO-
MUBIIMX NPOLIECCOB OOpAIIEHNS K YEJI0BEUYECKOM JUYHOCTHU, K HACYIITHBIM IPO-
O61eMaM COBpeMEHHOCTU. M1 OmHMM M3 BaXXHEMIIMX, HA Hall B3IJISA, aCHEKTOB
W3MEHEHHWI CTaJlo BO3BpalllEHUE K PACCMOTPEHMIO OOIIIECTBA, COCTOSIIErO HE U3
a0CTpaKTHBIX YEJI0BEUECKUX CYIIECTB , @ KOHKPETHBIX 3KEHIIIMH U MY>KUMH.

Y UCTOKOB BO3BpallleHUSI K TAKOMY IMTOHMMAHUIO YEJIOBEYECKOIrO COOOIIIe-
CTBa CTaJI0 co3naHre B MOCKOBCKOM IoCyIapCTBEHHOM YHUBepcuTeTe B 1987 romy
xkeHcoBeta MI'Y, rmaBHOI 3amadyeii KOTOPOTO CTAaHOBWIACH “TIOMOIIb XKEHIIH-
HaM B UX TBOPUYECKOM M TTpodhecCUOHAILHOM pocTe”. PykoBomuTeeM KeHcoBeTa
craia MUpuna BsuyecnmaBoBHa Pakobombekast, mpodeccop, JOKTOp HayK, BeTepaH
3HAMEHUTOTI'O >KEHCKOI'O aBMAIIMOHHOIO IT0JIKa, MeKaH (paKyabTeTa IMOBBIIIECHUS
kBanudukanum MI'Y — camast n3BecTHasl, aBTOPUTETHAS U yBaxkaeMas KeHIIIH -
Ha B MOCKOBCKOM YHUuBepcuteTe. TONbKO aBTOPUTET U U3BECTHOCTh MaciuTaba
. B. Pako601bCcKOI MOTJIM NPEeBPaTUTh OJHY M3 MEPECTPOEUHBIX 3aIYMOK, K CJIO-
BY, JOCTaTOYHO HEMNOIYJISIPHYIO, B pEUILHOE €10, CYLIECTBYIOLIEE 10 CUX MOP.

bnaromaps ee aHTy3nMa3My, TaJlaHTy OpraHu3aTopa, OIbITY pabOThI B KOJUIEK-
THUBE, YeJIOBEYECKON UyTKOCTH, YMEHUIO pa30oupaThCs B JIOOSIX U IPUBJIEKATh UX
CIOCOOHOCTU Ha oOlliee IeJI0 HOBask OpraHu3alus 3asBuia cedsl Kak XU3HECHo-
COOHasg M HeoOxoauMask YHUBEpPCUTETY. 2ZKEHCOBET CIIJIOTHJI BOKPYT CE0s1 MHOTUX
SHEPIUYHBIX KEHIIMH C pa3InYHBIX (QaKyIbTeTOB U IoApasaeiaeHuii. Maummaro-
POM 1 HENOCPEACTBEHHBIM opraHu3aTopoM Obl1a MpruHa BsyecnaBoBHA; OT 1opu-
IUYEeCKOro o(opMJICHUSI CaMOTr0 COBeTa — IIPOLIEAYPhl JOCTATOYHO TPYIOEMKOM
10 TEM BpeMEHaM — JI0 CTPAaTerMYeCcKOro pykKoBOACTBA OPraHM30BABIIMMCS YyTh
MO3X€e COI030M XEeHIIUMH MI'Y.

B TpymHBIX 1711 BY30BCKOM MHTEJUIMTEHIIUM, B OCOOCHHOCTH KEHCKON ee
YacTU, SKOHOMUYECKUX YCJOBUSIX HAIEr0O BPEMEHW IEPBOOYEPEAHOMN 3amayeit
XeHcoBera MpuHa BsuecnaBoBHa PakoOojibckasi cuuTalla OTCTaMBaHUE 3KO-
HOMMYECKMX MPaB XEHILMH- MpenoaaBaTeieid 1 HaydYHbIX COTPYAHUKOB. Tlocie
HEOTHOKPATHOI'O 00paIlleHus XXeHcoBeTa B ' 0OCKOMUTET 10 TPYAy U COLIMATbHBIM
BOIIpOCaM OBLIO TOJIYYEHO pa3pellieHue MPEenomaBaresisiM U HAaydHbIM COTPYI-
HMKaM BY30B pabOTaTh C COXPAaHEHUEM MEHCUM, PACIIPOCTPAHSIBILIEECS 10 3TOTO
JIMIIIb HAa pabo4yurX, TOJIbKO aKTMBHOE JUYHOE BMelIaTeabcTBO MpuHbl Bauecia-
BOBHBI IIOMOIJVIO ITOJIOXUTEIbHOMY pellleHuo ['ockomMoOpa3zoBaHueM IIpOOJIeM
IJIATEIbHOCTU OTIIYCKOB Hay4HBIX COTpyaAHIUKOB BY30B 1 orpaHnyeHuit Bo3pacra
P KOHKYpPCe Ha JOJDKHOCTH ITPodeccopcKo-TIpernoaaBaTeIbcKoro CocTaBa.
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HononHuTenbHas CIeUMaIbHOCTh IS YHUBEPCUTETCKUX XXEHIIUH B YCJIO-
BHUSIX 9KOHOMMYECKOIO KpH3KCa B MaciuTabax Bcell CTpaHbl M peopraHu3aluu
¢aky1bTEeTOB B MaclluTabax YHUBEPCUTETOB CTAHOBUTCS OAHUM M3 MUCTOYHUKOB
MOBBILIEHUSI JOXOA0B ceMbu. MIMeHHO 3Ty Lieib MpUOOpeTeHUs] MPaKTUYECKU
OpUEHTUPOBAaHHOrO OoOpa3oBaHMsI MMena B Buay MpuHa BsuecnaBoBHa, mpen-
Jlaras uaero LlieHTpa o0yyeHus u nepeodydeHusi. LleHTp gaBan 3HaHUS U HaBBIKU
B 00JIacTU OyXraaTepuu, KOMIIBIOTEPHON IpaMOTHOCTHM, PYKOAEIUs, MapuKMa-
Xepckoro uckyccrBa. CaMbIMU BOCTpeOOBAaHHBIMMU, IO KOTOPBIM T'OTOBST U Celi-
yac, 0Ka3aJauch CIeUMaIbHOCTU OyXTaJTepoB U T0Jb30BaTeel MepCoOHATbHBIM
KOMIIbIOTEPOM.

HMpunHa BssyecnaBoBHa Obljla MHULIMATOPOM U 0OpallleHUs )KEHCOBETA K peK-
Topy MI'Y o mpenocTtaBieHUN BceM padOTaIOIMM KEHIIMHAM JAOTOJTHUTEIbHO
OIHOTO IHSI OTIObIXa €XEeMECSYHO C COXpaHeHHeM 3apaboTHON IaThl. PexTop
MTI'Y B.A. CagoBHUYMIA C TIOHUMAHUEM OTHECCS K TIPEIJIOKEHUIO XeHCOBEeTa
U MIpUKa3 O JOMOJHUTEIbHOM JHE CYILECTBYET B YHUBEPCUTETE A0 CUX I1OP.

O6neryeHue ObITA U JOMOXO3SIMICTBEHHOIO TpyAa — TpaauLIMOHHAas TIpepo-
raTMBa JesTeJIbHOCTU XeHcoBeToB. MpuHa BsdyecnaBoBHa moOuwiach y4acTus
>KEHILMH B MPOBEpPKe pabOThl YHUBEPCUTETCKUX OOILEXUTHUIA, CTOJOBBIX U KYJIH-
Hapuit, oOpaTuJia BHUMaHUE Ha OTCYTCTBUE CIIELIUATbHBIX — HEAOPOTUX U JOCTYII-
HBIX JJIS1 TIperojaBaTeieil U CTyIeHTOB — Mara3uHoB. MHOIO JIMYHOI SHEprumu,
CUJIbI CBOEro obasiHUsI U JloKazaTeldbHOI aprymeHTauuu MpuHa BsdecinaBoBHa
oTAaja MPOEKTY OTKPBITUSI MEJKOONTOBOIO MPOJOBOJILCTBEHHOTO PhIHKA OKOJIO
CTaHLIUM MeTpo “YHuBepcuTeT”, MpsiMo HanpoTuB I aBHoro 3panus MI'Y, paii-
OHe, IIe HAXOAWUTCSI MHOTO MPEINoaaBaTeIbCKUX YHUBEPCUTETCKUX JOMOB. CMBICT
OTKPBITUSI TAKOTO PbIHKA HE TOJBbKO B OJIM30CTH YYEOHBIX KOPITYCOB 1 OOLIEKM -
TUIA, HO U B JOCTYITHOCTU LIEH Ha MPOJOBOJLCTBEHHbIE TOBaphl. [10 MHUIIMATUBE
Pako06obcKoit opraHu3oBaHa U KOMUCCUOHHAsI TOPTOBJIsl, pacCUMTaHHAs TIPEXIe
BCEro Ha MajloUMylIlye CTyIAEeHYECKME CEeMbU: IeTCKHE Bellld, 00yBb, OLITOBbIE
MpUOOPBI MOXHO CIAaThb WM MPUOOPECTU HEMOCPEeACTBEHHO B ['J1aBHOM 3maHUM
MPU MUHUMAJIbHBIX KOMUCCUOHHBIX cOopax. Kpome aToro ycrpauBaloTcst spMap-
KM JIellIeBbIX TOBAPOB U UMCTO OJIarOTBOPUTENbHBIE aKLIMU: pacIpenesieHue Oelbs
U JE€TCKOTO MUTAHUS JJISI CTYASHYECKUX CeMEN.

CeMbUd YHUBEPCUTETCKUX IIpernojaBaTesieil, COTPYIHUKOB, aCIUPAHTOB
U CTYJAEHTOB — CeMbH, M0 MHeHUI0 MpuHbl BsyeciaBoBHBI, CIOCOOHBIE BOCITH -
TaTh 3aMevaTeIbHOE MOJIOOE MOKOJEHUEe, IPAMOTHOE, MHTEJUTUTEHTHOE U BHICO-
KOHpaBcTBeHHOe. Ho MMeHHO Takue CeMbU Ha CETOAHSIIIHUI MOMEHT MepPeKU-
BalOT 3HAUYUTEJIbHbIE TPYIHOCTU U TPeOYIOT noMoliu. MpuHa BsyecnaBoBHa cama
BOCIIMTBIBaJa ABYX CHIHOBEI B CTYAEHUECKHUE W aCIIMPAHTCKMUE T'OIbl U TTO3TOMY
0COOEHHO XOPOIIIO TOHMMAET BCE MPOOJIEMbI MOJIOAON CEMBU.

K Npune BsyecniaBoBHEe MOXHO ObLJIO MPUATH € JIIOOOM MPoOJIeMOii, U OHA
BCeraa crapajach moMoub. [1pu coro3e HECKOJIBKO JIeT paboTasia OecruiaTHas Mcu-
XOJIOTUYECKasi KOHCYJIbTalMs Mo MpobaeMaM AeTCKO-POAUTEILCKUX OTHOILIEHUIA.
3ameuarenbHOU Tpaguuuei crai [Ipa3nHUK ceMbu, TpoBoauMbIi B JJome Kyib-
TYpPBI €KEroIHO B Mae 151 BCEX YHUBEPCUTETCKUX CEMEN ¢ IeThbMU — ¢ OeCIIJIaTHBI-
MU TToAapKaMu, CIaAOCTSIMU U BO3AYIIHBIMU IIApUKAMU IJIS AeTell, KpaCOUHbIM
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npeacTaBieHueM B 0oJbiioM 3ane Jloma KyabTyphl, BecebIMU MTPaMU U KOH-
Kypcamu B (poiie, ToKazoM MyJIbTOUIBMOB, 9KCKypcuell B My3eil 3emieBeeHUs
MTI'Y u pacnpoaaxeil moaeaoK XXeHCKOTO PYKOIEIUS.

O0BEKTOM CIENMATbHOTO BHUMAHUS COI03a KEHIIUMH CTalM KEHIIUHBI-Y-
yacTHMIIB Benukoii OTeyecTBEHHOM BOMHBI, COTPYAHUIIBI YHUBEPCUTETA. 3a1y-
IIEBHBIE BCTPEYM B COI03€ XKEHIIMH, Tpa3AHUYHbIE KOHIIEPTHI M MOBCEIHEBHBIM
MHTEPEC K HYXIaM BETEpPaHOB — BCE 3TO CO3[IaeT 0COOYI0 aTMocdepy UX 3alllu-
IIEHHOCTU U yBaxkeHUs1 K HUM. CeroHsi B 5TOM HYXXIAIOTCS BCE YHUBEPCUTETCKUE
>keHIUHbI, [ToaToMy XeHCOBET moaaepkaja CYIIECTBYIOIIYIO TPAAUIIMIO BCTPE-
Yyd peKTOpa YHMBEpPCHUTETa C XEHIIMHAMU IO Caydyalo Mpa3gHOBaHUsS 8§ MmapTa,
HO TIPeJIOXKWI caenaTh ee 0oyiee JeMOKpaTUYHOU U yenoBeuyHoil. Korna Mpuna
BsiuecnaBoBHa M BO3IJIaBISIEMbII €10 COI03 KEHIIMH B3sJICS 32 OpraHU3alIMI0 3TUX
€XETOHBIX BCTPEY, TO BO3MOXHOCTb BCTPETUTLCSA U OOCYIUTH C PEKTOPOM CBOU
Mpo0aeMbl B He(OpMaJbHON — TEIJIONW U CEPAEYHON — OOCTAaHOBKE Ipa3mHUY-
HOTO TpreMa MOJYYWIN KEHIIWHBI, TIPEACTaBIISIONINE Pa3Hble c(pepbl YHUBEPCH -
TeTcKoil xu3Hu. CHavana ObUIM TIpUIJIALLIEHBl cTapeiiliiie MpernoaaBaTeIbHUIbI
U COTPYIHUIIBI YHUBEPCUTETA, MOYETHBIE Mpodeccopa U akaJeMUKU, Ha ClIeay-
IOIIMI TOJ — MOJIOZIbIE KEHILMHBI-YUeHble, HafeXKIa YHUBEPCUTETA U BY30BCKOM
HayKH, 3aTeM, B CBsI3M ¢ naTuaecsituietveM Benuxoii [ToGeabl — y4acTHUIIBI
Benukoit OrevyecTBeHHOI BOIHBLI. B pasHble rofpl Mpuriamiaiuch pabOTHUKU
HAIIIMX HAyYHBIX OMOJIMOTEK, CEKPETapH YUEHBIX COBETOB (PaKyIbTeTOB U MHCTUTY-
ToB MI'Y, XXeHIIMHBI, MOJyYMBIIKE 3BaHUE 3aCTy>KEHHOTO Mpodeccopa, JOLEHTA,
Hay4yHoro cotpyaHuka MI'Y. Ocobo TporarejibHOI OblIa BCTpedya MHCIEKTOPOB
YUeOHBIX yacTeil (hakyibTeToB, Ha KoTopoil B. A. CamoBHUYMIT BHOBb BCTPETUIICS
C MHCIIEKTOPOM CBOETO Kypca.

OpraHu3sysl paboTy co03a XEHIIMH, TPOAYMbIBasi HOBbIE BO3MOXHBIE Jea,
HMpuHa BsueciaBoBHa U 3/eCh MO0NLIA K BOIIPOCY CO BCell ITyOMHOM aKaaeMu-
YeCKOro yYeHOoro.

YnusutensHo, Kak MpuHa BsiueciaBoBHa, HampaBisisi paboTy COOCTBEHHOM
JlabopaTopuu, YnTast o0IIKe JEKIIMOHHbBIE KYPChl Ha CBOeM (paKyIbTeTe, aKTUBHO
y4acTBYsI B IESITEIIBHOCTH YUEHBIX COBETOB pa3JIMUHbIX YPOBHEH, ycreBaia BO3-
[JIaBJISITh COIO3 XKEHIIMH, U HE TIPOCTO yCreBalla — Y Hee XBaTaJlo TBOPYECKUX CUJIT
1 ONTUMUCTUYHOTO HACTPOEHMSI HAa BCE MEPOIPUSITUS COI03a, TEPIIEHUS U TaK-
Ta — Ha BO3HUKAaBILIKME BHYTPEHHUE MPOOJEMBbl XXeHCKON opraHu3anuu. Bynyuu
npeaceaaTeseM, OHa MOoAAepK1BaIa yKe CYIIECTBYIOILINE MPOEKThI U MTPUIyMbIBa-
Jia HOBbIE, cTapajach MPUBJIEYb HOBBIX SHTY3UACTOB, MEPEXMBast HEAOCTATOUHYIO
MHOOPMUPOBAHHOCTD XKEHIIMH O ACSITEIbHOCTU COI03a, Y BHMKAJIA B IPOOIEMBI
1 OBITOBBIE 3a00ThI CBOMX CTapbIX KOJUIET IO XeHcoBeTy. MpuHa BsyeciiaBoBHa
BCErla co3JaeT BOKPYT ce0sl He TOJBKO XKM3HeIeITebHYIO U “00eByl0” aTMocde-
pY, HO ¥ yIUBUTEIBbHO JOOPYIO U YEJIOBEUHYIO, B YaCTHOCTH, Ha 3acenaHusx CoBe-
Ta — OJHOBPEMEHHO JEJIOBYI0 M JOBEPUTENIbHYIO. MOXET ObITh, 3TO OBLT Mep-
BBIIi COBPEMEHHBII KJIyO YHUBEPCUTETCKUX XKEHIIIMH, ITOYTH TaKUX K€ CUIbHBIX,
YMHBIX U KpacuBBbIX, KaK U MpuHa BsyeciaBoBHa, HO TaKMX HE3aIUIIIEHHBIX.

Ceroansi, Korna CoBeT BO3IJIaB/sIeT Apyras 3aMeuarteibHas XXeHiuHa MI'Y,
npodeccop I'anuHa AnexkcannpoBHa Kwutaitropoackasi, UpuHa BsiueciaBoBHa
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Pakob6onbckas o eqHorIacHoMy pelieHuo keHIuH MI'Y octaercst [ToueTHbIM
npeacenaTeaeM coro3a XXeHInuH. Ha Hee, caMylo CUJIbHYIO, YMHYIO 1 KPacHBYIO,
Jieryia Myuccus chopMyIMpoBaTh U epBoii OTBETUTH B MI'Y Ha “keHCKue BOmpo-
col”. “Cnpocute y Pakobonbsckoii!” — MpuHa BsdyecnaBoBHa, AeHCTBUTEIBHO,
3HaeT OTBET Ha J000I BOMPOC: KOIO MPUIJACUTh BECTU KOMIBIOTEPHBIE KYpPCHI,
rae B3STh OecruiaTHbie nmogapku Ha JleHb CeMbu, Kak ObICTPO MCIIEYb BKYCHBIM
MUPOT, YeM BBIJICUUTh pebeHKa, KaKue TPUBUBKY J€al0T JOMAIIHUM XKUBOTHBIM

U KaK HaiiT¥ BpeMs Ha JOKTOPCKYIO THCCEPTALIMIO.
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E.B. TananaeBa
0 NEPBbLIX NMPbDKKAX C MAPALLUKOTOM

Mp1 no3HakoMmuuch ¢ Upunoii Pako6osnbckoil B 1938 rony Ha mepBoM Kyp-
ce ¢puszdaka MI'Y. Mbl yuuiauch B OOHOM IpyIIie U MHOTO BpeMEHU MPOBOAUINU
BMecTe. MBI MeuTaau o 0Mo(pUu3MKe U XOTeIU B JaJibHEHIIEeM CEpbe3HO 3aHSThCS
ee nmpodJieMaMu.

Haia ctyneH4eckas KU3Hb Oblla BECEJIONM U UHTEPECHOM, MHOTO BHUMAaHUS
MbI YIEJIsUIA TTOX0JaM UM 3aHSITUSIM B Pa3HbIX CEKLUSX, CTyIeHYECKUM Beyepam
U TaHUaM. B Te mpeaBoeHHbIe TOABI TpeBOra 3a 0Jiarorojiyurue u 0e30MacHOCTh
Halllell cTpaHbl IPUBOJAMIIA BCEX HAC, CTYAEHTOB, K TOMY, YTO Mbl ObLIN YBJICYEHBI
OBJIAICHUEM CaMbIX Pa3IMYHBIX BOMHCKUX MPOdecCuii.

Kpowme npodeccuu nyjaeMeTymKa, HaM 3aX0TeJIOCh €1le BCTYITUTh B [apalllioT-
Hy0 cexumio. B aToii cekunuy Mbl (paKTUYECKU 3aHUMAJINUCh C OCEHU U TOTOBUJIUCH
K 3UMHUM OpbiKKaM ¢ caMoiieta B 1940—41 rogax. KoHeyHo, 3Haiu 00 3TOM JIMILb
0113KMe APY3bs, a OT poAUTeENIelt CBOU 3aHSITUS MbI TIIATEJILHO CKPBIBAJIU, 00SICh
MPUYUHUTH UM HEMaJIble BOJTHEHMS B IEHb COBEPIUEHMUS MPHIKKOB. XOPOLLO ITOM-
HIO, KaK IO BOCKPECEHbSIM, HECMOTPSI Ha CJISIKOTb 1 OTTEIENb, Mbl YBEPSUIU CBOUX
poauTeJieii B TOM, YTO €lIeM “KaTaThCsl Ha JIbKax’ . Moii oTell OqHaX bl TaK IIPSIMO
U ckaszaj HaM: “KoHe4yHo, s TOHMMAalo, KaKoe yI0BOJIbCTBUE ITPUHECET BaM XOX-
JIeHME Ha JIbIKax Mo JIyxKaM”, HO Mbl ObLIY TBEPIbl U HE OTCTYMAJIH.

Bo BpeMsI TpeHUPOBOK HAC YUYMJIU CKJIAAbIBAaTh MapallioThl, U UHCTPYKTOPbI
BHYILUAJIX HaM, YTO KaXIblil TOJKEH CaM CJIOXUTh CBOM MapallioT U caM OTBe4YaTh
3a €ro OTKPBITUE B BO3ayXe. MHOI0o oropueHui puHec HaM MapallioT, BeCh UCHay-
KaHHBIN KPOBbIO. XOTSI HHCTPYKTOP U YBEPSUT HAC B TOM, YTO KTO-TO IMOPaHUJI cede
PYKY IIpU IPU3EMJIEHUU, HO HAIIIM MBICJIM ObUIM, €CTECTBEHHO, O APYIOM...

Tpenuposanu Hac u B LITTKO um. I'opbKoOro Ha BBILIKE, OTKYIA MbI IIPbITAIU
C MPUBSI3HBIM MapalllOTOM U OTpadaThIBaIU IIPU3EMIICHUE.

B neHb npbIKKOB ObUT MOPO3. MBI ITpuexaau Ha a3poJpoM, Hac IOCTPOUIIH,
U Bpay JaBajl “mo0po” kaxaomy. KoHeuHO, Mbl BOJHOBAJIUCh, U CepLE TOTOBO
OBLIIO BHICKOYUTD, HO ‘‘IOOpPO Ha MPBLIKKU MOJYYWIN U CTaJdu XAaTh, KOrJa ove-
peab JOMIET U OO Hac.

C ogHMM M3 TIPbIFaBIIUX ObLT TaAKOW Kypbe3HbI Cilydaii: Ha a3poIpoMe eMy
BMECTO OOTMHOK JaJIM BaJl€eHKH, TaK KaK ObLJIO MHOI'O CHEra U I0BOJIbHO MOPO3HO,
a BaJIeHKM 5TH ObLIM Oosblioro pasmepa. Ilpeiragm Mel ¢ camosnera Y-2. B atux
caMoJieTax JBe OTKPBIThIX KAOMHKU. B 1epBoii CUAUT JIETYMK, a BO BTOPOI — Kyp-
caHT. ITo koMmaHze neTynka “Ha kpbuio!” Hamo 66110 oTBeTUTh “ECTh Ha KpbL1o!”
U BBLIE3TU Ha KpbUIO, a 3aTeM o Komanae “Ilowen!” — orBetuts “EcTh momen!”
U MPBLITHYTh, YXBAaTUBIIMCh CHavyalla 3a KOJIbLO, BbIAEpIrUBalollee napaiotr. Bot
ATOT KYPCAHT BBIMOJHMWI BCE KOMaHIbl, MPBITHYJ, U HAC BCEX YAUBUJIO TO, YTO
OT HEro YTO-TO OTAEIMIOCH U Mafaao oTaeabHOo. OKa3anoch, YTO B MOMEHT “IMHA-
MHYECKOTOo yaapa”, Korja pacKpbLics MapallloT U Halllero TOBapullia TPSIXHYJIO,
BaJIEHKY COCKOYMJIU Yy HETO C HOT, U MPU3EeMIIUJICS OH 60CUKOM B cHeT. Co BTOPBIM
HEeyIaYHMKOM ObLIT TAaKOM Cy4yail: OMHOI HOTOM OH mepesie3 Ha KPbLIo, a BTopast —
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ele B KabuHe. Ha Kpbu1o nepeiiT — cTpaliHo, a BEpHYThCS B KAOMHY — CTBIIHO.
BoT Tak 1 mpuzemanics 3TOT Oenoiara BEpXOM Ha Kparo KaOUHBI.

M1 ¢ MpuHoii mpeogosieiv Bce 3TU TPYAHOCTH M TIPBITHYJIN, TTOJYYUB OTMET-
Ky “otnmuyHo”. Hac coTtorpadupoBaiiv Be3necyllinue KOppPecnoHAeHTh U cKa3a-
JIA, 4TO 3aBTpa 3TOT CHUMOK TosABUTCA B KoMcoMolike”, eciu MHe He U3MEHSIET
namsaTh. BoT 3aech st MpuHbl Hauanuch TpyaHble BpeMeHa. Benb oHa ckpbiBaia
OT MaTepu, 4TO MpbITajia C caMoJjieTa. YTPOM, KyI1B ra3eTy M YBUIEB TaM CHUMOK,
HMpuHa nocrapanachk caenath Bce, 4ToObI ee Mama — BapBapa @enopoBHa — 3TOTr0O
cHuMKa He yBuzaesa. OnHako, korna BapBapa ®@enopoBHa y3Hajia, YTO MBI MPbI-
rajid, CKpbiBas 3TO OT Hee, OHa OYeHb Oropyusaach U He nmpoctuia Hac. CkaszaTh
T10 TIpaBe, MPbIKOK 3TOT TpeOoBasl OOJbIION CUITBI BOJIY, Beb, KOHEYHO, CTpAalll-
HO BBITHM Ha KPBUIO caMoOJjieTa Ha BBICOTE OKOJIO 1,5 KM OT 3eMJIU, U TIPBITHYTh
B HMKYJa”, XOTSI U BEpUIIIb, UTO MAPALIIOT OTKPOETCS.

Bo BpeMsi MpbIKKOB OBLIIO MOPO3HO, OCOOEHHO XO0JIoAHO — B Hebe. Kor-
Jla TIapallioT pacKpbIBaeTcsl, TO TeOs OXBAaThIBAET TaKasl pagoCTh, UCTIBITHIBACIIID
TaKoM MOABEM, YTO FOTOB Cpasy MPBITHYTH ellle pa3. HeBoJbHO HAaYMHACIIIb YIIbI-
baTbcs “Bo Bech poT”. BOT Tak MbI ¥ MPU3EMJIMIIUCH C YJIBIOKOI “m0 yuiei”, nbo
MYCKYJIbI Ha JIMIIE OIepEBEHEIN Ha MOPO3e.

XopouIo TOMHUTCSI MHE M JIeHb Hauaja BolHbI. MBI ¢ IprHOi1 TOTOBUINCH
K 9K3aMeHy MO0 TeOpPeTHMYEeCKOl MeXaHUKe... B3BoaHOBaHHBIN rojoc MosioToBa,
COOOIIIABIIIETO O HavaJle BOIHBI, BCe CIIyILAan, He TPOPOHUB HU ciioBa, I UpuHa,
U s ObLIM WieHaMU (akyabTeTcKoro 6ropo BJIKCM, a UpuHa — 4ieHoM By3KoMa
koMmcomosa. KoMcomonbcKasi opraHu3aius Hailla Oblia CMJIbHOM, TUCLIUTIIMHY -
pPOBaHHOI 1 oueHb akTUBHOW. CHauana Mbl yCTpauBad AEXKYpCTBAa Ha KpPBIIIax
1 00pbOy C “3axkurajkaMu’ BO BpeMsl HEMELIKMX HaJIeTOB, 3aTeM — JeXKypcTBa
KOMCOMOJIBIIEB Ha CTAHIIMSIX METPO, KyJa BO BpeMsI HAJIETOB YCTPEMJISLITUCH ThHICS -
YU MOCKBUYEM.

Jlerom moctynwmio 3agaHue (13 paiikoma BJIKCM) — mocnate Opuramy
KOMCOMOJIbIIEB B PsI3aHCKy10 00J1acTh Ha 3arOTOBKY ceHa JUIsl apMUu. Buljio Hac
yesgoBek 30—40, ceiiyac yxxe TOUYHO He MoMHI0. OTIpaBuIvd Hac Ha Gapxe, IJIbUIU
no Oke, 1 TpuBe3/1M Hac B paiioH CacoBa, a OTTy[la OTIIPABWJIM Ha 3aJMBHBIE JIyra,
rJie MbI XKWJIM B MajlaTKax-11ajaiiax ¥ paboTaju ¢ yTpa U 10 HOYU. XOPOIIO TTOM-
HIO, UTO B 3TO BpeMsI BBIILLJIO MOCTAHOBJICHUE MPABUTENLCTBA O 3aKPETICHUM BCEX
pabOTHUKOB 3a TEMU MeCTaMM pabOoThI, TAe 3TO MOCTAHOBJIEHWE UX 3aCTaHeT, 0e3
npaBa yxoja ¢ pabotsl. Hac 310 mocraHoBieHUe 03a1a4niI0, MO0 MbI TOTAA OTHO-
CWJIKCh K OJHOMY M3 KOJIXO30B o0jiacTu. [lJisl BBISICHEHUS Hallel dajgbHeninei
CcyIbOBbl MBI XOOUJIU 3a 18 KM B paiikoM KoMcoMoJia. TaM JOroBOPWIKCH O TOM,
YTO BTO IMOCTAHOBJIIEHUE HE PaCIpPOCTpaHsEeTCS Ha Hally Opuraay CTYIEHTOB,
1 4TO MO0 OKOHYAHWM YOOPKU ceHa MBI Bce BepHeMcsl B MockBy. CKOJIBKO Ha 3TUX
3aJIMBHBIX JIyrax ObLIO KOMapoB, MOXHO cede npeacTaBuTh. [I0TOM BBISICHUIIOCH,
YTO BCE MOOBIBaBIINE HAa YOOpKe ceHa 3abosiesin Majsipueid. YacTh U3 HAIIMX CTY-
JIEHTOB HauaJja 00JIeTh YK€ TaM, U MbI C TPYJIOM TOTAIIUIN OOJbHBIX 10 MOCKBHI.
JleroM Bce BepHyJIMCh B MOCKBY.

OceHblo Mbl (POPMUPOBAIU OTPSIALI CTYACHTOB, PBIBIIMX BOKPYT MOCKBBI
MPOTUBOTAHKOBBIE PBHI. XOPOIIIO MTOMHIO, KaK BCE€ 3TO MPOMCXOAUI0. Bhi3biBa-
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JIU MBI KOMCOMOJIbLIEB MO0 ogHOMY B 010po BJIKCM u roBopuiu: “ectb He00X0-
IMMOCTb TI0eXaTh B HAIlpaBJeHUU K (PPOHTY, HO He Ha (POHT, ISl BHITIOJHEHUS
3agaHus. CornacHbl 11 Bei?” Bce, KpoMe omHOro 4enoBeKa, OTBETUIIM “cora-
ceH” wim “cornacHa”. Tak ¢opMupoBaIvch OpUraabl, KOTOPbIE U OTIPABISIIUCH
Ha pbIThe pBOB. Toro yenoBeka, (GaMUIMIO KOTOPOTO S HE XOUy Ha3blBaTh, MbI
HUCKJTIOUUIN 13 KoMcoMoJa. [ToToM oH noy4yrBaiics yxKe Iocjie BOMHBI.

MHorue ynuim 1o0poBoJiblIaMU, a U3 TeX, KTO He ObLJI MpU3BaH B apMUIO
MO COCTOSTHUIO 3I0POBbsI, hOpMUPOBATIOCH onoiueHre. K BeTMKOMYy OropuYeHUIo,
MPU PHIThe MPOTUBOTAHKOBBIX PBOB OBbLIM OCTaBJICHBI MEPEMBIUKU JUIST HAIIMX
BOICK, BOT 9TUMM TTEpEMbIYKAMU B PsIIe MECT M BOCIHOJIb30BAIMCHh HEMIIbI, KOTAA
HacTynaju Ha MockBy. [ToaToMy pBBI HE BCIOAY CMOTJIM OCTAaHOBUTH MTPOABIIKE-
HUE HEMIIEB.

C HaMM BMECTE YYWIUCh U3BECTHBIE BITOCAEACTBUM (br3uku — AHapen Caxa-
poB, Xensa 3ababaxuH, Muiua JleBuH, Annpeit Konomenckuii, uma JIuHne,
Wnbsa Kamunnckuii, M3g Arimom. Koncrantun TymanoB, Poman @enopoB 1 MHO-
rue-MHOTHeE, TIPOCIaBUBIIME Ce0s1 BO BpeMs BOMHBI M Iocjie Hee. YacTh Halmx
CTYIEHTOB-MYXUYMH ObLIa MpU3BaHa U HaIlpaBjieHa B pa3Hble BOCHHbIE aKaleMuH,
B YaCTHOCTU, B BoeHHO-BO3ayIIHY10 akagemMuto uM. 2KykoBckoro. Brocienctsumn
MHOTME M3 HUX CTaJly BEAYLIMMU CIEelMaaucTaMu B psine objacTeil BOEeHHOM
HayKHU.

Havanace 1 nonroroBka K sBakyauuu MI'Y. MpuHa B 3T0 BpeMs MO Mpu-
3piBy LIK BJIKCM Bouiia B rpynmy A€BYIIEK, B JajJbHEHIIEM CTaBLICH MOJIKOM
JIETYMI] Ha JIETKMX camoJieTax, O0MOUBIIMX HEMIIEB Mo HoyaM. Korna xxe MpuHa
npoxoauia B [IK BJIKCM oT6opouyHyo KOMUCCHUIO, TO AyMaro, YTO €il IOMOTJIO
U TO, YTO OHA MphITaja ¢ mapaultoToM. 3auucieHa oHa Obuta B “aBuarpyminy 1227
Mapunnl PackoBoii. bosiee nmoapooHo 00 3Tom nuietr caMa MprHa Bo BCTyILIe-
HUU U TTocecaoBUM K KHUre “Iloka cTyuut cepaue” (IHEBHUKU CTYAEHTKU MeEX-
Mara, mTypMaHa nosika 2Kenu PynHeBoii). Bcio BoiiHy MpuHa Oblia HayaabHU-
KOM ITaba 3TOro JiereHaapHoro noJjka. 16-ro oktsaops 1941 roga MpuHa BMecTe
C TPYMITON OTOOPaHHBIX AEBYIIIEK MOKMHYJIa MOCKBY (MX MOBE3/IU B I. DHIEJbC,
B BOEHHYIO aBUAIIMOHHYIO IIIKOJTY), M HAILIM ITyTU HAI0JITO Pa3OILINCh.
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H.®. MexnuH-KpaByosa

HAYAJIbHUK LUTABA 46 TBAPLENCKOI0 NOJIKA
HO4HbIX BOMBAPANPOBLLVKOB
WPUHA PAKOBOJIbCKAS

Korna I'epoit Coserckoro Coro3za Mapuna PackoBa nmoadupasia B Halll MOJK
HavaJbHMKA 1ITada, TO MCXOOWJIa U3 IpaBWjla, YTO HaYaJbHMK INTada HOJDKHA
“xopouio coodbpaxaTh IOcCJIe TpeX CYTOK, MpoBeleHHbIX 0e3 cHa”. PazymeeTtcs,
PackoBa yunurtsiBaia u npyrue KadectBa VIpvHEBL: ee IeJIoBble CIIOCOOHOCTH, Opra-
HU3aTOPCKUI TalaHT U YMeHUe paboTath ¢ JoabMU. A To, yTo MprHa Pako6osib-
CKasg B pe3yibTaTe CeMUMECSIYHOM y4eObl B JIETHOM IIKOJIE TOCKOHAIBLHO MU3y4l-
JIa IITYypMaHCKOE JIeJI0, TIPoIilia MPaKTUIECKYI0 TPEHUPOBKY, jeTast ITypMaHOM
Ha pa3JINYHBIX CAMOJIETaX, TOJILKO ITOMOTJIO €1 XOPOIIIO OPUEHTUPOBATHCS B CIIOXK-
HBIX CUTyallMsIX, KOTOPbIE YacTO BO3HUKaAIU Ha ppoHTe. COOCTBEHHO, OHA OblLIa
MpaBoOM pyKoM KOMaHaIupa I1ojKa.

S Bcerma yauBIsach TOMY, KaK OHa, CyTy0O TpaXkKIaHCKUIA YeJIOBEK, CMOT-
JIa TaK cpa3y NPeBPaTUThCS B HayaJbHUKA IITaba, B pyKax KOTOPOTIo HaXOAWINCh
BCe HUTH YIIpaBjieHMsI MoJIKoM. Ee yBaxanu, ciaymanuck. HecoMHeHHO, eii ObIIO
TpyaHo. Ho MbI gaxe He moragbiBaiuch 00 3ToM. OHa Bejia ceds Tak, OyaTO BCIO
>KM3Hb paboTaja HavyaJlbHMKOM I1uTaba. Eit ynaBajgoch OBICTpO, Ha XOmy, pellaThb
CJIOXKHBIE BOIIPOCHI, UCITPABISATH OITUOKHA Y CAMOM YIUTHCS.

Ha ¢pponte UprHa Pakobobckast oTBevalia He TOJIbKO 3a YeTKYIO padoTy 11Tada,
HO U1 3a epeba3rpoBaHue ITOJIKA ¢ MECTa Ha MECTO ITPY OTCTYIUIEHM U HACTYIICHUH,
KOTJIa IMPUXOAMIIOCH YaCTO MEHSITh JIETHBIE TIomanky. Ilepeesn Ha3eMHOTO 31Ieso-
Ha, COCTOSIBILIETO M3 HECKOJIBKUX MAIIMH C HEOOXOIMMBIM INTAOHBIM Y TEXHUTYECKIM
000pyIOBaHUEM, TPYITIION TEXHUKOB 1 BOOPYKEHIIEB — 3TO ObljIa ee 3a00Ta.

OHa noYTH Kaxaylo HOUb BO BpeMsl 00eBoi1 paboThl MPUCYTCTBOBAIA HA CTAp-
Te, Clyllaja JOHECEeHWE JIETHBIX SKUMaXel, Ha OCHOBAaHMM KOTOPBIX COCTaBJISI-
Jla IoApoOHYI0 KapTUHY 00eBOii OOCTAaHOBKM, PACIIOJOXEHMSI OTHEBBIX TOYEK
1 BOVCK ITPOTMBHUKA.

WHorna et ynaBajioch U caMoli CJIeTaTh B KaUeCTBe IITypMaHa ¢ KeM-HUOYIb
13 JIETYUKOB, YTOOKI OLIEHUTh OOCTAHOBKY B paitoHe Iiein. YacTo mocie 60eBoit
HOYH, ellie He BEICTIABIINCh, OHA JIeTeJIa B BHIIIECTOSIIINIA IITa0, Te ee JOHECESHMS
O IIPOTUBHUKE U pe3yJibTaTax 00eBOI pabOTHI ITOJIKA, ITOAPOOHO 1 HATISIAHO Mpe-
CTaBJICHHBIE, OYEHb LICHUJIN.

YenoBeueckne KadecTBa KpuHbl BsgdecnaBoBHEI TPYyIHO IIEpPEOLICHUTD.
Byny4yu ot mpupoabl yMHBIM 1 JOOPBIM YEJIOBEKOM, OHA Aep>Kalach CO BCEMH ITPO-
CTO, He TOJUYepPKMBasi HU CBOETO ITOJIOXKEHUS, HU IIPEBOCXOJCTBA B YeM-HUOYIb.
Hukornma He cepauiiach, He TIOBBIIIaNA Tojoca, HA000POT, YacTO IITyTHJIA, CTapa-
SICh CBECTHU JII00OI HENMPUATHBINA pa3roBOp K TaKOMY KOHIIY, KOIJla BUHOBAThII
B YeM-TO 4YeJIOBEK CO3HABaJI CBOIO BUHY, YYBCTBYS OOJICTUYECHUE.

... Houbo TIpHIlieNn mprKa3 CpOYHO YJIETETh: K XyTOpY HOIXOIWIN HEMELIKHE
TaHKU. boeBas paboTa OblIa MpepBaHa, HaM ITPUKa3aJIM JIETeTh KyJa-TO B I0T0-BOC-
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TOYHOM HaIllpaBJeHUU. Y Hac Jaxe KapT HOBOTO paiioHa He oKa3ajochk. LlItypmaH
MoJjika TaK v ckazaina: [1noiaaka, Kyaa Mbl JOJDKHBI JIETETh, HAXOAMTCS 3a 00pe-
30M KapThl... ” Yaeranu nocreiiHo. Cooupanachk rpo3a. I'ycTbie Ty4u 3aBOJIOKIU
He0O0, CBepKaJIu MOJTHUM, OCBEIasi CaMOJIETHI U BECh XyTOP C OCTPBIMU BepILIMHA-
MM TomoJjieli. HempepbIBHO ropes nmocaaouHblii TPOXEKTOP, U B €r0 pacCesTHHOM
cBeTe Kyownach nbutb. CaMoJIeThl yieTaayd B TEMHOTY, B Hermoroay. Ha HoBoe
MECTO NIPUJIETEIN C PACCBETOM. YTPOM, TOJOAHBIE, CTalu omycToliarhk 6axyu. Co
3BEPCKMM aIlleTUTOM €11 He3pebie apOy3bl. Boabl moOJIM30C¢TU HE ObLIO, TTO3TO-
MY 1 YMBIBATbCSI MPUIILIOCH apOy3HBIM COKOM.

[MpsiTanu caMosieTsl B CTaHUIIE, TTOOIMXKE K JOMaM U IepeBbsiM. Pynuau mpsi-
Mo 110 yaunam. [logHsTas camoieTaMu MbLUIb CTOSIA B BO3MYXe CIJIOIIHBIM TyMa-
HOM, TOJICTBIM CJIO€M OCe/iajla Ha JINIax.

BnezanHo — cbop. Beictpo cTtpoumcs. HavanbHuk 1rada nonka MpunHa
Pako6onbckas yutaet npuka3z HapogHoro komuccapa o6opoHsl CtanuHa. Yuraet
POBHBIM OECCTPACTHBIM TOJIOCOM, CTapasiCh He BbIIATh CBOErO BOJHEHUs. M3pen-
Ka OHa MOAHMUMAET IJ1a3a U, MPOA0JKasi TOBOPUTh, CKOJB3UT B3IJISIIOM T10 HAIlIUM
qunaM. B rnazax y Hee HemoyMeHue.

Boiicka OxHoro ¢ponTta octaBwiun [oH... [TozopHO, maHWyecku OEryr...
Tsxenast o6cTaHOBKA Ha tore cTpaHhbl... Hu 1mary Hazan!...

Mpb1 ciyiiaeM yxkacHbele Beniu. CrpalliHble cjioBa. 4 UyBCTBYIO, Kak craja
JIeAsTHOW cTpyiika mota Ha cnuHe. Ilo Teny 3aberanu Mypamiku. Ha MrHoBeHue
3aKpbIBAIO TJ1a3a — a BAPYT HUYEro 3TOro HET, U 3TOTO CTPAITHOTO MPUKa3a TOXe
HeT... Ho, OTKpBIB I1a3a, BUXKY BCe Ty XK€ TUXYIO YIMILY, CJIeAbl KOJeC Ha MITKOM
MBLIY Y TIOKOCUBILMICS TUIeTeHb. M3-3a TIETHS ¢ JTI00OIBITCTBOM IISIAST Ha Hac
rojocarbie apOy3bl.

PaxobGosibckast KOHUMJIA YMTATh. B MOTHOM MOTYaHUY MBI CTOUM TOJIOAHBIE,
ycTasible U TuiadeM. MBI Benb Toxe “Boiicka IOxHoro ¢poHrta”... JIuno y Mpu-
Hbl HEMOJABMXKHOE, 3acThiBlIee. YyBCTBYETCS, YTO €Cu Obl MOXHO OBLIO, M OHA
BCIUIaKHYJa Obl BMecTe co BceMu. Ho Heb3st — oHa Belb HAYaIbCTBO.

N3 BocnomuHanuii MpuHbl Pako6oibeKoii, HauyaabHUKa 11Tada 46 reapaeii-
CKOTO MOJIKa.

JHU MUHYBIINE

“... He Tak 1aBHO MEHSI TTOIIPOCUJIN BBICTYIIUTh B OMHOM JIETHOM YaCcTH C pac-
CKa30M O ITHSIX BOMHBI. M BOT IocIIe HOJIrOoro mepephiBa s CHOBa Ha JISTHOM ITOJIE.
C ornymaroimuyM peBOM OTPBIBAIOTCS OT OETOHHO MOJOCHI OTPOMHbBIC PEAKTUB-
HbIe 00MOAPIUPOBIINKU U OBICTPO PACTBOPSIIOTCS B HeOe...

MeHs1 0XBaTUJIO COMHEHHWE; IMOWMYT JIM MEHS Te, KTO JIeTaeT ceiiyac co
CBEPX3BYKOBBIMM CKOPOCTSIMU Ha MallIMHAX, CHAOXKEHHBIX CJIOXKHEIIIei anmapa-
Typoii? [1oBepsIT Jin, YTO B TSIKEJIbIE TOIBI BOMHEI ¢ (halllM3MOM HallleJl CBOE IIPOY-
HOE MECTO B CTPOIO MaJICHbKUIA caMoJieT U3 (haHephl U IepKaJisd, KOTOPbI MHOTAA
C TPYIIOM MPEoa0JeBal BCTPEYHbI BeTep?

Ha, Takum 661 [10-2, y4eOHO-TpeHUPOBOYHBIN OUIIJIAH C ABYMS TECHBIMU
KabMHaMU U MaJIOMOIIHBIM MOTOPOM, TTO3BOJISIBIIMM pa3dBUBaTh MAaKCUMAJIbHYIO
ckopocTb 100—120 xumomeTpoB B yac. He ObIJTo HA HEM HU pPaguOCTAHIIUAM, HU
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MOJHOLIEHHOTO HABUTAIMOHHOTO 000PYIOBaHUS [JIS1 CAETbIX TIOJIETOB, HU OpO-
HECIIMHKM, CITOCOOHON 3alllMTUTh MWJIOTA OT BpaxecKoii myau. Ho 3aTo nerkuii
B YIIpaBJeHUU, YCTONYMBBIN B TosieTe, Hail [1o-2 He HyxXnaucs B crielUaIbHBIX
aspoapoMax M MOT CECTb MOYTH Ie YTOJHO — Ha JePeBEHCKOM yIMIle, Ha Oyl -
Ke Jeca. KoHeuHo, JHEM BoeBaThb Ha HEM ObLIO HEBO3MOXHO — OH TPEACTABIISUI
€000 OTJIMYHYIO MUILIEHD AJIs1 (PAIIMCTCKUX UCTPeOUTEsIel, a BOT HOUbIO MaJjias
CKOPOCTD MO3BOJIsIJIa MOPaXKaTh LIeJW B OJIVMDKHEM ThLTY IPOTUBHUKA C TOYHOCTHIO,
HEIOCTYITHOM ISl APYTUX caMoJieTOB. VIMEHHO 10 3TOi NMpUYMHE BCKOpE IOCIe
Hayajia BOWHBI cTaJu (DOPMUPOBATH MOJKU HOYHBIX 6oMOapaupoBiinkoB [1o-2.
DTH caMoJieThl ObLIM IaHbI U HAILIEMY MOJIKY.

OT nepBoro U 10 MOCJIEAHEr0 AHS HAIIETO CYIIECTBOBAHUS MOJIK COCTOSLI U3
OJIHUX JEBYIIIEK B Bo3pacTe OoT 18 mo 23 jer.

B DHrenbce, Korga moaydaay MalllMHBI, TTOHSIM, YTO BCe OyIET HE TaK-TO
npocto. JleraTb Hag0 HOYBIO 6€3 Paaro U MTPUBOAHBIX TTPOKEKTOPOB, O3 3aIUTHI
U IpUKpbITUS. Helerko HaliT B TEMHOTE 11eJ1b M MOPa3uUTh e, a IOTOM Ha MU3ep-
HOM CKOPOCTH BBIOPATHCS U3 JIydeil MpoxKeKTopoB. HEMHOTO HY>XHO, YTOOBI COUTH
Halll TUXOXOIHBIN caMoJIeT — OfHA 3aXuraTesibHas IMyJIsl MOXeT IPEeBPaTUThb ero
B IbLIalOIIU (pakel...

KomaHaupoMm mojka Oblla Ha3HayeHa crapiiuii JeliteHaHT BepiaHckas,
netuuk ['B®, Bosnesas, MyXecTBeHHasl XeHIIMHa ¢ opaeHoM 3Hak Ilouera
Ha ruMHacTepke. OHa o6Jiafgana OOJIbIIMM JIETHBIM OIBITOM U YMEHMEM paboTaTh
C JIIOIbMH.

BoeBoe kpeleHue Haie ObUIO cypoBbIM. Boiicka orcrymanu k Kabkasy.
[To-2 mMornu 6a3upoBaTbcs He Aajee NBaALATU-TPUALIAT KUJIOMETPOB OT JUHUU
(¢ponTa. He pa3 HemellKMe TaHKU MOSBISIUCh B HEMOCPEACTBEHHOM 0IM30CTU
OT a’pOo/pOMa, U MBI B CITEIIIKE HOUBIO MepesieTaIi Ha HOBYIO TUJIOIIAAKY, Ie HacC
HUKTO He BCTpevall, He pacKJaJbIBaj MOCaA0YHbIX OTHEeM. Jlaxke THeM, HECMOTPSI
Ha OrPOMHBII PUCK, HAM MPUXOIUIIOCH MTOCHUIATh Ha Pa3BEAKY CaMOJIEThI, YTOOBI
YCTaHOBUTb, INIe HAXOASTCSA HEMELIKKUE YacTu. B aTo TpyaHoe BpeMsi KoMaHI10Ba-
HUIO HEKOT/A ObIJIO ¢ HAMM OCOOEHHO BO3UTHCS U OCTOPOXXKHO BBOJAUTH B CTPOIA.
MpbI cpa3y BKJIIOYAIUCh B aKTUBHYIO 00eBYI0 padoTy. [ToaTOMy He Bce 110 Iian-
Ko. bbutu ropeub u 6016 TIEPBLIX MTOTEPh, AaBAPUU 110 HEOTIBITHOCTU U TPYAHOCTU
C BOMHCKOM OUCLUIIIMHON. bbljla 1 HEJTOBKOCTh 32 CBOIO apMEMCKYIO HEMOIro-
TOBJIEHHOCTb, KOTOpAasi, KaK Mbl HU CTapajiiCh, TO TYT, TO TaM BbLIe3ajia HApYyXKYy.

Haium nepBbie onepaTvBHBIE CBOJAKY TOCTaB/ISIA paOOTHUKAM I11Taba TMBHU-
3U1 He OJHY Beceylo MUHYTY. Mbl, HallpuMep, nucaiu: Betep Ha pa3HBIX BBICO-
Tax pa3Hbiii” wiau “JleTunk YeuHeBa BCTpeTWIa TpU caMojieTa — OIMH BIEpeaun
U ABa 1o 6okam”.

OnHako BiafeBlliee BCEMU HAaMU CTPEMJICHUE CTaTh HACTOSIIMMM Oolia-
MM Jiefanao cBoe naeiao. He ommbych, eciyu cKaxy, 4To yXe yepe3 1Ba-Tpyu Mecs-
1a 1o 3(pHeKTUBHOCTH OOEBOI PabOTHl Mbl CPABHSIIUCH C MYKCKUMM MOJKAMM.
OTHolleHue K HaM, KOHEeYHO, n3aMeHuaochb. HebecHnle co3ganus ™, “Haiuu mapy-
cu” — JaCKOBO Ha3bIBaJIM HAC TMeXOTUHIIbI. CecTpeHKU» — TOBOPWIM JETUYUKM.
HeMitb! )xe okpecTWIM Hac “HOYHBIMM BeAbMaMu”’, U 3TO TOXe ObLIO CBOeoOpas-
HbIM MMPU3HAHUEM HaIlUX 3aCJIyT.
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KoHeuHo e, Mbl He TPEBPATUIVCh BAPYT B MHOTOOITBITHBIX MYKEIOI00OHBIX
BOSIK. JIeBYIIIKM OCTaBaJIMCh IeBYIIKAMU — BBIIIMBAJIN Ha IMMOPTSIHKAaX He3a0yIKH,
BO3UJIM B CAMOJIETE KOTAT, TAHIIEBAJIM B HEJIETHYIO MIOTOY Ha a3pOAPOME U, CITy-
yaJjioch, “nyckanu caesy”’. Ho rmaBHoe, ¢ KaXabIM JHEM OHU BOEBaJIU BCE JIyYllle
Y JTydlie.

IToxanyii, 3a BCcio BOilHY He ObLIO 0OoJiee TPYAHBIX YCIOBUN 1Jis1 O0eBOit
paboThl, YeM MpU OTCTyIJIeHUU K npearopbsiM Kapkaza. [1locTosiHHBIE Tiepe-
0asupoBaHUs, TPYAHOCTH CO CHAOXEHMEM, MOIIHBIC BO3AYIIHbICE MOTOKU
B ropax, 6pocaslliie Halllu JIETKKe MalllMHbl Ha COTHU METPOB BBEPX 1 BHU3...
He pa3 ObIBano: Haa 1eb0 HEOXKUIAHHO HAKPOET TyMaH U BUAMMOCTD UCUe-
3aeT. BoauTh Xe Halll caMoJieT, He MMEIIM HaBUTallMOHHOTO 000pya0-
BaHUSI, HY>KHO IT0 3¢eMHBLIM OpMEHTHpaM. A KaK CeCTh HOYbIO Ha 3aKPBITHII
TYyMaHOM a3pOJpPOM, KOT/a JIETYMK BUAUT TOJbKO OejIoe pacribiBUaTOE MSTHO
OT paKeThl?

BctaB B omMH pso ¢ MYXCKMMHU ITIOJKAMM, Mbl HE YCHOKOWJIUCD.
Heob6xoanmMo ObLIO MOCTOSTHHO TOBBILIATL HAIIPSIXKEHHOCTh 00EBOI pabOTHI.
Ho xak? I1pu cymecTBylollei cucteMe 00CIyKMBaHUS KaXXAblil MEXaHUK caM
BBIITYCKaJl HOYbIO CBOI caMoOJIeT Ha 3aJaHue, OH XK€ FOTOBUJI ero K IoJjieTaM
JTHEM.

BpemeHu Ha COH MOYTM He ocTaBajoch. CIUIIIKOM MHOTOJIOAHO OBLIO
Ha a’3poJIpoMe U Majio YETKOCTU B paboTe. OnuH TIHYJ OeH303alpaBIIuK WU
MalllMHy ¢ 00M0aMH1 B CBOIO CTOPOHY, IPYroii HacTauBaJj, YTOOBI B IEPBYIO OYe-
peab ObLT IPUBEIEH B TOTOBHOCTD €TI0 CaMOJIET. ..

M Torma Mbl BBEJIM HOBYIO CUCTEMY OOCTY>KMBAHUS — IEXKYPHBIMUA CMEHHBI -
MM Opuragamu. 3a KaxJIbIM MEXaHUKOM 3aKperuIsijiach onpeaesieHHas onepalus
Ha Bcex camoJsieTax. BoopykeHIIbl AeXypwin y MalllMH ¢ OoMO0aMM TpOMKaMu.
BoeBble HOUM cTajlM HAITOMUHATH PA0OTY OTIaXXEHHOTO 3aBOJACKOTO KOHBeliepa.
BepHyBiIMiics ¢ 3a1aHUs caMOJIeT YXe Yepe3 MsATh MUHYT ObLJT TOTOB K HOBOMY
BBLJIETY. DTO MO3BOJISLIO JIETYMKAM B HEKOTOpPbIE 3UMHKE HOYM JeJaTh IO JBe-
HaAlAaTh — YETHIPHAALATh BEUIETOB.

Taxk MoCTENeHHO Mbl CTaIM BBIMTPHIBATh HETJIACHOE COPEBHOBAHUE C MYX-
CKMMM TIOJIKAMU.

BoonyiieBiaeHHass TOCTUTHYTHIMU pe3yJbTaTaMH, s YrOBOpWJa Halllero
uHxeHepa Codnio O3epKoBYy 000OIIUTH IS AUBU3UU “OIBIT OOCTY>XUBAHUS
HOYHBIX 00€BbIX BbUIETOB Ha camoJjieTax [1o-2”, yTo Ta u caenana. B pe3ynbrare
O3epKoBOIi OOBABUIM BBHITOBOP 3a HApYyIIEHUE HACTABJIEHUS MO TEXHUYECKOM
skcrutyaTauuu. CoHsl J0JTo He MOTJIa MPOCTUTh MHE MOETO IITaAOHOTO PBEHUS,
COBETOBaja HE CIEIIUTh ¢ TOAOOHBIMU TIOHECEHUSIMU HauyanbCcTBY. S caenana
COOTBETCTBYIONIIMI BBIBOI 13 3TOr0 ciydasi. HecMoTps Ha “pa3Hoc” (1a mpoCTST
HaM 3TO 3a JaBHOCTBIO JIET BCe OOTM YCTABOB M HACTaBJICHMIA!), MbI MPOAOJIKAIN
paboTaTh OpuUragaMu, HO YK€ HUKOTIA He MbITAJIMCh OOpAaTUTh Ha 3TO BHUMaHME
BBILLIECTOSIILETO 1ITaba.

Yepes BoceMb MecsileB NMpeObIBaHUSA HAa (GPOHTE MBI MOJTYYMIU OKOHYA-
TeJIbHOe NMpu3HaHue. Hair mosik rnmepBeIM B JUBHM3UU (paHbIIe OpaTCKUX MYXK-
CKUX MOJIKOB) OBLT MEPEMMEHOBAH B IBapAcHCKUIA.
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... boeBbie HOUM. MHOTME U3 HUX HEU3TJIAAMMO Bpe3aaruch B IaMSTh.

Hamr aspoapoM — B phibalikoM mocefike Ha Oepery A30BCKOTO MOps.
KameHns, mope, BeTep... CamMoieThl CTOST BAOJIb Y3KOI MOJOCKHU 3€MJIM Ha BBICO-
KOM TIpUOpPEKHOM OTKOCE 3a JUHUE BHICOKOBOJLTHBIX ITPOBOJOB, COEAMNHSIIO-
mux TeMmprok u Kocy Yyniky.

TyMmaHbI, IITOPMOBBIE BETPHI, 10XIb. MBI C Beuepa BBIXOJWJIM Ha JIETHOE
noje W xpanu moronapl. [lpu MaineiineM MposiCHEHUM HaYMHaIU PadboTaTh.
IMopoit TymaH He3aMeTHO MOJMOJI3a]l ¢ MOPS M 3aKphbIBaJl a3pOApPOM, KOraa
SKMITAXHU ellle HAXOAUJIMCh B Bo3ayxe. Torma JIEeTYUKU Aealu BbIHYKACHHYIO
nocanky B Kpeimy unu Ha TamaHckom monyocTtpoBe. Ecnau yneruyukam ynmaBa-
JIOCh 6JIATOIOJAYYHO MOCAAUTh MAIIMHY, U MOXHO OBLIO B3JIETETh, TO YTPOM OHU
0 OJJHOMY BO3BpalllaIiCh TOMOM.

C xoH1a okTa60ps 1943 roma Havyaiauch Halllu NojeThl Ha Kepub: Ha moobe-
pexXbe BbICAAUJICS TEepBbIA COBETCKUI AecaHT. MBI NMPUKPBIBAIU HECKOJIbKO
JIECAaHTHBIX OTPSAOB. 3aTeM JieTalu ceBepHee, Tyaa, rae Ha Kpalo KepyeHckoro
MOJYOCTPOBA 3apbljach B 3eMJIIO Hallla mexoTa. Bce e MpUKpBITHI MHOXKE-
CTBOM MPOXEKTOPOB U INIOTHBIM OTHEM 3€HUTHOM apTUJIEPUU.

Houu reMHbIe 1 iiuHHBIE. [10o/1IeTHI HAUMHAIOTCS C 3aX0J0M COJIHIIA, a 3aKaH-
YyyBalOTCs ¢ paccBeToM. Ha aspoapome HeT HU 3eMIISIHOK, HU CIELMAIbHOTO
MOMeILeHUsI 17151 JIETYMKOB. JIa OHO 1 He Hy>XKHO. JIeBYIIIKM BCIO HOYb HE BbIJIE3AI0T
13 KabMH CaMOJIETOB, Pa3Be TOJbKO BBIIMUThH CTAKAHYMK FOPSYEro yasi TyT XKe, CTOS
y MaliMH. MexaHuKaM 1 BOOPYKEHIIAM TOXe He 10 3eMJITHOK: OHU HETTPEPHIBHO
CHa0OXaloT OEH3MHOM U 60MOaMy MalllMHBI Y OTIIPABJISIOT UX B OYEPEITHOM MOJIET.

Y nmocamoyHo MOJIOCH YCTaHOBJIEH MPOXKEKTOP, HO BKIIIOYAEM €T0 B UCKITIO-
YUTEJBbHBIX CyYasx: MO KpacHOW pakeTe IITypMaHa WU B CIUIOIIHOM TyMaH.
BHyTpU mpoxXeKTOpHOIl MalllMHbI €CTh TeJiehOH, KapTa U XXypHal O0eBbIX Ieii-
CTBMIi. DTO CBOEOOpa3HbIN MepeaBUXKHON 1ITA0 MOJIKa.

... Ellte cBeTy10, a B IITabHOM M30YIIKe yXe TpemuT Teaerpad. U3 nusuzumn
repenaoT 3aJauy Ha HOUb: LieJin — bynranak u Karepie3, 60MOUTB KUBYIO CUTTY,
cKJIaabl ¢ DoenmpuIiacaMy U apTUijiepuiickue 6arapen MpoTuBHUKA. Hampsike-
HUE — MaKCUMaJIbHOE, CKOJIBKO CMOKEM...

YTouHsIeM JUHUIO (POHTA, CIMCOK BKUIIaXeil, YMCI0 TOAHBIX MallVH,
BbI3bIBa€M MeTeopoJiora. bepiiiaHckas cTaBUT 3a1a4y KOMaHAMPaM SCKaapUINA.
ITocnenHue ykazaHus 1ITypMaHa Moka. S 3akaHuymBalo rpaguk nojetoB. Hu
B KOEM CJIyvae Hesb3sl MepenyTaTh, Kakas 3CKaApWiIbs BbLJIETAET CETOAHS Tep-
BOI1, MHaue IIyMa He obepeliibes... Kak Xe, mepBble yCIelT 10 paccBeTa CleaTh
Ha OIMH BBUIET OOJIBIIIE.

[TepBblii caMoieT yXOAUT B BO3IAYX, POBHO Yepe3 TPU MUHYThI — BTOPOii, 3a
HUM TPETUIA, YeTBEPTHIN... B3neTaeT mocieqHuii, 1 Ha KaKOe-TO BPEMsI CTaHO-
BUTCS HEMPUBBIYHO THXO. JIOKJIaAbIBal0 B AMBU3UIO U YXKE CIBIILY, KAK OT MOPS
HapacTaeT XYyX KaHhe — BO3BpalllaeTcs MepBbiii skunax. ['opsaT KepocMHOBbBIE
(oHapu “neTydyas MbIb”’, CBET KOTOPBHIX BUIAEH TOJBKO C OIHOW CTOPOHHI.
[To HUM U canggaTcsad camMoieTbl. DTO O4YeHb TPYAHO, HO TMPOXKEKTOP 3aKUTaTh
HeNb3sl — JeMackupyeT aspoapom. Jlerunku myTat: “Ckopo OymeM caauThes
O ManMpocKe KOMaHaupa moJjka”.
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[TepBblii BepHYBLIMICS 9KUITAX NOKIaabIBaeT bepiiaHcKoil 0 BBIMOTHEHUUT
3agaHus, 00 00opoHe MpoTHMBHUKA, 0 moroae. HaHouny Bce Ha kapty. Ceron-
HS1 0COOEHHO CUJIBHO CTPEJISUIM 3€HUTKU, IITYpMaH BUAEJ, KaK JOJITO AepXKaau
MPOXKEKTOPHI Yeii-To camosieT. CMOTPUM IO pacyeTy BpeMEeHHM, KTO 3TO ObLI, —
sacHo, dyauHa — ['mamasanHa.

B aT0 BpeMsi camuTcs claeaylluii caMoJieT, 32 HUM JIpYyroi. A TMepBbIid
yX€ BBIPYJMBAET Ha CTapT U CHOBa MOIHMMAaETCS B BO3AyX. BeicTpee, ObicTpee
Ha LeJb, HOYb — “MaKCUMYM” (3TO 3HAUUT, YTO HYXXKHO clejaTh MaKCUMaJIbHO
BO3MOXHOE UMCJIO OOEBBIX BHLIETOB).

Bokpyr MamuH Kormoliarcs MeXaHUKM U BoopykeHIbl. [loka Bce uaer
XOpOIIO, U HETIPEPBIBHOM LIETIOYKOM CaasATCs U YXOASIT B HOYb CAMOJIETHI, Ty/a,
K TMHUU QPOHTA, I1ie pa3ropaeTrcs riams noxapon. BepHynuce u yaerenu yau-
Ha ¢ ['mamazauHoi. “HeMHOTro KoJIeHKU MOoAPOXKaIu ITocie CBETOBOIO rieHa” ,—
roBoput AHs JlynuHa.

N cHoBa camsiTcs M B3leTalOT caMoOJeThl. 3BOHUT TesiehOH, HadaJlbHUK
mraba IMBU3UU, MTOAJpA3HUBAs HAC, TOBOPUT, UTO “Joliaau” Maiiopa bouaposa
(Hamero cocena) ycneau ciejiaTh 00JIbIle “BbI€3A0B”, YEM MHBI.

Ny mocMoTpeThb, Kak 0OCTOST Jejia Ha cTapTe.

CBeT (poHapuKa BBIXBATBIBAET U3 TEMHOTHI COCPEAOTOUYECHHbBIE, Tepernay-
KaHHBbIe Jr1a BoopyxkeH1eB. IllyTka cka3aTh — Ha KaXIyi0 U3 HUX MPUXOIUTCS
Oosiee IBYX TOHH ToABelIeHHBIX 60M0. Ha Kpbljie OeH3o03ampaBlIUKa MPUTY-
Junach ¢urypka MexaHuka — 3To ToHs PynakoBa uam IToHYMK, Kak 3Bajiu ee
MOJAPYXKKHU.

JleTuyu1ibl yCTalo NOKJIAABIBAIOT... YXKe MO0 JeBITh BBIJIETOB cAeaaia Kaxaas
u3 Hux. [1o TomMy, Kak 3akypuBaeT nanupocky XKeHs XKuryjaeHko, s MTOHUMAIO,
YTO HaJ LIEJbIO CETOIHS OYeHb HEJIETKO...

CKOJIBKO pa3 KaXxyio HOYb BCTYMAIOT B €IMHOOOPCTBO C BparoMm sKumnaxu!
BenbixuBaloT iydu IpoXeKTOPOB, IIApsT M0 HeOy, COMMXKAIOTCs, U BOT caMoJIeT
noiimMaH... JleTunka U 1ITypMaHa OCJEIUISIET HECTEPIIUMBIA CBET, ObIOT 3€HUT-
Ku... [leperpyxeHHbIit 60MOaMU caMoOJIeT UIET C MU3EPHOM CKOPOCThIO, MHOTAA
MO MSATh — AECSITh MUHYT HE yIaeTcsl BHIPBATbCS U3 LIETIKKX Jall TPOXEKTOPOB.
M 510 Ha BBICOTE B HECKOJBKO COT MeTpoB. OKOJI0 Yaca JUIMTCA TOJIET, a Yepe3
HECKOJIbKO MMHYT TTOC/Ie TTOCaAKM CaMOJIET CHOBA IMMOAHUMAaeTCs B Bo3ayx. M Tak
JI0 paccBeTa, HOYb 3a Houblo. [1o AecaTh — ABeHAAAaTh YaCOB KpailHero Hampsi-
>KeHHUs Bcex yenoBeveckux cun”. (M3 knuru “B Hebe ¢poHTOBOM”, Mononas
I'Bapaus, 1971)

Bo Bpems HacTymuieHus B besiopyccuu Mbl BliepBble yBUIAEIU OJU3KO TICH-
HbIX HeM1leB. KOJIOHHBI U TPYMIbI TVIEHHBIX, AYIIMX M10J KOHBOEM Ha COOPHBIN
MYHKT, CTJIM OOBIYHOU KapTUHO JIETOM COPOK 4yeTBepToro. ITJeHHBIX 3axBa-
THIBAJIM B 0010, HO YaCTO OHM CAaBaJIMCh camu. Jlaxke K HaM B TTOJIK TIPUXOIMIN
cnaBatbes. [1pssMo Ha aspoApoOM. ..

Ho cnydanoch u no-apyromy.

Hamma netHas noniaaka Haxoauiaach Ha okpanHe nepeBHM. Cpasy 3a Hell —
OousibllIasl MOJISTHA M TYCTO# BhICOKMI ec. OOHAPYXXUB B TpaBe KPYITHYIO 3€MJISI-
HUMKY, MBI PaCCHITAJINCh MEXIY AepeBbsIMU, coOMpas sroabl. [locTerneHHo 3a1iu
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Jajeko B Jiec. XOpollIo Obljaa CABIIIHA MepecTpeika. 3a IIOCCEMHON TOPOroi,
IepeceKasIlell Jiec, AepKaaru 000pOHY HEMIIBI, OTPE3aHHbIE OT CBOMX OCHOBHBIX
Bolick. Crpenstin yxe 0osblie yaca. CHavana Mbl Xoauau ¢ onackoi. ITotom,
MPUBBIKHYB K CTpejibOe, mepecTaju obpailaTh Ha Hee BHMMaHue. Ho korma
HayaJy MaJuTh IAe-TO PSAOM, MBI PEIINIM BCE- TAKU BO3BPATUTHCS B IEPEBHIO.

Hukro He 3aMeTuJ1, YTO C HAMU He oKa3ajloch AHM EneHUHOIA.

Bckope B TepeBHIO IPUILIEN CEPXKAHT.

— Ime Ty KomMaHaup? — CIPOCHUI OH 3BIYHBIM TojiocoM. biau3ko Haxonu-
Jach HauiTaba Mpuna Pakobonbckas.

— Buewm neno?

— Bort, moHnMaeTe, TOBapuIll KallMTaH, IMOMMaiu B JIECy KaKOI'0-TO YeJI0-
Beka... B Hameit popme. 'oBopuUT, XKeHIIMHA. ..

PakobGonbckast yabIOHYJIaCh YrOJAKOM pTa W OISITh MpPOAOJLKaja CIAylIaTh
cepXaHTa C Cepbe3HBbIM BUIOM.

— ToBopur, u3 neTHoro noyka. M 4To XXeHIMHA... — TOBTOPUJI CEPKAHT. —
A Bpoze HerT...

— Tak xaKk Xe Bce-TakM, KEHIIMHA WIX HeT? — He BhlAepXKaja W 3acMesi-
Jnach Pakobosbckas

OH 3aMsiics, TTOKAIJISUI B KyJlaK 1, TTOKOJIe0aBIINCh, CKa3al:

— Bort BbI TOX0OXMU, a TOT — HY HUKAaK!

— HoxymeHTbl cMoTpenu? He momHute pamunuio?

— Her, He momHI0... 1 KapTa y Hero... y Hee... C moMeTKaMu.

OH HeyBepeHHO MPOM3HEC MOCJIEIHUE CJIOBa U 3aMojdaj, MOBOAS IJa3a-
MM TO BIIPaBO, TO BJeBO. JeByIIKM, ITPOXOIMBIINE MUMO, BCe KaK OAHA ObLIN
B Op1okax 1 TMMHacTepkKax. C KOPOTKOM CTPUXKKOM, B MMJIOTKAX, MHOTME ObLIN
IMOXOXHU Ha MapHEH.

Pakobombckas xaana, 4To e elle CKaxXeT CepXKaHT.

— Hy, Tak yero e BbI XoTUTE?

OH nepeMUHAJICSI C HOTY Ha HOTY, OYEBUIHO IMOHSB, YTO BHIIIJIA OIINOKA.

— Pazo0bpatbcs Obl Hago... MoXeT, 1 BIIpaBay — XEHIIUHA. ..

MpuHa Beceo cBepKHyIA IJ1a3aMu:

— TIloiinemre.

CIrycTs HEKOTOpOe BpeMsl HaulluTaba BEpPHYJIach CO CBOMM 3aMECTUTEJIEM
AHeil EnenuHoli, ocBoOoaAuB ee U3 “TuieHa”. AHS, cMesIChb, paccKa3blBajia, 4To
ee MPUHSUIM 3a IIroHa. Beicokast, XynolaBasi, oHa Oblla ITOX0Xa Ha IOHOIIY.
DHepruyHoe JUI0, KOPOTKAasl CTpMXKKaA, MUJIOTKA. M B moBepllieHUe BCEro — —
IUIAHILET C KapTOl, KOTOpbIEe Cpa3y XKe BHI3BAJIM ITOA03PEHMUE. ..

Tpu roga Ha GpoHTE — CPOK HEMANIBIA. 3a OTIMYHYIO pabOTy Mo obecrieye-
HUIO O0eBOI AesATeIbHOCTH TToJiKa MpuHa Pakobonbckast HarpaxaeHa HECKOJIb-
KMMU OpACHAMU U MealsIMU. A XKEHCKUI aBUAIIOJIK CTaj rBapAcicKUM, TTOJy-
YuJ HauMeHoBaHue TamaHCKuIi 1 ObLT HarpaxaeH opaeHoM KpacHoro 3HameHu
u OpaeHom CyBoposga II cterienu. B aToMm 1 ee orpoMHas 3aciyra.

BoeBoil myTh 3keHCKOro moJjka npoTsHyacs ao Jonbacca, yepe3 Canbckue
crenu K npearopbsiM KaBkaza — mpu OTCTYIJIEHUHU, U Jajbllle BMECTE C HACTY-
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narommu Boiickamu — yepe3 Kyboanb, KpeiMm, benopyccuto, Ionbiny — no bep-
nuHa. Ha 6oeBoM cuety nosika 24 ThicsiYu O0EBBIX BLLIETOB. JleTuniibl 6oMOMIN
BpaXXeCKUe OTHEBBbIC TOUKU, YKPEIJIEHHbIE paiioHBI, IMepenpaBbl, CKOIJICHMUS
BOMCK M 00EBOM TEXHUKM, XKEJEe3HOAOPOXHBIE CTAHLIMU U SIIEOHBI, CKJIAIbI
¢ Ooemnpurnacamu 1 roptrouyuMm... B monky 23 I'eposi CoBetckoro Coro3a U 1Ba
I'epost Poccuu. Tpuauars ABe AEBYIIKU HE BEPHYJIUCH C BOWHBI.

... [Ipuina IMob6ena. Mup... OH Hec ¢ coboit TOJILKO XOpolllee, OH O3Haval
HayaJlo HOBOI1 XXM3HU, KOTOPYIO MbI €llle TaK Majio 3Haau. Benb Ha ¢poHT Bce
MbI yuiu B 19—20 net. KoHeuHo, Mbl MOB3pOCe, HO, B CYIIIHOCTH, AJIsI HAC
HACTOSI1Iasl )KM3Hb C €€ MOBCEIHEeBHBIMU 3a00TaMU U TPEBOraMU ellle He Hauu-
Hajack. ['1e Oyner Tenepb Hallle MeCTO?

OgHU MeuTaqd YYUTbCSl, BEPHYTbCS B CBOM WHCTUTYTHI, APYTHE XOTEIU
netathb... Jaa MpuHbl Takoil mpobjieMbl HE CYLIECTBOBAIO — TOJbKO B MI'Y,
B ponHoit MockoBckuit yHuBepcuteT! M Tosibko — pusukal

Bmecte ¢ MUpunoii Pakobonbckoii oceHbto 1941 roga ynuiy BoeBath €€ Mo/ -
pyru 1o yHuBepcuteTy: AHs Enenuna, Jlens PamuukoBa, Katsa PsiboBa, Pyga
l'amesa, ycsa Ilackko, [Tonuna I'enbmaH, ZKens PynHesa. [Toutu Bce oHU cTa-
u I'eposimu CoBetckoro Coro3za. OnHa u3 6auskux noapyr Mpunsl XKens Pyna-
HeBa cropejia BMeCTe ¢ caMoJjieToM B paiioHe Kepuu. DTo 6b1 ee 645-if 60eBoit
BbUIET. Han 11e1p10 caMosieT ObLT 0OOCTPEIsiH 36HUTKaMU U 3aropeJics. ..

B mamsate o XKeHe PynHeBoit MpuHa 1mociie BOMHBI MOATOTOBUIA U TBa Kb
uznana nHeBHUKU U nucbMa Kenu. Mmenem I'epost Cosetckoro Coto3a XKeHu
PynnHeBoil HazBaHa olHA M3 MaJbIX IUIAHET: OHA TaK MeuyTaja MOCBITUThL CBOIO
>KU3Hb ACTPOHOMMMU. ..

B camoM KoHI1e BOIHBI HA OJHOM M3 COOpaHU Mbl, OTHOIIOIYaHEe, PELIMIN
KaIblil ros1 2-ro Mast BCTpevyaThesl B cCKBepe y bosibiiioro Teatpa. 9ta uaes npu-
Hagexana Mpune Pakobosbckoit. M Kaxaplil roa, cHavaja ¢ MaJbIMU A€ThbMMU,
MOTOM CO B3POCJIbIMU, U HAKOHEI] C BHYKaMU Mbl UJIEM Ha Hallly BCTpeuy...
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Pako6onbckas WU.B, Konenxkun B.B. v np. «OcOOGEHHOCTU B3aMMOJEUCTBUIA anpo-
HOB KOCMHWYECKHUX JIydeld CBEPXBBICOKUX dHEPIHi (110 JAHHBIM CBUHIIOBBIX PEHT-
TeHOAMYJIBCMOHHBIX Kamep akcnepuMeHTa «[ITAMUP»)» — M.: U3n-Bo MI'Y,
2000. — 256 c.

Paxobonvkas U.B., Kpasuosa H.®D. «Hac Ha3pIBal HOYUHBIMY BeAbMaMu. Tak BO-
eBaJT 46-11 rBapIECKIIA TTOJIK HOYHBIX 00MOapaIupoBIINKOB». — M.: 3n-Bo MI'Y,
2005. — 336 c.
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OtpbiBku U3 KHur U.B. PakobonbKoil
0 BOHHeE, ee CeMbs, CTUXM, (DPOHTOBbIE CTEHra3eTbl

Bort kak Mpuna BsyeciaBoBHa paccKa3biBaia O TOM, Kak OHA Ioriajia Ha (DpOHT.
«B MockBe MBI C TOJPYTOI TOTOBUJIMCH K 9K3aMeHY. 1 0JKHBI ObLIN €r0 ciaBaTh 23-TO.
B 11 yrpa HaM MO3BOHWJI TIpUSITEb U CKasal: «/leBOYKr, BKIIOUUTE Paauvo, ceivac
Oyner uzBectue. Kak Oyaro peub uaet o BoviHe ¢ I'epmanueii». Mbl HEeMeIJIEHHO I10e-
Xanu B yHUBepcuTeT Ha MoxoByto. ITposenu B KoMMyHUCTUYECKOI ayIUTOPUNA KOM-
COMOJIbCKOE COOpaHue 1 MPUHSUIM pellieHUE CUUTATh ce0sl MOOMIM30BAHHBIMU. .. ».

Korma Hem1IbI coBceM 01M3KO0 Moo K MockBe, y9uTh (DM3UKY, MAaTeMaTH -
Ky, TeOMETpHIO ObLIO He T Yyero. Ham Hamo ObLI10 MATH C OpYKHEeM, KAKUM MOXKEM,
3aimiath Hail ropofl. 9 Oxrs10pst 41 1. g nexypuia B By3kome Komcomona MI'Y,
korga n3 LIK BJIKCM npuina tenedoHorpamma. B Helt 0ObsABIISIIICS TIPU3BIB IEBY -
IIIeK, TOOPOBOJILHO KeaIIUX MoUTH Ha PpoHT. OT Bcero KpacHorpecHeHCKO-
ro paiioHa MpU3bIBAJIOCh 12 YeoBeK; ABe MyJIeMETUMIIbI, IBE MapalllOTUCTKU, IBE
CaHUTAPKU, IBE C XOPOIIIMM ITOYEPKOM U IBE IPOCTO (pr3mIecKu 310poBbiX. Kakue
elre 2 — He MoMHI0. OTOOpOYHAst KOMUCCHS JOJKHA ObIIa COCTOSAThCS 10 qHEM.

B By3koMe ObuTO 3 nEBYIIKM: acnypaHTKa reorpaguieckoro ¢axyibTreTra
Iypa MakyHuHa, cTyieHTKa UcToprudeckoro dakynbrera Bans Enmakosa u s, Tor-
Jla CTyAeHTKa 4-1o Kypca pusndeckoro ¢akynbprera. HeMelikue Boiicka IToaxXoavim
K MockBe, 00cTaHOBKA ObLlIa HACTOJIBKO HaIIPsDKEeHA, YTO TPYAHO MPEACTABISIOCS,
3a4eM YUUThCS, KOMY HYXXHBI ceidac reorpacdnbl, pU3MKy 1 UICTOPUKU. I 003BOHU-
J1a (paKyJaBTETHI, a4 BCe TPOE TOCTaBUIIN cBoM pamMuiuu B crimcok. U Tonmpko B LIK
Ha ClIeIyIolInii AeHb MBI y3HaiH, 9To ['epoto CoBerckoro Coro3a MapuHe PackoBoit
Mopy4yeHo (popMHUPOBaHME KEHCKHX aBUAIIMOHHBIX ITOJIKOB B OTBET Ha MHOI'OYNC-
JIEHHbIE MUChMa JIETYUI] a3pOKIyOOB, aBUAIIIKOJI, TPAHCIIOPTHOI aBUAIIMU, XKeja-
IOIIMX BOEBAaTh BMECTE C MYXUMHAMM. 8 OKTSIOpsI ObLI ITOAMNMCAH COB.CEKPETHBIMI
npuka3. He xBarano mrTypMaHOB, TEXHHMKOB, BOOPYKEHIIEB. TaK BO3HMK IIPU3bIB
LK xomcomora. M3 yHuBepcuTeTa nocjie orbopa nomnajio 16 neByllek B TaK Ha3bl-
BaeMyIo aBradacTh 122. Bce oHM BolM B IITypMaHCKyIo Tpymity. Ho Bennko ObI10
Hallle pa3oyapoBaHMeE, KOrma 4depe3 IITh JHEH Hallly XXeHCKYI0 KOMaHIy, OJeTyIO
B MEIIIKOBAaThIE IIIMHE/IN, OTPOMHBIE KP30BBIE CaIlOru, ¢ IPOTUBOra3amMu 1 ¢isira-
MM Ha O0Kax, IIOrPy3WIM B TOBapHBI€ BarOHBI U MOBE3JIM Kyda-TO Ha I0r0-BOCTOK,
a He Ha ¢poHT. YBHI! 3amuimars MoCKBY HaM He TIPUIIIOCE.

Havanacp Hallia >Xku3Hb B DHI€JIbCCKOI aBUALIMOHHOM IIKOJIe ITMJIOTOB C IIPU-
Kaza Nol: -»BceM IOCTPUUbCS IO MaJIbuMKa, BOJIOCH BIEPEIU 10 IOJI yXa, KOChI
MOHO OCTaBUTb TOJIbKO ¢ JIMYHOTO pa3pelieHus: Packosoii.» Ho pa3Be Moriu Mol
K Heli oOpaiatbesi, HaM 66110 0T 16 1o 20, a oHa Takast U3BECTHAasl, COJIMIHAsS XKEeH-
IIMHA YTO-TO 0KOJIo 28. Y B TOT k€ JeHb HAIlld BOJOCHI JIETJIM MECTPhIM KOBPOM
Ha I10JI TapHU30HHOI napukMmaxepckoii. [Ipomwio 6osee 60 JeT, HO MOU BOJIOCEHI
U 10 CUX TIOP «CIIepEeau OO0 IMOJI-yXa»'.

! Pakoboavckas HU., Kpasyosa H. Hac Ha3bIBau HOUHBIMM BeabMaMu. Tak BoeBasl
JKEHCKUIT 46-i1 TBapIeiicKMii MOJK HOYHBIX OOMOApIMpPOBIIUKOB. 2-€ M3IaHuE,
nonosiHeHHoe. — M.: M3a-Bo MTI'Y, 2005. — 336 c.
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JleTHBIN cocTaB IIKOJIBI CMOTPEJT HAa HAC C YCMEIIKOW U COCTpagaHUEM, 3Ba-
Jin 6aTaiIboHOM cMepTU. [103TOMY B CTOJIOBYIO MBI XOIWJIM TIJIOTHBIM CTPOEM O]
MECHIO Y Ha MY>XUMH He rsiaenau. Koraa aBe CTyIeHTKM ¢ MexMaTa BCTPETUIIN CBO-
X OMHOKYPCHUKOB U 3aJepXKaJIMCh C HUMM Ha YJIMIE Tocjae 00ena, Mbl COOpain
YHUBEPCUTETUYUKOB, CKa3aIU J€BOYKAM, YTO OHU MO30PSIT YHUBEPCUTET, YTO MBI
HanuieM o0 3ToM Ha MexMaTt. OHU IIaKaJIv 1 oOelliaii HUKOTIa B XKU3HU C MYX-
Y{HaMU He pa3roBapuBaTh.

IlItypMaHckas rpymra 3aHuMaiach mo 12 yacos B AeHb. Yepes aBa Mecsiia
HavyaJIMCh MePBbIE TPEHUPOBOYHBIE MOJIETHI, a B SIHBAape ObUTH YK€ C(hOPMUPOBAHBI
MOJIKM: HOYHOM G0MOApIUPOBOUHBIN, UCTPEOUTEbHBIN, TMKUPYIOIIUX OoMOap-
JUPOBIIMKOB. W TYyT BBISSICHUJIOCH, YTO HET XXEHIIWH C OMBITOM INTa0OHOU pabOTHI,
UM HaIo co3JaBaTh IITA0BI U3 CBOMX. Tak ¢ cTajla HadyaJbHUKOM IlTada 588 aBu-
aroJjika HOYHbIX OOMOapAMPOBIIUKOB Ha camosieTax Y-2 (Bnocieactsuu I1o-2).
HaBepHoe, HazHauuaIM MEHSI MOTOMY, YTO Oblja I KOMCOPIOM IITYpMaHCKOM
TPYTIIbI U, KaK TOHUMAI0 Tereph, MPOsBsia U3IUIIHION aKTUBHOCTb, HE MPU-
HATYI0 B Apmuu. Ilpukas noanucanyd 6e3 pa3roBopa co MHOI, a Koraa s Imolia
K PackoBoii 1 ckazana: «He xouy ObITh HaullITaba, xouy jeTaTb». OHa Tak XOJ0IHO
Ha MeHs TOCMOTpea 1 cKaszana: «f rpakaaHCKuX pa3roBopoB He Jo6:to. [Tpuka-
3bl HE OOCYXIAIOTCSI, @ BHIMOJHSIOTCS». PackoBa OblIa yIMBUTEJIbHAS KEHIIMHA.
CunpHasi, HU4ero He Oosiiach, yMesia IpeoaoJieBaTh Bee nperpansl. M Ham Bcerma
ropopuia: «IeBoukr, HUKOTO U HUYeTo He Ooittech. Ecu Bbl yBepeHBI B CBOEH
MpaBoTe, CMEJIO UAUTE BIiepea». Sl TOTOM BCIO CBOIO MUPHYIO XKU3Hb XKUJia 110 3TUM
3aBeTaM MapuHbl PackoBoit».

Hy u TpynHo MHe ObL10 B epBbIit roa. Hudero st He moHMMaza B caMoJjieTax,
OeH3uHe, OoMbax, ONepaTUBHBIX CBOJKAX, CJ1a00 3Ha/Ia BOSHHBIN yCTaB M1 MHOTOE
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JIpyroe, 4To J0JKHAa Oblla 3HATh, Bellb HAYAJILHUK 1ITa0a — MEepBbIiA 3aMECTUTEb
KOMaHaupa ToJjika. A KomaHavupoMm nosjka ctajga EBmokus JdaBbigoBHa bepiinaH-
CKasl, OINBITHBIN JIETYUK U PYKOBOIUTEb. [JeBUOHKM MEHS HE OYEHb CIYIIAIUCh,
CMOPUJIM, KOT/Ia 1 Ha3Hayajla KOTO-TO Ha JeXKypCTBO, MHXXEHEPHI TT0JIKa — Kaapo-
Bble BOCHHBLIE, JJI HUX s OblIa COBCeM «3ejieHOM». Ila u TpeacTaBbTe TOJBKO
— ¢, 3aayllieBHas MOAPYKKa CBOUX IITYpPMAaHOB, BXOXY B KOMHATy, U BCE JOJIK-
HbI BcTaTh. B mtabe ctaiau padbotaTh Apyrue OEBYIIKHU: B ONepaTUBHOM OTHEE,
B CTPOEBOM OT/eJie, IN(PPOBATLIINK, HAYCBSI3U, HAYXUM. VI MBI yUMIKCH CBOEMY
ety Bce BMecTe. OgHAKO JIOKHOE caMoJiio0re MHOIIa Mellajgo HaM IMpU3HATh,
YTO MbI TaK MaJIO 3HAEM U YMEEM.

Ham [1o-2.

I1pu popmMupoBaHMM TTOJIKA OH OBLT OCHAIIEH camonéTamu [1o-2, cHavama
66110 20 TaKMX CaMOJIETOB, K OKOHYaHMIO BOMHBI — 36. Hair yueOHbBIN caMOIET
co37aBaJICs He IJIsi BOSHHBIX OeMCTBU. [lepeBsSHHbBII OUILIaH C IBYMS OTKPBIA
TBIMY KaOMHAMU, PaCIIOJ0KEHHBIMH OHA 32 APYTOli, U CABOCHHBIM YIIPaBIeHU-
eM — IJIsI IETYMKA 1 ITypMaHa. (1o BOMHBI Ha 3 TUX MallIMHAX JETYNKHU IIPOXOAM -
Jm obyueHue). be3 pannocBs3u u O6pOHECTIMHOK, CITOCOOHBIX 3aIIUTUTD SKUTIAXK
OT MyJb, C MAJOMOIIIHBIM MOTOPOM, KOTOPHI MOT pa3BMBaTh MaKCHUMAaJbHYIO
ckopocTth 120 kM/4ac. Ha camosiére He Ob1J10 60MOOBOTO OTCEKA, OOMOBI TpHBE-
LIMBaIUCh B 6oMOoaepXkKaTeau MPsSIMO MO MJI0CKOCTU caMmosiéta. He Ob10 mpu-
LIEJIOB, MBI co3manu ux caMu 1 Ha3anu [1T1P (mpomie mapenHoii perer). Camorer
I1Io-2 ObL1 NeroK B yOpaBIeHUU, HE HYXIAJICS B CHELMAIIBHO 000PyIOBaHHBIX
a’polpomMax, 0OCOOBbIX COpTax O€H3MHA, JIeTal MEIUIEHHO U HU3KO U II03TOMY €ro
3 PEeKTUBHO HCITONB30BAIN HOYBIO IJII OOMOOMETAaHMS IO MepeIHeMy Kpaio
IIPOTUBHMKA.
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE-2
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BF%D0%BB%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B8%D0%BF%D0%B0%D0%B6

KonnuectBo 6oM60Boro rpysa meHsuioch oT 100 mo 300 kr. B cpenHeM Mbl
opanu 150—200 xr. Ho 3a HOYb caMOJIET ycreBasl caejlaTh HECKOJIbKO BbLIETOB,
1 cyMMapHasi 00MOOBasi Harpy3ka Oblla CpaBHUMa C Harpy3koi 00JbIIoro 6oM-
bapauposiuyka. [Ipy ciBOEHHBIM YIIPaBAeHUN CAMOJETOM MOXHO OBbLIO yIIpaB-
JISITh Y TWJIOTY, Y IITYpMaHy. Beuiv ciydyau, Koraa mTypMaHbl MMPUBOIWIN Ha 0a3y
U caxkaau caMOJETHI, MOcje Toro, Kak nmuioT norubana. JIo asrycra 1943 r. nér-
YULBbI HE Opajii ¢ COOOM MapallioThl, MPearnoYnTas B3sTh BMeCTO HUX el 20 Kr
6oM0. IlyneMérbl Ha camMOJETaX TaKxKe MOSBWIMCH TOJbKO B 1944 r. Jlo 3Toro
eIMHCTBEHHBIM BOOPYKEHMEM JIJISl 3alUTHI OT BpaxkeCKUX UCTpeOUuTes e Ha Oop-
Ty ObLIM nicToNeThl TT AETYMKOB U IITYPMAaHOB»?.

B mae 42 r. mosik npuObLT Ha I0XKHBIN (DPOHT, B paiioHe KpacHoaoHa 1 BolIes
B 4-y10 BA, komaHnoBan koTopoii reHepan Bepmmaun K.A. HaunHanuch Tsoxe-
Jible OIHU OTCTYIUIeHUs1, oT Bopoiuunosrpaga 1o I'po3Horo auHuu ¢ppoHTa ak-
TUYECKU He ObLIO, Mbl OCTaBJISUTM a3poJpOM 3a a’poApOMOM, HEMELIKUE TaHKU
HOYBIO MOAXOAWJIM TTOYTU BILUIOTHYIO K JeTHOMY moto. Kazanochk, yto mjist 4BA
Halll MOJIK Ie€BYOHOK Ha JEepeBSIHHBIX MallIMHAX HE ObUI TAKUM YK OOJIbILIMM IO -
KperuieHueM. JIeTUMKM coceqHUX TOJKOB OTKPOBEHHO Ha3bIBaIM HAC -JIyHBKUH
noJik. Peako 6b1Baio Tak, YTOOBI HA (PPOHT MPUOBIBAJ MOJK, a B HEM — HU OJTHOTO
JIeTUMKa, KOTOPbIi Obl yke BoeBajl. Ho Hekorma ObLI0 yUUTh HAC, KaK BBIXOIUTh
U3 MIPOXEKTOPOB, KaK B TEMHOTE HAWTH LieJIb, KaK YUTU OT 06cTpesa. boMOuIy Mbl
MPEeMMYILIECTBEHHO M0 60eBOIi TeXHUKe NMPOTUBHMKA Ha JOporax, o mnepernpaBam
U XeJIe3HOMOPOXHBIM CTAaHIIMSM, 1O CKJaaaM ¢ 6oernpuIiacaMu, Mo XKUBOH cuie
Ha TepeIHeM Kpae NpoTuBHUKA. HecKobKo pa3 MpUKphIBaiu BbICAAKU AECAHTOB
B Kepuu u Oavturere, Ha Onepe u Bucie.

IToseTsl MpoOXOaUJIK C TEMHOTHI M 10 paccBeTa. Llenu Giuszkue, moTomy 3a
HOYb KaxKIbIi KUIAX JIETOM YCIIeBaJl caenarh 5—6 BbuieToB, 3umoit 10—12. Ipu-
MepHo 1o 10 yacoB B Bo3nyxe... BolieTanu mo onHOMY ¢ MHTEPBajIoM B 4—5 MUHYT,
OKOJIO yaca JUTUJICS TOJIET, CaMOJIET BO3BpaIllaJICS Ha CBOW a3pOJIpOM eMy TTOojBe-
LLIMBaIKM O0OMOBI, 3aMpaBJisijii OEH3MHOM, U OH CHOBA el Ha 1esb. M Tak no yTpa,
U Tak Kaxayto Houb. Becero 1100 Houeid. Llenu, kak mpaBujo, UMeIU TaKTHYECKOe
3HaUYeHHUE U ObLUIU IJIOTHO MPUKPBITHI 36HUTKAMU U MPOKEKTOPaMU, a MHOTO JIU
HY>KHO, UTOOBI COUTH Halll TUXOXOAHbIN caMoJieT. OfHa 3axKuraTeabHast myJis rnpe-
BpalllaeT ero B MbLialoluil pakes. DKUNaxu BUIEIN, KaK TOpsT MOAPYTY, HO OHU
BEJIM MalllMHBI B T€ XK€ 36HUTKM U MPOXKEKTOpa, U CHOBA, U CHOBA... O, reporsm
3TO HE CMIOMUHYTHOE ABUKEHME VI, 3TO, MPEXIe BCETro, TSXKKUI HelpepbiB-
HBII TPy, HaMpsDKeHWE BCeX CUIT M BOJIU, TpeoaosieHue ctpaxa. Hactynano Takoe
rnepeyToMyieHUe, YTO MHOTAA JIETYMK WJIM LITypMaH 3achillad B TOJieTe, a 4acTo,
Hao0OpOT, HE CMaJIU 1T0 HECKOJIbKY HOYEN.

B ¢eBpane 43 r. HameMmy MOJIKY, IEPBOMY CPEAW APYIUMX IOJKOB OWUBU-
3uHu, ObIJIO MpUCBOEHO I'Bapaelickoe 3BaHKE, a TIOTOM €le ABaXKIbl Harpaxkmaajin
MoJIK opAeHamMu. Mbl ctanu 46 I'BapaeiicKuM aBUanojakoM. M 1eTunku MyKCKUX
yacTell cTajau JJacKOBO Ha3blBaTh HAC CECTPEHKAMM U Jeaau KpyT, BO3BpallasiCh

2 Paxoboavckas U., Kpasuosa H. Hac Ha3bIBaJIM HOYHBIMU BeabMaMM. Tak BoeBas

KEHCKUI 46-i1 rBapIeicKMii MOJK HOYHBIX OOMOApIMpOBIIUKOB. 2-€ W3IaHuE,
nornoyiHeHHoe. — M.: M3a-Bo MI'Y, 2005. — 336 c.
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¢ 3a7aHusl, HaJ HalllUM aspoapoMoM. [lexoTta mucana HaMm «HeOECHBIE CO3MaHUST»,
a BepmHuH, BbIcTymas Ha coOpaHUM B TOJIKY, cKasall: «Bbl camble KpacuBbIe
>KEHIIWMHBI B MUPE, MOTOMY YTO MOUIMHHAS KpacoTa 3aKJIIouaeTcs B IPeKpacHOM
QyIIIEBHOM TOPbIBE, C KOTOPBHIM BBl BeleTe 60pb0y 3a cBOOOAY Haleir PonuHbI».
M naxe TO, 4TO HEMIIbI MPO3BAIA HAC «HOYHBIMU BeIbMaMu», ObLIO MPU3HAHU-
€M Haliero mMacrepcTBa. KoHeYHO, J€BYOHKU OCTaBajJUCh AEBYOHKAMU, BO3WIU
B caMoJjieTaX KOTST, TaHILIEBaJIM B HEJIETHYIO IOTOAYy Ha a’poapoMe, TUIakaju,
XOPOHS TIOAPYT, W BBIIIMBAJIM Ha MOPTSIHKAx He3aOyaKu, pacmyckas ajis 3TOTo
roJiyoble KaabCOHYUKMU.

B mra6e. IMonyyenue 6oeBoro 3aganus. 1943r.

Ms1 npouuin ot Bopommnosrpaga, I'po3Horo no BrnamukaBkasza, a moToM
yepe3 KpacHomap no Tamanu, ot Kepun no Cesactonoss. [Tpounu benopyccuio
u Ilonbiry, BoeBanu B Boctounoii [1pyccun u okoHYMIM BOHY ceBepHee bepnu-
Ha. 23 geByuikam ObuTo TIpucBoeHO 3BaHue I'epost CoBetckoro Coro3a, MSITH U3
HUX MOCMEPTHO. 5 cTyneHToB MI'Y TakxKe MOMyYUJIM 3TO 3BaHUE, U3 HUX KeHs
PynneBa mocmeptHo. Kaxnas u3 Hux copepiuuia 6ojee 700 60eBBIX BBIIETOB,
a Upa Cebpona naxe 1030.
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MyX4MH B HallleM MOJKY He ObL10. M eTanu, u 60MObI MOABELIMBAIN OAHU
JeBuoHKU. Ho mony morn6aiu B BOHE, a B ThIJTy HUKTO JUISI HAC CMEHBI HE TOTO-
Bui1. [1o3TOMY B IOJIKY HENIPEPHLIBHO paboTaia IIKoJIa repeyunBaHusi. Y13 Boopy-
>KEHIIEB 1 MEXaHUKOB TOTOBWIM IITYPMAHOB, U3 IITYPMaHOB — JIETYMKOB, a TE€X-
HWYECKUI cOCTaB HaOMpaau U3 AEBYIIEK, KOTOPBIX B TO BpeMs YKe ITPU3BIBAIN
B ApMum1o. biraromapst 3ToMy IOJIK OKOHYMJI BOMHY, UMesT 4 3CKaIpUIbU, a Hayajl
Bcero ¢ AByMs1. O TTOJIKY HalcaHbl KHUTH, CHIT JOKYMEHTaJIbHbIN (OWIbM, a Ceii-
yac MouyeMy-To BO3HUK OOJIBIION MHTEpeC K HaM 3a pydexkoM. B AMepuke 3amm-
AT JUCCEPTAllMM IO HAIMM IIOJIKaM, NMUILNYT ucTopuio. 1 B AMepuke, U B
AHIIIMU BBINMYCKAOT TejaeduiabMbl. Hapomy aTux cTpaH TpyaHO IMOBEPUTh, YTO 3TO
HE aruTKa, YTO XKEHIIWHBI TeHCTBUTEIHLHO TaK BoeBaau. Ho mpaBna — B THEBHU-
Kax, BOCLIOMMHAHUSX, ITaMSITHUKAX rmorubommmM. W s morsiia 661 6eCKOHEYHO pac-
CKa3bIBaTh O MOUX I'€pONYECKUX MOIPYrax, TAKMX pa3HbIX, TAKMX KPACUBBIX, OOTH-
HSIX BOMHBI, KaK Ha3Bajl MX HegaBHO B KpacHoI1 3Be31e KOpPEeCOHICHT.

A Toxe WMHOTJA JieTajla B KadyecTBe IITypMaHa Ha 1ieJb, HO OYEHb PEIKO,
y MeHSI Bcero-to okoJjio 30 BeuieToB. MHOrma mpocto Ha boMOoMeTaHUe, a UHOTAA
Hazmo OBbUIO TTOCMOTPETh, KaK MAET COINIACOBAaHWE MEXIY Ha3eMHBIMU BOMCKaMM
n Hamu. Ho Bce ynpasieHue Bejoch ¢ 3eMiau. TpyaHO Hamucartbh, Kakasi paboTa
BXoauja B Mou obsizaHHOCTH. [1ITad mojika — 3710 Kak aekaHat gakynabrera. Orne-
paTuBHAas, CTpoeBasi, X03siCcTBeHHass padota. OT MojiyuyeHus 00EBOro 3aJaHus
Ha HOYb, IO HarpagHbIX JINCTOB U 3aKa30B Ha oOMyHaupoBaHue. Ho B mTab Bxo-
IO 6 YeJdoBeK, Ja ellle aablOTaHThl 3CKAAPWINKA U JeKypHbIe no yacTu. Hamo
OBUIO TOJILKO YETKO BCe opraHm3oBath. M Kpome Toro, yepe3 HOYb, 110 OYEPEIH
C HaYaJIbLHUKOM OIIEpPaTUBHOIO OTHAEJIa JeKYPUTh Ha CTapTe BO BpeMsl IOJIETOB,
KOTOPBIM PYKOBOIMJIA Yallle BCEro KOMaHIUP IT0JIKa.

ZKypHai BeuIeTa, MpYEM JIOKJIAI0B OT SKUITAXKEW, CBSI3b C OIepaTUBHBLIM ITyH-
KTOM AMBHU3MM, YTOYHEHVE JIMHUM O0eBOTO COIPUKOCHOBEHHUS. Bce ObI1o Hampsi-
>KeHo. JloKJTagbpIBacT JIETYMK, BMKY, OJieIHEEeT U pyKaB BeCh B KPOBM — PaHUIIO €€,
HO TOJIBKO MOCJIe JOKJIaa MolIa B MeA4acTb. MIHOTIa BUAHO, KaK HaJl LIEJIbIO TOPUT
CaMOJIET, U 1 CMOTPIO 10 pacueTy BpeMeHHU, KTO 3TO ceifuac ropuT. JIeTynku JoKiia-
JBIBaI 00 00CTAHOBKE Ha 3eMJIe, O pe3yjIbTaTax 00MOOMETaHMST IPYTHX SKUTIAXKEN,
0 KOOpAWHATAX MPOKEKTOPOB U 3¢HUTOK, U MBI MPEAYITPEXIAIN 00 3TOM CIIEAYIO-
mux. 5 yXxe roBopuiia, YTo BHaYaje MHE MHOTO€E He YIaBaJIoCh, 51 ObljIa TaKasl MaJio-
IpaMOTHasI, HO TIOCTEIIEHHO MPUXOOWIN U 3HaHue, u ymeHue. [losiBuiock MHOTO
HOBBIX JIIOZIEH, IS KOTOPBIX ST y>Ke ObllIa He TOIPYKKOi, a HAYaJIbHUKOM IITabda.

YT0-T0 3aIMOMHUIIOCH 0OCOOEHHO OCcTpo. CTosin B 42 T. B cTaHU1e ACCUHOB-
cKoli 1o, Bragnkaska3oM, mtab pasMelaucs B 00JIbIIOM KJlacce CTapOil IIKOJIHI.
U Bapyr s notepsiia nevyath mojika. OHa jiexkaja B KopoOouke B KapMaHe TMMHa-
crepku. OTKJIenIach pe3MHOBAsI ITeYaTh OT XKeJIe3K! 1 ucdesia... Kak s ee uckaia,
cKa3aTb KOMY-HUOYAb 6osinach, M yxe npoBepuia cBoil «TT» u marpoHsl. Ecin
OBl He HalllJIa ee Ha IPSI3HOM YEPHOM IIOJIy, XXUTh Obl He crajyia. Jla u Bce paBHO
peBTpeOyHall.

SIpko MOMHUTCS cTpallHasi Houb Ha «[0y0oil JTMHUM», KOTOPYIO HEMIIBI
MMOCTPOMIIM BIob KyOaHu 10 MOpPSI M cunTaiu ee HenpucTynHoii. [1lonoBuHa sku-
Mmaxeil B 9T HouM Jietasa rmoa HoBopoccuiickom Ha Majoii 3emie. Beimyctuim
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MbI 12 sxunaxkeit. Lleab Heganeko, BUIHBI TPOXEKTOPA, JIOBUBIINE HAILIW Malll-
Hbl. Bapyr BuauM, BCIBIXHYJ caMoJIeT, MeIJIeHHO ¢akeaoM magaeT. CMoTplo
T10 XXypHaJly BBIJIETOB, KTO TOPUT HAJ 1IEJIbIO.

BosBpainaercs nepBas MalimHa, 10KJIaabIBaloT, YTO BUAEIN, KAK TOPEJ CaMo-
Jet 20, Bo3BpalliaeTcs Apyroil sKMMax, BUAEI, Kak ropei camoniet 20, a 3eHUTKU
He cTpeJisin, mouyeMy? M Tak yeThipe moxapa B pa3HOe BpeMsl.

Bepnynuchk Tonbko 8. IloHsiam elié Haa 1eiablo, YTO HEMIbI BBITYCTUIN
MPOTUB HAC HOYHBIX UCTpeOUTENIEl, MOTOMY U HE CTPEJISIN 36HUTKAMM, YTOOBI
He cOuThb cBomnX. CTayiM 1I€BOYKHU, BBIXO/IS U3 TIPOKEKTOPOB, PE3KO TEPSATH BHICOTY,
YXOIUTh MOYTU Ha OpelolleM, Yero He MOIIM UcTpedbuTenu. TeM u craciuchk Te,
KTO MOHSUT U yCIIe. A BOCEMb Y€JI0BEK ITOrnoII0.

Haraima MekivHa MUIIET, 4TO € YaCTO CHATCS LIBETHBIE CHBI, CICTISIIIe
JIy4Y TIPOKEKTOPOB U (hakesbl B Hebe. A MHE ITOYEMY-TO JIO CUX IOp CHATCS Mepe-
0a3MpOBKM, — OJM3KO HEMIIbI, Ha0 CPOYHO €XaTh, a HET MAIllMH, U 51 HE 3HAlO,
Ky/a e MHe JETh IBYX MaJIeHbKUX ChIHOBEIA.

Ewi€ nomHI0 Tak sipko, Kak nepeJiieresu Mbl B KpbiMm B anipesie 44 r. CaMolie-
THI CTOSUTM 0€3 MaCKUPOBKY Ha OITyIIIKe MapTru3aHckoro ceia Kapnoska. Tam Mbl
YYBCTBOBAJIM Ce0sl paJloCTHO — BeCHa, HACTyIMaeM U HeT HeMileB. M Bapyr mryp-
MOBOE 3BEHO C YepHBIMU KpEeCTaMM MOSIBUJIOCh HaJ HaMU, MOCHITAIUCH OOMOBI,
3aCTPOYMII ITyJIeMET, JIETYMKHU 3aXOAUIN OPEIOIIUM U BBITJISABIBAIM C YIBIOKOM 13
KaOuH. A s Jiexxasa, BXaBIIMCh B 3eMJTI0, U IyMaJia: «KakKasl e sl 00JIbIlIasi», U ellle:
«TOJIBKO ObI cpasy». PaccTpensB 6oe3arachl, OHM YIIUIM 32 HOBbIMU, HO ITOIHS -
JIUCh HAIllM UCTPEeOUTE M, 3aBsI3acs 00, M OOJIbIlIe HAC HE IITYPMOBAJIH.

ITomHI0, Kak ¢ ¢ netuunein Canguponoit Oneit netana Hag Kepublo, YTOObI
HalTU OCTaTKU CTOPEBIIETO IeHb Ha3an caMmojeTa ¢ XKeHeit PynHeBoii. Hukorna,
HM paHbllie, HU TI03Ke He BUAesa s TaAKOM M3paHEeHHOM BOiHOI 3eMan. B ropo-
Jie TOpYaJIu TOJbKO TIeYHbIe TPyObl B oOpaMjieHMU KBaapaTtoB ¢yHaaMmeHTa. Hu
Kycouka 3eMJii 0e3 BOPOHOK OT OOMO, BCe YCHITAHO Xeje30M — pa3OUTHIMU
OpyIUsIMM, pa3IOMaHHBIMU MalllMHaMU, Kyckamu camosietoB. Hair [To-2 wmbl
He HaIlUIM, XOTS W 3HaJd MIPUMEPHO MECTO, Kyla OH ynai, Joropas. Y IUBUTEb-
HO, HO KTO-TO M3 XXUTejeil mogobdpaa ux ooropesiive tejaa u noxoponwi. M kak
ckazan noaT: «ITorudinue B HeGe 3a PoanHy, ctaHOBSATCS HEOOM Haf Heil». XoauT
celiuac HajJ HaMU MaJjas TlaHeTa o HazBaHueM — EBrenust PynHesa.

IToMHI0, Kak 3a MuUHCKOM Halla ApMHUS Tak OBICTPO HAacTyIajaa Io JA0pPO-
ram, 4To HeMellK1e BOMCKa OCTaBaJIUCh B OKPYKEHHMU, BHE 1OPOT, B MOJISX, Jiecax,
IJe-TO OTAe/IbHbIe HEeOObIIME TPYIIbI, a TAS-TO OPraHM30BaHHBIC, C OPYIUSI-
MH. Y BOT MBI CTOSUIM C OJHOM CTOPOHBI HEOOJIBIIION POILM, a C APYroi — KakKasi-
TO HeMellKasl 4yacThb C apTujuiepueil. JIHeM 3CcKaapuiby TepesieTeid Ha HOBYIO
MJIOIIAAKY, a IITad U YacTh TEXHUKOB OCTAJIUCh 10 yTpa. bbllo Bce 0YeHb, OUeHb
HANpPsKEHHO, PSIIOM TTocTpeuBaiu. S CHsJla 3HaMsI TI0JIKa ¢ IpeBKa, CBepHYyIa
ero, cripsATaja cede moj ruMHacTepKy U 3aTSHYJIach ITOTYXe peMHeM. Tak mporuia
HOYb. YTPOM MOABEXaJN MAILIMHBI, MbI IOTPY3WJIUCH Ha TPSICYILYIOCS MTOJYTOPKY,
KOTOPYIO CTapvK 1I0(ep mouyeMy-To Ha3bIBa «Mapycsi».

JIBaxkabl K HaM B TTOJIK IpHe3kail Mapiiai POKoCCOBCKUIA, MEPBBIi pa3, YTOOBI
BpyuuTh 5 3Be31 I'epoeB CoBeTckoro Coro3a. «4 cibIxall JIereHIbl O BallleM MOJIKY,
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KOTJ1a BBl OBLIH €llie Ha APYTOM (PPOHTE, TOBOPSIT, BbI HE XOTUTE MMPUHUMATh K cebe
MYXUMH, U HE HaJ0, BBl U caMu Aoiigere no bepanHa. « A ObL1o 3TO enle B Boc-
touHoii I[Tpyccuu. [ToMHI0, OblIa MOpaXkeHa 10 ITyOUHBI cepAlia, He cpa3y MOHSIB,
MOYeMy OH BCTaJl, KOTAa s Bollljia ¢ JokjanoM. IToHs1a: oH BCTaj Mepeao MHOM,
Kak Iepel XKeHIIMHOo. BriepBbie 3a BCIO BOMHY, BhICILIEe HAYaIbCTBO BCTAJIO Mepe-
JIO MHOM, a He ¢ TI0 CTpYHKE CTOosIa neped HUM. TakK 3HauuT, S BCe elle XXeHIIHa!

N.B. PakoGonbckast, 1945r.

IMocnennuit pa3 gexxypuiad MBI ¢ 6oMOaMu 5 Mas B MaJIeHbKOM IOCEJIKe
cesepHee Hoit Bpanaenoypra. JloskHbI ObLTH JIeTaTh Ha CBUHEMIOHIE, Iie Obliia
0a3a HOBBIX HEMEIIKUX paKeT. 9-ro B HOUb 51 [IPOCHYJIACh OT CTPEJIbObI, BRHICKOYMIA
Ha yJIMILy, BOKPYT CBETJIO OT paKeT, MOJyTojble JeBUOHKU CTPEJISIIOT U3 aBTOMa-
TOB M PaKeTHULI, YCJIbIIIAB 10 IPUEMHUKY, YTO BOMiHa OKOHYMWIAach. Hac oTBenu
Ha OoTIbIX B AnbT Pese, roe Oblia paHbllle IIKOJa HEMEUKUX pa3Beaumll, a TOTOM
B IBeitmuul, ropon, nepexoausiuunii K [Mombire. M Havamack gemMoOuan3anus
CHayaJjla cepxKaHTCKOTro, 3aTeM O(pUIIEPCKOTo cocTaBa. A MojK He pacopMUpo-
BbIBaJIM — ['BapaeiicKylo yacTb MOTr pacopMUpoBaTh TOJBKO IJTABHOKOMAHIYIO-
IIUiA. A He coOMpaTh XXKe MYKUMH IToJ, Hallle 3HaMs1. M g ocTaBajgach HaYaJIbHUKOM
mTada MoYTU He CYIIECTBYIONIEH YacTh, CO 3HAMEHEM, JOKYMEHTaMU U HECKOJIb-
KUMU XeHIITMHAMU. ['0TOBUIM JOKYMEHTHI K Ca4e B apXUB.
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BecHoii 46 1. monk pacopMupoBaiIy, 3aMECTUTENIb KOMaHIMpPa 110 TOJIUT-
yacTU oTBe3ja 3HaMs B My3eid CoBeTckoil Apmuu. A Hamucania KOMaHAYIOIIEMY
BBC HoBuxoBy 3asiBieHMe ¢ MPOChOOIl OCTaBUTb MEHSI B ApMUM U pa3peliuTh
MOCTYNUTh Ha paaunodak Akagemun KykoBckoro. bosimack ¢pusdaka, xoTenaoch
HayaTh Bce cHavasia. OH OTBETUJI OTKA30M, — XKEHIIIMHE He MeCTO B Boopy>KeHHBIX
Cutax (a Bo BpeMst BOiiHBI 66110 MecTo). [ToToM yke B ampesie 46 T. ipuiiies npu-
Ka3 — 1eMOOMIM30BaTh U HAIIPaBUTh B pacriopsikeHue akanemMuka CKobOelbIbIHA,
00 MCTIOJTHEHUM AOJIOKUTh. DTO COOMpaT BCceX (GDU3UKOB U3 ApMUU, HY>KHO OBLIIO
TOTOBUTD SIAEPIIIUKOB.

Tak g cHoBa nomnajia Ha 4 xypc ¢usdaka. boxe Moit, Kak ObLJIO TPYAHO,
Ha JIEKUMSIX CITajla, Takas Y BbIpaOoTajach IPUBBIUKA CITaTh, KOTJA MOXHO.
A nmaxe cmaja Kak-TO Ha Xoay, padoranu Beab HouyamMu. Bce 3a0biTo. I'oTOBU-
JIach K 9K3aMeHaM co ciie3aMu 1 oTyastHueM. Crracu6o Myxy (a s B 46-0M BbIIILIA
3aMyX 3a CBOEro ObIBLIETo ogHOKypcHuKa JIumy JIuHae, Torna agbloHKTa AKa-
memun 2KykoBckoro). OH Taguia MeHs 110 TOJIOBE, TOBOPWII: «HY, MUJICHBKASI,
Ioronu, Hy, He pacCcTpaMBaiics, Bce ITOHEMHOTY moiiMelb». [lociae oKoHYaHUS
daxynbTeTa B 49 r. 0TKa3ajach OT aCUPAHTYpPhI M Hayaja padboTaTb aCCUCTEHTOM
Ha Kadenpe KocMuuecKux jgydeid. IToroMm skcnepumenTt Ha [lamupe, KaHmumat-
cKas nucceprauus, no3aHo, B 40 JeT.

ITorom yrosopmn MeHs ripopekTop E.M. Ceprees u ctana g nekanoMm ®PIIK.
OnsTh HOBOE AEJI0, OISATh Bce cHavaja. OueHb MHE IIPUTOAMIICS TOTIa MOt apMeit-
CKMI1 OITBIT, OPTaHNU30BAaHHOCTh ¥ YETKOCTh BO BPEMEHU, 1 YBEPEHHOCTD, YTO MEI
Bce MoxeM. bruta s nekanom PI1K 24 roga, 1 3Hanu ero Bo Bcex BY3ax cTpaHsl.
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IToToM HOBBIN YHUKaJIBHBIN 3KCTIEPUMEHT B MOCKOBCKOM METPOMOJUTEHE,
ceifuac maxe TPyAHO MPEIACTaBUTh, KaK s MOTJIa HayaThb TaKylo paboTy, TpeOylo-
Iy TIOMOIIM TPaBUTEIbCTBA: MOA3EMHOE MOMelleHe — ObIBlllee OoMOOyOe-
XuIe (Tmoydyusia 3a cueT XXeHCKOU coaumapHocTr), 250 TOHH CBMHILIA, S THICSY
M2 PEeHTIeHOBCKOM TuieHKU. KaMepnl coOupaiuch U pa3dupainch HOUbIO, TTOKA
He XomwiuM moesna. PesyiabTaThl Mo reHepalMu MIOOHOB KOCMWYECKUX JIydyei
3aKPbUIM CEHCALIMOHHBIE TOTa TAHHbIE aMePUKAHCKUX (PU3UKOB.

Hnst sToit pabotel B HUMA® MI'Y 6blia co3naHa 1abopaTopusi, B KOTOPYIO
BOIILJIM BBINTYCKHUKU (aKyJbTeTa M JUIUIOMHUKHW. 3aliuTa TOKTOPCKOM, TOXe,
KOHEYHO, To3aHoBaTo miasa ¢usuka. HoBwle uccienoBaHust B ropax Ilamwupa.
M rnaBHas pabota — pabota npodeccopa Ha Kadeape, JEeKUUU, IUTJIOMHUKHU,
acIUpPaHTHI.

Jrobmro cBoe aeno. bojee nmoyryBeka cBsizaHa 1 ¢ MOCKOBCKMM YHUBEPCUTE -
TOM, He TIpEICTaBIIsIIO cede XXU3HU BHe ero. TBepao 3Har0: Moka XuBy — padoTalo,
Moka paboTaro — XKUBY.

JI100.110 CBOIO CEMbIO: MYX, IBa ChbIHA, YeTBEPO BHYKOB, JIIO0JIIO IeYb MUPOTU
U TIPUHUMATH IpY3eil.

Ho ornsaapiBasich Ha JUIMHHYIO, M BCE Xe TaKyl0 KOPOTKYIO XXU3Hb MOTY CKa-
3aTh: CaMOE 3HAYUTEILHOE BPEMSI, MOXET OBITh M CAaMOE CUACTIMBOE — 3TO BpeMs
B HalleM noJiky. HecMoTps Ha Bce TpyIHOCTH U TOPEYU BOMHBI OBLJIO YyBCTBO, YTO
ThI €IMHCTBEHHO MPaBUJIBHO HAIILJIa CBOE MECTO B CTPOIO.

M no cux mop XuBY oA 3HAKOM TI€pBOI 3aMoBeIn XKEeHCKOro moika: «[op-
JIMCh, ThI XXEHIIIMHA!»

«Kutb BoitHOI Henb3st. O BoliHe HaJ0 MOMHUThL, — OblIa yoexxaeHa MpuHa
BsuecnaBoBHa Pako6osbckasi. — M1 MHe KaXKeTcsl, UTO LEHUTb MEHS Hallo He 3a TO,
qTO 51 BoeBajia 70 JieT Ha3al, a 3a TO, UTO s cjeJiajia MocCJie 3TOW BOMHBI»>.

TEBE, NPOYKA, IIOCBAIIAETCA

benbiM CHETrOM BUCKM 3alIOPOLLIEHBI,
ToHKOI HUTHIO MOPILIMHKA Y TJ1a3,
YTo B3rpycTHYyJIa, MOSI XOpolIas,

B 5TOT lIyMHBIN npearnpa3aAHAYHbINA Yyac?
Tam, Bianu, HUIIA IOHOCTb BOEHHas.
He3zabBeHHast IOHOCTb Ta...

CbllLIEeH IIyM T'OJIOCOB 32 CTEHAMU,
CwMex Beceblii, TocTell cyeTa.

Bce ke ObLIM MBI O4eHb OOraThIMMU,
HecmoTtps Ha BoiiHy, Ha 60w,

Co cae3amu, ¢ yIbIOKOIA, ¢ yTpaTaMu,

Parobonsckas H.B. «Hac HaspiBanu «JIlyHbKMH TOJK», a HEMIBI — «HOYHBIMHU
BeabMaMu». https://iz.ru/news/492478 (mata obpamenus 1.2.2019).
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He xxaneny Mbl XXM3HU CBOU.
I'oBopsT: «BbI cpaxanuch OTBaXKHO!»,
— bynem yecTHbIMU Nepen coboit
— CrpairHo 0110, KaK ObLIO HaM CTpalIHO
Ilepen KaxabIM BbLIETOM B OOIA.
Bo3znyx cuHuii mpo3payeH U 3BOHOK,
HexHplii 3ammax [{BETOB OT 3€MJIH...
A KaKUX 30JI0ThIX TE€BUYOHOK
HocuuTtatbcsi Mbl HE MOTJIH.
TpynHo ObUIO Ha MUT paccTaThCs,
TpynHO ObUIO TEPSATH U JTOOUTD.
ITouyemy-To ecTh C10BO OpaTCTBO,
Hy, a cectpa, Hy Kak e ObITh?
KueBisiHKM, MUHYAHKU, MOCKBUYKMU,
Kak BbI, MUJIBIE, TAE BBI ceiiyac?
Hoporue Hallli CeCTPUYKH,
Huxoro HeT poaHee Bac.
ITyctb MuHytOT Bac 6016 1 HEB3TOHI,
ITycth Bam 10/1ro moroT CoJIOBbH,
C HoBBIM cuacTheM, Bac, ¢ HOBbIM rogom!
Hoporue, cBSATbIe MOU!

Cogem 46-20 I's. Mb All

IIposetu Hamo MHOI TToce 604,
CepeOpUCThIM KPbIJIOM MHE B3MaXHU,
BypHoii pagocTu necHio ¢ coboo

BMmecTe ¢ cepatieM BiII0OJIEHHBIM BO3bMU!

IIposetn Hamo MHOI TToce 604,
Haxe eciu nMorudHel1b B 0010,
Haim HexxHbIe BCTpeyu ¢ ToO010
Sl HaBeKU B Iyllie COXpaHIo.
I'.Cuskos

AX, KaK OBbICTPO BpeMsI MMPOMETBbKHYJIO!
HoBblii rog cTy4yuTCS B ABEPH OISITh.
CMeHa JieT, — KakK CMeHa KapayJia,

Yro Tebe, ToBapHIll, MOXeaaTh?

BoiiHa B uCTOpHIO YXOIUT

M ¢ xaxxapiM rogom Bce ObICTpeid,
Ho Goub 13 cepauia He BBIXOAUT
M nmamsTh caenanach ocTpeit.
CoBeT ofHOTIOIYaH BETEPAHOB
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VYinerator Mmou roga

B Hukyna, B HUKyna, B HUKY/A.
S BepHYTb UX Ha3aj He X0y,
MM nipoianbHOE CJIOBO IIEMYy.

Yro x! INpomaiite, Mou roaa!
BbI ynutu ot MeHsI HaBcerna,

BBl ylutn K CBIHOBBSIM MOUM

M tenepb TOBOPIO I UM:

«beperute cBou rona,

Y100 OHM HE YIIUIK B HUKY/A,
YT00KI HOATO Ha cBeTe Bam Xuth
M MmeHs1 HUKoraa He 3a0bITh!»

Pakoboasckas Upuna, 22.12.2012 1
MAME

Cnacn6o, MaMa, 9TO poauJa,
Cnacn60, MamMa, 9TO KOpMUJIA,
(M1 ouyeHb BKyCHO Hac KOpMMJIaA),
Cnacu6o, MaMa, 4TO JIIo0OmIa,
Cnacn60, MamMa, 4To y4uIa.
XO0Tb, MOXET, U HE Hay4yuJia
Bcemy Tomy, uTo Hamo ObLIO,

Ho Bce ke 4To-TO MoJy4unsioch
W3 Tex, KOTOPBIX TH pOauIIa,

W3 Tex, KOTOPBIX THI KOPMUJIA,
W3 Tex, KOTophIX ThI 100UIIA,

W3 Tex, KOTOPBIX THI yUMIIA.

W uTo GBI Aanbllle HUA CIYYUIOCh,
Benp Bce XXe 9TO-TO TTOJTyYnIOCH,
W, moxeT OBITBH, €l1ie He BCe...
Cnacu6o, MaMa...

Konsa
H . Jlunode

MAMA

11 HEKOTOpPBIX JIoAel OHa — OBLIBIIMIA HayaJbHUK INTaba >KEHCKOro aBU-
allMOHHOIO II0JIKA, VIS HEKOTOPHIX — 3aM. 3aB. Kaeapoil KOCMUYECKUX JTy4IeH,
IJISI IPYTUX — OBIBIIMI AeKaH (paKyIbTeTa MOBHIIEHUS KBaMU(PpUKAIIIN, 17151 MEHS
oHa — M0osI Mama. YToOBI paccKas3aThb O Hell, s JOJKEH 3aIyISIHYTh B CBOE IETCTBO.
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C romamu AeTcKue BOCITIOMMHAHUS CTAaHOBSTCS BCe 0OJiee pacIlibiBYaThIMU,
He MMOMHIO MHOTuX aetajieil. Camoe rmepBoe BOCIIOMUHAHUE MOEH XKM3HU — KOTAa
MHe ObUIO TPU rojia, M MBI € TIAMOM exajiy K MaMe B POIIZIOM, U sl KpUUaJ eil ¢ yiau-
1bl; “ITokaxu 6p-p-p-aTukal”

Bce B nome 1u1o mof jo3yHroM: “Matb — oropa ceMbu. ” M 3TOT IIyTOYHBIN
JIO3YHT AefcTBUTEIbHO padoTtan. OT MaMbl UCXOAWJIO TEIUIO, HEPTus U 100past
yrnopsimoynBarolias cuia. Te, KTo ObIBasl y HAC 10Ma, 3HAIOT e KyJIMHApHbBIE CITO-
COOHOCTH, HO MBI HE MPOCTO 3HAJIU UX, a TIOJIb30BaJIUCh MU KaXblii 1eHb. MHe
HpPaBWJIOCh BCE, YTO OHA TOTOBMWJIA 3a MCKJIIOUEHUEM OyIbOHA M KapTodeabHOMU
3arekaHku. JIydie Bcero OblIM CUOMPCKYE TeJIbMEHU, KOTOpPhle OHA HaydyWJach
JIelaTb Ha (ppoHTe, U MUpPOr ¢ KanycToit. U ele s 110011 BapeHUKU C BUIIHSI-
MM, OPEXOBBIIi TOPT, MUPOXKHOE-KapTolka, TopT “CekpeT Anmupana”. Iloxa-
JIy#, 51 Jydille KOHYY MepeYrCIsiTh, UHAYe MHE MPUIAETCS OOBSICHSTh, YTO KaX10¢e
Ha3BaHUE o3HayaeT. YacTh U3 9TUX Bellleld MaMa Haydyusach AejaTh OT 0aOyIIKH,
KOTOpas yMeJia BKYCHO TOTOBUTbD JaXe, KOTa ¢ MPOAyKTaMy ObUIM MPOOJIEeMBbI.

BcnomuHaercs dpaza: “Anaproina, chelllb XJed ¢ MacjaoM ¢ MeIOM, OT Mea
HE TOJICTEIOT... DTa (hpa3a — eMMHCTBEHHBIN MPHUMeEp MOTYIPABAbI, KOTOPBII ST MOTY
MPUITIOMHUTB. YeCTHOCTh U 10BEpHUE APYT K APYry ObLIM HOPMOI MOBEAEHUSI, TaK
K€, Kak 1 Bepa B TO, YTO MO POIUTEIN 10OPbI, YMHBI 1 CIIPABEAJIMBBI, U UTO BCE TO,
YTO CO MHOI1 MMPOUCXOIUT, BaxkHO [T HUX. MHOTMe Toabl 3Ta Bepa 1aBajla MHe BO3-
MOXHOCTb PACTU M pa3BUBAThCH, He 3a00TACH O MeJIOUax 1 AyMasi TOJIbKO O TIIAaBHOM.

He moMHIO TOYTM HMKaKuX ClIyyaeB, KOTJa Ha MEHs B JAETCTBE OKa3biBa-
Jloch ObI cuiibHOE AaBieHue. Eciu a1o u 6biBajno, To B (popMe, MPOTUB KOTOPOit
TPYAHO ObLIO BO3pa3uTh. Tak, HAIpUMED, C MSATOTO KJlacca IIKOJIbI s TOYHO 3HaJl,
yTO 81 Oyay reojorom. S ynran kHkku depcmana, e3nuy B MuHepaloruueckui
My3€eli M TacKajl Ha CIIMHE PIOK3aK C KAMHSIMM, TPEHUPYSCh K JaJTbHUM TTOXO/aM.
S ropanIcs TeM, YTO C paHHETO JETCTBA sI YK€ TOYHO 3HaJI, Yero 51 XOUy OT XKU3HMU.

Ponutenn He Bo3paxkanu MPOTUB MOUX YBJIEYSHUI, XOTS, Oyayun ¢huU3UKa-
MM 4 BPSIZ JIM MX BIOJIHE pazfensiau. M omHaXabl, KOrma Mbl yexajlyd Ha JIeTHUM
OTABIX, OHU HEB3HaAyail MOJACYHYIM MHe KHWXKY Banbarapga “O 3emie u Bce-
JIeHHOM. ” M 3To ObLI KOHEL MOeil reojornyeckoit Kapbephl. S uyBcTBOBaN cebst
M3MEHHUKOM U TipeaareeM. S mymai o TOM, Kak s BO3BpalllyCh B LIKOJTy, 1 MOU
JIPY3bsl CTAHYT MEHsI TIpe3upaTh 3a U3MeHy cBouM uaeanaMm. Ho s Hu4Yero He mor
¢ coboii monenaTh. PU3MKa OblIa HEBEPOSITHO MHTEpECHa, U HaykKa o BceneHHoM
ObLj1a TIpeBbIIIe BCero... Tak sl cTaj KOCMOJIOTOM.

KoHeuHo, He Bce U He Bceraa 1o IIaako. Sl BCoMUHAI0 HECKOJIBKO ITH-
30/10B XKE€CTKOI 1eTCKOI 0OMIIbI, KOT/A sl BEPUJI, UTO CO MHOM OOOILINCH HECTIpa-
BEUIMBO 1 YTO MPUMUPEHUE HEBO3MOXHO. B mamMsaTn He coXxpaHWINCh TPUYMHBI
u ciaeactsus. Ho ocranock camoe BaxxHoe. [lpuxoauna mMaMa, caauiach psiioM
U KJ1aja pyKy MHe Ha pyKy. M BOpyr cTaHOBUJIOCH SICHO, UTO BCE MBI JIIOOMM APYT
Jpyra, 1 4To 3TO caMOe BaxkHOe, a Bce ocTayibHOe yitneT. Tak u mpou3sonuio. S He
MOMHIO TIPUYUH CBOMX AETCKMX 00U, HO XOPOILIO TOMHIO 3T MUHYTHI MPUMUpPE-
HUs, 1 OJlarogapeH 3a HUX.

MaMuHBI BOCTIOMMHAHUS O THSIX BOMHBI CO3/1aBaJIM BOKPYT HEE OPeoJl pOMaH-
tu3Ma. Kyma Obl Mbl HU €Xajiv JIETOM — Ha Typ0a3y, B CTyJleHUeCKHUi1 Jarepb, B 10M
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OTIIbIXa — YacTO OHA OKa3bIBajach B LICHTPE BHMMAHUS U paccKa3biBajia JIIOASM
0 TOM, KaK BO BpeMsl BOWHBI “HeOeCcHbIe CO3MaHusl” MOABEIIMBATIN OOMOBI K KPbI-
JIbSIM MaJICHbKHX CAMOJICTUKOB, OOTSHYTBIX MaTepueii, U yaeTaliu B Houb. M nHo-
raa He Bo3Bpaliauuchk. [1o cpaBHEHUIO ¢ MapagHBIMU BBICTYIIJIEHUSIMU MHOTHUX
JIPYIMX YYaCTHUKOB BOMHbBI, MAMUHBI BOCTIOMWHAHMS ITPOU3BOAUIN BIIeYATIeHUE
MPOCTOM HenpuyKpaleHHOM! mpaBabl. [IoMHI0, Kak MOCjie OMHOI0 TaKOTO paccKa-
3a MOM Muaguii 6pat 3amMeTua: “Mama, Thl TaK MUHTEPECHO TOBOPUJIA, UTO 51 TeOS
MOCJIe 3TOr0 LeAYI0 Heaeo yBaxan!”

Yto ObI MBI HU TOBOPWJIM, HaM TPYAHO MOJHOCTbIO OCMBICIUTH BCE Hecya-
CTh#1, BbIMABIIME HA JOJIIO 3TOTO MOKOJCHUS, U MOJBUT, UM COBEpILeHHBbIN. [
MHOTHX 3TOT IMOJABUT OCTAJICS CAMBIM BaXKHBIM JI€JIOM UX XXU3HU, HECYIIIUM B ce0Oe
OIpaBIaHKe BCETO MX AaJbHEUIero cymecTBoBaHus. 51 Ipyrux 3To ObUT 3Tall,
3a KOTOPBIM TOC/IeI0BaIM Apyrue, He MeHee BaXKHbIe 2Tarbl. [ MaMbl HOBBIM
aTanoM craja ¢usuka. Kaxnablii 1eHb, KOra oHa Bo3Bpalliajiach ¢ paboThl, Y Hee
Ob1U10 MHOTO HOBOCTel. He Bce Ob1J10 MOHSITHO, HO BCE OBLIO MHTEPECHO.

“4 6buta y 3alienHa, TOBOpWIa ¢ HUM O Hallleil HOBOW YCTaHOBKE. A OH
crnpamvBaeT: “A 3a4yeM BaM cBHMHel?” f oTBeuyaro: “ATOMHBIN Bec OOJIBIION,
IUIOTHOCTh OOJIbllasi, CeYeHUe paccesiHus OyneT Oojblie. ” A OH TOBOPUT: “A'y
30JI0Ta YAEJbHBIN BeC ele OoJibllle, ToyeMy Obl BaM He clenaTh Bce U3 30Ji0Ta?
CkonbKo BaM HYxXHO? Tricsiua TOHH?”

JleiicTBUTENILHO, TTOYeMY HeT, ecJi XpYIIeB cKas3all, 4To MpU KOMMYHM3MeE U3
30J10Ta OyayT genaThb TyaneThl? Ceituac 00 3TOM CTpaHHO BCIIOMUHATh, HO Mpe-
CTaBbTe, KaK ObI 3TO 3Byualio: “CoBeTcKre (pU3NKHU HE KaJleloT 30J10Ta 1151 ToUCcKa
MIOOHOB B KOCMUYECKMX Jydyax. ” Tem 0oJiee UTO 30JI0TO OT KOCMUYECKUX JIydei
He noptutcst. CopBajoch U3-3a epyHabl. Bo Bceit MockBe He HalITIOCh HU OJJHOTO
MOJA3eMHOTO XpaHWIMIIA, TAe JiexXaa Obl ThicslYa TOHH 30J10Ta. M To, 4TO ObLIO,
JIEXKaJIo TaM B CIMTKaX HEPOBHOM (POPMHEIL...

A 4TO, ecJii OBl 30JI0TO UCITOIB30BaJIOCh BMECTO cBUHIIA Ha [Tamupe? Ax, Kak
MECTHOE HaceJIeHre ObLI0 Obl 61aromapHoO ceityac CoBeTCKOM HaykKe!

Bapyr nosiBnsieTcst ctaths B razete “IlpaBma”. Ha mepBoiil cTpaHuile Hamu-
caHo, 4yTo Ha Ilamupe BemeTcs M3yyeHHE KOCMMYECKMX JIyuyeli, KOTOpbIe, KakK
U3BECTHO, 0JIATOTBOPHO BJIMSIOT HAa BCXOXKECTh MIIEHULBI. “Mama, moxanyucra,
He nuiu B “IIpaBmy” 4To KOCMMYECKUE JIYYW HE HY>XKHBI JIJIsS 9TOT0”.

Kak Tect Ha c000pa3nTeIbHOCTD, S YaCTO paccKa3blBal0 MOUM APY3bsIM O TOM,
YTO B AyOOBOM IlIKady y MamMbl Ha paboTe XpaHUJIACh AECATUIUTPOBAsS OYThLIb CO
CIIMPTOM ISl TIPOMBIBaHUS TUIeHKU. Kaxablii Beuep 1ikad 3amupaics Ha 3aMOK,
OTKPBITh KOTOPBIN ObLIO HEBO3MOXHO. M Kaxknplii pa3, KOrja oHa OTKpbIBajia
mKkag, 00HapyXKMBaJIOCh, YTO MIPOLICHT aJIKOTroJisl B OyThUIM YMeHbIuacsa. Kak 3To
MOXHO ObLIO cAenaTh?

J11st TeX, KTO 3HAeT OTBET Ha MEePBBIil BOIIPOC, MpeIaraeTcs BTOpoil Bompoc,
nocyioxkHee. Korma Mama IoHsij1a, 4TO IPOUCXOIUT, OYThUIb ITOJOXWIN B XKeje3-
HBII ceii u 3amepau ero. Ho 4To MOXeT OCTaHOBUTH TaJaHTJIMBOTO 4eOBe-
ka? Ha crnenyroniee yrpo ceild cTosii Ha TOM Xe MeCTe, HUKTO €ro He OTIMpall,
HO CUpPTa B HEM yxXe He Obuto. OOBIYMHO MOM 3arpaHMYHbBIC KOJUJIETM HE MOTYT
JorafaThCs, Kak 3TO MOIJIO Mpou3oiiTu, ['eHuanbHas mpocToTa pelieHus, 6a3u-
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pPYIOLIErocsl Ha 3HAHUM OCHOBHBIX 3aKOHOB (PU3UKU, IO CUX MIOP U3YMIISIET MEHSI.
MHoro pa3HbIX UCTOPUI MOXHO ObLIO OBl paccka3zaTb. O MaMUHOI paboTe
Ha ¢haKyJIbTeTe MOBBIIIeHUS KBaIMPuKaiuu. O aecsaTkax exxeBeuepHUX TeaedoH-
HBIX 3BOHKOB, KOI'JIa YTO-TO HY>KHO OBIJIO CPOYHO PEIIUTh UM KOMY-TO [TIOMOYb.
O MaMUHBIX IpYy3bsiX, KOTOPHIMU s Bocxuiaicsa. O Moux ApPY3bsiXx, KOTOpbIE
yacTo cobupanuch y Hac nfoMa. O ToM, KaK pOJUTEIH JIETKO BIMCHIBAIUCH B HALITY
ITYMHYIO KOMIIAaHUIO W CTAaHOBWJIMCH ApY3bsiIMU MouX Apy3eii. Ho korna s mymaio
0 MaMme, OOBIYHO s He BCIIOMWHAIO BCE 3TU MCTOPMM U HE AyMmaro o ee buorpa-
¢uu. Yaiue Bcero repea MOMMM IJ1a3aMu BeTatoT IuiyHackue cocHbl. Mbl cUIUM
Ha MOJCTUJIKE MOBEPX KOTIOUUX JUIMHHBIX UTOJI0K. PsmoM s BuxXKy 6a0yIlKy, MOero
Opara, many u MamMy. Mama y4ut Hac urpatb B KapThl B “501,” 1 ¢ ee OnbITOM OHA
BCeraa BbIMTPHIBAET. I CUXKY psiIOM, C KHUXKKOM Ha KoyieHsX. C Mopsl IyeT BETEp
1 TOHOCUT 3altax OeJIbIX JIMJINIA, KOTOpbIe pacTyT (MY pOCIN) TOJBKO B 3TOI YaCTH
3eMHOTO I11apa...
A.J. Jlunoe

W.B. Pako6oabcKast ¢ CBIHOBbSIMU
(cneBa HanpaBo — Hukomnait, 1.B., Aunpeit)
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NPUNOXEHUE



KOPOTKO Ob ABTOPAX

Amunesa Tamosina Ilasaosna (p. 1934) — KaHm. ¢u3.-MaT. HayK, CTAPIINA IIpeIroaa-
BaTeNnb pusmdeckoro akyiasreta MI'Y.

bensiesa Taruna Dedoposna (p. 1952) — kaHm. uitoc. HayK, JOLIEHT, 3aBeAytoliast
OTEJIOM LIgHTpa pa3BUTUS oOpa3oBaHuss MI'Y.

Topsauee bopuc Heanosuu (p. 1937) — KaHa. ¢u3.-MaT. HayK, TOLEHT (DM3MIECKOTO
daxynbTeTa MI'Y.

Sauenun Teopeuit Tumogheesuu (1917—2010) — akanemuxk PAH, 3aBemyromuii otoe-
som AU PAH, B 1982—2005 rr. 3aBeaytoinii Kadenpoit KocMAYECKUX Jydei u Gusuku
KocMoca pusudeckoro akyaprera MI'Y.

3enenckas Hamanvs Cemenosna (p. 1938) — noxr. pus.-mart. HayK, nipocdeccop, Beay-
vt HayuHslit cotpynHuk HUUAD MI'Y.

Havuna Hamanus Ilemposna (p. 1938) — kaHa. du3.-Mat. HayK, CTapllIuWii IpernoaaBa-
Tesb huzndeckoro Gakynapreta MI'Y.

Kaamoikoe Huxonaii Huxonaesuu (p. 1938) — moxr. ¢us.-maT. Hayk, mpodeccop,
IJIaBHBbI HayyHblil coTpynHuk HUMA® MI'Y.

Kauawxuna Maiis Buxmopoeua (p. 1929) — 3amecTuTeNb 1eKaHa MOBBIIIIEHUS KBaJIU-
¢ukaumu npernogasateneit BY3os MI'Y.

Kocmukoea Hpuna Bukxmoposna (p. 1932) — kaHn. ¢wioc. HayK, AOLIEHT ¢dhuitocod-
ckoro ¢akynbTeta MI'Y.

Jlunde Audpeti JImumpuesuy (p. 1948) — moxr. pu3.-MaT. HAyK, CTAPIINI HAYIHBII
cotpynHuK ®UAH, ipodeccop Crandopackoro yHuBepcurera, 4wi. HammonansHoit AH
CIIA (2008), maypear mpemuu Kapiu.

Jlunoe Hukonaii JImumpuesuy (p. 1951) — xaHp. ncuxoJi. HaykK, rpogeccop MocKoB-
ckoro ['yMaHMTapHOTO YHUBEPCUTETA.

Manaeadsze Anexcandp Koncmanmunosuu (p. 1938) — mokT. pr3.-MaT. HAyK, BEAyIITUIA
Hay4HbIii coTpyTHuk HUUSAD MTY.

Mexaun-Kpasyosa Hamanvs @edoposna (1922—2005) — rBapaum maiiop, I'epoit Co-
BeTckoro Coro3za, uit. Coroza nucareneit CCCP.

Mypsuna Eeeenusn Anexceesna (1927—2014) — xaHn. ¢us.-Mat. HayK, CTaApIIUi Tpe-
nogasatesb pusndeckoro pakynprera MI'Y.

Hukoavckuii Cepeeii Heanosuy (1923—2002) — wi.-kopp. PAH, nupextop otneneHust
simepHoit actpodmsuku GUAH.

Poeanosa Tamvsana Muxaiinoena (p 1948) — moxr. ¢u3.-MaT. HayK, 3aBenyroIlas
nabopatopueit HUMAD MTI'Y.

Capuviuesa Jloomuna Heanoena (1926—2011) — noKT. du3.-MaT. HayK, mpodeccop
dusmnyeckoro ¢akynbrera MI'Y.

Ceewnuxosa Jlobosv Teopeuesna (p. 1950) — mokT. bus.-mart. HayK, BEAYIIMA Hayy-
HbIt coTpynHuK HUMAD MTI'Y.

Crasamunckuti Cepeeti Anamonvesuyu (1927—2006) — nokT. hu3s.-Mat. Hayk, ipodec-
cop, 3aBenylomuii 1abopatopueit ®UAH.
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®O0TOAJIbbOM



Bcerpeua y Bonboro Teatpa,
1949 1.

CHoBa B MI'Y
(A. 3yokosa, E. [Taceko, U. Pakobombckas, E. PsooBa)
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W. PakobonbcKasi ¢ My>KeM U CbIHOM

HavanpHuk mrada
. Pakobonbckas
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Ham I1o-2

HauvanbHuk mrada 3a paboroit
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E. Bepmanckas, M. Pako6onbckas, E. PaukeBuy, H. MexiinH u ap.

N. Pako6oabckas u A. Enennna
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H. PakoGoibckas, 1945 r.

B mita6e. [TonyyeHue 6oeBoro 3agaHusl.
1943 1.
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E. Bepmanckas, Y. Pakobosbckasi,
E. PaukeBuy, H. MexyiuH u ap.

W. Pako6oabckas u A. Enennna
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BoeBoii myTh 46-r0 reapaeiickoro TaMaHCKOTO MOJIKa HOYHBIX 00MOapAMPOBIINKOB
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Kuura U.B. Pako6oiibckoii “Hac Ha3bpIBajJy HOYHBIMU BeAbMaMU”
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CTteHraserbl BOEHHbIX NEeT
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Cepust «<ApxuB MOCKOBCKOTO YHUBEPCUTETA»

NPUHA BAYEC/IABOBHA PAKOBOJIbCKAA
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T.1I. Amunesa, A.M. Anoxuna, O.B. becnanoea, H.C. 3enenckas,
U.C. Heanosa, /I.A. Ilooepydkos, T.M. Poeanosa, C.U. Ceepmunos

B xHure ncnonb3oBaHbl GOTOCHUMKHU U3 JIMYHOTO apX1Ba
N.B. PakoGonbckoii.

[Moanucano B neyats 01.02.2020.

3aka3 Ne 2095. bymara odceTHasl.
®opmar 70x100/8. IMey. 1. 18,75.
Tleuars nudponas. Tupax 100 3K3.

W3narenbcTBo «KAY»

108811, Mocksa, 1. MOCKOBCKMUIA,
Kuesckoe mocce 22-it KM, foMoBianeHue 4,
cTtpoeHue 2, atax 4, obuc 411T
+7 (495) 638-57-34
www.kdu.ru



	СЛОВО ОБ ИРИНЕ ВЯЧЕСЛАВОВОНЕ РАКОБОЛЬСКОЙ
	ПРЕДИСЛОВИЕ
	Беляева Г.Ф., Зеленская Н.С., Роганова Т.М.
	Ирина Вячеславовна Ракобольская

	А.К. Манагадзе, Т.М. Роганова, Л.Г. Свешникова 
	ИРИНА ВЯЧЕСЛАВОВНА РАКОБОЛЬСКАЯ И ЭКСПЕРИМЕНТ «ПАМИР»


	Научные работы Ирины Вячеславовны Ракобольской
	Воспоминания
	Г.Т. Зацепин
	ПРОФЕССОР ИРИНА ВЯЧЕСЛАВОВНА РАКОБОЛЬСКАЯ

	Н.П. Ильина, Н.Н. Калмыков
	О РОЛИ ЛИЧНОСТИ В ИСТОРИИ (МЮОННЫЙ ЭКСПЕРИМЕНТ МГУ)

	Е.А. Мурзина
	ВОСПОМИНАНИЯ О ПРОШЛОМ

	С.И. Никольский
	ПАМИРСКАЯ ЭКСПЕДИЦИЯ ФИАН 1955 ГОДА

	Л.И. Сарычева
	ДРУЖЕСКАЯ ЗАМЕТКА 

	Т.П. Аминева
	БЛАГОДАРЮ СУДЬБУ ЗА ВСТРЕЧУ С ИРИНОЙ ВЯЧЕСЛАВОВНОЙ 

	Б.И. Горячев
	БЕГУЩАЯ ВПЕРЕДИ КОРАБЛЯ(Штрихи к портрету) 

	А.К. Манагадзе
	И.В. РАКОБОЛЬСКАЯ И ЭКСПЕРИМЕНТ «ПАМИР»

	Л.Г. Свешникова
	ЛЕГЕНДА 

	С.А. Славатинский
	ЧЕТВЕРТЬ ВЕКА В ЭКСПЕРИМЕНТЕ “ПАМИР”...

	М.В. Качашкина
	И.В. РАКОБОЛЬСКАЯ – ДЕКАН ФАКУЛЬТЕТА ПОВЫШЕНИЯ КВАЛИФИКАЦИИ ПРЕПОДАВАТЕЛЕЙ ВУЗОВ 

	И.В. Костикова
	“ЖЕНСКИЙ ОТВЕТ” И.В. РАКОБОЛБСКОЙ: 10 ЛЕТ СОЮЗУ ЖЕНЩИН МГУ 

	Е.В. Талалаева
	О ПЕРВЫХ ПРЫЖКАХ С ПАРАШЮТОМ 

	Н.Ф. Меклин-Кравцова
	НАЧАЛЬНИК ШТАБА 46 ГВАРДЕЙСКОГО ПОЛКА НОЧНЫХ БОМБАРДИРОВЩИКОВ ИРИНА РАКОБОЛЬСКАЯ 
	Библиография
	Отрывки из книг И.В. Ракоболькой о войне, ее семья, стихи, фронтовые стенгазеты


	ПРИЛОЖЕНИЕ
	КОРОТКО ОБ АВТОРАХ

	Фотоальбом

