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JonroxaaHHbIN, .
HUKaNbHbIN, YA0OHbIN!

XHMMMHM:A 1 GIKM3HDL

NONOMHAEMBLIA apXHUB € AHBApA 1965 N0 TEKYLWMA MEecsL

bl MOKyNaeTe apxmB, yCTaHaBnuBaeTe Ha
CBOW KOMMbIOTEP, N OH aBTOMAaTUYECKK
obHoBnsieTCA Kaxkabi Mecsl,. Bce camoe

MHTEepeCHOe Jerko HanTK N B CTapbiX, 1 B
HOBbIX HOMeEpax. becueHHble pacckasbl 06 Y4€HbIX, O

npobnemax n metogax xmumum, Gronorum, puamkm, ma-
TepuanoBegeHnsi, ICTOPUSA Pa3BUTUS HAYKN U TEXHUKM,
cMerble rMnoTesbl U naewn, onbiTbl FOHbIX XUMUKOB, pas-
MbILLIIEHUSI MyAPELIOB, aHTOMOMsi Hay4YHOWN (PaHTACTUKN
BTOPOW NOMOBMHbI XX — nepeoi nornosuHbl XXI Beka,
PUCYHKM BEAYLUMX XYOOXHUKOB-rpachmkoB, B obLiem,
TO, 0 YeM Oonee nomnyseka NULLET XXypHan «Xumusa u
XM3Hb», €CTb B €0 371IEKTPOHOM MOMNOSIHAEMOM apXu1Be.

o NonyuYMTE ¢

XynoxHuk A.KyKyLkuH

LleHa 1600 p. Ha hbnewl-kapTe C AOCTaBKOW MOYTOWN
P® 1 1300 p. npn caMocToATENBbHOM CKaYMBaHUKM guUc-
TpnbyTMBa c canta. Y3HaTb nogpobHocTn 06 apxuse
N KyNUTb €ro MOXHO Ha canTe >XypHana: www.hij.ru,
oTnpaBMB NUcbMo Mo agpecy redaktor@hij.ru nnu
NO3BOHUB B peJakuuio no tenedoHry (495) 722-09-46
¢ 11 go 17-30 no pabo4um AHSaM.

CucTtemHble TpeboBaHUs kK pabovyemMy MecCTy AJ1si NOSIb30BaHNS apXu-
BOM — MEPCOHasbHbIN KOMMNbloTep nog ynpasneHnem MS Windows 7.0
M cTapLue, NoaKIyYaeMblin HaNnPsSIMyo, TO €CTb MMMO NPOKCU-CepBepa,
K ceTn MIHTEepHET BO BPEMS YCTAHOBKM U 0OHOBNEHUs. OrpaHunyeHme:
B CETAX C LIeHTPpasIbHbIM CEPBEPOM 1 KOHCONSIMU A0CTYyMna paboTocno-
COBHOCTb apx1Ba He o4eBMaHA.



«MoneT»
B UMMEPCUOHHOW BaHHe

AnekcaHpp Xoxnos

Meu4Tbl 0 NnoneTe B KOCMOC I'IOpOI7I npuBOAOAT K yABUTEJIbHbIM rnocnen-
cTBUAM Ha 3emne. TeM, KTO XO4eT OLLyTUTb Ha cebe BO3aencTBmne Koc-
MWYEeCKOro noseta, Heobs3aTeibHO NOKNAATb HaLLY POAHYIO r1aHeTy. Tak
CINY4nJIOCb 1 CO MHOM — MHOToJ1IeTHSAS paboTa B KOCMUYECKON OTpacun 1
TPW NONbITKX NPONTM 0TOOP B OTPSA,, KOCMOHABTOB NPUBESIN MEHS NOKa HE B
KOCMOC, a B BaHHY cyx0|7| nMmMepcnn B V|HCTI/ITyTe Me,EI,I/IKO-6I/IOJ10FVI'~IeCKI/IX
npobnem Poccuiickoin akagemmn Hayk (MMBI PAH).

lMoyemy BaHHa 1 NoOYeMy cyxasa nmmepcuna? M kakasa cBsi3b C KOCMOCOM

M HEBECOMOCTbIO?

mnioHe 1970 ropa gBa COBETCKUX
BKOCMOHaBTa AHapuaH Hukonaes n

Butanuin CeBacTbsiHOB COBEPLUWIN
PEKOPAHBIV NO MPOAOHKUTENBHOCTU aBTO-
HOMHBI noneT (6e3 CTbIKOBKW C opbuTtanb-
HOW CTaHUMen) B KOCMUYEeCKOM kopabne
«C0103-9». Jkmnax nNpobbin B 3aMKHYTOM
npocTpaHcTee kopabns 17 cyTtok 16 yacos
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58 MUHYT 55 cekyH, U3 TPEHAXEPOB Y HMX
OblN TONBKO PYYHO acnaHaep. U, HecmoTpst
Ha TO YTO OHW MHOI0 pPaboTasv Mo NPorpam-
Me noneTa, pakTM4eCKy OHU NPOCTO Napun
B HEBECOMOCTU 6e3 hU3MNHECKOI Harpy3KU.

BepHyBWwNCb Ha 3emiio, KOCMOHaBTbI
He MO CaMOCTOATENbHO NepeaBuraTb-
€Sl M nonanu B rocnutanb B TSXEIOM CO-

" £
®dotorpacdum Onera BonowmHa/MMBIM PAH

cTosiHMn. Bpaun 3adurkcrpoBanu cepbes-
HYIO MbILLIEYHYIO aTPOMdUIO N HEFraTUBHbIE
peaxkuumn co CTOPOHbI CepAEYHO-COCY-
ONCTOWM CUCTEeMbl Kak pe3ynbtar rmno-
OVHaMUN N r’MNoknHe3nn. KocmoHaeTam
notpeboBancsa NPOAOIKNTENbHBIN KYPC
peabunutaumm. C Tex nop B MeaunLmHe
nosiIBUNCH TePMUH «addekT Hukonaesa».
[Mocne aToro cnyyas KoOCMU4eCcKue Bpadm-
nccneposatenn NHctuTyTa Meauko-6mo-
NlorMyecknx Npobsem nony4ymnn 3anady:
CcMOAennpoBaTb HEBECOMOCTb Ha 3emne
1 paspaboTaTtb cpeacTea NpoPuNakTukm
ee HebnaronpusaTHOro Bo3AencTeus. Beap
MMBM w1 6bincosaaH B 1963 roay rno uHmumva-
TnBe akanemMmnkoB M.B. Kengpiwa n C.I1. Ko-
poneea Ons Meamko-61MoorM4eckoro
obecneyeHns NMIoTUPYEMbIX KOCMUYECKMX
nosieToB — B nepcnekTnee u o Mapca, a
3TO NOYTN CEMb MECSILIEB B OHY CTOPOHY.



YyeHble Hawnm Tpu cnocoba umuTaunmn
YCNOBUIA HEBECOMOCTW Ha 3emie, Kax bl
13 KOTOPbIX MCMOSIb3YEeTCa s onpene-
JIEHHbIX Lenen.

MepBbin — HacTOSAWLAS HEBECOMOCTb
npwv noneTe B camoneTe no napabonuye-
CKOW TpaekTopuu, HO ee HenpepbiBHasA
DnnTenbHoCTb Bcero 20—22 c.

BTopoi — aHTuMopTOCTaTMyeckas rm-
nokmHeausa (AHOI): ncnbiTyembln nexmnT
BHM3 FOJIOBOM Ha CreumanbHOM KPoBaTun
C YIrnom HaknoHa ot —6° go —-30°. Takoin
METOZ, NO3BOJIAET U3YyHaTb BAUSIHNE CbIMU-
TUPOBAHHOM HEBECOMOCTM B NEPBYIO O4e-
penb Ha KPOBEHOCHYIO 1 NTnMdaTMyeCKyIo
cucTeMbl. Ha KOCTHO-MbILEYHbI annapar
OHa OEeNCTBYET TOXE, HO MELJIEHHO, Tpe-
ByeTcs Kak MMHUMYM HECKOJIbKO HEAENb,
a JlyyLle HECKOJIbKO MECSILIEB.

Tpetnii — cyxasd nmmepcus (oT aHrn.
immersion — «nNorpyXxeHue»): ncrnoltare-
Nen yknagbiBaloT B CreunasnbHyo BaHHY
nnn Hebonblioh 6acceliH, 3aKpbITbIN
NJEHKOM, KOTopas NpeaoTBpaLlaeT KOH-
TakT ¢ BOA4OW. B aTOM cnyvae BaunaHue
«HEBECOMOCTW» Ha OpPraHn3M MposiBAs-
eTca ropaspo 6bicTpee, B CPEQHEM 3a
3—5 cytok. 9Ta mopgenb obecneymBaeT
OCHOBHble akTopbl, BAUSIOLLNE HA CO-
CTOSIHME KOCMOHaBTOB B HEBECOMOCTMW:
dun3mnyeckyo pasrpysky, nepepacnpe-
[eneHne XnokocTn n OTCYTCTBUE OMOpbI.

M3HavanbHO nMMepcusa NpoBoamnach
npocTto B 6acceiiHe, roe ncnoitatenu B
nnaBkax HaxooMInUCb B NPECHOI BOAE,
HO 13-3a npobnem c koxen B MBI npu-
Aymann Ucrnosb30BaTh MEHKY.

MogaenbHble 3KCNEPUMEHTbLI C CYXOW
MMMEPCUEN MO3BONNAN HANTU MPUYUHBI
«adPpekTa Hukonaesa» u metoapl Npodu-
NaKTUKW. SKMNaxu opobuTanbHbIX CTaHLUNA
CTam eXXxeQHEBHO MO ABa Yaca 3aHMMaTbCs
bU3KYNBTYPON C NMOMOLLBIO TPEHAXEPOB

Yenosnoe noaoxcenue ucnvimamens 6 cyxoi ummepcuu.
BHu3sy eannbl cmoum nodsemMHUK ¢ 31eKmputeckum
npugodom. Cneyuanvhas niamgopma c omeepcmusimu
045 Gbicmpo2o npoxoda 800bl N036045em NOOHUMANb U
onyckamo ucnsimamens

(6eroeas [OpPOXKa, BEIOIProMeTp, CU-
JIOBOW Harpyxarteib Uan acnaHgepbl).
O PekTUBHOCTL ObiNa goKa3aHa Ha uC-
nbiTaTtensx, gexaswmnx B 6acceHax: OHK
3aHMMaNNCb C TPEHAXEPaMM Ha NOABECAX,
BO3BpaLLasiCb Kaxablii pa3 B 6e30nopHoe
NnonoXxeHne, — atpoduio MbILLL, YAANOCh
cepbe3Ho cokpatuTb. Takxe B UMBIT pas-
paboTanu KOCTIOMbI M CNELManbHbIE Cpe-
CTBa 4J151 KOMMEeHcaLmm OTCYTCTBMSA Beca n
0nopbl, X TOXE UCMbITLIBAIN B UMMEPCUN
(Hanpumep, KOCTIOM aKkCuasibHOM HAarpy3Km
«[MMHrBUH», CO34at0LLMIA OCEBYIO HArpy3Ky
Ha OMOPHO-ABUraTeENbHbIA annapar 1 cke-
JNIETHYIO MYCKYNaTypy).

BepLurHoii paboTbl CneumanncToB ctanm
nga noneta B 80-e n 90-e roabl Ha opoun-
TaNbHyl0 CTaHumio «Munp» KOCMOHaBTa-
Bpayda n3 MBI Banepusa lNMonsakosa:
nepsbii — 240 cyTok 22 4yacoB 35 MUHYT
1 BTOPOW (Ha cerogHsLWHNM aeHb abco-
NOTHbIA pekopn) — 437 cyTtok 17 yacos
59 MmuHyT. MNonet Ha Mapc ctan 6anxe K
peanbHOCTW.

OKCNEePUMEHTBLI C CyXON UMMEpPCUEN
MPOAO0IKAKTCA N cenyac. Y y4yeHbIx no-
SABUIOCb HOBOE 060pYyOOBaHME 1 yCOBEP-
LLIEHCTBOBAHHbIE METOOMKM NCCNEO0BAHWIA.
Kpome Toro, Ha 3emne MOXHO NMPUMEHSATb
C/NOXHbIE METOAbLI 06CNeN0BaHNSA, HaNpu-
Mep 6M1OMCUI0 UM MarHUTHO-PE30HAHCHYIO
TOoMOrpaduio, HeOOCTYMNHbIE Ha opbuTe. Vc-
cneposarenen HTepecyeT 6onee rmybokoe
MOHMMaHME NPUYMH OCTPO aganTaumm KOc-
MOHABTOB Ha OpOUTE N CONPOBOXAAOLLNX
ee 6onei B cnvHe N MeTeopmama.

Jo6poBonbLeEM-UCMbITAaTENIEM Ha O4-
HOM N3 TakMX 3KCMEPUMEHTOB, a MMEH-
HO: «O(pPEKTUBHOCTb HU3KOYACTOTHOM
OMC B npenoTBpalleHNN MblLLEYHON
[EeTPEHMPOBAHHOCTM, pa3BuBaloLeincs
B YCJ/IOBUSIX HA3EMHOIr0 MOAENVNPOBAHMUS
YCNIOBUIA KOCMWUYECKOrO NnosneTa», MHe No-
cyacTmBmIocCk 6biTb. B UMBIT perynapHo
NPOBOAST HAOOPbLI UCMbITATENEN, yHacTue
B MCC/le40BaHNSAX OMnavnBaeTcs.

M xoTa k TpeboBaHMAM 0TOOpa OTHO-
CATCS He TONbKO POCT, Macca, Bo3pacT
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1 non (B MMmepcuto 6epyT noka ToJIbko
MY>XUYNH — N3-3a psga ObITOBbIX M GU3N0-
JIOMMYECKMX MPUYKMH), HO U MECTO XUTESb-
cTBa (NpeanoyTeHne MockBu4am, YTobbl
[aneko He e34uTb), MHe, NeTepobypxLy,
yAanocb nonactb B 3KCNepuMeHT. Ons
Hayana noTpeboBanocb AoKa3daTb, 4TO
S 300pPOB — 3TO aHanu3bl, CNPaBku 13
AucnaHcepoB 1 BpayebHas kKoMmccus B
KnnHmnyeckom otgene MMBIT (3HameHn-
Thbilh «[eTckuii caguk»), rae Ao 2010 ropa
obcnenoBanu rpaXxaaHCKUX KaHOWAATOB
B KOCMOHA@BTbI.

Camo norpyxeHue B BaHHY CyXOi UM-
MepPCUM B HaLLEM Cllydae NPOAOIKaNoCh
NATb CYTOK (ObIBAIOT €LLE TPEX- U CEMUCY-
TOYHbIE 3KCNEPUMEHTBI), HO BECb 3KCNepu-
MEHT 4J191 KXK[0r0 U3 AeCATM UCMbITaTeNen
Anncs NnpUMepHo Tpu Heaenwu. B nepeyto
Heneno uccnegosareny aenatot GOHOoBbIE
M3MepeHus, BO BTOPYIO — UCMbITaTe b Ha-
XOOWTCS B BAHHOW, a B TPETbIO — CHUMa-
I0TCS AaHHbIE O BO3BPALLEHUN OpraHn3ma
B NMPUWBbLIYHOE COCTOsIHNE. HMKaknx nocnen-
CTBWIA 0151 30,0POBbS1 OT 3KCNEPUMEHTA HET.

B pamkax 60nbLIOro aKCnepuMeHTa
OblJI0O MHOIO UCCNELOBAHNIA C Ha3BaHM-
SIMW, BbI3blBAOLWMMN YNbIOKY, — «[103a»,
«[Tonesoii TecT», «3peHne», «bixaHne»,
«H-pednekc», «[leganb», «xANbroMeTpus»,
«Kanunnap», «Ctona», «<Apxutektypa»,
«AnHamomeTp», «BynkaH-W» n gpyrue.
Moyt BCE OHM aHANOrMYHbI TEM, YTO
NPOBOAATCH C KOCMOHaBTaMu 40 U no-
cne noneta n Ha 6opty MexayHapoaHom
KocmMuyeckor ctaHumm (MKC). Tak kak
BO3[ENCTBME CYXON MMMEPCUM Mo psay
napameTpoB O4YeHb 6IM3KO K HEBECOMO-
CTW B KOCMOCE, UcnbiTaTenu Ha 3emine
BHOCSIT 6ONbLLON BKNag, B «paclumpeHmne
cTaTuCTUKN», TeM H6onee, 4TO aKMNax
poccuiickoro cermeHTa MKC ¢ 2017 ropa
COKpPAaTUM C TPeX 00 OBYX YENOBEK.

MorpyxeHune B BaHHY OblSI0 TOPXKECTBEH-
HbIM, 0ObI4YHO B 3TV MOMEHTbI BKJIlOHaeTCs
noaxoasLuas K cnyyato Mysbika ¢ Tenedo-
Ha. MepBble Yackl 6e3 OrnopbI OLLYLLAITCS
Nerko, HEKOTOPbIM 3TO AAXE MPUHOCUT
yOOBONbLCTBME. TemnepaTypa BOoAbl KOM-
dopTHass — y MeHs OHa BCe NSATb CYyTOK
6bina 31°C, a BOT UcnbiTaTeNlb U3 COCEAHEN
BaHHbI MONPOCUN NOAHATL ee A0 33°C.

MneHka obnerana Teno Co BCEX CTOPOH,
HapyXy BbIMMsSObiBann TONbKO rosioBa u
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SKCNEPUMEHT

pykun. Koxy 3alupiiana npocTbIHS, KOTOPYHO
MEHSIN Kaxable CyTKU, a Horaa vaule. 13
oAeXabl — HOCKU, TPYChl U pyTHONKA.

A 1 MoW Konnera HaxoguInUcb OgHO-
BPEMEHHO B OBYX COCEAHUX BaHHax
CTeHaa cyxoii nmmepcum nabopatopum
rpaBmMTauMoOHHON GU3NOAOTNN CEHCOMO-
TOopHOM cuctemsl UMBI. Ho norpyxeHne
1 BbleMKa NPOXOANNN C Pa3HULIEN B OOHMU
CcyTKn, ons yooobcTea uccnenosarenei.

CkyyaTtb B UMMEPCUU HEe MPUXOAnIOCh,
OAWNH 3KCMEPUMEHT CMEHSNCS ApYrum,
Beb Y4eHbIX UHTepecyeT paboTa B r1mno-
rpaBuTaLMn BeCTUOYNSAPHOro annapara,
TakTUbHOWN, 6ONEBOW, C/TyXOBOW, KPOBE-
HOCHOW, 3pUTENbHON CUCTEM OpraHn3ma.

Bce Tpu Hepgenu, 1 0COOGEHHO B BaHHE,
S KU MO CTPOrom umknorpamme 3Kc-
rnepumMeHTa, rae Bce 6bII0 pacnnucaHo
MOMWHYTHO, YTOObI UCCEA0BaHNS BbINOJI-
HANNCb 6e3 HapYLLEHUIN X TPEOOBaHNIA.

Bcerga, AHEM 1 HOYbIO, PSAOM C HAMI
Haxoamnach AexypHas 6puraga, cocTo-
auaa U3 Bpada, nabopaHta N TexHuka/
nHxeHepa. OHM KopMunu (TpexpasoBoe
niuTaHne, NO KONMMYECTBY Kanopuii aHa-
JIOTMYHOE PaLMOHY KOCMOHAaBTOB), 0be-
cneymBanun KPyrnoCyTO4YHbIA KOHTPOJb
310POBbSA U UCMPABHOCTM NMPUOOPOB.
JexXypHble NoOMOoranan NoCTaHOBLUMKAM
3KCMNEepUMEHTOB, KOraa 370 TPeboBanocCh.

Kaxxabi Beyep Hac NnogHUManmM N3 BaH-
Hbl Ha 15 MUHYT s 3amepa pocTa, Macchbl,
rmrmeHnyeckmnx npoueayp n tyaneta. Og-
Hako, HaNpUMep, CNPaBfIATb Manyo HYXay
B TeYEeHMEe CYTOK NpuxoamTcs B YTKY, 4YTO
B YCJIOBUSIX UMMEPCUM HE TaK-TO NPOCTO.

ExxenHeBHO, BO BTOPOV NOSIOBUHE OHS,
npoBoAmnachk Tpex4acoBasi HU3KO4aCTOT-
Has anekTpomumocTumynauna (9MC),
KOTOpasi UCMOoJIb3yeTCs A1 KOMNeHcauum
BPEOHOro BO3AENCTBNE HEBECOMOCTU HA
KOCMOHABTOB; OHa TakXe rnoJjie3Ha Nnoxm-
NbIM 1 60JIbHBIM NIOAAM C OrPaAHUYEHHON
noaBMXHOCTbIO Ha 3emne. CTumMynaums
oulyllaeTcs Kak To4eYHble PUTMUYHbIE
MOX/I0MNbIBAHUA,/MOKasbIBaHWA No 6egpam
nroneHsm. JaHHble 0 COCTOSIHUN UCMbITa-
Tenemn, NoJly4eHHbIe B 3TOM 3KCMNEPUMEHTE
¢ OMC, y4eHble CpaBHAT C pe3yfbratamu
npoLwnbIX MMMepcuin, 6e3 Bo3aeicTeus
HU3KOYACTOTHOIo 9N1eKTPOMUOCTUMYNS -
Topa «Ctnumyn-HY», co3gaHHOro B KOH-
CTPYKTOPCKOM TEXHOI0rM4yeckomMm 61opo
«Bruopunanpnbop» (CanHkT-MeTepdypr).
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Y>e B NepPBYIO HOYb 51 OLLYTWU, HTO Npofe-
XaTb NSATb CYTOK B BaHHE — 3TO He OTabIX. U
XOTS €CTb NI0AN, KOTOPbIE O4EHBL HBICTPO U
npakTu4ecky 6e3 HENPUATHbLIX OLLYLLIEHUI
NpPoOXoAaT afanTaumio K HeOObIYHBIM YCO-
BUSIM, GONbLLMHCTBO, Kak 1 KOCMOHaBTbI
Ha opOuTe, HAYMHAIOT YyBCTBOBATbL OOMb
B CNVHe, NHorga Meteopmnsm (B3oytune
XVBOTa M MOBbLILLEHHOE ra3oobpa3osa-
HVE B KMLWeYHuKe). bbiBatloT v apyrue He
camble NPUATHbIE OLLYLLLEHWS, B TOM YACTe
HapylleHre CcHa. 91 B NepByio HO4Yb cnan
BCEero aga4vaca. MHe noBes3no co CANHON.
KOHeYHO, MOl NO3BOHOYHMUK PACTSAHYNCSH
1 POCT CO BTOPLIX CYTOK ObIn He 169, a 172
CM, HO CUJIbHbIX 6onel He Oblno, NPOCTO
HEeNPUATHbIE OLLYLLIEHUS!, KOTOPbIE NPOLU-
1IN K HETBEPTbIM CyTKaMm. A BOT C XXMBOTOM
ObLI0 CNIOXHEe.

OpHako BCce 3T MOMEHTbI KOMMEHCU-
poBanuck BHUMaHneM nepcoHana MBI
1 MOHVUMaHMEM BaXHOCTW yHaCTUSA B TAKMX
nccnenoBaHusXx, rae OT Kaxaoro ucnolita-
Tens 3aBMCUT ycrnex paboThbl yYEHbIX.

Ha natble cyTkn yyBCcTBOBaN cebs 3ame-
yaTenbHO — Havanacb andopus oT Toro,
4TO 51 BblAEp>Kan, U HacTynuna agantaums
K YCNOBHOW HeBecoMOCTU. B npeabiay-
LMe OHU 9 4eCTHO nmMcan B CoumanbHbIX
ceTdax, 4TO MHE HeXOopoLo, U Noay4Yun
HemManylo noaaepxky ot gpysen. OHn
Jaxe ycTpounu cBoeobpasHblii dneLu-
M00, npucbinas dotorpadum co cnosamu
«CaHs, pepxucb!». OcobeHHO NPUSATHO
Ob110 Nony4YnTb cHUMOK ¢ MKC oT AHTOHa
LLikanneposa n Onera ApTemMmbeBa.

CoBpeMEHHbIM UCMbITaTENSAM, KOHEYHO,
nerye — paspeluaeTcs Nonb30BaTbLCS
cmapTdoHamm ¢ MIHTepHeToM. B cBoG0a-
HOE BpeMS 9 nucan HEeBHUK U3 BaHHONM,

obLwanca ANCTaHUNOHHO C ApY3bsMU,
CnyLan My3blKy U YuTan 6yMaXxHYI0 KHUTY
«3a npegenamu 3emnun».

YTpoMm, 3aBepLuaBLUMM MSATbIE CYTKU
MMMEPCUN, MEHSI U3BJIEKNIN U3 BaHHBHI,
6e3 TOpXecTBa, Kak Ha «BKIaaKe», HO
npenenbHO akkypaTHo. MNepBble MUHYTLI 1
Yacbl «BO3BPALLEHMA Ha 3eMITI0» — CaMble
LLleHHble AJ19 y4eHbIx. Ha kaTtanke MeHs oT-
BE3/1 B 1ab0opaTtopuio 15 NepPBbIX TECTOB.
BcTaTtb 1 oepxartb paBHoBecue Obilo He-
NpPOCTO, Y MEHS TPACIUCHL Horu, Bonena
ronosa, 6yato s caoan kak goHop 470 mn
KPOBM. HO C KaXa0M MUHYTOWN «B rpaBuTa-
LMK» f MTPUXOANN B HOPMY. B nepBble cyT-
KM eLLe OLLyLLan HegoMoraHme, Ha BTOpon
JeHb nepensurancsa o4eHb 604po, a Ha
TPETUIA yXXe N He YyBCTBOBAJ1, HTO COBCEM
He[aBHO Nexasn B UMMEPCUMOHHO BaHHE.

McnbiTaTenu 4acTo Ha3bIBAOT OHU B
BaHHe «MnofieToM». [1o ntoram akcnepu-
MeHTa 9 Oblal COrnaceH ¢ aTUM, YyBCTBO
BHYTPEHHEro y0BIETBOPEHMUS BMOJIHE
MOT/I0 CPABHUTLCS C OLLYLLEHUAMU OT
YCNEeLWwHO COBEPLLUEHHONO KOCMUYECKOTO
nonera.

MHTepecHo, 4To 31O oceHbio B IMBI
NAaHNpPyeTCcs NPOBECTU PEKOPAHYIO 3a
nocnegHee roabl UMMepPCUo — 21 CyTKu.
MakcumanbHas e ANMTeNnbHOCTb UMMep-
Cu1Kn 3a BCIO UCTOPUIO cocTasuna 56 gHen
(E.B. WynbxeHko, N.®. Bunb-Bunbsamc,
1973 ron).



JIyHHaq NblJib

JokTop
dU3NKO-MaTEMATUYECKUX HAYK

C.N. NMNonens,
MHCTUTYT KOCMUYECKUX nccnegosaHnii PAH

Ectb v Ha JlyHe nbinb? Y10 rosopmin 06 3ToM A3MMOB,
Knapk, Ceprein Koponer? 4to nokasan SKkCnepumMeHT?
A eCTb 11 Mbib BOKPYT JIyHbI?

BepHyBLunck Ha kopabiJib, 3aT0J1Kas1 CBOV cKkapaHap B KOHTEHEP
Y IPUNOMUHAEIO TeNepPb, YTO OH BECH Obli1 TOKPLIT TOHKOW MbI/IbIO.
Kakowi-To CTpaHHOW Mbl/iblo, HA OLLYIb CYXOU Y MEJIKOU, Kak COJb;
ee TpyaHO BblI0 CTEPETL C PYK.

CraHucnas Jlem. Mup Ha 3emne

Bokpyr — He COBCEeM BaKyym

He Tak naBHO 4enoBeyecTBO 0TMEeTUO 60-neTHUIM LOUNe Ha-
Yyana kocMuyeckol apbl — 4 okTa6ps 1957 ropa Obin 3anyLieH
NepBbI COBETCKUM UCKYCCTBEHHbI CNYyTHUK 3emnu. Mocne
3TOr0 MHOIMME MHTENNEKTYasbl Ha4aam Ppa3MbILLIATb O NPeACTO-
ALMX NYHHBbIX MUCccusax. B 1959 roay amepukaHckmin paHTacT u
nonynspunaarop Hayku Alizek A3MoB onybnMkoBan Hay4HO-Mo-
nynspHyto ctatbio « 14 Million Tons of Dust Per Year» B XxypHane
«Science Digest». XoTa «14 MUANMOHOB TOHH» OTHOCUJIUCH K KO-
NNYECTBY NblK, NAAAIOLLLEN HA BCIO NOBEPXHOCTL 3eMM 3a roa,
3TU AaHHbIE MO3BOSIUAN OLEHUTb OXUAAEMYIO TONLWMHY CNOS
NbIAN HA TYHHOM MNOBEPXHOCTU B HECKOJIbKO AECATKOB METPOB.
OCHOBBIBasICb Ha 3TUX NPEANONOXEHUAX, DPUTAHCKNIA paHTaCT
ApTyp Knapk B 1961 rogy Hanucan Hay4HO-daHTaCTUHeCKMin
pomaH «JlyHHas nblab». CornacHo CloXeTy pomaHa, Ha JlyHe,
NOKPLITON O4YEHb TONICTLIM CNOEM MbUIN, MEXAY NOCENEeHUS MU
KYPCUPYIOT cnevumanbHble Kopabnu-nblnexoabl.

MpoekTbl 4ONrOBPEMEHHOIO JIYHHOrO NOCeneHns palpabarb-
Banu B CCCP npumepHo ¢ 1960 roga B KOHCTPYKTOPCKOM 610po
obuiero MalWMHOCTPOeHMS Noa, pykosoacTsoM B.MM. BapmMuHa.
Mpeto cos3paHma Takux noceneHunni soiasuHyn C.I1. Kopones, a
3a obpaseL, NpUHAAM MOAYNU, UCMONb3yEMbIE NPU YCTPOCTBE
CcTaHuu B AHTapkTnae. YacTtb cneumannucToB npegnonarana,
YTO MbIIEBOV CNOWM NOrNOTUT NOHOM NPUNYHMBLLWIACS annapar, a

1
Dxrcneduyus «Apollo-17». Xappucon Illmumm cobupaem uacmuybl AYHHO20 2PyHmMA.
Huxcnas wacmo ckaganopa nokpsima noiavio

€Aédﬂ//fﬂf/ﬂ y 74 t//ﬂm
? // /@Hf 7E. J’f;c__,
Kt ézc — 0
//'M/ %%f ” N-::_/
— _{ "
[ ,ﬁﬂzé/ cra 0 /—

# e

»” i/ag
23 e84 @V" ‘“’S @
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TemM 6onee nocTporky. CyLecTByeT nereHaa, 4To 6€CKOHEYHbIM
crnopam no 3ToMy NoBoAy nosoxun koHew, cam C.IM. Kopones. Ha
OHOM N3 COBELLAaHMI OH Hanmcan B 610KHOTe: «JlyHa — TBepaas.
C. Kopones», noctaBun gaty, pacnucasncs u Bpy4ms JIMCTOK C
«pes3onoupen» cBoemMy ONMnoHeHTy. Jlerenaa nereHaomn, Ho coxpa-
HUNacb ero 3anmncka c NPUMepPHO TakKMM — MO CMbICSTY — TEKCTOM.

Kopones okasancs npas. Yxxe B 1966 rogy coBeTckas aBTO-
Marmyeckas ctaHumsl «JlyHa-9», CKOHCTPYMPOBaHHAs C y4eTOM
NPeAnosioXXeHNs 0 AOCTATOYHO TBEPAOM JIYHHOM FpyHTE (Tuna
nemsbl), COBEpLIWIA NOCAAKY HA ee NOBEPXHOCTb. AMEpUKaH-
CKne acTpoHaBThbl, NobbiBaBwMe Ha JlyHe B 1969—1972 rogax,
BbIICHU/IN, YTO CJIOW MblJIN HA JIYHHOW MOBEPXHOCTU HE MPEBbI-
LIaeT HECKOJIbKMX CAaHTUMETPOB WM AECATKOB CAaHTUMETPOB. 3a
CYeT aares3um ata nbiib NpuannaeT k ckadaHgpam acTpoHaBTOB
(puc. 1), NOoBEPXHOCTAM KOCMUYECKMX annaparoBs, npmubopam u
ycTporcTBam. Ha noBepxHOCTM NpnbopoB, NOKPLITbIX MbUIbIO,
pe3ko BO3pacTaeT MOMMOWEHNE CONIHEYHOTO U3NYYEHUS, 3TO
MOXET MOBJIeYb Neperpes; BO3MOXHbI U ApYyrme HENMPUATHOCTW.
Ha ckadaHgpax nbifib 32aHOCUTCS BHYTPb JIYHHOrO MOAYNS, U
BECb TPEXOHEBHbLIV 06paTHLIM NyTb HA 3EMIII0 aCTPOHaBTbLI By-
OYT BObIXaTb €€ YacTuLbl, B3BELLUEHHbIE B BO3AyXE B COCTOSIHUM
HEeBeCOMOCTU. TakmuM 06pa3oMm, JIyHHas MNblilb — CYLLLECTBEHHbI
dakTop prcka n ois 340p0Bbs aCTPOHABTOB.

Bo BpeMsi kocMuyecknx mmuccuii kopabnein «Apollo» k JlyHe
OblI0 3aMeYeHO, YTO COJTHEYHbIV CBET paccenBaeTcs B 061actum
TepMUHATOPa: 30Hbl MEXAY «OHEM» N «HOYbID». DTO, B CBOIO
o4yepenb, NPMBOAUT K GOPMUPOBAHUIO JIYHHbIX 30Pb («lunar
horizon glow») n cTpMepoB Haz, IYHHOM NOBEPXHOCTLIO (pUC. 2).
Mocnepyowme HabNOLEHNS NOKa3anm, 4TO paccesiHne CBeTa,
CKOpEE BCEro, NPOUCXOAUT Ha 3apsiXXEHHbIX YacTmuax Mnbiiu,
MCTOYHMKOM KOTOPbIX CNYXUT MOBEPXHOCTb JIyHbl. [JaHHble
cryckaeMblXx KOCMUYECKUX annapaToB «Surveyor» no3Bosnam
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3apucoska socxoda Ha JIyHe (8u0 ¢ AYHHOU 0pOUMbL HA KOCMUYECKOM Kopalae
«Apollo-17»), cdeaannas FOdxucunom Ceprarom. B npasoii wacmu pucynka
npedcmasnensl UCMOMHUKU PACCESHHO20 C8eMA: KPACHBIM OMMe4eHO KOPOHANbHOe
u 300uaKanbHoe ceederue; CUHUM — AYHHbIE 30pU, 00YCA081eHHbIe, BOSMOJICHO,
nbLAbIO 8 AYHHOUL SK30CPepe; 3eNeHbIM — CIpUMepbl — CyMepeuHbie Ay4u,
hopmupyemvie 3ameHeHHbIM U PACCESHHBIM C6eMOM

chenatb BblBOA, YTO MUKPOHHbIE MNblJIEBbLIE YACTULbI MOTYT
naputb NpuénuantensHo B 10—30 cM OT NOBEPXHOCTU JIyHbI.
B muccusx «<Apollo» npoBoannmch BU3yanbHble HAbnaeHUs ¢
Lesbio 10Ka3aThb CYLLECTBOBAHNE CYOMUKPOHHOM NblAN B IYHHOM
ak3ocdepe Ha BbicoTax BNnoTb A0 100 kM. Hannume cybMuUKpoH-
HOW NblNn Haf JlyHo NoATBEPXAAIOT HeAaBHUE HabNoAEHS
amMepurKaHCKOoro NyHHoro opbutanbHoro annaparta LADEE (Lunar
Atmosphere and Dust Environment Explorer). Oka3anocb, 4to
BOKPYr JIyHbl, NO KpanHen mepe, Ha BbicoTe OT 1 40 260 KM,
HenpepbIBHO NPUCYTCTBYET MNbliieBOe 061aKo.

Boo0bLue roBopsi, BONpekn MMEIOLLMMCS NPeaCTaBNEHUSIM, MPO-
CTpaHCTBO Ha JTyHO — He COBCeM BakyyM. imeeTca pa3pexeHHast
NyHHas atMocdepa, BKIoHaoLLAsa HeNTpanbHbIe aTOMbl U Mose-
Kynbl, NOHbl, 3NEKTPOHbI U 3aPSHKEHHbIE MblEBbIE YacTuubl. BoT
KaKOBbI, HANPUMEP, KOHLEHTPaLMKM ra3oB nepea socxoaom ConHua
(manHble LACE, Lunar Atmospheric Composition Experiment): COun
CO,— 1-10°cm3,N,— 8-102cm3, CH,— 1-10*cm®, a uTo kacaeTca

3
OcHogHble 3neMeHmbl NAA3MEeHHO-NbLAeBOI cucmembl: mepmunamop (1),
pomoanexmponst (I1), npunosepxrocmuas notas (111), nous Ha 6oavuux evicomax (1V),
homonbi conHeuroeo usnyuenus, conneunwlii gemep. Ilokasan makace cnyckaemblii
annapam (V) 6ydyweil AyHHOI Muccuu Ha 8bicokux wupomax e FOxcroii noaycgepe
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VMHEPTHbIX ra3oB, To HannyecTByeT He — 2:10° cm~2 gHeM u
4-10* cm~2 Houblo, U Ar — 1-10° cm~2 gHem 1 4-10* cMm~2 HOYbIO.

MPUHATO CYUTaTb, YTO Nblb HAA, TYHHO NOBEPXHOCTLIO XKUBET HE
cama no cebe, 4YTO OHa — COCTaBHas YacCTb NIA3MEHHO-MbIIEBOM
cuctemsl (puc. 3). MoBepxHOCTL JTyHbI 3apsikaeTcs o4, AENCTBUEM
3NEKTPOMarHUTHOro nanydeHns ConHua, nnasmbl COTHEYHOMO BE-
Tpa, Nnasmbl XBocTa MarHuTochepbl 3emnu. MNpu B3anmoaenctasnm
C N3/y4EHNEM JTYHHbIE MOPOAbI UCMYCKAIOT 3NEKTPOHLI Griarogaps
doToadpdekTy; KpoOMe TOro, OHM NOCTABAAIOTCS U MNblIEBBIMU
YacTnuamu, NapswmMm Hag NOBEPXHOCTLIO JTyHbl, KOTOPbIE TOXE
MONOLLAI0T COMHEYHBIN cBET. OQHAKO MbIIEBLIE YaCTULbl, HAXO0-
OSLLMECS Ha NOBEPXHOCTU JIyHbI MM B NPUNOBEPXHOCTHOM CJI0€,
He TOJIbKO MCMYCKAatoT, HO M MOrnoLaoT GOTOSNEKTPOHbI, @ TaKXe
HOTOHbI CONTHEYHOTO U3NTYHEHWS], 3NEKTPOHBI U MOHbI COJTHEYHOTO
BeTpa; ecnu xe JlyHa HaxoouTCs B XBOCTE MarHMTocdepbl 3eM-
JIN — TO 3NEKTPOHLI N MOHBI Na3mbl MarHuTocdepbl. Bece atn
npouecchl NPUBOAAT K 3apsake MblneBbiX 4acTul, UX B3anuMo-
OENCTBUIO C 3aPSXKEHHOM MOBEPXHOCTLIO JlyHbI, NepeMeLLeHmno
1, BO3MOXHO, NOALEMY.

Mbinb N BpeMeHHble atMocdepbl

BaxHbIM MCTOYHMKOM MbIIEBLIX YaCTUL, B MPOCTPAHCTBE Haf,
JIYHHOW NOBEPXHOCTBIO CHUTAIOTCS Tak HA3blBAEMbIE BPEMEHHbIE
atMocdepbl. Y KOCMUYECKUX TeN, HE MMEIOLLMX CODCTBEHHbIX
atmocdep, Taknx kak JlyHa, Mepkypuin n acteponibl, 3TM aTMOC-
depbl BO3HMKAIOT U3-3a COyAapEHUI C AOCTAaTOYHO KPYMNHbIMU
MeTeopovgamMm nnn KOCMM4eCcKMMn annaparamu. Takasa Bpe-
MeHHas atmocdepa Obina 06HapYXeHa Yy NOBEPXHOCTU JyHbI.
PacuyeTbl ansa meteoponaa pasmepom 10 cm, ABUXYLLErOCS CO
ckopocTbio 20 KM/C, NOKa3bIBalOT, YTO NPV yaape Takoro meTte-
opouvaa 0 NOBEPXHOCTb JlyHbl 06pasdyeTcst BbIGPOC, MM (aHrTI.
plume — daxen) n3 ncnapeHHoOro BeLLECTBA, UMEIOLLIMIA KOHNYe-
ckyto dopmy (puc. 4). 3a 2,5 cekyHapl BbICOTa MtomMa goctmraet
10 kM, paguyc — 5 KM, a xapakTepHas MIOTHOCTb CHUXaeTCcH
0o 107 r/cme. Mocne aToro HadnHaeTcs 6eCCToNKHOBUTEbHAsA
dasa aBonounn — cBOGOAHbLIV pa3neT aToMOB U Monekyn. Mpu
3TOM M3-3a COIHEYHOr 0 BETPA aTOMbI 1 MOJIEKYbl MOHU3YIOTCS U
obpasyeTca nnasma.

Kpome anekTpoHOB, NOHOB 1 HEMTPASIOB B Nf1a3Me Mnioma npu-
CYTCTBYIOT MMKPO4aCTULbI. [1epBbIi TMM 4acTuL, — MENKME Kanu,
OHW CO3[al0TCH B pe3ynbrate KOHAeHCcaunn npu paclumnpeHum
BeLlecTBa MoMa, B HUX ycneaeT cobpatbes 20—30% Belue-
cTBa. Takuve Kannvm uMetoT NpMbAnN3nTeNbHO OAMHAKOBhIN pa3Mep
— OKOJM0 3 MKM 1 NeTaAT co ckopocTbio 3—5 kM/c. 310 Bonblue
BTOPOM KOCMMYECKOM CKOPOCTU Ans JlyHbl (2,38 km/C), n03TOMY
OHUW nokngatoT JIyHy 1 4acTb Ux gonetaet oo 3emnu. Bropon tmn
YacTuL, — Nbllb — BbIOPACLIBAETCS N3 BOPOHKM, 0OPa30BaHHOM
npuv coyaapeHnn Meteoporaa u Cnos peronnta (MyHHOM NOpoAabl).
TvnnyHbIn pa3mep aTmx yactul, 30 Mkm, ckopocTb 0,3—1 km/cC.
EcnnmeTteopong 6bin pasmepom 10 cMm, To nonyumTtces okosio 4-10"
YacTuy,. BTN YacTuubl He noknaaloT JIyHy, npu ckopoctn 0,3 km/C
OHU NaaaoT 06paTHo 3a npumMepHo 20 ¢; MakcMarnbHas BbicoTa
mx nogbemMa 3 kM. na Takoro Meteopovaa natoM paclunpaeTcs
00 500 kM — TOoraa NAOTHOCTM NMa3Mmbl B NIIOME U N1a3Mbl COSTHEY -
HOro BETPA CPaBHMBAIOTCS, OH CIMBAETCH C KOCMUYECKNM (POHOM.
310 NpouncxoamT Yeped 250 ¢ nocne CTONKHOBEHMS.

Mpwv 3TOM NpoTEKaeT MHOXECTBO APYrnX NPOLLECCoB (puc. 5).
Bo3HuMKaeT anekTpomMarHMTHoOe n3nyyeHne, B HaCTHOCTU, B ONTU-
4YeCKOM Anana3oHe, KOTOPoe NPU COYAAPEHUSIX JOCTATOYHO 60Mb-
LUIMX METEOPOUAOB MOXET HabN0AATLCS AaXe C MOBEPXHOCTU
3emnu; dopmMupyetcs 6€CCTONKHOBUTENbHbLIA yOapHO-BO-
HOBOW (PPOHT, CBA3AHHbIN C BO3OYXAeHNEM TypOy/eHTHOCTH
B njasMe njaiomMa MeTeopouaa; MexXxninaHeTHOe MarHuTHoe
nosne BbITANIKMBAETCHA U3 06nacTy niwomMa; nayt obpasoBaHve
MMKpoMacLITabHbIX 4acTuL, U UX 3apsaka; nepefaya aHeprum
3NeKTPOHaM, YCKOPEHME YacTuL, B pedyibTate B3anMoaencTBums
C N1a3MeHHOo’ TypOyNEHTHOCTbIO; BO3HUKAIOT yNbTpaduroneTo-
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BO€ N PEHTIeHOBCKOE n3ny4eHue. CepbeSHble BblHNCJIUTENIbHbIE
MoJenn 3T NpoueccChbl Tak NN nHavye y4mTbiBaloT.

MeineBoe o6nako Hap, JIyHO

CTONKHOBEHUS KPYMHbIX METEOPOMA0B ¢ JlyHom n popmMmmnpo-
BaHWE BPEMEHHOW aTtMocdepbl, XOTA U HE O4EHb peakKue, HO
BCE € HEPErynsipHble ABAEeHUS, OHM He MOryT copMMpoBaTb
NOCTOSIHHOE MNa3MeHHO-NbINeBoe 06nako Hag JlyHon. A oHO
cywecTtryeT. Kpome gaHHbix LADEE nmeeTcs Takke psia KOCBEH-
HbIX CBUAETENbCTB. Hanpumep, coBeTckue annaparsl «JlyHa-19»
n «JlyHa-22» ong onpeaeneHns KOHLeHTpaumm 9N1eKTPOHOB Hag,
JlyHOM npoBOAMAN PaAMO3aTMEHHbLIE N3MEPEHUS — U3YyYani Npo-
XOXAEHWE PaaMOBOIH Yepes NyHHYI0 3k30cdepy. Okaszanock, H4To
Ha[ OCBELLEHHOW COJIHEYHbBIM N3NyYeHNneM CTOPOHOM JyHbl, Ha
BbicoTe 0T 10 0o 30 KM KOHLEHTPpauUus 3N1eKTPOHOB COCTaBNSET
500—1000 cm~3. OT1 BENNYMNHBI COMMAcyOTCs C AaHHbIMU, NOJTy-
YEeHHbIMU Ha OCHOBE PaamMo3aTMeHHbIX n3mepeHuii KpabosnaHoi
TYMaHHOCTH, 4YTO rOBOPUT 00 MUX HAOEXHOCTM.

OO6bSACHUTL CYLLLEECTBOBAHME MbLIEBOro 0b6naka yaaeTcs, ecnum
Y4€CTb YAapbl MENIKUX METEOPUTOB O MOBEPXHOCTb JIyHbI. KOH-
LLEHTPaLMS MbIEBbIX YacTUL, B 061ake onpeaensieTcs NoToKOM
yacTul, o6pasyloLmxcs B pe3ynbTate yaapoB MeETEOPOUAOB
M NOOHMMAIOLNXCA HAZ JTYHHOM NOBEPXHOCTbIO. Konn4ecTso
COyfapeHui C IYHHOW NOBEPXHOCTbIO METEOPOM0B Pa3MeEPOM
1075 cm 1 6onee — nopsigka 100 M2 B cyTkU. BONLLWIMHCTBO
YOAPHUKOB UMEOT CYOMUKPOHHbIN 1 MUKPOMETPOBbI pa3Mep,
VX CPEeOHSSt CKOPOCTb NPUBNN3UTENBHO PABHO 27 KM/C.

lMpwn coyoapeHnn BbLICOKOCKOPOCTHOrO MeTeopounaa C NyH-
HOWM MOBEPXHOCTbID NPOUCXOAUT CUIbHOE CXaTue U Harpes
BeLleCTBa yAapHMKa U MULEHU. VI3-3a BbICOKOro AaBleHus
:”ag"'e““a“ obpasyeTcs cuibHasa yaapHas BOsHA, PacrnpocTpaHsiowascs

PAPALLI G OT BNULEeHTPA yaapa v Npu aTom ocnabesarowwas. B utore oHa
onTMIECKUE TpaHCHOPMUPYETCH B IMHENHYIO 3BYKOBYIO BOJIHY. Bokpyr

4 boTOHBI LLeHTpa MeTeopoMaHOro B3pbiBa, PacnonoXeHHOro nog no-
BEPXHOCTbIO, GOpMUPYIOTCH 30HA ncnapeHuns sewectsa (1),
30Ha nnaeneHnd BewecTtsa (Il), 30Ha paspyLlieHns 4yactumy, co-
CTaBNSAIOLLNX TYHHbI PErONINT, U X HeoBpaTUMbIX AedopMaL it
(111), a Takxe 30Ha HENMHENHBIX YNPyrnx AedopmMaLmin BeLecTsa

4
Hauanvhvie cmaduu coydapenus memeopouda ¢ nogepxnocmoio Jlyno
u npoyecca opmuposanus naoma

COJIHEYHbIN
BeTep

MUKpPO4acTULbl

/

4 GbiCTpblE
9N1EKTPOHbI

onTuyeckue
dotoHbl =
=

yneTpadnoneTos! .
1 PEHTrEeHOBCKUe \ peronuta (IV), xapaktepndyemas 3Ha4eHUSIMU AaBSIEHNSA B HENU-

$OTOHBI  +—~ HEWNHOW 3BYKOBOW BOJIHE, MEHbLLUNMMW OMHAMUYECKOro npenena
ynpyroctu (puc. 6). 3a 30HoM IV HaxoauTCa 30HA JIMHENHbIX
ynpyrux gedopmauuii (V), B KOTOPOM 3BYKOBasi BOJSIHA MOXET
paccmatpuBaTtbCs Kak IMHENHas.

lMpwn pacnpocTpaHeHnn yaapHOW BOJIHbI BAOJb JIYHHOM MO-

BEPXHOCTU BAANM OT 3MNULEHTPA METeOpPOUAHOro yaapa B
NPUNOBEPXHOCTHOM cioe GOPMUPYETCS BOSIHA PA3PEXEHUS U
NosIBASIETCS BEpTUKaNbHAss KOMMNOHEHTA MaCCOBOWM CKOPOCTU
BellecTBa 3a GPOHTOM yAapHOI BOJIHbI, KOTOpasi 06bIYHO C
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5 TOYHOCTBIO [0 NOPAAKa BENNUYNHbLI COBMNAAAET C KOMMOHEHTOW
IIpoyeccwl npu coyoaperuu KpynHoeo Memeopouoa ¢ nogepxHocmoio JIynoi: CKOPOCTW, HAaNpPaBAEHHOM BAOJIb MOBEPXHOCTU. Bbluncnasa rny-
onmuueckue OMOoHbL, BOHUKAIOUUE NPU yoape; NAIOM MemMeopoudd u e2o 360410Uus; OWHY OTKOJIbHOIO CNOS, TO €CTb C/I0S1, B KOTOPOM dparMeHTbl C
opmuposanue MUKPOMACUMAGHbIX YaCmuy 8 nAlMe; NAA3MeHHAs MypOYAeHMHOCHb MOBEPXHOCTU JIYyHHOW NOPOAblI OTAENAOTCS B pe3ynbrare B3a-
6 o0nacmu 63aUMOO0eICIMEUs COTHEHHO20 8eMPA C NAKOMOM; 2eHEPAUS BbiCIPbIX VMOLENCTBUS C BOJTHOW CXaTusl, @ TakxKe CpedHee 3HauyeHue
SA€KIMPOHOS, Y6MPaGUONEMOBLLX U PeHIMEEHOSCKUX omoHos NnoToKa MEeTEeOPOUAOB Ha NMOBEPXHOCTU JIyHbl, MOXHO HalTH

v
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Cxema, Xapaxmepusyouias hopmuposarue noo AYHHOU NOBEPXHOCHIbIO 30HbL
ucnapenus eeujecmea (1), 30nb1 naasaenus eeujecmea (11), 30Hbl paspyuienus uacmuy,
COCIABASIOUAUX AYHHYII pe2oaum, u ux Heoopamumoix degpopmayuii (111), 301bi He-
AUHElHbIX ynpyeux deghopmayuil eeujecmea pecoauma (1V), 30Hbl AuHeiiHbIX yRpyeux
deghopmayuii eewecmea pecoauma (V). Kpye 6 3one (1) — HegoamyuierHblii memeopouo.
Cmpenkamu noKazaH 8vl0poc Mamepuana (6 mom vucae U nolaesbix 4acmuy,)

€ BBICOKUMU CKOPOCMAMU ¢ nogepxHocmu JIynb u3 30n I—V.

KOJINYECTBO Mbl1IEBbIX YAaCTUL,, NOAHMMAIOLWMXCA B eAUHUNLLY
BPEeMeHW Haj, eaHNLEN NIoLWaan TyHHOM NOBEPXHOCTU BCea-
CTBME yAapoB MeTeoponaoB.

M3 pasHbix 30H NPOUCXOANT pa3HOe KONMYECTBO 4acTuL, n
BeLyT OHU cebsi No-pa3Homy. Hanpumep, macca yactuu, npouc-
XOOALWLMX U3 30HbI V JIMHENHBIX yNpyrux gedopmaunii BelecTsa
peronuta v NOOHNMAaIOLLIMXCH Ha, NOBEPXHOCTHIO JTyHbI HA BLICOTY,
6onee 10 M, NPeEBOCXOAUT Maccy NOAHMMAIOLLLErOCS BELLECTBA,
npoucxoasiLero n3 apyrmx 3oH (I—IV), 8 80 pa3. Macca nbineBbix
YyacTmuy 3 30H IV n'Vynpyrux gedopmaumii, N"OGHUMAIOLLNXCS HaL,
NOBEPXHOCTLIO JTyHbI Ha BbICOTbI, 6onbLume 10 kM, B 4eTbIpe pasa
MPEBOCXOANT Maccy NoAgHMMAaloLLEerocs Belectasa n3 3oH I—IIl.
3aro TonbKo MaTepuman 13 30Hbl ucrnapeHus BellecTtsa (I), 30HbI
nnasneHns sewecta (Il), a Takxke 30HbI paspyLleHns 4acTul,, Co-
CTaBASIOLUMX NYHHBIA PErOnT, N NX HeoBpaTuMbIX AedopmMaLmii
(1) moxxeT pOCTUrHYTL BbICOTbI 100 KM Ha, MOBEPXHOCTHIO JTyHbI 1
BbiLwe. Ha 700 kM nogHMMaeTcsa NnLb Matepuart, BbiopackiBaeMbli
yOAPHOW BOIHOM 13 30HbI ncnapeHus (1) n 3oHsl nnaenexms (I1).

BaxHyto ponb npy GopMmMpoBaHUK NblieBoro obnaka Hag, no-
BEPXHOCTLIO JTyHbI UrpaeT 30Ha nnaeneHus Bellectsa (I1). MNpexae
BCEro, 3HaYnTENbHasa JONA YacTul, 00pa3oBaHHbIX U3 BELLLECTBA
9TOM 30HbI, 06nagaeT CKOPOCTbIO, MEHbLLE BTOPOW KOCMUYECKOM
CKOpOCTW nga JlyHbl, TO €eCTb OHW He NOoKMAAIT ee Hascerna,
ABWXYTCHA NO GUHUTHBLIM TPAEKTOPUAM 1 B UTOre BO3BPALLAIOTCA
Ha NoBepPXHOCTb JIyHbl. Kpome Toro, n3-3a dparMeHTtaumm BeLe-
CTBa 13 30HbI NMNaBNEHNS YACII0 YaCTUL, OKa3blBAETCH AOCTATO4HO
6onbLwnMm.

Mpovuecc 06pa3oBaHMs HaCTUL, U3 30HbI MNABNEHUS KAYECTBEHHO
BbIMAANT Tak. B pesdynstate meTeopomnaHoro yaapa nopucTbli
PEronuT CXmMmaeTcs yaapHOM BOSIHOM A0 NMAOTHOCTEN CNJIOLLHOIo
BellecTsa. Ecnv npu Bbixoae yoapHoOU BOSHbI HA CBOBOAHYIO NO-
BEPXHOCTb AaBrieHne 3a GPOHTOM BOJHbI OKa3blBAeTCst OObLLE
NOPOroBOro AasfeHNs NOJIHOIO NAaBAeHNS, HO MPY 3TOM MEHbLLE
NOPOroBOro AasfieHns NOJIHOro MCNapeHus, TO Matepurasn okasbl-
BaETCS NOJSIHOCTLIO pacnasneHHbIM (3oHa ll). Mocne Bbixoaa yaap-
HOW BOJTHbI HA CBOOOAHYIO MOBEPXHOCTL 060/104Ka BbIGpACHIBAETCA
B CBOOOHOE NPOCTPAHCTBO HAXOAALLMMCS NO3aAM HEE pacLumpsi-
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lowmmMcesa napom. Martepwmarn, BbibpacbiBaeMbI yoapHOW BOSTHOM
B CBOOOAHOE MPOCTPAHCTBO M3 30HbI NnasneHns sewectsa (Il),
npencraBnseT cobom XMAKOCTb, pacnaaaloLytocs Ha pparMeHThl.
PaBHOBECHbIE kanan 06pa3yloTcs, Koraa B KanesbHO-NapoBOM
NnoToke 06beM, 3aHMMaEMBbI NapPOM, CTAaHOBUTCSI COMOCTaBUMbIM
C 06BLEMOM XMIOKOCTU. YMcneHHas MOAeNb NO3BOJISIET OLLEHUTb
KOHLEHTPaLMIO Kanesb, U pe3yfbtat COOTBETCTBYET Habnogae-
MO B pamMkax muccum LADEE koHUgHTpaumn nbinesbix YacTul, B
obnake. NogHMMasch HaZ NOBEPXHOCTLIO JIyHbI, XUOKME Kanam
pacnnasa 3aTBeEPAEBAIOT M, B3aMMOLENCTBYS C 3/IEKTPOHAMN U
MOHaMM COMTHEYHOIO BETPA, a TakXe C CONIHEYHBIM U3JTYYEHMEM,
nprMobpeTaloT SN1EKTPUYECKME 3apaabl.

[Tockonbky MOTOK METEOPOMAOB (B TOM YMCIE U MUKPOMETEO-
pOMO0B) Ha JIYHHYIO MOBEPXHOCTb ECTb BCErAa, NbijieBoe 061ako
Hapg, JlyHO CyLLecTBYET HEMPEPLIBHO, YTO TakKe COOTBETCTBYET
naHHbIM LADEE. To, 4To nbinesoe 06,1ako 06pa3oBaHO BELLECTBOM,
MOAHATBIM C MOBEPXHOCTW JTyHbI BCNIEACTBME YOAPOB METEOPOU-
[0B, 06bSACHSIET 06HapYXeHHoe Mmuccunen LADEE ckaukoobpasHoe
BO3paCTaHNe KOHLUEHTPALMN NblIn BO BPEMS B3aMMOLENCTBUS
HEKOTOPbIX U3 EXXErOAHBIX METEOPHbIX MOTOKOB C JTYHOI, B YaCTHO-
CTW BO BPEMS BLICOKOCKOPOCTHOIO METEOPHOI0 NoToKa lFeMUHUA,

Mbinb Hap JlyHOM

B 6yayLumx nyHHbIX MICCNEO0BAHUSX, HA NOCAA04YHbIX MOAYNAX
cTaHumin «JlyHa-25» n «JlyHa-27» npegnonaraeTcs pa3MecTuTb
annaparypy, kotopas 6yaeT U HenocpeaCcTBEHHO AETEKTUPOBATb
NbINEBbLIE YACTULLbl HAZ, MOBEPXHOCTbLIO JTyHbI, M MPOBOAUTL ONTH-
4eCKMe N3MepPEHMS.

MbiAb B NPMNOBEPXHOCTHOM CNOE Haf, JIyHOM nMeeT CBOM OCO-
6eHHocTw. MNpexae Bcero, Tam npeobnaaaioT 31ekTpocTaTmieckmne
1 NA1a3MeHHO-MNbIIEBbLIE NPOLECCHI. [TOBEPXHOCTL JIyHbI 3apsxa-
€TCs NofA, AEeNCTBUEM 3NEKTPOMArHUTHOrO nanyydeHuns ConHua,
nna3mMbl COJIHEYHOIO BETPA, N1a3Mbl XBOCTA MarHUTochepbl 3em-
nn. Npu B3anMOZeNCTBMN C COMTHEYHBLIM U3/TyYEHMEM N NOBEPX-
HOCTb JIyHbI, N 4aCTULLbI MLV UCNYCKAIOT 9NEKTPOHbI BCIEACTBUE
doToaddekTa, Takum 006pa30oM Ha, MOBEPXHOCTbIO GOpPMUPYETCH
cnon poToSN1EKTPOHOB. HO B TO XXe BPEMS 1 MblIEBbLIE YacTuLbl, U
NOBEPXHOCTb NOMMoLaT POTOINEKTPOHbI, POTOHLI CONHEYHOIO
M3Ny4YEeHWs], NIEKTPOHBI N MOHbI COTHEYHOrO BETPA, a ecnu JlyHa
HaxoaoUTCS B XBOCTE MarHUTochepbl 3eMu, TO 3NEKTPOHbI Y MOHBI
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Pacnpedenerus nviiesbix Hacmuy, HA0 0C6EUEHHOL CONHEUHbIM U3NYHEHUEM HACMbIO
nosepxnocmu Jlynwl 045 yenos 77° (a), 82° (6), 87 (8), a maxice MaKcumanbio 603-
MOJICHbIE 3HAHEHUS. BbICOMbI NOOBEMA NbLACBbIX HaCHUL (2)
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Cxema aKcnepumerma 045 usmMeperuii KeaHmMoe02o 6blxo0a U pabomsl 8bix00a AYHHOR0
Pe2oauma: a — ceemogoii NOMOK OM UCMOYHUKA U3Ny4eHus, 6 — 3epkano, 6 —
C8eMoGoil NOMOK, NPeoOPA308aHHbII 3¢PKAAOM, 2 — AYHHAS NOBEPXHOCMb, O — 30HO
Jlenemiopa, e — wmanea, Ha Komopoii yKpeniero 060py0oearue 045 usmeperuii

nnasmbl MarHUTocdepsl. Bce aTn npouecchl NprMBoasT K 3apsake
NbIIEBbIX HACTULL, UX B3AUMOAENCTBMIO C 3aPSXXEHHOM MOBEPXHO-
CTbi0 JIyHbI, TOABEMY U ABUXKEHWIO MbLIN.

MHTepec kK onncaHmio N1asmMeHHOo-MNbINIEBON CUCTEMBI B OKPECT-
HocTu JlyHbl BO3pOoC B koHUe 1990-x roaos, koraa Obinv pas-
paboTaHbl MeToAbl UCCIIeA0BaHMS MbiIeBOl Nna3mMel. Yoanocs,
B YACTHOCTW, U3Y4NTb NIA3MEHHO-MbISIEBYIO CUCTEMY B MPUMO-
BEPXHOCTHOM CJ10€ OCBELEHHOM YacTn JIyHbl, B TOM 4YMChe U B
06nacT BbICOKUX LUMPOT — MNPEAnosiaraeMoin 30He NnpuiyHeHus
NOCaA0YHbIX MOAYNEN CTaHUMI «JlyHa-25» n «JlyHa-27».

VMccnepoBaHume oCcBeLLEeHHOM YacTuy JIyHbl BaXHO 719 9TUX NPO-
€KTOB, MOCKOJbKY CTaHLMN, MUTAIOLLMECS OT COJIHEYHBIX GaTapeid,
OynyT paboTarb B OCHOBHOM BO BPEMS JIYHHOIO AiHS. [peacTaBneH-
Hbl€ Ha PUC. 72— B MMCTOrPamMmbl OMNMCLIBAIOT PACHETLI KOHLIEHTPA-
LM NbINEBbIX HaCTUL, HAA, MOBEPXHOCTLIO JIyHbI 4719 YINOB MexXay
MECTHOW HOPMarblO U HanpasneHnem Ha ConHLE, paBHbIX 77°, 82°
n 87°. BugHo, 4TO NOBeAEHMNE HacTUL, CUIbHO 3aBUCUT OT 3TOr0
yrna. Ha puc. 7r nokasaHo, A0 KakMx MakCMMasibHO BO3MOXHbIX
BbICOT MOIYT MOOHSTLCS NblNEBbIE YaCTULbI. [10ly4EeHHbIE AaHHbIE
onpoBepraioT BelBoAb! 60nee paHHNX paboT O CyLLECTBOBAHUM TaK
Ha3bIBAEMOW MEPTBOW 30HbI, rAE MblIEBbLIE YHaCTULbI HE MOAHNMA-
I0TCS1 C MOBEPXHOCTU, B 06J1ACTUN NIYHHbIX LUMPOT 0koso 80° — Tex
CcaMmblIx, rae NIaHNpPyeTcs NPUAYHEHNE CTaHLUWNA.

Mpu pacyeTe napamMeTpoOB MJIA3MEHHO-MbINEBON CUCTEMBI
BaXXEH KBAHTOBbI BbIXO, JTIYHHOIO PEronnTa, TO €CTb KONNYECTBO
3/1EKTPOHOB, BbIGVBAEMbIX C MOBEPXHOCTU PEroninta o aHUM poTo-
HOM. Mmelowmecs faHHbIE NOKa HEAOCTATOYHO HaOEeXHbl. Tak,
[axe Npu aKCNEPMEHTAJIbHbIX UCCNEA0BAHMAX YaCTULL PEFONTa,
[0CTaBNEHHbIX B Muccusix «<Apollo-14, 15», He 6b1110 BO3MOXHOCTU
paboTaTb ¢ obpasuamMm, XPaHMBLUMMUCS A0 3TOr0 B BbICOKOM
Bakyyme. MaHunynsiumm ¢ 4actuuamum npoBOAMAN B MHEPTHON
aTMocdepe, coaepxallein npumecu. NMoBepxHOCTb 06pa3LLIOB

MPOBJIEMbI U METObl HAYKU

noaBepraiack BO3AENCTBUIO HyXXEPOAHbIX BELLLECTB, €€ KBAHTOBbI
BbIXO, U paboTa BbIXOLA MO U3MEHUTLCS.

OTun NapameTpbl HAA0 ONPeaeNnTbL METOAAMM, UCKITIOUAIOLLIMMI
B3anmMoaencTene 06pasuoB ¢ 3eMHbIM Bo3ayxom. OgHako obe-
CNeynTb OCTABKY JIYHHOrO rpyHTa 6€3 KOHTaKTa C 3eMHOW aTMOC-
depoit AOBOMBHO CNOXHO. MaeanbHbiM peLleHneM npobnembl
6b1110 661 NPOBEAEHME UCCNEA0BAHUSA HEMNOCPEACTBEHHO Ha JIyHe.
Bo3moxHas cxema akcrnepuMeHTa npeacrasieHa Ha puc. 8. Uc-
TOYHUKOM 3N1IEKTPOMArHUTHOro nanydeHus cnyxut ConHue, ans
KOHLIEHTPALIMW U3Ny4eHnst UCnonb3yoTcsa 3epkana. MNpaeaa, npu
3TOM HECKOJbKO N3MEHSAETCS CNEKTP U3NTyHEHUS], HO 3aTO YCUIEHNE
€ro MHTEHCUBHOCTM NO3BOJIUT NMONY4nTh B0Nee HafeXHble pe3ynb-
TaTtbl. B kauecTBe NCTOYHUKA N3NYHEHUSI MOXHO Obino Obl B3ATb
CBETOAMOAbI NNV Fra30Pa3PSAAHYIO JIaMMy, HO MX CNEKTP OT/INYaeTCs
OT COJIHEYHOrO ropasno cuibHee. Jns namepeHus napameTpoB
nna3mbl NpeasiaraeTcs NCNonb30BaTh 30HA, JIEHrMIopa, AeTEKTU-
poBaTb NOTOK POTOINEKTPOHOB Kak NPY OCBELLEHNN MCTOYHUKOM
CBeTa NIyHHOW NOBEPXHOCTU, TaK U B €ro OTCYTCTBUE, N PEMUCTPU-
poBaTh X 3HepreTuieckunin cnektp. ObopyaoBaHmMe 415 STOrO 9KC-
neprMeHTa, BO3MOXHO, ByAET pa3MELLEHO Ha CMyCKaeMOM MOAyne
cTaHuun «JlyHa-27» — Ha LWTaHre, NO3BOJAIOLLEN OTAANNUTL €r0 OT
nocaao4yHoOro Moaynsl, — 3T0 CHU3UT BMsiHME HOTOINEKTPOHOB,
MCMyCKaeMbIX MOOYNEM, Ha pe3ynbTaTthl. [1na STol xe uenv npes-
nonaraeTcsi MOKPacKTb YacTy annapara, NpueraloLme K LWTaHre,
Kpacutenem, yMeHbLLAIOLLMM reHepaLmio GoTo3NEKTPOHOB.

CHoBa Ha JlyHy

HblH4Ee nponcxoouT ONPEenENnEHHbI PEHECCAHC MCCeo0BaHUN
JlyHbl — 0 NnaHax nccneposanus JyHel B XXI Beke 3aasmnn EBpo-
nenckniin coto3, NHamsa, KHP, CLUA, AnoHusa. B Poccum rotoBsTcs
Muccum «JlyHa-25», «JlyHa-26» n «JlyHa-27». 3aBepLumnance Uc-
cnepoBaHus B pamkax muccum HACA LADEE. MHOro BHUMaHus
BO BCEX Nporpammax yaeneHo NccnefoBaHusM JYHHOW Mbin.
Ecnn paHHble muccuii 1960—1970-x rogoB NO3BONSAAM CYOUTb
JNLLb O NPUCYTCTBUN MNblnn B 3k30cdhepe JIyHbl, TO COBPEMEHHbIE
MWCCUM NMPeanonaraoT LeneHanpasieHHOe U3y4eHNe CBONCTB
JIYHHOW Nbinn. NoaroToBka NyHHbIX MUCCUIA COMPOBOXAAeTCs
COOTBETCTBYIOLUVMWN TEOPETUYECKUMN UCCNEA0BAHNSAMM, HYACTb
pes3ynbrTaToB nNpuBefeHa Bbiwe. OcTtaeTcs [oxaarbCs OaHHbIX,
KOTOpPbIE MO3BONSAT YCOBEPLLUEHCTBOBATL HALLIM TEOPUN.

MccnenoBaHua NyHHOW nbiin npuobpeTaoT ocobylo Bax-
HOCTb, €CJIM BCMIOMHUTBL O MiaHax co3aaHus obrutaemMoli JIyHHO
6a3bl, KOTOpas 06CcyXaaeTcsa AOCTAaTOYHO akTMBHO. Kak Hanvcan
acTpoHaBT Muccum «Apollo-17» XappucoH LUMnTT: «Mbinb — 370
akosiornyeckas npobrnema Homep oamH Ha JlyHe». OHa SIBHO He
nosieaHa, 0CobeHHO Npu nonagaHuun B nerkue. B akcneamumsix
1960—1970-x rofoB KOHTAKT C JIYHHOI Mblibio Obl1 KOPOTKUM,
HO, korga 6yayT co3gaBaTbCs AONTOBPEMEHHbIe 6a3bl, Npobnemy
MbIIM NPUAETCH peLlaTh, 4ToObl N36exaTb Cepbe3HbIX MPobemM co
30,0POBbLEM YHAaCTHUKOB akcneanumnun. Ja v annapartype a1a nbiib
BpSA, N OyaeT nonesHa.
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MHororpaHHbie 00paHbl

Kanangat XmmMmn4eckmx HayK

M.M. JleBnukun

BopaHbl (60poBOAOPOAbI) — O4YEHb MHTEPECHLIN N NMEPCNEKTUBHbIN KJ1aCC COeAMHEeHUNN: nx
MOXHO UCMONb30BaTh AJ151 JIeHEeHUS OHKONIOrM4Yecknx 3aboneBaHunin, ans 9KCTPakLMmM N3 0TX000B
pPaanoakTMBHBLIX NU30TOMOB M AaXe B HEKOTOPbIX 0061aCTAX MUKPO3NEKTPOHUKN. Mbl pacckaxem
B MEpPBYI0 o4epep 0 MeaMLUMHCKOM NpMMeHeHn 60paHOB N O TeX HEMPOCTbIX COeAMHEHUSX,
KOTOpbIE AN 3TUX LLeSIEN CUHTE3NPOBAIU XUMUKMN.

OT TONnopa K cKkanbnesnio

MpupoeTtcsa HavaTb U3paneka, MHade OyaeT He OYeHb MOHATHO,
npuyem Tyt 6opaHbl. B 1898 roay cynpyru Meep n Mapu Kiopu
OTKPbINN paani — XMMUYECKUIA 3NEMEHT C UCKITIOYNTENBHO MOLLL-
HbIM PaAMOaKTUBHBLIM U3NYyYEHUEM. YXE Yepes rof OHW cTanu
M3yyaTb OEeNCTBUE U3NYHEHUS HA XMBbIE TKAHU U 3aTEM Ha4anu
60pOThLCH C ONYXONEBLIMU KleTKaMu npenaparamu pagus. MNo-
ABMSIACb HOBasi 061acTb MeOULVHBI — paguoTepanus.

OnHOBpEMEHHOE OeNCTBUE TPeX BUAOB PaanNOaKTUBHOIO
M3NYyYeHUs, NCNYCKaeMoro paamem (a-, B- v y-nyyen), paspy-
LIano He TOJIbKO OMYyXONEBbIE, HO N 30,0POBbIE KNETKN, MO3TOMY
MCMNONIb30BaHWE 3TUX NPEnaparoB B MEAULMHCKUX LLIensx Tpe-
©0BaNo NCKOYNTENBHO akKyPaTHOM A03UPOBKU: HYXHYIO 003Y
HaxoamMnM OMbITHLIM NyTeM. Bce 3To0 HanomMuHano, no cnoeam
COBPEMEHHMKOB, PEMOHT YaCOBOIr0 MexaHn3mMa C NOMOLLBIO
cnecapHbIX MHCTPYMeHTOB. COBpPEMEHHbIE pazMoniormyeckme
MeTObl NeYeHnsa Takxe Aaneku oT naeana, NoOCKOJbKy TOXe
BbI3bIBAIOT OCIOXHEHUS.

B 1934 rony amepuikaHckuin duaunk Aasua Jn obHapyxmn, 4To
aapa HEKOTOPbIX 3IEMEHTOB CMOCOOHbLI 3aXBaTbIBATbL HENTPOHHI,
mcnyckas npy 9ToM Y-KBaHTbI. [lanbHeree nsyyeHne noao6HbIx
npoueccoB npueeno B 1936 rogy amepukaHckoro 6nodusmnka
lfoppoHa Jloyepa Kk opurvHanbHoOM naee. BHavane Hapo BBECTU B
pakoBbIe KNIETKM Npenapar, CoaepXaLlmin HepaanoakTUBHbIN N30-
Ton 6opa B (06bI4HbLI BOP), a 3aTeM 06paboTaTk €ro NOTOKOM
HENTPOHOB HEBLICOKOM SHEPruun, Tak Ha3bIBAEMbIX TEMNOBbIX.
ATom 6opa, 3axBaTbiBasi HEUTPOH, NPeBpaLLaeTCcs B paamoak-
TMBHBbIA N30TOM, KOTOPLIN pacnagaeTcs ¢ 06pa3oBaHMeEM 6e3-
BPEAHOro N1TUS, BbIBpacklBas NpY 3TOM O-4acTuLLy (S4P0 renus,
cogepxallee ABa NPOTOHA W ABa HENTPOHA) M Y-KBaHT (puc. 1).

Y-KBaHT

™ npoton

Q HEeNTPOH

PapuoakTuBHoe s4po

a-yactuua
(Aapo atoma renus)

1

Ob6pazosarue Q-yacmuybl npu 00y4eHuY amoma 6opa HelimporHamu.

(Bepxnuii vucno6oii undexc y cumeona Xumu4eckoeo neMeHma — Maccogoe Hucio,
Mo ecib cymma npomoHo8 U HelimpoHoe 6 sdpe.)

OHeprus oTaesNbHbIX Y-KBAHTOB HEBENMKA, N OHW HE OKa3bl-
BalOT HM Nle4ebHOro, HU paspyLualoLero AencTBms, OCHOBHOM
neyelbHbI MHCTPYMEHT — a-4acTuubl. ITO HacTosiLme GoeBble
CHapsabl, paspyLuaioLime BCe Ha CBOEM NyTu 1 obnagaioLlme K
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TOMY e Ba>KHbIM CBOMCTBOM: Y HUX O4EHb Manas afivHa npobera,
conamepumast ¢ pasmMepom kneTkn. B pesdynbrate a-4actuua,
BO3HMKLLASA 32 CHET SAEPHON peakLnn B OMyX0EBON KNETKe, He
BbIAET 32 ee Npefesbl, NOCKOJIbKY 0053aTeNlbHO C YeM-HUBYab
CTOJIKHETCS, 1 HE 3aTPOHET 340POBbIE TKaHM.

KoHeuHo xe ans Toro, 4To6bl BO3HUKIIM O-4aCTuLLbI, He0O6X0aM-
MO 061y4MTb OPraHN3M HETPOHaMM, KOTOPbLIE MOTYT 3aTPOHYTb U
3g0poBble kneTku. (B punbme M.N. Pomma «[1eBATb AHEN OOHOIO
roga» oovH U3 repoes ousibMa rméHeT Npu HEUTPOHHOM U3JY-
YeHun OT NlabopaTopPHO YCTAaHOBKM, a cyabba BTOPOro npeape-
weHa.) Tem He MeHee BbIXOL, eCTb, Beb He 3pst 6op Npeanoxunm
KaK NoTeHLUManbHbIA NOrNOTUTENb HENTPOHOB. [leno B TOM, 4YTO
cnocobHoCTb aToMOB 6opa 3axBaTblBaTb HEWTPOHbI NOYTU Ha
ceMb NopSaKoB Bbilwe, 4emy C, H, O, N! UmeHHO nosTomy coean-
HeHust 6Gopa NPUMEHSIIOT B ILEPHbIX PeakTopax kak MornoTuTenu
HEeNTPOHOB. TakMMm 06pa3oM, NPakTUYECKM BCe MOCTynawLime
HENTPOHbI ByayT 3axBaveHbl 60pom. OCTanock BBECTU B pakoBble
KneTkn bopcoaepxalliee CoeauHeHne.

M3 06Wmx coobpaxxeHnin MOHATHO, YTO OHO A0JIKHO ObITb He-
TOKCUYHbBIM 1 BOAOpacTBOpuMbIM. B Havane 50-x ronos nccne-
[oBatenn cocpenoTounsiv CBoe BHUMaHue Ha GopHo kucnoTe
1 ee NPom3BOAHbIX. OAHAKO KINMHMYECKME NCTbITaHMS NoKa3anu,
4yTO Takme npenapartbl He3PDEKTUBHbLI: KOHLIEHTpauus 6opa B
TKaHsiIX Oblnia HeJOCTAaTOYHO BbICOKO; KDOME TOro, 9TW BELLECTBA
He o6nagany n3bmpaTenbHOCTbIO, TO €CTb HE HakanInBanuchb
NPENMYLLLECTBEHHO B OMYXOJIEBbIX KNETKAX.

HeoObI4HbIe OOpaHbI

Monck monekyn ¢ 60AbLWNM YMCIOM aTOMOB 6opa B Mosekyne
npuBen K kapkacHelM rugpugam 6opa. Cpegn HUX camblil U3-
BECTHbI — KapbopaH, B KOHLLe XX CToNeTus CTaBLUniA amoemon
xummmn 6opa (puc. 2).
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Kapbopan

Ha nepBbI B3NS KaxeTcsl, 4TO aToMbl 6opa 1 yrnepoaa LWecTuBa-
JIEHTHbI — LLIECTb CBSA3€EI Y KaXKA0ro atoMma. Ha camom aene 00bluHble
BasieHTHble cBA3u nnwb Yy B—H 1 C—H, a octanbHble — CBSi3m 0Co-
6oro Tina. KapbopaH OTKPbLT B XMW HOBYIO [1aBY O COEAVHEHMSIX,



MOCTPOEHHbIX C MOMOLLbHO HETPAANLIMOHHBIX TPEXLEHTPOBbLIX CBA3EN.

o cepeanHbl 50-x rogoB He ObINO ACHO, KakMmMm 06pas3om
6oposofopoasl, Hanpumep B,H,, HanomuHatowmii no cocrtaey
araH, wiu aHanor GyTtaHa Tetpabopad B,H,, obpasyioT ueno-
YeYHble CTPYKTYPbl, B KOTOPbIX aTOMbl 60opa coeaMHEHbI APYr C
Apyrom. Y atoma 60pa BCEro TPpY BaNEHTHbIX 3N1EKTPOHA, MO3TO-
My B MOJIEKYJIe npocTeiwero ruapuaa BH, y Hero He ocTaercs
3NEKTPOHOB A1 06pa3oBaHMs OOMOSIHUTENbHbIX CBA3eN. Kak xe
Toraa coeamuHeHsl atomel 6opa B B,H, nim B,H,;? B 50-e rogpl
XUMUKM CHOPMYIMPOBANN NMOHATUE «TPEXLLEHTPOBLIE CBA3M>.
Hanpumep, B anbopanxe B,H, atombl 6opa HeNnocpeacTBeHHO He
CBSi3aHbl APYr C APYrOM, OHWN COEAMHSIIOTCS C MOMOLLbIO aTOMOB
Bogopoaa (puc. 3).
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Takum 06pas3om, B cBA3b B—H, nexaltuyo Hag na0CKOCTbIO U
00pa3oBaHHyIO TPAANLIMOHHOWN Napoi 3N1EKTPOHOB, BOBIEKAETCS
ele oauH atom 6opa (pacnosioXeHHbIN crpasa), KOTOPbI ANg
00pa3oBaHns CBSI3M HE NMOCTaBNSIET 3NIEKTPOH, a y4aCTBYET CBOEN
BaKaHTHOM, TO eCTb HE3aHATON, opbuTanbio. B pesynbtate asa
atoma 6opa 1 0guH aToM Bogopoaa — Tpu LIeHTpa — OKa3blBa-
I0TCS CBA3AHHBIMW ABYMS SIEKTPOHAMMU; TaKyI0 CBSA3b HA3bIBAIOT
TPEXLEHTPOBOM ABYX3NEKTPOHHOM.

TpexueHTPOoBbIE CBA3M MOFYT pPeann3oBaTbCs HE TOMbKO B
TpeyroJibHMKe N3 ABYyX aTOMOB 60pa 1 0AHOro atoma BOA0opoaa,
HO 1 MeXxay Tpems atomamm 6opa (6e3 Bogopoaa), Hanpumep, B
kapbopaHe. AToMbl BOLOPOAA, OKpYXaloLLme kapkac kapbopaHa
(cBs13n B—H n C—H), He npuHMMaloT yd4actusi B o06pasoBaHnn
TPEXLEHTPOBbIX CBA3EM, OHM MOTyT BCTynaTh B AasibHellmne
npesBpaLLeHns.

Moandurumpoatb kapbopaH JOBOJIbHO NIErko, HO CKOPO Bbl-
SICHUNOCb, 4YTO O HALWEN KOHKPETHOWM MeanLMHCKON 3a[a4m
OH He cnuwkoM nepcnekTmeeH. KapbopaH ruapodobeH, 4To He
OYeHb XOPOLLO ANS TKAHEW XMBOro OpraHn3mMa: NpUxoanTcs oo-
NOJSIHNTENIbHO BBOAMTbL B €M0 MOJIEKYNY Pa3finyHble rmapodusb-
Hble Fpynnbl. Takoi HeJOCTaToOK OTCYTCTBYET Y aHnoHa [B H 1%,
copepxawero 12 atomoB 60pa (puc. 4), — noaekabopar-aHNoHa.

OTO MHOrOrpaHHUK C TOW Xe CTPYKTYPOW, YTO Uy ero 3Hame-
HUTOro POACTBEHHMKA kapbopaHa. Ho y popekabopar-aHMoHa
€CTb NPENMYLLECTBA, BaXHbIE 4SS
MeAVLMHCKNX MPUMEHEHUIA: OH CO-
LepXuT 6onbLue atoMoB 6opa, Yem
kapbopaH, ecTb MHOro cnoco6os
ero nonyyeHuns (oH obpasyeTcs B
TOM UM MHOM KOJIMYecTBe Mnpak-
TMYECKM MPY NIOOOM TEPMUYECKOM
pasnoxeHnn 60poBOAOPOAOR), HO
rnasHoe — aHunoH [B,H 1> ruapo-
buneH n ManoTOKCUYEH.

Brnoxmmunkm 3HaloT, Kakue rpyn-
Nbl HAA0 NPUCOEANHUTL K GOPHOMY
Kapkacy, 4ToObl npenapar Haka-
NJNBAJICS B OMYXOJNIEBbIX KJIETKAX:
amuHorpynnbl (—NH,), unaHaTHele (—NCO), kap6oKCUbHbIE
(—COOH) u n3otnoumaHaTHble (—NCS). BaxHo Takxe, Kak
VIMEHHO pacnonaratTcs BBOAMMbIE QYHKLMNOHANBbHbIE FPyMmnbl
OKOJI0 kKapkaca, — 4ToObl Nocne B3anMoaencTems QyHKLN-
OHaNbHOW rpynnbl ¢ 6€1KOBON MOJiekyNoih 60pHOE 94P0 He
MeLLano, akTMBHYIO FPynny Hago0 OTOABMHYTh OT Kapkaca ¢ no-

2.
[ Bi2H2 ] p

Jlodexabopam-anuon

NPOBJIEMbl U METOAbl HAYKU

MOLLbIO LLEMOYKUN U3 TPEX — NSATM aTOMOB. BCs KOHCTpyKUMS ans
OXOThbl 32 OMNYyX0NEBbIMU KNETKaMW JO/IKHA HAMOMMHATb YA04KY C
nonaBkoM (6OPHLIM SAPOM) U PACNONIOXEHHBIM HA HEKOTOPOM
yOANEHNN KPOYKOM (aKTUBHOM DYHKLMOHANBHOM FPYNMon).
Mpynna npodeccopa B.N. bperaaze (MH30C PAH) pewwuna
3Ty 3agayy («Eur. J. Inorg. Chem.», 2009, 1433—1450. «Appl.
Radiat. Isotopes», 2011, 69, 1774—1777). Bo Bcex npeBpaLleHn-
SIX CaM Kapkac He 3arparmeanu,
B3aMMOAENCTBNE MPONCXOANIIO
C y4yacTnem OOKOBbIX CBA3eN
B-H. BHayane npukpennsanm
MoOiekyny Tetparngpodypa-
Ha, a MOTOM LMK pas3Mblkanmn
M K 0cBOGOAMBLUEMYCS KOHLY
npuaenbiBann HYXHY0 QyHK-
LIMOHaNbHYIO rpynny, koTopas B
nUTOre okasbiBasiaCb CBSA3aHHOMN
C GOpPHbIM KapkacoMm 4Yepes Te-
TPaMETUNIEHOKCUAHYIO LLENOYKyY
—O(CH,),— (puc. 5).
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Ipucoedunenue mempaeuopogyypara
K dodekabopary u Haseuiusanue Kprouxka
045 ONYX0A€60li KAeMKUM

Mo3aHee ObINO YCTAHOBMIEHO, YTO Hauyyllee CBA3bIBAHNE C
OMNyXONIEBbIMM KNEeTKaMKn KU AOCTaBKy B HUX aToMoB Bopa obe-
cneymBaeT nsotuoumaHarHas rovinna —N=C=S (pwuc. 6).
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Hzomuoyuanamuas epynna é poau kpiouka
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HecmoTps Ha OaBHIO UCTOPUIO 3aMbiCia, METOA Hadvanm
MCMbITbIBaTb B 3KCMEPUMEHTAxX CPaBHUTENBHO HegaBHO. OH Ha-
3bIBAETCS HECKOJIbKO MPOMO34K0 — «BGOp-HENTPOHO3axBaTHas
Tepanus». B fTocynapCTBEHHOM Hay4HOM ueHTpe «MHCTUTYyT
Ornodunankm» nevyebHblli npenapar BBEIM CMAHUESIO C OMyX0Jblo
Ha rybe, a 3atem cobaky obnydyanu B peaktope MOCKOBCKOIo
VHXeHepHo-duanyeckoro nHctutyta (MUDOU). OT1a cobaka
cTana BeCcbMa 3HaMEHUTOM (puc. 7), NeYeHne NpoLusio yoadyHo
(«Research and Development in Neutron Capture Therapy».
Bologna, 2002, p.769—773).

Diphexm newenus 6op-HellmpoHosaxeamuoi mepanuei

CerogHs aTOT METOA, pa3BMBaAETCS, UAOYT aKTUBHbIE NCCNEno-
BaHWsi BO MHOMMX CcTpaHax. Ero npyMeHeHne TOPMO3AT yXe He
6opocoaepxalime CoOeAMHEHWS, a MaNlOAOCTYMNHbIE U HEMHOMO-
YMCNEHHbIE PEAKTOPHBIE YCTAHOBKM, CMTIOCOOHbLIE AOCTaBNSATb Y3KMIA
MOTOK HEMTPOHOB.

DOpyrue rpaHm kapoopaHoB

XMk akcnepnMeHTMpoBanu gansiue. [Mockonbky yenex neveHus
BO MHOIOM 3aBUCUT OT KOJIMYECTBA aTOMOB 60pa B MOJIEKYNE, OHU
Hayanm CMHTEe3MpoBaTb Npenapartbl CAeayoWero NokoneHns ¢
6oee BbICOKMM coaepxaHmem 6opa. Hanprmep, obbeamHnnm ase
KapOopaHOBbLIE MONEKY/Ibl C MOMOLLBIO KOHaNLTa, KOTOPbIA BXOAUT
B CTPYKTYPY 060X MHOFOMPaHHNKOB. 3aTeM BBeNN GyHKLNOHASb-
Hble rpynnbl, HeOOXoaUMbIe A1 MOCNEAYIOLErO CBA3bIBAHUS C
6uomonekynamu. NMockonbKy Bce Nosly4eHHbIE COEANHEHNS UMEIOT
VIOHHBI XapakTep, To 3T1 kapOopaHbl BOAOPACTBOPUMbI (puUc. 8).
CWHTE3 Taknx COeaMHEHNN A0BOJILHO CJIOXEH, HO €CNN OMbIThbl
NMOKaXyT, YTO OHM AAl0T 6onee BbICOKMIA nevebHbI 3 dekT, To 1x
NPOW3BOACTBO, KOHEYHO, HAaNaasT.

8 X = OH, NHg, CH(NH)2COOH
Coedunenue ¢ 18 amomamu 6opa

Bop-HenTpoHO3axBaTHasa Tepannsa pasBuBaeTCs, HO MNoka He
crana obLwenoctynHoi. CerogHsi camast pacnpocTpaHeHHas npak-
THKA JIEYEHMS OHKONIOTMYECKNX 3a60NEeBaHNIN — XMMMUOTEPANUS.
MpUMEHSIOT, B 4aCTHOCTU, LMCMIATUH — KOMIMAEKCHOEe Coeau-
HeHne nnaTtuHbl. lccnepoBaHus nokadanu, 4to addekTuBHee
YHUHTOXAIOT PAKOBbIE KNIETKM OpraHnyeckue Npon3BoaHbIE ON0Ba,
HO OHM 3aMeTHO 60J1ee TOKCUYHbI, YeM uucnnatnH. KapbopaHsl n
TYT MPUrOAUNCH: BbIICHWUIIOCh, YTO OHU PE3KO CHUXAKOT TOKCKY-
HOCTb COEAVHEHWI ONOBA, COXPaHSS UX NPOTUBOPAKOBYIO aKTUB-
HOCTb (puc. 9).
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Onosocodepycauyuii npenapam

Takune npenapaTtbl BO MHOMO pa3 addekTnBHee umcnnaTnHa, nx
y>X€ UCMNOSb3YIOT 4NN IeYEHUS1 MeNTaHOMBbI, a TakXe OMyX0neBbIX
3a00neBaHUM KMLLIEYHMKA.

Mpwn oHKoNornyeckmnx 3aboneBaHNSX NMOMMMO NEYEHNS BaxkHa
CBOEBpPEMeHHast AnarHoctunka. Yrobbl yBUAETb OONbHLIE KIIETKM,
B OpraHn3m BBOAAT BELLECTBO, KOTOPOE HakanameaeTcs B 60sb-
HbIX TKAHSIX M COOEPXUT PEHTFEHOKOHTPACTHY0 f06aBKy, 0ObIYHO
37O U30Ton noga . B COOTBETCTBUM C MPUHSATON HA CerofHs
METOAMKON B OPraHnU3mM BBOAAT Pa3fiNiHble aMUHOKUCNOTbI, CO-
nepxxatume atoT nsoton. K coxanerutio, cBadb C—| HectabunbHa B
XMBOM OpraHn3me, 1 MeTka AOBOJILHO ObICTPO yXoauT U3 obnactu
ONarHOCTUKM.

BopoBooopoaHbIe KapKkackl MOMOIN PeLnTb U 3Ty Npobnemy.
Cesi3b B—I| 3ameTHO cTabunbHee, 4em C—I, a cBsi3biBaHME C
6enkoBbIMM MOJSIEKYSTaMU OMYXOJEBbIX KNEeToK obecrneynBaeT Ta
camas u3oTuoumaHaTHas rpynna. 3ta rpynna B3auMoAeNCTByeT C
aMMHOrpynnamMm natosiornieckrx 6esKoB, NO3BOJIAS HAKanMBaTb
npenapar B onyxonu (puc. 10).
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Cea3vi6anue KapOopana, cooepicaulezo
PAOUOAKMUBHYI0 MEMKY, ¢ NAMOAOUMECKUM OeAKOM.
(Ces3b amoma uoda ¢ kapkacom o3Havaem,

9 YMO MOYHOE NOAOIICEHUE AMOMA U00A
He onpedeneHo.)

B nepcnekTyee HamMmeveHo Takxe UCNosb30BaTh GopaHb! a9 fe-
YeHUa PEBMATONIHbLIX aPTPUTOB METOA0M 60p-HENTPOHO3aXBaTHOM
Tepanun. BO3MOXHO, OHa COCTaBUT KOHKYPEHLMIO COBPEMEHHbIM
XMPYPrMYecKknM MeToAam Unm Jaxe 3aMeHUT UX.

Xumunio 6opaHoB, 60raTyto 1 MHTEPECHYIO camy No cebe, MOXHO
MCMOJIb30BaTh He TONbKO AJ15 PeLLIeHUst MEOULUNHCKMX Npobnem.
Hanpumep, nponssBogHoe kobanbT-kapbopaHa adpPeKTUBHO
Nnpu 3KCTPakLM1 PaamoakTUBHBIX M30TOMOB LE3Us U CTPOHLMS
13 OTXOA0B A4ePHbIX NPOM3BOACTB. ONOBO-, MbILLbSK- U CYpPb-
Macogepxalime nponsBoaHble kapbopaHOB NepcrnekTUBHbI
[OJ151 ICMOJIb30BaHUS B MUKPO3IEKTPOHUKe. HecomMHeHHo, 6yayT
HageHbl M HoBble 061acTu, rae kapkacHble 60p0oBOA0POALI MPO-
JEeMOHCTPUPYIOT CBOW YHMKA/IbHbIE Ka4ecTBa.
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Ckonbko ¢ppaHuma Ha 3emne? OuyeHb
mMarno: He 6onee 30 rpamMm BO BCeli 3EMHOM
kope. MNpuymHa B TOM, 4TO CaMblii JONro-
XUBYLLMIA N30TOM 3TOr0 PaAN0aKkTUBHOIO
MeTanna uMmeeT nepuog nonypacnaga
0OKOMO ABaauaTn MnHyT. A o6pasyeTcs oH
B pAdax paaMoakTUBHbIX MPeBpaLleHni
ypaHa 1 Topusl Kak Ao4YepHUi npoaykT
pacnana aktuHmsa. COOTBETCTBEHHO, 3Has
coAepXaHue ypaHa 1 Topusi, MOXHO Mo-
CYMTaTb, CKOJIbKO (ppaHLMSA eXeCeKyHOHO
00pasyeTcs 1 CKOJIbKO — UCHE3AEeT.

Kro npuayman ¢dpaHumin? 310 coenan
A.N.MeHpeneeB, KOTOPbLIA NPeAnono-
XKW, 4TO B FPYMMe WeNoYHbIX METaNI0B
SIBHO He xBaTaeT 0oJiee TAXENOro, 4em
ueanii, anemeHTa — akauesus. Okucb
TaKOro a51EMEHTA, MO ero MHEHWIO, JOJTKHA
OblTb CaAMbIM 3HEPINYHBLIM OCHOBAHUEM.
Becb 3eMHOM 9Kaue3nin n3-3a BbICOKOM
peakunoHHOMW cnoCcoBHOCTN OO0NIXKEH
BCTpEeYaTbCs B BUAE CONEN, NPUYEM
MX pacTBOPMMOCTb — camas 6osbluas
130 BCEX COJIEN LWENOYHbIX METasOB.
Mo aToih HaBoake 87-1 3NEMEHT U cTanm
MCKaTb TaM, FAe MHOIMO WENOYHbIX 3fe-
MEHTOB — B COJIEHOM BOAE OKeaHa nan B
307J1e OT CXuUraHusa pacteHnin. beaycnew-
HO. Bugnmo, nocnegHuin onbiT TAKOrO
poaa npeanpuHsan XMMmMk n3 GUpPMnH-
remckon MyHuumMnanbHOM TeXHNYECKOWN
wkonbl IxoH HbtotoH dpeHp — B uione
1925 roga oH cbe3aun B He4aBHO OCBO-
OOXAEHHYIO OT TYpOK NanectuHy n B3an
npoObl BoAbl MepTBOro Mopsi B MECTE, MNO-
panblie ot yctbs Moppana. MNMpepnonaras,
4YTO PacTBOPMMOCTb XJlopmnaa akauesus
BblLLE, YEM Y XJIOPUAA Kansl, OH METOAOM
nepekpucTanimaaumm o4ncTun sogy ot
BCEX APYrUX XJIOPUAOB. A 3aTEM U3 MOy-
YEHHOro KOHLUEHTpaTa ocaaun Kpuctanibl
xfopnnarmHaTa Kanms — U3 XMMUYEeCKMX
coobpaxeHuii cnenyet, 4TO B HEM-TO U
[OoJKHa ObITb COMb 3Kaue3us. YBbl, HU
M3MePEHNS MNOTHOCTU, HN AaHHblE On-
TUKWU WKW PEHTreHa HOBOro aJeMeHTa
He BbiIgBMAKW. Tak NosiBUNacb rmnoTesa,
4YTO 3TOT 3NEMEHT — PAANOAKTUBHbLIN U
HEOONTOXMBYLLMIA, Bnaro okpyxatroume
ero B Tabnuue Mengeneesa pagun n
pPafioH K TOMY BPEMEHU OblI N3BECTHLI
(«Nature», 1926, 117, 789—790). Toroa
X€e aHaIorMyHyo MAE BbiCKasasn 1 Npo-
deccop A.K.[Jobpocepaos, YnTasLLMii B

3TO BPEMS KYPC HEOPraHN4YeCckomi XMMmnm
B OO0eCCKOM TEXHUKYME TEXHONOINN
3epHa 1 Myku. NoaobHble coobpaxeHus
3acTaBWIM BEAYLLMX PAANOXMMUNKOB, Ha-
npumep OTTO MaHa, BKIOYMTLCS B OXOTY
3a 9N1eMeHToM-87 — OHW ruckanu cnenbl
€ro aKkTVMBHOCTM B psgax paganoakTUBHO-
ro pacnaga akTuHus, HO 6e3ycneLlHo.
BbINIO N HECKOJBLKO NTOXHbLIX HAXOO,0K — MO
PEHTrEHOBCKUM CMNeKTpaM aKaue3unmn
noA HasBaHMEM ankanauHuim, BUPrnuHUN
1 MONJaBaHNM Haxo4unm B HEKOTOPbLIX
MUHepanax, HO NOTOM AoKa3aTefibCTBa
OTKPLITUS KyOa-To ucyesann. B obuiem,
y6eamTb Hay4HOe COOBLLECTBO HE yaaBa-
nock BnoTb Ao 1938 roaa.

Kak okpbinu ¢paHunin? 31o coenana
6naropaps TwaresbHOMY BbIMOJIHEHUIO
xumMunyeckom metogmku Mapraputa Nepe,
yyeHnua Mapum Cknogosckori—Kiopu. MNo-
cTynue B 1929-M B napuxcknin Pagnesbiii
MHCTUTYT, OHA 3aHMMasiacb N3BJIEYEHNEM
M OYMCTKOW aKTUHUA. JTa-To paboTa un
yBEHYaNacb yCnexoMm.

Ewe B 1914 rogy aBctpurickmue paguno-
xumunkn CtedaH Maiiep, BukTtop lecc u
dpuppux MaHeT 3ameTunv anbda-4acTm-
Libl, 06pasytoLmecs, NPennonoXmMTeNbLHO,
npu pacnage akTuHuUA-227. Jo4epHum
NpPoOAyKTOM, B 3TOM C/ly4ae, A0JIXEH ObITb
dpaHunii-223, ogHako gokasaTesbCcTBa
Torga cobpatb He yganocbk. Mapraper
Mepe noBTOpPUIA NX ONbIT. 115 TOro, YTOObI
[0oKasaTb — YacTuupl IETAT UMEHHO NpU
pacnaze akTUHUS, a He NPOTaKTUHUS, HYX-
HO ObI10 TLWATENBHO OYNCTUTL Er0 OT BCEX
npumecen n npoaykTos pacnaga. OHa
cymena BblCaanTb N3 pacTBOPa OCHOBHbIE
N3 HUX — TOPUI, paanii. A 3ateMm — 1 cam
akTuHUin. OcTaBWNIACA pacTBOP Aasan
3aMeTHOe B6eTa-nanyyeHne ¢ Nnepnoaom
nonypacnaga 22 MuHyTbl. MICTOYHMKOM
MOr ObITb TOJIbKO LLENOYHOW MeTan, B
yem lMepe ybegunack, BbiCaaMe Usnyya-
IOLLNE aTOMbl MEPXJIOPATOM aMMOHUS.
Mony4ymBIMecs KpucTanibl gasanm Ty
xe 6eTa-akTMBHOCTb. ITO ObIIO Aoka3a-
TENLCTBO — aKTUHWUI Npu anbda-pacnage
NOPOXAAET LLLENOYHON BeTa-mn3nydaternb;
OH He MOXET ObITb HMYEM, KPOME dpaH-
umsa-223 (NogpobHOCTM CM. B «XMUU U
XU3Hu», 1974, N2 11). CnycTa gecsatb net
anemeHTy, oTKpblToMy Mapraputon lNepe,
nanu HasBaHue dpaHuuii, Fr. OH okasan-

Fr Y

223,0197 ::2
Ts!
OPANUNN

OJIEMEHT Ne...

Ccsl NOCNEAHMM 3JIEMEHTOM, OTKPbITSM
Ha 3emre Tak, ckasaTb, eCTECTBEHHbIM
nytem. MNocneayoowme oTKpbITUS Gblnn
yX€e CBsi3aHbl C YCKOPUTEbHBIMU 3KC-
nepuMeHTaMu.

Kak MO>XHO nony4uTb 4Ynctbii ppaH-
unin? Ectb Heckonbko cnocobos. lMepe
C Konjleramu Bblgensna ero ¢ NoOMOLLbIO
BymaxkHoin xpomarorpadum n3 pacTeo-
pa, cogepxawiero akTMHum, — ppaHunin
nerko gBuraetcs ¢ GPoOHTOM pacTeopa
M OTKNaAblBaeTCH Y>XX€ B CAMOM KOHLLE
OymadkHOM neHTbl. 3aTtem, korga ppaHuunii
CTanu nonyyarb B YCKOPUTENSIX, NpuayMma-
I XMMWYECKME METOoAbl ero BblaeseHuns
M3 06Ny4YeHHbIX MULLIEHEN. Takoe Bbl-
JeneHve 3aHMMaeT OeCAaTKU MUHYT; TO
€CTb, 3Ha4YUTENbHAsA YacTb GpaHUUs KO
BPEMEHN U3BJIEYEHNS yCcneBaeT pac-
nacTtbcs. 3Ty paboTy Aenanu, kak BUOHO,
M3 Hay4dHoro nbonbiTcTBa — 4TOOHI
YCTaHOBUTb ONTUYecKne N pusnko-xmmMm-
Yyeckre CBOWCTBA 3eMeHTa 1 3anofIHUTb
OaHHbIMK Benylo s4eiiky B nepuoguye-
ckon Tabnuue: B 60—70-e rogbl HUKTO
BCepbE3 1 HE Npeanonarasn, 41o GpaHuumn
MOXHO Kak-TO ucrnonb3oBaTb. OgHako
Cnocob0B ero nosly4eHns Ha yckopuTte-
e npuayManu Heckosibko. HaunHanocbh
BCe ¢ 6omMBapOMpOBKM ypaHa U Topus
aapamMm Bogopoaa. Tak, HaumHasa ¢ 1948
roga ¢ppaHumn-212, 218, 219 n 220 3a-
dukcupoBanu npu pacnage npoaykToB
obcTpena TOpMEBON MULLEHU OENTPOHA-
MW Ha CUHXPOTPOHE B bepknu. B ly6He,
obcTpenneas ypaH NpoToHaMm, nosyyanu
DONroXmByLWmin — 19,3 MUHYTbI — P paH-
unin-210. NMponsBognTENbHOCTbL OblNa
Takon: 3a 15 MUHYT 06y4eHMs B OOHOM
rpamme ypaHa nosny4danocb 5-10-® rpam-
Ma ppaHuma. 3atem nownm obcTpensl
6onee TaxenoimMu agpamu. B 1967 rogy
dpaHunii-214 Hawnm B NpoaykTax pac-
naga akTuUHUS, KOTOPbI/ BbipabaTbiBanm
60M6apaMpPOBKON MULLEHU U3 BUCMYTaA
aapamu yrnepoga Ha yckoputesne B 1y6-
He. C koHua 60-x rogoB Ha JInHenHOM
yckopuTtene Taxenbix noHos (HILAC)
B Bepknn 6ombGapanpoBKO CBMHLA
M Tannusa saapamMm asoTa U HEeOHa Bbl-
aBunn dpaHunii-215 n 216, obecTpenom
3010Ta, CBMHLA, Tanaus KNCNOPOAOM,
6opomM, yrnepoaom nonyimnum epaH-
umin-204—2211, 213. Ctpensas npoToHaMu
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Mo MULLIEHU N3 XNAKOro onosa, B 1969
rogy Ha cuHxpoTpoHe B LLEPHe nonyyunnmn
TSXENble, TO eCTb 6orarble HEMTPOHaMU,
n3otonbl ppaHuna — 224,225 n 226, B
1975 rogy Tam xe no6bn paHunin-229,
6ombapampys NPOTOHAMWN MULLEHb U3
ypaHa ¢ naHtaHom. CamMbll TaXenbli
dpaHunii-233 coenanm B 2010 rogy Ha
[AapMLITaACKOM CUHXPOTPOHE UHBIM CMO-
cobom — 6ombapampys Nerkyto MmLLIEHb
13 6epunnng TEXenbiIM1 NOHaAMU ypaHa.
Cawmbii nerkmin dpaHumin-199 — B 1999
rogy B AnoHun Ha umknotpoHe RIKEN:
Tam o6CTpenMBann MULLIEHb U3 Tynus
aapamMun aproHa. Kak BMUgHO 13 3TOro
nepeyHs, CCneaoBaTeny NPosIBUAN N3-
psOoHOE OCTPOYyMME U M3BOPOTINMBOCTL B
NoCTaHOBKE CBOMX OMbITOB, BEAb MOMUMO
6oMbBapaAnNpPOBKN HY>KHO ObIIO eLle pas-
LEennTb NPOAYKThl SAEPHbBIX peakunin n
[OCTaTO4YHO HAZEeXHOo X naeHtnbuum-
poBaTb, 4TOObI B 3TO MOBEPUIIM KONErU.
OpHako, Ans Yero Hy>kHa BCs 9Ta rpaHav-
03Has paboTa?

3auem HyXxeH ppaHumnin? lNMpakTmyeckun
CMbIC/ FPaHAMO3HOM paboThl No 6ombap-
LMPOBKE MULLEHEN YCKOPEHHBIMU SApaMm
N CKpynynesHowm ¢pukcaumm nponykToB
AAEepPHbIX peakuun n 4o4epHnx aToMoB
MX pacnaga npUMEHUTENBHO K PppaHLmio
BbISICHMIICS B KOHLEe XX Beka. Torga ¢ak-
TNYECKU 3aKOHYMNIICS BaXHbIN, ONNBLUIANCS
BeK, 3Tan passutns Gunankm — bblina npak-

Tnyecku 3aBepLueHa CTaHaapTHas MOAENb
3N1EMEHTapPHbIX YacTul,. Pesynbratom xe
cTann MeyTbl nccnegoBarenein 0 Heko-
en Hoson duanke, 3a npegenamm aTomn
mogenu. MNpuymHa Takmx MeyYTaHuii ove-
BWAHA: 32KOHYMB CO3aHMe Weaespa —a
CraHgapTHas MoAesnb OOVH U3 LLeAEBPOB
COBPEMEHHOI Haykm — 4YesloBEK-TBOPEL,
Ha4yMHaeT 3a4yMbIBaTbCs O JanbHenLwen
paboTe, a ee-To HanMyne 3aKOHYEHHOIO
wenespa kak pa3 n He npegnonaraet. A
4TO Xe, BECb HAKOMJIEHHbIN OMNbIT, BCE 3TN
OrPOMHbIE YCTaHOBKW, COBEPLUEHCTBYE-
Mbl€ OECATUIETUAMU, TEMEPL CTAHOBATCS
He HYXHbI? Hukakon nccnepoBaTesb
HUKOr4a HE CMUPUTBLCS C 3TOW MbICbIO.
A 4TOObI CTPOUTL HOBYIO DU3KNKY, HY>XXHO
HanTn apdekTbl, He BNUCHIBAIOLLNECS B
CtaHgapTHyo Moaenb. Takux adpdekToB
NPeAnosIoXXeHO HECKOJILKO, a K ppaHLmio
MMeeT OTHOLWEeHNe Tak Ha3blBaemMoe Ha-
pyweHune 4yeTHocTn. OHO BO3HUKAET, B
YaCTHOCTU, KOrga BO BHYTPMATOMHbIE
coObITVS, onNpeaensiEMble KyJIOHOBCKUM
B3aMMOAENCTBMEM, BMELLUNBAIOTCS CUJbI
cnaboro B3anmopencTeus. O6bIYHO NO-
[O6GHbIE OMNbITbl — AOCTOSHUE PU3UKU
BbICOKMX SHEPIU, ONepupytoLen nyy-
KaMK YCKOpPEeHHbIX YyacTuu. OgHako, kak
0oKa3anocb, MOXHO M3y4yaTb Takoe BMe-
LaTenbCTBO NPWU BMOJIHE HOPMAaJbHbIX
YCNOBMSIX, @ UMEHHO paccMaTpumBas aHo-
Manmmn GayopecueHUMN NN NOMIOLLEHNS

YeTHOCTb B aTOMaXx

[MOHSATb, KAKOW CMbIC/1 COBPEMEHHbIE HU-
31KV BKNIaAplBaIOT B TEPMUH «4ETHOCTb>,
Henerko. OgHako Nopow nccneposare-
NSIM yAaeTcs CTOoNb rNy60oKO BHUKHYTb
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B npo6neMy, 4YTO OHWM HAYMHAKT N3bAC-
HATbCS 6Gonee-meHee NPOCTbIMN N AaXe
MOHATHBIMW MHOMMM cnosamu. lNpun-
MepOM TakKoro nonynsgpHoOro N3noXxeHus

CBeTa TAXENbIMW aToMaMu. DNIEeKTPOaM-
HamuKa HEKOTOpPbIE Nepexoapl 31eKTPOHa
B aTOMe 3anpeLuaeT, TO eCTb, CBET COOT-
BETCTBYIOLEN ONVHbBI BOJIHbI MONY4YnUTb
Hesb351, @ HapyLLeHME YEeTHOCTU UX HOrAa
paspeLuaer. [lorimas Takow 3anpeLLEeHHbIN
GOTOH, a OH POXAAETCS B OOHOM Chy4ae
Ha KBagpwInoH, Gnank NOANPbLIFHET A0
Hebec, a ONyCTUBLUMCH Ha 3EMJII0, Hanu-
LeT CTaTblo, KOTOpas MOXET MPUHECTU
emy Hobeneckylo npemuto. IMeHHO Ha
aToMax LWenoYyHbIX MeTannoB CTaBUTb
Takue OnbITbl 0O4€Hb YAOOHO: Y HUX OOVH
BaNI€HTHbIN 3NEKTPOH Hapg, MOJSIHOCTbIO
3arnofHEHHbIMW 3IEKTPOHHBIMIU 0600Y-
Kamu. Takor aTtoM Ierko paccymTbiBaTh,
a 3aTeM CpaBHMBaTb pPe3yNbTaThl pacyeTa
N U3MEPEHU.

OddekTbl OT Cnaboro B3anmMoaencTaus
BO3pacTaloT Kak 3apsag, agpa B kybe. IMo-
3TOMY 4eM THXKeNEe LWENOYHON MeTann,
TeM MPOLLE N3MEPEHUS -- MHOIO 3KCne-
pYMeHTOB OblJI0 MOCTaBIEHO HA CaMOM
TSXKEIOM CTabWIbHOM LLESIOYHOM MEeTae,
uesuun. M oHn pann Hennoxowm pesynbrar.
Tak, aKCNepUMEHTaNIbHO N3MEPEHHDbIN
cnabblli 3apspg aapa okasancs O4eHb
On1M30K K TEOpeTNYeCcKkn pacCHNTaHHOMY
no CtaHOapTHOW mopenu. 3To cpasy xe
HaNoXWNo onpeaeneHHble OrpaHNYEeHNs Ha
HEKOTOPbIE BO3MOXHOCTN HOBOW OU3NKU.
OpHako HeT Npeaena CoBepLUEHCTBY — U,
3aKOHYMB ONbIThbl HA Le3nn, Gusnkn 3a-

MOXET CIYXUTb BCTYMJeHne K 0630py
«HapyLueHusi 4eTHOCTU B aTOMax», ony-
6nmkoBaHHOMY Mapu-AHHOM n Knogom
Bywbsa B xxypHane «Reports on Progress
in Science» (1997, 60, 1351—1396). 910
Te caMble NCCNeNoBaTENN N3 NAaPUXXCKOMN
BbicLlen HOpManbHOM LWKOSbl, KOTOPbIE
noTpaTuin MHOTO CUMT Ha U3y4YeHUe Ha-
pyLUEHMS YETHOCTM B atoMax Lesus. Nx
3KCMNEePUMEHThLI NO3BONNNN J0OUTLCA
BaXHOro pesynbrarta: Bnepsble 6bI10
YCTaHOBJIEHO Hanuuune y sapa HOBOro
cBowcTea — cnaboro 3apsiga. Ero senu-
YyMHay Le3ns okasanacb pasHa —72,1; aTo
Ha 1,1 6onblue, 4eM aaeT Teopus (Tenepb
HY>KHO pa3bumparbes: Takoe pacxoxaeHme
— NPOCTO oLLnbKa B pacHeTax unm oobek-
TVBHas peasibHOCTb 1 MPOSIBIIEHME HOBOW
dU3KnKK, BO BCAKOM Clly4ae HEKOTOPbIE
OrpaHMYeHNs Ha YacTULbl HOBOM GU3n-
KM 9TUM PE3y/bTaToOM HanoxeHbl). OHK
Xe NpeanonoXnan, 4To ganbHenwmnn
nporpecc B U3y4eHun cnabbix BHYTPU-
aTOMHbIX B3aMMOOENCTBUIN BO3MOXEH B
X0[4e MCCNefoBaHuii atoMoB dpaHuns,
NPUYEM XenaTesibHO pa3HblX U30TOMOB.
MprBenem KpaTkuii NeEpeBOL N3 3TOro
0630pa Mx paccyxaeHuin o npobnemax
YETHOCTY B aTOMax.



MwuwweHb n3 3onota
WM NATUHDI

My4yok noHoB
Kucnopoaa
13 yckoputens

06na4ko NOMMaHHOIO
dpaHumns

LinpkoHueBbIi HeTpanusaTop
Yy BXOA,a B IOBYLUKY

AyMasiMCb O CAMOM TSXKEJIOM LLENIOYHOM
MeTanne — dpaHuuK: y Hero namepsie-
Mble 3pdEKTbI A0SKHbI OblTb B AECATKM
pa3 cunbHee. OQHaKo ANs NPOBEAEHMS
n3mepeHunii Tpedyetcs cobpaTb B 0AHOM
MECTE He CYMUTaHHbIe aTOMbl 3TOrO ane-
MEHTa, a ThICSAYM U faxe MUINOHBI. Tak B
KoHUe 90-x ro0B BO3HMK 3arpoc Ha Mac-
COBOE MNPOM3BOACTBO aTOMOB dpaHLus
— nccneposateny ctaam NPoeKTPOBaTb
dabpukn 3TOro aNemMeHTa.

Kak ycTtpoeHa ¢abpuka ¢ppaHuma?
MaccoBoe Npon3BOACTBO 3TOMO 3N1EMEH-

YeTHOCTDL
B KJlaccu4yeckom pusuke

KoHuenums coxpaHeH st N HapyLLEHNS YeT-
HOCTM He BbIMSONT UHTYUTUBHO NOHSTHOW.
HencreutensHo, apdekTbl HApyLLIEHNS
YETHOCTU HE BXOAAT B YMCNO OOBLEKTOB,
C KOTOPbIM CBSI3aH MOBCEOHEBHbIN OMbIT,
M gaxe B GU3NKE MMEIKOTCS OFPOMHbIE
obnacTu, rae 3ToT BONpPOC BOBCE He 3aTpa-
rmeaeTcs. [pn 9TOM XOTS caMo siBieHNE
KacaeTCcs TakoW NMpOCTEeNMLLEN onepaumn,
KaKk CUMMETpPUS CBOMCTB 0ObekTa npwu
3epKanbHOM OTPaXeHUN, TPAANLNOH-
HO faBaeMble OMNpefeneHns YeTHOCTH
HUCKOJIbKO HE MOMOralT MOHMMaHUIO
npegmeta. Bnpoyem, OHO CTaHOBUTCS MO-
HSATHBIM, ECNW AepPXXaThb B rOJIOBE UCTOPUIO
OTKPbITUS HAPYLLEHWNSI YETHOCTW.

MHorve npupoaHble 06bLEKTHI CyLLe-
CTBYIOT B [IBYX Pa3HbiX popMax, KoTopble
CTaHOBATCSA MOEHTUYHBLIMU MPY 3EPKASIbHOM
OTPaXeHM OOHOWM U3 HUX, Kak rnpasas u
neBas pyku. B xumum a1o aBneHne npo-
ABNSAETCH KaK XMPanbHOCTb MOEKYJ,
KOTOPbIE COCTOSIT U3 OHUX 1 TEX )KE aTOMOB
1 obnagalT 0AMHaKOBBLIMU CBOMCTBAMMU,
noka 3T0 He KacaeTcsl UX 3epKasibHoOro
pasnuuuns. Hanprumep, NNockoCcTb NoNspu-
3aUMM NPOXOASLLErO CBETA OHW BpaLLIAtOT B
NPOTVBOMOJIOXHBLIE CTOPOHBI, U Tak NEBble
MOJEKYSIbl YOAETCA OT/IMYUTL OT MpPaBbIX.

MarHuTHas KaTywka

CreknsHHas
JIOBYLUKA

JNasepHbiit nyy

Dabpura ¢panyus é ynusepcumeme Cmonu-bpyx

Ta Npexnae BCEero cB3aHo ¢ 06CTpenom
MuLLeHn 13 3onota-197 aapamu kncno-
pona-18. B aToM cnyyae cpasy BO3HMKAOT
aTombl dpaHums-215, a He ero npegLie-
CTBEHHUKW B LLEMOYKE PaANOAKTUBHbIX
pacnanos. OoHaKo OHU CIAMLLKOM ropsiyu;
136aBnaloTCA OT JINLLHEN SHEPruu, Bbl-
©pacbiBast HENTPOHbLI — TakUM CNOCO60M
HEJb35 NOJIYYUTb TAXENble N30TOMbI,
TONbKO Nlerkve, HemTpoHaebunTHble. V13-
MEHSIS SHEPIUIO aTOMOB 4P KMCN0poaa,
MOXHO J06UTbCS NPENMYLLECTBEHHOIO
CUHTE3a onpeaesieHHbIX U30TONoB hpaH-

OpHako ecnv Mbl BO3bMEM JIEBYIO MOJIEKYSTY
C NPUCYLLIM e BPALLLEHVEM MII0OCKOCTM NO-
nspusauuu, To B 3epKasie yBuaMm npasyto
MOJIEKYITY C COOTBETCTBYIOLLIIM BPALLEHNEM
MIOCKOCTW. DTN MONEKYJSIbl COXPaHAOT 3ep-
KaJIbHYIO CUMMETPUIO, TO €CTb COXPaHSIOT
YETHOCTb.

B atomax xupasnbHble CBONCTBA BO3HU-
KaloT He N3-3a PasnNnN4HOro pacrnoioXeHus
COCTaBASAIOWMNX UX YacTen, a u3-3a Toro,
4TO B3aMMOAENCTBUS MEXAY 3TUMMK CO-
CTaBAdOWMMM NpeanoYmTaT 0OHY
opueHTaumio GrU3n4eckoro NPOCTPaHCTBa
apyron. Nonpobyem NponioCTPMPOBaTh
3TO NpuMepoM. Ans nHamemayanbHbiX
aTOMOB HET reOMETPUYECKON XMpabHO-
cTn. Jlio6as xMpanbHOCTL B rpyrny atToMoB
MOXeT OblTb NPUBHECEHA N3BHE, Harnpu-
Mep NPUIOXEHNEM BHELLIHETO MarHUTHOIO
Mons UM 3a CHET BbICTPANBAHUS BCEX NX
CMNWHOB B OHY CTOPOHY. Bes atoro niobomn
aToM, BUAMMBIN B 3epKase, HEOT/IYUM OT
opuruHana. [aearite npeanonoxum, 4To
B 9TOM CUTyauum Mbl N3y4aem nornoLue-
HME aToMamMu NMoAsipU30BaHHOIO CBETA U
obHapyxunBaeM, 4TO TONIbKO N1eBONONSA-
pP130BaHHbIE GOTOHbI MOMIOLWATCH. ITO
OyneT o3HavaTb, 4TO B 3epkasie Mbl JOJIK-
Hbl YBUAETb MNOIOLLEHME TOJIbKO MpaBbiX
($OTOHOB TOYHO TakUMKM e atomamu. Cne-
[0BaTeNbHO, CUTyaums 0EMOHCTPUPYET
KPaMHIOIO CTEMNEHb HAPYLUEHUS YETHOCTW.

SJIEMEHT Ne...

uma — 208—211, npuyem ppaHumin-210
1 211 Becbma OONroxuveyLime, ¢ nepuo-
AO0M nonypacnaga 3 MUHYTbI, C TakKuMu
M30TOMNaMm yxe MOXHO paboTatb. Ecnu
MCNONb30BaTh MNAATUHOBYIO MULLIEHb, TO
nony4ntcsa ppaHumnn-212 ¢ nepuoaom
nonypacnaga 19,5 MuHyTbl. ¥YBbI, C NNa-
TUHOW paboTaTb TPyAHEE, YEM C 30/10TOM.
Bo-nepBbix, 3010TO — MOHOU30TOMHO, a
nnaTtuHa — HET, a BO-BTOPbIX, Y NAATUHbI
BbICOKas Temneparypa nnasneHus. 310
BaXXHO: AJ151 NErKOro otaeneHns dpaHums
OT MULLIEHUW, MOCNEOHIOI0 HAAO Yy Tb JIN HE
pacnnasuThb.

[MoCKONbKY 30/10TO — MHEPTHbLIN Me-
Tann, d¢paHunii He o6pasyeT C HUM
XUMNYECKNX COEANHEHUA N €r0 NOHbI
Nerko OTAeNsTCS OT ropsyen 3010ToMn
nnacTuHku. Janee n3 HUx GopmMmpyoT

MbI NnpekpacHO 3HaeM, 4TO B peasibHOCTH
Takoro Hukorga He npowucxoaut. Bo Bcex
y4ebHMKax HanncaHo: B OTCYTCTBME NONS
npaso- 1 IEBOMNONAPU30BAHHbLIN CBET
OAMHaKOBO B3aUMOOENCTBYET C CUCTEMOM
HEOPMEHTNPOBAHHbIX aTOMOB.

OpHako ¢ Havana 80-x ropoB XX Beka B
HE3aBNCUMbIX U TLLATESNBHO BbINMOIHEHHbIX
aKCcnepmMeHTax OblI0 3aMedyeHo, 4TO
npyv NCNyCKaHUM 1 nornoweHum ¢oTo-
HOB aToMamMu HebOonbLLOE NpeanoYTeHNe
JIEBO- UM NPABONONSPN30BaHHbIX POTO-
HOB BCe-Taku NposiBASETCSH Unu, ecnum
chopmynmpoBatb 6onee obuie, Npo-
ABNSAETCHA NPeAnoYTeHne onpeneneHHomn
opueHTaummn GU3n4ecKoro NPOCTpPaHCTBa.
OddekTbl 04eHb Marnbl, pa3HnLa BEPOsT-
HOCTEN 3a4eNCTBOBAHHbLIX NPOLECCOB
coctasnseT 10°°—105. Tem He MeHee OHU
nokasbiBaloT 6eccnopHOe NposBieHnEe
HapyLUEHNS YETHOCTU B aTOMHOM $dU3u-
Ke. Jaxe cTonb HNYTOXHbIE 3P DEKThI
Haxo4sATCsa B MOJSIHOM MPOTUBOPEYUMN C
3aKkoHamMu anekTpoguHamukn. OHM CBU-
[eTenbCTBYIOT O CYLLECTBOBAHMM B aTOMax
HeKoero BTOpOro B3anMo4encTauns, KoTo-
poe Bce urHopuposanu Brnotb Ao 1970-x
rogos. 1o Tex nop atom cyutanu cucre-
MOW, yrnpasnsseMon 9NeKTPOMarHNTHbIM
B3aumoaencTenemM, 6e3pasnnyHbiM K
JIEBOMY 1 NPaBOMYy.
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My4y0K 1 HaNpPaBASaoT B JIOBYLUKY. Tam Ha-
xoantca ¢ponbra ua ntrtpus. lNonaswmne
Ha Hee MOoHblI dpaHuKns, BO-NEPBbIX, Te-
PSIOT CKOPOCTb, TO €CTb OXJIaXAalTcs,
a BO-BTOPbIX, NPUOOPETAIOT 3NEKTPOH
M CTAHOBATCH HEMUTpasibHbIM aToMaMMu.
Bpemsa oT BpemMeHu nttpuesyio Gonbry
HarpeBatoT, N HAKOMMBLUNECS B HEV aTOMbI
dpaHums oceoboxpatoTes. PpaHumeBbIn
nap 3anosiHaeT JIOBYLLKY M NOnagaeT no
JNIY4NM LLECTM Na3epoB: OHM cO3paloT
ONTUYECKYIO NaToky. B Hel aToMbl oxnax-
LAl0TCHA 4,0 MUJTIMOHHBIX A0N1EN KENIbBUHA
n cobupatotca B obnavyko nocepeaunHe
NOBYLUKKN. JLOMNOMHUTENBHO 3TOMY CMO-
cob6CcTBYET MarHMTHoe none. Tenepb €
06,124KOM MOXHO MPOBOANTbL 3KCNEpPU-
MEHTBI.

[MepBbIMY 3010TO—KMNCNOPOAHYIO da-
OpuKy dpaHuma 3anycTunm 27 ceHTabps

YeTHOCTBb
B KBAHTOBOW MeXaHUuKe

B kBaHTOBO MexaHUKe roBOPSAT HE O
3epkanbHON cummeTpumn, a 06 oTpa-
XEHUN NPOCTPAHCTBA, UMEHHO K HEMY
MMEET OTHOLLEHME OMNepaTop HYETHOCTU.
OTpaxeHne onpenenseTcs kak takoe
npeobpasoBaHue, Koraa Kaxgas Toyka
NpocCTpaHcTBa C KOOPAUHATAMU r npe-
BpaLLLAeTCs B TOYKY C KOOpAMHATaMu —r.
Mono6Hoe Nnpeobpa3oBaHme He N3MEHSIET
M3BECTHbIE PU3NYECKNE B3aNMOOENCTBUS,
1 obpalleHne NPoCTPaHCTBA — CUHOHUM
3epKasibHOW CUMMETPUN.

MepBble NOA03PEHNS, HTO COXPaHEHUE
YETHOCTW NPU OTPaXEHUM NPOCTPaH-
CTBa MOXET He OblTb YHMBEPCAJIbHbIM
3aKoOHOM, nosBunuck B Havyane 1950-x B
dun3nKe anemMeHTapHbIX Yyactul,. MNMnoHbI
1 K-Me30Hbl — 3TO YacTuLbl C HYJIEBbIM
CMUHOM, UX CENYAC cYMTaOT KOMOUHaALN-
el KBapk—aHTMKBapK. 3aragka CoCTOUT B
TOM, 4TO MHorga K-me30Hbl pacnagatoTcs
Ha [ABa NMOHa, a UHoraa — Ha TpW, TO eCTb
noslyyaloTCcs ABa pa3HbIX COCTOSAHUSA C
MPOTUBOMONOXEHHON CYMMapPHOW YETHO-

1 CeBepHoM nonywapuu; apdekT HarnsaHoO BUAEH
B MPOTMBOMONOXEHHON 3aKPYTKE LIMKIIOHOB.

3AMETKU ®EHOJIOrA
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Mpasuno 6ypasyunka, OHO Beab pasHoe B tOXHOM

To eCTb BUXPb HE PABHOAYLLEH K OPUEHTaUVM NPOCTPaHCTBRA.
Ecnu n3 HapyLleHnst HeTHOCTM CrieayeT, 4To U aToMy
OpueHTaLmsa NpocTpaHcTBa Hebe3pasnmyHa,

1995 ropa nccnegoBartenn n3 rpynnol
dpaHuMeBON CNEKTPOCKOMUN YHUBEP-
cuteta CtoHn-bpyk . BoT kak onnceiBaeT
3TO COObITUE rMaBHbIA UOeoNnor ¢ppaH-
umesoro npoekta Jlync Opouko: «bbino
Y>K€e 3a NOSIHOYb, KOrAa s 3aKOHYWI OTYET,
KOTOpPbIA HaAo 6bI10 caaBaTb yTPOM. Mbl
pPacnofoXmnancb B KOMHaTe yrnpasfieHus
yckopuTenem, ganeko oT MecTa pac-
MoJIOXEHMS NOBYLIKW. TaM y Hac 6blan
TENIEMOHUTOPbLI M KOMMNbIOTEPLI O Ha-
6n100eHns 3a curHanom. 9 He cMoTpen Ha
MOHMTOPBbI, @ YMTas CBOMN OTHET U BPEMS
OT BPEMEHW pasrnsabiBan amua Konner.
9 3ameTun, 4TO UX BblpaXeHne cTano
MEHSATBLCS, U Nogyman — 4TOo-TO MO0
He Tak. Ho HeT, Ha akpaHax Obln curHan,
KOTOPbIA CTAHOBWJICS BCE SipYe U ipye
Mo Mepe Toro, kak Mbl moacTpansanm ya-
cToTy nadepos. OH Len UMEHHO OTTyAa,

cTblo. CnepoBartesibHO, UK NMpU 3TOM He
COXPaHSIETCH YHETHOCTb, U K-Me30H — 3TO
OBYXKOMMOHEHTHOE COCTOSIHME C NPOTMBO-
NONOXHbLIMU YETHOCTSIMUA.

OCHOBHOW NpUHLMN BGONbWMHCTBA
3KCMNEPUMEHTOB C HECOXPAHEHNEM YeT-
HOCTW — COMOCTaBUTb COOTHOLUEHUS
nepexonoB Mexnay ABYMS peasibHbiMU
COCTOSIHUSIMU U MEXAY UX 3epKasibHbIMU
OTpaXeHUsAMUN. DTO COOTHOLLIEHNE Ha3bIBa-
€TCs CTeneHb NeBO-MNPABO aCUMMETPUU;
€C/I1 OHa He paBHa HY/I0 — MoJsy4yaeTcs
3KCnepuMeHTanbHOE A0Ka3aTeNbCTBO
HapyLweHnsa yeTtHocTn. CTeneHb NieBo-
npaBoii aCMMMeTPUM — MNCEBAOCKANSp.
To ecTb OHa He MeHSIeTCS NMpu NOBOPOTE
NPOCTPAHCTBA, a NPW 3epKajibHOM OTpaxe-
HUW MeHSEeT 3HaK. Tak NOsIBUNOCH 30/10TOE
NpPaBuIo OMNbITOB MO U3YYEHUIO HapyLle-
HUS YETHOCTU: HYXHO CKOHCTPYMpOBaTh
KaKyto-TO NCEBAOCKANSPHYIO MEPEMEHHYIO
1 NPOBECTUN e€ 3MepeHuns. Ecnm sHaveHme
OKaXXETCS OT/INYHBIM OT HYJISi — HapyLUeHne
YETHOCTM UMEET MECTO.

B 1957 roay By LI3siHbCIOH 1 ee Kon-
Nern NpoBesin NepBbiii 9KCNEPUMEHT
Takoro poga. B Hem ncnonb3oBanu sapa

He 03HavaeT nn 3TOo:
y BceneHHol ecTb OCb BpaLLeHns?

OTKyAa Mbl OXuaanu, u Obial B COTHM pa3
cunbHee, yem paccuutbiBanm! Mbl BOC-
MPUHSNN CUrHaN ¢ COMHEHMEM U NPOBENN
onbIT ewe pa3. CnycTs HECKOJIbKO 4acoB
Mbl Ha4Yanu npasgHoBaTb U JONTO He
MOIIM OCTaHOBUTLCS». B noByLlke Torga
okasasnocb 3 TbiCs4M atoMoB dpaHuuS.
CnycTs ceMb IeT UX yXe ygaBanocb
cobupatb no 50 ThicAY WTYK, a pekopn,
cocTtaBun 200 Teicay. OgHako ans npo-
BEAEHNS 3KCNEPUMEHTOB 3TOr0 Mano,
HEeoOX0AMMO HaMOJIHATL JIOBYLLKY MYy4KOM
dpaHuMeEBbIX aTOMOB MHTEHCUBHOCTbIO
MWJIJIMOH LUTYK B CEKYHAY.

Fne ceituac cTposaT pabpuku bpaHuma?
Hanbonee 65113ka Kk 3aBePLUEHMIO YCTAHOB-
Ka, ons Kotopon OpouKo 1 ero konneram
yoanocb B 2008 rogy HanTn puHaHCNpo-
BaHMe B aMepunKaHCKOM HaLI,I/IOHaﬂbHOM
Hay4YyHOM ¢oHae. lNnowaakon ang pasme-

Kob6anbta-80, CNUHbLI KOTOPOro Gbinn
opueHTupoBaHbl. Npn 6eTa-pacnage
0Kasanocb, YTO 3neKTpoHaM He 6e3pas-
JINYHO, B KAKOM HanpasJfieHUN BblneTaTb
13 s4pa — OHW NpeanoYmnTann 9To Aenatb
npoTuB crnmHa. C TOYKM 3pEHNS TEOPETUKOB,
cuTyauus Buirnaamt Tak. CnvH sgpa — 3T1o
Yr1I0BOW MOMEHT, TO €CTb BEKTOpP, €ro
nponsBeaeHne Ha MOMEHT 3/IEKTPOHa
OKa3blBaeTCcs NCEBLOCKANSPOM, NpUYem
OT/INYHBLIM OT HYNS — 3TO Nokasas OonblT,
BbISIBMBLUWIA NPeanoyYTuTenbHoe Harnpas-
neHve noneta 6eTa-aNekTpoHoB. To ecTb
Mbl BUOVM SIBHOE HapyLleHne 4eTHOCTU. B
NOCNeayloLWnX MHOTOYNCNEHHbIX 3KCne-
PYMEHTax YCTaHOBJ/IEHO, YTO HapyLleHue
npaBoO-NeBor CUMMETPUN GU3NYECKOTO
npocTpaHCcTBa nopoxpaaeT cnaboe B3a-
MMOLENCTBNE, KOTOPOE JIEXUT B OCHOBE
6eTa-pacnaga.

HapyweHue yeTHOCTH
B aToMax

Cnabble B3anmMoaencTBus cea3aHbl C
0O6MeHOM YacTuuamMm — KanmbpoBOYHbI-
MU 6030HaMu. OHM NOA06HbI GOTOHAM,
KOTOPbIE YH4ACTBYIOT B 3JIEKTPOMArHUTHOM
B3anMOOencTemnun. B otnnume ot anekTpo-
HelTpanbHbiX GOTOHOB, KanMOPOBOYHbIE
6030HbI W NW-, — a 10 70-X roi0B TONBLKO
MX 1 CBA3bIBAIN CO CnabbiM B3anMoaei-
CTBMEM, — 3JIEKTPUYECKNI 3apaa UMEIOT.
MoaTomy 1 cumTanocs, 4To cnaboe B3an-
MOJENCTBME U BbISBBAHHOE MM HapyLleHne
YETHOCTU HE UMEIOT OTHOLLEHUS K DdU3MKe
cTabunbHbIX aTOMOB. B camom gene, ans
obecneyeHns CTabUbHOCTV B3anMoaen-
CTBME OOJIKHO COXPaHATb MOEHTUYHOCTb
yyacTBylOWMX B HEM YacTuy,. A go 70-x
ronoB BCE M3BECTHbIE MPOLECCHI, CBSA-
3aHHble co cnabbiM B3aMMOAENCTBUEM,
NPOUCXOAUAN C UBMEHEHNEM 3NEKTPU-
4eCcKOoro 3aps4a B3anMoAeNCTBYIOLWMX
yacTuu,u, Takum 006pas3om, C UBMEHeHnem



LLLEHMS BbIOPAIN YCKOPUTENbHBIN KOMIMEKC
TRIUMF B kaHanckom BaHkyBepe.
lMockonbky 3TO GbIN BCE-TAKWU YyXON
YyCKOpUTESIb CO CBOMMU Tpaguunsammn,
NMPULLIOCb 0TKa3aTbCs OT OTNIaXXEHHOW
30/10TO—KNCNOPOAHON METOANKU: B
BaHkyBepe pa3orHaHHbIM My40K Npo-
TOHOB ObET Mo MuUWeHn nu3 kapbuaa
ypaHa. B peaynbtare nosy4aetcs MHOro
M30TOMOB, B YaCTHOCTWU, NOA4 MUInaps,
MOHOB ¢paHuus, KOTOpble NonagalT B
noByLKYy. KOHEYHO, C HUMKW MOTYT NIETETL
1 Apyrne ockoJikK1 SoepHOM peakuumm, HO
nasepbl HACTPOEHbI UMEHHO Ha (ppaHuun,
ocTasbHble e 6/1aronosly4Ho NoKNOAT
nosywky. UTTpuesyto ¢onbry npucnoco-
Ounnn CnyXxuTb eLle 1 gBepLen: Kaxable
[BajuaTb CeKyHA OHa noBopaynBaeTcs,
3aKpblBas NOBYLIKY — BblNyckas Tyga
HaKOMUBLLUNECSH aTOMbl U HE MO3BOASA

VX MOEHTUYHOCTU (HanpumMep, HEMTPOH Npu
6eTa-pacnaze CTaHOBUTCSI MPOTOHOM).

OpHako B 1961—1968 ropax LUennoH Jin
Mmawoy, CtneeH BanHbepr n Aéayc Ca-
nam (um B 1979 roay nanyt Hobenesckyto
npemMmuio Nno ¢pusmke. — lMNpumeu. pea.)
NOCTPOUAN MaTeMaTUYECKYID MOLENb
cnaboro B3anMoaenCcTBmst U 06HapPYXnn,
YTO OHO, KaK W 9IEKTPOMArHUTHOE, €CTb
nposiBeHne eanHoro anektpocnaboro
B3auMOLENCTBUSA. BaxHbIM cneacteuem
Teopuun cTano npeackasaHme HOBOTO,
He3apsXeHHOro kannbpoBo4HOro 60-
30Ha, Z° 3T10T 6030H AoMmKeH obnagatb
XMpanbHblM NOBEAEHNEM, TO €CTb OH
M3MEHSIET CBOE COEANHEHNE C COCTaB-
NFI0WMMN BELLLECTBA NPU 3epKaibHOM
oTpaxeHnn. Ho nockonbky 3apsaay Hero
HeT, 9TO HEe MEHSIET NOEHTUYHOCTM B3au-
MOAENCTBYOLMX YacTuL, JencTBUTENBHO,
Z°-6030H CBS3bIBAETCS C HACTMLLAMK BELLE-
CTBa — KBapkamu, 31eKTPOHaMN — ABYMS
cnocobamu: BO-nepBbiX, Kak GOTOH (M ero
MOXHO paccMaTpuBaTh Kak O4€Hb TSHKESbIN
GOTOH), a BO-BTOPbIX, Kak NCEBAOCKANSP.
Hanpumep, cnna ero cBs3u ¢ 3N1€KTPOHOM
nponopuMoHasbHa renMkonaanbHOCTH
nocnegHero, To eCTb CKaaspPHOro nNpo-
OyKTa YMHOXEHUSI BEKTOPOB CKOPOCTU U
cnnHa anekTpoHa. Kak n nonapmusaums
doTOHA, renMkonaanbHOCTb 9NeKTpoHa
0OKa3blBAETCH HEYETHON NpU OTPaxXeHuu
npocTpaHcTea. Takas ABOMCTBEHHAd Npu-
poaa Z°-6030Ha 03Ha4aeT, 4HTO 0OOMEH UM
MexXxay S4POM 1 9NEeKTPOHOM MPUBOAUT
K HapyLUEHMNIO YETHOCTM NMpPU OTPaxXeHUn
nNpPOCTPaHCTBa.

Mo aHanorm c anekTpuyecknm 3aps-
nom aapa Mol B 1974 rogy BBeNM NoHATME
cnaboro 3apsiga. 1o cpaBHEHMIO C Kyno-
HOBCKWM, XMpajibHOE B3aMMOOENCTBNE
AAPO — 9JIEKTPOH MMEET ropasao MeHb-
wuni pagnyc gencrteua. Cnabolii 3apag,
anpa unrpaet ponb GyHAAMEHTaNbHOMN
KOHCTaHTbl aTOMHOro anekTpocnaboro

MM BbUIETETb HAPYXy, MOKa OHW He 3a-
nyTaiTCs B onTuyeckon natoke. llocne
oxnaxaeHus obnavyko atoMoB BGepexHo
nepemMeLlaloT BO BTOPYIO NOBYLLKY, B KO-
TOPOWV MAET NX HakonneHue v roe oyayt
n3MepsaTb cnekTpbl. B ceHTabpe 2012
roga ycraHoBka Obina cobpaHa. Vccne-
JoBarensaMm BblAenuan Asaguatb 4acoB
paboTbl ycKOpUTENs ANS ee NPOBEpPKM.
MM ypanocb cobparh B TOBYLLKE YETBEPTb
MWJIMOHA aTOMOB dpaHums, 4To 6bIIo
coyTeHo ycnexom. Jletom 2015 roga oHu
OOKNaabiBany O BbINMOSIHEHUN CreayioLLe-
ro aTana - B UCCNIeA0BaTeNbCKYIO TOBYLLIKY
yoanock ycnewHo nepemectnts 40% Ha-
KOMJIEHHbIX B paboyeil I0ByLLUKE aTOMOB
dpaHuma, TprYemM OHM COXPaHANNCH TaM
B TeyeHune npumepHo 20 cekyHA,. ABTOPbI
aKcneprMeHTam 3TUM YAO0BETBOPUINCH
— NS HUX O4EBUAHO, YTO 3aga4a cobpatb

XMpasbHOro B3aMMOLENCTBMSA, a €ro Ha-
nnyme oTpaxaeTt npumeyaTenbHblli GakT:
MHEPTHOM MaTepummn Hallero Mupa He 6e3-
pasnuyHa opueHTauus NpoCTPaHCTBRa.

HecoxpaHeHue 4yeTHOCTHU
B CTaOMUNbHbIX aTOMax
n spepHas pusuka

JleBo-npaas acCMMMeTPUS BO BCEX OMbl-
Tax aTOMHOW GU3KKM O4EeHb Mana, 00blI4HO
6-10-%, B akcnepumeHTax r-xm By cuty-
auunsa nHas: neBo-npasasi aCMMMETPUS
nosiBNsIeTCA B pe3ynbrate nHTepdepeH-
LN MeXAy YETHOM N HEYETHOW 4YacTsaMm
onepaTtopa nepepacnpenesieHns 3aps-
XeHHbIX W-6030HOB. Y HUX OANHAKOBbLIN
nopsaoK BENUYUHLI, OTTOro u adpdpekT
oKa3blBaeTCs 3HAYUTENbHbIM, IEFKUM
ONs uaMmepeHust. B Hawmx akcnepumen-
Tax C Lue3nem cutyaums nHas. YetHoe
3/IeKTPOMarHuTHOe B3aMMopaencTeme
npeobnagaeT Haf HeYyeTHbIM cnabbiM, a
YyeTHasi YHacTb NOC/eAHEro NPeHebpexXMo
mana. lHorga cnpawvBaloT: Kakow CMbICH
CTaBUTb Takne 3KCMEPUMEHTbLI CNyCTS
COpOK NEeT nocnie Toro, Kak HapylweHue
4YeTHOCTW B aTomax 6b1no 3adprKCMpPoOBaHO
r-xxou By, pa ewe npu 6onee Taxenblx
ycnoBusax akcnepumeHTa? lMNpuynHa B
cneaywouwem. N3yyeHmne HapyweHumn
YEeTHOCTM B CTabuibHbIX aTOMax paeT
BO3MOXHOCTb MCCNenoBaTb COBEPLUEHHO
HOBYIO 0011aCTb 3/1EKTPOCIabon GU3nNKK,
M3y4aloLLEeN He 3apSKEHHBIE TOKN, CBA3AH-
Hble ¢ W-6030HaMn, a TOKU HeNTpasbHble,
Bbl3BaHHble Z°-6030HOM. B cTabunbHbIX
aToMax Ux MOXHO NoapobHO NccnenoBaTb.

Boobue, paboTta ¢ anektpocnabbim
B3aMMOLENCTBMEM NPEACTABNSET BaXXHOE
HanpaesieHne aaepHon dusmku. OHa Ha-
yanacb B 1973 roay, korga B LLEPHe 6b1nn
OTKPbITbl HEMTPAJIbHbIE TOKM MPY pacces-
HUW HENTPUHO Ha sapax. pyrnm BaxXHbIM
coObITUEM CTaIo0 OTKPLITUE NPABO-N1IEBOM

B JIOBYLIKE MWIJIMOH aTOMOB dpaHumns
BMOJIHE pELLaemMa, 1 Tenepb XOyT HOBO-
ro BblOeNeHNs BPEMEHM YCKOPUTENS AN
NPOBELEHNS OKCMEPUMEHTOB. [NaBHbLIN
M3 HUX — MOUCK CBEYEHUS OT 3aMpPEeTHbIN
NepPExXon0B 3/IEKTPOHOB MeXAY BHELLHU-
MK s-opbuTanamm atoma dpaHums.

Cxoxyto yctaHoBky B 2013 roay nbi-
Tanncb NOCTPOUTb AMOHCKME GU3NKN B
yHuMBepcuTeTe TOXOKY, 04HAKO COOBLLEHNI
006 ycnexe He NoCcTynasno. 3aTo UTanbsHubl
n3 HaumoHanbHoW nabopartopuun B Jln-
HbsiHO ¢ 2014 ropa cTpoaT dabpuky Ans
CuHTE3a ppaHUMe Ha 30J10TOMN NOOJTOXKE
M yXe NpoBOAAT CNEKTPOCKONMUYeckmne
nccnenoBaHns.

MPOBJIEMbl U METOAbl HAYK

acuMMmeTpum npu rmyboKo-Heynpyrom
paccesiHMM 3/1eKTPOHOB Ha AENTPOHax,
coenaHHoe B CtaHdopae B 1978 roay.
B cBSI3M C 9TUM BO3HWKAET BOMPOC:
HaCKOJIbKO LEHHY MHpopmauunio ob
anekTpocnabom B3anMoaencTBMM MOTyT
NPefoCTaBuUTb aTOMHbIE 3KCNEPUMEHTHI,
KOTOpbIE CTAaBAT NPU HECOMNOCTABMMO
MEHbLUNX SHEPIUSX, YEM B YCKOPUTENb-
HoM dun3mke? Ha camom pene um ectb
4yTO NpenoxuTb. Hanpumep, Hanbonee
NPeun3noHHbIe N3MEPEHMNS Ha LEe3nu
nokasanu NpUHLUNManbHO HOBbIE MPO-
AB/IEHUS HAPYLIEHUS YETHOCTU: OHa
oKasasiacb YyBCTBUTENbHA K 3aBUCSLLNM
OT cnuHa cnabbiM B3aUMOLENCTBUAM
BHYTpU aaep. OoHa M3 rmaBHbIX 3a-
[ay 9KCNEPUMEHTOB MO HapyLIEHUIO
YETHOCTM B aTOMax COCTOWUT B TOYHOM
n3mepeHun cnaboro 3apspa sapa. Ho
€CTb 1 gpyrue BaxHble BONpockl. MoxeT
1N 9KCMNEPUMEHT NoKasaTtb, KTO CAYXUT
rnaBHbIM UCTOYHMKOM cnaboro B3anmmo-
0encTBnst — NPOTOH UV HENTPOH? MOXHO
N N3y4aTb PacnofioXeHne HEMTPOHOB B
A[pe Ha OCHOBAHUWN OAHHbIX O HapyLle-
HUM YETHOCTN B psigax naotonax? MoxHo
nn HabnwaaTb XMpPanbHblA 3NEKTPOH-
ALEPHBIA NOTEHUMANn B 3aBUCUMOCTU OT
aaepHoro cnuHa? Kpome Toro, Kak 3Hatb,
MOXEeT OblTb, HAPYLUEHNS YETHOCTU Ha
BHYTPMATOMHOM YPOBHE, GaKTUYECKN —
NPeAnoYTEHNE BHYTPMATOMHbLIMU CUNaMU
OJHOW OpuEHTaLMM NPOCTPAHCTBA, NPo-
ABNAIOTCA HE TOJIbKO BHYTPWU aToMa, HO 1
Ha COBCEM ApPYroM YPOBHE OpraHmM3auum
MaTtepum — B XMpPasbHON acuMMeTpumn
Bronornyeckmx Mmonekyn?

Mopgrotosun kaHangat
dU3NKO-MaTeEMATUYECKNX HAYK
C.M. Komapoe
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lNpoXxapeHHbIn

no rpadeHa TocT

lpbynna nccnegoBarenei, kotopas paHee
npoAeMOHCTPMPOBaaa BO3MOXHOCTb
nony4eHuss rpagpeHa n3 wokosnana,
MEePTBbIX HACEKOMbIX U faxe cobaybux
akckpemeHToB («ACSNano», 2011, 5, 9,
7601—7607; doi: 10.1021/nn202625¢c),
B HOBOW paboTe coobliaeT, 4To C no-
MOLLbIO /1a3€POB MOXHO CHOPMUPOBaTh
y4acTtok rpageHa Ha Tocte («ACS Nano»,
2018; 12, 3, 2176—2183,doi: 10.1021/
acsnano.7b08539). Cosparenn T0CTOB
C rpageHoBbIMU y30pamMu YyTBEPXKAAIOT,
4YTO WX TEeXHOJIOMUIO MOXHO MPUMEHSTb
J17151 HAHECEHUS 3JIEKTPOHHBIX METOK Un
CEHCOpPOB HENnocpeaCTBEHHO Ha MPOAYK-
Tbl MUTaHUS, — obpasyroLyniics rpagpeH
npoBoaAnM 1 0b6s1aaaetT aHTUMUKPOOHBIM
AevicTBneM.

Mo MHEHUIO PyKOBOAUTENS NCCNEN0BaHNS
Ixenmca Typa n3 YHusepcuteta Parica
(kcTatn, 310 oH B 2003 rogy CUHTE3UPO-
Bas «HAHOMYTOB», CM. «XUMMIO N XN3Hb»>,
2004, 4), rpadeHoBbIE CEHCOPbLI MOryT
nokasbiBaTb, HE 3arpsg3HeHa nu nuwa
KMLLEYHOM Nano4yKon, HE Pa3MOpPaxXmnBam
N1 ee (ecnm NPoAyKT NpoaaeTcs B 3aMo-
poxeHHoM Buae). B 2012 ropy nccneposa-
Tenu n3 rpynnel Typa BNepBbie Noay4uimn
«Nnas3ep-nHAYyLMPOBaHHbIV rpadeH», noa-
Beprasi 6orarble yrnepoaom marepuansl
BO34ENCTBMIO Na3epHbIX MMMYNIbCOB.

Xonoooctonkum
JINTUN-UOHHbBbIN

aKKyMynaTop

Pa3paboTtaHbl INTUIA-NOHHBIE aKKyMYJISITO-
Pbl, KOTOPbIE HE TEPSIIOT MPON3BOANTESTb-
HocTv rpu Temnepatype —70°C. B nepcriek-
TVBE Takme akKyMyJsIITOpbI MOrYT YyHLUNTb
paboTy cMapT@hOHOB 1 ISIEKTPOMOOUIEN
B 3MIMHEe BPEMS, a TakXXe okas3aTbCs Mno-
JIE3HBIMW AJ151 TEXHVIKU, SKCIITyaTtvpyemoi
Ha 60/IbLUNX BbICOTAX, N AJ151 CIyCKaeMbIX
annaparos, UCCAEAYIOLLNX MOBEPXHOCTb
HebecHbix Tes1 COSTHEYHOU CUCTEMbI —
nnaHeT v vx criyTHUKoB («Joule», 2018, doi:
10.1016/j.joule.2018.01.017).

Kak BCceM M3BECTHO M3 IMYHOrO OnbITa,
aKKyMynaTopbl B cmapTdoHax, nneepax
1 OpYyron NopTaTUBHOW 3NIEKTPOHNKE HA
MOpOo3e ObICTPO pas3pskaTCs UM NPo-
cTo nepectatoT paboTaTb. Mpn -40°C
NIUTUN-NOHHbIE aKKYMYNATOPbLI TEPSAIOT
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MHorokpaTtHoe
o6nyyeHue
nasepom

Yrnepopacopepxaluuii NpoayKT,
Hanpumep KOKOCOBbIi1 opex unu xneé

[MponcxoanT «rpadeHnpoBaHme» npu-
MEPHO Tak: MnepBbIn NasepHbIi MNYJbC
rnpespawaeT yrnepoaconepxawmn ma-
Tepuan B aMopPdHbIN yrnepos, Hanpumep
B noAropenbiii xned, a BTOPoOn n Tpetui
MMIMyNbChl MPEBPALLAIT aMOPdHbIN yrne-
pona B rpadeH. Becb npouecc 3aHnmaeTt
HECKOJ1IbKO MUIITMCEKYH/L,. Takon CKOPOCTU
yAaeTCsa AOCTMYb 3a CHET pacdOKyCUpPOB-
KN N1a3epoB, Npu 3TOM MNATHA OT Pa3HbIX
Nla3epHbIX Iy4ein MOryT nepekpbiBaTheCs,
YTO 9KBUBANIEHTHO NPUMEHEHUIO MHOXE-
CTBEHHbIX JIa3E€PHbIX MMMYJIbCOB.

Typ ¢ konneramm NPOAEMOHCTPUPOBA-
NN, Kak npensioxXeHHYI UMN MeToOAUKY
MOXHO MNPUMEHATb AN NOJIy4eHus rpa-
deHOBbIX MEeTOK 4eTkon ¢popmbl. B kave-

+55°C

-70°C

IpadeHoBas meTka

CTBE [JokasatefnbCTBa OHM HapucoBaaun
Ha kycke xneba rpadeHOBbIN NOroTUn
YHusepcuteta Panca — rotuyeckyio R.
Kak okazanocb, HoBast METOAMKA XOPOLLO
paboTaeT Ha MmaTepuanax, 6oratbix JIMrHU-
HOM, — Ha Npobke, 060/104KE KOKOCOBbIX
OpEXOB U KapTodenbLHOM KoXype.

B nepcnekTuBe y4yeHble NnaHupyloT
KOMMepunann3npoBaTb TEXHOOIMUIO,
HagescCb, YTO «annaukaunm» u3 nasep-
VMHOYUMPOBAHHOIO rpadeHa MoXHO byaet
MPUMEHSATb HE TONbLKO AN onpeneneHns
KayecTBa NULM, HO 1 aNnga ae3vHdekuum
BoAbl. OQHaKo A0 3TOro HeoBXoAUMO
BbISCHUTb, 6e30nacHbl 1 rpadeHoBbIe
MEeTKM AJ19 300P0BbS YenoBekKa.
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Jluanason pabombi HOBbIX AKKYMYAAMOPOB



0o 88% emkocTtu. MoaToMy B XONOAHbIX
pernoHax, Ha 60JbLIOW BLICOTE U B KOC-
MWUYECKOM MPOCTPAHCTBE A5 INTUIA-UOH-
HbIX aKKyMYNSTOPOB NpeaycMaTpuBaoT
TepmMounsonaumio n nogorpes. BoiBaet
[aXe, 4TO 13-3a CJIOXKHOCTU TEXHNYECKNX
peLLeHniin nogo6HOMro poaa akkyMysaTopsl
3aMeHSII0T 0AHOPa30BbIMY UCTOYHUKAMU
3NEKTPUYECKOr0 TOKA WU CYNEPKOHAEH-
catopamu.

MoHnXeHNne NPON3BOANTENIBHOCTU
JINTUN-NOHHbIX aKKYMYJISTOPOB NPU HU3-
KMX TemMneparypax CBA3aHO C TEM, 4TO
YBEJINYMBAETCSH BA3KOCTb PACTBOPUTENSI-
3N1EKTPOSINTA — OH AaXe MOXET 3amMep3-
HYTb. I3MeHeHUs B 3neKkTponuTe npu
NMOHMXXEHHBIX TEMIEpaTypax 3aTpyaHsIoT
VN 0enaioT HEBO3MOXHbIM NMepemMeLLe-
HUE MOHOB JINTUS MEXAY 311eKTpoAaMMU
akKymMynsiTopa B npouecce 3apsaku v
pa3psaku. Kpome Toro, Ha Xonone MOoHbI
JIUTUS HE MPOHUKAIOT BHYTPb rpaduto-
BOr0 aHO4A aKKyMyJisiTopa, a NMokpbIBaloT

3N1eKTPOo, clloeM MeTanin4yeckoro nnTus,
CrnocoBHOro nerko Bo3ropatbest.

Ons co3paHna 6e30MacHOro akkymy-
naTopa, He Tepsowero adpekTnBHOCTA
npu NOHMXEHHOW TemnepaTtype, OHs0
Cs, cneumannct no Gpuanyeckomn Xmmmm
13 dypnaHbCKOro yHMBEPCUTETA, peLumns
MCNO0JIb30BaTb B KAYE€CTBE 3/IeKTponmTa
3TunaueTar. 3To BeLecTBO 3amMmep3aeT npu
—84°C n He cTaHOBUTCS BoNee BA3KMM Mpu
MOHWXEHWM TEMNEPATYPbl. Heckonbko net
Hasag yxe coobLianocb O TOM, 4YTO 3TU-
naueTaTr MOXHO NPUMEHNATb KakK 3/1eKTPo-
NUT ONS NINTUA-NOHHBIX akKKyMynsiTOpOB
(«Electrochimica Acta», 2015, 154, 287—
293; doi: 10.1016/j.electacta.2014.12.093),
0JHaKo NoBeAeHNE akkyMynsTopa C Taknum
3NEKTPOSIUTOM NPU HU3KUX TEMMNepaTypax
He naydann. Ca pewmn ato coenartb. Korga
ncenenoBareny U3 ero rpynmnbsl CKOMou-
HMPOBANIN 3NEKTPONUT U3 3TuUnaueTara c
00bIYHBIMY 3NeKTPoAaMN INTUIA-NOHHOIO
akKkymynsitopa, npou3BoanTENbHOCTb

Takoro MCTOYHMKA NMUTaAHUS oka3anacb
HEBbICOKA.

Torpa Cs v ero konnerv 3aMeHuIn anek-
TpoAbl, coenaB NX N3 3N1eKTPONPOBOOHbIX
nonumepos. MNpu 3apspke anekTpoaa
aHOZL, 13 NONIMMMMAA BCTYMNaeT B peakumio,
CB$I13bIBast NOHbI INTUS; NPOTUBOMOHBI NPU
3TOM abCcopObMpyOTCS Ha KaToae 13 Non-
TpudeHnnamumHa. Npwu paspsake akkymy-
NATOPa XMMUYECKMIA MPOLLECC NMPOTEKAET B
obpaTHOM HanpaBIEHN, MPONCXOAMNT Bbl-
cBOOOXAEHNE MOHOB NUTUS N Aecopouus
aHMoHoB. HoBbI akkymynsaTop paboTaeT
B TeMnepaTrypHoM uHTepsane ot +50°C oo
—70°C; npn —70 °C oH coxpaHseT 70%
E€MKOCTU, XapakTEPHON A1 KOMHATHOMN
Temnepartypbl. K coxaneHuto, noka oH
MMEEeT HM3KOE HanpsixXeHne Bbixoga —
Bcero 1,2 B. Cs ¢ konneramu npogosxkarT
paboTaTtb C 3NEKTPONNTOM 1 MaTEPUASIOM
3NEeKTPOA0B, YTOObI YBENNYUTL NPON3BO-
OVTENIbHOCTb CBOEro akKyMynsaTopa.

Camagq piMHHaa I

CBA3b

yrnepoa-yrnepop,

Xumumdeckyto cBsidb C—C, CBOVICTBEHHYIO
OPraHn4ecknM CoeamHeHWsIM, o rnpasy
MOXHO CcYnTaTh camou nsy4eHHou. Kasa-
J10Cb, YYEHbIE AAaBHO Y3HaJIn O HEV BCe,
o4Hako pes3ysbTatbl HOBOro 1ccsenoBa-
HUS1 rOBOPSIT, 4TO 3TO He Tak («Chem»,
2018, 4, 4, 795—806, doi: 10.1016/j.
chempr.2018.01.011)..

PaHee 6bIn0 YyCTaHOBNEHO, YTO OAMHAPHbIE
CBSAI3Y YIMEPOA-YIMEPOA, AJIMHA KOTOPbIX
B cpearem 1,54 A, MoxHO pacTsHyTb ¢
NOMOLLBID 0OBbEMHBIX 3aMeCcTUTENEN.
OTTanknueasicb, OHU BbIHYXAAlOT yaa-
NATbCA APYr OT Apyra 1 atoMbl yrnepoaa,
C KOTOpPbIMU CBSI3aHbl, — COOTBETCTBEH-
HO YBENMYMBAETCH pPaCcCTOSHUE MeXAy
HUMW, TO eCTb yanuHseTcsa ceadb C—C.
TakaHopu Cyasyku u KOcyke Ucurakm ¢
Konneramun n3 YHueepcutetTa Xokkanao
CUHTE3MPOBaNN MOJIEKYNY CO CBSA3bIO
C—C pekoppHoii fnuHel (1,806 A). Takoe
paccTosiHMe Mexay atomamu yrnepoga
NpeBbILIAET HE TOJIbKO MaKCUMasbHYIO
aonuny ceasnm C—C, onpeneneHHylo ¢
NMOMOLLbIO KBAHTOBO-XMMUYECKUX pac-
4eTOB, HO U MMHMMaNIbHOE PACCTOSHUE,
ONA KOTOPOro TeopeTmnyeckn BO3SMOXHO
CBA3bIBAHWE MEeXAy ABYMS yrnepopa-

n («Journal of the American Chemical
Society», 1992, 114 (10), 3980—3981; doi:
10.1021/ja00036a057).

[o atoro pekopa npuHagnexan lNMetepy
LLIpariHepy n AHapeio POoKUHY, KOTOpbIE B

i B(ﬂj;

1,70 A

1,75A

1,51 A

1,723(3) -1,746(3)A

1,771(3) A

1,80A

1,806(2) A

Heiimpanohoie yeneeodopoosi ¢ yonunenHoimu oouraproimu ceszsmu C—C

2011 rogy Nony4mnm coeguHeHne co CBa-
3bl0 C—C gniHoii 1,704 A («Nature», 2011,
477,308—311; doi: 10.1038/nature 10367).
Cyasyku n Ucurakm cHavana npoBenu
KOMMbIOTEPHOE MOAENNPOBAHNE, @ 3aTEM
CUHTE3MpOoBann NPoM3BOAHOE OUCMIN-
po(anbeHsoumknorenTartpneHa), B KOTo-
POM NPEXHNIA PpeKopa, yaanoch yBeNMynTb
na 0,1A. Mpocras yrmepoa-yrmepoaHas
CBf13b B 9TOM COeAVHEHUN noyTtu B 1,2
pasa gnvHHee cesA3nm C—C B ankaHax.
Kak ypanocb nobuts pekopa? XUTpocTb
3aKJII04aEeTCA B CTPOEHUN CUHTE3MPOBAH-
HOro yrneBogopoaa. 310 YCTONYMBOE CO-
eOvHeHue, B CTPYKTYpe KOTOPOro eCTb dpar-
MEHT CO 3HAYUTENbHBIM HAMpPsSXKEHUEM U
[0Ba BbIHYXXOEHHO COMVDKEHHBIX DparMeHTa,
CTPEMSILLMXCS 0Ka3aTbCs HA MakCUMaJIbHO

BO3MOXHOM PacCTOsiHAM Apyr OT gpyra u
pacTArMBatoLLMX CBA3b YINEPOLA-YINEPOA.
CyuwectBoBaHue ca3u C—C 6bino noa-
TBEPXAEHO HAGNMOAEHNEM BAJIEHTHBIX KOJIE-
6aHWi1 3TOV CBS3U B CNEKTPE KOMOVHALUMIOH-
HOro paccesHVs; a ee 4JIMHY ONpenenunm c
MOMOLLbI0 PEHTIEHOCTPYKTYPHOMO aHaNM3a.
CoeovHeHUs1 C SKCTPEMAITbHO AJIMHHBIMA
WJIN SKCTPEMATIbHO KOPOTKUMM MEXATOMHbI-
MUV PaCcCTOSIHUSIMU MO3BONSIOT HaM ryoxe
NOHATb NPUPOAY XMMUYECKOW CBA3U, B
YaCTHOCTM OTBETUTb Ha GYHAAMEHTasbHbIN
BOMNPOC: «[1pyr KaKnx yCNOBUSIX aTOMbI epe-
CTaloT CBA3bIBATLCA APYT C OPYroM?»

Bbinyck noarotoBum
KaHOMAAT XMMUYECKUX HayK
A.N.KypamwinH
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HeHacToqLaqa

KPOBb

Kananaat XmMunyeckmnx HayK

A.N.KypamiunH

«XUMUS N XN3Hb» NPOAOIKAET TEMY
KpOoBe3aMeHuTenem: KakumMm OHU
ObIBAOT, 4TO MeLLaeT nx pazpaboTke
1 BHEPEHUIO 1 4YTO CMOCOOCTBYET.

Hac 6ynet xanatb gpakkap Ha pevige
M SIHTapHbIV NMpc Banranesl,
cBeTes1 u Hekoebum, —
Ho Tonbko yepes TaHeL| Ha cHery,
6arposebivi Banbc [eMorinobuH.
Oner MenBepnes

2016 rogy B CLUA poctaBunun B

O0NbHULLYY 23-NE€THEr0 MYX4YUHY C

reMopparmyeckom KoJijiarncom u
rnoTepen KpoBwu nocne asapun. Meamkm
Mornu Obl CTaBUNIN3NPOBaTh COCTOSHNE
nauneHTa, Nnepesve eMy noaxonsiiyto
no rpynne n pesyc-dakTopy AOHOPCKYHO
KPOBb, HO MOCTPaAaBLUNIA 1 ero POACTBEH-
HUKKN oTKazanucb. OHM BbIN YneHamu
opraHndauumn «Ceuagetenn Merosbl», KO-
TOPbLIM 3anpeLleHbl NepennBaHne KPoBu
1 Npuem npenapaTtoB U3 ee OCHOBHbIX
KOMIMOHEHTOB — 3PUTPOLUTOB, NENKoum-
TOB, TPOMOOUMTOB U/1nn Nnasmel. Cocto-
SIHME NaLMeHTa yXyALWanoch: MOHUXaINCh
yacTtoTa cepauebneHus n gaeneHue,
nagany KoHUeHTpauusa remoriobuHa um
HacbILLeHne KNCNOPOLAOM KPOBU. PelumnTb
npo6s1emMy C NOMOLLBIO IEKAPCTB He MOoy-
4yanoch.

K cyacTbio ans naumeHTa, y Bpader obin
eLe oanH cnocob cnacTyi eMy XM3Hb, XOTS
M HE COBCEM CaHKUWOHWUPOBAHHbLIN, —
yepes3 30 yacos Nocne aBapum NAUUNEHTY
BBEJIN remMoriobrH-accouMnpoBaHHbI
nepeHocYMK Kucnopoga remoniop. 300-
pOBbE NOCTPaAABLLErO CTANO Y/yHLIATLCS,
M OH BbINUcasncs n3 60nbHULbI MEHbLLE
yeM Yepes ABe Hepenu nocrne aBapum
(«Archives of Trauma Research», 2016,
2; 5(2): e30610; doi: 10.5812/atr.30610).

lemMornobu1H-accoumMmMpoBaHHble nepe-
HOCYMKWN KMCNOpoAa UMUTUPYIOT NoBe-
[eHne coaepXallerocs B apuTpoumtax
remornobuHa (MHoraa ux HasblBalOT 3a-
MEHUTENSIMN KPOBU WS UCKYCCTBEHHOM
KPOBbIO). B 4yacTHOCTW, remontop — 3TO
KNCNOpOA-TPaHCNopTMpylowas Xua-
KOCTb, KOTOPAsi NOBbILLIAET KOHLLEHTPALMIO
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o06LLUero 1 nnasmMeHHoro remornobumHa 1
obecneynBaeT AOCTaBKY KMCIOPOaa K TKa-
HAM 1 opraHam. B Eespone n CLUA remo-
rnobuH-accoLMMpPOBaHHbIE MEPEHOCUUKN
KMcnopoaa rnoka euie He ogodpunu ans
NMPUMEHEHUS B KIIMHUYECKOW NMpakTuke,
Nno3TOMY UCMNONb30BaTb 3aMeEHUTENN
KPOBW, KaK 1 MHOIrve Apyrue npenaparbl,
He nony4mBLIne 0PULNATIBHOIO paspeLle-
HWS1, MOXHO TOJIbKO B 0COObIX 0OCTOSATE b-
cTBax, Korga ecTb cepbe3Hasi OnacHOCTb
ONS1 KN3HU U 300p0Bbs NaumeHTa. Kak co-
obLaeTcs B KOMMIOHMKE KOMMaHUM «HbO2
Therapeutics», npon3BoasLLe remontop,
3TOT NPOAYKT HAa CEroiHS Crac XU3HW ABYX
ThICSH YENIOBEK B Pa3HbIX CTPaHax.

Ono6puUTbL HENbL39 3aNpPeTUTbL

Llenb npuMeHeHust remoriobuH-accoum-
MPOBaHHbIX MEPEHOCYMKOB KMCIopoaa —
HEMNoJIHOE 3aMeLLEeHNE JOHOPCKOWN KPOBW.
VX MOXHO MCNo/b30BaTh AN1A NeYeHus
onpeneneHHblX rpynn NaunueHToB, BKIIO-
yas Tex, KTO He MpUeMNET NepennBaHns
[OHOPCKOW KPOBU MO PENIUMMO3HbIM CO-
obpaxeHnsM, a Takxke npu BO3MOXHbIX
OCNIOXHEHUAX. Hanpumep, y nogen c
CEepPNOBUOHO-KIETOYHOM aHEMUEN, KOTO-
pbiM HEOBXOAMMO perynsapHoe nepenun-
BaHWe OOHOPCKOW KPOBU, CO BPEMEHEM
pasBMBaETCs Ha HEe onacHas Afs XXU3HU
MMMYHHas peakums. CyLecTByoT 1 na-
LMEHTbI C PEOKMMM TUNamMmn KPOBU, ANS
KOTOPbIX C/IOXHO HAWTWU OOHOPOB B 3KC-
TPEHHbIX CUTYaLUSIX.

C nomowbto UcKyccmeenHoil Kpo8u MOJNCHO Y8eautums
8peMs XpaneHusi OOHOPCKUX 0P2aHO08, NPeOHA3HAUEHHbIX
045 MPAHCHAGHMAUUU

MckyccTBeHHasi KpoBb Gosiee npakTuiHa
— OHa COBMECTMMa CO BCEMU rpynnamm
KPOBW. XpaHeHue reMornobuH-accounm-
POBaHHbIX NMEPEHOCHMKOB KMUCIOpoaa He
[0CTaBNseT 0COObIX NP06SIEM — reMontop
MOXET XPaHUTLCS HE MeHee TPex NeT Npu
KOMHaTHOI Temneparype, Toraa Kkak apu-
TPOLMTbI OHOPCKOW KPOBW COXPaHSAOTCS
370 Xe BpeMsi TONbKO Npu Temneparype
Huxe —65°C. HeyamButenbHO, 4TO BO
MHOTX CTpaHax Co34aHne CUHTETUYECKNX
3amMeHunTenen Kposm GUHAHCUPYIOT N3 BO-
eHHoro 6toaxeTa. IckyCCTBEHHYIO KPOBb
MOXHO AepxaTb B KabuHe BepTosieTa
MeINUNHCKOM CyX06bl, B yKnaake matum-
Hbl CKOPOV MOMOLLUM UK B XpPaHsLLLENncs
Ha cknage nosieBon antedke. lemorno-
OUH-aCcCoUMNPOBaAHHbLIE MEPEHOCUUKN
KMCII0poaa HeTPyaHO BBECTU B OPraHn3m
ornepaTyBHO U B NMOJIEBbLIX YCIOBUSIX, €CIN
y 4esioBeka CuibHOEe KpoBOTeveHue, a
3TO 3HAYUTENIbHO YBEMYMBAET LIAHCHI
BbIXXUTb. [IpMeEHeHne «HeHacTosLemn
KPOBU» TakXe MO3BOJIIET HEe AyMaTb O
TOM, 4TO AOHOPCKas KPOBb MOXET OblTb
3apaxeHa, — 3Tu onaceHust ctaam oco-
6eHHO cunbHbiMK B 1980-x rogax, Korga
3aroBopuan o Havane anuaemun BUY.
Bo3MOXHO, no aTow npuymnHe HOXHO-
AdpukaHckas Pecnybnuka, B KOTOPOW
3aboneBlnx BUY ropasno 6onblue, 4em
roe-nmbo Ha 3emne, O4HOW U3 NepBbiX



Mopckoii neckoorcun
Arenicola marina — e2o 2emo2no0uH
Yorce cnacaem Yvu-mo HCUsHU

oduvumanbHO paspewnna NnpMMeHeHne
remoniopa (B 2001 roay).

[Moyemy Xxe MeanumMHCKMe perynsaTo-
pbl EBpocoio3a n CLLUA He ToponsaTtcs
paspewnTb KINHNYECKOE NPUMEHEHNE
remoniopa un ero aHanoros? OT4acTu aTo
00YyCnOBIEHO MJIOXO OPraHN30BaHHLIMU
KIIMHUYECKUMU UCTIBITAHUSMWN 3aMEHU-
Tenen KPOBM NEPBOro MOKONIEHUS N UX
peayneratamun. B 2008 rogy Ha ocHoBa-
HUW pe3ynbTaTtoB 16 nccnepoBaHuii NATn
pPas3fNYHbIX 3aMEHUTENEN KPOBU Obl
COCTaB/IEH MeTaaHann3, CornacHoO KOTo-
poMy reMornobuH-accouMnpoBaHHbIe
NepPeHOCHMKM KUCNopoaa 3Ha4nTeNbLHO
YBENMYMBAIOT PUCK CEPAEHHOIO NPUCTYNa
1 npexaeBpemMeHHon cmepTtn («Journal
of the American Medical Association»,
2008, 299, 19, 2304—2312; doi: 10.1001/
jama.299.19.jrv80007).

Mocne nybnukauun ob3opa B penak-
LMo XXypHana AMepuKaHCKOM MeanLH-
CKOM accoupnaumm cTanm nocTynarb NMNCbh-
Ma OT YJIEHOB Hay4yHOro coobLuiecTBa, B
KOTOPbIX FOBOPUIOCE O TOM, HTO OH OblJl
cocTaBneH HenpasuibHo. B 2015 roay
NnosiBUNachk CTaTbsl, B KOTOPOWN yoeanTenbs-

HO [0Ka3blBasoCb, YTO ecnmn n3 o63opa
NCKJTIOYNTb pe3ynbTaTbl NCCliea0oBaHUA
OJHOro N3 NPoAyKToB, paboTy Haf KOTO-
pbiM k 2008 roay yxxe AaBHO NpekpaTuim
1n3-3a ero 6ecnepcnekTMBHOCTU, TO Bbl-
BoA, 06 OMacHOCTW 3aMeHUTeNe KPoBKU
CMeHuUnca 6bl HA NMPOTUBOMOJIOXHbIN
(«American Journal of Therapeutics»,
2015, 22-4, e115-e121; DOI: 10.1097/
MJT.0000000000000009). OgHako MHe-
HVe 06 NCKYCCTBEHHOWN KPOBU yXe OblfIo
chopmMMpOBaAHO — aMepuKaHcKkue un
eBponerickme perynartopbel obopoTa ne-
KapCTBEHHbIX CPeACTB OTHOCATCS K HEWN
OCTOPOXHO M CAEPXAHHO, a PUHAHCK-
pOBaHWE NPOEKTOB MO CO3[AAHUIO U U3-
YYEHUIO reMOrnobunH-acCcoLUMMPOBaHHBIX
NepPeHOCYNKOB KNCIOPOAA COKPALLEHO.
[lBa pazpaboTymka 3aMeHUTENEN KPOBU,
«Polyheme’s Northfield Laboratories» n
«Hemospan’s Sangart», pasopunnce.
PaspaboTaBwaga remoniop KoMnaHus
«Biopure» B 2009 roagy 3asBuna o 6aH-
KpoTcTBe, kynuewas ee «OPK Biotech»
Takxe ctana 6aHkpoTtom B 2014 roay u
Oblna, B CBOIO 04Yepedp, KynieHa komna-
Huen «<HbO, Therapeutics».

OpHako, No MHEHMIO caMux pa3paboT-
4YMKOB, B 9TOW FPYCTHOM CUTyaumn BUOEH
NpocBeT. YnpasneHne no caHnTapHoOMy
Han30py 3a Ka4eCTBOM MULLEBLIX NPO-

BOJIEBHU U JIEKAPCTBA

nykToB 1 megukameHToB CLLUA (FDA), kak
M aHanornyHble CTpykTypbl EBpOCOI03a,
HauyMHaeT 6onee agekBaTHO OLLEHUBATb
MUWHYCbl 1 MIOCbl MPUMEHEHUS UCKYC-
CTBEHHOW KPOBW B KIIMHNYECKOM NPaKTUKE.
CtounT ynomsiHyTb, 4to B 1989 rogy B CLLIA
Obin paspelueH dnyo30s, NepeHocUmnka
KNCNopoaa Ha OCHOBE NePPTOPUPOBAHHBIX
yrMeBoAopoaoB; npaeaa, B 1994 rony n3-3a
CJI0XHOCTEN C NPUMEHEHNEM 1 6OJILLLIOMO
KonnyecTea NoboYHbIX 9hdEKTOB paspe-
weHne oto3sann. B 1998 rony B BeTepuHa-
P11 HaYanNM UCNONb30BaTb OKCUMMOOWH —
aHanor remontopa. CHavana ans neveHust
aHemMumn y cobak, OHaKO MO3Xe CrnUcokK
BMOOB AOMALLUHMX XWUBOTHbIX, KOTOPbIX
MOXHO NIeYNTb OKCUITIOBVMHOM, YBENNYUN,
1 B HacTosiwee BpeMsi o4t 200 ThbiC XKn-
BOTHbIX Pa3HbIX BUOOB YCMELLHO Bblie4nn
C NOMOLLBIO 3TOM0 3aMEHNUTENS KPOBU.

B nomouib
TpaHCMaHToNoram

Hanbonee BepOSATHO, YTO reMOrNOOUH-
accoLMMPOBaHHbIE MEPEHOCHUKU KUCIIO-
poaa HalayT MeauLMHCKOe NPUMEHEHME,
He CBsI3aHHOEe C NepesiuBaHMEM KPOBW,
KOTOPOE MNO3BOJINT M NMOSTY4UTb HOBOE DU-
HaHCUPOBaHWe, N NPOOOJIXUTL pa3paboT-
kv. B HacToswee Bpema komnaHusa «<HbO,
Therapeutics» npoasuraeT remonop Kak
XNOKYI0 Cpeay Anst XpaHeHUs AOHOPCKNX
OpraHoB nepep, TpaHcnIaHTaumnen.

BonbwmHCTBO reMmornobuH-accoum-
MPOBAHHbIX NEPEHOCUYNKOB KMCNopoaa
COOEpPXMUT reMorfiobuH U3 NPUPOLAHbLIX
MCTOYHMKOB, YaLle BCEro 13 KPOBU KOPOB.
Tak, remoniop — 3TO pacTBOp Nonnme-
pn3oBaHHOro Gbl4bero remornobuHa.
MonyyatoT ero cnenyoLwmm obpasom: n3
KPOBU KOPOB BbIAENSIOT 3PUTPOLUTLI U
paspyLiatT ux, 3atemM reMornobuH oun-
AT 1 NPOBOASAT €ro nosiMepusaumio.
Mpu aTom 06pasyoTCca 0IMromMepsbl, A0-
CTaTO4HO BonblUNE, YTOOLI OHM HE MOMN
NPONTWN Yepes CIIoiN KNEeToK U MOKUHYTb
KPOBEHOCHbIE COCYAbl, HO MPU 3TOM He-
[0oCTaTto4yHo BonbluMe, YTOObl CTaTb MU-
LEHbIO UMMYHHOW CUCTEMBI.

Mpwn n3BneyeHnn npegHasHa4eHHoOro
OJ1s nepecaziky opraHa OH HeMeaeHHO
HauMHaEeT YyBCTBOBATb HEJ,OCTATOK KUCIIO-
poaa. CerogHsa cTaHAapTHas npouenypa
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(c) Haematologica, 2017, doi: 10.3324/

haematol.2016.154443

ONa NMOArOTOBKM OOHOPCKOrO opraHa K
XPaHEHWIO U TPAHCMOPTUPOBKE — 3TO
3aMOpaxmBaHME N XpPaHEHNE B KOHCEpP-
Bupyowen xnakoctu. MNMpouenypa, ka-
XEeTCcs, Xopowo oTpaboTtaHa — HU3Kas
Temneparypa 3amensiseT 0OMeH BELLLECTB
B KJ1IeTKax AOHOPCKOro opraHa u cooT-
BETCTBEHHO CKOPOCTb €ro NoBpexXaeHns
13-3a HepocTaTtka knucnopoga. Hm ogHa ns
NMPUMEHSIIOLLNXCA B HACTOSLUNIA MOMEHT
B TPAHCNJAHTONOMMN KOHCEPBUPYIO-
LMX XNOKOCTEN HE COLAEPXKMUT UCTOYHMK
Kucnopopa, XxoTa ecTb HabnwaeHus,
4YTO KOHCEPBMPOBaAHNE OPraHoB B NpuU-
CYTCTBUN BELLECTB — MEPEHOCYUKOB
KMCNopoaa No3BOISET XPAHUTL 3TN Op-
raHbl Oojble. A 3TO O4YEHb BAXHO — Y
Bpayen bynet 60nblle BPEMEHU, HTOObI
HaTN NOAXOASLLEr0 peunnmenTa. JTo,
B CBOIO o4yepenb, NoBbICUT addekTuB-
HOCTb Nepecajkn OpraHoB — LLAHCbI Ha
6naronpuUATHLIN UCX0A4, Takux onepauuni
TEM BbILLE, YEM BbIlLE COBMECTMMOCTb
LOHOPCKOro opraHa v peuynueHTa («Liver
Transplantation», 2018, 4, 528—538; doi:
10.1002/1t.25005; «American Journal of
Transplantation»,2011, 9, 1845—1860; doi:
10.1111/j.1600-6143.2011.03614.x).

B okTa6pe 2017 ropa npecc-cnyxba
«HbO, Therapeutics» coobLumnna o nepson
YCMNELWIHOM nepecagke nevyeHun, kotopas
paHee cuyuTanacb HENOAXOASAWEN Ans
TpaHcnaaHTauum, Ho Gbila BOCCTaHOB-
NieHa ¢ nomouplo remontopa. Onepaums
npoxoguna B MEOULIMHCKOM LEeHTPE YHU-
Bepcuteta lpoHnHrena B Hnoepnangax. B
2018 rony «<HbO, Therapeutics» nnaHupyet
HayaTb COBMECTHO C 6PUTAHCKUMMN KJTMHWN-
KaMun 6onee macluTabHble KIMHUYECKNE
MCMbITAHUSA NO NMPUMEHEHMIO reMonopa
B TpaHcnnaHTauum neveHun. Kpome Ttoro,
«HbO, Therapeutics» BeaeT neperosopsl
C VicnaHCcKknM HauMOHaNbHbIM LLEHTPOM
nccnenoBaHnii cepaeyHo-cocyancTbIX
3ab051eBaHni, C KOTOPbLIM NJIAHUPYET NPO-
BEPUTb, Kakor apdeKT OkaxeT BBEAEHME
reMorntopa B BEHEYHYIO apTepPUIo cpasy no-
cne nHdapkrta. Ectb OCHOBaHus nonaratb,
4TO OH 0becneynT cepaLe [OCTaTO4HbIM
KOJIMYECTBOM KUCIOPOAa U YCKOPUT ero
BOCCTAHOBJIEHME.

Kpacnbte KDO6sHble KNemKU Yenoeeka
ons nepeausanus Mo)NCHO éblpacmumos U 6 ﬂaﬁopamopuu
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Co aHa okeaHa B KJINHUKY

Ewe oaHa KOMMaHusl, C HETEPNEHUEM
oXnpaoLLas paspeLleHms Ha NPUMEHEHNe
reMorno6uH-accouMnpPoBaHHbIX Nnepe-
HOCYMKOB kmcnopopa, — «Hemarina» n3
BpeTtaHu. B Hoab6pe 2017 roga «<Hemarina»
coobLmna, 4To C NOMOLLbIO paspaboTaH-
HOMo0 1 NPON3BOAALLErOCH 3TOM GUpMon
3ameHuTensa kposu HemoZ2Life nposenun
60 ycnewHbIx onepauni No nepecaake
nevyeHn, — npenapar Ncnosab3oBanun ans
COXpaHeHns LOHOPCKNX OPraHoB nepes,
TpaHcnnaHTaumen. 3ta cepust onepawmmn
Oblia yXXe BTOPbIM 3TanoM KIIMHNYEeCKNX
mncnbiTaHuin Hemo?2Life, a Ha nepBom aTa-
ne ¢ ¢GpaHLy3CkMM 3aMEHNTENIEM KPOBMU
cOenaHo oecsiTb YCMeLwHbIX Nepecagok.
CerogHs «<Hemarina» npoBena gocraroy-
HOE KOJINYECTBO KIIMHNYECKNX NCTIbITAHNIA,
4yTOObI 3aMNPOCKUTbL Y eBponeiickux Gapm-
PErynsTopoB paspeLleHne Ha NpuMeHe-
Hne HemoZ2Life B cTpaHax EBpocoto3sa.
MpepnonaraeTcs, 4TO 3TOT 3aMEHUTENb
KPOBM BbIMAET Ha pbIHOK yxxe B 2019 roay.

Kak n remontop, Hemo2Life — npous-
BOAHOE XWUBOTHOro remornobuHa (cm.
«XUMUIO N XN3Hb», 2017, 8). Ona ero
npou3BOACTBA MCMNOL3YIOT FrEMOrN0-
OVH YepBA — MOPCKOro nmeckoxwuna
Arenicolamarina. lNeckoxunbl — 0OBOJIb-
HO KpYMHbIE YepPBU, ANVMHOM A0 25 caHTn-
METPOB, AMaMETPOM OKOJI0 CaHTMMETpa.
KnBYT OHM Nog, cnoem necka B npubpex-
HOM 0611aCTV 1 AbllaT PacTBOPEHHbLIM B
BOZE KNCOPOAOM. BblXnTb BO BpEMS OT-
JINBOB, KOrAa BOAA yXOOMUT, MECKOXMY MO-
moraet ocobas popma ero remorniobvHa, B
NATbAECAT Pa3 Tsxenee remornobuHa ye-
noBeka. Y NeCKOXUI0B HET 3PUTPOLNTOB,
B X KDOBEHOCHOW CUCTEME LIMPKYNPYIOT
MONEKYJIbl, KOTOPbIE YNPOLLEHHO MOXHO
paccmaTpuBaTb Kak 0MroMepbl reMorfio-
6vHa MnekonuTaloLwwmx 1 Yenoseka. Korga
NecKoXWs MOKPLIT BOAO, ero remMornobuH
HachbILLAETCs KNCAOPOAOM, MOCIE YEero oH
nepeMeLLaeTcs K BHyTPEHHUM OpraHam
>XVMBOTHOrO, rA€ KNCNOPOA OTAENAETCS OT
Genka-nepeHocyYMKka 1 HanpaenseTcs B
TKaHu 4yepes. Y ¢upmbl «<Hemarina» ectb
cobcTBeHHas pepma o passeneHuo Hep-
Beli y 3anagHoro nobepexos PpaHumm, Ha
Heln exerofHo BbIBOASAT 6onee MUIIMOHA
ocobeit, 3 opraHMamMa KOTOpbIX Bblaens-

=

Hckycemeennas kposb, pabomsl Had Komopoil
navanucy euje 8 CCCP, paspeuiena k npumeHeruro
He MOAbKO 8 HEKOMOPbIX CPAHAX NOCMCOBEMCK020
npocmpancmea, o u 6 Mekcuke

10T reMorIobuH. B oTnnyme ot Gblubero
remornobuHa, reMornobuH Neckoxmna He
HY>XHO NOMMepu30BaThb nu moambuum-
pPOBaTb — OH YXXE roTOB A/ IPUMEHEHNS.
«Hemarina» nnaHMpyeT ncnonbL3oBaTtb
HemoZ2Life gna koHcepBauum n opyrmux
OpraHoB MOMUMO MEeYeHN — HanpuMep
nerkux, cepgeu, novek. KomnaHunsa pas-
pabartbiBaeT eLLe ABa NPOAyKTa, Coaepxa-
LMX reMornobuH neckoxuna, — okcure-
HUPYIOLLNIA NePEBA30YHbIN MaTepuan nog,
Ha3BaHMeM Hemhealing n 3ameHuntennb
KPacCHbIX KPOBSIHbIX Tenew, Hemoxycarrier,
KOTOPbIA NpefHa3HavYeH ANns nevyeHns
MHGAPKTOB, CepAEYHbIX MPUCTYMNOB U Cep-
NOBUAHO-KNETOYHON aHemun. Mpegno-
naraeTtcs, 4To nepeas Gasa KINHNYECKMX
ncnblTaHWi NnpenapaTta Hemoxycarrier
HauyHeTcs B Gnvxkalilune ABa roaa.

NMepdTOopopraHuka:
cpenaHoB CCCP

Mcnonb3oBaTb onuvromepbl remornobu-
HOB XXMBOTHbIX — HE €QMHCTBEHHbIN NOA-
XO[, K CO34aHMI0 UCKYCCTBEHHOW KPOBM.
C 1997 ropa B Poccun paspelueHo npu-
MeHeHne nepdTopaHa — CyOMUKPOHHOW
3MYyJIbCUN HA OCHOBE NePdTOPMPOBAHHBIX
OpraHM4ecknx coeguHeHuin. NMepdTopaH
Ob1n paspaboTaH B MIHCTUTYTE Bmonornye-
ckoi pmankm AH CCCP (MBD AH CCCP),
3artem paboTbl HAZ HUM MPOAOIIKMUINCH
B VIHCTUTYTE TEOPETUHECKOWN 1N IKCMEepu-
MeHTanbHoW 6nodunankm PAH, koTopbi
obpasoBarncs nocne pasaeneHns Nbd. B




CO34aHuM Npenaparta npuH1uMana yJactme
Lenast rpynna y4eHbix, kotoponi ¢ 1979 no
1985 rop pykoBoannu ®.d. benospues n
IP. UBaHuukwii, a ¢ 1986 no 1997 rog —
C.N. Bopobbes..

CeronHsa nepdTopaH paspeLleH K npum-
meHeHuio B Poccun, KasaxctaHe, Kupru-
3umn, YkpaunHe, Y3bekncrtaHe n Mekcuke,
roe OH UCnosb3yeTcs Nog TOProBon Map-
komn Perftec. lazoTpaHcnopTHasa GyHKUMA
nepdTopaHa cesi3aHa CO CNOCOBHOCTLIO
nepeHocuTb kucnopod (7 06.% npu
napuuanbHOM agaBneHun kncnopoga 760
MM PT. CT.) 1 yrnekucneii rad3 (60 06. %
npwv napumanbHOM gasneHun 760 mm pr.
CT.), a TakXe ¢ 60/bLION NOBEPXHOCTbIO
razoobmeHa, koTopas obecnedymBaeTt
6onbly ckOpocTb Anddy3nm KMcno-
popa. lNMepdTopaH yxe ycnewHo nc-
nonb3oBann Ans nevyeHns 6onee yem 35
TbIC YeNoBekK, NpUYeM npakTnyeckn 6e3
no6o4HbIx addekToB («Shock», 2017, doi:
10.1097/shk.0000000000001063). Oena-
IOTCS NOMbITKM BbIBECTU NepdpTopaH 1 Ha
pbiHOK CLUA. MpaBa MHTENNEKTyanbHON
COOCTBEHHOCTM Ha NepdTOPUPOBAHHYIO
MCKYCCTBEHHYIO KPOBb, NU3BECTHYIO TaMm
nop ToBapHbIM 3HakoMm Vidaphor, npuHag-
nexar komnaHum «FluorO, Therapeutics»
13 CeBepHoii KaponuHebl.

OCHOBHOW KOMMOHEHT nepdTopaHa n
€ro aHanoros — nepdTopaAeKanvH, cno-
COOHbI MEepPeHoCUTb U BbICBOOOXAaTb
Kncnopog,; apyrune nepdTopmpoBaHHbIe
yrneBoaopoabl BbICTynawT B ponu cTta-
6unn3aTtopoB 1 amynbratopos. B pe-
3ynbTaTe CMeLLeHNs NepdTOPNPOBAHHBIX
yrneeonoponoB ob6pasyeTcs aMysibCcus
MOJIOYHOTO LBETA, KOTOpas COXpaHseT
YCTOMYMBOCTb B TEYEHNE NSATU NET B 3a-
MOPOXEHHOM COCTOSIHUWN N MOXET Xpa-
HUTbLCS OBE HEAENN NPU TEMMNEPATYPE He
Bbiwe 4°C. B HacTosulee Bpems «FluorO,
Therapeutics» pa3pabartbiBaeT Npouecc
npon3soacTea NepdTOPMPOBAHHOIO
3aMeHUTENS KPOBU, KOTOPbLIA COOTBET-
cTBoBas Obl TPpeboBaHUAM, NPUHATHIM B
CLUA, a panee nnaHnpyeT NpoOBECTU KN~
HMYeckme ncnbitalma u 3anpocutb y FDA
paspeLLEHNE Ha KITMHNYECKNE UCTIbITAHUS
peLenTypbl, OCHOBbI KOTOPOW OblIN pas-
paboTaHsbl ewte B CCCP.

McKkyccTBEHHbIe 3pUTPOLIUTDI

Ewe oavH noaxon, KOTOPbIA MOXHO Npu-
MEHWUTb NMPU U3rOTOBNEHUMN UCKYCCTBEH-
HOIM KPOBU, — 3ak/to4eHME NepeHocHnka
Kncnopona B NoJSIMMEPHY0 060N04KY.
Takne CTPYKTYpbl U BHELLHUM BUAOOM, U
NPUHUMNOM paboTbl ropasao 6osbLue no-
XOXM Ha KpacHble KPOBSIHbIE TeNbLa, YeM
Npon3BoaHble remMornobuHa nnn nepdTo-
pupoBaHHble yrnesonopoapl. MoaobHsle
CUCTEMBI yX€ CYLLECTBYIOT, HO €LLE He
HaYanncb KIMHNYECKUE UCMbITAHNS.
OpnHa 13 KoMnaHuiA, KoTopasi NblTaeTcs pe-
anmM3oBaTtb NoaobHbIN noaxon, — «Kalocyte»

(Muccypu, CLLUA). PagpaboTaHHble B STOW
KOMMaH1M TopooBpasHbIE CTPYKTYPbI, BXO-
hawme B coctas npenapara Erythromer,
VIMUTUPYIOLLME KPACHbIE KPOBSIHbIE TENbLLA,
HaxoOATCs Ha CTaaun AOKINHNYECKUX UC-
nbiTaHuin («Blood», 2016, 128, 1027—1029;
doi: 10.1182/blood-2016-07-722421). Oun-
LLEHHbI reMOrMOoBUH YesIoBEKA 3aKJIOHEH B
MeMOpaHy 13 CMHTETUYECKOrO NonvmMepa.
BHyTpy MemMbpaHbl HaxogaTcsa ewe aea
BELLECTBA: OAHO MOHMXAET CPOACTBO re-
MOrI001Ha K Kcnopoay, ynpoLuas npoLecc
OTAa4un reMornobuHOM K1cnopoaa B opra-
Hbl, BTOPOE — BOCCTaHOBUTENb, KOTOPbIN
He [aeT Xenesy reMornobrHa OKMCNSTLCS,
yBENM4MBas CTabunbHOCTL U, CNeqoBaresb-
HO, CPOK CNyXObl YaCTULLbI.

MonnmepHas 060/104Ka NCKYCCTBEHHbIX
aputpoumntoB Erythromer — He npocTto
«MakeT», yOepXnBaoLMii B KOHTAKTE re-
MOrnoOuH 1 MoANPUKATOPbI €ro CBONCTB.
OTO BbICOKOMOJIEKYJIAPHOE BELLECTBO
ynpaBnseT 4OCTYMHOCTbIO HU3KOMOJIEKY-
NSAPHbIX COEOMHEHNIA, KOHTPONPYIOLMX
NpoLuecchl BbliaeneHnsa kucnopoga. Ma-
Jble MOJEKYJIbI, KOTOPbIE MOANPULNPYIOT
noBeAeHne remornoburHa, 3apsxKeHbl OT-
puuaTesnbHO, a8 BHYTPEHHSS MOBEPXHOCTb
nonvmepHon membpaHbl HeceT Ha cebe
MnosIOXUTENbHBIN 3apsaa. B nerknx, roe
cpepa WwenoyHasi, HU3KOMOJIEKYIIpHOE
COEANHEHME CBA3bIBAETCS C BHYTPEHHEN
MOBEPXHOCTLIO MOSIMMEPHON MeEMOPaH®bI,
yBeNn4MBasi ero CPOACTBO K KNCI0POaY.
Mpn NnepemMeLlLeHNn NCKYCCTBEHHOIO
3puTpouMTa MO OPraHN3My KUCIOTHOCTb
cpepnbl BOKPYr HEro yBENINYMBAETCS, NO-
NMMep BbICBOBOXAAET Masyto MOJIEKYIY,
KOTOpas CBA3bIBAETCHA C reMOrnobMHOM, 1
remorno6uH nerko oTaaeT kucnopog,. Ta-
KM obpasom, cuctema Erythromer ag-
dekKTnBHEE BCEro CHAbXaEeT KMCNOPOAOM
TKaHW CO 3HAYUTESIbHOM KUCNOTHOCTLIO,
KOTOpble UM 0COOEHHO 6eaHbl.

JnameTp MCKYCCTBEHHOIO apuTpoumnTa
coctaBnsieT okosio 200 HM, NnpumepHo B 50
pa3 MeHbLLEe, YEM Y ECTECTBEHHOTO. [pena-
part MOXHO cyLumnTb inodunnzaumen. MNMpea-
rnosiaraeTcsi, YTO MCKYCCTBEHHbIE KpaCHbIe
KPOBSIHbIE KNETKM ByAyT MCNONb30BaTh 414
0Ka3aHWs 9KCTPEHHOM MOMOLUM XepTBam
YypesBbl4aHbIX CUTyaumin 40 rocnMTanmaa-
ummn. KnnHmnyeckme ncnbitaHns cMcTem go-
craBku kncnopoga Erythromer nnanmpyetcs
HauaTb B 6avkarme Tpu roga.

Pepma ang Kpoeu

Ewe oovH cnoco6 nony4nTb anbTepHa-
TUBY IOHOPCKOW KPOBU — «pa3BefeHne»
3pUTPOLUTOB. BbipalluyBaHne KpacHbIX
KPOBSIHbIX KSIETOK Ye/T0BEKA M3 CTBOJIOBbIX
KJIeTOK KPOBW A0HOpa B nabopaTtopun
MOXeT obecneynTb NOTPeOHOCTL B pea-
KMX rpynnax kposu. B koHue 2018 roga
[OJIXHA HavaTbcsa nepBas ¢asa KNMHNU-
YECKUX UCMNbITAHUI TaKUX MCKYCCTBEHHO
BblpaLLEeHHbIX 3PUTPOLNTOB.

BOJIEBHU U JIEKAPCTBA

MpoexT «kpoBsHbIX pepm» pa3pabaTtbl-
BaeTcs B BpnucTonbCkoM yHMBeEpcuTteTe
n dunHaHcumpyeTca HaumoHanbHbIMMK
MHCTUTYyTamMn 3apaBooxpaHeHus CLUA.
Ero uens — onpenenutb, OyoeT 1 Bpems
>KVU3HW BblPaLLEHHbIX S3PUTPOLINTOB B KPO-
BOTOKE VHbIM, 4EM Y 0ObI4YHbIX JOHOPCKMX
aputpoumnToB. Kpome Toro, uccneposa-
Tenn u3 bpuctong nnaHnpylotT mognbun-
umposaTb NpoLecc, asBToMaTtn3nposas
1 MacwTabupoBas ero. oka oHn MoryT
BblpaLLMBaTb 3PUTPOLUTBI B KONIMYECTBE,
[OCTaTO4YHOM AN9 nNepenvsaHnsa Kposu
pebeHKy, 0QHaKO HeAO0CTaTOYHOM A
B3pOCOro yenoseka («Haematologica»,
2017, 102, 476—483; doi: 10.3324/
haematol.2016.154443).

KpacHble KpoBsiHbIE TefbLa MOXHO Tak-
>Ke BbIPaCTUTb U3 CTBOJIOBbIX KJIETOK KDOBU
B3POC/bIX AOHOPOB, HO UCCnefoBaTenn
13 Bpuctona xotaT npucnocobutb ans
«KPOBSIHbIX HepM» KPOBb M3 MYMNOBWHbI.
B noHopckmx 6aHkax nynoBMHHOM KPOBU
06bIYHO MOXHO HanTK Bonee WMpPoKUiA
Habop rpynn KpoOBU, YEM B OObIYHbIX
6aHkax kpoBu. OgHaKko [OArocpoYyHas
Lenb nccnegosarenen — moamdukauma
BbIPALLLEHHbIX KJ1IETOK, KOTOpasa caenaet
VX YHUBEpPCaJlbHO COBMECTUMbIMU USIN
NO3BOJIUT NCMOJIb30BaTb BbIPALLEHHYIO
KPOBb B TEPANeBTUYECKUX LEensax, — Ha-
npuMep, Takne KNeTk Mornuv 6bl TOMUMO
KMCnopoaa nepeHocnTb GepPMEHTbI Nn
HNU3KOMOJEKYNSIPHbIE BELLLEeCTBa, cTabu-
Nn3uvpyioLpne COCTOSHME opraHmama.

MTak, ecTb MHOIO peLenToB Ans npu-
rOTOBJIEHNS «HEHACTOALLEN KPOBU», He-
KOTOpble ee 06pasupl ceryac HaxoaaTcs
Ha CTaguu KIIMHUYECKUX NN NPEKINHN-
YeCKnx ucnbitaHni. N xoTa B Halle BpemMs
yoensetcs 6onbLioe (MHOraa, BO3MOXHO,
ype3MepHOEe) BHMMaHMe NoTEeHUMAaNbHON
OMNacHOCTM NIeKapCTBEHHbIX Npenaparos,
Yy COBPEMEHHbIX KpOBE3aMeHUTESNEN eCTb
LIaHC NPOWNTU 3TU UCNBITAHUSA N 38HATb
[OCTOMHOE MECTO B KJIMHUKAX 1 anTekax.
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BUOTEexXHOJIOrMn — cambie
AKONNOrMYecKkn Yncrtbie?

«QKkoNnornyeckunii obpas» XMMmUYeCcKom
MPOMBbILLJIEHHOCTU, MSATKO BblpaxascChb,
ocTaBngeT xenatb nydwero. Korga npo-
CTOW 4YeNoBEeK CAbIWNT UKW YNTAET YTO-
B0 0 XMMNYECKNX MPEBPALLLEHUAX, TO
yalle BCEro 370 BbI3bIBAET Y HEMO TOJIbKO
oTpuuarenbHble aMmounn. OHU CBA3aHbI
C 3arpsA3HeHMEM OKpYXaloLlen cpenbl, C
aBapus MM Ha XUMNYECKMX NPeanpusaTusXx,
NoTOMY 4TO Takue aBapum 6naronaps CMU
CTAHOBATCSH LUMPOKO U3BECTHbIMU. B TO
Xe Bpems papmMaueBTUiyeckas NpoMblLL-
NIEHHOCTb N BUoTEXHONOrNA n3dexanu
noaobHOM yHaCTM: CHMTAETCS, YTO OHU He
HaHOCAT Bpeaa okpyxatoLlen cpeae. A kak
Ha camom gene?

MpopomxeHune. Hayano B NeN2 1—4

24

MocMoTpUM Ha Tabnuuy U3 KHUMM «Xu-
Mu4eckme Mndhbl», B KOTOPOM NPUBEAEHDI
rogoBoe NpPou3BOACTBO PA3NIMYHON NPO-
OyKLMN B LLECTUN BUAAX MPOMBbILLIEHHOCTU
B TOHHax, obLas Macca OTX0[0B, TakxXe
B TOHHax, U «3akonorn4yeckuin dpakrop» E
— Macca 0TX040B, OTHECEHHast K Macce
NPON3BOAMMON NPOAYKLINN.

O4yeBMAHO, YTO HET HENOCPEACTBEH-
HOW CBSI3N Mexay 06beMOM MpPoAyKUUK
1n obbemMomM oTxonoB. Bonblasa yacTb
XUMNYECKOM NPOAYKLMU NPUXOOAMTCS Ha
HedTerasoyo NPOMBbILLIEHHOCTb. OHa Xxe
npon3BoauUT Maccy 0TX040B, OAHAKO KO-
norn4yeckumin GakTop y Hee camblii HASKUIA!
W ecnu npu nepexone Kk GoTexHonornum
06beM NPoM3BOACTBA CUIbHO CHUXAETCH,

TO 3Kkonornyeckun dakTop, HaNnpPoTuUB,
pe3ko yBenmnymeaeTcs. M1 aTo He cnyyanHo.
B HedTAHOM 1 ra30B0OM NPOMBILLAEHHOCTH
NPOW3BOACTBO NPOAYKLMN PeaKo TpebyeT
6onee Tpex ctagmii. C opyroii CTOPOHSI,
B ¢papMaLeBTNYECKOM NPOMbILLIEHHOCTH
OblBaAOT OEBATU- U Aaxe ABajuaTucTa-
OunHble npouecchbl. O4eBNAHO, YTO YEM
6onblle cTaanii, TeM B6OJbLLE OTXOMO0B.
[enctBntenbHo, NycTb BbIXO4, BCEX NMPO-
MEXYTO4YHbIX MPOAYKTOB B KaXXA0M CTaann
BbICOK, Hanpumep 95% (B XMMn4YecKkom
nabopaTopum Takol BbIXO, CHMTAETCS 3a-
MeyarenbHbIM). Ho, Kak XOpOoLLO 3HAKOT XU-
MUKW, 4eM Bosnblie cTaguii, TeM MeHblLe
BbIXOA, LLeNIeBOro npoaykra. Hanpumep,
ONs TPEXCTAAMNHOIO CMHTE3a OH paBeH
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0,958 = 0,86; 86%-Hblin BbIXO4, CHMUTAETCSH
XOPOLUUM, NPU 3TOM OTXO[bl COCTABNAIOT
14%. Ana npBaguaTMCTagunHOro cCMHTe3a
Nnpu Tex Xe YCOBUSIX BbIXOA KOHEYHOro
npoaykta — Bcero 0,95% = 0,36, 10 ecTb
36% (1 64% oTxonoB). Ecnun xe BbIXO4,
Kaxgon ctagmum BMecTo 95% 6yaet 85%,
TO Npw ABaauaTUCTaANIHOM CUHTE3E Bbl-
X0, KOHEYHOIO NMPOAYKTa COCTaBUT BCErO
3,9% npu 96% oTxon0B!

(06bl4HO 12—13%). B Takux cnyyasx
CUHTE3 NEKAPCTBEHHbLIX U ApYyrux npe-
napaTtoB MCKYCCTBEHHO NMPOBOASAT Npwu
MOHMXEHHbIX KOHLEHTPALUNAX, TO eCTb
npu 60nblwoM N30bITKe BOAbl. Tak, ans
cuHTEe3a 1 KIr MOHOKJIOHa/IbHbIX aHTUTEN
(OHW LWMPOKO NCMNOJBL3YIOTCS B BMOXMUN,
MONEKYNSAPHON BMONOrNU N MEONLINHE)
MoxeT notpeboBatbcsa 7000 nuTtpos
BoAabl, 600 Kr HeopraHU4yecknx conemn

[MpoMbILLNEHHOCTb fonosoe OTxonpbl E
NPOn3BOACTBO

Hedrerasosas Ot 1 go 100 mnH Ot 100 000 o 10 mnH <0,1

OcHoBHasa xummyeckasa | Ot 10 000 OT 10 000 10 5 MAH <1-5

NPOMbILLIEHHOCTb 0o 1 MiH

MpoAykuys ToHKOM 0710080 10000 | OT 500 0 0,5 MAH 5-50

XUMUN

PaApPMAUEBTUNECKAA | 1 400 161000 | OT 250 #o 100 000 25 - 100

NMPOMbILLNIEHHOCTb

BymaxHas 395 Mk Ot 81 mnppa 8o 325 mnpg, 250 — 1000

NPOMBbILLIEHHOCTb (BK/IOYASA CTOYHbIE BOAbI)

BroTexXHONorVs 0T 0,1 go 1000 Ot700 A10 15 MH 7000 -15

(BKJtOYAsA CTOYHbIE BoAbl) | 000

[Be 13 npuBeaeHHbIX B Tabnuue oT-
pacnen NPOMBbILLIEHHOCTU — BUOTEXHO-
nornyeckas n bymaxHas — noTpebnsaioT
MHOIFO BOAbl, YTO CWUJ/IbHO yBenn4mBaeT
akonornyeckuin daktop. Hepapom Gymax-
Hble Gabpurkn 0ObIYHO CTPOSAT BONN3N PEK.
BrnotexHonorna c cepeanHbl XX Cnonbay-
€T npouecchl BpoxeHns (pepmeHTaumnn)
ON9 Nony4yeHns aHTUOMOTUKOB, FOPMOHOB,
CTEPOUAHbIX NeKapCTBEHHbIX npenapa-
TOB. YNCTO XMMMYECKNIN CUHTES3 TEX XEe
BeLLeCTB Obl1 Obl 3HAYUTESNILHO CJIOXHEE.
CrHTE3 aHTUBNOTMKOB C UCMONb30BAHNEM
bepMeHTOB — NPeKPacHLIV NpUMEP TOro,
KaK OMOTEXHONIOrMN NMO3BONSIOT CHU3UTb
KONM4eCTBa UCXOOHbIX BELLECTB AJ19 Nosy-
YeHMs OQHOMO M TOrO XKe KoNnyecTBa Lene-
BOro NpoaykTa. Tak, Npyv UCNonAbL30BaHUN
MCXOAHOrOo WTaMma-npoayueHTa (MMKpo-
opraHusma, cnyxauwero MCTOYHUKOM
HY>XHbIX ®EepMEHTOB) yaaBanocb nony-
4yaTb LeNieBoe BELLECTBO B KOHLLEHTpauumn
BCEro /Lb HECKOJIbKO MUASIMFPaMMOB
Ha TP pacTBopa. [MOHATHO, 4TO B TakOM
crnyy4ae BblAeNIEHNE HYXXHOrO BeLlecTsa
CTaHOBUTCS BecbMa HeaddeKTUBHON,
ONNTENbHOM M AOPOroCTOoSALLEN Onepaum-
eli. leHeTnyeckasa moambunkaums LwTamma
NO3BOSISET CUJIbHO MNOBLICUTb KOHLLEHTPA-
LMo npoaykTa: B psae cnyydaes no 10 r/n!

BuoTtexHonornyeckme cuUHTE3bl 00bIY-
HO NPOBOAAT B BOOHbIX PACTBOPaXx, XOTH
LeneBo NpPoayKT MOXET ObiTb MI0OXO
pactBopuM B BoAe. bruiBaeT Takxe, 4TO
camMu MMKPOOPraHN3Mbl HE BblAEPXNBAIOT
CPaBHUTENbHO BbLICOKMX KOHUEHTpaunn
NPOAyKTa. STUM OHM HANOMUWHAIOT APOXK-
XU, KOTOPbIE UCNONL3YIOT A9 NONY4EHUS
CYXMX BUH U3 BMHOIPaQHOro coka — OHU
normbaloT, ECNM KOHLEHTPaUUs 3TaHONa B
pacTBOpe NpeBbILLIAeT HEKOTOPLIV Npeaen

(xoTOpblE MOTOM MoONagalT B CTOYHbIE
BOJbl), 8 KI OpPraHN4eckoro pacTBopuTens
(kak NpaBwnno, 3TO 3TUNOBLIN CANPT) U 4 K
pacxoHbIX Matepuanos (MJacTUKOBbIE
nuneTkn, GunsTPbI M Ap.) A 4Ns NoayyYeHus
1 kr 6enka co cpegHen MONEKYNSAPHOM
MacCOW C NCMONb30BAHNEM MrEHETUYECKMN
MOAMDULMPOBAHHON KULLEYHOM Nanoyku
notpebyetcsa yxe 15 000 kr Boapl, 400 kr
coneii, 100 Kr opraHnyeckux pacTBopuTe-
nerin 20 Kr pacxogHbIX MaTepuanos. Ham-
60nbLUY0 NPOBGeMy AJ151 OYNCTKM CTOUHBIX
BOJ, NPeACTaBNAOT pa3baBneHHble pac-
TBOpPbI HEOPraHmyeckux conemn. Uix Henb3s
CXe4b, KaK, HanpumMmep, CnNupT, @ MOXHO
TONbKO 0caguTb. Bonbluive o6bemMbl Uc-
nonb3yemoil B npouecce Boabl TpebyoT
06a3aTeNbHON O4NCTKM 1 MOBTOPHOIO ee
MCMNOJIb30BaHUSA.

Jaxe ecnv He NpyHMMaTbL BO BHUMaHMe
06beMbI BOAbI, TpEOYeMOW ANl CUHTE30B,
BCE pPaBHO 3KONOrn4yeckuit daxktop ons
ONOTEXHONOMMN OKAXEeTCs NO KpamnHemn
Mepe B NMaTb pa3s Bbile, 4em ansa dap-
MaLeBTUYECKOWN NpoMbiwneHHocTu. C
Yy4eTOM Xe NoTpebasemMon Boabl 3Kooru-
Yyeckuii pakTop ans buotexHonornm oynet
yxe B 3000 pas 6onblue! 1o HebGnaronpu-
ATHOE OTHOLLEHNE MOXHO HECKOJIbKO CHU-
3UTb, €CNV C MOMOLLLbIO FEHETUYECKO MO-
ondurkaumm MMKPOOPraHN3MoB caenatb
VX YCTONYMBBIMM K MOBbILLUEHHbLIM KOHLLEH-
TpaLMaM BELLECTB U K APYTMM YC/IOBUSM
cuHTe3a. Eule oamH nyTb — koMOMHauus
dEPMEHTATUBHbBIX Y YNCTO XUMUYECKNX
MeTOLOB CUHTE3a. B kayecTBe npumepa
MOXHO MPUBECTU MUKPOBNONOrM4yecKkuni
MeToz, nony4yeHns L-ackopObuHOBOM KMC-
noTbl U3 D-rnoko3bl. OH BKOYaET NATb
CcTaguii, U3 KOTOPbIX TPU — XMMUYECKUNE
(ogHa 13 HMX — nonyyeHune D-copbuta n3

CTO XUMNYECKNX MUDOB

D-rnioko3bl C MOMOLLLbIO KaTaNMTUYECKOro
BOCCTQHOBJIEHUS MMIOKO3bl BOAOPOLAOM
npu aaeneHnn 80— 100 atm n Temnepary-
pe 135—140°C). CoyeTaHne XMMUYECKNX
1 BMOXUMUNYECKMX METOA0B MPUMEHSIIOT U
Nnpu CUHTE3€e NEHNLVNINHOB.

Bonbwoi pacxon Boabl NOBbIWAET
akonornyeckuii daktop GyMmaxHol npo-
MblLWNEeHHOCTU. Mpn cpaBHEHUN pa3HbIX
NPOU3BOACTB HYXHO Y4UTbIBATb HE TOJIbKO
06bEMbI OTXO0B, HO N X KAYECTBEHHbIA
cocTtaB. Hanpumep, c6poc 605bLLnX 00b-
€MOB BOAbI, CoAep>KalLLer 4oNM NpoLeHTa
XJI0pmaa HaTpuUsl, HAHOCUT OKPYXaloLLEe
cpene MeHbLlIUi Bpen, 4eM cOpoc He-
©0NbLLIOro KONNYECTBa XJI0PMPOBAHHBIX
opraHunyeckmnx pacTteoputenenn. 4tobsbl
y4yecTb 3TO, NPeAnpPUHATbLI NOMbITKU U3-
MEHUTb KPUTEPUM OLLEHKM SKOSIOMMYHOCTH
npon3BOACTBA NOCPELACTBOM BBEAEHUSA
«¢akTopa Ka4ecTBa OTXO40B>.

AHANOrM4YyHbLIM CNOCOBOM MOXHO Oue-
HMBATb, HACKOJIbKO BPEASAT OKpYXatoLLeWn
cpene Npon3BoACTBa, HE NEPEUYNCTIEHHbIE
B Tabnuue. [1na 9TOro paccymTbIBaloT, Ka-
KO 06beM BOAbI (B MNTPaXxX) pacxoayeTcs
B AAaHHOM MPOU3BOACTBE HA MOyvyeHue
1 kr npoaykuuun. Hanpumep, ong npous-
BOACTBA KUaorpamMmma MneHuubl, pmca,
auny pacxoayetcsa 1300—3400 nBoabl, BTO
BpeMs Kak NoJlydeHne Kunorpamma msica
TpebyeT yxe 15 500 n. [na cpaBHEHUS:
Ha Npou3BoACTBO 1 kr 00yBU, pybalLexk,
Optok, noctenbHoro 6enbs yxoant ot 4000
0o 10 000 n Boabl. A ons BbinnaBky 1 kr
cTann BoApl HYXKHO HAMHOIO MeHbLUE: B
pasHbIX CTpaHax U Ha pasHbIX Npeanpu-
atuax ot 100 go 250 n.

OueBunaHO, 4TO nobas AeATEeNbHOCTb
cBsizaHa ¢ obpasoBaHMeM O0TxoA0B. Ho
06LeCcTBEHHOE MHEHME ObeT TpPeBOry
MIMEHHO MO NOBOAY OTXO0B XMUYECKOW
MPOMBILLIEHHOCTN, XOTS NMPON3BOACTBO
3TOI NPOMBILLIEHHOCTbIO HEOOXOANMBIX
[0S uMBUIM3aummn ToBapoB 6onee 3Koso-
r'MYHO MO CPaBHEHMIO C APYrMu NPOn3-
BOACTBaMMU, Kak 3TO BUAHO no dakTopy E.

U.A.JleeHCcOH

25

«XUMUsS N Xn3Hb», 2018, N2 5, www.hij.ru



LLIKONIbHUKN
U couumonorus

J1.A.AliKNHa3N,
A.B.KysHeuoBa

Bce niobaT NnoroBoOpnTb O TOM, YTO YMTAKOT UIN He
4YNTaKT COBPEMEHHbIE NMOAPOCTKM, HO HE Y BCEX ECTb
dakTbl ¢ undpamn. Ham NoBE3NO — Mbl MOSYYNUIN BO3-
MOXHOCTb MPOCTO B3Tb M UCCNEA0BaTb 3TOT BOMPOC.
MpaBaa, NyTb K 3TOMY 0Ka3asiCsl HE COBCEM MPOCTbIM.

NMocTaHoBKa 3apaun
M opraHu3auus npenogaBaHus

B cTtaHgapTHOM pOCCUINCKON LWKOMBbHOW NporpaMmmMe ecTb Npesa-
meT «O6LecTBo3HaHMe». OH COCTOUT U3 MaTepuanos, KOTOPbIE
MOXHO OTHECTM K 9KOHOMMKE, MOANTONOMMM, MPaBy N COLMOSIO-
rMn, npuyiem odpurumanbHas nporpaMmma 1 yiebHNK B 3aMEeTHOM
CTENEeHV UMEeIT BOCNUTATENbHBLIA XapakTep. B MOCKOBCKOM
nnuee N2 1525 («LLkona Ha KpacHocenbckoii», ObiBlas «Ha
JleHropax») 3axoTenn ONOAHUTb 3TOT NPEeAMET 3/1eKTuBaMm —
Kypcamu no Bbibopy. MpuymrH OO ABE: B NNLEE CYLLECTBYET,
cpeau nNpoYux, CounanbHO-39KOHOMMYECKOE HanpaBieHue, To
€CTb B CTApPLUMX KJTAacCax B HA 3TOM HarnpasneHun 60sbLue BpemMe-
HW yOoenseTcs counanbHO-3KOHOMMYECKUM NpeameTam. [oatomy
N HAI4ne Taknx 3aNneKTnBOB BbIMMAAUT JIOTUYHO; BTOpaﬂ npunyn-
Ha — ElD no o6uectBoO3HaHUIO caaeT okono 60% LUKOJIbHUKOB
(camblit MaccoBo coaBaeMmblii IpeaMeT nocre 06s3aTeNibHbIX —
MaTtemMaTuKn 1 PyCCKOro si3blka), NO3TOMY Takme 3aHATUS MOTyT
YAYHLWKTBL 06LLMe pe3ynbTaThl LKOJIbI.

[na npenogasaHns 0QHOIO N3 3TUX KYPCOB — COLMONOrnm —
OOMH N3 aBTOPOB 3TOW CTaTbW COCTaBWUJI NporpaMmmy, KoTopas
oxBaTblBaJila OCHOBHbIE BOMPOCHI, 00bIYHO BK/IIOYAEMbIE B yqe6-
HWKW Ona By30B, HO NPOHMKaJia B HUX Ha MEeHbLUYIO, TaK CKa3aThb,
«LWKOJIbHYIO» rNy6uHy. MNporpamMma nmena HeKOTOPbI CKOC B
CTOPOHY MMEHHO METOO010MMN NCCNEA0BaHUI (COCTaBNEHNE
aHkeT, popmMmpoBaHme BbIGOPKM U T. M.) — Npeanonaranochk, 4To
37O caenaeT npenogaBaHne 605ee MHTePECHbIM.

BaxHbIM ana panbHenwero pasButus cobbITUIA Oka3anoch
TO, YTO LWIKOA NMPUMEHMIA HEKOTOPYIO OPraHN3aLMOHHYIO «aM-
OMBaNEHTHOCTb» — y4almMmcst 6bI10 ckas3aHo, YTO nocelleHne
3aHATUIN 06a3aTeNibHO, HO B XXypHanax (ByMaxHOM 1 9N1IEeKTPOH-
HOM) NpegMeT OTCcyTCcTBOBa. [leTn 3T0 3HaNM U MHTEPNPETMPO-
Ba/I COOTBETCTBEHHO, TEM BOsee H4TO 3aHATUS HavaInCb B ABYX
rpynnax (9 n 10 knaccbl) Ha NepPBOM 1 BTOPOM ypoke B Cy660TY.
Y 61010r0B A1 TaKOro ecTb 9BPEMU3M — «OCTPbIA OMNbIT»; CHy-
waTtenu Havanu pasberarbcs, NPUYEM OEeCATUKIACCHUKN — BO
rnaBe KOJMOHHbI. K TPEeTbeEMY 3aHATUIO CTa/I0 ACHO, YTO MPOEKT
npoBasnBaeTCs, Npenogasartesib OWETUHWACS, U NporpamMmma
Oblna N3MeHeHa pagukanbHo. A UMEeHHO — Hadasncs pasbop
KOHKPETHbIX COLUMONTIOrN4YeCKNX I/ICCJ'Ie,EI,OBaHI/IVI, BbIMOJIHEHHbIX
pa3HbIMU nccnenoBartesiamMmun.

KpuTtnyeckuii pasbop cepun KOHKPETHLIX aHKET MO3BOJISIET NPU
Hazsiexaltlem nogxone pacckasarb 060 Bcex MeTOL0NOMMYECKMX
npmnemax, TOHKOCTAX 1 ocobeH HOCTSX, a TakKXe 3aTPOHYTb U TEO-
peTnyeckmne Bonpochl. N3noxeHne noay4aeTcs MeEHEE NOrMYECKN
nocneaoBatesibHbIM, HeXenn 00bl4HO, HO MOCHl NepeBecunu
MWHYChI: MOCEeLLaeMoCTb cTabunnampoBanace. MNpuuem ans
KpUTUYeckoro pasbopa oTonpanu NccneaoBaHus, BbINOTHEHHbIE
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MIMEHHO Ha LIKOJIbHMKaX. OTO NO3BOMISIO YyHACTHMKAM 3aHATUS
NPUMEpPSTb BONPOCHI Ha cebst 1 cBOGOAHO pacCyXaaTb Ha TEMbI
«He CINLLIKOM JI1 CIOXHO CPOPMYNINPOBAH BOMPOC», «Kak 06 3TOM
MO>HO CMPOCUTb MHA4Ye», «<HaM Oblno Obl NOHATHEE BOT Tak» U T. M.

Yepes HeEKOTOPOE BpeMS CAyLLATENM A03PEnn 40 NPOBEAEHNS
COLMOJIONMYECKOIr0 NCCEO0BaHNS B CBOEN LLKONE. [1epBbIMY 3Ty
MAEI0 BbiCKA3aam OHU camu, HO NPAKTUYECKN OAHOBPEMEHHO U
HE3aBNCUMO OT HMUX O BOSMOXHOCTM NPUBAEYEHNS ClyLLaTenei
«K YeMY-HNBYAb NPaKTUYECKOMY>» 3aroBopuia agMMHUCTPaLMS
wkonbl. bbina n Tema, MHTEpPECcHas kak Aas nccrnegoBartenen,
Tak U Onga «3akasyuka», TO eCTb Aag agMuHucTpauun. B aton
LLKOJMIE MMEET MECTO Takas npakTuka: B ONpeneneHHbIr AeHb
HEKOTOPbIE YPOKM BEAYT LWKOJIbHNUKM — B CBOEM M B M1aLLIEM
knacce. [0TOBATCA K MPOBEAEHMIO YpOKa B KOHTaKTe C npenoga-
BaTesemM, NpuyeM CyLLeCTBYET MHOIMOCTyNeHYaras npowueaypa
onpeneneHns Co4eTaHnn «<NpenoaaBarteslb — YyPOK — YHEHUK>»,
Y4MTbIBAIOLLAS XENaHME NPENOAaBaTeNs N yHeHNKa NMPUHATL yya-
CTue B MEPONPUATUN, MPEANOYMTAEMbIN YPOK, a TaKXe cornacme
paboTaTtb Opyr C APYroM.

Hawen 3agayen 6b110 nccnenaoBaHne 3Toro MeponpuaTus
1 OTHOLUEHUNS LLUKOMBHMKOB K HEMY. TOYHee, Obina NocTaBneHa
3ajaya onpenennTb:

— Kakasi Jons yyalumxcs npMHnuMana y4actme B ypokax, npo-
BOOSILLNXCH UX «POBHEN» (B POAN OOYYaOLLMXCS UK BEAYLLUNX
YPOKM), KaKoe BrnevaTsiEHNe OHW OCTaBUIN Y YHEHMKOB;



— XOTSIT NM yyalwmecs, 4Tobbl Takne ypoku nNpoBOAUIINCH
Brpeap (M N0 KakKMM MMEHHO npegmMeTam);

— XOTAT N yyallmecs camv NPOBOAUTb Takne ypoknm — no
KakMm npegMeTaM, B Kakmx Klaccax MU Ha Kaknux HanpaBneHusx;

— M0 BO3SMOXHOCTW ONpeaennTb pasnnmyns rno BCEM 3TUM
NMyHKTaM A1 pa3HbIX KJTACCOB M pa3HbIX HanpaesieHnii 00y4eHus.

Bce Bonpockl aHkeTbl Npeanoxmnm yqawmecs. CoctaBneHune
aHKeTbl U3 BCEr0 SINLLIb CEMW BOMPOCOB COMPOBOXAAN0CH OYPHbI-
MU OUCKYCCUSIMW U 3aHSSI0 OKOJI0 TPEX YPOKOB. KOPOTKOM aHKeTY
CLEenann co3HaTeNbHO — eCcnv ee 3anoJIHEHNE OTHUMET MHOIO
BPEMEHM OT YPOKa, 9TO HE BLI3OBET BOCTOPra y npenogasarenen.
M3HavanbHO npeanonaranocb aHKETUPOBAHME NLLb B HEKOTO-
pbIX Knaccax, HO anneTuT NPUXOAUT BO BPEMS eObl — YYEHUKU
3axoTenn OxBaTUTb BCHO wWKony, ¢ 5 no 10 knacc (cumtanocs,
41O 11-M He o Toro), u 9T0 UM yaanoch. [NonyyYyeHHble gaHHbIE
obpabatbiBany caMmu LLKOJIbHUKK, NMPU 3TOM CTaBWach 3aaa4a
nonyyYnTb OAHHbIE AN pa3HbIX Napannenen (Bce 5-e, Bce 6-e n
T. AI.) W pa3HbIX HanpaeneHni (obeobpasoBaTenbHoe, PU3NKO-
MareMaTn4eckoe, CoLManbHO-9KOHOMNYECKOE, N'YMaHUTapHOE,
6uonoro-xmmmnyeckoe). o okoH4aHUn 06pPaboTKM Bbin COCTaBNEH
OT4YeT U pe3ysbTaThl ObLIM JONOXEHbI aAMUHUCTPALMN LLKOSIbI.
YyacTHMkM paboThl pacckasanm 0 MeToamke U npeacraBuin
OTAEeNbHbIE MYHKTbI OT4ETA. MNOoNyYeHHbIe JaHHbIE aAMUHUCTPA-
LLMSt OLeHWNA Kak BECbMa MOJIE3HbIE, HAC MMaauaun No rosIoBKe 1
LLenoBanm B HOCUKN.

OBPA3OBAHUE

B xone paboTbl Obina oTMeudeHa cTpaTtndukaums LKOSIbHUKOB,
YYaCTHUKOB 3KCNEPUMEHTA, MO CTEMEHN 3HTY3Ma3Ma U CEPbES-
HoCcTW. B pacnpocTtpaHeHnn 1 cbope aHKET NPUHSAN ydacTue
BCe, B pa3paboTke aHkeTbl, 06paboTke AaHHbIX M COCTaBNEHUMN
otyeta—yacTb (O.A.Bnarnnuna, MN.A. Oepabun, 1.0.3ebipnndyc,
IK.Kamunka, AJ1.JlyHnHa, M. MxuTtapsiH), a cpeam HUX Bblae-
NNIMCb OBOE — «OPraHM3aTop» U «aHanuUTuK». MNepBblil B3N Ha
cebs pacnpeneneHne paboTbl Cpeam COyHEHUKOB, MPUYEM OHU
6€e3 BO3paXeHUI NPUHANK 3Ty ero posb (BO3MOXHO, Tpaauum-
OHHYI0), BTOPOI Hanbonee 4eTko GOpPMynMpoBa BONPOCHl U
npennoXeHns.

BTopoe npoBeaeHHOE 3TOM Xe rpynno nccneaoBaHme kaca-
JIOCb YTEHUS LUKOJIbHUKOB. HMXe KpaTKO N3M0XEHbI Pe3yNbTaThl,
Nony4yeHHble B NePBOM 1 6onee nogpobHO — MOJly4eHHbIE BO
BTOPOM UCCNEO0BAHUSIX.

MpoBeaeHne ypoKoOB LLKOJIbHUKaMK

LLIKONbHUKM NPOBOAVAM YPOKM BO BCEX Knaccax. dTa nNpakTuka
pacnpocTpaHsieTcsl Ha 6a30Bble NpeaMeThl BCeX HarnpaBneHuii U1,
XOTS 1 B Pa3/NYHOM CTENEHN, HA NPODUIIbHBIE NPEAMETbI Pa3HbIX
HanpasneHuin. B 60blUIMHCTBE KJIaCCOB CUTYaLIMs TakoBa: 6osiee
MONOBWHbI PECMOHAEHTOB MOMHSIT, MO KAKMM MMEHHO NpeaMeTam
OblIN Y HUX NOA00BHbIE YPOKM, — b 5% pecrnoHAeHTOB He MoM-
HAT, 6bLK K Takne ypoku, 1 10% He NOMHSAT, MO KakKUM UMEHHO
npegmMeTam. To eCTb MPUCYTCTBME HA TAKOM YPOKe — CODObITMEe
3anomMuHatoLeecs.

Camu npenogasanu B cpegHem 22% pecrnoHOeHTOB, HO pac-
npeneneHne HepPaBHOMEPHO: BECTU YPOKWN yHEHMKAM npeaiaraioT
c 7—38 knacca, akTMBHO B 3TOM y4acTBylOT — C 9-ro. bonblue
BCEro pecrnoHAEeHTOB, NPOBOAMBLUNX TakmMe ypoKM, Ha COLU-
aNbHO-39KOHOMMNYECKOM HanpaeneHuu (tam nx 70%), Ha opyrmx
HanpasneHunsx — o1 22% [o 28%. Y1o kacaeTcs BOCNpUSTUS
YPOKOB Y4aCTHMKaMM, TO OHM MOHPaBUANCh 85% ONPOLLEHHbIX, HE
noHpaBunncb — 4%, 3aTpyaHnnnck ¢ otBetom 11%. Mo3nTtrBHbIE
OLEHKM NagatoT ¢ yBennyeHmem Bo3pacTta: ot 97% ona 5 knacca,
0o 70% pnsa 8—10. MpuymHbl, ckOpee BCEro, — POCT KPUTUYHO-
CTW BOCNPUATUSA N YMeHbLLeHne 3addekTa HOBU3HLI. [1pn 3ToM
3aMETHOW pasHMLbl MEXAY HANpPaBiEHNSMU HET.

Kak no3nTtuBHble pakTopbl yHalmecs otMevanu atmocdepy
3aHATUIN (HEOObIYHOCTb, BECESIbE, HOBU3HY MeponpusaTms) — 60%
OTBETOB, COAEPXaHNE 3aHATUI (MOHATHO, MHTEpPecHO) — 50%,
Manyilo Harpysky (Mano 3agaHui, He crnpawmeanm, CTaBunn
xopowune oueHkn) — 10%. To ecTb aTMOChEpa 1 coaepxxaTesb-
HOCTb 3aHATUI BOCNPUHUMAIOTCS KakK PpakTopbl, CPDaBHUMBbIE NO
BaXXHOCTN. OTHOLUEHNE BAXHOCTMN aTMOCdEPbI K BaXXHOCTWN CO-
[epXaTenbHOCTM CYLLLECTBEHHO 3aBUCUT OT kilacca — ang 5—7
knaccos B cpegHem 1,2, nna 9—10 — 0,9, To ecTb aANng mnaguwmnx
aTMocdepa HECKOJSIbKO BaXXHEE COAEpPXaHus, a ais ctapLunx
Hao0b0opPOT.

Y10 KacaeTcs YPOBHS CIOXHOCTW 3aHSATUIA, TO OH BbiOpaH rnpa-
BUJbHO: NLwWb 10% LLKONBHUKOB BOCTPUHSIV UX Kak 6onee nerkve
(NO COBOKYMHOCTY 3a42HNIM 1 OLEHOK). XOTAT NPOBEAEHUS TaKuUX
YPOKOB Ha BCEX CNeunann3npoBaHHbIX HANPaBIeHNSIX B COEAHEM
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80%, Ha obLeobpazoBaTesnibHoM — 40%; o nobbiM NpegMmeTam
WA HE yKasanu, no kakum — 23% (BEPOSATHO, 3TO PECMOHAOEHTHI,
KOTOPbIM NOHPaBuaacbk UMeHHo atMmocdepa). OcTanbHble Npen-
noYam NpPoBeAeHME Takux YPOKOB MO KOHKPETHLIM NpeaMeTam,
a UMeHHOo: no matematmke — 14%, nNo pycckomy a3biky — 12%,
AHMMNCKNI 93blIK N Gun3kynbtypa — no 5%. PecnoHOeHT bl B
OCHOBHOM BbIOMPAIOT 3HAKOMOE, Tak Kak OHO Y>Ke MOHPaBUNOCh.

XoTaT camu npoBoguThb Takme ypokn 60%, He XOTAT 1 3a-
TPYAHSAIOTCA OTBETUTL «a4a» UK «HeT» — no 20%. Yalue Bcero,
€CTECTBEHHO, NPEANOYMTAIOT BECTUN YPOKM B KJTACCaXx Ha rog, unu
OBa Mnajlle, Ha BTOPOM MECTe — CBOM KjlacC, Ha TPETbEM —
CyLLLECTBEHHO 6onee Mnaalve, To ecTb B 5—7 knaccax — 1—3
Knacchl, B 8 1 9 knaccax HTepec NpocTMpaeTcs LLb A0 5 knacca
BKJIIOYUTENBHO. BO3MOXHO, rae-To Ha rpaHuue 7 n 8 knacca Bo3-
pacTaeT yBePEHHOCTb B cebe N/ ncye3aeT MHTEPEC K CaMbiM
MAaAWwnM — 3TO BOMPOC K ncuxosnoram. MNMpegnoyntaembim
HanpaeBfIEHMEM, YTO JIOTMYHO, Yalle BCEro Ha3biBajn CBOE, Ha
KOTOPOM y4aTcsi CaMu, a Ha BTOPOM MECTe 0Ka3blBasloCk 06bIYHO
TO, HA KOTOPOM y4aTCs 3HaKOMbIe pecnoHaeHTa. KoHeuHo, nepes,
3HAKOMOW ayauTOpuen npenogasarb ferye.

UccnepoBaHue YTEHUS LUKOJSIbHUKOB

Bo BTOpoM nccnenoBaHuy oxsat Obi1 yBENIMYEH: ONPOCUIN BCEX
yyawmxcs ¢ 5 no 11 knacc, NpMcyTCTBOBABLUMX HA 3aHATUAX, —
nontbica4m ayul. O Takmx KONMYeCTBax 1 «HaCTosLLME» COLMON0MN
rOBOPSAT HE KpacHest. YTo NpoYMTaHo 3a rof, H4To U3 NPOYNTAHHOIO
0C06EHHO MOHPaBUIIOCh 1 aKTUBHO HE MOHPaBUII0Ch, KONMYECTBO
BPEMEHN, NOTPAYEHHOr0 Ha YTEHWE, NCNONb30BaHME «KPaTKNX
M3N0XeHn» (0ObIYHO X HaxoasaT B VIHTepHeTe), Nofib30BaHne
ayAMOKHUIaMu, YTEHME C 9KpaHa UAn BYMaXKHbIX KHUT.

OTHOLLEHME K YTEHMIO KONEBNETCH MexXay «s N6 YnTaTb,
NP1 BCSKOW BO3MOXHOCTM 3TO Aienato» (B 3aBUCMMOCTM OT Kflacca
— 17—35%) n «untatb MHe, B 06LLLEM, HPABUTCS, HO YMEPEHHO»
(13—36%), nprnyem B 5, 6 1 8 knaccax OTBETbI CMELLAIOTCS K
nepBoMy BapuaHTy,aB 7,9, 10 n 11 knaccax — ko BTopomy. Ecnmn
Xe pa3fenntb MacCMB HE MO Kiaccam, a No HanpaeieHUaMm, TO
BCE HarnpaBfieHUsl, KPOME N'YMaHUTAPHOro, KonebnioTcs Mexay
BTOPbIM 0TBETOM (13—56%) 1 «ecnun ocTaeTcs Bpemsi OT Apyrnx
aen, Tountato» (5—56%), a rymaHMTapHoe CMeLaeTcs K nepeomy
oTBeTY (77%), Kak 1 omKHO 6bITh. CpeaHee Bpemsi, yaensemoe
yTeHumio, — 6—8 Yacos B Hegento B mnaglumnx knaccax mn 8—11 s
CcTapLmx, 3aBMCUMOCTb OT HanpasneHus cnabas. To ecTb OT-
HOLLUEHNE OTHOLLUEHMEM, HO XU3Hb OrpaHMyYMBaeT cBOOOAHOE
BpeMsi. Tako CypOBOCTU Mbl HE OXUAANN.

Y10 KacaeTCs 3aMeHbI MONHOMO YTEHUSA NPOU3BEAEHNA YTEHNEM
KPaTKMX U3I0XKEHWI, TO B MAIAALUNX KTACCaX CaMblil YaCTbl OTBET
«HMKOrga UK NoYTU HUKOraa Tak He aenato» (25—39%), HaunHaa
¢ 9 knacca — «bblBaeT, HO He CNNLIKOM 4acTo» (29—55%), To
€CTb ONATb Xe: XN3Hb 3acTaBngeT. Ecnm paccMoTpeTb Hanpas-
JIeHUs1, TO OTBET «OblBaeT, HO He C/INLLIKOM 4acTo» (22—82%)
npeobnagaeT Ha BCEX, KPOME N'YMaHUTAapHOro, Ha KOTOPOM J10-
MWHUPYET «HUKOrAa v NOYTU HUKOrAa Tak He aenaio» (68%). A
€Cnn AenatoT, TO MOTMBaMM BO BCEX Cly4asX IBASIOTCA NPUMEPHO
B PaBHOW Mepe «4TOObI MOHATb, CTOUT I YNTATb BCIO KHUTY» (B
3aBMCUMOCTM OT knacca n HanpaeneHns 10—48%) n «4To6bI
NOAroTOBUTLCS K ypokam» (12—66%).

COOTHOLLEHME YTEHWS HA 3KPaHe 1 Ha Bymare TakoBo: 5 knacc
no4Tu BCeraa Yntaet ¢ Gymaru, OCTasnbHbIE B PABHOM Mepe «Mpu-
MepPHO MOPOBHY» (B 3aBMCUMMOCTW OT Knacca 1 HanpaBneHus
10—42%), «6onblue ¢ 6ymarn» (10—43%) n «noyTn BCerga ¢
oymarun» (16—43%). Nonb3oBaHne ayanokHuramu cnabo 3aBu-
CUT OT HanpaBfeHWs, HO 3aMEeTHO NagaeT C BO3PacTOM: OTBETbI
«NMPUMEPHO MOPOBHY» M «CNYLLIAIO Yallle, YeM YMTalo» BbIOMpaeT
18% B 5 knacce n 7% B 11-m, a no HanpaesneHnsamMm — 6—28%.

B aHkeTe 6bin OTKPbITLIA BONPOC — PECNOHAEHTaM Npea-
naranocb NepeymcnnTb (B CBOBOAHOM GOPME) KHUMM, KOTOPbIE
OHM NpoYuTanu 3a rog,. Mockonbky NPOYNTaHHOE 0ObLIYHO 3amno-
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MWHAETCS JyyLLE, ECIN OHO MPOW3BESIO BMNEYaTIEHNE, TO YTEHME,
BbIIBJISEMOE TakMM BOMPOCOM, NPUYEM MNPU OrPAHNYEHHOM
BPEMEHN OTBETA, MOXHO Ha3BaTb «akTyaslbHbIM YTEHNEM>», 3TO
HE MOJIHOE KOMMYECTBO NMPOYUTAHHBIX KHUEL OgHako aaxe npu
TakoOM MOAXOAE MOXHO aHaNIM3npPOBaTb PacnpeaeneHne PpecroH-
[EHTOB MO KOSIMYECTBY HA3BaHHbIX KHUI U pacnpeneneHmne KH1Ur
Mo 3noxam 1 xaHpam. PasymeeTcs, npy aTom OyaeT Haknaabl-
BaTbCS BO3PACTHOM TPEHI, CNOCOOHOCTM 3aMOMUHATL 1 XXeNaHus
Ha3blBaTb, Tak YTO 3TW AAHHbLIE CeayeT BOCNPUHUMATb CKopee
KakK Ka4eCTBEHHbIE.

Hanbonee 4acTo Ha3bIBAEMOE KOJIMYECTBO KHUTM ansg 5—7
knaccoB — 3—5, nna 8—11 knaccoB — 5—7, Ho B 10— 11 knaccax
NOSIBNSIETCA rpynna «kHUroyees» (nopsiaka 25%), HasbliBatoLLMX
13—16 kHur, npuyem HekoTopble nepedncnann 20—30 KHUr n
€eLLe XaNloBaINCb, YTO HE XBaTUIO0 MECTA U BPEMEHMU, YTOObI
HanucaTtb Bce. [lpumeyaHne — 3T0 TOT caMbll Clydan, Korga
COLMONOorM, caMmmn SBASOLWMECS NegaroramMmm, XanekoT, YTO aH-
KeTa aHoHMMHa! 'ymaHuTapHoe HanpasfeHne coctaBnsieT 29%
pPecnoHAEeHTOoB, a cpean npoynTaslimnx 15 n 6onee kHur — 52%
rymaHutapmeB. ECTECTBEHHO, NepecevyeHme NpU3HakoB yCun-
BaeT adpdpekt — 10 1 11 knaccbl ryMaHUTapHOIro HanpaBieHUs
cocTaBnaoT 6% pecrnoHAeHToB, a U3 Ha3easLLKX 15 n bonee KHUr
Ha 3ToOM HanpaBneHn — 29%. YTo 1 NOHATHO: Kpome 6a30BOro
Kypca nInTepaTypbl HA 3TOM HanpaBiEHMM €CTb JOMONHUTESNbHbIE
KYPCbl MO3TUKN, 3apyOEXHON nnTepaTypbl, MUGONOruun.

Ans prsnko-maremMaTn4eckoro 1 CoLumanbHO-3KOHOMUYECKOro
HanpaBieHn HanboJsiee YacTo Ha3blIBAEMOE KOJINYECTBO KHUI
— 4—6, pna ryMaHMTapHoro n 6monoro-xmmmyeckoro — 7-9,
ons obuweobpasoBaresibHOro — 0—4 (To eCTb CPaBHUTENbHO
BeJIKa JONS HE YNTAIOLMX BOOOLLE UK, TOYHEE, HE YAENSIOLMX
3TOMY AaXe MUHMMaJbHOro BHMMaHus). Ha couunanbHO-3Ko-
HOMMYECKOM N N'YMaHUTapPHOM 3aMeTHa rpynna «KHUro4ees»,
Ha3blBalOLWMX, Kak yka3aHo Bbilwe, No 13—16 KHUI (0TaenbHbIe
pecnoHaeHTsl — 20—30).

Tak 4TO Xe oHu YnTaloT? NepBble ABa MecTa BO BCex napain-
Nensax n HanpaefeHUaX OENST POCCMNCKasa Knaccuka (To eCTb,
no CyTwu gena, WKOoNbHas nporpaMmma) un 3apybexHas daHTa-
cTuka (To ectb cBobogHoe yteHme). Knaccuka nobexpaeTt B
9—11 knaccax (npengkyweHne EN), a us HanpaeneHnin — Ha
ob6uieobpasoBaTenlbHOM, OUONOr0-XMMNYECKOM N COLIMaNbHO-
3KOHOMMYeckoM. B 5—8 knaccax, Ha prn3nko-maremaTnyeckom
M FTyMaHUTapHOM HanpasfeHusax nobexgaeT 3apybexHasa daH-
Tactuka. TpeTbe MecTo B BOJIbLUMHCTBE Clly4aeB AOCTaeTcs
poccumnckon paHTacTuke, ogHako He Bcerga: B 5 kacce v Ha
rymMaHnTapHOM HanpasfieHUN B LEJIOM — COBPEMEHHON 3a-
pybexHon nutepatype, B 10 knacce — 3apybexHOi knaccuke,
B 11 knacce — 3apyb6exHon nutepaType BTOPOWN NOSMOBMHbI XX
BeKa, Ha BMONOro-XMMMYeckoM HanpaB/ieHUN — POCCUINCKOMN
HOHOUKLWH-NUTEepaType. YeTBepToe MeCcTo — Kak npaswuno,
3apybexHas knaccuka (6—9 n 11 knaccobl, 0beobpasoBaTenb-
HOE N COUMNaNbHO-39KOHOMMYECKOE Hanpasnenus). Nepebie Tpu
MecTa «BecaT» B cpegHeM 30%, 20% n 10% COOTBETCTBEHHO.
JanbHelwee pacnpegeneHne BblraguT XaoTUYHO, NPUYEM
3aMeTHa KOHBEPreHumMs YTEHNS BHYTPM OOHOMO knacca (B3a-
MMOBJIUSIHUNE LLKOJIbHUKOB, BIIMSIHNE KMHO, KOMMbIOTEPHbIX UIP
WM negarora), 4To Npu aHanmse BCEro MaccumBa BbIrMSaMT Kak
cnyyarHble konebanusa. Kak oTMeyanocb B nMteparype, gaxe
dopmManbHO OOMHAKOBLIE KNIACChl PA3INYaloTCsa — Y HUX €CTb
rpynnosas UHANBNAYASIbHOCTb.

B Hawem cnyyae norpeHoCcTb BO3HMKAET, KPOME OBObIYHbIX
MPUYNH, U3-3a «MO3aNYHOCTN» COBOKYMHOCTWU, TO €CTb M3-3a
TOr0, 4TO KaXAbll KflacC OTHOCUTCS HE TONLKO K Mapanfienu, Ho
1 K HanpasneHuto. NMpun 3TOM OAMHAKOBbIE NAapanienu B LUKONe
COCTaBJIEHbI N3 HaMNPaB/IEHNI A HEMHOTO NMO-Pa3HOMY, a Pa3Hble
HanpaefEeHNS — N3 KNACCOB, OTHOCSALLMXCS K pasHbIM napan-
nensam, Hanpumep, B 04HOW Napasienn MOXET ObiTb 60/bLUe
MaTemMaTuKOB, B ApYron — rymaHutapumes. B aTom cnyvae o
MOrPELLUHOCTU MOXHO CYANTb, HANPUMED, MO «LLYMY>», XaoTnuye-



CKMM U3MEHEHUAM Pe3yNbTaToB MPW ABUXEHUM OT Napanienm K
napannenu — npu oTCyTCTBUN 3TUX 9PPEKTOB AaHHbIE LOJIKHbI
Oblnn Obl MEHATLCS B OOJIBLUMHCTBE C/ly4aeB MOHOTOHHO.

CpaBHeHue ¢ gaHHbIMU MOHUTOPUHIra 80—90-x rogos (aaH-
Hble M.J1.ManHep n J1.A. AwkunHasn, «<Coumnonorniyeckme nccne-
poBaHuns», 1994, 11) nokasbIBaET, 4TO NPW 3TOM YPOBHE aHanm3a
npounsowleglmne n3MeHeHus Heeenukn. Y abutypmentos 90-x
rofoB TOXE Ha NepBOM MecCTe Oblna poccuiickas knaccuka, Ha
BTOPOM — 3apybexHas daHTacTmka, a Ha TPETbEM — POCCUN-
ckas HOHOUKLWH-NMTEpPaTypa, KoTopas Tenepb y pusnko-ma-
TEMATUYECKOrO HanpasfieHNs oka3aniaCcb Ha YETBEPTOM MECTE.
HanonHeHne karteropuin GaHTaCTUKN N HOHUKLLIH, KOHEYHO,
M3MEHWNNOCh.

Y10 KacaeTcs OTAENbHbIX aBTOPOB, TO MPUBECTU MOJIHbIN
CMNCOK HEBO3MOXHO — OH C/AULWIKOM Benuk — 388 aBTOPOB.
HO MOXHO BbILENNTBL TEX, KOTOPbIX YATAIOT MAacCoOBO, TO ECTb
KOro HasBaJsio x0oTa Obl B KAKOM-TO OLHOM knacce 6onee nNaTn
yenosek. 3to — bpanbepwn (3), bynrakos (5), Noronb (9), Jo-
ctoeBckuit (8), 3amatuH (1), Koponenko (1), AaHmnan Kus (1),
Neckos (1), lepmonHToB (2), Opyann (1), MywkuH (10), PoynuHr
(7), Pemapk (3), Canungxep (1), Toncton (9), TypreHes (6),
®oHBM3KH (1), XaMmuHryaii (1). B ckobkax yka3aHO KOIM4ECTBO
KJ1acCcoB, B KOTOPbIX 3adPUKCUPOBAHO TaKO€ OTHOCUTESIbHO
MaccoBoe YTeHue. Mpu 60bLLIOM KOJINYECTBE KNacCcoB — 3TO
MaccoBO€ BNUSIHME, TO €CTb Nporpamma, npu Majom — uiun
BJINSIHME KOHKPETHOIO Negarora uinn Coy4yeHnka, BCTpeTuBLLEE
OTKJINK B KOJITEKTUBE.

B aHkeTe umenack npocbba K peCrnoHAeHTaM — B CAENAaHHOM
MIMU CTMINCKE INTEPATYPbl OTMETUTL, 4TO MM MOHPaBUIIOCE BOJb-
e BCEro, 4To NpoymnTanu, a Nno3xe noxanenu, 4to noTpaTuin
Ha 3To Bpems. B uenom c Bo3pactom 05 MO3UTUBHbIX OLLe-
HOK YMEHbLLIAETCS Ha YEeTBEPTb — PaCTET KPUTUYHOCTb. Ecnun
BbIOENINTb OLLEHKW OBYX MEPBbIX PENTUHIOB, TO OKaXETCS, YTO
3apyb6exHyio paHTaCTMKy OLEeHMBaOT No3mTneHo B 20—60%
CNy4aeB, HeratmBHO — B 1—7%), POCCUNCKYIO KN1aCCUKy NO3u-
TnBHO — B 6—20% cny4aes, HeratueHo — B 2— 11%. 3apybex-
Has daHTacTmka 60nbLue BCErO NOHPaBMacbk 'yMaHUTapHOMY

HanpasfeHnio: No3nTNBHO — 50%, HeratnBHO — 1%, oCTasbHblEe
HanpaBneHns oueHunn No3nTneHo — 23—35%, HeraTuBHO
1—8%. K poccuiickoi knaccuke nyyiue BCEro OTHOCUTCHA 61o-
JNIOro-XMMMN4ecKoe HanpaeneHme: No3anTMBHO — 25%, HeraTMBHO
— 4%, Torga Kak Ha oCTajibHbIX HanpaBfeHUSAX NO3UTUBHO —
10—12%, HeraTnuBHO 4—7%.

AG3au, 0 npenoaaBaHUM COLMOJIOTUN
M ABa 0 NpenogaBaHuu BooOLle

Ecnu npeamet «coumonorusi» He SBNseTcst 06s3arenbHbIM, 40CTa-
TOYHbIA ANS YCMeLLHbIX 3aHATUIA YPOBEHb MHTEPECA MOXET ObiTb
obecneyeH AByMsi cnocobamm. 3TO CyLLLECTBEHHOE CoAePXXaHNe B
KypCe aHanm3a NpoBeAEHHbIX PaHee UCCeaoBaHMii M opraHM3aumst
CaMOCTOATENIbHOIrO UCCIeA0BaHNS, NPEXOE BCEro — B CBOEM LLKO-
ne. O6a MeToaa MOXHO NMPUMEHSATb COBMECTHO, B pamMkax O4HOMo
rofloBOro kypca o6bemom okoso 30 akageMmnyHecKmnx Hacos.

OT Tex, KTO peasibHO, «<Ha 3eMJie», paboTaeT Co LIKOJIbHMUKaMW,
MPUXOANTCS ChblWaTh ABAa MHEHUS O HUX — OAHO XopoLluee 1
0OHO ropecTtHoe. MpoTUBOpeUMs 30eCb HET: MHTENNEeKT Yy na-
LIMEHTA COXPaHHbIN (XOTA «K/TMMNOBOE MbILUIEHNE>, «LMDPOBOE
cnaboymme» — yxe NeruTMMHbIE TEPMUHbI), HO BOT C XelaHNneM
Y4UTLCS, a FOBOPS MpayHee, CXenaHmeM paboTtarb — Npobnembl.
To ecTb NOKa MM Knagellb pas)eBaHHOE B KIOBUK M rMaamilb No
rOpJIbILLIKY, OHM INOTaIoT, HO C Kedupa Ha TBOPOT NEPEXOasnT yXe C
Tpyaom. CTOUT OTBEPHYTLCSA — HbIPSIOT caMu 3HaeTe Kyaa, ecnim
paspatb MHTEPECHbI MaTepuan Ha ncTkax, ABe TPeTn ocTaB-
NS0T Ha CToNax, a eCnuv NoJIOXKUTb Ha CBOM CTOM U Pa3peLLmnTb
rnocne ypoka B3saTb — 6epeT NOYTU... HUKTO.

Bo3HukaeT Bonpoc, kak BO30yauTb U — Aa, Kak nogaepxarb —
MHTEepec? HekoTopble MeToabl NPUBEOEHbI B pacckase Jinonaa
burrna-mnagwero «Kakaa npenecrHas wkona» (ero Nerko HamTn
camu 3HaeTe rae). Haw CKpOMHbI OnbIT Noka3als, YTO COBMECT-
Has 1N camMoCTosATeNbHasa OeATeNIbHOCTb B HEKOTOPLIX Cly4Yasx
TOXe adpdekTnBHa.

AdonroxpaHHbI, YHUKaNbHbIN, YO,OOHDbIN!

bl NOKyNnaeTe apxmB, YCTaHaB/MBAETE Ha CBOM

KOMMbOTEP, M OH aBTOMaTU4eckn oOHOBNSETCA

Kaxabln mecsu,. Bce camoe nHTepecHoe nerko
HaMTW 1 B CTapblX, 1 B HOBbIX HOMepax. becLeHHbIe pac-
Ckasbl 00 y4eHbIX, 0 NpobnemMax u MeToaax XMummm, Gmo-
norvu, UsnKKn, MateprasioBeEAEHNS, UCTOPUS Pa3BUTUS
HayKn U TEXHWKM, CMeNble rmnoTe3bl U naeun, onbiThbl
IOHBIX XMMKOB, pa3MbILLIEHNS MyOPELOB, aHTOI0MS
Hay4HOM aHTaCTUKM BTOPOM NOSI0BUHBLI XX — NepBom
NonoBuHbI XXI BEKA, PUCYHKMN BEOYLUMX XYOO0XHUKOB-
rpacdukoB, B 06LLEM, TO, O YHeM Bonee NosyBeka NULLIET
XKYPHaN «XUMUS! N XXN3Hb», €CTb B €ro 971IEKTPOHOM MO-
NOSIHAEMOM apXu1Be.

LleHa 1600 p. Ha dnew-kapTe ¢ 4OCTaBKOW NOYTON
P® 1 1300 p. Nnpm caMoCTOATENIBHOM CKayiMBaHUK
ancTpmbyTmnea c canTa. Y3HaTtb noapodHOCTM 00 ap-
XVBE U KYNMUTb €r0 MOXHO Ha canTe XypHana: (Www.
hij.ru), oTnpaesme nuceMo No agpecy redaktor@hij.
ru Uan NO3BOHUB B pedakumio rno tenedony (495)
722-09-46 no pabounm gHam ¢ 11 go 17-30.

Hanomuraem, 4To Ha HaLL XypHaJs ¢ 1l06oro Homepa
MOXHO 1oAnNncaTsCs B peaakLmiy.

CroumocTb Noanucku
Ha BTopoe nonyroame 2018 roaa:

c goctaskovi no P® — 1140 pybneii,
rnpuv nosay4yeHun B peaakumm — 720 pyobneii.
O6 3/1eKTPOHHbIX riatexax cM. www. hij.ru.

PekBn3uThbl:

Monyuatenb nnatexa: AHO LleHTp «Haykallpecc»,
MHH/KMMN 7701325151/770101001 Baxk: MAO «C6epbaHk», . MockBa,

Homep cyeTta: N2 40703810938000000848, k/c 30101810400000000225, BNK 044525225
HasHadyeHune nnarexa: nognmcka Ha XypHan «XumMma n xm3Hb—XXI sek»

Cnpasku ro TenedoHry (495)722-09-46.
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AHTNOKCW

Kangupat 6ronornyeckmx Hayk
H.J1. Pe3Huk

Xouellb NoOXBanuTb NPOAYKT — HAa30BM aHTUOKCUAAHTOM. Moes o Bpeae okMcnnTeNbHOro ctpecca v Heob-
X0AMMOCTU 60pPbObLI C HUM NPOHMKIIA B 00LLIECTBEHHOE CO3HaHME 1 NPOYHO TaM ykopeHunacbk. OgHako 3To
He eJMHCTBEHHasi ToUka 3peHust Ha akTUBHbIE GOPMbl KUCIIOPOAa W NOCEACTBUS MpMeMa aHTUOKCUOAHTOB.

«KT0 nepBbiii BbINycTUN,
4YTO OH peBnU3op?»

CyuiecTByeT fiereHaa o ToMm, Kak B aekabpe 1945 roga amepukaH-
CKOMY XMMUKY [1aHxeMy XapmaHy nonascs Ha rnasa KyrjeHHbIn
€ro XXEHOM JaMCKUI XypHas. XapMaH npoyes B HEM CTaTbio Moj,
Ha3BaHWeM «3aBTpa Tbl MOXeELLb OblTb MONOXE», 3a4yMasICs N He-
CKOJIbKO JIET CAYCTS NPEAN0XMA CBOOOAHOPAANKANIBHYIO TEOPUIO
crapeHus («Nature», 2015, 528, 322—325, doi: 10.1038/528322a).
CyTb ee B TOM, 4TO NPUYMHOM CTapeHusl cnyxart Nno60o4Hble NPo-
OyKTbl MeTabonmama — cBO6OAHbIE paanKanbl, KOTOPbIE MOBPEX-
paiot knetkn. Co BpEMEHEM 3TU NOBPEXAESHNS HaKanIMBalTCS,
oT4yero opraHn3m 6oneet n ctapeet. CnegoBatenbHO, CTapeHne
MOXHO 3agepxartb, MPUHUMas aHTMOKCMAaHThLl. B Takom Buae
ceBobogHOpaavkanbHas Teopus 1 NoLwwna B Hapoq, 4eMy Hemasno
cnoco6CcTBOBaNM KOMMAHUM, NPOAALMe BUTAMUHbI, NULLEBbIE
[06aBKM 1 KOpMa NSl XMBOTHbIX, COAepXalume aHTMOKCUOAHTbI.
OTOT PbIHOK CTpeMuTENbHO padeuaaeTcs, 1 k 2020 roay ero 060-
POT NpeBbICUT 3 MAPA, A0NNaPOB.

Boob6Le, nges o Bpeae OKUCNEHUS HOCUTCS B BO3AyXe C Tex
camblx Mop, Kak gy NOHSAN, 4TO KMCNOPOA, KOTOPbIM OHU Abl-
LiaT, MeeT CBONCTBO OKUCASATb, TO €CTb NOPTUTb OpraHnyeckne
BeLLEeCTBa BO BNIaXHOW cpeae. EctecTBeHHO, BO3HMKAeT BOMPOC:
a KaK OHO B opraHm3me? A Tam rioko3a okMcnseTcs ¢ obpasosa-
HWeM BOAbl W YIEKMCION0 rasa 1 BblaeneHmemM aHeprum. CHavana
rAOKO3a B LMTONMa3Me pacLuenisieTca Ha ABEe MOJIeKYSbl MMPO-
BUHOMPaAHOM KMCNOTbl. 3aTeM 3T MOJIEKYSIbl OTAPaBAATCS B
MUTOXOHAPWW, FAE NpeTepnesalnT OMOXMMMYECKNe NpeBpaLLeHns.
Mpn 3TOM BbBICBOBOXOAIOTCS SNEKTPOHbI; MO Lenoyke 6enkos-
NepeHOCYMKOB, KaK KMPNUYMKM NO XMBOMY KOHBEMEPY, OHU O0-
OnpaloTca 4O KOHEYHOro akuentopa — kucaopoga. AKLenTop,
NPVHABLLMIA 3NEKTPOHbI, NpeacTaBnsieT Co60M CUNbHBLIA aHUOH
0%, KOTOpbIVi CBA3bLIBAET ABA NPOTOHA M 06pa3yeT Boay. B 06wem
BMAE peakums BbIragnT Tak:

O,+4e~ +4H"—2H.,0.

OpaHaKko Npu pasHbIX HAPYLLEHMWSIX B AbIXaTEIbHOM LENU UM UHbIX
npobnemax, Taknx Kak NoOHU3MpyioLas pagnauus, CnoHTaHHOe
OKMCeHre reMmornobmnHa nnm BocnaneHme, KUCNopoa BOCCTaHaB-
NIMBAETCS He NOJIHOCTbIO, 1 06pa3yloTCa cynepokcuapagukanbi:

0,+e~0,.

Pagnkan HenpeMeHHO JOMKEH npopearnmposars C ApYyron Mo-
JIeKynon, npuyemM Tak, 4Tobbl 06pas3oBasncsa ewe OanH pagukan,
KOTOpbIA, B CUY CBOEI BbICOKOW peakLMOHHON CNOCOBHOCTH,
TOXe BCTynaeT BO B3anmogenctene. Ecnm sToT kackan, peakumia
He OCTaHOBWTb, OH MOXET AAUTBLCH OONT0 W NEPENOPTUTb MHO-
XECTBO MOJIEKYJ1, XOTS CYNepoKCMaa BblAENSETCSH O4eHb Mano.
K cyacTbio, B opraHn3me npeayCMoTpPeEH MEXaHU3M 3aluuTbl OT
nospexgeHunt. lNMpexae Bcero, 310 pepmMeHThl cynepokeuanmc-
myTasbl (CO/LL), kaTannampyioLpe peakumio cynepokcmapanmukana
C MoHamMu Bogopoaa:

20,”+2H"->H,0,+0,.

CynepokCUANOH He MPOHNKAET Yepes KNETOHHYI0 MeMOpPaHy, no-
3TOMY €ro KOHLEHTPaLUUK B UMTO3011€, MEXKTETOYHOM XXMAKOCTU 1
B MUTOXOHAPUSAX Pa3nnyHbl. COOTBETCTBEHHO, AJ151 €10 06e3BpeXu-
BaHWS CYLLECTBYIOT pa3Hble n30hopMbl pepmeHTa, AeNCTBYIOLNE
B LMTOMNNa3Me, MUTOXOHAPUSX N MEXKIETOYHOM NPOCTPaHCTBE.
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Mepekncb BOAOPOAa, KOTOpast 06pal3yeTcs B pe3ynbTaTe akTuB-
HocTu CO/Jl 1 HEKOTOPbLIX OKUCAUTENbHBIX MPOLLECCOB, — TakxXe
CUNbHbBIN okMcnuTenb. Ee aesaktmBnpyioT depMeHThl katanasa
VAW FYTaTMOHNEPOKCMAA3a, pasnaras Ha BOAy U KUCNOPOA.

NMoMnumo pepMeHTOB, CyLLECTBYIOT aHTUOKCUAAHTbLI, KOTOpble
pearnpyloT co cB060AHBIMM paamkanamMm 1 NPeBpaLLaioT X B pa-
OyiKasbl C Mano peakLMoHHOM CMOCOBHOCTLIO. K aHTMOKCaaHTam
OTHOCSTCS B TOM YAC/E HEKOTOPbIE BUTAMUHbI U PACTUTENbHbIE MO-
nmndeHonbl. HacTb 3TMX MOSIEKYST OPraHN3M CUHTE3UPYET, OCTasb-
Hbl€ NONyHaEeT C NuLEe. Bce cnibHbIe KUCNOPOOHbIE OKUCANTENMN,
Kak pagukanbHble, Tak U HET (K MOCNeOHNM OTHOCSATCS NEPEKNChb
BOAOPOAA 1 O30H), NPencTaBnaoT cob0ol akTUBHbIE GOPMbI KUC-
nopopa (APK).

MTak, 06pa3oBaHne CUbHbIX OKUCAUTENEN BIOSIHE ECTECTBEHHO
1 6e30nacHO, NOCKOJbKY XUBblE CyLlecTBa 06nagalT CUCTEMOM
aHTUOKCMAAHTHOW 3awmTbl. OgHAKo HacC NyraloT He OKCUaaHTamMm
BOOOLLE, 8 OKUCANTENBHBIM CTPECCOM — CUTyaumen, koraa 6anaHc
Mexay 06pas3oBaHMeM OKNCANTENEN N aHTUOKCUOAHTHON 3aLUmMTON
HapylweH n AQK HakannmealoTcs B opraHname. OHY noBpexaatoT
noOble TKaHW, N HET Takoro opraHa, KOTopblii HyBCTBOBa Obl Ce65
B 6e3onacHocTu (puc. 1).

K coxaneHuio, B XMBOM OpraHn3mMe CKOpOCTb 06pa3oBaHus u
BbiBeaeHUs ADK n3amepuTb Henb3s. Meaukmn aHanuanpyoT Koan-
4eCTBO nospexaeHHor JJHK 1 npoaykToB NIMMMOHOIrO OKUCNEHNS,
KOTOpblE BbIXOAAT C MOYOM nnu npu Bbigoxe. Camo no cebe Ha-
nnymne 3TUX MOJIEKYN HE 03HAYaeT, YTO OPraHM3M OEeNCTBUTENIbHO
nocTpagan, Tak kKak OH MOI BOCCTaHOBMWTb NOBpeXaeHus. lNoatomy
OKMCAUTENBHBIA CTPECC OCTAeTCH OMOXMMUYECKUM MOHATUEM U
0119 ANarHOCTUKK, IEYEHUS U MPOFHOCTUHECKUX LIENEN HE FOANTCS.

MpencTtaBneHne 06 OKUCANTENBHOM CTpecce 1 cBobogHopa-
OMKanbHOM TEOPUN CTapeHMs BOLLO BO BCE Y4eOHMKM, OOHAKO K
Hadany 2000-x rogoB CTanun HakanJnBaTbCs 3KCNEPUMEHTaNbHbIE
OaHHble, onposepratoLue aty Teopuio. Oka3anocb, HanpUMep, 4TO
y nabopaTtopHoro Yepssi — Hematoapl Caenorhabditis elegans —
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BUTAMUHbI

a-tokogepon (Butamut E)
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Hexomopbie npupooHsie aHmuokcuoanmol

ypoBeHb akcnpeccun CO/L B yCnoBUSX OKUCNTENBHOIO cTpecca
CYLLECTBEHHO He BANSIET HA NPOAOIXUTENBHOCTL XU3HU. Y TpaHC-
reHHbIX YepBeEN, KOTOPble HEe CUHTe3npoBann HekoTopble CO/,
KOHLLEHTpauus cBO60aHbIX paanKanos NOBbICMAACH, N OHU OOMKHbI
OblIM Pa3pyLLNTb TENO HEMATOAbI, OOHAKO 3TOr0 HE NPON3OLLIIO
(«Genes & Development», 2008, 22, 3236—3241, doi: 10.1101/
gad.504808). ABTOpbI MCcCcnenoBaHus, bputaHckme u 6enbrumnckme
cneumnanucTbl 04 PyKOBOACTBOM nNpodeccopa YHMBEPCUTETCKO-
ro konnepxa JlongoHa asuaa Ixemca, npuwinm K BbiBOAY, HTO
02’— OTHIOAb HE MMaBHbIN GaKTOP, ONPEAENSIOLLNI CTapeEHNE He-
MatoA. OTOT BbIBOA, MOATBEPXAAIOT M 9KCMEPUMEHTHI C HEPBAMMU, Y
KOTOPbIX B pe3yfibTate reHeTM4eckon mogndukaumm yBennmymnics
YPOBEHb OnpeaeneHHbIXx CBOOOAHbIX paankanoB. MyTaHTbl Xunm
[onblle, 4em 0OblYHbIE YEPBU, a KOorga UM CTanu CKapMmansaTb
aHTUOKCUAAHTbI, yTpaTuAn gonroneTue.

JonycTtnm, HemaToabl 4OCTATOYHO AaNEeKN OT HAC, HO BOT Mie-
KonuTaloLwue, TPaHCreHHbIe MbILLN, Y KOTOPLIX akcnpeccus COL,
Karanasbl, 0601x pepMeHTOB nnm aAByx pasHbix dopm COL 6bina B
[iBa — YeTbIpe pasa BblLUe, HO XXM3Hb MM 3TO He Npoaanno («Aging
Cell», 2009, 8, 73—75, doi: 10.1111/j.1474-9726.2008.00449.x).

Y ronbix 3eMIEKONOB YPOBEHb ECTECTBEHHbIX aHTUOKCUAAHTOB
HUXE, YEM Y APYruX rPbI3YHOB, @ OKUCINTENbHbIX MOBPEXAEHWI
B TKaHsX 60bLue. Mpy 3TOM OHM HE TONbKO XuBYT 25—30 net —
CPOK, AnS rpbidyHa GaHTaCTUHECKUIA, — HO NMPaKTU4YECKN He 60-
NEI0T 1 MOMUPAIOT 300POBEHLKMMU. DTU PE3ynbTaThl BNEYATASIOT,
O[HAaKO eLle NHTEPECHEE AaHHbIE, MOyYEHHbIE HAa NIOOSX.

«Bce npuHumanTe ButamuH!»

Jiopen He BbIHYXAAT 3KCNpeccupoBaTb 40OABOYHYIO MNOPLMIO
CO/J, 3ato nx nonb3yrT aHTUOKCMaaHTamMu. HYalle BCero 310 Bu-
TamuHbl. Kapanonor AHpxeno Auum, npodeccop YHmBepcuteTa
TadTca (boctoH, CLLUA), cobpan nogbopky ¢akToB 06 nx aHTU-

340POBbE

OKUCNNTENbHON akTMBHOCTU («BioFactors», 2017, 43, 785—788,
doi: 10.1002/biof.1388).

Hanbonee n3BeCTeH B 3TOM KayeCTBE XMPOPACTBOPUMbIN
a-ToKodEepP/, OH Xe BUTaMUH E, — KOMMOHEHT KNETOYHbIX MEMOPaH
(puc. 2). B yuebHMKax HaNnMcaHo, YTO OH 3aLLMLLLAEeT MEMOpPaHHbIE
nMnuabl OT okncnexus. JaHHele 0 ero apdekrTax NPOTMBOPEUNBEI.
Okasanochb, B 4YaCTHOCTHU, YTO PerynsipHblii npMem a-tokodepona
He B/INSIET HA 4aCTOTYy CEPAEYHO-COCYAUCTLIX 3ab60neBaHnii 1
COCTOsiHME B0JIbHbIX pakoM He obnerdyaeT. YTo kacaeTcsl rnasHbIxX
3aboneBaHwnii, BUTAMWUH, NPUHATBIA OOWH UKW B COMETAHUN C OpY-
MM aHTUOKCUAAHTAMW, HE CHUXAET PUCK Pa3BUTUS KaTapakTbl
n arpodum cetyatkm. Kpome T1oro, a-tokodeposa, no AaHHbIM
60/IbLLUMHCTBA UCCNeN0BaHNN, HE NOALEPXMBAET KOTHUTUBHbLIE
CMOCOBHOCTU 1 HE 3aMeaJISET UX CHUXEHME NMPU HOPMaSIbHOM
CTapeHnn. A eCnu KTO CHUTAET, YTO BUTAMMHA MPOCTO HEAOCTATOYHO
1 Ha10 NPUHATL NOBOJbLLE, MYCTb BO3AEPXUTCH — YPE3MEPHO Bbl-
COKMe 003bl 0-TOKODEPOA BbI3bIBAIOT KPOBOUSNUSHWS, MOBLILLIAIOT
CMEPTHOCTb 1 YBEIMYMBAIOT PUCK paka NpocTarhl.

[pyroii 3HaMEHUTbIN aHTUOKCUAAHT — B-KapoTuH, NpeaLlle-
CTBEHHUK BUTaMmunHa A. Ero ceomncraea ndy4yanm B paMmkax uccneno-
BaHMs, MOCBSLLEHHOIO BAUSHMIO O-Tokodepona u B-kapoTnHa Ha
PVCK pa3BuUTKSa paka nerkmx y kypunblumkos (Alpha-Tocopherol,
Beta-Carotene —ATBC). 370 ABONHOE crenoe nccneaoBaHme npo-
Boannn B @unHnanaun. B1985—1988 ropax yyeHble NpuBnekam K
coTpyaHuyecTsy 29 133 myxumnH 0T 50 00 69 NeT, BbikyprBaBLUNX HE
MEHee NsATU curapeT B ieHb. OHY eXXeaHEBHO NPUHUMANN BUTaMUH
E B popme a-TokodeponaueTara, B-kapoTuH unm nnauedo. K 1993
roay cpeaun y4acTHUKOB 3apernctpmpoann 876 HOBbIX Clly4aes
paka nerkunx. Anbda-tokodepon, N0-BUANMOMY, NPaKTUYECKN He
noBnusan Ha 3ab0neBaeMoCTb, CPeau y4aCcTHUKOB, MPUHUMABLUNX
B-kapoTuH, Yyncno 3aboneBwnx okasanacb Ha 18% Bhblwe, Yem
B rpynne nnauebo, a obwas cMepTHOCTb — Ha 8% Bebille, npe-
X[e BCEro u3-3a paka JIerkmx n niemMmmnyeckor 6onesHm cepaua
(«The New England Journal of Medicine», 1994, 330, 1029—1035,
doi: 10.1056/NEJM199404143301501).

Mocne Takmx pe3ynLTaToB UCMLITYEMbIE NPEKPATUAN NPUEM BU-
TaMWHOB, HO 3a UX 34,0POBLEM NMPOAOIKANM HabNoaaTb. I3BECTHO,
HanpuMep, YTO aHTUOKCUAAHTHASA 3aLumMTa NOHUXKXEHA Y BONbHbIX
caxapHbiM gnabeTom BTOporo Tuna. Anabetom 3aboneno 705
Y4aCTHUKOB MCCNEA0BaHMS, HO pUCk 3a6oneBaHuns He Obli CBA3aH
C YPOBHEM BUTAaMMHOB B CbiIBOpPOTKe («Diabetologia», 2008, 51,
47—53, doi: 10.1007/s00125-007-0864-0). AHTUOKCMAOAHTBI U TYT
HEe NOMOIIN.

B opyrux ncnbitaHuax B-kapoTUH B COYETAHUM C PETUHOJIOM
exenHeBHO NpuHuMann 18 314 yenoBek C BbICOKMM PUCKOM pas-
BUTUSA paka nerknx (Carotene and Retinol Efficacy Trial — CARET).
AKTMBHYIO a3y nccnenoBaHuii, Havatelx B 1985 roay, npekpatunm
B 1996-M, Ha 21 MecsU, paHblue 3anjiaHMPOBAHHOIO Cpoka, Nno-
CKOJIbKY BUTAMMHbI, Kak 0Ka3asioCb, MOBLILLAIOT PUCK Pa3BUTUSA
paka nerkmx, oCobeHHo y naei, MMeBLNX Aeno ¢ acbecTtom
(https://clinicaltrials.gov/ct2/show/NCT00712647).

EcTb n ppyrmue nccnenoBaHus, COriacHO KOTOPLIM YCUIEHHbI
npuvem B-kapoTuHa, BuTammHoB A 1 E B cocTaBe BUTAMUHHbIX
KOMIMNEKCOB HE CHMXAET PUCK CMEPTU, a B HEKOTOPLIX Clly4aeB
€ro yBenn4mBaeT Nno KpanHen mepe Ha 5%.
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ONnAeMnonornyeckme nccneaoBaHms NokasbiBaloT, YTO NI0AN,
KOTOpble easT MHOMO OBOLLEN U GPYKTOB, BOraTbix BUTAMUHAMMU U
APYrMMn aHTUOKCUAAHTaMU, XUBYT OOJIbLUE U 'Y HUX peXe pa3Bu-
BaeTCH pak No CPaBHEHUIO C TEMU, KTO GPYKTOB He ecT. KaxeTcs
0o4YeBUAHbLIM, YTO AMeTa, 6oratas aHTUOKCUOAHTaAMM, YAy4LIUT
300poBbe. HO pesynstarbl MHOMMX CTPOrO BbIMNOJIHEHHBIX 3KCMNe-
PVYIMEHTOB OMpPOBEpPratoT 3Ty rmnoTedy. [oyemy Tak nosyyaerca?

OpHa 13 npuyvH, No MHeHMio npodeccopa Auuu, 3akyaeTcs
B TOM, YTO MOJIEKYJIbl, MPOSABASIOLLNE aHTUOKCUOAHTHbIE CBOMNCTBA
B Npo6upKe, yTpaymBatoT UX, Nonae B opraHnam. ToT e ButamuH E
TepsieT CNocoBHOCTbL pearnpoBaTtb CO CBOOOAHBLIMWN paankanamm,
€C/IM B3aUMOAENCTBYET C TOKOdEepOos-acCoLMnMpoBaHHbIMU Beska-
mu (tocopherol associated proteins — TAPS) nnn cbIBOPOTOUHbIM
anbbymmHomMm. Monekyna B peaynbtate CTaHOBUTCSt COBEPLUEHHO
MHEPTHON. A eCTb elle pepMeHT a-TOKOPEePOsIKMHAa3a, KOTOPbIn
nepeHocuT pocdatHyto rpynny ¢ ATdD Ha cnMPTOBOIA OCTATOK TOKO-
depona, 06pasys o4eHb CTabUIIbHbI 3bUP, He 061aaaOLLMA aHTN-
OKCWAAHTHbIMYK cBOWCTBaMU. [lpyrne 6enkm B3aMMoaencTByIoT C
PETUHOJSIOM 1 INLIAIOT ero cnocobHocTn ob6e3epexmneaTe ADK.

PpykTbl 60ratbl He TOJIbKO BUTaMuHamu. CyliecTByeT 6osibLuas
rpynna 61onorMyeckn akTUBHbIX CoeaMHEHN, NONMdEHONoB,
KoTopble B Npobupke BeayT cebs kak aHTMoKcmaaHThl (puc. 2). K
HUM OTHOCATCS KOdenHas KUCnoTa, KoTopas NpUCyTCTBYET B KOde,
TUMbsIHE, Wandee, MATE N ceMeHax NoACOJIHEYHMKA; 3nnranno-
KaTexXnH 13 Yas; KBepLeTnH, 0BHapY>XeHHbIN B kanepcax, ykpore,
KNH3€e, KpaCHOM NyKe, PaanKKb0 (UTasbAHCKOM LIMKOPUN) 1 MHO-
rne gpyruve. NMonndoeHosnbl akTMBHO MCNONL3YIOT B TPAAULMOHHOM
MeaMUMHE, a CReLmManucTbl NccnenyioT ux nedyebHble CBOMCTBA.
OpHako 6MoA0CTYNHOCTbL NONNGMEHONIOB B OpraHM3Me HeBesnka.
depMeHTbI cpasdy 610KNPYIOT M’MAPOKCUIIbHBIE FPYMMbl NOANGDEHO-
J10B, KOTOpPbIE Kak pa3 1 NposiBAAI0T aHTUOKCUAAHTHbLIE CBONCTBA,
a 3ateM nx adPEeKTUBHO yAANSIOT U3 opraHnama. B pesynsrarte co-
JepxaHune NonndeHoO0B B NasMe KPOBU HE MPEBbLILLIAET HECKOSb-
KX MUKpomMonen. Ytobbl nna3ma npruobpena aHTUOKCUOAHTHbIE
CBOWCTBA, HyXHa ropa3no 60sbLuasi KOHLEeHTpaums.

MoTpsiceHne wnu BCTpsicka?

Y OKMCANTENBLHOrO CTpecca ABe CTOPOHbI. N36biTok ADK no-
BpexaaeT 6MONOrMY4eCcCKNe MOJIEKYSbl, MPU 3TOM HEKOTOPbIE
OKMCNTENN, TAKME KakK NePEeKNCb BOAOPOAA UM CUHITNIETHBIA MO-
NEKYNSAPHbIA KUCNOPOA, BbINMOJHAIOT POSb MEAMATOPA CUTHANBbHBIX
nyTen, PeryanpyroT 3KCNPECCUI0 reHOB 1 NO3BOJIAIOT OPraHU3My
a[anTMpoBaTbCs K CUTyaunn. 3Tn MOSIEKYSbI CTUMYINPYIOT UMMY-
HUTET, MOBMN3YIOT CUCTEMY MOHHOIO TPAHCMOPTa, NPUBAEKAIOT
TPOMOOUMTBI K MECTY MOBPEXAEHUS, 3anyCcKaloT NporpaMmmy
anonTto3a. MimeHHo Gnarogapsa curHanbHbiM Monekynam APK
OpraHn3m cnpaBnseTcs ¢ ynstpadunoneTosbiM 1 MOHU3UPYIOLLMM
N3ny4yeHneM, MHdeKLMER, pearmpyeT Ha NUTaHne, 06pa3 XU3HU 1
dU3NYECKYIO Harpy3ky.

dursnyeckas akTMBHOCTb M @aHTUOKCUAAHTbl — TPAAULMOHHbIN
peuenT 340POBOro 06pa3sa xmsHu. Prusnyeckmne ynpaxHeHns aen-
CTBUTEJIbHO NMPOANEBAIOT XU3Hb M YAIyYLLAIOT COCTOSAHME OOMbHbIX
caxapHbiM AnabeToM 2-ro Tuna v MHCYIMHOBOM PE3NCTEHTHOCTLIO.
Ho uto 6yneT, ecnu codyeTaTtb Harpy3ky ¢ aHTUOKcUAaHTamMm?
Benpb BO Bpems 3apsaku B MUTOXOHAPUSX YCUANEHHO 06pa3syioTcs
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aKTMBHbIE GOPMbI KMcnopoaa. Viccneposateny nNpoBepuan, Kak
BIINSAET KOKTENSIb U3 PUINYECKMX YNPAXKHEHNA 1 BUTAMUHOB A 1
E Ha MHCYNNMHOBYIO PE3MUCTEHTHOCTbL 340P0BbLIX MONIOALIX Noaen
(«Proceedings of the National Academy of Sciences», 2009, 106,
8665—8670, doi:10.1073/pnas.0903485106). Okasanocb, 4TO
nocne 4YeTblpex Heaenb 3aHATUIA YYBCTBUTENbHOCTb K UHCYNHY
OEeNCTBUTENLHO BO3PAacCTaeT, HO TOJIbKO B OTCYTCTBUE aHTUOKCU-
[aHTOB. 3TO NPOMCX0AUT NoToMy, 4To APK CTUMYNMpYIOT 3KCnpec-
CUVI0 PEryNaTOPOB TPAHCKPUMLMN FEHOB, KOTOPble 06ecneymBatoT
YyBCTBUTENbHOCTb K MHCYNHY. OTU X€E CUTHaNbHbIE MONEKYbI
aKTUBMPYIOT CUHTE3 PEPMEHTOB aHTUOKCUAAHTHOM 3aLLnThI, KO-
TOpble yNaBnnealoT NNLLIHWE OKUCAUTENU. [pyuemMm aHTMOKCUOAaHTOB
6nokumpyeT 06a npoLecca un, cnegoBaTenbHO, HUBEAUPYET 0300~
pPOBUTENBHBIN 3hdEKT GU3KYNLTYPLI. [ToNydaeTcs, 4TO akTUBHbIE
bOpPMbI KNCNOPOAA M IETKNIA OKUCUTENBHBIN CTPECC MOTYT ObIThb
NnosesHbl, @ aHTUOKCUAAHTbLI — HeT.

Bce 370 He 03HavaeT, pa3yMeeTcs, HTO BUTaMUHbBI Y NOANGEHONbI
6ecnonesHbl Nau BpeaHbl A9 300p0Bbsi. ButamuHel B onpeae-
JIEHHbIX J03axX 1 NPy ONpeaeneHHbIX CUTYaLMAX XN3HEHHO HEOD-
XOAMMBbI, OOHAKO HE N3-3a aHTUOKCUAAHTHbLIX CBOMCTB. ButamunH A
HY>XeH 419 paboTbl 3pUTENBHOr0 MMrMEHTa, ero AeduumT NPUBOANT
K 3a4epXxKe pa3sutns n pocta. Anbda-Tokohepos HezaMeHUM rnpum
aTakcum (HapyLLIEHHOM KOOPAVHALWW OBUXEHWI), BbI3BAHHOW HEe-
JocTtatkom BuTamuHa E. 3710 peakoe reHeTnyeckoe 3abonesaHue,
CBfAA3aHHOE C HapylueHneM cekpeumn a-tokodepona n3 rneyveHun
B KPOBb. ButamuH E Takxxe HasHayaloT npu HeankorosibHOM Mno-
paxeHun nevyeHn. OH CHMXaeT KoHUeHTpaumio C-peakTUBHOIO
6enka BOCNaneHns 1 yCunneaeT 3almTHbIe PYHKLMM MIMMYHHOM
cuctembl. Kctatn, Hanbonee aktmeHaa ¢opma ButammHa E — He
MMEIOLMA aHTNOKCMOAHTHBIX CBONCTB TokOdepondocdart.

Bce 60onblmnii nHTEpPEC BbI3biIBAET CNOCOOHOCTL nonude-
HOJIOB peryinmpoBaTb akTUBHOCTb PELEenTopoB, GEepMEeHTOB,
dakTopoB 6E€N1KOBON TPAHCKPUMNLUN U CUTHANBbHbIX KACKag0B.
HekoTopble n3 aTnx ad@ekToB NoKa3aHbl Ha KNETOYHbIX KyJlb-
Typax, opyrne — Ha XuBoTHbIX. MiccnenoBaHui Ha YenoBeke rnoka
HEMHOro, UX pe3ynbraTtbl NPOTMBOPEeYMBbl. OauH N3 Hanbonee
M3y4eHHbIX NONMGEHONOB — PECBEPATPO, 0OHAPYXEHHbIN B 4EP-
HUKe, BUHOrpaZe, ManvHe 1 wenkosuue. Ha Hero HagetTcs Kak
Ha CpeaCcTBO 340POBOr0 CTapeHusi, OH yBenYMBaeT NPOAOIIKU-
TENbHOCTb XM3HW, BO3MOXHO akTUBUPYS GEPMEHT CUPTYUH. DTOT
depMeHT MoaNOULMPYET MCTOHBI U U3BMEHSET KOHGOPpMaLMIO
XpoMaTtuHa, urpasi BaXHyI0 posib B PErynaumm reHHom aKcnpec-
cun. Peceepartpon ncneitanm Ha gpoXxokax 1 Mbllax, O ero aen-
CTBUW Ha Nloaen roBoputb paHo. PapmaueBTmyeckas KOMNaHus
GlaxoSmithKline Hayana knMHMYeckoe ncnbITaHne peceepaTpona,
HO ObLICTPO €ro CBepHyna n3-3a oTCcyTCcTBUSA addekTa npenapara
1 COMHeHWn B ero 6esonacHocTu. Komnanus Elysium nccnepyet
METUMPOBaHHYIO GOpPMy pecBepaTpona, NTepocTunbeH, KOTOPOro
0COBEHHO MHOTO0 B 4epHuKe. MNTepocTnnber 6onee Gruonornieckn
aKTMBEH, YeM pecBeparpoJi. Miccneposartenn HageTcs, YTo OH
OyneT CNy>XuTb NPeALWEeCTBEHHUKOM OHOM N3 BaXXHENLLNX PYHK-
LIMOHasIbHbIX MONiekyn opraHn3ma, NAD+, KOTOporo ¢ BO3pactom
CTaHOBUTCS MeHbLUe. [Toka 3TK ynoBaHWs He NOATBEPXAATCS U
NleKkapCTBEeHHast akTMBHOCTbL NONNGEHOSIOB He floKka3aHa.

Tem BpeMEeHEeM PbIHOK aHTMOKCUAAHTOB MPOAOJIKAEeT arpec-
CUBHYIO 1 He BCeraa KOppekTHyo peknamy. Tak, npumepHo B 35
ThiCH4ax KOCMETMYECKUX NPOAYKTOB MPUCYTCTBYET BUTamMuH E
KaK MPUPOOHLIA @HTUOKCUOAHT, YNYy4YLLAIOWNIA COCTOSAHNE KOXN
1 Bonoc. OgHako B 3TK cpencTea A00aBnaioT He a-Tokogepor, a
a-TokodeponaLeTar. 3ta Monekyna He B COCTOsIHUM 06e3BpeanTb
cBOOOAHbIE paanKanbl, MOCKONbKY HE UMEET rMAPOKCUbHbBIX
rpynn, a GepmMeHTbl KOXM HE MOTyT ee paclenntb. Takum obpa-
30M, 0-ToKOdeponaueTar B KOCMETMHECKOM NPOAYKLUMN KaK aHTn-
OKCUAAHT HEe DYHKUMOHUPYET. XOPOLLO 3TO 1AM Nnoxo? HayyHbIx
OaHHbIX 06 9TOM HeT, OCTaeTCH Ha YeM-HMByab Noraaathb.



BaneHTuH lNycaueHko

MbI nepeexanu B 3TOT ropoa, MecsiL, Ha3aa.

«Mama, y MeHsi COBCEM HET Apy3ei», — ckadana A04b.

«HacTosawwwmin gpyr!» — kpuyana HaanmMck ¢ OykneTa, YTo B TOT Xe
BeYep Nnonascs Ha rnasa B 0AHOM 13 TOProBbIX LLEHTPOB. C 0610XKN
pa3HOLBETHOI ByMaXKn Ha MeHsS1 CMOTPENN PaaoCTHbIE MOpAaALLl-
KM — MasnbyuK 1 eBoYKa.

— WNckyccTBeHHbIE ntogn OT KOMAaHuu «Hactoawmin apyr»
NOYTU HMYEM HEe OTANYaKTCH OT HacToAwmx! — HagpbiBancs
NpbILWABLIA NapeHb BO3ne cTeHaa. — MNoytu!

«OyepenHana kykna. Ha Bpewms. No3dxe Mawa HangeT Ha-
cToAWMX apy3ei», — ybeauna a9 cebs u yxxe yTpom 3aBena B
MaluknHy KOMHaTy 3a py4Ky CBET/IOBOJIOCYIO AEBYYLLKY, YTO
NOSIBUIAChb HA CBET HECKOJ/bKO YaCOB Ha3a, Mo MOEMY 3akaay.

— 3Hakombcs, 970... — 9 3amsanacb. MImMa-10 9 1 He ycnena
npuaoymarb.

— JleHouka! — Bu3rHyna Matuka n noacko4mnna K nogpyxke. —
Mens Mavwueri 30ByT. Nownm K MULLIKaM Ha Han?

— MNownn! — JleHa ynbiBHyNacb, BbIAEPHYIA KPOXOTHYIO
NafoLlwKy N3 MOen BCNOTEBLLUEN PYKU N yCcenacb Ha Nofay noa-
J1e UrPYLLIEYHOro CToNa C UrPyLLIEYHbIMIN YallKkaMmn 1 NOXKaMU,
UIPYLUEYHBLIMU FOCTAMU N UMPYLLEYHBIMU MUPOXKHBIMU.

«CoBceM Kak HacTosLllas», — nogymMasna s u He3aMeTHo ybe-
Xana Ha KyxHo. JleBoyku 3auiebetanu.

«[lan bor», — 3amepna 9 Ha MrHOBEHME.

Ho Bor He pan. JIeHO4Ky 4epes3 HECKONbKO Heaeb Mbl caanu
no rapaHTuu. et 4To-T0o He NoAeNnIn, OTYEro NBUMBbIN Mes-
BeAb OKal3ancs nopsaH B ko4bsl. [osBmnacek «HoBas» Maluka.
[leBoyka n3amMeHunaco.

CKOpO NOSIBUACS 1 HOBbIV MeaBeb.

3arem nosisunace Jlnka, notom — Karq, nosxe — Anuca. Ho
HWKTO HE 3aAepXmBancs Hanonro. Mawua 4yscTesoBana NoAAENKY,
BbXMBana, nsbaensnach. [1oyb, ka3anoch, nepebupana KykoJ.

A 9 monyana. 9l noTakana NPMxXoTaM ManeHbKOro KykioBoaa,
KOTOPOro cama u cosgana.

XynoxHuk C.[leprayeB

— Mam, — nogouuna ko MHe ogHaxabl Mawa, — MOXHO?

— KoHe4Ho. — A otnoxuna paboTy: — Y10 cnyymnocb?

— HaTtawa xo4eT o6paTHo.

— Y10 Ha 3TOT pas?

— Hwuuero, — poyka Hacynunacbk. — OHa cama xo4eT 06paTHo.
A 5 He xouy. MNepBbiii pa3 He xo4y! He xo4y, 4ToObl OHa yeaxana!
He nyckan! He nyckari!

Malwwka paspeBenach, YyTKHynacb rosioBoi B CINHKY AVBaHa U
TUXO-TUXO 3aBbifia. CTpaLlHO 3aBblfia, MpayHo, TAXeno. A Hukoraa
OT HEE TaKoro He chblwana.

— COJIHBILKO MO€, HY Thbl HEro, — s nocrtapanacb ee yCcroko-
UTb, HO cAenana Tonbko xyxe. Mawa oTMaxHynacb, BCkoumna u
yb6exana Bo ABOp.

9 3amepna. OHa HMKorga cebs Tak He Bena.

— TeTta CBeTa, A rotoBa, — QOHECOCH Yepe3 MrHOBEHME N3
Kopuaopa.

9 obepHynach.

Tam cTtosna Hartawa. Ee cBeTnble rycTble KOCUYKK nponanu,
OyaTO MX KTO-TO OTKPOMCa TyMbiM HOXOM.

— Mauwa oTpesana MHe KOCUYKK. 3BOHUTE AOMOM, S rOTOBA.

— [Ja. — 9 onewwna, He B COCTOSAHNM NOBEPUTb, YTO 3TO CAe-
nana mos fobpas Mawka. — TenedoH...

— Jlepxunte, — 4epecyyp CrNOKOMHO OTBETUN PebeHOK 1 Npo-
TAHYN TPYOKY.

— Ha-a...

— 9 rotoBa, — CHOBa HanomHuna o cebe Hatawa.

[eBouka ynbibanace.

— Anno? — Mow ronoc gpoxarn.

— Komnanusa «Hactoawmn gpyr»! foBopuTte! — pasganock Ha
TOM KOHLLE.

— 9 xo4y BEpHYTb Apyra no rapaHTun, — ¢ TPYAOM MPOun3-
Hecna 1.

— CaeTnaHa lMeTpoBHa? — CNpPOCUA MYX4YMHA HA TOM
KOHUe. — Harawa He nogowna? Hawu cneymanucTbl yxe
Bble3xatoT! Cobepute peberka!

— Hatawa octaeTcsa. 3abupainte Mauwly. [apaHTus Ha Hee eLle
He ucTekna.
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Bce B caa!

O4TU TPU YETBEPTU NEKAPCTB,
YCNEeLWHO NpoLwenx TeCTMpoBaHna Ha
XMBOTHbIX, MPOBANMBAIOT KIMHUYECKME
MCMbITAHWS, a U3 TEX, YTO BbILLN HA PbIHOK,
[ECATYIO HacTb OT3bIBAIOT U3-3a 0OHapy-
XEHHbIX MO60YHbIX adpdekToB. Kaxablii
nofoObHbIN cnyyan — 3TO norybneHHoe
300POBbE COTEH NOAEN, MHOTAA OECATKN
CMepTen, a Takxe AecAaTb — NATHaguaTb
net paboTbl U OrPOMHbIE CPEACcTBa, Mo-
TpayeHHbIe BMyCTYIO.

OfHOM M3 NPUYNH TaKoro KonmyecTaa
Hey[ay cneunanncTbl CYUTAIOT YCNOBUS
nabopatopHbIx nccnenoBaHuin. Mpexnae
BCEro, OHU BbI3bIBAOT Y XXUBOTHbLIX CTPECC.
MHorne cornacHbl, 4TO CTaHpapTHasd
TemMneparypa, KOTOpyl nogaepXxmsaioT
B BMBapusax, 20—26°C, komdbopTHa ans
noaen, Ho anga Mblwen HU3kosaTta. C
LPYrov CTOPOHbI, rPbI3yHbl N36aBNeHbI OT
MHOIMMX NPUPOAHbLIX TPYAHOCTEN: UM He
npuxoamtcst AobeiBate eny, 60poThCa 3a
TEPPUTOPUIO U NPABO MPOAONXUTb POS,.
YBbI, 9Ta KaXyLLASACS NErkoCTb ObITHS OTPU-
LaTenbHO Cka3blBaeTCsi HA CaMOYyBCTBUN:
HebOoNbLIOE eCTECTBEHHOE HaMNpPsXeHne
XWBOTHBIM N0SIE3HO. KpOME TOro, MHOIMX
NPUPOAHbIX GaKTOPOB, BAVSIOLLNX HA AEN-
CTBME NEeKapCTBa, BEPOSATHOCTb 3ab0neTb
1 BO3MOXHOCTb BbI3JOPOBETb, B N1a60-
paropun NOMNpPOCTYy HEeT, N03ToMy paboTa
B MCKYCCTBEHHbIX YCJI0OBUSIX HEU3BEXHO
nckaxaeTt peaynbtartbl. [Ana nony4yeHus
[OCTOBEPHbIX AAHHbIX 3TN YCIOBUS HEOO-
XOOMMO NPUBAN3UTL K peasibHbIM.

lMpocTeniwas BO3MOXHOCTb 3aksoya-
€TCs B TOM, 4TOObl BbipaluumBaTb nabopa-
TOPHbIX MbILIEN B FPA3HBIX MOMELLEHNSIX.
O6bI4HO 1Xx 06eperaloT OT NboK 3apassl,
1 B pesynbrarte T-KneTku UMMYHHOW CucTe-
Mbl, KOTOPbIE AOJIKHbI XPaHWUTb NaMaTb O
nepeHeCceHHbIX MHGEKUUAX, ManovnCieH-
Hbl M HE MOMHST HMYero. Ha Takom o6bekTe
Henb3s ndy4atb 601€3HN N NeKapcTea,
npeaHasHavYeHHble A5 B3POCbIX 1ioaen ¢
OTArOLLEHHOM UMMYHHOW NaMATbIO.

OpHako pasBefeHme XUBOTHbIX, HAMMY-
KaHHbIX MOTEHUMAaNbHBIMW BO3BYAUTENSAMN,
YypeBaTo onacHbIMu NocneacTeusimu. Cne-
umanucTbl YHuBepcuteTa wrata MmHHeco-
Ta B MmnHHeanonuce nog, pykoBOACTBOM
Hasnpga Magsonycra npegnaralT MeHee
onacHbI NyTb. OHX KyNWAK MbIleR B 30-
omarasviHe 1 MOMECTUN UX B OAHY KNeTKy
CO CTepunbHbiMU nabopatopHbiMu («Na-
ture», 2016, 532, 512—516. doi: 10.1038/
nature17655). . MarasnHHble MbilK, Bbl-
pocwme B OObIYHbLIX YCNOBUAX, UMEIOT
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6onee pasBUTYI0O MIMMYHHYIO CUCTEMY U
ycTon4mBee K pasHblM nHbekumsam. Jlabo-
paTopPHbIE XMBOTHbIE ObICTPO HaxBaTanm oT
HOBbIX COCEeEN BCEBO3MOXHbIX OaKkTepuii,
Kfiewen, BMpycoB 1 napasnTos, Mnocre
yero nx T-kneTkn obpenn HeobxoanMbli
XM3HEHHbIA ONbIT U CTann HanoOMUHaTb
T-KneTkn B3POCLIX IloAen (M Mmara3vHHbIX
rpbi3yHOB). MiccnepoBareny 0OTMeYaloT, HTO
KOHTPONMPYEMOE BO3AENCTBME onpene-
JIEHHBIMW NAaTOreHamn UM NPoaymMaHHoe
COCeACTBO BAUSIET HA COCTOSAHUE UMMYH-
HOW cucTeMbl 1aboPaTOPHLIX MbILLEN U
no3BossieT caenartb U3 HMx oobekT, bonee
noaxoaaLmn Ang peweHns KOHKPeTHOMN
3apaqu.

CoceacTtBo Tak cocencTtso! AmepukaH-
ckuin 6uonor YaiiH MoTtc, npodeccop
YHuBepcuteTta wrtata OTa, BbinyCcTUN
CBOMX NOAOMNEYHbIX MblLLEN N3 KIETOK Nog,
00LLY!O KpbILLY, COOPYAMB AN HUX Nogobve
ambapa. 3To 3aroH4MK naowanpto 35 m?,
pasaeneHHbl Ha LWeCTb OTCeKoB (puc. 1). B
KaXkA0M OTCeKe eCTb KOPMYLLIKA 1 MOWAKa, 1
B YETbIPEX U3 HUX CTOAT 3aKPbITbIE NIACTU-
KOBblE€ KOHTENHEPBI C Y3KMMWN BXOAAMN —
yOoo6Hble MecTa AJ1st OTAbIXa U NosIBNEeHNs
noTomcTBa. Ha ocTanbHbIX ABYX ydacTkax
Taknx YKPOMHbIX YrOfIKOB HET, 6OKCbl 13
Mpo3paYvHoro njaacTmka He 3awwuaioT OT
ceeTa. XKuTb B 3TMX OTCEKax HEKOMPOPTHO,
pa3mMHoXarbcs Herge. Tepputopus pasro-
pPOXeHa NPOBOJIOYHOM CETKOM, MO KOTOPOM
nerko kapabkaTbCs, OAHaKo onpeaeneH-
Hble CNOXHOCTW OHa co3gaeT. B kaxabin
13 LWeCTN 3aroH4nkoB MNoTTc nomewan no
8—10 camuoB n 14—18 camok. Camupbl
nerko B36upanncb No ceTke, nepecekanum
rpaHnupl 1 no 50 pas B AeHb Apannch 3a
ny4qwme yyactku. Nobegmtens nony4van
eLe 1 caMok. B aTon 6opbbe nposensoTcs
MHOrve Gpusmnonormyeckme Nnpodembl, He-
BManMble B nabopatopun.

MccneposaTtenb BbinyckaeT B Nony-
BOJIbHbIE YC/IOBUS 9KCNEPUMEHTaSNbHbIX
1N KOHTPOJIbHbIX MbILLEN, a ganblie eMy

lcesdoambap [lommea — noaygonvhas yeuss noo
obuweil kpviwieti. [Iposonounas cemxa pasdensem
meppumoputo Ha omceku. B uemvipex omcekax «arokc»
CImosm cepble Henpo3paunsle KoHmeliHepbi-yoexcuua, 8
08yx dpyeux ykpvimocs Heede. B kaxcoom omceke ecmy
Kopmyuwika (vepras mpyba) u beaas nouska. Annapamypa
no3goasem caedums 3a nepemeuseHUAMU HCUBOMHbIX

OCTaeTCs TOJIbKO HabnwpaTb 3a UX CO-
BMECTHbIM CYLLLECTBOBAHWEM U CPaBHU-
BaTb. KayecTBO MbILLNHOWM XN3HU MOXHO
M3MEepUTbL NPUCNOCOBNIEHHOCTLIO, TO ECTh
KOJIN4ECTBOM OCTaBJIEHHbLIX MOTOMKOB. J10-
NYCTUM, XMBOTHbIE MOJy4anu HeKUiA npe-
napar, KOTOPbI NPON3BOANT BNeYatneHme
3dPEKTUBHOIO 1 HETOKCUYHOro. Kasanock
Obl, Bce B nopsiake. OgHako ecnv npmcno-
COBIEHHOCTb 3KCNEPUMEHTANbHbIX MbILLEN
B nceBnoambape CyLLECTBEHHO HMXE, YEM
B KOHTPOJIE, 3TO CBUAETENLCTBO CKPLITOrO
HeGnarononayyuns, 1 Heob6xooMMO nckaTb
€ro NPUYMHY.

Takon MeTon Nof HasBaHWEM «aHanm3
3dPEKTUBHOCTM OpraHn3amMa» (organismal
performance assay — OPA) YaitH lMoTTC
ncnonb3yet ¢ 1980-x ronoB («Proceed-
ings of the National Academy of Scienc-
es», 2018, 115, 3196—3199, doi:10.1073/
pnas.1803284115). Okazanock, 4to OPA
[EeNCTBUTENbHO NOAXOAMUT ANS UCMbITAHUS
JIEKapCTB U BbIABNIEHUS NUX CKPbITbIX HE-
poctatkoB. MNoTTC Aokasan 3To B OnbiTax
C 3aBeOMO BpeAHbIM NpenapaTom uep-
BucTtatuHom (Baycol®, Lipobay®; Bayer,
Leverkusen, Germany), npefHa3Ha4€HHbIM
ONS CHUXEHUS YPOBHS XOJlecTepuHa B
kpoBu. OH nosisuncs B npopaxe B 1998
roay, Ho yxe B 2001-m Obin1 0TO3BaH U3-
3a TXenbix No6oYHbIX addekToB. Y 700
ThICSY NaLNEHTOB LEPBUCTATUH Bbi3BaN
385 HecMepTeNbHbIX U 52 CMepTENbHbIX
cnyyaeB pabgomumonnsa (paspyLlieHus
CKENETHOM MyCKynaTypbl, NPUBOASALLErO
K OTpaBneHuto noyek). JoknmHn4eckue
MCNbITAHUS NMPOBOAUN HA HECKONbKUX
BMOAX XMBOTHBIX, 1 Mpenapar He Bbi3Bas



Y HUX OCNOXHEHW. HO Korga mblwen,
KOHTPOJbHbIX XN MOAYYUBLUNX COOTBET-
CTBYIOLLYIO A03Yy JIeKapCcTBa, BbIMyCTUAN
B 06WMin nceBpoambap, oka3anochb, 4YTO
CMyCcTs HECKONIbKO Heaenb COBMECTHON
XWU3HW 9KCNEePUMEHTalbHbIE CaMubl Be-
caT Ha 10% meHblle, YeM KOHTPOJIbHbIE,
a CMEepPTHOCTb Y HWUX B TpX pasa Bbiwe. B
OONbLUNHCTBE CNy4aeB OHM NMpPoUrpbiBa-
10T 6MTBbI 3@ y4acTKM NpeMmnym-kniacca,
a NOTOMKOB Y HUX poxpaaeTtcsa Ha 41%
MEHbLLE, YEM Yy CaMLIOB, HE MOJy4YaBLUNX
LlepBUCTaTUH. Y 9KCMEPMMEHTaNbHbIX Ca-
MOK [EeTEHbILLEeNn POXOAETCH Ha YeTBEPTb
MeHbLUEe, 4eM Yy Martepen KOHTPOJIbHOM
rpynnsl («Evolutionary Applications», 2016,
9, 685—696, doi:10.1111/eva.12365).

Jpyron akcnepnMeHT BbISIBUN CKPbITblE
nocnencTeusa notpebneHns caxapa. Bce
3HaIOT, 4TO B B6OJIbLUIMX KONMYECTBAxX OH
BPEAEH, HO BEb HEMHOXKO MOXHO. [10TTC
[aBasn MbiLLam CMeCb GPYKTO3bI U MIIOKO3bI
B TAKOM KOJIN4ECTBE, 4YTOObI HA HUX Mpu-
XO4MNachb YeTBEPTb KaNOpPUi HEBHOIO
paumoHa. 9Ta f03a 9KBUBAIEHTHA CpeaHe-
CYTO4HOMY NOTPEBAEHMIO IIOOMMOro ame-
pyKaHLuaMmn Kykypy3Horo cupona. Mebiwn
13 KOHTPONBbHOM rpynnbl 06xoonnnch 6e3
caxapa. CnycTa gBaguath WeCcTb Heaenb
[MOTTC BBINYCTWA rPBLIZYHOB U3 06eunx rpynn
B 0OVH ambapuuk, rae cnacren yxe He
OblS10, 1 0Ka3as10Cb, H4TO «CaxapHbIe» CaMKUN
yMUMpPaIoT NOYTK B iBa pasa bbicTpee, Yem
KOHTPOJIbHble. CaMLibl, NPUBBIKLLWE K Cnaj-
KOW XWN3HW, 3axBaTbiBaam Ha 26% MeHbLLEe
KOM®DOPTHLIX TEPPUTOPUIN U HANNOAUIN
LeTeHbIWel Ha YeTBEPTb MEHbLUE, YeM
KOHKYPEHTbI. Pe3ynbtar nokasan, 4to caxap
B OObIYHbIX KONIMYECTBAx BPEOEH HE TONbKO
ons 3y6oB, XOTS U HE OOBbACHUA NoYemMy
(«Nature Communications», 2013, 4:2245.
doi:10.1038/ncomms3245).

Ewe 6onbLue BOAM Jana CBOUM MblLLaM
aKkonor n3 NpUHCTOHCKOro yHMBepcuTeTa
Anppea paxeMm. Vx BbInyCTMAM NO4 OTKPbI-
Toe Hebo. JlTabopaTopHbIe nanbl CTYNUIN Ha
CbIPYIO 3eMJI0, BETEP B3BEPOLLMWI LLIEPCTKY
Ha cnvHe. [NpaBaa, NonsiHa OKpy>KeHa nosny-
TOpPamMeTPOBLIM METASIINYECKMM 3260POM,
3arnybneHHbiM Ha 80 cm B 3emJito, 4TOObI
MbILLW HE YCTPOWAM noakon. B 3aroHe ectb
KOPMYLLIKM 1 MOWAKW, a Haf, roioBoin 601-
TalTCH aMOMVHUEBBIE NACTUHKN, OTNYIN-
BalOLUME XMLLHBIX NTUL, (pyc. 2). OgHako BO
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BCEM OCTa/IbHOM IPbI3yHbI NPEeA0CTaBAEHbI
camu cebe.

Anppea paxem nHTepecoBasno, HACKOJb-
KO COOTBETCTBYIOT UCTUHE nabopaTopHbie
JaHHbIe 0 BOCNPUUMYMBOCTU K napasu-
TapHbiM nHdbekunam («PLoS Biology»,
2018, 16: €2004108, doi: 10.1371/journal.
pbio.2004108). OHa paboTana c rpbidyHamu
nnHum C57BL/6, yCTOMHMBOM K KULLEYHBIM
Hemarogam Trichuris muris. B naboparo-
pUK Y 9TUX MbILLEN, MPOMNOTUBLUNX MHOIO
AnL, NnapasunTa, YepBen B KNLLIEYHWKE Bbl-
nynnaetcsa mano. Ecnv cnycTa aecats aHen
nocrfie 3apaxeHns MbIlLen BbiNyCTUTb Ha
BOJIIO, TO YEPEe3 MECSIL, HEMATOoA, Y HUX OKa-
xeTcsa B 13 pas 60osblUe, YHEM Y XUBOTHbIX,
He nokmpasLumx naboparoputo. B cnyyae,
KOrZa MblLLEl CHa4Yana BbinyCTuAn, a N10TOM
3apasunu, pasHuua OyaeT asaguarmkpar-
HOM. HemaToabl Y BOMbHbLIX MPLI3YHOB HE
TONBbKO MHOFOYNCIIEHHbIE, HO U 30,0POBEH-
Hble — Macca O4HOro napasuTaBcto,aTou
ThiCsy pa3 bonbLue, 4em y nabopaTtopHOro
Yyepssl.

WTak, mbiwmn, yctondmesle K T. muris B
nabopatopun, He B COCTOSIHUWN MPOTUBO-
CTOSITb UM Ha BOJIE: B 3arOHE 3aPaXXeHHOCTb
YCTOMYMBLIX FPbI3YHOB OKasanacb nNpu-
MEPHO TakOW Xe, KaKk y MyTaHTOB C ocna-
ONeHHbIM UMMYHUTETOM, 4YBCTBUTEIbHbIX
K mapasuTtapHbiM MHbEKLMSM.

[PbI3YyHbI HA NyXanke nosyyatT TOT Xe
KOPM, 4TO 1 B nabopatopuu, OAHAKO OHU
[OMOSHAIOT CBOW PaLIMOH BCEM, H4TO HAxXoasT
BOKPYr. Ha 3emne oHn BeayT HOpMabHbIN
MbILLMHBIA 00pas XMU3HU N POIOT HOPBLI.
OT 3T0oro pasHoobpasne n YNCNeHHOCTb
MUKPODNOPbI B NX KALLEYHUKE CYLLLECTBEH-
HO BO3pacTaloT. A Hemartopl BbUTyMASIOTCA
NMLWb B CAyYae, Koraa K1ileyHble 6akrepun,
0COBEHHO HEKOTOPLIE BUAbI NakTobauunn,
NPUKPENNSIOTCS K onpeaeneHHomn obnactu
arua. Yem fosblue XnBOTHOE NpobyaeT Ha
BOJie, TeM 6osbLLe MUKPOOOB NOALENUT U
Tem 6onblue NapasnToB NPOKIIOHETCH U3
auu. B uncteHbkon nabopatopum MUKPO-
dopa MblLLen HEMHOMOYMCIIEHHA, He CTONb
pa3HoobpasHa 1 BbUYNIEHNIO HEMATOL, He
cnocobcTByeT. Aelle nog 0TKPbITbIM HEOOM
Y IPbI3YHOB MEHSIETCH VUMMYHHbI CTaTyc,
OTYEro OHM CTaHOBATCS 60ee BOCNPUMMYM-
Bbl K napa3uTam. Tak cBo60a CTUpaeT pas-
nmyma Mexay n1abopaTopHbIMU NHUSAMU.

BHelLHWe ycnoBums BAUSIOT Ha pacnpo-
CTpaHeHne nHdeKumn, oencTBne nekapcTs

i

M NULLEBBLIX NPOAYKTOB. [103TOMY AaHHbIE,
rnoJjlydeHHble B nabopaTopHbIX 3KCnepu-
MEHTaX, M0X0 COOTHOCHATCH C peanbHOMn
XM3HbIO. B Takom cutyaumm war n3 KnetTku
— 3TO wWar B NpaBWbHOM HanpaeieHUu.
OpHako Ha 3TOM NyTWU UccnepoBaTenem
OXNOAKT NPENSaTCTBUSA, KOTOPbIE Noka
TPYOHO 060MTK.

Mpexnae Bcero, KOHTPONMPOBaTbL Napa-
MEeTpPbl 9KCNEepPUMEHTaA MOXHO TOJIbKO B
naboparopun. X1UBOTHbIX, OBUTaIOLWMX B
OOHOM NPOCTPAHCTBE, HENb3S pPas3aennTb
Ha 9KCMEepPUMEHTaNIbHbIE U KOHTPOJIbHbIE
rpynnbl, KOTOPbIE MO-Pa3HOMY NUTAIOTCSH
WJIN UCNbITLIBAIOT Pa3Hble BHELUHWE BO3-
0encTBug (TemnepaTypy, BIaXHOCTb, CBe-
TOBOW pexum). MNoka MoTTc KopmMun MmbiLen
caxapoM Wv Nu4YKan LepBUCTaTUHOM, OH
nepxan ux B kKfeTkax, 1 M1b NOTOM Bbl-
nyckan B o6wuii 3aroH. iccneposaHns B
KOHTPOJINPYEMBbIX YCIOBUSIX rapaHTUPYOT
BOCMNPON3BOANMOCTb PE3Y/LTATOB, OAHAKO
KakoBa OyaeT Ux JOCTOBEPHOCTL?

BTopas npobnema 3aknoHaeTcs B TOM,
4TO C NabopaTopHLIMU JIMHENHLIMWU Mbl-
LwamMu kyga nerye paboTtatb, YEM C AUKNMU
— Unun gaxe ¢ MH6pPeAHLIMU IMHUSIMU, Yb
npeakun 6bim NoiMaHbl B MPUPOAE MeHee
20 nokoneHui Hasag, JINHeNHbIEe MbILN He
Takme npbiryyne, Nno3sonatoT 6partb cebs B
PYKM 1 XOPOLLIO pa3MHOXatoTcs B nabopa-
TOPHBbIX ycnoBusx. Mexnay Tem nog obuiern
Kpbiwer cebs ny4ylie YyBCTBYIOT MMEHHO
HEeNMHeNHbIE rPbI3yHbI. [oTTC paboTtan ¢
MbILLIAMK, MoMaHHbIMN 10— 12 nokoneHui
Hasapn,. Ho AHgpea paxem cpaBHmBana nu-
HENHbIX MbILLEN, Ny HEE BCE MOJy4nN0Ch.

M HakoHeu, npobnema mecTa. Vccne-
[,0BaTesIbCKME LEHTPbI HE FTOTOBbI CTPOUTL
MOMELLEHNS1, KOTOPbIE MOTYT BMECTUTb A0
ThICAYN MbILLEN, BO3MOXHO 3apaXeHHbIX
BUpYyCaMun nam napasmtamu.

HecmMoTps Ha BCE 3TU CAOXHOCTHU, yXe
cenyac sCHO, 4TO pe3ynbTaTbl, Habnio-
haemble BHE KJEeTKU, NPUHUUNUANbHO
oTMyalTcsa oT nabopaTtopHbiX. paxem
nonaraert, 4TO X MOXHO OyneT 0606WnTb
yepes 5—10 net. KoHeyHO, ambapbl 1 3a-
rOHbl He peLuaT Bcex Npobsiem, Ho MOMoryT
[OMONHNTL TPAANLMOHHBLIE METObI UCCne-
noBaHus. Nyctb NabopaTtopHbIe XUBOTHbLIE
Y3HAIOT XU3Hb.

H. AHnHa
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O MarHuTHOMm

yrnopsaao4YeHUU NCOB mummms

Kanaounpar
dU3NKO-MaTeEMATNYECKNX HAYK

C.M.Komapos

UccnenosaHvie opueHTaLmmy Tes cobak OTHOCUTESIbHO reomar-
HUTHOrO 10J151 BO BPEMSI UCTpaxHeHuss IrHobeneBCckuii KOMUTeT
yaocTtoua npemumn rno éuonorumv B 2014 roay. Mony4un ee 6016-
LLIOVI TBOPYECKUI KOJI/TIEKTUB — ABEHAALIATh YELLCKNX 300/10r0B 1
@u3nKoB BO rnase ¢ XariHekom bypaoi, paboTatoLmM B npax-
CKOM YeLLCKOM yHUBEPCUTETE HAyK O XU3HU U YHUBEPCUTETE
JAyvicbypra-3cceHa («Frontiers in Zoology», 2013, 10, 80; http://
www. frontiersinzoology.com/content/10/1/80). PaHee 3T10T Xe
KOJINEKTUB M3y4asl MarHUTHOE YropsiJ0HEHNE KOPOB, CTOSILLUUX
U niexalymx Ha nactouLLle, 0/1eHel B JIECY Y OXOTSILLMXCS JINC.

36

a3anocb Obl, U3Y4UTb YNOPSO0HEHNE UCTPAXKHSIOLLMXCS

cobak HecnoxHo. Cobepun [OOBPOBOSLLER, BPYUYUM KAXKAOMY

KOMMac, 1 NycTb OHW BO BPeMs MPOryioK ¢ nMTomMuamMm
DUKCUPYIOT OpUEHTaLMIO Tena coBakn OTHOCUTENBHO CTPENKM
KOMMaca B MOMEHT OCBOOOXAEHUNS OT NPOAYKTOB XMU3HEeAEATE b~
HocTu. OcTaeTca HabpaTb CTaTUCTUKY U yOeanTbCs, YTO cobaku
He Xy>Xe JINC NN KOPOB OLLYLIAIT MarHuTHoe none. MNpenectb
METOAMKM B TOM, YTO Kakoe-1mbo HEOCO3HAHHOE BAUSHME Ye-
NloBeka Ha BbIGOP OpMeHTaLMN HEBO3MOXHO — OHa onpeneneHa
npoLeccamMu, npoTekaoLmmMm B cobake.

Ho He TyT-To 6b1510. MpoBeAs MO NONTOPbI THICAYM USMEPEHNIA
OopueHTauum BO Bpems aedekaunum n MoYencnyckaHmsa ans
cobak 06oux nosoB (B paboTe NpuUHMManu ydactue 42 cykm u
28 kobeneit), aBTOpbl PaboThl OKa3anMChb y Pa3buToro KopbITa.
Hukakux siBHbIX CNefoB MarHUTHOMO ynopsiaoyeHns cobak 3a-
MeUYeHO He ObINo: TOYKM BMOJIHE PABHOMEPHO pacnpenenmnmcb
Mo OKPYXHOCTH.



OpQHaKO UCTUHHBIN YHEHbBIA TEM 1 OTNIMYAETCS OT NpodaHa, 4To
HUKOrAa He OCTaHaBNIMBAETCA Nepen TpyaHocTamu. OTcyTcTBUe
sapkoro addekTa B AAHHOM, Aa N BO MHOIMMX APYrnX Cry4asix
COBCEM HE NoKa3asnocb YANBUTENbHBIM. B KOHLIE KOHLOB, BEOb
04EeBUOHO, 4YTO BCE sipkmne addekTbl ECTECTBOUCHbITATENN OOHA-
pyxunnn B XIX, camoe no3agHee B NepBoMr NON0OBMHE XX BeKa. Tem
Xe, KTO CTOMT Ha nJieyax rmraHToB MpoLUsioro, OCTanoch UckaTtb
addekTbl, HEBUOVMbIE HEBOOPYXXEHHbBIM Ma3om. Bnpoyem, ot
3TOr0 HNYYTb HE MEHEE 3HAYUMBIE.

Kak BblAENNTb YTO-TO BHATHOE 13 6e3HaAEXHO-PABHOMEPHOIO
pacnpegneneHns opmeHTaunin? MNMpaBunbHO, HYXXHO CAENaTb Bbl-
60pky. Beibopka rno nonoBow NPMHaANEXHOCTY COBak HNYEro He
pana — n kobenu, n cyku pacnonarajamcb 0OANHAKOBO Xa0TUYHO.
MoxeT ObITb, CONHLE MYyTaET BCE MiaHbl U 3acTaBnseT cobaky
cuaeTb TakK, YToObl OHO He cnenwuno el masa? O6CcToATENBCTBO
HEMaNOBaXHOE, BEb, KAk OTMeYan KNacCuku, XMBOE CYLLLECTBO
BO BPEMS CNPaXHEHNSI BECbMa 6e33aLUMTHO, 1 eMY NPUXOOUNTCS
ObITb HA4YeKy, a eCN COJHLE 3acTaBNSaeT XMYPUTbLCS — MOXHO
npo3eBaTb OMACHOCTb. ATY MMNOTE3Y COYMN HECOCTOATENLHOM
no AByM NpuymnHam. Bo-nepebix, 3peHne y cobak Tak cebe, 3Tn
XWBOTHblE 60JibLUE NonaratdTCs HA TOHKMIA CAyX U NPEKPaCHOe
0b60HsIHME. A BO-BTOPbIX, COJIHEYHbIN AeHb B Yexuun n lrepmaHmn
BbIMaZaeT XOPOLLO ecn Yepes ABa AHA Ha TpeTuii. Ctano ObiTb,
COJHLE MOITIO CNyTaTb MarHUTHbIE NJlaHbl cCOBakK OT CUJIbl B TPETU
cny4yaes. [Ja 1 Bbibopka No NnacMypHbIM AHAM He fana MHTepec-
HOro pes3ynbTata — pacrnpenesieHne ocTaBanoCb BCE TaKUM Xe
YHbISIO-04HOPOOHbLIM.

A 4TO eCniM NOCMOTPETbL HAa MarHUTHyIO noroay? Beab reomar-
HUTHOE MOJIe CKaabIBAETCSA M3 ABYX COCTaBSIOWMX: cTaTnye-
CKo, onpenensieMon cCoO6CTBEHHbLIM NOIEM 3EMIN N MArHUTHbI-
MW aHOMaNNAMK, KOTOPbIE BbI3BaHbl HEPABHOMEPHLIM pacrnpeae-
neHnem peppoMarHeTUKOB B 3€MHOI KOPE, — U AVHAMUWNYECKOWN,
onpenensieMmon konedbaHnamMn noHocdepbl Nog OenNcTBUEM
COJIHEYHOro BeTpa. ECTb 1 ewe oanH BO3MyLLaowmn dakTop:
MeXTnaHeTHOe MarHMTHOE nose, cosgasaemoe ConHuem. Bece
3TK GaKTOPbI Y4MUTLIBAIOTCH NPU U3MEPEHUSX TEOMArHUTHOIO
nons 3emnm, NOCTOSIHHO BEOYLLUMXCS B MarHUTHbIX o6cepBa-
TOopUsax. N3-3a guHaMmM4ecKkom COCTaBNSIOLWEN BEKTOP HaMps-
XEHHOCTN CYMMapHOro Nosis MOCTOSAHHO MEHSIET HanpasBfieHne
OTHOCUTENIbHO TOr0, 4YTO 3a4aHO CTAaTU4YEeCKOM cocTaBnsaowen. N
BOT TYT Y4EHbIM yNbIOHYNAChb yaaya: B Te AHW, korga nose 6b1o
He BO3MYLLEHHbIM (OTK/IOHEHME ero BekTopa 6bi10o meHee 0,1°
OTHOCUTENBbHO CTaTUY4ECKOW COCTaBNSAIOWEN), — BOT B 3TU OHU
cobakun BO BPEMS UCTMPAXHEHUS CTPEMUIINCL OPUEHTUPOBATL
CBOE TENO BAOJIb CUIOBOW JIMHUN, COEANHSAIOLLEN CEBEPHBIV U
IOXHbI MarHUTHbIE Nontca 3emnu.

Henb3s ckasaTb, 4HTO opueHTauus Oblna CTPOron, ctaTtucTnye-
cKuii pasbpoc cocTtaBun npumepHo 50°, Ho 3To BbINO ropasno
JlydLle, YEM B OHW C CUJIbHBIMKW BO3MYLLEHUAMUN. [laxe HEBOOPY-
XEHHbIM INMa30M 3aMETHO (CM. pUC.), YTO B 3TN AHM coBakm yx
TOYHO HE OPUEHTUPOBASIN CBOE TENIO MOMNEPEK MArHUTHOIO NOJIS.
Korga e npoBenu ycpeaHeHne no 0gHoM 1 Tor xe cobake — ans
TEX, Y KOTOPbIX BbII0 HE MEHEE MATU U3MEPEHMIN, — pa3bpoc
BoOOLWe ynan no 29°. CnpaBeanMBoCTn pagn CTOUT OTMETUTD,
4TO, KOrga OTKJ/IOHEHME MO OKa3biBaNoChb B Npeaenax 2°, Ha
auarpamMmme nosiBuics Hekuii cnabblil MK JaHHBIX C OpUEHTaLMEN
NepneHaMKyNapHO reoOMarHMTHOMY MOS0, HO CTaTUCTUYeCKas
3HAYMMOCTb 3TOro addekTa okasanach CAULLIKOM Masion, 4TOObI
BCeEpbES ero o6ecyxaarhb.

OpHako Kakoro e pesysbrara gobunmcb nrHobenesckne
naypearbl, NOTpaTnBLLUME HEMAJIO BPEMEHM Ha CBOIO paboTy?
Heyxenn CToNb y>X BaXHO, Kak OPMEHTUPYIOT CBOE TENO cobakm
BO BPEMSI O4MCTUTENbHOWM NpoLeaypbl? BbIBOLOB MOXHO caenarb
nga. Camblli rnaBHbI: Npy NPOBEeAEHMN PabOT Mo N3YHEHNIO BAN-
SAHWS MarHUTHOIO MOJIS HA XUBbIX CYLLECTB HEJb35 HE YYUTbIBATb
MarHuTHyto norogy. BoT umrtara us ctarbmu: «<B yacTHOCTU, BaeH
TOT akT, 4To Aaxe masnble GAyKTyaumm MarHMTHOro nons 3em-
I MOTYT U3MEHSITb MOBEAEHMNE N HTO HOPMaJSIbHbIE MarHUTHbIE

MEMYAPbI UTHOBEJIH

YCNOBMS, NPY KOTOPbLIX COBaKM AEMOHCTPUPYIOT CBOE 0Cco60e
noseneHve, NpucyTcTeoBanu scero B 30% cnyyaes. Ecnv akc-
TPAanoMpoBaTh 3TO Ha APYIMX XMBOTHBIX U HA APYI1E OMbITbl MO
MarHMTOpeLEenLuum, TO NMosABINAETCA 0GbACHEHME NOX0M BOCMPO-
N3BOAMMOCTM PE3Y/ILTATOB OAHUX OMNbITOB 1 GONLLIOro pazépoca
JaHHbIX APYrvx. YyeHble, NCCneayowye noBeaeHme XNBOTHBbIX,
[OJIXHbI NEPECMOTPETb CBOW 3KCMEPUMEHTLI 1 HaBMIOAEeHUS C

MonHbiii HAGOP AaHHbIX 270

M= 173%/353°
r=0.598
p=6.2x10*
n=43

[Hun, Koraa OTKNOHEeHne —_—
nons 6eino 0°

u = 104°/284°
r=0.283
p=0.055
n=36

[Hun, Koraa OTKNOHEeHne
nong 6bu10 0,1—2°

e

= 96°/276°
r=0.194
p=0.233
n=39

[HW, KOraa OTKNOHeHue nons
6b10 Gonee 2°

o |k

Ecau cmompems Ha depexauyuro cobak excednesHo, HUKAK020 MAHUMHO20 YHOPA00-
ueHus 3amemums He yoaemcs. MHoe deno — npasunvhas 6vi00pKa 6 O CNOKOUHO20
maenumroeo noas (Frontiers in Zoology», 2013, 10, 80)
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Y4ETOM 3TUX PAKTOB, @ TaKXe YUNTbIBaTb UX MPU MNIAHMPOBAHUMN
Oynywmx pabot». Hy a BTopo — aa, cobakm 4yBCTBYIOT MarHUT-
Hoe nosie 3emMnu, 1 ¢ NOMOLLbIO OCTAaTO4YHO NPOCTON METOANKMN
MOXHO TLLATENbHO MU3y4aTb 3TOT GeHOMeH. Tem Bonee 4To co-
6akn — BNOJIHE TPAAMUMNOHHbBIE NabopaTopHbIe XMBOTHbIE, C
HVMW NIerko 1 NpPocTo paboTtatb. He To 4TO ¢ BOSIKamMu, nimcamu,
yepenaxamu, SLepuuamMm, oMmapamm, 1actodkamm, Kpadkamu,
ManMHOBKaMn, TPUTOHaMU, NYenamm, WMENIMN, MypaBbsaMu,
6aboykamMn 1 NPOYNMM BUOAMUN, Y KOTOPbIX OOHapYXeHa CKII0H-
HOCTb K B3aUMOAENCTBUIO C MarHUTHLIM Nonem 3emMnu.

A Kak OHM 3T0 genatoT? Kak 4yBCTBYIOT HUHTOXHOE MarHUTHOE
none? 3T1o NpeameT ANUTENbHOW HAay4YHOW OANCKYCCUU, UTOMU
KOTOPOW A0 CUX NOop He noaseaeHbl. CylecTBOBaHME MarHmTope-
LLenumMmn — BOCNPUATUS MarHUTHOMO NOAS, — N0 KpamHen Mepe, y
HEKOTOPbIX BUAOB XXMBOTHbIX, HE BbI3bIBAET COMHEHWIA, NPU 3TOM
NMOWCKMN MEXaHM3Ma NoPOI KaxXyTCs CTOSIb 6eECNEPCNEKTUBHBIMMA,
4YTO aBTOPbI OAHOIO N3 CBEXNX 0630p0OB NPobaemMbl Ha3Banm
ero «4yBcTtBo 6€3 opraHa 4yecTB» («PL0S Biol», 2017, 15, 10,
€2003234; doi: 10.1371/journal.pbio.2003234).

Cama no cebe naes marHMTopeuenuum nosiBuIach A4asBHO.
B 1855 rogy pycckuin 3oonor AnekcaHgp ¢oH MugaoeHpopd
nucan: «...nogobHoO TOMy, Kak Ha kopabne eCTb MarHMTHas
CTpenka, 3T Mopsikm, 60po3asiLune BO3AYLLHbIM OKEAH, UMEIOT
BHYTPEHHEE MarHUTHOE YyBCTBO, KOTOPOE MOXET ObITb CBSI3a-
HO C rasibBaHN4YeCKM-MarHMTHLIMU Tokamu». CNycTs CTO NeT,
KOrga TEXHMKa 9KCNepMMeEHTa CYLWECTBEHHO NMPOABUHYNACh
Bnepen, 3oonorn @puapux Mepkenb 1 BonbdraHr Bunabiko
n3 dpaHkdypTckoro yHmBepcuteTta («Vogelwarte», 1965, 23,
1, 71—77), nocTaBuB ONbIT C MaJIMHOBKaMM, gokasanu, 4to Te
OPUWEHTUPYIOTCS B MOJIETE NO HANPAaB/IEHUIO MArHUTHOIO MOJIS.

lMocne peleHns NpMHUMNUanbLHOro Bonpoca — Aa, siBfieHne
CYLLECTBYET — OCTaBas/IOCb HANTV CaM MarHMTO4YYBCTBUTENbHbIN
opraH unu xoTsa 6bl MarHMTopeLenTop, 1 npobnema okasanacb
Obl peLweHa. ViccnegoBartensim 0T4aCT1 NOCHACT/IMBUIOCH — OHU
HaLIM HAMEKW Ha LieNblX ABa MeXaHNU3Ma, OAHaKOo, YOUBUTENb-
HbIM 06pa3oM, [OKa3aTb, YTO MMEHHO C MX NMOMOLLBIO yOaeTcs
4YyBCTBOBaTb MarHWTHOE MoOJie, Noka He ynaeTcs. Kakme xe ato
HameKkn?

CoBpeMeHHas Hayka He MPMBETCTBYET U NOAPOOHO He paccma-
TpUBaEeT ANHaAMUYECKYto naeto Muaaennopda o rasibBaHNYeCKNX
TOKaX — & OHN HEN3BEXHO, B CUITY 3aKOHA 3N1EKTPOMArHUTHOM UH-
oykumm dapagest, OSKHbI BO3HUKATL NP ABUXKEHMM CKBO3b Mar-
HWUTHOE NoJse NPOBOAHMKA, TO ECTb HACBILLEHHOIO MOHaMK Tena
NTULbI NN NYenbl. BMecTo aToro 3agencTeoBaHbl, Tak ckasarb,
cTatnyeckme ngen. CornacHo NepBon, BHYTPU HEKOEro opraHa
>KMBOTHOIO MJIN HEMOCPEACTBEHHO BHYTPW EM0 KNETOK HAX0OATCS
MarHUTHbIE YacTu4kun. XXenarenbHo, 4TOObI OHW BbINIM HEPABHO-
OCHbIMU 1 MOHOKPUCTaNIM4ecknmm. Mix paamep He BENNK U He
MaJl, a kak pas TakoB, 4TOObI B KaXK0M YacTULLE pa3MeLLancs OAMH
M TONIbKO OAMH MarHUTHbIN JOMEH (TO eCTb 06/1aCTb, B KOTOPOM
BCE MarHUTHbIE MOMEHTbLI aTOMOB HanpaefiEHbl B OOHY U Ty Xe
CTOPOHY; 60/bLLas YacTmLa pa3bmBaeTCs Ha HECKOJIbKO JIOMEHOB
C pa3HoOM OpUEeHTaLMEN MOMEHTOB, N €€ CYMMapPHbI MOMEHT,

YaveutenbHo v B faxe 06MAHO, HTO KakMM-TO MEJIKMM TBa-
PSIM I0CTa/10Chb CTO/b Pa3Hoobpa3Hoe 60rarcTao,

Kak ABa MexaHu3ma MarHUTHOro 4yBCTBa,

a BeHeL| TBOPEHUSI OCTaJICs 3TUM YYBCTBOM

00.4€718HHBIM U BbIHYXAEH MNPuayMbIBaTh
CJI0XHbIE rPubopbI A1 TAKOro Aena,
C KOTOpbIM 63 Tpya CripaB/aeTcs
MaJsIMHOBKa WU rn4esia.

yCpenHssiCb, CHUXAETCS), HO B TO Xe BpPeMsi, HTOObI TEMNIOBLIE
bNYKTYaUMmn He HapyLIany MarHUTHbIM NOPSA0K CINLLIKOM Masioro
yucna atomoB. [py N3MEHEHN HaNPaBIEHNSI MArHUTHOIO MO
YacTnyka 40JKHA MOBEPHYTLCA — PA3MECTUTb CBOW MarHUTHbIN
MOMEHT MO MOS0, & 3TO BbI3bIBAET MEXAHUYECKMNE UCKAXKEHUS
BMeLalowen ee knetkn. Ecnmn xe yactnyka He ofHa, Toraoa
[OJMKHbI BOSHMKATb LEMOYKM HaMarHMYeHHbIX YacTuu, 1 none
CTaHeT MEHATb KOHPUIypaumio yXXe STUX LIEMOYEK, HTO ONSATb-Takun
MeHseT GopMy KNeTkn 1 (Mn) pactarmeaeT MembpaHy Tak, 4To
OTKPbIBAETCS KAKOW-TO MOHHbIN KaHas.

[Ana noaTBepXaeHUs 3TOM rmnoTesbl HY>XXHO HANTU MarHUTHbIE
YacTuLbl MMHEpPana MarHeTnTa, To eCTb CMECU OKCUA0B ABYX- U
TPEXBANIEHTHOIO XXee3a, U CoAePXKaLLMX UX KINETKN, CBA3AHHbIE C
HEPBHOW CUCTEMOI. Nl BENCTBUTENBHO, MarHETUT B TENE 0O6HapY-
KEH Y MHOTUX XMBOTHbIX M AaXe Y IIOAEN, XOTS NOCNeAHWE B Mar-
HUTOPEeLUEenuun He 3amedeHbl. Hanpumep, xo3ed KnpLusmHk n
ero konneru n3 KanndopHUNCKOro TEXHONOrM4eCKOoro MHCTUTyTa
(«Proceedings of the National Academy of Science», 1992, 89, 16,
7683—7687; doi: 10.1073/pnas.89.16.7683) BbIACHWMAN, 4TO B OA1-
HOM rpamMme 4esI0BEYECKOro MO3ra COAEPXNTCHA HE MEHEE NATU
MWJIJIMOHOB OOHOAOMEHHbIX MAarHUTHbIX YacTUL, — NMPUMEPHO
YyeTblpe HaHorpamMmma. Mpm 3ToM B0MLLLUMHCTBO U3 HUX Pa3MEPOM
B 10—70 HM, a HeBONbLUAs [0S — CYLLECTBEHHO KPYMNHee, nog,
NOAMUKPOHA. B Markux xxe 060104kax Mo3ra MarHUTHbIX 4aCcTu,
npuMepHo B ABaguatb pa3 6onblie. CoBpeMeHHble AaHHble,
BNpOYEM, AaloT Bonee BbICOKME 3HaYeHUs1. B TkaHsx xutenei
TaknX 3arpsi3HEHHbIX TOPOAOB, Kak Mexnko nunn MaHyecTep, Haxo-
OaT 0o 12 Mkr/r noao6HbIX YacTuL, TO eCThb B ThiCAYN pa3 6osbLue,
yem B KanndopHun Hadvana 90-x («Proceedings of the National
Academy of Science», 2016, 113, 10797-10801; 11986-11987).
BO3HMKAET MbIC/b, YTO YaCTULbl MAarHETUTA HE CUHTE3UPYIOTCS
B OpraHmamax ropoAckux MAEKONUTAIOLMX, a MPOHUKAOT 13-
BHE, HanNpumep, Npu BOAbIXaHUN BbIXJOMHbLIX rA30B AMN3ESbHbIX
asurarenen. Xota Hannume 60bLIMX U MasbIX YacTuL, NMpu OT-
CYTCTBUWN CPEefHMX NOACKA3bIBAET, YTO NPOMNCXOXAEHME Y TEX U
Opyrnx MoXeT OblTb pasHbiM. Hy a npuwiealume n3sHe 4actuubl
BPSA, I MOTYT OTBEYATb 32 KaKOW-TO OpraH YyBCTB — OYEHb YX
3TO BbIXOOUT HEHAOEXHO.

[ne NMeHHO, B Kakmnx KJIeTKax Mo3ra 4esloBeka pacrnosioXeHbl
MarHuUTHbIE YaCTULbl, BbISCHUTb MOKa YTO HE yOanocCb, PaBHO
Kak He yaanocb HANTN U «MarHUTHbIE» KJIETKM Y XKMBOTHbIX, UC-
crnepoBartb KOTOPbIX ropa3fo npouwe. 3aTto B MEXK/IETOHHOM
MPOCTPAHCTBE 1 B KNIETKaX UMMYHHOW CUCTEMbI — Makpodarax,
KOTOpble NPeaHasHavYeHbl Kak pa3 4js Toro, 4Toobl yaanaTe U3
OpraHu3ma BCsIKyl0 0ObEMHYIO OPSiHb, MAarHETUTOBbIE YaCTULbI
mmetoTcsa. OgHako HU 34eCb, HU TaM OHW HE MOTYT NnepejasaTb
MHpOPMaLVIO HEPBHOM cucTeme, a 6e3 9Toro Kako MoxeT
ObITb OpraH 4yBCcTB? [la 1 CKOMAEHUS 4YaCTUL, BO MHOIMX ClyHasax
Haxo4sT BOBCE He B Mo3re. BoT y nyen oHmM cocpenoToyeHbl B
OploLLKe, 1 3TO, Kak nokasas OnbIT, HNYYTb HE MELLAET MarHNUTO-
peuenuumn («Scientific Reports», 2016, 6,:23657; doi: 10.1038/
srep23657). CHavana nyen npuyyanu 6patb Men, U3 KOPMYLLKK
C MarHMTHbIM NoneM. Yepes napy AHEN OHW Tak K 3TOMY MPUBbI-
Kanu, 4To Uckanm Mez UMeHHO TaMm, rae Obl10 MarHMTHOE none.
3areM 1M nepepesanu HepB, KOTOPLIM coeanHaeT OPIoLKO C
rpyabto, TO eCTb IMLLANN MAarHUTUKM N3 BPIOLLIKA BOSMOXHOCTU
nepegaBaTb MHGOPMALUIO C MOMOLLBbIO HEPBHOW CUCTEMBI.
MarHuTHOE 4yBCTBO Yy NYen Nponaaasno, HoO MeZ, OHU NPEKPaACHO
3abupany 3 KOPMYLLKK, BUOMMO OPUEHTUPYSCH YXKE TOJbKO Ha
3anaxn. To eCTb MarHeTUTOBasl CMCTeMa BrnosnHe paboTtana, HO
KaK MMEHHO MarHuUTUKmn B BpioLlke coobLiann HaCEKOMOMY O
NMPUCYTCTBUN MO, OCTANOCh 3arafloyHbIM. ABTOPbI Tak U NALLYT:
«Halww gaHHble gokasanu, 4To MarHeTUT UIrpaeT BaXKHYIO POJib B
MarHmtoperenuum nyen. OgHako CBA3b XeNe30CoAepXKaLLmx
KNIETOK C HEPBHOW CMCTEMOM HE YCTAHOB/IEHA».

3aT0 y MypaBbeEB MArHUTUKN HALUSIM Y OCHOBaHUS YCUKOB
aHTEHH — BCe-Takm nobnmxe K NPoYNM opraHam 4yBcTB. ECTb
MHEHWE, YTO YCUKM OOLLLECTBEHHBLIX HACEKOMBbIX AOJIXHbI CTaTb



06BLEKTOM MPUCTANbHONO BHUMaHUS UCCneaoBarteneit MarHn-
Topeuenumn.

B 00wem, 3amedatenbHas MarHeTMTOBas rMnoTesa, kasanocb
Obl NOATBEPXAEHHAA HAX0OKaMN MarHUTHbIX YacTuL, B MO3re,
61aronosly4Ho pasBanmBaeTcs Npyv BHAMATEIbHOM PacCcMoTpe-
HUW: HET HN YYBCTBUTESbHbIX KNTETOK, H MEXaHN3Ma N3MEPEHUS
nons, HU cnocoba nepegaym nHGopmaurm B MO3T, HXU NOHMMa-
HUS, Kakylo MHPOPMaLMIO HAAO NepeaaBarth: O HAMPSHKEHHOCTU
nonsi, 0 ero WMPOTHOM WK O0JFOTHOM CKJIOHEHUW. B nounckax
BbIX04a NPUXOANTCS NyckaTbcs B paHTa3um. Hanpumep, npes-
nonarartb, 4TO Takas YacTuyka CNYXUT B Ka4eCTBE KPbILLEYKUN
MOHHOr0 KaHana: NpMoTKpPbIBAsCb Nog, AENCTBMEM MOJSA, OHa
ocBoboOXOaeT NyTb OBUXEHNIO MOHOB CKBO3b MEMOPaHy 4yB-
CTBUTENBHOW KNETKM, U Ta NepenaeT BO3OYXAEHNE B HEPBHYIO
cuctemy («Sensors», 2018, 18, 728; doi: 10.3390/s18030728).
PacuyeT nokasbIBaeT, 4TO M3MEHEHNI MAarHUTHOrO Nonsa 3emnm
BMOJIHE XBAaTaeT ANl NEPEMELLEHNS TaKOW KPbILLEYKU, & CUJlbl
6enka-npyxmnHkn, NpuaenbIBaloLLE ee K MeMbpaHe, — O1s No-
CrneayloLwLero 3akpbiBaHus kaHana. Ha nornyHein Bonpoc: «4to
K€ HUKTO TakmxX KpblLLEYEK HE BUAEN?» — cnenyeT OTBET: HaA0
TWaTeNlbHEE CMOTPETb, BCE-TAaKN YAaCTMYKN O4YEHb MasiEHbKME,
YBUOETb UX HENPOCTO. Tem 6onee Koraa HEICHO, KakUe UMEHHO
KneTkn TpebytoT CTONb TWATENLHOMO 0OCMOTPa — U3 MO3ra Unu
13 bploLuka.

AnbTEPHATUBHBIN MEXAHU3M CBS3aH CO CMUHOBON XUMUEN W
OCHOBAaH Ha eLle 0gHOM TBEPAO YCTAHOBJIEHHOM dakTe: y NTUL,
HaCEKOMbIX, 3eMHOBOAHbIX CNOCOBHOCTL YyBCTBOBATbL MarHUTHOE
nosie 3aBUCUT OT OCBELLLEHNSI — ECJIN €0 HET U eCN GUNBTPOM
Bblpe3aHa cuHe-3eneHas 061acTb, TO HUKAKOM MarHMTopeuen-
Lumn He BypeT. HaBepHoe, 0 OHMK U3 NEPBbLIX COOTBETCTBYOLIME
3KCNEPUMEHTbI MPOBENN YXe YyNOMaHYTbI Bonbdranr Bunb4ko
1 Poceuta Bunbyko ¢ MannHOBKOW, 61aro MeTognka U3y4yeHms
MX MarHmTopeuenumn Obina xopowo oTpaboTaHa. B HOBbIX
onbiTax NTUL, OCBeLWaIn MOHOXPOMaTUYECKMM CBETOM C pas-
HOW OJINHOW BOJIHbI, M MO Mepe 0Txo4a OT CMHeNr 06/1acTu OHU
TEPSNN CNOCOBHOCTL OPUEHTUPOBATLCS MO MAarHUTHOMY MOJIO
(«Journal of Experimental Biology», 2001, 204, 3295—3302).
Mo3aHee Nogo6HbLIE OMNbITEI NPOBOAVN C OFPOMHbBLIM YUCIIOM
NTUL, XXMBOTHbIX M HACEKOMBbIX. BaxkHas posib cBeTa noackasbl-
BAET, YTO YYBCTBUTEJIbHbIA OpraH HaxoamMTCs roe-To B rnasy, a
TaM HMKaKOro MarHeTmTa noka 4to HarmgeHo He 6b110. 3aTo Tam
ecTb 6enkun-doTopeuLenTopbl. Ha 0auH N3 HMX, pearnpyoLmin Ha
CUHIOIO W yNbTPadMONETOBYIO HaCTb CMEKTPA — KPUMTOXPOM, — U
obpaTunn BHUMaHue nccnepoBatenn. ATotT 6enok 3HAMEHUT TEM,
YTO OH — O HA N3 «LLIECTEPEHOK» LMPKAAHBLIX YHacOB 1 OTBEYaET
3a VX NOACTPOIKY MO COMHLY («CM. «XUMWIO N XN3Hb, 2017, 11).

OpHako KpuNTOXpoM — eue n GoTopeuenTop, NPUYEm
€0NHCTBEHHDbIM, CNOCOOHLIN AaBaTbh AOJITOXMBYLLYIO Napy
paankanoB. Bpems ee Xn3Hu, kak n cnocobHOCTb K 06pa3o-
BaHWIO CBA3EN C APYrMMU MOJIEKYSIaMU, 3aBUCUT OT CNIMHOBOIO
COCTOSIHMSA 06pa30BaBLUNXCSH HECMAPEHHbIX 3NEKTPOHOB.
MarHuTHoe Xxe nosie cnoCoBHO 3TO COCTOSIHME MeHsATb. [o-
3TOMY U3MEHEHMS B MOBEAEHUM KPUNTOXPOMA MOTYT iexXaTb B
OCHOBE MarHuTopeuenuuun. B Takom cnyyae obnapatowme sTon
CMNOCOBHOCTbLIO XNBOTHLIE M HACEKOMbIE HEMOCPELCTBEHHO
BUAAT MArHWTHoOe none. Ham, cyuwecteam, NMLLEHHbLIM Takoro
YyBCTBA, MOHSATb, KaK BCE 3TO BbIMSAANT, HEBO3MOXHO. HO MOX-
HO nodaHTasmMpoBaTb NPUMEPHO Tak. [1pn NoOBOpPOTE rosoBbI
MEHSAETCS OPUEHTALMSA MOJIEKYST KPUNTOXPOMA OTHOCUTENBHO
reoMarHuMTHoOro nonsa. Torga, cornacHo 6a3oBol rmnoTese
pagukanbHOM MarHMTOPELENUNN, MEHSETCS OENCTBME STOrO
peuenTopa: napbl pagnkanosB CxI0NbIBAOTCSA NGO KaKOW-TO
6enok oTuennaeTcs oT Hero. Kosib CKOpO KpUNTOXPOM CBA3aH
C BOCMPUATUEM CUHEIO0 1 yNbTpaduroneToBoro ceeta, To Gop-
MUpyemMas UM KapTuUHKa B MO3re CTaHOBUTCS Bonee nnn MmeHee
CUHEN B 3aBUCUMOCTM OT TOr0, Kak U3MEHMSIOCb NOJIOXEHNE
rnasa 0THOCUTENIbHO MarHMTHOro nong. MNMruua pukcnpyeT 31O
M3MEHEHWNE 1 BbINPAaBSET KYypPC.

MEMYAPbI UITHOBEJIA

[MpoBepseTcsa ceeToBad rmnotesa npocTo. MNTuy, nnn opo3o-
dun npuyyatoT pearmposaTb Ha MarHUTHOE roJe, 3aTeM Bbl-
KJI04aloT CUHUM cBeT. U cpasdy BCs Bblyyka nponajaeT, koraa
€ro CHOBa BKJIOHYAlOT — BO3BpaLLaeTcd. pyroii cnocob: B3STb
HOPMasnbHbIX 4P030PUN U C AePEKTHLIM FEHOM, KOOUPYIOLLMM
KPUNTOXPOM, U MOCMOTPETb, KAK MarHUTHOE NoJie BANAET Ha NX
nosepeHve. Hanpnmep, cnoCO6HOCTB K yXaXKMBaHMIO 3a Camka-
Mun («PLoS ONE», 2017, 11, 5: e0155942; doi: 10.1371/journal.
pone.0155942). Y HopManbHbIX Ap030d 1 CUNbHOE NOJE PE3KO
ycunmneaet nobBeobMIbHOCTb CaMLUOB, a Ha AedEeKTHbIX HUKaK
He ckasbiBaeTcs. BoiBoa: nedekTHblie He 06nagaloT MarHUTO-
YyBCTBUTENBHOCTBIO.

Kazanock 6bl, 3T0 0Ka3bIBAET HEOMPOBEPXKMMOCTb PaavKasb-
HOW rMNoTe3bl, N OHA OKa3blBaeTCs NPEKPACHOM TEOPUEN, He-
MJ1I0XO0 BMUCHIBAIOLLIECS B 9KCNEPMMEHTaNbHbIE AaHHble. OoHako
€CTb Cepbe3Hble Bo3paxeHus. Camoe rmaBHoe — npegnonarae-
Mbl MEXaHN3M CMMHOBOW XMW AN cNnaboro MarHUTHOrO Nons
3emnu1 oo cmx nop He NPOAEMOHCTPUPOBaH, ero paboTocnocob-
HOCTb 3adMKCMpPOBaHa Ans ropasno 60bLIMX HANPSXXEHHOCTEN
MarHuTHoro nosns. He npyaymaHo n BHATHOrO 6GMOXMMUYECKOrO
MexaHu3ma nepegadqm MHbdopmauum B HEPBHYIO cuctemy. Kak
npasuo, B MOAENSAX YNOMUHAIOT HEKUIA HEN3BECTHbIV 6enok,
KOTOPbIN NO-pPasHOMY B3aUMOAENCTBYET C paankasibHOM naponm
B Pa3HbIX CAMHOBbLIX COCTOSAHUSAX. HO 4TO 3T0 32 6€10K — HUKTO
He 3HaerT.

K ycnoxHeHunio KapTuHbl BeAyT W XMBOTHbIE, BbinagatoLumne
13 HeOOXO0AMMBIX TEOpEeTMKaM 3aKkoHOMepHocTel. Ckaxem,
BOCTO4YHOAMEPUKAHCKNIA KPACHOMSATHUCTLIA TPUTOH obnapaet
MarHuTopeuenuuen He B O4HOM, a B ABYX CBETOBbIX AManaso-
Hax — CUHe-yNbTPadnoNeToBOM 1 6IM3KOM K MHDPaKPacHOMY.
Y1006kl BNUCATb €ro B KOHUENUUIO, NPUXOANTCA NPUAYMbIBATb
BeCbMa 3aMbIC/I0BaTbIE NPEBPALLEHWS BCE TOMO Xe KPMMTOXpOMa.
HakoHeL, MHOre MarHMTO4YyBCTBUTENbHbIE CYLLIECTBA 0OX0ASATCA
6e3 cBeTa, Te Xe LWMeNn, KOTOPbIE MPEKPACHO OPUEHTUPYIOTCS
HO4blo. [la 1 nepeneTHble NTULbI, HAaNPUMEpP NOASPHasn Kpayka,
netaiowas n3 ApKTukun B AHTapKTUKy 1 06paTHoO, He MpekpaLlaloT
rnonet Ha HoYb. A BeOb €C/IM UMEHHO MarHMTOpPeLEenUna OTBeYaeT
3a npoknaabliBaHNe MapLUpyTa, HO B TEMHOTE OHa He paboTaer,
HOYHO NONeT TOYHO COBLET NTUL, C MYTU.

[na Bbixoga 13 nevyanbHOM CUTyaumMn HEKOTOPbIE NCCneaoBa-
Tenu AonyckarT 0JHOBPEMEHHOE CYLLECTBOBaHNE PasHbIX Me-
XxaHn3moB. Hanpumep, Bonbdraxr n Pocsnta Bunbyko ysepeHsl,
4TO Y NTUL, NPaBbIN 11a3 C NOMOLLbIO PaAMKaIbHOr0o MexaHM3ma
onpeaenseT HanpaseHne ABUXEHUS, 8 PACNOSIOXEHHbIE B CMNNHE
4aCTUYKN MarHeTuTa nomMoraloT pacno3HaTb MECTOMNOJIOXEHME
(«Journal of Comparative Physiology A», 2005, 191, 8, 675-693;
doi: 10.1007/s00359-005-0627-7). B o0wiem, kak BUOHO, OO
pasragku TariHbl MarHUTHOMO YyBCTBA MOKa YTO O4Y4EHb Aaneko.
MoxeT 6bITb, NPOCTbIE M HAAEXHbIE ONbIThl, BPOAE HAbN0AEHWNI
3a ynopsgo4yeHmem ncoe Bo BpeMs gedekaumm noMoryT HamTum
NyTb K HAY4YHOW UCTUHE UM XOTA Obl K HEMPOTMBOPEYMBOW pa-
6ouen mogenu.
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JOKTOP XMMNYECKNX HAYK,
npodeccop GrU3n4eCcKonm XmMmmm

®deHenoHos B.B,
HoBocunbumpcknii rocynapCTBEHHbIN YHUBEPCUTET
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B.H. MnaTtbeB, 150-neTme KOTOPOro XMMMUKM OT-
Mevanu 21 Hosbpsa 2017 ropa, Hemc4epnaeMocThbio
CcBOero TanaHta nogobeH okeaHy. O TOM, 4YTO OH
BEJIMKNI Y4EHbIN, HANMMCAHO HEMANO (CM., Hanpwu-
Mep, GeBPanbCKMUn HOMEP «XUMUN N XU3HU» 3a
2018 ron). OgHako ecnv BYNTATLCS B UCTOPUIO EFO
XN3HU, OTKPbIBAIOTCA YOUBUTESNIbHbLIE CTPAHULbI.
Hanpumep, oH Obi1 HE TONIbKO BEINKUM XUMUKOM,
HO W BbIAIOWMMCS OpraHM3aTtopomM NPOU3BOA-
ctBa. IMeHHO OH c034a1 BOEHHO-XUMWNYECKYIO (U
BOOOLLE XMMNYECKYIO) NPOMBbILLNIEHHOCTbL Poccum
B Tsxenble 1915— 1917 rogbl npn Hukonae ll, a 3a-
Tem, npu JIeHMHE, BO3MNaBu €e BOCCTAHOBMIEHME
nocne paxaaHCKOW BOWHbI.

|
Tonyon pna apmun

K Hauany MNepBoii MnpoBoi BonHbI B.H. MinaTtbes Obii KpynHbIM yye-
HbIM, BEOYLLMM CNELNATNCTOM MO KaTtaJIMTU4eCKOMY OpraHN4eCcKo-
MY CUHTE3Y: LOKTOP Hayk, YIEH-KOPPECNOHAEHT VMiMnepaTtopcKom
akagemMum Hayk, npodeccop MuxainoBCKOn apTUNNEPUIACKON
akagaemMmun, B 3BaHNN reHepan-MaVlopa. Hey,EI,VIBMTeJ'IbHO, 4YTO Ha ero
nneyv n nerna Taxeneriwas npobsema Nepsoro Nepruoaa BorHbl.

Yxe Kk koHuy 1914 rog, BbIICHUNOCL, 4TO Poccuiickas umnepust
K BOMHE He rotoea. [o4Tn 3akOHYMNINCH 3anackl CHapsOoB; B
ocTpeliem gedurumTte 6binm B3pbiByaThie Bellectsa (BB), nopox
1 CbIpbe AN X NPoM3BoACTBa. Poccuinckne 3aBoapl MpakTU4ecku
He Bbinyckasiv 6eH30J1, He0OX0AMMbIN /11 CUHTEe3a ToJlyosia — OC-
HOBbI J151 U3roTOBNIEHUS MHOTMX BB. 10 BOWMHbI XTW BeLLLECTBA B
OCHOBHOM 3akynanv B lfepmaHunm, Tenepb HyXXHO OblN10 COBCTBEH-
HOE NPOM3BOACTBO. B cBA3M ¢ 3TMM wecToro ¢pespans 1915 roga
6bina opraHm3oBaHa Komuccusi no 3arotoske BB npu MmaBHOM
apTunnepuinckom ynpaenenHum (FAY), npeacenarenem KOTOpon
6bin HasHayveH B.H. Mnatbes.

lMepBoOoYepenHoO 3agayen KOMMcCCUN ctana opraHmsaums
npouseoacTea 6eH30sa, Tonyona 1 Apyrux Matepvasnos, Heob-
XO0OMMBbIX ONd nNoJiy4eHnda BB wu NOpPOX0B, BKJKOYasa Npon3BoaCcTBO
CEpPHOM 1 a30THOWM KMCNOT. Ha 3TOM nonpuwe TanaHT Xumuka
MnaTbeBa packpblics C COBEPLLEHHO HEOXMAAHHOW CTOPOHbI: OH
nokasan cebst 6NecTALMM MEHEOKEPOM.



Ewe B HosIGpe 1914 ropa B.H. NnaTtbeB enet Ha [loHbacc, roe
Nnocne NHCNEKLMM MECTHbIX KOKCOBbIX (abpuK NpmMxoamuT K BbIBO-
[y, 4TO 34eCb MOXHO «yXe Yepes3 2—3 MecsiLia Ha4yaTb NOCTaHOBKY
Tonyona v 6eH3ona» (uMTaTbl 34€Chb 1 Aanee — U3 BOCNOMUHAHNI
B.H. NMnatbeBa «XXn3Hb ogHoro xumuka». M: Kansuc, 2011). Ho
3TOMY MeLlanu iopuandeckue npodnemsl. Hanpumep, KOxHo-AHe-
npoBckoe 00wecTBo B Kagneske 6b110 CBA3aHO C KOMMAHUEN 13
lepMaHn 0ecaTUNETHUM KOHTPAKTOM, MO KOTOPOMY el NpuHaa-
J1EXano NCKII0YMTENIbHOE NMPaBO UCMNOJSIb30BaHUS BCEX MPOAYKTOB
KOKCOBaHuS. N NpaBUTENLCTBO HUYETO HE MOTO Nogenarb C yc-
JIOBUSIMW KOMMEPYECKOI0 I0roBopa, NOANMCAaHHOIo C KOMMaHNeN
HbIHE BPaXX€CKOM CTPaHbI.

B F'AY npennoxunn opraHmsosatb nocraskm n3 CLUA, Ho aTo
Oblno 6bl ManoaddEKTUBHO M3-3a HEMO3BONUTENbHLIX 3aTpaTt
BpeMeHu 1 aeHer. Torga B 3anucke gns MY Mnatbe o60cHoBan
CTPOUTENBLCTBO 32 5—6 MecsLEeB HOBOrO Ka3eHHOro 3aBoa (3a
150 TbicaY pyOnewn) ona nonyyeHus 6eH3ona 1 Tonyona Npons-
BoauTenbHOCTbio 150 Thicsy NyaoB B roa. Ha Bonpoc o rapaHTum
BbINOJSIHEHWSI PabOT 3a CTOJIb KPATKOE BPEMS M MPU TAKOM PUHAH-
cupoBaHnn MinatbeB OTBETUN «5 HE KANUTaJIUCT... U rapaHTUPOBaTb
HEYCTOMKOM HEe MOry. EQUHCTBEHHOE, Y4TO 9 MOry NPenioXnTb
B 3aJ10I, 3TO MO0 rofiosy». 3aBog 6bin nywieH 20 asrycta 1915
roga — Ha nosTopa MecsiLa paHbLUe Ha3Ha4YEHHOro CpokKa.

B koHLUe 1915 roga Havanocb CTPOMTENBLCTBO ELLE ABYX AECATKOB
HOBbIX HEOOSbLLNX GEH30JIbHBLIX 3aBOA0B W YCTAHOBOK AJ151 KOHAEH-
caumm 6eH3ona v Tonyosna. B Te xe cpoku eLLe oanH Tako 3aBOL,
noctpouna B MakeeBke Genbruiickasi KOMNaHus, NpMBeyYeHHas
BbIrOAHbIM 3aka3oM Poccuiickoro rocygapcrtea. OgHOBPEMEHHO
Hayanm CTPOUTb 3aBOAb! AJ151 NMOJTYHEHMS a30THOM M CEPHOM KUCOT.
YacTb 9TNX 3aBOAOB K KOHLLY roia y>Ke Bbiryckasia npoaykumio. Yoa-
JIOCb NPEOoOONETb U HEXENaHNe NporepmMaHcknx Gupm paboTarb
Ha BOEHHYIO XuMmnto Poccun. PykoBOACTBO 3aBOAOB CChINANOCh Ha
HEBO3MOXXHOCTb CBSA3aTbCSH B YCOBUSX BOMHbI C XO3MHOM DUPMBbI
leHpuxom Konnepcom. O3a6o4eHHOMY STOM NPOGIEMOI OPUCKOH-
CyNbTY BOEHHOIO MMHUCTEPCTBA Poccum Bb10 Cka3aHo: «3anuwumTe
B NMPOTOKOJ1, YTO MnaTbeB B3si1 HA ce0sl 3Ty OTBETCTBEHHOCTb U YTO
rnocne BOVHbI pa3roBapuBaTk ¢ Konnepcom OyaeT oH».

Ot Unpa po Ocosua

CT01b XX€ OCTpOW okazanacb Npobrsema 60eBbIX OTPABASIOLLMX
BewecTB (OB — coBpemMeHHOe Ha3BaHWe; Torga ux HasbiBanm
yayLwamnwmmMm razamm) 1 3awmTel oT Hux. MNepseiMmn OB npume-
HUAN HEMLBI — B NSATb YacoB Bevepa 22 anpensa 1915 roga nog,
ropogom Minpom B benbruun. 3a 9TOT ropof, Cpaxanncb JABHO U
6e3pe3ybTaTtHO, HO B TOT BEYEP HEMLLbI PELLMAN UCTbITATb HOBOE
opyxve — xnop. Ha ¢poHTe ataku B LLECTb KUTOMETPOB OHU yCTa-
HOBUW/IN LLIECTb ThiCSY GanioOHOB U1, KOraa BeTep noayn B CTOPOHY
NPOTMBHMKA, OTKPbINN KPaHbl, BbINYCTUB B BO34yx 180 TOHH xyiopa.
>KentoBatoe razoBoe 061aK0 NOHECIO BETPOM, U Ha4Yanach naHvka.
Morpy>xeHHbIe B XJIOpHOE 0651aK0 dppaHLLy3Cckue conaatbl Caenm,
KaLLsAn 1 3a8piXxanuck. TpU ThICAYM YMEPAN OT yAyLLbS, ELLE CEMb
TbICAY MOJYHUNN OXOru (Mo APYrM JaHHbIM, BCEro OTPaBWuInCh
no4yTn 15 ThICAY CONAaAT, U3 HUX OKONO 5 ThICAY yMEpno).

Kak BCMOMWHAIOT NCTOPUKKX, OpraHmM3aumnen ra3oBon atakm nog,
MnpomM pykoBOAMAN HEMELLKME YYEHbIE-XUMUNKN U3 BepnnHckoro
MHCTUTYTA Kali3epa Bunbrenbma — ®puu, Mabep, xelimc dpaHk,
l'ycras lepu n OTTO AH. MNpriMmeyaTtensHo, YTO BCE OHW B AUIbHENLLEM
nony4nnn HobeneBckue NpemMmm 3a pasfiNyHbIe Hay4HbIe OCTUXE-
HUSt MMPHOTO XxapakTepa. OTuoM xe 60eBbix OB ctan ®pu, Mabep,
KOTOPbIV N3y4nn yayLlaioLLme CBOMCTBA XJI0Pa 1 ero CNocoBHOCTb
nepemMeLLaTbCs HU3KO Ha, 3eMe N3-3a BbICOKOW MAOTHOCTU. [axe
nocne npucyxaexus emy B 1918 rony Hobenesckori npemun 3a
CUHTE3 aMMMaKka MHOMME y4eHble CTpaH AHTaHThI cumTany fabepa
BOEHHbIM MPECTYMHUKOM M OTKa3blBaSIMCb C HM 340P0BATLCS.

Mpes ncnonb3oBaHua yayLaloLwmx ra3osB N3BectHa C ApeBs-
HEeNLWNX BPEMEH: eLLe HaluW JaBHUE NPeaKn AbIMOM OT KOCTpa
BbIKYpUBa/IM NPOTUBHUKA 13 nelLep. B 1899 roay 6bina noanucaHa

CTPAHWULLbI UCTOPUU

MexnayHapopaHas Maarckas koHBeHUus «O HeyrnoTpebneHnn cHa-
PSO0B, MMEIOLLNX EAMHCTBEHHBIM HA3HA4YEHEM PACNPOCTPaHATb
yayLaloLwme nnm BpegoHoCHbIe ra3bl». OgHako Korga CTpaHbl
AHTaHTbl 06BMHMAN MepMaHMIO B HAPYLUEHMM NOAMNCAHHbIX eto
0653aTenbCTB, BepsivH 0TBETUI, YTO KOHBEHLMS 3anpeLLaeT NMnLLb
«CHapsaabl C ra3om», a He NobBoe NPUMEHeHVEe ra3oB B BOEHHbIX
uensix. Nocne aT1oro, COOCTBEHHO, O KOHBEHLMW YXKE HUKTO B0sbLLIe
He BCnoMuHan, 1 06e BoioLLMe CTOPOHbI nocie anpens 1915 ropa
cranu pa3pabatbiBaTs 1 Mcnonb3oeaTe OB 1 pa3Hble cpeacTea nx
[OCTaBKM1, BKIIOYAs apTUANEPUIO N aBUALMIO.

A labep B mae 1915 roga Belexan Ha BoCTouHbIN GPOHT Ans
opraHM3aumm XMMN4eCKnx atak NpoTmMB pycckor apmum. lNMepeas
KpynHas ataka coctosanacbk 31 masa 1915 ropa npu ponbBapke Bons
LLnpnoeckas, B 60 km 0T Bapwiasbl. Ha 12-kMnomMeTpoBOM y4acTke
bpPOHTa HEMLLLI YCTaHOBWUIIN B CBOMX NEPELOBbLIX OKonax 12 Teicay
©aJ1IoHOB C XJIOPOM B CMecU ¢ docreHoM. [loxaaBLmch NOAxXo-
nsilero BeTpa, oHn B 3 yaca 20 MUHYT yTpa atakoBasn Pycckue
BoOlicka ra3oM. ATtaka Oblsia NOJIHON HEOXMAAHHOCTbIO NS HALLIMX
BOWCK, HE MMEBLLUNX HUKAKMUX CPEACTB 3awwmTbl oT OB, n npueena
K BbICOKUM NoTepsiMm — 6osee 9 Thicsid 4enoBek oTpaBuamnck, 1183
CKOHYaNuChb.

KomaHnaup 55-ro Cnbmpckoro nonka nonkoBHuk K. BepHLUTeliH
Tak nucan 06 atom 6oe: «...OTaenbHble HEMELKKME NI0AM B Besbix
Mackax CTain BbinMyCckaTb N3 KakMX-TO annapartos... Napbl XenTo-
3eN1IeHOro LBEeTa, KOTOpble, CryLlasch, CTENOTCS N0 3eME N N3-
[aloT yayLwnuvBbIi 3anax... Y1Cno XepTs, yAyLWEHHbIX 900BUTbIMU
razamu, BCe pocno, fia Pocso Tak, 4To K Hadany 605 MHe cTano
M3BECTHO, 4TO 60ecnocobHbIX CTPENKOB B poTax He 6bonee 40—
50 yenogek...» HO cMepTenbLHO OTPABAEHHBIE PYCCKUE CONaathl
OCTaNIMCb Ha MNO3ULMSIX U, MOAHSIBLUMCH B KOHTPATaky, oTépocunm
BPaXECKYIO NeX0Ty. «HECMOTPS Ha TO 4TO OHW U3HEMOTanu 1 eaga
JepXanncb Ha Horax, — aoknaapisan bepHiuTeinH, — [oHN] 6po-
CUANCb N3 OKONA... W Ha Nnievax HEMLEB BOPBAINCH B UX OKOM, rae
nepekosnonu nx». B ntore 6narogapst ymesnoMy KOMaHA0BaHWIO U
006NeCTy HaLLMX BOMCK HEMLAM He YOaN0Ch Pa3BUTbL TAKTUHECKUIA
ycnex B cTparernyeckumii, poHT He Obln NPopBaH.

[pyro noyTtn 3abbiThili 3NN304 — repounydeckas o6opoHa
kpenocTtu Ocosel, (50 km OT ropoga benocrtoka), 3HaMmeHUTas
«arakor MepTBEL,0B» NOC/Ie MaCCUPOBAHHOW HEMELKOWM ra3oBom
atakm B aBrycte 1915 roga. OCTaHOBMMCS Ha 3TOM 3NU304e He-
MHOrO noapobHee.

OT1a TpeTbepaspsagHas no poptTndrkaumm KpenocTsb 3allmiana
NPOXO0A, MexAay HenpoxoaMbIMU 6010TaMu, 3a KOTOPbIM ObL Nps-
Mol NyTb Ha BapluaBy. Hemupl Havanu aptobceTpen kpenoctu 21
ceHTa0psa 1914 rona. MHOro MecsiLieB 6e3ycneLlHo onounm ee ap-
TUANepuen n atakosanm nexoton. B dpespane 1915 roga noaraHynm
ocagHyio aptunneputo: 6onee 60 opyauin kanmdpa 200—300 mm
M YeTbipe MOHCTpa — 420-MUNNMMETPOBLIE MOPTUPLI «BonbLuas
BepTta», dyracHblli cHapsaa, KOTOPbIX BeCun 760 K 1 yHUYTOXAN
Bce B paguyce 500 m. PaHee aTn «ybuiilpl ¢popToB>» pasdunun
ykpenneHus Jlbexa, Hamiopa, AHTBEpPNEHa, NO3Xe rPOMUINn
BepaeH n nuwb npu ocage kpenoctn OcoseL, notepnenn Gnacko.
Mx yctaHoBunn B 10—12 KM OT KPENnoCcTn — BHE AOCAraeMoCTH
ee apTunnepumn. Ho noka MopTupbl cobnpanu, pycckme CKpbITHO
NPWBE3N N YCTAaHOBUAN Napy MOPCKUX AanbHOOOMHbLIX OPYANiA,
KOTOpPbIE B apPTAY3NN YHUHTOXUAN ABeE «bepTbi». X ocTaHkn 1 age
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COXPaHUBLLNECS MOPTMPbLI CPOYHO BEPHYN B TepMaHuio, a 3aTem
Ha 3anagHbli PPOHT.

M BOT B KOHLLE ntonst Hemupl, BbinycTne 200—250 ThiCcaY TONbKO
TsXenblXx cHapsaoB kannoépom 6onee 200 MM, cTann roToBUTb
nocnegHuin wITypMm. B 4 ytpa 6 aerycta 1915 roga npu nonyTHOM
BeTpe No GPOHTY atakm Havyanu BbiMyckaTb XJI0P C NPUMECHIO
6poma 13 30 razobannoHHbIx 6atapeit. Mo oueHkamMm NCTOPUKOB,
ra3 B UTOre NPOHMK Ha 06LLYt0 ryBuHy dpoHTa 80 20 KM, CoOXpaHsst
nopaxatoLiee AenNcTBre Ha paccTosHUM Ao 12 kv 1 oo 12 metpos
no BbicoTe. Bcneg 3a BonHOM rasa wiia aptuiepuiickas orHeBsasi
BOJIHA, 32 HEN — NexoTa B NPOTUBOrasax.

Cpepcts 3awmtbl oT OB y 060pOoHSBLUMXCS He Oblo, U pesysb-
TaT okasascsa CoKpyLnTeNnbHbIM. N3 cTpos BbiGbO cBbiwe 1600
YesnoBeK, BECb rAPHN30H MOY4YMsT OTPABSIEHUS PA3HOM CTEMEHU
TsKecTn. Benep 3a razamm HeMeLkas apTunnepus OTKpbLIa OrOHb
Nno KPEenocTn CHapsaaMun ¢ XNOPNUKPUHOM 1 3arpagamTenbHbIN
OrOHb 7191 CBOMIX ABMHYBLUNXCS B aTaky YacTen.

Hemubl 6binn yBEPEHbLI, HTO BCE 3aLMUTHUKM NOrMbnam, n Ha-
CTynanu AByMS MJIOTHBIMW KOJIOHHaMU, C3aau Wnu pe3epsbl. Ho
Korga OHV NPope3any NPOXoabl B MPOBOJIOYHbLIX 3arpaXkaeHusX,
HaBCTPEYY MM B LUTbLIKOBYIO aTtaky 6poCmMAInCb HEMHOMOYMNCEH-
Hble pycckue. Nx BuA, Obl y)XaCeH — OKPOBaB/IEHHbIE, MPSA3HbIE,
BbIKALL/IMBAIOLLME COXOKEHHbIE IETKME, — U HEMLLbI B MaHUNKE
otcTynunn 6e3 60s. VICTOpUKM NULLYT, YTO NEPBLIM NOLHSANCS
koMaHgup 13- poTel nognopy4mk Bnagnmmp KOoTaMHCKMiA, HO
OH BCKOPE normd n ataky BO3rNaBua NOCNeOHNA N3 OCTaBLUNXCS
odunuepos — noanopy4ymk-canep Bnagucnas CTpXEMUHCKNIA,
KOTOPbI NPUOLI B POTY 151 MPOBEPKN COCTOSIHUSA dopTudurka-
LIMOHHbIX YKpenaeHnn. [1o3xe aTy KOHTpaTaky OKPeCTUN «aTakom
MepTBeLoB». 3anoasur 21-netHero B.M. CTp>xxemMunHcKoro Harpa-
LUK 30510TbIM FrEOPrMEBCKNM OPYXMEM, HO B Mae 1916 roga, Bo
BPEMSI MMHOMETHOI0 0OCTpenNa, ero TSHXKENO PaHUIN: MPULLINIOCH
amMnyTnpoBaTb NPaByIo HOrY, JIEBYIO PYKY, yaanute ma3s. OgHako
370 He cnoMmnno CTPXXEMUHCKOIO: OH CTas XyAOXHUKOM-aBaHrap-
aunctom, apyrom n nocneposarenem K.C. ManeBunya, TEOPETUKOM
MCKYCCTB. MNMonsiKu XKe CHMTAIOT Er0 HAUMOHANbHBIM FEPOEM U Jaxke
1300pa3unv Ha MOHeTe B 2 3N10TbIX.

BoeHHbI XuMnpom umnepum

MoHATHO, 4TO Poccus pomkHa Obina B kpaTyaniume cpokun ob3aee-
CTUCb HaZeXHbIMK cpeacTBamm 3awmtbl OT OB 1 cammmn OB kak
cpencTeoM Bo3mesaus. Ewe B mapte 1915 roga npepnoxeHue 06
narotoneHun OB B Poccrm 661510 OTKNOHEHO BEpXOBHbIM r1aBHOKO-
MaHZyoLLMM MO 3TUHECKMM COOOpaxeHnsmM. OaHako Nocse nepBbixX
rasoBblx aTtak NPoTMB pycckor apmum 3 aBrycta 1915 ropa Boiwen
npukas reHepan-uHCNeKTopa apTuInepun BEANKOro kH3s Cepresi
Munxainnosuya 06 06pasosaHum npu MY cneunansbHOM KOMUCCUM MO
3aroTtoBke 60eBbix OB. B TOM e mecsiue 6bin Npom3BeaeH Nnepsbli
NPOMBILLINIEHHBIV XJI0P, B OKTAOpEe — docreH. B umpoknx maciutabax
pycckas apmMusi IpyMeHuna xmMmmnyeckoe opyxme netom 1916 roga
B xo4e BpycunoBckoro npopeiea, 1, MO COBaM NOJIEBOIO reHe-
pan-nHcnekTopa apTuINepun, XMMn4eckme 76-MuiinmMeTpoBbIe
CHapsabl «okasanu 60bLUYIO YCYry apMum».

OceHbto 1915 roga B apmuio Ha4anm NoCTynaTk NepBbIE CPeacTaa
3awmTbl 0T OB — MapneBble NOBA3KW, MPONUTaHHbIE MMMNOCY b-
duTomM. OHK B KAKON-TO CTEMEHN 3ALUMLLANM OT X/10PA, HO CPOYHO
TpeboBanock 4T0-To Honee HaaexHoe. [o3ToMy B OpraHmn3aumsax
pa3sHbIX BeOMCTB OJHOBPEMEHHO Hayanm pa3pabarbiBaTs pa3Hbie
TWMbI NPOTMBOrAa30B 1 PECMMPATOPOB AJ151 3aLLnThl 0T 60eBbix OB.
OpnHako 3pechb Havyanacb 6opbba ambuuuii, GiopokparTnyeckas
BOJIOKMTA U NpoYee, HefoNyCTMMOE B CO34aBLUENCH CUTYaLMK.

B cBs3n ¢ aTum 16 anpens 1916 roga ycnelwHo padoTatoLuas
Komuccusa no 3arotoBke BB npu MAY 6bina npeobpaszosaHa B
Xumunyeckuin komuteT npu MAY noa npeacenarenscTtBOM TOrO
xe B.H. MnatbeBa. 3TOT KOMUTET COCTONAN U3 NATK OTAENoB: BB,
OB, 3axwurarenbHblX CPeACTB M OrHEMETOB, MPOTUBOra3oBOro
1 NpPo13BOACTBA KMCNOT. KOMUTET 1 ero pykoBoauTenb Oblin
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YK€ HafenNeHbl LWMPOKMMKN MNOTHOMOYMSMU C NMPaBOM PELLEHUS
BCEX CJIOXHbIX BOMNPOCOB HEMOCPEACTBEHHO C HavyallbHUKOM
wtaba BepxOBHOMO rMaBHOKOMaHAYIOLLETO, BOEHHBIM 1 APYTMMUA
MWHUCTPaMU, BENMKNMU KHA3bAMU — KypaTopamMmn OTAENbHbIX
Ccny>x6 apMmn 1 MPOMBILLIIEHHOCTN — U MEPUOANYECKM C CaMUM
Hukonaewm Il. C nmnepatopom Mnatbes BCTpeyancs He pas, n He
TOJNbKO Ha OdMUManbHbBIX MPUEMaXx 1 OTYETAX, HO U Ha 3aBTpakax u
obepnax, rae B NpUCyTCTBUN BCEMO HECKOMbKMX YEJI0BEK PELLIASINCH
camble OCTpble BOMPOCHI, B TOM YUCJIE BbIXOASLWME 32 NPeaensl
KOMMETEHUUN XMMKOMUTETA.

MnatbeB dakTnyeckn BO3rnaBma XMMUYECKYIO MPOMbILLSIEH-
HOCTb Poccun. TpyaoHO x0T 6bl 6ErN0 NepeuncnnTb Te 3agaqu,
3a KoTopble O6pancsa Xumuyeckuin komuteT. Hanpumep, ans
NPOn3BOACTBa Nopoxa TpeboBanack cepHas KNCIOTa, HO cep-
HOKMCNOTHbIE 3aBOAbl pa3dmeLwtannce B MonbLue u Mpubantuke,
roe wnn 6ou, — MnateeB MOGMAN30Bas NPOMBILLIEHHMKOB Ha
CTPOUTENLCTBO ABYX OECATKOB HOBbIX 3aBOA0B 3TOro npoduns
(v 3acnyxun ot npeaceparens focynapcreeHHoOM aymbl Muxan-
na PoassiHKo Npo3BuLLe «KUCNOTHBIN ANKTaTop»). B pesynbrare,
Hanpumep, Npom3eoacTeo BB Bbipocno noytu B 50 pas, npuyem
B OCHOBHOM 651arofaps 4acTHbIM 3aBOAAM, TakK Kak Ha Ka3eHHbIX
3aB0oJax OHO YBENIMYMIIOCH BCErO B ABa pa3a. KomuteT passepHyn
npon3eoacTeo 6oeBbix OB — docreHa n xnopa, a 3a04HO a30T-
Hokmcnoro 6apus n xentoro dpocdopa ans 3axuraresbHbIx 6omM06
1 orHemeToB. Ha Bcex 3aBogax NpuUemMKy BOEHHOW NPoayKUUn
OCYLLECTBASIN NPEACTAaBUTENN KOMUTETA, NPEALLIECTBEHHUKMN
COBPEMEHHbIX BOEHMPEAO0B. [MaBa XMMN4eCckoro KOMMTeTa nucarn
B BOCMOMWHaHUSX: «BOMHY Mbl CBOGOAHO MO NPOA0JIKaTb ELLE
0OYeHb J0JITOE BPEMS, MOTOMY YTO K iHBapto 1 pespanio 1917 ropa
Mbl IMEJI TPOMaZHbIM 3anac B3pblBYATbIX BELLLECTB B MUJIMOHAX
pasnnyHbIX CHapsa4oB U, KPOME Toro, 6onee MUIIMoHa NyaoB
CBOOOOHbIX B3PbIBYATLIX BELLLECTB>.

Mpu nopoepxke komuteta H.O. 3enuHckmin u H.A. Lnnos
BMEPBbIE B MMPE CO34aNM A0CTaTOYHO COBEPLLUEHHBI BOMCKOBOW
NPOTUBOra3 C akTMBMPOBAHHbLIM APEBECHLIM YITIEM Kak aacopbeH-
TOM W PE3VHOBOW LUIEM-MACKOM UHXeHepa dayapna KymaHTta
— NPOTOTMMN BCEX COBPEMEHHbIX PUNILTPYIOLMX NPOTUBOra3os.
LJononHnTensLHO ons apTUNNeEpPUCTOB Aenany NpoTMBOra3 KHA3s
ABasioBa, B KOTOPOM KPOME akTMBHOIO Yrisi s MOroLWEeHNs
KMCIbIX ra30B NCMOJIb30BaJICS CIOM HATPOHHOW M3BECTU — CMECU
€aKOoro HaTpa v raleHom n3secti. Bcero 3a Bpems oedaTenbHOCTU
XuMkomuTeTa ObI10 BbINyLWEHO 6onee 15 MUANMOHOB NPOTUBO-
rasoB M CHAT C NPOM3BOACTBA MEHEE HAaOEeXHbI NPOTMBOras,
paspaboTaHHbIi CaHNTapHOM KOMUCCUEN YneHa LLapCTBYIOLLENO
noma npuHua OnbaeHbyprckoro. BosHuKwnin 66110 KOHPANKT
yCTpaHwui cam nmneparop, Kotopeli nepepan B.H. MinatbeBy Bce
CcHabXeHne apMmm NPOTUBOrasamu.

Mmnepatop, kKak 1 NpaBuUTENIbCTBEHHBIE M HAY4HbIE KpYrn, OTMe-
TUN 3aCNyrY y4eHoro: Minatbes Nony4ms 3BaHUE reHepan-nenTe-
HaHTa, 18 HoA6PSA 1915 ropa 6b1n1 M3GPaH B AENCTBUTENbHbIE YIEHbI
Poccuinckon Mimnepatopckon akagemMmmmn Hayk (HO yTBepXaeH
TOonbko 9 mas 1916 roga n3-3a HE06XO0ANMOCTM A0MNOSTHUTENTLHOIO
MONY4YEHNS COMIAaCNSA BOEHHbIX BEAOMCTB).

«BosbLLIEBMKN YYBCTBOBAIN MOIO NpaBAy»

OkT6pb 1917 roga noctasun Minarbesa, kKak M MHOIMX ero cooTeye-
CTBEHHMKOB, nepen, BbiIoopom. BHyTpeHHe He npuHaB OKTa6pbCKyo
PEBONIOLIMIO M OCTaBasACh MO YOEXAEHNSIM CTOPOHHUKOM KOHCTUTYLIN-
OHHOM MOHapPXUK, NOCNE TSXENbIX Pa3AyMUIA OH PELLWIL, HTO TONbKO
60nblUEBNKM BO Mase € JIeHNHbIM CNOCOBHbI cnactu Poccuio ot
paspyxu, MOBEPWI B UX JIO3YHMN: MUP, CBOO0A, 3eMnisi KpecTbsiHaMm. U
TBEPOO OTKa3a/1Csl OT MHOMOYMCIIEHHbIX MPEANIOXEHNI yexaTb Ha 3a-
naz,nnv Np1coeaHNTLC K benon apmmn. (Ketatn, Takoe e peLueHne
NPUHANA 3Ha4YMTENbHAs YaCTb reHepanmTeTa 1 BbicLLEro odurLepcTea
uapckon apmun.) MNoaxe B.H. Mnatbes HanuwweT: «MOXHO 6bl10 Co-
BEPLLEHHO HE COMaLLaTbCs C MHOMUMN NAESMU OOSbLLEBNKOB, MOXHO
CUHUTaTb WX JIO3YHMM 3a YTOMWUIO, HO HAZO ObiTb 6ECNPUCTPACTHBIM



1 NPU3HaTb, YTO MEPEX0n, BAacTh B PykM NposieTapmara B okTsope
1917 ropa, npoBeneHHbIN JIeEHNHbIM 1 TPoUKMM, 06yCNoBUN COOO0
crnaceHve CTpaHbl, n30aBuB ee OT aHapPXMM 1 COXPaHWB B TO BPEMS B
XMBbIX UHTENNIMIEHUMIO U MaTepuasbHble 60ratcTea.

MnatbeB He npeanaran ycnyr COBHapkoMy — TOT CaM NpPOosiBUN
MHTepec. B Hosi6pe 1917 roga cneuyanbHO K HEMY Npuexan npea-
cTaBuTenb npasutenscteaJl.f. Kapnos, KoTopomy 6bIno Nopy4eHo
BO3/1aBUTb XMIMUYECKYIO MPOMbILLIEHHOCTb, BeAb Nepes, peBosio-
Lmen OH 6bin ANPEKTOPOM XMMUYECKOrO 3aBoAa B BOHAIOXCKOM
(Tenepb ropoa MenpeneeBck). Nocne 06CToATENBHOIO pacckasa
MnateeBa o0 paboTe XumkomMmuteTa Kapnos npeanoxun emy u
XNMKOMUTETY COTPYOHNYECTBO B Aief1e AeMOOUNN3aumm XmMmmnye-
CKOW MPOMBILLNIEHHOCTN U €€ AanbHenwero passutus. Vinatoes
npensioxXeHne NpUHAN CO cnoBamMn: «{ roToB caenartb BCe OT
MeH$ 3aBUcsLLee, YTOObl CNacTV CO34AaHHYIO HAMW BO BPEMS BO-
MHbI XIMUYECKYIO MPOMBILLIIEHHOCTb. HTO Xe KacaeTcs nepeaayv
nepcoHana B pacrnopsixxeHne BHOBb 00pa3yemMoro XmMm4eckoro
otaena npu Beicluem coBeTe HapoaHoro xo3sictea (BCHX), To
Ona aToro MHe 6ynet HeobxoaMMo cobpaTb 3acefaHne coBeTa
XnmMunyeckoro KoMmMTeTa 1 TaM 00CYaUTb STOT BOMPOC».

MnaTtbeBy NpuLLNOCE NOTPYAUTLCS, 4TOOLI yOe AT NpeacTaBu-
Tenewn pycckomn Hayku 1 NPOMBILLIEHHOCTU OTAATb CUbl, 3HAHUSA
1 OMNbIT CTPOUTENBCTBY HOBOWM Poccun. NepeopueHTaums coTpya-
HWKOB, NMPUBBIKLLINX K CAMOOTBEPXEHHOW COBMECTHOI paboTe B
XumMmkomMmuTeTe (KOTopbIM nocne noanucaHus bpectckoro mupa
B ntoHe 1918 roga 6bin NMKBMAMPOBaH), noTpeboBana ooArnX
anckyccuii. Ho B ntore Bce ynagmnoch: YacTb nepewna B [AY,
npyras — B Xumotaen npy BCHX nop, Havano J1.4. Kapnosa.

B nexkabpe 1917 roga B.H. MnatbeB — uneH coeTa MAY 1 npea-
ceparefib 0coboi kommccum npm Xummdeckom otaene BCHX ons
nemMobunmsaumm n MobUNM3aumMnm XMMNYECKOM MPOMBILLIIEHHOCTU.
B 1919 rony komumccus npeobpa3oBaHa B TEXHUYECKUI COBET
XUMUNYECKOW NpoMbILLeHHoCcTH Npy BCHX, MnatbeB ctaHoBUTCS
npenceparenem coseta, GakTM4eckn MUHUCTPOM XMMpoma. Tor-
[a>e OH co3aaeT oTpacnesyto Hayky: B 1920 roay ocHoBaH TOHTU
(focynapCTBEHHbIM MHCTUTYT Hay4YHO-TEXHUYECKUX Uccneposa-
HWI) — MHOMONPOMUILHBIA MHCTUTYT, KOOPAMHATOP BaXKHENLLNX
Hay4YHO-TEXHUYECKMX paboT B CTpaHe, OPraHN3aumMoHHOE 3BEHO
BCHX. 3arem UHCTUTYT nprknagHom xummnmn, XMMnko-@apmaues-
TUYECKUIA MHCTUTYT, VIHCTUTYT XMNYECKNX yoobpeHnin, Pagnessiii
MHCTUTYT. B 1926 rony TOHTU cnuncs ¢ IHCTUTYTOM NpUKnazHoin
xvmunn, a B 1929 roay n3 Hero BbiaeneH VIHCTUTYT BbICOKMX AaBIe-
Hui (TMBA), AnpekTopom KOToporo ctan Minatebes.

C 25 masa 1921 roga B.H. MnatbeB oka3biBaeTcs Ha BepLUNHE
COBETCKOW nepapxumn — oH uneH Mpeangnyma BCHX v Bckope (no-
cne cmepTun J1.4. Kapnosa) — Ha4aibHUK [NaBHOro XMMMYeCKoro
ynpasneHns BCHX, yneH focnnaHa. EaBa BCTYNMB Ha 3TW AOMXK-
HocTu, MinatbeB nogaeT B [Mpe3nanym BCHX noknaaHyto 3anmcky,
B KOTOPOW Noapo6HO paccMaTpuBaeT NevanbHOe COCTOsIHME BCEN
NPOMBILLAEHHOCTU M NpeanaraeT pagnkasnbHbie Mepbl 419 ee BOC-
CTaHOBNEHWS 1 AanbHenwero pa3sutus. Hanbonee nenvkarHas n
BaXKHas YaCTb 3aMNMCKN CBOAMTCS K NPEOJIOXKEHUNIO «0TAAYN ObIB-
UMM MHOCTPaHHbIM BriagesbLlamM nx 3aBo40B B apeHaHOe O0r0-
CPOYHOE NOJIb30BAHME C TEM, YTOObLI OHM 332 CBOW CYET N KPEAMUTbI
VMHOCTPaHHbIX GaHKOB MO HE TONbKO NPUBECTM UX B KPATHANLLINIA
CPOK B MOJIHLIN MNOPSIAO0K, HO U BBECTU BCE HOBEWLUNE YCOBEP-
LLIEHCTBOBAHWS, COMMACHO NOCNEAHNM TPEOOBAHUSAM TEXHUKM».
B noknagHom 3anvcke Brnepsble NOSiBUIOCH CII0BO «PECTUTYLIUA»,
NoA KOTOPOW NoApasyMeBaeTCH BPEMEHHOE U B OrPaHUYEHHOM
dopmMe BOCCTaHOBIEHWE NpaBa BNaAeNbLa Ha ero npeanpusaTme.

910 6blN1a 04EHb CBOEBPEMEHHAS 3aNMCKa, Tak Kak B 3TO BPeEMS
napTUIo 1 BCIO CTPaHy pasampanu OypHble ANCKYCCUM 0 cnocobax
BbIXO0Aa U3 rnybokoro kpuamca, CBA3aHHOro C NOCNeACTBUSMMU
IpaxkaaHCKOW BOMHbI M HEYMENbIM PYKOBOACTBOM, KOTOPOE CMOI0
no6eauTb B MpaxaaHCKy0, HO He O4EHb MOHNMATIO, Kak yNpaBisiTh
OrPOMHOM CTpaHOM B MUPHOE BpemMs. MITorom auckyccuin ctana
HOBasi akoHOMUMYeckas nonutuka, HAM. OgHako He coBceMm no-
HATHO ObINO, Kak ocylecTBAATb 3TOT HOIM: cTpaHa pa3opeHa,

CTPAHWULLbI UCTOPUU

CcOOCTBEHHbIX KanuTanos HeT. B.U. JlennH B 1920—1921 rogax
NPELNOXN CO34aBaTb KOHLLECCUN — KOMMEpPYECKME Npeanpu-
AT C UHOCTPaHHBIMN MHBECTULMSAMMN, MOSTHLIMW U YACTUYHBIMU.
MpepnoxeHHas B.H. naTbeBbIM peCTUTYLIMSA HEMHOIMM OT/INYa-
€TCS OT KOHLLECCUI; B NEPBOM NPUBAMXEHNN PA3INYNE B TOM, YTO
Npw PECTUTYLIMN JOFOBOP 3aKJII0HAETCH C NPEXHUM BNAAENBLEM,
a npw KOHLLECCUM 3TO OrpaHnyeHne Heobs3aTenbHo. B pesynstarte
3anvcka rnonasa Ha NoAroTOBJIEHHYIO NMOYBY.

Mocne 6ypHoro o6cyxaeHns Ha 06beanHeHHOM nieHyme BCHX
n focnnaHa npegnoxeHne MinatbeBa ObINO NPUHATO. B ToM xe
1921 rogy MinatbeB N0 3TOMy NOBOAY HECKOJIbKO pa3 BCTpeYascs ¢
B.. JIeHnHbIM, KOTOPbI MOAAEPXXaS €r0 NpeasioxXeHns. M MnMeHHOo
noatomy JIeHVH Ha3bIBa€eT VinaTtbeBa «rNaBoM HAaLLENn XMMNUYECKOMN
MPOMBILLIIEHHOCTW», AOBEPSIET EMY BECTU I0OObIE NEPErOBOPLI 32
rpaHuLLEl OT MMEHM NPaBUTENBCTBA MO BOMNPOCaM PECTUTYLMMN,
CLa4M HEKOTOPLIX NPEANPUATUIA B KOHLLECCUIO, 3aKYMNKN TEXHOI0-
N, NMUEH3MIA, 060PYAOBaHNS, KOMAHAMPOBOK CNELMaIncToB
Ons oby4eHns 3a rpaHnueit. B 3aTpygHUTENbHBIX ciyyasx JIeHH
npeanoxun NnatbeBy HeMeaneHHO 00paLLaTbCs K HEMY JINYHO,
npu HeobxoaumocTn — Tenerpaduposartb. N B 1922 roay, korga
Maexmm 6bI1 yNpasgHEH (XMMUIO NOCHUTaIN BTOPOCTENEHHOM
OTPac/bi0 MPOMBILLIIEHHOCTU) 1 0OCYXXAANCs BOMPOC O BbIBOAE
MnatbeBa 13 coctasa npesnguyma BCHX, JleHnH 3anpeTtunn ato
CcamMoynpaBcTBO: «<MnaTbeB JOMKEH OCTaBaTbCs B cocTase [1pesu-
Anyma npm toboM YMCIe ero YaeHoB». A NO3Xe Bblpasusi XenaHne,
4TOObI MiNaTheB «COBEPLUEHHO 3aMPOCTO HABECTW Er0 BEYEPKOM
1 33 YallKOW Yasi pacckasan eMy [CBOWU] MbIC/IN U 3arpaHnyHble
BreyatieHns». Ho aToi BCTpeye He CyXAEHO BbINIo COCTOATLCS. ..

A VInatbeB YECTHO CNYXUT HOBOW BNACTU — CITYXUTb HEYECTHO
OH NpPOCTO He ymeeT. Yexas B CLLUA, oH BCMOMUHAET: «To AoBe-
pue, KOTOPOE MHe OKadbiBann B60MLLLEBUNKN, 1 O4EHb LEEHU U NO
COBECTW MOry CKa3aTb, YTO HMKOr4a He No3Bonsan cebe UM 310-
ynoTpebnaTtb. B 3TOM OTHOLWEHMM BONBbLUEBMKM HE OLUIMBANCH B
MOEM XapaKkTepe, 1 9 4eCTHO Nepea, CBoen POANHON MCNONHSAN BCE
BO3/1araemMble Ha MeHs1 0693aHHOCTU. { He BOSNICA BbiCKasblBaTb
CMENI0 MOM B3MisiAbl MO TOMY WM ApYroMy BOMPOCY; MHOrA4A MHE
NPUX0ANIOCH Jaxe CTYKHYTb Ky/lakoM MO CTOJy, HO 60JbLIEBVKIA
YyBCTBOBA/IM MOIO NpaBay».

BeH3uH nobeapl

OpHako Bckope nocne cmepTu JIeHnHa cTpaHa ctana CTPEMUTENBHO
MEHATLCH, U 419 VInaTbeBa, KOTOPbIM CBOEM SHEPIrUYHON AeATesIbHO-
CTblO HE MOI" HE HaXXMTb BbICOKOMOCTaBJIEHHbIX BPAaros, CTano B 9TOWM
HOBOW CTpaHe HeylTHO, a MOTOM — MPOCTO ONAaCHO HaxXOAUTLCH.
OTO 1 NPUBENO K €ro (ero K) aMurpaumm n NoCNeayoLLMM BENKNM
OTKPLITUSIM B 0612CTU XUMUN Y XMMUYECKOM TEXHONOMMKN yXe Ha
6naro amepukaHCcKol (a B UTOre 1 MMPOBO) NPOMBbILLIEHHOCTU.
Hanbonee npocnasmBLLVE ero N300PETEHNS CBA3aHbI C NOSTyHEHNEM
BbICOKOOKTaHOBbIX OEH3UHOB 1 APYrMX MOTOPHBIX TOM/INB, KOTOPLIE
CHOBa nomornun cnactn Poccuio, Tenepb CoseTckyto. Vx ncnonb-
30BaHVe B BOEHHOW aBmaumn yiydllaeT NeTHble XapakTepUCTUKN
60eBOro camoneta — CKOPOCTb, FPy30MNOALEMHOCTb, CKOPOCTb
B3neta — Ha 20—40%. VICcTopukun yTBEPXAAIOT, HTO MMEHHO Takme
O€EH3MHbI MOMOMM aHMMYaHaMm BbiIMrpaTe OMTBY 3a YNCTOE HEOO
Hag BenvkobputaHumen.
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OKTaHOBOE YNCJ0 MOBbLILLAIOT BBEAEHMEM MPUCALA0K, HANPUMEP
mnsonponundeHsona, (3nT) nnu katanutuieckon odbpadoTkoin. Knoy
K ycrnexy B 06pa3oBaHnM pa3BETBIIEHHbLIX MOJIEKY C Y3KUM pac-
npeaeneHnem no paamepam. ATy=Fo TEXHONOMMIO, MPUAYMAHHYIO
MnatbeBbiM, BHegpunn B CLLA n Bennkobputanmm, a B8 CCCP He
cMornu. ictopuku otmedatoT, 4to B 1940 rogy OKTaHOBOE YNCTIO
COBETCKNX OEH3MHOB Nexaso B agnanasoHe 59—74, a nponsa 6eHs3un-
Ha C OKTaHOBbIM YMCIoM 78 cocTaBnsna Bcero 4%. Takoi 6eH3MH
He roanscs ANis HOBbIX BOEBLIX CAMOJIETOB BPOAE NEereHaapHbIX
nctpedutenen Mul'-3, n-4 unn 6ombapavposLumka le-2. OgHa-
KO CO34aTb MOLLHOCTM OJ151 MPOM3BOACTBA XOpoLero 6eH3unHa K
Hayvany BOWMHbI HE yaanocb, 6onee Toro, no4Tn cpasy buinm ytpade-
Hbl Npon3BoAcTBa Ha Tepputopmn YCCP, a B 1942 rogy npuwinoch
OEMOHTMPOBATb OAMH U3 BeayLmx 3aBoaoB — [po3HeHckmin. B
pesynbtate n 6e3 Toro HeAOCTaTO4HbI 06bEM NMPOU3BOACTBA
cHm3uncs ewe donbuie. Mpu atom B CLUA 3a nontopa mecsua
[enanu cTonbko 6eH3MHa, CKOJIbKO COBETCKasi MPOMbILLIEHHOCTb
3arogm,  66% 3Toro 6eH3nHa MMeo OKTaHOBOE Yncio bonee 99.

HeyouBuTtensHO, 410 B ceHTs0pe 1942 ropa Oblno 3ak/toyeHo
cornaweHuve ¢ CLUA, a notom ¢ BenukobpuTtaHuei o noctaBkax
BbICOKOOKTAHOBOIO «MMaTbeBCKOro» OEH3VH U NPUCAA0K AJ11 HEro
Mo NIeHJ-NN3y — MunapaHomMy 6eCrnpoLLEHTHOMY KPEAMUTY C pac-
nnaTtonyepes NATb IET NOCAE BOVIHbI, KOTOPbIV Py3BensTt Bblaenmn
CCCP. CymMapHble NOCTaBKM COO3HNKaMM 6EH3MHA C OKTAHOBbLIM
yncnom 100 cocTtaBmam 4yTb 60J1bLLIE MUIIMOHA TOHH, TO €CTb 60-
fiee TPeTun BCEro BbICOKOOKTAHOBOIro 6eH3mHa, MCNob30BaHHOIO
3a BPEMS BOMHBbI.

B.H. MnatbeB o4yeHb nobun katanns, Ho eLle OosibLLe OH Slobun
Poccuto. U korpa el 66110 TpyOHO, KOraa OH CribiLasn ee 30B, OH
nokmaan naboparopuio M Len cnacartb CTPaHy. Tak OH NOCTynun B
1915— 1917 roapl, B MNepByto MMPOBYIO BOMHY, NoTom B 1918—1925
roabl, BOCCTaHaBIMBas NPOMBbILLUIEHHOCTb Nocne MpaxaaHckomn
BOWHBbI, TaK OH MblTasica genatb, Haxoasack B CLLA, B 1941—1945
rogax. EMy He paspeLuanu BepHYTbCS, HO OH BCE PaBHO BHEC CYy-
LLLECTBEHHbIN BKNag, B nobeay, co3naB NeEPeaoBy0 XMMUYECKYIO
TEXHONOrIo.

Xumuga PKKA
nocne yxona UnatbeBa

Uctopua B.H. MinaTtbeBa nepecekaeTca C
MCTOpUENr Opyroro AesTenst COBeTCKOM Xu-
MUYECKOM NPOMbILLNEHHOCTN — AkoBa Mo-
nceesnya duwmaHa; dakTmieckm cosaa-
Tens 6a3bl 419 N3roToBNEHUS XMMUYECKOTO
opyxust CCCP. BoT kpaTtkas UCTOPUM XN3HU
3TOro YenioBeka, 061aaaBLUErO «HeMccsKae-
MOV QHEPrMen», Kak MMcanu 0 HEM KOIEeru.

4.M. ®uwmaH pogunca B 1887 roay B
Opecce. Ewe 6yayym y4eHUKOM rMMHasnm,
OH CTan 4N1eHOM NapTuMM COLMANNCTOB-pe-
BosiloumMoHepoB. B 1905 roay noctynun B
HoBopoccunckuii yHuBepcuTeT Ha Gpuan-
KO-MaremMaTnyeckum daxkynbTeT, O4HAKO
PEBOMIOLMA COpBana ero ¢ Mecta: OCEHbIO
OH Oka3biBaeTc B [eTepOypre, rae BO3ras-
nseT 60eBY0 APYXUHY padounx OXTUHCKOro
NOpPOXOBOro 3aBoAa 1 BXOAMUT B cocTas lle-
Tepbyprckoro coseTa paboynx AenyTaToB.

Mocne nopaeneHus pesonioumn dui-
MaH npofosixaeT 60pbby — BEPHYBLUUCH
B Opeccy, nbiTaetcs youTtb rpada 3.U. Ko-
HOBHMLbIHA, PYKOBOAMTENS MECTHOIO OTAE-
nexHuns Colosa pycckoro Hapoaa. B pasrap
NOArOTOBKM K TEPAKTy ero apecTtoBann, HO
BBWAY HEJOCTaTKa Y/IMK OH BCKOPE Obls OC-
BOOOXEH 1 yexan B MockBy. TaM OH BOLLEN
B rOPOACKON KOMUTET NapTum 3Cepos, HO
B 1908 rony Bce-Taku Gbli apecToBaH Kak
TeppopucT 1 cocnaH B Cnbups. Janblie B
ero 6uorpadum — ronoBOKPYXUTENBHOE
nytewectsue: B utoHe 1911 roga duwimaH
6eXnT N3 MecTa CChIJIKU WU OKa3biBaeTCcs
B Kutae, rae B 970 BpeMs HayuHaeTcs
CuHbxarickasa peonioums. Tam OH He 3a-
LepXnBaeTcs 1 BCKope nonagaeT B He-
anonb: B 1915-M 3akaHYMBaET XMNYECKUIA
dakynsTeT yHMBEpCcuTeTa, 3aTeM YHMTCSH B
Marmctpatype n O4HOBPEMEHHO Tpu roga
paboTaeT accucTteHToM B HeanonutaHckom
nonnTexHn4eckom wkone. CneunanbHOCTb
Yy Hero BMoOJIHe COOTBETCTBYET Teppopu-
CTMYECKOMY MPOLUIOMY — B3pPbIBYATbLIE U
OTpaBnsoLLMe BELECTBA.

Ho BoT HacTtynun deBpanb 1917 roaa,
nposefeHa aMHUCTUSA NOJIUTUYECKNX
OCY>X[AEHHbIX; SMUIPaHTbI-PEBONMIOLNOHEPDI
BO3BpaLLaloTcs B Poccuio. He ctan ncknio-
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yeHnem n duwmaH. Mpuexas B anpene B
MeTporpag, OH CHOBa BXOAWT B 3aBOACKOM
KOMWUTET NMOPOXOBOro 3aBoa, CTaHOBUTCS
yneHom UK neBbix acepoB 1 genytatom
MeTpocoBeTa, a B oKTsibpe — yneHom [le-
TPOrpazckoro BOEHHO-PEBOIOLMOHHOIO
KoMuTeTa, NpuiemM BeCbMa akTUBHBIM:
opraHnayeTt 60eBble APYXUHbI U y4aCcTBYeT
B LUTYypMe 3uMHero gsopua.

Jletom 1918 roga B Mockee npoucxoant
MSATEX NeBblX acepoB. PuwmaH — oauH
13 rMaBHbIX NEPCOHAXeN: MMEHHO OH cae-
nan 6om0y, KOTOpPOI ero ogHonapTuMel,
A.I. BniomknH nogopsan nocna repmanum
Bunbrenbma ¢oH Mupbaxa. Mocne Toro, kak
6obLUEBNKM NOJAABUIN MATEX, PurlumaH
YKpbIncs Ha YkpanHe, roe opraHu30BbIBa
napTuU3aHCcKyo 60pbOy NEBbIX 3CEPOB C NeT-
noposuamn. B 1919 rogy nonan B TIOpbMy
BYK, HO 6bl1 NPOLLEH, NOCIEe Yero BCTynu
B BKI(6), Bckope okazancs Bo BHewTopre
1 yexan B 3Hakomyto emy Utanuio. OgHako
TOPros/o OH TaM Ben cneunduyeckyio — ¢
cornacus @.3. [13epXunHckoro sepbosan
ObIBLLVIX MOAAAHHBIX PYCCKOro MMneparopa u
C UX MOMOLLbIO 106bIBaN CBEAEHNSI O HOBEW-
Lem opyxun. 3artem, yxe B lepmaHnm, kak
peauaeHT PasseaynpasneHnsa PKKA y4acTeo-
BaU1 B MOArOTOBKE COLMaNNCTNHECKOI PeBo-
nounn. Peeontouust He coctosinack: B 1925
rogy ®uwman BbicnaH B CCCP 1 Ha3HaveH
HayanbHUKOM BOEHHO-XMMUYecKkoro ynpas-
nexusa PKKA. Torga-To OH 1 NO3HaKoMUCs
¢ MinatbeBbIM, 3aHSB ero MecTo, Minatbes xe
cTan 3amectuTtenem duiimaHa.

O6a 6bIIN APKUMU NINYHOCTAMU, Nnae-
pamu, n duwmaH He NpusHaBan He3bl-
6nemocTtb aBToputeTa MnatbeBa. OH cam
“Men HekoTopoe (Mo MHeHuto MnatbeBsa,
HUXE CpedHero) BOEHHO-XUMN4eckoe 06-
pasoBaHMe, XOpoLOo NOHUMAaJ, YTO ero
npakTU4YeCcKnUii ONnblT HECOMOCTaBUM C
MNaTbeBCKUM, HO Obln Ha 20 NeT Monoxe,
3HepruyeH, 4ectontobms, ymen npmuenekaTb
noael n He ymen yctynatb. A B pesynbTate,
Kak roBopuTCs B nocnosuue: «[lga mense-
Os B ofHoW Bepnore He yxuByTcsi». W BoT
XumynpasneHne PKKA packononocb Ha
0Ba BpaXayloLLmx narepst — CTOPOHHUKOB
MnatbeBa 1 @uwmana. Y duwmaHa 6eina
OfiHa Liefb: COBEPLLEHCTBOBATbL XMMMYECKOe

OpYXUe 1 3aLLnTy OT Hero, MinaTbeB e Mey-
Tan BEPHYTbLCS K MMaBHOMY — K KaTanuay,
K pasBUTUIO yXe caenaHHoro. B utore oH
ycTynun n ¢ Havana 1926 roga nepectan
yyacTBoBaTb B paboTe XumynpasneHus. B
370 Xe BpeMms MinatbeBa 0cBOOGOAMAM OT BCEX
pykoBoasLmx noctos B BCHX n focnnaHe,
OH cpan gena duwmMaHy 1 NpoJoIXMA
paboTaTb CO CBOMMM COTPYAHUKAMU B TPEX
naboparopusix. BoeHHasi TemaTvika B OCHOB-
HOM ocTanach B ApTakagemuu, roe Minatbes
npogomkan 6blTb NPodeccopom, He NyCTUB
Tyna Guwmana. B 1929 rony oH 06beamHUn
OCHOBHYIO 4aCTb COTPYAHNKOB B VIHCTUTYTE
BbICOKMX AaBneHui, rae kK 1930-my daktu-
yecku 3aBeplunn GyHaaMeHTanbHbIe UC-
CnefoBaHUS MO reTePOreHHOMY KaTannay
B OPraHn4eckon XxmmMmn, BKIo4as HedTn m
yrnun. OcTaBanacb 0OBOAKA UAEW HA NPo-
MbILLSIEHHOM 060PYA0BaHUN. ..

A duwman B mapTe 1928 rona, coxpaHss
DOMKHOCTb HavyaNbHUKa BoeHHOo-xuMunye-
ckoro ynpasnenus PKKA, 0ononHUTeNnLHO
OpraHusyeT 1 BO3rnaBaseT MOCKOBCKUIA
WMHCTUTYT XMMUYECKON 0BOPOHbI, CTPOUT
nopn CaparoBowm, B LLinxaHax, cHavana no-
JINFOH, @ 3aTeM MHCTUTYT U ONbITHOE NPOn3-
BOACTBO. Tam B 20-x 1 B Havane 30-x Haum
paboTanm BMECTE C HEMELKMMUN BOEHHbLIMU
XMMUkamm — B FfepMaHumM 3aHUMaTbCs
XUMUYECKUM OPYXMEM UM ObINO 3anpe-
LeHO No ycnosmsaM Bepcanbckoro mupa.
A 3aKpbIT 3TOT NOAUIOH BbIN NULL Nocne
nepecTponikn, B XOA4E NMNKBMAALMM COBET-
CKOIO XMIMUYECKOr0 OPYXUs (CM. «XUMUIO 1
Xn3Hb», 1988, 2; 1993, 5).

B pasrap penpeccuii, B ntoHe 1937 roaa,
duwmana apectoBanu, ocyamnu Ha 10 net
1 OTNPaBUAN B LWIAPALLIKY — YCOBEpPLUEH-
cTBOBaTb NpoTuBorassbl. B 1947 rogy no-
c/le 0CBOOOXAEHWS! OH CTas 3aBeayoLLNM
kadenpon xumumn B CapatoBe, 3aTeM Npo-
deccopom B YMaHn. OgHaKko HEHaJoNro: B
anpene 1949 ropa ero cHoBa apecToBanu
1 cocnanu B KpacHosipckuii kpan. Tam oH
paboTan 3aBeayloLwUM XMMmUYeckon nabo-
paTtopuen B Hopunbcke. MonHocTbiO pea-
ounutnposaH A.M. duwman 6bin NUWL B
1955 roay, Torpa xxe eMy NpUCBOWIIN 3BaHNE
reHepan-mariopa u oTNpaBuan B OTCTaBKy.
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Fpuropui
MaH4yeHko

KoHeuHO, Ha3BaHWe 3TOM 3aMETKN MOXHO TPaKkTOBaTb
Kak LWyTKYy, HO b ot4acTu. C nocnegHnumu nTepo-
3aBpamMn (He KakKuM-TO OAHUM NpeacTaBUTENEM OT-
psaa, a ¢ 60bLION — BO BCexX cMbicnax! — rpynnon,
CEMENCTBOM aXJapXmMaoB) CBA3AHbl Takne 3araaku,
pasragaTb KOTOPbIE M NANIEOHTONOMN-CNEeUMaInCThbl,
1 nobutenn, B TOM YMUCIe aBnaTopbl, Noka He B CO-
CTOSAHUKM (O MHOTOYUCNEHHbIX MOMbITKAX CM. «XUMWIO
M XxXun3Hb» 2000, 11—12; 2011, 3; 2014, 11. — lNpumeu.
pen.). CobcTBEHHO roBOps, NTepo3aBpbl BOOOLLE
ype3Bbl4aMHO 3arago4Hbil TAKCOH, HO a)Xxaapxuabl
BblAENSATCS Aaxe Ha GoHe BOMbLLIMHCTBA CBOUX CO-
poavyen.

Beepxy: Bud usnympu eueanmckoeo nmepo3aspa Ha e4epHuil yicuH

A NOYEMY Bbl HET?

JaBante Ha MUHYTY NEPEHECEMCS B CaMblii KOHEL, MEI0OBOIro
nepuopa. Bpemsa ntepo3aBpoB, «NepBO3BAHHOW» rpynnbl ne-
TaloLWMX MO3BOHO4YHbIX, PakTU4eckn MnHoBano. B Hebe uapaT
«BTOPO3BaHHbIE», OCBOVBLLME MHOW NPUHLMM NofeTa, — NTULb.
[ne-To Ha 3aABOpPKax 3BOMOLMN TAaUTCS YCIOBHBIN OTPSA nera-
codepoB, BO3MOXHO, CaMmble TOPOMNBbIE U3 HUX YXe NpobyoT
NOAHATLCS B BO34YX, HO 3TUM «TPEeTbe3BaHHbIM» TaK HUKOrAA U
He cbirpaTb MaBHOW POnu, Jaxe Mnocie Toro, Kak UX NoTOMKM
CTaHyT HACTOALLMMN NETYYNMU MbILLAMMU.

Kak 6blI TO HV 6b1110, BO34YX K KOHLLY MEJIOBOrO Neproaa nioTHO
3aHAT NTMUamMu. A BOT MOAM X Tbl: N3 NETAIOLLMX ALEPOB COXpa-
HUANCb HE MEeNKue NTepo3aBpbl B KAKNX-TO CKPOMHBIX 9KOJI10-
rMYEeCKMX HULIAxX, HO aXAapxuabl, CamMble-paccamMble APaKOHBI,
KPYMNHenwne 3a BClo UCTopmio Gruocdepsl NeTaroLme CyLecTaa.

[Mpo opakoHOB — He NpocTo durypa peyn. Nepsble Haxookm
axaapxmaoB 6binv caenaHbl B CpegHein A3nn, Tak 4To Ha3BaHme
CEMENCTBO NOY4MII0 B YECTb MECTHOW PA3HOBMAHOCTU APAKOHA.
Jaxe He 13-3a pasmepa: «axpapxo» Uan «axaapxa» B TIOPK-
cKkoli Mndonormm — ckopee 3mein, 4em COOCTBEHHO OPakoH, a
NTepo3aBpbl-ax4apxuapl HE TONbKO OrPOMHbI, AJIMHHOMOPAbI U
JJIMHHOHOM, HO BOOOABOK eLle AJIMHHOLLIEN — 3Ta 0COOEHHOCTb
Hambonee pe3ko OTNINYAET MX OT BCEX OCTaSIbHbIX MTEPOAAKTUIIEN.
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(A ewe Ha3BaHME «axgapxa» N3BECTHO CPean KpUnTo300510-
roB. OnATb-Takn 6€3 CBS3M C NTepo3aBpamMm, a MOTOMY, 4TO B TEX
CaMblX Kpasix cpeamn MeCTHbIX XUTENEN XOAAT YNOpPHbIE CyxXu 00
OYeHb KPYMHbIX 3MESAX «yAaBbero» Tuna: He MMAONOrnMYecKux,
HE NCKOMaeMbIX, MPOCTO O4EHb peakmx. Ho aTo, kak rosopunu
KJ1aCCUKN, COBCEM Apyras UCTopus.)

Utak, axgapxmabl. LLIMpoknm kpyram n3secTteH B OCHOBHOM Kpyr-
HENLLMIN N3 HUX, KETLLANBKOAT/Tb (Pa3Max ero KpbiibeB, MO PasHbIM
PEKOHCTPYKLMSM, HE TO 3aMETHO MeHee 15 M, He TO CyLLLeCTBEHHO
6onee, BO3MOXHO, YyTb I HE 20 M), M OPHUTOXENPYC, NPOCTaBNEH-
HbI cepuranom «[1porynku ¢ amHo3aspamu». [1ns aToro cemencraa
(BO BCSIKOM Cny4ae, 47151 HEKOTOPbIX €ro BUOO0B) XapakTepPHO eLue
OHO OTCTYIJIEHME OT NPABWJ UrPbl, COOMIOAABLLIMXCS OCTaSIbHBIMU
KPYMNHbLIMY NMTepo3aBpamn. Te B MPOLECCE 3BOMIOLUN HEM3MEHHO
yTpaunBanm 3yObl: KNacCUYECKIA NPUMEP — MTEPAHOAOH, LEeNbIn
BEK, BMJI0Tb 4O OTKPbLITUS KETLANBKOATIIS, CHUTABLUMIACA HanbONb-
LUIMM CYLLIECTBOM, KOrga-nmbo nogHMMaBLIMMCS B BO34yX, U CO3-
DABLUMIA Y HECKONbKWX MOKOSIEHNI NaNeOHTONOMOB YBEPEHHOCTL B
TOM, 4TO 151 BbICLLIETO Kflacca BO3AYLLHOI0 NioTaxa HENPeEMEHHO
TpebyeTcst 6e33y06hblii KINOB 1 OFPOMHbI TEMEHHOW rpebeHb. ABOTY
aXaapxmaoB rpebeHb HEBEVIK; 4TO 40 3yOOB, TO Cpeam HUX UMENNCH
1 BUAbl, NOA0OHbIE KETLANBKOATIIIO (4el KNHOB Obln MOKPLIT OPOro-
BEBLUVM YEXJIOM), U TOT XXE OPHUTOXEPYC, BNOJIHE 3yOaCTbIl, — OH
He TONbKO MMraHT, BO3MOXHO, Pa3MepPOM He YCTyMNaBLUWI KETUANb-
KO@To, HO M OOMH 13 NO3OHENLLMX NETaOLLMX APAKOHOB, BUOUMO,
Ha0Mro NEPEXMBLLNI BCEX MTEPAHOLOHOB.

Kctatn 0 ruraHTM3me: a KakoB BEC repOeB NOBECTBOBAHUSA?
Ero Bbl4MCNNTbL HENETKO, Y NaNiEOHTONIONOB Ha 3TOT CYET CO-
rnacbsi HET: yXXe [0JIr0e BPeMS MAET OCTpas AUCKYCCUSA Mexay
CTOPOHHNKAMU MUHUMAUCTCKMX 1 MaKCUMaJIMCTCKNX MOAENEN.
CornacHo nepBoi, Bec nTepaHoaoHa He npesbiwan 30 kr (B He-
KOTOPbIX Cly4asix ero BOOOLLE CHMXAIOT A0 16 Kr, 4TO MeHbLUE,
4YEM Y MHOIMX COBPEMEHHbLIX NTUL, C Kyaa 605ee CKPOMHbIM
pa3maxom KpbinbeB), a Bec keTuanbkoatna — 70 kr. CornacHo
BTOPOW, NTepaHodoH TAHeT Ha 90 Kr, keTuanbkoat/b Xe — Ha
4eTBEPTb TOHHbI, @ TO U HA TPETb. B Havane XXI Beka Hay4HbI MUP
CKJTIOHSIETCS K MHEHWIO, YTO MCTUHA HE NPOCTO NOCEPEONHE, HO
B6/11XKe K MakCMMasIMCTCKON BEPCUN: MUHUMAJTUCTbl UCXOOUAN N3
yCTapeBLUMX NPeaCcTaBeHN, HEA0BEPHYMBO OTHOCUIINCH K Maee
TEMNI0KPOBHOCTW NTEPO3ABPOB, & MOTOMY CKITOHHbI MPUHMXATL UX
rpy30nogbeMHOCTL U, CiegoBaTeflbHO, B3JIETHBINM BEC.

Kak >xe oHu netanu, rge rHe3gnanch, YEM N Kakmm 06pa3om
niuTannce?

TpaaUMOHHO CHMTAETCS, 4TO TMrAHTCKME MNTEPO3aBPbl A0IKHbI
ObInn HaxoaMTb cebe CToN Had, NPUOPEXHBIMU BOAAMU MOPE N
OKEeaHOB (MPeNMyLLLECTBEHHO NNAHUPYIOLLMIA NONET, NOBNS PbIO 1
roJIOBOHOIMX B MPUNOBEPXHOCTHOM CJ10€ BOAbl, 61aronpusTHole
NorogHble yCNnoBus: HUKakmnx «MycTb cunbHee rpsiHeT Oypsl»), a
[OM — Ha NpUBPEXHbIX Xe yTecax Unm OCTPOBKax, TPYAHOO0-
CTYMHbIX A1 HA3EMHbIX XULLHNKOB. CNI0BOM, BCE KaK Y KPYMHbIX

Cawmble 6o/bLUVe BoOAONAaBalLLme — KUToBas aKysnia
W CUHWK KUT — MATAIOTCS MEJIbYaliLLMM M/1aHKTOHOM.
Jlorn4Ho npeanosioXuTb, 4TO camMblii 60IbLLION
BO34yxoriaBare/sib MUTasacs He NTuuamu,
a Myxamu v rpoYet 1eTaloLLEer MeJ10YbIo.
ns npoBepku runotessl Haao Obl
noAcyYNTaTb YNCII0 HACEKOMbIX
B MEJI0BOM repuoae,
HO caenatb 370 TPYAHO,

BeAb XUTUHOBbIN NaHUMPb rHNET
ropaszo sy4Lue, 4em KOCTH.

OKeaHM4YeCcKnx NTUL, BpoAe anbbarpocoB, KOTOPbIE 3aMYT 3Ty
(TO4YHEe, CXOAHYI0) HULLY Yepes3 MUINOHbI NET.

OCHOBHbIE Hax04KN NMTEPAHOLOHOB U aXAapXMOoB CUSTbHO
OTOABUHYTbI OT 6EPErOBOI IMHMM — HO B Pa3Hble CTOPOHLI. Cyas
no BCEMY, NTEPAHOLAOHbLI MO 3aneTaTb JaNlEKO B MOPE — HY,
3TO HOpPMasibHO, TeM BoJiee HTO BO3J1e N0OEepPeXbs UX KOCTU TOXE
HaxoaaT. 3aTo axaapxuabl, Noxoxe, 06uTanu Ha yaaneHHon oT
MOPSt MaTepUKOBOW cyLle. [MpaBaa, NeTYH Takoro pasmepa MOXeT
npeononeBarb OrPOMHbIE PACCTOSIHUS, Tak YTO €My MO Cuam
KOPMUTBLCS, AONYCTUM, Ha, rMagbto KPYMHbIX 03ep, 32 AECATKM
1 COTHU KMJIOMETPOB OT TOM TOYKW, FAE EMY NPEACTOUT OCTaBUTb
cBon ckenet. OgHako Ha nobepexbe axaapxmabl BooOLWE HU
pasy He oB6HapyXeHbl. A X aHaTOMUSA COBCEM HE NOAXOONT OS5
pbI6osaHOr0 06pa3a XN3HW: He MOTYT OHM YCMNELLIHO JIOBUTL PhIBy
HU C NETY, HM C NOCAAKM, HM C MPUNOBEPXHOCTHOMO HblpKa — Kak
nenvkaHbl (rnyboKoe 3aHbipMBaHWE HA MaHep rarapbl Tem 6onee
He MNOTAHYTb: AJ1 3TOro TENO UCMOJSIMHCKOrO IeTyHa abCOoNOTHO
He Npucnocob6neHo), HK cTos y Bepera, Kak uaniu.

3a04HO BCTaeT BOMPOC O TEXHUKE B3JleTa, Npexne BCero,
KOHEYHO, C BoAbl. MNTULblI HAM He yKa3, NX TeNo NOBUHYETCS CO-
BCEM WMHbIM 3aKOHaM; K TOMY e anbbaTpockl B3/IETAIOT C BOAHI,
[a WV C TBEpOOM NOBEPXHOCTW A0 KPANHOCTU HEYKIIOXE — a BeAb
OHW Ky[ia Menbye axgapxXuaoB. JlIeTyuyme Mblln (Cpeay HUX eCTb
pbIGONOBLI) C BOOHOW NMOBEPXHOCTM B3NeTaTb YMEKOT, HO 3TO
TpebyeT OT HMX BOMLLLOro HaNPSXXeHUs. ManbiM NTEPOAAKTUIAM
3TO TOXE A0JIKHO BbITb N0 cunam. Ho BOT ruraHTam... Hekotopble
pacyeTbl NOKa3bIBAIOT, YTO OJ19 NTEPAHO40HA CTapT C BOAbI ELLE
[OMyCTUM, OOQHAKO Y>KE COBCEM Ha rpaHun. 3aTo KeTuanbkoaTib,
OPHUTOXENPYC N NX POoanYM NPebbiBaOT AANEKO 3a rPaHbIo.

He Tonbko NpMBOAHEHNE, HO M MPU3EMIIEHNE MOXET CTaTb NPO-
6nemori. Tyt 6onee NooxXoAALEN MOAENbIO OyayT PyKOKpbLUIbIE, a
HE NTULbI: TE e anbbaTpoChl NPU3EMASAIOTCS C O0NbLUVMM TPYAOM,
MM ropasao NpoLle NpPeoaosieTb COTHU KUTOMETPOB MO BO3Ay-
Xy, YEM OTOPBATLCSA OT 3EMJIN B HaYase noneta n onycTUTbCS B
KOHLE. Y NeTy4nx Mbillen npeobnagaeTt cxema Npu3eMsieHns B
«4eTbIpe KacaHus»: Npu nogjiete K NOBEPXHOCTU KPbLIbA pac-
NnpaBfeHbl, KOHEYHOCTW B MNOCNIEOHNIA MOMEHT BbITAIMBAKOTCS,
XBaTalTCs 32 OMopy nanbLamu, 3aTEM COBEPLLAETCS KyBbIPOK
Ha3aj, 1 MblLLb MOBUCAET BHU3 rOJIOBON. OTa TaKTMKa NO3BOJISIET B
npeanocneaHnin MOMEHT UCTMONb30BaTb LIENKNE Nasblibl HAa Crbe
Kpblia, KOTOpPbIE ECTb 1 Y NTEPO3ABPOB, — HO YK C/INLIKOM OHa
akpobaTtnyHa, 4ToObl MCNOb30BaTLCS IETYHOM aXE CPeHErO
pasmepa, He To 4YTO rMraHToM. ECTb cxema n B «aBa KacaHus»,
Korga paboTaloT TOSIbKO NasbLibl HOI — 3Ta, MOXeT ObiTb, OnXe
K TOW, KOTOPYIO MCNONb30BasIM KPYMHbIE NTEPOOAKTUIN, HO BPSL,
JIN OHa NpuUrogHa Ans nocagky Ha Boay.

A ecnu aTm no3gHenwmne n KpynHenmwmne m3 netamowmx
PENTUANIA HAXOOWUN MULLY HE Y BOAbl, TO KEM X€& OHU Oblnn?
Mapganbwmkammn? Takoe MHEHME Bbickadanu no4vtu cpaasy. Oa-
HaKo Beb KITIOBbI 2XA0apXmaoB, 3ybacTble nnm 6e33ybble, Nioxo
rognnncb ansa Toro, 4ToObl pasaenbiBatb TONCTOKOXYO TyLly
MepTBOro AnHo3aspa. Ja un nx aAnvHHas wes sBHo He obnagana
TOW ryTranepyeBon rmbKOCTbIO, KOTOPas CBOMCTBEHHA LUEAM
NTUL-NaganbLUMKOB U NO3BONSET MM BGyKBaJIbHO MO MeYn «3a-
HbIpUBaTb>» B Hegpa Jo0bI4uK.

Heckonbko neT Ha3apg 6putaHckme naneoHTonorn Mapk Yur-
TOH 1 JapeH Hanw caenann ceHcauMoHHOE NpenrnonoxeHue,
KOTOPOE TYT e OblN0 NOAXBA4YEHO HAYYHbIMM (2 Yalle Hay4YHO-
nonyaspHbIMN) N3AAHUSAMN: axXaapxunabl Oblv aKTUBHBIMU XNLLL-
Hukamm («PLoS ONE», 28 masa 2008 roga; doi; 10.1371/journal.
pone.0002271). Mpunyem OXOTUIMCb OHU B «MNeLlemM CTPOoto», Ha
TBEPAOM FPYHTE CaBaHHOIo Tuna, CTaen, Kak HeYTO cpeaHee
MexXay CTagoM MOTOSAAHBLIX CTPAYCOB M HE MEHEee NI0TOSIAHbIX
XunpadoB. A LOOLINEN MM CIYXUWN MENKUE, N0 MacLluTabam meno-
BOro Nepuoa, 3aBpuku, POCTOM NPUMEPHO C HbIHELLIHEMO BOJIKA.

Mogenb, KOHEYHO, MHTEPECHAs — HO XOTEN0CH Obl MOCMOTPETh,
Kak 3T0 CTafo XupadoB NMOO CTPayCoB HA CaBaHHbIX MPOCTOPax
3aroHUT B Yron BoJika (a Tem 6oJiee CTaln: 0AMHOKOro 3Beps Ha



BCEX HE XBATUT) N OCTaBUT OT HErO POXKW Aa HOXKMK. [Npuyem
BeOb 1 xupadsl, n Tem 6onee cTpaycbl — NPODECCHMOHANbHbIE
O€eryHbl, a He CNEeLUNBLUMNECS JIETYHbI, KOTOPbIE CNOCOOHbI TONILKO
HEYKJTIOXE KOBbIISATb, OTArOLLEHHbIE OFPOMHbBIMW, HE MOSTIHOCTHLIO
CK1aablBAIOLLMMNCS KPbbaMU. [1a eLue 3Tu Kpblibst HE0OX0ANMO
6epeyb kak 3eHMLy 0Ka: ManenLwmini NepesioM Nx TOHKMX KOCTO-
YeK nn paspbiB NeTaTeNlbHOM NEPENOHKM CMEPTESIbHO OnaceH!
Kctatn: TOHKW, nerkm, NyctoTesbl He TOJIbKO KOCTU KPbIIbEB, HO
1 BCE KOCTU NTEPO3aBpa, MHA4Ye eMy B BO3yX HE MOAHATLCS, U
3TO €eLle YBENIMYMBAET OMACHOCTb Ha 3eMJE.

JaBaiite npusaHaem, 4To axgapxumabl Obln «CTapLMMm»
XULWHNKaMW B CBOEM HULLE — HO 3TO BCE-Taku HULLIA NeTaoLLMX
penTtunnii. He Ha3eMHbIX OXOTHUKOB, HE HOPHbIX XUTENEN, HE
obutateneri 60n0T. KakoBa e posib CTapLUero XULWHMKa B APYrmx
onotax?

M TyT BO3HMKaET Lenas rpynna MHTEPECHbIX aHanorui. Ecan
B 60raTtoi 1 HacbILLEHHOM 3KOCUCTEME MMEETCS CBEPXXMLLHUK,
TO OH 4aCTO CTAaHOBUTCS «NagasbLUMKOM» COBCEM 0COBOro poaa:
BTOPUYHbIM NOXMpPATENEM, OTHMMATENEM A00bI4N. YCNOBHO ro-
BOPS, MEABEAb MPU3MN YaLLLE HE BbICNIEXMBAET OJIEHEN, HO U HE
VLLET TPYMbl, Kak TMeHa, — OH ULLET MyMY, TOJIbKO YTO 3arpbI3LUyto
oneHs. OHa-To OT Hero ynaet 6e3 Tpyaa, Ho A00bIYY HE yTallmT:
OCTaBUT B MOJb3Y CTAPLLEro XULHKUKA. Te, KTO YCTPOWSICS B 3TOM
3KOJNIOMMYECKOWN HULWE, NONYYMaIN ManonoYTEHHOE Ha3BaHne
«kienTonapasntos». Cpeam neTyHoB Takme Toxe ecTb. Pperathbl
1 MOMOPHWKM NMOYTU HE JIOBAT PbiBy caMn: OTHUMALOT Y Yaek.

Beenem nonpasky Ha pasHuLYy B pa3mMepax U BO34YLUHbIN OKe-
aH. MicnonnHckuin ntepo3aBp, pa3MepoM C asporjiaH U BECOM
C KOObINy, NETAET, KOHEYHO, HE MO NTUYLEN CXEME; a MO KaKoM
VMEHHO — MOAW yrajan: COBPEMEHHAs Hayka C 3TUM €ELLEe He
pasobpanacb, MOTOMY M HET CeNYac OENCTBYIOLLMX Max0oeTOB
CKONbKO-HNOYAb «4esI0BEeYECKO» rpy3onogbemMHOCTN. Ckopee
BCEro, nepenoHka Mmexay 3agH1MMn Horamm (TO-TO OHW OJINHHBI!)
ob6pas3oBbiBana y IETAIOLWEr0 ApakoHa A0MNOSHUTENbHOE nna-
HUpPYIOLLEe KPbINo, MMEeNNCb 1 apyrue Hoy-xay. OQHako SicHO,
4YTO OJ151 HErO TAXEJSIEe BCEr0O HE CaM MOJIET, a B3/1ET M NOCaAKa.
To ecTb Ha 3emiie OH f006blYy OTHMMATh He ByaeT; Aa Bedb TyT
HEeLo/Ir0 N caMoMy B J0ObIYY NMPEBPATUTLCH — 3TO B BO3AyXe
OH MMraHT, a Ha CYXOMyTbe XO3AMHMYAIOT XULLHbIE TBAPU BECOM
He C fowagpb, HO C ABYX CJIOHOB. K TOMY Xe ero kJoB (gaxe B
3y6acTOM BapmaHTe), Kak Mbl yXXe 3HaeM, Bpoae Obl HENPUIroAeH
ONS pasfesnkn KpynHom TyLlu, a pagy Mesnkon He CTOUT TPaTuTb
3HEPruio Ha NocaaKy v B3NeT.

JymaeTcs, 3aBp-axgapxmg Mor 6biTb ETAIOLLMM XULLHUKOM
6ecnocagoyHo. Beskne nTmupl nnTannck OT 03€pHbIX LWeapoT
WM OT HE MEHEee LWeapoli Ha NMPonNUTaHMe caBaHHbl — a Jie-
TaOLWNIA APaKOH, PELUMNTENIbHO COPOCKB APMO Napa3nTnama,
HE OTHMMan y HMx JoOblvy, HO 3arnartbiBan UX BMECTE C HEN.
Mpuyem, HaBEPHO, EANHMLEN aTakn y Hero 6bina He NTuua, a
NTUYbs cTasd. MoxeT, Obln y 2X0apXVA0B rOPSIOBbIE MELLKM TUMA
NnenmMkKaHbMx, TONbKO He Ans paboThl C BOAbI: HANETUT Ha CTalo
1 3a OAMH 3ax0[, «Bbl4eprnaeT» aTak TPex nralek pa3mepom ¢
anctaunnurycs. To, 4To Menkune (0Co6eHHO Ha ero GoHe) NTULbI
MaHEeBPEHHEN N BEPTYE, POJIN HE UIPaso: ABYXMETPOBbIN K/IOB
M TPEXMETPOBas wes 06ecneymBaloT OrpoOMHyto chepy oxeara,
a Korga Takom «bunnaH» ¢ nepegHuMun 15-meTpoBbiMU U 3a-
OHUMU 6-MEeTPOBLIMM B pasMaxe KpblibSMM Ha ANKO CKOPOCTH
BTOPrHeTCSA B BO34YLUHOE NMPOCTPAHCTBO CTau, OH paspyLumT
€e rpynnoBylo a3poAnNHaAMMKy, Tak YTO MNOJSIOBUHA CTau BMECTO
TOro, 4TOObI YKIIOHATLCS, HECKOJIbKO CEKYH, 6yaeT 6€CNOMOLLHO
KyBbIPKaTbCs B BO34yxe. [Ja n BoobLe NTrLbl METOBOIO Nepu-
oJa BCe-Takun He NPOSAB/IANM TAaKOro MacTepcTBa nuaoTaxa, kak
Jly4LUME U3 HbIHELLHMX.

Heckonbko Takmx 3axonoB (napa-Tponka 4acoB U COT-
HA-Opyras kBagpaTHbIX KUWJIOMETPOB B Ka4yecTBe pabouyeit
naowaakm) — mn BOT yXe B 6ptoxe NTuy, Ha asa nypa. MoxHo
OTNeTeTb Ha TPYAHOOOCTYMHOE NiaTo B MNOJIyTOpa COTHAX KN-
JIOMETPOB OT MECTA OXOTbl — W OTAbIXaTb TaM YaCOB NATbLAECAT

ATMOYEMY Bbl HET?

B NO3MUUM CUAHA, NOKa CHOBa He NporonogaeLbcd. Tam xe B
KOHEYHOM CHETE MOXHO M CBOW CKENET OCTaBUTb, HA yAUBEHME
rpsaaywmm naneoHTonoram. ..

O4yeHb MOXET ObITb, YTO CXOAHbIN 06Pa3 XXM3HW BENT MUSITINOHBI
NleT CNyCTS M apreHTaBuc, KpynHenwasn ns netarowmx ntmy,. Pas-
Max KpblIbeB Y HEero 6blJ1 Kak y 601bLLIOr0 NTepaHoA0Ha, NeTHbIe
KayecTBa M OXOTHUYbW HaBbIKW, HAAO NoJsiararb, COBEPLLUEHHEN:
BCE Xe NTULbl Hanbonee «NPOABNUHYTLIN» BOMOLMOHHbBIN NMPOEKT
N3 BCEX NNIETYHOB.

ApreHTaBuca TOXe CHMTAIOT HE CTOMNbKO NagabLLMKOM, CKOJIbKO
«OTHUMaTenem gobbl4n»; MPUYEM eCTb BEPCUS, HTO OH MOT OT-
nyrmearb OT A00bI4KN AaXe TUIAaKOCMUYCOB, KOXKHOaMEPUKAHCKNX
«cabnesyobix TUrpoB». Ho B TOM-TO U AEN0, YTO KJIOB apreHTa-
BMCA paccyuUTaH He Ha Tep3aHue KPynHOW TyLuu, a Ha nporna-
TbiBaHNE KaKMUX-TO BLUOIOrMYEeCcKnX oObEKTOB LeMkoM. Kakmx
MMEHHO — HEN3BECTHO, HO MOXHO ONPeaeNnTb UX NPeaenbHbIN
pasmep: ¢ KPynHoro 3anua unm rycs.

Bcepbes BblaBMraeTcs npeanosioXeHne, 4To apreHTaBuchl
KOPMWUINCb CTasiMN I0XKHOAMEPUKAHCKUX TPbI3YHOB, NMpU4em
00BLEKTOM aTakn OnsTb-Taky Oblla UMEHHO cTas (paan 0OHOro
rpbi3yHa HEe CTOUIO TPATUTb SHEPTUIO): TPOMAAHbINA XULLHUK 06-
PYLUMBANICS Ha HEE CBEPXY, OrNyLlas B3MaxamMum Kpbl1bEB 1 CAMUM
dakTom npusemnenuns. OaHako, noxanymn, y rpbl3yHOB B Takmx
cnyyasnx Kkyaa 60sbLue BO3MOXHOCTb CMACTUCh BPACCHIMHYIO, HEM
Yy NTUYbEN CTan, aTakOBaHHOM B BO3YyXeE.

JoctatouyHo 61m3kunii aHanor Nnogo6HOM OXOThbl ONUCAH Yy 3Ha-
MeHuToro dpaHTacta Teppu MNpaTtyeTTa B pomaHe «eno tabak».
Tam nosiBNSIeTCS... HET, HE KETLANBbKOAT/Ib U HE apPreHTaBunC, HO Tak
Ha3blBaeMbIVi NoaaenbHbIN anbbaTpoc. To4Hee — Open, KOTOpPbIi
MUMUKPUPYET nof anbbarpoca. dtakas HebecHas akyna. MNurta-
€TCs B OCHOBHOM PblOOI, KOTOPYIO NoManu 4yaiikm, — a 3a04H0
1 CaMuUMM 3TUMN YakaMu; YTO [0 €CTECTBEHHbIX BPAroB, TO «y
noAAenbLHOro anbbaTrpoca HET BParoB, KOTOPbIX OH He Cymen Obl
C NIerkoCTbiO NEPEBAPUTL».

Hy n ewe oanH daHTacTUYeCcKniA aHanor, y>ke 60bLUe NOXOXNI
Ha NTepo3aBpa: MHOMMNAHETHLIV NeTyH U3 punbma «Asatap». [pe-
X[e BCero, He 00LLeynoTpebuTenbHbIN KpPaH, a BEJIMKNN TOPYK,
OH Xe€ «MOCNeaHNAs TEHb>... AAXE HAayYHOe Ha3BaHwue, Leonopteryx
rex, emy nogobpanu ¢ HapPOYUTO «MEe3030MCKNUM» KOSTOPUTOM!
Bnpouem, Npn3Hakm axxaapxmaoB pasnnynmMel y 000MX neTaioLmx
qauiepoB NaHaopbl: U TOpyka, 1 nkpaHa.

3abaBHO, YTO OOWH U3 HEOABHO OTKPbITLIX NTEPO3aBPOB (He
N3 aXpapxmaoB: NOMenbye, NOAPEBHEE) NONYYMN Ha3BaHue
Ikrandraco avatar, a ero nactb 6biy1a OCHaLLLeHa TEM NeNMKaHbUM
«[eBaNCcoM», KOTOPbIA, NO HaWEeMy MHEHWNIO, MOIr 0Bner4ynTb
KeTuanbkoatnio 1 K° BO3ayLUHYO OXOTY.

Bbynyun pasmepom 6amnxe K BOPOHE, YeM K MesinkaHy, nre-
pPOOaKTUNb-UKPaH HUKAK He MOr ObiTb B CBOEW 3KOJIOrMYeCcKoii
HULLE CTapwunM XULWLHNKOM. BeposiTHee BCero, OH NCnosab3osarn
ropsIoBO MeLLOK A5t NoBAn pblbbl. HO COBCEM He UCKJIIIOHEHO,
4TO B HEDE ero noacTeperan XMLWHUKN, rOTOBbIE NONaKOMUTLCS
[006bITON MM pbIBO BMECTe C yaaunmebiM pbiGOSIOBOM.

47

«XUMUsS N Xn3Hb», 2018, N2 5, www.hij.ru



HeBnanmoe s sugnuMmoro
O YOpRAETTOLEVO TTPOOKAIPA,
TO O€ Un BAETTOMEVA AiWVION

M.A. Hukonanuyk

Ceﬁqac, Ha 3ape 2068 roga, yenose-
4eCTBO CTOUT Ha NOPOre peann3auunm
OZHOW U3 CaMbIX YyECHbIX FPe3 — MeyThl
0 BO3MOXHOCTW MCHe3aTb U NOSABASATLCH
M3 HNOTKYyAaA, MEeYTbl O HEBUAUMOCTW.
B aTom 0630p€e Mbl MOrOBOPUM O TOM,
Gnarogaps 4emMy NosiBUNAChb TEXHONOMUS,
KOTOpPas eLle HeJaBHO Ka3anach MOXOXEN
Ha BOnwe6CTBO.

Jonroe Bpems Gunsnkm cyntanu Bo3-
MOXHOCTb CKPbITUSI MpeamMeTa NpoTUBO-
peyallelt Bcem 3akoHam onTuku. OgHako
POBHO BeK Ha3ap, Obls10 BbIABUHYTO Npea-
NoJIOXEHME O CYLLLECTBOBAHUM TaK Ha3bl-
BaeMbIX MeTamarepuanos, 06nagatoLmx
oTpuuartesbHbiM KO3dbULUNeHToM npe-
nomnenus [1]. YyeHble 6bICTPO NOHANN
X MepCcnekTUBHOCTb AN obpeTeHus
HEBMOMMOCTU, U B NMOCeAyoLIME COPOK
JIET aKTMBHO NbITANNCb HAWTU UM CO34aTb
Takue matepuansl. MepsBble ycrnexu 6binm
LOCTUIHYThbI HA 3ape HOBOro Beka, koraa
rpynna aMmepuKaHCKMUX MHXEHEPOB CO3-
[ana metamarepuarn, CnocobHbIN CKPbITh
0ObEKT B MMKPOBOJIHOBOM U MHdpakpac-
HOM amanasoHax [2]. B 2006 rony matema-
TUYECKN [0Ka3aHA BO3MOXHOCTb CKPbITUS
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BO BCEM Auana3oHe 4JIMH BOJH Nnio6oro
obbekTa, Aaxe akKTUBHO M3yvaloLero
WM nornowiatowero nanydyerdne [3]. 3to
eLle NOACTErHyN0 UCCNneaoBaHns, 0gHaKko
Oanblue WyMKXK1 B NPecce 1 psiaa rpoOMKUX
MUCTUDMKALUMIA N0 He NPOABUHYNNCH. K
2030 rogy cTtano 04eBMAOHO, YTO HM OOMH
XUMUYECKUI SNIEMEHT HE MOXET CNYXNUTb
OCHOBOV A1 MeTaMaTepurana nosiHom He-
BUAMMOCTW, CMOCOBHOI0 CKPbITb 0OBLEKT
6onbLue, Yem AMamMeTp BOOCA.

PewnTtb Nnpobnemy nomMorno gpyroe
OTKPbITME, CAENAHHOE POBHO MoONBEKA
Hasapj, korga rpynna ¢usnkos n3 CLUA
npennoxmna HoByto Teopuio GopMnpoBa-
HWS MEPBUYHBIX YePHbIX AbIp. I3 Hee no-
Ce0Bano MHTEPECHOE NPeanoioXeHne:
NOrnoLeHne HeMTPOHHbBIX 3Be34, TaKUMU
YyepHbIMU AblpaMun BedeT K BbIGpocy B
OoKpyXatouiee npocTpaHCTBO Marepuu,
KOTOpas MOPOXAAET TSXKENbIE STEMEHTbI
[4]. 9Ty noeto obcunTanm Ha Cyrnepkom-
nblOTEPE, N 0KA3anocCh, 4TO ECNV YAACTCH
BOCMPOM3BECTU TaKOW NpoLecc, To OT-
KPOEeTCs MyTb K MACCOBOMY CUHTE3Y HOBbIX
CBEPXTAXENbIX 3/IEMEHTOB [5].

B 2034 rogy npoLunv nepsble ycrneLuHbIe
MCNbITAHUS MEXAYHAapOOHOro aKcnepu-
MEHTaNIbHOr0 TEPMOSIAEPHOIO peakTopa
ITER [6], a B 2046-m Hayanocb MaccoBoe
CTPOUTENBCTBO TEPMOSAEPHBLIXPEAKTO-

POB KaK Ans SHepreTuku, Tak u gas uc-
cneposanuii. M BoT B 2051 rogy rpynna
MHXeHepoB n3 Utanum coobwmna ob
yCMELWHOM 3anycke peaktopa, Mogenu-
pytowero paboty ConHua [7]. Bnarogaps
He6OoMbLIMM pasmepam 1 ManoMy KOan-
4eCTBY BOAOPOAHOrO TOMAMBA MOOEb-
Hble «3BE34bl» MPOXOAVAN BCIO MMABHYIO
nocnefoBaTelbHOCTb Ha Anarpamme
lepuwnpyHra — Paccena [8] B TeuyeHue
HECKOJIbKNX MeCAUEeB. OKCMEPUMEHThI C
peakTopamMu Nogo6HOro TMna No3BoANAN
noapoOHO N3y4nTb 3BE3OHYIO IBOSIOLMIO
1 B UTOre Nony4ntb paboTaloLme Mogenm
YepHbIX ObIP 1 HENTPOHHBIX 3Be34, [9]. o
Havana apbl CUHTE3a CBEPXTAXKESIbIX 31e-
MEHTOB OCTaBanOCh CAENATb IMLUb OAMH
ar, U NaTb IET Ha3an NepBbIi Takon pe-
akTop 6bin nocTpoeH B Kutae [10]. Yucno
MOMbITOK CMHTE3a HOBbIX 4ep BbIPOCO
B3pbIBOO6PA3HO, U BOCbMOW Nepuoa,
Mepnoanyeckon CUCTEMbI XMMNYECKNX
9N1EMEHTOB Ha4yan CTpPeMUTENIbHO 3anoJi-
HATbCS. BONBLWNMHCTBO HOBOSAABNEHHbIX
3N1EMEHTOB UMENN TOJIbKO KOPOTKOXUBY-
Liye U30TOoNbl, BPEMEHA Nonypacnana ko-
TOPbIX HE NPEBbILLANN HECKONBKUX MUKPO-
cekyHa. OgHako no mMepe nNpubnmxeHus
3apsaa aaep atToMoB K CTa LWeCTUaecaTn

Bsepxy: modens 2opoda ¢ noaynpospaunbivy 30aHuIMU



MX CTabUNIbHOCTb HEYKJIOHHO YBENYU-
Banacb. HakoHel, y4yeHble 3aroBopuan o
DOCTUXEHMM OCTPOBA CTabUITbHOCTMU.

KoHuenuna octpoBa cTtabuibHOCTM
Oblna npepnoxeHa BeK Hasad aMepu-
KaHCKUM ¢usmkom MmeHHom Cmnboprom
[11]. CornacHo ero naoee, Hanbonbluen
CTabuNbHOCTBLIO A0/MKHBI 06nagaTh Tak
Ha3blBaEMbIE ABaX bl Marnyeckune sapa,
B KOTOPbIX KOMMYECTBA Kak NMPOTOHOB,
Tak U HENTPOHOB OKa3bIBAIOTCS «Marmye-
cknmu yncnamm» [12]. B cootBeTcTBUM C
3TOWM KoHUenumuen, ctabusnbHbIMU MOTN
ObITb fApa C aTOMHbIMU HOMepamu 114
1 126, HO OHM He onpaBaann OXUIOAHUNA.
CoBepLNTbL NPOPLIB B XUMUN CYXOEHO
ObI10 4Py C 32pAa0M, COOTBETCTBYIOLLMM
cnenylouwemMy Mmarmyeckomy ymcny, 164.

C ero nosiBNeHnMeM cBsi3aHa yauBu-
TenbHasa ncropus. Bo Bpems ogHoro na
3KCMepMeHTOB TabopaHT, HabntoaaBLLINA
3a NPOMCXOAALLMM B PEAKLMOHHOM 30HE
npoLEeccoMm, BAPYr C yAUBIEHNEM OOHa-
PYXWI, 4TO B3SAThINM B KQUECTBE UCXOLHOMO
BELLLECTBA 4151 CUHTE3a MOPOLLIOK CBMHLA
1ncyes3aeT Ha rmasax. OKCNEPUMEHT Mno-
BTOPMWAN, NMOMECTUB B pPeakLUNOHHYIO
30HY JaT4ynK OaBIEHUS U BECHI, HO HE
3adurKCUpoBaNnN NOBbLILLEHUS OABNEHUS
(koTOpOE MOrno 6bl CBUAETENLCTBOBATL
06 o6pas3oBaHumM rasa),n ynosuan aunwlb
HE3HaA4YNTENbHOE MOHMXEHNE MACCHhI.
HenseecTHOE TBEPOOE BELLECTBO, OCS-
3aemMoe, 04Hako COBEPLLEHHO HEBUAMMOE
rnasy, obHapy>un yoopLUMK, BbIMOSHSAB-
LN NIAaHOBYIO YNCTKY peakTopa. Tak 6bin
OTKPbIT 9/IEMEHT, NONYYMBLUNIA HA3BaHNE
«MHBU3UI» (Nart. invisium) 1 CMMBOJIbHOE
obo3HayeHue lv [13]. Ona peakumm cuH-
Te3a MHBM3US ObINo NPEASIOKEHO Creay-
loLee ypasHeHue [14]:

12682 Pb+12682pb+ Bn-> 236164|V+ 16 1On

roe Bn — yacrtuua, nonydyaemas npu
MOMNOLLEHNN HENTPOHHOW 3BE3abl YHEPHOM
ObIpon.

OyeHb ObICTPO MHTEPEC K XUMUM UHBU-
3us B3neTen fo Hebec, 6bin co3aaH Hayuy-
HbIV XXypHan «Invisium», Ny6anKyoLWmin no
HECKOJIbKY AECATKOB PpaboT eXXeMECSYHO.
MHBM3nnm okasancsa anemMeHTom 14-n
rpynnbl C 9EKTPOHHON KOHUrypaumen
[Og] 8s? 5g'® 6 7d'° 8p2. [Baxabl Ma-
rmyeckoe 94p0 HEBEPOSITHO CTabMIIbHO,
€ero nepvog nonypacnaga coctaBnseT
10" net. Camoe BaxHOe CBOWCTBO VMHBM-
3ng — oTpuuaTenbHblin KO3DDUUNeEHT
NPEenoMAEHNs NPaKTUYeCKN onsa noboro
M3My4eHNst, OT CBEPXAJIMHHbIX PaOVNOBOJIH
[0 PEHTIEHOBCKUX JIY4EN, YTO AENAET €ro
naeanbHbIM METaMaTeEPUANOM. YXXe cen-
yac BenyTcs pa3paboTky HOBbIX BELLECTB
1 MaTepuanos, COAEPXALLNX MHBU3UIA,
CrnocobHbIX 06ECMNeYnTb MOYTU MOJTHYIO
HEBUANMOCTb Pa3/INYHbIX 0ObEKTOB.

B ctaHpapTHOM COCTOSTHUM MHBU3WIA —
TBEPAbIN, NPO4HbIA 1 TYronJaBKNin METasN,
TeMneparypa ero nnaBfeHNs NpeBbILLaeT
5000 K. Mopo6Ho onosy, CBMHLUY 1 ¢ne-

POBUIO, MHBM3UIN NPOSIBNAET aM@POTEPHbIE
cBolicTBa, 06pasys MHBM3ATbI C LLENOY-
HO3EeMEJbHBIMW MEeTaniaMun (Hanpumep,
CalvO,) [15]. 910 AenaeT VHBU3MIA nae-
aNbHBbIM KOHCTPYKLMOHHBLIM Matepuasiom,
Nno3BOJISS CO34aBaTb Kak METaIOKOH-
CTPYKLMIN, TaK N LLEMEHTLI Ha ero OCHOBE U
BO3BOAUTb 34aHUS, BONN3M BbIrMSAsLWmMe
BMOJIHE OOLIKHOBEHHO, HO MOJTyNPO3payHbie
npw B3rsae naganeka. to bnarogaps eMy
NnosiBUIaCb BO3MOXHOCTb JII0B0BAaTLCS NPU-
pOAHbIMK nanpwadTaMm Aaxe B LEHTpe
ropoga-MuIIMOHHMKA!

M3 ranoreH- n anknanpon3BOLHbIX
MHBU3NSA CUHTE3NPOBAHbLI NEPBLIE NH-
BU3NNOPraHU4Yeckne coeguHeHuns, B
TOM 4YMCne U MakpoMOJSIEKyNsapHble [16].
B03MOXHOCTU, OTKpPbIBAEMbIE MHBU3NI-
OpraHM4yecknMMm noamMepamm, NOYTU
6e3rpaHunyHbl. TYT 1 NOKPbLITUS, BONOKHA,
TKaHW, NO3BOJISAIOLLME CKPbITb MPaKTUye-
ckm oo 06bEKT. TYT N NCKYCCTBEHHAs
KOXa, KOTopasi MO3BOJIIET NOKPLITHIM €10
06bekTaM NpHMMaTb NOKPOBUTENLCTBEH-
HYIO OKpackKy. [la mano n eLLe 4To MOX-
HO npuaymatb n n3obpectn! U Bce atn
TEXHOJIOTMM MOTYT BOWTU B HaLy XM3Hb
y>Xe 3aBTpa, MOCKOJbKY NEPBbLIV 3aBOS, MO
MPOMBbILLIEHHOMY NPON3BOACTBY MHBU3MS
OTKpbIBAETCH Ha cnenytowen Hegene [17]!

BHeaopeHue BCAKOM HOBOW TEXHONOIMN
Ha Ha4vasbHOM 3Tarne BbI3bIBAET onace-
HUs. MOXeT nokasarbCs, 4TO MacCoBOe

rnosiBfieHne HeBMOMMbIX MaTepuasnoB No-
BJieyeT 3a cob0l BOJIHY HACUINS 1 POCT
MPECTYNHOCTN. 3TN CTpaxm 6ECNOYBEHHbI:
yenoBevyeckas umBmnusaumsa nsobpena
HemMaJsio CMepPTOHOCHbIX BELLIEN, HO cMorna
YCNELIHO NeEPEXNTb CBOM M300pPETEHMS.
HeBNMOANMOCTb HE JAeT HeysS3BMMOCTH,
6ecnnoTHOCTM N 6e3Haka3aHHOCTHU.
Hay4HbIl ke Nporpecc He OCTaHOBUTb, W,
BMECTO TOro, 4TOObl COKpPYLUATbLCS O He-
KOTOPbIX HEMNPUATHOCTSX, HYXXHO AyMaTb
00 o4eBUaHbIX N0Cax, KOTOPbIE OH B cebe
HeceT. Benb kak OblNO ckasaHo elle ABe
ThICA4YM NeT Ha3an;: «...n00 KpaTKoBPEeMeH-
HOE Nerkoe cTpagaHue Halle NpPou3BoanT
B 6€3MePHOM NMPen36bITKE BEYHYIO CNaBy,
KOrga Mbl CMOTPUM HE Ha BUAMMOE, HO Ha
HeBmaumoe: nbo BnaMmMoe BpeMeHHo, a
HeBMaMmoe Be4Ho» [18].
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PoGepT Byga,
KOpOJib
9KCNepuMeHTa

Kangunpat 6mMonornyeckmx Hayk
C.B. Baroukun

Btoporo masg 2018 roga vcnonHaetca 150 net co gHsa
POXAEHMS BblAAKOLWEr0Csa aMmepukaHckoro dmnsmka
PobepTa Byna (1868—1955). bnectawmin akcnepu-
MEHTaTop, OCTPOYMHbIA YenoBek, 60sbLLION NtobuTtesnb
cueHunyecknx apdekToB — a ele 6opeL, C JKeHayKom n
aBTOp paHTaCTUYECKNX POMAHOB.

Po6epT Bya 6bin no3gHUM pebeHkoMm: oTuy 3a 60, matepmn —
paneko 3a copok. Oteu, Ixo3ed Bya (1803—1892), Obin
He3aypsaaHOM NMYHOCTBIO. Bpay no npodeccun, oH yexan Ha
laBalickme OCTPOBa, rae BO3rnaBus rocnmrasb Aisi BOEHHbIX MO-
psikoB. PacckasbiBatoT, 4TO 0gHaxabl Ha aBarn 3awen pycckum
BOEHHbIN kOpabnb. Pycckunii agmMupan no3HakoMmnCcs C LOKTOPOM
Bynom v nogapwn emy ueHHyto kHury. B oteeT noktop Bya noga-
pva agMupany Aoporyto KapTuHy, Haka3as He BCKPbIBATb LMK C
nogapKoM A0 Tex rnop, noka kopabb He BbIaeT B Mope. BekpbiB
AWK, agMmpan npukasan kopabnio BepHyTbCcs Ha MaBaiin, roe
BPYYUN OOKTOPY A0POroin kybok. BoT Takoe BOEHHO-MOPCKOoe
rycapcreo.

Ha laBarickux octpoBax AoKTop Bya Havan pa3BoamnTb CaxapHbliii
TPOCTHWIK, YTO MPUHECNIO EMY HEMAJI0€ COCTOsIHME. B 1866 roay oH
BEPHYJICS Ha KOHTUHEHT. Cembs BynoB apyxuna ¢ BbiAALWMMCS
amepukaHckmm punocodpom Panbdpom dmepcoHom (1803—1882),
KOTOPbI 04eHb Ntobun maneHbkoro PobepTa.

Po6epT Bya 66151 406pLIM MaNb4MKOM, OOHAKO He OTmMyancs
6naroHpasmeM. CKNOHHOCTb K pa3HOro poaa B3pbiBam 1 NPOYUM
npoaenkam, TpebyoLM TEXHUYECKON N306peTaTeslbHOCTH, MPo-
ABNISNACH Y HEMO C PaHHEro OETCTBA, U NILLb YYAECHBIM BE3EHNEM
MOXHO OOBSACHUTb, YTO 3TU OMbITbl HE 3aKOHYMINCb CEPLE3HOM
TpaBMoli. B pecnektabenbHOM LWKONe, rae npenogasann opeBs-
HUE A3bIKW, Y4UTLCS eMy ObII0 CKY4HO, 1 ycnexamm B y4iebe OH
poauTenen He pagosann.

PobepT noapyXxuncs ¢ CbIHOM Bnagesbla 3aBoAa BO34yX00yB-
HbIX MaLwnH Yapnun CtepTeBaHTOM. HYapnuv npyBen Apyra Ha 3aBog,
oTua, KOTopbI BoCcxuTun PobepTa. OH npocun paboymx Aate emy
coenarb 4To-To camomy. Cnepa paboune 0TkasblBan, HO 3aTEM
cxanunucb, u Bckope PobepT ctan BnosHe kBannpuumpoBaH-
HbIM CNeuManncTom. Nonb3ysack 3aBOACKON TEXHUKON, OH Aenan
pasHble MHTEPECHbIE Bewwy. Hanpumep, camocTpen (poautenn
He xoTenwu nokynatb PobepTy pyxbe). K coxaneHnuto, gpyxoa
PobepTta 1 Yapnan npogonxanack Heponro — Yapnun ymep. Ans
PobepTa aTo cTtano 6onblUoON Tpareanei.

OpHo Bpems PobepT yBnekancs 6uonorven, Ho U 34ecb ero B
nepBylo o4epeab NPUBAEKaANN 3KCNEPUMEHTbI. Tak, OH NonvBean
pPacTeHNs KPACHLIMW YEPHUIaMM, YTOObI MPOBEPUTL, HE CTaHYT
JIN OT 3TOr0 NINCTbSI KPACHbIMK. 3aTo paboTaTk C ONpeaennTenem
pacTeHnin eMy COBEPLLUEHHO HE HpaBUNOCb. Pa3dymeeTcs, OH Co-
Orpan KoANeKUUio MMHEPASIOB, KOTOPbIE OH HAXOAWIT B OKPECTHbIX
KameHonomMHsax. N Habnogan HebO B TENECKOMN, KOTOPbIA OblN Yy
O[HOro U3 Apy3er ero otua. MpumeyarenbHo oTHoLeHMe PobepTa
K AeHbram. B menoyax oH 6b11 CKPSiIron, 0AHAKO KPYMHbIE CYMMbl
TpaTui ¢ pa3maxom.
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B 1887 rony PobepTt Byn noctynun B Mapeapackuii yHMBep-
cuTeT. Ha ak3ameHax ¢ N030poM NPOoBanuiCcs rno naTtbliHU U rpe-
YeCcKOMY, HO 3aTO nokasarn rybokMe NO3HaHUS B ECTECTBEHHbIX
Haykax — 1 B pe3ybTarte 6bls NPUHAT.

B cTyaeHyeckune rogbl By, BbINOSHUA MHTEPECHYIO paboTy No
reonormm, aKCnepuMeHTasbHO ONPOBEPIHYB rMNoTe3y CBOENO Xe
npodeccopa, reonora HaraHnang LWanepa, cornacHo KOTopown
B HUXHUMX CNOSIX NefHnKa n3-3a OrpoMHOro AaBneHus neq npe-
BpaLLLAeTCA B BOAY W IEOHUK NJIbIBET MO 3TOW BoAe. Bya nokasan,
4YTO NMpPU TeX BEeNUYMHAX OAaBNEHUM, KOTOPbie MOXHO OXunaaTb,
nep B BOOY NpeBpaTtuTbCcs He MOXET. LLlanep oropuunncs, Ho,
KaK 4YesloBEK HE MEJIOYHbI, NpU3Han NpaBoTy CTyaeHTa. Byn,
packpuTMKOBan 1 Apyryto naeto Llanepa o Tom, 4To MeTeopuTbl
BbIOPOCUIIO B KOCMOC 3EMHbLIMU BYJIKAHAMMU.

B 10 e Bpems PobepT Byp, 6bi51 cTabusibHbIM XBOCTUCTOM NO
MaremMaTnke U MHOCTPaHHbLIM 13bikaM. 3aHMMaTbCS TEM, YTO EMY
HEVHTEPECHO, OH HE YMEN 1 He Ntobun.

B 1891 rogy Pob6epT By, okoHuYmnn MapBapackmii yHMBEPCUTET
1 MOCTYNWA B aCNMpPaHTypy Mo xmmumn B YHMBepcuteTe [koHca
XonknHca B Bantumope. BmecTte ¢ gpyrumm acnmpaHTammy OH XK
B YaCcTHOM naHcuoHe. ObuTaTenu aToro NaHCMoHa Noao3peBanu,
4YTO ero xo3siika KOPMUT NOCTOANbLEB OCTaTKaMy BYepaLlHero
obepa. Byn pelumn BbiBeCTM €€ Ha 4ncTyto Bogy. OH nobasun B
HeL0eOEeHHbIE OCTaTKM 06eaa XIOPUCTLIV INTUIA U Ha Creayto-
WMIA OeHb cXer ManieHbkuii obpasel, HoBoro obena. B cnekTtpe
obHapyxunacb JIMHUS INTUS, N HeJoBpPOCOBECTHAsA X035KKa
Oblna nocpamneHa.

CBoun xumunyeckme 3HaHusa PobepT Byg ncnonb3osan n B OT-
HOLLEHUSAX C NPeKpacHbIM NosioM. Korga Bo Bpems NporyJsikm Ha
MOPO3€e Y ero AEeBYLLKM 3aMEP3/N PYKN, OH Hakanan B OyTblIKy
C XONO4HOM BOLOW HEMHOIO CEPHOM KNCOTbI, KOTOPYIO HOCU C
coboi. Mpu cmeLlmMBaHNM KNCNOTbI C BOAOW BblASNN0CH TEMNJO,
nonydmnace rpenka. [esywka Obina Tak NnoTpsiceHa, 4To 6e3
KonebaHwuii cornacunachb BbINTK 3aMyX 3a CBOEIr0 MOKJIOHHMKA.
OHW X1 JONro 1 CHaCcTINBO.

OdPeKkTHbIE AEMOHCTPALMM, YAaCTO 3a NpeaenamMm ayanTopui
n naboparopuit, 6binn kKoHbkoM PobepTta Bypa. Nctopun o ero
Hay4HbIX GOKyCax N pPO3bIrpbilliax 3HAMEHUTLI BO BCEM MUpPE.
[axe repou COBETCKOro NoApOCTKOBOro pomMmaHa Bnagumupa
Kncenesa «[leBo4ka 1 NTULENET» — LUKOJIbHUKWN, YBIEYEHHbIE
XUMUEN, — NOBTOPSIOT HEKOTOPLIE N3 HUX, HanpumMmep, 6pocatoT
B JTYXXY KyCOYeK HaTpusi, 4ToObl HanyraTb Xy/MraHoB.

1894 rony Po6epT Byg noexan pabotarb B lfepMaHmio, rae ero
MHTEpPEechbl CMECTUIINCL OT XMMUKN K dU3nke, 4emy crnocob-



CTBOBaO, B HACTHOCTU, OTKPbITME B 1895 roay peHTreHOBCKMX
nyyen.

B BepnuHe OH BCTpETUNCS C ApYruM amepukaHuem — PpaH-
KOM Ynnnapaom, TanaHTIMBbLIM NUCATENEM N HENIOBEKOM aBaH-
TIOPHOrO CKNaaa, Ybl NUTEPATYPHbIE AOCTUKEHUS MOMN ObiTh
Ky[a 3HaunTenbHee, ecnm Obl HE CKIIOHHOCTb K FOPSYUTENbHBLIM
HanuTkam. Yunnapg npeanoxun Byay nobbiBaTe B OFPOMHON U
TanHCTBEHHON Poccuun. B peanusauumm aToM JOPOroctosLlemn
VAEN UM MOMOT POCCUIACKUIA MUHUCTP NyTe COOBLLEHUS KHA3b
Mwuxann UsaHoBuy Xunkos (1834—1909).

KHA3b X1nkoB 6bl1 HEOObLIYHBLIM YeNoBEKOM. B oTnmyme ot
©0NbLUNHCTBA PYCCKMX aPUCTOKPATOB OH HE YBJIEKANICS CBETCKOM
XW3HbI0. B KoHUEe 1860-x rogoB 0TAan CBOK 3EMJIIO KPECTbsiHaM
nyexan n3 Poccun B CLLA, roe paboTan cHavana pasHopaboymm
Ha CTPOUTENLCTBE XEeNe3HOoM oporu, 3ateM npuobpen npodec-
CUK cnecaps U Xene3HogopPOXHOro MallMHNCTA, a NOTOM cTasl
MHXEeHepoM. BepHyBLuMch B Poccumio, 3aHMMan OTBETCTBEHHbIE
NOCTbI Ha Xene3Hbix goporax 1 B 1895 rogy cran MUHUCTPOM
nyTen coobLieHns POCCUINCKO nMnepuu.

Yunnnappa N03HaKOMUIICS C KHA3eM XUJIKOBbIM BO BPeEMSI Mpe-
ObiBaHNS TOro B AMepuke. OH Hanucan KHa3t0, NPeACTaBMBLUNCH
COOCTBEHHbIM KOPPECNOHAEHTOM HEKOEW raseTbl (4TO Obi10
Henpaenoi); coobLumn, 4To xoTen 6bl BMECTE C KONNEron-xyp-
HanMcToM nobeiBaTh B POCCUM 1 Hanmcatb CEPUI0 OYEPKOB O
POCCUNCKNX XeNne3Hblx Aoporax. B oTeeT oH nonyynn obunupnans-
Hyto 6ymary n3 CaHkT-leTepOypra, AaioLLyto npaBo 6ecniaTtHoro
npoesaa no BCeM Xene3HblM JoporaMm Poccum B BaroHax nepBoro
Knacca.

Yunnapg n Byn nobeiBanu B MockBe, CaHkT-leTepbypre,
HwxHem Hosropoae, Cnbupwu, Bctpedanucek ¢ HYexosbiM. 3a-
nnaHMpoBaHHas BCTpeya co JIbBOM TONCTbIM, NO-BUOMMOMY, HE
cocToanack. Ynnnapz s caMOM Aesle Hanucasa HECKOJIbKO CTaTel,
KOTOpble ony6MKoBanv amepukaHckme ra3eTbl. Hanncan crarsio
1 Byn, HO ee He Hane4aTanu.

OceHblo 1896 roga PobepT Byn BepHyncs B CLUA 1 nonyymn
MeCTO npenoaasarens B BUCKOHCUHCKOM yHMBepcuTeTe. 34ecChb

Anvbepm. Diinumeiin u Pobepm Byo

CTPAHWULLbl UCTOPUU

OH 3aBOeBas JIDOOBb CTYAEHTOB 3 DEKTHLIMU 3KCNEPUMEHTAMM
BO BPeMSs nekuuii u caenan BaxxHoe ndodpeteHune. OH npuayman,
Kak oTorpeBarb TPyObl C 3amMep3Llein BOAoW. s 3TOro Hy>XHO
MPUNOXUTb K KOHLLAM TPyb BbICOKOE 3N1eKTPMYECKOe Hanpsixe-
Hue. MeTtannmyeckas Tpyba TOk MPOBOANT, a 3aMep3Lume 3eMns
1 Boga — Het. Tok naet no Tpybe n HarpeBaeT nen, KOTOPbIiA
npespawlaeTcs B BOAY.

OT aT0ro n306peTeHns BuINrpan He CTONbKO nlobpeTaresb,
CKOJIbKO YHMBEPCUTET, 00paTMBLUMINCS B NPaBUTENbCTBEHHbIE
CTPYKTYPbI C NPOCbO0IA O BblAeNEeHNN AONOSHUTENIbHBIX CPEACTB.
«A 4TO NpaKTUYeCKn NONIE3HOr0 caenan Baw YHUBEPCUTET ON1s
CTpaHbl?» — CNPOCUI YNHOBHUK. M yHMBEpPCUTETCKAs aaMUHN-
cTpaums BCroMHmna npo oborpes Tpyo. [leHbri Obinn BbiOENEHDI,
By nonyynn noBbIWEHWE W KYNW peKnii B Te BpeMeHa aBTOMO-
Ounb, B KOTOPOM pa3dbesdxars No ManeHbKOMY YHUBEPCUTETCKOMY
ropoaky, nyrasi MECTHbIX CTapyLUek.

B 1901 roay PobepTy Byay npennoxmnm aoakHOCTb NOSIHOMO
npodeccopa (3aBenyowiero kadeapomn) akcnepnmMeHTanbHom
dunankn B YHnBepcuteTte IxxoHca XonkmHca B bantumope. 3ty
[OMKHOCTb OH 3aHMMan A0 Bbixoga B oTcTaBky B 1938 roay.

e B BUCKOHCMHCKOM yHUBEpPCUTETE LIEHTP MHTepecoB Po-
OepTta Byna nepemectuncsa B 061actb GU3NYECKOM ONTUKN,
TO eCTb B3aUMOZAENCTBUS CBETA C BELLECTBOM.

B koHue 1850-x rogoB xmmuk PobepT Bunbrenbm bByH3eH u
dun3uk MNyctas Kupxrod nsaobpenu cnektpanbHbii aHanus. Mpu
HarpeeaHu1 06pa3L0B BELLECTBA OHO HAYMHAET CBETUTLCS, NPU-
4YeM AJIVHbI BOJIH U3y4aeMOro cBeta — CTPOro onpeaeneHHbIe
1 3aBUCAT OT TOrO, Kak1e SNIEMEHTbI BXOAAT B COCTAB BELLECTBA.
Tak, HaTpuin AaeT APKO-XENTYIO NINHUIO, Kanuii — GUONETOBYIO.

3a Heckonbko neT go atoro ¢punocod Orioct KoHT nucan, 4to
Mbl HAKOrOA HE Y3HAeM, U3 KaKUX XMMUYECKNX SNIEMEHTOB CO-
ctout ConHue, Mo He cMoxeM 06bITb 00pa3Libl BELLECTBA AN
XUMUYecKoro aHannaa. OgHako ByH3eH n Knpxrod nokasanu, 4to
Ons pelleHns aTor npobnembl 06pasLbl CONMHEYHOMO BELLLECTBA
He HY>XXHbl — JOCTATO4YHO CHATb CNEKTPbI COSIHEYHOIO N3My4YEHNS.
Y10 nccneposarenu u caenanu, NonyTHO 06HAPYXMB B CONHEY-
HOM CBETE JIMHUIO HENM3BECTHOIO HAyKe XMMUYECKOro 3/1IEMEHTA,
KOTOPbI HA3BaNM refivem.

Bckope BbISICHUIOCH, YTO XMMUYECKNE 3NIEMEHTBI MPY Harpe-
BaHUM U3Y4alOT CBET HA HECKONbKUX OJIMHAX BOJIH, MPUYEM Ha
3TUX € AJINHAX BOJIH U1 MOTJIOLLAIOT CBET.

B 1852 roay Oxxopax Mabpuanb CTOKc nokasasn, 4To HekoTopble
BeLLECTBA NPY OCBELLEHUM CaMU HAUMHAIOT CBETUTLCS, HO ANINHA
BOJIHbI TAKOIO CBEYEHUS (Ha3BaHHOIO hyyopecLeHUnein) name-
HseTca. CTokc chopmynmpoBan Npasuio, COrMacHO KOTOPOMY
OJvHa BOMHbI pnyopecueHumnn Bceraa 60nblue, YeM y NafatoLLero
cBeTa. [lanbHelne nccnenoBaHus, B yactHocTu PobepTa Byaa,
nokasasnu, 4To 9TO NPaBUJIO BINOJIHAETCS OANEKO HE BCeraa.

B Havane 1900-x rogos, nccneays GayopecuUeHumio napos
HaTpus, Bya oBHapyxun, 4to cnekTp GnyopecLeHumnn He-
TpUBManbHbIM 06pPa30M 3aBUCUT OT OJIMHbBI BOMHbI BO30YXAa-
IOLLEro cBeTa: Npu ee yBENNYEHUN ANMHA BOJHbI N3/ly4aeMoro
CBeTa YMEHbLUAEeTCs, Tak 4TO NPWY HEKOTOPbLIX ASIMHAX BOJIH OHU
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CpaBHUBAOTCS. DTO ABNEHNE MOJYYWUSIO HA3BaHNE OMNTUYECKO-
ro pesoHaHca. lNarbgecaTt neT cnycrtsa Obi10 Noka3aHo, 4YTo B
onpeneneHHbIX YCII0BUSIX UHTEHCMBHOCTb 3TOM (JlyOpeCLEHLNN
MOXET MHOIOKPaTHO NPEBLICUTL MIHTEHCUBHOCTb BbI3bIBAIOLLLETO
ee cBeTa. YCTPOWCTBO, UCMOJb3YloLee aTOT aPdeKT, Nony4nno
Ha3BaHue nasepa. Takum 06pa3om, MOXHO CHYUTATb, YTO NEPBbIN
ar K co3gaHuto nasepos caenan Pobept Bya,.

Jo6asum, yto B 1911 rogy PobepT Bya 06HapyXunn onTuieckmi
pe30HaHC NapoB PTyTU B ybTpadnonetosomn 061actmn cnekTpa.

MccneposaHusa, npoeoanmMele Byoom, TpeboBanm cospgaHus
HOBBbIX CreKTporpadoB, CNOCOBHLIX UCMYCKaTb JTy4M C Pa3INYHON
DJIMHOW BOJTHbI B Pa3HbIX HANpaBneHnsx, npeepatlas 6enbii cBeT
B pagyry. Cnektporpadsbl JaBanv BO3MOXHOCTb TOYHO onpene-
NATb OJIVHbI BOJIH, OTBETCTBEHHbIE 3a TOT UM NHOW 3ddekT, a
Takxe 4JIMHbI BOSTH GyopecLeHLMN.

CnekTporpadbl TOHKOrO pa3pelleHns, No3BoNsBLIME pas-
nnyaTtb CBET C BIN3KMMU OJIMHAMW BOJSIH, OBHAPYXUN TOHKYIO
CTPYKTYPY CNEKTPasbHbIX IMHMIA. OKa3anoch, HTO LUMPOKNE INHUN
COCTOSIT U3 HECKOJbKMX Y3KMX, PN 3TOM HABOP Y3KNX IMHUIA MO-
XET MEHSITLCS NPU N3MEHEHNWN ANIMHBI BOJIHBI BO30OYXAAOLLETO
ceeTa. C Toukn 3peHnsa Gusunkn nepBoro gecatunetmsa XX seka
3TO0 ObINI0 COBEPLLUEHHO HEMOCTMXMMO — A1 0ObSCHEHUS NPU-
LINOCh NOAOXAATh NOABIEHNS KBAHTOBOW HGU3UKN.

CnekTtporpad Byna npencrasnsn coboi, No CyTu, AEPEBSHHYIO
TpyOy AnnHOM 6onee YeTbipeEX METPOB: C OOHO CTOPOHbI ANG-
pakLUMOHHas peLueTka, C opyron — wenb 1 3epkano. OgHaxapl
B cnekTporpade, yCTaHOBIEHHOM B capae, NOCENUINCH Nnayku
1 cnnenu naytnHy. OuncTnte Tpyby 0BblYHBIMKM cnocobamMn He
OblN10 BO3MOXHOCTU, 1 Toraa Bya 3anyctun B Hee koLuky. Kowwka
npoLuna ckBo3b TPYyOy 1 cobpana Ha cedsi BCO MayTUHY; XMBOTHOE
BbIrNS4€10 HEAO0BOJIbHBIM, HO MPMBOP GbiN B NOPSAKE.

K 1905 rogy By noarotoBui K nevyaty CBOK MoOHorpaduio
«Duamnyeckas onTrka», NoABOASILLYIO UTOMM ero UCCRenoBaHNiA.

Po6epT Bya mHoro pa6oTtan Hag, co34aHMeM XOPOLLIErO NCTOY-
HUKa yNbTpadroneToBOro ndnyyeHns, He 4aroLero npuMecu
BUAMMOrO CBETA, NbiTaNCs co3aaTb GUNLTPLI, HAOEXHO NOrI0-
wamwme BMANMbINA CBET, HO Nponyckawwue ynstpadmoner.
Mcnonb3oBan gns aToro Metannmyeckoe cepebpo, KoTopoe
nponyckano Y®-nanyyeHne B y3kom guanasoHe, nornaowias
ocCTasibHble Jly4n, 3KCMNEPUMEHTMPOBAN N C HEKOTOPbLIMU ApPY-
rMMmn BeLLecTBamMm. B KOHLE KOHLOB OH cO34an cneuyanbHoe
cTekno (ctekno Byaga), B coctaB KOTOPOro BXOAUT 3HAYUTESb-
HO€ KOJINYECTBO OKMCK HUKENS nnn kobanbta. A cneaylowmm
warom Oblna «4yepHas namna» (ee ele Ha3biBalOT namMnon
Byna). BHyTpy namnbl HaxogaTca napbl pTyTH, Yepes KOTopble
NponycKaeTcs aneKTpruyecknin paspsag. Npn 9Tom BO3HMKaET
CBeYeHue B ynsTpadmoneToBor obnact n obnactm BUOUMoro
CBeTa, 0QHaKO BUAMMbIA CBET NornowaeTcs creknom Byaa, ns
KOTOPOro caenaHa namna. YepHas namna Bce-Taku CBETUTCS
cnabbiM GUONETOBLIM CBETOM, OAHAKO MaKCUMYM €€ N3Ny4YeHUS
npUXoauTCs Ha 6AMXKHUIA ynbTpaduroneT.

A BOT cnnaB Bypa ¢ temnepatypor nnasneHus 68,5°C, Bo-
NpeKn pacnpoCcTpaHeHHOMY MHeHWI0, co3aan He PobepT Bya, a
ero ogHodamuney, — gaHTucT bapHaba Bya ewwe 0o poxaeHus
Oynywero dusuka.

Mcnonb3oBaHne dunbTpos Brniepsblie (B 1902 rogy) no3sonunno
Byay doTorpadumposats pa3Hble 06bEKTbI B ybTPAdNONETOBOW
yacTm cnekTpa. B yactHocTun, oH caenan dotorpadun JlyHbl, roe
BbISiBU1 061aCTb @HOMaJSIbHO CUJTbHOIMO YIbTPadMONETOBOIO NO-
rnowieHus. 3To okasasncs Kpartep Apuctapx B ceBepo-3anagHom
4acTV BUAMMOWM CTOPOHbI JTyHbI; KCTaTu, B BUAMMOM 06n1acTuv aT1a
CTPYKTYpa HaCTOMNbKO pKasi, 4TO 3aMeTHa Ha JTyHe HEBOOPYXEH-
HbIM rnasom. MpeanonaraeTcs, YTO rPYHTY KpaTepa NpUAAT OpaH-
XEBbIV UBET cHepUYECKME YacTULbl AnamMeTpom okoso 0,2 MM 13
CTEKJI0NOA0OHOMo BYNIKAHMYECKOIO MaTepmasa — Takou rpyHT 06-
HapyXwun akunax «AnonnoHa- 17» B panoHe kpartepa LLloptn. EcTb
TakKXXe MHEHME, Y4TO B 3TOM panoHe JIyHbl UMEITCS 3a1eXn Cepbl.
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How Yo Tell the Birds

from The Flowers
and other wood-culs.
Verses and Tilustraliens by Reberl Willinms Wocd,
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Knuea «Kak omauuums nmuy, om yéemoe»:
HenepesoouMas uepa cA08 NoYmu Ha Kaxcooi cmpanuye

MHTepecHo, 4To CHUMKM JlyHbl B YP-061aCTW BbILWLAM OYEHb
KOHTPACTHbLIMU, @ CHUMKU 3€MHbIX OObEKTOB — Pa3MbITbIMU U
NPaKTU4eCKM INLLEHHBIMW TEHEN. ITO NO3BONNIIO CAENATh BbIBOL,
0 CUILHOM paccesiHun YP-n3nyyeHuns B atmocdepe.

Mccneposan By n nndpakpacHoe nanyyeHne. Emy yoanocb
OTOENUTbL U3NYYEHNE B fanekon nHdpakpacHo obnactu (AnnHa
BOJIHbI 60nee 0,1 MM) OT U3Ny4eHNs C MEHLLUNMU AJIMHAMMN BOJH.
B 1908 rony oH nepBbIM B MMpe Havyan potorpadurpoBars B UH-
dpakpacHo 061acTy 1 NoKasaJl, YTo JIMCTbS 3eSIEHbIX PacTEHUI
CUJbHO OTpaxatoT MHdpaKpacHble nydYn — Ha hoTorpadursx oHU
nosnyyanmcb 6enbIMu.

«PobepT Bya nnogoBuUT, Kak KPOAUK», — FOBOPWI OAMH U3 €ro
Konner.

1908 ropy Po6ept Bypn kynun ctapyio depmy. XnsHb Ha

depme cTana ang Hero UCTOYHUKOM HOBLIX naen. (Kctatu,
MMEHHO TaMm 6blnl COOpPYXeH cnekTporpad, AN NPOYUCTKM KO-
TOPOro UCNonb30Banu Kowky.) Ha depme oH co3pan NpocTom
1 OPUTMHANbHBIN PTYTHBIN Teneckon. PTyTb — XuUakKuii meTann,
XOPOLLO OTPaXaloLLMIA CBET, U €CNV 3aCTaBUTb €€ NPUHATL GOpPMY
napabonounaa, To NONyYNTCH NPeKpacHoe 3epKano AJis Tenecko-
na. A caenartb 3TO O4€Hb NMPOCTO: HY>XHO PAaBHOMEPHO BpaLlaTh
LMNVHAPUYECKUI COCYA C PTYTbiO, TOrAA LeHTpobexHas cuna
OyneT NpuXmMmarb PTYTb K CTEHKAM 1 PTyTHas MOBEPXHOCTb CTa-
HEeT BOrHyTOW, nonyuntcsa napadonova. Ero napameTpbl MOXHO
MN3MEHSITb, MEHSISI CKOPOCTb BPALLEHNS.

Teneckon Byg nomecTtun B konogue. MNMpaeaa, y nsobpeteHms
0Ka3ascs CEPbE3HbIN HEAOCTATOK: C €ro MOMOLLBIO MOXHO ObLO
HabnoaaTh NMWb 00bEKThI, HAXOAALWMECS HAL, KONOALEM B 3e-
HuTe. M03TOMY Maes He Halna NPAKTUYECKOro MPUMEHEHNS.

3aunHTepecoBan depmepa Byna n napHukoBbiih addekT. MNo-
YyeMy B MapHUKE, MOKPLITOM CTEKJZIOM, TEMMNepaTypa Bo3ayxa
3HAYNTENBHO BhILLE, YeM CHapPYXXN? TpaaMLMOHHAsA ToYKa 3pEHNS
3aksoyanachb B TOM, YTO MO B NapHUKE NOMMoLaeT BUANMbIN
CBET 1 U3ny4yaeT MHDPAKPACHbBIE Ny4n, KOTOPbIE HE MOIYT MPOATU
CKBO3b CTEKJ10, B pe3ysbTaTe NapHUK HarpesaeTcsa. Byn npen-
NONOXMWI CYLLIECTBOBaHNE APYroro MexaHMama Harpesa: BO3-
Oyx noflyyaeT Tenno OT Nona, U CTEHKM NapHMKa NPensTCTBYIOT
KOHBEKLIMM 1 NOAbEMY TEMSIOr0 BO3ayxa BBEPX. [N npoBepku
rMnoTe3bl OH caenan ABa MUKPONapHUKa, OOVH MOKPbI OObIYHbLIM
CTEKJIOM, a APYrov — NPOo3pavyHbIM Matepranom, MPOmnyCcKaoLLMM
MHdpakpacHble nyyn. B 0601x napHmkax BO3aoyx Harpesasncs,
cnepoBartesibHO, MaBHOM NPUYNHON Harpesa Obino OTCYyTCTBME
KOHBEKLIMW.

Mocne BctynneHus CLUA B [MepByio MupoByto BoViHy Po6epT By,
npeacTaBui BOEHHbIM BEAOMCTBAM CTpaH AHTaHTbl psif uaen.
Tak, Ans 3aWmThl OT BPAXECKUX TOpMe OH Npeasioxunn obLim-
BaTh AHWLLA KOpabnel AONONHUTENbHLIM COEM METaNNa, 4Toobl
MeXy CTapbIM 1 HOBbIM JHULLEM OCTaBasICS Cl0M BO3ayxa. beina
Y HEro Takxe naes nNPMMeHsiTb B BOEHHbIX LIENSX CNe30TO4HNBbIE



rasbl, KOTOpble He yOmBanu 6bl congat NPOTUBHMKA, a Aenann
nx HeboecnocobHbIMK. HO, noxanyi, cambli HEOBbIYHbIN €0
BOEHHBbI MPOEKT — UCMOb30BaHNE OPECCUPOBAHHbIX TIONEHEN
AN 60pbObI C BpaXXeCKMMM NOABOAHBIMK logkaMn. Yoanoch Ha-
Y4UTb TIONIEHEN BOCNPUHMMATDL LUYM BUHTOB NOABOAHOM NOAKMN
1 3anax BblAENSEMOro el0 MalMHHOIO Macna, O4HaKO FMOHATLCS
3a BPaXECKMMM NI0JKAMU YMHbIE XMBOTHbIE HE CTalM — UX OT-
BneKasnm Kocsku pbid. H1 ogHOM repMaHCcKon NoABOOHOM NTOOKMN
He YAanoCb YHUYTOXMTb N0A00OHEIM cnocobom. 3aTo ndyyeHune
TIOJIEHE MOMOIJIO YCOBEPLUEHCTBOBATL NPMBOPEI, ynasamBaio-
LuMe 3BYKUN B BOZE.

Mpn3HaHMeM 3HAYMMOCTU BOEHHbIX n3obpeTeHuin Pobepta
Byna ctano npuceoeHne emy 3BaHus manopa. Yy4eHblh B BO-
eHHOM dopmMe HasbiBas caM cebs «OBLOV B BONMYbEN LUKYPE».
B ceHTabpe 1917 roga oH paxe oTnpaswuics B EBpony, 4ToObI
JINYHO Y4aCTBOBATb B UCMbITAHNSAX HOBbIX BOEHHbIX Pa3paboTok.

Ewe ogHum yBnedyeHnem PobepTta Byna ctana 6opbba ¢ de-
HOMEHOM, KOTOpOe coBeTckun dusmk AnekcaHgp VMcaakosuy
Kutanropoacknin (1914—1985) Bcnen 3a HYexoBbiM Ha3biBas
«PEHUKCOM» (HanuLKnTe CNOBO «4Yenyxa» MMCbMEHHbIMKY BykBaMu
1 NpoYnTanTe, kak 6yaTo 3TO NatuHuua, Noayy4mTes renyxa). Bo
BpeMeHa Byga, kak 1 B Hawwu aHW, 6bI10 HEMANo Noaen, cTpe-
MWBLLMXCS ONPOBEPTHYTb 3aKOHbI GU3MKN N CKYYHbIE MaTepua-
JNINCTUYECKMNE UCTUHBI. Cpean HUX BCTPEYaICh M OTKPOBEHHbIE
MOLUEHHUKMN, N [OBPOCOBECTHO 3abnyxgalowmecs noaun, n
noTEeHUMAaNbHbIE NaUMEHTbI NeYeBHbIX 3aBEAEHUI NCUXMaTpu-
yeckoro npoduns. PobepT By 0XOTHO OTKIMKANCS Ha NPOCLObI
pa3obpartbCs B NpUynHax cTpaHHbIx addekToB. N noytn Bceraoa
pa3bupancs, HarnsaaHo nokasbiBast HEOOOCHOBAHHOCTb NPETEeH-
3 Ha ONPOBEPXEHME Hay4YHbIX UCTUH. ECnn 6bl OH GbiN HALWIMM
COBPEMEHHNKOM, TO, BEPOSAITHO, CTasl Y1IEHOM MEXAYHAPOOHOIro
O6LwecTBa ckenTnkoB BMecTe ¢ Puyapaom JokmnH3om, xapenom
JdanmoHgom v gpyrumu.

Mo npockbe nonnummn PobepT Bya NnpyHMMan yyactme B pac-
CrnepoBaHuax NPecTyrnieHnii, COBEPLUABLLUNXCS C MOMOLLbIO
TEXHNYECKNX YCTPOMCTB, HAaNpPUMEpP PEKOHCTPYMPOBAT MEXaHN3M
60MO6bI, B3opBaBLUeincsa Ha Yonn-ctput 16 ceHTabps 1920 ropa
(30 yOGUTBLIX U COTHM PaHeHbIX). DTO NPECTYNEHNE OCTaNIOCh
HEPACKPbITbIM, HO B APYrux cnyyasx Byn nomor n3obnmuntb
npectynHukoB. A B 1906 rogy oH npenioxun Noanummn naeto
doTorpacdumpoBaTb LOKYMEHTbI B yNIbTPAPUNONETOBbIX JlyHax, YTo-
Obl BbISIBNATb 3a4MLLEHHBIE C/I0Ba 1 ppasbl. OTOT METOL, LUIMPOKO
NPUMEHSAETCS B COBPEMEHHO KPMMUHANIUCTUKE.

B 1938 roay, nocturHys 70-neTHero Bo3pacTta, PobepT Bya
BbILLEN B OTCTaBKY, O4HaKO MPOAOJIXan akTUBHO 3aHUMATbCS
Hay4HoM paboToi. OH nepexunn BTopyto MUPOBYIO BOVHY 1 yMeEP
B 1955 roay, B Bo3pacTte 87 net. Kak M3BeCTHO, MHOIMe Bblgato-
LLMECS NCCneaoBaTeny Xnnm gonro — BO3MOXHO, NMOTOMY, HTO
npoJomKann akTMBHO paboTaTb 40 ry6okor ctapocTn. PobepT
Bya, He Bbln UCKITIOYEHNEM.

3a cBolo xu13Hb Byg onybnmnkosan 268 Hay4HbIX paboT, N3 HUX
224 6e3 coaBTOPOB U 44 — C OAHMM COaBTOPOM. DKCNepUMEHTalb-
HYIO YaCTb NMOYTM BCEX CBOUX PABOT OH BbINOJIHSST CAMOCTOSTENBHO,
a He NPOCTO OCYLLECTBAN PYKOBOACTBO. B HayyHOM obuxone
NMPOYHO YKOPEHMIIOCb BbIPAXEHME «3KCNEPUMEHT B CTUNE Byna».
Dur3BKKM-3KCNEePUMEHTATOPbI CHUTANIM €0 HAUBBICLLUMM KOMMJIN-
MEHTOM. By, 6b11 Y1€HOM MHOIMMX HaY4HbIX OOLLECTB, B TOM YnCe
MHoCcTpaHHbIM YnieHom AH CCCP. C 1935 roga a0 KoHua XU3Hu
OH 3aHMMan NnocT nNpe3ngeHTa AMepmnKaHcKoro dGmnsnyeckoro
obLuecTBa.

Po6epT Byn xopoLwio pucosan akBapesblo 1 MacisiHbIMW Kpa-
ckamn. CKNOHHOCTB K XXMBOMMUCK yHacnegoBana n ero go4vb
MapraperT, koTopas ctana XyaoXHULEN.

3HamMeHnTbI dur3nk nonpobosan cebst N B XyA0XECTBEHHOM
nntepartype. Ewe B 1887 roay OH OTNpaBua B YMKArckyto rasety
3aHMMaTESIbHYIO NCTOPUIO O NpUNeTe Ha 3eMJIIO0 MHOMMAHETSH.
Y10 MHTEpPECHO, 3ameTka Obina onybnukosaHa. B 1907 rony Byg,

CTPAHWLLbI UCTOPUN

Hanmcan 1 cam NPoVIIDCTPUPOBA BECENYIO KHUXKY «Kak oTnn-
YyaTb NTUL, OT LIBETOB» — 3TO OblN OTFONI0COK rOpsYen AUCKYCCUmn
Mexnay nucarensimu Wwkosbl CeToHa-ToOMNCOHA 1 yYEHBIMU O TOM,
rae B XyOOXECTBEHHOM nuTepaTtype, NOCBALLLEHHOW npupojae,
KOHYaTCH HAbNIOAEHMA HAaTypanucTa U HAYMHAETCS BbIMbICE.
PobepT Bya ¢ cepbe3HocThio repoeB Jibtonca Kapponna yunt
pa3nuuunTb Knesep (clover) n pxaxky (plover), Kpokyc (crocus) u
BOPOHY (crow). KHUry HasbiBanu rnosiHOM epyHAoN, O4HaKo OHa
1MMena ycnex.

CoBMecTHO ¢ nucatenem Aptypom TpeinHom (1875—1945)
Po6epT Byn Hanncan n B 1915 rogy ony6avkoBan Hay4Ho-daHTa-
cTrnyecknii pomaH «The Man Who Rocked the Earth» — «HenoBek,
KOTOPLIN NOTpsAc 3emnio», a 3aTeM NpoaomkeHne — «The Moon
Maker», KOTOpO€E He OOVH Pa3 n3naBasioCb Ha PYCCKOM S3blKe MoL,
HasBaHueM «BTopas JlyHa». Byn Tak yBnekcs, 4To gaxe caenan
onsa kHuru ¢otorpadum, KoTopble sKOObl CHUMANM repou Bo
BpEMS KOCMUYECKOro NosieTa, — yaansioLyocs 3eMI0 Ha HUX
1M300pakan packpalleHHbI KPOKETHBbIN wap. OAHaKko pomaH 6bin
HanwucaH ansa xypHana «Cosmopolitan», ero pegaktop, yBuaes
doTorpadum, 3asaBun, YTO C TaKUMUN UIIIOCTPALMUSMN XypPHan
CTaHeT Noxox Ha «Popular Mechanics», n otknoHun ux. (Bugen
Obl OH COBPEMEHHY!IO «[1oNyNsipHYI0 MexaHuKy»!)

Be3 comHeHusa, PobepT Byn npuHagnexan Kk nnesne vc-
cnepoBarefnien-poMaHTUKOB, NO Knaccudukauum Bunerenoma
OcTtBanbaa, — Takux kak 6uonoru XXaH batuct Jlamapk v JxoH
XonperiH, matematukn A.H. Konmoropos u A.A. JlanyHos, ¢wu-
3ukn J1.4. Jlanpay, Puyapa denHmMan n CTuBeH XOkuHT. OHU He
NOBAT 400 3aHMMaTLCS OAHOM N TOW Xe TEMOI, CUJIbHO pa3s-
6pacbiBalOTCSA 1 He BCeraa A0BOAAT paboTy A0 KOHLA; NePBbIMU
NPOTanTbIBAIOT TPOMUHKN MEXAY HAY4YHbIMU AUCUNTIIIMHAMMW, HO
Ons Toro, 4To6bl NPEBPATUTL TPOMMHKY B LUMPOKYIO AOPOry, UM
0ObI4HO HEe XBaTaeT TeprneHus.

Ewe npm xnaum Bypga nucarens Yunoam Cnubpyk (1884—1945)
Hanucan o HeM KHUry «Pobept Byan. CoBpeMeHHbI Yapoaei
dunasnyeckon naboparopun». B CCCP ee onybnmkosaam B 1946
rogy v nepensganu B 1960-m. Pegaktopom 1 aBTopoM npeam-
cnoBwus Obin npe3ungeHT AH CCCP, BelgatoLwmiics uccneposaresib
B obnactn dusunyeckon ontukn Cepreii MisBaHoBn4 BaBunos
(1891—1951). B npeancnosun Crubpyk 6necTsle oxapaktepu-
30BaJ1 CBOEro reposi:

«ManeHbkne amepukaHcKme Manbinku nobaT n3obpetatb 1
Jenatb pasHble WTYKU — 3Meu, B3PbIBbl, POraTku, MaLLIVHKA U
TPYOOUKKN Ansa cTpensbbl ropoxoM. Kpome Toro, oHu nobaT oT-
YasiHHblE U Aep3Kue NPOAENKU.

CywHocTb PobepTa Bunbsimca Byna B TOM, 4TO 3TO — CBEpX-
OapEHHbIV aMEPUKAHCKNIA MaJTBYVMIK, KOTOPLIM HE CTasl B3POCSIbIM
3a BCIO CBOIO XM3Hb. JTO X€ MOXHO CKa3aTb Kak O JIMYHOCTU
camoro Mapka TeeHa, Tak 1 0 ee nsobpaxeHun B Tome Coliepe
1 leke @urHHe. Ponb OKpyXeHUs B pa3BUTUN 3TUX OBYX aMepu-
KaHCKMX MasbymLiek (0AHOro — ymepLuero, Apyroro — XMBYLLEro
HbIHE), KOTOPbIE CTOAT U ByAyT BCEraa CToATb rMraHTaMmm B CBOUX
COBEPLUEHHO Pa3NnNYHbIX 001aCTsX, COBEPLUEHHO OA4HA 1 Ta Xe».
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KUTaCKOM
MeAULUHbI

OavH YenoBek NPOocbllWan Hekoraa o LienebHbiX CBOMCTBax Hyaec-
HOW irobl FOOXXM 1 3axX0Ten BblpacTUTh ee B cBoeM cafy. OH pac-
YNCTUN MECTO, BbIMOJIOB COPHYIO Aepesy, Nocagun aparoueHHble
CEMEHa, 1 BbIPOC/A Yy HEro Ta Xe camas aepesa.

looxm — cobupartenibHoe HasBaHue ABYX ONN3KUX BUAOB, Aepesbl
00bIKHOBEHHOW Lycium barbarum v pepe3bl kutaiickow L. chinense.
370 KONoYMeE KYCTapHUKU CEMENCTBA Nac/IeHOBbIX, 0ObIKHOBEHHAas
hepesa BbipacTaeT oo TPexX C NONOBUHOM METPOB, KMTarcKas rno-
HUXe. Y HUX INNOBBIE LIBETKM-KONTOKOJIBYMKN 1 asble Aroabl 40 2 CM
B O/IMHY 1 o 1 cm B anameTtpe. OHN MSICUCTbIE, HA BKYC FOPbKO-
cnagkue. CuntaeTcs, 4To nnoabl 06bIKHOBEHHOW Aepesbl nosie3Hee,
0 HeW Mbl panbLue 1 6yaem roBopuThb.

Y 3TOro pacteHmMss MHOro Ha3BaHWM, Yalle BCEro MCMNonb3yoT
MNCKaXKeHHOE KNTaNCKOEe CNOBO «roaxu». CaMun kuTaliLbl HasbliBaloT
pacTteHne gouqi (royum), a ero naog — gougizi (royumusm). Zi o3Ha-
yaeT «Menkuii ppykT», a gou — «Bonk». OTctoaa, BUAMMO, M MOLLIO
Ha3BaHWe «BONYbA Aroaa», 06LLeynoTpedbuTenbHOE U B aHINNCKOM,
1 B PYCCKOM 63blke. BON4bMMU MMEHYIOT MHOIMMe arogbl, 04HaKko
nepesa 1akoro He 3acnyxuna. OHa He TOKCUYHA 1 aaxe BroJiHe
cbepnobHa, XoTa n HeBkycHa. PacTteT oHa B A3nn 1 KOro-BocTouHow
EBpone, B TOM uncne Ha tore Poccumn, HO 0COGEHHO nonynsipHa B
KuTae, roe ee HECKOJIbKO ThICAY JIET UCNOJBb3YIOT KakK IEKAPCTBEHHOE
1 MULLLEEBOE pacTeHune. ITa cTpaHa — [MaBHbIN MUPOBOM NPOU3-
BOAUTENb Aepesbl. MnaHTaumm 3aHnMaroT 82 ThicsuK ra, ypoxan
cocTaBnseT 95 Tbicay TOHH. Bonblas YyacTb nnaHTaumin pacnono-
XeHa B aBTOHOMHOM panioHe HuHca n B CuHbL3sHe. CuntaeTcs,
47O Aepesa n3 HnMHcsa — camas nydwas. Aroabl €481 CBEXUMN U
CyLUAT Ha COJIHLE, 4TOObI OHW J0JblLE COXPaHUINCK. BbiCyLleHHbIe
nnoapl BA3kKune, kak pesnHa. floaxmn nobasnsoT B Cyrbl, Kaliu, BUHO,
TyLlaT, 3aBapuBatoT U3 HUX Yan. Monoable NMCTbs KNaayT B canarbl.

B TpagVuMOHHOM KUTAaNCKON MeULMHE NCMONIb30BaHME Arog
roAXmu CBA3bIBAOT C UMEHEM NereHgapHoro npasutens LaHb-
HyHa, MOKPOBUTENS MEOULNHBI N CENIbCKOrO XO3SMCTBA, XUBLLUETO
3a 2800 net oo Hawew apbl. Aroapl NPUMEHSIIOT Kak TOHU3UPYIoLLEee
CpencTBO, KOTOPOE MO3BOJISET COXPaHUTb 3PEHNE, OENaeT COH
Kpenknum, a npobyxaeHne nerkmm, 3almLaeT Novykn, nevyeHb n
nerkue, noMoraet npu 6ecnnoanmn, Cyxom Kalune, rofoBHbIX 60/18X
1 FONIOBOKPY>XEHUN. A eLue roaxm npoajieBaeT MosoJoCTb, B4aCT-
HOCTW NPOTMBOOENCTBYET NPEXAEBPEMEHHOMY NOoceaeHunio. N Bce
3710 6Gnarogapst CNOCOOGHOCTY roAXW NOAAEPXKMBATL B OPraHn3me
6anaHc «UHb» U «Hb>.

EcTtecTBeHHO, 4yoOOENCTBEHHOM BOCTOYHOM SArogon 3anHTe-
pecoBanacb 3anagHass MeguumHa, KoTopylo 6anaHcom aHeprui
He npoiMelb. En nopaeai 6unonormyeckn akTMBHbIE BELLLECTBA,
MEXaHU3M UX OEeNCTBUS N KIIMHNYECKOE noaTeepxaeHne adpdek-
TUBHOCTM npenapara. Y1o X, Hago Tak Hago! M B nocnegHmne aea
necaTtka neT nosiBUI0Cb MHOXECTBO Nyonvkaumii, NOCBALLEHHbIX
LenebHbIM CBOMCTBAM roaxu. 3HadymTenbHas Ux 4acTb caenaHa
KUTaNCKNMKM y4yeHbiMU. HekoTopble 13 Hux Tpyaatca B CLUA, roe
KOHLLEHTPMPOBAHHbI COK FOAXKM 1 MOPOLLOK N3 HEr0 aKTUBHO MPO-
patoTcs B kadyectse BAJoB, nx coaBTopbl — B Kntae, 4acto npsamo
B HuHcs, n ®oHa ectecTBeHHbIX Hayk HUHCS nopaepxuBaeTt na-
yyeHue rogxu. Pasymeetcs, 3T 06CTOATENbCTBA HE BAUSIIOT Ha
pes3ynbTarbl UCCNEA0BaHNS.

Buonornyeckn akTMBHbLIX KOMMOHEHTOB Y FOAXW HaLUN OKOJO
200. KpacHbiii uBeT sirog, o6ecrneymBaloT NMMrMeHTbl KAPOTUHOWAbI,
MX coaepXaHune B Cyxmx nnonax konebdnercs ot 2 oo 4 mr/r. bonee
95% NMUIrMeHTOB NPUXOOUTCH Ha 3eakCaHTUH. VI3BECTHO, 4TO Ka-

I
I

3,

T

54




T s sl

T A 2V S Sl

s S el vk e

v ey b

i
!
L]
|

1
|

i
]
i

q
|

4

POTMHOMABI NONE3HbI AN 3PEHNS, B TOM YMCne NpeaoTBpallalT
CTapYECKYI0 AereHepaLmIo XenToro naTHa — 061acTn ceTHaTkuy, rae
doTopeLenTopbl PacnonoXeHbl 0COOEHHO rycTo. BMogoCTYNHOCTb,
TO €CTb CMOCOBHOCTb YCBaMBATLCS B OPraHn3Me, y 3eakCaHTMHa
Hu3kasa. OHa Bo3pacTaeT B TPM pasa, ec/in pacTosioyb Aroapbl B
ropsiuem ob6e3xmnpeHHomM Mmosoke (80°C). Boaa Takolh xe Temnepa-
Typbl unu Tennoe monoko (40°C) nogo6Horo acddekTa He aatoT. B
KaKoW CTeneHn Aroabl FoAXn NOMOraloT COXPaHUTb CeTHaTKy, Noka
HesicHo. C geicTBneM apyrnx oBoLLein n GpykToB, BoraTbix KApoTu-
HOMJaMu, X He cpaBHMBaNW. Kctatu, B TpaauLMOHHOM BOCTOYHOM
MeOunumMHe Noaen, y KOTopbIX NPobnemMbl CO 3peHNeEM, NOMb3YOT
pacTuTenbHbIMU CMECSIMM, B KOTOPbIX FOOXKM — NNLLIb OAWH U3 KOM-
MOHEHTOB. OTO Xe OTHOCUTCS U K Apyrium 3aboneaHuam. OgHako
ncecnenosarenn yTBepXaatoT, YTo Yyenosek, ceepatowmn 10—15
CYXUX irof, roAXu B AeHb, NMOMYYNT JOCTATOYHO KapOTUHOMOOB,
4TOObl COXPaHUTbL CeTHaTKy

Aroapl Takxe copgepxar cBoO60AHbIE aMUHOKMUCOTbI, B TOM YUC-
J1e NPOJIVH, TaypuH, 6eTanH (eMy NPUMMCLIBAIOT aHTMBO3PACTHOE
LENCTBME), raMMa-aMMUHOMACHISHYIO KNCNOTY, peHmnnnponaHon-
Obl 1 dnaBoHoMAabl, NONNGEHONIbHbIE COEANHEHMUS, BUTAMUHbI, B
nepByio o4epenb TMaMunH, pubodnaBmH 1 aCKOPOMHOBYIO KUCNOTY
(BuTamuH C). YBbI, B CyXunx sirogax ackopOunHOBO KUCNOThI CyLLe-
CTBEHHO MEHbLLE, YEM B CBEXWX. ECTb TakXXe LMHK, Xeneso n meab
B C/IE0BbIX KOJIMYECTBAX U HEMHOIO Macna.

OpaHako rnaBHom nevyedbHoM cybCcTaHUMEN rodxKm cCHUTatoT rnoavca-
xapuapl. Ha HUX npuxoamnTcs Ao 4eTBEPTU CyXOro Beca arogbl. 3TO
COXHas CMeCb NONMMEPOB PA3HOM AJIMHbI, COCTaBa M Pa3BETB/EH-
HOCTU. IX OCHOBHbIE KOMMOHEHTbLI: apabrHO3a, MI0K03a, ralakTo3a,
ranakTypoHoBas KMCnoTa, MaHHO3a, paMHO3a 1 KCUNo3a.

OKCTpaKT NoiMcaxapuaos rOTOBST, 3a/MBas NIEPEMOSIOThIE Cyxme
aroabl Bogon He ropsiyuee 60°C. MNoTOM SKCTPaKT BbICYLLUNBAIOT, U
nonyyaetcs Oypblii MOPOLLOK. DTOT NMOPOLLOK, & TakXe KOHLEH-
TPUPOBAHHbIN COK FOAXMU U CYLLIEHbIE iroabl aKkTUBHO NPOAAIOT Kak
BOroNornYeckn akTUBHYO A006aBKy, NOME3HYO NP MHOMX Heayrax.

[elicTBue akcTpakTa MccnegoBanm Ha KNeTouHbIX KynbTypax v na-
60paTOPHbIX XXMBOTHbLIX. OKa3anoCh, YTO BOAHbLIE SKCTPaKTbl FOAXMN
B/INSIIOT HA YPOBEHb MIOKO3bl U XUPHbIX KNCMOT B Niasme KPOoBU,
Ha MMMYHHbI CTaTyC, 3alUMLLAIOT KIETKMN CEeTYaTKn OT rMayKOMBbl,
NPOTMBOAENCTBYIOT CTapeHuto. OBbIMHO SKCMEPUMEHTATOPbI UC-
NONb3YIOT HEOHYULLEHHbIN 3KCTPAKT C HEYCTAHOBJIEHHBLIM COCTaBOM,
TEM HE MEHee ero akTUBHbIM AENCTBYIOLLUM KOMMOHEHTOM CHUTAIOT
nonucaxapupl. CBA3b Mexay XMMNU4eckuMmn ceoiicteaMmmn n 61o-
JIOMMYECKOWN aKTUBHOCTbIO ONPEeAEeNeHHbIX NoMcaxapuaoB 40 CUX
Mop He YCTaHOBUN, PABHO Kak 1 MEXaHNU3M VX OENCTBUS.

OKCNepUMEHTbI Ha XXMBOTHbIX NPOBOANAN, HAbN4asA 3a n3Me-
HEeHMEM OTAEesIbHbIX BUOXMMNYECKMX nokasartenen. bepyT, kK npu-
Mepy, CTapbiX MbILLIEN NI KPbIC 1 HEKOTOPOE BPEMS CKapMMBAIOT
MM 3KCTPAKT rogxu. B nnasme kpoBm TakMX XXUBOTHbBIX CHUXXAETCSA
cofepXXaHne aHTUOKCUAAHTHbIX PEPMEHTOB, 3aLLMLLAIOLWNX Op-
raHn3m OT OeNCTBUS aKTUBHbIX POPM KUCIOPOa, 1 3aMeanseTcs
OKUCNeHne NMNNAOB. AKTUBHbIE GOPMbI KNCIOPOAA NOBPEX AT
OroMOoneKyJsbl, NOJIOMKU C BO3PACTOM HaKanaMBalTCs, NOSBAS-

| XyaoxHuk M.Nepegeaehues!

I0TCS NPOGNEMbI CO 300POBbEM, HACTYMNAET CTAPOCTb. AHTUOKCU-
LAHTbl LOMKHBI 3TV NPOoBneMbl pewwnTb. MockobKy noamcaxapupl
roAXW — aHTUOKCUAAHTbI, OHM 3aMeaNsoT cTapeHne. BoT Takas
noruka. Kak cebs 4yBCTBYIOT MblILLN, HAKOPMJIEHHbIE SKCTpPakK-
TOM FOAXM, N HACKOJNIbKO A0JbLUE OHM HA CAMOM JeNe XUBYT, He
npoBepuan. A ecnm aKCTPakT CHMXaAeT COAEPXKAHWE MOKO3bl U
NNNNAO0B B KPOBU, MOXHO OObABUTL FOAXM NEPCNEeKTUBHbLIM aHTU-
nmabeTnyecknm cpeacTtBoM. ECTb AaHHble, YTO nonucaxapuapl
3a[lepXMBaloT PasBMUTME CapKOMbl 1 paka NpPOoCTaThl Y MbILLEN,
aKTMBMPYS UMMYHHYIO CcUcTeEMY. [1py 9TOM XMBOTHbIX NEYUIN He
YUCTBIM KCTPAKTOM FOAXM, @ CMECHIO C YECHOKOM.

Be3ycnoBHO, KNMHMYECKME UCMNBITAHWS, BbINOSHEHHbIE MO BCEM
npasunam, ¢ BOMHbIM CNENbIM KOHTPOJIEM, Obinn Obl ydeanTenb-
Hee. K coxaneHunio, Takux UCMblITaHWI O4EHb Mano, U 60NbLUYIO UX
4acTb NpoBena amepukaHckasa komnanus «Freelife International,
Inc.», KOTOpas cneumann3npyeTcs Ha Npoaaxe nuLLeBbix 4,O6ABOK,
B TOM 4McCne coka u srog rogxxu. B 2009 rogy komnaHmio 00BUHUAN
B JIOXXHOW peknamMe 4yao-cBONCTB L. barbarum. B Tom yncne pupma
yTBEPXAana, YTo iroAbl NOMOratoT 60JIbHbIM PaKOM, CCblIasiCh Npu
39TOM Ha AaHHble, NONlyYEHHbIE HAa KNEeTOUYHbIX KyNbTypax 1 K Yeno-
BEKY HEMPMMEHMMbIE. Tak 4TO KOMMaHWsa NOACYeTUNaCh U NpoBena
HECKOJIbKO KPaTKOCPOYHbIX UCMbITAHNI Ha Manol Bbibopke. O6 1x
[OCTOBEPHOCTN MOXHO CYAUTb MO HECKOJIbKMM MPUMEpPaM.

LLlecTHaguatb 300POBbLIX KNTANCKMX AOOPOBOSbLEB €XEOHEB-
HO BbINMBanu no 120 mn coka roaxmu ctaHgapTHOrO cocTaea,
nonyyas 1,632 mr nonucaxapugoe B geHb. CnycTta nBe Hegenun
OHU COoOBLWMAN, YTO YYBCTBYIOT cebsi aHeprnyHee n dogpee, UM
nerye cocpenoTounTbCsl, COH YNYHLWWUICS U Xenyaok pabortaeT
npekpacHo. BoceMHaauatbe y4aCTHUKOB KOHTPOJLHOW rpynnbl,
KOTOpPbIE MOMyYann NOXOXYK Ha COK XWAKOCTb, COCTOSILLYIO 13
caxapa, IMMOHHOW KNCNOTbI 1 KPACUTENS, HUKAKUX NU3MEHEHUI He
No4yBCTBOBANN, NMNLLL OONH CTasn cHacTnvBee, a Apyron 3apaboTtan
n3xory. CpaBHUTb AEACTBUE COKA FOAXN C APYrUMY GPYKTOBLIMU
COKaMM HUKTO 1 He nogyman. B opyrom nccnenoBaHum nATHaoLaTb
4yenoBek C N36bITOYHbIM BECOM 32 [1IBE HEAENN NOTEPSIN MO 5 CM B
Tanuun. Kak USMeHUNCH X BeEC — HEU3BECTHO, KaK ALONro Npoan-
csa appekT — TOXE. N OCTOBEPHOCTb 3TUX PE3YNLTATOB, YECTHO
roBOPS, BbI3bIBAET COMHEHUS.

KuTanckne cneunanncTbl NbITANNCh N€4UTb SKCTPAKTOM rof-
XK1 B6ONbHbLIX caxapHbiM Anabetom 2-ro Tuna. TpuauaTb CEMb
naumMeHTOB ABaxbl B AeHb Nonyyanu kancynbl co 150 Mr cyxoro
akcTpakTa, 30 y4aCcTHUKOB KOHTPOJIbHOW rpynmnbl — Kancynbl C
MUKPOKPUCTAINYECKOW Lienniono3oi. Cnycta Tpu Mecsiua 1c-
cnepoBaTeniv NPOBEPUIIN, Kak MEHSAETCH COAEPXaHWNe MIOKO3bl B
KPOBM MNALMEHTOB MNOCJIE TOrO, KaK OHU BbIMbIOT XXUPHbIA KOKTENb.
Y KOHTPOJSIbHOW rpynmnbl nokasarenn okasanucb aydwe. Mpu aTom
cucTemMaTnyeckoro HabnoaeHs 3a naumeHTaMm He BeNu, MHorme
MX HUX BO BPEMS CCNeoBaHNs NPUHUManu opyrne nekapcraa.

CneumanncTbl U cCaMy NPU3HAIOT, YTO AAHHBIX O MONIE3HbIX CBON-
CTBax rogXu noka HegocTatoyHo. Ho ecnm Bam Oo4eHb Xxo4veTcs
BEpUTb, NonpobyiTe nocaguTb Aepesy y cebs non okHom. Kyct
KpacwuBbli, aroapl 6e3BpenHble.

H.PyuykuHa
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IlBepu caBaHHbI

3pyapa Waypos

Paio [lyrnacy bpagbepu nocssiLjaercst

[lBa cnapeHHbIX 3BEHA — YeThbIpe TPOkn BOMLOB, KaxXapli B
NEerkom 6poHe n LWneme ¢ TakTnyecknm 3abpanom. [1ga cHai-
nepa-6nun3Heva c pa3nskHoiMu «MNeperpuH-200». Onepartop
OpPOHOB-pa3eenynkoB. Onepatop nogasneHus nomex. [ga
oneparopa-peakTUBLLMKA C Harnae4YHbIMU paMamMm MyCcKOBbIX
YCTaHOBOK. A KpOME TOro, HaBoA4YMK OOEBOW KMOEPCUCTEMBI,
KOOPAMHATOP NOKANbHOM CeTN OTPSAA, KOOPAMHATOP BHELLUHEN
CETU N, KOHEYHO, KOMaHAMP rpynnel. [lBaauarts ABa Yenoseka.
LLITaTHbI B3BOA, FOPOACKOr0O CreLHasa.

[ariB HarHyncs K CTeKNISHHOMY NPUIAaBKy, Ha KOTOPOM ABY-
Ms psgamMu CTosIM ManeHbkme, He 6onblle BOCbMY O0NMOB,
durypku.

— B kaxgoro BCTpoeH npoueccop KpanrpaH AHan, — ropao
coobLwmna cumnaTnyHas npoaaswmua. — @yHKUMK, KOHEYHO,
yCeyeHbl, HO NPaKTU4EeCKU 3TO TOT Xe NPOoLEeCcCop, KAKUMU KOM-
MAEKTYIOT HACTOSALLMX POOOTOB.

Ha npogasLlumue, Kak U Ha NpoYnX COTPyOHMKax, bbinv cu-
He-KpacHbIe CMeKCbl B MaCCUBHOM Onpase — KOPNopaTuBHbLIN
CcTunb cynepmapkeTtos Dak. [1a1iB B3sn ¢ npunaeka OgHOro n3
CneuHas30BLEB, NobysACb, OCMOTPEN PUNYPKY CO BCEX CTOPOH.
YepT nx nobepu! Te Dxun-Ain X0, 4TO KOrga-To COCTaBAsSIN
npegMeT BOXAeNeHnst ManieHbkoro [1aBa, HU B Kakoe cpaBHe-
HVe He Wnn ¢ 3TUMK. CNOXHbIE LLUAPHUPHbBIE CYCTaBhbl, NONHas
aBTOHOMUS ABUraTENbHbIX PYHKLNA, aMYHULIMS — TOYHAs KONust
HacTosiLelr, abCoNOTHO XKMBble Nuua nog, 3abpanamu. [0siie,
HaBepHoe, Aaxe He yanBUCS 6bl, Y3HaB, 4TO MUKPOCKOMUYE-
CKYIO LLIETUHY Ha MrpyLLIEYHbIX N0A60pOoaKax NonaraeTcs BpeMs
OT BpEMEHMU BPUTb UIPYLLEYHOM BPUTBON.

— YnpaBnsioTcs HENOCPEACTBEHHO C rOJIOBHOMO 6peHyYnna
yepes CTaHOAPTHLIN CNeKc-MOHUTOP, — coobLmna npoaas-
wmua, — HO pearvpyloT 1 Ha ronocoBble KOMaHabl. VimetoT
LBECTN BOCEMbAECAT CTaHAAPTHbLIX NPOrpaMm-cLeHapmneB C
BO3MOXHOCTbIO KOMOUHMPOBaHWs. Opyxue 3apsxkaeTcs nysb-
KaMun-MuKpokancynamm. BpoHs n3rotoeneHa n3 HacTosLLLEero
yrnennactoBoro komnoauta. K Habopy MOXHO OTAENBbHO KynUTb
OpoHeaBTOMOOUIb, CTAHKOBLIE MPAHATOMETbI U NEPEHOCHbIE
KoMnekchbl Ans 60pLObI ¢ AgpoHamMn. TeM, KTO NOKyNaeT ToBap
C npunaBeka cynepMapkeTa, Mbl npegnaraem 4ONOSHUTESbHbIE
NbrOTHbIE YC/YrY Ha TEKYLLYIO HAaCTPOWKY, NepernpoLUnBKyY U
rapaHTuinHoe 06CnyXMBaHME. ..

— B petctBe, — no4Tu He cnywwaga ee, nporosopun sms, —y
MeHs1 Obl1 Habop 3eneHbIX 6epeToB. Mbl ¢ ApyrMm navaHamu
cobupanuce B i Kpurike 1 ycTpaveanv B 4albHNX aJIESIX HACTO-
awme 6aranvn. Y boba CneHcepa 6bin1o YeTbipe «Abpamca-M»,
y AHBapa Koyna — atoxuHa 6oeBbix nnosuoB 13 CAT, ay [luka
Ma3sypcku — BOOGLLE LWLECTb HAOOPOB 1 OAVH CTPALUHO PEOKUIA:
ABajaLaTh NOASPHBIX CNELHa30BLEB ax U3 camomn Poccun. Ka-
XeTcsl, eMy X npucnan osaas.

Ha nuue npoaasLumLbl NOSIBUNOCH NIErkOe 3aMeLLaTensCTBO.

— 91 Mory npennoxmnTe Bam Apakkap ¢ HAbOPOM BUKUHIOB
nnu ppaHLy3CKMX rBapaenLeB BOCEMHAALATOrO BEKA. .. — NPo-
roBOpuIIa OHa HEeYBEPEHHO.
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— HeTt-HeT, — nocnewHo ckazan [aiie. — 9 6epy. Ckosbko
MHE HYXHO 3annatntb?

— CekyHaouky. — [leByluka 3aynbibanachk, 1 B crekcax [JanBa
BCMIbM UM pbl. — ITO yXe Co cknakon. Ecnu Bo3bmeTe ABa
Habopa, Mara3uH roToB CHU3WTb LIEHY ELLLE HaMoM0OBUHY.

— Cnacunbo. — [anB nokavan ronoson: — OgHOro noka
XBaTUT.

— Kak ckaxerte.

Mepen rnasamu BbICBETUMCH CTPOYKM PEKBU3NTOB. [a1iB
aKTMBMPOBAs onepaumio.

YXe yepes nNATb MUHYT C KPaCOYHOW NacTMKOBOW KOPOOKOIA
MOA, MbILLKOV OH BbILLES HA ynuuy. 9pKo-XenTtoe agToMmarnye-
CKOE TakCu, MOBMHYSICb 3anpOCy €ro roJI0OBHOIO 4Mna, CBEPHYIO
K 0604NHE, rOCTENPUMMHO PacKpbiBasi ABEPU.

— Mopymaiite unn Ha3oBUTE HEOOXOAUMBIN BaM aapec, —
npomypibikana cumcrema 6apxatHbiM 6apUTOHOM.

— KodmaH-poya natbaecat, — ckazan [asne, nagasa Ha cu-
neHbe. — M nobbicTpee.

— 3apascTeyniTe, muctep CaHaepc. Bam Ha aBaguatbin? MNMoay-
ManTe U HA30BUTE HYXXHbIM 3TaX, — YCIY>XIMBO NpoLlenTanu
3epkanbHble ABepu nudrTa.

— MHe Ha COpoK NaTbI, — BOP4YIMBO oTBETUN damB. — U g
He Canpepc, a CanmoHg,

HaBepHoe, cTonno 6bl pa3o3nTLCS, HTO ero NyTatoT C KaKUM-
T0 Tam CaHOepCcoMm, HO CEeroaHsa COBEPLLEHHO HE XOTENOCH.

«Korpa BnagenbLpbl HAKOHEL, HACTPOAT CUCTEMY?» — pas-
MbIlwnan [sne, waras no KOpuaopy ataxHoro cektopa. OH
OCTaHOBWJICS Y OBEPU B KBAPTUPY. LLIeBenbHynca rma3ok pac-
no3HaBaTens, Hag HAM 3aMuran CUrHaa roToBHOCTU. [131B no-
ayman uydpbl BXOAHOro koaa. bpennuvn TpaHcopmMmposan
CUrHan 1 4yepes BUCOYHbIE KOHTaKTbl MTHOBEHHO nepeaan ero
B TpaHCcnsTopbl cnekcoB. KpacHbIi oroHek BO3GyXAeHHO 3a-
Muran. [1sme cxan nanbLibl HA ABEPHON pydke. ManunnapHbIi
CKaHep, cYMTaB OTMneYaTky X03samMHa, PagoCTHO NePeKIYm
OFOHEK CuUrHana Ha 3eneHblii — 0obpo noxanoearb, MUCTEP
CanmoHa! — v pyyka MArko NpoOBEpPHyYacCh.

KT0-TO Ha30BET TPOIMHONM KOHTPOJIb AOCTYNA HEHYXHbIM N3-
JIMLWLECTBOM, HO, paboTas ornepatopoM B oxpaHe «Makcu MyH
KOMMYHUKSALWH», [191B HACMOTPENCS Ha BCAKMX JIOBKAYEM U HA
BCsIKMe CNocoObl HE3aKOHHbIX MPOHNKHOBEHWI. He To 4ToObl OH
CcTan NapaHoOuKoM, HO NMPOLLE NOCTaBUTb Napy AOMNOJHUTENb-
HbIX YNMOB, YeM BOATLCS 3a CBOMX POAHbIX. Mo AoM — Mosi
KPenocTb.

— 3ppascTeyi, munas! 9 yxe goma!

XyAeHbkasi MUIOBMOHAA XEHLLMHA, BO3MBLUAACS Y NaHeNm
KynvHapHoro gecybnumaropa, obepHynacbk. Ha ry6ax Jinam
pacuBena pobkas ynbibka, 6yaro UBETOK M3 MaraduHa «Pnopu-
yc meTtamopd». Ckonbko [JaB NnoMHMA, ero xeHa Bceraa obina
Tnxom. Korga-To AaBHO OH 1 3anan Ha OyayLuyto Cynpyry 3a aTy
YOVBAIEHHYIO MYTTIMBOCTb U ELLLE — 32 OFPOMHBIE BMIXHbIE 11a3a
YyQHOro paspesa.
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— KypsaTtuHa B npouecce, — ckasana JIn3u, ¢ roTOBHOCTbIO
noacTaensas rydbl ons nouenys. — Tbl CErogHs COBCEM PaHo.
MoxeT, ny4iue 6bi10 3aKka3aTb YTO-HMOYOb C AOCTaBKOK?

— Hert, — ynbibascb, otBeTMn [ariB. — A xouy, 4Tobbl ceroa-
H$1 Obl1 0CODEHHbIN YXXMH, 1 MHE HPaBUTCS, Kak Tbl FOTOBULLb.

Jn3u cnerka nokpacHena. CyTb ee roToBKM CBOAMACH K Bbl-
6opy nporpamMmm B aecybnnmarope, Ho noxeasna Obina npusaTHa.

— Ay4To 3TO Yy TEGA?

— Mopapok ana Yapnn. — 3B nocTaBui KOPOOKyY Ha Mnos
3a NOAJIOKOTHMKOM AuBaHa: — Hapelocb, eMy NOHpaBUTCS.
KcTatun, oH roe?

— B peTckoii, kak 06bl4HO. [o3BaTh?

— Hert, — ckasan [131iB, 06HMMas XeHy 3a nnedyn. — Bpy4dy
3a YXXMHoM. Tbl OTNpaensna ero rynsatb?

— [la, Ha nonTopayaca B LLaroapomMm, Ha NaTHaauUaThn. — Myobl
JIn3n cnoxunuce B nevasnbHyo ckobky. — 3Haellb, No-Moemy,
Yapam NpocTo HeHaBUAMUT 3T CTPOSIEPbI U MPOrynoYHbIE O0-
POXKN.

[ane nomopLumncs.

— MHe He HpaBuUTCS, YTO OH AeHb-AeHbCKoM cuamT B CeTn, —
cKkasaJs1 OH, NbITasiCb OCTaBaTLCA CMOKOVHbLIM. — Koraa MHe 6b1510
OBeHaauaThb, s, KOHEYHO, He 6erasn no ynuuam kak 3aBedeHHbIN,
HO CXOAUTb C APY3bsiMU B «DNEKTPOOONI» UK Ha kKnbepmarbl
B «<AcMoknab», U1 NPOCTO NPOLLBLIPHYTLCS Mo ecaToin. ..

— Tbl CEroaHs Kakon-TO CTPaHHbIN, — OMacinBO NMPOroBoO-
pvna Jlnsn. — Ha paboTe Bce B nopsigke?

— Ja, 6onee-meHee. A 4TO 3TO C OKHOM?

— A 4TO MOXET ObITb C OKHOM?

— He 3Hato... — O6orHys cton, 1B 0CTaHOBWUJICS Y LLMPO-
KO, MOYTW BO BCIO CTEHY, MAHEsNN 9IEKTPOHHOI0 OKHa.

MHOukaTop Ha HUXKHEM purene OKaHTOBKW pa3MepeHHOo Mu-
ran, CMrHann3npys o pasrpyske Kamepbl MyCOpONpUeMHmKa.
CrtpaHHo. [151B NpnaBnHYNCs K 3KpaHy v 3arnsiHys BBEPX, BHA3,
Ha LIeCTMNONOCHYI0 NeHTy KodmaH-poya, 3aTemM 4y Tb yBENNHUA
n300paxeHne, BCMOTpPescs. XXKy4ku MaLLH 1 MypaBby peaKmnx
neLexoaoB Mexay CTo/1I0MKaMmn NapKOBOYHbIX CHETYMKOB — BCE
3amMepJsIo B CTPAHHOM YTOMMYECKOM CTOM-Kaape.

[ane cHOBa nomMopLumIcS.

— Tbl HE MEH$I1a HACTPOMKN OKHA? — CMPOCWI1 OH, 3apaHee
3Has OTBET.

— Het, — ncnyraHHo oTo3Banachk JInan. — 9710, HaBepHoe,
Yapnun, — pobasunna oHa N3BUHSAOLLMMCS TOHOM, — LUASWJ...

«Wanunn... — noayman [ans — WHTepecHO, Kak AaBHO
Halle OKHO NMOKa3blBAE€T CKPUHLLOTHI, 1 3a4eM OH BOOOLLIE 3TO
coenan?»

OH BbI3BaJ1 B cnekcax KOHTEKCTHOE MEHIO, HO YXKe Yepes Mu-
HYTY NOHSJ, 4TO HE MOXET CO0Bpa3unTb, Kak BEPHYTb HACTPOWKM,
1, YePTbIXHYBLUMCH, 3anyCTuN nepesarpy3ky cmctembl. OKHO 3a-
OYyMYMBO MUTHYJI0, U NPSAMO Nepea n1uom [siiea HeoXuaaHHo
BO3HMKJ1A Tynasi MOpAa KOMMYyHanbHOro axettepa. LLnpokuia,
CJIOBHO NIOK KaHanmM3auuu, pactpyd mMensieHHo oThbiBan
Hasapg, LWeBesns yCMKamMu o4McTUuTenen, roe-1o B rmybuHe He-
HaCbITHOM yTPOObI an4yHoO TEPANCL APYr O Apyra akysbu 3yObl
namMeneunTenei. LLieBenbHyNnncb 3akpbiikuy, OXETTep ynpyro
Ka4yHyJ/ICs Ha CTPye rasa u ylien HaBepx, K COPOK LLIeCToOMy.
OOHOBPEMEHHO C 3TUM MEeNIoANYHLIMN KOJIOKOSIbLIaMK 3a3Be-
Hen necybnmmarop.

— Hy kak gena, repon? — [0siiB, ynblibasicb, MepW CbiHa BHU-
MatebHbIM B3rNS40M.

ToLmii HecknaaHbli MasbyKMLLKa NePecTynn C HOMM Ha HOry.
MauaH kak nauaH, ¢ 6enobpbICON Yenkon, cBUCaloLWEN Ha
y3eHbKKe, He TOJILLE MU3UHLA, Crekcbl. Bnpoyem, cevac oHm
Ha3bIBAIOT X JIMHEPAMW UM KaK-TO B 3TOM [IyXe, a ELLIE paHbLUe
Ha3blBa/IM CTUKCETaMU.
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— HopmanbHo, — ckazan Yapnu, msaas Ha nosn.

— Xouy coenatb Tebe noaapok, — ynbidasick, coodwumn [3is.

— KpyTo, — paBHOAYLWHO oTO3Basica Yapnu. — A cerogHsi
KaKoW-TO NpasaHnK?

— Bpopae Toro. 3akpoii rmasa.

— 3auem?

— 3akpoWn, roBopio.

Yapan noKopHO 3akpbla rnasa n cpasy caenancs nyrawwe
OTCTPaHeHHbIM. benokoxee CNOKOMHOE NNL0, NEPEYEPKHYTOE
Y3KOW NOSIOCKOM 3epkabHbix cTeko. HepT! MNMpowunbie cnekcol
OblNN LWMPUHOM XOTA 6bl ¢ 6onblioi naneu. OagHaxabl 3B
CNPOCUI CbiHA, YTO OH BOOGLLIE MOXET TamM pa3obpatb? U oT-
NPbICK BbICOKOMEPHO OTBETWI, YTO NMPUMUTUBHBIN BU3yan A4S
HEro He rnasBHoe.

LiBeTacTtas kopobka nosiBnnIach U3-3a Kpas AnBaHa v Topxe-
CTBEHHO ONyCTUNach B NOACTABAEHHbIE MaTbYULLEYbU TAAOHN.

— MOXHO OTKpbIBaTb, — PaAOCTHO coobLWwmn [3nB.

C BblpaxeHnem HanpsiXXeHHOro BHMMaHua Yapnm xmypo
OCMOTPES KOPOOKY CO BCEX CTOPOH.

— Hy, kak? — Pot [JaliBa pacTsHy/cs OT yxa [0 yxa.

— Knacc, — ckasan mans4mk. — Cnacumbo.

YyTb NnokonebaBLUMCb, OH OTBEPHYJICS 1 aKKypaTHO MNOI0XM
KOpOOKY Ha AMBaH.

— Jaxe He OTKpoeLlb? — NOTPSICEHHO Nporosopwn [anB..

— 3auem? — Yapnu noxan nned4amu. — 9 npocMoTpen Tn-
kogpl. Tam ABaguatb ABa MUHW-aHOM, TMNa B3BOS, CNeyHasa.
Hassatb napameTpbl?

[13lAB OTKPbIN POT, NblTasiCb NepeBapunTb CkadaHHOEe 1 coobpa-
3UTb, KaK CnenyeT pearnpoBaTb. MbICNK B rOI0BE CMELLIANIUC,
M TONbKO ronoc J1nau BbIBEN €ro U3 cTynopa:

— Bce rotoso! Manb4ukn, ngute K CcTony.

[Moka OHM yCTpanBanncb BOKPYr OBaSIbHOM CTONELLHNLLbI, NOKa
pa3bupanu Nprbopbl 1 HANOJTHANM Tapesnku, 061aa Co 3/10CThIO,
B NEepPBbLIA MOMEHT 3axfiecTHyBLIME []a1iBa, NOCTENEHHO yne-
rMUCb, YCTYyNasi MECTO TEPMNENNBOMY PACCy404YHOMY YyBCTBY.
«Hy 1 410, B KOHLE KOHUOB? YTO NpOM30LWWno? — aymMas OH,
NepeXeBbIBas XPYCTSLLYIO KYPUHYIO KOPOYKY 1 NOrNsaabiBas Ha
Yapnu, yHbIO ThiKaloLero BUIKON B rapHmp. — Kaxabin pea-
rMpyerT, kak ymeeT. A 0eTu ceiiyac Takme CTpaHHble. Hy>XHO ObITb
caep>xaHHee 1 cnokoHee. Ml Torga Bce CTaHET HA CBOM MECTa».

— Kak pena B wkone? — cnpocun [1siB, ctapasicb roBOpPUTb
6e33a60THO.

Yapnu 6bICTPO NOKOCUCS Ha OTLA.

— HopmanbHo.

— Mpoxoannu 4To-HMbyOb NHTEpecHoe?

— KnaccunkoB ¢pyTyprUCTMHECKOrO POMaHTU3Ma, — OTBETUN
Yapnn nocne maneHbkom nayabl.

— N kak Tebe?

— Hwuyero... Mectamm noy4mnTensHo.

— 9 Toxe untan B getctee bpanbepun, — pagoCcTHO noge-
nuncsa ane. — MHe HpaBmaoCh.

Yapan akkypaTHO MosIOXnNN BUIIKY.

— {'yxe Haencs, — ckasas OH HErpomko. — MoxHo, s nonay?

— Het. — JlagoHb [1anBa TMX0, HO TBEPAO NIEra Ha CToN. —
Bo-nepBbIx, AoELb TO, YTO NEXUT B TAPESIKE, a BO-BTOPbIX, Y
MEHS eCTb O4eHb BaXXHOE 0ObSIBIIEHME.

— O6bsBneHne? — nepecnpocuna Jinau.

— Ha. — [131iB TOpXXEeCTBEHHO OCMOTPES CBOIO ceMblto: — Ce-
roAHs 9 B3/1 OTNYCK Ha TPy Heaenu u 3abpoHnpoBan OuneThl.
Mbl neTumM oTapIxaTb Ha OCTPOB Haypy.

— Haypy? — HeyBepeHHO ynbibasicb, nepecnpocuna
Jn3n. — Arpe ato?

— B Tuxom okeaHe, — coobwmn 3. — 310 MUKpoHe3ust.
Tpwn Heagenun B ManieHbkoM OyHrano, nasXx, nanabMbl, KOPT ONs
TeHHuCca, abopureHsbl B LLAnkax n3 kokoca 1 Hukakoro MHTep-



HeTa. [0NHOCTBLIO AeceTn3npoBaHHas 30Ha. Taknx BCero natb
Ha BeCcb Mmp. — OH NoKasan pacTomnblpeHHble NanbLbl: — bno-
KMPYIOT Jaxe CUrHasbl CO CMYyTHUKOB.

Ha nuue J1nsn Havyano npocTynaTtb BOCXMLLLEHHO-HEL0BED-
YMBOE BbIpAXEHME.

— Tpwv Heaenuy CNNOLIHSAKOM U3 3eneHbIX BoSH. — [Masa ansa
6nectenn. — PakyLukn, 6enbiii NECOK M LLE3NIOHIM Ha NISXE.

— 9 He noeny, — BAPYr ckasan Yapnw.

Poantenn B3oporHynm n pasom o6epHynm1Chb.

Manb4ymk cugen, HeeCTeCTBEHHO BbINPAMUBLUUCHL U OTOABU-
HYB OT cebs Tapesnky.

— OcTaBbTe MHE KYMNOHbI Ha MecsL, 1 e3xariTe. MoxeTe nepe-
KJIOYNTb BCE CMapThbl B FyBEPHAHT-PEXUM.

— Yec... — J1nuo JInau BbITSHYNOCh.

[31iB ObIN1 BHYTPEHHE rOTOB K HEMY-TO NOA0OHOMY.

— Kak Tebs1 noHMMaTb? — CnpoCK OH OYEHb CMOKOMHO.

— 9 He Mory NPoONyCTUTb TP HEAENN B LLKOJE, Y MEHS BaX-
Hble TECTbI.

— EpyHpa, — ckazan [1311B, BHUMATENBLHO MSAs Ha CbiHA. —
CerogHs s rosopun ¢ muccuc bnaiip. Co wkonoit npobnem He
oynerT.

— 91 He noeny, — nosTOpPUN Yapnu ynpsimo.

— MNoepewsb. Kakoe-T1o Bpems 6e3 VIHTepHeTa noiget Tede
TONbKO Ha Nonb3dy. OTAOXHELWb OT CETU N OT CBOUX OPY3€EN,
KOTOPbIX HUKTO HUKOrAa B ra3a He BUAEer.

PoT Yapnn nepekocuno.

— Y70 Tbl NOHMMAaELWb? — MPOLUMMEN OH NOYTU C HEHABU-
cTblo. — CamMum BanmTe Ha CBOI OCTPOB. $1 0cTaloCh.

— Bcratb! — Tmxo n sipocTHo ckasan Oans. — Connsik. Thl
noepellb, Kyaa tebe ckaxyT. A cevac MapLu B AETCKYIO.

Yapnu Bcko4nn, easa He YPoHUB CTYI.

— Mopapok! — psaBkHyn Odane. — MNogapok Mo 3abepu! A
He cMel 6onblue TporaTb OKHO!

CxBaTtuvB C AMBaHa LBETHYI KOPOOKY, LUMMSALWMIA OT BO3MY-
LeHua Yapnu BblieTen Npoyb U3 CTONI0BON.

Mapy MUHYT poauTenn mon4anu, Maasa Ha KkadaroLeecs rno-
NOTHO ABepwu, NOTOM JIn3u NacKOBO NONOXMNA Naf0Hb MYXY
Ha 3anscTbe.

— MunbIii, MOXET, HE Ha[10 Ha HEro Tak? — NPOroBopuna oHa
npocutensHo. — Hy, noeaem He Ha TOT OCTPOB, a Ha APYro. ..

— Hapo! — npopsblyan [ariB. — Heyxenu Tl He BuavLwb? Ml
TepsieM cbiHa. Korga Tl B NOCNeQHWIM pa3 Cribilana OT Hero 4To-
HMOYOb, KPOME «Oa», «<HEeT» U «CMOKOMHOM HoUYM»? Tbl 3HaeLUb
ero gpy3sen? MNoppyr? Xotsa 66l oaHOro? OH AeHb-AEHLCKON B
ceTn. OH NOXOX Ha HapKOMaHa C JONAaMWUHOBLIM MMMIAHTOM!
Tbl BUOENA HAPKOMAHOB C AONAMWUHOBLIMU UMMJIAHTaMN?

— Y70 TbI TAKOE roBOPULLL? — NpobopmoTana Jinsu.

— 9 6otocb, — ronoc [anea onycTuncsa oo wenoTta, — g
XYTKO 60t0Cb. Mbl HE 3HAEM, YEM OH XWMBET, YTO OENaET, rae
ObiBaeT. Mbl HM YepTa NPOo HEro He 3HaeM. Ha oHsAx s nonbitancs
yepes pPoanTENbCKUM KaHan 3arnsiHyTb B €ro Kiactepsbl, 1 MHe
oTkasanu B goctyne. NoHumaewb? MeHs gaxe B NPUXOXYHO
He BNyCTUAN. [ecaTtok NNNOBbIX KOHTAKTOB, AECSTOK JIEBbIX
pecypcoB, CO BCEMU MOVIMU BLUMBLIMUW gornyckamu. 1 MHe aTo
He HpaBuTcs!

— [anBun, noxanyincra...

— MHe He HpaBuTCca! — noyTn KpukHyn [1arBe, He caywas
XeHy. — MHe He HpaBuTCS, KOrga Ha MeHs1 CMOTPSIT, Kak Ha
BpefHOe Hacekomoe. MHe He HpaBuTcs, korga 610KMpyLoT
poctyn. MHe He HpaBUTCS, KOrga MOM CbiH LEesbIMU OHAMU
cuanT B No3e byoasl nocpeam TeMHOM KOMHATbI U NSNTCH B
CrMeKChbl, KOTOPblE MOKa3blBAOT O4HWN NUK-KOAbl. Mbl Kynnnu
€My B JETCKYIO lydLUNEe BU3EOCTEHbI, Kakme CMOIMM OnnaTuThb:
C 0O6bEMHBIM 3BYKOM, C 3MyNSTOPOM 3anaxos.. 9 6bl B AETCTBE
yMep OT pagocCTu, Nogapu MHe Npeakun Takoe, a eMy nnesaTb.

— He nneearb. CoBcem He nneBarb. [1o3aByepa Tbl C HUM
MOroBOpPWI, N BY4EPA OH YXXe BKJIOHaN Kakme-To KapTUHKN.

— 3BameyartenbHo! Tenepb OH MeEANTUPYET NOCPEeaUn KapTu-
HOK.

— Ho y Hero mHoro ypokos... — npo6opmoTana Jinsu.

— bpen! — O3B yoapwn no ctony Kynakom: — CerogHs s
roBOpPWII C KypatopoM mx knacca! OHa He 3HaET, YEM e€ YHEHUKMN
3aHuMmMatoTcs B wkone. OHa 6onTcs, 4TO B BOCbMU CNy4asx U3
necatu npenogaet 60Tam.

— A Kak Xe LKOJbHble PUNbLTPLI?

— 9 He 3Halo, — NpomnsHec [1s1B MpayHO. — Ha Toin Hegene
MHE COOOLLMNN, YTO B HALLEN KBapTUpe OblIM NEPEKOAMPOBAHbI
HapPYXHbIE JIIOKN OYUCTKU U AOCTaBKW. YNPaBASIOLWLMA peLunn,
4TO 3TO cOOM coOPTa, XXYTKO N3BUHANCS. A B HaLLeM aome Gusib-
TPpbl NOCEPbE3HEE LLKOMbHbIX... YeCTHO rOBOPS, 51 YXXe HU B YEM
He YBEPEH...

Jlnsn murHyna.

— Mbl He Bcerga noHnmaem HYapnam, — ckasana oHa gpoxa-
LM FOJSIOCOM, — HO KMBEPMNCUXOI0r FOBOPUT, YTO 3TO CKOpee
HOopManbHO. Beab y HEro 6peniHYnn TPETLENO NOKONEHNS, A Y
HaC TOJIbKO BTOPOro. ECv Mbl 3aX0TUM 1 NOCTapaeMcs nonactb
B NporpamMmy...

— Haw pebeHok yxoamT B acTpan, — TUXO ckaslan [aii.,
BMIOTHYIO MPUABUIrasiChb K XXeHe, — B HePTOBY LI POBYIO HUP-
BaHy, rae HeT Hu Tebs, HU MeHsI, HU 3eMnu, HU Heba, rae Bo-
00LLe BCce Han3HaHKy... OgHaxapl, No paboTe, 8 noaxoyancs
K NapHIO C TPETbUM... — Ero rybbl AporHynm: — ...n 60sbLUE HE
XO4Y HMYEro Takoro. Tbl MOHMMAaEeLLb?

HekoTopoe Bpems [anB Monya BOAUN NanbLeM No Kpato
Tapesnkun, 3atemM, CJIOBHO OYHYBLUMCb, MOOHAN r1a3a Ha XeHY.

— Cnywai, — ckasan OH 3aQyM4YMBO: — MOXET, HAM CTOUT
nepeBecTy Hapnu B KOHTAKTHYO LLKOJY?

— A pa3Be Takue eLle ecTb?

— EcTb napa-Tpolika: 3a napkom dPpaHknnHa, Ha MapnnH-
poya u B Cukc-TNMonHT.

— Ho Benpb ncuxonor... — xanobHo Havana Jlusn.

[3aMB CTUCHYN YeniocTu.

— Tbl BUAENA Er0 HOBbIE CMEKCHI? — CNPOCKIT OH MNOYTY 3J10.

— JInHepsl, — nonpasuna Jnsn.

— A 3Haellb, CKOJIbKO OHU CTOAT?

— Huckonbko. OH 06MeHSANCS C KEM-TO U3 NpUsATENel Yepes
CETEBYIO AOCTABKY...

— Yeprta ¢ gpa! — [Oaiie pybaHyn nagoHblo BO3ayx. — JTO
LX. Mogenb noctynuna B NPoAaxy B KOHUe Toro mecsua. OHa
CTOUT NonTopbl Thicayn. MonTtopbl! Xoten 6kl 9 3HaTb, rae OH
B35 AeHbrn. NMapeHb NpOCTOo BeLlaeT Ham nanLy...

Jln3un oTKpblaa poT, HO B 3TO BPEMS MPOH3UTESNbHbIN 3BYK
3acTtasun [1sBa NOACKOYUTb Ha CTyne. Ha wunpokon naHenu
OKHa 3amMurana Haanucblo: «BHMaHme! OnacHoCTb Bo3ropa-
HUS B aeTckoin. OnacHOCTb BO3ropaHus B aetckon». Cnycrs
MIHOBEHME Takme xe OyKBbl BCMbUIN B CTEK/IAX CNEKCOB, a
eLle 4epes3 MrHoBeHne — 3abyOHNIN TPAHCAATOPbI B Ay>KKax
onpasbl: «<BHMMaHmne! OnacHOCTb BO3ropaHus B AETCKON. ..»

OnpokurHyB cTyn, [131AB BLICKOYMIT U3 CTOJIOBOW, B HECKOJIBKO
NPbIKKOB NePeceK OCTUHYIO, PBaHY N3 HALLUN OrHETYLUNTESb.
EnBa He 3awmbuB agepbio 6exaBLuyio c3aav J1nau, oH Bneten
B JETCKYIO C KpacHbIM 6annoHOM HanepesBec U... MoTepsics.
Apkoe adpprkaHCKOoe COMHLLE BCTPETUII0 ero CTEHOM MNOYTW OCSI-
3aeMoro xapa, yaapuo no rnas3am Tak, 4To B NepBbli MOMEHT
[311B HeNPoUn3BOJIbHO 3aXXMypuica. [lepxa B BbITAHYTbIX pyKax
KpacHbIi 6anioH 1 4acTo Moprasi, OH LLarHys Bnepes,. YenocTb
ero oTBucna. BHyTpu BOPYr CKOMb3HYNI0 CMYTHOE YYBCTBO
[eXaBlo, Kakoe-To JaBHEE, NMoYTY 3a0blITOE BOCMOMUWHAHME. ..
Be3noHHOe nazopeBoe HEDO C ryalleBbiM1 Maskamm 061akoB
BUCENO HaA, rofI0BOM, TOYHO rPOMaaHas nepeBepHyTas Jawla.
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>KenTas paBHWHa Niockast, kak 06e4eHHbIV CTON, NPOCTMPanach
B/IEBO 1 BNPaBO, AOKyAa XBaTano a3, U N1llb faneko-gane-
KO Ha rOPU30HTE CMYTHO CUHENN KOHYCbl HU3KUX rop, Aa eLle
TOpYanu TO TyT, TO TaM Kyrbl KDUBOBATO-A0MOBA3bIX ePEBLEB
C pacnoLWeHHbIMY KPOHaMW.

Yapnu, CKpecTmB HOMM NO-TypeLLKn, cuaen B NPUMSTON rofo-
rpadryecKon TpaBe OTCTPaHEHHbIN U HEMOABUXHO-COCPEeaoTo-
YeHHbIN. NpaMo nepes HUM, B35IB OPYXUe HaM3roToBKyY, ABYMSI
wepeHramu ctosinm Ixun-An Ixo. Kopnoop n3 oByx OeCATKOB
MWHUATIOPHbIX, HO PeLUUTEeNIbHbIX CONAaTt.

[ariB HeOyMEHHO NOTAHYN HOCOM. OH He 4yBCTBOBas HU-
Kakoro abima.

— Yec, 4TO NponcxoanT? — rae-To 3a ero CNNHOW UCMYraHHO
nporosopwna Jlnsu.

Yapnu, He nogHMMasa rososbl, MEANIEHHO pa3Bes Pyku B
CTOpPOHbI. [1911BY Nokasanock, OyATo rpag Menkux apobuH 06-
PYLUMICS U3 OTKPbIBLUENCS BOPOHKM HA MEMBPaHy HEBUOVMOIO
6apabaHa. TpeLLoTka aBTOMaTHbIX 3aTBOPOB OELLIEHO 3aBepTe-
Nack, PasroHss cyxor 6ecnopsaoYHbI pUTM. BeinyCTrB n3 pyk
orHeTywmnTens, 3B WwarHyn snepea, Tyaa, rae Ase WepeHrn
UrpyLLEeYHbIX aBTOMATYMKOB MCCTYMIIEHHO Nanunm opyr B Apyra
13 BCEX BUOOB OpYyXusi. BOT ynan Ha KoneHu oaviH, C paMmoin Ha
nne4vax, BOT ONPOKUHYNCH APYrON, BOT CHamnep, 3anietasch
HOramm, Ces Ha NSTYIO TOYKY, U ronoBa B kacke, Oyaro npobka
OT LWIaMMaHCKOro, BAPYr BbICTPENnuaa BBEPX, OTPbIBAsSICb OT
wew. NoYTn He NoHUMad, 4TO AenaeT, [1anB NpbLIrHyN Bnepea n
CXBaTWU ChINJIOLLEE NCKPaMn 6E3roNoBoOE TENO.

— Tl 4TO?! — 320pan oH. — Tbl YTO TBOPULLL?!

NapgoHb, onucas WMPOKYIKD Ayry, HAOTMallb yaapwunia cu-
OSLLEero ManbyuLLKy no Leke n 6e3 BCSKOro ConpoTUBEHMUS
nponeTena ckBo3b 6ecnOTHbIN GpaHToM. Mo nHepumn ans
KPYTHYJICS BOKPYI OCU, TEPSisi paBHOBECKE, a ronorpaduyeckmii
Yapnu Beceno nogMurHyn oTLy v nowuen psdbio, pacTBOPSISIChb B
Bo3ayxe. B cnenytowtyio cekyHay [1siB, He cnyLwiasi BU3r nepe-
nyraHHom J1n3n, peaHyn K ABEPU, BLUEMUACS PYUKY, OEPHYI.
[Bepb Obina 3anepTa.

— OTkpbITb! — 3aopan [31iB. — OTKpbITb HEMeaNeHHo! Na-
pPOSib: Yapnu Tpy curmMa aseHaguatb Wwrpux!

Pydka enga He Bblnetena n3 rHe3ga, HO packpalleHHOe B
LiBeTa CaBaHHbI YrNenaiacToBoe NOMOTHO AaXE HE LLENOXHYNOCh.

— ManeHbkas TBapb! — B3pesen [ariB, npuannasi NIULOM K
TENnon LWepoxoBaTon NoBepxHocTn. — Yapnu! HemeaneHHo
otonpu! A BCe paBHO BbIAy 1 cryLLy TeOe LWKYPY C 3aHULbI.
HemepnneHHo OTKpbIBan, rageHbi!

>KenTtble 3apocnv Tpasbl HA ABEPHOM NPSIMOYIOSIbHUKE eaBa
3aMETHO Kayaaucb Moj, NEerkumMm BETEPKOM, B AanekoMm Hebe
KpyXmuna Kakasi-To 4epHas ntuua. J1sB HeCKObKO pas NsarHyn
OBepb, 3aTeM BAPYI 3aCMESNCA 1 Cen B rofiorpaduy4eckyto Tpasy.

— Hac 3anepnu, — ckasan oH, CTosiBLLEN NOcepean KOMHaTbI
pactepsHHon JInan. — Hac 6aHanbHO 3anepnu.

Kpas HeakkypaTHOro kpyra, Npope3aHHOoro B NPOeKLMOHHOM
MOKPbITUM, YyTb NOMaprBanu XxenteiM. 3akycue ryby, [1aiis
elLLle HEMHOro HaaaBWJ1, MbITAsCb BOrHaTh JIE3BUE NEPOYNHHOTO
HOXa B Y3KYIO LLIEJb Y LUTOKA ABEPHO pydkn. OH NoHMMa, 4TO
OBepu TakuMm 06pasoM He OTKPbITb, HO eCn Kak-HUBYyab N3-
JIOBYMTLCS BbITONIKHYTb LUTOK U3 rHe3aa... 3a4emM? B TO4HO
He 3HaJ, HO No4YeMy-TO OblNl YBEPEH, YTO eC/IM A0KPpUYaThCs
CKBO3b MasleHbKylo AbIPKY A0 CbiHA, TO BCE MOXHO OyaeT
ynagnTb. JleaBme A3MHbKHYNIO U CIOMasioCh.

— Cyka, — T1x0 nNporoeopun [1aiis, OTLLBLIPUBAs CIOMaHHbI
HOX.

OH NoaHANCA C KOPTOYEK U OTCTYNWA OT Aepu. ConHue, Ha-
JIMBAACH KPACHbIM, HEYKIOHHO MOJI3/10 MO GasbLIMBOMY HEBY K
danblUMBbLIM X0JIMaM Ha ropu30HTe. TeHn Aenannch ANHHbI-
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MW, Kak pa3MsaKLLas XBadka. B HeBUAMMBIX LLMPOKOMOSIOCHbIX
KOJIOHKaX 3BEHENN HACEKOMbIE.

He obopauunsasick, [JaiB nokocuncs Ha nesyo cteHy. OHum
no-npexHemy OblsIn 30€Cb: YeTblpe XeNTble MYCKYJ/INCTble
TBapW Iexxanu B 3apPOCsiX BbICOKOW TPaBbl, TEHNBO-U3SILLHbIE,
KpacuBble 1 CTpaLLHble. [0 cnMHe HEBONBHO NPoBeXan X01040K
o3HoOa. KaxeTcsl, ux Ha3blBalOT IbBAMMU... WX NaHTepamm?
HeT. Y naHTep natHa no Bcemy Teny. OnpeaeneHHo fbBbl... Un
NbBULLbI, 1 TEMEPb OHM NexaTt BCero B nape AeCATKOB LLaroB.
JlanB 4yBCTBOBAM UCXOASALLMIA OT HUX 3anax.

C Tpynom caoepxmBas HakaTblBaKOLLYIO 3/10CTb 1 HE CMycKas
rna3 ¢ n3ypoaoBaHHOW yaapamMm OrHETYLUNTENS ABEPWU, OH
nonaTuAca 1 cen Ha non. CunbHO 60NENo NaeYvo: NonbITKU Bbl-
LINMOUTL ABEpb C pasbera ToxXe HNYEM He yBeHYaNnncb. HYepToB
«Knapk n komnaHus». KaxeTtcs, snepsble 3B Xanen o ToMm,
4YTO peknamMHble 06€eLLaHNS OKa3aamcb NPaBaoA.

Bosne ero pykmn nexano tensue 6€3rosoBoro cHamnepa.
Ctapasicb He CMOTpPEeTb Ha NbBOB, 3B MOAHSAN UIPYLLKY.
OwyuieHure, OyaTo B Lee B30pBasiiC MaNeHbKNn B3pbIBMaA-
keT. «4epTt! — nogyman 1ane. — U kak oH aTo caenan? Kak oH
BOOOLLEe BCE aTO caenan?» o naee, B KAXXA0OM TaKTUHECKOM
wneme Ixn-An 1)Ko LOKEH UMETLCA pagnonepenaryink, Ho,
4yTOObI 4OOPATLCH A0 YNPaBNEHUs!, Hy>KeH Ynn. 3B BbIHYN 13
KapMaHa Cnekchbl, BblBe Ha Cepble 9KpaHbl IMH3 MHDOpMaLMIO
0 cucteme: Ball 6GpenHYMn BPEMEHHO 3a0N0KMPOBaH, A0CTYM
K CETU — OTCYTCTBYET, AOCTYMN K calTaM 3KCTPEHHbIX CIy>X0
— otcyTtcTByeT. KTo 661 comHeBanca? Celvac Mbl, HABEPHOE,
BCEW cembelt netnm Hap, Tuxum okeaHoM. [15riB 6€33BYyHHO U
310 3acmesincs. Bee, yto nponcxoamno, 66110 HACTONBKO He-
peanbHbIM, 4YTO MO3r OTKa3bIBaJ/ICA BEPUTD.

OpHa 13 OrpoMHbIX KOLLEK BOPYr NOAHSANACh, rPaUMO3HO
NnoTsHyNacb, 060rHyna CBOMX TOBApPOK W BHOBbL Jierna B TPasy,
BHMMaTENbHO MAAsa Ha cuaswero Yenoseka. Hag ee ronosoim
KPY>XMNnUCb Hacekomble. [1aiB B 04epeaHon pa3 OTBeN rnasa.

— JIn3, — no3Ban oH, OrNsabIBasiCb Yepes nneyo. — Munas,
Tbl MEHS1 CMbILLNLLL?

Jlnsn, noTepsiHHO BpoamBLIas BAOSb AANIbHEN CTEHbI, OCTa-
HoBunacb. Ee nuuo ¢ Tpyaom npnobpeno 0CMbICNIEHHOE Bbl-
paxeHue.

— JIn3n, — nporosopun [131iB 604p0, — Thbl TaK AbIPKY B MOy
NPOTONYeLLb, a OH AIEHEr CTOUT, Mexay npo4mm. Hy-ka Hemea -
NeHHo cobepuch 1 Tonaw ctoga. — OH noxnonan NagoHbio Mo
NPOEKUNOHHOMY MOKPLITUIO NoNa.

XKeHwwuHa 6negHo ynblOHyNnach M, ctapasiCb AepXaTbCs Kak
MOXHO OasbLue OT Nexallmx B TpaBe SIbBOB, NOAOLLMNA K MyXY.
OHa cena psgom ¢ [1sriBoM 1 npukanachk K ero nnedy. J1bbl
Pa30oM NOBEPHYIM roNoBkI, [131B NOYYBCTBOBAJI, Kak HANpsrnach
CMKHA XEHbl.

— He 6oiics, rnynas, — cka3an OH TUXOHbKO. — 3JTO BCEro
NLWb ronorpamma.

JIn3n WMbIrHyna HOCoMm.

— BoT, — ckasana oHa, CTaBs nepepn, MyXem noyaryio 6y-
TbINIOYKY COKa, — Hallula BO BCTPOEHHbIX smKax. [Monen He-
MHOXKO.

[anB crnoTHyn.

— Hert, — cka3an oH, otogBuras cok. — Noka He xouy. Yoepu
Kyoa-Hnoyab. — OH xoTen nob6aBunTb: «OT rpexa», HO He CcTail.

JInaum nokopHo ybpana 6yTbiKy.

— MpeacTtaBngewb? — O3Bua nokasan el 6€3ronoBoro
congara: — Y Hac eCcTb ABa AecsaTKa LWIEMOB C MUHU-Nepe-
[atynkamMm, HO 3a4eMCTBOBATb MX MOXHO TOJIbKO C OpenHymMna.
Tbl NpoBEpSiNa CBON?

JInam o6peyveHHO B3OOXHYNA.

— N kak?

— Hukak. OH 3a6510KMpOBaH.



[311B pa3maxHycs U LLBbIPHYN 6€3rosioBYIO UMPYLLIKY B CTEHY
C NbBUUAMN. HecyacTHbIM cHannep OTneTen, yaapueLMCh O
BO34yX, 3BEPU MyXO 3apblyaniu.

— He Hapo... — xanobHo nonpocuna Jin3m. — He Hago ux
3MNTb.

— OT0 NpPOCTO KapTMHKa, — cka3an [ane TBepao, — Tpex-
MepHast KapTuHka. OHK HEe MOTYT BbIIE3TU U3 CTEHbI M COXPaTb
Hac. Xoyellb, 1 nogonay v WenkHy BOH Ty N0 HOCY?

JIn3n ncnyraHHo 3amoTana rosoBon.

— He Hapo 6osaTbes, — npolenTtan 3nB, npuxnmMas Kk cede
XeHy. — He Hapo 6osTbes. OHM BCEro NKLLb UMIO3US.

«OHM TONbKO UNMIO3US, — NOAYMas OH ropbko. — Hukakumx
CTpaLLHbIX CKa30kK, HMKakoro bpanbepw... Tenepb Bce, KaXeTCs,
OyneT paBHOAYLLHO, MYCTO M HEYMONNMO>».

JIn3m onatb B3OOXHYNA.

— Mbl yMpemM? — TUX0 cnpocuia oHa.

— Kakoe elle ympem? — [3MB BCTPSAXHYN XEHY 3a nneyn.

— Y70 32 HacTpoeHua? Yto 3a gukne mbicnn? Yapnu nobe-
CUTCS Napy 4acoB M OTKPOET. He MOXET He OTKPbIThb. [laxe He
aymaii... — OH npunogHan nmuo Jlnaum 3a nogbopoaok: — A
€C/INYTO-TO NOMOET He Tak, TO cnacaTesibHble CNyX0Obl HAYHYT
Hac nckartb 6ykBanbHO 3aBTPA Xe.

«Hu yepTa HUKTO He ByaeT Hac uckatb, — nogyman daune,
rnags XeHwmHy no sonocam. — Hu moun paboTtoparenu, ans
KOTOpPbIX 1 B OTMYCKe, HM TBOS MamMalla B KaH3ace, KoTopomn
nnesatb. HukTO...»

— ¢ 6otocb, — BCXNUMHYB, ckasdana Jlnsun. — 9 o4yeHb 60-
I0cb. — B ee rnasax Hayanu HabyxaTb CNE3NHKMU.

— YepTt, — npobopmoTan Oarie. — Munas, Hy 6pocb, Hy He
HYXXHO nnakatb. Bce 6ygeT xopolo. YecTHoe-npeyecTtHoe
CNOBO, — LWenTan OH, NOKPbIBAs ML XEHbI MOLENYSIMU.

OH uenosan JIn3u B MOKpbIe rnasa, B yrosku ryd, Bo BliaXkHbIe
LLIEKM, B MAKYLLIKY, 2 CaM CMOTPEJ NOBEPX €€ M0J10Bbl, HEOTPLIBHO
cMoTpen B 6ecrnowaaHble v BHUMaTe IbHbIE XEeNTbIe [1a3a SIbBULL.

C.B.HayronbHbIx
BcTpeun

C AONCTOPUYECKUMN
Mmnpamm

Hayka, 2017

AxagrsKasce

BTOP KHUIN, N3BECTHbIN
POCCUNCKNIA NaneoHTOoNor
epren HayronbHbIx, npu-
rnawaeT ynTarenei oTnpaBUTLCS B
Janekoe reosiormyeckoe npoLusioe
HalLel nNnaHeTsbl, B MUP OAaBHO UC-
Ye3HYBLUNX XMBOTHbIX 1 PACTEHNIA.
KHura HanucaHa yBnekaresnbHo,
JIErKO 1 BMOJIHE AO0CTYMHO A1 He-
cneumanncToB. B Heli MHOro MnioCcTpaLUuii, Ha KOTopbIX M306pa-
>XeHbI NpeacTaBuTeni dpayHbl 1 Gopbl MUHYBLLVIX Fe0SIOMMHECKMX
3Mox, a Takke NoABOAHbIE M HAa3eMHbIe NaHaadTbl, CYLLLECTBO-
BaBLLUME Ha HalLlel NyaHeTe B pa3finyHble Nepuoabl ee NCTOPUN.
KHura moxeT ObITb MHTEPECHA LUMPOKOMY KPYry YnTaTenen, UH-
TEPECYIOLLMXCS UCTOPUEN XXN3HW Ha 3eMiie, CTapLLEKTACCHMKAM,
VX POONTENSAM U YHUTENSIM. ..

C.B.HayronbHbix
ManeoHToNorMs Mockabl
n NMNogmockoBbs

Hayka, 2017

ManeoHTOnOrMA
MockBhi

HUra POCCUIACKOro ManeoHTo-
nora Cepresi HayronbHbIX Mo-
BALLEeHa Hanbonee BaXHbIM
reosioro-nasieoHToNIorM4ecknx na-
MATHMKaM MockBbl 1 [10gMOCKOBbS.
MpunBeneHbl cBeaeHns o reorpadui-
4eckoM U cTpaTurpaduyeckom rno-
JIOXKEHMM CaMbIX NPeaCcTaBUTEbHbIX
reoslormyecknx pas3pesos, KOTOpbIE
MOryT MOCEeTUTb NtobuUTenn naneoHTonornn. JaHbl nsobpaxe-
HUS1 pa3fIiyHbIX NpeacTaBuTenen nckonaemom dayHsl v Gropbl,
BCTpeyvatoLmxcsa B Mockse, MOCKOBCKO 06n1acTu 1 npunerato-
LUMX perrvoHax. B cneupanbHoM pasaene — pekomMeHaaumm, kak
OpraHn3oBaThb reosIoro-naaeoHTOIONMHYECKYI0 3KCKYPCUIO, YTO
Haf10 3HaTb Y YMETb FOHOMY re0sIory 1 ero yYnTesnsiv

-7 WaparenbcTeo «Hayka»
L]

I I 7]
B.MpymoHAas

NcTopusa noneTtos
Hayka, 2017

O4emMy BO3AyLLHbIV LLap B3ne-

TaeT? Yto Takoe ampmxabnb?

Kakyto ponb cbirpanu B pas-
BUTUM BO3ayXoniaBaHUs 6paTbs
Pait, Linonkockumin u CUKOPCKUIA?
Kak nosiBmnmch nepeble CamoneTbl
1 pakeTbl? YTO XOeT yenoBeka Ha
npyrmx nnaHetax? Kuvra npodgec-
copa, aokTopa GU3nkKo-maremaTu-
yeckunx Hayk Banepus pymoHa3a pacckasbiBaeT 06 OCHOBHbIX
aTanax pas3BuUTUS BO34yXOrnjaBaresibHON, aBUAaLVIOHHON U KOC-
MWNYECKOM TEXHNKW, O PUNYECKMX MPUHLMNAX YCTPOCTBA IeTa-
TeNbHbIX aNNapaToB Pa3INyHbIX TUMOB M O TPYAHOCTSAX, KOTOPbIE
NPUXoaMIOCh M MPUXOAUTCS NPE0A0SEBATL YENOBEKY B OCBOEHNN
HalLero BO3AyLLHOMO OKeaHa M KOCMOCa. TEKCT CONMPOBOXAAETCS
3ameyarenbHbIMy nnmoctpaumamm . CMmnpHosa.

N3patenoctBo HAYKA npogonxaer
CBOM Hay4yHO-MONyJIsipHbie Cepun —
W ANs peten, u ans B3pocCbix.

Mpurnawaem K cOTPyAHNYECTBY YYEHbIX U HAy4YHbIX
JKYPHaJINCTOB, rOTOBbIX paccKa3aTb HaLUUM
YyuTaTtesnissMm — B YBJieKaTeJIbHOW U JOCTYIMHOM

¢opmMe — 0 cambix BaXKHbIX N UHTEPECHbIX NPobsiemax
COBpPEMEHHOU HayKu, O TOM, YTO CeroaHs
BOJIHYyeT 06LLeCTBO v onpeaenser
nyT¥ pa3BuUTUsI Hallenl ULMBUIN3aLun

www.naukaran.com
secret@naukaran.com
opimah.Irina@naukaran.com
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FpynnoBou Hapunccusm
Kak nopapok ans pe3vnHdopmartopa

«KoHIlemms J0XHBIX HOBOCTE CTajJla OCHOBOM MOJUTUYSCKUX ITHC-
Kyccuii ¢ MoMmeHTa u3bpanust Jonanpna Tpamma npesuaeHtom CIIA
U yXe IpuBelia K AeJIeTMTUMU3AlMKU CPEICTB MacCOBOM MHGMOpMAIIUN.
[NonnMmaHue O6IIeT0 U Pa3IUYHOrO B BOCIIPHUSITUM JIOXKHBIX HOBOCTEM
MTOJIUTUIECKUMU TPYIIIIaMU IOMOXET pa3paboTaTh CTPATETUIO CHUKESHMS
TTOJIMTUYECKOM MOISIpU3alliy B HAIIMX TeMOKPATUIECKUX COOOIIIeCTBAX»,
— TaKk chopMyIMpPOBaIN 1LIeJb CBOETo MCClenoBaHus noKTop Kpeir
Xapnep u npogeccop Tom barynu n3z HortuHreMckoro yHuBepcuTeTa,
BBICTYTIasl C TOKJIAIOM Ha eXeroqHoM coopanuu bpuraHckoro obiecTBa
nicuxosoroB (areHTcTBO «AlphaGalileo», 1 Mast 2018 roga). A vccinenoBaiu
OHU BOCIIPUSITHE JIOXXHBIX HOBOCTe TrbepaiaMy M1 KOHCepBAaTOPaMU.

Bcero 6bU10 poBeneHo Tpu padboThl. B epBoii 722 amepuKaHI1IeB 03Ha-
KOMMJIU C JIOXKHBIMU CTaThsiMu 0 Tpamite u O6ame, IpryeM Ipo KaXIoro
TaM ObLIM KaK ITO3UTUBHBIE, TAK M HETATUBHBIE TEKCTHI. YUaCTHUKY 3HAJIH,
YTO HOBOCTH JIOXXHBIE, TEM He MEHee CKJIOHHBI ObLIM CYUTATh, YTO B XOPO-
IIUX ITO OTHOIIIEHUIO K JIIOGUMOMY IOJIUTUKY HOBOCTSIX €CTh-TaKM Palli-
OHAJIPHOE 3ePHO, TOTIA KaK B IJIOXMX —— HHM CJIOBa IpaBabl. Bo Bropoit
paborte 570 aHIIMYaH OLICHUBAJIX HOBOCTH O Bbixone BeaukoOopuranuu u3
EBpocotoza. Pe3ynbrar Obl1 aHATOTMYHBIM: JIIOAU CUMTAIU OoJiee MpaB-
IBBIMU T€ HOBOCTH, YTO COOTBETCTBOBAJIM UX YOexXneHUsIM. B TpeTbeii
Xe paboTe aBTOPhI MOCTAPATUCH BbISIBUTh IPUYKMHY 3TOTO siBieHus: 904
aMepMKaHIaM C Pa3HbIM MTOJIOXEHMEM Ha IIKase «1Mbepai3M-KOHCcepBa-
TU3M» TAJIM O3HAKOMMTbCS C IBYMSI HACTOSIILIMMU HOBOCTSIMU. O1Ha ObL1a
MPOTPaMITOBCKOM, Ipyrass — aHTUTpaMIoBckoil. M okazanock, 4To Ju-
OepaJibl CUMTAJIY TOpa3ao 6oJiee MpaBaMBOM aHTUTPAMIIOBCKYIO HOBOCTb,
a'y KOHCEPBATOPOB pa3jinyyre ObLIO CTATUCTUIECKU HEIOCTOBEPHBIM.

Jnsa oObsicHEHUsT 3TOro (peHOMeHa XapIiep MpeaIoKUI KOHLEIINIO
«KOJJIEKTMBHOTO Hapuuccu3Ma». ComTacHoO eid, JTIoau, BKIIOYEHHbIE B
IPYIIY, KPENKO BEPSIT B CIPaBeNIMBOCTb C(HOPMUPOBAHHOTO B HEM MHE-
HMS Y IONAEPKUBAIOT 3TY YBEPEHHOCTD, IIPOBOIS IPUSTHBIE 15T ce6s CO-
ITOCTaBJICHMSI C JTIOAbMU, He BXOISIITUMU B rpyIny. [ToaToMy oka3aBimecst
CKJIOHHBIMM K TAKOMY HapIIMCCU3MY JIMOEePaIIbl, TI0JIarasiCh Ha OBITYIOIITE
B MIX TPYIIIe BEPOBaHUsI, ¥ TIEPEOIICHUIM CIIPABEUIMBOCTb aHTUTPAMITOB-
CKOI HOBOCTH, TOTIa KaK KOHCEPBATOPHI, 60Jiee IToJ1arasich Ha MHTYMIIMIO,
HAIIUTM TIpaBIy B 000MX TEKCTaX HE3aBUCHMO OT MX COIEPXKaHUs.

«M nmubepansl, 1 KOHCEPBATOPHI JIOOAT JIOXKHBIE HOBOCTH, KOTIa OHU
COOTBETCTBYIOT X YOoexkneHusiM. OTHAKO UX IICUXOJIOTMIeCKIE TIOPTPETHI
pasnmuyatorcs. [TepBble OpMEHTHUPYIOTCST Ha TPYIIIOBbIe YYBCTBA, a BTOPhIE
“CIMHHBIM MO3TOM YYIOT” TO, YTO CUMTAIOT MpaBAOii», — MPUXOAUT K

BeiBony Kpeiir Xapmep.
C.Anodenec
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XynoxxHuk U.CmupHoB

MuwyT,yTO...

...3emnetpsicenue 2017 rona B FOxHoit Kopee,
BTOpOE IO MOLIHOCTU B HOBEHULIEH UCTOPUM
CTpaHbl, CIYYMIOCh U3-3a TEOTePMATBLHOTO
3aBona («Science», 2018, doi: 10.1126/science.
aat6081, doi: 10.1126/science.aat2010)...

...TIPEBBILIEHUS CONEPKAHUA TTPUMECHBIX
5JIEMEHTOB C HU3KKM IIE€PBLIM ITOTEHLUATIOM
roHu3aLuK B KopoHe COJIHIIA IT0 CPABHEHUIO
¢ ux o0omusiMu B (hoTochepe TECHO CBA3AHBI
C LMKJIOM COJIHEYHOU aKTUBHOCTHU U C Bapy-
alUSAMU TOIOJIOMMU KPYITHOMACIITAOHOTO
MarHUTHOTO MO («ACTPOHOMUYECKUIA
XypHai», 2018, 95, 4, 299—306)...

...BO POHBI, CTpajas OT HeIOCTaTKa BJark B
MyCThIHE, CKJIEBBIBAJIM JIEMl C KpUOHACOCA Jie-
TekTopa LIGO, KoTophIit OTCIIeXXWBAJ TPaBU-
TaIl[MIOHHBIE BOJIHBI, M CO3IaBaJIM HEOOBIYHbIE
nomexu (APRI18 Meeting of The American
Physical Society, Abstract:S14.00004, http://
meetings.aps.org/Meeting/APR18/Session/
S14.4)...

...HOBBIH cTapTtan «Mammoth Biosciences» B
CIIIA 0Obs1B1I CBOEH 11EJTBIO ITPOBEIEHIE JTIO-
obix JHK- 1 PHK-tectoB MeTonom CRISPR
B aMOyJaTOPHBIX M JTOMAIHUX YCIOBHUSIX
(https://www.wired.com/story/a-new-startup-
wants-to-use-crispr-to-diagnose-disease/)...

...CpefiHee cofepxKaHue 3arps3Hs0IInX
BEILECTB B MMOYBaxX U pekax KypoptoB Kas-
Ka3CKMX MUHEPaJIbHBIX BOI — TaKoOe€ Xe,
KakK B KPYIHBIX ITPOMBILIIEHHBIX TOPOAAX C
KPUTUYECKUM 3KOJIOTMYECKUM COCTOSTHUEM,
TO € MOXHO CKa3aTb U O COCTOSIHUU 310pO-
Bbsl xuteneit («[eoskonorusi, THXeHepHast
TeO0JIOTHSI, TUAPOTeOJIOrHsl, TEOKPUOJIOTHSI»,
2018, 2, 61—73)...

...MICClIeZIoBaHa CIIOCOOHOCTh (PUITBTPATOPOB-
¢urodaroB Daphnia longispina monaBiaTh
LIBETCHHE B MEJTKOBOIHBIX BomoeMax MOCKOB-
cKoi1 obnacty («BomHbie pecypcbl», 2018, 45,
2, 164—170)...

...c momoipio nporpammbl AllPred (http://
www-bionet.sscc.ru/psd/cgi-bin/programs/
Allpred/allpred.cgi), mpemHa3HaYeHHOM TSI
OLICHKU aJUIePreHHOCTH GEeJTKOB C YYETOM HX
MPOCTPAHCTBEHHOM CTPYKTYPHI, peacKa3aHa
aJUIepreHHOCTh 0elKOB 462 BUIOOB apXxeil u
6akrepuii («MonekysipHast oronorus», 2018,
52,2, 326—332)...

...TIPEIJIOXKEH CIoco0 CpaBHEHMSI IBYX OLIU(D-
POBaHHBIX 9K3EMIUISIPOB JETOBBIX JOKYMEH-
TOB Ha OCHOBE aJIFOPUTMa pacro3HaBaHUsI




MuwyT, yTO...

TEKCTa; ero JIOCTOMHCTBA — YHUBEPCATbHOCTD
Y BBICOKAsi TOUHOCTh CPAaBHEHMSI, NIaBHbII He-
JIOCTATOK — 3aBUCUMOCTb OT UCTIOJIb30BAHHBIX
TapHUTYPHI U pa3Mepa mpudra («CeHcopHbIe
cucteMbl», 2018, 32, 1, 35—41)...

...MUHUATIOPHBIN CEHCOP B MepeaHeM 3y6e
MOXET TepeaaBarhb 1Mo 6eCIpOBOIHON CBSI3U
4TO YyesnoBeK ecT («Advanced Materials», 2018,
e1703257, doi: 10.1002/adma.201703257)...

...MaKapOHbI B COCTaB€ NMECThI C HU3KUM IJIU-

KEMNUYECKUM MHJECKCOM HE BBI3bIBAIOT OXKU- .
DEHUS U TaxKe CIIOCOGCTBYIOT CHIDKEHUIO Beca CJ'[yXI/I U CIUIETHU, HA3bIBA€EMBIC ITO-COBPEMCHHOMY JIOKHBIMUA WUJIN (1)61/[—

(«BMJ Open», 2018, 8: 019438, doi: 10.1136/ KOBBIMU HOBOCTSIMU, HBIHE Pa3HOCST He 6e33y0bIe CTapyXu, TPO KOTOPHIX
bmjopen-2017-019438)... nen B 70-x Bnanumup Buicolikuii, a BrojaHe 3y0acTble U YIIUTaHHbIE
MOJIONbIE JTIOU, TIOPOY 32 XOpoIIyio 3apruiaTy. M aTo 06CTOsATENHCTBO
CUJTLHO TPEBOXMUT BJIACTHU pa3HbIX cTpaH. C IebIo 3aIIUTH €BPOTIEHCKIX
B IIECTb Pa3 BHIIIE CPEIHEr0 — TPEBOXK- IIEHHOCTel 1 neMokpatnu EBporneiickast Komuccrst 00HapoIoBaia TOKIa
HOCTB OT YMEPEHHOI 110 TAXETOl GoMee 9eM «[IpakTrdeckuii KomeKkc 1o ae3nH@opMannm» (areHTcTBO «AlphaGalileo»,
y 40%, nempeccusi moutn y 40% («Nature 27 anpens 2018 rona), pukcupyolmnii HeIHELIHEE 0€3pafOCTHOE CO-
Biotechnology», 2018, 36,282—284, doi: crostHUe nen. Bkpartiie, mmosryaaeTcst onsiTb-Taku 1o Beicorikomy: «XomsT
10.1038/nbt.4089)... CIUIETHU, YTO HE OyneT OoJbliie CIIyX0B, a0COMOTHO! XOAT Ciyxu, OyaTo
...CO3/IaH KaMy(JIsK U1 MH(PpaKpacHoi 00- CILICTHI 3aTPETAT .

JACTH CHEKTpa, PAGOTAIONIHIA [0 MPUHIIAITY CormacHo 10KIaty, paHblile, KOraa JOMUHUpoBaiiu OymaxHbie CMU,
KOXH Katbmapa («Sciencer, 2018, 359, 6383, 3aBUCAINNE OT TTPOJAXU THUPaXa, Bce NMPWINYHbIE U3TAHUS TOPOXKWIN
1495—1500, doi: 10.1126/science.aar5191)... CBOEI perryTanueil — MoAMOYMIIE ee, TToTepsiennb noxon. He Tak crano B
WHGOOPMAITMOHHYIO 3pY: BBIPYYKa COCPEIOTOYMIIACH B IOVCKOBBIX CUCTE-
Max M y arperaTopoB HOBOCTEH, pUIeM IEHbI'W UIYT HE OT YnTaTesIei,
B ACMYDHES JHY ¢ TOMONIBIO «CONHETHEIX a OT pekyiaMonaTesei. COOTBCTCTBSHHO,U 3a60T§/ 0 pemyTai CMEHUIIO
KaMHEii», TTONAPU3YIONINX CBET — KalbIIATA, CTPEMJICHHE K Bally — 1HCITy TOCETUTEIEH Ha CaiiTe, a caMo BbICTaBIEHHE
KOPITUEPUTA WIN TYPMATIHA, — JOCTATOUHO cTareil MOMUNHSETCS BBICOKOTEXHOJIOTMIHBIM aJITOPUTMAaM, Ty3KITbIM MOpa-
yCrenHo, 4ro6sl 106partbes u3 Hopseruu Ja. B pe3ynbrare Bo3HMKaeT Nogo0paHHbI po6oToM Habop U3 mpodeccu-
B I'pennannuio u obparHo («Royal Society OHAJIBHBIX TA3€THBIX HOBOCTEH, JTIOOUTETLCKUX ITOCTOB U 3JIOHAMEPEHHOM
Open Science», 2018, 5: 172187, doi: 10.1098/ ne3nHdopmanmu. KoHeuHo, 10OpOCOBECTHBIN KOHTEHT MPEBAIMPYET, HO
rs0s.172187)... TaJaHTJIMBO MOATOTOBJIEHHBIE CIYXH, ObIOILIIME HA 9MOLIMHU, OBICTPO pac-
..uccnenoana JIHK n3 BerpeGHbIX siv Ce- XOMISITCS TIO COLUATTBHBIM CETSIM, 00ecTieunBast IyCTh KPAaTKOBPEMEHHYIO,
BepHoit Esponsl 1 Cpentero Bocroka (500 HO OGLIMPHYIO ayTUTOPUIO.

L. 10 H. 9. — 1700 T. H. 3.), YTO TTO3BOJIMIO MoXHO 711 TIpOTUBOCTOSITE 3TOMY 311y ? [Toka — HeT. Kak mokasana pa6o-
MOJIY9UTh MHOTO MH(MOPMALIMY O Mapa3u- ta OGBEeMMHEHHOTO UCCIIeNOBaTeIhCKOTO IIeHTpa EBpokoMuccnn, HyxXHa
TapHbBIX 3a00JIEBAHUSIX, TUETE XKUTEIe U NETeKTUBHAs CyX0a, OCHalllEHHAas elle He CO3IaHHbIM MPOrpaMMHBIM
onomaliHuBaHuM XUBOTHbIX (PLoS ONE, obecrieyeHrMeM U 1ITaToM pabOTHUKOB BBICOKOU KBanupukanuu. OHu
2018, 13(4): €0195481,doi: 10.1371/journal. JIOJKHBI ODUEHTUPOBATBCS B IIOTOKE HOBOCTEH, OTCIIEKUBATH MOSBJIEHNE
pone.0195481)... 3JI0HAMEPEHHBIX CIIYXOB, BHIABJIATH TEX, KTO UX PACIIPOCTPAHSET, U 0J10-
... AUCIICHHOCTb 3MMYIOLIMX Ha BHYTPEHHHX KMPOBaTh PAcTIpOCTpaHEHNe Ha paHHUX 3Tarax. Pabora uM mpencTout
MOCKOBCKHX BOIOEMAX KPSIKB KOPPEIUPYET C KoJIocCaTbHAasI: TOJBKO B TBUTTEpE eXeTHEBHO BBIBAJIMBAIOTCS MECATKI
TMOKYTaTeTbHOM CIIOCOOHOCTBIO 1 6/1arococTo- MWUIMOHOB CBEXHUX MOCTOB, U HYXXHO MOTPATUTh HEMAJIO CUJ, YTOOBI
SITHUEM TOpOXaH («300J0TMYECKUI XXypHa», TPOCTO BBISIBUTH COOOIIECTBA, TPUIACTHBIE K (habpUKaIuu CIyXOB, a
2018, 97, 3, 309—320)... KaK TEXHMYECKH IIPENOTBPAIATh MH(MOPMALMOHHEIE SIIMAEMUU, U BOBCE
...€CIIM OCBEIIATh KOPOBHHMK SIPKUM CBETOM HesicHO. OTHO panyeT — YuTaTenu 6e30TBETCTBEHHBIX CETEBBIX U3NaHUIT
110 17 9acoB B CYTKIL, TO OIUIOLOTBOPSIEMOCTD BCE MEHBIIIE TOBEPSIIOT UM U MEHee OXOTHO KIIMKAIOT Ha CEHCAIIMOHHbIE
KopoB BeIpacTeT ¢ 57 no 80% («ArpapHast 3aroJIOBKH, YTO MPOOYXIAIOT pOOKME HAalEeXK bl y OTBETCTBEHHBIX OyMax-
Poccusi», 2018, 2, 35)... HbeiXx CMU BepHYTH YTEPSIHHYIO ayIUTOPUIO.

Xynoxxuuk Fapudg Bacbipos

Bcé Ha 60pbOy co cnyxamum

...y KaHIWJATOB HAYK U MaruCTpaHTOB BCETO
Mupa 1mokasaTejivm J€IpeCCuu 1 TPEBOXKHOCTU

...OKCIIEPUMCHTAJIbHO NMOATBEPXKICHO, YTO BU-
KWHTH MOTJIN OITIPEACIIATD ITOJIOXKECHME COJTHIIA

A.MortbL15€B
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Ceprero CMHUPHOBY, Tomck: Boporerue, unu ok -
cuouposanue, Memania nPoU3e00sm KaK 8 WjeA04HoLL,
mMak u 8 KUCAoil cpede, a makdice 8 HelUMpanbHol NPu
BbICOKUX MEMNePAmypax.

H.E. JEBEJEBOM, Caukr-ITetep6ypr: Ke-
DamuH KaK uHepeoueHm cmecu 045 GbINPAMACHUS
Kyops8bIx 8010C, 04e8UOHO, 0e38pedeH — Mo mom
camulil 6e10K, U3 KOMOPO2O COCHOAM 8040CbL, HO IMU
cmecu, HACKOAbKO HaM U38eCMHO, codepiicam eule U
gopmanvdecuo.

B.A. AHLIMXMWHY, HoBocubupck: Mbirvhbiil
Kamensv (8uduMo, om aHeauiickoeo soapstone) —
ManbKoXA0pUm, OH dice Cmeamum; OH, KOHe4HO, He
MbLAUMCSA, A nPU CMpoumenbcmee 6ans €20 UCnoAb-
3y10m 3a CHOCOOHOCMb AKKYMYAUPOBAMb MeEno.

A.B. MOPO3OBY, Tyna: B HnmepHeme 00604bH0
MHO20 Onpedeaumeneti nMuy, 6om, HANPUMEpP, Xopo-
was nodoopka: http.//birdsmoscow.net.ru/qualifier.
html

C.K. [IETPOBHWY, MockBa: Ymobs eeprnymo
Jicemuyey Oaeck, npomoiime e2o 8 cAab0M MblibHOM
pacmeope, muiamenvHo CnOAOCHUME YUCMOU 80001
U Oaiime 8bICOXHYMb, HE3HAYUMENbHbIE 3A2PSA3HEHUS]
MOJICHO YOanums, nomepes jycemuye Kapmogeavhvim
KPaxmanom.

M.H. TABPUJIIOK, Boponex: Aécmpanuiickuii
opex Makaoamus 6 OMKpblMOM 2PYHMe 6 HAuleM
KAuMame He 8blicueem, HO 8 KOMHAMHbBIX YCAOBUSX
00U €20 BbIPALUEAIOM, NPABOA, NOAYHUA U KIO-MO
na00bl, Mbl He 8 Kypce.

J1.C. POMAHOBOMW, Jluneuk: Tomammuoeo coyca
mabacko He cyuwecmayem, SmMom coyc 20MOGUMCS U3
CIMPYHK08020 Nepya, KOMOPbLL NEPEMUPAION C COAbIO
u ocmaeasiom 6podums 6 meuenue mpex Aem, a no-
mom 006aensom yKcyc.

JlokTopy, 2JIeKTpOHHAas noyTa: B nakemuke ¢ Hao-
nucorto «Inekmponnsiii apxug XuXK», Kkomopulii vl
npuobpenu Ha 8bicmaske, AeXCUm reul-HaKonumens,
6 npocmopeyuu gaewKa; ecau Hajicamv Ha Gbiny-
KA0CMb Y Kpas ¢ ObipoHKoil, Mo OHA PACKpoemcs, U
bl yeudume USB-paszsem; nonpocume koeo-Hubyob
NnoKA3ams COOMEemcmeyuee omeepcmue 6 gaulem
KomMnviomepe u nodcoedunume ¢hrewky, a danrviue
mexHuKa cama pazoepemcs.
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beccmepTune
He ANa pPbDKUX

Jlioam He xaxayT 6beccmepTys. ..
OHM NPOCTO HE XOTHAT yMUPaTh.
CrtaHnucnas Jlem. U3 BocnomunHaHuii MinoHa Tuxoro. |l

[PYCTHO 1nu BECENO, HO C eLle OAHOM TEMOW NPUXOOUTCS MOHEMHOIY NpoLlaTecs daH-
Tactam — ¢ TeMoii 6eccmepTusi. MoxeT ObITb, 3TO NPOLLaHME PAaCTAHETCS eLLe Ha Jecs-
TUNETUS UM CTONETUS — Kak C TEMOW MCKYCCTBEHHOIO TEPMOSiZA UM UCKYCCTBEHHOIO
VHTENJIeKTa, HO TEM MHTEPECHEE NMOCMOTPETb, Kak N3 MEYTbI U KOLLIMapa OHa NepexoauT
B 06/1aCTb HAY4HbIX M3bICKAHWIA 1 TEXHOOMIA.

MepBbIM B IMTEpaTYype, BEPOSITHO, BOCCTaS1 NMPOTMB BIACTM CMEPTU Ha, toabMu [nb-
rameLd. LLlymepckuii repoin, nopaxeHHbIi CMepTbio CBOEro Apyra dHkuay, OTrpaBuics
Ha noucku LseTka 6eccmepTus. W oH Hawen ero, Ho... 3Mesl Cbena LUBeToK, copocmna
KOXY 1 yrnonana mononon. BeposTHo, LpeTok 6bii1 copBaH ¢ [peBa Xn3Hu, 40 nioaos
KOTOPOro He gonyctunn Agama n EBy. beccmepTtue yckonb3Hyo.

JpeBHue rpekn He o4eHb Xanosann 6eccmepTme. Born Xunm Be4Ho, 0gHaKko npu-
Mep Cusnda v TaHTana Nokas3bIBaeT, YTO BEYHOCTb /1 YeioBeka — nnLb NprbaBka K
Haka3aHuio. Kak B pacckase Pobepta Leknn «Koe-4to 3agapom» (1954), roe BeyHas
XWN3Hb — BeYHas oTpaboTka gonroe. [a v nereHga o6 Aracdepe pyUcyeT He CIINLLKOM
cHacTIvBytO cyab0y HemcTpebrmoro ckutanbua. OT «BewHoro xmaa» OxeHa Cio (1844-45)
Do Aracdepa Jlyknya ns «OTaroeHHbIX 351oM» 6patbeB CTpyraukmx (1989) 6eccmeptme
He rapaHTMPOBAIO JIErKMX NyTe N0 TEPHUCTLIM JOPOramM MCTOPUN.

BeposiTHO, NepBbIM NcaTtenem, peaMcTMYHO noaoLeawmm kK npodneme 6eccmep-
118, 6bin IxoHataH CBudT. B TpeTbein yactu «[lyTewectsuii Nynnueepa» (1727) repoi
nonagaeTt B cTpaHy JlarrHerr 1 BCTpevaeT CTpynbaOpyro., Nioaen, KoTopble XMUBYT
BEYHO, NPV 3TOM ECTECTBEHHbIM 00pa30M CTapest 1 NprodpeTast BCe Nopokn 1 6051e3Hn
crapocTu. [Mucatenu Bblydnav ypok, 1 B JasibHenem 6eccMepTre NpakTuieckn Bceraa
COMPOBOXOA/IOCb OMOJIOXKEHNEM WK, NO KPaHel mepe, KOHCEpPBaUMEN HE CITULLKOM
NPEKSIOHHOro BO3pacTa.

Cgoto naHb TeMe 6eccmepTtus otaana u Mapu Lennu, yel «®PpaHkeHwTenH» (1819)
MHOIMEe CHMTAIOT NEePBbIM Hay4yHO-paHTacTMYeckuM pomaHoM. Pacckas «CMepTHbIi
6eccmepTHbIN» (1833) NOBECTBYET O HECHACTHOM YHYEHMKE aNXMMuKa, 3HaMEHUTOrO
KopHenunyca Arpunnbi (1486—1535), KOTOpPbI HEHYAsHHO BbINWA ANMKCUP 6eccmepTus,
M3rOTOBJIEHHbIN yYnTENEM. YTOMJIEHHbIN TPEMSACTAMUM FO4AMMU KOHOCTU, MOXOPOHMBLUNA
COCTapUBLLIYIOCS JIIOOUMYIO XXEHY, OH COOMPAETCSH B MOJISIPHYIO 3KCNEANLMIO, HTOObI N3-
6aBUTLCS OT HAAOEBLLEro Aapa CyabObl — U BEPHYTLCH repPOeM.

ANXMMUKN 1 BpaYeBaTenn YacTeHbKO HaAENsaM BEYHOM XM3HbIO NOAOMbITHLIX M Nna-
umeHToB. Ha nctopuyeckyio durypy Ambpyasa Mape, npyaBopHOro Bpada npu HeTbipex
koponsix (FeHpuxe Il, PpaHupcke Il, Kapne IX n leHpuxe lll), Bo3noxun Ixepansg, KepLu
BVHY 32 CMOCOBHOCTb K pereHepaLmmv reposi pacckasa «41o Ciy4mnoch ¢ kanpasom Kyky?»
(1953). 3TOT 3NMKCMP NO3BOMI NMPOCTOBATOMY HAREMHIKY MOYHaCTBOBATbL BO MHOXECTBE
BOIiH BCE YEeTbIpecTa JIET 10 BCTPEYN C aBTOPOM — U HE CTaTb MPU 3TOM HU Ha MOTY YMHEE.

MHOMNaHeTHbIV 3NIMKCMP MOMOT AOXWTb A0 HaLLWX aHer copaTtHuKy CtenaHa PasnHa B
nosecTu Knpa Bynbiuesa «MapcuaHckoe 3esbe» (1971) n 063aBecTvCb Apy3bsiMU U3 Yncia
yBakaeMblx rpaxgaH Benukoro ycnapa. MNMpaega, AencTeme anukcmpa npmxognnoch
NOOHOBNSATL, TaK YTO MPUKITIOYEHNA C NHOMJIAHETHBIMU MHIPEeaMeHTaMmn 6eccmepTums
xBaTano. Bo306HOBNSATL AeNCTBUE BOLLEOHOro CPeacTBa NPULLINIOCH U NepCoHaxam
pomaHa «Xpomas cyabba» (1971—1982) 6patbeB CTpyraukmx.

Cnocobbl nprobpeTeHnst GeccMepTu s AenaMch pa3Ho0bpasHee C NPOrPECcCOM HayKU.
Mucarenu Bcnep,3a y4eHbIMU Ha4asv CKENTUYECKM CMOTPETb Ha HENOBEYECKYIO MPUPOAY,
B TO Xe Bpems CTav NpeacTaBuMbIMU 1 Apyrue CPeacTsa AOCTXeHVs 6eccmepTis.
Hanpumep, B 3amedatensHomM pomMaHe Knuddopaa Carimaka «lNepecagoyHas cTaHups»
(1964) rnaBHbIl repoit He CTapeeT, Koraa HAXOAMTCS B CBOEM JOME, NPEBPALLEHHOM B
TpaHCcnopTHbI xab Manaktukn. OTcloga cnegyeTt, 4To 6eCCMepPTHLIM 3TON Bepcumn
ny4dwe 6bITb N0 XapakTepy gomocenamu. OgHako 1 3TO He cnacaeT OT BHMMaHUS
OKpYyXalLLmMx — Korga BbinncbiBaelb «CaneHTndnk AMepukeH» 6onblue cTa JieT,
3TO HEMUHYEMO NPUBJIEYET BHUMAHNE peaakumm.

ToT e cnocob NPoaSIeHNs XN3HM — NMpaBaa, C MUCTUYECKUM AYLLIKOM U y>Xacamu B
peansaumm — MCMosbL3YIOT 3/1040EeV B AWNOMMM COBPEMEHHOro aBTopa AHapes Kpysa
«HwxHW ypoBeHb» (2014-15). B HekoeM napannenbHOM MUPE, HACENIEHHOM YyL0BU-
Lamu, iloam nepecTatoT crapeTb. Bnpodem, nopora B 3Ty He O4eHb NMPUSTHYIO BEHHYIO
XWN3Hb OTKPbITa TONBKO 151 YOUIALL.

3aluTa oT TeHEHUS BDEMEHU HEODA3aTENIbHO MOXET ObITb OrpaHmYeHa AoMoM. lNoyemy
Obl e He UATV Mo rpaHuLEe YenoBedeckoro Tena? B pacckase yexa AnekcaHgpa Jlomma
«Ckadangp Arachepa» (1966) npodeccop Banbmock cos3paeT reHepaTtop 6eccmepTusi.
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06paboTaHHbI UM HLLMIA 6e3paboTHbIN [loprnanb PeaykaH CTaHOBUTCSA
HeysI3BMMbIM )19 NI0ObIX BO3OENCTBUIA BHELLHel cpeabl. OH ByneT
XWTb BE4HO. HO, OTpEe3aHHbI OT BHELLHErO MMPA, OH HAYMHAET TEPSATh
YYBCTBO BPEMEHM 1 BCKOPE 3aCTLIBAET KaK CTaTys, 3aApemas, ObiTb
MOXET, Ha ThICAYENETUS B KOMMAHUM CTOJb XKE BECCMEPTHbIX Nca W KoTa.

TO4YHO TaK Xe, NoNy4YMB U3 PYK KOCMUYECKUX NpuULLenbLEB Bec-
CMEPTUE N HEYSI3BUMOCTb, O[IMH U3 repoeB NnoBecTn EBreHnst PuneHko
«MpukocHoBeHne» (1980) TepsaeT nHTepec Kk mupy. Ero «ckadaHaop»
3aMLLAET OT NOObLIX GUINYECKMX BO3AENCTBUIA, 0QHAKO HE CNacaeT OT
HPaBCTBEHHbIX CTPaAaHuii. U, nepexme cMepTb CEMbY OT PYK KPOBaBbIX
daHaTMKOB, OH YXOAMT B OKEaH, HAIESICb B €ro rMyOuHax HanT CMepTb
nnm xoTs 66l Noko. O TOM, 4TO HeCHaCTHLIM GECCMEPTHBIM NPUAETCS
CKpbIBaTbCA OT Pa3bsSPEHHbIX TOSM 3aBUAYIOLLMX U HEHABUOSALLMX UX
nofel, pacckasan B NoBeCTU «Pycckumii cTpynbadpyr» (2006) lfeHHaawnin
MpaLukesny.

[pyroin BapnaHT He CNLLKOM CHaCTIMBOro 6eCCMepTUs OMNMCaH B
pacckase IxoHa PobuHcoHa Mupca «MHBapuaHTHeI» (1943). Mepoii
HapensieT cebs cnocoOHOCTLIO K aBCONMIOTHOM pereHepaumm — no
06pasuy canamaHap. OoHaKo OH He YYMTLIBAET, YTO 9Ta pereHepalms
BKJIIOHYAET B CEOS M HEPBHbIE TKAHWN, BO3BPALLAIOLLIMECS K HEKOMY UC-
XOLLHOMY COCTOSIHUIO.

B coBeTckoit paHTacTuke, nocne 6ypHoro B3pbiBa 20-X roaos, Tema
6eccmepTusi POMKO He 3Bydana. lepou «Jlabopatopun [dy6nesa»
AnekcaHgpa bensiesa (1938) 3aHMMatoTcs BCEro nuLlb npotiemamm
repOHTOIONMK, SNEKTPOCTUMYANSALMIN CTapetoLLert Mo3roeor kopsbl. O
6eCCMePTUM 1 CBA3AHHBIX C HUM MacLUTabHbIX NPoBaeMax peyun n He
VOET.

B cepenvHe 1950-x rogoB HacCTynaeT «0TTenesb», U B GpaHTacTuke
YCUNNBAETCS MHTEPEC U K TOMY, YTO IEXMT 3a rpaHnLaMm 0BbIHHON
4enioBeYeCckomr Xn3Hu. beccmepTre Tenepb NOAHMMANO COLMANbHbIE
npobnemsl. B catmpuyeckon nosectn Bnagummnpa ObIXOBUYHOIO U
Mopuca Cnoboackoro «CtakaH Bogpl» (1956) repoun uLLyT Yenoseka,
KOTOPbI BbINWA 3nMKeup 6eccmepTus. He BaXKHO, YTO anmkcupa Ha
camMoM Ziefnie He 6bino, — peakLmsi TIEPCOHaXKeN OT 3TOro He MEHSIETCS.
W B COOTBETCTBMU C KAHOHaMK coLpeanama 6eccMepTre JOCTaeTCs
CTaxaHoBLY W enyTaTy XapuUTOHOBY, CMOCOBHOMY — 3TO IOMOPUCTU-
yeckasi NOBECTb, a HE Napoamst — Yepes MUHUCTPA CBA3M MOMOYb A0-
3BOHUTLCS B POA0M CBOEMY U3BMPATENIO U MPUHUMAIOLLEMY NINLLHNE
300 neT XM3HM Kak JOMKHOE.

CyLLLeCTBEHHO OCTpee Npobriema npakTnyeckoro 6eccmMepTns cra-
BUTCS B pomaHe leoprus lNypesnya «Mbl — 13 CONHEYHOM CUCTEMbI»

(1965). Mucarenb noacTynancs k npobneme He cpady. MNepBoHadasib-
HbIM HaBPOCKOM Obl1 Hay4HO-(haHTaCTUYECKNN 04ePK «CKONbKO Mbl
OynemxumTb?» (1959). B pomaHe HalineH cnocob NosiHOMO KOMMPOBaHUS
4enoBEeYeCcKoro opraHn3mMa B MOMEHT CMEPTU 1 BOCMPON3BeaeHus
ncnpasneHHon konun. M TyT Bo3HMKaeT npobnema. 3anuceiBatb U
BOCMPON3BOAMTL BCEX MOHAYaNy HEBO3MOXHO. CTankmearoTcs nosu-
LN — BOCMPOU3BOAMTL TEX, KTO LiEHHee, Y Koro 60osbLue 3acnyr, nim
BOCIMPOV3BOANTb BCEX, AAPUTH HOBYHO XXN3Hb B3AMEH CTapOi B NOPSiaKe
XMBOI — TYT CKOpee MepTBo — odepeamn. CumMnariv aBTopa noHATHL,
BbIpa3nTesb ero No3numm, ymmpas, npon3Hocut: «<MHe, ecnn BCeM...»

Yepes gecatuneTune aTOT e BONPOC NocTaBun B pacckase «LLemnu-
TepHUH» (1975) 3ameyatenbHbI BEHrepckuii nicartenb Jlanow Mewurep-
Xa3u (B OCHOBHOM M3BECTHbI Y HAC No pomMaHy «3aragka lNpomeTtes»).
CpeacTBo NPOASIEHNS XU3HWN HalAEHOo, 1 CTapblii NapTUNHBIA eATeNb
paccunTbIBaET, YTo ByaeT cpeam nep.blX, KTo UM BocronbayeTcst. Ero
OMMOHEHT, YeNOBEK APYroro NOKOSIEHMS!, BbICKA3blBAET COMHEHMS.
Y Hero HeT YBEPEHHOCTU, YTO OH caMm, K NpMMepy, JOCTOMH Takoro
nopapka.

Honronetne, 6eccmepTe — Kak Takue Kavyectsa obnerymnm 6ol
3Be3Hble nepeneTbl Ha cyOCBETOBbLIX ckopocTsix! N3obpeTatens 13
pacckasa Bnagnmmpa ®dupcosa «beccmeptne ans pbixmx» (1969) n
3ayMblBaJ1 €ro 415 KocMoHaBToB. Ha 3emne n3obpeteHne NpoaieHns
KN3HW NOPOANT MHOXECTBO Npobnem. Toi e CMeHbl NapaanrM B Ha-
yKe, Korga CTOPOHHWUKM YCTapeBLUen NapaamrMbl MPOCTO BbIMUPAIOT,
obecneyvrBasi Hay4HbI NPOrpecc.

OOHVMM MaxoM pacnpaBiseTcs ¢ ATUMKM NpobreMamMm repoi NepBoro
pomaHa xeka MakaesuTTa «ocnaHue lepkyneca» (1986). Paclund-
POBaB MEeX3BE3AHOE NOC/aHNe, B KOTOPOM COAEPXUTCS U CEKPET NPOA.-
JIEHVIS XXN3HW, U IeKapCTBO OT Bcex 60ne3He — To U Apyroe CrnocobHO
BbI3BaTb COLMAsIbHbIN B3PbIB, — OH MPOCTO PacnpoCTpaHsAEeT No MUpy
3Ty MHbOPMaUMIO N NePeKNaabIBAET pelleHne npobiemM Ha Tex, KTo
BOOOLLE-TO Opasics Ux peLlarb — Ha NoJIMTUKOB.

Mpobnema 6eccmepTns 3akyoHaeTcs He B caMoMm beccMepTun,
cuntan leHpux AnbtoB. B ero nosectn «KnuHuka “CancaH”» (1967)
repoii, roTOBbIN PUCKHYTb AECATLIO FOAAMM XM3HN, HAYHHbLIM YCNEXOM,
CBOE Yenoseyeckol cyabboli paay NpoBepkn BO3MOXHOCTU HEOObI-
YarHO NPOAYMaHHOM KOHLUEMLMN UIMMOPTAIMCTUKU, AyMaeT: «Kakune xe
ropbl CBOPOTAT NobeavBLIMEe BpeMs niogn?..» Ha 8ToT BOnpoc OTBETAT
TOJSIbKO OHW CaMW.

Bnapumup Bopucos,

Anexcanpp JlykaluvH

«XUMUS N XN3Hb», 2018, N2 5, www.hij.ru
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