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HoBbie nepcnekmuBbli
«AUCbell MogeAl» B usy4deHuu
reHemuku noBegeHus

Uurepspio C A.B.KyKeKOBO
Aenapmamenm Hayx 0 HCUBOMHLX UAAUNOUCKO20 YHUBepcumema (wm. Uarunoiic, CIIA)
e-mail: avk@illinois.edu

B asrycre 2018 1. xypHane «Nature Ecology & Evolution» Bblmia cTaThs, aBTOPAM KOTOPOI BIEPBLIE YAAIOCh PACIIU-
(GpoBaTh FEHOM JTUCULBI OOBIKHOBEHHOM U IIOJYYUTbh HOBEHUIIME JAHHBIE O TEHETUYECKUX OCHOBAX IIOBEJLECHUA ITOI'O
JKABOTHOTO. JInJep MEXAYHAPOJHOIO UCCIENOBATENBCKOTO KOJNIEKTUBA, NPOQECCOP AEMapTAMEHTA HAYK O JKMBOT-
HbIX MimmHorickoro yuusepcurera (CIIA) AnHa BanepreBHa KykekoBa pacckasana pejlakTopy kypHaua «[Ipupoaa»
O BO3MOKHOCTAX, OTKPBIBAIOIINXCS B PE3YJIBTATE IPOBEJEHHOU PAOOTHI.

KirogyeBspie C10Ba: I'EHOM JUCHUIIBI OOBIKHOBEHHOM, JOMECTUKALIMS, CUHAPOM OJOMAIIHUBAHUS, COIIMAIBHOE ITOBE-
JICHUE MJICKONIMUTAIOMNX, CUHAPOM Bunbamca-borpena.

AHHa BaizepreBHa, MCCIE€TOBAHHUA, OCBENIICH-
HbIe B cTaTthe «Red fox genome assembly iden-
tifies genomic regions associated with tame
and aggressive behaviors» [1]*, — mpogoI:KeHHUE
3MOXAJbHON Pa0OTHI, HAYATON OOJiee IMoJyBe-
Ka HAa3aJ BBIJIAION[UMCS POCCHHCKHM I'€HETH-
KOM, akageMHuKOM IMurpueMmM KOHCTAHTHUHOBH-
gyeMm bensgeBBIM, HE TaK Jau?

HecoMHeHHO, 6€3 (PyHJAMEHTA, 3aJ0KEHHOTO
KOJIIeraMu u3 WHCTUTYTA IHUTOIOTHUU U TE€HETUKU
Cubupckoro orpenenus (MLul' CO) PAH, nogo6Has
pa6ora 6b1a 6Bl HEBO3MOXKHA. MccieloBaHNA HA4a-
auch B 1950-€ roapl, HA NPOTKECHUU JECATUICTUN
POCCHIICKHME YYEHBIE BEIHM CEICKIIMIO JIMCHUI] TOIbKO
110 OJJHOMY IIPU3HAKY — IOBEJCHUIO — U CMOIJHU
0TO6PATh KUBOTHBIX, KOTOPBIE B OMIPENETEHHON Me-
pé HAMOMHUHAIOT co6ak. KoHEeuHO, 3TO eme He J0-
MAITHUE JKMBOTHBIE B ITOJTHOM CMBICJIE CJIOBA: OHU
JOGSIT I'PBI3TH MEOEb, AKTUBHBI HOYBIO, UX TPYAHO
COZEPKATb B MAJIEHBKON KBapTupe. Tpebyerca nanb-
HeHnmasg cejeknusa. Ho mo 3ToN «JIHUChel MOJEN»
MOJKHO MHOTOE Y3HATh O HAYAIbHBIX, KTIOUYEBBIX ITA-
max JOMECTUKAIIUH.

Ha onpeneneHHOM 3Tane IPUPYICHHUA KUBOTHO-
IO Ba)KHA €rO CIIOCOGHOCTD XXKUTh PSAJAOM C JIIOJbMU.
CerojiHsl GOJBIIMHCTBO YYEHBIX HPHACPKUBACTCS
MHEHHUS, YTO CEJEKITUS IIPEKOB COOAKM MO 3TOMY Ka-
YeCTBY (IPUYEM HE OCO3HABAEMAS YETOBEKOM) MPEJI-
IMIECTBOBAA UX JOMECTHUKAIMU — MOJKHO CKa34Th,
YTO JKUBOTHBIE «OJJOMAIIHUBAIHN cebs1 caMu». M Takom
B3I/ HA JOMECTUKAIMIO CIOKHUIICS BO MHOT'OM OJ1a-

* [lns Gojiee TIOMHOTO OCBENMEHUsS OGCY/KIAEMOLT TEMBI B KOHITE AuHa KykekoBa c py4Hoit Bonuunuein no umeHn [lapma, coumnanm-

UHTEPBBIO IPUBE/ICH CITUCOK JIMTEPATYPHBIX HCTOYHUKOB, 3UpoBaHHoil B paHHeM Bo3pacTte B Mapke Bonkos (Wolf Park).
Wupamnaxa, CLWA. 2011 r.

© Kykexosa A.B., 2018 ®oto M.CnoyHa

IIPHUPOIOA » Nel12 2018 3




FTEHETUKA. 300Ji0rus

YneHbl MeX[yHapOAHOTO UCCNEL0BATENLCKOTO KOJNEKTUBA, U3Y4alolLero reHeTUYeCcKe 0CHOBbI JOMECTUKALUM TUCULLbI OObIKHO-
BeHHoit. 2007 r. Cnesa Hanpaso: E.B.BonoanHa (Mockosckuit 3oonapk), N.A.Bonoanu (MI'Y umenn M.B.JlomoHocoBa, Mockos-
cknit 300napk), U.H.Ocbkuna (MUuT), T.Aknana (KopHennsckuit yuusepcutet, CLIA), T.U.Ceménosa (ULuT), N.H.Tpyt (NLuI),
I.Napk (YHusepcutet HOTbi, CLUA), U.B.Musosaposa (NLuT), A.B.Xapnamosa (NLur).

rojaps akcrnepumeHTy bensea. HoBocubupckue
YYE€HBIE CYMENN CMOJAEIUPOBATH NEPBBIN 3TAN AJAIl-
TALUU KUBOTHBIX K KHU3HHU C JIIOJbMU: OTOUPAINUCH
JIUCULBI, HE TOJIBKO HAMMEHEE AIPDECCUBHBIC U HE
HUCIBITBIBAIOMIAE 3HAUUTEIBHOT'O CTPAXA [IEPEJ YE/IO0-
BEKOM, HO U CIIOCOOHBIE HPOSBJATH IO OTHOIIEHUIO
K HEMY ITOJIOXKUTENBHBIE IMOIINH.

B nacrosmee BpeMa Mbl IPOOYEM HA OCHOBE «IH-
Cb€l MOJIEN» HANTU I'€HbI, OTBEYAIONUE 32 NIEPBO-
HAYJIbHYIO CTYIIEHDb IIPOLIECCA JOMECTUKALIUU, 13y~
4yasg CoOaK, 3TO OYEHb TPYJHO CJ/I€/NaTh, IIOCKOJIBKY
OHU OJOMAIIHEHBI TAK JABHO, YTO TEIEPb TPYLHO
VJIOBUATH B UX T€HOME KJIIOUEBBIE «CUTHAJIBI», CBA3AH-
HbIE C TIPEJPACIONOKEHHOCTLIO K JOMECTUKAIINU.
DTU «CUTHAJIBl» HE TAK SIBHO BBIPAXKCHBI, CMECIIAHBI
CO MHOTMMHU JPYI'MMH, B€Jb HA IPOTAEKEHUU UCTO-
pUN COBMECTHOM KU3HU YEJIOBEKA U COHAKHU IPOUC-
XOJMJIA CENEKIUA MO MOP(POIOTUIECKUM U APYTUM
MIPU3HAKAM.

IIpencraBiaeHHsle Ha cTpaHunax «Nature Eco-
logy & Evolution» gaHHBIE€ BRI3BATH OI'POMHBIH
HHTEpec kKouier. Kak BB OIleHHBaeTe IIpoOBe-
JEHHYI0O paboTy, KAKOBBI OCHOBHBIE€ HTOTH HC-
caegoBaHUA?

Bo-11epBBIX, CEKBEHUPOBAH I'€HOM JIMCUIIBI OOBIK-
nosennomn (Vulpes vulpes). Tenepb Mbl 3HAEM, KAKHE

3pecb 1 panee doto A.B.KykekoBoit

TEHBl U B KAKOU MOCIENOBATENBHOCTU HAXOAATCA Ha
XPOMOCOMAX JINCUIIBI, KAK JTUCHUI TEHOM OTJINYAETCA
OT reHoMa COOAKM U JPYIrUX KUBOTHBIX, 4 TAKKE
y HaC TENepb €CTh KapTa BAPUAHTOB I'€HETHYECKOT'O
NOJUMOP(MU3MA JTUCHUIIB, KOTOPAs TAK BaKHA JJId
NPOBEAEHUSA MOJEKYIAPHO-TEHETUUECKUX UCCIENO-
BAHUI. 300JIOTAM M 3IKOJOT'aM, U3YUAIOIMUM JHUCHUIL,
TOKE OYEHDb BAKHO PACIONATATh MOTHBIMU JAHHBIMHU
O T€HOME 3TUX KUBOTHBIX, KOTOPBIE UMEIOT YPE3BLI-
YAMHO MIMPOKUH apeas (B TOM YHUCJIE 3a CYET UHTPO-
JYKIIUU) B CPABHEHUU C JPYIUMU IPECTABUTEIAMU
OTPA/la XUIIHBIX MJIEKONUTAOMUX. JINCHI HA yUBIIE-
HHE CHOCOOHBI IPUCTOCAOIUBATLCA K PA3HBIM KJIH-
MATHYECKUM YCJIOBUAM — OT NIYCTBIHU JIO TYHJPHI,
NOJAHSIUCH 10 CYOAPKTUYECKUX WUPOT. B HEKOTO-
pbIx o6nacTaxXx CKaHIWHABUM OHHU BBITECHAIOT IEC-
110B, 3aHUMAs UX 3KOJOIMYECKYI0 Humy. Pacmudpo-
BAHHBII I€HOM JIUCULIBI TOMOXET OTBETUTh HA MHO-
T'H€ BONPOCH], CBA3AHHBIE C PACIPOCTPAHEHHUEM, T1O-
NYJSAIUOHHON JIMHAMHUKON MU CIIOCOOHOCTBIO 3TOTO
JKUBOTHOT'O K aalTalUsAM, 4 TaKXe OygeT BOCTpebo-
BaH COOOIIECTBOM VUEHBIX, UCCIACAVIOMUX OIU3KO-
POJICTBEHHBIE BHUJIBI, TEHOM KOTOPBIX €II€ HE ObLI
CEKBEHUPOBAH.

Bo-BTOPBIX, MBI IPOBEIU AETANbHBIN I'€HETUYEC-
KHIT aHAJIU3 TPeX C(OOPMUPOBAHHBIX HA 3BEpOpeEpMe
Nlul' CO PAH nonyasauuil JIMCHUL, — PYYHBIX, ArPEC-

IMPHUPOIJA » Nel12 2018



FTEHETUKA. 300Ji0rus

CUBHBIX U OOBIYHBIX COBXO3HBIX. HECKOIBKO CJIOB
O TOM, YTO HPEACTABIAIOT COOOI PYYHBIE JIHUCUIIBL:
CBOUM IIOBEJEHUEM OHHM HANOMHHAIOT COOAK C UX
CTPEMJIEHUEM 3AMIUIIATE XO35MHA U IPOBOJUTD Bpe-
MA B IPYKEMOOHOM OOMIEHUU C YENOBEKOM. Cenek-
LMIO JINCHUIl HA PY4YHOE (JOOPOJYIIHOE IO OTHOIIE-
HHUIO K 4YEJIOBEKY) IIOBEJACHHUE VYEHBIC HaAYaIU
B 1959 . 1 mony4uau COOTBETCTBYIOLIYIO ITOIYJIA-
nuio. C 1970 r. 1pOBOAMIAN OTHOP ITUX )KUBOTHBIX 1O
NPU3HAKY HENOBEPHUSA K JIOAAM U MOJYUYUIN JTUHUIO
ArPECCUBHBIX JTUCHL,. [TONynAnusa COBXO3HBIX JTHUCHI]
HUCXO/AHO ObUIA NPEAKOBON I ABYX APYIUX, U, XOTH
OHA TaKXe npoiuia csou 50 seT 0T60opa, CeNneKIuu
IO MOBEJECHUIO B JJAHHOM CJIy4a€ CIIELHUAIBHO HE
NPOBOAUIOCH, U MBI UCIOJb30BAJIU 3Ty MOMYJIAIUIO
KaK KOHTPOJIBHYIO.

B xXome aHanu3a MBI HAIJIM B TEHOME JIMCHI] U3
TPEX HA3BAHHBIX NONYIALUHA 103 yyacTka, KOTOpbIE
Haubosee CUIbHO Pa3INYaIOTCI MEXK/Y dTUMHU MOIY-
JALUAMHU U NEPCIEKTUBHBL /Ul JAAbHEHITUX HUCCIIE-
jopaHui. [To-BUJUMOMY, HE BCE HANJCHHBIE YY4ACTKU
CBA3AHBI HEMOCPEACTBEHHO C MOBEAEHUEM, HEKOTO-
pble — C BO3MOXHOCTBIO JKUBOTHBIX Pa3MHOXATbCA
B HEBOJIE (OOYCIOBIEHHON, K IIPUMEPY, OCOOEHHOC-
TSAMHA UMMYHUTETA WIN JPYTUMU napaMmerpamu). Tak
MM UHAYE, MBI ONIPEEIWIN, YTO Y YACTU U3 HUX €CTD
CBA3b € MoBeJeHueM. Ho HaM ObUIO MHTEPECHO MO-

TH JaJIblI€ — YCTAHOBUTb KOHKPETHBIE I'€HBI B 3TUX
Yy44CTKAX, «OTBETCTBEHHBIC» 34 JIpY:KEII00UE, 6eCIo-
KOMCTBO, aI'PECCUI0 U JPYI'UE KA4ECTBA KUBOTHOIO.
B pesyabrare npoBegeHHOIO UCCAELOBAHUS YAIOCh
MIOKA434Thb, YTO, KOMOMHUPYA METO/BI, BIIOJHE PEAJIb-
HO HANUTHU TAKUE I'€HBL

OJHO U3 NPEUMYIECTB HALEH padoOTh COCTOUT
B TOM, 4YTO MBI MOIJIX HE TOJBKO CPABHUTb CUKBEHCHI
JIUCUL], U3 PA3HBIX MOMYJIALMI, HO U COCTABUTD 3KC-
MEPUMEHTAIBHBIE CEMbU — CKPECTUTH PYUYHBIX JKHU-
BOTHBIX C ATPECCUBHBIMU U IIOJIYYUTH ITIOKOJAeHUE F1,
34TEM INPOBECTU CKpemusanue BHyTpu F1 m mouy-
4uTh NOKOJeHuEe F2. Mcnonp3ysa paHee pazpaboTaH-
HBII HAMHU Ha60P IeHEeTUYECKUX MAPKEPOB, MBI IIPO-
BEJIM I'€HETUYECKOE KAPTUPOBAHUE CO3JAHHBIX JKC-
IIEPUMEHTANBHBIX CEMEIN. DTOT IMOAXOJ [JABHO MC-
[10JIb3YETCA B I'C€HETUKE KNACCUYECKUX MOJEJIEH, Tad-
KHMX KaK Ip030(HUId U MBIIIb; CYTh €I'0 CBOJUTCA K I10-
HUCKY 4CCOLMALUNI MEXAY '€HOTUIIOM U (DEHOTUIIOM.
[Tosepenue nucul, B 1OKoJeHUuU F2 KpariHe pPasHO-
00pa3HO: MOXKHO YBUJETbh KAK PYYHBIX, TdK U arpec-
CUBHBIX JIUCHUL] — B 3aBUCUMOCTHU OT TOT'O, KAKUE Ie-
Hbl OHHU YHACJIEJOBaAN OT 0abymiek u geaymek. YTo-
OBl BLIABUTH TEHOMHBIE YYACTKU, BIUAIONINE HA TIOBE-
jJeHue nucull B F2, MBIl IPOCIEAUIN HACIELOBAHUE
I€HETUYECKUX MAPKEPOB B 3KCIIEPUMEHTAIBHBIX CE-
MbBAX U UAEHTUMUIUPOBANIHU 11 € HOMHBIX Y4aCTKOB,

Tema 1 MapuHa LLlenenesbl UrpaloT ¢ pyYHbIMU AUCULAMU. IKCNepUMeHTanbHas 3Bepodepma NHCTUTYTA LUTONOTUM U TEHETUKM
CO PAH. 2018 r. Ha 3Toi1 doTorpacun 1 aanee nokasaHo, YT0 0JOMALIHEHHbBIE IUCHI CBOUM APYKENIOOHBIM U UTPUBLIM NOBEAE-
HUEM HanoMUHAIT cobak.
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IIoyTH BCE€ HAYYHO-IOIYJIAP-
HbI€ HHTEPHET-CAHTBI, KOM-
MEHTHPYA IIOJYy4Y€HHbIE Balllen
HCCIET0BATEIbCKON TI'PYIIIION
JAaHHBIC O BAUAHHUHU SorCS1 HaA
IIOBEJEHHE JHCHIBI, HCIIOJb-
30BAJIM BBIPAJKEHHE «I'€H JAPY-
JKenwbous>. HaBepHOe, BBl HeE
COITACHUTECH C TAKOHM HHTEP-
nperaguen?

HeT, xoneuyno. SorCS1 — nuimb
OJJUH U3 <«I'€HOB JPYXKEIIOOU»,
Be/lb pEYb UJAET O KOMIUIEKCHOM
(penorumne. Panee Mbpl IOKa3aau,
YTO PACIOJIOKEHHOCTD JIUCHL K Ue-
JIOBEKY KOHTPOJIUPYETCSA HECKOJIb-
KHUMU TEHOMHBIMU Y4YaCTKAMHU,
1 OHU OTBEYAIOT 34 PA3HBIC ACIIEK-
THl NOBEJNECHUS XUBOTHOro. Ha-

KOTOPBIE BIUAIOT HA TO, OYAET JIU JIUCULIA B ITOKOJIE-
nuu F2 6onee nobpoaymHon unn 60see arpeccus-
HOU. CpaBHUB I'€HOMHBIEC YYACTKH, HAWJEHHBIE B peE-
3YJIBTATE FTEHETUYECKOI'O KAPTUPOBAHUS, C YI4ACTKAMY,
UJEHTU(DUIUPOBAHHBIMU IIPU CPAaBHEHUN CHKBEHCOB
MONYNALMHI, MBI OOHapyxwuad, 4To 30 m3 103 ygact-
KOB, BBIABJIEHHBIX B ITONYJIAIIMOHHOM aHAJIU3E, MEpe-
KPBIBAIOTCA € yYACTKAMH, HAWJIEHHBIMY B AHAIU3€E IKC-
[IEPUMEHTAJIbHBIX CEMEN. [EHOMHBIE YUdCTKH, OOHAPY-
JKEHHBIC JIBYyMs HE3dBUCHMBIMU METOAAMHU, IPEACTAB-
JIAIOT COO0I Hanb0JIe€ BEPOSITHLIE MUIIECHU CEIEKIIUU
JIUCULL Hd PYYHOE U ArPECCUBHOE nOBegeHue. U B Ha-
CTOAIEM MCCAELOBAHUU MBI C(POKYCHUPOBANUCH HA
AHAJIU3€ OJJHOT'O TAKOT'O YUACTKA, PACMONIOKEHHOIO HA
JHChen xpomocome 15.

JleTanbHblil AaHAJIU3 ITOT'O YYACTKA IIOKA3aJI, YTO OH
COJEPKUT BCErO OJUH KOAUPYIOWUIN I'eH — SorCSI*.
BoJjee TOro, Mbl CyMeNU ONPELETUTb HAUOOIEE YACTO
BCTPEYAIOIWMECS BAPUAHTBL ITOrO reHa (aJJIesn)
B PYYHOH M 4ArPECCUBHOU NONYIALMAX U ITOCMOT-
peTh, KAK IPOABATCA 3TU AJIJIENU B IKCIIEPUMEHTAIIb-
HBIX JUCBUX CEMbAX. MBI yXe OO6CyJWIH, 4TO TNPHU
CKPEIMUBAHNYU PYYHBIX U aIPECCUBHBIX JIUCHUIL IPEJ-
CTABUTENN NOKOJeHUd F2 TOBOJBHO CHJIBLHO PA3/IU-
YaI0TCA 1O MOBEJEHUIO — €CTb U JACKOBBIE JIUCATA,
1 JOBOJBHO arPECCUBHBIE. A TENIEPDH HAM Y/1aJIOCh I10-
Ka34Tb, 4YTO IOBEJEHUE JIUCHUILL B TIOKONEHUN F2 3HA-
YUTEJbHO JIydllle (C TOYKMU 3PEHUS YEIOBEKA), €CIU
JJAHHAs 0COOb YHACJIEJOBAJIA IBE ajiean reua SorCS1
OT NOMNYJIALUN NPUPYUEHHBIX JTUCHUILL. DTOT IKCIEPU-
MEHT IMO3BOJWJ MOKa34Th, 4TO Te€H SorCSI MOXET
BJIMATH HA COLUATBHOE MTOBEAEHUE MIEKONMUTAIONUX,
U TOATBEPJUJI, YTO, UCIONb3yd TAKOU METOAOJOIU-
YECKUU MTOJAXOJ], MBI CIIOCOOHBI UAEHTU(DULIUPOBATD
KOHKDETHBIE T'€HBI, BIMUAOMINE HA JOOPOAYIIHOE
U ArPECCUBHOE MIOBEJCHUE JTUCULI.

* Ten SorCS1 peryampyer 6e/IKy, BOBICYCHHBIE B CBA3b MEK/Y HEH-
pOHAMMU.

IIpUMEpP, HEKOTOPbIE T'€HOMHBIE
YU4CTKU OTBEYAIOT 34 TO, OYAET /11
JINCA Paja HAIIEMY IOABJICHUIO, JPYTUE OTBEYAIOT 34
TO, HPABATCA JIM €U HAIIN IIPUKOCHOBEHUA. MBI yCTa-
HOBWJIH, YTO I'eH S0rCS1 KOAUPYET BIOJIHE KOHKPET-
HOE TOBEJEHUE — JKeJAHUE TUCUILBI TTPOOJLKATDL 06-
LMIEHUE C YEJIOBEKOM B CUTYaLUH, KOI'Zld OH IIPOBEI
OKOJIO HEE HEKOTOPOE BPEMSA U COOMPAETCSA YXOIUTD.

Boob6me Heyjaun B U3YYEHUU T€HETUYECKUX OC-
HOB JIOMECTUKAIIUU CBA3AHBI C TEM, YTO HCCIEJOBA-
TEJU 4aCTO HE NPUHUMAIOT BO BHUMAHUE YPE3BbI-
YAMHYI0O KOMIUIEKCHOCTb (DEHOTUIIA IIOBEJCHUI.
HyXKHO HCKATb I'€HBI, OTBEYAIOMUE 34 OTACIbHBIC
«3JIEMEHTBI> MOBEAEHUSA AOMAIMIHETO KUBOTHOTO, —
3TO CPOJHU COCTABJICHUIO MO3AUKHU.

B 2016 r. mccaegosarenu JIMHYENMHHICKOTO
yuuBepcurtera (IlIBenmusa) oOHapomOBaIU pe-
3yJABTATHl IPOBEJEHHOIO MMH IIOHCKAa I'€HOB,
OTBETCTBEHHBIX 324 MEXBHJOBbIE KOMMYHHKA-
nuu co0ak [2]. ECTh 1M COBIIAJEHUA B MaTepHa-
JaX, IOJY4E€HHBIX HMH H BAaIIUM HCCJIE€JOBA-
TEeJIbCKHM KOJUIEKTHBOM?

S IOMHIO 3TO HUCCIELOBAHUE U XOPOUIO 3HAKOMA
C €ro aBTOpaMu. KOHKpETHBIE I'€HBI, OIPE/CICHHbIC
MIBCICKUMU YICHBIMU (SEZOL, ARVCE, COMT, TXNRD2)
1 HALIEHW I'PYIIION, HE cOoBNAIU. OJHAKO MHTEPECHO,
YTO U B paboTe KoyuleT U3 JINHYENUHICKOTIO YHUBEDP-
CUTETA, U B HAUICH OBbLIM HANJEHBI I'€HBI, BbI3BIBAIO-
mue crneruduIecKkue OCOHEHHOCTU IMOBEJEHUSA HE
TOJIBKO Y *KMBOTHBIX, HO U y JIofici. Henb3s CKa3aTh,
YTO «IIEPEKPBIBAHUE> MEXKIY HAUJACHHBIMU Y4aCTKAMU
€HOMA JIMCULIBI U T€HAMM, KOTOPBIE CBA3AaHBI C OCO-
6EHHOCTAMHU IOBEJEHUA YEIOBEKA, CTATUCTUYECKU
3HA4YUMO, TEM HC MEHEC MBI BUJHUM, YTO COBIIAJCHMA
ecTb. Hanpumep, oJuH O6HAPYKEHHBIN HAMU I'€H, KO-
JUDPVIOIUI I[VIOTAMATHBIN peuentop**, GRINB, BO-

** [OTaMATHBIE PELEIITOPbI PACIIOIOKEHBI TJIABHBIM 06PA30M HA
MeMOPaHaxX HEMPOHOB U ITTHABHBIX KIETOK, NX (DYHKITUH CBI3AHBI
C 3aIIOMMHAHUEM 1 OOYUYEHUEM.
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BJICYEH B MEXAHU3M (POPMHUPOBA-
HUA 110 KpaWMHEH Mepe TpeX IICH-
XOJOTUYECKUX OCOOEHHOCTEN ue-
JIOBEKAa — CHUHJpOMa jaeduuuTa
BHUMAHHUS, ayTu3Ma, musodpe-
Huu. O 4eM 3TO roBoput? MOXHO
NPEANONOKUTD, YTO CYI[ECTBYIOT
T€HBl, HMMEIOMHUE YPE3BBIUANHO
BAJKHOE 3HAYEHUE I COLLUATBHO-
IO TMOBEAEHUA MIEKOMUTAIOIUX,
1, UCCIENYS €r0 ACHEKTHI, MBI OY-
JIeM BCErJla HaXOJUTh KOMOWHA-
LMY 3TUX I'eHOB. C APYroi CTOpo-
HBI, U3YYCHUE TAKUX YHHUKAJIbHBIX
MOJENEN, KaK MONYIALUN JTUCHIIL,
co3panuble B HOBOCMOGUPCKE, TO3-
BOJIAET HAUTU U aO6COJIOTHO HO-
BBIE I'€HBI, KOTOPBIE BIUAIOT HA I10-
BeJlCHUE MJEKOomuTammux. Ha-

IIpUMEpP, HACKOIBKO MHE HU3BECT-
HO, T€H S0rCS1, BBISIBICHHBIN B HA-
IIEM ITOCJIETHEM UCCIENOBAHNU (C ITOMOIIBIO «IMChEN
MO/JIC/IN»), HUKOTZA MIPEXKAE HE TECTUPOBAIN HA €r0
pOJIb B COLIMATIBHOM IIOBEJICHUH, XOTSI B HECKOIbKUX
HUCCAEQOBAHUAX S0rCS] HAXOJWIMN B YIACTKAX I'€HOMA
YEJI0BEKA, ACCOITMUPOBAHHBIX C NCUXUYECKUMU OCO-
6EeHHOCTAMH [3].

OTKpBIBATh HOBBIC I'€HBI, CBA3AHHBIC C IIOBE/ICHU-
€M MJICKOTIMTAIONMX, OUEHb BAXKHO. [IeJI0 B TOM, 9TO
KOI/Ia IIPOBOJATCS UCCIEOBAHUS HA JIOAAX — IIOJI-
HOTEHOMHBIN IIOMCK accouuanuit (genome-wide
association studies)* — 1 y4eHbIE HAXOAT FTEHOMHBIC
Y4aCTKH, ACCOLUUPOBAHHLIE, HAIPUMED, C AYTU3MOM
WIN MUA30(PPEHUEH, TO 3a4ACTYI0O HEU3BECTHO, KAK
CBSI34Tb 3TU I'€HBI C PEHOTUIIOM, IOTOMY YTO HET UH-
gopmanuu 0 TOM, UTO 3TU I'€HBI KAK-I11M00 BIUAIOT HA
MoBesicHUE. Y YEI0BEKA aTPECCUs CBSI3aHA C pa3/Iny-
HBIMHU TICUXUYECKUMU OCOOEHHOCTAMU, B YACTHOCTH
C MU30(pPEHUEN, U A NT0JIATAIO, YTO B JAHHOM CJIy4ade
HCIIOJb3YEMAS HAMU «JIUChsI MOJIC/Ib> TIOMOJKET B I10-
HCKE HEMU3BECTHBIX IIOKA I'€HOB, KOHTPOJUPYIOIUX
COIUAJIBHOE TIOBEICHUE.

N3 Bamer crarpu B «Nature Ecology & Evolu-
tion» [1] ciexyer, 4TO Y JTUCHI, U3 BHIIIECYIIOMS-
HYTOHM arpeCCHBHOMN MONY/SIIHH H Y COOAK OII-
pereleHHBIE YIACTKH '€ HOMAa OKA3aJIHCh I'OMO-
JOTHYHBIMH. Pacckakure, MOXKaiayrcra, o0
3TOM moApoOHee. /I BaCc OBLIO HEOKUJAHHOC-
THIO TO, YTO IMOJOOHOE COBIIAICHHE OTMEYEHO
HE€ C TEMH JHCHIAMH, CCICKIHUA KOTOPBIX BE-
JIACh IO MPHU3HAKY APYKEIOOHA?

M3BECTHB HECKOJIBKO YYACTKOB B TE€HOMAaX CO-
064K, KOTOPBIE CBA3AHBI C CEIEKIIUEN, HAIPABICHHON
H4 OJOMAIIHUBAHNE. Tort Y44CTOK, O KOTOPOM BBI I'O-

* [ToMHOreHOMHBIH MOUCK accormanuii (GWA study) — Harpasse-
HHME OMOJIOTUYECKUX (KAK MIPABMIIO, OMOMEJULIMHCKUX) UCCIENO-
BAHUM, CBA3AHHBIX C U3yYEHHUEM ACCOLUALIAN MEKAY BAPUAHTAMHU
reHoMa ¥ (PEHOTUITYECKAMH ITPU3HAKAMUI.

BopuUTe, (POPMHUPYETCA IPHU TEMUBUTOTHOU Aeje-
IUK** WIN NEPECTPONKE OJTHON U3 JBYX XPOMOCOM
(BTOpAasd OCTAETCS HOPMAJIBHON) C norepemn ¢par-
MEHTQ, BKJIIOYAIOIEro, KaK MPaBUIo, 26—28 TeHOB.
Taxas ke ieen sl BCTPEUYAETCSI U Y HEKOTOPHIX JIIO-
e, IpUYEM 3ITOU HACAECACTBEHHOU MyTaLlUEN
0OyCJIOBIEHO BO3ZHUKHOBEHHUE Y YETOBEKA CUHIPO-
Ma Bunbamca—Dboiipena. XoTa m0a1 ¢ CUHIPOMOM
CUJIBHO PA3/IUYAIOTCS, Y HUX €CTh 00IUE OCOOEHHO-
CTHU: Yall€ BCEIO OHU UMEIOT IIPOOIEMBL C CEPALIEM,
OTCTABAHUE B POCTE, A6COTIOTHBIN CIYX U OUEHD UH-
TEPECHBIM NOBEAECHUYECKUN (PEHOTUII — UPE3BbIYAN-
HOe Jipyxenobue. Takue JIOAU 4YaCTO YIAbIOAIOTCH
1 pacrnonaralor kK cebe. ONHAKO UX OTIUYAET HE
TOJBKO HEOOBIYHOE JIPYXKEIOOMUE, HO U IOBBIIIECH-
Has TPEBOXHOCTD, U3-34 YE€T'O UM TPYLHO IIOJLEP-
JKMBATb JUIMTENbHBIE OTHOWEHUA. Kpome ToOro,
y HUX NoHmXeH 1Q. Korga Mpl ony6JIuKOBAIN CBOIO
IIEPBYIO CTATBIO 110 I'€HETUYECKOMY KAPTUPOBAHUIO
JIUCBbUX CEMEN [4], HAM CTAJIN NUCATD JIOAU, UMEIO-
mue JeTen ¢ CuHApoMoM Bunpamca—DboiipeHa,
U CIIPAlIUBATh, HE HAXO/AUM JIU MBI CBA3U MEX]Y I'e-
HAMU, BOBJIECYEHHBIMU B 3TOT CUHJPOM, U IIOBEJE-
HHUEM JIUCULL, BEJJb PYUYHBIE JTUCHUIIBl TAKXKE XaPaKTe-
PHU3YIOTCA HEBEPOATHBIM [JPYXKEIOOUEM. 3aMeUy,
YTO XOTA I'€HBI, IETETUPOBAHHBIE Y HOCUTENEH CUH-
JpoMa Busbsamca—DbolpeHa, U3BECTHBI, UX M€EXa-
HU3M BJIMAHUSA HA [IOBEJICHUE HEACCH, MBIl HE 3HAEM,
KaKOM M3 3THUX IEHOB OTBEYAET 34 JpyXKeIlobue,
a4 KaKOM 32 ab6COJIOTHBHIN CAyX. MBI IpeAnoaaraiu,
YTO UMEHHO B MOMYJALIMU PYYHBIX JIMCHUI] HANUJEM
HEYTO MHTEPECHOE HA Y4ACTKE XPOMOCOMBI, COOT-
BETCTBYIOMIEN JIEJIELUU C IMOABJIEHUEM CHUHJPOMA
Bunpsamca—Dboiipena, HO OOGHAPYXUIU TO, UTO UCKA-
JI4, B IOIYJIALIUYU ATPECCUBHBIX.

** Nenenwst (o1 1ar. deletio — YHHYITOKEHHE) — XPOMOCOMHAS Tie-
PECTPOIIKA, IPU KOTOPOIT IPOUCXOAMT TIOTEPS YIACTKA XPOMOCO-
MbL YTPAUCHHBI YYACTOK HA3BIBACTCS J1EICTUPOBAHHBIM.
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F€HOTUNAX, BEJAb OOJIBIIUHCTBO
UCCIENOBAHUN B 3TON cpepe Pu-
Hancupyer HanuOHAJIbHBIM WH-
CTUTYT 310p0oBba CIIA, KOTOPBIN
NIPUAAET OOJBIIOE 3HAYEHUE NYO-
JIMYHOCTU IOJAJEPKUBACMBIX UM
npoekToB. Hama na6oparopus
B MJUIMHOVICKOM YHUBEPCUTETE CO-
CTOUT U3 TEHETUKOB U 6UOUH(OP-
MA4THUKOB, U Mbl HUMEEM XOPOIIUE
KOHTAKThl ¢ MeJUuIIMHCKOU IIKO-
JIOU YHuBepcurera BamuHIrTOHA
B Cenr-Jlyuce. CrneqUagucThl, pa-
60TaIOMUE TAM, U3Y4YAIOT JJETCKUE
NCUXUATPUYECKUE 32001€BAHUS
U UMEIOT JJBOUHYIO CIEUANIN3A-
U0 — OUOJIOTU-TEHETUKU U IICU-
Xuatppl. C HAMIEX TOYKU 3PEHMUL,
3TO OYEHb XOpOIIasg I'pymna Ans

Kaxk BBI 3TO HHTEpIIpETHpYETE?

MBI IPEAIONATAEM, YTO ATPECCHUA JTUCUL] CBA3AHA
€ 6ECIIOKOUCTBOM. BO3MOKHO, UMEHHO 110 3TO! IIpU-
YUHE KUBOTHBIE, CEIEKIIMIO KOTOPBIX BEJIM IO CIIO-
COOHOCTU Ha aTPECCUBHBIN OTBET, 3aPAHEE ITOKA3BI-
BAIOT YEJIOBEKY, UTOOBI OH K HUM HE NPUOIMKAICH:
MBI €€ TOJLKO MOJXOAUM K KIETKE, 4 JIUCHUIA YXKE
JEMOHCTPHUPYET HEYLOBOALCTBUE (ONPEJENEHHO HE
60s13Hb, IIOCKOJIBKY OH4 He orderaer). Ho 06 aton
UHTEPIPETAUMU HE CKA3aHO B HALIEW IOCIEJHEH
CTAThE: HAM HE XOTEJNOCh NPEXIEBPEMEHHO CIEKY/IU-
pOBATh HA MOJNYYEHHBIX JaHHBIX. OHAKO, BO3MOXKHO,
1 3/1€Ch «<JIUChS MOJIENb> TIOMOKET HAM JIY4IIE TOHATD
MEXAHU3M YEJOBEYECKOTO 3200IE€BAHUA.

B Bamert pa6ore 60JbIIOE 3HAYCHHUE HMEIH HA-
OJIOJIEHHA 32 MOBeJEeHHEM KHBOTHBIX. KTO M3
MEXAYHAPOJAHON HCCIAETOBATENBCKOH I'PYIINBI
3AHHUMAJICA 3TOH CIOKHOH 3agademn?

MHe 6B1710 HEOOXO/JUMO UMETD IIOJHOE IIPEJCTAB-
JICHUE O MOBEJICHUU JINCULL, U 51 TECTUPOBAJIA KAKI0E
u3 6osee ueMm 500 KUBOTHBIX, IPE/JCTABJICHHBIX B Ha-
el paboTe, 3aIUCHIBA TECTH HA BUJEO. 3ATEM ClIe-
nuanuctel UIul' CO PAH u3 rpynnsl fOKTOpa 6U0I0-
rudeckux Hayk Jliogmunel Hukonaesue! TpyT pacmu-
(ppoBann BUECO3ANUCHU. DTO OYEHb KPOIIOTIUBAS pa-
60Ta, HO OH4 TOTO CTOWJIA. MBI HA IPOTSLKEHUU MHO-
TUX JIeT paboTaeM BMECTE, U TO, YTO HAIIE IUIOJO-
TBOPHOE COTPYJHUYECTBO MO3BOJAET HAM OTKPBLITH
CTOJBKO BCErO HOBOTO, IMPUHOCHUT MHE OTPOMHYIO
PasoCTh — U NPOPECCUOHANBHYIO, U YETOBEYECKYIO.

BpI npoBOANTE MEKAUCHUIIMHAPHEBIE UCCIAETO0-
BaHHUA H, BEPOATHO, IVIAHHpPYETE HaJbHeHIIee
B3aHMO/JECHCTBHE C KOJUIETAMH H3 JPYIHX y4-
PEXIAEHHUM, B TOM YHCI€ MEIJUIIUHCKHX?

B CHIA cymecTByeT MHOKECTBO INPECTABIEHHBIX
B OTKPBITOM [JOCTYIIE JAHHBIX 10 NCUXUATPUYECKUM
3200JI€EBAHUAM JIIO/ICH, CBEICHUI O COOTBETCTBYIOMIUX

B3aUMOJAEUCTBUA. MBI COTPYAHU-
yaeM ¢ yueHsiMu B lIBenun, B Ku-
Tae, Kopee, Benuko6puranuu, Poccuu, CIIA. [Tocto-
AHHA4 CBA3b C CAMBIMU PA3HBIMA MHCTUTYTAMHU HEOO-
XO/INMA, TIOTOMY YTO HEBO3MOJKHO BBIYYHTD BCE C HY-
JI, 4 KOKAAs UCCJIEJOBATEIbCKAS I'PYIIA CETOAHA —
3KCHEPTHI B CBOEH Y3KOI O6JIACTH.

MBI IENOHUPOBAJIU MOJYYEHHBIE HAMU CUKBEHCHI
B 043y JAHHBIX C OTKPBITBIM JOCTYIIOM, U KOJUIETH U3
P43HBIX OOJIACTEN YKE MCIONBb3YIOT 3Ty MH(MOpMA-
nuo0. 9YacTo 3arpyska OO0JbIIUX JAdHHBIX (TAKUX, KAK
B CTAThE, O KOTOPOI MBI I'OBOPUM) BEJET K HOBBIM
COBMECTHBIM MPOEKTAM. M JeNCTBUTENBHO, PAJ y4e€-
HBIX, C KOTOPBIMU MBI IABHO COTPYAHUYAEM, IPEJIA-
raloT COBMECTHYIO PaOOTy U HOBBIE HANIPABIECHUSA UC-
CJIeJJOBAHU.

B xako¥ Mepe IOJyYE€HHBIE BAMH JAaHHBIE CO-
IJIACYIOTCA C IPEAJOKEHHON aKageMHKOM be-
JAE€BBIM KOHI[EMI[HEH AeCTA0HIN3HPYIOUIETO
oTéopa, KOTOPHIM NPHUBOJAHUT K IMOABIECHHIO
Y )KMBOTHBIX CHHIPOMA JOMECTHKALHH?
Akazemuk benses pazpabaThiBal CBOK TEOPUIO
B 1950-1960-€ rojibl, KOIrja TOJbKO-TOABKO ObljId OT-
kpbiTa JHK 1 Ha9anoch udydyenue paboTsl reHoB. OH
[1OJIATAJl, YTO €CJIU BEJETCA OYEHD KECTKAS CENEKLUA
10 ONIPEJEJECHHBIM IIPU3HAKAM, TO NPOUCXOAUT Je-
CTabUNIM3anuA OPraHU3Ma )KUBOTHOI'O U MOXKHO IIO-
JIYUUTDb )KUBOTHBIX C COBEPUIEHHO HOBBIMU, HE U3BE-
CTHBIMU paHee ocobeHHocTamu. CKopee BCero, ¢de-
HOMEH, KOTOPHIH IMUTpuit KOHCTAHTUHOBUY OOBSIC-
HSJI C TO3UIMH CBOCHU KOHIIEIIIUH, CBI3aH C JKECTKHUM
0T6OpPOM MO KOMOMHAIIUU HECKOJIBKUX WU MHOTHUX
T€HOB, B PE3YJLTATE YETO BO3HUKAET UX COUETAHHUE,
KpalHE PEJKOE y MHAUBUAYYMOB B nipupoze. Takxe,
BO3MOXKHO, MUUIEHAMU CEJIEKIUU CTAHOBATCI I'€HBI
C LIUPOKUM CIIEKTPOM ACHUCTBUSA — HAIPUMED, €CIU
3TO KAKON-TO PETYJIATOPHBIN I'€H, OH MOXET BIUATD
KaK Ha [TOBEJICHUE, TAK U HA MOP(OIOTUIO. MBI HE /Y-
MAa€M, 4TO HAOMIOAAEMBIE HAMU MYTALUU BO3HUKIU
MMEHHO B 3KCIIEPUMEHTAIBHON JTUCHEU MOMYIALIUY;
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CKOp€€ BCEro, OHU CYIIECTBOBAIU
B MOMNYJIALUAX JUCHUI] OYEHb JIAB-
HO, HO UX 4Y4CTOTA BCTPEUAEMOC-
TH B HAIIUX MNONYJALHUAX ObLIA
YBEJIMYEHA 34 CUET CEJIEKIUMU.

Eme oauH MEXaHU3M, KOTO-
pBIIT MOXET BBI3BIBATH MHOXKECT-
BEHHbIE M3MeHeHus, — hitch-hik-
ing («e3ma Ha momyTke»). Cenek-
LU [0 NOBEAEHHUIO O3HAYAET OT-
60p KOHKPETHOI'O I'€Ha Ha XPO-
MOCOME BMECTE C OKPYXKaAIOIMUMHU
€ro TeHAMH, KQXK/IbIH U3 KOTOPBIX
MOJKET BJIHATb HA PA3HBIE NPU-
3HAKM — HaIpUMEpP, HA MYLIUC-
TOCTb, OKPAaCKy Mexa u ap. Ecim
MOJAEPKUBATE CENEKIUIO JJOTO,
HO nU36€eraTb UHOPUJUHIA, TO Ye-
pE3 HECKOJIBKO MOKOJEHUN CIIETI-
JIEHHOCTb NPU3HAKOB, 0OYCIOB-
JIeHHAs OJU3KUM COCEACTBOM
1 ONPENENTEHHON MOCIELOBATENBHOCTBIO KOJUPYIO-
MUX UX E€HOB, PA3PYINAETCA B CHUIY I'€HETUYECKOU
pexkombuHanuu. Kak u3pecTHo, y 6€11€BCKUX JTUCUL]
110 MEPE€ OJJOMANTHUBAHUA CHU3UIOCH KAYECTBO Me-
X4d, HO Y COBPEMEHHBIX ITOKOJEHUH — HAIIUX IOJ0-
OBITHBIX JINC — HE TOJBKO JOOPBIA XapakTep,
HO U BIOJHE NYMMUCTHIN MeX. BO3MOXKHO, T€ KOM-
IIJIEKCHBIE U3MEHEHU, KOTOPbIE HAGIIOJAINCD Y JIN-
CUI| YE€pPE3 HECKOJbKO MOKOJCHUHU CEICKIUU, HO
NIpOMNaay B HEJJABHUE TOJIBl, B KAKOU-TO MepE CTAIU
pE3yabTaTOM 3TOro mnpouecca. KoHedyHo, 6bU10 OBl
O4YE€HDb MHTEPECHO MOTOBOPUTH C AKaZEMUKOM Des-
eBbIM. K coxaneHuio, ero He craao B 1985 1.

CymecTByeT runoresa Agama YWIKHHCA (3BO-
JIOIHOHHOI'O Ouoyora u3 YHusepcurera I'ym-
6onpaTa B Bepamne) o GoOpMHPOBAHUH CHH/J-
poMa AOMECTHKAIUH, B TOM YHCJIE IPYHKeITI00-
HOI'O NMOBEJAEHUA KUBOTHBIX, B PE3yJbTATE HA-
PYWIEHHA JeJeHHd HJIH MHUIPDAIHH KJIETOK
HEPBHOIO I'PeOHA — CTBOJIO-
BBIX KJETOK IIO3BOHOYHBIX,

———

YaTETbHO, YTO MBI HAXO/JUM Y JINCHUI] ONIPEAEIECHHbIE
T€HBbI, KOTOPBIE BAXKHBI I (PYHKIUOHUPOBAHUA
1 Pa3BUTHUA MO3Td, HO BMECTE C TEM CIIOCOOHBI BO3-
JENCTBOBATh U HA (DYHKIIMOHUPOBAHUE KJIETOK HEU-
POHAIBHOTO KPeCTd. DTON TeMe MOCBAICHA elle Ofi-
Ha HaIlla HOBAs CTAThA B KypHane «Proceedings of the
National Academy of Sciences» [6], B KOTOPO¥ MBI
NPEACTABUIN PE3YALTATEl CPABHUTEIBHOTO aHAIN34
TPAHCKPUIITOMA® JBYX O6JACTEH MO3rd y JUCUL] U3
PYYHOI M arpeccuBHOM mnonynauui. Cpeau reHos,
KOTOpBIE NOKA3IN PA3NUYUA B IKCOPECCUU MEKIY
PYYHOH M arPECCUBHOM NMONIYIALUAMU, HAPALY C pe-
LIENTOPAMU HEUPOTPAHCMUTTEPOB (XUMUUYECKUX I1€-
PENATIMKOB 3NEKTPOXUMHUYECKOTO UMITYIbCA MEKIY
HEUPOHAMHU M OT HEHUPOHOB HA HCIOJHUTEIbHBIE
KJIETKHM) OBUIM TAKXKE U I'€HBI, KOTOPBIEC HE YYACTBYIOT

* TPaHCKPHUIITOM — COBOKYIIHOCTb BCEX TPAHCKPHUIITOB, CUHTC3H-
PYEMBIX OJHOM KJICTKOM WJIM TPYIION KICTOK, BKIIOYAS MATPUY-
Hyio PHK n nekopupyromune PHK.

KOTOpHIE€ MOABIAIOTCA B PaH-
HeM 3MOpHOTreHe3e U HIPAIOT
BA)XHYIO pPOJb B Pa3BHTHH
IEHTPAJBbHOH HEPBHOM CHUCTE-
MBI [5]. Kak BBl OlleHHBaeTe
apryMeHTanHuI0 KOoJUIer B CBe-
T€ JAaHHBIX, IOJTYY€HHBIX B Ba-
€M HCCIAEJOBAHUU?

DTO O4YEeHb MHTEpPECHAA HeH.
C 0OJHOI CTOPOHBI, f OTHOHIYCh
KPUTHUYECKH K apI'YMEHTALIUU,
NPEIOKEHHON YIOMAHYTBIMHU aB-
TOPAMHU, IOTOMY UTO KJIETKHU HEMU-
POHATBHOTO KPECTA HE YYACTBYIOT
HEINOCPEACTBEHHO B (pOpMUPOBA-
HUM MO3ra. Ho Henp3d oTpuuarTh
UX KOCBEHHOI'O BiusAHUA. [Ipume-
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B IIEPEJAYC CUT'HAIOB 4YEPE3 HEUPOTPAHCMUTTEPHL,
HO BAXKHBI JJI MEXKJIECTOYHBIX B3dUMOJACHUCTBUU —
HAIpUMEpP, NPU Pa3BUTUU MO3rd. CIEKTP JENCTBUA
TAKUX I'€HOB 3TUM HE OI'PAHUYMUBACTCA — OHU TAK XK€
AKTHUBHBI B IPYIUX KJIETKAX OPTAaHU3M4, U U3BECTHO,
YTO OHU IKCIPECCUPYIOTCS B KIETKAX HENPOHAJIBHO-
I'o Kpecrad.

S JOmyCKalo, 4TO ONMCAHHBIM B TMIIOTE3€ YMWII-
KMHCA MEXAHU3M (POPMUPOBAHUA CUHJPOMA JOMEC-
THUKALUU JEHCTBUTENBHO PabOTAET, HO ONOCPENO-
BAHHO — YE€PE3 CEJEKIHUIO I'€HOB, KOTOPBIE BIUAIOT
1 H4 PA3BUTHE KJIETOK HEUPOHAIBHOI'O KPECTA, U HA
nosejenue. Hecnenqu@uuHOCTb T'€HOB TAKKE MOXET
[IPUBOJUTDL K KOMIUIEKCHOMY U3MEHEHUIO (PEHOTHIIA,
B TOM YMCJIE€ K IOSBJICHUIO XAPAKTEPHOU I CUH/-
poMa JOMECTUKALUU 6eON MATHUCTOCTU B PE3YIIb-
Tare 60Jie€ MEJICHHON MUTIPAlMU KIETOK HENPO-
HAJIBHOT'O KPECTA B ONPE/JEICHHBIC YIACTKU TEJIA.

BBl TOBOPHJIH O «CAMOOJOMANIHUBAHUH»> NPEJ-
KOB COBPEMEHHBIX CO0OAK. A HEJaBHO YIYCHFIC U3
HNHCTATYTA 3BOTIONHOHHOM OGUOJIOTHHU H 3KOJIO-
THYEeCKHX HAYK I[IOpPHXCKOTrO YHHBEPCHTETA
ONyGJIHKOBAJIH CTATHIO O CAMOOJOMAIIHHUBA-
HHH MBIIIEH [7], COTITACHBIX MHPHTBCA C IPH-
CYTCTBHEM 4YeEJI0BEKAa Pagu 0e30IACHOM H CBI-
TOM KU3HHU B ambOape. HcciaegoBaTenrn gake 3a-

v

1A
a

(pHUKCHPOBAIH Y 3THX KHBOTHBIX MOpP(oI0oru-
JeCcKHe HM3MEHeHHuA. Bac 3amHTepecoBaIH pe-
3YyJIBTATHI UX PA6OTHI?

BbUIO GBI HHTEPECHO MOCMOTPETDH HA PE3YIBTATHI
CEKBEHUPOBAHNUA I'€HOMOB 3ITHUX MBbIIEN. S pymalo,
MOP(MOJOTUYECKUE U3MEHEHUA CBA3AHBI C YdCTOTOU
BCTPEUYAEMOCTU OINPEJEACHHBIX aJJICJIEH T'EHOB
B Pa3HBIX NMOKOJEHUAX KUBOTHBIX. JJaHHBI MOMEHT
HY’)KHO XOPOWIO NPOKOHTPOJUPOBATH. BO3MOXHO,
TOTAA YAACTCA BBIABUTDL MAPAJUIENN MEXKAY U3MEHE-
HHUSAMU MOBEJEHUA MBIIIEN U TEHETUYECKUMU HU3Me-
HEHUAMU HECKOIBKO IMMOKOJEHHUI CIYCTA.

B yncie moaesne H3ydeHHA CHHAPOMA JOMeEC-
THKAIIUHU HHOTJA HA3bIBAIOT 00€3bAH OOHOO0
H IPOTHUBOMOCTABIAAIT UX 0OJiee ArpPecCHB-
HBIM muMnaH3e. [IoMOraoT Ju IIOJTHBIE JAH-
HbIE O TeHOMEe GOHO000 [8] MPUOTU3UTHCA K MO-
HUMAaHHUIO IPUPOIBI OJOMANIHUBAHUA?

V MEHS HECKOJIBKO pa3 O6bIIa BO3ZMOKHOCTD I10TO-
BOPUTb C MCCIACAOBATEIECM IMUMIAH3EC U OGOHOO60
Bpananom Xaps u3 YuHusepcurera Jpioka (CHIA)
O TOM, HACKOJIBKO 3TH )KMBOTHBIE NUHTEPECHBI C TOY-
KM 3pEHUS AaHANIN3a NoBeJeHusA. CUTyalusd TYT CTOJb
JKE€ CJIOXKHA, KAK U B CIy4a€ C BOJIKOM U COH6AKOM, KO-
TOPBIE 3BONIOLMOHHO PA30LUUIMCh TaK JABHO, YTO
KOI7ld Mbl CPABHHUBAEM HX I'CHOMBI U OIPEJCIAEM
pa3nuyus, TO HE MOXKEM CKa3aTh,
KaK/ie M3 OYEBUJIHBIX HECOBIA/IE-
HUI CBA3AHBI HENMOCPEACTBEHHO
¢ nosesieHueM. [TOBTOPIOCH, Ipe-
UMYIIECTBO HAmUX (O€IAEBCKUX)
JIUCHUI] B TOM, YTO HX CEJIEKIUs
NIPOBO/IMIACH UMEHHO IO MOBEJIE-
HUIO, U B TOM, YTO MOXHO CKpe€-
IABATh JKUBOTHBIX M3 PYYHOU
1 aTPECCUBHOY MONYIAIUN U TEC-
TUPOBATH POJIb TEHOMHBIX y4aCT-
KOB, HAUJCHHBIX NPU CPABHEHUU
HNONYJIAIUI, B IOBEJAEHUU JIUCHUI]
13 3KCIEPUMEHTAIbHBIX CKPEIU-
BaHui. B cayuae xe ¢ 60HO60
1 MIHUMIAH3€ 3TO NPAKTHUYECKHU
HEBO3MOJKHO.

MoryT M 1aJI€OT€HETHKH OIIH-
PAThCA HA JAHHBIE 00 yIaCTKaX
reHOMa, CBA3AHHBIX C IOBeEJe-
HHEM, KOIJIa HBITAI0TCA HOPO-
CIeAUTh UCTOPHIO OJOMAIIHHU-
BaHHUA >KHBOTHBIX? HiH roBo-
pPHTH 00 3TOM IIOKA MpeEKIe-
BPEMEHHO!?

DTO JOBOJIBHO UHTEPECHBII BO-
npoc. KoneyHno, meroposoruyec-
KUl anmapar, KOTOPBIM pacioa-
raloT MaJICOTCHETUKHU, CUIBHO Or-
paHuYeH B CBA3M C TeM, yTo JJHK
B JAPEBHUX 00pa3Lax JJOBOJbHO
CWIBHO JErpaiupoBaHa. B Hacros-
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1Ie€ BPEMs HAKOIUICHO OIPOMHOE KOJUYECTBO CHUK-
BEHCOB, NPUHAJICKANNUX COOAKAM PA3HBIX MOPO/J,
BOJIKAM, JPEBHUM COOAKAM, U MBI INTAHUPYEM B3AUMO-
JENCTBOBATD C KOJUIEI'AMU, U3YYAIOIUMU 3TUX JKUBOT-
HBIX, CDABHUBATb UX MATEPUAJIBI C IAHHBIMHU 110 JIUCH-
nam. [Ipepnonaraem, 4To Mbl MOKEM HAUTU OOIIME ME-
XAHU3MBl U3MECHCHUS I'€HOMA IIPU OJOMAIIHUBAHUU
y cobak u nucuil. Ho He 06513aTENbHO MYTALIUH Y Pa3-
HBIX OJOMAIIHEHHBIX BUJOB MPOUCXOAWIU B OJHUX
U TeX K€ reHax — Hanpumep, SorCS1 (KIo4eBOn «I'€H
JAPYKEMIO6HA») MOT OCTAThCA HEU3MEHHBIM, 4 MyTUPO-
BAJIM B3AMMOJENCTBOBABINNE C HUM T'€HBIL.

Tox Hazanm, Grarogapsa HAYYHO-NOMYJIAPHOM
kHHure JIrogmunel Hukonaesusl TpyT B amepu-
KAaHCKOT'O 3BOJIOIITHOHHOTIO IreHeTuka Jiu Jyrar-
kuHa <How to tame a fox», HCTOpHA dKCHIEPH-
MEHTAa aKajeMHKa beasgeBa Mo JOMeCTHKAIlUH
JHC CTaJa JOCTOSHHEM IIHPOKOIO KPpyra 4urTa-

Nlutepatypa / References

Teae BO BceM Mupe. O4eHpb BAKHO, YTO BBI
IPOJOIKAETE HCCIEJOBAHUA U OHH CTOJB YyC-
HnemHbl. XOTEI0Ch OBl 4Yalle pPacCKa3bIBaTh
0 HUX Ha crpaHunax «IIpupoasr» I poCccUI-
CKO¥ ayJHUTOPHUH, KAK 3TO U OBLJIO HA MPOTIKeE-
HHHM MHOTHUX JIET.

OO6BEKT HAMUX UCCIEJOBAHUIN UPE3BBIUANHO HH-
Tepecel. Komieru npojo/KaoT U3y4aTb PA3JIUYHbIE
ACIIEKTHl, O KOTOPBIX CTOUT PACCKA3BIBATH HA CTpa-
HUI[AX HAYYHO-NOMYJAPHBIX H3JaHuN. Hanmpumep,
O BJIWSHUU OJOMAIIHUBAHHUS HA BOKAJIbHOE TOBEE-
Hue aucuy [9]. Kuura Jlrogmunel Hukonaesusl «<How
to tame a foX», BBIYIEHHASA U3ATEIbCTBOM YHUBEP-
curera YuKaro, NpeKkpacHO HANMCAHA, U g1 HAJLEIOCh,
YTO OHA OYAET MEPEBEJEHA HA PYCCKUMN A3BIK. DTO
BA’)KHO, BE/Ib pab0Ta, O KOTOPOI B HEM PACCKA3bIBACT-
Cs, — IPEAMET rOP/JOCTU POCCUUCKNUX T€HETHUKOB.
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New Perspectives of the “Fox model” in the Study of Behaviour Genetics

Interview with A.V.Kukekova

Department of Animal Sciences, University of Illinois (USA)

In August 2018 the journal “Nature Ecology & Evolution” published an article “Red fox genome assembly identities
genomic regions associated with tame and aggressive behaviours”. The authors first in the world deciphered the
genome of the red fox and have got the latest data on the genetic basis of the behaviour of this animal. The leader of
the international research team assistant professor of the Department of Animal Sciences at the University of Illinois
(USA) Anna Kukekova told the correspondent of the journal “Priroda” about the opportunities that open up as a

result of the work.

Keywords: genome of the red fox, domestication, domestication syndrome, social behaviour of mammals,

Williams—Beuren syndrome.
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bepayHum u ero komaHga:
ucmopusi omkpblimusi HOBOro
MUHepaAa 3neoHopuma

P.K.PacuBeraena', CM.AKCEHOB!'

"Uncmumym xpucmannozpaduu umenu A.BIIy6rnuxoea PAH (Mockea, Poccus)

Muorue pochaTHble MUHEPAIBL UMEIOT B CBOEM COCTABE XKe1e30. Ero aToMbl (OPMUPYIOT OKTA3APhl, KOTOPBIE 00bE-
JUHAIOTCA B TPEXMEPHBIE MOCTPOUKH € TOMOIIBIO GOCPOpHBIX P-TeTpasapos. Yame Bcero Fe-okTasapbl ©301UPOBaA-
HBI IPYT OT JIPyrd, HO UHOTAA OHU MOTYT OOBCAUHATHCA BEPIIUHAMH U Pe6paMU, 06pa3ys KIACTEPHI UM IICTTOYKH.
Haun6omnee cTabuabHbIC IPYIINPOBKU — JTUHCHHBIC TPUIJICTHI U3 OKTA3/IPOB, CBI3AHHBIX I'PaHAMU. OHU JOIIOIHAIOT-
Cs1 Y€TBIPBbMS OKTA3PaMHU, KOTOPBIE IPUCOCAUHAIOTCA K HUM BEPUIMHAMU, C O6PA30BAHUEM TAK Ha3bIBAEMBbIX H-KJIa-
cTepoB. 13 NOJOOHBIX KIACTEPOB (DOPMUPYIOTCA CTPYKTYPBI PA3IUUYHBIX TUIIOB, 4 B CTPYKTYPHBIM TUI 6EpayHUTA
BXOJISIT MUHEPAJIBl U C PA3HBIM COCTABOM OKTA3/POB. MlccaeoBaHHbIN Hamu anecoHoput Fel'(PO,),0(OH),6H,0 u3
Mmecropoxgenus Porneddxen (IepManusa) — HOBBIU TPAaHC(HOPMALMOHHBIN MUHEPAJI, KOTOPBIH 06PA3yeTCsa B pe-
3yJBTATE TBEPAO(PAZHOTO OKUCICHUSA 6CPAYHUTA U IIPEACTABIACT CO60M ero Fe*'-ananor.

KirodeBnie C10BA: 2JIEOHOPUT, OEPAYHUT, Ipynmna 6epayHura, Gocdarsl TPEXBAJEHTHOI'O KEI€3d, PEHTIEHOCTPYK-

TYPHBIM aHAJIN3, KPUCTAUINYECKAS CTPYKTYPA, h-KIacTep.

ochop — 10-i1 cpean Haubosuee pacnpocrpa-

HEHHBIX 3JIEMEHTOB Ha 3emie. OH KOHIIEHT-

pUpPYETCA B BYJIKAHUYECKUX ITOPOJAX, HO 4a-
I[€ BCETO BCTPEYAETCS B OCAJOYHBIX IOPOJAX MHO-
I'UX peruoHoB mupa. Pocdarnpie MUHEPAILl HEPEJ-
KO COJIEPKAT JKENe30. B UX CTPYKTYPAX ATOMBI XKeJle-
332 GOPMHUPYIOT OKTa3/APBI, KOTOPBIE COENUHAIOTCA
B TPEXMEPHBIEC NOCTPONKHU BEPMIMHAMU (HPOCPOPHBIX
TETPA3pOB. B 60AbMNHCTBE MUHEPAIOB Fe-oKTas-
pPBI U30JTUPOBAHBI APYI OT JIPyra, HO B HEKOTOPBIX
OHU MOTYT OObEJUHATBCSA BEPIIMHAMU WIN PEOPAMH,
06pasys KJIACTEPDHI WIU LIENOYKHU. B UX yncie muHe-
paspl, O KOTOPHIX MBI yKe nucanu B «[Ipupoge»* —
METABUBUAHUT C JIUMEPAMU U3 OOBEAUHEHHBIX PEO-
paMu OKTa3APOB U METAPEPPOMTPYHIIUAT C LENOYKA-
MU U3 CBA3AHHBIX BEPUIMHAMHU OKTA3/IPOB.

Ponb h-KnactepoB B CTPYKType MUHEPanos

Hanbonee crabuibHBIE CTPYKTYPHBIE I'PYNIIMPOBKU
COCTOAT U3 TpexX Fe-0KTasApoB ¢ 06IUMHU I'PAHAMMU.
DTU YHUKAIbHBIE JIMHEHHBIE TPUILIETHI JOIOJHAIOT-
CA YETBIPbMA OKTA3APAMH, KOTOPBIE COEAMHAIOTCH
C HUMM BEpMUHAMHU. TaKOU (PparMEHT BIEPBLIE ObLI
sBoizieneH I[1.5.Mypom B cTpykrype 6epayHura [1, 2]
Y H43BaH DH-KJIACTEPOM, TAK KaK 110 (JOpME OH HAIO-
MUHAET 3aIJaBHYIO JATUHCKYIO OVKBY «H». B m3onu-

* Pacysemaesa P.K. MeraBuBuanut wim metapeppourrpyunuT? //
IIpupoga. 2012. Ne12. C.70-74.

© Pacuseraesa P.K., Akcenos C.M.,, 2018

POBAaHHOM BH/JIE€ H-KJIACTEP COCTOUT U3 CEMU OKTA]I-
poB (puc.l). Ha ocHOBE 3TUX KJIACTEPOB U300peTa-
TEJIbHAsI NPUPOJA CO3/IaIA 11€JI0€ CEMENHCTBO MHUHE-
paloOB CO CTPYKTYpPaMH, B KOTOPBIX PEANTUIYIOTCA
pAa3/IMUYHBIC BADUAHTB — KaK PACIOJIOXECHUS KIACTe-
POB, TaK U UX COEJJUHEHUS JPYT C JPYTOM 4epes3 Cob-
CTBEHHBIE TETPAAPHI U OKTA3/JPBI UIU C MPUBJIEUE-
HUEM JJOIMOJTHUTEIbHBIX OKTA3/IpOB. [10/J06HbIE KJIAC-
TEPHI HAICHBI HE TOJBKO B 6€PAyHUTE, HO U B CTPYK-
Typax AIOQPPEHUTA, POKOPUKEUTA, JTUICKOMOUTA,
6ap6ocannTa U 31COHOPUTA.

Haubonee npocroit cnocod 06beAUMHEHUS h-KIa-
CTEPOB BCTPEYAETCA B TUIICKOMOUTE U ETO YIOPAAO-
4yeHHOU (popme 6Gapbocanure.

Puc.1. h-knactep U3 cemu OKTa3AposB.
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Pamusa Kepapoena Pacuyeemaega, 00k-
mop 2e01020-MUHCPANOZUUECKUX HAYK, 2]1d6-
HOLIL HAYUHbLL COMPYOHUK Hncmumyma xpuc-
maanozpagpuu umenu ABIIyoHnurxosa PAH,
coasmop omxpomuil 6onee 80 mumepanos.
Obnacms HAyuHbLX UHMEPeCO8 — CMPYKMYP-
HAL MUNHEPAN02UL, KPUCMANLOXUMUSAL, DeHnl-
2enocmpyKmypmoiti araaus. Ilocmoannsiil as-
mop «[Ipupooet».

e-mail: rast.crys@gmail.com

Cepzeti Muxaiinoéuyu AKceno8, Kanouoam
2€01020-MUHEPAN02ULECKUX HAYK, HAYUHbLLL
COMPYOHUK M020 Kce uncmumyma. Cneyua-
AUCM 8 00AACU KPUCNANLOXUMUU U DEHIN -
2eHoCmpyKmypHozo anaruia. Heoornoxpam-
HO NYOAUK0BANCA 8 <[Ipupooe».

6ap6ocaxur Fe*Fe! (PO,),(OH).
U3 pyaHoro parona Munac-Kepa-
HC Ha I0I'0-BOCTOKE bpaswiuu [3].
OH Ha3BaH B Y€CTb OPA3UIBCKOTO
reonora AJL.bap6ocsl. B cTpykTy-
pe MUHepana h-KIaCTEPHl pacio-
JIOKEHBI MAPAJIAEIbHO APYT APYIY
(puc.2). B BepTUKATBHOM HAIIPAB-
JIEHUHW OHU OO'BbEIUHSIIOTCI 34 CYET
00006 EeCTBICHUS BUCAUYNX M2-
1 M3-OKTa3pOB B KOJIOHKH, 4 B I'O-
PU30OHTATBHOM KOJIOHKH Yepe3
P-TeTpas/ipbl COEANHAIOTCS B ILIO-
ckuit cnou. Ilpu nomouu cBo6OJ-
HBIX BEPIIMH 3TUX K€ P-Terpasn-
poOB cocegHue CIoU 0O6pa3yIoT
TPEXMEPHYIO IOCTPOUKY.
3eeHOBATO-YEPHBIH POKOPH-

e-mail: aks.crys@gmail.com

Junckomo6ur (Fe’' Mn)Fe:’(PO,).(OH), B Buae ro-
Jy6OBATO-3€NEHBIX KPUCTALIOB U3 THPOTEPMAIBLHO
M3MEHEHHBIX IOPOJ I'PAHUTHBLIX MErMaTUTOB Cary-
kas (bpaswiuns) HA3BAH B YECTh AMEPUKAHCKOI'O (pU-
3UKOXHUMMKA U KpUcTasnorpada, raypeara Hobenes-
cko# mpemuun Y.H.JIunckom6a mia. u3 lapBapjcKoro
yHUBepcuTeTad. HecMOTpsa HA NMPECTUKHOE MM, MU-
Hepaly He 1oBe3no. Ero crpykrypa M3-3a CHJIbHOMI
Pa3ynopsaJOYEHHOCTH 10 KOHIIA He sicHa [2]. Ipyroe
JEJI0 — YIOPAAOYECHHBIM 3KBUBAJIEHT MHUHEpAId —

poxent (Fe” Mn)Fei"(PO,);(OH)s
n3 Upum Kpuka (mrat Buprunug,
CIOA) [2], HA3BAHHBIA 11O MECTY
HAXOJIKU B OKpyre POKOpumxK, TaK-
K€ IIOCTPOEH U3 KJIACTEPOB, KOTO-
pble TOXE PACIOJOXKEHBI Mapa-
JICJIBHO APYT JPYI'Y U B BEPTUKAJIb-
HOM HAIIPaBJIEHUN 000OIIECTBIIA-
10T M2- 1 M3-0KTa3/pbl, 06pasys
KOJMOHKH. OJHAKO CIOCOO O6BEJIMHEHUS KOJOHOK
B 3TOM MHUHEpale UHON. KOMOHKH CONMKEHBI IPYT
C JPYroM TaK, 4YTO TPUILIETH COCJUHUINCDH pebpamu
M4-0KTa3pOB, POPMUPYS 3UI'3aI000PA3HBIE LIEII0Y-
KU, 4 IIOJABECHBIEC OKTA3Pbl M3 1 M2 COCEJHUX KOJIO-
HOK COEJMHUINCh BEPIIUHAMHU B Naphl. [Ipu 3TOM Ha-
pyXHBIE P-TETpasApel cTanu OOMUMHU I COCEHUX
KOJIOHOK (puc.3). lfeTreponoansgpudecKue ciou 06b-
€JMHUJINCh B KAPKACHYIO IIOCTPOUKY, 60sI€€ TUIOTHYIO
IO CPABHEHUIO C 6ApOOCATUTOBOM.

Puc.2. Ctpyktypa 6ap6ocanuta.

Puc.3. CTpykTypa pokGpuaxenta.
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HOrodpennr Fe*'Fe!'(PO,);(OH)s2H,O nony4yun
CBOE€ UM B YECTb (PPAHIIY3CKOTO I'€0JIOrd U MUHEPA-
jgora VILAIL[o¢ppena He KaxAblll MOXET MOXBAC-
TAaTh TAKUM KOJMYECTBOM MMEH, 2 JIoppeH yzocTo-
MJICA €€ U ABYX MHUHEPANIOB. K C4aCThIO, OHU CTOJND
pasnuuHbl (JI0PPEHYAZUT — CyAb(PU]] CBUHIIA U MbI-
mbsAKa Pb,AS,S;5), 4TO UX TPYAHO CIIyTATh.

Kapkac B p1oppeHUTE TMOCTPOEH U3 KIACTEPOB,
PACIONOKEHHBIX [TAPAUICIBHO APYI APYTY [2, 4], KaK
1 B IPEABAYIMUX CIydasax. OTHAKO 1id OObeJUHEHU
KOJIOHOK IPUIIIOCH IIPUBJIEYD JOTIOJTHUTENBHBIE OK-
TA3APBI TOTO K€ COCTABA, KOTOPBIE CBOMMH BEPIIU-
HAMHU LEIUIAIOTCA 34 M3- 1 M2-OKTa3APhl KIACTEPOB
COCEJHUX KOJIOHOK (puc.4), GpopMupysd JOIOJHU-
TEJbHBIE TPUILIETHI, MAPaJUIENbHBIE OCHOBHBIM. Bce
OKTa3apUUYeCKue (PparMeHTh (OCHOBHBIE U IIPOU3-
BOJHBIE) COEJUHAIOTCA P-TeTpasgpamu B CIOH, 4 3a-
TEM U B AKYPHYIO KAPKACHYIO TOCTPOUKY C IMUPOKH-
MU KaHaJ1aMH, 3a0NHEHHbIMHU Ca.

Puc.4. CrpykTtypa aodpeHuTa.

Puc.5. CtpykTtypa cy3zanuta.

Eme OJuH OPUTMHAIBHBIA CIIOCO6 OOBEJUHECHUSA
TPUIJIETOB peanusyerca B cysanure (MgFe’);
(ALFe’),(PO,),(OH)s2H,0, KOTOPBII TAKXKE HAUJEH
B nopojgax Munac-Kepanca 1 Ha3BaH B 4Y€CTb JUPEK-
TOpa JlenmapraMeHTa HAIJMOHAJIBHBIX MHUHEPAIbHBIX
pecypcos bpasunuu AJK.A. ne Cy3sl. Munepan cosep-
JKUT AJTIOMUHUM, BBITECHUBIINUH Keae30 u3 M1 (menr-
pPaJbHOTO OKTA3/pd TPHUIUIETA) U MOABECHBIX M2-
1 M3-0KTa3/1pOB h-KI1acTEpOB. B 06'b€IUHEHUN KIIAC-
TEPOB Y4YACTBYET YABOCHHOE KOJIUYECTBO AOIOJHU-
TEJbHBIX OKTa3JpOB [2]. B ogHOM Haxoaurcsa Al
a Jpyroy CTATUCTUYECKMU 3amOJHEH aromamu Fe
u Mg. TakuMm 006pa3oM, AaHAIOTUYHO JIOPPEHUTY 00-
pasyercss AOIOJHUTENbHBIM TPUILIET U3 TPEX BEP-
LIMHHO-CBA3AHHBIX OKTA34POB (HO HE XEJIE3HDIX,
4 AJIOMUHHUEBBIX). KpoMe TOro, TaK e Kak U B POK-
OpuIKEnUTE, 00PA3YETCA OKTA3PUYECKAS IIEIIOYKA
(HO C BCTaBIEHHBIM JOIOJHUTEIbHBIM OKTA3JPOM).
W B1O6GABOK MOKHO BBIICIUTD BEPTUKAJIBHYIO LIEIIOY-
Ky U3 CBA3aHHBIX BEPHIMHAMU JOOABOYHBIX OKTA3]I-
POB (pUC.5) CMEIAHHOIO cOCTaBa. COBEPIIEHHO OYe-
BUJHO, YTO CTPYKTypa Cy3aJIUTad HE YCTyIaeT IO
IIJIOTHOCTHA POKOPUKEUTOBOM.

Hanbonee 4eTKO pojb h-KIACTEPOB BUJHA B YHU-
KaJIbHOU CTPYKTYpe OGepayHUTA.

fpynna 6epayHuta

Briepsbie 6epaynur Fe*'Fel'(PO,),(OH)s6H,0, Haii-
neHHbll B 1841 1. Ha pyaHuke I'pbek 6au3 r.bepoy-
Ha B YeXMU U HA3BAHHBLIN IO MECTY HAXOJAKHU, OBLI
onucan ABpafiTXxaynToM KaK HOBBIM MUHEDPAIbHBINA
BUJ [5]. OZHAKO €Tr0 YHUKAIBHYIO CTPYKTYPY U (hOp-
MYy OTpeeNuiIn aumb depe3 125 met [6]. TTozxe
Myp Bpli€INI B KapKace Haubosee CTaOUIbHBIA
6JI0K — h-KJIacTep, NPeCTABIAIONINH COOOH TPUILIET
Fe;05(OH), u3 Tpex coeMHEeHHbIX I'panamMu Fe-okra-
3ApoB M4—M1—M4 (paccrosuue M1—M4 = 2.875 A)
1 MOJBEHIEHHBIX K HEMY BEPIIMHAMU YETBIPEX OKTA-
31pos [1, 2]. B ornuume OT ONMCAHHBIX BBHIIIE CTPYK-
TYp, KIACTEPBI B OEPAYHUTE PACIONATAIOTCA B INAX-
MATHOM IOPAJKE U COEAUHSAIOTCS HANPIAMYIO B KO-
JIOHKY 4€pPEe3 BEPUIMHEL //3-0OKTa3/1pOB ¢ 06PA30BAHU-
eM guMepa (Kak B pok6pupxente). C COCEAHUMU KO-
JIOHKAMH OOBEJUHEHUE B CIOM NMPOUCXOAUT Yepe3
ob6o6mecTrieHre M2-0KkTa3apoBs (puc.6). IIpu momo-
mu P-TeTpasapos cion 06pa3yioT aXKypHYIO TpPEX-
MEPHYVIO TOCTPOUKY C MUPOKUMHU 10-4IECHHBIMHU B [1O-
NEPEYHMKE KAHAJIIAMH, 3AMOTHEHHBIMHU BOJOM.

OTIUYUTENBHOU OCOOEHHOCTBIO CTPYKTYPHOTO
TUNA 6EPAYHUTA CIYKAT 0O0COBIEHHOCTD h-KIacTe-
POB 1 UX CBA3b 6€3 JONMOTHUTENBHBIX OKTA3/pOB. OT-
CYTCTBHE IIPOU3BOJAHBIX (PPATMEHTOB IIOMOI'AET MPO-
CIEUTD POJIb KIACTEPOB B CTPYKTYpeE. Heyausurenn-
HO, YTO UMEHHO CTPYKTypa O€payHUTa MO3BOJIMIIA
Mypy BBIIEIUTD U ONUCATDb MOJOOHBIE KIACTEPHI.

Bce mMuHepanpl rpynnbl O€payHUTa XapaKTEPHU3Y-
I0TCA MIUPOKUMH BAPUALUAMU XUMUUECKUX COCTABOB,
4 UX 0600LEHHYIO KPUCTAIIOXUMHUYECKYIO (POPMYITY

14
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MO’KHO 3anucarts B supe: M1M2M3,M4,(PO,),(OH,0)
(OH),6H,0, rie M1 — Fe*, Fe*, Mn*, Zn, Mg; M2, M3
u M4 — Fe*, Mn*, Zn, AL, Cr [6]. Emue Myp, usyvas rem-
HO-3eseHblit 06pasen; u3 Heio-Ixepcu (CHIA), o6pa-
TWJI BHUMAHHUE HA NPUCYTCTBUE B HEM XKEIE3d B JIBYX
popMax U IPEeAION0OXUI, 4TO 83% aToMOB Fe* pacno-
JIAraloTCA B LIEHTPAIbHOM (M1) OKTa3/pe CO CpeJHUM
paccrossuuem M1—0 = 2.11 A, B TO Bpemst Kak aTOMbI
Fe’* sanmnmalor ocranbubie M2—M4 oxkrasapsl [7]. XoTd
AHAJN3bl YCTAHOBUJIM B OE€PAyHHUTE KPOME KEne3a
U JIDYTUE 3JIEMEHTHL, BIUIOTH 10 2014 I. OH OBLI €/JUH-
CTBEHHBIM MMHEPAJILHBIM BUAOM, IPEACTABIAIONIAM
3TOT CTPYKTYPHBIN THIIL.

B ¢opmyne XKUPHBIM BBIJEIECHB BULOOOPA3YIO-
MHE JIEMEHTEI, HO U APYTUE KATHOHBI UMEIOT IMaHC
CTaTh AOMUHUDPYIONUMHU U MOTOTHUTL CEMEUCTBO
6epayHUTd HOBBIMHU NPE/ICTABUTENAMMU.

Mn-6epayHur Mn,;Fel5(PO,),(OH,0)¢nH,O Ha-
I ¥ ONUCAJIU B BU/IE MENIKUX UTOIBYATHIX KPACHBIX
KPHUCTA/VIOB B OKHUCJIEHHBIX HMOPTYIaJIbCKUX I'PAHU-
Tax Manryenan (Mangualde) [8]. X uBeT CBA3aH C CO-
aepxanuem Fe’ [2].

JL.OaH(paHU IO PE3YNIbraTaM XUMHUYECKOTO aHAJIU-
32 MOATBEP/UII IPUCYTCTBUE MN*, 4aCTUYHO 3aMEIa-
fomero Fe** B 1Byx mosuiusax [6]. OH CYUTAT, YTO AaH-
HBIH 06pa3el, OTIUYAETC OT KJIACCUUYECKOTO Oepay-
nuta [5]. Ha npucyrcrsue Mn* u Fe** B HECKOJNBKUX
pocdaTHBIX MHUHEPAIAX U3 I'PAHUTHBIX METMATUTOB
yKa3bBan panHee n Myp [2]. Ho gaxe Torpaa, Korga
CTPYKTypa MuUHepana 6bula onpejencHa (R = 0.034)
n onyonukosana [8] u ganubie PaH@aHU IOJHOCTHIO
MOATBEPAUIUCE, MUHEPAI OCTABAICSA B CTATYyCE BCETO
JAImb Mn*-cojep:xaien pa3HOBUHOCTU Fe-OKuCIeH-
HOTO 6€payHUTA. PACIPENENICHUE IEMEHTOB C PA3HON
BAJIEHTHOCTBIO — ONPEAENAIOMUHI (PaKTOP NPHU ONHCA-
HUU MUHEDPAJIOB Ipynnbl. OJHAKO TOJBKO HA OCHOBA-
HUM XMMMUYECKOTO U PEHTICHOCTPYKTYPHOI'O aHATU32
Mn-copepxKamui 6€payHUT HOBBIM MUHEPATbHBIM BU-
JOM HE NPU3HABAICA. HyXHBI ObUIN JOIIOJHUTENbHbIE
HCCIENOBAHMA, YTOOBI ONPEJENNUTD BATEHTHOCTD Map-
T'aHIId, HO 3TOTO CJIENATh IIOKA HE Y/ANOCh.

BoJblie moses3no MUHEPATAM CO CTPYKTYPHBIM TH-
oM 6epayHuTa, CopepKamum Zn u Al

Tepasur Fe*'Fel'Al(PO,),(OH)s(OH,),2H,0,
00OTAIEHHBIN ATIOMUHUEM MUHEPAI, HAUJIEH B I'U/I-
pOTEPMANTBHBIX OTJIOXEHUAX HA MECTOPOXKAECHHUU
6sm3 r.Kpacuo B 3anagnou boremuu (Yexus) B BUjE
CcepebpUCTBIX (IO CEPOBATO-3€CJIEHBIX) KPUCTAIOB
(puc.7), o6pasyomux pajuajgbHO-JIyIUCTbIE arpera-
THL JJO 3 MM B AnuHYy [9]. TBpABIUT HA3BAH B 4YECTb
YEMICKOTO MHUHEpanora u reosora Jpomupa Tpael
(Jaromir Tvrdy). DTO TPYJHOBBITOBAPUBAEMOE UMH O3-
HAYAET «TBEPAbII».

TBPABIUT U30CTPYKTYPEH OEPAYHUTY, HO COAEP-
KUT Al, TOMUHUPYIOIIUMHA B 4YeThIpeX M-TO3UIUAX
(M2 uM3), rge on 3amemaer Fe¥, a M1- u M4-oxkrasa-
pbl 06pasyioT Fe’-Tpumnier, napaulelbHbII II0CKO-
cru (101) (puc.8). AMIOMUHMUI IIOYTH IOJHOCTBIO
(92% Al + 8% Fe) 3acenaer M2-0KTas3ap, B TO BpeMs
Kak M3-OKTa3/Ap 3all0JHEH aulb Ha 2/3. [lo3unuu

Puc.7. BonokHucTtble Kpuctannsl TBpabiuTa [9].

Puc.8. CtpykTypa T8pAbinTa ¢ Al B M2- 1 M3-oKTasgpax.
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M1 moposny 3anumaior Fe** m Fe* ¢ He60abmON
NPUMECBIO ATOMOB Zn, a M4 COAEPKUT OCTAIbHYIO
4acThb XKenesa. Takoe pacupeneneHne 31€eMEHTOB 10
MO3UIUAM COTJACYETCA C PA3MEPAMU OKTA3APOB:
HAMMEHBIIME CpeAHUE paccrogHus M—O xapakre-
pusyoT Al-ToMuHAHTHBIE OKTa3Aphl (1.907-1.937 A),
OCTanbHBIE Ke 06a4al0T GOJIBIIUMHU PA3MEPAMU
(2.01-2.06 A). 3amemenue Fe 3HAUUTENBHBIM KO-
amuuectBoM Al B M2- u M3-1O3UIUAX NPUBOJUT
K YMEHBIIEHUIO OO'bEMA A4EUKH HA 5.1% , a c-mapa-
merpa — Ha 2.0%.

Munepan 1 €ro uMa yresepxaensl Komuccnen no
HOBBIM MHHEpPAIaM, HOMEHKJIATYPE U KJIACCUPUKA-
uun (KHMHK, IMA 2014-082), a o6paser XpaHuTcs
B Hanuonanbuom Mmysee B IIpare [9].

B rpanuTHbIX nermarurax basapum (Iepmanus)
HApS/y C TBPABIUTOM IIPHUCYTCTBYET IIMHKOOEpa-
yuur ZnFe! (PO,),(OH)s6H,0. On 06pasyer cepoBa-
ThIE PAJAUAIBHO-TYUUCTBIE ATPETATHl PA3MEPOM [0
3 MM, KOTOPBIE COCTOSAT W3 OTAEJIbHBIX BOJIOKOH JIO
1.5 MM B auinHy u Tonmuuon o 0.003 MM (puc.9, a, 6).
[IpeAnoNOKUTENBHO OHU KPUCTAJUTU30BAIUCD HA THJI-

Puc.9. benble KpucTanbl LMHKOGepayHNUTA Ha NoseBoM wnare (a)
1 PaManbHO-NYYnUCTble — Ha KanueBoM nonesom wnare (6) [10].

Puc.10. TpunneTsl B reTeponoan3fpuYeckoM coe LuHKobe-
payHuTa c Zn B M1-okTasgpe.

pOTEPMANBHON CTAJIUM IIPU HU3KUX TEMIIEPATYpaAX
1 B OKUCIIUTENBHBIX YCIOBUAX. B TBPABIUTE ITUHK Pa3-
Ma3aH 10 BCEM MO3UIUAM, HE IPe0bIaias HU B OHOI,
4 B IJUHKOOEPAYHUTE ATOMBl ZN KOHLIEHTPUPYIOTCS
B M1-tiosunuu (0.675 Zn + 0.289 Fe), rie oHu mpeBa-
JUPYIOT HAJL OCTAIBHBIMHU JIBYXBAJEHTHBIMA KATHOHA-
MU. COIaCHO O2JIAHCY 3aPAAO0B KEAE30 B MUHEpPAJE
B OCHOBHOM TpEXBaJIEHTHOE, a Fe* NmpucyrcTByeT
mumb B nozunuu M1 [10]. Takum o6pa3oM, HUHKOOE-
PAYHUT CTaJI HOBBIM MUHEDPAJIBbHBIM BUJOM I'PYIIIEL H€-
paynura, yreepxgenasim KHMHK (IMA 2015-117).

MBI k€ y4aCTBOBAJIN B OTKPBITUH €IIE OJJHOTO HO-
BOTO MHUHEpAJIA TPYNIBI, 4 TAKKE HUCCIEJOBAIU €TI0
BBICOKOMAPI'aHIIEBYIO PA3HOBUAHOCTD [11, 12].

dmeonopwur Fei'(PO,),0(0OH),-6H,O 6bl1 HaAMCH
AHucowm eme B 1877 1. HA KEJIE30PYLIHOM MECTOPOXK-
JeHuu Dneonops (Tepmanusd) u Ha3BaH IO MECTY Ha-
xoaku [13]. M XOTS €ro KpacHO-KOPUYHEBBIE TAOIUT-
YaTble KPUCTAIUIBI pa3zMepoM o 3.5 mm (puc.11) or-
JAYAJINCh OT 3€JIEHBIX, TEMHBIX CUHE-3E€JICHBIX WIN
3€JIEHOBATO-CEPBIX UT'0JIOUEK OEPAYHUTA, ETO CUUTA-
JI1 BCErO JIUIIb MPOAYKTOM HU3MEHEHUS IOCIEAHETO
IIPU OKUCIUTENbHBIX YCJIOBHUAX, TEM OOJIEE UTO ITU
MUHEPAIBI YACTO BCTPEYAIOTCA B BUJIE TICEBJOMOP(P-
HBIX CpacTaHui. TakuM 06pa3oM, CTATYC 3JIECOHOPUTA
B TE€YEHUE JIOAIOTO BPEMEHHU OCTABAJICA HeOoIpeje-
JIEHHBIM, U €I'0 HE BKJIIOYAIHU B O(PUIINATBHBIEC MUHE-
paJIOTUYECKUE CIPABOYHUKHU.

W nefiCcTBATENbHO, YEM MOXET yJUBUTDH 3JIEOHO-
puT? B HEM HET HUUETO, KPOME XKeye3a (ECIU HE CUU-
TaTh HE3HAUYUTEIbHON npuMmecu Al u Mn). Kazanocs,
MIAHCOB JIJI1 MECTA MOJi COJMHIIEM y HETO HEeT. MBI pe-
MUWIN pazobpaThCs, TaK AU 3TO? JJO/KHA XKE OBITH
NPUYNHA, TOYEMY 3JIEOHOPUT OTIUYAETCA OT 6epay-
HUTA (PU3UIECKUMHU, ONTUYECKUMHU U KPUCTAIIOXHU-
MHMYECKMMHU CBOMCTBAMU. M TyT OKA34JI0Ch, YTO IIAH-
CBI BCE-TAKU €CTb.
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Puc.11. PagnanbHele arperatbl KpucTannos aneoHoputa. Wupuna nons 2.5 mm [11].

[TOBTOpPHOE CTPYKTYPHOE HCCIEJOBaHUE bGepay-
HHUTA, BBIIOJHEHHOE MypOM, MO3BOJMWIO €MY INPEX-
MIOJIOKUTD, YTO YACTh JKEJIE€3d B MHUHEPAIE MOXKET
OBITh JBYXBAJCHTHBIM U 4TOMBI Fe* u Fe’* 3annmaior
pa3HbIE IO3ULIUU B CTPYKTYpE [7]. O TOM, 4TO XKene30
JKEJIe3y PO3Hb U PA3HOBAJIEHTHOE KEJIE30 MPUHATO
CUUTATbL PA3HBIMU 3JEMEHTAMH, MBI IMUCAIU paHEE
B «[Ipupoge»*.

Hame peHTreHOCTPYKTYPHOE UCCIEJOBAHUE IJIEO-
HopuTa u3 mecropoxaecHus Pornendxen (Tepmanus)
BBIIIOJIHEHO C HCIOJb30BAHUEM AUQPPAKIIMOHHBIX
JJAHHBIX, TIOJIyYEHHBIX HA COBPEMEHHOM JUPpPAKTOME-
Tpe SMART APEX2, kotoppi#i ocHaieH CCD-aerexTo-

* Pacysemaesa P.K, Axceros C.M. Bospamenue Ha poauny. Cuy-
JIAUT — HOBBIM MHHEPaI 13 XUOMHCKOTro Maccusa // IIpupoja.
2018. Ne8. C.18-23.

Puc.12. fetepononunaapuyeckunini Cnom B CTPYKType 31€0HOpU-
Ta ¢ Fe** B oKTasgpax.

®oTo M.bypkxapaTa

pom [11]. MBI yCTAHOBWIH, YTO YTOUHEHHAA 10 R-(pak-
TOopa 6% CTPYKTypa MCCICAOBAHHOTO MUHCPATA AHA-
JIOTUYHA CTPYKTYpe 6epayHuTta (puc.12). [TOCKONbKY
HoHHbIE paguychl Fe** u Fe¥* pasnuunsl (0.61 1 0.55 A
COOTBETCTBEHHO), KaK U OXW/IATOCh, TAPAMETPHI dJ1€e-
MEHTAPHOI sSUeiKu aneonopura (a = 20.694, b =5.143,
c=19.236 A, B=93.52°, V=2044 A% 0Ka3a11Cb MEHD-
1€ MOTYYCHHBIX Jitst 6epayHuTa (a = 20.760, b =5.154,
c=19.248 A, B=93.55°, V=2055.4 A%, a cpeanee pac-
crosnue M1—O ymenbmunoch or 2.110 A B 6epaynu-
Te 10 2.034 A B aneonopure. Takum 06pa3oM, CTPYK-
TYPHOE UCCIEOBAHUE /1AJI0 OCHOBAHUE CUUTATD, YTO
BCe M-IIO3ULUU 3AHATH IIPEUMYILIECTBEHHO Fe*, a of-
Ha OH-rpynnma 3amenena Ha O*. MéccbayapoBcKasd
CIIEKTPOCKONUSA MOATBEPAMIA a6COMIOTHOE IIPE0Ona-
JlAaHHE TPEXBAJICHTHOI'O KEJIE3a BO BCEX IO3ULIMAX
CTPYKTYPHl 3JICOHOPUTA. A 3TO O3HAYATO HECOMHEH-
HBIA yCIEX JIJIA HAMETO MUHEPAIa.

V 3J€0HOpPUTA €ro 3MIupudeckas Gdopmyna
(Fe?76A10.18Mn?)+09)2603(PO4)5.920(OH)454‘5.98H;O oJI-
HOCTBIO COOTBETCTBOBAJIA IPEJCKA3AHHOM panee My-
poM [7] myig BO3MOKHOTI'O aHAI0rd 6€PAYHUTA C TPEX-
BAJICHTHBIM JKEJIE30M.

YactuuHoe 3aMmemenue Fe’* Ha Fe’* B okucauTesnb-
HBIX VCIOBUAX NPUBOJUT K OOPA30BAHUIO GOJIBIIOIO
KonuuecTsa peppo-peppudocdaros. B ux uncine ymno-
MUHABIIMECA BBINIE METABUBUAHUT M (DEPPOIITPYH-
uut. IonHoe oxkucnenue Fe** no Fe*, conpoBoxpaaio-
mieecd 3amemenuemM oguon OH-rpynner Ha O*, mpouc-
XOIUT pexke. BEposATHO, 371€0OHOPUT — TpaHCcdopMa-
LIMOHHBIN MUHEPAJ, KOTOPLIH 06PA3yeTcs B PE3YIbTa-
T€ NPUPOAHOTO TBEPAO(PA3HOTIO OKUCICHUS OEPAYHU-
Ta, 1o06H0 deppurnrrpyHnury Fei’(PO,),(OH),5H,0,
NIPUHAIEKANEMY K THOMY CTPYKTYPHOMY THUITY [14].

I'pynmna u3BECTHBIX (POCHATHBIX MUHEPAIOB, CO-
JEPXKAMUX TOJBKO TPEXBAJEHTHOE XKEJIE30 B Ka-
4eCTBE BUAOOOPA3YIOMIETO KATHOHA, COCTOUT U3
12 mpencrasureneit. [TociesHuM, IBEHAAIATHIM, MU-
HEPAJIOM KAK Pa3 U CTAJ 3TEOHOPHUT CO CTPYKTYPHBIM
TUnoM OepayHura. Munepan yrsepxjaen KHMHK
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(IMA 2015-003) [11], a uccnegoBaHHBIE HAMU 06Pa3-
ubpl 13 IepMaHuM XPAHATCA B MHHEPAJIOIUYCCKOM
mysee uMmenu A.E.PepcMaHa 10J PEruCTPALUOHHDI-
My HoMepamu 4684.1 u 4684.2.

OKPBIJIEHHBIE YCIEXOM, MBI OOPATHUIN BHUMAHUE
H2 3JIEOHOPUT, OOOTAMEHHBIN MAPTAHIEM.

Mn-371€0HOPHUT NPOUCXOJAUT U3 IETMATUTOB Ba-
Bapuy, rae 10 1984 r. 1o6bIBAICA MOAEBOY MIAT JJId
npousBojcTBa gapdopa. Ha 3ToM MECTOPOXKICHUN
HaigeHo 20 pocPaTHBIX MUHEPATOB. MHOTHE U3 HUX
NIpeTEePNEN U3MEHEHUA O] AEUCTBUEM JOXKIEBOU
BOJDBI, 4 BMEIAIONHE TOPOABI OABEPINIUCEH MPOIIEC-
CaM OKMCJEHMSA. B MyCcTOTAX TOPHBIX MOPOJ HAPAIY
¢ Mn-6epayHUTOM GBI OOpAPYKEH U MN-371€OHOPUT
B BU/IE€ UT'OJIBYATBIX BOJTOKHUCTBIX aTPETATOB 30JI0TU-
CTOTO U KOPUYHEBATOTO LIBETA PA3MEPOM JJO 1.5 MM
B IIUHY (puc.13).

MeTogaMu PEHTIEHOCTPYKTYPHOTO AHAJIN3d HAMH
6BUT UCCIIEIOBAH 0OPA3EI] ICOHOPUTA, OOOTANEHHBII
Mn, u3 mecropoxzaenus Baingxayc (basapus). ITo nse-
Ty U CTPYKTYPE OH MOXOXK HA 3JEOHOPHUT, HO B €TO
AMIUPUIECKYIO Dopmyny (MnisZng sMgooFel,)ssos
(PO,)4(H,0,0H,0)y BXOAUT MAPTraHELL, IPEBLINTAIONIUH
COJIEpKAHUE IPYTUX IpuUMeceit (puc.13). Mbl u3yuunu
CTPYKTYPY MUHEPAJI4, yYTOUHUB €€ 10 R-paxropa 5.2%
C ucnosnb3osanueMm 1994 orpaxenuil. dTorT HAOG0pP
MOJIY4E€H HA COBPEMEHHOM BBICOKOTOYHOM JIU(PPAKTO-
MeTpe, ocHameHnHoM CCD-perexropoM. C mOMOIBIO
XANES-cnekrpos (MnK, FeK), mosy4eHHBIX HA CHH-
xporpoHe ANKA (Karlsruhe Institute of Technology)
Ha cranuuu SUL-X| yCTAHOBUIIN, YTO MApraHEl] HAXO-
JUTCH B CTEIIEHU OKUCIeHUA +2, a xKene3o +3 [12].

HecMOoTps HA BCE yCWUIWdA, Ha 3TOT Pa3 HAC MO-
CTUIJIO pazouapoBaHue. XOTA OOJBIIUHCTBO MHUHE-
paJIOB I'PYIIIBI 6€PAYHUTA JEMOHCTPUPOBAIO CENEK-
TUBHOE HAKOIUIEHHWE [BYXBAJEHTHBIX 3JEMEHTOB
B M1-mo3unuu, a B HAIMIEM 06Pa3lie COJEPKATOCH
3HAUYUTEIBHOE KOJIUYECTBO Mn*', 3TU KATUOHBI pa3y-
NOPAJOUMINCH IO OKTA3/JPUUYECKUM M-TIO3UIUAM,
HE Npeodn1afasd HU B OAHOU U3 HuUX. Bee M(1-4)-0k-
TA3/PHl NIPEUMYIIECTBEHHO 34CENEHBI KATUOHAMU
Fe* a M1-no3uuus HAIlOJOBUHY 34CEJIEHA KATUOHA-
mu Fe* u HamonoBuHy — Mn* (Cc npumecbio Zn*
u Mg*) (puc.14).

DBa3upysach HA HOBBIX JJAHHBIX, MBI IIPEJIIONATAEM,
4TO Mn-371€0HOPUT O0OPA3OBANCA KAK BTOPUUYHBIN
MUHEDPAJI B PE3YILTATE OKUCIEHHA Mn-6epayHuTa,

Ta6nuua 1

Puc.13. Arperatbl Mn-aneoHopuTta. Wupuxa nons 5 mm [11].
®oto C.PeBnT3epa

Puc.14. Crpyktypa Mn-3aneoHopuTa c atomamu Mn B LeHTpanb-
HOM OKTa3fpe Tpunneta.

B KOTOPOM Mn?*" GBI U3HAYAIBHO PA3YNOPALOYEH 1O
OKTa3/JpUYCCKUM M-ITIO3UIUAM.

B ta6s.1 npuBegeHbl (POPMYJIBL U MAPAMETPHI dJI€-
MEHTAPHBIX AYEEK B MUHEPAJIAX I'PYIIIBI OEPAYHHUTA.

MapameTpbl 31eMEHTAPHLIX IYE€EK B MUHEpanax rpynnel 6epaysura

Munepan Dopmyna IlapaMeTphl 371€MEHTAPHOH AYCHKH HCTOYHHK
a, A b, A B° ¢ A v, A

TepabiuT Fe”Fe;"Aly(PO,),(OH)s*6H,0 20.564 5.101 93.68 18.883 1976.7 9]
dneoHopuT Fe{"(PO,),0(OH)6H,0 20.679 5.148 93.574 19.223 2042.5 [11]
[luHKO6EPAyHUT Zn*Fe"(PO,),(OH)s*6H,0 20.836 5.162 93.252 19.250 2067.3 [10]
Bepaynnrt Fe*Fel"(PO,),(OH);-6H,0 20.630 5.164 93.30 19.220 2044 (7]
Mn-6epayHuT MniiFessFel"(PO,),(OH)5 6H,0 20.760 5.154 93.55 19.248 20554 8]
Mn-aneonopur | (Mng5sZng s Mgoo)Fedss(PO,),(OH,,00.5)-6H,0 20.832 5.157 93.01 19.200 2059.9 [12]
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Mbl BUJUM 34BUCUMOCTb pazmepa
S4E€EK OT COCTABA: HAMMEHBIIUC
3HAUEHUS XaPAKTEPU3YIOT Al-co-
JEPXKAIMMUN TBPJBIUT, 4 MAKCH-

Ta6nuuya 2

Pacnpepenenve OMMHUPYIOUWMX KOTUOHOE MO NO3ULMAM
M-okTasapos B MuHepanax rpynnbl 6epayuura

MaJgbHBIE — OGepayHuT. IIpuMech Munepax m M2 Ll M Herosmux
6oj€€e KPyIHOIro mMapraHna B oe- Bepayuur Fe* Fe’™ Fe)® Fel" [6,7]
payHHUTE U 3JCOHOPUTE YBEIUYU- dneonopurt Fe™ Fe' Fe3* Fe}" (11]
BACT PA3MEPHI UX SUECK. [uHKOGEPAYHHT | ZNogsFeozs Fe™ FelsZn,, Fe,' (10]
Bce 3Tnm MHUHEPAIbI (KpOMC Tepabiut FefseZnoos AlpsigBedon Al s /Fedss FelieAlo [9]
3MEOHOPUTA U €ro Mn-aHamo- Mn-6epayrut | FeosMny, Mn Fe, fe, (8]
Mn-sneonopur |(Fe*' Mn* Zn,Mg) Fe* Fel” Fe}* [12]

ra) — deppo-peppu-coeune-
Hud. BamenTHoe cocrosanue Fe
B JKEJIE3UCTHIX docdarax, cojep-
JKAMUX TPUILIETH, BIUAECT HA OKPACKy MHUHEPAIa.
Deppudocoarel — KenTble, KODUYHEBBIE, KPACHBIE
1 PO3OBBIE, 3EIEHOBATO-UYEPHBIE, OHU CJIAO0IIEOX-
ponyHble. VX MOJHOCTBIO OKUCJIEHHBIE AHANOTH —
JKEJITHIE 10 KPACHO-KOPUYHEBBIX — TOXKE CJIAOO0IICO-
xpouuHbl. Ho cmemannsie ¢eppo-dpeppudocda-
TBl — TEMHO-3€JIEHBIE U YPE3BBIYANHO IMIEOXPOUY-
Hble. OOBSACHAETCH 3TO TEM, UYTO LBET CBA3AH C IJIEK-
TPOHHBIMH MEPEXOJAMHU ATOMOB JK€JI€3d, KOTOPHIE
(GOopMUPYIOT OKTA3APUIYECKUE TPUIUIETHI B H-KIACTE-
pax, a TAKXKE OH 3aBUCHUT OT CTECIEHU UX OKUCJICHHUS.
Tak, TO1y60H U 3€I€HOBATHIN COOTBETCTBYIOT COZIEP-
JKAHUIO PA3HOBAJIEHTHOI'O XKEJIe3a B OEPAYHUTE, B TO
BpEMS KaK KOPUYHEBBIN [[BET OTBEYAET TPEXBATIEHT-
HOMY COCTOSIHHIO JK€JI€3A B 3JIEOHOPUTE. KPUCTAILIBI
Mn-6epaynuta u3 Ilopryraaiuu — KpacCHBIE, CKOpee
BCETO M3-32 60JBIIOIO KOMUYECTBA Mn?".

Pemaomuit (pakTop NpU ONPEJEACHUN CTATyCa
MUHEpaId — HE CTOJIBKO MOBBIINIEHHOE KOJUYECTBO
3JIEMEHTA B OPYTTO-COCTABE, CKOJIBKO €r0 Mmpeobia-
JAHUE B OTJAENbHOMN MO3ULIMUU (OAHON WJIU HECKOJb-
KHX). Tak BaXKHO IO3TOMY HAIEKHO YCTAHOBUTD Pac-
NPE/ICICHUE 3JIEMEHTOB 110 MO3ULUAM CTPYKTYPHL.
B 1a6/1.2 npuBeIEHBI COCTABBI KATUOHOB, JOMUHUPY-
IOMUX B KJIIOYEBBIX MO3UIUAX MHUHEPAIOB TPYIILI
6epayHuTa.

CymectByer 1enblii pajg geppo-peppudocda-
TOB, OMU3KHUX 10 COCTABY K PACCMOTPEHHOMY CEMEN-
CTBY, HO CTPYKTYPBI y HUX uHble. Hanpumep, 1ayo-
maHHHUT Fei'Fel'(PO,),(OH) .., HAllIeHHBIN B ApKaH-
3ace (CHIA) um Ha3BaHHBIM B YE€CTb HEMELKOI'O
reojora u MuHepanora I'Jlayomanna [15], 1 KHEy3JI-
aur NaFed' (PO,)s(OH),r5H,O, HA3BAHHBINA B YECTh
amepukaHckoro reonora AJLKugyamnna [15], Toxe OT-
HOCATCA K BOJJOKHUCTBIM (pocaram xenesa (puc.15,
puc.16). OZHAKO B UX CTPYKTYPAX BMECTO TPHUILIETOB
COJIEPKATCA JUMEPHI U3 COEIMHEHHBIX TPAHAMU OK-
Ta3APOB KEJIE3a4 U TPEX MOJBECHBIX OKTA3JPOB. Ta-
k0B U KakokceH (Fe** Al),5(PO,),06(OH),»75H,0.
Ero HaszpaHME B NEPEBOJE C I'PEYECKOIO O3HAYAET
«INIOXOM I'OCTb»: CO/lepKAmuUica B HeM dpocdop Bpe-
JUT KAa4ECTBY JKeJIe32, KOTOPOE MPOU3BOAUTCS U3 PY-
Apl. CTPYKTYpa KaKOKCeHA ucciuejoBanach ILMypom
u W.Ilenom Ha o6pasie u3 Apkansaca [16]. Bouto yc-
TAHOBJIEHO, YTO TPU AUMEPA 3AMBIKAIOTCA B TPEY-
TOJIBHOE KOJIBIIO. TaknuM 06pa3oM, BCE 3TH MUHEPAJIDI
K CEMEHUCTBY 6EPAYHUTA HE OTHOCATCH.

Puc.15. Nlay6maHnuT. Mectopoxaenue Mopk Maiin (York Mine),
Apkan3sac, CLIA. InuHa o6pasua ®M (N280260) 10 cm.
®oto A.A.EBceeBa

Puc.16. 3enenble cdeponutsl kugyannuta. ApkaHsac, CLUA.
[nuna obpasua 4 cm.
®oto: P.JlaBuncku (Robert Lavinsky / iRocks.com photo)
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BmecTo 3aKntyeHus HenasHO OBLIO YCTAHOBIEHO TPU HOBBIX MUHEPA-

J1a, U3OCTPYKTYPHBIX C 6epayHUTOM. B ux 4ducie
Hcropust OTKPBITUS U UCCAENOBAHNASL OEPAYHUTA HA- U 3JIEOHOPUT. I XOTA (POPMaNIbHO IPYIIILL GEPAYHUTA
cuuThIBAET 6€3 Masoro 200 jeT, a €ro 6J1M3KUE poA-  MOKa HeT (OHa He yreepxaanach KHMHK MMA), gax-
CTBEHHUKHU JIOJTO€ BPEMSA CYUTAIUCHh PA3ZHOBUAHOC-  THYECKU HOBAA I'PYIIA C GONBIIUM PA3HOOOPA3ZUEM
TAMHU. OJJHAKO 3TOT CTPYKTYPHBII TUII OKA34JICS HAU-  COCTABA €€ WICHOB (CM. Ta6J1.1) yKe CylecTByeT u Oy-
60J1e€ IPOAYKTUBHBIM /I OOPA30BAHUS HOBBIX MU- €T NOIOJHATHCA B JANbHEHUIIEM. A Y3AKOHUTb €€ —
HEPAJIbHBIX BUJOB. J€JIO BDEMEHU. |

Pa6oTa BRIMOJHEHA IIPH MOJAep:KKe MHHHCTEPCTBA HAYKH U BBICHIET'O 00pa3oBaHusA B pamkax locyxaap-
cTBeHHOTO 3aganusa @HUIL «Kpucramwiorpadusa u porouuka» PAH B 4aCTH CPABHHUTEIHHOT'O KPHUCTALIO-
XHMHYECKOTO aHAIu3a MHHepanoB uH Poccurickoro ¢hoHaa GpyHAaMeHTATBHBIX HCCAESOBAHHI (IIPOEKT
18-29-12005) B yacTu c60pa MaTepuanaoB Ho pocdaTHBIM KeJIe3HCTHIM MHHEPATAM.
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Beraunite and Its Team: the History of Discovery of a New Mineral Eleonorite

R.K.Rastsvetaeva', S.M.Aksenov!
'Shubnikov Cristallography Institute, RAS (Moscow, Russia)

Many phosphate minerals have iron in their composition. Iron atoms form octahedra which are combined into
three-dimensional structures using phosphoric P-tetrahedra. Mostly Fe-octahedra are isolated from each other but in
some minerals they can be combined by corners or edges, forming clusters or chains. The most stable groups are linear
octahedral trimers. They are complicated by four cornersharing octahedra, so-called “h-clusters”. A lot of various
structures of different types are forming from these clusters, and minerals and with different composition of octa-
hedra are included in the structural type of beraunite. The studied by us eleonorite Fe!"(PO,),O(OH),*6H,O from the
Rotldufchen mine (Germany) is among them. Eleonorite is a new “transformational” mineral formed as a result of
natural solidstate oxidation of beraunite and is its Fe*-analogous.

Keywords: cleonorite, beraunite, beraunite group, ferric phosphates, single crystal X-ray analysis, crystal structure,
h-cluster.
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Cekpembl reorpaguu
MUKpObBGHBIX coobujecmB 3eMAlU

A.BJSIkymies

Darxyrvmem nousosedenis MocKo6CKk020 20CYdapcmeennozo ynueepcumema umenu M.B.Jlomornocosa

B craTbe KpaTKO OOCYKAEHBI PE3YJIBTATHl IEPBOTO JETAJBHOTO UCCIEAOBAHUA MUKPOOUOMA ITOYB 3€MIIU. ABTOD, 00-
pamasach K MACCUBY ONyOJMKOBAHHBIX JAHHBIX, TOKA3bIBAE€T UHTEPECHBIE 3AKOHOMEPHOCTH, BBIABIECHHbBIE 61arofaps
paboTe MEXYHAPOJAHON UCCAEL0OBATENBCKON I'PYIIIBI, HO COBEPHIEHHO HE OOCYK/JEHHBIE €€ YUACTHUKAMU B CUJIY OII-

peﬂGHCHHOﬁ HAIMPaBJICHHOCTH 33/1a4 UX UCCJICTOBAHUA.

Ki1rogeBbIe CIOBA: MUKPDOOHUOM IOYB, IOYBEHHBIE OAKTEPUH, IOYBEHHBIE I'PUOLI, (DYHKLIIMOHAJIbHBIC T'€HBL, T€Hbl 4HTU-
OUOTUKOYCTOHUYUBOCTH, (PYHKIIMOHATBHOE Pa3HOOOPa31ue€ MUKPOOHOTO COOOIIECTBA, IPUPOJHO-KIUMATHUECKHUE 30HBI.

OIIEU3BECTHO, YTO B HA3€EM-

HBIX 3KOCHUCTEMAX TPOIHU-

KOB (OCOBGEHHO B JOXKJE-
BBIX JIECAX) PA3HOOOPA3UE KUBOT-
HBIX U PACTEHUH BBIIIE, 9YEM B JIPY-
I'UX KIUMaTHYECKUX IOSCAX Ha-
men MmiIaHeTsl. CayXaT Jd U 10Y-
BBl 3TUX OUOTOIIOB CTOJIb KE OOra-
THIM XPAHUJIUIIEM pPa3HOOOpPA3-
HBIX M YHHUKAJbHBIX MHUKPOOPTa-
Hu3MOB? OTBET HA 3TOT BOIPOC
UMEET U (PYH/IAMEHTAIBHOE, U IPU-
KJIAJIHOE 3HAYEHUE, TAK KAK UCCIIe-
JNOBATENAM-MUKPOOUOJIOTAM HE-
06XO/IUMO 3HATh, B NIOYBAX KAKUX
NPUPOAHBIX 30H CTOUT UCKATb HO-
BbIE€ BUJbl OAKTEPUHU WU I'pUbOB
JUISL UX UCIIOJIb30BAHUS B OUOTEXHOIOTUN (HAIIPpUMED,
JUld TIPOU3BOJCTBA HOBBIX aHTHOHOTHKOB). Ho rj0-
6aJbHBIE 3AKOHOMEPHOCTH TI'eorpauu pacupocTpa-
HEHUA MUKPOOPIaHU3MOB HM3YUEHBI MOKA JOBOJIBHO
cna60. [ToaToMy B MOCIEAHUE AECATUIETUA CIIEINA-
JUCTBI IPUKJIAABIBAIOT HEMAJIO YCHUINH ISl TOTO, 9TO-
6Bl pa300paThCs B 3TOM HENPOCTOM BoIpoce. Ypes-
BBIYANHO MH(MOPMATUBHBIMU OKa3aJIUCh MOJEKYJIAP-
HO-TEHETUUYECKUE METO/Ibl, KOTOPBIE HE TPEOYIOT BbI-
JIETIEHUS U KYJIBTUBUPOBAHUA MUKPOOOB (B 4YACTHOC-
THU, METATEHOMHBIIN AHAJIU3 UX COOOIIECTB, T.€. U3y4e-
HHME COBOKYIIHOCTH BCEX HAXOJANIUXCS B HUCCIELye-
MOM 06pa3lie I'eHOB 10 U3BIEYECHHON u3 Hero JHK).
biarogapsa AaHHOMY MOJXOAY CETOJHS MOXKHO CO-
CTABUTb KAPTHUHY PACHPOCTPAHEHUS B IOUYBAX 3EMJIU
MUKPOOPI4HU3MOB U I'€HOB, OTBEYAIOMIUX 34 BBIMNOJ-
HEHUE MUKPOOPTAHU3MAMH OUOCHEPHBIX (PYHKI[UM.

B noucke rno6anbHbix nogpo6HOCTE!H

Jlist TeX, KTO 6beTCsl HAJl PA3rajIKOi CEKPETOB MUKPO-
6UOM2 TTOYB, UHTEPECHOM OKA3AJIACh CTAThS MEXK/[YHA-

© fxymes A.B., 2018

Anopeii Braoumupoeuu Axymwee — xamnou-
oam OUONOZUHEeCKUX HAYK, MAAOULULL HAYY-
Mol COMPYOHUK KaPeopbr OuoN02UU 110UE
parxyarvmema noueogederus MocKko8cK020
20CY0apCmeeHH020 yHusepcumema uMernu
M.B.Jlomornocoea. Obaacms HAYUHBIX UHINE-
pecos — 3KON02UA NOUECHHBLX MUKPOOpP2a-
HUIMOB, U3YUCHUE BPEeMEeHHbLX MUKDOOHbLX
accoyuayuil, 603HUKANOUUX 6 X00e 300MUK-
POOMHBLX, MUKDOOHO-DACUMETbHBLX, MENHC-
MUKPOOHBLX 83AUMOOCLICMBUL 8 NOUBe.
e-mail: a_yakushev84@mail.ru

POJHON UCCIENOBATENBLCKON I'pymibl Myxammea bax-
pama (TapTyckuil YHUBEPCUTET, DCTOHUA ), ONyOIUKO-
BAHHAs B KXypHase «Nature» B okTsa6pe 2018 1. [1]. Pa-
60Ta KOJIJIET MOCBANECHA BIUAHUIO (PAKTOPOB OKPYKA-
IOImEN Cpejibl HA TAKCOHOMMYECKUH COCTAB MUKDPOO-
HBIX COOOMIECTB M PACHPOCTPAHEHUE T'E€HOB I'DHU-
60B 1 6aKkTEpUil B 06pA311AX BEPXHUX I'OPU3OHTOB 30-
HAJBHBIX (HE HAPYHIICHHBIX YEJIOBEKOM) MOYB 3€MJIU
(puc.1). HazBaHHBIE I'PYIIIEI MUKPOOPIAHU3MOB B HAU-
60JIbIIEN CTENEHU BIUAIOT Hd OCHOBHBIE OUOT€OXU-
MHYECKHE MPOIECCHL

ABTODBI BIEPBLIE OOOOMININ PEZYIBTATHL METATE-
HOMHOTO aHaJIM34 MOYB OGOJBIIMHCTBA INPUPOAHBIX
30H. BUJIOBYIO NMPUHA/JICKHOCTh GAKTEPUN YYCHBIE
OIpEAENAIN O BUJOCHEU(DUIECCKUM YIACTKAM Te-
Ha, Kojgupyoomero cuured 16S* pPHK — oxpHoit u3
Tpex mosekyn PHK, pacnosoxkeHHOU HA MaIOH CYO'b-
eJUHUILE pUOOCOMBL I'pubEl UAEHTUPUIIUPOBATN IO
¢pparmenrtam resa 18S PHK u ITS — nHekoaupyromen
HYKJIEOTUAHON nociuenosarenbnoctu JHK, koTopas
paspenser rensl pub6ocomubx PHK.

* ExuHuIa n3Mepenus S (CBEA6EpT) — 3TO OTHONIECHHE CKOPOCTH
OCAK/IEHNS YACTUL] B BOJIE K LIEHTPOOEKHOMY YCKOPEHHIO B 1IEHT-

pudyre.
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Puc.1. PesynsTarsl aHaaM3a METAareHOMHbIX JAHHbIX O TPUOHBIX U BaKTepUasbHbIX COOGLECTBAX NOYB 3€MIM METOAOM MHOTOMEPHOTO
wkanuposaus (no [1]). MpoaHanu3upoBaHbl crepyioline NoKasaTean: @ — TaKCOHOMUYECKMIH COCTaB BaKTepuanbHbIX COOOLLECTB,
6 — TaKCOHOMMYECKMIT COCTAB TPUBHbLIX COOBLIECTB, 8 — COCTAB (YHKLUOHANbHbIX FeHOB GaKTepuanbHbIX CO0BLWecTs, 2 — COCTaB
(YHKLMOHANbHBIX TeHOB rpubHbIX coobuiecTs. CTpenkamu nokKasaHa HanpaBAeHHOCTb YBEAUYEHUN 3HaYeHus dakTopa (npu3Haka
LaHHOTO TUMA MOYB WM NPUPOAHO-KAMMATMyYecKoil 30Hbl). CI'T — cpegHerogosas Temneparypa; C[0 — cpefHerofoBble 0Cagku.

[IpUMEYATEIBHO, YTO BBIBOJIBI, IPUBE/ICHHBIC AB-
TOPaMH IMIOGAIBHOTO UCCIEJOBAHUSA, TPAAUIUOHHE,
T.€. B II€JIOM MOJTBEPKIAIOT KIACCUUECKUE HAYYHBIE
npeacTaBaeHusd. Tak, OTMEUEHO, YTO YCJIOBUA OKPY-
JKAIONIEN CPEZNBl BAUSIOT HA COCTAB MUKPOOHBIX re-
HOB CHJIBHEE, 9EM TeorpauuecKOe MECTOIOJIOXKE-
HUE; B YCJIOBUAX YMEPEHHOI'O KINMaTa OAKTEPUAIIb-
HOE I'€HETHYECKOE PA3HOOOPA3UE BBIIIE I'PUOHOIO;
IpUOHl U OGAKTEPUM 3aHUMAIOT PA3HBIE SKOJIOTHUYEC-
KM€ HMIIM, TAK KAK 3aBUCUMOCTb MX Pa3HOOOpa3usA
OT KOJIMYECTBA aTMOC(EPHBIX OCAAKOB U pH MOYBHI
HEO/IMHAKOBA. KpoMe TOTrO, y4eHBbIC BBIABWIN IOJIO-
JKUTEJIBHYIO KOPPENALUIO OOUINS OGAKTEPUAIbHBIX

I€HOB YCTOUYMBOCTH K AHTUOMOTUKAM U OOMIUA
IrpuboB, 4 3TO CBUAETEABCTBYET O TOM, YTO aAHTArO-
HU3M MEXKY Ha3BAHHBIMU TPYIIIAMU MUKPOOPIaHU3-
MOB CHUJIBHO BJIHSIET HA MUKPOOHBIE COOOIIECTBA
BEPXHUX I'OPU3OHTOB I10YB (puc.2). HakoHew, BIIOJI-
HE TPUBUAIBHBIM KAKETCHA CIEAYIOMMIT BBIBOJ: MEX-
BUJOBAA KOHKYPEHIMA U (PAKTOPHI OKPYXKAIOMEN
Cpebl BO MHOIOM ONpENENAoT OOUINE, COCTAB
U PYHKIIUN GAKTEPUATBHBIX U IPUOHBIX COOOIIECTB.

OJIHAKO, AaHAJIU3UPYS MOJTYYEHHBIE JAHHBIE C TO3U-
LMY BIUAHUA YCIOBUM OKPYXAIOWEN CPeJbl HA I10Y-
BEHHbIC MUKPOOHBIE COOOIIECTBA, UCCIENOBATEIN HE
YBUJIEJIM HEKOTOPBIX INIOOATbHBIX 3dKOHOMEPHOCTEN
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Puc.2. XapakTep pacceneHns MUKpOOpraHM3MOB B NMOYBE 1 B3aUMOAENCTBIE TPUBHOI 1 GaKTepUanbHOM COCTABASIOWNX NOYBEHHOTO
MUKPOGMOMA MOXHO XOPOLIO NpeACTaBUTb, PaCCMATPUBAA NOL MUKPOCKOMOM NAacTUHKKM obpacTaHus Poccu-XonopHoro (B faHHOM
cnyyae 3an0XeHHble B KneHoBblil onag botaHuyeckoro caga MIY). Ha dotorpacusax nokasaHsl accoumalus NoYBEHHbIX GaKkTEpPHUIl,
pasnarawLux MepTebliii rpuOHOI MuLenuit (a, 6), U MUKPOKONOHUW MPOKApPMOT, aCCOLMMPOBAHHbIE C XMUBBIMU cnopamu rpuba (s, 2).
MpuKM3HEHHas OKpacka KJeTOK MPOKapuoT NpoBeAeHa: a — (hOOPECLEHTHbIM KpacuTenem Syto 9; 6-2 — hAOPEeCLEHTHbIM Kpa-

cuTenem akpuamMHoOM OpaHXXeBbIM.

B COCTABE MUKPOOMOMOB PA3HBIX NPUPOJHBIX 30H,
TaK KAaK 3TO HE BXOAWIO B 3a7d4M HCCJIEJOBAHUA.
Mexly T€EM PE3YNBTAThl AHATN3d METATEHOMHBIX [1aH-
HBIX METOJJOM MHOTOMEPHOTO IKATHPOBAHNA* TTO3BO-
JIUN BBIABUTDH CTENEHb CXOJACTBA TAKCOHOMHYECKOTO
COCTaBad U (PYHKIITMOHAJIBLHBIX T€HOB OAKTEPHUATBHOIO
1 IPUOHOTO MOUYBEHHBIX COOOMIECTB B PA3HBIX MpPU-
POAHO-KINMATHYECKUX MTOACAX 3eMan (CM. puc.l).

* MHOTOMEPHOE MKATUPOBAHUE — METOJl MATEMATHYCCKOTO aHa-
JIN32 JAHHBIX, ONPEAEIAIONINIT HAIPABICHUS (OCH), BAOJIb KOTOPBIX
HaOIIOAETCA HAUOOIBIIEE PACCTOAHUE MEXKY OOBEKTAMH UCCIIE-
JIOBaHMA (MUKPOOHBIMH KOMILIEKCAMHU ITOYB) B MHOTOMEPHOM TIPO-
CTPAHCTBE, I7IE KAKAOE U3MEPEHNE — 3TO OIMH M3 UCTIONb3YEMbIX
B aHamze napamerpos (OTE wi rem). BHOIOIMIeCKUi CMBICI OCEi
ONPE/IENACTCS MO CUJIE UX KOPPENALIAN C 3TUMHU NTaPAMETPAMU WIIN
JIPYTUMH TIOKA3aTEeIAMH, KOTOPbIE OTEHIIUAIBHO MOTYT BJIMATH Ha
ob6bexTel uccneosanus (pH nousel, C/N 1 T.1.). MeToz nossonser
TTOJTYYUTh HATTIAIHBIN JIByXMEPHBIN IPaUK CXOACTBA U PA3ITMYNI
MEXKy COO0M OOBEKTOB MCCIIENOBAHUA (MUKPOOHBIX COOOIIECTB)
110 GOJIBIIOMY YMCITY XAPAKTEPU3YIOIUX UX ITAPAMETPOB.

WHorpa paHHbie roBOPAT caMu 3a cebs

AHanu3 puc.l,a 103BOJAET C/I€/ATh BBIBOJ], UTO OAKTE-
PUATBHBIE KOMIUIEKCHI I1I0YB 3€MJIU HOJPA3LEIAI0OTCS
Ha JIB€ IJTO6AIbHBIE IPYIIBI (TPOIUYECKYIO U BHETPO-
IIMYECKYIO), MEX/Y KOTOPBIMU €CTb IIPUHLUIINATbHbBIE
pasnuyus, CBA3AHHBIE C OCOOEHHOCTAMM TAKCOHOMU-
YECKOTO COCTaBA. ['pUOHBIE KE MOYBEHHBIE KOMILIEK-
CBHI IIO TAKCOHOMMYECKOMY COCTABY MOJPA3AEAAIOTCA
VK€ HA TPU INIOOAIbHBIE I'PYIIIBL: COOOMIECTBA BIAX-
HBIX TPOIIUKOB, CYXHUX TPOIIMKOB, BHETPOIIUYECKON
30HBI (puc.1,6). KoMnuaekcsl (PyHKIIMOHAIBHBIX I'€HOB
MUKPOOPIaHU3MOB PA3IUYAIOTCA HE TAK CHUIbHO, KAK
TAKCOHOMMYECKHUH COCTAB UX coobmecTs (puc.l,6,2).
Ho Bce € B TPONMYECKUX MTOYBAX HAOOp I'€HOB, OT-
BETCTBEHHBIX 32 OUOC(hEpPHbIC (PYHKIUU OGAKTEPHUIL
1 IpUbOB, UMEET OCOOBIE UEPTHI, HE COBIAAAIONIUE
C TEM, UTO MBI BUZIUM BO BHETPOIIUYECKUX MOUBEHHBIX
MUKPOOHBIX KOMIUIEKCAX.

[IpyYUHB TTOOATBPHOTO OTIWUYUA MOYBEHHBIX
MHUKPOOHBIX COOOIECTB TPOIIMKOB OT BHETPOIINYE-
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MUKPOBMONIOIUSM

CKHUX MOKA HE U3VUYEHBI, TAK KaK BaxpaM ¢ coaBTopa-
MU HE PaCCMATPUBAIU I'PAPUKU B TOZOOHOM ACIIEK-
Te. K KaKUM K€ 3aKJII0YEHUAM MOXKHO IIPUNTH, AaHA-
JIU3UPYs NPUBEJCHHBIE B CTATbe JaHHbIE? IIpexae
BCETO, OOHAPYKEHHAA KAPTUHA HE OOYCIOBJICHA Ba-
PBPUPOBAHUEM OOMJIMS THUIOB OAKTEPUN U KJIACCOB
IrpruboOB, HACENSAIONNUX TPONUYECKUE U BCE MpOUYHE
NPUPOAHO-KINMATUYECKUE MOSICA 3EMIU; HET CBA3U
U C I€HETUYECCKUM pPA3HOOOpaA3UEM I'PUOOB U OC-
HOBHBIMU META00JIUYECKUMU NYTAMU OAKTEPHUIL.
OCOBEHHO BA)XKHO OTMETHUTD, UTO B TPONHUKAX (JlaXKe
B JJOK/IEBBIX JIECAX) TAKCOHOMUUYECKOE U T€HETUYEC-
KO€ IpubHOE U OGAKTEPUANIBHOE Pa3HOOOPA3UE HE
HaMHOro 60rade, 4eM BO BHETPOIHUYECKUX 30HAX
(puc.3). B yeM ke CEKpEeT IN00ANbHBIX PaA3IUYNN
MHKPOOHBIX COOOIIECTB MOYB, PYHKIIMOHUPYIOIUX
B 3TUX OMOKIMMATUUECKUX YCI0BUAX? CKOpEE BCeE-
IO — B CYI[ECTBOBAHMUU CNEUU(PUYHBIX I TPOIH-
YEeCKOTO MOsCa BUJIOB HMJIU POJJOB MUKPOOPTAHU3-
MOB U KOHKPETHBIX I'€HOB. Kak rOBOpUTCH, AbABOI
NpAYETCA B IETANAX.
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HecoMHEHHO, CHIbHASL CTOPOHA PAOOTHI KOJIIET —
B TOM, YTO OHH /JIETAIbHO U3YUYMUIN, KAK HMEHHO Pa3-
HOOOpa3ue OAKTEPUATBHBIX T'€HOB YCTONUYUBOCTU
K aHTHOMOTHKAM CBA3dHO C JENCTBYIOIUMU HA MHK-
po6HBIE COOOMECTBA OUOTUYECKUMU U A0MOTUYECKU-
MU (PAKTOPAMHU (K COXKAIEHUIO, TPUOBL B 3TOM 4ACIIEKTE
He oleHuBaIN). OCOOBIM UHTEPEC BBI3BIBACT I'PpapUK
KOPPEIALUOHHOM TEIUIOBOU KapThl (pUC.4), OTpaxa-
IOMEN B3AUMOCBA3b MEX/Y KOJUYECTBOM I'€HOB dHTHU-
OGUOTUKOYCTONYUBOCTH U PA3HOOOPA3UEM THUIIOB MU-
KPOOPIraHMU3MOB. ABTOPBI 3AK/IIOUNIIH, YTO OOMINE Ta-
KUX T€HOB PACTET NP YBEIUYCHUU DPA3ZHOOOpaA3Us
I'pUOOB, B IEPBYIO OYEPE/b CYMUATHIX (OCOOEHHO TEX
IPYII, CPEJU NPEACTABUTENEN KOTOPBIX MHOT'O IIPO-
JAYLEHTOB aHTUOUOTHUKOB).

Co cBOEH CTOPOHBI OTMEYY: B MACCUBE JAHHBIX,
NPEACTABIEHHBIX KoJieramu (puc.4), BBIAEAAIOTCA
JBE I'PYNIB (PYHKIITMOHAJIBHBIX T€HOB U JIBC T'PYIIIHI
(punymMoB (TUIOB) MUKPOOPIaHU3MOB, O KOTOPBIX
CIelyeT CKa3aTb 0C060. YUCIO GAKTEPUANBHBIX T€-
HOB PE3UCTEHTHOCTU K AHTUOMOTUKAM, OTHOCHIUX-
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reorpatu4eckan WMpoTa MECTHOCTK, Tpaf.

Puc.3. N3meHeHne rpubHoro u GakTepuanbHOro pasHoo6pasns B 3aBUCMMOCTM OT WMPOTHI PernoHa. YcioBHble 0603HaYeHns Te
e, yTo Ha puc.1 (no [1]). 3oHbl: 1 — Tponuyeckas; 2 — ymepeHHas; 3 — 6opeanbHas U apKkTUYecKas.
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MUKPOBMOJIOIrUs

KOIPUUMEHT KOpPPEnaumnK

Fibrobacteres
Latescibacteria
Omnitrophica
Chlorobi
Parcubacteria
Saccharibacteria
Lentisphaerae
Atribacteria
Deferribacteres
Microgenomates
Mitrospirae
Gemmatimonadetes
Chloroflexi
Actinobacteria
Bactercidetes
Tenericutes
Firmicutes
Verrucomicrobia
He WOEHTUBMUMPOBEHA
:z:hytidiorl:yacola
0!
Cﬁﬁaorrn;gae
Bazidiomycota
Ascomycota
Planctomycetes
Acidobacteria
Cyanobacteria
Protecbacteria

reHbl aHTUDWMOTUKOYCTOMHMBOCTM

Puc.4. KoppensumoHHas TennoBas KapTa Afs reHoB aHTMOMOTUKOYCTOMYMBOCTM OCHOBHbLIX TUMOB MOYBEHHbLIX FPUOOB (BbIAENEHO
XUPHbIM WpndToMm) 1 6akTepuit (no [1], ¢ M3MeHeHUAMM — rpacuK pasfesieH Ha YeTbipe CEKTOPa, NOACHEHUE B TEKCTE).

Cd K IEPBOU TPYIIE, MONOKUTEIBHO KOPPEIUPYET
C KOJTUYECTBOM HE TOJBKO I'pUbOB, HO U OAKTEPHUII,
OTHOCSIIUXCA K CAMBIM PACIIPOCTPAHECHHBIM B ITIOYBE
tunam (Proteobacteria, Actinobacteria, Acidobacte-
ria, Plactomycetes, Cyanobacteria, Bacteroides, Fir-
micutes), 1 OTPULIATEIBHO KOPPETUPYET C OOUIHUEM
pPEJKUX /I MOYBBI TUIIOB H6akrepunl (Nitrospirae, Ve-
rucomicrobia, Chloroflexi, Aquificea n np.). A pnd
OGAKTEPUAIBHBIX I'€HOB AHTUOUOTUKOYCTOUYUBOCTH,
NPUHALICKANUX KO BTOPOMN T'PYIIIE, CKIAJbIBACTCS
NIPOTHUBONONIOXKHAA KAPTUHA Koppeaanun. O 4eM 3TO
MOXKET CBUJIETENBCTBOBATH? [10-BUUMOMY, YIIOMSHY-
TBIE I'PYIIBI 6AKTEPUNA UMEIOT B3AUMOUCKIIOUAIONUE

CIIEKTPBI FEHOB YCTOMYUBOCTHU K aHTUOUOTUKAM. Ofi-
H4KO NPUYNHA ABIEHUA MOKA HE ACHA. MOXET OBITH,
3TH I'PYIIIB 3aHUMAIOT B IIOYBE PA3HBIE MHUKPOMEC-
TOOOUTAHUS, C PA3HBIMU «COCEJAMU», U JIJI1 OOOPOHBI
UM HYKHBI COBEPIIEHHO OCO6bIe rennl? Ho 6e3 ne-
TQJIBHOI'O AHAIN34 COCTABA MOCJIEJHUX CYJUTh O Me-
XAHU3MAX TPYAHO.

K Tomy xe He 6ygeM 3a0bIBATh, YTO (POPMAIBHOE
YCTAHOBJIEHUE KOPPENAIUA MEKAY IPU3HAKAMU €IIe
HE O3HAYAET JOKA34ATENbCTBA NPUYUHHO-CIECTBEH-
HBIX CBsI3eM. HECOMHEHHO, UX JICTANTbHBIN aHAIU3 —
IpeaMeT JAJbHEUIINX HCCAEJOBAHUHN, B KOTOPBIX
6BLIO OBl OYEHb HHTEPECHO NPUHATL YIACTHE. B

CraThsa MOATOTOBJIEHA B paMKaX TeMbl roc3aganua Ne115122210098-2 «Poab reOXHMHUYECKOH gesd-
TEJIHPHOCTH IIOYBEHHBIX MUKPOOPIAaHU3MOB B OJIEPKAHUHN CTA0OMIBHOCTH HA3€MHBIX 3KOCHUCTEM>.

Jiuteparypa / References

1. Babram M., Hildebrand F., Forslund S.K. et al. Structure and function of the global topsoil microbiome. Nature.
2018; 560 (7717): 233-237. D0i:10.1038/s41586-018-0386-6.

Secrets of Geography of Microbial Communities of the Earth

A.V.Yakushev

Faculty of Soil Science, Lomonosov Moscow State University (Moscow, Russia)

The article briefly discusses the results of the first detailed study of soil microbiome. The author, referring to the
array of published data, shows interesting patterns identified through the work of the international research group.
Unfortunately, these patterns were not discussed by the group of scientists, because of a certain focus of their tasks,
which did not involve knowledge of the specifics of microbial soil communities.

Keywords: soil microbiome, soil bacteria, soil fungi, functional genes, antibiotic resistance genes, functional diversity

of microbial community, natural climatic zones.
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MoHroabckue 3amemku,
UAU B cmpaHe gpeBHel
MHMUBOMHOBOg4Yeckou kyabmypabl
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Hucmumym ooOuyeii zenemurxu umenu H.H.Baeunroea PAH (Mockea, Poccus)
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300JIOTUS. FTEHETUKA

V3ydeHHE MOPOJHOTO Pa3HOOOPA3Us M TEHOMOHAA AOMAIIHUX KUBOTHBIX
CpenHen A3un, Ha4aTOE POCCUNCKMMU I'€HETUKAMU B IIEPBOU TOJOBHUHE XX B.,
BO30OHOBJICHO B Hamu AHU. CTATbsl PACCKA3BIBAET O COCTOABIICICA B 2017 T
JKMBOTHOBO/JYECKON 3KCIEJAULIMU B MOHTOJIIMIO U O JIOJAX 3TOM CTPAHDI, IIPU-
HSBIIMX JKMBOE YY4aCTHE B IOJIEBBIX PabOTAX POCCHHUCKUX Yy4€HBIX. OTOHOpP
npo6 KPOBU KUBOTHBIX MO3BOJWI CO3/1ATh YHUKAJIbHBINM T€HETUYECKUN OAHK
JJI OLLEHKM KAa4eCTBA CEJNEKIJMOHHOI'O MaTepHad, KOTOPBIM PaCIOIaraior
MOHI'OJIbCKHUE CKOTOBO/IbI.

KiroueBsle CI0Ba: MACTOUIHOE JKUBOTHOBOJACTBO, MOPOJAHOE PA3HOOH6PA-
3ue, TeHOMOH/ JOMANTHUX KUBOTHBIX, )KUBOTHOBOAYECKAS dKCIICIUIIH.

Bpuii Anamonvesuu Cmoano6ckuii, 00x-
mop OUON02UUECKUX HAVK, 3AMeCmumesns Ou-
pexmopa no Hayke, 3a6e0youjiti 1a6opamopu-
eli CPABHUMENbHOL 2eHeUKU HCUBOMHbLX HH-
cmumyma obueti eenemuxu umeru HI.Bagu-
no0ea PAH. IIocmosannoiil aemop <IIpupoovi».
Hayunvie unmepecs, — coxparenue nopooro-
20 pasnoobpasus u 2eH0POHO08 OOMAUHUX
HCUBOMHBLX, 2eHEIMUKA HCUBOTNHBLX.

e-mail: stolpovsky@mail.ru

FBaua Axoenesena Axens, unen O6ujecm-
6enH020 dKcnepmmozo coeema Komumema
no oenam HayuoxanrsHocmeri Iocyoapcmeen-
noti oymol PD. Jupexmop Llenmpa «Xparu-
menu». Hayunoie unmepeco. — coxpanemnie
ouopasnoobpasus, npasa KOPeHHvlLx Majo-
YUCTICHHBLX HAPOO0E8 HaA MPAOUYUOHHOE NPU-
pooononv3osarue.

e-mail: uyakel@mail.ru

Jles COBEPIINTD IKCIEAUIIUIO U3 MOCKBBI B MOHI'OIMIO HA ABTOMO-

6ujae BbI3BANTA B HAIIEM OKPYXXEHUH HEOJAHO3HAYHYIO PEAKIUIO.

KT0-TO, IBHO «HE3KCIECJULMOHHBIX KPOBEI», UDOHUYECKU CIIPO-
CHJI, HE JKaJIb JIX HAM, «CTOHUKHUM OJIOBAHHBIM COJIJJATUKAM»>, OUTb MallU-
HY II0 POCCHUICKUM, /1a €LI€ U 10 MOHI'OJIbCKUM AOPOraM. BcnoMHuIn
1 NMOHATBIKAHHBIE BCIOAY KAMEPDI CIEKEHUA, U HEHABA3ZYUBBIA MPUIO-
poXHBII cepBUC. MapmpyT MockBa—TamanTa—MOCKBA — 3TO OKOJO
9 TBIC. KM, IUIIOC paboune nepeesjbl B MOHIOINU — €€ 3 ThIC. KM. HTO-
I'O HaM IIPEJCTOSIO IPEOJOJIETh OKOIO 12 ThIC. KM. [la MaJIO JIX 4YTO MO-
JKET cyduThbed B ytu! Ho 1Ba 1OBOJA IEPEBECUIU BCE COMHEHUS. [Iep-
BBIII — (DPUHAHCOBBII: 3aTPAaTBl HA ABTONPOOET 3HAUUTEIBHO MEHBIIE,
YEM CTOMMOCTD OMIETOB HA CAMOJET BKYIE C APEHAON MAMIMHBI HA MEC-
Te. BTOPOI — 3MOLIMOHANIbHBIIN: YBUAETD B MIyTEMECTBUU JOOPYIO IIOIO-
BUHY HAllI€Hl OTPOMHOM CTPAaHBI, OT MOCKBHBI 1O ATasl, — JABHASA MEYTA,
KOTOPYIO HAKOHEL-TO YAACTCS OCyWecTBUTh. Kazaup, Ypa, MmuMm, bap-
nays, fopuo-Anraick, Kom-Arau.. Ilepedyncienue OCHOBHBIX CTOSHOK
3BYy4a/I0, KAK CKA30YHOC 3dKJIMHAHUE MEPE] HEBEPOATHLIM IIPUKIIOYE-

2vOIN€E £ nmoag{
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300JI0rus. FEHETUKA

InuHHaa popora K 3onotomy Antaio.
Papu uero?

3’ [TpoayKUMA )KUBOTHOBOJCTBA COCTaBAAET 80% BCETO

3KCIopTa MOHIONIBCKOTO TOCYAAPCTBA, 64% Haceme-

Q\ HHA CTPAHBI 3AHATHI B 3TOH OTpacau. Ha mepsom me-
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CTE€ IO 3KCIOPTHOI BBIPYYKE — IPOJAXKA LIEPCTH,
HA4 BTOPOM — CKOT4. ITO €ro IOoroJioBpio Ha Ayly Ha-
cenenus (12-30 XUBOTHBIX HAa OJLHOI'O YEJIOBEKA)
Monronus — MHUPOBOU JAUAEP. bosbiie BCEro 3/1€Ch
OBEI] M KO3: HA KAK/IBIA U3 BUJIOB IPUXOJUTCA B CPELL-
HeM 1Mo 43% BCEro IOr'oJIOBbS CETbCKOXO3SIHUCTBEH-
HBIX KUBOTHBIX. OcTasmuecs 14% npencTaBICcHb
KPYIIHBIM POTATBIM CKOTOM U AKAMHU (7%), TOIAbMU
(6%), Bep6mogamu (1%) [1].

[TacTOUIIHOE XKUBOTHOBOJACTBO — JIPEBHEHINAS
OTpPAaCab HAPOAHOTO XO3AUCTBA Monronnu. Menno
3/1€Ch CKOHILIEHTPUPOBAH OIBIT MHOI'MX ITOKOJICHUI
CKOTOBOJIOB. [TpUpO/IHBIE YCIOBUS CIIOCOOCTBYIOT BE-
JEHUIO IIPEUMYIECTBEHHO KOYEBOM XXU3HU, KOTOPAs
TPEOYET pa3BeIeHUA JOMAIIHUX X KUBOTHBIX C OIIPEJE-
JICHHBIMU TeHO(DOHAaMU. Hamu ucciejoBaHus CBsA3a-
HBl C psioM (PYHJAMEHTAIbHBIX HAIIPABJIECHUMI: CO-
XPAHCHUEM M YIPABJICHUEM T'€HO(DOHIAMU, IIPUPO-

MapwpyT XMBOTHOBOJYECKOW IKCNEANLUYN COTPYAHMKOB Poc-
CUICKOW akajemun Hayk B MoHronuio.

JOOXPAHHOM T€HETUKOI, TeHOTreorpadueit, n3y4yeHu-
€M KO3BOJIOINHY, (PUIOTEHE3d, KUZHECIOCOOHOCTU
1 OPOJYKTUBHOCTHU JIOMAIIHUX XKUBOTHBIX. OOBEKTA-
MU U3BICKAHUI 3KCIEJUIIUN JOLKHBI ObLIN CTATh OC-
HOBHBIE BUJBI JIOMAIIHETO CKOTA: OBIIA, KO34, JIOMA/b,
KOPOBA, fK. Lle1b — U3Y4UTh UX ITOPOJHOE PA3HO06-
pasue, reHo(OH/I MOHIOJbCKUX MOPOJA U CPABHUTD
IIOJYYEHHBIE PE3YIBTATHI C JJAHHBIMHU, UMEIOMUMUCS
B F€HETUYECKOM OaHKe MHCTUTYTa OOImed TeHETUKU
nMenu H.M.Basniosa [2]. MBI INTAHUPOBAIH COOMPATD
6MONIOTUYECKUE OOPA3IBI B MHOTOUYUCJIEHHBIX afiMa-
Kax* u cOMOHax** MOHTOJNH, 4 3TO O3HAYAIO, YTO
B JIEHb HEOHXO/JUMO IIPEO/01EBATh B cpeiHeM 900 KM.

[TyremecTBUE HA aBTOMOOUIE, 6€3YCIOBHO, UME-
€T CBOM IUIIOCHl U MHUHYCBHL. 32 OKHOM KMJIOMETp 34
KHUJIOMETPOM NPOIUILIBAIOT PA3HOOOPA3HBIE TPUPOJ-
HBIE JIAHAMAQTHL B CEJIEHUAX C TOBOPAMMMHU HA3BA-
Huamu Brnepen, XoMmsaku, XpeHOBO, Becenas KusHb,
Heynauyuno, lonuHa CBOOGOJBI TAK U XOYETCH MpPHU-
TOPMO3HUTb U MOOOMATHCA C KUTEAAMU. OHAKO pa-
60Ta HE MO3BOJIAET: BBIObENILCA U3 TPa(UKA, U TOTOM
HIU-CBUIU B CTENU JPY3€U-MOHTOJIOB.

[Tozagu Huxeropojckas obnacts, TaTapcras,
bamxkupud, rocrenpuuMubiil Anrai.. Ilpoexas mo
YyHCKOMY TPAKTY — OJHOM U3 KPACUBEHUIIUX JOPOT
Poccun, — fACHO OCO3HAEWb, YTO B TAKON CTPAHE
MOKHO U HYKHO C JIETCTBA BOCHUTBIBATH MYTEIIECT-
BEHHHUKOB. A €II€ UCHBITBIBAEMb PA30YAPOBAHUE OT
TOTO, YTO HE HAWJEMb B 3TUX MECTAX, KAK HU BbICMA-
TPUBAM, NMPOCTYIO BBIBECKY «MeCTHBIE TPOJYKTBI»,
32 KOTOPOU MO CYIIECTBY CKPBIBAIOTCA M UCTOPUS,
1 3KOHOMHUKA, U Guiocodus, 1 310pOBbE, U BKYC ye-
JIOBEYECKON KU3HU... OUEHDb XOTEIOCh NONPOOOBATH
YTO-HUOYb OPUTHHANBHOE, HAIITUOHATbHOE, HO YBBI:
34CHJIbE TPAHCTPAHUYHBIX TOBAPOB YAPYYAI0. ['71€e xe
HMCKOHHBIE POCCUUCKHUE MPOAYKTH — MOPC, COUTEHD,
KBAC, PSUKEHKA, IPAHUKH, OJTUHBI, pACCTETaNu U KyJle-
6s1ku? HeBONIBHO HANPAIIUBAIOTCA AHAJTOTUU C PYC-
CKUMH MOPOAAMHU JOMAIIHUX XKUBOTHBIX, yTPA4YE€H-
HBIMU B IOCTIEAHUE JECATUIECTHA.

C TAKMMM MBICJASMH MBI JJOMYAJINUCh O POCCHUH-
CKO-MOHTOJILCKOM I'PAHUILBL. DKCIEJUIIMN IIPEACTOA-
JIO B3STb OGUONPOOEL, CPOTOrPaPUPOBATH U OMUCATH
(pEHOTUIIBI HEBEJOMBIX HAM IIOPOJ JOMAIIHUX KU-
BOTHBIX.

MoHronua MaHuaa CBOUMHU npocropamu. Ham Ka-
34710Ch, YTO MBI JOCTATOYHO CEPHE3HO MOATOTOBHU-
JUCh K pabore. Hagexnaa MammHua, Xopouras manar-
Ka, 9KCIEUIMOHHASA OJICK/]A U JlaKe Ia30Bas IJINTKA
NPUIATAIUCH K KTACCUYECKOMY IPOJYKTOBOMY Ha60-
Py — MaKapOHBI, TYIIEHKA U CI'YIEHKA. YTO ele HyX-
HO ISl ITIOJIHOTO c4acThsA? «bepure ¢ co60il HE OJIHO,
4 1BA 3AMACHBIX KOJECA. A KDOBOXJIEOKY KYITUIU?», —
3TO MEPBOE, YTO MBI YCIBIMIAIA OT HAIUX ANTANCKUX

* AfIMaK — a[MUHHICTPATUBHO-TEPPUTOPUAIbHAS ¢/IMHUTIA B MOH-
TOJIAK, IPUMEPHO COOTBETCTBYIOMAA 061actu B Poccurickon de-
Jgepanun. B MOHronuu HaCYUThIBAETC 21 ariMak.

** COMOH — COCTABHASI YACTh AMMAKA, €/IMHUIA TEPPUTOPUATIBHO-
ro genenus. B 2005 1. B crpane 66110 330 COMOHOB.
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Aimak basH-Ynruii (basH-Ynaraiickuit). Mecto o6uUTaHus oBeL, NOPOAbI Kepeii.

Jlor Toxoii. Alimak XoBg (Kob6pockuit). 3aech Mbl BUAENW MOHTONLCKUX MACTYWbUX COOaK.
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J& npyseit. KpoBoxn€OKa IeKapCTBEHHAS, MU JKEJIEe3UC-
3 Tas (Sanguisorba officinalis), — MHOTOJIETHEE TPABS-
HHUCTOE PACTEHUE U3 POJAA KPOBOXIEOOK CEMEUCTBA
PO3OBBIX U MEPBOE JIEKAPCTBEHHOE CPELCTBO B JKC-
neAunuu. Y 3TON TPaBbl OIPOMHOE KOJIHUYECTBO He-
BEPOATHBIX HA3BAHUI: KDOBOCOCKA, JIYTOBKA, MBIIIb-
%) fK, HAroJOBATEHb, OTOPOUIHUK, NPOCTYJHAs TPaBa,
CYXO30J0TUIA, TPYJHUILA, VKAYBE 3€JIbE U T.J. DKC-
TPAKTBI U OTBAPBI U3 HEE 061aJAI0T OAKTEPULIUIHBIM,
BSDKYIIMM U CHJIBHBIM KPOBOOCTAHABIUBAIOWINM JE€H-
™ cTBAEM. MIX NPUMEHAIOT IPU PAIMYHBIX KEIYL0Y-
HO-KHUIIEYHBIX 31001€BAHUAX.
6 cenrsabpst 2017 1., 3amacmuch KPOBOXJIEOKOI
3 (HO HE KYIUB BTOPOTO 3aIIACHOTO KOJIECA), MBI IIEpe-
CEK/IU I'DAHULY U [IOEXAJIU B COMOH /[I3/1yyH anMaka
8 basgH-Yinru, rae Hac KAaJlo 3HAKOMCTBO C OBIIAMH
nopojel Kepei. Yepes nepsbie 10 KM CTAJI0 MOHATHO,
rnouyemy B MOCKBE HAM HE CTAJIU YCTAHABIUBATDL B Ha-
BUI'ATOP KApTy JAOPOrI 3TOU CTpaHbl. CHELUATUCTHL
NS c(pOpMyIUPOBATH NPUYHHY OTKA32 KPATKO U EMKO:
«BeCCMBICIEHHOE 3aHATHE, IPOBEPEHO HA MPAKTUKEY.
[a, MoHronus 06mMafaeT NPEKPACHBIMU JOPOTAMH,
HO €CTb 3/1€Ch U JPYras PEANbHOCTh — «6€3 JOpOr», —
IJl€ €34T HE IO YKA34TEIAM, 4 IO HAIPABICHHUAM.
Kcraty, 1aHHBINA (PAKT TIPUBJIEKAET TYPUCTOB-3KCTpE-
MaJIOB, KOTOpPBIE JIOOAT MOTOHATH MO OE€30POXKBIO.
I'maBHOE OTIMYME OT POCCUUCKUX TPACC: 34€Ch HET HU
KaMep, HU KE3JI0B, 4 CTOAHKHU U1 OTABIXA KPYroM
NPUPOAHEIE, HA TI060H BKyC. [IpoO€XaB HE OJHY THICA-
4y KWJIOMETPOB, HEBOJIBHO 34XOYEllb HAUCATDL Oy
MOHT'OJIbCKUM JJOPOT'aM.

MoHronbckue [0POrM pacxopAaTca U CXoAAaTca 3a rOPU3OHTOM...

Bo-nepBbIX, MOXKET ObITh HECKOJIBKO, XOTb JIECs-
TOK JOPOT MPOJIOKEHO-HAE3KEHO B OJJHOM HAIPaB-
JIeHUuH. BO-BTOPBIX, 3a4ACTYI0 OHU PACXOJATCH Bee-
pOM, 4 IIOTOM COEAMHSAIOTCS Yepe3 HECKOIbKO, 4 TO
U 4epes3 JEeCATKH KujaomeTpos. M OJHOBPEMEHHO
BCTPEYAIOTCA AOPOTH, KOTOPBIE YBOAAT B COBCEM
HHBIE, HE HY>KHBIE BAM KPasi, HO BbI JOJIT'O 00 3TOM HE
JOTAJBIBAETECH, 4 OCO3HAETE, JTUIIb IPEOJONIEB OOIb-
LIOM OTPE3OK IyTH. ECam HET AOXAA, HACTPAUBAN-
TECb HA JOPOXKHYIO IbUIb — HEOTBHEMJIEMYIO 4YACTb
MOHT'OJIbCKAX CTPAHCTBUN. JJopOru 6bIBAIOT AC(hab-
TOBBIE M IIPOCETOYHBIE: TPYHTOBBIE, TPABAHUCTHIE,
IeCYAHbIE U JAKE BOAAHDBIE, IPOJOKEHHBIE 110 PYCIY
py4ybeB. OCOGEHHO KOBAPHBI KAMEHHUCTHIE U I'PABUII-
HbI€: HA IIEPBLIX JOBOJIBHO YACTO IOBPEXAAIOTCH dAB-
TOMOOUIbHEBIE IMHAHBI, AK€ CAMBIC COBPCMCHHBIC,
ATANTUPOBAHHBIE K O€340POXKBIO; BTOPBIE OIACHBI
HE3AMETHBIMU NIPOTrU6AMH, B KOTOPHIX MalllMHA Ha
CKOPOCTH BHE3AMHO 3dKANbIBAETCA KAIIOTOM BHU3,
a 3aTeM, KaK Ha TPAMIUIMHE, JTETUT BBEPX U ObETCH
0 3EMIIO, MOJA6PACHBAA N0 MOTOJKA IJIOXO 3aKPEI-
JIEHHBIN CKap6 ¥ MEPENYTraHHBIX NACCAKUPOB. OHA-
KO BCE 3TH CIOPIPU3BI — HUYTO 10 CPABHEHHUIO C TBO-
pEHUAMHU NPUPOABI 30J0TOr0 Anrasg. BUPIO30BLIE,
KpaCHBIE, 3€JICHBIE, KOPUUHEBBIE, TOIYObIE, OPAHKE-
BbI€ TOPHL.. HenepegasaeMble KPACKU I'OPHBIX 11€i13a-
JKE€H, KOTOPBIE KOI'LA-TO YBUAEI U BOCIIEN B CBOUX I10-
JOoTHAX Beaukuil Hukomair Pepux. Ilepen rnazamu
TBICAYU PCATBHBIX KAPTUH — OT HEBCPOATHBIX, NHO-
IJIAHETHBIX 10 HEXHO-NIACTENbHBIX, TPOTATENIbHBIX
U IIPEKPACHBIX B CBOEU 36 MHOU IIPOCTOTE.
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3on0Tble BeplwMHb MoHronnu.

MacTenbHble Kpacku rop no mapwpyty [anyyH—Xosa—AnTtan.
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Mactu K03 nopogsl antaii-ynaH.

W1 BOT mo3aau caMad KUBOIUCHAA JOPOTa JKCIIE-
JUIUHA — OT COMOHA [I2/1yyH K XOBJY*, I'/l€ HAC XIYT
MOHT'OJIbCKUE IKA U KO3BI IOPOJbl AJITAN-YIdH. 34ECh
BCTPEYAIOTCS KUBOTHBIE BCEBO3MOXKHBIX MACTEH —
4YepHBIE, OEJbIE, CEPBIE, PBIKUE, PA3IUYHBIX OTTEH-
KOB KOPHUYHEBOTO, C YUBUTEIBHBIMU (POPMAMU PO-
ros. M3 31oro Mop@oaoru4eckoro pasnoodpasud
HY’KHO BBIJIC/IUTH (DEHBL, UJIU JUCKPETHBIE MOP(OJIO-
FHYECKUE NPU3HAKY, YTOOBI 3aTEM MOCYUTATH UX
KOHIIEHTPALHIO, KO3(P(PUIUEHTH pPa3HOOOpa3us,
OLIEHUTDb PA3NUYUA U CXOACTBO. CO CTOPOHBI, BO3-
MOJKHO, Ka’KE€TCH CMEIIHBIM, KOTI/Id B3POCJBIE JIOAU
TOHAIOTCA 34 KO3AMH U OBILIAMHU, IIBITASACh PA3IIAJIETD
ux aHdac u B npoduip. Ha jgee )xe Mbl IOJYy4YUIN
VHUKAJIBHBIN MaTepUaa O (PEHOTUIINYECKON HU3MEH-
YUBOCTU MOHT'OJIbCKUX ITOPO/.

[TOCTENEHHO B 3KCHEAULIUU CJIOXKUICA ONPEJEIEH-
HBIIT pUTM. JJ06UPAEMCA O KOHKPETHOTO MECTA, TAE
PAa3BOJAT Ty WJIHA MHYIO TOPOAY CENbCKOXO3ANCTBEH-
HBIX )KUBOTHBIX. JJOTOBAPUBAEMCA C MECTHBIMU 4/IMU-
HUCTpAnuAMHU, (pepMepPaMH, BETEPUHAPAMU U OepeM
NpoObl KPOBU Y TUIIMYHBIX MPEJCTABUTENEH UHTEpE-
cylomeit Hac nopojel. Ho mpesxkae 4em B34Th OuoMare-
pua, Ha0 NOAPOOHO PACCKA3aTh O CyTHU HAIIEHU pa-
60TBI MECTHBIM TOBAPUIAM. A OHA TOJBKO HA MEPBBII
B3IV IPOCTA. «3449EM BBl IIPUEXAIN U3 JANeKON Poc-
CUU U 6GepeTe KPOBb, ONMHUCHIBACTE >KUBOTHBIX?» —
CIIPAIINUBAJIN IOYTU BO BCEX COMOHAX U I0PTAX.

* XOBJ, — €IMHCTBEHHBIH COMOH MOHTOJBCKOTO ariMaka XOBJ,
GOJIBIIIMHCTBO HACEICHHUS KOTOPOTO COCTABILIIOT Ka3axu (96%). —
IIpumen. peo.

OT60p Npob —
OCHOBA M3y4YeHUA reHohoHAOB

Hcropusd HAIIUX U3BICKAHUN BOCXOAUT K 1926 1,
KOrJa IO MWHUILIHATUBE BBIJAIOMUXCA T'€HETUKOB
10.A.®ununueHko U O.I'JIO6GPKAHCKOIO HA CPEJCTBA
Komuccuu no usydyeHuIo eCTeCTBEHHBIX IIPOU3BO/U-
TEIbHBIX CUJI Poccun™* 6blIM OPraHU30BAHBI IIEPBLIE
HUCCIEJOBAHUA NIOPOJ, JOMAIIHUX XUBOTHBEIX Cpej-
Herd Asun u Kasaxcrana [3]. 3arem 3KCIEAULIUU CTa-
au paborarb U B Mouronuu [4]. JKHBOTHOBOACTBO
3TON CTpaHbl, Kak U CafgHO-AJITANCKOIO pEruoHa
Poccum, B 11€JI0M NIPEACTABIIAIO HHTEPEC I GUOJIO-
I'OB U I'€HETUKOB, HO B OOJBIIMHCTBE CAYYAEB OHO HE
CTaJI0 OO6BEKTOM CHCTEMATUYECKOTO T€HETUYECKOTO
MOHUTOPHUHIA.

Tenepp Hala OCHOBHAS 00IEOUOIOrUYECKas 34-
Jaya — ¢ nomompio JHK-MapKepoB OIpenenuTh,
C KaKMM (MJIM KdKOTO KAa4€CTBA) CEJNECKIIMOHHBIM Ma-
TEPUAJIOM MBI UMEEM JIeJI0 cerofind. Ilopona mepej
HaMHU Win HeT? [IJig 3TOro He0OX0JUMO OXapaKTEPHU-
30BATb I'€HETUYECKYIO U (DEHOTUIIMYECKYIO CTPYKTY-
Py KUBOTHBIX, IPOAHATU3UPOBATh (PUIOTEHETHUYEC-
KHE CBA3U U, HAKOHEI, MOMBITATbCA HANUTH Clienu(u-
YEeCKME TEeHbl NPOAYKTUBHOCTH, aAJANTUBHOCTHU
U KU3HECIOCOOHOCTU. dTanm orbopa npod Bcerga

** KoMuCcHst 10 M3YUCHHIO eCTECTBCHHBIX TIPOU3BOUTEIBHBIX
cun Poccun (KEIC) — camoe KpyrmHOE HayqHOE YUPEKICHUE AKa-
JIeMHN HayK iepBor Tpetn XX B. Cospana B 1915 r.ipu IMetep6ypr-
CKOW aKaZIeMHUN HAyK 10 MHUIMaTHBE B.M.BepHanckoro i uyde-
HUSA IPUPOJIHBIX PECYPCOB CTPAHBL — [Ipumen. peo.
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MacTu oBel, nopogbl ro6u-antai.

OYEHb BAKEH, TAK KAK UMEHHO B 3KCIIEUIIUM 3AKJIA-
JBIBACTCA (PYHJAMEHT OYAYIIUX UCCIEJOBAHUM.

OTO6Op KPOBU Y PA3HBIX BU/IOB KUBOTHBIX IIPOUC-
XOJJUT IO PA3HBIM ClieHApuAM. Jlerde Bcero paborarsb
C KO3aMHU M OBIIaMHU. C OMACKOM MBI X/1a1d BCTPEYU
C MECTHBIMM AKaMu (Bos grunniens). DT MOTy4HUE
NPEACTABUTENN POJId HACTOAMUX OBIKOB OJJOMAIIHE-
Hbl 60s1ee 7000 THIC. JIET HA34[, CKOPEE BCETO HA TEP-
puropuu Tubera [5]. OnbIT paboTh ¢ HUMU B Poccuu
MO/ICKA3bIBAJI, YTO MOIYT BO3HHUKHYTb CaMble He-
OXUJAHHBIE CUTYALIUU, BEADb KUBOTHBIE IOJTYAUKUE
1 6OJBIIYI0 YaCTh BPEMEHH MPOBOAAT HA BBHICOKO-
TOPHBIX MAaCTOMIAX 6€3 €XEIHEBHOIO KOHTAKTA
¢ genoBekoM. OJIHAKO ONACEHUS OKA3aJIUCh HAIIPAC-
HBIMH: IKOB B MOHTOJIUHU JOAT, U CTA/J0, B KOTOPOM
MBI Opau KPOBb, OKA347I0Ch HA PEJKOCTb MUPOJIIO-
OGUBBIM, a4 AKOBO/Ibl YTOCTHU/IN HAC BKYCHEUIIUM CKBa-
HIEHHBIM MOJOKOM M HEXHEWINMUMHU CAUBKAMU, Ha-
IIOMUHAIOMUMHU U KEPUP, U IPOCTOKBAINY, U HOTYPT
OJIHOBPEMECHHO.

B Hagane BTOPOM J€KaAbl CEHTAOPS 3KCIEULUA
pocturia ropojga Onruil (YIbrui), B OKpECTHOCTAX
KOTOPOTO OOUTAET MOPOAA KO3 C COOTBETCTBYIOIUM
HA3BAHUEM YJIAH YJIbIUM.

CTOUT 3aMETUTD, YTO IEPEJ COBMECTHOU pabOTON
HY’)KHO HE TOJBKO IOOOMATHCS C XO35€BAMU, HO
1, COTJIACHO OOBIYAI0, OMUTD Yal0 B IOPTE, OTBE/JATD
MECTHBIE TACTPOHOMHUYECKUE JEIUKATECHL: KAK Ipa-
BUJIO, 600OPLOT — HEOONBIINE KYCOUKHU TECTA, OOBA-
pEHHBIE B 0ApAHBEM KUY, U OOSA3ATENBHO APYVII,
WX TPYT, — KYCOUKHU 3aCYIIEHHOTrO TBOpora. focre-
MPUUMCTBO MOHTOJIOB BCEI/IA OBIIO HA BBICOTE. «deM

I'Ipop,e,u,ypa 0T6opa KpPOBW Ana reHetun4yeckoro 6aHKa.
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I Pecome 3 IKcenegecgeece

PasHoobpasue mactu skos (Bos grunnies).

LUBWIN3OBAHHEN YEJIOBEK, TEM OH MEHEE YEJIOBE-
YEH», — CKa3aJ] HaM O/INH U3 PYKOBOAUTEIEH KPyII-
HOTO aifiMaka. CopuTh MBI He CcTanu. KoueBHUKHU
PEOKO BUJAT NIOJIEN — OTCIO/lIA UX OIPOMHOE Kea-
HHE OOOIMATHCS, IPUHATD Y €€6s TOCTEN.

Ha 3TOT pa3 ang TOro 4ro6sl B34Thb KPOBb y 50 XKH-
BOTHBIX, HAM IPUIUIOCh 00BEXATh NATh CEMEN
(1opT), BE3J€ MONUTh Yall, KOe-IA€ U C AapxXu (BOJA-
KOH, CAEJIAHHON Ha OCHOBE MOJIOKA), U IIOECTb Ba-
peHoit 6apanunsl. ITocnegnue 10 06pa3nos KpoBu

RS Se VE

)‘KEHLIJ,VIHa-I'IaCTyX AN NpoCTOpoB MoHronun — oGblyHOE ABIEHKE.
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6pann B KPOMEIIHOIN TEMHOTE, IPU 3TOM OBIIO
OYEHb XAJIb MOJOJYIO CUMIATUYHYIO JEBYIIKY-Be-
TepuHapa. Ecau nepedpasupoBaTb U3BECTHYIO
(¢pasy npo noarta u Poccuio, To «<BeTEpUHAP B MOH-
roJUd — OOJIbIIE, YEM BETEPUHAP». DTO OUYEHD YBa-
JKA€MBII 4eOBEK. BCs XKM3Hb GOJBIIMHCTBA MOHI'O-
JIOB CBSI3aHA C Pa3BEJICHUEM JOMAIIHUX )KUBOTHBIX,
U YEJIOBEK, YMEIOUIUI UX JI€UYUTh, — CIYCTUBLUIUICA
¢ Hebec Anboant. HacMoTpeBmUCh Ha paboTy Me-
CTHBIX BETEPUHAPOB, MOKHO CKa34Th OJJHO: BLIOU-
paTh 3Ty IPOMECCHUIO JOJIKHBI IIOAU C OYEHD YCTOM-
YUBOM IICUXUKON — CIOKOWHBLIE U YPABHOBEIIEH-
HBIE; JIIOOGOBb K KUBOTHBIM MBI OBl IMMOCTABUIN HA
BTOPOE MECTO.

C bonapukamu TeneOHOB U O/ (PapaMu JIXKUIA
PYTHHHOE, B OOIIEM-TO, IEUCTBO OTOOPA KPOBU IIpE-
BPATHUJIOCH B CIOPPEATUCTUYECKOE MIOY. [IpeacTaBbre:
C PA3HBIX CTOPOH U3 TEMHOTHI B 0OAKaX MBITTH MECT-
HBbIE€ KOBOOU TAIIAT KO3, THl YYBCTBYEIIb GIU30CTD He-
BU/IUMOI'O OTPOMHOIO CTajd, CJABIMUIIbL €ro JblXa-
Hue, OJCSIHUE.. U COTHU TOPAMUX OJEAHO-KPACHO-
PO3OBBIX TOUEK — IJIA3 — XA0TUYHO MEPEMEMAIOTCSA
H4 rOpuU3oHTE. JKUBOTHBIE BOMTHYIOTCS: YTO TAM 3THU
MHO3EMILBL TBOPAT C UX COPOAUYAMU?

HeMHOIHue pOCCHUSIHE 3HAIOT O BEJTUKOM JKUBOTHO-
BO/JJYECKOU KYJIBTYpPE MOHI'OJIOB, O CKOTOBO/JYECKUX
Tpagunuax. Kak BUPTYO3HO 3/€Ch YIPABIAIOTCH
C JOMAJbMH, OBIIAMH, KO3AMH, KOPOBAMH, AKAMH,
Bepbmosiamu! Kak BBUIEYUTH KUBOTHOE WM B3ATh
KpOBb Ha mnacroume 6e3 CIEHUAIbHOIO 000pPYAO-
BaHUA? BepeBKa /1a CHOPOBK4, HY U MHOI'OBEKOBOI
OIBIT, KOTOPBIH NEPEAAETCA OT IMOKOJECHUS K MO-
KOJIEHHUIO.

PanHMe NOABEMEL, ATUTENBHBIE TIEPEE3/BI, PAOOTA
C JKUBOTHBIMHU.. C KaXABIM JHEM IIOJEBON T'€HETHU-
YECKUN OAHK TOIOJHAICA HOBBI-
MU npob6amu. IlepeHouesas B ro-
poae Ynaanrom, B 23 KM OT CaMOI'O
60sbmOro o3epa Mouronuu Yocy-
Hyp niomanpio cBbE 3350 KM?
MBI NPOCJEAOBAIN BJOJb YHU-
KaJIbBHOTO BO/IOE€MA, BKJIIOUEHHOTO
B 20031 B cocras obbekra Bce-
mupnoro Hacaegus IOHECKO —
Yocynypckoro 6accerina. (Manens-
KHMI Kycouek 03.Yocy-Hyp npunag-
gexuT n Poccum: 0.3% mimomamn
O3€pPHOTIO 3€pKaja — 12 KM* — Ha-
XOAUTCA Ha 1ore Pecnybiauku Tol-
Ba). DTO NPUPOJHOE UYLO CIYKUT
yoexumeM ang 173 BUAOB NTHIL
u 29 Bupos pei6. Ha 6eperax ose-
pa, pacCIOJOKEHHOIO HA BHICOTE
753 M, obuTaer 41 BUL MIEKOIU-
TAIONUX, BKJIIOUAA TAKUX PEJKUX
JKUBOTHBIX, KAK HPOUC, aprajiu, CU-
OGUPCKUIT TOPHBIA KO3EJL

OJHAKO 1IeJbI0 Halllel KHUBOT-
HOBOJIUECKOI 3KCIIEJUITUN TETIEPD
ObL14 JJOUIA/lb IOPOJIBI TAC.

«MoHron 6e3 KoHs,
yTo NTULA 6e3 KpbinbeB»

Tac — npeBHAA a6OPUTE€HHASA MOHTIOJBCKASA MOPO-
aa [6]. it TOro 94TOGH €€ YBUACTH U B3SITh IIPOOLI KPO-
BU, MBI IIpUEXAIN B TACUH-TOJI — B 3anajHyi0 MOHIo-
qui0. M TyT HAC XKl CIOPIIPU3: B IEHD HAIIETO IPUODI-
TUS IPOBOJJUIUCDH €KETO/JHBIE TPAJUITUOHHBIE CKAYKU.
Ha nepBelil B3rIsAf, 601bIMIAs YAa4d, BEJb CO BCEX OK-
PECTHOCTEN CI0/Ia COOUPAIOTCA CAMBIE JOCTOMHBIE
NIPEJCTABUTENN ITOPOJIBI, 4 JTIOJU PAJU 3TOIO 3PEIUIA
CIIEIIMAIbHO MPUEIKAIOT U3faneKka. Ho Mbl 6bLIM He-
CKOJIBKO Pa304apOBaHBL: BPsAJ JU YAACTCS OTOOPATH
B '€HETUYECKUN OAHK IKCIEJUITUN KPOBb IPUBE/ICH-
HBIX HA COCTA3aHUE Jomajer. CKOpee BCEro, HUKTO HE
3aXO4YET HEPBUPOBATH CBOUX JIOIMAJEHN MEPE] OTBET-
CTBEHHBIM COPEBHOBAHUEM. OJIHAKO HE CTANN TEPATD
BpEMEHNU — HANl NPOBOJHUK, MECTHBIN BETEPUHAD,
Ha4aJ BO3UTh HAC OT CTOMOUIA K CTOHUOUINY, I7I€ MBI
6panu 6UONPOOH y JIOMA/[EH, KOTOPBIE B COPEBHOBA-
HUAX HE YYACTBOBAIH.

HakoHel NoAbEXaIN K MECTY CTAPTA TPAAUIIUOH-
HBIX KOHHBIX COPEBHOBAHUM. 31€Ch COOPANNCH JTy4-
MIME CKAKYHBl: BOPOHBIE, MAJEBLIE, CEPBIE, YybapbIE.
Tac — somajb HEBBICOKAS, MPU3EMUCTAsL, KOPEHAC-
Tas, C KPyIHOH IrOJIOBOM U OYE€Hb KPACUBLIMU, HEMHO-
IO PACKOCBIMM IJIa3AMH, CTPOMHBIMU, KOPOTKOBATBHI-
MU HOTAMH M MOIHBIMU KONBITAMH. Pazymeercs, OT-
6upaTh NPOO6BI KPOBU HAM ITOKA HE PA3PEIMUIN. 34TO
Ham ¢ororpad Havaja CHUMATh KMBOTHBIX. ['pUBBI
y MHOTUX M3 HHUX Ha yJUBJICHUE KOHTPACTHPOBAIHU
C OCHOBHOI MAaCTbIO, KaK OYJTO KTO-TO MX BBIKDACHII
CIIELMAIbHO: Y PBDKUX JIOWALEH — B YEPHBIM LBET,
Y IAJIEBBIX — B TEMHO-KOPUYHEBBINA U CEPbIN. M TOJIb-
KO y IBYX KOHEN-<«ONMU3HEIOB», CBETIO-NANEBLIX C KO-

Tunnyxas nowapb nactyxa noa MOHroJibCKMM cegnom.
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}gecmu «“s3 3Iccn6yucgud

MoHronns — cTpaHa BOMOYHbIX KOPT.

PUYHEBBIMU MOJNANAMUA HA HOraX, OBUIM JITMHHBIE
KOPUYHEBbIE TPUBBI — B TOH OCHOBHOI MacCTU. YyTb
IIO3KE, KOIZld Mbl OpaJiM y HUX KPOBb, HAYYHBIN CO-
TPYAHUK MHCTUTYTAa 6UOJOTUM MOHIOJIBCKON aKaje-
muu Hayk L.Lengcypen pacckasana, 4To, IO mpeaa-
HHUIO, MMEHHO TAKUMHU OBLIU /IBA Kepeblia-0Iu3Hela,
NPUHA/JIEKABIINE MEPBOMY BEJIMKOMY XaHy MOH-
IOJbCKOM uMIepuu YMHIucxany.

MOHTOIBI OXOTHO (POTOrpa(PUPOBATUCE BMECTE CO
CBOMMH JIOIIA/IbMU U MEKAY COO0U MOCMEUBANNCD, BU-
JUMO, OOCY:K/1as1, KTO U3 HUX y[auHEeEe MPEACTABUI Ke-
pebia u 6yAeT KpacoBaThCA «B Ipecce»... Iloaxoannu
o ovyepeau. Kagpel BLIXOAWIN OJUH JPYIOro Kpalie.
A cpenu nomajen 6eraan Maab4yUIIKU. CaMOMy CTap-
HIeMy Ha BUJ JIET JBEHAJIATD, 4 MIAAIIEMY — HE OOMb-
mie mecTu. B 310l cyere o6paTui Ha ce6sl BHUMAHUE
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MAaJIBIII JIET CEMU: OH KAK-TO OYEHb
IIO-B3POCIIOMY JIEp:Kal skepediia 3a
V3[E€YKy U 4TO-TO €My TOBOPHUIL
YBUJIEB, YTO MBI HA HETO CMOTPHUM,
NPUNOJHAICA HAa HOCOYKHU, IOTH-
HYJICA OJIMKE K TI'OJIOBE JIOMAJU
1 CTal TOBOpUTH Tulie. U xepeb-
YUK €le HWXE CKIOHUJI TOJIOBY,
Kak OY/ATO XOTeJ PaCCIBIIATh, YTO
TOBOPHUT €TO MAJIEHbKU JPVT.
Bapyr Bce BOKpYr 3aberanu:
00bABNIN HAUAIO CKauek! K Maib-
YUKy OBICTPO TOJAOIIEN, MOYTH
NOJ6EXKAT MYXKUMHA, BUJUMO, €TO
oTell. B3sn Mmanelma moj MBIHIKH
1 mocajuil Ha xepebua. ITotom
IIOMOT CBIHY CHATb TPaAUIIAOH-
HBIA XanaT ([33J1), KOTOPBIA ObLI
HaJEeT IOBEPX TOHKOW KYPTKH,

CTAHYJI C Hero camoru. OT 3TOTO
3pEnIa MBI 3AMEPJIU, COBCEM HE
MOHUMAs, YTO POUCXOAUT. Obep-
HYBIIMCb, YBU/JIC/IN, UYTO HA BCEX IPUT'OTOBJICHHBIX /IS
CKAYECK JIOWAJAX CUJAT JETHU, 4 B3POCIbIE MYXUUHBI
IIOMOTAIOT CHUMATh JTUIIHIO O/IeK/y U OOYBb, HEKO-
TOPBIM CHSJIHU [aK€ HOCKU. OKa3bIBACTCS, B TPAJULIU-
OHHBIX MOHT'OJIBCKAX CKAUKaX y4aCTBYIOT TOJBKO Ji€-
TH 5-14 JIeT, IPUYEM 3TO MOIYT OBITb U MAJNBUYUKU,
U JE€BOYKU. Pa3neBaroTcss oHH, YTOOBI Kepebiy OblI0
Jlerdye. A ceziesl He HaJIeBAOT B LIEIAX 0€30I1aCHOCTHU
Ha€3/JHUKOB.

Jlomaas TPAAULIMOHHO JAPAT MaJbYHMKAM Ha Tpe-
TUH JJEHb POXKJEHUS, U PACTYT OHU BMECTE B A0COIOT-
HOU TAPMOHHM C INIPUPOJOH, MO3HABAA JPYI Jpyra
1 BECb MUP. BriepBbl€ MOHI'OJIBI-KOYEBHUKU CAXKAIOT
pebeHKa Ha Jomaab B 3—4 rojja, ¢ 3TOro BO3pacTa OH
YUUTCSI BEpXOBOM €3/1€, 4 Uepe3 rofl-/1Ba YKE MOXKET Ca-
MOCTOATENBLHO MACTU CKOT U y4a-
CTBOBATb B COPEBHOBAHUAX. CylIe-

I'Iepep, CKayKamu: nowaab NOpPoAbl T3C U €€ XO03AUH.

TOJIBKO UTO PAa3rOBAPUBAJ MATbYUK CO CBOUM KEPED-
LIOM — KOHEYHO, O IPEJCTOAMMX CKauKaxX. Mbl xema-
JI1 MAJICHbKOMY HAE3/JHUKY Y AUU.

Korjja KOHHHIIa BEPHYJIACh, pe6AT epecaiuim Ha
JApYrux, 60jee B3pOCIbIX KePebIi0B U CHOBA OTIPA-
BUJIX HA CTAPT. M TaK HECKOABKO pa3. ITo mpasunam
CKA4Y€K B IIEPBOM 3d€3/€ Y4YaCTBYIOT JIOIALU-ABYX-
JIETKU (J1aara), BO BTOPOM — TPEXJIETKU (IIYJIJ3H)
U TAK Jajiee, BCEIO CeMb 3a6€eros. B nocnegHem co-
CTA3AI0TCA TOJIBKO HHOXO/AIBL.

MOHTONBCKUE CKAYKH — BOUCTUHY HE320BIBAEMOE
3peNnle, UMEIOIEE MHOTOBEKOBYIO ucTopuio. B XIII B.
B MOHTOJIMU MOABUIACH CIyK64 KOHHBIX I'OHI[OB, KO-
TOpAs MOIJIA BCETO 34 JBE HEJIC/IU JOCTABUTD IIUCbMO
13 OJIHOT'O KOHIIA UMIIEPUU B APYroi. Ilpumevaren-

CTBYET CTAPUHHASA MOCIOBHUIA:
«Monron 6e3 KoH#, 4To nTuia 6e3
KPBUIbEB». 1 10 CUX TTOP Y KAKJIOTO
YjIeHa TPAJAUIUOHHON KOYEBOI
CEMBH €CTh CBOU KOHb.
ManpuuIKky, TOPACIUBO BOC-
CelaBIIME Ha JIOmaadx 6e3 ceaen
1 CTPEMSH, BBI3BIBAJIM UCTUHHOE
BocxuieHue! Kak-to HeoxupaH-
HO y HUX H3MEHHUJIACh OCAHKA,
B3IVISIT — 3TO OBLIM BCAJHUKH, KO-
TOPBIM TNPEACTOANIO CIAUTHCSA CO
CBOUMHU KepebliaMu B €JUHOE 1i€e-
noe. I BOT BCe COOPANIUCH, NOCT-
pOMUINCH, CTAPT.. JECATOK JIOMId-
Jlel PBAHYJIM OJJHUM MAXOM, OCTa-
BUB 32 COOON JIUIIb OOJIAKO TyC-
TOU IIBIIN U TYJ KONBIT. /IyX 3aXBa-
THJIO OT 3TOrO 3penuila IHON

KOHHHUIIBI TIOTOMKOB YMHIUCXAHA.
TCI'ICpb CTaJIO TOHATHO, O 4YCM

ManeHbkne BcagHuKK.
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HO, YTO TaKas MOYTOBAs CUCTEMA YCIEITHO (DYHKI[UO-
HUPOBAIA BILIOTH 10 1949 1! [7]. U KOHEYHO, omaab
6bL1a TPO3HBIM «OPYKHEM» MOHTOJIOB, B XIII B. OHA 11O-
MOTJI4 UM 34BOEBATD ITOJIMHUPA U CO3AATb BEINKYIO UM-
nepuio. CeroiHa y4€Hble IOAAraloT, YTO MHOTHE IIO-

“pomﬂ JIOIIA/IEN B MUPE NMPOUCXOJAT UMEHHO OT TEX

v
2

9
4

@ecmu «“3 3

Mbl noxkuganu T3CUH-TON YK€ B cyMepkax. [Ipoma-
JIUCb C HOBBIMU 3HAKOMBIMH, KaK C OIM3KUMU JIObMU:
JOJITO JKJIH APYT APYTY PYKH U OO€IaIN BEICIATb (PO-
TOrpapun Ha afPEC MECTHOHN aJMHUHUCTpAnNH. Ham
NIPEACTOAN LOJTUM NYTh B MOCKBY U CIEAYIONNI TAI
HCCIEeJOBAHUN — AHAIU3 OTOOPAHHOIO IE€HETUYECKO-

MOHTOJIbCKUX CKAKYHOB, HO MCCTHBIC ITOPOJbI U3y4C-
HBbI TEHETUKAMU IIOKA HEJOCTATOYHO.

TO MaTCpraia YHUKAJIbHBIX MOHTOJIbCKHUX ITOPOJ JO-
MAIIHUX )KUBOTHBIX. W

PaboTa BBINOJHEHA NPH Nojagep:kke Poccuiickoro ¢hoHaa pyHgaMeHTAIBHBIX HCCIEJOBAHUM (IIPOEKT
Ne16-54-44060).
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Mongolian Notes, or In the Country of Ancient Cattle Culture

Yu.A.Stolpovsky!, Yu.Ya.Yakel”
Wavilov Institute of General Genetics (Moscow, Russia)
*Autonomous Nonprofit Organization “Conservation of National Biological Resources — “Curators” (Moscow, Russia)

The study of the breed diversity and gene pool of Central Asian domestic animals, conducted by Russian geneticists
in the first half of the XXth century, are resumed in our days. The article tells about the livestock expedition to
Mongolia, held in 2017, and about local people, who took an active part in the field research of Russian scientists.
Animal blood sampling allowed to create a special genetic bank to assess the quality of breeding material, which is
available to mongolian cattle breeders.

Keywords: grazing, breeder cattle diversity of domesticated animals, gene pool of domesticated animals, Mongolian
livestock expedition.
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Acmpomempuyeckue npubopbsi

gpeBHocmu

A.B.KyzpMmun

Hncmumym ucmopuu ecmecmeosnanuil u mexuuxu umenu C.H.Basunroea PAH (Mockea, Poccus)

C JpEBHENMINUX BPEMEH JIIO/IM UHTEPECOBAINUCH YCTPOUCTBOM KOCMOCA, KAK /ISl TPAKTUUECKUX HYK/] (/I OPUEHTA-
11U B IPOCTPAHCTBE U COCTABIECHUS KAJIEHJAPEN), TAK U B PUIOCOPCKOM U HAYYHO-TEOPETUIYECKOM CMBICIE. B cTa-
TbE OOCYXKAAIOTCA MPUKIAJHBIE U MU(MOIOIHUECKO-PEIUTUO3HBIE NPOOOPA3bl U TEXHUUCCKUE KOHCTPYKLIUOHHBIC
OCOOECHHOCTH APMUJUIAPHON C(PEPhl, MEXAaHUYECKUI TTIOOYC-IIAHETAPUN ADXUME/A U €TI0 NPAKTUYECKUE BOILIOIIC-
HUA, 4 TAKXKE AHTUKUTEPCKUI MEXAHU3M M €I'0O COBPEMEHHBIE PEKOHCTPYKIIMHU.

KirrogueBpie CI0BA: ACTPOMETPUS, AHAKCUMAH/IP, MHJIETCKAs MIKOJIA, IPEBHAA KOCMOJIOTHS, apMWLIApHAs cepa, 1710-

OyCc Apxume/ia, aHTUKUTEPCKUI MEXAHU3M.

CTPOMETPHUA — CTAPEUIINN

pasfen HayKd aCTPOHOMMH,

KOTOPAsl 3aHUMACTCS U3yde-
HUEM KMHEMATUYECKUX U I'€OMET-
PUYECKUX CBOMCTB HEOECHBIX TET,
OIPEIENIEHUEM MOMEHTOB aCTPO-
HOMMYECKUX COOBITUH U MpPOMeE-
JKYTKOB BPEMEHM MEXAY HHUMU.
K oflHUM K3 CaMBIX IIEPBBIX ACT-
POMETPUYECKUX HPUOOPOB I
N3Y4EHUS JBUXKEHHUS HEOECHBIX
CBETUJI OTHOCATCS APpMUJUISIpHAS
cpepa U AHTUKUTEPCKUUN MeEXa-
HHU3M, 4 TAKXKE UHCTPYMEHTHI, CO-
3/laHHBIC HA UX OCHOBE.

MpeanocbIIKM U CpepCTBA CO3[AHMA
apmuanapHon cepbl

ApMwsipHas cpepa — APEBHUN ACTPOHOMUYECKUI
MHCTPYMEHT, COCTOSAMIMI U3 COBOKYITHOCTH ITOJBHXK-
HBIX M HENOJABMXXHBIX KPYroB, KOTOPBII NMpeJHA3HA-
YaJICs U1 ONPEJIENCHUS SKBATOPUAIBHBIX WX SKJIUII-
TUYECKUX KOOPJUHAT HEOECHBIX TEl. APMWIIAPHASL
cepa U PYKOBOJCTBO MO €€ UCHONB30BAHUIO OMUCA-
ubl Knasauewm [Ttonemeem (100-165 1)) B «AmbMarec-
Te» [1,¢.135-136]. [Trosemei B CBOEI paboTE ONUpa-
Cd Ha 3BE3JHBIM KATAJIOI, COCTABJIEHHBIN [Unmapxom
(oK. 190 — ok. 120 1. 10 H.3.), ¥ TIOTOMY IPUHATO CYH-
TaTh, YTO APMWIIAPHAA cepa 6bula U3BecTHA M-
[1apxy, T.€. 10 MeHbIIen Mmepe, 8o II B. 10 H.3. Kpome T0-
TO, CYWECTBYET T'MIIOTE3d, YTO MU300PETATENEM APMUJI-
JAPHOM ceprl 6bIT DpaTocder (276—194 rr. g0 H.3.),
BEJIMYANIINN YYCHBIN-IHI[UKIONEAUCT CBOETO BPEMEHN.
OH TaKKe CO3/1aJ 3BE3AHBIN KATAJIOT, U1l KOTOPOT'O ObI-
JIM HEOOXOJUMBI 3HAHUS HEOECHBIX KOOPJAUHAT U MPU-
60pa, UX U3MEPSBIIETO.

© KyszpmuH A.B., 2018

Anopeit Barenmunoeuu Kysmumn, xanou-
oam PuU3UKO-MAMeMAMULEeCKUX HAYK, HAYYU-
Mol COMPYOHUK 0OMOend UCMOPUL PUSUKO-
MaAmemamuuecKux Hayx Huncmumyma ucmo-
puu ecmecmeosHanus U MEeXHUKU UMEHU
C.HBasunosa PAH. Obaacmo HAYUHOLLX UMH-
mepecos — Kapma co36e30utl, acmpoHomMus
u mamemamurxa XVI-XVII 6.

e-mail: akuzmin_acrux@yandex.ru

VIMEIOTCA MHOTOYUCIEHHBIE KOCBEHHBIE CBHUJE-
TEJIBCTBA TOTO, YTO APMWIIAPHA Chepa UK 11O Kpan-
HEHN MePE KAKOU-TO €€ NPOTOTUI ObUIN U3BECTHEI €€
®asecy MuneTckomy (oK. 640 — ok. 562 1. 10 H.3.). Oji-
HO M3 TAKUX JIOKA34TEJbCTB NPUBOAUT JleonTum Me-
XaHUK B KHUre «O6 U3roTOBJICHUU APATOBA I7100yCa».
OH, nepeckaspiBas U3BECTHYIO UCTOPHUIO I106yca Ap-
XHUM€E/A, B YACTHOCTH, COODOIAET, YTO NOAOOHYIO ce-
Py B BHJE CIUIONIHOTO Iapa Brepsble n3obpen danec
Munercku#i (2, ¢.174]. U Tonbko 3amem Egooxc Knuo-
ckuil, ywenux Inamona, u300pasun Ha noeepxHocmu
chepul pasaurrbvie Co36e30Us, YMEEPICOCHHbLE Ha He-
becrom ceooe (2, c.174].

CymecTByer cBuUjeTeAbCTBO CepBusa (PUMCKOIO
rpaMMaTHKa KoHna IV B.) B «<KoMMeHTApHUAX K “DHEU-
J€”>, TI€ ABTOP IPAMO YKA3BIBAET, YTO 3HAHNE OCHOB-
HBIX KPYI'OB apMUIIIIPHON cPepbl BOCXOAUT K Dasecy:
Danec, Iugazop u ezo nocreoosament NOAAA0OM,
umo nebecuasn cgepa pasoenena na nams Kpy208, Ko-
mopule OHU UMCHYIOM NOACAMU: 00U U3 HUX HA3bIEA-
emcsa apKmuvecKum u 6ce20a GUOUMbBIM, OPY2oll —
JeMHUM MPONUKOM, mpemuil — [HeOECHBIM| IK8AMO-
pom, uemeepmulil — SUMHUM MPONUKOM, NAMbLL — AMH-
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MapKmudeckum U HesuouUMoiM. Tax Ha3vi6aemulii 30-
OUAK HAUCKOCL HAKAAObLBACTNCA HA MPU CDeOHUX KDY -
2a, Kacascs ecex mpex. Beex ux noo npamvim y2aiom —
¢ cesepa na 102 — nepecexaem mepuouar [1, c.100].

B KaKOM XK€ Ka4eCTBE MOIJIA CYHIECTBOBATH dAP-
MWLIIpHAs chepa?

O6parumcsa K 1noame Apara <ABieHus», CO3/aH-
HOU OKOJIO 275 T. 10 H.3., U K U3BECTHBIM MCCIET0OBA-
HUAM* 3TOTO YHUKAJIBHOT'O JIMTEPATYPHOTO IIPOU3BE-
JEHUA JNIMHUCTUYECKOU 3TOXHU |3, 4].

«IBIEHUA>» COLEPKAT NOAPOOHOE ONUCAHUE 3BE3]-
HOTro Heba, CO3BE3IUN U UX TOJOKEHUN OTHOCUTEb-
HO KPYTOB IPOTOAPMHUJUIAPHON chepbl. TeKCT Tak Imo-
JPO6EH, YTO MO3BOJAET C/AENATh HECKOJIBKO HE3aBU-
CHUMBIX OIIPEJIEICHUI SMIOXU OMMCAHHOIO B HEM HEOA.
Bce peanusoBaHHBIE METOABI MCCIELOBAHUN CTATUC-
TUYECKHA TMOATBEPJUIN OJUH U TOT KE PEIYIBTAT:
B yu4eOHOM TeKCTe Apara («IBleHUS» NPEACTABIAIOT
CO60I1 UMEHHO YYEOHBIN, AUAAKTUYECKUI MATEPUAIL,
UYTO U CAEJNAJIO €r0 CTOJNb THUPAKUPYEMBIM) OIMCAHO
B3AUMHOE ITOJIOXKEHUE 3BE3]] U CUCTEMBI HEOECHBIX KO-
OPAMHAT (WIH, YTO TO K€ CAMOE, IIOJIOKEHUE 3BE3[
B CUCTEME APMUIIIPHON C(epBI), COOTBETCTBYIOIEE
pybexy 3-ro U 2-TO THICAYEIECTUI 1O H.3.

JpyruMu Cl10BaMU, TPOTOTHUIIOM TEKCTA MO3MBI
(CO31aHHOM, KCTATU, HEACTPOHOMOM HA OCHOBE YT-
PA4YEHHBIX BIOCIEACTBUU ONHUCAHUHN Heba EBOKCA)
CTaJI UCTOYHUK, KOTOPBIM CTAPIIE €€ HE MEHEE YeM
Ha 1.5 TeIC. NET [3].

B TOT XpOHOJIOI'UYECKUH NIEPUOJL HEOECHBIE KPY-
I'M CTAJW BO3MOJKHBI KAK CIELCTBUE U PA3BUTHUE Ha-
6J110JeHUH TOPU3OHTHON ACTPOHOMHUH [3]. DTIOXa MO~
ABJIEHUS IEPBOUCTOUHHUKA I IPOU3BEJECHUA ApaTa
U3BECTHA KAK INEPUOJ PACIPOCTPAHEHUSA aAPXeE0dc-
TPOHOMUYECKUX MAMATHUKOB, MOJOOHBIX dAHITIUN-
CKOMY CTOYHXEH/IKY WJIM OTEUYECTBEHHOMY CBATHIIN-
my CaBuH. B apxeonmoruu u3BeCTHO GOIBIIOE YUCIO
MOJJOOHBIX 06CEPBATOPUI, (PUKCUPYIOMUX HA FOPU-
30HTE TOYKHM BOCXOZOB U 3aXO/L0B COJHLA B JHU PAB-
HOJIEHCTBUI U COJMHIIECTOSHUN,

Hab6nroaas BOCXOABI U 3aXOJBI JTIOOBIX OOBEKTOB
(Ipexje BCEro 3B€3]]), B 3TUX TOUKAX MOXKHO OYKBAJIb-
HO IPOPUCOBATDH, BHIYEPTUTH COOTBETCTBYIOIINE He-
6€CHBIE KPYI'H, HA3BIBAEMBIE CET'O/IHS HEOECHBIM 3KBA-
TOpOM, TponukoM Paxa u Tponukom Kosepora. Takum
06pa30M, BOZHUKAIOT CAMOJIOCTATOUHBIE AHAJIOTOBBIE
3JIEMEHTHl NPOTOAPMUILIAPHON CHEPBI, BIOCIEACT-
BUM 3A(PUKCUPOBAHHBIC ADATOM.

BOT Kak BBIIVIAAUT COCTABJICHHOE WM OIMCAHUE
Tponuka Paxa:

Ilepeuiil u3 menvuiux [ceBepHbId. — AK.]

JLeAHCUm He 80aau 0m ucmokos bopes.
Oo6e 2nae6bl bausney06 no Imomy Kpyzy necymcs;
Haxpenxo o0ba x Hemy npuicumaem xoaena Bo3nunuii;
Jlegas 201enb Ha Hem U nevo ymeepounocs Ilepces;
Cneoom 3a num cetl Kpyz AHOpomeds. decHuly Hao J0KmeM

* Cwm.: Iypumetin A.A. MunyBiie UBWIM3AINY B 3epKaIe 301a-
Ka // IIpupoaa. 1991. Ne10. C.57-71.

Ilepecekaem, npuvem 1aooHb OCMACMCA HAO KPY2OM,
bauace k bopero, a 10xkoms ee nakionsemcs k Homy.
Taxace konwvima Kons, sameinox IImuyet, 6epuiuna
IImuuveli 2naesul, naxoney, 3meeoepiucya nPexPacHvle nievwi
Bmecme no kpyzy cemy nenpepuieno sepuiam oopaujernve,
He npukxacanco Kk nemy, 61e4emcs Hemoz2o 10xcree
Jesa, Ho JIbey 1 Paxy e2o u30eicams He603MONCHO:
0b6a noopad npoHusars. UM — 00H020 paccexaem
On om 2pyou 8cezo yeaurom 00 camozo chamda,
A 8cneo 3a mem ck803b Paxa 6excum,
DpacKonos emy nanyupbs,

H paspesaemcsa Pakx nonoiram ¢ maxum co6eputencmeom,
9mo ocmaromcs 2nda3a e2o no pasrie CMmoporsl Kpy2d.
Ecau e2o pazoeaums na 60cemv uacmeti, mo npu ceeme
[na nao 3emneil oopawjaromesn name, a mpu — 6 Oxeare.
Jlemom, KoCHY8ULLCh €20, Ha3ao nospaujaemcs Connye.
B yapcmee bopes cetl Kpye ymeepicoer

u npoxooum cxkeo3s Paxa (4, c.40-41].

B cTUXax OTPaXEHO U MOJOKEHUE TPONUKA OTHO-
CUTEJIbHO CO3BE3JUM (T.€. 3B€3[), U YCAOBUA €0 BU-
JUMOCTH (I0JIA, HAXOAAIUECA HAJ U O], TOPU30H-
TOM), Y1 €I'0 IIPEIHA3HAUYCHUE OBITh JICTHEN I'PAHULICH
nyru CoJIHILIA B CTOPOHY cesepa. ITogpobHOCTH, CO-
JEPXKAIMUECT B TEKCTE, COOTBETCTBYIOT PYOEXKY 3-TO
U 2-TO TBHICAYEIETUI JJO H.3.

Mopenb Kocmoca AHakcumaHpgpa

Kaprune Kocmoca mocsslieH OTAC/AbHBIA TPyZA AHa-
KcuManzpa (ok. 611 — 546 1. 1o H.3.). B mpocTpaHCTBe,
OTIPAHUYEHHOM C(PEPUUECKUM IKPAHOM 0m O)YuLy10-
wje20 CHAaPYAC 6CENeHCK020 02HA, CBOOOLHO pa3MeNla-
ercs 3eMis UINHAPUYECKON (popMbl. s skurenei
Hame! maHeTsl COMHIE IPEACTABIAECT COO0M WILIIO-
MHHATOP B 3TOT OIHEHHBINA MUP. B a6CTPAKTHON MOJIE-
au KocMoca, BIEPBbIE CO3[JAHHON AHAKCUMAHJPOM,
paccrosgnue ot 3emau 10 COmMHIA COCTaBAeT 27 nua-
METpPOB 3eMHOTrO nuaunjapa (puc.l). Kpyr Connna on-
penenseT CBOEOOPA3HbII TOPU3OHT BUJUMOCTH.

ConHue -

Puc.1. Cxematnyeckas peKoHCTpyKLua CTpyKTypbl Kocmoca AHak-
cumaHapa. Lndpbl — yncno gnameTpos 3eMHOT0 LMAUHAPA.
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Ha paccrosgHum, paBHOM IpuMepHO 18 nmamer-
paM 3€MHOTO ITUINUH/PA, PACIOI0KEHA cpepa JIyHBI
Eme 6uske K 3eMiie, Ha paCCTOSIHUM OKOJIO 9 imame-
TPOB, HAXOJUTCS OJIHA WJIM HECKONBKO C(ep HENo-
JBIKHBIX 3BE3].

3armenus ConnHua, JIyHBI M CMEHA JYHHBIX (a3
OOBACHSIOTCS HATUYHUEM OCOOBIX MEXAHU3MOB 3aKPBbI-
TUA OKOH-UIIOMUHATNOPOE. 3BE3IBI, TAKUM 00Pa30M,
OTHOCATCS K MOATYHHOMY MUPY. TOJNIUHA 3BE3AHOM,
JIYHHOH ¥ CONMHEYHOU C(hep paBHA AUAMETPY 3EMHOTO
HWIMHADA.

[TocTynar o TOM, 4TO cdepa 3Be3] — Haubdoiee
HU3Kas (MOJIYHHASA), 3AaUMCTBOBAH, 110 BCEIH BUJU-
MOCTH, U3 «ABECTBI», CBAIMIEHHON KHUI'H 30pOaCT-
pUHALIEB, HAIMCAHHON HA JPEBHEUPAHCKOM s3bIKE.
[To3:xke rpedeckas HAyKa MPEOAOJIENA ITO MOJIOXKE-
HHE, 4YTO CTAJO BAXKHBIM MIATOM B PA3BUTUH J]PEBHEN
KOCMOJIOTHH.

KOHTUHEHTAJIbHBIE I'PEKU VXK€ HE MOJIb30BATNUCH
AHAJIOTUAMHU TaK AKTHUBHO, KaK 3TO Je€aan AHAKCHU-
MAaHJIP, U CTPOUIU AOCTPAKTHBIE MOJENN, UCXOSA U3
OOIUX PA3YMHBIX COOOPAXKEHUI, 4 HE U3 HAOIIOfE-
HUM. JpyrumMu CA0BAMH, OHU OPUEHTHUPOBAIUCH HA
TEOPETUYECKUE MTOCTPOEHUA, 4 HE HA YYBCTBEHHBIN
onbIT. CIe/ICTBUEM TAKOTO MOJXO0/a CTAI0, B YaCTHO-
CTH, NepeMeleHue C(PEPrl 3B€3]] BO BHEIIHUN KOH-
Typ Kocmoca.

Haunbonee BaXKHBIMU JOCTHKEHUAMA AHAKCUMAH-
Jpa NpeACTABIAIOTCA cnepyomue ngen: CoaHIe-OK-
HO — Ha6I10a€Mad 4aCThb MUPOBOTO OT'HA; COJTHEU-
Hag cpepa — IPAHUIA HAUIETO T'EOIEHTPUIECKOTO
KocMoca; 3emid CymecTBYET B IPOCTPAHCTBE KAK
CBOOOJHOE, HU C YEM HE CBA3AHHOE TEJO.

[OBOpPA O HAUBHOCTHU MOJENN AHAKCHUMAHJPA
C TOYKM 3PEHUA COBPEMEHHBIX 3HAHNUHI, MOXHO, TEM
HE MEeHEE, YCMOTPETh HEKOTOPYIO JIOTUKY B PACIIOJIO-
JKEHUH cepbl 3B€3/1 Kak Haubosee Hu3kou. Tak, ec-
JIM CUUTATD 3EMIIIO HETIOABUKHON, TO CKOPOCTD JIBU-
JKEHUA 3BE3JHOI C(EPBI OKAKETCSA HAUOOJIEE BBICO-
KON mo cpasHeHu1o ¢ ConHneM u JIyHOI, KOTOpBIE
OTHOCHUTENBHO HEE OYAYT NOCTOAHHO 3AMa3/IbIBATD.

3anasapiBanue JIyHbl, B CBOIO O4epeab, OyjeT mnpe-
BOCXOJUTH 3anazjbiBanue ConHna. Bo Bpems 3aTMme-
Huit JlyHna 3akpeiBaeT COJHIIE, CJIEJOBATENBHO, JHEB-
HO€E CBETUJIO HAXOJUTCS AAJIbIIE.

Huskoe monoxenue cpeEpb 3BE3N MOTJIO OBITh
060CHOBAHO HE TOJBKO CKOPOCTBIO [JBHXKEHHA,
HO U KOJIMYECTBOM M3IYIAEMOI'O CBETA, COOOPA3HO
PaCCTOAHUIO OT MUPOBOT'O OTHS — OT 6OJIEE IPKOTO
K MEHEE APKOMY.

3amazjgbiBaHue JIYHBI MOXKHO HENOCPEJCTBEHHO
Ha6momaTh Ha Heb6e. OHO JOKHO OBIIO OBl ITOBJICYD
32 cob60i OOHApyXEHUE MOKPBITUA 3Be3] JIyHOI,
HO 3TOrO, NO-BUIUMOMY, HE npousonuio. Habmmoae-
HUS €le HE MOIJIM NIPEO0JIETh ABTOPUTET MUDOIIO-
TUYECKOTO HACJIEUS.

APryMEHT HEBO3MOXKHOCTH HAOMIOJECHUA JBUXKE-
HusA CONMHIA CPEAN 3BE3J KAXKETCA MATOOOOCHOBAH-
HbiM. EBceBuit Kecapuiickuit (ok. 263—340 rr.) mucan:
On [Anaxkcumanzap. — A.K.] nepsvim coopyoust 2HOMOHbL

0115 PACNO3HANUA CONHYCBOPOMOS, 6PEMECHIL, Spemen
200a u pasnooencmsus [5, c.110].

AHQJIOTUYHOE MOJTBEPKAAETCA U COOOIMIEHUEM
[Imunus: lepeoarom, umo naxionenue 300uaxa nep-
sum nocmuz Anaxcumanop Munemcxkuii 6 58-10
onumnuady [548-545 rr. 10 H.3.|, mem Camvim 0meo-
pus osepu [k mo3HaHUW0] gewyeli [5, c.116].

TakuMm 006pa3om, ObIa BIEPBBIE CO3[aHA A6CT-
PAKTHAs MOJIENb, OOBSACHAION A IEPBONPUYNHY CBE-
Ta ConHLa U JIyHBI, 4 TAKXKE COJTHEYHbIEC U JIYHHbBIC 34-
TMCHUS U U3MCHCHUS JYHHBIX (a3, KOTOPbIE XapaK-
TEPUBYET TONOKEHUE 3EMIN B IPOCTPAHCTBE. 3BE3-
JBl B MOJIe/IM AHAKCHMAH/pa NPUHAAIEKAT MOJIYH-
HOMY MupYy. [IpUUMHA UX CBETA HE PACKPBIBAETCA.

MpuknapgHblie  Muonormyecknue UCTOKU
mopgenu AHaKcumaHpapa

BszammHoe pacnonoxenue cep B MOJENN AHAKCHU-
MaH/IPpA OTCBIIAET K aBECTUUCKON MUPOTOTUUECKON
KapTuHe Mupa. Tak, Mo CI0BaM COBETCKOTO U POC-
CUHUCKOTO UCTOPHUKA AHTUYHON M JUIMHUCTUYECKOU
Hayku U punocopuu U.J.POXKAHCKOTO, He UMerouds
ananozos 6 I'peyuu nocaeoo8amenrbHocms pacno-
JONCCHUA HeOeCHbIX ceemun y Anaxcumanopa —
cHawana HenoosuIcHvie 36e30bl, 3amem Jlyna
u oanvue ecex — COMHYye — ABNACMCA OMAUYU-
MENbHUIM NPUSHAKOM OpeSHeUPancKux (Ho ne 6d-
BUNOHCKUX!) KOCMO02UMeckuX KoHyenyuii [6, ¢.52].
U panee: O6pa3 8paujaroujuxca 02HeHHbLX 00pyuel
ULY KOAeY, Hd KOmopbuie pacnadaemcs 02HeHNnds
cepa, nepsonauanbHo oxpyicasuias Bcenen-
HY10, — MONCe YHUKANbHAL uepma anaKCUuMano-
DpOBCKOL KOCMONO2UU — HEOHCUIAHHBM 00PAZOM
Haxooum c6oil ananoz 6 OubaelicKkom 6udeHuu
Heszexuuna (Hes., 1, 5-24, 3, 13, 10, 8§-22). Bos-
MONCHO, Umo u y Anaxcumanopa, u y Hesexuuna
Obll KAKOU-MO 00Ul UCMOUHUK, O KOMOPOM Mbl
meneps He 3naem [6, c.52].

Ckopee Bcero, 3TOT OOMUN HMCTOYHUK HOCHI
NPUKIAJHYIO, TEXHUYECKYIO TPpUpojy. Onucanue Ko-
CMOCa AHaKCHUMAaH/Ipa U 3JIEMEHTHI BU/IcHUA Me3eKu-
1J1a BO MHOTOM COBIAJAI0T C OOBJIUKOM PEKOHCTPYHU-
POBAHHOI'O YCTPONCTBA METAIOIIABUIBHOTO I1€XA.
JeiCcTBUTENbHO, B YCTPONCTBE €ro IEYU JAPEBHUE
puocodsl MOIJIU BUAETH AHAIOI OCTPOEHUS CUC-
Tembl Hebo—Kocmoc (puc.2). O6 3TOM CBUAETENbCT-
BYIOT TAK Ha3BIBAEMBIE JCTEPMUHATUBH (HUJEOrPAM-
MBI) B BU/IE YETBIPEX 3BEPEU-JIUILL, IPEACTABIAIONIUX
CUMBOJIBL 30JUAKATIbHON YETBEPKU CO3BE3UI SMIOXU
6poH3bl. OHU CIYKWIM CUMBOJAMHM MHPOBOTO IO-
panka 3oaquak—Kocmoc [3, 4].

3aMEeTUM, YTO UMEHHO U3 MATEPHUANIA, POK/JAIOIIE-
rocs B neuu (MEAW WUIKM OPOH3BI, 4 BIOCAEJCTBUU —
JKE€J€3a), BO3MOKHO M3TOTOBUTH APMWIIAPHYIO Ce-
py. IIpousBoguMble OOPYyYM KOJECHUUHBIX KOJEC
MOTJIM U3HAYATBHO CBITPATh POJIb IPOTOTUIIA APMUII-
JNAPHON C(EPBHI, 2 KPENMEKHBIE NETATU U Y3JIbl COENU-
HEHUI KOJECHUIBI U KOHCKOH COpyu MOIJH OBbITh
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Puc.2. ®parmeHTsl KpYyroBoil MeTannonnaBuabHoil neun (pe-
KOHCTpYKLMA).

Npeo6pa3oBaHbBI B ICTAIN U Y3JIbl COEAUHEHUH 3TUX
obpyuen st CO3/JaHus MOJIENIU HEOECHBIX KPYTOB.

B 0cHOBE COBPEMEHHON ApMUJUIAPHON C(PEPHI 1€~
JKUAT KOHCTPYKLUHMA M3 TPAAYUPOBAHHBIX OOpydYen
(KaK IpaBUIO, METANIMYECKUX) — PA3HBIX, HO CO-
pa3MepHBIX (POPM U AUAMETPOB, KOTOPBIE COEIUHA-
I0TCS MEXIY cO6011. OHU KaK 6Bl TOMEINIAIOTCS HA MO-
BEPXHOCTb BOOOPaXAEMOU CPEPLl U MOAECIUPYIOT
HEOGECHBIM 3KBATOP, SKIUNTHUKY, TPOIUKU, HYIEBOU
HEOGECHBIM MEPUJUAH, TOPU3OHT U T.J. BCA KOHCTPYK-
IHUA PA3MEMAETCA HA MOJCTABKE WIM IOABECE, OPHU-
E€HTUPYETCA 11O CTOPOHAM I'OPU30HTA, PETYIUPYETCA
COINIACHO 3aJJaHHOMW Teorpaduyeckoi MmupoTe
U LEHTPUPYETCH (32 UCKIIOYEHUEM TOPU3OHTA) OT-
HOCHUTEJIbHO OCU Mupa (puc.3). Yron MmMexjay Hel
1 IUIOCKOCTBIO TOPU3OHTA YCTAHABIMUBAETCHA COOT-
BETCTBEHHO ITOJIOKEHHUIO HA ONPENETEHHON MUPOTE
MOBEPXHOCTHU 3eMnu [7, c.25-27].

Puc.3. Icku3-npopucoBKa KOMNNEKca CMOHTUPOBAHHbIX 06py-
yell Knaccuyecko apMunnaApHoii ccepsl.

COBPEMEHHOE HA3BAHUE TAKON MOJAEIU — APMUII-
napHas cdepa (panee XVIII B. €€ UMEHOBAIU IPOCTO
APMUJUION) — MPOUCXOLUT OT JATUHCKOI'O CYIIECTBU-
TEJNBHOTO armilla — 06pyy, KOJIb110, 6pacier. B rpeue-
CKOY dHTUYHOU JIMTEPATYPE /I 3TOrO NPUOOpa UC-
[IOJIb30BAJIM MUHOM TepMUH. IITonemen, nogpobHO
OINUCBIBAA APMIIIAPHYIO cepy B pasaene «O6 yCT-
pOUCTBE ACTPOIAOUMN> KHUTH V «AJIBMAreCTa», HA3bI-
BAET €€ astrolabon organon — UHCTPYMEHT JIJIS B3STUA
3Be3n [1, ¢.527].

CBOEN BEPIIMHBI UCKYCCTBO CO3JAHUA APMUJLIAP-
HBIX cep JocTuriao B macrepckor Tuxo Bpare Bo
BTOpOI nosioBuHE XVI B. TaM BCEBO3MOKHBIE CIIEIHA-
JU3UPOBAHHBIE APMUJIIBI CO3/1aBAIUCH KAK /I HENO-
CPEJCTBEHHBIX HAOMIONEHUM, TAK U I IPE0OpPa30Ba-
HHSA PA3MUYHBIX KOOPAUHATHBIX CUCTEM. [Tonoxenusd
3B€3/1, 3a(PUKCUPOBAHHBIE B IKBATOPUAIBHBIX KOOP-
JUHATAX, C TOMOIIBIO TOH K€ APMHJUIBI JIETKO NPE06-
PA30BBIBATIUCH B KIUNITUYECKUE KOOPJUHATBL — JJId
6osi€€ PALUOHAIBHOIO ONPEJEICHUA NPELECCUOH-
HBIX TONPABOK. TAKUM 06pa30M, apMUIUIIpHAs chepa
6bLJIA HE TOJIBKO NPUOOPOM [IJIs1 HEIOCPEACTBEHHOI'O
HAaOMIOEHUSI TIOJNOXKEHUHU HEeOECHLBIX OOBEKTOB,
HO M CBOETO POJia MPOOO6PA3OM AHAIOTOBOIM BBIYMC-
JINTEIBbHOM MAIIUHBL [§].

Kocmonorua AHakcumaHapa

Obparumcs Teneps 601ee MoAPOOHO K IIPE/ION0XKE-
HHIO O BO3MOXHOCTU 3aUMCTBOBAHUSA MEXAHUYECKUX
3JIEMEHTOB APMUJUIAPHON C(epbl U3 KOHCTPYKIIUU
KOJIECHHUIIBI.

PaccMOTpUM CBA3b MEXJY OMMCAHUEM KOCMOJO-
I'MYECKON MOJeNd AHAKCUMAHJPA U PAHHUX CIIOCO-
00B NIPOU3BOACTBA METALIOB (Me€U, OPOH3BI, KE-
sne32). OOHAPYKUBAIOTCA AHAJOTUYHBIC IIPU3HAKU
u, 60j1€€ TOrO, AaHAJIOTUYHBIE MU(OJIOTEMHBIE IPUH-
LIUIBI, PEAIN3YEMBIE KAK B MOJEIU aHAKCUMAHJPOB-
ckoro Kocmoca, Tak 1 B MOJIENIU BBITIIABICHUS U 06-
paboTku Meau, 6pOH3bl, cepebpa, 30J10Ta, KEJIE3a.
KysHeduHOE ¥ Ky3HEYHO-IOBETUPHOE PEMECIO TEXHO-
JIOTUYECKU TEPBEHCTBOBAIO BO BPEMEHA BO3HUKHO-
BEHUS JIDEBHUX KOCMOJOTMYECKUX MOJIE/IEH MUJIET-
CKOM IIKOJIBL

W3 uHTEpIpETAIIUU APXEOJOTUYECKUX PEKOHCT-
PYKIMIT U3BECTHO, YTO C MPOU3BOJCTBOM METAJIOB
CBA3AH PUMY AN COMBOPEHUL HOB020 NPU NOMOULU 02-
1. OroHb acconunponajca ¢ CoMHIEM, 4 KOHb IIPeJ-
CTaBJISICS OAHUM M3 OCHOBHBIX COJTHEUHBIX CHUMBO-
n0B. KpoMe TOro, BEpXOBasd JIOMAAb IMOABIACTCH
B CKM(PCKOE BPEMs, 3HAYUTENBHO MO3KE KOJECHUIDI
(pyb6ex 4—3-10 TBICAYEIETHH /10 H.3.).

B cBO10 0ouepesb, OTKPHITHE MPOLLECCA TPOU3BOJL-
CTBA MEJIM XPOHOJOTUYECKU CBA3AHO C U300pETEHUEM
KoJecHHUIBl. OCBOEHHE OO0JEE CIOXHOTO IIPOIECCA
MIPOU3BO/ICTBA JKEIE3d CHHXPOHHO C MOSIBIEHUEM BEP-
XOBOM jomagu. MMeHHo K 3Tomy Bpemenu (VI-V BB.
J0 H.3.) OTHOCATCA HAMbOJIEe PAHHUE KOCMOJOIHUYE-
CKHUE MO/JICJIM MUJIETCKOM HMIKOJIbI.
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O6paTuM BHUMAaHHE HA TAKYI0O HETPHUBHUAJIBHYVIO
JI€TaNIb, KAK OTKPBIBAIOMIUECS COIUIA, KOTOPBIE MPU-
CYTCTBYIOT K4dK B PEKOHCTPYKIIUU MOJENU AHAKCHU-
MAaH/IPA, TAK U B PEKOHCTPYKLIHUU T€YU, NPEJIHA3HA-
YEHHOI JI/IA IJIABIEHNA Kele3a (CM. puc.2).

B TO BpEMA BETACh OKUBIEHHAA TOPTOBJIA IPEKOB
€O cKku(amu, IMaBHBIMU IPEMETAMU KOTOPOH ObLIN
&Kene3o (CO CTOPOHBI CKU(OB) U BUHOTPA/JHbIE BUHA
(CO CTOPOHBI TPEKOB). MHOTHE KEJIE3HBIE H3/C/IUL
JOMOJHAIUCH PUTYATbHBIM 30J0TBIM IEKOPOM HA OC-
HOBE I'DEYECKUX MUPOJOTUUYECKUX CIOKETOB. MeJb,
CILIABBI MEIM U 30JI0TA I'PEKU IIPOU3BOJIUIIU B TE Bpe-
MEHA CAMOCTOATENBHO.

JKenesHulil IUT C MHKPYCTUPOBAHHBIM U300paxe-
nuem COJHLA HAJEISUT Bajenabpla (BEPOSTHEE BCe-
IO — BOX/A) KOCMHUYECKOU BJIACTBIO HA 3eMile. PEKOH-
crpykius (1716 1) CI'pubenena «llur AXniia, BBIKO-
BaHHBIM 60rom lepecTom», HECMOTpPsL HA €€ OIpeje-
JIEHHYIO CIIOPHOCTB, MOKET CAYKUTb XOPOIIUM CUM-
BOJUYECKUM NpUMEPOM. II0 mepuMeTpy aHTUYHOIO
MUTa U300PA)KEHbI 6ATANBHBIC CICHBI, 4 B IICHTPE
NIPEACTABICHBI CAEAYIOMIME AJIEMEHTBL: HEOO (001aKa),
3emis, JlyHa, 3Be3abl, (pUIYPHl CO3BE3JUH Boapmoi
(nmm Manoit) Measegunpl u Ilepces. Bcro komnosu-
110 06paMIIIET KPYT CO3BE3/init 3041aKa [9, c.118].

WTaK, B I€YN TEOPUS TBOPEHUS ONPEIMEYNBAIACD
(peanu30BBIBANIACH KY3HEIOM) B PEAJBHBIX BEMIAX
u ¢popmax. Co3/laHUE MACTEPOM HEKOHU (DOPMBI U3 ME-
TaJIa (3EMHOU PY/ibl) ACCOLMUPYETCA C pabOTOM I1J1a-
TOHOBCKOTO [lemnypra. IToguepkHeM, 4To (Hpopma us-
BJIEKAETCH KaK Obl U3 HEO6BITHA. Takas Teopus TBOpe-
HUA (POPMBI U3 3€MJIU NIPU IOMOIIU OTHS MOIJIA OBITH
3aMMCTBOBAHA U U3 TEXHUYECKOU OOJIACTHU U NEPEHE-
CEHA B KOCMOJIOTUYECKYIO. UMEHHO 3TUM MOKHO O0'b-
ACHUTb NPUCYTCTBUE B KOCMOJOTHYECKON MOJENHU
AHAKCUMAH/IPA 3JIEMEHTOB ABHO TEXHUYECKUX.

ITOCKOJIBKY UCKOHHBIE, HAMO0IEE PAHHUE U3BECT-
HBIE KY3HEI[bI-MEIECIIABUIBIUKNA OBIIH HOCUTESAMU
ABECTUICKOU PENUTUO3HON TPAJUILIUH, ECTECTBEHHO,
YTO B PAHHUE KOCMOJOTHYECKHE MOJIE€NN, BMECTE
C 3JIEMEHTAMU U CUMBOJIAMH MEJEIMIABUIBHOTO MPO-
1ecca, NPUXOAAT U 3IEMEHTH MUQPOIOTUYECKOTO
MUPOOIUCAHUSA 30POACTPUNIIEB.

B «Asecme» coommecennasn ¢ 60xicecmeennoll ue-
papxueii cmpyxmypa rxocmoca npeocmasnenda ue-
moipoma cepamu — opoumoil 36e30, COOmeemcmaey -
roueti onazum molcaam; 6onee YOanreHHol opoumor
Jynol, coomeemcmeyrowjeti onazum croeam; CONH-
ya — onazum oenam. Boicuias cgpepa — obaacms bec-
KOHeun020 ceema — npunaoaewcum Axypamasoe.
I'peuecxuti ¢punrocop Anaxcumanop 60CNPUHAL MY
cxemy 6 navane VI 6. 0o n.3. [10, ¢.283].

EcTp eme o/iHa TOYKA 3PEHNA, IO KOTOPOI PaACIO-
noxeHue 38e3/] Hrke JIyHbl 1 COMHIIA TPOAUKTOBAHO
TEOPETUUYECKUMU COOOPAKEHUAMU: caMoe 20pAdee
(Connye) 00NANCHO HAXOOUMBCA BblilLe 6Ce20, d CaMmoe
X0JI00HO0e (36€30bL) — HUNCe 8Ce20, UOO 020Hb 6Ce20d
cmpemumcs égepx [11, ¢.118].

Tak, BECbMa BEPOSITHO, YETOBEUECTBO OPOH30BOIO
BEKa CTPEMWJIOCH YBUJETb 3JIEMEHTBI MPOIECCA TBO-

penusa Kocmoca B METAIONIABUALHON 11eYr. CUMBO-
JIBL, JIEKALIME B OCHOBE IIPOLECCA IIaBAEHUA (OT'OHb,
BO3/JYX, BOJ4, 3€MJIA, OYpJIEHUE, NPEOOPA3OBAHUE,
TBOPEHUE), MOIJIA CTATb OCHOBOM U JUId IIEPBON — HE
MU(OIOTEMHOH, 4 HAYYHOU KOCMOJIOIMYECKON MOJie-
. ITocneaHsas UCXOAMId U3 3EMHBIX PEAJIUI U CTpeE-
MUIACh HAUTH OObACHEHHUE (11O KpaiHEN Mepe, AaTh
ONUCAHUE) HAOIIOAAEMBIM (PU3UUECKUM IPOIECCAM.
Takass MOJE/b HA OCHOBE IJIOOAIBHOU peANU3AIUU
3TUX MPOIECCOB JJOIKHA OBl Obl OOBACHUTD IPOUC-
XOXJEHUE BCETO MUPa, T.€. 3emnu u Kocmoca.
VIMEHHO 3TOH T'MIIOTE30U MOXKHO OO'BSCHUTH Ha-
JINYUE B PEKOHCTPYKIIUU AaHAKCUMAHAPOBCKON MOJje-
JI1 TAKUX CTPAHHBIX aTPUOYTOB, KAK OTHEHHBIE O6PY-
91, OTBEPCTHUS U 3aCiOHKU [12, ¢.167]. Paccormaco-
BAHHOCTb PA3JIMYHBIX 3JIEMEHTOB B MOJEIU MHUPA
AHaKCHUMAaH/Ipa IOKA3bIBAET, YTO OHA KaK Obl COOpaHa
U3 4aCTEU PA3HBIX MOJEIEH, COBMECTHOE CYIIECTBO-
BAHUE KOTOPBIX IIPEACTABIAETCHA IPOTUBOPEUUBLIM.

fobyc Apxumepa
M 4acoBOM MexaHu3M TyppuaHu

ITo coobmenuio ITanmna ATEKCAHAPUNCKOTO, MATEMA-
TUKA U MEXAHUKA [IO3HEr0 JIIMHU3MA, Kapn Anmu-
OXULLCKULL 20€-10 2060pUM, YIMO CUPAKY3AHUH ADXiL-
Meo COCMAasun mosbko 00HO MeXanuueckoe covune-
Hue, a umerHo o6 ycmpoiicmee nHebecHoz2o 2nobyca,
He Hallos u3 0py2ux npeomemos Huuezo 00CMoiH020
couunernus (13, c.370].

CornacHO COBPEMEHHBIM IPEJCTABICHUAM U pe-
KOHCTPYKIIUAM, HEOECHBIN TTOOYC MPEACTABIAN CO-
6011 JOCTATOYHO COBEPIHICHHBI MEXAHUYECKUI IId-
HeTapuii [14], T.e. OH He 6BLI TOJBKO CPEPON U HE OBLI
TOJIBKO MOjie/bio Kocmoca. OH 6blT T€aTpOM-IUIAHE-
TapHUEM, JEMOHCTPUPYIONTUM BU/IUMBIE JIBVKCHUS HE-
6ecHblx Tes. KOHCTPYKUMA NPeACTaBIAIa COO0U 3Be-
3/IHBII TTIO6YC, IEHTPUPOBAHHBINA IO OCU MUPA U OpPU-
E€HTUPOBAHHBIN IO mMUPOTE MecTa. Kpan riobyca, no-
I'PY/KEHHBIN B 4ally, IIOKA3BIBAET IOPU3OHT. DTA MO-
J€JIb TIO3BOJIAIA JEMOHCTPUPOBATD BOCXO/bI M 3AXO/IbI
CBETWI. B/IONH 3KIMNTHUKU NEPEMENATUCh IUIAHETHI
1 CBETHIA, MOJICIUPYIONIHUE CBOU JIBUKEHUS OTHOCHU-
TEAbHO 3Be374. MaxeT JIyHBI MOKA3bIBAJ HU3MEHEHUE
¢a3. OparmeHTapHBIE COOOUECHHUS, COXPAHUBIINECS
B JOCTOBEPHBIX UCTOUYHHUKAX, IO3BOJAIOT JJOCTATOYHO
JETAIBHO PEKOHCTPYHUPOBATH MEXAHU3M 3TOTO OT-
KpbITHS Apxumena [14, ¢.275-279].

Tax KocMOC BHEPBBIE CTAHOBUTCH TEXHUUECKUM
MeXaHU3MOM. CTaIO0 BO3MOXKHBIM TPEJACTABUTH €rO
B BUJIE €IUHOIN CHUCTEMBI MATEMATHYECKHU BLIBEPEH-
HBIX [IUKJIOB, B TOM YHCJIE PACKPBITh IPUPOJHYIO Tal-
Hy Npeobpa3oBaHud ABMKEHUHN — 3a7da4M, KOTOPYIO
NPOJIOJIKWIN PEIMATh MEXAHUKU U MATEMaTHUKHU PaH-
Hero HoBoro spemMenu u KOTopyio pemui Mcaax Heio-
ToH (1642-1787 IT.), OTKPBIB 3aKOH BCEMHPHOI'O TS~
rorenus. Bo spemena Apxumena (Ok. 287 — oK. 212 1T
JO H.3.) ¥ BIUIOTH JJO NIEPBOM MOAOBUHBI XVII B. MHO-
rue puiIoco@bl CTPOWIN PA3IUYHBIE TEOPETUUECKUE
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MEXaHHU3MBI, CIOCOOHBIE TEPEAATh (IPEOOPA3OBATD)
SHEPTHUIO (IBMKEHUE) [lepsozo dsuzamens B HAOMIO-
JaeMO€ IBMKEHNE HEOA U HEOECHBIX TEJL.

3/1€Ch HY’KHO OTMETHUTD, YTO YCTPONCTBO HEGECHO-
ro rnodyca ApxuMmesia B CBOEH OCHOBE, OE3YCIOBHO,
COAEPKUT APMUIAPHYIO chepy. OLHAKO ADXHUME] OT-
KPBUI U OMHCAJI KOHTYPHl PEAIBHOTIO TEXHHUYECKOTO
MEXAHHU3Ma, CHOCOOHOT'O OCYIECTBUTD ABMKCHUS, KO-
TOPBIE APMUJUIAPHAA C(PEPA TOJBKO CUMBOJIU3UPOBA-
na. Teneps e MOABUIOCH YCTPOUCTBO, KOTOPOE MOTJIO
BOCIIPOU3BOJIUTD NPEJBBIUUCIEHUA, TPEOYA JNIIb He-
KUU UCTOYHUK JHEPIUU (U, PA3YMEETCH, NBUIATEID
U IIPUBO/T), HECOOXOAMMBIH Il €TO MPUBEICHUS B /IBU-
JKEHUE. ApXHMe/]] IPEBPANAET MATEMATHKY B TEXHUKY,
MATEMAaTHUYECKYIO MOJIENb B ABTOHOMHBIN (HE TPEOYIO-
MUHA MOCTOAHHOI'O y4aCTHUs YEJOBEKA) TEXHUYECKUI
MEXAHU3M. 3AMETUM, YTO B CBOEN MHTEJJIEKTYAIbHON
YACTU JENCTBUE TAKOI'O MEXAHU3MA B YYACTHUU YETO-
BEKd HE HYXJAETCA BOBCE. 3a/ja4d YEJOBEKd — €ro
SHEPTOOOECIEUEHUE U TEXHUYECKOE OOCTyKUBAHUE.
PasymeeTcs, Mbl, IPEJCTABUTENU TaK HA3LIBAEMOTO
Hosenmero BpeMeHH, IIPUBBLIKIU K TOMY, 4YTO BCAKUH
MEXAHU3M TPEOYET MOCTOAHHOTO YCOBEPMIEHCTBOBA-
HUA. 3[€Ch Mbl PACCMOTPEIN HEKUH CAy4ail CO3/1aHUSL
UJEeIbHOIo Mexanusma. C Jpyror CTOPOHBI, /1A CBO-
HUX COBPEMEHHHUKOB OH TAKOBBIM U OBLIL.

BecbMa MHTEPECHBIM 34d04YHBIN CIIOP O TOM, 4Ybs
MoJenb Heba COBEPIIEHHEE — APXMMENA WU BEJIU-
koro mexaHuka XVI B. [lxxyanesnno Typpuanu (1500—
1585 rr.), cnyxusiero npu gsope Kapiaa V, — cojep-
JKAT 34MUCU COBPEMEHHUKOB TyppuaHu: AMOpO3UO
Moparneca u gona JIyuca se 1a dCcKo3ypsl [15, ¢.120].

B ¢BA3U C 3TUM CIEAYET OTMETUTD, YTO OJHUM U3
3HAYUMBIX BJIOXHOBIAIOMUX 3JEMEHTOB OTKPBLITHA
6€3yIIPEYHOrO YaCOBOTO MEXAHU3-
Ma, KOTOpoe cosepiinil Typpuanuy,
6Bl M3BECTHAS €My U3 KHUI HH-
opmanusa O CO3aHUU ApXHUMe-
JJOM HEOGECHOTO Imobyca.

B uwacrHOCTH, MOpanec coo6-
mMa€eT, 4YTO HAUOOJBIIYIO TPYA-
HOCTDb TPEACTABIANA 3a/a4ad CO-
30AHUA Y3J0B, MOJEIUPYIOMHUX
aBukeHus Mepkypus u JIynsl. ITo
cnosaM camoro TyppuaHnu, uckyc-
CMBO 30eChb 6bl8COCHO UM 3a Npe-
oenvt yugp. EmMy, mo-BUIUMOMY,
yAa10Ch IOJYYUTh MEXAHHUYEC-
KUM CIIOCOOOM (IIyTeM UHTYUTHUB-
HOTI'O JIOBEJEHUA 1O COBEPIIECHCT-
B4 CHUCTEMBI 3yOuaTBHIX IeEpenaay,
B TOM YHCJIE C HTEMEHTAMU ACUM-
METPUN) COOTHOIIEHUA NEPHUO-
JOB, KOTOPBIE OBIJIO HEBO3MOKHO
NpEJCTABUTh B pAMKaxX H3BECT-
HBIX Ha TOT MOMEHT MaTeMaTu4e-
CKUX TEOPHUIL.

Qui sim scies, par opus facere conaberis (ToL noii-
MeuLs, KMo 5, ecliu nonpoodyeuts coenrams mo Jce ca-
moe, umo u £) [15, ¢.127]. HeCKOIBKO M03XKe DCKO3Y-
pa ynpeknyn [IKyaHENTIO B HECKPOMHOCTH, YKA32aB
Ha TO, 4TO TOT MPETEH/YET HA CIABY, NIPEBOCXO/-
Y10 CIaBY ApXuMmeza.

BpH,Z[ JIX MOJXHO IIOCTABUTH 11O/ COMHCHHC YT-
BEPXKACHUE, YTO NPCAMCCTBCHHUKAMHW MCXAHUYCC-
KUX 4aCOB OBIM ACTPOHOMHUYECKUE TPpUb0ophl. Hebec-
HyIO cepy Apxumena, 6€CCIOPHO, MOXKHO CYUTATDH
3BCHOM, HEIIOCPEJICTBEHHO CBA3ABIINM NPUOOPHI /IS
n3MepeHnit Ha Hebe 1 YaCOBBIE MEXAHU3MBIL. McTOpu-
YECKOE 3HAHUE O He6ECHOM I7I00yCe BJJOXHOBUIIO CO-
3pareae (U B KAKOM-TO MEPE BOCCO3AATEICH) CIOXK-
HBIX YdCOBBIX MEXAHU3MOB cepeIuHbI XIV B.

baweHHble yacbl Ha nnowaam Ceatoro Mapka

B KauecCTBE JOBOJIBHO MO3AHETIO COXPAHUBIIETOCH 10
HAMIUX JAHEHN OLITOBOTO BOIJIOMIEHUS UAEH I100yCca
ApxXuMela MOXHO NPHUBECTU OAIMEHHBIE YACH HA
mromaau Cearoro Mapka B Benenuun (Mranusn).
Brnepseie ux Tam ycTraHoBuaHd B 1495 1. U3BECTHO
UMs 4ACOBIIUKA — J[KMOBAHHU PeilHAIbA, OH pabo-
TaJI BMECTE CO CBOUM ChiHOM KapioM. ITo-BupumMomy,
HUKAKMX CBEACHMI, JOIEAINUX O HAIIUX JHEH,
00 3THX 4YacaX HE COXPAHMUIOCH. [1OABUINCH OHU
yyThb 6o0jee yeM yepe3 100 jer mocie yCTaHOBKU
CBOUX (TEnepb COBCEM 3a0BITHIX) IPEAIIECCTBEHHU-
KOB, B caMoM Hauase XVII B. (puc.4).

Yacel IOKA3bIBAIOT U UCTUHHOE COJIHEYHOE BPEMH,
OTCYUTBIBAEMOE OT MOMEHTA HUKHEUN KyJbMHHALUU
ConHIa, 1 0O6BIYHOE JIJIS1 HAC NTOSICHOE BpeMsl. IlepBoe,

TyppuaHu BBICOKO OIE€HHUI
cobcTBEHHBIE 3acayru. Ha csoem
U3/IeJIMM OH IOMECTHJI HaAIHUCH:

Puc.4. baweHHble yacel Ha nnowagmu CBatoro Mapka B Beneuuu.
3pecb 1 ganee doTo aBTopa

a4
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Puc.5. Konbuo 3oanaka — ConHua (cnesa) u konbLo JlyHbl Ha

yTO O6palaeT Ha ceO6s BHUMAHUE, 3TO CJIOXHBINA 1IU-
gepbraT KPACUBBIX OTTEHKOB TEMHO-CUHEH 3MAJIH,
KOTOPBII NpaBuiibHEE ObUIO Obl HA3BATh HEOOBIYHBIM
Ha60pOM yKazaTeael — CBOECOOPA3HBIX KOJIEL-CTPE-
JIOK, HECYIIUX Ha ce6€ CUMBOJIBI U MAKETHl HEOECHBIX
0OBEKTOB. [EOMETPUYECKUE CHUMBOJIBI 3BE3]] 30JI0TOTO
1IBETA HA CHHUX 3MAJEBBIX IOBEPXHOCTAX HUMEIOT
TOJIBKO JI€KOPATUBHOE 3HAUEHUE.

Co6CTBEHHO, UQEPOIAT ITUX YACOB — BHEIIHEE
MPAMOPHOE KOJIBIIO CBETJIO-CEPOIO OTTEHKA, pa3je-
JIEHHOE Ha 24 CEKTOPd, IPOHYMEPOBAHHBIE PUMCKUMU
nudpamu (or I o XXIV) u uMeromue InOJ0OBUHHYIO
METKy. UHTEpEeCHO, 4TO IUMPHL CTOAT UMEHHO HA CEK-
TOpAX, 2 HE HA PA3/IEIUTENbHBIX JIMHUAX, KaK B 60JIb-
IIUHCTBE COBPEMEHHBIX 4aCOB. Kaxabplil u3 24 4acos
CYTOK I'€OMETPUYECKU IIPEACTABICH OTHEIbHBIM CCK-
TOPOM MPAMOPHOI'O KPyrd. DKIUNTUKA (30/1UAK) Pa3-
JielieHa Ha NATUTPAZYCHBIE YYACTKH, T.€. KAK/ABIH 3HAK
30/1MaKa PA3/I€JIEH HA MIECTh CEKTOPOB.

BHyTpu MpamMopHOro nu@ep6aara pacnonoxeHo
TPU KOJIbId, COBEPMIAIOMUX KPYIOBBIE [BUKEHUSA
C PAa3JUYHBIMU CKOPOCTAMU. YETBEPTOE — IEHT-
palpHOE, OKpYKAIOIlEe map, KOTOPBI CUMBOJINU3U-
pyeT 3eMio, — OCTAE€TCs HEMO/BWXHBIM. Ha cpen-
HEM KOJIbIIE YCTAHOBJIEHA CTPEJKA, YKpAIICHHAs aH-
TponoMop(pHBIM n306paxenuem Comnnua. OHA IO-
Ka3BIBAET HE MPOCTO HOMEP TEKYIIETO 4YaCa CYTOK,
HO U nojoxeHue COJNHIA Ha 3KJIUITUKE UIA B 30-
JUAKEe — IIEPBOM IOJBHUKHOM KOJbIIE. DTO KOJBLO
(HauOOJIBIIETO AUAMETPA) OJHOBPEMEHHO MOKA3bI-
BA€ET IMOJIOKEHUE CAMOI'0O 30[MAKATBHOIO Kpyra OT-
HOCHUTENBHO TOPU3OHTA B TEKYIMUN MOMEHT BpEME-
Hu. Kosb1io, HECYIIEE 304UAK, TAKUM 0OpPa30OM, JABU-
JKETCS1 HECKOIBKO ObIcTpee CONMHIIA, KOTOPOE KaK OBl
341143/ bIBACT IPUMEPHO HA OJJUH I'PAAYC 34 KAXKJbIE
CYTKH H3-32 CBOErO T'OJOBOTO ABWXEHUSA CpPEAU
3Be3/l. BHUMATENbHDBINA B30pD YBUJUT 3/1€Ch CYMMY
OBYX JOBMXEHUHN 4acoBOU crpenku (ComHna) — Cy-
TOYHOTO (OTHOCHUTEJIbHO BHEIIHETO Iudepbdaara)
U rojoBoro (OTHOCHUTEIBHO IEPBOTO IOJABHUKHOI'O
KonbI[a) (pHC.5).

GaleHHbIX Yacax B BeHeuuu.

BosHukaer He COBCEM OOBIYHAA KAPTHUHA: IBU-
JKETCS HE TOJIBKO CAMO CBETHJIO, HO U II€JI0€ KOJIBIIO
CO 3HAKAMH 30/IMdKa U TEKYIUM ITOJ0KeHueMm ColH-
114; T.€. IIEPEJl 3PUTEIEM BO3HUKAET CBOCOOPA3HBIN
IUIAHETAPUH, I/I€ B KAXKbIHI MOMEHT BPDEMEHU BUJHO
[IOJIOKEHUE OTHOCHUTEIBHO I'OPU30HTA BCEH 3KJIUII-
TUKHU (30uaKa). Cleaylouee Koublio, CPEAHETO AUa-
METP4, HA KOTOPOM 3dAKPEIJIEHA 4YaCOBAsA CTPEJIKA
c uzobpaxkenuem COJHILA, TOKA3bIBAET, TAKUM 00Opa-
30M, U €I'0 IIOJOXKEHUE B 30[JUAKE, U HOMEP TEKYIILE-
I'O 4aca CYTOK.

TpeTbe MOABMKHOE KOJBIIO CUMBONIU3UpPYET JIyHY.
OjHa TOJI0BHHA €€ CPEPHI OKPAIllIeHa B 30JI0TOU 1[BET,
Apyrasg — B TEMHO-CUHUMU, CAUBAIOMUNCA C LBETOM
Heo6a. TToBepXHOCTh KOJbla JIyHbl umeeT 12 1e/IeHuH.
C uX IIOMOIIBIO NPOCTBIM B3IJIAJJOM JIETKO OLCHUTb
BEJIMYMHY YIJId, KOTOPBII B JAHHBI MOMEHT COCTABJIA-
I0T T€OLCHTPUYECKUE HanpasacHusd Ha COJHIE U HA
JIyny (cM. puc.5).

BepxoMm BOmIOmEHUA MEUTH O MEXAHHUYECKOU
mojenu Kocmoca MoxxkHO cunTath yacel .. Hecaden-
na (1761 1), kKoTopsie O HA3BaHUEM «KOIEpHUKAH-
CKUU IJTAaHETHBIN MexaHu3M Kanzepa ®panna I» xpa-
HATCA B BEHCKOM My3€€ €CTECTBEHHOU UCTOPUU.

AHTUKUTEPCKUIA MeXaHU3M

AHTUKUTEPA — JAPEBHUN MEXAHU3M, UCIIOJIb30BAB-
MUUCA I8 pACUYeTa JIBUKECHUSA HEOCCHBIX TET U BBI-
YUCAEHUA AT ACTPOHOMHUUYECKUX COObITHIN. O6pa-
TUBIIUCH K KOJUIEKIIUU AHTUYHBIX APTE(MAKTOB, MBI
BUUM, YTO MEXAHU3M, IOZOOHBI OMUCAHHOMY Ap-
XUMEJOM, IEUCTBUTENBHO CYMIECTBOBAN. Tenepb OH
HaxoauTCA B HAllMOHAABHOM 4PXEOJOTUYECKOM
Mysee AdunH. COIIaCHO COBPEMEHHBIM OILICHKAM,
€ro cospganu B nepuog or 205 go 85 r. 10 H.3. B pe-
ruoHe, GJM3KOM 35-H napajienu (BEpOsSITHO, HA
0.Posoc) [16, 17]. Hau6onee paHHssS OIEHKA TATH-
POBKM NPAKTUYECKU COBIAJLAET C BDEMEHEM TUOEIN
Apxumena B 212 1. 10 H.3.
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MexaHu3sM, O KOTOPOM UJET pedb, ObLI OOHAPYKEH
4 anpens 1900 r. HAa 3aTOHYBIIEM B IPEBHOCTH KOPaO-
Jie BONMU3U O.AHTUKUTHPA. [I0 HA3BAHUIO OCTPOBA OH
U MOJIY4YMJI CBOE COBPEMEHHOE HAUMEHOBAHHUE,

BMmecre ¢ KOMIeKuen CKyJAbIITYPHBIX IPOU3BEE-
HUI, OK434BUIEHICA HA 3TOM PUMCKOM KOpabie (Ko-
TOPBII, IPEANONTOXUTENBHO, 1€ ¢ POgoca), ¢ riyou-
HBI OKOJIO 60 M TOJHSIN (PPATMEHTDI, BHAYATIE CUU-
TABIINECSI OOJOMKAMHU IJIACTUKU. BriocjaeacTBuu 06-
HAPYKWJIOCh, YTO 3TO CUJIBHO NOABEPKEHHBIE KOP-
PO3UH U MOKPBITEIE MOPCKUMHU OTIOKEHUAMHU 4ACTU
MEXAHUYECKOI'O YCTPOMCTBA PA3ZMEPOM IPUMEPHO
32x17x6 ¢M, KOTOpOE BKIOYAN0 OKONO 30 GPOH30-
BBIX 3yOUaTBIX KOJIEC, PA3MEIIECHHBLIX B JIEPEBIHHOM
kopnyce. ITocneaHul OblI CHAOXKEH ABYMA LUDEP-
6maTamu. OTO OTKPBITHE CAENaNl COTPYAHUK Hanmo-
HAJIBHOT'O 4PXEOJOIUYECKOr0 My3ed B ApuHax Base-
puoc Crauc 17 mag 1902 1.

Oxosio 1930 1. 6bI1a CKOHCTPYMPOBAHA IIEPBAA
6pPOH30BasA MOJIEIb, OCHOBAHHAS TOJLKO HA BHEITHEM
0oCMOTpE (PparMeHTOoB. IIepBOE PEHTIEHOBCKOE UCCIIE-
JOBAHUE MPOBENT OPUTAHO-AMEPUKAHCKHUIT HUCTOPHUK
Hayku [lepex I1paiic B 1951 r. [lonnasa cxema IpEBHETO
YCTPOMCTBA OblIA CO3JaHa K 1971 T, B €€ COCTAB BO-
IUIA 32 MIECTEPHU.

B pexoncrpykuuu Ilpafica nudep6aar Ha nepes-
HEW CTOPOHE OTOOPAXKAT KPYI 30AHaKA (TOJOBOTO
KaJIEHJapHOro nukiaa). [sa nudepbiata Ha Jpyrou
CTOPOHE CIIYKUJIH JII OTPAKEHNA IBYX IUKIOB. [Tep-
BBIF MO/IETUPOBAJ COOTHOIMEHNE 254:19 (aHHOE CO-
OTHOIIEHUE MOJYIUPYET UKIT MeToHa: 254 cujepu-
YECKUX MecAla, T.e. 254 nepuosa obpameHus JIyHbl
OTHOCHUTEJNBHO HENMOABUXHBIX 3BE3/l, paBHBI 19 TpoO-
NUYECKUM T'OJAM) MU UCHOJIB30BAJICH JJIL BOCIPOU3-
BejieHus ABrkeHus ConHua U JIyHel HA (POHE HEIO-
JBWKHBIX 3B€3/l. BTOPOU LUKJ COCTABIACT 223 JIyH-
HBIX (CMHOJMYECKUX) Mecald. [To ero sasepieHunio
[UKJI COJTHEYHBIX U JIYHHBIX 34TMEHUII TOBTOPAET-
cd. [Tonoxenue Conuua u JIyHbl BBIBOAUIOCH HA LU~
(epbnar. Bpuranckuilt yacoBmuk [J>koH InuB 1o
3TON CXEME MOCTPOMII JEMOHCTPALMOHHYIO KOIHUIO
MEXAHU3MA.

JanpHENnee UCCaeloBaHNEe AHTUKUTEPCKOTO Me-
XaHU3Ma npeaunpuHan Maikin Pair. B 1997 1. on Briep-
BBIE HCIIOJB30BAT METOABI PEHTIEHOBCKON TOMOTpPA-
(bun, 9TO MO3BOIUIO U3YYATh JBYXMEPHBIE CPE3BI YCT-
poricTBa. HOBBIM METO]] Cpa3y BBIABWI OIINOKUA U HE-
TOYHOCTHU. B 2002 1. PaliT npeayoxKul HOBYIO PEKOH-
CTPYKLIMIO, II0 KOTOPOHU YCTPOMCTBO MOJEIUPOBAIO
HE TOJBbKO /IBMKEeHUA COMHIIA U JIYHBI, HO U NATH IIA-
HET, U3BECTHBIX C IPEBHEUIINX BPEMEH.

Jiuteparypa / References

Bckope nocne npeseHrauuu Paiita, 3HAYUTEIBHO
YCWIMBIIEH HHTEPEC K HAXOAKE (C MOMEHTA €€ O6Ha-
pyxenus npomso yxe 6onee 100 ner), B 2005 1. mox
3rUJ0N MUHUCTEPCTBA KYJILTYPHI I'pELUH ObLI IPUHAT
I'PEKO-OPUTAHCKUI IPOEKT U3YYEHUA AHTUKUTEPCKO-
ro mexanusMma (Antikythera Mechanism Research Pro-
ject). B pesynbrare NIpUMEHEHUS HOBEHUIINX METOJUK,
KPOM€ PEKOHCTPYKLUU TEXHUYECKUX JJIEMEHTOB, Y-
JIOCb IIPOYUTATBb OKOJIO 2 TBHIC. IPEYECKUX CUMBOJIOB,
KOTOPbIE MAPKUPOBAIN AeTanu MexaHnusma. B 2008 1.
B A(PUHAX IO PE3YIBTATAM UCCIEJOBAHUA NPEJCTABU-
M 1okaaj. B HeM, B 4aCTHOCTH, ObIIO MOKA3aHO, YTO
3JUIMINTUYHOCTD ABMXXKEHUS JIyHBI MOJEIUPOBAIOCH
KOJIECOM CO CMEICHHBIM LIeHTPOM [18].

B 2016 1. AEMOHCTPUPOBAIUCH OYCPEIHBIC PE3YIIb-
TATBl, CBA3AHHBIE C AEMMU(PPOBKOIT TEKCTOBOI HHMOP-
MAIlUM 1O PEKOHCTPYUPOBAHHBIM HAANMUCAM. M3
2 TBIC. IPEYECKUX CUMBOJIOB, KOTOPBIE PA3MEIIAIUCDH
Ha 82 COXPAHUBIIMXCA (PPATMEHTAX, Y/IAJTOCh PEKOH-
crpyuposarb 500 cios. Bece onucanue, 1o MHEHUIO
CIEIHUATHUCTOB, COCTOSIIIO MTPUOIU3UTENBHO U3 20 THIC.
CUMBOJIOB. B OCHOBHOM 3TO KaJ€HJAPHbIE JAThI U HAJl-
MIUCU MPOTHOCTUYECKOTO COJEPKAHNUA OTHOCUTENBLHO
MIOTO/HBIX ABJIEHMI. [Tpubop cocroan u3 37 mecre-
pen, u3 HUxX uiaeHTuduuuposanu 30. IToMumo 1o-
JPOGHOTO IpeAcTaBleHus ABMKeHNN COMHIIA U JIYHBI
YCTPOUCTBO AEMOHCTPUPOBAJIO ABMKEHUA BCEX U3BE-
CTHBIX TOI'JA IUIAHET U, KPOME TOTO, IIOKA3BIBAJIO BPE-
MA HacTymwieHusa OJIUMIUNICKUX UTP U JPYIUX BAK-
HBIX [IEPUOJOB OOLECTBEHHON KU3HU.

AHTUKATEPCKUNU MEXAHU3M IPEJCTAB/ILI COOO0MU
JEMOHCTPAIUOHHYIO MOJIEIb, PA6OTABIIVIO OT PYd-
HOTO NpuBoAd. COOCTBEHHOTIO ABUTATENSA U PETYI-
TOPa XO/d OH HE MMeEJI, HO IIO3BOJIA B aHAJIOTOBOM
peXnMe CHUHXPOHHO BOCHPOU3BOJAUTL COJTHEYHBIE,
JIYHHBIC, IUIAHETHBIE 3(pEMEPU/b COINIACHO IPUHSA-
TOMY K4JIEHAAPHOMY CYETY BPEMEHU.

& ok ok

Takum 06pa3oM, OCHOBBIBAACh HA UCTOPUYECKUX
CBEJIEHUAX, MOXHO C JIOCTATOYHOH YBEPEHHOCTBHIO
NIPEJIIONATraTh, YTO JIEMEHTH APMUJUIAPDHON CQEPHI
NIPUCYTCTBOBAIN B PUTYAJbHON NIPAKTUKE HaBJIOzE-
Hui y xuTener Cpein3eMHOMOPCKOTO PETHOHA €llle
J1O BO3HUKHOBEHUSI MUJIETCKOI HMIKOJIBI, HAUOOJIEE AP-
KU€ INPEACTaBUTENN KOTOpOon — danec nu AHAKCHU-
MaHJp. XOPOIIO U3BECTHBIN U3 TUTEPATYPHBIX UCTOY-
HUKOB MEXAHUYECKUN ITIOOYC-IJIAHETAPUH ApXuMe/ia
6bUT IPEAIIECTBEHHUKOM aHTUKUTEPCKOIO MEXAHU3-
Ma, IOJHATOTO €O AHa CpeJU3EMHOTO MOPA U OKA34B-
LIErocs B pykax ucciaegosareneil XX—XXI Bs.m
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Ancient Astrometric Devices

A.V.Kuzmin
Vavilov Institute for the History of Science and Technology, RAS (Moscow, Russia)

Since ancient times, people have been interested in the structure of the Cosmos, both for practical needs — for ori-
entation in space and in compostion of calendars — and in the philosophical, scientific, and theoretical sense. The
article discusses the applied, mythological and religious prototypes and technical features of the armillary sphere, as
well as the mechanical globes and planetarium of Archimedes, and its practical implementation. An important place
in the work is given to the Antikythera mechanism and its modern reconstructions.

Keywords: astrometry, Anaximander, Miletus school, ancient cosmology, armillary sphere, Archimedes globe,
Antikythera mechanism.

IMPHUPOIJA » Nel12 2018 a7




€ adLace coodugericss

NMAJIEOHTOJIOrUSA

DOI:10.31857/50032874X0003331-3

be33ybbiu npegok ycamspiXx Kumos

SJd.A.JlontoB

Tocyoapcmeennoiii Japsurnosckutl myseil (Mockea, Poccus)

e-mail: yaroslav453@gmail.com

KpaTKO OCBCHICHBI TUCKYCCHUOHHBIC ACIECKTBI MPOUCXOXACHUA HCAUJIBHOTO aANapaTa yCaATbIX KUTOB. Pacckazano
O MOCJIETHEN MAJEOHTONOIUUYECKON HAXOJKE, pﬂ.CCMﬂTpI/IBZICMOI;I CIICIUATUCTAMU KAK IICPCXOTHOC IBOJTIOINUOHHOC

3BEHO MEXK/y 3yOATBIMU M YCATBIMU KATAMHU.

Kiarouessbie c1oBa: Mysticeti, ycaTble KUTBI, KUTOBBIN YC, 3BOMIOLUA KUTOOOPA3HBIX.

nToobpasueie (Cetacea) — OJJUH U3 CAMBIX CBOE-

OOpA3HBIX U CHENUATU3UPOBAHHBIX OTPANOB

MJIEKOIUTAIOMUX KUBOTHBIX. B UX IPOUCXOXK-
JEHUU U 3BOJIIOLIUHU NBITAIOTCA PA306PAThCA YXKE HE-
CKOJIBKO MOKOJIEHUH MOP(OJOTOB, TCHETUKOB U Ia-
JIEOHTONOTOB. [TOCTENEHHO yAAT0Ch NIPUOTKPLITH 3a-
BECY TAUHBI B BOIIPOCE O TOM, KaK IPEJKU KUTOB I€-
pENIN K BOJHOMY 06pa3y Ku3HU. [eHeTUYECKUE UC-
CNEJOBAHNUA W YHUKAJIbHBIE IAJEOHTOJOTUYECKHUE
HAXO/JKM IIO3BOJIMJIM CJENATh BBIBOJ: OJMXKANIINE
POJICTBEHHUKN KUTOOOPA3HBIX — IMaPHOKOIBITHBIE
(Artiodactyla), B yacTHOCTH runnonoTams [1]. Cyme-
CTBEHHBIM NPOPLIBOM B M3YYEHUU 3BONIOLUU KUTO-
00pa3HBIX CTAIO ONUCAHUE B 1981 I. OCTATKOB OJJHO-
ro0 WU3 JPEBHENIINX IPENCTABUTENEN OTpAgd —
Pakicetus inachus [2]. B nacrodmee speMsa chopMu-
pOBAJIACh CAEAYIOAS KOHLEILUA: ITAPHOKOIBITHBIE
NpEJKU KUTOB NEPENUIN K TOTYBOAHOMY OOPA3Y KU3-
HU B IIPECHBIX BOJJOEMAX, 3aTEM ITEPEOPAIUCH B MOP-
CKME AKBATOPHU, I'J€ OKOHYATEIBHO NPEBPATUIUCDH
B BO/IHBIX JKUBOTHBIX [3]. Kax/1as4 HOBAs IAJIECOHTONO-
IMYECKas HAX0/[Ka TTOMOTAEeT JIy4Ile MOHATD, KaK pas-
BUBAJICA 3TOT IIPOLIECC.

OZHAKO MOHUMAHHUE 3BOJIOLUU JPYTUX OCOOEH-
HOCTEN KHUTOOOPA3ZHBIX CBA3AHO C TPYLHOPA3-
pEMMUMBIMU BONIPOCAMU. Hammpumep, Kak IpejKu Co-
BPEMEHHBIX yCATBIX KUTOB (Mysticeti) mepemnuin
K MUTAHUIO IIJTAHKTOHOM, KaK U KOTJIa CPOPMUPOBAII-
€Sl KUTOBBIH yC€? [UIMHHBIE POTOBBIE IJIACTUHKH, KOTO-
pbl€ pa3BUBAIOTCS B BEPXHEH YETIOCTH MOPCKOTO HC-
MIOJIMHA, CBUCAIOT C HEOA M NMOMOTAIOT OTCEUBATL U3
BOJBl IUIAHKTOHHBIX MOJUIIOCKOB, PaKOOOPA3HBIX
U MEJIKUX PbI0 — O/IHd M3 HAYYHBIX 34TafoK. [lesno
B TOM, UTO 3TOT TaK HA3bIBAEMBIH I€IVJILHBII aNapaT
OTCYTCTBYET B ICKOIAEMBIX OCTATKAX.

BemecTBO, U3 KOTOPOTO COCTOAT (DUIBTPYIOMUE
IJIACTUHKU, — KEPATUH — 0OO0JaJJA€T BBICOKON MEXa-
HUYECKOI MPOYHOCTBIO, HO CO BPEMEHEM JIOBOJIBHO
JIETKO PAa3JIaraercda Mo AeMCTBUEM MHUKPOOPTAaHHU3-
MOB. ITO3TOMY NAJIEOHTOJIOrAM IPUXOJUTCI 00pa-
MaTb 0COO0E BHUMAHUE HA KOCTHBIE CTPYKTYPBHI,
NOJEPKUBAIONINE KUTOBBIM yC, 4 TAKKE HA XApaK-
TEPHBIE JII1 COBPEMEHHBIX YCATBIX KUTOB OTBEPCTUS

© ITonos A.A.,, 2018

COCYJOB U HEPBOB B BEPXHEH YEIIOCTU UX UCKOIIAE-
MBIX IPEAKOB. CaMas APEBHAA JOCTOBEPHAA HAXOAKA
OKAMEHEBIIETO KUTOBOI'O yCa, OOHAPYKEHHAA Ha I0T€E
ITepy, umeer Bo3pact 15 muH net [4]. OQHAKO, KOC-
BEHHBIC CJIEJbl CYLIECTBOBAHUSA TAKOI'O LIEAUIBHOI'O
anmnapara MOXKHO OOHAPYKUTb B CYI[ECTBEHHO 6osee
JPEBHUX 4Yepenax, AdTUPYEMBIX XdTCKUM BEKOM I10-
3QHETO OJNUIoneHa (28—23 MiH 1€t Hasan) [5]. OT1o —
Haubojaee BEPOATHOE BPEMA (POPMUPOBAHUA KUTO-
BOIO yca. Ho ocraercs BOIpocC: KaK OH BOZHUK?
BpIIBUTa710Ch MHOKECTBO BEPCHUIT MPOUCXOKIE-
HUA KATOBOI'O yCa B CBA3U C PA3IUYHBIMU (44CTO
(pparMeHTapHBIMA) MANEOHTONOTUYECKUMU HAXOJ-
kamu. B 2017 1. uccnegosarenun n3 CIIA Kaproc Ile-
peno, Hukonac Ilbencon u Anexcanppa bospcma
IPE/UIOKUIN YETBIPE IMIABHBIX I'MNOTE3H [6]. Cormac-
HO NEPBOU, IPEAKA KUTOB M3HAYAJIbHO UCIIOAb30BA-
1 1 QUIBTPAIIAU BOJBI 3yOBI U JIMIIb 3ATEM 003a-
BEJIUCh KUTOBBIM YCOM. 3yOBI JOIKHBI OBUIM IIPETEP-
IIETh CEPbE3HBIE U3MEHEHMS, UTOOBI U3 NHCTPYMEHTA
3aXBaTd JOOBIYU NPEBPATUTHCA B I[E€JUAbHBIN AIlIa-
par. Bropas u Tperbs I'HIOTE3bl IPEAIOAArAI0T OJf-
HOBPEMEHHOE CYIECTBOBAHME 3yO0OB M MOCTENEHHO
3aMEHUBIIETO UX KUTOBOTO yCd, HO NIPELYCMATPUBA-
10T PAa3HBIE MEXAHU3MBI «BBITECHEHHUA>»: HOKOBOE IO
BCE JJIMHE PTA INOO OT YETIOCTHOIO CyCTABA — BIIE-
pexn. Haxkoner, 4eTBEPTHIN BO3MOXKHBIA MIYTh TPAHC-
(opmanuu — BHAYAJIE IIOJHOE UCUE3HOBEHUE 3YOOB,
34TEM NOSABIEHUE HOBOTO NPUCIOCOOIEHUS /IS JIOB-
1 1O06BIYY, TPUYEM JJO MOABIEHUS YCA KUTBl MOTJIHN
MUTATHCH, 34CACHIBAA JJOOBIUY, KAK JENAI0T HEKOTO-
pbie peIObl. CAMU ABTOPBI TMIIOTE3, ONMUPAACh HA DAL
JOKA34TENbCTB, CKIOHANNChL K MOCIEJHEN BEPCUU
U OTMEUAJIM, UTO IOTEpsA 3yO00B U (POPMUPOBAHUE
yca, BepOATHEE BCEro, NMPOUCXOAUIN HE3ABUCHUMO.
OIHAKO 10 TMOCJEHEr0 BpEMEHU HE OBLJIO UCKOIAE-
MOTO MaTepuana i NOATBEPKICHUAL 3TUX B3IIAL0B.
B Hos6pe 2018 1. OnyOGIMKOBAHBI PE3YJIbTATHI
MHOTOJIETHEI'O UCCIEAOBAHUS, IPUOTKPBIBIIEIO TAM-
HY 3BOJIIOLIUM yCATBIX KUTOB [7]. BHMMaHue rpymbl
AMEPUKAHCKUX UCCIENOBATENEH II0J PYKOBOACTBOM
Kapnoca Ilepeno npusiaek HEGONBIION XOPOMIO CO-
XPAHUBIIUICA Ye€pPeEI, HAUAEHHbINA B mTare Operox,
B IIOPOJAX BO3PACTOM OKOJIO 33 MJIH JIET (IIO3AHUNU
OJIUTOLIEH). Y HET'O IIOJHOCTBIO OTCYTCTBOBAJIU 3YOBI,
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Top6atbiii kuT (Megaptera novaeangliae) 3 nogoTpsaa ycatbix kuToB. Ha doTorpadmu xopowo BUAEH KUTOBBII yC.
®oto E.l.MamaeBa

HE COXPAHMUIOCH 1A%KE ATbBEOJL. B TO e BpeMa KOCTU
BCPXHUX YeacTell 6bIN OYEHbD TOHKHUMHU, YTO HUC-
KJIIOYAJI0 BO3MOXKHOCTb KPEIUIEHUSA KUTOBOI'O YCa.
KoMnploTepHas TOMOrpadus TAKXKe [10Ka3auid OTCYT-
CTBUE KAKUX-TUOO CBUJIETENBCTB HATUUUSI KUTOBOTO
yca. 3aT0 CJe[bl KPEIUIEHUs MBIIIL Yepena yKa3aau
Ha (POPMUPOBAHUE MOMIHOM MYCKYJIATYyPHI MIEK,
4 CTPOEHHE TOPTAHU — HA (POPMUPOBAHUE MOJBUK-

HOTI'O f13bIK4. TaKO€ CTPOEHUE POTOBOU IOJOCTH 103~
BOJIAZIO KUTY MHUTATHCSA MYTEM BCACHIBAHUSA JOOBIYH.
HaszpaHue HOBOMY KUTY AU ropjgoe — Maiabalaena
nesbittae, 9TO0 MOXHO IE€PEBECTU KAK «MaTh KUTOB
uMeHu D.Hecour».

BOT TaK ITMIIOTETUYECKU NPEJCKA3AHHOE IEPEXO/I-
HOE 3BCHO MEX/Y 3YOATBIMU U YCATBIMU KUTAMU IIPU-
06peno CBOE MATEPHUAIBHOE BOIJIOIMCHNE. |
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Toothless Ancestor of Baleen Whales

Ya.A.Popov
State Darwin Museum (Moscow, Russia)

The debatable aspects of the origin of the baleen whales' filter-feeder system are briefly discussed. The article
describes the latest paleontological discovery, considered by experts as a transitional form between toothed and

baleen whales.

Keywords: Mysticeti, baleen whales, baleen, whales evolution.
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B coob6meHnn pacckasbBaeTcs 06 YHUKAIbHOU Gepese,
OOHAPYKCHHOHU MCCIENOBATEIAMU B CTECIHON YacCTHU
0.0s1bx0H Ha bankane. Bo Bce BpeMena roja OJUMHOKOE
JI€PEBO BBIAEPKUBACT HATUCK CUJIBHBIX OaMKAJIbCKUX BE-
TPOB U MCCYMAIONIYIO XXKaPy IecYyaHon crenu. Hecmorpsa
Ha 3KCTPEMAJIBHBIE YCIOBUS, 6epese yaanoch cHhoOpMU-
pOBATh HJICANBHYIO BHEMIHIOW (hOPMY, MPHUCYIIYIO MPS-
MOCTOSIIEMY JIECHOMY icpeBy. Kiaccuueckuit o61uk 6e-
pe3bl COXpaHAETCsA 61arojapsl BBICOKOMY aJallTUBHOMY
MOTEHLIUANLY BUJA.

Kiarouessnie caoBa: barikana, octposB ONbXOH, IECUYAHBIE
crenu, 6epesa, IKOJIOIHUYECKUE YCIOBUS.

4 IPOTSKEHUU MHOTHUX JIET MBI U3Y4d€M PACTHU-

TENIBHOCTD U T€OJOTUYECKYIO UCTOPHUIO OJIBXO-

H4 — KPYIMHOI'O OCTPOBA HA Barmkane. 3a 310
BpEMs HaM HE Pa3 NPUXOJUIOCH YOEK/JATHCA B CAMO-
OBITHOCTH MECTHBIX JAHAMA(PTOB U YHUKATBHOCTU
OTJIE€bHBIX NPUPOJHBIX 06BEKTOB. OCOOEHHOCTH XK€
KIMMATUYECKUX YCIOBUI OCTPOBA, KOTOPBIE BBIPA-
JKAIOTCS B HECTEPIUMOM JIETHEM 3HOE, UCXOJAMEM
OT 6€3BOJJHBIX CTENMHBIX NPOCTPAHCTB, U B IPOHU3HI-
BAIOIIEM XOJIOZIHOM, HEUCTOBOM 0aHKaJIbCKOM BETPE,
MBI Y4aCTO MCIBITBIBAEM Ha Cce6€ BO BpEMs HAIMUX
MHOT'OUMCIEHHBIX 3KCIEAUIIUI.

B 0lHOM 13 MapHIPyTOB, IPU O6CIEJOBAHUY Y4a-
CTKA4 CTENMM HA IOr0-3aMaJHOM MOOEPEKBE OCTPOBA,
MBI HEOKM/IAHHO MOBCTPEYAIN YHUKAIbHBIN OOBEKT.
B TOT J€Hb MBI MEJJIEHHO MNPOABUIAINUCH 11O HAME-
YEHHOMY IYTH, IPEOJI0IEBAS BEBICOKUE XOAMBI U IMH-
pOKHE KOTTOBUHBL CIIYCTUBIINUCH C OYEPEJHOTO BO3-
BBIIIEHUSA B HU3UHY, MBI 3AMETHIN BJAJIEKE TEMHYIO
TOYKY, HAPYIIAOIYI0 MOHOTOHHOCTb NPU3EMHUCTON
CTENHOU PACTUTENBHOCTHU. MCCIEN0OBATENBCKOE JIIO-
GONBITCTBO 32CTABWJIO HAC U3MEHUTb MAPUIPYT U Ha-
NPABUTHCA K 3aTaZIOYHOMY OOBEKTY. UeM OIMKE MBI
MOJXOAWIN K HEMY, TEM BCE OOJIEE BO3PACTAIO HAIIE
HeTeprnenue. [IpubIn3uBIMUCh, MBI AXHYJIU OT yJUB-
nennd. I[lepen HAamMUM B30POM NpeAcTana Oepesa.
Cpasy BCIOMHHJIMCH CJIOBA H3BECTHON IeCHU «Bo
roJsie 6epesa CTosId ...

CTpoiiHas KpacaBuIla OJMHOKO BO3BBIIIAIACH
B CTEMNH, ABJIASL COOON UyIECHOE TBOPEHUE NPUPOJIBL.
Ee BHEMHUIT OOIUK, OTPA3UBIIUILCA B (POPME CTBOJA
U CTPYKTYpE MOOETOB, COTJNACHO CYIIECTBYIOMHUM
B OMOJIOTHUU IKOJIOTUYECKUM U MOP(POTOTUYECKUM
MPU3HAKAM, OblJI COBEPIICHEH.

IToyeMmy K€ 3TOT IK3EMILIAP O6epe3bl BHI3BAI Yy HAC
TaKoe BocxuIineHue? Jleso B Tom, uro Ha OnbXOHE 6e-
pes3a Mano pacnpocTpaneHa. HeGonbume BKpaIieHus
OEPE3HAKOB MOXHO BCTPETUTH JIMMIb CPEJU JIECHBIX
(pUTOLIEHO30B B TOPUCTOH, HAUOOJEE YBIAKHEHHON
BOCTOYHOH 4aCTU OCTpoBa. Hanpumep, 6anHbIl O6epe-
30BBIN BEHUK B 06uxoje xurteaeit OnbXoHa — 60J/b-
mas peJKOCTb. YTOOBI JOCTATh TAKOU, HAZIO HE TOJIBKO
3HATb MECTA IPOU3PACTAHUA OEPESDI, HO U UMETD BO3-
MOXHOCTB M 6OJIBIIOE KENTAHUE 0OPATHCA TY/A.

© Kaceanosa J.H., Mazyka630os A M., 2018
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B necHas
[ | crenHas

10 km

* — CeMWCOCeHCKan KOTNOBUHa

PacTnTensHocCTb:

[ | y4acTkm necyaHbix cTenei

pe3bl MOBUCION NPOTATUBAETCS
C cesepa Ha IOr, OT TYHAPHL JO
crenu. BocTrouyHad rpaHuna pac-
NPOCTPAHEHUA BUJA HAXOAUTCSA
y barnkana [1].

Hama 6epesa pacrer B 3a1a[-
HOI, cTenHOM, yacTu OJNbXOHA,
B CEMHCOCEHCKON KOTJOBUHE,
pacnonoXeHHON Ha O6epery oj-
HOUMEHHOMU I'YOBl U IPOINUBA Ma-
noe Mope. [lepeBy npubiusu-
TeabHO 50 nmer. OHO UMeEEeT OJUH
CTBOJ BBICOTOI 0KOJIO 10 M 1 06-
xBaToM 90 cMm (Ha BpICOTE 1.3 M).
Kopa ¢rBOJIa IPEUMYLIECTBEHHO
6emasd, HO HA BBICOTE NMPUMEPHO
1 M OT HOBEPXHOCTHU UMEET KeJl-
TOBATBIM OTTEHOK M3-34 IPUKOC-
HOBEHHUH DPYK JIOOOMBITHBIX TY-
PUCTOB U TEJI JOMAIIHEIO CKOTQ,
nacymerocsa nobéauzoctu. Kpona
6epe3bl PACHIONOKEHA BBICOKO —
B 210 ¢M OT NOBEPXHOCTHU ITOYBHI.
CTpPYKTYPY KPOHBI OOpa3yIOT KU-

Cxema pactutenbHocTi 0.01bXOH.

BcrpedeHHBINT HAMHM 3K3EMIUISIp — 6epes3a mo-
sucnaa (Betula pendula Roth). DToT B npouspac-
TAaeT B PA3HBIX IPUPO/HBIX 30HAX EBpasuu. B espo-
neickor yactTu Poccun oH Hanbosee pacnpocTpa-
HEH B JIECHOUN U JIECOCTENIHOU 30HE. 32 YPAIbCKUMU
ropamu, B 3anaguout u Cpeaneit Cubupu, apean 6e-

BbI€ CKEJIETHBIC BETBH, PACTYIIHUE

B JBYX HAaIpaBJIEHUAX, BBEPX

1 HEMHOTI'O B CTOPOHBI. BOKOBBIE

CKEJICTHBIC BETBU OPUCHTUPOBAHLI OT CTBOJIA TOJ

OCTPBIM YIJIOM BBEPX, BEPXYHICYHBIC — IOYTH BEp-

TUKAJbHO BBEPX. [IpU 3TOM BEpPXyNIECYHbIE BETBU HE-
MHOTO TOJIE OOKOBBIX.

B nerHuit nepuos BeTBU O€PE3BI C PA3BEPHYBIIN-

MHCS HOJHOCTBIO JIUCTBAMH OOPA3YIOT KOMIAKTHYIO,

OpmHoKas bepesa

Ha NpocTopax CeMucoCceHCKO KOoTnoBUHEI. Ha 3agHem

nnaHe — rony6as mapb CemucoceHcKom ry6ei.
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MIOYTH OBAJIBHYIO KPOHY. 32 AECATKU JIET OAUHOYHOI'O
pasBuTU Cpeu 6€3BOAHOIO MPOCTPAHCTBA ONbXOH-
CKOH crenu 6epese yAanoch ChOPMUPOBATh UJI€ATb-
HYIO BHEIIHIOIO (DOPMY, XAPAKTEPHYIO I JIECHBIX Jl€-
peBbEB. B MMPOKO M3BECTHOM CHUCTEME KU3HEHHBIX
dopm pacrenunt N.I.Cepebpsakosa 6epe3a IOBUCIASL
OTHOCHUTCS K O/JHOCTBOJIBHBIM KDOHOOOPA3YIONUM Jie-
PEBBAM C JIMCTONAJHBIM PUTMOM Pa3BUTHSA JHUCTBLI
1 IOJTHOCTBIO O/IPEBECHEBAIONMUMU YATUHEHHBIMU 110-
6eramu [2, 3]. CrBon O6epe3bl JAHHOU KU3HEHHOI
(GopMBI CTOCOGEH MHTEHCUBHO HAPAMUBATH JIUHY
u tommuuy 10 50-60 neT, mIpu OOBIIEH MPOJOIIKU-
TEJIbHOCTHU KU3HU Jepesa 100-120 ner.

[To HameMy MHEHMIO, OJJUHOKAs 6€pe3a BBIpOCIa
U3 CEMEHU, KOTOPOE€ OBIIO CIYYaHHO 3aHECEHO
B CTEMHYIO YACTh OCTPOBA BETPOM, ITUIIAMH, KUBOT-
HBIMHU, PEI6AKAMU WX TypUCTAMHU. CaM 1O cede (PaxT
MOMNAJJAHUS CEMSIH JIEPEBbEB HA CTEIHBIC YYACTKA —
0o6bpIyHOE ABIeHUE. OAHAKO OIaronoay4yHOE Pa3BU-
THE JIEPEBA B OJTbXOHCKOU CTENU B TEUECHUE HECKOJIb-
KHX JECATKOB JIET U3 CEMEHHU /IO B3POCIOrO pacre-
HUA — CJIy4ail I NIPUPOABI OCTPOBA YHUKAJIbHBII.

[TornpobyeM pa3zo6paTbCss B OCOOEHHOCTAX OUO-
JIOTUYECKOTO PA3BUTUA OEPE3Bl IOBUCION, XKUBYILCH
Ha OCTPOBE B 3KCTPEMATBHBIX YCIOBUAX. 13 mybiu-

CrenHas toro-3anagHas 4actb 0.01bXOH. 3HAYKOM MOKa3aHo
MecTopacnonoxeHue 6epesbl.
www.google.com/earth

KallUi IO 3KOJOTUYECKON MOP(OIOTUU PACTEHUU
MBI 3HA€M, 4TO y O€pe3bl Ha NPOTAKEHUU KU3HU
OOBIYHO HAOGJIIOJETCH HECKOIBKO BO3PACTHBIX MEPHU-
OJ/10B, KOTOPBIC CBSI3AHBI C PA3BUTHUEM IJIABHOI'O CTBO-
12 1 GOPMUPOBAHUEM KPOHHI [2].

Yu3HecTolikas 6epe3a noBucnas B necyaHoit crenu OnbxoHa B pasHble ce30Hbl roga. CHUMOK cnpaBa XOpowWo NepefaeT ujeanb-
HYI0 CTPYKTYpY BEreTaTuBHbIX OPraHoB Aepesa.
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CaMpl¥ pAaHHUH IEPUOJ OXBATBIBAET MPOMEXKYTOK

3 BPEMEHU OT MIATU O BOCBMHU JIET. B 3TO Bpems mpo-

pOoCTKH 6€pe3bl OOBIYHO HAXOJATCSA B TPABIHOM IIO-

3 KPOBE, IOJI MOJIOTOM KYCTAPHUKOB U CPEJU MOAPOCTA

v JEPEBLEB, 06PA3YA OJHOCTEOENBHYIO CTPYKTYPY. Ba-

@\ro,uapx TEHEBBIHOCIIMBOCTH MOJIO/IO€ JIEPEBO YCIIEII-

HO pPa3BUBAECTCA U NPHU OIPAHUYECHHOM KOJUYECTBE

conuevHoro csera. K 10-15 rogam 6epessl nepepac-

VQ TAIOT TPABOCTON M BBIXOJAT U3 3aTCHEHHUA. B ycoBU-

Q SIX BBICOKOHM OCBEIIEHHOCTH HOJPOCT 6epe3bl obpa-

3yeT MHOTOYUCIEHHBIE OBICTPOpPACTYIUE MOOGETH.

3 N3-32 uX c1ab0i COMOJYUHEHHOCTH MOJIOJIBIE OCOOU

NpUO6PETAIOT 06IUK KycTa. B Bo3pacre or 10-15 1o

3 40-50 et y epeBa yCUIUBAETCA POCT IMaBHON (JIU-

JEPHON) OCU U NPOOYKLAETCA CONOJUYUHEHHOCTH

MEKy IVIaBHOM OChIO U OOKOBBIMU moberamu. B pe-

3ynbrare y 6epesnl (GOPMUPYETCA APEBOBUAHAA (HOP-

Ma C OCTPOBEPUIMHHON KPOHOM, B KOTOPOU XOPOIIO

§ BBIPAKEHA TJ1aBHAA OCh. IT0 TONIMHE OHA TPEBOCXO-

%) /JAUT BCe OOKOBBIE BETBU. [Tocie 50 neT y jepesa usme-

HAETC O6Iee HANPABICHUE POCTA BETBEU B KPOHE.

B 3aBUCHMOCTH OT KIMMATUYECKUX YCIOBUM Y OGHUX

3K3EMIUIAPOB JEPEBLEB BETBU MPOJAOJIKAIOT PACTU

BBEPX, A y JIPYI'UX CBEUIMBAIOTCS BHU3, IPU/1aBasd Jic-

PEBY TaK HA3bIBAEMYIO IVIAKYYECTh. DTO SABJICHUE CUU-

TAETCA CJIEJCTBUEM OCAA0IEHUSA KAMOUAIBHON fles-

TENIBHOCTHU B OPraHax 6€PE3Hl, BEAYIIETO K (POPMUPO-

BAHUIO B KPOHE TOHKUX MOOGETOB C JUIMHHBIMU MEX-

J0y3nuAMHA. OIHAKO IIAKY4ECTh Y O€PE3BI MOABIAET-

Csl HE TOJIBKO MO/ BIUSHUEM BHYTPECHHHUX IIPOIEC-

coB. OHA4 MOXET BO3HUKHYTb M B KOHKYPEHTHOU

60pbOE 32 BO3/IYIIHOE IPOCTPAHCTBO, 4 TAKKE BCIIEA-
CTBHUE MTOCTOSIHHOTO BO3JIENUCTBUSA CUIBHOTO BETPA.

B mosgHeEM BO3PACTHOM IepUoje OepesHl,

ot 50-70 go 100-120 meT, pOCTOBBIE MPOIECCH

ncaMMOd)MTHaﬂ PacTUTeNbHOCTb, d)OpMVIpyIOLIJ,aﬂCﬂ B KOTIOBMHE Ha 30J10BbIX NEeCKax.

B I[VIABHOW OCH JIEPEBA MOCTENEHHO 3aTyxaloT. Ilo-
HEMHOTY OH4 YTPAYUBACT JIUAUPYIONIEE MOTOKEHUE
Cpenu BETBEU BEPXHEHW 4aCTU KPOHBL. IlepecTporika
B OpraHusMe O6epe3bl NPUBOAUT K IPEKPAMEHUIO
pOCTa IepEBA B BEICOTY, HO IIPU 3TOM IPUPOCT B TOJ-
MIMHY Y CTBOJA U BETBEHU coxpaHderca. Kpona spe-
JIBIX JIEPEBbEB IMOCTENEHHO NPUOOPETAET PACKUAUC-
TBIH KyIOJOOOPa3HBI OOMUK. CO BPEMEHEM B HEH
VBEIUYUBAETCA J0J YCBIXAIOMUX BETBEH, IPUYEM
BO3PACTHBIE ABJIEHHUSA HE BBI3BIBAIOT IOJHOM 4ATPO-
¢pum pepesbeB. OHU NPOAOJIKAIOT PA3BUBATLCA 34
cueT 06pA30BAHUA BTOPUYHOU KPOHBI M3 CIAIMMUX
IIOYEK BETBEHU U CTBOJIA.

Cnexnyer MOAUEPKHYTD, YTO B (POPMUPOBAHUY KU3-
HEHHON (DOPMBI IEPEBA KAK €JUHOTO OPraHU3MA BAXK-
HYIO POJIb UCHOJNHAET TTaBHAA OCh. OHA PEryIUpPYET
MHTEHCUBHOCTb POCTA BCEX OOKOBBIX BETBEI, OO€CIIE-
YMBAAg UM CONOJAUYMHEHHOCTD U PACIIOJIOKEHNE HA T10-
6erax aCCUMUJINPYIOMNUX OPTaHOB (JINCTHEB). [ITaHHYIO
COINOJUUHEHHOCTb, KAK U3BECTHO, CO3/JA€T KaMOUU
B PE3YJBTATE CBOEU AEATENBHOCTH, CTUMYIUPYIOMEH
IIPUTOK POCTOBBIX BEMECTB K BEPXYIIKE.

O4eBUHO, YTO PACTYIIAd B OJIbXOHCKOI CTENH
OJMHOKAA 6€pe3a MOBUCIAA HAXOJUTCA B HEOOBIYHBIX
JUISL TOT'O BU/IA SKOJOTMYECKUX yCa0BUAX. Ee MecTo-
obuTaHue NpeacTaBaieT CO60U KOTIOBUHY, IPOCTU-
pAONYIOCH OT ILIsAXKA BIyOb CYMM HA 2 KM. Y 6epera
MHUPUHA KOTJIOBUHBI COCTABIAET 1.5 KM, a IO Mepe
yIAJIEHHA OT 03epa OHa CHIKAETCA 710 0.6 KM.

JHO M 4Y4ACTUYHO CKJIOHBI KOTJOBUHBI ITOKPBITHI
30JIOBBIMH MECKAMHU, HCTOYHUKOM KOTOPBIX CIYKUT
nponaus Manoe Mope [4]. Cieyer HOACHUTD, YTO OT-
Jl€JIbHBIE TTIECUYAHBIE MACCUBBI BCTPEYAIOTCA 11O BCEMY
3aMMaIHOMY MO6GEPEXKDBIO OCTPOBA. MX (opmuposa-
HHE HAYAJIOCh OKOMO 0.7 MIH JIET, NPOAOJIKAETCA
OHO MU B HACTOAILIEE BpeMA. DTHU
MPOIECCHl TECHO CBA3AHBI C MEJI-
KOBOJHBIMU 3aJIMBAMH, MOCKOJIb-
Ky TPAH3UT MECYAHOIO MaTepHUa-
JIa ¥ €r0 OCAXKJAEHUE HA CyIIE Ha-
YUHAETCA C IsKen. [Toy Bo3aen-
CTBHUEM BOJIH IECOK BHIOPACHIBA-
eTca B OEPETrOBYIO 30HY, I'/l€ MOJ-
XBATBIBAETCA BEeTPOM. YacTbp Ma-
TEpUaNa OCAKAAETCA B IPUOPEXK-
HOW 4aCTU OCTPOBA, 371eCh Pop-
MHUPYVIOTCA 30JIOBBIE AIOHBI Pa3-
JIMYHOM MOINHOCTHU. [JlIOHHBIE IIEC-
K1 Ha Baiikane, 1 B 4aCTHOCTU HA
OnpxoHe, BCTPEYAIOTCA JUIIb JIO-
KaJIbHO, TEM HE MEHEE IO I€HE3U-
Cy OHH OJIN3KU OEPETOBBIM ITECYA-
HBIM JIIOHAM, OOpa3yIOMIUMCSl BHE
MYCTBIHHBIX 30H, Hd MOOEPEKbAX
MOpEN U OKEAHOB.

Ha noaBUKHBIX JIOHAX OJIbX0-
H4 Pa3BUBAETCA PACTUTENBHOCTD,
CYNATAIOMAACA A9 OCTPOBA 430-
HanpHOM. OHA ciaaraercs puroe-
HO3AMHU CTEMHOI'0 U JIECHOIO TH-

54

IDIPUPOITA » Nel12 2018



BUOTEOrPA®UNA

110B. JIeCHO! KOMIIJIEKC NMPECTAB-
JIEH OCTENMHEHHBIMU COOOIIECTBA-
MH HM3 COCHBl OOBIKHOBEHHOH
C y4aCTHUEM JIMCTBEHHUIIBI CUOUP-
CKOM, 4 TAKXKE COCHBI U JIMCTBEH-
HUITBI HEOOBIYHBIX KM3HEHHBIX
dopmMm, pacTymux NOOJUHOYKE
unu rpynnamu. CTenHON KOM-
IJIEKC COCTOUT M3 NMCAMMOQUT-
HBIX (DUTOLIEHO30B, B HEM [OMU-
HUPYIOT PAaCTEHHUA, IMPUCIOCOO-
JIEHHBIC K )XKM3HU HA MTECKAX.

Kak u3BecTHO, B (DpOPMHUPOBA-
HUHU A30HAJIBHOI PACTUTENBHOCTH
[JIABHYIO POJIb UTPAET MOYBEHHBIN
¢axrop [5]. Ilecuyanslit cybCcTpar,
HECOMHEHHO, onpeaenser dop-
MUPOBAHHUE ITUX KOMIIIEKCOB HA
6eperax barikama u Ha OJbXOHE.
HO HEMaJIOBAKHYIO POJIb UIPAET
u k1uMat. OCOOEHHOCTU TPUPO/I-
HO CPE/Ibl IECUAHOTO MOOEPEKDS
ONbXOHA IOTIONHAIOT CUJIBHBIE BE-

TPBH U HEOOJBIIOE TOLOBOE KOJIU-
YECTBO aTMOC(EPHBIX OCATKOB.
Orpomnoe BIMAHHE HA OCT-
POBHOH KJIHMMA4T OKA43BIBAET BOJ-
Has Macca barikana, onpeensionias GOpMUPOBAHUE
HEOOBIYHOTO TEMIIEPATYPHOIO U BETPOBOI'O PEXKHU-
M4, 4 TAKXKE TOPHBIE XPEOTEI, IEPEPACIPENENAIONINE
BO3/IVIIHLIE MACCHl HaJl MOOGEPEKBEM U AKBATOPHUEH.
Tak, IIpuMopckuil xpebeT, OKAUMIAIONUY BIAAUHY
baiikana ¢ 3amajia, IpeACTaBIsIeT COO0OU TPOMAIHBIN
KIMMATUYECKUNA 6apbep, HA KOTOPOM OCAXKJAETCA
BJIArd BO3JYHIHBIX MAaCC, JBHKYMUXCA K 03epy. Ilo
3T0¥ npuunHe OJNbXOH U [1pnob-
XOHBE MOIYYaIOT OCAJTKOB MEHBIIIE
(191-203 mM), ueM BCe OCTANLHOE c3
no6epexbe bartkana [6].
PacTUTENBHOCTD TEPPUTOPUU
BO MHOIOM OIPEAEIAETCA Pajna-
LIMOHHBIM MH/IEKCOM CYXOCTH, T.€.
COOTHOIIIEHNUEM TEIIA U BIAru. Yc-
TAHOBJIEHO, YTO AN 60pPEaIbHBIX
JIECOB 3TOT MOKA34TENb COCTABIIAET
0.5-1, nns crenert — 1-2, ayis mo-
JYIOYCTBIHb — 2—3, I IyCTBIHb —
>3. NHJAEKC CYXOCTH OJbXOHCKHUX
cremneit cocrasusier 1.86, 4T0O npu-

PactutenbHOCTb NecyaHoro nasxa.

18IN2HHIVOVY 2 ”ywewvg

HBIE€ BETPBI CIIOCOOCTBYIOT TPAHCIIOPTUPOBKE ITECKA
C IJISKA YE€PE3 BCE NPOCTPAHCTBO KOTIOBUHEI BINIyOb
ocTposa [11, 12]. I[TeCYnHKNA IPOHOCATCH BBICOKO HA/J
3€MHOI MOBEPXHOCTBIO, U 11O MYTH U3 BO3AYHIHOIO
IIOTOKA CHA4asa BBINAJAIOT TSXKENble (PPAKIIUU, TOH-
KHM CJIOEM MOKPBHIBAIOMIKE JHO KOTJIOBUHEL JIerKue
1 cpefiHue (PpakIUM MECKA OTIAraloTcs HAa 60pTax
KOTJIOBUHBI B BU/JI€ HEBBICOKUX I'PAI.

AR AR

MEPHO COOTBETCTBYET CTEIIHOM 30-
HE YMEPEHHBIX IHUPOT, TOJLOBOE
YBIAKHEHHE KOTOPOI OIIEHUBAET-
€Sl KaK YMEPEHHO-HEAOCTATOYHOE '

I
1000 m

| N
500 750

]2 W3 Y4 [8]5 X6

u ckygHoe [7-10].

CeMHUCOCEHCKAA KOTIOBUHA HA
BOCTOKE, 3aI1a/I€ U I0I'€ OI'PAHUYE-
HA XOJIMaMHU PA3HOM BBICOTHI, B TO
BpeMs KaK CEBEPHAA €€ 4acCTb OT-
KpBITA BETPAM U3 aKBaTOpUN baii-
Kkasna. Kak yxe roBOpHUJIOCh, CUJIb-

MpogonbHbiit Npotuns CeMUCOCEHCKON KOTNOBUHbI. YcnoBHbIe 0603HaueHus: 1 —
03.bailkan, 2 — raneyHo-necyaHslit NAAXK, 3 — COBPEMEHHbIE MOKPOBHbIE 30/10BblE
necku, 4 — KOpeHHble NMOPOAbl, 5 — MecTononoxeHue 6epesbl, 6 — HanpaeneHue
BO3/yLIHbIX NOTOKOB (CUHAS CTPENKa — HaCbILWEHHbIX BOAAHBIMM NapamMu, KpacHas —
TPaHCMOPTUPYIOLLUX MEecYaHbIil MaTepuan).
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TPOBA, CIYKUT KOH/ICHCAIIMOHHAsA
BJIara, KOTOpas OCENAET HA JUCTb-
AX U BETBAX U3 POCHI U TyMaHa. Ty-
MaHBI 3/I€Ch B TEIUIBIIA EPUOJ T'O-
Ja — o6pryHoe spiaenue. OHU 3a-
POX/AAI0TCA HAJ| AKkBaTopuen baii-
KaJa 1 IPOHUKAIOT BIIyOb CYIIH
HACTOJIBKO, HACKOJBKO MO3BOJIA-
€T oporpadua U IOTOJHBIE YCIO-
BrA [13]. TyMaHBl HACBIIIAIOT JIUC-
ThsI BJIAT'OM, U TAKUM OOpPa30M pac-
TEHUA YACTUYHO YJOBIETBOPAIOT
CBOM NOTPEOHOCTH B BOAE [14-17].

Bonpexu Tomy, 4TO BO BCE Bpe-
MEHA TOJa OJIbXOHCKasA 6Gepesa
MOABEPTrae€TCAd HANOPY CHJIbHBIX
6alKaTbCKUX BETPOB, CTBOJ €€ HE
COTHYJICA, HE HAKIIOHMJICA, 4 BETBU
HE Pa3METANUCH B PA3HBIE CTOPO-
HBl. [IpaBUAbHAS U KOMIIAKTHAas
BHEmHAA (popMa JepeBa CBUJE-
TEJNBCTBYET O €TI0 3HAYUTEIbHOM
AIATITUBHOM TNOTEeHIIMane. B Ha-
croduiee BpeMsa 6epe3a OLUHOKO
CTOUT Cpeu OOIIMPHOTO MPOCT-
pancrTsa crenyd. OHA HE YyIHETEHA.
Ee 06/IMK ujeaieH.

OIMHOKO CTOAImNE JEPEBHA
HU3JPEBJIE NPUBIEKAIN BHUMAHHUE
JMOJEN U MOYUTAIUCh B KYJIBTYpE

CocHa Ha capaﬁCKOM nec4yaHoMm maccuse Ha 6epery O[lHOMMEHHOro 3anuea. Ha nepe-
BE 3aMeTHbl BeTBU 6e3 XBOW, Oronuslinecsa B pesynbrate MexaHU4ecKkoro BO3[eWCT-
BMA NecKa, NnepeHOCUMOro CUNbHbIM BETPOM.

BoszaymHble MOTOKH, HECYHIHE MECOK, 11O BCEH
BUJUMOCTH, INPOHOCATCS HAJ] KPOHOM Jepesa.
Ha cTBOJIE 1 BETBAX 6EPE3BI MBI HE OOHAPYKUIU CIIe-
JJOB MEXAHUYECKUX MOBPEXKJEHUHU, OOBIYHO OCTAIO-
MUXCA HA AEPEBBAX OT BO3JEUCTBUA MECUYNHOK, I€E-
PEHOCUMBIX BETPOM. [IpH 3TOM B aHAJIOTUYHBIX II€C-
yaHBIX Maccubax OJIBXOHA, I7I€ BETEP CO CTOPOHBI
Darikana uMeeT MHOE HAIpaBICHUE U OOJEe BBICO-
KYIO MOIIHOCTb, BCTPEUYAIOTCA COCHBI U JIUCTBEHHU-
OBl CO COUTOI XBOEH.

[apMOHHWYHBII BHEIMHUIT OOJUK O€PE3DI YKA3BIBA-
€T Ha TO, YTO OHA PA3BUBAETCA B YCIOBUAX OITHU-
MaJIbHOTI'O YBJIAKHEHUS. BEposATHO, IEPEBO 1OJAYYaAET
BJIATY U3 I'PYHTOBBIX BOJ|, KOTOPbIE HAKAMINUBAIOTCA
B TPEMIMHAX MOACTUIAIOMUX IOPHBIX nopoj. O6 ux
HQJIMYUU TOBOPAT HEOOJBIINE YUACTKU JTYTOBUH, I0-
pocune BIaroaoOUuBEIMU OCOKAMU.

Kpome Toro, JONOMHUTENbHBIM HCTOYHUKOM BOJBI
JUIs1 6EPE3bl, KAK U /I IPYTUX CTEIHBIX PACTCHUI OC-

Jiuteparypa / References

pa3HBIX HAPOJOB. Tak u 3Ta 6epe-
32 OBESIHA JIereHjaMu. B oqHOM U3
HHUX PACCKA3BIBAETCA O IMAMaHKE,
OrubIed, a 3aTeM BEPHYBIICHCS
K JIIOJAM B BUJIE OJUHOKOIO Jepe-
Ba. MeCTHBIE XUTEIU YBEPSAIOT, UTO HU3JAJIU B KDOHE
MOJKHO 3AMETHUTb OUYEPTAHUA KEHCKOT'O JIUIA.

B TeyeHune 10OATOro BpeMeHH 6epe3a OblIa U3BECT-
H4 JIMIIb MECTHBIM MTACTYXaM, U JIEPEBO POCIO O€3 MO-
MeX. OJIHAKO B MTOCJIEJHUE TOABI C PA3BUTUEM TYPHU3-
Ma Ha OCTPOBE OKPECTHOCTHU CTATU MHOT'OJIOJHBIMHU,
OTYEr0 TPABSIHOM IIOKPOB BOKPYI' CTBOJIA HAadal [e-
rpaguposars. Cenldac, 4TOObl 3AMUTUTD OJAUHOKOE
JIEPEBO, HEPABHOYIIHBIE JIIO/IU MBITAIOTCSI COOPYAUTD
€My JOCTOMHOE OTPAKIECHHUE.

Kenasa cbepedb 3TOT IK3EMIUIAP GEPE3BI OT BAH-
JA7I0B, MBI ITOJJAIN 3ANIPOC B CEPTUPUKALTUOHHYIO KO-
MHUCCHIO Bcepoccuiickol nporpammbl «JepeBbsa —
MaMATHUKHU XKUBOM NMPUPOJBI», 3AHUMAIONYIOCH BO-
NIPOCAMHU COXPAHEHUA NPUPOJAHOTO HACIEJUSA Ha-
Oouu. PemeHueM 3TOM KOMUCCUU JKU3HECTOUKASI Oe-
pe3a moBucIasg Ha OCTPpoBe OJbXOH IPU3HAHA YHU-
KaJIbHOM 1 BKJIIOYE€HA B HAIMOHAIBHBIN pEECTp Jepe-
BbeB Poccun.m
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Birch in the Olkhon Steppe

L.N.Kasyanova', A M.Mazukabzov?
'Siberian Institute of Plant Physiology and Biochemistry, Siberian Branch of RAS (Irkutsk, Russia)
“Institute of the Earth's Crust, Siberian Branch of RAS (Irkutsk, Russia)

The presented report describes a unique birch tree, discovered by researchers in the steppe part of Olkhon Island in
Lake Baikal. At all seasons a solitary tree can withstand the onslaught of strong Baikal winds and the drying heat of
the sandy steppe. Despite the extreme conditions, the birch tree managed to form an ideal external shape inherent
to an erect forest tree. The classical appearance of birch is preserved due to the high adaptive potential of the
species.

Keywords: Baikal, island Olkhon, sandy steppe, birch, ecological factories.
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N Bripaomuiics amepukaHckui pusuk x.A.Vunep (1911-2008) 3HaMEHUT CBOUMHU PabOTAMU 11O KBAHTOBOU MEXAHU-

K€ U AJepPHON (pusuke, 0OIEN TEOPUU OTHOCUTEIBHOCTU U KBAHTOBOI I'DABUTAIUU, ACTPOPUIUKE U KOCMOJIOTUU.
)Y OH ObUI TAKKE U3BECTEH NPEACKA3AHUEM TEHJAEHIIUN PAa3BUTUA (PYHJAMEHTAIbHBIX 3aKOHOB Beenennon. Ero Tpyaa-
g\MI/I CO3JaHa KPYIHAsd AMEPUKAHCKAA HAy4YHas MIKOJAA (PU3UKOB.

@ Kiarouessie ciaoBa: Teopus bopa—VYunepa, reoMeTpOJUHAMHUKA U KBAHTOBASA I'PABUTANINA, HH(HOPMAIIUA U 3aKOHBI
pu3ukn, HaydHAs MKOMa YUJIEPa U «CEMbS TPABUTAIIMOHUCTOB>.
Yunepa moaxana enepeod aaxcoa y3namao, 4mo JLexsCum

3a npeodenamit YCMaro6LeHHbLX 3AKOHOE.
K.C.Topu

JKOH Apuunbanps Yunep poguiacs 9 uwons 1911 1.

B I./Lxakconswie (Puaopuja, CHIA). B roas

yuebnl B YHHUBEpcuTeTe JKOHCAa XONKUHCA OH
3AUHTEPECOBAJICA KAK B3PBIBUATBIMU BEIIECTBAMU
U MEXAHUYECKUMU YCTPOUCTBAMHU, TAK U TOHKOCTSAMU
ATOMHO-MOJIEKYJIAPHOIO yuyeHUA. C U3YYEHUEM HH-
JKEHEPHOTO iesa YUIePy OTKPBIIACH LIEHHOCTD MATe-
MATUKH DU PENIEHUN 33/1a4, 32 KOTOPbIE OH 6pajcs
B TEUCHUE NOCIEAYIOMEN pabOTEl B 001ACTH HAYKU
U TEXHUKU.

Ero Hay4HyIO J€ATEAbHOCTb MOXKHO PA3JC/IUTh HA
TPU OCHOBHBIX CJIEYIOIUX APYr 3d APYIOM 3TaIld.
[TepBbIN, TPOAOIKABIINANCA O HaYana 1950-X ro10B,
6B MTOCBAIEH UJEE, YTO BCE B MUPE — 3TO YdACTHU-
LBl BTOpO OCHOBBIBAJICS HA YBICUYCHUU OOIECH TEO-
puerl OTHOCHUTEIbHOCTH U BBITEKAIOWIEH U3 HEE
HUJIEEH, YTO BCE ONpeAendaoT nouad. Ha nocnennem ara-
e (1990-2008 r1.) cBOMX UCCIEJOBAHUI YIEHBIH I10-
Jomes K TOHUMAHUIO 3HAYEHN JIOTUKU U HH(POPMA-
LIMX KAK OCHOBBI Oy/ymei (pu3n4eCcKol TEOPUH.

OkoH4uB B 1932 I yHUBEPCUTET, YUIIEP B BO3PACTE
21 roja nOIy4mUII JOKTOPCKYIO CTENEHD 110 KBAHTOBOM
(pusuke — Kak pa3 B TOT MOMEHT, KOT/Id B HAYKE CTaNa
OYEBHMIHON 3HAYUMOCTb OTKpBITHI D.PUAIIpénnn-

repa u B.KIeizenbepra. B Tom xe rojgy ObI OTKPBIT
HENTPOH, a I./1.IBanenko u B.K.IerizeH6epr BoIABUHY-
JIM TUIIOTE3Y, 4TO SIAPA COCTOAT U3 NPOTOHOB U HEU-
TPOHOB. DTU OTKPBITHUS IO3BOJMUIN NPECTABUTD AJIPO
T4K XK€ ACHO, KaK CaM 4TOM.

BoT kax [I?KOH BCIIOMUHAJ 3TU ToAbl: 1933-1934 2e.
A npopaboman y I'pezopu Bpetima*, komopwiil 0Ka3an

* IBpeitr (1899-1981) — amepuUKaHCKUN QUMK 3aHUMAICA
SIIEPHON (PUBUKOM, KBAHTOBOI MEXAHUKOH U 3JICKTPOAUHAMUKOM,
(PUBHUKON BBICOKUX SHEPIMH U BOIPOCAMH TEOPUH YCKOPUTETICH.
Ynen HanmonampHOM akagemun Hayk CIIA (1939).

© Ilep6akos P.H., 2018

Oox.A.Yunep.
®oTo u3 Konnekymn Texacckoro yHusepcuteTa
www.quotationof.com

Ha meHs OonvuLoe 6auAHUue. B amu Onu Kax ou, max
U 6CA €20 2PYNNA UHIMYUIMUEHO NPUOCDICUBANUCD CTle-
oyrouett mooeau A0pa: HeumponsL u nPoOmMonsL 08u2d-
JUCH 8 00UleM CAMOCOAACOBAHHOM NOJe, AHANO2UY-
HOM 3NLeKMPUHECKOMY NOM0 amoma. IIpunaman namu
MO0eNb Oblla He MOSLKO «HedopabomanHoil», Ona Obl-
J1a 80 MHo20M Heacholi [1, ¢.709].

[TOyIUB CTUIIEH/IAIO /IS IIPO/IOKEHUS 00pa30-
Banusi, Yusep no cosery bpeitra nposen 1934 roa
B Konenrarene, B Mucturyre Hunbca bopa npu Ko-
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IIEHI'AT€HCKOM YHUBEPCUTETE. 31€Ch OH BMECTE
¢ garckuM ¢pusukom K.MémnepoM™® npucTynuia K uay-
YEHUIO HOBBIX HJIE€M OTHOCUTEJILHO ATOMHOIO fPA,
IIO3HAKOMMJICA C AKCIEpUMeHTAMU O.PepMu HA MEJ-
JIEHHBIX HENTPOHAX, MOMBITAJICA NPOAHAIN3UPOBATD
HUX BMECTE C IPYIUMU CTakepaMu. OHAKO 6€3 yuac-
Tuga HXJJ.bopa y HUX MaJIO 4TO IIOJy4aioCh.

Orcyrcrsue B MHCTUTYTE Bopa, CBA3AHHOE C €ro
NEPEXRKUBAHUAMU 10 TOBOAY TNOENU CBIHA, HE TO3BO-
MU0 YUNEPY «IIO-HACTOAIEMY> BCTPETUTHCA C HUM
B 1934 r. M nump K KOHLY CTAXKUPOBKU, Korga bop
CTaJl IPUXOJUTDL B CBOE MPUBBIYHOE TBOPUYECKOE CO-
CTOSIHUE, HAYAIUCh 6ecepl ¢ HUM. Ho ObLIO yXKe 110-
31H0. BecHoit 1935 r. JIXKOH ObUI BBIHYX/ICH BO3Bpa-
TUTHCA JoMoi B CIIA, rze 1o 1938 1. paboran B VHU-
BepcureTe CeBepHOI KaponmnuHebL.

WccnepoBaHua no KBAaHTOBOM MexaHuKe
U peneHunio appa

OJHAKO eme 10 3TOU MOE3/IKU OH BMECTE C BpenToMm
CO3JaJT TEOPUIO MPOLECCA POXKIEHUA INEKTPOH-IIO-
3UTPOHHOM MAPHl IIPU CTOJKHOBEHHUHU JBYX (POTO-
HOB, KOTOPBbI NPUHUMAET (POPMY B3AUMOJECUCTBUSA
Y-KBAHTOB B XOJI€ TAKOTO NpeBpanieHus. I1o]00HbIH
NIPOLECC OBLT NPEACKA3AH UMU /I CUIbHBIX 3JIEKT-
PHUYECKUX IIOJIEN U IPUMEHECHUSA JIA3EPHBIX UMIIYIIb-
COB OOJIBIION MOITHOCTH.

[Tporecc 3TOT — OJHO U3 NPOABIECHUU IKBUBA-
JICHTHOCTH MACChl U 3HEPIUU — HE HAOMIOAAICA HA
NIPAKTUKE U3-3d CJIOXHOCTU (POKYCHUPOBKU BCTPEY-
HBIX y-nyder. Ho B 1997 1. B HanjmoHaabHOM YCKOPHU-
TEJIBHOU JTA00PATOPUM YAANOCh PEAIU3OBATH IPO-
necc bpenra—VYunepa, UCIONb3YA IAEKTPOHBI I
CO3JaHUSA BBICOKOIHEPTETUYECKUX (POTOHOB, KOTO-
pBl€, yUACTBYS B LIEJIOM PSJE CTOJTKHOBEHUN, B UTOI'E
[IPEBPAIAIUCDH B JJIEKTPOHBI U IIO3UTPOHBL.

[Tpopomxaa ucciaepnosanud, [okon B 1937 1. s
ONHCAHUA B3AUMO/ICHCTBUI BBEJ B OOUXO/] MATPHUITY
pacceanusa (S-MATPHUILY, JIEMEHTHI KOTOPOI OIHUCHI-
BAIOT (PU3NYECKHUE MAPAMETPHI PACCEAHUA), A TAKKE
HNOHATHUE YHUTAPHOU CUMMETPHUMU.

B 1939 r. bop npu6bsur B I[IpUuHCTOH, e Yuuep
NPENOAABANT yXKe roj. Tam, onupasch HA OTKPLITHUE
genennsa anpa (cpenannoe JL.Mentnep n O.P.Opu-
meM), OH BMeCTe ¢ JPKOHOM pa3paboTa KBAHTOBYIO
TEOPHUIO ABJIEHUN B TAKEIBIX ALPAX IPU UX B3AUMO-
JencTBUM ¢ HeUTpoHaMu. COINTACHO €M, MEXAHU3M
JIeNIEHUS A/ipa 6A3UPYETCs HA KANEABHOI MOJIEH Jle-
JIEHUd AApd. OTa TeOpUsA H3JIO0XKEHA B JKypHAIE

* Kpuctnan Mémep (1904-1980) — marcknit pusuk. CienuaancT
110 TEOPUN OTHOCHUTEILHOCTH, KBAHTOBON MEXAHHKE, KBAHTOBOI
TEOPUH TOJI, A TAKKE MO (PUBMKE JIEMEHTAPHBIX YACTULL U MATPH-
1€ Koa(pOUIMEHTOB (TIOCIEAHAA CBA3ZBIBACT ACHUMITOTHYECKOE
MOBE/ICHUE MTPOU3BOILHOIO YACTUYHOTIO PEIIEHUA MHTEIPAJIbHO-
T'O YPABHEHUA C PEIICHUAMH B CTaHIAPTHOM (hopme). [Tpudem cae-
JIAJT OH 3TO HE3ABUCUMO OT [efi3eHOepra, KOTOPbIi MPEUIOKUII Ma-
TPUIy paccesHusa B 1943 .

b1 » vﬂnzwed?

H.bop u A.JiHWTenH — yuntens Lx.Yunepa.

«Physical Review» B nrone 1939 1. B cTathe «Mexa-
HU3M JIEJIE€HU g/1ep». B HEl ke ObII0 JOKA3aHO, 4TO
penkun B npupoje uszoron U gennTcda moj JAEnCT-
BUEM TEIUIOBBIX HEUTPOHOB.

ABTOPBI MUCAIHU: ...00BACHEHUE, KOMOPOe Mbl MO-
acem 0ams Ha 0CHOBE KANEAbHOU MOO0eauU A0DdA He
MONLKO CAMOLL 803MONCHOCMIU O0CNLeHULL, HO MAKICe
3ABUCUMOCIIU CUCHU 0CNeHUSL OM IHeP2UL U USMe-
HeHUs KPumuweckoi nepauu om A0pa K A0pYy,
8 2ABHBLX Uepmax noomeepIcoaemcs CpasHenuem
OaHHbIX HAONI00CHULL C Meopemu1eckumy npeocKa-
sanuamu (2, ¢.349]. Ilocnepuuit pas Yunep (¢ rpyn-
IIOM1 UCTOPUKOB HAYKU) BCTPETUWICA ¢ bopoMm B Hbio-
HMopke B 1961 T. Ipu 06CYKACHUYU MPOCKTA «APXUB
HCTOYHUKOB K UCTOPUH KBAHTOBOI (PU3UKU>.

3aMETKAd O TEOPHUU [ENECHUA TAKEIBIX ANEP HE-
CKOJIBKO paHee Obuna ony6iaukosaHa SLU.Dpenkenem
B «Journal of Physics» (mzgasaemom B CCCP) u «Phy-
sical Review». Ee pacmupeHHBbIN BapuaHT PpPEHKENDb
ornpasui U bopy. B npumMeyaHuu K yIoOMsAHYTOM COB-
MECTHOM C YUJIEPOM CTAThE bop otmMeTni, uTo y Ppen-
KEJIA COOCPICUMCS BbLBOO YPABHEHUA... ONUCLLBAIOU,L20
CMadUNLHOCMb A0PA OMHOCUMENbHO NPOUIEONbHBLX
MANBIX 0ePopMayutl, a maxice Hexomopoie 3amed-
HUs 0 popme Kaniu 6 COCMOAHUL HeYCIMOLMUE020
pasnosecus.. |2, c.308].

B tom xe 1939 1. Ix.Yunep ¢ 8.@epmn, 10.Burne-
pom u JL.CyuiapaoM MaTEMATUYECKU OOOCHOBAJI BO3-
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MOXXHOCTDb LIEMTHOM PEAKLUHU JEJCHUS YpaHa, OOBsAC-

HWI OTPUIATEIBHOE BIUAHUE NPOJYKTOB JICJIEHUS HA

XOJl LETHOU PEaKIUU U PA3BUI METO/bI YIIPABICHUS
9 ANEPHBIM peakTopoM. CaM [I’KOH BBIIBUHYI UJEI0 00

YHUBEPCAIBHOCTH (PEPMUEBOTO B3AUMOJENCTBUA,

YTO MOMOIJIO NMPAKTUKE OCBOEHMA LEMMHON PEAKIIUN.

Becneny 3a pabdoramu O.H.Bopa u B.P.MorTrenbcoHa

B 1950-1952 rr, Ix.Vunep smecre ¢ JJL.Xumiom
.Q B 1953 1. pa3BuJI KOJUIEKTUBHYIO MOJE/b A4P4A U IIPEJ-
3 CKa3a/]1 CYyLECTBOBAHUE M€304TOMOB (B KOTOPBIX

YACTh WU BCE JNEKTPOHBI 3AMEHEHBI HA JJPYIUE 3JI€E-
e MEHTAPHBIE YACTUIIBI C OTPULLATEIBHBIM 3JIEKTPUYEC-
§ KUM 32PsIOM).
9 B 1940 r,, xoraa yxe mia Bropasg MUpoOBas BOUHA,
g\aMepHKaHCKHe yuenble A Hup u JIx.PJanHUHT TIPO-
BEJIN IKCHEPUMEHT, MOATBEPJUBIINN TUNOTE3Y bo-
@ pa—VYuiepa o A€NeHUU AepP YPaHA NOJ AEUCTBUEM
ME/JIEHHBIX HEUTPOHOB, YTO AEUCTBUTEIBHO NIPOUC-
XOAUT i u3orona *U. OTo ObLIO BAXKHO I paboT
IO ATOMHOU 3HEPTUHU U B MUPHBIX, U B BOCHHBIX II€-
nax. Cam Yunep B 1942 1. 3aHAICA HATAJKOU, IPOBEP-
KOI HAJIEKHOCTHU U YCTPAHEHUEM HEMOIAJJOK B pabo-
Te nepsoro B CIIA peakropa B XaH]op/e.

JByMs rofiaMu paHee ero yuyeHuk P.d.DeifinMan
paboTan HaJ JOKTOPCKOU auccepranuei. B xoxne ee
o6Cyx)aeHus 6blIa CO3/jaHa Teopus Yunepa—dein-
MaHa 00 M3JIYYEHUM, ONUCHIBAIONAsA B3AUMOJIEHUCT-
BUE [JBYX 3APSKEHHBIX YACTHUI] YEPE3 BOJHBI, pPaC-
NPOCTPAHAIOIUECSA BIEPE] U HA3aJ BO BPEMEHU
(B peMIHMAHOBCKOM MHUPE INPUCTABKA «AHTU» B Ha-
3BAHUU YACTHUIIBl O3HAYAJIA TY, YTO ABMKETCSA HA3a]
BO BpeMeHHU). M3-32 uaMeHeHUA (Pa3 HA 3APAKEH-
HBIX YACTUIAX 3TH BOJHBI B3AUMHO YHUYTOXKAIOTCA
BE3J€E, KPOME OOMACTH NPOCTPAHCTBA-BPEMEHU
MEXJYy CAMHUMH YaCTUIIAMHU, I'I€ OHU YCUIUBAIOT
APyr Apyra.

ABTOpBI TEOPUHU PEMWIN BBIACHUTH, YTO MPOUC-
XOJUIO OBl B MUPE, IJI€ 3a11a3/[bIBAIONINE U OllepexXa-
I0IA€ BOJHBI CYIECTBYIOT HA PABHBIX OCHOBAHUSX.
Ecnu curHamnel, IOChIAEMBIE B IIPOIIIOE, MOJHOCTBIO
racaTca CBOMM 3IXOM, TO B HENPO3padyHON Bcenen-
HOM OYAYT TOJBKO 3aIMa3/AblBAIONINE, MOCHUIAEMBIE
B IIPOIILJIOE 3JECKTPOMAI'HUTHBIE BOJIHBI, JAXKE €CIU
KaKJas 3apsKEHHAsd 4aCcTUlla OyJeT U31y4aTh OflUHA-
KOBO KaK 321143 bIBAIOIIUE, TAK U OIIEPEKAIOIUE BOJI-
HBL. B UTOTE OOGBIUHAA PAJUONEPESAYA CTAHET TTOUC-
THUHE COOBITUEM KOCMUYECKOTO MACIITa64.

Vunep npemioxusl rufoTe3dy OJHOINEKTPOHHOMN
Bcenennoit. OHa NOCAy:KUJId OCHOBOH IIPU CO3AHUU
MojJenu BceneHHo, B KOTOPOU BCE 3IEKTPOHBI —
3TO OJAUH 3JIEKTPOH, HAXOAAMMUICA MOIEPEMEHHO
B PA3HBIX TOYKAX IPOCTPAHCTBA. [IpeAnOChIKON J/1s
cogianug [PKOHOM 3TOU T'MHIOTE3B CTAA IIPUHIIMUII
TOXAECTBEHHOCTU JIEKTPOHOB, T.€. HEBO3MOKHOCTD
3KCIIEPUMEHTAIBHO PA3JIUYUTL [JBAd 3JIEKTPOHA.
B 1965 1. B cBO€It HOGENEBCKOM peunt PerHMAH pac-
CKa3aJ O TeNe(POHHOM PA3TOBOPE C YUIEPOM HA 3Ty
TeMmy. B pasrosope Yuuep samerun: «Qeiunmarn, 5
3HA0, NOUEMY ) 6Cex ANeKMPOHOB 00UHAKOBbLLLL 3d-
pao u oounarxosas macca». Ilowemy? «Ilomomy 4mo

6Ce OHU — MO 00UH U MOM Jce neKmponl>. Oona-
K0, — npogoskun GeuHMaH, — 4 YX6AMUILCA 3d €20
MOBLCTIb O THOM, U0 NOSUMPOHbL MOIHO NPEOCmas-
JAMb NPOCMO KAK INeKMPOHbL, uoyuyue u3 6yoyu,ezo
8 npoweduiee.. Bom amo a u npuceoun! [3, c.306].
B 1948 r. ®erinMaH pa3paboTal NOAX0/ K KBAHTOBOU
TEOPUH, COTJIACHO KOTOPOMY aHTUYACTUI[A PACCMAT-
puBaNach KaK 4aCTHUIA, JBUXYIAACA OOPATHO BO
BPEMEHMU.

B nmocnepyomue rofibl KBAHTOBAS MEXAHUKA B TU-
NOTe34X U Jieaax J)KoHa BOIUIOTUIACH B PsAJie UCCIIE-
JOBAHMUH M MOCTYIKOB, Y€MYy CIIOCOOCTBOBANHN CIE/Y-
I0IHe 06CTOATENBCTBA. BO-IIEPBLIX, KBAHTOBAS MEXa-
HHUKA (BMECTE C OOIIEH TEOPUEH OTHOCUTEIbHOCTH)
Pa3BUBAJIACH U IPUMEHANACH B PA3HBIX 06J1ACTAX PU-
3UKU [IEPBOM MOJOBUHBI XX B., CTAB COCTABHOM 4YdC-
ThIO ACTPOPUZUKU U KOCMOJOTUU (YUIJIEP U €T0 CTO-
POHHHUKH TOMBITATUCH C €€ TMOMOIIBIO PEIIUTH P
AKTYQJIbHBIX IPOOIEM).

Bo-BTOpBIX, OKa3aJICSL TOJIE3HBIM OOTATEUNIUN
OIIBIT, MOJYUEHHBIN YUIEPOM B XOZ€ padboT MO CO-
3 AHUIO0 ATOMHOU U BOJOPOAHON 60M6. OH MO3BO-
JIMJI YYEHOMY M €r0 YYEHHUKAM NPUMEHUTH HAKOII-
JIEHHBIE TPEJCTABACHUS O MOBEACHUU BEIECTBA
IPU BHICOYANMIMUX AABICHUAX M TEMIEPaATypax
K M3YYEHUIO NIPOIECCOB, NPOTEKAIOIMUX NpU 06pa-
30BAHUU BO BCENEHHON YEPHBIX ABIP, 4 TAKKE 00b-
ACHUTD UX CYHMIECTBOBAHUE KAK BO3MOXHBIX KBAHTO-
BBIX OO'BEKTOB.

B-TpeTbux, BCIO KU3Hb JPKOH 3aHUMAJICSI KBAHTO-
BOM MEXAHUKON pai HOHUMAHUA IPUPOJIBI KBAHTO-
BBIX HAOIIOIEHUN U TOUCKOB OTBETA HA BONPOC: «OT-
KyZld B3SJICA KBAHT?», PAJU Pa3rajku TaniH BceeH-
HOU U CBOEW HUAEH HU3MEHYUBOCTU 3aKOHOB MOCJE
CXJIONBIBAHUA BCENEHHOI, PA/IU BBIACHEHHUSA BO3MOX-
HO¥ pOX UH(POPMALUN B IOCTUKECHUU 3AKOHOB MU-
pa u T.J., npuberas Npu 3TOM K CTABIIUM U3BECTHBI-
MU BIOCJECTBUU MBICIEHHBIM 3KCIIEPUMEHTAM.

U, B-4eTBepTHIX, B 1960 T. Yrep U3 4UCTO TYMaH-
HBIX COOOPAKEHUI BO3TIABUI ADXUBHBINT KOMUATET I10
c60opy HHPOPMALIUHU OT CO3/JATE/ICH KBAHTOBOU HAYKH.
Hy:XHO 6BUIO CIIETTHTD, HOO y&e B 1954-1960 rT. yuuin
u3 xu3Hu O.Pepmu, ADuHmTenH, /K. pon Henman,
®.B.IMaymu, a B 1961 1. — D.PYLAIpéaunrep, Tak 9ro
B pAfaX MCCIENOBATENEN KBAHTOBOIM MEXAHUKUA BO3-
HUK 3usiomui npoben. K cuacTpio, OCTABAIUCH €lIe
B kuBbIX B.K.Ienzenbepr, Hbop, [1.AM.lupak, M.bopH
1 MHOTHUE JIPYI'HE KIACCUKHU, BCE K€ MO3BOJIUBINNE CO-
XPAHUTb UCTOPUIO ITOI HAYKH /IS OOIIECTBA.

feomeTpognHamuka [xxoHa Yunepa

B 1950-X rojjax pa3BUTHE KBAHTOBON TEOPUH IIPO-
JOJIKAIOCh, U GOJBIIMHCTBO (PU3UKOB IPEAIIOYNTA-
JIO 3daHUMATHCA e10. O6masa Teopus OTHOCUTEILHOC-
TH TOIJJA YXKe IOTEPsId CBOIO AKTYAJIbHOCTD, 4 DIH-
MITEHH C €ro MOMIBITKAMU CO3/JATh CJUHYIO TCOPHUIO
IIOJIA OKA3aJICA IPAKTUYECKN B OJMHOYECTBE, pPa30aB-
JIAEMOM JIMIIb OTAENbHBIMU Y4€HUKAMU. [Ipu KU3HU
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UCTOPUSA HAYKU. DUSUKA

DHUHITENHA HE ObLUIO IPOBELEHO
HU OJHOHW MEXKJYHAPOJAHOM KOH-
gepennun uaum COIbBEEBCKOTO
KOHTPECCA, NOCBANCHHBIX OOCYXK-
JEHUIO O0Ieil TEOPUU OTHOCH-
TEJIBHOCTHU U €€ POJIU B CYHIECTBO-
BaHUU BceneHHON. 3aHATUE 3TOU
Ipo6IEMOI KA3aJI0Ch AEIOM Ma-
JIOIEPCIEKTUBHLIM, U TOJIBKO OT-
JeJlbHbIE YY€HblEe (M CPEJU HUX
npodgeccop Yuiep) eue CoxpaHs-
J1 BEpPY B €€ OyAyllee B HAYKE,
U B 3TOM, KCTATH, OblId UX HEMA-
J1as 34Cayra.

C 1938 r. /I)xoH HAgoaro o60c-
HOBA/ICA B IIpUHCTOHCKOM YHU-
Bepcurere. Kak 1 DUHIITENH, CIy-
JKMBIIUUA TaM K€, OH MOJIATaJI, YTO
IyThb K 34KOHAM IPHUPOJBI JIECKUT
yepes3 O6MIYI0 TEOPUI0 OTHOCHU-
TeabHOCTH. HO, Kak yuyeHUK bopa,
BEPUJI TAKKE B 3HAYUTE/IbHBIE BO3-
MOXKHOCTH KBAHTOBON MEXAHUKH.
[ToaTOoMy Yuaep He IPOCTO 3aHAJ-
Cs TEOPUEH I'PABUTALUU KAK TAKOBOU, HO, IPUBJICKAS
KBAHTOBYIO MeXaHUKY bopa u Terisen6epra, nmomnsrai-
C NPUMUPUTDH JABE HAYKU U 3ACTABUTh UX CIYKUTH
pasrajike TaiH BceneHHo! U ObITHS B 1IEJIOM.

Bonnomenue B XU3Hb CBOEH ujeu [I)KOH Havall
B 1952 . c 1pENOAABAHUSA TECOPUU OTHOCUTEIbHOCTH.
B mae 1953 1. oH ¢ cornacust DUHIITEHHA TPUTTACUIT
CTYJJEHTOB CBOETO KypCa Ha BCTPEYY C HUM, YTOOBLI
NOOYJUTh UX K CEPBE3HOMY U3YYEHUIO 3TOU TEOPUU.
CnycTs roji OH yoeau DUHITEHHA IPOBECTH CEMU-
Hap /Ui U3O0PAHHON TPYIIBl CTYLEHTOB-(PU3UKOB
C HAJIEK/JOM HA UX YBJIECYEHUE PENATUBUCTCKON I'pa-
BUTALMEN B Guykanmem oyaymeM. Biipouem, u camo-
My Yuuepy 6ecenpl ¢ OUHIITENHOM IIPUHECIN HEMA-
JIYIO I1OJIB3Y.

Yenex [I’KOHA B PEIIEHUU 3TOMN CIOXKHENIIEN IPO-
6J1eMBl — PENATUBUCTCKON TPABUTALUM — OIpPEJE-
JIWIN JBE €r0 OCOOEHHOCTU. BO-mepBhIX, CIOCOO-
HOCTb MHTYUTUBHO BBIOUPATH TAKUE IIYTU UCCIEL0-
BAHMSA, KOTOPBIE BEAYT K IIPOIPECCY B IOCTHUXKECHUU
3arajok BcenenHoil. Bo-BTOPBIX, 3HEPIUA IUYHOCTH,
KOTOPAs BBI3bIBAJIA Y €O OKPYKEHUA NPEKIOHEHUE
nmepeJ HUM KAK YYEHBIM U OE30TOBOPOYHYIO BEPY
B €I'0 CIIOCOOHOCTH NPOOYJUTD Y CBOUX IOCIEJOBA-
TENEH UX TAJIAHTBL U BOJIEBBIE KAUECTBA ISl U3YUYCHUSA
IIOCTABJIECHHBIX II€PEJ HUMU 32144,

Toppl cnycTs Yuaep BCIOOMUHAI OO 3TOM Kak
O nepeom uidaze Ha MeppPuUmopuIo, 3axeamusuLyio..
8000paNcerue U Ha BCI0 HCU3HL 3A0aABULYI0 HANPABIe-
Hue.. dansHetiuux uccareoosaruil [4, c.141]. Illogo6uo
A.COpgpunrrony u B.A.@oky, [DKOH HE CUUTAI yJad-
HBIM HA3BAHUE 00U4d Meopus OMmHOCUMEeNbHOCIIL,
NPEANOYNTAS HA3BIBATD HAYKY 2e0MempPOOUHAMUKOLL,
YTOOBI MOJUEPKHYTH, YTO CYMIHOCTb 3TOU TEOPUHU 32-
KJIIOYEHA B €€ JJUHAMUYECKON T€OMETPUH, U3MEHAIO-
ENUCA B IPOCTPAHCTBE U BPEMEHHU.

Kak matepus uckpuBAsieT NpoCTPaHCTBO-BpeMs.

N3o06paxeHne HACA

B 1955 1. Yunep npeanoxuil reoMeTpojuHaMuye-
CKYyI0 MOJIEJIb OOBEKTA, 3AMEHAIONYIO MACCY, — T'EOH.
[To ero ONpeJEeNneHuIo, 2801 — IMO... C2YCIMOK ANeKm-
pomazHummn020 uaU 2PABUMAUUOHH020 USYUCHUA
UNU 0O0UX 8Mecme, KOTOPbLIL YOePICUBACTNCA KAK 00-
HO yenoe 2PasumaruOHHbiIM npumaxcernuem 5, c.22].
TeM CcaMBIM OH TBITAJICS MEPENUTHU K I€OMETPU3AIIUU
¢usuxu, 1.€. K BomomeHuio uaeu Y.K.Knuddop-
714 06 UCKPUBIEHUAX U Ae(DOPMALUAX B TKAHU MIPO-
CTPAHCTBA KAK OCHOBE ABJIEHUI U NPUPOJLI PEAb-
HOCTH B LIEJIOM.

OTKa3 Y4ECHOI'O OT KOHUENIIUN YaACMUlY, KAK mo-
wex W IEPEXOJl €r0 K UJEE uaACmul, Kax OblpoK OT-
KPBIBAJI B TE€ TOABI TEOPETUKAM BO3MOXKHOCTHU JJId 11O-
HUMAHUSA 3arafloK NPUPOABI € MO3UIUI 3APABOTO
cMbicna. C 3ToN 1enblo B paboTe «[eoHbl» [IKOH Ipu-
BEJI HATJIAAHBIE WJLIIOCTPALIMY TOTO, KAK Cienuduye-
cKkue (PEHOMEHBI B UCKPUBJIECHHON T'€OMETPUU MpPO-
CTPAHCTBA CIOCOOHBI MOPOXAATh d(PPEKTH MaACChL
6e3 mMaccb, U IEKTPUIECKOTO 3apada 6e3 3apsaia,
00ecTeunBas B UTOTE YUYEHBIX OOBEKTUBHBIMU 3HA-
HHUSAMH O MHUPE.

Yunep mOCYUTAI HYXKXHBIM BO3BPATUTH B (PU3UKY
u yzaero AdnHmrerHa u H.PoseHa (1935) o pas3nso-
€HHOU NPUPO/JIE NEKTPUUECKUX 3aPATOB KAK O JIBYX
KOHIIAX OJJHOU U TOU XK€ TPYOKU-TIEPEMBIYKH, IPOXO-
JAIIEN yepes APYyroe N3MEePEHNEe B TKAHU NPOCTPAH-
CTBA, 10 JIDKOHY — KPOMmMOGOLl HOPbL, ABA KOHLA KOTO-
por Moriam Obl COOTBETCTBOBATDH, HANPHUMED, MApe
3JEKTPOH-NIO3UTPOH. HYXHBI TOJIBKO CBOEIO PoOja
0bLpbL B TPOCTPAHCTBE, 3ATIONHAEMBIE JIEKTPUUECKU-
MU TOJISIMU 32PA/I0B.

B tom xe 1955 1. [DKOH NpeANpUHAI NIEPBYIO I10-
IBITKY B OOBEJUHEHUN 3aKOHOB KBAHTOBOW MEXAHU-
KU U O0LEH TEOPUU OTHOCUTEIBHOCTU. OH NpHUIIE]
K BBIBOJY, YTO B 06JIACTU pa3zMepHOCTH [Inanka—VYu-
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Nnnoctpauns npen AJiHwTeitHa n H.Po3eHa. Yunep Ha3Ban ee KPOTOBOI HOPOI B MPOCTPAHCTBE-BPEMEHMU.
PucyHok A.Boiiunukoro (Science Photo Library, Getty Images).
www.thoughtco.com

nepa (1.62:107 cM wiu MeHbIne) GAYKTyaIuu Bakyy-
Ma T4K BEJIUKU, YTO CAMO MPOCTPAHCTBO «BCKUIAET>,
IIPEBPAIASCh B KBAHTOBYIO IIEHY — S/IPO CUHIYJIAP-
HOCTH TNPOCTPAHCTBA-BpeMeHU* IIOHHUMAsS CIOXK-
HOCTb IPOGJIEMBI, OH NPOAHATU3UPOBAJ NIYTU €€ pe-
HMIEHUS, IPEIATaeMble IPYIUMU YUEHBIMU.

Brpouewm, emie B 1916 T DHUHIITEHH MOHAN, YTO
KBAHMOBAL MeOPUL OO0ANCHA MOOUPUUUPOBAML He
MONLKO MAKCBEIN0ECKYI0 NEKMPOOUHAMUKY, HO MAK-
Jce u o8y meopuro epasumanuit [6, c.522], 8 1918 1.
OH BHOBb 3aMETHUJI, YTO NZOCMPOCHUE YCOBEPULEHCINBO-
BAHHOL K8AMMOBOI MeOPUL OONNCHO NOBLCYUb 3a CO-
6011 u sudousmenenie meopuu mazomenus [0, c.642],
a B 1935 . MILBponmrenn** B CBOEH LOKTOPCKOHU
JUCCEPTALNU YKE NIPEMIOKAI KBAHTOBAHUE I'DABUTA-
IMOHHBIX BOJIH.

v
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* CHHI'YJSIDHOCTb — O6/IACTh IPOCTPAHCTBA-BPEMEHH, B KOTOPOIT
Cro KPpUBU3HA CTAHOBUTCA HACTOJIBKO CI/IJIbHOI;I, YTO HAPYUIAIOTCA
3aKOHBI OOIIEH TCOPUH OTHOCUTCIIBHOCTU U BCTYIIAIOT B ﬂCﬁCTBI/IC
3AKOHBI KBAHTOBOI I'PABATAIIVN.

** Marseii [Terposua Bponmmreita (1906—-1938) — copercknti hu-
SUK-TCOPCTUK, JOKTOPD q)I/ISI/IKO-MZTCMaTI/I‘{CCKI/IX HaYK, HpO(pCC-
cop. Paboran B 06/1aCTH KBAaHTOBOIH TEOPUH, ACTPODUSHKU, TEO-
puUM OIYIPOBOJAHUKOB, KOCMOJIOTUU U TCOPUM KBAHTOBOM I'DABU-
PucyHok, nzobpaxatolwmit haykTyaLmio Bakyyma B o6nactu pas- TAL[|HY, 4BTOP HAYYHO-MOMY/IPHBIX KHUT B 1938 1. 110 peniennio
MmepHocTy MnaHka—Yunepa n 06pa3oBaHmUe KBAHTOBOI NEHbI. HKB]], 6bU1 PACCTPEIISIH.
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UCTOPUSA HAYKU. DUSUKA

Bckope nocne KoHuuHbl OMHIITENHA B bepHe npo-
1A MEXAYHAPOJAHAS KOH(MEPEHIUA, MOCBAIECHHAA
50-1€TUIO0 CO3/1aHUsl TEOPUU OTHOCHUTENBHOCTU. Pe-
3YJIBTATBl KOH(PEPEHIIUU, OJHAKO, OKA3ATUCh PAJJOBLI-
mu. B 1957 1. B Hanen-Xuune (CIIA) cocTosnach BTO-
pas KoH(pepeHLIUs, HA KOTOPOU COOPAIUCH JIUIID Y4e-
HBIE, UCCIEI0BABIINE NPOOIEMBI TpaBuTannu. Kondge-
pEeHIIUA BJOXHOBWIA UX K OCO3HAHHUIO HUJECHHOTO
€IUHCTBA U NpUBETd K (POPMUPOBAHUIO «CEMBU I'pa-
BUTALIMOHUCTOB>. BO ri1ase ee crayn Yuiep ¢ €ro NoHu-
MaHHEM KJIACCUYECKOM (DPU3UKHU KAK TEOMETPUM.

OIHAKO HA NPAKTUKE KETAEMOE PA3BUTUE KOC-
MOJIOTMU WO AAJIEKO HE npocTo. O6 3TOM CBUAE-
TENBbCTBYET U NHUCbMO PefHMAHA KEHE ¢ KOH(pEPEH-
LIUU 110 OOIEeN TEOPUU OTHOCUTENBHOCTU U TPABU-
Tanuu, npomeameil B Bapmase B 1962 1. 4 nuuezo
He NOAYYUL Om 3Imoil ecmpeuu. A nuuemy ne Ha-
YUuUaCcA. M3-3a OMCYMCmeus IKCnepPumeninos Ima
obnacmes HeaxmueHa, Max “Ymo JUlb HemHo2ue u3
JYUULUX YMOB 3anumaromcs er. <..> Hanommnu mme
oonbuLe He e30UMmb HU HA KaKue 2pasumayuortble
Kongepenyuu! [7, c.46].

®usuka ectb reomeTpusa

Eme B 1957 1. Yusiep npuiesn K BBIBOJY, YTO PuuKa
ecms 2eomempus (8, ¢.544]. TIox 3TUM OH IOHUMAII,
YTO U3 BOIIPOCOB, 3aHUMABIIMX MBICIUTEICH BCEX
BPEMEH, HU OJJUH HE MOJKET IIPETEHA0BATb HA OOJIb-
MYyI0 3HAYUMOCTb, YEM BOIPOC O NPOUCXOXKIECHUU
Bcenennoit. Hemano caenaBmUU JJis CO3JaHUSI
ATOMHOTO U BOJOPOJHOTO OPYKUS U IOHUMAHUS TE-
opuu TrpaBuTanuu, [>)KOH JUIIb TOcCae paboThl
Ix.P.Onnenrenmepa n X.C.Cuaigepa (1939) o Tax
HA3bIBAEMBIX UEPHBIX AbIPAX IIPU3HAJI BO3MOKHOCTD
X BO3HUKHOBEHUS NIPHU KOJIIAICE SA/IEP 3BE3] AOCTA-
TOYHO OOJIBIIOIN MACCHL

Ho CBET U3 TAKUX 3BE3[] HE CMO-
JKET BBIPBATHCA, TO3TOMY f1.B.3€/1b-
noBu4d U U.JI.HOBUKOB HA3BAIU UX
memHbiMU (MU 3aMODONCeHHbIMIL)
3Be3/1aMU. Boree yjauHbIil TepMUH
6BUT IPEJITIOKEH YUIEPOM, HA3BAB-
MM KX Ha KOH(epeHiuu B Hpio-
Vopxe B 1967 1. uepromu Obpamis
(4EpHBIMHU — IIOCKOJIBKY OHM HE
MOTYT M3JIy4aThb CBET, 4 ABIPAMU —
160 BCAKHUI OOBEKT, NPUOIU3UB-
MIUICS K HUM Ha CIUIIKOM MaIo€
PACCTOSIHUE, VK€ HUKOTJA HE BO3-
BpamaeTca Ha3an). C TeX mop 1o
HA3BAHUE 3AKPEINUIOCh U YCTOS-
JIOCh B HAYYHOU JIUTEPATYPE.

[pu arom [xoH euie B 1964 r.
3AMETUI, 4TO KANCOblll 4Y8CMEY-
em, umo umeem, naxoney, (6 auye
CXNONBLBAHUS 36€30), A6ACHUE, 20€
ABHO BbLICIMYNACT 00U MEOPUSA
OMHOCUMENLHOCIU U 208 MONCEIN

0CYULeCIMBUMBCA NAAMEHMDBLLL COI03 C K8AHIMOBOLU (Plt-
3uxoti [9, ¢.260]. O TOM K€ TrOBOPAT MPEJIOKEHHBIC
UM TEPMHUHBI U 00pa3BL: K8AHMOBAA NeHa — IJid UC-
KPHUBJIEHHOTO MPOCTPAHCTBA MO/ BIUAHUEM KBAHTO-
BO-MEXAHUYECKUX (PIYKTYAllUH TI'PABUTALMOHHOTO
NIOJIAL, ) HePHLLX Oblp Hem 60/0C — T.€. HET CHUIOBBIX
JIMHUI MATHUTHOI'O MOJIA.

CTaB KPYIHBIM 3KCIEPTOM B (PU3UKE CTPYKTYPHI
MaTEpPUU, KBAHTOBOU MEXAHUKE U A/ICPHOU (PUBUKE,
Jox.Yuiaep noMor ¢csoeMy yueHuKy b.K.Tappucony Bbi-
ACHUTD, KAK BO3PACTAET JABJIECHUE BEMIECTBA, €CIHU
MIOCTENEHHO CKUMATD €r0 JJO BCE OOIBMIMUX TNIOTHOC-
Tei. UTOroM CTa10 YPABHEHUE COCTOSHUSA XONOAHO-
I'O MEPTBOI'O BEUIECTBA — YypaBHEHUE [appucoHa—
Yunepa. 3atem 1o ero npockobe M.Bakano o6beuHUI
3TO YPABHEHHUE C YPABHEHUAMHU OOIIEN TEOPUU OTHO-
CUTENbHOCTHU J1A 6aNaHCa TPABUTALMU U JJABJIECHUA
BHYTPH 3BE3/BL

Tor :xe BakaHO, IPUMEHUB OINH U3 MEPBBIX UP-
POBBIX KOMIIBIOTEPOB B [IPUHCTOHE, TOJIYIWT U3 AUPD-
(pepEHIIMATBHOTO YPABHEHMUSA KaTaJOI XOJIOAHBIX
MEPTBBIX OOBEKTOB BCENIEHHON U BMECTE C YUIEPOM
B 1958 I BBISICHWUJI, YTO CXJOIIBIBAHUE CTAHOBUTCS HE-
n30€KHBIM, €CIM YMUPAET 3BE3/ja C MACCOU 60JblIe
JIBYX COJHEYHBIX, 06pa3ys 4YepHyIo AbIPY. Tak, onupa-
SACh HA4 CBOW 3HAHUSI O BOJOPOAHOU 6oMb6E, [IKOH,
no cinosam K.C.TopHa, 3anoanus nposanv. 6 Hauiem
SHAHUU O XOOOHBLX MePMELLX 36e30ax [9, C.235].

[To I1.J3BUCY, K6AHMOBAAL MeXaAHUKA 0N Bcenen-
HOLL, 6O3MONCHO, CAMASR 0ePIKAS IKCMPANOIAUUAL Plt-
3UUeCKoll meopuu 3a 6¢r0 UCMOPUIO HAYKU, U 30eCh
Jocon Yunep.. uepan 6eoyuy1o poas. <..> On 661061 -
MYl 2UNOMe3)Y, YIMmo MaK ie KaK Keanmosdas mexd-
HUKA CNACAA KAACCUMECKYI0 OM DAcX00AujUxcsa 6e-
JUHUN U NPEOCKA3ANA CYUeCMBOBAHUe CIMAOULHBLX
amomo8 KOHeUHbIX Dasmepos, ma e KEanmOBas
MeXAHUKA MONA Obl NONPABUMS U CUTNY AUUIO C CUM-

06pa3Hoe U306paxeHne YePHOI AbIPbl U OKPYXKAKOLWEro ee fuUCKa.
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UCTOPUSA HAYKU. DUSUKA

2YAAPHOCMBIO BOAbLULO20 83DbL6A, DASMBLE ee 2ell3el-
t\6epzoecfcoﬂ neonpeoenennocmoto 10, c.10].

B 1960 r., 6maromaps yewwsam [k Yunepa u B.C.Je-
9 BUTTA, IOABUIOCh HA CBET YPABHEHUE /I BOJIHOBOU

(ynkuuu BceneHHOM, CBOEro pojaa MOAU(pUKAINSL

ypasHenusa HIpénunrepa, HO TOJBKO /I 3aCTBIBIIETO

KBAHTOBOI'O COCTOSIHUA BceneHHOU. OHO IOJIOXUIO

HA44JI0 KBAHTOBOI TEOPHUHU I'PABUTAIIUU, OOBEIUHAIO-

el ABJICHUA U B3AUMOJEUCTBUA MUKPO- U MAKPOMHU-
3 pa, 1 KBAHTOBOIT KocMosoruu (Bcenennas o6pasosa-

JIACh B PE3YIbTATE KBAHTOBOTO Ipolecca). Pemenne

3TOTO YPABHEHUA OBLJIO MOJYYEHO MO3THEE.

B 1970 r. acnupanTt Yunepa .. bekeHITe s npes-

MIOJIOKUJI, YTO YEPHBIC JBIPHI JJOKHBI UMETbh SHTPO-
g\nmo, NPONOPIUOHANIBHYIO IUIOMAAN UX IMOBEPXHO-

ctu. bekeHmTENH CHOPMYIUPOBAT U OOOOIIEHHBIN
@ BTOPOI 3aKOH TEPMOJMHAMUKH, IPUMEHUMBIA B TOM

YHCIIE U1 CUCTEM YEPHBIX AbIP. B 1974 1. 06a npeamno-
JIOKeHUS O6bUIH oATBEPxKACHBI C.V.XOKMHIOM®, KOTO-
pbIF BHA4YajIe ONpPOBEPT uaeu bekeHmTenna, a 3aTeM
BCE K€ COIJIACUIICH C HUMU.

Co Bpemenem [Ix.Yunep smecre ¢ b.CJleBUTTOM,
4.YV.Musnepom, C.V.Xokunrom u PlIlenpoyszom cranu
BEJYIIMMHU CHEIUAIUCTAMU 1O KBAHTOBON KOCMOJIO-
T'MH, CBA3ABIICH TEOPHUIO I'PABUTALUU C KBAHTOBOI
(puzukoit. COrnacHo 3ToU TeOpuu, BO BCceleHHON OT-
CYTCTBYET BPEMS, 4 KBAHTOBBIII KOCMOC HE PA3BUBA-
€TCA U HE MEHAETCS, HE PACIIUPAETCA U HE CKUMAET-
€A, OH IIPOCTO €CTh. [TOKA KBAHTOBAA KOCMOJIOTUA OC-
TAETCA TEOPUEN 6€3 HANEKHBIX IKCIIEPUMEHTAIBHBIX
NOATBEPKICHUN.

B 1968 1. JDKOH NOAYEPKHYI: [eomempus, s
cnezka UCKPUBLeHNHAs, ONucbleaem 2pasumaruio. leo-
MeMPUs, UCKPUBTEHHAS HECKONLKO NO-0PY20MY, ONl-
coLB8aem ANeKMPOMAZHUMHY10 6041y, [eomempus ¢ Ho-
BbIM TMUNOM B030)YIHCOCHUA Oaem Ma2uueckuli mame-
puan — npocmpancmeo — 04 NOCMPOCHUL INLeMEH-
maproii wacmuyol. 1 Huwe2o unopooHozo, «usuec-
K020» 6 ImMom npocmparcmee Hem. Bce, umo ecmo
8 mupe, cocmoum u3 zeomempu [5, c.64].

[TponAyT RECATUIETNA, U TEOMETPOJUHAMUKY BbI-
TECHUT AABHO U3BeCTHAs Teopus Kanyus—Kieiina**
(1926), B Heit ucnoasayercs yxe 11 maMmepeHwui,
IpU KOTOPBIX 3aMETHO BO3PACTAET Pa3zHOOOpasue
U CIIOKHOCTD (PU3UUECKUX CTPYKTYP. OCTaeTcs Haje-
ATbCA (U MEPBLIE CBUAETENBCTBA 3TOMY YK€ MOSBHU-
JIACB), 9YTO U 3Ty TEOMETPHUIO YAACTCA OOBACHUTDH
C MMOMOIIBIO KBAHTOBBLIX ABJIEHUI, KAK 3TO IPEIATa-
JIOCh IPOrpaMMOU Yuiepa.

* CruseH YiibsiM XOKHHI' — aHIVIMHACKUI YUCHBIN, O/IUH U3 BEJIU-
YANIIMX KOCMOJIOTOB COBPEMEHHOCTU, HEMAIO CACAABIIUMA /1A
TOHUMAHUS Haller BCEIEHHON, €€ CTAHOBIEHUS U PA3ZBUTHSL
Vimen uz xxusnu 12 mapra 2018 1.

** Teopust Kanynpi—KieitHa — Teopust rpaBUTAIINY, OObCIHIB-
masg TPABUTALMIO M 3JEKTpOMarHeTusM. Teopus Obuia BIEPBbIC
onybnkopana B 1921 r. Hemenkum MaTeMaTukom Teogopom Kany-
II€M, PACHIMPUBIIMM IIPOCTPAHCTBO MUHKOBCKOTO JI0 MATUMEPHO-
TO, 4 OOOCHOBAHUE HEHAOIIOAAEMOCTU MIATOTO U3MEPEHUS ObLIO
npeaiokeHo B 1926 r. mBeckum ¢pusukom Ockapom KieiHom.

Ero ycunus no pazBUTHIO TCOPUN KBAHTOBOH I'pa-
BUTAI[UU OB I1O/IXBAYEHBI YYEHBIMU. [10 3aMEUYaHUIO
JL.CmonuHa***, 3a nocreonue noasexa Oviiu npeoso-
JHCeHbL MHOOUUCTEHHbLe N00X00bL K ee U3YHUeHI0... Ho
08a n100X00a U3 NAMU-ULECINU BOM YICe Ha NPOMANCe-
Huu 18 nem A6aA10mca npeomemom noCmoOAHHbLX UC-
Cne008anuil 60AbLULO20 KOAUUECNBA PUSUKOE U Maine-
MAMUK08. DMo meopus CmpPyn u nemiesas K8ammo-
sasn meopus epasumayuu [10, c.432].

Co cBOE€It CTOPOHBI, JI)KOH, OLIEHUBAA POJIb KBAHTA
B MOHMMAHHUU CAMOUN BCeNeHHON, MOAYEPKHYI, YTO
noKa Mol He YBUOUM KEAHMOBbLL NPUHYUN 60 6Celi
€20 NPOCMome, Mol MONCCM CHUMAMb, YINO HE 3HAeM
CaAMO20 27148H020 O BCeneHnolii, 0 Hac camux u o Ha-
wem mecme 60 Bcenennoii. I mOTOMYy OKOHUAMENL-
ML PACCKA3 O CBA3U MeNHCOY K8AHMOM U Bcenennoll
He 3agepuier [11, ¢.546, 556).

0T yacTuy u noneit — K MHopmayum

[TogBOAA UTOTH BCEX TPEX IEPUOAOB CBOETO HAYIHO-
I'O TBOPYECTBA, Yunep B 1998 1. BeINyCTHII KHUATY BOC-
IMIOMUHAHUN «[€0HBI, YEPHBIE ABIPHI U KBAHTOBAA II€-
Ha: XU3Hb B (pu3uke». EcIm BHAYANIE TTABHYIO POJb
B Ipupoje JKOH OTBOAUI YACTULLAM, 4 3ATEM IOJIAM,
TO MOCTEAHUE JECATUIECTUSA CBOEIN KU3HU MOCBATUI
ujee: Bcé — amo ungpopmayua. Yem 6oavue 4 pas-
MOLUTAI0 O KEAHINOBLIX MAlHAX U 00 Unpopmayuu
KaKx 0choge Pu3umeckol meopuu, naueti cmpamnnoll
CNOCOOHOCMU NOCIMUAMb MOM MUD, 8 KOMOPOM Mbl
acueem, mem 00abULe BUINCY PYHOAMEHMALbHOE, 6e-
posmuo, 3nauenue aozuku [12, ¢.63-64].

[To Yunepy, OOBEKTHI CIENYET PACCMATPUBATD KK
BTOPUYHBIEC, KAK HOCHUTEIU A06CTPAKTHON U (PyHIA-
MEHTATbHON CYIIHOCTU — MH(POPMALMH, BEMECTBO
K€ 1 M3JIyYEHUE — MaTEepUATbHBIC NPOSABICHUA Ye-
ro-To 6osnee (yHAAMEHTAIBHOTO. B Takom ciy4ae
nH@oOpManusa (2 UMEHHO, I'€ 4ACTUILA HAXOJUTCH,
KaKOB €€ CIUH, IOJTOXKUTENEH UINU OTPUILATENIEH €€
3apsAJ U T.J1.) O0PA3YET LENOCTHOE AP0 CAMOM (PU3U-
YECKOU peanbHOCTU. B 1990 1. y4eHBIN BBICKA34J
NPEJNONOKEHNE, YTO UHMOPMALUI — 3TO (yHAA-
MEHTaJIbHAA KOHLeNUA (Pu3nuku. COrJIacHO €ro ujee
it from bit (BC€ U3 6UTA), BCE CYIHOCTU B CBOEH OC-
HOBE — MH(POPMALUOHHO-TEOpeTHYeCcKue. OT CIo-
co6a u3MepeHusl BcesmeHHON OHA MEHAETCH U NPEJ-
CTaeT nepej HaMU B HOBOM OOJIMYbeE.

TakuM 06pPa30M, IO BOCIIOMHUHAHUAM €I'0 YUYCHU-
xa TopHa, Yunepa moaxana énepeo wanoa Y3namo,
Ymo aewcum 3a npeoeramu yCmaro6leHHbLX 3aK0-
106. On NOCMOAHHO 6MOPANCA 8 00aacmu, 20e He
cpabamoi8ani U3EeCMHbLE 3AKOHbL U 8 U2DP) 6CIYNA-

*** Jlu CMONMH — AMEPUKAHCKHIN (DU3UK-TCOPETHK, TTPOdhEccop
KaH/ICKOTO YHUBEpCUTETa Barepioo — u3BecTeH padoTamu 1o
TEOPUU CTPYH, NETACBOM KBAHTOBOM I'DABUTAIIMM, KOCMOJIOTUU
1 TEOPHUN 3JIEMEHTAPHBIX YACTULL 3aHUMaI 21-€ MECTO B CIIHUCKE
100 BBIZAIOMIMXCA MBICIUATENEN MHPA (IIO BEPCHH KYPHAIA
«Foreign Policy», 2008).
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au Hoewvie. OH nomancs npockouums 6 XXI ek,
B3211AHYMb HA MO, KAK MO2AU Obl 8612120€1Mb 3AKOHbL
dusurxu 3a npeoenamu 02paruMerull mexyue2o ee-
Ka. M3 ecex mecm, omiyoa MOIHO Obi10 OPOCUMD
mawoil 632140, Hit 00HO He KA3A4A0CL Yuaepy cimosb
MHO2000€UarouuMm, Kax cmoik ooujeli meopuu om-
HocumenbHocmu (06aacmo 60A6UL020) U K8AHMOBO
mexanuxu (06aacmo manozo) (9, c.233].

Booxnosennuiii nposuoely, 6 nayxe — TaK Ha3bIBa-
nu Yujaepa €ro y4eHUKHM M KOJJIETH IO KBAHTOBOU
MEXAHUKE U IpaBUTALUU. OO 3TOM CBUJIETENBCTBYIOT
KdK €r0 HAay4HbI€ MCCJIEJOBAHNA, HANIPABIECHHbIE HA
MIO3HAHUE OCHOBHBIX 3AMPEJENbHBIX 3aKOHOB IPHU-
POABI, TAK U NMOJJAEPKAHHBIE UM T'MIIOTE3Bl U TEOPE-
TUYECKHE TOCTPOEHUA €ro YYEHHKOB, TOTO K€
P.®.definmana, a takke X.OBeperra I, K.C.TopHa,
M.Termapxa 1 MHOT'UX JPYTUX.

Hooenesckuit naypear @.Bunapuek B CBOEH IO-
cleHeN KHUre (B PyCCKOM M3/JaHUU OHA BBIIIIA IO/
HazpaHueM «ToHKas (pU3MKa») Hamucal o Yuuepe
(B TO BpEM €lle XXKUBOM) TOYHBIE UM IIPOHUKHOBEH-
HBIE CJIOBA, OTPAXAIOMMUE MAHEPY €TI0 HAYIHOTO
TBOpUECTBA: Jocon Yunep obaaoaem oapom obre-
Kameo 2nyooxue uoeu 6 bpockue Ppasol. <deprasn Ovi-
pa», 6epoamio, e2o camoe u3gecmioe meoperue, 00-
HAKO MOUM JIHOOUMbBIM AEIACINCA BbIPANCCHUE «6Ce U3
oumar. B amux mpex cnoeax 3axntouer 600XH06A410-
wiuil uoean meopemuneckoil nayxu. Mo. cmpemumca
Hamy mamemamudecKue CmpyKmypo., Komopuoie
ompaxcarom peanvHoCms HACmOoLbK0 NOAHO, YO HUL
00UM BANCHBLL ACNEKM He OCMAeMmCc HeYUImeHHblM
[13, c.153]. VBbI, HA AHTVIMICKOM A3BIKE 3TA KHUI'A BbI-
LI YK€ IIOCJIE CMEPTU Yuiepa®.

YeMm pganpiie yXoaua YUiaep OT MPUCYILErO HAYKe
XX B. IOAXO0/A K I'MIIOTE3dM O CKPBITBIX 3aKOHAX IIPU-

* Wilczek F. The Lightness of Being: Mass, Ether, and the Unification
of Forces. N.Y., 2008.

pPOABI, CTOAMMUX 32 YKE U3BECTHBIMU HAM 3aKOHAMH,
1 4yeM OOJIblIe OH HMPUONIMKAICA K METAPUZUIECKUM
Pa3MBIIIJIEHUAM, TEM COMHUTEIbHEE /ST KOJUIET BbI-
[JIAIEIA €TO BBIBOABI U MPEJCKA3AHUA U TEM MEHBIIE
JOBEPHUA Y HOBBIX IIOKOJEHUN HAYYHOTI'O COOOMIECTBA
BBI3BIBAJIM OHU U €TI0 HAy4YHad AEATENLHOCTD. Pasyme-
ercs, [bkon omyman 310. Ho oH 6€CrIOKOnICs 32 CBOM
HAy4YHBII ABTOPUTET HE CTOJIBKO CPEAU KOJJIET, CKOMb-
KO CpeJiil BEPUBIIUX B HETO YUEHUKOB U MOCIEN0BATE-
nert ero ujen. Yxe B 1979 r. on nanucan o cebe: Yunep
gedem qirooeli 3a coO0iL.. Byoyujee MHOZUX U3 HUX 3A6U-
cum om ycnexa wa nymit, no Komopomy on eeoem. On
ne moxcem ux noosecmu. On omeeuaem 3da UCNONMHe-
Hue 83Amelx Ha cebs obazamenscms [14, c.389].

VyeHUKM ¥ nocnegosarenu Yunepa

3a CBOM OTKPBITUA YHiiep He nojaydna HobeneBcKyio
npemuio. Ho o npeycnen B gene BOCIUTAHUS UCCIIe-
JOBATEJIECH, UYTO HE MEHEE BAXKHO g HayKu XX B. Lle-
JIBIA PAJ] €TO YYEHUKOB JOOMICA B HAYKE MUPOBOTO
NPU3HAHUA, IPUYEM B PEIIEHUM KAK PA3 TEX MpPO-
6J1eM KBAHTOBOU (PU3UKHU, ACTPOPU3UKU U KOCMOJIO-
I'MU, KOTOPBIM [IDKOH ITOCBATUJI CBOU JIYYIIUE I'OJBL.

BoTr Hambosnee BBAAIOMUECH €TI0 YYEHUKU U UX
[JIaBHbIE OTKPBITUA. P.O.PefIHMAH — KBAHTOBAA JICK-
TPOAMHAMUKA U AuarpaMmmbl Perinmana, X.OBEpeTT —
TEOPUs NAPALIEAbHBIX MUPOB, 4.V.Musnep — obmas
TEOPUA OTHOCUTENbHOCTH, VUK. VHPY — IpaBuTALINA,
xocmosorusi, K.C.TopH — rpasutanus, acTpodusnka
U KBAHTOBAsA Teopuda usMmepenud, fJ.Jl.bexkenmreinn —
3HTPONUA YEPHBIX Ablp, PIIpaiic — myiabcauusa gep-
HBIX AbIp, M. TerMmapk — THUIOTE3a MATEMATUYECKOU
Becenennon. U 3TOT CHIUCOK MOXKHO IPOJIOJIKATD.

B ob6menuu ¢ IDKOHOM YY4EHUKU MOIJIM HAGII04aTh
POXK/ICHUE €TI0 HOBBIX UJEH U MOJXOA0B K UX PEAIN3a-
uuu. CBOU UJEU YUEHBIIN 3AIMCHIBAIL B OIOKHOT, 3d4TEM

K.C.TopH. 1972 r.

P.®eitHmaH. 1957 r.

X.3sepert III. 1964 r.
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OHM 00pPACTAIA COOOPAKECHUAMU, CAYKUBIIUMU CTHU-

MYJIOM B PEIIEHUU KOHKPETHBIX HAYYHBIX 33/1a4. B 616-

JIMOTEKE AMEPHUKAHCKOTO PuiocodCKoro obuecTna

9 B Punasienbduu XpaHUTCA OOJIEE TOMYCOTHU BIOKHO-
TOB C 3AIMCAMH, YTO OH BEJ C BOEHHBIX BPEMEH.

BaXHBIM OBLIO U OOCYKJEHUE C TAKUM HACTABHU-

3 KOM JIeTaJIeH 33/1a4M, peleHneM KOTOPOH MPEACTOsA-

JIO 3aHATBCA MOJIOJJOMY HUCCIENOBATENIO. BOT Kak 00

3TOM BCoMUHAI PeltHMaH: Kozda mut daeub marko-
3 MY Uen08eKy, kak Yunep, 3aoawy, on cpasy euoum ee

UENUKOM. DO MHe NPUULLOCL NPOBOOUML DAcHemul,
a Yunep npocmo ece ysuoen*. Ero posb B cBoen pabo-
Te nosaHee PeHMaH HEOJHOKPATHO OTMEYa B HO-
9 6e/eBCKOM JIoKIane B 1965 1. [3].

3\ B Takue MOMEHTBHI YUEHUKH YUIepa OUYIIAIN HA
cebe BCIo Tyouny ero mbinuieHusd. [1o cnosam TopHa,
@ Y HETO Obl1a NOPA3UMENbHAL CROCOOHOCMb 002a0bL-
8AMBCA O NPUMUHAX ABLEHULL, ONUPAACL HA Pu3uUe-
Y10 urmyuyuro. Oco3nanue ee mouju u 3PPHexmues-
HOCMU CUNLLHO HA MeH NOBAUANLO. Yunrep coendi
MHO020 OONBULUX OMKPOLMULL C NOMOULBIO UHMYUUUL,
X0ms.. — Kak oT™MedaeT TOpH, — ux c1edosano npo-
gepumas ¢ nomouybio mamemamuxu 14, ¢.320-321].

OO0pa3Hol nofayen CBOUX Uael XKOH BIOXHOB-
JITT MOJIO/IBIX, MOJIArasd, YTO KaXK/ABIM U3 HUX CIIOCO-
6€H U IOTOB K CAMOCTOSATEIBHOMY Pa3BUTHUIO BOIPO-
COB 06meHd TeMBl. [TI03TOMY KaXkI0My OH Ipejiarai
JUISL UCCAEJOBAHUS HEOOIBIIYIO IPOOIEMY, PEMICHUE
KOTOPOU MOTJIO 6Bl IPUBECTH K TOHUMAHHUIO TOTO XK€
CXJIONIBIBAHUA 3BE€3[], YEPHBIX JABIP U BO3MOXKHOTO
OO'BEAMHEHUSA KBAHTOBON MEXaHUKU M OOIIEH TEO-
pUH OTHOCUTEIBHOCTH.

Vunep noMorana Npu3HAHUIO CBOUX YYEHUKOB KaK
yaeHnbIX. Co3jannag B 1957 r. OBEpETTOM MHOTOMHUPO-
BAA MHTEPIPETANNA KBAHTOBOU MEXAHMKHU (KOTOpPAd
NIPEAIIONATAET CYIECTBOBAHUE B HEKOTOPOM CMBICIIE
«[TApAJITIENBHBIX BCEJIEHHBIX») HE MOJyYaaa JOLKHOTO
OTKJIMKA OT YYEHBIX 60JIe€e 1eCATH JIET. YUIEp, NOAIep-
JKUBAA 3Ty TEOPUIO, COACUCTBOBAN BCTPEUYE YUECHUKA
¢ bopoM, HO Ha TOro MHTEpIpETALUd DBEPETTA HE
NIPOM3BEIA BIEUYATIEHUA. XOTA CO BpeMeHeM [[KOH
MEPECTAN €€ MOJAEPKUBATD, TEM HE MEHEE, CErOHsA
OH4 AKTHUBHO OOCYX/JA€TCA MHOTUMH YUCHBIMU.

PM.Hao manucan noj pykosoactsoMm /[Dx.Yuiaepa
KypCOBYIO, 4 34TE€M U JUIUIOMHYIO Pa60Ty (OHa OblIa
MOCBAMEHd KBAHTOBAHUIO OOIIEN TEOPUU OTHOCHU-
TeAbHOCTH). OH OTMETUIL: Yunep yuui mens, umo Ha-
yKa 00abuie wem HANOA06UHY COCMOUM U3 M020,
umooObL 3a0ams NPAsULbHbL 60NPOC, A MEHBULYIO 110~
JLOBUHY NOCBAULAIOM NOJLYUCHUIO NPABULLIO020 OMEe-
ma, xomsa amo u ne gceeda max! [10, c.215].

VYEHUKU UCHBITBIBAIN K CBOEMY HACTABHUKY Ca-
MBIE€ TEIUIBIE YYBCTBA, O YEM CBHUJAETEIbCTBYET IIPHU-
sHanue Termapxa: A npusvic 0erums Gusurxos Hd..
Mmumanos u nPOCMoLX CMePMHbLX... /1 mens Yuaep
ObLL «NOCOHUM MUMAHOM».. OH CIMATL OOHUM U3 MO-
ux cynepzepoes Onazooaps ceoemy nPUcmpacmuio

* ®etirman P. Bol, KoHeuHO, myrtute, muctep deitaman! M., 2008.
C.100.

K OC3YMHBIM UOCAM...  NOKA3AL eMY Camyt0 0e3YMHY10
€6010 cmamsto 00 uoee mamemamuueckoli Beenew-
HOLL, U OHa emy noupasunacs (15, c.300-301].

OpHOBpeMEHHO [IPKOH C KOJUIETAMU U YYEHUKAMU
CO3/1aBAJI YUEOHUKU g HauuHaomux («JIpexsuje-
HUE OHHIITEHHA> U «DPU3UKA NPOCTPAHCTBA-BPEME-
HW») U U ACIUPAHTOB («HYepHBIE BIPBI, TPABUTAIU-
OHHBIEC BOJIHBI U KOCMOJIOTHS»), 4 TAKKE KHUIY JJIA
yueHblXx («I'paBuranus, HEUTPUHO U BceleHHAA»)
1 MOHOT'PA(HIO AN CTYJEHTOB U (PU3UKOB-CIELIUAIN-
cToB («I'paBuranus»). Bce oHU ObLIM IIEPEBEICHBI HA
PYCCKMII SI3BIK U JO CHUX IIOP IOIb3YIOTCS CIIPOCOM.

OCO6YIO0 LEHHOCTD IIPEACTABIAIOT COOOM TPU TO-
ma «I'paBuranuu» [16], MOATOTOBIEHHON UM COBME-
CTHO ¢ Musznepom u TopHOoM. «['paBUTaALUA» U CETO-
JHA HE TOJBKO CIYKUT y4eOHUKOM JJIA CTYAEHTOB,
HO U 33J4€T HYXKHBII YPOBEHb MOHUMAHUA T'PABUTA-
LMY KAK ABJIEHUS IPUPOJBl Y CAMUX UCCIENOBATENEH,
onpejendas UX AAJIbHEUIKUE IOOEABl B PA3PEIICHUN
(pyHIAMEHTANIBHBIX NPOOGIEM TEOPUU KBAHTOBOU
I'PABUTALUUA U KOCMOJIOI'UH.

FpaXKpaHMH, y4eHbIN U YeNoBeK

B :xxu3Hu /IKOH ObLJI KOHCEPBATOPOM, CBATO BEPAMIUM
B AMEPHUKAHCKOE OOIIECTBO, €0 00Pa3 JKU3HU U 0065-
34TENBHOCTb €T0 3aMUTHL [1006HO CBOUM POCCHII-
CKHUM KoJjuieram no kxocmosaoruu A.b.3enpposuuy,
J.OJTanpay u AJI.Caxaposy, [bx.Yunep 3aHUMaICS CO-
3/laHAEM aTOMHOM 60MOBI, paboTad HAJ HYKHBIMU
JUIS TIOJIYYEHUS ITYTOHUSA PEAKTOPAMU.

B 1951-1953 rT. Yunep 6blI AUPEKTOPOM CEKPET-
HOTO NPOEKTa «MaTTEPXOPH», OPraHU30BAHHOTO
C IIEJIBIO CO3/1ATh PEAKTOP CTE/UIATOPHOTO TUIIA U T10-
JYYUTH YIPABIAEMYIO TEPMOAAEPHYIO PEAKLUIO.
C 1952 r,, 6yayuu uneHoM HanMOHaJbHO aKa/JeMUHU
nayk CIIA, OH BO3IJIABIAN I'PYIIY IO pa3paboTKe
MIEPBLIX BOJOPOJHBIX 60MO, OCykAasd nosejeHue Orn-
MEHTEMMEPA, BBICTYIUBIIETO NPOTUB UX CO3JAHUS.

Bo BpeMeHa X0I0/IHOU BOMHBI U O2JIAaHCUPOBAHUSA
HA4 TPAHU BO3MOXHOU TEPMOSJEPHON KaTaCTPO(BI
Yuiiep, NpojoJKasg 3aHUMATHCA CO3LAHUEM BOJO-
POJHOTO OpY:KHUf, NOCJE 3alycKka B 1957 I. mepBOro
cnyrauka B CCCP BBICTYIIMII C UHULIUATUBOU OPI'dHU-
34LUH MO3TOBBIX MITYPMOB YUYEHBIX, HAIIEJTEHHBIX Ha
YCHEIMHOE pemeHne HAUbONEE AKTYAIbHBIX 3a7a4
B MHTEPECAX MUHHCTEPCTBA OOOPOHBI U AMEPUKAH-
CKUX CIIELCIYXKO.

Ho ecnu B nonuTuke [KOH OT/IMYAICA KOHCEPBA-
TU3MOM, TO B HAYK€, B 3dBUCUMOCTH OT PEIIAEMOU
npo6aemsl, oH, o onpeaencuuo @.JIx.JaricoHa,
nposaeaan cebs Kax npo3aux, CmoAuuill na meepooll
nouge, Uil Kax nodm, KoOmopuiil 3aoaem 6ul3bL6a10-
wue eonpocol u noogepezaem ece commnenuro [10,
Cc.XVI]. Ha aror cuer Yuiep B AHEBHUKAX HU3JIOXKUI
BBIBOJBI U COOOPAKEHUS O OyAyIIEil (PUBUKE U [aAIb-
HENUIIUX NYTAX €€ PA3BUTHA

B ogHOoM M3 CBOMX IMCEM OH NMOAYEPKHYIL: Bom
yace 08a0uams J1em A 3aHUMAIOCs GUUKOL 2Dasuma-
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Ousnky, cobpaslwmecs B Konexrarere B uione 1963 r. nocne cmeptv H.bopa. [x.Yunnep ctouT B LeHTpe B BEPXHEM Psidy.

yuu U meopuetl OmHoCumenvHocmu. B pesyromame
A npuwen K 861600Y, Mo Mallnd MuPo3oanusl Kpoem-
ca enyoace, 8 K6AHMOBOM NPUHLUNE; UINO KEAHMOBbLLL
NPpUHUUN CBA3AMN HA KAKOM-MO PYHOAMEHIMALILHOM
yposne ¢ N02UKOU U UCUUCACHUCM NPEOSLONCCHUT..
cmpoenue Bcenennoli ¢643am0 ¢ Hawum cooCcmeer-
HOLM CYUecmeosanuem.. [14, ¢.395-396].

B pa6ore MeXYHAPOJAHBIX KOH(EPEHIUI IO TPa-
BUTALIUU YUJIEP YYACTBOBAI INOCTOAHHO. HauaBmuch
B 1957 1. B Hanen-Xuwie, KOHPEPEHIIUU 3aTEM IIPO-
BOAMINCH B Pyariomone 6m1m3 Iapuxa (1959), B Bap-
mage (1962), lougone (1965), Téunucu (1968), Ko-
nenrarene (1971), Tenp-ABuse (1974) u T.n. Ha Hux
Yunep ¢ y4eHMKAMH BBICTYNAT C PA3MBIIJIEHUAMUA
O CBOWMCTBAX I'DABUTALMU U €€ POIHU B CYIECTBOBA-
HUU BcenenHor.

JxoH 6bUI KpuTUYECKU HacTpoeH K CCCP u ero
BJIACTHU, HO IIPU3HABAI BAXHBIN BKIaj JLI.JIanpgay,
B.JI.Tunsbypra, AJ.Caxaposa f.B.3enpgoBuua,
1.0 Hosukosa, EM.JIupmuna, HW.M.XanaTHUKOBA
B HAYKY O I'PABUTALIUU U ObLI 3HAKOM C OOJIBIIMHCT-
BOM M3 HUX. ABTOPbI KHUT'H «[paBUTAIMS> OTMETHIIH,
YTO OUeHb MHO2UM 00A3AHbL HAULUM COBCTMCKUM KOJI-
Jle2am, Komopoie nomoznu 2ay0xce npOHUKHYMb 6 ye-
awili pad npobuem... [16, c.18].

B CCCP xOH@epeHUUN IO I'PABUTALUU HAYAIU
npoBoAuTh ¢ 1961 1. PaHee paboTaMN MIKOIbI-CEMU-
Hapel M.A.Mapxkosa (¢ 1978 r.) u cemunap J.J.MBa-
HEHKO npu MIV (¢ 1960 r.). 3 3apyGEKHBEIX YICHBIX
ux nocemanu x.Vunep, 4.V.Musuep, K.C.TopH,
Jx.Bebep u apyrue. Yunep nepemnucusancsa ¢ Msa-
HEHKO, 4 B €r0 KAOMHETE MENIOM HAIMCAJI HA JOCKE:
He mooxcem 6bimo meopult 3NeMeHmapHsLx 4acmuy,
umeruell 0en0 Mmoabko € eMeHMAPHLIMU YACTIUL-
yamu. Yuenux Hbopa (17, c.123].

B 1960-1970-x rogax 8 CCCP u CIIA npomo 10
CUMIIO3UYMOB IO TEOPETHUYECKON (PUBUKE, B KOTO-
pBIX yuyacTBOBAJI U [KOH. BIM3KO y3HAB €ro, akaje-
MUK XQJIaTHUKOB IHUCAJ, UYTO OH JUHYHOCMb APKASA,

®oto ®.XyHAa

CoL2DABULAS 3HAMUMELLIHYIO PONb 6 COBPEeMEeHHOLL me-
opemuueckoii pusure. <..> On uen06ex ¢ Heobbiuali-
HblM 8000padNCeHILeM, 8C€20a 3AHUMANL OUeHb BbLCO-
KO€ NOJ0ANCeHUEe 8 HAYUHOM COOOUecmee, Obil Co6em-
Hurxom npesudenma CIIA*.

W3BECTHBINT POCCUUCKUNA CIIEUAIUCT N0 KJIACCHU-
YeCKON U KBaHTOBOU rpasurauuu [0.C.Bragumupos,
3HABIIMU pabOTH YUIEpA U HEPEJKO OOLABIIMIACA
C HUM, OTMETUI: [10 Hawemy mmenuio, 6 nocaeornell
mpemu XX eexa Yunepa caedyem cuumams Pu3u-
KoM HOMep 00UH 8 0baacmu PyHOAMeHMALbHOU me-
opemumeckoti pusuru 18, c.117].

% ok ok

HMa Yunepa BIUCAIN B UCTOPUIO HAYKU XX B. HE
TOJIBKO CJI€TAHHBIC UM OTKPBITHSA, NPE/JI0XKECHHbIE
yA4HBIEC TEPMHUHBI U B3PAIIEHHBIC TAJAHTIUBLIE yUe-
HHUKH, HO U, IO MHEHUIO HOBBIX MOKOJEHUN UCCIENO-
BATEJIEN, €T0 YHUKATbHAA CIOCOOHOCTh CTABUTDH BO-
MIPOCHI, B MMOUCKE OTBETOB HA KOTOPBIE (PU3NUCCKAS
HAayKa MOET U3MEHUTb (PyH/aMEHTAJIbHBIC IPE]-
CTaBJIEHUS 06 YCTPOUCTBE IPUPOJIBI.

B 1966 1. Yusiep 6bi1 u30paH MPE3uIeHTOM AMepu-
KAHCKOTO (PHU3MUYECKOTO 06miecTBa, 2 B 1976 1. ero
NPUTTACUIN HA JOJLKHOCTh JuUpeKkTopa llenTpa teo-
peruueckont pusuku Texacckoro ynusepcurera B Oc-
TUHE. OH OBbLI HATPAKAEH MEJAIAMHU A DHUHIITENHA
(1965), D.®epmu (1968), B.®panknnna (1969), H.Bo-
pa (1982), X.Opcrepa (1983), O.Kinenna (1992) u gpy-
TMMU HATPaJaMu.

19 anpenst 1986 ., mepe/ TPEBOKHBIM OKHIAHUEM
omepanuu Ha cepjlie, 1o Jopore B OOIbHUIY YuiIep
HAIIUCAT yXKE ONPEJEICHHO: B ocHoge pusuxi, npo-
CMPancmea-epemenit, camozo Cyuecmeosamnuss e-
UM HeUmo UHPOPMAYUUOHHO-MEODeMULLCKO20 X -
paxmepa. Dmoti Kopomroil Ppasoil 4 6. OMEEMUN

* Xanammnuxos M. Jlay, Keurasp u apyrue (Top nonsecret). M.,
2008. C.141.
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UCTOPUSA HAYKU. DUSUKA

Ha npocudy 0 NocaedHem croge, npexcoe wem A oc-  JIEHHON. Ha cummosuyme o6CyXanoch, KaK BOIJIO-
maento amy 3emnio [14, c.417]. K cuacrpio, onepanyus  THUIKUCh B HAYKE €I'0 OTKPBITUA U IIpejcKazanud. [1o-
NPOIIIA YAAYHO U OH NPOXWII eme 20 C TUIMHUM JIET.  CJIEJHUE OBl )KU3HU JIKOH C xKeHol JKanerT (B 6pa-

B mapre 2002 1. B [IpyHCTOHE IPOIIEJ CUMIIO3U- K€ OHHU NIPOXUIU 72 rogal) nposen B JOMe IIpecrape-

yM «Hayka u npefiesibHas peaJIbHOCTb> MOCBAIEHHBIN  JIBIX B ILXAUTCTAayHE, HepaneKo oT Ilpuncrona. Ilo-
90-1eTHEMY I00WIIEI0 YIIEPA — BBIAAIOIEIOC (PU3U-  YEPK B €0 JIHEBHUKE CTAHOBWIICS BCE HEPA30OpUU-

Ka

C IPOPOYCCKUM JAPOM, IMMO3TA HAYYHBIX IMTOUCKOB, BCC, 3aIMCcen — BCE MCHbBIIC, 2 B AHBAPC 2008 1. oHU

NPOMNAraHUCTa COI032 KBAHTOBOM MEXAHUKHU U TE€O-  NPEKPATUIUCH U BOBCE. YMEP YYEHBIN OT MHEBMOHUU
pUU TPABUTAIIMHU KAK CPEICTBA pasragku TarH Bce- 13 ampess 2008 1. B Bozpacre 96 ner.m
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John Wheeler's Courageous Conservatism in Science

R.N.Shcherbakov
(Tallinn, Estonia)

The eminent American physicist John Archibald Wheeler (1911-2008) is famed by his works in Quantum mechanics and
Nucleus physics, General Theory of Relativity and Quantum Gravitation, Astrophysics and Cosmology. He was known so
by prediction of fundamental laws evolution of the Universe. He created a big Physics American Scientific school.

Keywords: Bohr—Wheeler theory, Geometrodynamics and Quantum Gravitation, Information and physic laws,
Wheeler Scientific school and family of Gravitational men.
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AAYPEATbI HOBEAEBCKON
NPEMUN 2018 FOAA

[lo pnznke — A.3wkud, X.Mypy, [.CTpnknauj

Jlaypeatamu Hob6eneBckoi npeMuun no (pU3uKe B 3TOM rojy cranu Aptyp dmkun (CHIA), Kepap Mypy (®Ppanius)
u JJonna Crpuxnanj (Kanazga). B pemenun Ho6enepckoro komurera lIBeACKOM aKaJeEMUN HAYK OTMEYAETCS, YTO UX
OTKPBITHS IPOU3BEIU PEBOJIOLUIO B TA3€PHON (DU3UKE U «CET'OJJHS YPE3BBIYANHO MAJICHBKHUE OOBEKTHl U HEBEPOST-
HO OBLICTPBIE IPOLLECCH. MOKHO HAOIIOAATh B HOBOM CBETE». A DIIKUH U306pEJI TA3€PHBIN NUHIET, C HIOMOIIBIO KOTO-
pOro MOKHO MAaHHUIYJIHPOBATb YACTHUIAMH, KUBBIMH KJIECTKAMU MU JaKE ATOMAMH IIOCPEACTBOM JIA3€PHOIO JIy4d.
KMypy u [J.CTpukiaanj pemuad npoobjaemy, JOJro CYUTABHIYIOCA HEPEIIAeMO: OHU COOOIA HAUUIM CIIOCOO, KaK
MHOTOKPATHO YCHJIUTB JIA3€PHBIN HUMITYJIbC MIyTEM €T0 PACTKEHUS U CKaTHA. [IpaKTUYIECKHUE PE3YABTATHl 3TOTO OT-
KPBITHSI UCIOAB3YIOTCS B OPTANBMOJIOTUH, METAUIO06PA6OTKE, B (DYHAAMEHTATBHBIX HCCIELOBAHUAX.

KiaroueBsie caoBa: Hobenesckas IpeMus, j1a3ep, MUHLET DIKUHA, YCUICHUE YMPIOBAHHBIX UMIIYJIbCOB, CTPETUED,

xkommpeccop Tpecu, kommpeccop Maprunesa.

CYK/I€HA 32 HOBATOPCKUE NU300PETEHNUS B 06J1aC-
TH Ja3epHON pusuku. Ee noayunau Apryp Du-
kuH (1/2 npeMun) 32 U300pETEHNE ONTUYECKOTO THUH-
LIETa ¥ €TI0 NPUTOKEHUHN B OMOJOTUYECKUX CUCTEMAX,
a raxxe Kepap Mypy (1/4) u Jonna Crpuxnang (1/4)
32 METOJl T€HEPAIUU YIBTPAKOPOTKUX ONTHYECKUX
HMITYJIbCOB BHICOKOHM HHTEHCUBHOCTH.
AMEPUKAHCKUIT (PUBUK U U300pETATENb APTYP
dmkuH (Arthur Ashkin) poguinca B 1922 r. B Helo-
HMopxke. B 1947 r. nony4nn crenenp 6akanaspa B Ko-
JYMOUHCKOM YHUBEPCUTETE, 4 B 1952 I — HOKTOD-
CKYIO CTEINEHb O pusnke B KOPHEIbCKOM YHUBEPCHU-
tere. B 1952-1992 rr. pab6oran B Komnanuu Bell
Telephone Laboratories, rie 8 1963-1987 rr. BO3-
[JIABJIJL OTZIE]I IA3€PHON ONTUKU. B 1978 1. nzobpen

H obenesckas npemus o gusuke 3a 2018 r. npu-

ApTyp JWKKUH.

Xepap Mypy.

ONTHUYECKUI MUHIET. ABTOp 47 maTeHToB. B 1996 T
n36paH 4yaeHOM HaluoHaNIbHONW aKaZEeMUM HAYK
CIOA. B ywncie ero Harpaj npemMud 1o KBaHTOBOWM
anexrponuke IEEE (1987), npemus TayHca (1988),
npemusa Panka (1993), npemusa Xapsu (2004), me-
nanb Ppenepuxa Aiisca (1998).

®pannysckuit yueHsi Kepap Mypy (Gérard
Mourou) poauncsa B 1944 r. B Anpbepsuie (Ppan-
nus). B 1967 r. okonunn VYeusepcurter [peHo6s,
B 1973 r. moay4n JOKTOPCKYIO CTENEHD 1O (PU3UKE
B [TapuxckoM ynusepcurere. B 1977 1, yexas B CIIA,
paboran B MHCTUTYTE ONTUKU PodecTepckoro yHu-
BepcureTa. B 1988 1. moayumi1 1OKHOCTD IPodecco-
pa B MUYMIaHCKOM YHUBEPCUTETE, Ii€ OCHOBAT Jla-
60paTOPUIO CBEPXOLICTPON ONTUKHU U JIOATOE BPEMS
pykosogun ero. B 1985r. sBmecre ¢ Jonunou CTpuUK-

JoxHa CTpuknaHg.
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JIAHJ] TPEJIOKUI HOBYIO TEXHUKY CBEPXMOIIHBIX -
3EPHBIX UMIYJIbBCOB — VCHJIEHUE YHUPIHUPOBAHHBIX
HUMITYJIbCOB. B HacTosmee BpeMs BO3TIaBadeT Jabo-
pPATOPUIO NPUKIAJHOU ONTUKKA B HanMoOHANBHOU
BBICIIEN NIKOJIE NEPENOBBIX TeXHONMOrni (Ppannus).
B 2010 r. mo nporpamme rpaHToB IIpaBUTENbCTBA
Poccurickont Pepepanuu 4y roCyAapCTBEHHOM O/ -
JIEPKKU HAYYHBIX UCCIEAOBAHUIN, MPOBOJUMBIX O]
PYKOBOJCTBOM BEAYIIUX YYEHBIX B POCCHUUCKUX BY-
3aX, Mypy ObUI IpUIIANIEH HA paboTy B HanuoHame-
HBIH MCCAEOBATENbCKAN HUKErOpoAaCKNAIl rocynap-
CTBEHHBIM yHUBepcureT umeHu H.M.JIo6aueBCKOro,
IJle Ha CPE/ICTBA BHIUTPAHHOTO MErarpaHTa 6u1a co-
3/1aHa 1A60paTOPUS IKCTPEMATbHBIX CBETOBBIX IO-
nen. B 2008 r. Mypy u3bpaH MHOCTPAHHBIM YJIEHOM
PAH (Otpenenue pu3anyeCKUX HAYK, CEKIIUs OOIECH
(pusuxku u acrponomun). OH Taxkxke 4dieH Hanuno-
HAJIbHOU MHXKXEHEPHOU akajgemuun CIIA, AMepukaH-
CKOT'O ONTHYECKOTO 06ImecTBa, MHCTUTYTA UHKEHE-
POB 3JIEKTPOTEXHUKU U 3yeKTpoHuku CIIA, unocr-
PAaHHBIA 4I€H ABCTPUICKON dKA4EMUU HAYK, AKaje-
MHUHM HAayK U CJIOBECHOCTU Mranuu. YIOCTOEH MHO-
TUX MPECTUAKHBIX MEXAYHAPOAHBIX HAYYHBIX Ha-
rpaj, B TOM YUCJIE NMPEMUU MHUHHUCTEPCTBA HAYKHU
®paHI UK, TPEMUHN O KBAHTOBOU 3JIEKTPOHUKE
IEEE (2004), npemu#t Yumnuca JIam6a (2005) u Ta-
yHCa (2009).

Kanagckunt ¢pusuxk Jomna Crpuxiaang (Donna
Strickland) popunace B 1959 1. B ropoge I'yange (Ka-
Ha/a). B 1981 1. OKOHUMIA KaHA/ACKUI YHUBEPCUTET
MakMacrepa 1o CIEUUANbHOCTH «MHXKEHEPHAA (DU-
3uKa». B 1989 1. monyuymiaa JOKTOPCKYIO CTENEHD I10
(pusuxe B Pouecrepckom yHusepcurere (CIIA), rae
€€ HAYYHBIM pyKoBoauTenem 6v11 Mypy. C 1997 . —
CTApUIMH NPENO/aBATENb (PUBUYECKOTO (DAKYJIBTETA
Vuusepcurera Barepnoo (Kanaga), ¢ 2002 1. — ansb-
IOHKT-1Ipodeccop (associate professor), ¢ 2007 r.—
3aseayionmasn Kadgeapon. B 2008 r. crana urenom On-
TUUYECKOTro obuiectsa CHIA, nzbupanach €ro BUllE-
MIPE3UAEHTOM.

B ueMm xe CyTb uJ€eN, CTOJb BBICOKO OII€HEHHBIX
Ho6GeneBckuM koMureTOoM? JIa3€pHBIA NUHIET DII-
KMH4, TO3BOJAIONUN MEpPEMEIATh MPEJMETH C MO-
MowbIO Jaszepa [1], n300peTeHne OCTPOYMHOE,
HO JI0OBOJIbHO NpPOCTOE. HarmaHyo aHaJ0TuIO0 3TOTO
3(pdeKTa JEMOHCTPUPYET MAPUK IS HACTOJBHOIO
TEHHHNCA, TOMEIMEHHBIN 10 CTPYIO BOJABL. Ha nmepsoIi
B3IJIAJ], CTPY JOJKHA OTOPOCUTH MIAPUK B CTOPOHY,
OIHAKO IPOUCXOAUT MPOTUBOIOJIOKHOE: IMAPUK YC-
TOMYUBO OCTACTCA O] CTPYEH, 4 IIPU €€ IepeMelie-
HUM caegyer 32 Hell. Eme B 1970-X rogax npoumnaoro
BEKAd DIIKUH OOHAPYXWI, YTO HEOOJIbIINE OOBEKTHI
B IIOJIE JTA3EPHOTIO JIy4a IEPEMEMAIOTCS B 30HY O0JIb-
MmeN MHTEHCUBHOCTH. DTO MO3BOJIAET MAHUNIYIUPO-
BATb C IOMOIIBIO J1A3€PA JA2KE OUOIOIUUECKUMU 00b-
€KTaMHU, HO, ECTECTBEHHO, €I'0O MOMIHOCTDb B 3TOM CJIy-
4yae JOJKHA OBITh OTPAHUYEHHOI.

JBa npyrue naypeara HobeneBCcKo NpeMUn 3TO-
IO rojia MOCTABUIIU ITEPE] COH0I B HEKOTOPOM CMBIC-
JI€ IIPOTUBOIIOJIOKHYIO 3271a4y: JOCTUYb MAKCUMAJIb-

HOU MHTEHCUBHOCTHU JIA3EPHOI'O JIy4a, BHIPAKAEMOU
B MOIHOCTH, IPUXOAANECHCA HA €AUHUILY IVIOMIA Y.

C MomeHTa cozanus B 1960 . aMEpUKAHCKUM
¢pusukom Teomopom MeliMaHOM MEPBOTO naszepa [2]
OJJHO M3 MAIUCTPAJIbHBIX HANPABICHUN (PU3UKU J1d-
SCpOB — T'OHKa 34 CBCpXCI/IJIbeIMI/I nmojaAaAMH, T.C.
34 PEKOPJHON MHTEHCUBHOCTDBIO U3Iy4EHUA B (POKY-
ce, KOTOPYIO MOXKHO OLEHUTD 110 (pOpMYIIe

W _ W [Ba |
) tA2\e )’

rae W — sHEPrus UMIyJIbCd, T — €r0 JIMTEIbHOCTD,
S — mromajgb (POKWIbHOI'O IATHA, A — JJIMHA BOJIHBI,
0 — pacxXoAUMOCTb, B4 — AUPPAKIUOHHAS PACXO/IU-
MOCTB, IPUMEPHO paBHAA A/D, D — fuaMeTp Iy4Ka.

Cpasy CTajo MOHATHO, YTO Y J1A3€POB 3/4€Ch HET
KOHKYPEHTOB HH CO CTOPOHBI MUKPOBOJTHOBOTO H3-
JY4EHUA, HU CO CTOPOHBI HEKOT€PEHTHBIX UCTOYHHU-
KOB CBE€T4 M KOPOTKOBOJHOBOI'O H3JIYUYEHUS €LIEC
MEHbIIEN JIMHBL. MUKPOBOJIHOBBIC UCTOYHUKU, UMES
3HAYUTEIBHO OOJBHIVIO SHEPIUIO UMIIYJIbCA, 6E3HA-
JEKHO OTCTAIOT, IPOUTPBIBASA HECKOJILKO IOPALKOB
n3-32 OOJbHIEN JUIMHBI BOJHBI, 4 TAKXE W3-32 JJIN-
TEJIBHOCTU UMITYJIbC4, KOTOPAsA OrPAHUYEHA IIEPUO-
JOM Kosieb6anus nons A/c (¢ — ckopocrts csera). He-
KOI'€PEHTHBIE UCTOYHUKY, AK€ IIPU MEHBUIEH, YeM
y J1a3€poB, AnuHe BOMHBL (YO, pEHTII€H) BCE PABHO
MPOUTPHIBAIOT U3-34 OONBIION PACXOJUMOCTU — HA
HECKOJIBKO MOPAAKOB OOIbIIE, YEM 6 4.

Vike B 1960-X roj1ax na3epsl MPojEMOHCTPUPOBA-
JI1 CBOU INPEUMYIIECTBA: MHTECHCUBHOCTb UX HU3JIY-
yeHus gocturna 10“Br/cm? OfLHAKO B IOCAEAYIOIUE
JBA [JECATUIETUSA OHA IPAKTUYECKUM HE pOCia
(puc.l). IIpuynHa COCTOAAA B TOM, YTO JIA3€PHbBIC
YCUIUTENN SOCTUININ IPEAENA, CBA3AHHOTO C JIyde-
BOM IIPOYHOCTBIO JIA3EPHBIX CpeA. IPYIrUMU CIOBAMHU,

HEeNWHENHas KBaHTOBas 3NEKTPOAMHAMMKA
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Puc.1. WHTeHcuBHocTb B dhokyce (BT/cM?) ¢ poxpeHus nase-
poB A0 HAWMUX JHe.
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[IPU MONBITKE AAJTbHEHIIEIO MACIITAOMPOBAHUSA J1d-
3EPHOTIO U3JIYYECHUA OHO BMECTO YCUJICHUS PA3PyLId-
JIO CaM YCUJIUTEND. TaKUM 0OPa30M, NPECTABIABIIE-
€CA HEPa3pPEUIMMbIM IIPOTUBOPEYUE 3AKIIOYATOCH
B TOM, 4TO, C OJJHOU CTOPOHBI, /Il YCUJIEHUA UMITYJIbC
JOJKEH YEPNATh SHEPIUIO U3 CPEJBL, T.€. PACIPOCT-
PaHATLCA B CPEJE, 4 C APYIOM CTOPOHBL, OH CAM 3TY
cpejsly paspyai.

[U1g HAITIAGHOCTU BMECTO JIA3€PHOIO HMMIIY/IbCA
B KAUECTBE AHAIOTUUA MOXHO PACCMOTPETb OUOJOTHU-
YECKYIO MOJIENb. JJOIyCTUM, 3TO YEPBAK, KOTOPOT'O MBI
XOTHUM OTKOPMUTD, PACIIOIArdsd HEOIPAHUUYEHHBIM KO-
JINYECTBOM KOPMd, PA3MEICHHOI'O B OYEHb JJIMHHON
Tpyoke. ITon3s mo TpyoOKe, 4epBAK (MMIIYIbC) €CT
U YBEJIMYUBAET CBOIO MACCy (3Hepruio). O4eBUIHO,
HHUYTO OCOOO0 €€ HE OIPAHUYUBAET, ECJIU YEPBAK PaC-
TeT B AAUHy. OJHAKO YBEJIUYEHHUE €TI0 TONIUHBI
(MOIIHOCTH UMIIY/IbCA) BO3MOKHO JIMIIb 10 AUAMETPA
TPYOKU. JJanpHENIIEe YTONIEHUE B €€ IIpejeIaX He-
BO3MOXHO, 4 BHE TPYOKU €/Ibl HET.

Kak xe yganoch pemuTb 3Ty, Ha NEPBBIA B3IJIAL,
HEPA3PEIIUMYIO IpobieMy? Boixoa npeanoxunu My-
py u Crpuxnang B 1985 r. [3]. Eciiu HE yXOAUTDH OT HA-
nIeft MOJENHU, OH COCTOUT B TOM, UTO CHAYaJId YEPBAK
paCTATUBAETCS B JJIMHY C COOTBETCTBYIOLUM YMEHb-
HIEHUEM TOJIUHBL [Tocie 3TOro JJIMHHBIA U TOHKUI
YEPBAK MON3ET B TPYOKE, YHUUTOXKAA €Y, U TOICTEET
JO JUAMETPa TPYOKH, 4 JAJ€E BBIIIOJ3AET U3 HEE
1 CKUMAETCA IO UCXOAHOU JUIMHBI C COOTBETCTBYIO-
MMM YBEJIMYEHUEM TONIUHBL XUTPOCTb 3aKII0YAET-
Cs B TOM, YTO IIPU CXKATUU 4YE€PBAKA (MMIIY/IbCA) €r0
Macca (3HEprus) HE YBEJIMYUBACTCH, T.€. CKUMATD
MOXKHO 6€3 €/Ibl, a4 CJI€LOBATEIbHO, BHE TPYOKHU (Cpe-
Apl). TakuMm 06pa3oM yJae€TCAd YMEHBIIUTDL JJIUTEND-
HOCTDb UMIIYJAbCA HA 4—5 OPAJKOB U, B COOTBETCTBUU
C IPUBEJCHHONU (POPMYIOH, HA CTOJIBKO K€ YBEIU-
YUTh UHTEHCUBHOCTb.

Wrak, gad peanusanuud ujeu
HYXHBI YCTBIDE YCTPONCTBA: IEp-
BOE — TE€HEPATOP KOPOTKUX UM-

JEPKUBAIOLINE PA3HBIC JJIMHBL BOJIH HA PA3HOE BPEMSL.
B pesynbrare KOPOTKUU JIA3€PHBINA UMIIYJILC, B KOTO-
POM BC€ JJIMHBI BOJIH CUMHXPOHHBI, PACIUIBIBAETCI BO
BPEMEHU: «KPACHBIEC> JUIMHBI BOJIH JIETAT BIEPEAH,
a4 «CMHHE> — C34/I1, NI HA060POT — B 3dBUCUMOCTHU
OT 3HAKA JUCIIEPCUU. B mepeBo/ie Ha 3BYKOBBIE BOJTHEI
3TO COOTBETCTBYET ILIABHOMY YBEIUYECHUIO WIU
YMEHBUIEHUIO BBICOTBI MY3BIKAJbHOI'O 3BYKA — TaK
3BYYUT I'AMMaA WIH, TOYHEE, CTPYHA CKPUIIKU, €CJIU 11d-
JIEL] UCIIOJIHUTENS ABUXKETCA BJOb Ipruda. CAUTAETCH,
YTO NOXOKHUI 3BYK U3/1A€T YUPUKAIOMUI BOPOOEI, OT-
ciofa u chirped pulse — «9UPUKAIONTUI> UMITYIIBC.
3aMETUM, YTO YMPIOBAHHBIE (WJIU YdCTOTHO-MO-
JYIUPOBAHHBIEC) UMITYIbCHI PACIIPOCTPAHEHEL U B JIPY-
IUX 06JACTIX (PUBUKU — OT PAJAUONOKAITUU O TOUC-
K4 I'DABUTALMOHHBIX BOJH: MMEHHO YMPIOBAHHBIN
CHUTHAJI TPABUTALMOHHBIX BOIH ObLI HEAABHO JETEK-
TUPOBaH Kostabopauueit LIGO, 32 4To 6bL1a IPUCYXK-
nena Hobenesckasa npemud no ¢pusuke 2017 1.
Bepuemcs k Hobenepckoit npemun 2018 1., o6pa-
TUB BHUMAHUE HA KJIIOYEBOU PUCYHOK CTATbU CTPUK-
nanja u Mypy, ony6IuKOBaHHOIM B 1985 1. (puc.2) [3].
JIErKO 3aMETHUTh, YTO BCE OCHOBHBIC 3JIeMEHTH CPA
ObIIM K TOMY BPEMEHU M3BECTHBI: U I€HEPATOP KO-
POTKHUX UMIYAbCOB (JIa3€P C CHHXPOHU3AIMEN MOJL),
U crperdep (JIMHHOE OJJHOMOJOBOE BOJIOKHO C IO-
JIOKUTENbHON AUCHEPCUEN), U YCUIUTENb (OObIY-
HBIH JIA3EPHBIN YCUIUTEND HAd HEOJUMOBOM CTEKIIE),
1 KOMIIPECCOP C OTPUILATENBHOM AUCIIEPCUEN HA OC-
HOBE JU(MPAKIMOHHBIX PEHIETOK, B KOTOPOM TOJIBKO
OTPAXKATEIbHBIE 3JIEMEHTBHI, U CBET HE IONAJjdeT
BHYTPb cpejbl. Ho ecnu riaBHble 31eMeHThl CPA ObI-
JIX YK€ U3BECTHBL, TOT4A B YEM XK€ COCTOAIA UL e HO-
6e1eBCKOro ypoBHa? Ha MepBbIil B3T/IAJ, €€ PEBOMIO-
LUOHHOCTDh 3AKIIOYANIACh HUCKIIOYUTENBHO B TOM,
YTOOBI PACHOJIOXUTh U3BECTHBIE 3JIEMEHTHI B IIpa-

MyJIbCOB; BTOPOE — CTPETUEP, KO- FeHepaTop KOpPOTKWX =
TOPHII  PACTATUBAET HMIYIbC, gl e =
YMEHBIIAS UHTEHCUBHOCTD 6€3 U3- YCUnWTENb | ?%
MCHEHU SHEPTUH; TPETHE — YCH- 1 |—| |5 |7 l _ J féé
JIUTCNb, YBCAMYMBAIOMMUU  CroO R i u§
SHEPTUIO U MOITHOCTb, HE MEHI MOZYNSTOp \ nonsipusatop ©
JJIATENBHOCTH; U YETBEPTOEC — j

KOMIIPpECCOop, KOTOprﬁ CXKHUMAET / | KomMnpeccop

HMMITYJIbC 6€3 YBETUYEHUS SHEPTUH,
HO C YBEJIMUEHUEM MOIHOCTH.
Taxkag KOHIENUUA MOJy4IUIA
Hazpanue CPA (Chirped Pulse
Amplification) — ycuieHue 4dup-
MIOBAHHBIX UMIYJIbCOB. HeoueBuj-
HOE B 3TON a060peBUATYPE CIOBO
«chirped» (IepeBOAUTCA KAK «UU-
PUKAHBE>) OTPAKAET TOT (PAKT, UTO
JUIA PACTKEHUSA KOPOTKUX JTa3€p-
HBIX HMIYJIbCOB MCIONb3YIOTCA
JUCIIEPCUOHHBIE YCTPOMCTBA, 3a-

Puc.2. Mepeoe npegnoxenne CPA: reHepaTop, CTpeTYep C NOAOXUTENbHOW Aucnepcu-
el (Ha BONOKHE), ycunuTenb, KOMNPeCccop C 0TpULaTeNbHO| Aucnepcueit Ha AByx na-
pannenbHbix pelleTkax.
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Puc.3. Komnpeccop ¢ otpuuatensHoit fucnepcmen Ha aByx na-
pannenbHbiX pelleTkax.

BUJIBHOM mnopsaake. OJHAKO 3TO HE COBCEM TaK.
B cBOEeM IEpBOHAYAIBLHOM BUJE (CM. PUC.2) KOHIIEII-
uus CPA He nosnyuuna Obl CTOJNb MUPOKOTIO PACHpO-
cTpaHeHud. Jlejo B TOM, 4TO, XOTA y CTpeTdepa
1 KOMIIPECCOPA PA3HbIE 3HAKU JUCIEPCUU, CYMMU-
POBAaHUE TUX JUCIIEPCUN HE 1A€T CTPOI'O HYJIEBOT'O
3HAYeHUA. MHBIMU CIOBAMU, BHOCUMAS 34/1€PKKA HE
CTPOr'o IPONOPLUUOHANbHA JIUHE BOJIHBI, 4 OKA3bI-
BAETCA CJIOXKHON (PYHKLMEN OT HeEe, IpUYeM HU3-34
Pa3HOM NPUPOJLI AUCIIEPCUN B BOJOKHE U B PEIIET-
KaX (PYHKUIUU OIPUHLIUIIUAIBHO PA3HbIE. DTO 3HAYUT,
4TO HYJIEBON CYMMAapPHON JAUCIEPCUU MOXKHO [O-
6UTHCA TOABKO HA OAHOMU JIJTMHE BOJHBI, 4 IpeHebpe-
JKAMO MQJIOIN — JIUIIb B Y3KOM CIIEKTPAJIbHOM JUaAlla-
30HE, 4TO IPOTUBOPEUUT IIOJYYECHUIO CBEPXKOPOT-
KHAX UMIYJIbCOB.

O6pamasce K UCTOPUHU BOIIPOCA, YKAXKEM, 4TO
KOMIIPECCOP C OTPULIATEIBHON AUCIEPCUEN HA OC-

WMCXOOHBIE MMNYNBCEI

thokansHan
NJI0CKOCTh

npeoGpaaoBaHHble MMMYNBChI

y

pELIeTKa

u L2

HOBE JU(MPAKIIMOHHBIX PEIMIETOK MPEIOKUI B Te-
Meph yXKe JTOBONBHO anexom 1969 roay damony Tpe-
cu (puc.3) [4]. Komnpeccop Tpecu 6611 MHOTOKPATHO
HUCIOJb30BAH MMEHHO I CXKATUSA YUPIOBAHHBIX
UMIyabCOB, HO He 1A CPA. HoBaa npes 3axiovanach
B TOM, YTOOBl YKOPOTUTb MCXOJAHBIN MUMIYIbC (6€3
YCUJIEHUA) U TEM CAMBIM YBEJIHUYUTH €IO MOIIHOCTb.
Jng 3TOTO B IIpolecce HEMMHENHON (PAa30BOU caMo-
MOJYIALUU CHEKTP UCXOAHOIO CIEKTPAIBHO-OTPa-
HUYEHHOT'O UMIY/IbCA PACHIUPSAIICA, IPUOOPETAS MO-
JIOKUATENBHYIO JUCIEPCHUIO, TOCIE YETO HMITYJIbC
KOMIIPECCUPOBAJICA 6J1arofapsas OTPULLATENBHOM JUC-
nepcuu komnpeccopa Tpecu. ToT daxT, 4TO BCE 371€-
MEHTBI KOMIIpECCOpa paboTAIOT HA OTPAKEHUE U OH
CIIOCOOEH BBIIEPKATH OOJBIIYIO MOIHOCTD, 3HAUE-
HHUS HE MMEJI — MOIIHOCTH OBLIM CKPOMHBIE. 3/1€CH
TpeOyeTCs peMapKa: B YIOMUHABIIEHCH CTaThe Mypy
n Crpukiaasy [3], B KOTOPOU IpeAIarajach KOHIEII-
nusg CPA (cM. puc.2), TOBOPUJIOCH O BOJOKOHHOM
CTpETYEpE, a4 OH, KAK YKA3aHO BBIIIE, COCTABIIAET IIO-
XyI0 apy kommnpeccopy Tpecu.

B anBape 1987 r. Ockap MapTuHe3 HaLlel pemie-
HUE [5], KAK MOMEHATDH 3HAK AUCIEPCUMN Y PEIIETOY-
HOI'O KOMIIPECCOPA — HYKHO CJENATbh €ro AUCHEp-
CHIO TTOJIOKUTENBHOM, 4TO TPeO6OBaANOCH /i CPA Ha
JUIMHAX BOJH OKOJIO 1.5 MK, T[i¢ JUCIEPCHUS BOTOKHA
OTpuULATEeNbHA. MapTUHE3 MONAraja, 4To 0606IUII
naero CPA, pacnpocTpaHuB €€ Ha JPYIOM ONTHYEC-
KMIT IUANId30H, B KOTOPOM KoMIIpeccop Tpecu ne pa-
60TaeT, TAK KaK UMEET HEMOAXOAAMMUN 3HAK TUCTIEP-
cun. Komnpeccop Maprunesa (puc.4) OTIMYAETC OT
xomnpeccopa Tpecu Tem, 4To MEXAy PEeMmeTKAMH yC-
TAHOBJIEH OJHOKPATHBIN TEJIECKOI, 61arojjaps KOTo-
pOMY JUCTIEPCHUSA MEHAET 3HAK.

Yepes maTb MecaLes, B MioHe 1987 1., 6pu1a Onyo/11-
KOBaHA CTaThs [6], B KOTOPOU Mypy ¥ COABTOPHI TIPU-
IIJIN K BBIBOJTY, YTO KOMIIPECCOP MapTHHE3A SABISACTCHL...
crperdepoM (PHUC.S), IPUYEM UJEATbHBIM CTPETYEPOM
Ui paboTHl B Iape ¢ KoMrpeccopoMm Tpecu, noTomy
YTO Yy HUX HE NPOCTO PA3HBIE 3HAKH JUCIEPCUH,
HO ¥ MOJYJIb JUCIIEPCUM OUHAKOB BO BCEM JIUANIA30HE
JUINH BOJIH, €CJIM UCIONb3YIOTCA OAMHAKOBBIC PEIIET-
xu. Takum ob6pasom, uznes CPA 06-
pena OKOHYATENbHBIN BUJ, 61aTO-
JApsg KOTOPOMY B HACTOSIIEE Bpe-
MsA BCe 6e3 MCKII0OUEHUS MOIIHBIC
JIA3€PBI BKIIOYAIOT B Ce6 YeThIpE
3JIEMEHTA: TEHEPATOP KOPOTKHUX
HMIYJIbCOB, CTpeTyep MapTuHe-
32* Ha JUOPAKIUOHHBIX pEIIET-
KaX C IOJIOKUTENBHON IUCIEPCHU-
en, ycunurenb, komnpeccop Tpe-

pelleTka

_— 1 Ha IN(PAKIIMOHHBIX PENIETKAX

C OTPHUIATENbHOU AUCIEPCUEN.

Puc. 4. Ctpetyep (KoMnpeccop) ¢ NONOXMUTENbHOM AUCnepcueit Ha AByX aHTMNapan-
NeNbHbIX peleTkax U ¢ COMOKYCHLIM TeNECKONOM Ha NnH3ax L1 u L2.

* CTporo roBopsi, UCIOJIb3yeTCs TAK HA3bI-
BaeMblid crperdep OdHepa [5], B KOTOpoM
JIMH30BBIN TEJIECKOI 3AMEHEH HA 3€PKAJIb-
HBI, YTOOBI UCKIIOYUTD JJUCIIEPCUIO, BHO-
CHMYIO JTMH3AMH.
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Hapo ckaszarp, pesomonuoHHoe siausHue CPA Ha
JIA3EPHYIO TEXHUKY IIPU3HAHO B HAYKE JAJIEKO HE Ce-
rojgud, Hobenesckas npemus €€ pa3zpaboTuuKaM OXU-
JAanach AaBHO. K HAaCTOALEMY BPEMEHU YYEHBIE «BbI-
JKanu» U3 KoHuenuuu CPA Bce BO3MOKHOE: MOITHOCTD
(M MHTEHCUBHOCTDb) COBPEMEHHBIX JA3€POB OTPAHU-
YHUBAECT YKE HE TO, YTO JIA3EPHBIN UMITYJIbC HEJIb3S -
JIEC YCUIMBATD, 4 TO, YTO €I'0 HEIb3s KOMIIPECCUPO-
BATb. JIU(PPAKIIMOHHBIE PEMIETKH, XOTSA U pabOTAIOT HA
OTpaXeHUE, 001aaI0T OONBIION, HO BIIOJHE KOHEY-
HOM CTOMKOCTBIO K CBEPXMOIIHOMY M3ay4deHuio. I1pe-
J€NbHAasd MHTEHCUBHOCTbL OIPAHMYEHA. YBEJIUYEHUE
MOIIHOCTHU 34 CYET YBCJIUYCHUSA I'abaAPUTOB TAKKE
6JIM3KO K IPEJENy: CErOJHs U3rOTABIUBAIOTCSA YHU-
KAJIbHBIE PELIETKU METPOBOI'O PA3MEPA, OHU I1O3BOJIAT
B OMMKAUIINE TOA-/IBA CO3ATh JIa3€PBl C MOUTHOCTBIO
10 I1Btr n unrencusHocteio 10 Br/CcM? HO TPyAHO
NIPEJCTABUTL CKOJIbKO-HUOY/ b 3HAYUTEILHOE YBEJIU-
YEHHUE MOIHOCTHU B OyaymeM. Takum o6pas3om, B Iie-
[IOYKE I'€HEPATOP—CTPETUEP—YCUIUTEIb—KOMIIPEC-
COp CAMBIM C1a6BIM 3BEHOM TENEPD OKA3BIBAETC KOM-
npeccop. Poct MHTEHCUBHOCTU U3JIy4yeHUS (YepHas
JINHUA HA PUC.1) OCTAHOBUJICA, TOABUIOCH HOBOE T1/IA-
TO (CUHSAA JIUHUA). YTO Xe fanpuie?

OJUH 13 BO3MOKHBIX IIYTCH yBEJIUYCHUS UHTCH-
CUBHOCTH u3nydeHud jo 10* Br/cm* u gajnee noacKa-
3bIBACT M€ YBEIUYCHUS MOIHOCTU HUMIIYIbCA YK€
rnocsuae Komnpeccopa. IIo yKa3zaHHBIM BbILIE NPUYM-
HaM YBETHUYUTD S3HEPTUIO (YCUJIUTD) UMITYJIbC HEIbB3A,
TaK 4TO OCTAETCHA TOJBKO YMEHBIIATL €TI0 JJIATEND-
HOCTb. I 3TOro HEOOXOJLUMO YBEJIUYUTb CIIEKT-
PAJIBHYIO IIOJIOCY, T.€. PACTAHYTb CIIEKTD HMIIYJIbCA
(He IIUTENbHOCTD, KaK 11pu CPA, 2 UMEHHO CIEKTP).
Jns ero pacTsSKEHU IPUMEHAETCA (PA30BaAsg CAMOMO-
OYIALUASA NPU PACIPOCTPAHEHNHM CBETA B HEJIUHEN-
Hou cpeje. ITocne NpoxXoXAEHNUA MOIMIHOI'O JTA3€PHO-
I'O UMIIYJIbCA YEPE3 TAKYIO CPEJy €r'0 CIEKTP PaCHIU-
pAETCA U CTAHOBUTCA YUMPIIOBAHHBIM. I KOMIIpEC-
CUU HYKHO BHECTU JUCIEPCUIO, BEJIMYUHA KOTOPON
3HAYUTEIbHO MEHbBIIE BHOCHUMOM CTPETYEPOM WU
xoMmnpeccopom ang CPA. C 3TOH 1ENBIO UCITONB3YIOT-
¢4 IMCIIEPCUOHHBIE 3€pKand. OHU HE MOTYT UCIIOJIb-
30BaTbCsl B CPA BMECTO pEIIETOK, TAK KAK BHOCAT
O4YE€Hb MAJICHBbKYIO AMCIIEPCUIO, HO 3aTO UX CTOU-
KOCTb 3HAYUTEIbHO BBIIIE, YEM Y PEIIETOK. biaroga-
P 3TOMY YBEJIUYUBACTCA IPEJEAbHASL MOIIHOCTD UM-
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Puc. 5. Cxema ctpetyepa (pewetkn G1 n G2) c nonoxutenbHom
Ancnepcueit n komnpeccopa (pewetku G3 u G4) c oTpuuatens-
Hoil aucnepcueii. 3epkana M1 n M2 obecneynBatoT ABa Npoxo-
pa (ons yoBoeHMA aucnepcun).

nyanca. B ornmune ot CPA, cxaTre BO3MOXKHO HE Ha
MHOTO TOPAAKOB, HO B 5—20 pa3 BIIOJHE PEATLHO.
J1a pacTAaKEHUs CIEKTPd, B TOM 4HCJE C LEJIbIO0
MOCIEAYIOUETO YKOPOUEHUS UMITYJIbCa, ¢ 1980-X ro-
JOB IIMPOKO NPUMEHAETCH Pa30BaAsT CAMOMOAYJIALUA
IIPU PACIPOCTPAHEHUHU CBETA B BOJOKHE. OJHAKO O
HEaBHETO BPEMEHHU 3TA TEXHOJOTUSA OblIA OTPAHU-
YEH4 TOJBKO JIA3€PAMHU C MOIHOCTBIO MeHee 1 TBT
13-34, Ka32JI0Ch Obl, HEU3OEKHBIX MAPA3UTHBIX 3(]P-
gexToB. M BOT Teneps NOABUICH P/l UAEH, KAK 3TU
OIPAHUYECHUA MOXHO OOONTH, U OBLIO IKCIEPUMEH-
TAJIbHO IPOJAEMOHCTPUPOBAHO [3] YKOPOUYEHUE HM-
mysnbca ¢ 56 10 24 GC ¢ COOTBETCTBYIOMUM YBCIUYC-
HUEeM MOIHOCTH co 100 go 200 TBT. [IpuHIunnanb-
HBIX OI'PAHUYEHUH I JAJIbHEUIIErO MACIITA0UPO-
BaHMUd BIUIOTH 70 100 ITBT HeT.
© unen-koppecnonaeHT PAH E.A.Xa3aHoOB
Huctutyr npukaagnon dpuszuku PAH
(Huxnuit Hosropog, Poccus)
e-mail: efimkhazanov@gmail.com
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2018 Nobel Prize Laureates in Physics: Arthur Ashkin, Gerard Mourou, and Donna Strickland

E.A.Khazanov
Institute of Applied Physics, RAS (Nizhny Novgorod, Russia)

Arthur Ashkin (USA), Gerard Mourou (France), and Donna Strickland (Canada) became Nobel Prize winners in
physics this year. The decision of the Nobel Committee of the Swedish Academy of Sciences notes that their discov-
eries made a revolution in laser physics and “today extremely small objects and incredibly fast processes are now
been seen in a new light”. A Ashkin invented laser tweezers, with which you can manipulate particles, living cells, and
even atoms with a laser beam. J.Mourou and D.Strikland solved a problem that had long been considered unsolvable:
together they found a way to multiply the laser pulse by its stretching and compressing. The practical results of this
discovery are used in ophthalmology, metalworking, and basic research.

Keywords: Nobel Prize, laser, Ashkin tweezers, chirped-pulse enhancement, stretcher, Treacy compressor, Martinez
COmpressor.

[lo xummnn — @.ApHonba, [x.Cmut, [.BuHTep

B 2018 r. Ho6enepckas npeMus 110 XUMHUHN NPUCYKAECHA 32 OTKPBITUA B 061aCTH 6EIKOBOTO /IN3aliHa, BAXKHOCTh KOTO-
pOro CI0XKHO MEPEOLUEHUTD B HAIIK JHU. B MeJUIIMHE yKE€ UCIIOIb3YIOTCA JECATKUA PA3ZHBIX «[U3AMHEPCKUX» AHTUTEIL,
KOTOPBIE ObUIM CO3/laHbl Hd OCHOBE METOJUK, pa3padoTaHHbX . ApHouba, [xx.CMutom, I.Buntepom.

KiaroueBnie caoBa: HoOeneBckas npemus, 6MOKATAIN3, MOJIEKYIAPHOE y3HABAHUE, OENKOBBINA AM3aiH, (Harosblil
JUCIUIEN, HATIPABJIEHHASA 3BOMIOIUSA (DEPMEHTOB.

Apnonpaa (William Howard Arnold). B 1974 1. okon-
Yuad TOCYAAPCTBEHHYIO CPEAHION KOy Tammopa
Onpepparica (ITmrrcbypr, mrat [Tencunbpsanus, CIIA)

aena ®psncuc ApHouby (CHIA) «3a HAIIpaBIEH-

H obenesckad npemusd 1o xumun 2018 . npucyx-
HYIO 3BOJIOIUIO (DEPMEHTOB> U JIKOPAXY CMU-

Ty (CIOA) ¢ I'peropu Bunrepom (BenuxkobpuranHus)
«32 (paroBblil AUCILIEH NIENTUOB U AHTUTEI>.
®paucuc ApHoabn (Frances Hamilton Arnold)
ponmnace 25 wuionst 1956 1. B r.OmkByne (mrar Ilen-
cunbBanus, CHIA) B cembe (pusuka Bunbama Tosapaa

®pancuc ApHonba. Ioxopmx CmuT.

U NOCTynuad Ha pusndeckui paxyasreT [IpuHCTOH-
CKOTO yHUBepcuTeTa (mTaT Helo-/Kepcn), npu 3T0M
[IAPAJUIEJIBHO C 3AHATUAMU 110 OCHOBHOU CIICLIMAJIb-
HOCTU IIOCEWAId KYPChHl 10 3KOHOMHUKE, OCBAMBAJIA
PYCCKNIT U UTATBAHCKUAIN A3BIKA U JJAKE 33/[yMbIBAIACH

[peropu Yuntep.
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0 Kapbepe auruioMara. ITocie BTOporo Kypca oHa oT-
npaBuiach B Uranuio, rae pa6oTana Ha (pabpuke, npo-
U3BOJAIIEH JAE€TANIH I ATOMHBIX PEAKTOPOB. BepHys-
MUCh B [IpUHCTOH, TPOAOJKIIA y4eby B YHUBEPCUTE-
Te, CIENUANU3UPYACh HA Kaeape a3POKOCMUYECKON
TEXHUKH, I7I€ O/ PYKOBOACTBOM (DU3UKA-TEOPETUKA
P.Cokos0y pa3zpabarTbBaIuCh UCTOYHUKU BO30OHOB-
JIIEMOM 3HEPIUU. DTA TEMA CTAIAd KIIOYEBON B JaJIb-
Henmen pabore ApHOIB/ NOCIE OKOHYAHUS YHUBEP-
cuteTa B 1979 1. B 9acTHOCTH, OHA 3aHUMAJIACh IPOEK-
TUPOBAHUEM COJHEYHBIX 6aTaper B HayuyHo-uccneno-
BATEJILCKOM HHCTUTYTE COJIHEYHOIN 3HEPIUM (HbIHE
HanuoHAMbHBIA UHCTUTYT BO30OOHOBIAEMON 3JHEP-
I'un). 3aT€M OHA 3dAMHTEPECOBATACH OUOXUMHUEH U T10-
CTYNWJIA B ACIUPAHTYPY B KanuopHUitckuil yHusep-
curer (bepknn), rge mog Hay4HLIM PYKOBOACTBOM
X.V.bimanua B 1985 1. 3amuTnia AucCcepTannio, mocCsA-
HIEHHYIO MeToAaM ad@uHHON xpomarorpaduu. I1o-
CJ1€ OKOHYAHUS MOCTJOKTOPAHTYPHl IO GUopU3nyec-
KO xumu# B 1986 1. ApHonpj npuraacuiu B Kamu-
(POPHUICKUIT TEXHOJOTUYECKUN HHCTUTYT, IJlI€ OHA
TPYAUTCA 4O CUX NOP. B Hacroamee BpeMsa APHOJIb],
npodeccop XUMHUUECKON HHKEHEPUH, OMOUHKEHE-
puu u 6noxuMuu umeHu Jlarinyca I[TonuHra, BO3rias-
nger KanndopHUNCKUH IIEHTP OMOTEXHONIOTHH UMe-
nu Jlonnsl u benypkamuna Pozenos. Kpome Toro, Ap-
HOJIBJl U36PaHa BO BCE TPU HAIJUOHAIbHBIE AKAJEMUU
CIIA — HanuoHAIbHYIO AKAJEMHUIO UHKEHEPHBIX HA-
yK (2000), HanumoHanpbHy0 MEAUITMHCKYIO AKAIEMUIO
(2004) m HauuoOHaIbHYIO aKaJeMHUIO Hayk (2008),
4 TAKXKE CTAJIA YWICHOM AMEPUKAHCKOIO PUIOCOPCKO-
ro o6mecTBa, AMEPUKAHCKON aCCOLUAIIUU COJIEHUCT-
BUA PA3BUTUIO HAYKU, AMEPUKAHCKON AKAJAEMUU MC-
KyCCTB U HAYK, AMEPUKAHCKON aKa/[EMUU MUKPOOUO-
JIOTUM, AMEPUKAHCKOIO HWHCTUTYTA MEJUIIMHCKOMN
1 OGUOJIOTUYECKON MHKEHEPUU U MEXKIYHAPOMHBIM
CTUNEHANATOM KOPOIEBCKOM NHKEHEPHOU AKAZEMUN
Benuko6puranuu. PaboTsl ApHOJILA OTMEYEHBI MHO-
JKECTBOM MEKAYHAPOAHBIX U HALMOHAJIBHBIX HArpaf,
B TOM umcie npemuen Yapnabp3a Crapka Jpennepa
(2011), HatmonanpHOM MEAAIBIO TEXHOJOTUN U WH-
HoBauuii (2011), TeXHONMOTNYECKON IPEMUEN THICAYE-
nerust (20106), Ilpemueit Perimonyt u Besepiure Caknep
HauuoHanbHOM akageMuu Hayk (2017) u gp.
Ixopaxk Cmurt (George Pearson Smith) poauics
10 mapra 1941 r. B 1. Hopyouke (mraT KOHHEKTHUKYT,
CIIA). CreneHpb OaKaaaBpa 110 OMOJIOTUU OH IIOJIYUUI
B 1963 r. B kKomnemke Xasepdopaa (mrrat [leHCHIbBA-
HUS), cTeneHb PhD 1o 6aKTepruoaorud 1 UMMYHOJIO-
run — B 1970 1. B lapsapigckom yuusepcurere. ITocue
OATUIETHEN MOCTAOKTOPAHTYPH B J1a60paTOpUU
Onusepa CMuTHUCA* B YHUBEPCUTETE WTATA BUCKOH-

* Omusep Cmuruc (Oliver Smithies) — maypear Hobenesckoit mpe-
MHH 10 (PU3UOTIOrUH WK MeAntirHe 2007 I, HAarpaKICHHBIM «32 OT-
KPBITHE [IPUHIIUINOB BBEACHUS CHEIU(PUUECKUX I'C€HHBIX MOAUDU-
KAUWH Y MBIIIEH C UCIONb30BAHUEM dMOPHOHAIBHBIX CTBOJIOBBIX
KIETOK>. [Toppobuee cm.: Kucenes CJI. Jlaypeatsl HOGENIEBCKON Ipe-
mumn 2007 roga. ITo ¢usuonorun wm MeauruHe — MKaneuuw,
O.Cmuuc, M3Bauc // Ipupopa. 2008. Nel. C.78—83. — [Ipumen. peo.

cuH (r.Maaucon) nepeexan B r.Koaymbuio mis pa6o-
TBl B YHUBEPCUTETE IITATA MUCCYpU U MOCTENEHHO
IIPOABUTAICA 110 KAPbEPHON JecTHULE: ¢ 1975 1. —
jJoueHT (assistant professor), ¢ 1981 1. — abIOHKT-
npogeccop (associate professor), ¢ 1990-ro — npo-
eccop 6uonornueckux Hayk (professor of biologi-
cal sciences), B HacTOAILCE BPDEMS — IIOYETHBIN IIPO-
¢eccop ynusepcurera (professor emeritus of biolog-
ical sciences). B 2000 1. wieHbl IpaBieHUsd YHUBEPCU-
TeTa ITATa MUCCYPU NPUCYIUTN €EMY 3BAHUE BBIAAIO-
merocs npodeccopa (curators professor), B 2001 1.
OH U30paH JEUCTBUTEIbHBIM UYJIECHOM AMEpPUKAH-
CKOHM aCCOIMAIINU COACHUCTBUS PA3BUTHUIO HAYKH,
B 2007 . HArPaXIEH 32 OMOTEXHOJOIHYECKUE HC-
CNIEOBAHUA IpPEMUEN AMEPUKAHCKOTO MUKPOOHO-
JIOTUYECKOrO 00mecTBa. BOAbIMyI0 4acTh padoTH,
KoTOopas npusena Cmura K HoOeneBCKON npeMuu,
OH BHINOMHWI B 1983-1984 rr. B 1a6oparopun Po-
6epra Bebcrepa MegUIIMHCKOM HIKOJIBL YHUBEPCUTE-
Ta JIbIOKA.

Coap I'peropu Bunrep (Sir Gregory Paul Winter)
poauncsa 14 anpensa 1951 1. B Jlecrepe (BocTOuHbIN
Mupnens, Benuko6puranus). CpejHee 00pa3oBaHue
nonyuns B KOposeBCKOW I'mMHa3uu B I.Hbiokacie
(rpaero TariH-3HA-YuUp). Bea panpHeinmasn KU3Hb
Bunrepa cazana ¢ KembpumxeM. B 1973 1. oH OKOH-
ynin TpuHUTH-KOLIEK KEMOPUIKCKOTO YHUBEDPCHU-
TeTa, B 1977 I. 3amuTUa cTeneHb PhD B 3HAMEHUTON
JJabopaTopun MOJIEKYJIIPHON 610NI0run (OHOTO U3
[IO/IPpA3/eNeHUI OpUTAaHCKOIO COBETA MEJUIIMHCKUX
ucciaenoBanuit, uau MRC — ot anria. Medical Re-
search Council). B 1981 1., mocie JOKTOPAHTYPEI
B MMnepckom kosregxe (JIongon) u MuCTUTYTE Te-
netuku (Kem6pupxk), Bunrep sepuynca s Jlaboparo-
pUIO MOJEKYJIAPHOU OHOIOIUH, TAE BIOCIEJCTBUU
MOJIYYMJI JOJDKHOCTD 3aBEAYIOMIETO OTAENIOM XUMHUU
6EIKOB M HYKJICHMHOBBIX KUCIOT (1994-20006) u 3a-
mecrturens aupekropa (2006-2011), a Takke 6buT
H43HAYEH 3AMECTUTENEM QUpPEKTOpa LleHTpa MHXKe-
Hepuu 6enxoB MRC (1990-2010). B Kembpugxe on
OCHOBAJI TPU OMOTEXHOJOTHUYECKHE KOMIIAHUMU:
Cambridge Antibody Technology (1989), Domantis
(2000) u Bicycle Therapeutics (2009). Hayunsle 3a-
Ccayru BuHTEpa OTMEYEHB! MEKAYHAPOJHBIMU HATPA-
Jamu, B TOM uuciue npemuenn mmeHu K.B.Ileene
(1994), xoropas yupexjena IlIBenckoin akagemuen
(papmManEeBTUYECKUX HAYK; MEXAYHAPOJHON NPEMU-
e umenu Kopona ®ericana (1995); npeMuen uMmenu
Yunbama Konu (1999), KOTOPYIO €XErofiHO NPUCYXK-
JaerT MHCTUTYT UCCIEJOBAHUI PAKa «32 BBIAAIOMINECS
JOCTHKEHUA B O0MACTU (PYHJAMEHTAIBHON UMMYHO-
JIOTUM M UMMYHOJIOTUH ONYXOJ€ei»; Mefanbio Kopo-
neBcKoro obmecTBa (2011) «32 HOBATOPCKYIO paboTy
B 006s1aCcTU OENKOBOU WHXEHEPUU U TEPAIEBTHUYECC-
KUX MOHOKJTOHAJIBHBIX AaHTUTE» U T.JI.

Ha nepBbIi B3TJISA]] MOXKET MOKA34ThCs, 4TO Hobe-
JIeBCKasA npeMus 1o xumuu 2018 r. uMeer Majso OTHO-
HMIEHUA K XUMHHU, KAK 3TO 4aCTO NPOUCXOAUIO B IIpe-
JBIAYITNE TOABL. JJeCTBUTENBHO, 3Ty IPEMUIO HEPE -
KO TPUCYKIANTN UCCIEA0BATENAM, KOTOPBIE HUCIIOJb-
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30BaJIM XUMUYECKUE TTOAXO/IBI I/ U3YYEHUA OUOIIO-
rudeckux cucreMm. Oguako B 2018 1. caydymnocs 06-
paTHOE: IPEMHUEN OTMEUEHO NPUIOKEHUE TTTABHOIO
6MOJOTUYECKOTO IPUHIUIIA — 3BOJMIOLUNA — K TAKUM
XUMHUYCCKUM MOHATUAM, KAK KaTAIU3 U MOJICKYJIAP-
HOE Y3HABAHUE.

JBonoLMA 32 OAHY HOYb

B XuMBOW mpupojie BCE PEAKINUU KATAIUZUPYIOTCA
(bepMeHTAMH, TIOYTU BCE U3 KOTOPBIX — BEIIECTBA
6€TKOBOM NPUPOJLL. [IpenMyniecTBa NPUPOJHBIX Ka-
TAJIN3ATOPOB NEPE TPAAUIMOHHBIMU XUMUYECKUMU
CTa/Id OYEBUAHBI C MOMEHTA OTKPBITUS (DEPMEHTOB
B KOHII€ XIX B.: OHI HE 06PA3YIOT TOOOYHBIE TPOJYK-
Thl, Pa6OTAIOT B MATKUX YCJIOBUAX, O0IaLAI0T BBICO-
KOH CHENU(PUUHOCTBIO U 3(P(PEKTUBHOCTDIO.

Kak TOJBKO CTasa MOHATHA NPUPOJa OGEIKOB
(AMUHHBIX AMHUHOKHUCJIOTHBIX IIEMOYEK, CBEPHYTHIX
B CJOXKHYIO NPOCTPAHCTBEHHYIO KOH(PUIYPALHUIO),
y UCCJIEJOBATENEN BOZHUK BOIPOC: MOKHO JIU CIIPO-
€KTUPOBATh HOBBIE AMMHOKHMCJIOTHBIE ITOCIEJOBA-
TEALHOCTU C 33JAHHBIMM CBOWMCTBAMH, HYXHBIMHU
4yeJoBeKy? [l 3TUX I[eJIel CTalIu UCIOJAb30BATh OJI-
HO U3 HAIIPaBJIECHUN OUOUHKEHEPUU — PALMOHATb-
HBIH JU3AUH OCJIKOB, T.C. METOJ KOMIIBIOTEPHOTO
AHAMN32 UX CTPYKTYP U MEXAHU3MOB JEUCTBUA, O3~
BOJIAIOMIETO ONPEAENUTD, KAKUE UMEHHO U3MEHEHUSA
B IEPBUYHOMN CTPYKTYPE JOJUKHBI IPUBECTU K XKEJIA-
€MOMY pe3yabTary. IIONBITKY PalUOHAIBHOTO IH-
3a1iHa 6EJIKOB HHOIZA OBIBAIOT YCIIEMIHBI, HO UMEIOT,
O-BUJUMOMY, HENIPEOJOIUMOE OIPAHUYEHUE: YUC-
JIO BO3MOXHBIX BAPUAHTOB ACTPOHOMHUYECKH BEJIU-
KO. KoMOuHupys 20 aMUHOKHUCIOT BCET'O B CEMHU I10-
3ULUAX OEIKA, MOXHO IOJYYUTh BAPUAHTOB OOJIb-
me, 4eM OBIJIO CHHTE3UPOBAHO M MCCIETOBAHO Be-
MIECTB 34 BCIO UCTOPUIO HAYKH, U HA PACUET ITUX Ba-
PUAHTOB HE XBATUT HUKAKON BBIYMCIUTEIbHON
MOIIHOCTH.

Kak HM CTPAHHO, CO3/JAHMEM HOBBIX BAPUAHTOB
6€1KOB HEOCO3HAHHO 3aHUMAIOTCA MHOI'HE JIIOAU —
HaIpUMeEp, KOI/IA HE JJOBOJAT 10 KOHI[A KypC Ipuema
AHTUOUOTUKOB, IPONUCAHHBIN BPAYOM IPU HMH(pEK-
OUU. AHTUOMOTUKU YOUBAIOT MOJABJIAIONMEE OOJb-
HIMHCTBO GAKTEPUN, HO €IUHUIIBI U3 HUX MOTYT He-
CTH MyTallUU YCTOMYUBOCTH, IPOKUBYT B OPTAHU3ME
JONbIIE U, ECIU MPEKPATUTL KYPC JIEUEHUA PAHBIIE
[IOJIOKEHHOI'O, PA3MHOXKATCA. He Kaxaplil ciydai yc-
TOUYNBOCTU OOBACHIETCS MyTALIUEN B I'€HE, KOJUPY-
IOIEH OCNOK-MHUIIEHb AHTUOUOTUKA, HO BCE PABHO
TAKUE COOBITUA OOBIYHBL TAK, IPU U3YYEHUU MYTAre-
HE3a Y44CTO NPUMEHAIOT METOJ YCTOMYUBOCTH K dH-
TUOMOTUKY PUDAMIUIUHY: €CIU B3ATb KOJOHHUIO
6aKTEpUN U PACTUTH €€ HOYb B JKUJKOM MUTATEIb-
HOM OYyJIbOHE, 4 IOTOM MOCEATh KAIUII0 3TOU B3BECU
Ha MUTATEABHYIO CPENY, COAEPXKAMYIO PU(PAMIUIINH,
TO B 4amke IleTpu BbBIPACTET HECKOJABKO KOJIOHUH,
HE pEArupyolUX HA 3TO JIEKAPCTBO. Pudamnuunn
nojasiser gepmenT PHK-nmonumepasy, HEOOXOU-

MBI JUISl JKU3HU KJIETKHU, U B YCTOMYUBBIX OAKTEPUIAX
34 HOYb POCTA IPOUCXOAUT CIOHTAHHAA MyTaLUA
B T'€HE ¥POB, KOTOPHIH KOAUPYET OAHY U3 CyObegu-
nul PHK-nonumepasel. Eciu ke B 6yJIbOH, 1€ HOUBIO
pactyr 6aKkrepuu, JOOABUTb KAKOU-TO MYTAT€H, Ta-
KMX YCTOMYMBBIX KOJTOHUHI BBIPACTET ropasjgo 60Jb-
me. Takum 06pas3oM, B NIPUCYTCTBUM dHTUOMOTHUKA
orbéupaiorcs HoBble (popMbl PHK-nonumepassl, B KO-
TOPBIX U3MEHEHO MECTO CBA3BIBAHUA C PUPAMIULIN-
HoM. Kak BUAHO, CeNEKIHUSA — BBUKMBAHUE MPUCIO-
COOJIEHHBIX 6AKTEPUI U3 OTPOMHOI'O YUC/IA UX BAPU-
AHTOB C HOPMAJIbHBIM I'€HOM U I'€HOM C IPYT'UMU MY~
TAIUAMUA — IIO3BOJIIET NMPUJATh OEJIKY HYKHBIC IS
6aKTEPUH CBOIMCTBA BCETO 34 OJJHY HOUb.

«JIBOJIIOLMOHHAA MaALIUHAY
ANA auM3anHa 6enkos

[TepBOHAYANBHO YIS TOJYYEHUSA OEJIKOB C HOBBIMU
cporicTBaMu PpaHCcUC APHOJIB], KAK U MHOI'ME UCCJIE-
JoBarenu B KoHIE 1980-X, MbITalach UCIOIb30BATH
PALMOHANBHBINA JU3AMH, KOTOPBIA YKE B TE€ TOJBI J10-
BOJIbHO XOPOWIO PA6OTANI U CO3JAHUA MAIBIX MOJIE-
KyJI, B YaCTHOCTU HOBBIX J€KapcTB. Ho 1 Takux
6OJILIIUX MOJIEKYJI, KAK OCJIKU CO CBOUM Pa3HOOOpa-
3UEM U CJIOKHBIMU IPOCTPAHCTBEHHBIMU CTPYKTYpa-
MM, 3Td 33[a4d OKA3a1aChb HENOABEMHOM. JlaxKe Cero-
JHSA, KOT/Ia UCIIOJIb3YIOTCSA COBPEMEHHBIE METO/IBI KOM-
MBIOTEPHOT'O MOJENNPOBAHUA, YCIIEXU PALTMOHAIBHO-
IO /IU3a1HA OYEHb OTPAHUYEHHBL. 11 ADHOJB/ OTKa3a-
JIACh OT ATOU UJICH.

B 1984 r. 3HaMeHUTHIIT XUMUK M.DUT€H, OOUH U3
OTLIOB COBPEMEHHON XMMHUYECCKON KUHETUKU U JIdY-
pear HobGenesckoit npemun 1967 r.*, ony6ankosan
TEOPETUUECKYIO PA6OTY O BO3MOXKHOCTU HCIONIb30-
BAHUS «3BOJIOITMOHHON MAaIMUHBL> IS AU3aliHA 6€-
KOB [1]. B HE OH OTMETUII U CIOXHOCTH, C KOTOPBI-
MU NPUJETCSA CTOJKHYTbCA. [NTaBHAA U3 HUX — pa-
300IeHUE TEHOTUNA U (PEHOTUNA: MOCKONbKY OHU
CBSI3aHBI C pa3HpIMU MosiekynaMmu (JHK u 6enka co-
OTBETCTBEHHO), MOUCK OYEHb PEAKUX yJAYHBIX Ba-
puaHTOB 6ENKOB Oy/eT KpaHE CIOKHBIM MU BOOO-
1€ HEBO3MOXKHBIM. OJJHAKO ADHOJIB/] 3TH TPYJHOCTU
He ucnyranau: 10 et crycTs B4 €€ CTATbA C OlU-
CAHUEM YCIENIHBIX 3KCIEPUMEHTOB IO HANPABIEH-
HOM 3BOJIIOLMY O€/IKA CYOTUIN3UHA — IIPOTEAZHL, CE-
KperupyeMou Oaxkrepuch Bacillus subtilis [2]. Ap-
HOJIB/| NOJYYMId BAPUAHT CYOTWIM3UHA, KOTOPHIU
OB AKTUBEH B KpallHE HEECTECTBEHHOU cpeje —
[IPU BBICOKUX KOHICHTPANMAX (BILIOTH 10 60%) Op-
TAHUYECKOTO PACTBOPUTENS JUMETII(HOPMAMHULA.
[Tocne 4eThpex NOCAELOBATENBHBIX [IUKJIOB HAIPAB-

* B 1967 . Mancpen driren (Manfred Eigen) coBmectHO ¢ PoHAB-
nom Hoppumem (Ronald Norrish) n Ixopmxem IToprepom
(George Porter) cranu naypearamu HobeneBckou npeMuu 1o xu-
MUH «32 UCCICIOBAHUE MEXAHMU3MA OYCHD OBICTPBIX XMMUYECKUX
PEAKIMH, MTPOTEKAIOMMUX MIPU HAPYIIEHUH PABHOBECHSA 32 CUET
OY€Hb KOPOTKUX UMITY/IbCOB SHEPTUM». — [Ipumen. peo.
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JICHHOM 3BOJIIOIUK OBUT TOJYYEH 6ENOK, B 256 pa3
60Jiee aKTUBHBIM B PACTBOPUTEJIE, UYEM NPUPOJHBIN
6€JI0K B BOJHOI Cpe/JiE.

DTy CTATBIO APHOJIBJ MOXKHO IIO IIPABY CUUTATD
KPA4€yTOJAbHBIM KAMHEM BCE€H OOJACTH HANPABIEH-
HOM 3BOJIONUU (PEPMEHTOB, IOTOMY 4YTO B HEH IIOJI-
HOCTBIO OIMCAHA CXEMa TAKUX UCCIeJoBaHUU. OHA
COCTOHUT U3 HECKOIBKUX ITANOB:

1) onpeaenenue NOAXO/ANEIO UCXOAHOTO PepMEHTA
JU1s1 BBIOpAHHOM 331a4H;

2) obecrneyeHne U3MEHUUBOCTU O€JIKA ITOCPEJCTBOM
cozpanus oubnuoreku [THK-mocnemoBaTenbHOCTEH,
KO/IUPYVIONIUX €I'0 BAPUAHTHI,

3) CKPUHMHI HJIU CEIEKLUA, KOTOPBIE MO3BOJAT
0TOOPATh BAPUAHTHI OEIKOB C YJIYYIIEHHBIMU B HYX-
HOM HAaIIPABJIECHUU CBONCTBAMY;

4) MOBTOPHOE CO3/dHHUE M3MEHYUBOCTU — HOBBIE
JHK-6u6110TEKH, HO YK€ UCXOMAAIMINE U3 YCIICIIHBIX
BAPUAHTOB IIOCJIE IEPBOTO payHAa 0TOOPA;

5) HOBBIF OTOOP, HO YK€ C MOBBIIIEHHOI CTPOrOCTHIO;
6) HOBTOPEHHE 4-TO M 5-TO ITANOB /IO KEIAEMOTO
pesyabrara.

C Tex mop | B IpylIie APDHOJbA, U B APYIUX J1260-
paTopUAX BO BCEM MUDPE ObUIO MPUJYMAHO U OITH-
MU3UPOBAHO MHOKECTBO BAPUAIIUH KAXK/JOI'0O U3 ITUX
aTanoB. Kak, HaIpuMep, OHU OBIIU PEATU3OBAHBI
B IIEPBOU CTATbE APHOJBI? DTall 1 OYEBUJEH: IIPOTE-
432 CYOTHIM3UH CIYKAT UCXOJHBIM BAPUAHTOM IS
MIOJIYYEHUA AKTUBHOIO (DEPMEHTA, PACHIEIUIAIONIETO
OEIKOBBII CyOCTPaT (Ka3€UH) B AUMETUI(POPMAMU/JIC.
Jna cospanua 6ubanorex sapuantos JHK (aram 2)
B IIEPBBIX PAYH/IAX HANIPABJIEHHON 3BOJIOIUHN OBUT UC-
MIOJb30BAH HA00OP U3 YETBIPEX OJUHOYHBLIX MYTALIUI,
a B 6oJiee MO3[HUX payH/AaxX (3Tal 4) — METOJ BbI-
cokoomubounoit ITIP. Kpurepuem orbopa (3ram 3)
6B TUPOJIN3 KA3€MHA MOJIOKA, 4 METONOM CEJIEK-
UM CJIYKUJT MOCEB GAKTEPUI, HECYIUX Pa3HbIE Ba-
PUAHTH CYOTUIN3UHA, HA YAIIKU, COAEPXKAIUE Opra-
HUYECKUHU PACTBOPUTEND U KA3€UH. AKTUBHBIE BAPU-
AHTHl CYOTHJIM3UHA, CEKPETUPYEMBIE OAKTEPUAMU,
CO31aBAJd BUAMMBIE IIPO3PAYHBIE 30HBI THPOJINU3QA
BOKPYT' KOJIOHMI HA YallKaX C KazemHom. M3 Takmx
KJIOHOB BbIAEIANUA Inasmuanyio JHK u nmoasepranu
JATbHEUIINM PAayH/AaM MyTareHesa u oTbéopa B NpU-
CYTCTBUM BO3PACTAIOMUX KOHLEHTPALUN AUMETHUII-
popmamuja (atan 5). Koneunslit BapuaHT pepMeHTa
HEC KOMOMHAIUIO U3 10 pa3NnyHbIX MYTAIlUH, BINSI-
HHE KOTOPBIX IO OTJAEIbHOCTH IPEJCKA3ATh HEBO3-
MOXHO. Eme 6o0see BNEYATIAIOMUM JIOCTHXKEHUEM
ApPHOB/, CTAJNIO MOJTY4EHUE TEPMOCTAOUIBLHOTO CY0-
TUNIU3UHA. [IpUPOJHBIA O€IOK UHAKTUBUPYETCSA NPU
65°C B CpeJiHEM 32 5 MUH, OJJHAKO BCETO 34 TISITh 3Ta-
IIOB HAIIPABJIEHHON 3BOJIOLUHU YAAJIOCh TOJYYUTH Ba-
PHUAHT CYyOTUIN3UHA, BBIACPKUBAIOMIUN 3Ty TEMIIEPA-
Typy 1easix 17 4.

VIMEHHO OTCYTCTBUE HEOOXOAUMOCTH NMPEICKAZA-
HUA IOCJIEACTBUN KAXKAOM KOHKPETHOU MyTALUHU [JIS
AKTUBHOCTH 0O€JIKa — BAKHEHUIIEE NPEUMYHIECTBO
METO/A HANIPABAEHHON 3BONIOLUHU IEPE], OCTANBHBI-
MH CIOCOOAMU YCOBEPHIEHCTBOBAHUSA OEJIKOB.

He 00643aTENbHO JaXE€ 3HATH CTPYKTYPy O€IKA WU
€ro KaTAJIUTUYECKUH MEXaHU3M. ECIM yJa4yHO BHI-
6paH pazmep OUOIMOTEKU U METOJ, CKPUHUHIA WU
CEJIEKIIMH, HANIPABJIEHHAA 3BOMIOINA IO3BOJIUT IOJY-
YUTH OEJIOK C XKENTAEMBIMU CBOUCTBAMHU, JAXKE IIPHU OT-
PAaHNYCHHBIX SHAHUAX O MCXAHU3MC CI'O p2.6OTbI.

BaKHO MOHUMATh, YTO 3BOJIOLUSA B IPUPOJIE, HE-
CMOTPSl HA YAUBUTEIBHOE DPA3HOOOpA3UE CO3MAH-
HBIX €10 XKMBBIX OPIaHU3MOB, TAJIEKO HE BCETJA BbI-
JAET ONTUMAJbHBIE pemenue. [Ipupona — He HHXKe-
HEp, JEPKAMUI B TOJIOBE CXEMY XOpOmO paboTaro-
IIEro YCTPOMCTBA, 4 IPUCIIOCOBIEHET, KAKABINA Pa3
BBLIOMPAIONUH JIydllle€ PEMIEHUE U3 JOCTYIHBIX Ba-
PUAHTOB. DBOJIOLUIO YACTO UTIOCTPUPYIOT KAPTHU-
HOI aJalITUBHOTIO JanAmadTa (puc.1l): B MIOCKOCTU
pacmonaraeTcsa HEKOE YCIOBHOE NMPOCTPAHCTBO Ba-
pUaHTOB 6€jKa (UM JI0OO0TO APYroro NpHU3HAKA),
4 BBICOTA «XOJIMUKOB» COOTBETCTBYET NMPHUCIOCOH-
JIEHHOCTH Opranusma. Eciu nocrenennest 0T60p Ha
MOBBIMIEHUE TIPUCHOCOOIEHHOCTU B ONMKANIIEM
OKDPY’KEHUH BAPHAHTOB 3aBEJI HAC HA HU3KHUI XOJI-
MUK, CIIYCTUTBCA OTTYAd YK€ OYEHb TPYJHO: IIPHU
CIIYCKE NPUCHOCOOIEHHOCTb OYJET NOHUKATBHCH,
1 OTOOp JUKBUAUPYET HOCHUTEJIECH TAKUX BAPUAH-
TOB. YTOGBI «IIEPENPHIIHYTH> B 60OJIEE BBICOKYIO TOY-
Ky, HY’KHO Cpa3y HECKOJbKO H3MEHEHUN — MYyTa-
nuil. UMEHHO MO3TOMY YYEHBIE M MOTYT yJIydllaTh
NPUPOAHBIE OENKN: CAMHU IO ceH6€ OHU OOBIYHO HeE-
HJI€ATbHBL JAXKE JJII CBOETO €CTECTBEHHOI'O OKpY-
JKEHUS, HE TOBOPS yKE O KAKUX-TO COBEPIIEHHO HO-
BBIX YCIOBUSX.

OTKyZa HAYMHATb U KAK OTOMPATh — BOT /IBAQ,
6€3 COMHEHHU, BLKHENIIUX BONIPOCA [/ HAIIPABJIECH-

nprcnocobneHHocTe

Puc.1. ApantuBHbl naHpwadt. MnocKoCTb NpeacTaBnaeT He-
KMe YCNOBHbIE KOOPAMHATHl BapuaHToB Genka. Yem Bhiwe
«ropKaw, TeM Bbille NPUCNOCOBNEHHOCTb OpraHM3Ma C 3TUM
BapUaHTOM.
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OCHOBHadA peakuma HOBaRA peakuna

dKTHUBHOCTL

e

NPoOCTPaHCTBO nocnenosarensHoCTen

OCHOEHaA peakuna HOBaA peakuns

obnactb
NPOMUCKyMTETa

dKTHMBHOCTb

-11\)‘/__4

NpoCTRpaHCTBO Nocneno BaTenbHOCTEN

Puc.2. Katanutuyeckas akTUBHOCTb (hepMeHTOB B Pa3iMyHbIX peakuuax. Ecnu depmeHT He cnocoGeH KaTanu3npoBaTh Kakyio-To
peakuuio BoobLe (a), HUKaKas 3BONIOLMSA B ITOM HaNpaBieHUM HE U3MEHUT ero eCTeCTBEHHYI0 CyOCTPATHYIO UM PeaKLMOHHYI0
cneunduyHoCTb. Takoe BO3MOXHO TONbKO B CIyYae KaTaMTUYeCKoro npomMuckynteta (6): ecnu GpepMeHT KaTaanu3npyeT peakuuto
He ONTUMasbHbIM 06PA30M, MOXKHO CMECTUTL €ro ONTUMYM B HOBYIO 061aCTb.

HOI 3BOJIIOIIUU OEIKOB. ADHOJIBJ U €€ KOJUIET'H HEOJ -
HOKPATHO JJOKa3BIBAJIU, YTO MOXKHO HOJYYUTH (ep-
MEHTBI C VIYYIIEHHOHN aKTUBHOCTBIO, B HOBBIX pac-
TBOPUTENAX, HA HOBBIX CYOCTPATAX, IPU HOBOI TEM-
neparype u Aaxe KaTAIU3UPYIOLUE APYIYIO PEaAK-
UIO. BCe 3TO BO3ZMOKHO JJO T€X MOP, NOKA (DEPMEHT,
BBIOPAHHBIN B KAYECTBE UCXOJHOI'0, 00/1a/JA€T AKTUB-
HOCTBIO [JI IPEANOAAraeMON pPEaKLUU — CKOJIb
YIOZIHO HU3KOM, HO BCE K€ He HyneBou. Ha camom zie-
JIe IPAKTUYECKU JI060 (PEPMEHT MOXKET COBEPMIATD
OMUOKN: OOBIUHO KATAIU3UPYS PEAKIIUIO C «HEIpa-
BWJIBHBIMU» CYOCTPATAMU, PEXE — PEAKIHUIO JPYTOU
XUMUYECKOU NPUPO/BL. BUOXUMUKU 1a)Xe U300penu
JUISL 3TOTO SABJICHUS CIIEIMATbHBIN, HECKONIBKO HEMO-
JATKOPPEKTHBIN, TEPMUH «KATATUTUIECCKUH IPOMU-
ckyureT». K npumepy, IHK-nnonmumepasa — pepmenr,
OCHOBHAA POJIb KOTOPOI'O 34KJIIYAETCI B CHUHTE3E
HOBBIX MOJEKyI JJHK, — MOXeT, XOTb U peako (¢ vac-
TOTOHU OJIUH pa3 HA 10 THIC.), BKIIOYATh B PACTYLIYIO
[[eIb HEKOMITJIEMEHTAPHBIE HYKJICOTUBl WU JaKE
Hykneotupl PHK. Takoit oueHb HU3KUU YPOBEHD K-
TUBHOCTU B OTHOIIEHUM HYXKHOI peaKLUU OOecIe-
YMBAE€T HAYAJIBHOE COCTOAHUE JJI HANPABIEHHOU
spoaonuu (puc.2). M3 JHK-nmonumepassl yxe Obuin
MOJIYYEHBI ITOJIMMEPA3bl, cuaTesupyomue PHK 1 ga-
JK€ HYKJIEMHOBBIE KHUCJIOTBl C HE BCTPEUAIOMUMUCH
B IIPUPOJE OCTATKAMU CAXAPOB, IIPU ITOM 4aACTO JJIA
YBEJIUYEHUS aKTUBHOCTH HEOOXOJUMO BCETO HE-
CKOJIBKO MyTanu# [3]. OgHu U3 M0OUMBIX OOBEKTOB
®pancuc ApHOAB] — OCJIKH CEMEUCTB LUTOXPOMA
P450 n puTOXpOoMa ¢ — OCYHECTBIAIOT B KJIETKE
MHOTHUE PEAKIUU TPaHCHOPMAIUN PA3HBIX MAJBIX
MOeKyL. Ha UX OCHOBE OBLIN IOJYYEHDI OEJIKH, KATa-
JU3UPYIOMUE AAXKE TAKUE PEAKIUHU, IS KOTOPBIX
NPUPOJHBIX (PEPMEHTOB HET BOOOIIE — HATIPUMED,
CHHTE34 CBA3U MEXKAY YIJIEPOAOM U KPEMHHEM WU
YIJIEPOAOM U GOPOM.

www.nobelprize.org
CeneKkuyus u CKPWUHUHT

Bropas riaBHas 3alaua IPU CO3JAaHUU HOBBIX 6€JI-
KOB — 3TO CHOCO6 OTOOPA HYXKHBIX HAM BAPUAHTOB.
Bce BO3MOXHBIE CIOCOOBI MOKHO MHOJEIHUTH HA JBE
I'PYIIIBL: COOCTBEHHO OTOOP (CEJNEKIMA) U CKPUHUHI,
1 PAa3HULA MEXJY 3TUMU IOAXOAAMH IPUHIIUIIUAb-
Hag. IIpyU CKPUHHUHTE UCCIEJOBATENb JO/LKEH MOJy-
YUTb B KAKOM-TO OCA34€MOM BHJIE BCE CO3/JAHHBIC Ba-
PUAHTHL U JIS KAXK/JOTO U3 HUX PEMIUTD, HOAXOJUT OH
€My uau HeT. Hampumep, TUIWUYHBIN NPUMED CKPU-
HHMHI'A — TOT CAMBIA MOUCK pabOTAIOMHUX B JUMETHII-
popmamu/ie BAPpUAHTOB CYOTUIM3HUHA, C KOTOPOT'O BCE
Ha4aJIOCh: APHOJB/] JJOJKHA OBl TPOCMOTPETH BCE
KOJIOHUH U I KAXKJOH PEMIUTh, JOCTATOYHO JIU MIU-
pOKa 30H4 JTU3UCA BOKPYT Hee. [Ipu CeNeKum, Harpo-
THUB, UCCJIEJOBATEIb CAM HE PEIAET, JOCTOUH U KOH-
KPETHBIM BAPUAHT MPOJOKEHUA B IIOTOMCTBE, — 34
YEI0BEKA 3TO JENAIOT YCJIOBUSA, KOTOPbIE CO3[JAHbI I
OpraHu3Ma, B KOTOPOM CUHTE3UPYETCHA ITOT BAPUAHT,
KaK B IIPUMEPE C YCTOMUUBOCTBIO K pUDAMIUIIUHY.

Cenexuus ropasio BHITOJAHEE CKPUHUHTA, MO-
CKOJIbKY HE TPEOYET OCOOBIX YCUINUI OT SKCIIEPUMEH-
TATOPA, HO JJI1 HEE HAMHOTO CIOKHEE, YEM IS CKPU-
HHUHT4, IPUJYMATD YCIOBUA U3-34 PA30OIMEHUA IE€HO-
TUNA W (PEHOTUIIA, YIOMAHYTOTO €Ilje DHUIEHOM.
Jxopax CMUT, BTOPOJ 1aypeaT 3TOr0 TO/Jd, MOJYYNI
M3BECTHOCTb UMEHHO O1arojapss TOMy, 4TO HPUAY-
M1 OYEHb I'MOKUI U MOIIHBIM BAPUAHT CENEKIIUU,
NIPUTOJHBIA UIs1 OTOOpa OEJIKOB, B3aUMOJENCTBYIO-
MIUX [TOYTH C JTIOOBIM JPYTUM BEIECTBOM — BTOPBIM
6€IKOM, HYKJICMHOBBIMU KUCAOTAMU U MHOTUMHU JIPY-
TUMU JINTAHAAMU.

Brumanue CMUTA NPUBJICKIU XOPOLIO U3YYECHHDIE
Kk cepeguHe 1980-x rofoB HUTYATBIE OGakTepuodaru
(nnu npocTo arn). DTU BUPYCHI, NOPAKAIOIMUE OAK-
TEPUH, OTIUYAIOTCA OT (PAroB APYIUX I'PYII OTHOCH-
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TEJIBHOU IIPOCTOTON CTPOEHUSA U ) KU3HECHHOI'O LJUKIIA,
[IO3TOMY AKTUBHO MCIOJb3YIOTCSA B KAYECTBE UHCTPY-
MEHTOB JI/I T€HETUYECKON MHXKEHEPUU. B renome Ta-
KOI'O BUPYyCa BCETO AEBATb I'€HOB. BupycHasg dacruna
(BUpPHOH) IPEACTABILET COOON IMHHBIN I'MOKUIT 11-
MUHJP, 0O6PAa30BAHHBIA HECKONBKUMU TBHICAYAMU KO-
nuit 6enka g8p, amuHa supuoHa B 100-300 pas npe-
BBIIIAET €I'0 IUPUHY, [I0O9TOMY OH JEUCTBUTEIBHO I10-
XOXK Ha HUTH (puc.3). Ha 0fHOM KOHLIE BUPUOHA Ha-
XOJSITCSI HECKONBbKO MOJICKYT GElIKOB g3p u gop,
Ha Jpyrom — g7p 1 g9p, a BHYTPU LIUAMHAPA YIIAKOBA-
Ha JHK. ®ar npukperseTcs 6€1KoM g3p K CIIELUab-
HOM BHEKJIETOYHOU CTPYKType H6aKkTepuil — K F-muio.
Pagymeercs, 6aKTEPUAM OH HYXXEH HE /I TOI'O, YTOOBI
UX 3apakanu ¢gary, a Jyisi O6MeHa TEHETUYECKON UH-
gopmanuet Mex1y CO60i, HO BUPYChI B XO/I€ 3BOJIO-
MU HAYYHUIHACh SKCITYATUPOBATh €CTECTBEHHBIE OAK-
TEPUATbHBIE NIPOLECCH B CBOUX Lenax. Korga 6axre-
pus BTATUBAECT F-UAb OGPAaTHO B KIJIETKY, BMECTE
¢ Hel nponHukaer u BupycHaa JHK. Janbme — Kax
y BCEX BUPYCOB: BHYTPHU KJIETKU NMPOUCXOAUT PEILIU-
Kallug MX IE€HOMA, CHHTE3UPYIOTCA (DATOBLIE OENKH,
1 IOTOMKHU BUPYC4 BEIXOAAT HAPYKY. B oTnmuume ot 60-
Jle€ NPUBBIYHBIX HAM BHUPYCOB, HATYATBHIE (DATU HE
yOUBAIOT 6AKTEPUHM, 4 MOTYT CYIIECTBOBATbL BHYTPHU
HUX JJOJIIO€ BPEMS U IIPOAYLIUPOBATH BCE HOBBLIE U HO-
BbIE€ BUPYCHBIEC YaCTULIBL. CMUT MOHAI (U B TOM IJIAB-
Hasg €ro 3acayra), 4ro 06akrepuo@ar mpefroCTaBIseT
HJIE€ATbHOE Ul CENEKIIUU COYETAHUE I€HOTUIA U (e-
HOTHIA, T.€. MOAU(DUIUPOBAHHOTO MOBEPXHOCTHOIO
6enka u kopupymomen ero JHK.

CMHUT 06paTH/I BHUMAHHE HA TOT CAMBIA OEJIOK
g3p, KOTOPBLIM (par HCHIONB3YET g NPUKPEIUICHUSA
K 6aKkTepuaabHOMY NUIO. Parosas
YACTUIA HECET BCETO IMATh KOIMI
3TOro 6€1Ka. C IOMOIIBIO IPOCTBIX
F€HHO-UH)XCHEPHBIX MAaHUIYJIA-
LIUI MOKHO BKJIOYHUTD B I'€H, KOTO-
pbIiT OTBEYAET 34 CUHTE3 Z3p, Ka-
KyIO-HUOY/Ib MOCTIEAOBATENBHOCTD,
KOJUPYIONIYIO JI000H Apyrom 6e-
JIOK WIHM €ro y4yacTok. OrpaHuye-
HUA 3JIECh TOJBKO B pasMmepe:
CJIMIIKOM OOJIBIIYIO BCTABKY UYKeE-
poguon JHK Bupyc BCe-TaKu <«HE
MOTAHET», XOTS HUTUYATHIE (PArU
MOI'YT BKJIIOY4aTb B CBOW TI'€HOM
BCTABKU PA3MEPOM O TPETHU €TI0
JIUHBL. B CcO6paHHOM BHUPHOHE
g3p OKAa3bIBACTCA CJIUTBIM C MHTE-
pecyomuMm Hac OenKOM (Takas
KOHCTPYKIIUA U3 IBYX PA3HBIX O€JI-
KOB HA3BIBAETCA XUMEPHON), U BCE
3TO HAXOJMUTCA HA OJHOM KOHIIE
BUPYCHOHN 4acTULBL. MHKyOupys
(ar ¢ copbeHTOM, Ha KOTOPOM Ha-
XOJUTCS KAKASA-TO JIPYrast MOJIEKY-
714, MOKHO CBSI3BIBATH BUPHUOHHI,
COJIEpKAIME XUMEPHBINA OEJOK.
A ecinu cymectByeT 6ubIMOTEKA

m‘?& J?L@ W’%
1\,

HeCBA3aBLUIMIACA

NpomMbIBKa ‘
ar

CBA3aBLWMIACA har

Puc.3. CtpoeHune HUTYaTOro Gaktepuodara M13 — oaHoro u3
BMPYCOB, NPUMeHAeMbIX B (haroBoM fucniee.
viralzone.expasy.org/558

MHOXECTBA MYTAHTHBIX BAPUAHTOB TAKOrO O€JIKA,
TO MOXHO OTOUPATH TOJBKO TE€ U3 HUX, KOTOPHIE CBSI-
3BIBAIOTCS C COPOEHTOM, 4 OCTAJIbHBIE CMBIBATh — Ha-
IIPUMEDP, PACTBOPOM COJIU. CBA3AHHBIC BUPYCHBIE 4aC-
TUIIBl MOKHO CMBITh C COPOEHTA B H0OJIEE KECTKUX YC-
JIOBUSAX, 34PA3UTh UMHU OAKTEPUU U PA3ZBMHONKUTH —
TYT-TO Y IPUTOAUTCH (PU3UYECKAS TPUBA3AHHOCTD Te-
HOTHUIA K (PEHOTUIY B BUPYCHOI YacTule. [I0BTOPUB
HECKOJIBKO PAa3 TAKOU LIMKJI, MBI IIOJIyYUM HAOOp BUPY-
COB, KOTOPBIEC HECYT XUMEPHBIC OCIKU, CBA3BIBAIOIIHUE-
Cs C HY)KHOU HAaM MOJIEKYJION, U, COOTBETCTBEHHO, Ha-
60p BUpYCHBIX JJHK, KOAUPYIOMUX 3TH GEJIKU. DTOT
METOJ Ha3BaH (parosum guctuieeM (puc.d) [4, 5].

charoeas brbnwoteka CeKBeHWUpOBaHKe

nocne 2—3 UMKNOB

i
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MULLIEHE,
NPUBA3aHHaA K HOCUTENID

CBA3bIBAHWE

pa3amHOXeHne
B E coli

CMbIBKa

—_—
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Puc.4. 06was cxema aroBoro gucnnes.
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®arosbin gucnnen

B cBoet nnonepHoit pabore CMUT HE YCTPAUBAJ 3BO-
JIOLMIO, 4 ITPOCTO MOKA3aJ, YTO, €CJIU B3AThb U3BECT-
HBIM 6€J0K (OH HMCIOJAb30BAT (PPATMEHT PECTPUKTA-
3l ECORI) m ciautp ero ¢ g3p, noaydeHHbIE (haru
MOXHO OTOUPATh, UCIOIb3YS AHTUTEIA K 3TOMY 6€eJI-
Ky [0]. Vixe B Hauane 1990-X MOABUIOCH MHOXKECTBO
CcTaTed npo oTdéOP KOPOTKUX MENTUAOB U3 6UOINO-
TEK MOIMIHOCTBIO B AECATKU MUJUTMOHOB BAPUAHTOB.
@aroBplil AUCIIEH OBICTPO YCOBEPIIEHCTBOBAICS
U OKa3aiacsa 3P@PEKTUBHBIM Ul CEIEKIUU B3aUMO-
JIEUCTBUI OEIKOB, B OCHOBHOM MEXAY MENTHJAMHU
U aHTuTenamMu. CTOUT OTMETUTD, YTO OJJUH U3 MIUPO-
KO HUCIOJIb3YEMBIX B HAIIU JJHU BAPUAHTOB (DArOBOTO
JUCIUIES. — TOJYYEHUE XUMEDPHBIX OEJIKOB HE C g3p,
a ¢ g8p, OCHOBHBIM OEJNKOM, U3 KOTOPOTO COCTOUT
BUPUOH, — OBLI IPEMJIOKEH B KOHIE 1980-X rojsos
COBETCKMMH YYEHBIMM U3 IieHTpa «Bexkrop» moj Ho-
BOCUOUPCKOM. ITOCKOIBKY KONUH 6enka g8p B BUPU-
OHE HE MATb, 4 HECKOIBKO THICAY, 3TOT CHOCOH MO3-
BOJISIET OTOUPATh BAPUAHTHL C OOJIEE CIAOBIMU B3aU-
MOJICUCTBUAMHU, UEM XUMEPHBII 6EI0K g3p.

KoHEYHO, HECMOTpPs HA CBOIO KPacoTy, (parosblil
JUCIICH IPUMEHACTCA AAJIEKO HE B KAXKIOMU MOJIEKY-
JAAPHO-OUOJIOTUYECKON TA60PATOPUH, B ITOM €EMY HE
VTHATBCA 324 TAKUMHM METOJAMHU, KaK MOJUMEPA3HAL
[ENHAA PEAKIIUA WINA CANUT-HANPABAEHHBIA MyTare-
HE3, PA3pA0OTYUKU KOTOPBIX TAKKE HATPAXK/JECHBI
Ho6eneBcKkoi npeMuen 1o XuMun®*. Bo3MOXKHO, I714B-
HYIO posib B pemeHuu HoOGeneBCKOro KOMUTETA
B 3TOM I'OZly CBITPAJIN JJOCTHXKEHUS TPETHETO Iaypea-
Ta — I'peropu Bunrepa, KOTOPHIX HA OCHOBE U306pe-
TEHHOTO CMUTOM METOAA (PAKTUUYECKHU CO3/AT HOBOE
HAIpaBJ€HUE B (PAPMAKOJIOTUU U UHAYCTPUIO C 060-
POTOM B IECATKH MUJLTUAP/IOB JOJIAPOB.

B 1O BpeMa kak CMUT U MHOI'ME €I'0 KOJUIEI'H
BCTPAUBAIU B (DATOBBIN GEJIOK MENTUIBI U OTOUPAIU
UX HA CBA3BIBAHUE C AHTUTENAMH, BUHTEDP B CBOUX
MEPBBIX PA0OTAX MOIIET MPAMO MPOTUBOMONOKHBIM
IIyTEM U HOMBITAICA CAENATh TAK, 4YTOOB! (par HEC Ha
CBOEW MOBEPXHOCTH AHTUTENA, 4 OTOUPAICA IO CBA-
3BIBAHUIO C COOTBETCTBYIOMUMHU AHTUTE€HAMU. DTO J1a-
JIEKO HE TaK MPOCTO, KAK MOXKET MOKA34ThCA HA IEpP-
BB B3IJIAZ. BO-IIEPBBIX, AHTUTEIIA Y YEJIOBEKA U MHO-
T'UX JJPYIUX KUBOTHBIX — 3TO HE OIMHOYHBIE MOJIEKY-
JIBl, OHU COCTOAT U3 YETHIPEX OEJNKOBBIX IIEMEN: JBYX
TSAKENBIX U IBYX JIETKUX, COEJUHEHHBIX MOCTUKAMU U3
JABYX 4TOMOB Cephl (puC.5). BO-BTOPBIX, OHU JOCTA-
TOYHO OONBIINE U B FEHOM 6aKTepuogara He IOMeC-
TATCS. HO /11 CBA3BIBAHMS AHTUICHA HE HYKHA BCS
MOJIEKY/IA AHTUTENA: KAOKIASA TAKETASA U KK JIETKAs
LENb COJAEPKUT TAK HA3BIBAEMBIE BAPUAOENIbHBIE yUa-
CTKH, B KOTOPBIX U PACIIONATAIOTCA (DPATMEHTHI, Y3HA-
IOIMUE AaHTUTEH. MOXHO B34Th I'€HBI, KOAUPYIOIIHE Iie-
1 AaHTUTEA, COEJUHUTD UX BAPUAOETbHBIE YACTH BO-

* Monpo6uee cM.: Bepaun FO.A, bensrnosaJLIT. Jlaypearst Hobenes-
ckort mpemuu 1993 ropa. ITo xumun — M.Cymut, KMymmuc // Ipu-
poza. 1994. Nel. C.104-110. — IIpumewn. peo.

€JIUHO, U MOJIYYUTh UCKYCCTBEHHBIN I'€H, U3 KOTOPOT'O
obpasyercs ofHA OGEIKOBAsA MOJIEKYIA, HECYIas obe
YACTH, Y3HAIOMUE AHTUTEH, U CIOCOOHAS €TO CBA3DI-
BATb. TaKME€ MHUHU-AHTUTENA HA3BIBAIOTCA OJHOLEIO-
YEUHBIMU BAPUAOEABHBIMU (pparMeHTaMu, win scFv
(ot anrn. single chain fragment, variable). Bunrep no-
Ka3aJ1, YTO MOXKHO IOJY4aTh (Paru, HECyIUe OT/IENb-
Hbl€ SCFV-(DparMeHTHl, U YCIEMHO BECTH CEJIEKI[UIO Ha
CBA3BIBAHUE C aHTUI'CHOM [7]. C 3TOrO0 MOMEHTA OT-
KPBUTACh HOBAA CTPAHUIA B (PAPMAKOJIOIHH, TO3BO-
JIMBIIAS HAKOHEL B IIOJIHON MEPE PEAUIUZOBATD IOTEH-
LMAJI AHTUTEN KAK JIEKAPCTB.

Boo6mie roBops, nepBbe TEPANEBTUYCCKUE AHTH-
TeJla B MEAUIUHE MOABWINCH POBHO B TOT MOMEHT,
KOTZIa OBLIM OTKPBITHI AHTUTENA KAK TAKOBBIE: B 1890 T.
ANOHCKUU 6akrepuonor K.Cubacabypo moaydun
B MOPCKHUX CBUHKAX U KPOJIMKAX CBIBOPOTKY NIPOTHUB
CTONOHSAYHOI'O TOKCHHA U MPEANOIOXKUI, YTO B HEMH
COJIEPKATCA KAKHE-TO BEIIECTBA, CBA3BIBAIONINE UY-
JKEpOoAHbI anTuret. ITocie Toro, kak B 1970-x rogax
O.Munpmrern u IKénep HAy4MIUCh NPOU3BOSUTH
MOHOKJOHAQJIBHBIE, T.€. YUCTBHIE, TEHETUUYECKA OJHO-
pPOAHBIE M OAWHAKOBBIE IO CTPYKTypE, aHTUTEIA**,
K434JIOCh, YTO HE 34 TOPAMHM MOMEHT, KOI/[d AHTUTE-
JIAMU MOJKHO OV/I€T JICYUTh IIOYTU BCE. YBBI, YICHBIE,
IIOJIYYUBIINE MIEPBBIE JIEKAPCTBA HA OCHOBE AHTHUTEI,
CTOJIKHYJIUCh C IPOBIEMON: OPraHU3M UEJIOBEKA BOC-
NPUHUMAET AHTHUTENA, IMOJYYEHHBIE B OPTaHU3MAX
JPYIUX BUJIOB (HAIIPUMED, MBIIIMHBIE, KAK OOJIBITHH-
CTBO MOHOKJIOHAJBHBIX AHTUTEJ] MEPBOIO IOKOJIE-
HUS), KAK 9Y’)KEPO/IHBIC U BBIPA6ATHIBACT K HUM CBOU

** B 1984 1. Husbee Epre (Niels Jerne), Leszaps Musburreiis (Cesar
Milstein) u Teopr Kénep (Georges Kithler) 6pumn Harpaxaens! Ho-
OEJIEBCKON NPEMUEN «3d U3YYEHHUE CHELU(PUIHOCTA B PA3BUTHH
M KOHTPOJIE UMMYHHOM CUCTEMBI U OTKPBITHE NPUHITUIIOB BbIPA-
OOTKM MOHOKJIOHAIBHBIX dHTUTET C MOMOIIBIO rHbpusom». ITo-
npobuee cm.: Heznun PC. Jlaypeatel Hobenesckon npemun 1984
roga. Ilo ¢usnonorun win meguuune — HEpue, LLMuibmreiiy,
T'Kénep // pupopga. 1985. Nel. C. 98-101. — ITpumen. peo.

CawuT CBA3bIBAHWA aHTUIeHa

nerkas uenb

pauoHkl,
/ 3apaowve cneumnduiHoCTL

OOHOLENO4YeYHbINA
saprabensHbIA dparmeHT

MOHOKNOHanbHOE
aHTMTEND

Puc.5. CtpoeHue nonHopasmepHbix aHTUTEN U scFv-dparmen-

T0B. MpAMOYroNbHUKAMU CXemaTUyeckn 0603HauyeHbl runep-

BapuabenbHble y4acTKK, CBA3bIBAKOWMECA C AHTUTEHOM.
www.genscript.com
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UMMYHHBIM OTBeT. Parosas cucremMa AaeT MpeKpac-
HYIO BO3MOKHOCTb 000¥TH 3Ty npobieMy. Ene paHb-
me Buntep paspabdoran cnocobd ryMaHU3aluu aHTU-
TeJ, OOHAPYXHMB, 9YTO OCHOBHAA HUX H3MEHYHUBOCTD
COCPEAOTOYEHA BCETO B MECTU HEOONBIINX I'UIIEPBA-
puabeNbHBIX YYACTKAX (TPU HA BapuabeabHOM (ppar-
MEHTE TSDKEJION U TPU HA BapUAOEIbHOM (PparMeHTe
JIETKOI IIENHN), U YTO MOKHO, IOJYIUB MOHOKIOHA/Ib-
HbIE AHTHUTENA OT UMMYHHU3UPOBAHHBIX MBIIIEH, I€E-
PEHECTH 3T YUYACTKH B COOTBETCTBYIOINUE MECTA Ye-
JIOBEYECKUX AHTUTEN U CO3LATh MOJEKYIY, KOTOPAd
Y3HAET HYKHBII AHTUTEH, HO BOCIIPUHUMAETCS YETIO-
BEYECKON MMMYHHOM CUCTEMOM KaK CBOA COOCTBEH-
Had [8]. II03TOMYy MOXHO HMMYHMU3UPOBATH MBIIIb,
CAenaTh U3 HEe OUOINOTEKY BAPHUAOEIbHBIX JJOMEHOB,
OTOOpATh JYUYMIKE MPU MOMOIHU (PATOBOrO JUCILIEA
1 NEPEHECTU BAPUAOETbHBIE YIACTKU B «KApKAC»> Ue-
JIOBEUYECKOTo aHTUTena. Mnu Boobiie 060iTHCh 6e3
MMMYHU3AIUY, CPA3Y CUHTE3UPOBAB (PAroByIo 6uban-
OTEKy T'HMIEPBAPUAOCIbHBIX YYACTKOB Ha OCHOBE
CTPYKTYPBI YETOBEUYECKOTO AHTUTENA.

CBOM PE3yAbTATH IO I'YMAHU3AIUNA aHTUTET BUH-
TEP JOBEJ /IO NPAKTUUECKOTO UCIOIb30BAHUSA EIE JO
TOTO, KAK BIUIOTHYIO 3aHAJICA (PATOBBIM JUCILIEEM.
CrienuanbpHO /g 3TOTO OH OCHOBAJI KoMHaHuio Cam-
bridge Antibody Technology, xoTopas 3aHuMaeTcs
HHXeHepuen anturen. B 1983 1. B nmaboparopuu
Jox Teina KeMOPpUAKCKOTO YHUBEPCUTETA OBLIH ITOJTY-
YEHBI KPBICUHBIE AHTUTENA IPOTUB JIUM(POILUTOB Ue-
Jn0BeKA. KaK BBIACHWIOCH BIOCIEACTBUU, OHU CBA3bI-
BaroT nentug CD52, npUCyTCTBYIONMUHA HA MOBEPXHO-
CTU BCEX 3PENBIX JUMQPOIUTOB. DTU AHTUTENA Ka3a-
JIUCh XOPOMUMH KaHAULATAMH I TEPATIUU COCTOA-
HHH, B KOTOPHIX HY’KHO CHU3UTb UMMYHHUTET, — Ha-
NIpUMEpP, NPU AYTOUMMYHHBIX 32001€BAHUAX, IEpe-
CaJiKe OPTAHOB WM IIPHU 3JI0KAYECTBEHHBIX 3260J1€BA-
HUAX UMMYHHOH cucrteMbl. HO U3-32 HMMYHHOTO OT-
BETA CO CTOPOHBI YEJIOBEUECKOTO OPTaHU3MA UCIOJIb-
30B4Tb MX OBLIO OMACHO. BUHTEp mepecagusi rumep-
BaprabeNbHbIE YYACTKA AHTUTEN KPBICH B I'€H JIETKOM
LENN YEJTOBEUYECKUX AHTUTEN U IOJYYUT AIEMTY3Y-
Mab — JErKkyio Ilelb aHTUTeNa, y3Haomyi CD52.
AnemTy3ymab celuac UCIONb3YIOT I TEPANUU XPO-

Jiutepartypa / References

HUYECKOTO JUM(QOJIENKO3d, 4 34 pyOeKOM OH 0J00-
PEH U /71 JIe4eHUsA PACIPOCTPAHEHHOIO ayTOUMMYH-
HOTO 3200JIEBAHUA — PACCEAHHOTO CKIEPO3aA.
[TepBBIM TEPANEBTUUECKUM dHTUTEIOM, IIOJIYUEH-
HBIM C MCIIOJIB30BAHUEM METOJA (DATOBOTO JUCILIES,
CTaJl 4/JaIMMyMa0, HAIIPABJICHHBIN HA (PAKTOP HEKPO-
34 ONYXOJIEM — BAXKHBINA PETYAATOP UMMYHHOTO OT-
BET4; 3TO CPEACTBO 3AHUMAET CENYAC BAXKHOE MECTO
B JIEUEHUN MHOTHUX TSKEIBIX dyTOUMMYHHBIX 60JI€3-
Heit. B 2015-2016 rr. aanuMyma6 GbUT CAMBIM TIPU-
OBIIBHBIM JIEKAPCTBOM B MUPE C MPOJAXKAMU OKOJIO
15 mappg gosn. CHIA. CueT pa3HbIX «[U3AMHEPCKUX»
AHTUTE] B MEJUIIMHE CETOAHA UJIET HA JIECATKU.

& %k ok

JIaypeatsl 3TOTO rofia MOKA3bIBAIOT HAM IIPEKpPaC-
HBI IPUMEP TOT'O, KaK (PYH/JAAMEHTAIbHAS HAYKAd MO-
JKET OBICTPO /1ABATh IIPUKIA/IHBIE PE3Y/IBTATHL, IPUHO-
CUTD I10JIb3Y YEJOBEYECTBY. ICKYCCTBEHHBIE (DEPMEH-
TBI, CO3faHHble P.ADHOJB] U €€ MOCICAOBATEIAMH,
TPYAATCA B IPOMBIIUIEHHOCTH, UX MOXHO HAUTU B CO-
CTaBE€ CTHUPAJbHBIX MOPOIIKOB M YUCTAIINUX JKUIKOC-
TEH JIJIs1 KOHTAKTHBIX JIMH3. AHTUTE/I4, pa3pa00TAHHbIE
['BuHTEpOM, HA HAIIUX IJ1a3aX COBEPLIAIOT PEBOJIO-
nuIo B MegunuHe. Y Bce xe HenumHe OyJer eme pas
OTMETHUTD, YTO BCE 3TO BEIPOCIIO U3 YUCTO (PYHLAMEH-
TAJbHBIX MCCIEJOBAHUI, U3 HAYYHOTO JTIOOOMBITCTBA:
MOJKEM JIM MBI CJIE€NAATh (PEPMEHT JAYYIIIE, YEM B IPUPO-
je? Kak anturena y3HaloT CBOM dHTUT€HBI? Kak npuay-
MaTb O€JIOK, KOTOPBIY OBl CBA3BIBAJI TO, UTO MBI XOTUM?
B Hayke Tak [IOYTH BCETJA U OBIBACT: CAMBIC I10OJIC3HBIE
BEIY, U3MEHAIONME HAIIY KU3Hb, POXK/JAIOTCSA HE TOT-
J1d, KOT/1a UX MBITAIOTCA U300PECTU CIEIIUAIBHO, 4 U3,
Ka3aJI0Ch Obl, COBEPHIEHHO HEMPAKTUYHBIX MOIMBITOK
Y3HATb, KAK K€ YCTPOEHA IIPUPOJA.
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2018 Nobel Prize Laureates in Chemistry: Frances Arnold, George Smith,

and Sir Gregory Winter

A.V.Yudkina', D.O.Zharkov'?
'Novosibirsk State University (Novosibirsk, Russia,)

‘Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of RAS (Novosibirsk, Russia)

The 2018 Nobel Prize in Chemistry was awarded for discoveries in the field of protein design, which importance is
difficult to overestimate these days. Dozens of different “designer” antibodies are used in medicine today, which were
created on the basis of the methods developed by Frances H.Arnold, George P.Smith, and Sir Gregory P.Winter.

Keywords: Nobel Prize, biocatalysis, molecular recognition, protein design, phage display, directed evolution of

enzymes.

[lo conzunonorun nnn megulinHe — Ix.ANInNCoH

n T.XoHa36

B 2018 r. HobeneBcKas npemus 10 (PU3NOJOTUU WIU MEJULIUHE IIPUCYKACHA 32 «OTKPBITUE TEPANUU OHKOJIO-
IMYECKUX 3200JIEBAHUI NYTEM IOJABAECHUA HETATUBHON paOOTH UMMYHHOM CUCTEMBI> aMEPUKaHLy [ Amin-
cony n AnoHny T.XoHa3€. OQHAKO B 3TOM TOfly HOOENEBCKUMH JTAYPEATAMU CTAJIN €IIE JBd UMMYHOJIOTA —
[x.Cvut u [LBunrep, MOAy4YUBIINE NPEMUIO B HOMUHAIIUU «XUMUA> 34 OTKPBITUE HOBBIX MMOAXO/J0B K CO3/1d-
HUIO GENTKOB C 33/JAHHBIMU CBOMCTBAMU, B TOM YHUCJIE U TEPATIEBTUYECKUX AHTUTEIL

Kiarouesbie ca1oBa: HobeneBCKas IpeMus, pak, UMMYHOTEPANHA, UMMYHOJTOTUYECKUE KOHTPOJIbHBIE TOUKH,

MOHOK/JIOHAJIbHBIC AaHTHUTECIA.

I'Ms WKW MEJIUIIMHA» ObIIU OOBSIBIEHBI 1 OKTSIO-

pa 2018 r., umu cranu Jx.Annncod u T.XoH/3€E,
KOTOPBIX HATPAJWIN 32 TUOHEPHBIE PAOOTHI, IPUBE/-
HIKE K YCIIEXAM B UMMYHOTEPANUHU PaKa. IMMYHOJIOTH
Ha4aJId JIUKOBAThb. Ha cieayiomui geHb NPUCYAUIN
Ho6eneBCKyIO NPEMHUIO IO XUMUU, U TIPU BHUMATENb-
HOM PACCMOTPEHUM OKA3aJI0Ch, YTO JJBOE U3 TPEX JIAy-
pearos arou npemun — [x.Cmut u I.Bunrep — toxe
MMMYHOJIOTH. 34 4TO K€ UX BCeX oTMeTunn? Jlapanre
pazéuparbcs.

Hexarimc AmimcoH (James Patrick Allison) po-
aunca B 7 asrycra 1948 1. B rAmmce (mrar Texac,
CIIA). O Kapbepe Y4EHOI'O OH 33JyMaJICS €IIE IKOIb-
HUKOM M, 3aKOHYUB OOY4YEHUE B OUOJIOTHUYECKOM
KJIACCE CPEIHEN MKOJIbI B ANHCE, TOCTYIUI B YHUBEP-
curer mrara Texac (Ocrun), rae B 1969 r. noydn
CTENEHb 6aKaaaBpa B 06JACTH MHUKPOOHUOJIOTHH,
a B 1973-m — PhD no 6uonoruu. 3ateM Tpu rojaa (10
1977 r.) pa6oran B 3HaMeHUTOM Hay4dHO-UCCIe 0Ba-

H 00€JIEBCKUE JIAYPEATHl B HOMUHAIUU «(DU3UOJIO-

TENBCKOM MHCTUTYTE uMeHu Cxkpunmca (Can-/Juero,
mrar KanudopHus), ciaeAyrolue ImecTtb JeT (1o
1984 1.) — B OHKONIOTHYECKOM IieHTpe uMeHU A JI.AH-
nepcoHa TexacCKOro yHMBEPCUTETA — OJHOM U3 Ca-
MBIX 3HAMEHUTBIX PAKOBBIX LEeHTPOB CHIA. ImaBHas
YaCTh €I0 HAYYHOM Kapbephl nponuia B Kanudopunii-
CKOM yHUBEpcHUTETE B bepxiuy, rae ¢ 1985 nmo 2004 1.
OH PYKOBOJMJI JIAOOPATOPUEN U3yuyeHUS paKa. VIMeH-
HO TaM ObUIM CJEJAHBl UCCIELOBAHMUSA, KOTOPBIE NIPU-
Beau K Hobenesckor npeMun. B Havane Beka 3Haue-
HUE OTKPBITUA AJJINCOHA CTAJIO MIUPOKO U3BECTHBIM,
1 €r0 HAnepeboy CTANNU NIPHUINIAMATL B PA3NTUYHBIE
YHUBEPCUTETBI U LIEHTPHI U NPEJIATaTh 30J0THIE T'O-
pbl. B 2004 1. on nepeexan Hpio-Mopk u Bo3riaBun
BHOBb CO3JAaHHBIN LIEHTP HMMMYHOTEpPANUU paKa
nmenu L KJioaBUra B OJHOM U3 CAMBIX IPECTUKHBIX
pakoBbIX UHCTUTYTOB CIHA — OHKOJIOIHYECKOM L[€H-
Tpe umenu AIlL.Cnoyna n 4.®.Kerrepunra Ha MaH-
xerrene. OgHako B 2012 1. npodeccop AJIMCOH BEP-
HyJICSa B pojgHoi Texac u cefiyac pyKOBOAUT Kadej-

IMPHUPOIJA » Nel12 2018



MMMYHOJIOrusa

pot uMMyHoOIOruU B OHKOJIOTUYe-
CKOM IICHTPE HUMEHU AHJEPCOHA
B XbIOCTOHE. AJIMCOH U3OpaH
B HanmoHanbHYIO AKAJEMUIO HAYVK
CHIA n HannoHanbHYIO MEQUIIMH-
CKyIO aKajieMuIo. Ero nay4nsle go-
CTHKEHHUA OTMEUYEHBI MEX/AyHa-
POAHBIMU M HAIIMOHAJIBHBIMU Ha-
IpajlaMU.

Tenmepbp HEMHOIO O €rO HAyKe.
MHoro naer ANINCOH — CII€lHa-
JIUCT B 061acTU (PYHJAMEHTANIb-
HOW MMMYHOJIOTUU — H3V4al MO-
JIEKYJIpHBIE MEXaHU3MBl IEpe-
Jauyu curHana B T-numdponurax.
Ero ma6oparopus B Kanudopumnii-
CKOM YHUBepcUTeTe B bepkin eme
B 1980-x rosax BHEC/a 3HAYUTECIb-
HBI BKJIAJ B OTKpbITUE T-KIETOY-
noro penenropa [1]. Keraru, aro
BAXKHENIIIEE OTKPBITUE TAK U HE ObLIO OTMEYeHO Ho-
6ENEBCKON NMpPEMUEN — HE MUCKIIOYEHO, YTO ObLIO
OY€Hb TPYAHO BBIOPATH TPEX JOCTOUHENIIUX U3 Oosee
YEM IATU IVIABHBIX YYACTHUKOB 3TOTO OTKPBLITHA. Ta-
KUM 06pa30M, MUHUMYM OfiHa HoGeneBcKast Mo uMmy-
HOJIOTHH €IIIE «B YME».

B 90-x rogax AJZIMCOH CTAJ U3y4aTb (OTKPBITYIO
ne um!) monexkyny CTLA-4 (ot aurmi. cytotoxic T-lym-
phocyte associated protein 4) Ha T-KIeTKax, KOTOpas
NO/ABJIACT (MHIMOUPYET) IJIABHBIM CUI'HAJI KOCTUMY-
nanuu (curHan 2) [2, 3]. bes Hero T-1uM@OIUTH HE
AKTUBUPYIOTCS U HE MOTYT BBINOJHATHL 3PPEKTOp-
HblE (DYHKIIUU: B YACTHOCTH, B IPUMEHEHUHN K UMMY-
HOTEPATIUU PAKA, OHU HE MOTYT YOUTD IEPEPOKIEH-
HYIO KJIETKY. MOHOKJIOHAJbHBIE AHTUTENd — HAUbO-
JIe€ PACIPOCTPAHEHHBIN «MHCTPYMEHT> UMMYHOJIOTA
B MCCJIEAOBATENBCKON pabore — B ciayuae ¢ CTLA-4
UMH OGJIOKUPYIOT LENHCTBUE 3TOU MHTHOUTOPHON MO-
JIEKYJIBI, ¥ 3HAYUT (MHUHYC HA MUHYC JA€T IJIIOC), O3-
BOJIAIOT AKTUBUPOBATH T-KJIETOUYHBI UMMYHHBIH OT-
BeT. bojee TOro, 0Ka3aaocCh, YTO B 9KCIIEPUMEHTAIb-
HOM PAaKOBOM MOJEIN Ha Mblmax aHturena Kk CTLA-4
NPOABUIIM APKUI NPOTUBOONIYXOJNEBLIA 3(PdeKT [4].
Ha manpnax 3To MOXKXHO OO'bICHUTD TaK: IS T-KJIETOK
OBLT OTKPBIT HEKUU MOJIEKYIAPHBIN TOPMO3, U €CIU
CUCTEMY € PYYHOTO TOPMO32a HE CHATDb, TO UMMYHHBIN
OTBET «HE moefeT». [Ipn 3TOM y4eHBIE 320HO OTBE-
TUJIM U H4 BOIPOC, KAK CHUMATb C TOPMO3d — HAJ0
BBecTU antuTena K CTLA-4.

ITpo HobeneBCKyo NPEMUIO AJNINCOH TOTA HE Y-
Maj, OH HPOCTO MHOIO U MJIOAOTBOPHO TPYAUICH,
YTOOBI MOHATD, «KdK OHO paboTaer». Ho HET y4eHOorO,
KOTOPBIA OBl HE MEYTAJ O MOJb3€ CBOUX HAYYHBIX pe-
3yJABTATOB JUIA JIOAEHU. M TAK MONYyYUIOCh, YTO INPU-
MEPHO uepe3 AeCATUIETHE HA OCHOBAHNUU 3TOTO, YHC-
TO (PYHAAMEHTAIBLHOTO, OTKPBITUS OBIIO CO3/1aHO (HE
Annuconom!) 1€EKApCTBO UITHJIUMYMA0 — TOXKE MOHO-
KJIOHAJIBHOE aHTUTENO, HO TpOoTUB CTLA-4 uenoBexa,
KOTOPOE, XOTA U HE BBIIECYUIO PAK (006 3TOM BAKHO
IIOMHUTb U YECTHO I'OBOPUTH!), HO IIPUBEJIO K HOBOI

Lxanmc AnnncoH.

Tacyky XoHA3E.

KOHLENIUN «UMMYHOJIOTUYECKUX KOHTPOJBHBIX TO-
YeK» (YEKIOMHTOB) U K PEBOJIOLMUN B UMMYHOTEPA-
IIMU OIYXOJIEN [5].

MoskeT 1 BOOOIIe UMMYHHAs CUCTEMA 3aIUIATh
HaC OT omyxoJier? HauHeM ¢ TOro, 4To 3TOT BOIIPOC
JAJIEKO HE TpUBUAIEH. CUUTAETCA, YTO UMMYHHAs CU-
CTE€Ma BO3HUKIIA B 3BOJIOLUHU U COBEPUIEHCTBOBAIACDH
Jug A0CONIOTHO APYTUX LIEJEH — B MEPBYIO OUYEPED,
JUIA 3AMUTEL OT MATOT€HHBIX OAKTEPUH, BUPYCOB U T.[.
JenCTBUTENBHO, €CIN Y XKEHITUHBL B 50 JIET BOBHUKHET
OIYXOJIb, TO IBONIOIHUSA ITOTO HE 3AMETUT, KAKUM OBl
HENPUATHBIM HU OBITIO 3TO YTBEpXK/JcHUE. Tem He Me-
Hee 32 nocuaeguue 30 1eT yCTAaHOBJIEHO, 4YTO BO MHO-
IUX CJIy4adaX UMMYHHAsg CUCTEMA BCE XKE MOXKET pac-
MIO3HATh NEPEPOJUBLIVIOCH OIYXONEBYIO KIETKY, TAK
KaK Ha €€ TTOBEPXHOCTH MOSABISIIOTCA HEKOTOPBIE HO-
BBI€ MOJIEKYJIBL. B 4aCTHOCTH, U3-34 HAPYIIEHUN 1]€/I0-
CTHOCTH '€HOM4, MHOIOUMCJIEHHBIX MyTal[UH U MOTe-
pU pAjla KOHTPOJBHBIX MEXAHU3MOB OIYXOJEBasd
KJIETKd HAYMHAET 3KCIPECCUPOBATh HA IMOBEPXHOCTU
KyCOYKHM PAKOBBIX MOJIEKYJ, TdK HA3bIBAEMBIE HEO-
AHTUT'EHBL. DTO CO3JA€T OCHOBY JI1 UX PACIIO3HABA-
Husg T-numdponuramu. Boobme, pacrnosHaBaHue —
BAKHENIINKI, HO TOJBKO IIEPBBIN 3TAIl UMMYHHOU pe-
AKIIUH, IPU 3TOM B OIIYXOJIAX YaCTO HAXO/AT IJIABHBIE
3(p(HEKTOPHBIE KIETKU UMMYHHOIM CUCTEMBl — IUTO-
aurudeckue («youparomue») T-nmumdonutel. [Touemy
OHHM TyJa npunuin? Tam e HeT UHPEKIIUMOHHOIO MIPO-
necca! 3arajxa...

WTak, no Kakom-To (10 HEJABHETO BPEMEHHU HEIIO-
HATON) NpuuuHe T-KIETKU ABUIUCH, PACIO3HANIH,
HO YOMBATb HE CTAIHU — 4YTO-TO UX OCTAHOBHUIIO. Emle
B cepeguHe 80-X rofioB IPOHIJIOIO BEKA aAMEPUKAH-
ckuil Bpau-ucciaegosarens C.Posenbepr (Steven Ro-
senberg) Hay4dwiICs BbEAATh Takue T-1UM@OIUTH U3
OIYXOJIEBOTO MATEPUaIA MAIUEHTOB, KyJbTUBUPOBATD
1 Hapa6aTBIBATb UX B MIPOOUPKE B OOJBIIMX KOJIHUYE-
CTBaX, 00pabaThIBATh BCIKUMU BEMIECCTBAMU, UYTOOBI
CTUMYJHUPOBATh UX AKTUBHOCTD KaK YOUII] paKa, a 3a-
TEM BBOJHWJI UX O6PATHO TarueHTy [6]. U y aroit mep-
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COHAJIM3UPOBAHHON (M OYEHD JOPOI'OMN) TEPANIUHN ObI-
nu onpegenennslie yenexu. (Keraru, Posendepra MHO-
TOKPATHO YHNOMHUHAIM KaK KaHAuzaata Ha Hobenes-
CKYIO IIPEMUIO 32 NMMYHOTEPANHUIO paka.) Ho pa6ora-
JIa 3TA METOJJUKA JAJIEKO HE BCETAA. TaK BOT, OTKPBITHE
JIAYPEATOB NIPEMHUU STOTO I'0JJd ¥ TOMOIJIO OOBACHUTD
C TIO3ULIMU MOJIEKYISPHBIX MEXAHU3MOB, UETO HE XBa-
Tan0 T-numdpouuTam A1 TOro, YTOOB NPHUHATD Ipa-
BUJIBHOE PENIEHUE — ATAKOBATb ONYXOJIEBBIE KIETKH.

TyT CTOWT CAENATH €me ONHO JUPHUYECKOE OT-
cTymienue. UMMyHHAd CUCTEMA BO3HUKIA U OTTOYH-
J1a CBOM MEXAHMU3MBI B 3BOJIOIUU I TOTO, YTOOBI
3AMMUIATh HAC OT MOCTOSHHO MEHSIOMIETOCA OKPY-
JKAIOMIETO MUPA MUKPOOOB (B MIMPOKOM CMBICJIE CIIO-
Bd), CPEAU KOTOPBIX HEMAJO HAIIUX CMEPTENbHBIX
BpPAaroB — MATOT€HOB. TaK I YETO K€ TOI/1Ad BCE 3TH
KOHTPOJIbHBIE MEXAHU3MBI, K KOTOPBIM CIEAYET JJO-
64BUTH €IE€ U CYNPECCOPHBIE WU PETrYIATOPHBIE
T-numponutel (eme ojgHa Oyaymas HobGeneBckas
npemus)? Koneuno, He 1yig 60pbOBI C PAKOM, 4 JJIA
TOTO, YTOOBI HE BO3HUKIO HEXENATEIbHOTO HMMYH-
HOTO OTBETA, B IEPBYIO OYEPEDb IPOTUB CBOUX COO-
CTBEHHBIX AHTUTE€HOB (T.€. AYTOMMMYHHBIX pEaK-
uuit). Keratu, CTLA-4 HAaXOJUTCS M HA IOBEPXHOCTU
perynsaTopHbX T-KJIETOK, U €CTb TEOpHs, 4TO (-
(exr anTu-CTLA-4-Tepanuu CBA3aH C yAaJICHUEM U3
CHUCTEMBI 3TUX CAMBIX CYNIPECCOPHBIX KIETOK. B m10-
60M ciydae, 6JIOKMPOBKA CAEPKUBAIOMNX MEXAHU3-
MOB («CHATHE C TOPMO3OB») MOXKET IPUBECTU HE
TOJIBKO K IIPOTUBOONYXOJAEBON UMMYHHOI PEAKIIUN,
HO U K POCTY ayTOUMMYHUTETA. [IOHATHO, 4TO (pap-
MaKOJOTUUECKON GIOKMPOBKON MOXKHO <«UTPAThb»;
U B XO/l¢ KJIMHUYECKUX HUCHBITAHUN OBUIM HalJJCHBI
ONTHMAJIbHBIE YCIOBUSA «CHATUA C TOPMO30B>. Tem He
MEHEE, KAK U NIPEACKA3bIBANd (DYHIAMEHTAIbHAAL UM-
MYHOJIOTHS, CPEAU HaubOIEE CEPHE3HBIX MOOOUHBIX
3(hPEKTOB HOBOY TEPANNUU OKA3ATUCh UMEHHO ayTO-
UMMYHHBIE peakuuu. Hy U Haj0 MOJYEPKHYTD, YTO
OJIHH BUJBI ONYXOJIEX XOPOLIO «OTBEYAIOT» HA UIIH-
MUMyMa0, a Jpyrue — NPakTUIECKA HET.

Hrax, ¢ ATMCCOHOM U CO 3HAYEHUEM €rO OTKPbI-
TUA pazobpanuce. IIpapja, 1O CUX IOP HE ACHO, The
Ke (B KAKOM MECTE OPraHu3Ma) 3Ta TEPANUus CHUMA-
eT T-KJIEeTKU C TOPMO34, BE/Ib CaMa OINYXOJIEBAs KIET-
Ka U €€ MUKPOOKDPYKEHHE, BUIUMO, HE CBA3AHbBI KOH-
KPETHO C 3TUM MEXAHU3MOM TOPMOXeHHUd. 1 TyT ca-
MO€ BPEMS PACCKA34Th O BTOPOM JIAypEATe.

Tacyky Xonasé (Tasuku Honjo) poxuncs 27 an-
Bapsi 1942 r. B . Knoro (SImonwus). B 1960 r. mocTymun
Ha MEJULUHCKUN (paKyasreT KHOTCKOTrO yHUBEPCUTE-
Ta, e B 1966 TI. MONy4YWI CTEINCHb (aKANTaABPA,
B 1971-m — Marucrpa (KIMHHUYECKAd OHMOXUMUA),
B 1975-M TaM XK€ 3aMUTUI JUCCEPTALUIO MO/ PYKO-
BogcreoM H.Alcyromu (Nishizuka Yasutomi) u O.Xasu-
mu (Osamu Hayaishi) u monyuni crenens PhD B 0611a-
CTH MEJULMHCKON XUMUMU. [IJI1 HAYIHOH U BpA4EOHON
Kapbephl B AAMOHUM OYEHDb BAXKHA ATUTENbHAA CTAKU-
poska B CIIA, nosroMy ¢ 1971 o 1973 r. Xonasé pa-
6oTtan B orzene aMmbpuosoruu HMucruryra KapHeru
B Bamuurrone, a 3arem B 1973-1974 rr. — B 1abopa-

TOPUHU MOJIEKYIAPHON TeHETUKU HallMOHaNIbHOTO UH-
CTUTYTA JETCKOTO 3/10POBbA U PA3BUTUSL UEIOBEKA
(berecpa, mrrat Mapunenn). [Tocie Bo3Bpamenus Ha
poauny XOH/A3€ CTal JOLEHTOM MEAUIMHCKOrO (a-
Kynpreta Toxurickoro ynusepcurera (1974-1979),
IIOTOM — npodeccopoM KadeJpbl TEHETUKU YHUBEP-
curera Ocaku (1979-1984), u yx 3aTeM BEPHYICA HA
MEJULUHCKUN (PaKyasreT KuOTCKOro yHUBEPCUTETA
B KavecTBe npodeccopa Kadeapbl MEAUITUHCKON XU-
muu (1o 2005 1) u Kadeapbl UMMYHOJIOTUHU U TEHOM-
HOM MEJUIUHBL I n100UTeNel PEUTUHIOB CTOUT
CK434Tb, 4TO B 00J1aCTH OMOMEJUIIMHBL UMEHHO YHU-
BepcuteTsl Knoto, Ocaku 1 TOKHMO CUUTAIOTCA CAMBI-
MU JydymiuMuy B fIlnonuu. B Hacrosamee Bpema XoHA3E
— 3AMECTUTENIb T'E€HEPAJIBHOTO JAUPEKTOPA U 3aCIY-
JKEHHBII npodeccop MHCTUTYTA NEPCIEKTUBHBIX UC-
ciaegoBanui Kuorckoro ynusepcurera (¢ 2017 r.). On
— WIEH SINOHCKOro O6IeCTBA UMMYHOJIOTOB (KOTO-
poe Bozrnasian ¢ 1999 no 2000 1) u AANOHCKON aKaje-
MUM HAYK, 4 TAKXKE MOYETHBIN 4IeH AMEPUKAHCKOM aC-
COLMALMU MMMYHOJOTOB U MHOCTPAHHBIN uneH Ha-
LMOHAIbHON aKageMuu Hayk CIIA.

B ornuume ot AnincoHa, CnerquaancTa mo T-1uM-
ponuram, XOHA3€ — KIACCUK B-KIE€TOYHOI HMMYHO-
gorun. HamomMHuM, 94T0 B-1UM@OIUTH 1€1a10T aHTU-
Tena U, Kak U T-TuM@pOIUTE, OTHOCATCS B AaNTUB-
HOW 4aCTH UMMYHHOI1 cucTeMBL JJabopaTopus XoHJ-
3¢ nmpumepHo 30 seT Ha3aJ] OTKPBIId HECKOILKO
OYEHDb BA’KHBIX MOJIEKYJ, KOTOPBIE PEIYIUPYIOT UM-
MYHHYIO CHCTEMY, CaMas UHTEPECHAs U OPUTHUHAIb-
Had U3 KOTOPHIX — jie3amMmunasa AID (oT aHri. activa-
tion-induced deaminase) [7]. Be3 Hee HEBO3MOXKHO
MOHATH, KAK 0OPA3YETCA BCE PA3HOOOPA3UE AHTUTEI
(MX KaK pa3 u AenaoT B-muM@OOIUTH ), KOTOPHIE 3a-
MIUIAI0T HAC OT BUPYCOB, GAKTEPUI, TOKCHHOB
U MHOTMX APYyIux HenpuarHocren. Xora AID —
BIIOJIHE <«HOOGEJNEBCKAA» MOJIEKYJId, CBOIO NPEMUIO
Xonas€ nmoayunn He 3a Hee. [IpocTo oH MEXAY AeIOM
OXAPAaKTEPU30BAT €IE€ U PELENTOP TUMQPOIUTOB
PD-1, KOTOpBIA TOXE OTHOCUTCS K KATETOPUU UHTHU-
OUPYIOMUX PEUENTOPOB U (PYHKIHUOHATBHO CXOXK
¢ CTLA-4, XOTg UMEET APYION MOJIEKYIAPHBIN MeXa-
Hu3M jgencTsusa [8]. OTKPHITHE ITOIO peLenTopa
(a 3aTeM U ero JUraHja, T.€. MOJIEKYJ/Ibl, KOTOpas IIe-
pefaeT CUrHal 4epes 3TOT PELENTOP) IPUBETO K CO-
3/1aHUIO HOBBIX JIEKAPCTB, OCHOBAHHBIX HA TE€PAIEB-
TUYECKUX aHTUTENAX (B 4aACTHOCTHU, HHUBOJAYMA0a),
KOTOPBIE OKA3IUCH ele 6osee 3PHEKTUBHBIMU, UEM
NMUOHEPHBINA UIUANMYMa6. M Bpojie Obl y HUX MEHb-
e no604YHbIX 3PPEKTOB.

[Tockonbky CTLA-4 um PD-1 UCHONB3YIOT pa3HbIE
MEXAHU3MBl MHTUOUPOBAHUSA, KOMOUHALIUA JIEKAPCTB
nnuwinMymMaba u HUBOAyMaba Npusena K Hauboisee
IIOJIHOMY BBICBOOOXAcHUIO T-nmumdponuros. M3da-
BUBIIUCH OT C/IEPKUBAIOMUX UX y3, OHU HAYUHAIOT
ATAKOBATbH OMYXOJIEBBIE KJIETKU, IPUYEM, B OTIUYHUE
ot curyanuu ¢ CTLA-4, onyXOneBble KIETKU U ONyXO-
JIEBOE MUKPOOKPYKEHHUE CHOCOOHBI HAMPAMYIO IIO-
CBUIATh UHTUOUPYIOMUIT cCUTr'HAMI yepe3 PD-1 3a cuer
3KCIPECCUU HA CBOCH IMOBEPXHOCTU JIMTAHJA JJIA
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nentinmg

MHC ﬁL

PD-1L PD-1
VHMMDWPYIOLLMIA CUrHan

TCR

nentig

T-numdcodnT

KNETKW OryXoneeoro
MUKPOOKPYXeHUs

CxemMa MHTMOUPOBAHUA UMMYHONOTUYECKUX KOHTPOJbHBIX TOYEK («4eKNOMHTOB») NpU MMMYHOTepanuu paka. MepBbiM 6bin NOHAT
MmexaHu3m peicteus CTLA-4, 0fiHaKo CO BpeMeHEeM CTajo fCHO, YTo BTopas «HoGenesckas» monekyna — PD-1 — 6onee BaxHas,
MOCKOJIbKY MMEHHO OHa OTBEYAET Ha MPAMOI MHIMOUpYIOWKI CUTHaN onyxonu. PakoBas KneTka NpeACTaBiseT Ha CBOeN NoBepx-
HOCTW HeOaHTUTeH — HOBBI NeNTUA, BO3HUKLWKIA B pe3ynbTate MyTaLmii, 4To no3sonseT T-kneTke ee y3HaTtb. HoO KneTku onyxo-
JIN UMM OMYXONEBOTO MUKPOOKPYXKeHUs (HanpuMep, MUeNOUAHAA KNeTKa) U caMu MOTYT MPOU3BOAUTL UHTUOMPYIOLLME CUTHANbI
B Buge nuraHga PD-1L, koTopelii B3aumopeicTeyeT ¢ peuentopom PD-1 Ha T-knetke. bnokupylowme aHtutena nnbo K peuentopy
PD-1 (HuBonymab unu neméponusymat), nubo k nuraHpy PD-1L (aBenymab, ate3onnsymad unu gypsanymab) npepelBatoT 3TOT UH-
rnompymowmuin curHan. AHTureHnpeseHTupyowas knetka (AMK; Hanpumep, AEHAPUTHAA KNETKA) TaKKE MOXET BbICTABUTb Ha CBO-
el MOBEPXHOCTU OMyX0NeBblii HeOaHTUreH (KOTOPbIA OHA MONY4YKUNa, KNepeBapuB» KaKylo-TO APYrylo KAETKY Onyxonu), HO npw
3TOM OHa MoChINAeT CUrHan Koctumynauum B7 yepes peuentop koctumynsuun CD28 Ha T-kneTke. Ee T-knetouHslit peyentop (TCR)
pacno3HaeT HeoaHTUreH Kak Ha onyxoneBoii knetke, Tak u Ha AMNK (B UMMyHONOrMM 3TO Ha3biBaeTcA curHan 1), HO Ans aKkTuBa-
UMW 1 JNA LMTONUTUYECKOI aTaKu el HyXeH CUTHan KoCTUMynaumu — oT B7 yepes peuentop koctumynsauuu CD28 (curHan 2).
Ho T-kneTka MoxeT HauyaTb 3KcnpeccupoBaTb «Hobenesckuit» peuentop CTLA-4, KoTopblit ABAAETCA He aKTUBMpylOWMUM (Kak
CD28), a uHrnbmpyowmm. N nockonbky OH Toxe CBA3bIBaeTcA ¢ B7, To nonyyaercs, YTO OH «KPaAeT» CUTHaN KOCTUMYNALMM

u T-KNeTKu He akTuBMpyloTCA. NpefoTBpalLaloT «BOPOBCTBO» Giokupytolwme aHTuTena k CTLA-4 (ununumyma6)!

aToro penenropa — PD-1L. Takom 06pa3oM, OJHU
Topmo3a (uepe3 CTLA-4) ¢ T-KJIETOK CHUMAIOTCSH
«CUCTEMHO», a BTOpbIE (4epe3 PD-1) — Ha MecTHOM
ypOBHE. B cui1y 3TUX 0OCTOATENBCTB UMEHHO XOH/|3E
U COCTABWJI KOMIIAHHMIO AJIIMCOHY HA L€PEMOHUU
BpydyeHUst HOOGEIEBCKUX NPEMUIT B HAUaIE JEKaAOPs.
B urore OTKPHITHE MEXAHU3MOB IOJABIECHUSA HETa-
TUBHOI UMMYHOPETYIALUU (T.€. HHTUOUPOBAHUA UH-
rUOUTOPOB) NPHUBENO K 3(PDHEKTUBHON TEPANUU OH-
KOJIOI'MYECKUX 3260J1€BAHUI (MUHYC HA MUHYC JJA€T
naoc) — 1 Hobenesckou npeMun (eme oOJuH IITioC)!

A 4TO XKe «XUMUKN»? HOOENIEeBCKUI KOMUTET OTME-
TUJI NPEMHUEN HOBBIE CKPUHHUHIOBBIE TEXHOJIOTHUH,
MO3BOJAOIUE OTOUPATH ONTUMATIbHBIE KATAIU3a-
TOPBl (PEPMEHTHI) U — YTO OYEHBb BA)KHO! — aHTHUTE-
Ja W AHTUTEHBL [lOJIOBMHA NPEMUU NPUCYKIAEHA
Jox.Cmuty n I.BuHTEDY, KOTOPBIE BHECIN PEIIAIONIUI
BKJIAJI B PA3PA6OTKY (PAroBOro AUCIIES — OJHOU U3
CAMBIX YCIIEMHBIX U MHHOBALIMOHHBIX CKPUHUHTOBBIX
TEXHOJIOTUI COBPEMEHHOCTH (O HUX U 00 UX PE3Y/Ib-
TaTaAX NOAPOOHO PACCKA3AHO B NPEABIAYIICH CTATHE).
ITo cyTm — 3TO HE XUMHUH, 4 YUCTAA MOJIEKYIAPHAA

OHMOJIOTHS, A €€ U HA KIIACCUYECKOM OOBEKTE — OAK-
Tepuodare. CMUT K TOMY K€ 3aIUTUI 50 JET Ha3a]
JUCCEPTAIUIO, KOTOPAA ObUIA IMOCBAMIEHA AHTUTENAM,
T.€. OH — MOJIEKYJIIPHBII HMMYHOJIOL. A BUHTED, KOTO-
PBII Y4aCTBOBAT B Pa3pabOTKE METO/IA CEKBEHUPOBA-
Hud JJTHK «1o Cenrepy»* (®.CeHrep ObLI €ro yIuTeneM
B KeMOpupxe) n B npoekre «[€HOM 4YeIOBEKA», CTAI
MOJIEKYIAPHBIM UMMYHOJIOTOM U MO3KE UMMYHOOUO-
TEXHOJIOTOM, KOT/Ia IPUMEHMII HOBBIM METOJ K Pa3pa-
60TKE OJJHOTO U3 CAMBIX YCIEMHBIX JTEKAPCTB AHTUIU-
TOKMHOBOM MMMYHOTEPAIUU — aJAIUMyMa6a. DTOT
npenapar NOMOTraeT MWUIMOHAM OOJBHBIX DEBMa-
TOUJHBIM APTPUTOM, OONE3HBIO bexTepeBa M HEKO-
TOPBIMU JPYTMUMH 4YTOBOCIAJUTENBHBIMU 3200/1€Ba-

* dpepepuk Cenrep (Frederick Sanger) — aHIMACKUIT GHOXMMHUK,
nonyuuBImi ase Hobenesckre npeMun o Xumun — B 1958 1. 3a
HCCIIE/JIOBAHUA CTPYKTYPBI 6€/IKa, TTOCIYKUBIIAE OCHOBOM JIIs TIO-
JIYy4CHUA CHHTETUYECKOTO MHCYJIMHA M JIDYITUX T'OPMOHOB,
u B 1980 1. (coBmecTHO ¢ BImn6eprom u ILbeprom) — 3a METOA
pacmu@pOBKU NEPBUYHON CTPYKTYPhI JHK, TaKoKe M3BECTHBIIN KAK
«weroz Cenrepar. — IIpumen. peo.
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HUAMU. 3aMeuy, 4TO BUHTED, KAK U Y4ACTHUKU I'PYIIIILI
«buTi3», OBLI YJOCTOEH PHILAPCKOIO TUTY/IA U IIPOCUT
pu OOPANEHUHN K HEMY JOOABIIATD CJIOBO «CIP».

LN

Ho6enesckum npemuam nouru 120 jger. U ummy-
HOJIOI'AM NIPUCYX/JAIOT IIPEMUU C 3aBUJJHOU PETYJIAP-
HOCTBIO — HE pexe 4eM pa3 B 10 sier, a ¢ y4eTom 1npe-
MHH 10 XUMUU — U TOro vaie. Kcrartu, u camas nep-
Basg HobGeneBckas npeMus N0 (PU3NONIOTUN HIH Me-
JUIUHE® — 334 MMMYHOJOTHIO (324 CEPOTEPAIUIO,
B KOTOPO¥ JEUCTBYIOIUM HA44JOM OBUIM HEU3BECT-
HBIC TOTJJA HAYKE AHTUTEJIA), U NOCIEAHASA — OLATD 34
MMMYHOJOI'MIO! 3aKOHOMEPHOCTD?

WTak, CIUCOK UMMYHOJIOTOB, OTMEYEHHBIX Hob6e-
JIEBCKUMU NPEMUAMH, ONOMHWICA B 2018 1. 1ieabmu
YETHIPbMA JaypeaTamu. Korjga ke cpein HUX CHOBA
OKaXeTCA poccusasHuH? [TocaeHUil HAll COOTEYECT-

* Tlepsas HobeneBckas npemust 1o (pU3HOJIOTMU WIM MEIUITUHE
6pu1a npucyxzaeHa B 1901 . Ovumo bepunry (Emil Adolf von
Behring) «3a paboTy IO CBIBOPOTOYHOI TEPANHH, IJIABHBIM OOPa-
30M 32 €€ IPUMEHEHHE MTPH JICICHNN AU(PTEPUH, 9TO OTKPBUIO HO-
BBIE ITyTH B MEINITMHCKOM HAYKE 1 14710 B PYKH Bpa4eH T0Oe/I0HOC-
HOE OPYKHE IPOTUB 6OJIE3HU U CMEPTU». — [Ipumen. peo.

Jlutepatypa / References

BEHHHUK OB HAPAXKAeH poBHO 110 ner Hasaja, HO OT-
KPBITHS CBOU OH JIeJIAJI 32 PYOEKOM (BbI IIOHAIN, O KOM
4?). JKajp, 4TO HE Aa1Ud B 3TOT Pa3 — BEJb KBOTA HA
TPEX JIAYPEATOB B IPEMUM IO (PU3UOJIOTUU UITU MEH-
LIMHE IIOJIHOCTBIO HE ucyepnana. K romy xe B jekabpe
2016 1. AUPEKTOP IETTAPTAMEHTA OBIIECTBEHHOT'O 3/10-
pOBbSL 1 KOMMYHUKAIIUH MuH3apasa coodmur: «Ho-
BBIM IIOJIHOCTBIO OTEYECTBEHHBINA npenapar aQp@exTu-
BEH IIPU MEJIAHOME, paKe MO3TId, JIETKOT0, IOYKHU, MO-
YEBOT'O MY3bIPS U MIEH». MUHUCTEPCTBO HA3BAIO (haH-
TACTUYECKMMU PE3YIBTATHI UCIIBITAHUU ITOTO INPEMNaA-
para. JKypHaJIUCTBl CIPOCU/IN: 4 KAK OH HA3bIBACTCA?
OrtseT: «IToka oH HazbBaeTca PD-1, ogHaKo, CKOpee
BCEr'O, €ro MEPEUMEHYIOT>. DTO ObLIO ABA I'OJA HA3A[,
1 KOT/IA 5 3TO yCabiman 1o TB; To ckazan CBOUM KOJule-
raM: BOT €CJM 32 aHTU-PD-1 Korpa-HuoOyAb J1CHCTBU-
TEJNBHO ayT HOOGENEBCKYIO NPEMUIO, TO, HABEPHOE,
NPUAETCA MOJAABATh B CyA. Moi, rge Hama Hobenes-
ckag npemusd? Ime cupasenBoCcTh? OnATh O6HECTN?
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2018 Nobel Prize Laureates in Physiology or Medicine: James Allison and Tasuku Honjo

S.A.Nedospasov'?
'Engelbardt Institute of Molecular Biology, RAS (Moscow, Russia,)
‘Biological Faculty, Lomonosov Moscow State University (Moscow, Russia)

The 2018 Nobel Prize in Physiology or Medicine was awarded to James Allison and Tasuku Honjo “for their discovery
of cancer therapy by inhibition of negative immune regulation”. However, this year two more immunologists —
J.Smith and G.Winter — also became the Nobel Laureates. They received the Award in the “Chemistry” nomination for
discovering new approaches to creating proteins with desired properties, including therapeutic antibodies.

Keywords: Nobel Prize, cancer, immunotherapy, immune checkpoints, monoclonal antibody.
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INAMATHU Baguma Asnexkcanaposuya TOHYAPOBA

Penaxmus «IIpupoasn» momy4dniia neyanabHYIO BECTh: He cTajo Baanma AnexcanapoBuya
['onuapoBa, ¢ YbUM UMEHEM CBSI3aHO OYEHb XOPOILLEe BpEMs B UCTOPHUH >KypHaia — Cepe/IiHa
1970-x — cepenuna 1980-x romos.

Banuma Anekcanaposuua, pabotasuiero B @usnueckom nncturyte umenu I1.H. Jlebenera AH
CCCP, npuBen B peAakIMIO U HA3HAYUII CBOMM 3aMECTUTEIIEM IJIaBHBIA pElaKTop, JaypeaT
Hobenerckoit npemun, akanemuk Hukomnait ['ennaapeBud bacos. Jlo 3Toro Ha3Ha4YeHUs OHH
YCIEUIHO B3aUMOJEHCTBOBAIM B )KypHase « KBaHTOBas 371€KTPOHUKA», U B TAKOM
COTPYJIHUYECTBE CO3PEIIO U OKPEIIO UX B3aUMHOE JIOBEpUE U TIIyO0KOE B3aUMOIIOHUMAaHHUE.

Ha ¢otorpaduu B xypHaie «IIpupona» 1970 roga Bagum AnexcaHapoBUY — €€ COTPYIHHUK
®HAHa. Emy oxoino 30-tu siet. OH pa3aenui cBoro onorpaduro ¢ 60ratoil COOBITUSIMH KU3HBIO
"ITpupoast". s TeX, KOMy MOCYACTIMBHUIIOCH padOTaTh B T€ TOJbI B 37aHUU HA MapOHOBCKOM
nepeysKe, HaBcerja OCTAIMCh NaMSATHBI U MIEPUOIUYECKUE «JIETYYKIU», U B3aUMHbBIE OLIEHKU
CBEXKEBBIITYIIEHHBIX HOMEPOB XKypHaja, U HEIPUHY KJICHHbIE OeceIbl C MHOTOYUCIICHHBIMH,
HEpeIKO OYeHb UMEHUTHIMU aBTOPaMH, 1 MHOTOYACOBBIE 3aCeJaHUsl PEIKOJIJICTUH. . .

Bagum AnexcanapoBud ['oHUapoB ObLT YBICUEHHBIM YEIOBEKOM U TIOCBATHII TO/BI )KU3HU
HAy4YHOU MOMyJsipU3alii HE HAIIPACHO.

Badux Aaexcandposus  [onvapos,
corpydnux aaboparopus xeaxrosod
paduofusunu ¢ DHAHe. Hpunusas
Yvacrue 8 cosdannuu u ucesedosanuu
PAJAUNKBE TuROS® RosyRposcinuxO-
fHT 4QJIePod ¢ ILEETPORNBIM so02-
byxdenuex. Onyfisuxoses Heckods-
KO MAYYHSZT palorT NO 3TOH TeEME.

[Ipomaiite, noporoii kosuiera!
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